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Background: Visceral function localisation of the brain is very complex. For many 
years, people have been actively exploring the neural mechanism regulating vis-
ceral and substance metabolism, clarifying the complex relationship between the 
brain and peripheral nervous system related to the regulation of visceral activity, 
and analysing its complex neural pathways. The brain is the advanced centre of 
visceral function regulation. As an advanced centre for substance metabolism and 
visceral regulation, the hippocampus is crucial for regulating visceral function. The 
liver is the core organ of material metabolism, and its afferent signals are mainly 
projected to the nucleus of the solitary tract (NTS) through vagus nerve, and then 
they are projected to the hypothalamus and limbic system.
Materials and methods: We placed a stereotaxic instrument on the head of each 
rat and performed craniotomy to open a window above the left hippocampus. We 
used gold-plated tungsten electrodes to monitor hippocampal neuronal discharg-
es. Grounding was achieved using screws and silver wire. We electrically stimulated 
the liver branch of the vagus nerve and observed changes in hippocampal neuron 
discharges using a biological method; in this way, we identified hepatosensitive 
hippocampal region. We injected FluoroGold into this region and related brain 
areas. After 3 days, the rats were sacrificed and perfused; the hippocampi were 
fixed, dehydated, frozen, sectioned, and subjected to fluorescence microscopy.
Results: Nerve discharge frequency and amplitude significantly increased in the 
hippocampal CA3 region (AP: –4.9, ML: –5.1, DV: –5.0 mm). After FluoroGold 
was injected into the left hepatosensitive region in the hippocampus, labelled 
cells were found in the contralateral hippocampus, ipsilateral piriform cortex (PC), 
locus coeruleus (LC) and bilateral lateral hypothalamus (LHA); fluorescence in the 
ipsilateral hypothalamus was stronger than that of the contralateral hypothalamus. 
FluoroGold was injected into the LHA, PC, and LC; no labelled cells were found 
in the hippocampal CA3 region or in the control group.
Conclusions: The hippocampal CA3 area of rats may contain a hepatosensitive 
region that plays important roles in the regulation of liver and other organ func-
tion. This region may receive input from the LHA, PC, and LC. (Folia Morphol 
2022; 81, 2: 261–270)

Key words: neural regulation of liver function, hepatic branch of the 
vagus nerve, hippocampus, neural pathways
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INTRODUCTION
The hippocampus plays a crucial role in visceral 

regulation. Recent works on limbic system connec-
tions in the human brain have revealed a close rela-
tionship between that system and visceral informa-
tion [5]. The hippocampus affects visceral function 
by regulating the excitability of the hypothalamic, 
autonomic nerve centre. The liver is the core met-
abolic organ; afferent signals project principally to 
the nucleus of the solitary tract (NTS) of the visceral 
centre, via the vagus nerve, and then from the nucleus 
to the hypothalamus and limbic system [10]. Neu-
roanatomical studies [8] have revealed that visceral 
sensory feedback signals reach the hypothalamus 
and the limbic brain, which controls food intake. 
Anatomically, direct neural projections from the hip-
pocampus to the lateral hypothalamus and bisynaptic 
connections from the hippocampus to other known 
hypothalamic sites involved in feeding control have 
been identified [6, 7]. The hippocampus is key in terms 
of integrating peripheral signals with other sensory 
information. Vagus nerve stimulation triggers the 
typical hippocampal evoked potentials. Electrophy-
siologically, various afferent nerves of hepatic branch 
of the vagus nerve respond to slight changes in glu-
cose concentration, osmotic pressure, and portal 
circulation temperature. These afferent systems may 
thus contribute to blood sugar, extracellular osmotic 
pressure, and body temperature homeostasis. Normal 
liver function involves the central nervous system; the 
marked dependence of the liver on the brain, and the 
neuromodulatory complexity of liver function, may be 
underestimated. Sensory signals from the liver travel 
to many areas of the central nervous system, including 
the hippocampus and hypothalamus, which regulate 
autonomic and endocrine homeostasis. However, 
little is known about the mechanisms involved. The 
hippocampal-hepatic neural pathway has not been 
studied. As a first step, we identified a hepatosen-
sitive region in the hippocampus and explored the 
hippocampal-liver neural pathway via nerve tracing. 
Hence, our results set the experimental foundation 
for in-depth research on how the nervous system 
regulates liver function.

MATERIALS AND METHODS
Experimental animals

Male Sprague-Dawley rats aged 6–8 weeks were 
purchased from the laboratory animal centre of Guilin 
Medical College (certificate #SCXK GUI 2007-0001). 

Ethical Approval number is GLMC201703022. Fluoro-
Gold (FG) was from KeyGen Biotech (Jiangsu, China, 
cat. no. kgmp023/kgmp023–1). We used 190 rats 
divided into two groups that underwent electrical 
stimulation of the hepatic branch of the vagus nerve 
(30 rats), or neural tracing (160 rats). FG was injected 
into the hepatosensitive area of the left hippocam-
pus, the ipsilateral piriform cortex (PC), the locus 
coeruleus (LC), and the bilateral lateral hypothalamus 
(LHA) (0.1, 0.3, and 0.5 µL, respectively) and the rats 
were divided into three subgroups of 10 rats. Each 
control subgroup (10 rats) was injected with normal 
saline. During preliminary electrical stimulation of the 
hepatic branch of the vagus nerve, we recorded hip-
pocampal neuron discharges using gilded tungsten 
wire (KEDOUBC, Suzhou, China) as the recording elec-
trode. We delivered stimuli of 3, 6, and 9 V to fasted 
rats (water was allowed). Animals were allowed to 
acclimate for at least 1 week before experimentation. 
Animal suffering and death were minimised, in line 
with the regulations of the People’s Republic of China 
that address the use of experimental animals.

Experimental methods

Electrical stimulation of the hepatic branch  
of the vagus nerve

After intraperitoneal injection of 1% (w/v) pento-
barbital sodium in saline (40 mg/kg), rats under an-
aesthesia were positioned on a stereotaxic instrument 
and the scalp was incised along the median sagittal 
line using the fontanelle as the origin. With refer-
ence to a brain stereotaxic atlas, the hippocampal 
skull projection area was marked. Brain tissue was 
exposed by drilling a hole about 0.8 mm in diameter, 
followed by placement of a grounding screw of depth 
about 0.7 mm, 12 mm from the recording electrode.  
A gold-plated tungsten electrode (The exposed tip is 
5–10 microns in diameter, impedance 1–2 MΩ) was 
fixed to the instrument holder and adjusted to the 
required coordinates. We confirmed that all elec-
trodes were well-insulated; only the tips conducted 
electricity. The belly was disinfected and laparotomy 
was performed to expose the liver and oesophagus.  
A saline swab was used to move the left lobe to the 
right of the oesophagus, thus completely exposing 
the oesophagus; then the vagus nerve of the oesoph-
agus and the hepatic vagus nerve of the porta hepatis 
were visible. We placed the electrodes of an in-house 
vagus nerve stimulator (a peripherally insulated bare 
silver wire that touched only the liver branch of the 
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nerve) about 1 cm apart, close to and distant from 
the centre of the liver branch of the vagus nerve; both 
electrodes were wound around the nerve (1.5 loops), 
the negative pole was placed at the proximal end of 
the nerve and the positive pole was placed at the dis-
tal end. We were careful to minimise tension to pre-
vent nerve damage. The stimulatory electrodes were 
fixed to the abdominal wall and the front abdominal 
wall muscle to prevent slippage. The stimulatory elec-
trode and recording electrodes were connected to the 
signal acquisition system (gain: 5 mV, time constant: 
0.1 s, filtering: 10000 Hz) and the grounding wire was 
wound tightly around a screw and slowly passed into 
the hippocampal region. When the signal-to-noise 
ratio became greater than 3:1, we recorded neuronal 
discharges. We implanted the recording electrodes 
into different hippocampal areas and structures, and 
then restimulated the hepatic branch of the vagus 
nerve; the threshold intensity is the minimum output 
voltage that can increase or decrease the discharge 
amplitude and frequency of hippocampal neurons 
by 20%. Amplitude and frequency changes > 20% 
were considered to be indicative of hepatosensitive 
region. As a control, saline solution containing tet-
rodotoxin (TTX: 2.5 ng/0.1 µL) was injected into the 
liver sensitive region in the hippocampus, and then 
vagus nerve was stimulated to observe the changes 
of neuron discharge in the liver sensitive area of hip-
pocampus. Procedures for local microinjections have 
been described in detail elsewhere [24]. The signals 
were 1 ms in duration after 100 ms of delay, and  
3, 6, or 9 V in intensity. Intermittent stimulation 
featured single coarse-voltage stimuli. Only stable 
discharges with signal-to-noise ratio > 3 were re-
corded.

FluoroGold nerve tracer

The rats’ skulls were drilled as described above 
and 3% (w/v) FG (0.1, 0.3, or 0.5 µL) was subdurally 
injected into hepatosensitive region (AP: –4.9, ML: 
–5.1, DV: –5.0 mm), the left HLA (AP: –4.8, ML: –1.0, 
DV: –8.1 mm), the PC (AP: –4.8, ML: –7.5, DV: –8.5 
mm), and the LC (AP: –9.16, ML: –1.0, DV: –6.5 mm). 
Control rats received the same amounts of normal 
saline. The needle remained in place for 10 min after 
injection and the rats were held for 72 h. After sacri-
fice via re-anaesthesia, the chest cavity was opened 
and the heart was exposed. An in-house blunt nee-
dle was used to enter the ascending aorta from the 
apex of the heart, and fixed with a needle holder to 

prevent slipping. The right auricle was removed and 
successively perfused with phosphate buffered saline 
(PBS) followed by 4% (v/v) paraformaldehyde, first 
rapidly and then slowly. The brains were collected, 
fixed in 4% (v/v) paraformaldehyde at 4°C for at least 
24 h; and successively placed in 10%, 15%, and 30% 
sucrose solutions at 4°C until the tissue sank to the 
bottom. The samples were dehydrated, frozen, and 
sectioned (15–20 µm), and then the sections were 
placed on adhesive slides, which were sealed after 
washing with PBS. Finally, the samples were observed 
under a fluorescence microscope. FG was excited 
using ultraviolet light (irradiation 418 nm, excitation 
331 nm). All operations proceeded in the dark. La-
belled cells were counted. Sections of the neuronal 
cell body and axon served as retrograde markers 
when counting cells. For each case, five typical sec-
tions were selected and labelled cells were counted 
at 40× and 200×.

statistical analysis

Discharge frequencies and amplitudes and FG-la-
belled cell counts using SPSS ver. 25.0 software. Data 
are given as arithmetic means with standard devi-
ations. The paired t-test was used to compare dis-
charges before and after stimulation. Comparison of 
groups with different electrical stimulation intensity 
and different FG injection doses were evaluated via 
one-way ANOVA. The independent samples t-test 
was used to compare differences in the bilateral LHA; 
a p-value < 0.05 was taken to indicate statistical 
significance.

RESULTS
Identification of hepatosensitive region  
in the hippocampus

The hepatic branches of the vagus nerve of 30 
rats were electrically stimulated and hippocampal 
discharge frequencies and amplitudes were record-
ed. Most rats (26/30) exhibited increased (> 20%) 
discharge frequencies and amplitudes from the hip-
pocampal CA3 region (AP: –4.9, ML: –5.1, DV: –5.0 mm).  
The basic discharge frequency was 124.31 ± 16.31 Hz 
and the amplitude was 90.77 ± 14.23 µV; stimulation 
with 3, 6, and 9 V yielded values of 157.81 ± 16.94 Hz  
and 180.81 ± 10.50 µV, 187.77 ± 10.66 Hz and 
264.88 ± 10.94 µV, and 193.31 ± 13.08 Hz and 
265.23 ± 12.91 µV, respectively (all p < 0.05, ANOVA). 
Thus, both the frequency and amplitude of discharge 
increased as the stimulation increased (Fig. 1E, F), and 
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basically reached the saturation stimulation intensity 
at 6 V, while the discharge changes of 6 V and 9 V in 
the liver sensitive areas of hippocampus showed no 
significant change. After stimulation ceased, the fre-
quency and amplitude gradually returned to the basic 
level. As stimulus intensity increased, the recovery 
time was prolonged (Fig. 1B–D), After TTX injection, 
the local hippocampal action potential was blocked, 
eliminating the response to the stimulation of the 
hepatic branch of the vagus nerve.

Figure 1A shows the location of the injection and 
record site in hippocampus. Though there were varia-
tions in the placements among animals, the histology 
indicated that electrode implantation and TTX were 
injected into the hepatic sensitive regions of the hip-
pocampus of the rats used in the study. Rats with 
inaccurate localisation were excluded.

Conduction pathways of hepatosensitive  
region in the hippocampus

FluoroGold was injected into hepatosensitive re-
gion in the left hippocampus to explore the nerve con-
duction pathways. Haematoxylin and eosin staining 
and fluorescence microscopy of defined areas of the 
left hippocampus (excluding instances of injection in-
accuracy or FG overflow) revealed various numbers of 
labelled cells. Different amounts of FG were injected 
into hepatosensitive areas of the left hippocampus, 
in the right hippocampus containing the FG labelled 
neurons, including both LHAs and the left sides of 
the PC and LC were seen with fluorescence labelling 
cells (Figs. 2–5). Labelled cell numbers significantly 
increased as the FG dose increased (p < 0.05; Table 1).  
The left lateral hypothalamus exhibited more labelled 
cells than the right side (p < 0.05; Fig. 3M). After 

Figure 1. A. Schematic diagram of the location of recorded and microinjection in the hippocampus. Record and injections sites are indicated 
by inverted triangles (▼); B–D. Variations of neuron discharge in rat hippocampal CA3 region of vagus nerve with different electrical stimu-
lation (n = 26); B. 3 V; C. 6 V; D. 9 V; ↓: electrical stimulation; E, F. Rats hippocampal neuronal discharge frequency and amplitude (n = 26) 
with different intensity of liver branch of the vagus nerve stimulation; E. The firing frequency of hippocampal region before stimulation and 
after stimulation of vagus nerve with different intensities; F. The discharge amplitude of hippocampal region after basal discharge before stim-
ulation and hepatic branch of vagus nerve after electrical stimulation with different intensity. Data are processed with paired t test and single 
factor variance analysis. ***p < 0.001 — comparison before and after stimulus with different intensity; DDDp < 0.001 — comparison of 
results stimulated with 3 V and 6 V; ○○○p < 0.001 — comparison of results stimulated with 3 V and 9 V.
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Figure 2. Fluorescence tracer results of right hippocampus after different doses of FluoroGold (FG) were injected into left hippocampal liver 
sensitive region of rats (0.1 μL, n = 10; 0.3 μL, n = 10; 0.5 μL, n = 10; A1. FG 0.1 μL, 40×, A2. FG 0.1 μL, 200×; B1. FG 0.3 μL, 40×;  
B2. FG 0.3 μL, 200×; C1. FG 0.5 μL, 40×; C2. FG 0.5 μL, 200×). The bright white neurons are FG labelled cells.

saline injection, no labelled cells were found in the 
right hippocampus, the bilateral LHAs, the PC, or LC. 
After FG was injected into the LHA, PC, and LC, no 
labelled cells were found in the hippocampus (Fig. 6).

DISCUSSION
The hippocampus plays an important role in vis-

ceral regulation [2]; research on this topic is of both 
theoretical and clinical significance. The liver sends 
signals to the central nervous system through the 
vagus nerve [31]. We electrically stimulated the liver 
branch of the vagus nerve and found hepatosensi-
tive region in the hippocampus. The method used 
was developed in 1986 by Kobashi and Adachi [15], 
who studied the projections of related nuclei. Other 
studies featuring electrical stimulation of the liver 
branch of the vagus nerve have revealed a functional 
relationship between the liver and the nucleus tractus 
solitarius (NTS). We found that, in the hippocampal 
CA3 region (AP: –4.9, ML: –5.1, DV: –5.0 mm), the 
discharge frequencies and amplitudes increased by 
> 20%, and then gradually reverted to the basic 
rates, consistent with the findings of previous studies 
[17]. We speculate that the increased discharges in 
specific hippocampal areas caused by stimulation of 
the hepatic branch of the vagus nerve may reflect 
projections of the hippocampal liver region [32]. In 
a previous study, stimulation of the hepatic branch 

of the vagus nerve reduced weight gain in rats fed  
a high-fat diet [20]. Such stimulation also triggers 
loss of weight and appetite in other animals; the 
vagus nerve transmits signals to both the hippocam-
pus and other brain regions [23]. In young mice, 
metabolic data on the liver are transmitted to the 
brain via the hepatic vagus nerve [3, 28–30]. These 
works, combined with our present data, suggest that 
hepatic afferent signals may be projected to specific 
hippocampal areas by the hepatic branch of the vagus 
nerve. We found that the hippocampus (AP: –4.9, 
ML: –5.1, DV: –5.0 mm) may be sensitive to signals 
from the liver vagus nerve, playing an important role 
in the regulation of liver and other organ function. 
Different neurons exhibit different action potential 
thresholds. For example, intermediate hippocampal 
neurons (inhibitory neurons) have lower thresholds 
than pyramidal cells (primary neurons). That cone cell 
discharges might be inhibited by local intermediate 
neurons activated by certain stimuli delivered to their 
afferent fibres. Although computational modelling 
supports this hypothesis [21], in vivo data are lacking. 
In 1 study [9], neuronal stimulation had both inhibito-
ry and excitatory effects. In addition, the stimulation 
frequency may affect neuronal discharge [25]. We 
used 3, 6, and 9 V to stimulate the hepatic branch 
of the vagus nerve. The neuronal discharge gradually 
increased as stimulation intensity increased, perhaps 
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attributable to the stimulation of pyramidal cells. The 
neuronal discharge frequency and amplitude gradu-
ally increased with stimulation intensity, perhaps re-
flecting increasing pyramidal cell excitation. Changes 
in hippocampal neuronal discharge developed within 

0.1 s after electrical stimulation of the vagus nerve; 
the neuroregulatory effects were rapid, accurate, 
and transient. Compared to injection of glucose or 
lipids into the hepatic portal vein, nerve stimulation 
detects sensitive brain areas more rapidly and ac-

Figure 3. D–F. Fluorescence tracer results of bilateral lateral hypothalamus after different doses of FluoroGold (FG) were injected into left hip-
pocampal liver sensitive region of rats (0.1 μL, n = 10; 0.3 μL, n = 10; 0.5 μL, n = 10; D1. FG 0.1 μL, 40×; D2. FG 0.1 μL, left side 200×; 
D3. FG 0.1 μL, right side 200×; E1. FG 0.3 μL, 40×; E2. FG 0.3 μL, left side 200×; E3. FG 0.3 μL, right side 200×; F1. FG 0.5 μL, 40×;  
F2. FG 0.5 μL, left side 200×; F3. FG 0.5 μL, right side 200×). The bright white neurons are FG labelled cells; M. Number of fluorescence- 
labelled cells in the left and right lateral hypothalamus of the hippocampal hepatosensitive region injected with different doses of FG (0.1 μL,  
n = 10; 0.3 μL, n = 10; 0.5 μL, n = 10). One-way ANOVA and independent sample t test are used; DDDp < 0.001 — compare lateral  
hypothalamus (LHA) of left and right at the same dose; **p < 0.01 — left LHA: 0.1 μL vs. 0.3 μL; ##p < 0.01 — 0.3 μL vs. 0.5 μL; 
▲▲▲p < 0.001 — 0.1 μL vs. 0.5 μL; Right LHA: p < 0.05 — 0.1 μL vs. 0.3 μL; ○p < 0.05 — 0.3 μL vs. 0.5 μL; □p < 0.05 — 0.1 μL 
vs. 0.5 μL.
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curately. It is possible that the observed changes in 
nerve discharges reflect only signals transmitted via 
the hepatic branch of the vagus nerve. It is also pos-
sible that stimulation of this branch affects not only 
the liver but also the gastrointestinal tract [1]. Given 

the unique features of the nerve, the affected brain 
regions become apparent upon neuronal stimulation. 
However, associations among vagus nerve-sensitive 
regions remain poorly understood. The nerve exhibits 
many and varied functions that may overlap; roles 

Figure 5. Fluorescence tracing results of ipsilateral locus coeruleus after different doses of FluoroGold (FG) were injected into left hippocam-
pal liver sensitive region of rats (0.1 μL, n = 10; 0.3 μL, n = 10; 0.5 μL, n = 10; J1. FG 0.1 μL, 40×; J2. FG 0.1 μL, 200×; K1. FG 0.3 μL, 
40×; K2. FG 0.3 μL, 200×; L1. FG 0.5 μL, 40×; L2. FG 0.5 μL, 200×). The bright white neurons are FG labelled cells.

Figure 4. Fluorescence tracing results of ipsilateral pyriform cortex after different doses of FluoroGold (FG) were injected into left hippocampal 
liver sensitive region of rats (0.1 μL, n = 10; 0.3 μL, n = 10; 0.5 μL, n = 10; G1. FG 0.1 μL, 40×; G2. FG 0.1 μL, 200×; H1. FG 0.3 μL, 40×; 
H2. FG 0.3 μL, 200×; I1. FG 0.5 μL, 40×; I2. FG 0.5 μL, 200×). The bright white neurons are FG labelled cells.
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may be exchanged. Thus, it remains to be confirmed 
that stimulation of the vagus nerve of the liver trig-
gers the hippocampal discharges. Despite the several 
neuroanatomical possibilities, we have confirmed  
a connection between the hippocampus (the visceral 
regulatory centre) and the liver. The BL-420E experi-
mental instrument used in this experiment may have 
some limitations, and the specific mechanism of the 
hippocampal hepatic sensitive nerve area and its relat-
ed neural pathways still needs to be further studied.

We used FG (a retrograde nerve tracer) to explore 
the morphological and anatomical connections of 
conduction pathways in hepatosensitive areas of the 
hippocampus. FG reveals fibres that run from the 
brain to target organs, and is the gold standard tracer 
for rodents. We injected it into hepatosensitive areas 
in the left hippocampus; labelled cells were appar-
ent in the right hippocampus, bilateral LHA, left PC 
and LC, and ipsilateral LHA, at levels much higher 
than in the contralateral regions. Recent studies have 
shown that the LHA is involved in the regulation of 
gastrointestinal movement and feeding behaviour 

via the brainstem NTS and the dorsal vagus motor 
nucleus. Thus, the hypothalamus is involved in vis-
ceral regulation. Previous studies have found that PC 
fibres project into the hypothalamus and amygdala 
and regulate appetite. The LC-norepinephrine (NE) 
system mediates many visceral responses and is as-
sociated with hippocampal fibres. We have shown 
that fibrous connections may exist between the left 
and right hippocampi. Both LHAs, and the ipsilateral 
PC and LC, project fibres to the hepatosensitive area 
of the hippocampus; the ipsilateral LHA projection is 
stronger than the contralateral projection. One side of 
the hepatosensitive area of the hippocampus accepts 
fibres projecting from the bilateral hypothalamus; 
this tissue centrally regulates energy and metabol-
ic balance [27] including liver lipid and lipoprotein 
metabolism. Hypothalamic fibres project to the hip-
pocampus. Orexin is found in both the hippocampus 
and LC; both tissues regulate feeding behaviour and 
energy balance. Our results are consistent with those 
of recent studies on the anatomy of the association 
between the hippocampus, hypothalamus, and LC 

Figure 6. Fluorescence labelled results of FluoroGold injection in the left lateral hypothalamus, pyriform cortex and locus coeruleus in rats  
(n = 10). There are not fluorescent labelled cells in the left hippocampal liver sensitive area; A. 0.5μL, 40×; B. 0.5 μL, 200×.

Table 1. Numbers of fluorescently labelled cells in the right hippocampus, bilateral lateral hypothalamus (LHA), left piriform cortex 
(PC), and locus coeruleus (LC) after hepatosensitive region in the left hippocampus were injected with different doses of FluoroGold

Group Samples Right hippocampus Left LHA Right LHA Left PC Left LC

0.1 μL 10 50.63 ± 5.04 30.50 ± 7.39 5.25 ± 1.67 21.38 ± 5.71 10.25 ± 3.24

0.3 μL 10 136.00 ± 9.64 44.43 ± 7.00 12.71 ± 2.63 56.43 ± 9.88 19.14 ± 2.41

0.5 μL 10 267.67 ± 16.92 66.44 ± 7.99 20.67 ± 3.39 115.33 ± 8.34 25.11 ± 5.06

F-value 707.33 49.59 69.28 294.85 31.53

P-value < 0.05 < 0.05 < 0.05 < 0.05 < 0.05
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[11, 14]. We speculate that liver function regula-
tion by hepatosensitive region in the hippocampal 
CA3 region may involve the LHA, PC, and LC. When 
FG was injected into these regions, no labelled cells 
were found in the hepatosensitive areas, suggesting 
that the fibre connections between the hepatosen-
sitive region and the LHA, PC, and LC may be one-way 
[19]. Some recent studies [4, 12, 22] found that the 
hippocampus was directly or indirectly linked to the 
hypothalamus, PC, and LC. The hippocampal control 
hierarchy [16] is: hippocampus to the hypothalamus, 
to the brain stem, to the vagus nerve. Functional fibres 
linking the hippocampus and hypothalamus have been 
found in previous studies [26]. The responses in the hip-
pocampus to vagal stimulation are likely to result from 
stimulation of vagal afferents and reach the hippocam-
pus via NTS and the data do not test whether there is  
a vagal efferent pathway involved. A recent study found 
that the PC and hippocampus were involved in the  
sense of smell [13]. Furthermore, the hippocampus and 
LC affect cognitive function [18]. However, few studies 
have explored whether the PC and LC regulate internal 
organs. The hepatosensitive hippocampal CA3 region 
may be connected to the lateral hypothalamus, PC, and 
LC. The roles played by the latter two regions will be 
explored in future experiments.

CONCLUSIONS
There may be liver sensitive region in the CA3 

area of rat hippocampus, and the area receives nerve 
fibre projections from lateral hypothalamic area, piri-
form cortex and blue spots, and is unidirectional 
fibre projection. The CA3 area received nerve fibre 
projection from bilateral lateral hypothalamus area, 
and the ipsilateral projection was stronger than the 
contralateral side.
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Background: Even today, repair of the cranial defects still represents a significant 
challenge in neurosurgery and various options have been used for their recon-
struction to date. However, there are very few studies investigating the effects of 
exogenous administration of melatonin (MEL) as an agent that promotes bone 
regeneration. The goal of this study was to investigate the effects of functional 
pinealectomy (Px) and exogenous MEL administration on the bone repair properties 
and surrounding connective tissue alterations in a rat calvaria model.
Materials and methods: The total of 30 adult female Wistar-Albino rats was 
randomly divided into three groups (n = 10): control group (CO; 12 h light/12 h 
dark exposure), functional Px group (24 h light exposure, light-induced functional 
Px), and Px+MEL group (light-induced Px + MEL, 20 mg/kg/day for 12 weeks). 
Critical-sized burr-hole defects (diameter: 3.0 mm) were surgically created by  
a single operator in the calvarium of all rats, using an electric drill. Animals in 
Px+MEL group received MEL 20 mg/kg/day for 12 weeks. At the end of the study, 
bone healing and connective tissue alterations surrounding drilled defect area in 
the rat calvaria were determined in haematoxylin-eosin-stained and Mallory Azan 
slices applied in anti-bone sialoprotein. Image Pro Express 4.5 programme was 
used for histomorphometric calculation of areas of new bone and fibrotic tissue. 
Normality control was performed by Shapiro-Wilk test. Variance homogeneities 
were examined by Shapiro-Wilk and Levene tests; Tukey HSD test was used as  
a post hoc method since there was no homogeneity problem. All hypothesis tests 
were performed at the 0.05 significance level.
Results: Histological analysis showed that the bone repair process in the Px+MEL 
group was similar to that of the CO group, whereas the functional Px group 
showed a delay. Histomorphometrically, it was found that the Px group had the 
largest hole diameter and the most fibrotic scar area, although no binary statis-
tical significance was found between the CO and Px+MEL groups (p = 0.910).
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INTRODUCTION
Bone healing, also called bone turnover or res-

toration of the bone microarchitecture, after vari-
ous acquired defects or congenital deformities of 
the cranium, such as traumatic injuries, congenital 
deformities, decompressive craniectomies, or bone 
flap loss due to infections still represents a signifi-
cant challenge in neurosurgery. Although numerous 
studies have been conducted to develop biomaterials 
displaying osteoconductive and/or osteoinductive 
properties to date, utilisation of autogenous bone 
for repair of the cranial defects seems to be the most 
appropriate option, possibly due to its biosafety and 
cost advantage [29]. However, risks of additional 
morbidity to the patient related to obtaining the graft 
and resorption of the autogenous bone grafts limit 
their utilisation in the repair of the cranial defects. As 
a result, there is still no consensus on which agent to 
be used in cranioplasty is better in reconstruction of 
the cranial defects in humans. To improve the bone 
regeneration and quality of the bone, therefore, use 
of various agents such as topical or systemic appli-
cation of growth factors, cytokines and melatonin 
(MEL) has attracted the attention of scientists [3–5, 
7–9, 14, 16, 21, 22, 25, 26, 30, 33–37]. 

In normal remodelling cycle of the bone, which 
is balanced between bone-forming osteoblasts and 
bone resorbing osteoclasts, the resorption phase is 
followed by bone formation phase, including osteoid 
formation and then mineralisation [1, 2, 10]. In recent 
years, it has been reported that MEL can have a pivotal 
role in this process when age-related osteoporosis is 
manifested, possibly due to an imbalance in bone 
turnover related to decreased level of the circulating 
MEL hormone; thus, MEL could act as an autacoid or  
a local growth factor for the bone cells [4, 6, 7, 30, 36]. 
Importantly, it has also been reported that the pro-
liferation of osteoblasts and the expression of type I  
collagen and biochemical markers of bone turnover, 

In terms of vascularisation, it was observed that the most vascular structure was 
found in the Px+MEL group among the scar tissue and ossification areas, while 
the vascularisation was the least in the Px group (p < 0.001).
Conclusions: Our findings revealed that bone repair process was impaired in 
functional Px group, but exogenous MEL replacement was able to restore this 
response. Thus, it is concluded that utilisation of MEL may improve the bone 
repair in calvarial defects. (Folia Morphol 2022; 81, 2: 271–279)

Key words: bone regeneration, calvaria, melatonin, pinealectomy, rat

including bone sialoprotein (BSP) are also promoted 
by MEL [7, 9, 17, 25, 26, 35]. Despite promising re-
sults, however, very few studies have been conducted 
to investigate the effects of exogenous administration 
of MEL as an agent that promotes bone regeneration 
to date and there is still no consensus on which agent 
to be used in cranioplasty is better in reconstruction 
of the cranial defects in humans.

In this experimental study, our main purpose was 
to investigate the effects of exogenous MEL adminis-
tration on bone healing and connective tissue altera-
tions surrounding the bone defect histopathologically 
after production of a burr hole in the calvarium of the 
rats exposed to functional pinealectomy (Px).

MATERIALS AND METHODS
In this study, 30 adult 200 g female Wistar-Albi-

no rats were used. The experimental protocol was 
approved by the Ethical Committee of Aydın Adnan 
Menderes University (HADYEK 64583101/2014/063). 
Animals were housed in rat cages in standard condi-
tions (24 ± 2°C and 50 ± 5% humidity), exposed to 
12:12-h light/dark cycle, fed with standardised rodent 
chow and tap water ad libitum.

The rats were divided into three groups, with 10 
animals per group. The first group of animals formed 
the control group (CO), which was exposed to 12:12-h  
light/dark cycle. The second and third groups were 
exposed to 24-h continuous light for 12 weeks in 
order to produce light-induced functional Px, as de-
scribed in a previous study [23]. Next, all rats under-
went ketamine/xylasine (50 and 5 mg/kg, respectively) 
anaesthesia, and a burr hole (diameter: 3.0 mm) was 
produced using an electric drill (CLASS Mini Grinder 
sets, PRC) on the right side of the calvarium. Then the 
wound was closed (Fig. 1). The animals in the second 
and third groups were moved back to the continuous 
light-burning room; meanwhile exogenous MEL treat-
ment (Px+MEL) was applied to only the third group.
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Melatonin (N-acetyl-5-methoxytryptamine, cat. 
no: M-5250, Sigma Chemical Co., St. Louis, MO, USA) 
was first dissolved in pure ethanol and kept in –20°C. 
The second dilution of this stock was freshly prepared 
in saline to have 5% ethanol concentration [13]. In 
the third group, 20 mg/kg/day of MEL was given 
intraperitoneally as a single injection for 12 weeks.

At the end of 12 weeks, all the rats were decapi-
tated under the ketamine/xylasine (50 and 5 mg/kg, 
respectively) anaesthesia. The calvarial area which 
underwent the burr hole operation was removed 
for further histological study.

Histological examination of calvaria

Following sacrification, calvaria were collected 
into 10% formalin solution for at least 24 h before 
placement in decalcification solution containing 10% 
formaldehyde and 20% formic acid for 2 months, 
softening of the tissue was controlled by punch-
ing irregularly. Tissues were embedded to block in 
blue-beaded paraffin solution after processing in 
alcohol and xylol series. 5 µm sections were obtained 
by Leica RM 2145 microtome, transferred to water 
bath at 45oC and microwaved to ensure adhesion  
and to remove any paraffin remaining. Haematoxylin 

and eosin (H&E), Mallory Azan staining and anti-BSP 
(bs-4729R, Bioss, 1:100) were applied to the related 
calvarial area and the surgical specimens were eval-
uated at 10–20× magnification using an Olympus 
C5050 camera attached to Olympus BX51 light mi-
croscope.

histomorphometry

For histomorphometric analysis, counting and 
measurements were made for hole diameter, fibrotic 
scar areas, ossification areas and number of vessels 
in the sections taken from calvaria samples from 
each subject in the experimental groups [15, 18, 42]. 
Measurement for new ossification areas and fibrotic 
scar areas was calculated in square micrometres (µm2) 
using Image Pro Express 4.5 (Media Cybernetics, Inc., 
Rockville, MD, USA) programme.

statistical analysis

Data analysis was carried out in IBM SPSS (Statisti-
cal Package for Social Sciences) Statistics for Windows, 
Version 25.0 (IBM Corp. Released 2017, Armonk, NY) 
package programme. Group comparisons were per-
formed using one-way analysis of variance method. 
Normality control was performed by Shapiro-Wilk test 

Figure 1. The process of establishing the animal model of bone defect as burr hole on the right side of the rat calvarium using a drill with 3 mm in 
diameter.
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that obtained from estimated error. Since there was 
no problem of adaptation to normal distribution, the 
study continued with one-way analysis of variance. 
Variance homogeneities were examined by Levene 
test; Tukey HSD test was used as a post hoc method, 
since there was no homogeneity problem. All hypoth-
esis tests were performed at the 0.05 significance 
level, thus p < 0.05 was considered significant.

RESULTS
Macroscopic examination

When the skin on the calvarium was dissected, 
drilled holes were detected on the bone and these 
closed holes were observed macroscopically (Fig. 1). It 

was found that the scar tissue in the Px+MEL samples 
were closer to normal when compared with the other 
two groups (Fig. 2).

Microscopic examination

In the microscopic sections, the orientation of 
the hole in the bone was adjusted and serial sections 
were taken. These sections were stained in H&E and 
Mallory Azan in order to show the general structure 
and were applied in anti-BSP immunohistochemistry. 
Histologically, the holes were found in the sections. 
Importantly, it was found that these hole structures 
were filled with irregular dense connective tissue called 
fibrotic in both control group and Px group (Fig. 3).

Figure 2. Demonstration of the experimentally produced bone lesions in all rat groups; A. Control (CO) group; B. Pinealectomy (Px) group;  
C. Pinealectomy plus melatonin (Px+MEL) group.

Figure 3. Microscopic evaluation of all groups; A. Control (CO) group; B. Pinealectomy (Px) group; C. Pinealectomy plus melatonin 
(Px+MEL) group.
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When the hole diameters were evaluated statisti-
cally, it was seen that the Px group had the largest hole 
diameter. No statistical significance was found in the 
comparison of the groups with each other (Fig. 4A).  
When evaluated in terms of fibrotic scar area, it was cal-
culated that the most scar area was in the Px group, al-
though no binary statistical significance was found be-
tween the CO and Px+MEL groups. Importantly, a sta-
tistical significance was found when comparing these 
two groups with the Px group (p < 0.001) (Fig. 4B).  
When evaluated in terms of ossification areas, it 
was observed that the most ossification was in the  
Px+MEL group, while the highest ossification was 
found in the Px group. However, there was no statistical 
significance between the groups (p = 0.306) (Fig. 4C).  
In terms of vascularisation, it was observed that the 
most vascular structure was found in the Px+MEL 
group among the scar areas and ossification areas, 
while the vascularisation was the least in the Px group. 
When the CO and Px groups were compared, a statis-
tically significant reduction was observed (p < 0.001). 

There was also a statistical significance difference be-
tween Px and Px+MEL groups (p < 0.001) (Fig. 4D).

When this connective tissue structure was ex-
amined at larger magnification, it was found that 
it contains fibroblast-like cells and type I collagen 
bundles. In Px group, however, new bone splices 
were found that they were localised to different sites 
located within the connective tissue, possibly formed 
by intramembranous ossification. More importantly, 
in Px+MEL group, it was noted that this connective 
tissue area was small and ossification developed in 
most of the structure. With this appearance, it was 
the experimental group, which was closest to the 
normal histological structure of the other groups. 
Mallory Azan staining showed that the type I collagen 
bundles were stained blue while the newly formed 
bone areas were red (Fig. 5).

DISCUSSION
This experimental study evidenced that MEL replace-

ment is related to the improvement of bone healing, 

Figure 4. Statistical evaluation graph of histomorphometric analysis. Graphical representation of hole diameter (A), fibrotic scar area (B), ossi-
fication area (C) and number of vessels (D) in all groups; CO — control group; Px — pinealectomy; MEL — melatonin.
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in contrast to functional Px group, possibly due to in-
creased osteoblastic activity and modulation of con-
nective tissue alterations surrounding the bone defect 
driven by exogenous MEL administration in adult rats.

Previous studies reported that matrix cellular pro-
teins, such as BSP, also called SPARC or BM40, osteo-
pontin, tenascin C, and thrombospondin-1 and -2, 
were the critical regulators of bone healing process 
[1, 10]. BSP is composed of mineralised tissues such 
as bone, dentin, cementum and calcified cartilage. It 
binds to hydroxyapatite crystals and an integral part 
of the mineral matrix in bone tissue. Now, it is known 
to be an important component of the extracellular 
matrix of bone and forms all non-collagen proteins 
found in bone and cementum. In our study, the cell 
characterisation of the osteoblast lineage was via 
immunostaining for BSP. The CO and Px+MEL groups 
are similar in terms of BSP, both groups have a high 
level of immune reaction. A lower degree of immu-
noreaction was detected in the Px group.

Several studies documented that MEL had been 
linked to osteoblastic differentiation and bone metab-
olism [4, 6, 30, 36]. In a previous study, Witt-Enderby et 
al. (2006) [41] demonstrated that MEL influences bone 
cell precursors in rat bone marrow which has high con-
centrations of MEL. Koyama, et al. (2002) [14] showed 
that the administration of pharmacological doses of 
MEL during the growth of young rats increased the 
bone mass through the inhibition of bone resorption. 

To date, however, the role of MEL replacement has not 
yet been widely evaluated in adult animals with lower 
production of endogenous MEL, as did in our functional 
Px group. In this study, we intended for investigation its 
role on bone healing; therefore we applied a functional 
Px rat model to evaluate the effect of exogenous MEL 
administration histopathologically [23].

Experimental studies revealed that action of ex-
ogenous and endogenous MEL upon bone tissue is 
due to an increased osteoblastic activity, a decreased 
osteoclastic activity, and an increased osteoclastogen-
esis inhibitory factor, also known as osteoprotegerin, 
thus increasing its mass [14, 19, 20, 33, 40]. In ad-
dition to its stimulating effect on bone metabolism 
and production of type I collagen, inhibitory effect 
on proteasomes has also been suggested [14, 19, 
20, 33, 40]. Thus, promotion of bone healing by MEL 
could be related to one or more of the following 
possible mechanisms: the promotion of the oste-
oblast differentiation and/or activity, an increased 
expression of the osteoprotegerin by osteoblasts, 
resulting with a decreased differentiation of oste-
oclasts, and increased scavenging of free radicals 
which were generated by osteoclasts [31]. Further, 
and more specifically, it has been speculated that 
MEL interferes with bone healing in several ways: 
through modulation of oxidative stress [27, 28, 32], 
collagen fibril formation [19], differentiation of os-
teoblasts via PDGF/AKT signalling pathway [9, 25, 

Figure 5. Microscopic evaluation of all groups; A. Control (CO) group; B. Pinealectomy (Px) group; C. Pinealectomy plus melatonin (Px+MEL) group.
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26, 35, 43], or activity of osteoblasts and osteoclasts 
via MEL-MT2 receptor pathway [9, 34, 41] or RANK/ 
/NF-kB signalling pathway [14, 26] or Wnt/b-catenin 
signalling pathway [16, 25, 40]. Moreover, MEL has also 
been found to stimulate gene expression of BSP and oth-
er bone marker proteins including alkaline phosphate, 
secreted protein, osteocalcin and osteopontin [30].

Despite accumulating evidence about the effects 
of MEL upon regeneration of the bone tissue during 
the last decades, its use for cranial defects has re-
ceived little attention and to date, healing of the bone 
after application of MEL has been evaluated in few 
experimental animal studies using model of calvaria 
[9, 25, 26, 35]. In addition to stimulatory action of 
MEL related to bone formation, however, possible 
effects of MEL upon the connective tissue surround-
ing the cranial defect have been also investigated for 
the first time in this study. Based on our findings, it 
is evident that the ossification process is accelerated 
by the effect of exogenous MEL, while the absence of 
endogenous MEL also negatively affects ossification.

On the other hand, it has been reported that  
a lower production of MEL, by some genetic modifi-
cations (pineal MEL deficient mice, C57BL/6 and Swiss 
strains) [12, 34], or various Px techniques (surgical or 
functional) [21, 22, 24, 37–39] results in alterations 
in structure, density and mechanical strength of the 
bone in animals including mice, rat, rabbit, chicken, 
sheep, and fish [9, 34]. To the best of our knowledge, 
however, no study was performed to evaluate the 
healing in endogenous MEL deficiency and exogenous 
MEL administration, when added to biomaterials or im-
plants [3–6, 36]. Thus, the process of how the absence 
of endogenous MEL interferes with the bone healing 
is unclear. Considering this, the purpose of this study 
was to evaluate the cellular changes that occur in the 
bone of rats undergoing Px that received or did not 
receive daily exogenous MEL replacement as a possible 
therapy for conditions characterised by a decrease in 
the secretion of this hormone by the pineal gland.

In a previous in vitro study, it has been suggest-
ed that exogenous MEL administration has positive 
effects on both angiogenesis and wound healing 
[19]. In a recently published paper, Filipowska et al. 
(2017) [11] also suggested the role of production of 
vascular endothelial growth factor (VEGF) by either 
hypertrophic chondrocytes or differentiating mesen-
chymal cells in bone development and regeneration. 
In fact, our findings confirm that beneficial effects of 
MEL on blood vessel invasion for initiation of bone 

tissue formation, possibly as a result of increased 
VEGF production by MEL.

Taken together our findings provide an evidence 
that the absence of MEL delays repair and exogenous 
MEL replacement regulates this alteration, which 
would emphasize the role of this neurohormone in 
bone remodelling, especially in conditions in which 
a decrease occurs in the circadian release capacity 
of this hormone by the pineal gland, as did in vari-
ous clinical disease conditions. Undoubtedly, further 
understanding of pathological changes in the bone 
tissue and their reversion is critical for the success of 
MEL replacement treatment. Two limitations of our 
study that created an in vivo rat calvaria model are 
as follows: absence of any analysis for inorganic ma-
terial content of bone tissue and difference of drilled 
defects from those in humans in terms of bone re-
modelling. Also, lack of any imaging study illustrating 
bone healing and angiogenesis is another limitation 
of the study. Future studies including imaging are 
needed for better understanding of modulation of 
osteoblast and osteoclast function and mineralization 
with MEL in cases of bone defect that simulates the 
situation in human.

CONCLUSIONS
Based on the results of this study, we may notice 

an interaction in cellular responses and protein ac-
tivity in the absence of MEL, suggesting that when 
there is a delay in the production of proteins that 
stimulate bone formation, ossification because of 
hormone administration increases vascularisation and 
may result in less scar tissue formation. The MEL 
replacement, in most parameters evaluated in this 
study, showed behaviour very close to that of the CO 
group. Therefore, the absence of the pineal gland im-
pairs the bone repair process during osseointegration; 
however, the daily exogenous MEL replacement was 
able to partially restore this response. However, the 
authors believe that further studies should confirm 
this information in future.
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Background: Myelination is a sequential process that is tightly controlled by  
a number of intrinsic and extrinsic factors. Any central nervous system disease 
in which the neuronal myelin sheath is damaged is referred to as demyelinating 
disease. The present work was designed to study the histopathological, ultrastruc-
tural and immunohistochemical changes in rat brain, mainly corpus callosum (CC), 
following oral administration of cuprizone (CPZ), and the role of N-acetylcysteine 
(NAC) in reducing these changes. 
Materials and methods: Demyelination was induced by CPZ administration for 
short (4 weeks) and long (8 weeks) periods. NAC was given concomitantly and 
sequentially for similar periods. Spontaneous recovery after cessation of CPZ fol-
lowed by no medication was also investigated. At the end of each experimental 
period, both cerebral hemispheres were extracted and prepared for light and 
electron microscopic examination and immuno-histochemical study. 
Results: The obtained results showed a direct proportion between the duration 
of CPZ administration and the severity of demyelination. The co-administration of 
CPZ and NAC, had a fair protective impact that was stronger than the sequential 
administration of the two drugs. Incomplete spontaneous remyelination was ob-
served after cessation of CPZ, being more evident in short than in long period group, 
indicating that when CPZ administration is prolonged, remyelination is delayed.
Conclusions: In the light of the above results, it could be concluded that NAC has 
neuroprotective effects and has the potential to be a novel therapeutic approach 
for the treatment of demyelinating diseases such as multiple sclerosis; however, 
treatment should begin as soon as the disease manifests. (Folia Morphol 2022; 
81, 2: 280–293)

Key words: cuprizone, N-acetylcysteine, demyelination, remyelination, 
corpus callosum, rats

INTRODUCTION
Myelination is a process that is highly orchestrated 

by many intrinsic and extrinsic variables, step-by-step 
[19]. Many animal studies have shown that the neu-

ronal activity along axons modulates its degree of 
myelination [3]. Although the mechanism of myelin 
formation is not yet fully understood; it is modelled as 
a staged process, from differentiation of oligodendro-
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cyte (OL) progenitor cells to oligodendrocytes (OLs), 
followed by ensheathment of axons and ultimately 
maturation of the sheath [28]. 

Demyelinating disease is defined as any central 
nervous system (CNS) disease in which the neuronal 
myelin sheath is damaged [27]. Based on their patho-
genesis, demyelinating CNS diseases can be cate-
gorised into: inflammatory diseases (e.g.: multiple 
sclerosis [MS] and acute-disseminated encephalomy-
elitis), viral infection, hypoxic-ischaemic types and de-
myelination caused by acquired metabolic disorders 
or focal compression of the brain [30]. Oligodendro-
cytes are vulnerable to oxidative stress-mediated dam-
age, cytotoxicity, deprivation of the trophic factor and 
activation of apoptotic pathways [13]. Demyelination 
and inflammation are pathological features of MS and 
both are assumed to contribute to axon damage and 
consequently to cerebral atrophy that is prevalent in 
later stages of the disease [48]. MS demyelinating 
lesions are multifocal and spread in the brain affect-
ing both white and grey matter. After demyelinating 
events, remyelination frequently occurs, but it is often 
incomplete. Consequently, understanding remyelina-
tion failure and designing strategies to restore myelin 
sheath is one of the challenges of MS science [22]. 

In MS pathogenesis, oxidative stress is a key factor 
that alleviates the migration of leukocytes, thereby 
leading to OLs damage and axonal injury. In the CNS 
of MS patients, reactive oxygen and nitrogen species 
are formed mainly by activated macrophages and mi-
croglia, the resident macrophage of the brain, and are 
responsible for demyelination and axon disruption. 
Various inflammatory and oxidative stress mediators 
such as cytokines and chemokines are secreted by 
activated microglia [6, 34]. 

Cuprizone (CPZ) is a copper-chelator of low mo-
lecular weight that affects the metabolism of cells 
and contributes to reversible demyelination in both 
grey and white matter [10]. Feeding with cuprizone 
results in the death of mature OLs, whereas other CNS 
cell types are not affected because oligodendroglia is 
more vulnerable to copper deficiency [59]. The toxic 
effect of CPZ on mature OLs results in the inhibition 
of the mitochondrial activity of the copper-dependent 
cytochrome oxidase and monoamine oxidase en-
zymes, resulting in mitochondrial dysfunction either 
through enlargement or clustering, this is followed 
by their apoptosis [2]. Oligodendrocytes death is 
thought to result from persistent mitochondrial stress 
brought on by both the toxic effect of the drug and 

the inherent immune response [57]. Microglia and re-
active astrocytes populate in the demyelination areas 
and secrete pro-inflammatory cytokines (e.g.: tumour 
necrosis factor-a, interleukin-1b and interferon-g) that 
govern the demyelination process [56]. 

N-acetylcysteine (NAC) is an effective free radicals 
scavenger of reactive oxygen species (ROS) but its key 
function as a therapeutic antioxidant stems from its 
role as a cysteine and glutathione synthesis precursor 
[12, 14]. Previous studies provide evidence for the 
therapeutic potential of NAC in multiple psychiatric 
and neurological disorders and claimed that to its 
anti-oxidant, anti-inflammatory and anti-apoptosis 
effects [4, 6, 9, 16, 38, 46]. 

Recently, Zhou et al. 2020 [61] indicated that 
NAC boosts remyelination process via promoting OL 
survival in oxidative stress-related conditions through 
the increase in glutathione levels and upregulation of 
haem oxygenase-1 (HO-1), a cytoprotective enzyme, 
that play a fundamental role in OLs protection. 

The aim of the this work is to investigate the possi-
ble therapeutic role of NAC in CPZ-induced demyelina-
tion in the brain, particularly corpus callosum, of male 
albino rat and to elucidate the possible spontaneous 
recovery (remyelination) after cessation of cuprizone.

MATERIALS AND METHODS
Material

Chemicals. Cuprizone (bis-cyclohexanone-oxal-
dihydrazone) was supplied by Sigma-Aldrich Com-
pany in the form of powder, which was dissolved 
in distilled water and given orally by gastric gavage 
tube to the rats in a dose of 2 g/kg of body weight 
(bw) [39].

N-acetylcysteine was supplied by Sedico Company 
as effervescent instant granules 600 mg/mL, which 
were dissolved in distilled water and given orally by 
gastric gavage tube in a dose of 50 mg/kg bw [11]. 
The gastric gavage tube was left in position for 20 s 
to prevent regurgitation and ensure administration 
of the calculated doses.

animals. Seventy adult male albino rats of 
Sprague Dawley strain, 4-months of age and weigh-
ing 150–250 g were used in the current study. They 
were obtained from the animal house, Faculty of 
Medicine, Cairo University and housed in metal cages, 
5 rats/cage under standard laboratory and environ-
mental conditions. The rats were used according to 
ethics of Animal Care and Use Committee (ACUC) of 
Cairo University.
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Experimental design. Rats were divided into four 
groups:

 — group I (Control group): comprised 30 rats and 
subdivided into two subgroups:

 — subgroup I-A (Normal control group): com-
prised 15 rats, they received no medications. 
Five rats were sacrificed after 4, 8 and 16 
weeks respectively;

 — subgroup I-B (Sham control group): com-
prised 15 rats, they were given distilled water 
orally; daily for 4, 8 and 16 weeks respec-
tively;

 — group II (CPZ treated group, short duration): com-
prised 15 rats and divided into three subgroups 
as follows:

 — subgroup II-A: each rat received the calculat-
ed dose of CPZ orally; daily for 4 successive 
weeks;

 — subgroup II-B: each rat received the calculat-
ed doses of CPZ concomitant with NAC orally; 
daily for 4 successive weeks;

 — subgroup II-C: each rat received the calculat-
ed dose of CPZ daily orally for 4 successive 
weeks followed by the calculated dose of 
NAC orally; daily for another 4 successive 
weeks;

 — group III (CPZ treated group, long duration): com-
prised 15 rats and subdivided into three sub-
groups; 5 rats each as follows:

 — subgroup III-A: each rat received the calcu-
lated dose of CPZ for 8 weeks;

 — subgroup III-B: each rat received the calcu-
lated doses of CPZ concomitant with NAC 
orally; daily for 8 successive weeks;

 — subgroup III-C: each rat received the calcu-
lated doses of CPZ followed by NAC orally; 
daily for 8 successive weeks;

 — group IV (CPZ recovery group): comprised 10 rats 
and subdivided into two subgroups; 5 rats each:

 — subgroup IV-A: each rat received the calcu-
lated dose of CPZ daily orally for 4 successive 
weeks; then no medication received for an-
other 4 successive weeks;

 — subgroup IV-B: each rat received the calcu-
lated dose of CPZ daily orally for 8 successive 
weeks; then no medication received for an-
other 8 successive weeks (Fig. 1).

Methods

At the end of the experimental period, the rats 
were sacrificed after anaesthetisation with 50 mL/kg 
subcutaneous injection of thiopental sodium and the 
brains were extracted and rinsed under distilled water 
to remove any surface blood, followed by immersion 
in ice-cold normal saline for 5 min then placed on cold 
metal plate, finally two cerebral hemispheres were 
sectioned along the sagittal suture and prepared for 
the following studies.

Figure 1. Flowchart of study design; CPZ — cuprizone; NAC — N-acetylcysteine.

Group I
Control group

Group II
Short duration group

Group III
Long duration group

Group IV
Recovery group

Subgroup IV-A
(  for 4 weeks, CPZ

then no medications
for another 4 weeks

then sacriced)

Subgroup IV-B
(  for 8 weeks, CPZ

then no medications
for another 8 weeks

then sacriced)

Subgroup II-A
(  for 4 weeks, CPZ
then sacriced)

Subgroup II-B
(  and  forCPZ NAC

 4 weeks, then 
sacriced)

Subgroup II-C
(  for 4 weeks, CPZ
followed by NAC

for another 4 weeks,
then sacriced)

Subgroup III-A
(  for 8 weeks, CPZ
then sacriced)

Subgroup III-B
(  and  forCPZ NAC

8 weeks, then 
sacriced)

Subgroup III-C
(  for 8 weeks, CPZ
followed by NAC

for another 8 weeks,
then sacriced)

Subgroup I-A
Normal control
(No medication

given, then sacriced 
after 4, 8, and 16 weeks)

Subgroup I-B
Sham control

(  given, Distral water
then sacriced after
4, 8, and 16 weeks)

Study design
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Light microscopic examination. The extracted 
brains were immersed in formalin 10%, for 2 days. 
Then washed under running tap water, and then 
embedded in paraffin. Sagittal sections of 7 microns 
thickness were made and stained with:    

 — luxol fast blue stain (LFB): to visualise the myelin in 
nerve sheath. Myelin stained blue while the nuclei 
and Nissl substance stained violet or red [26];

 — haematoxylin and eosin stain (H&E): for standard 
histological examination [29].
Immuno-histochemical study [45]. Myelin basic 

protein antibody (MBP-antibody) (Thermo Fischer, 
Labvision, USA): is an unconjugated rabbit polyclonal 
antibody. A positive myelin fibres reaction is visible as 
a brown precipitate under the microscope, and the 
nuclei appear light blue. 

Electron microscopic examination (tEM). Fresh-
ly prepared sections from brain samples of each group 
were fixed in 4% glutaraldehyde. Then processed 
and examined to detect ultrastructure changes [23].

RESULTS
Myelinated nerve fibres of corpus callosum 

(CC). Light microscopic examination of myelination in 

control groups revealed densely packed, myelinated 
and parallel arranged fibres. The OLs nuclei appeared 
well defined, rounded, darkly stained and arranged 
in longitudinal rows parallel to the nerve fibres that 
they myelinate (Fig. 2A, B). The nerve fibres and OLs 
nuclei showed strong positive myelin basic protein 
reaction (Fig. 2C). TEM showed variable sized densely 
packed axons. Axons were seen surrounded by thick 
electron dense myelin sheath and electron lucent 
intact cytoplasm (Fig. 2D). The OL appeared ovoid 
with dark nucleus surrounded by regular nuclear 
envelope and contains clumped chromatin material 
beneath the nuclear envelope and throughout the 
nucleoplasm. It is seen surrounded by electron lucent 
cytoplasm (Fig. 2E).

Concomitant administration of NaC protected 
from CPZ-induced demyelination more efficiently 
than the consecutive treatment by the two drugs. 
Light microscopic examination of demyelination in 
CPZ-treated group for 4 weeks showed multiple 
areas of unpacked partially demyelinated nerve fibres 
with axonal disruption and splitting, partial loss of OLs 
nuclei, most of them appeared dispersed and showed 
faint staining and karyorrhexis, others appeared cir-

Figure 2. Myelinated nerve fibres of corpus callosum. Light microscopic examination of myelination in control groups; A, B. Densely packed, 
myelinated and parallel arranged fibres (). The oligodendrocytes nuclei (arrows) appear well defined, rounded, darkly stained and arranged 
in longitudinal rows parallel (bracketed by lines) to the nerve fibres that they myelinate; C. Strong positive myelin basic protein reaction of mye- 
lin fibres () and oligodendrocytes nuclei (arrows). Electron microscopic examination; D. Variable sized densely packed axons (#), surrounded 
by thick dense myelin sheath (arrows) with electron lucent intact cytoplasm; E. Normal oligodendrocyte with oval dark nucleus (), regular 
nuclear envelope, clumped chromatin and surrounded by electron lucent cytoplasm (arrows); A. Luxol fast blue stain (LFB) ×400; B. Haematoxy-
lin and eosin stain (H&E) ×400; C. Myelin basic protein (MBP) ×400; D. Electron microscopic examination (TEM) ×15000; E. TEM ×8000.
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cumscribed and darkly stained. Few nuclei are seen 
oriented parallel to the nerve fibres (Fig. 3A, B).  

The nerve fibres and OLs nuclei showed moderate 
positive myelin basic protein reaction (Fig. 3C). CC 

Figure 3. Concomitant administration of N-acetylcysteine (NAC) protects from cuprizone (CPZ)-induced demyelination more efficiently than 
the consecutive treatment by the two drugs. Light microscopic examination of demyelination in CPZ-treated group for 4 weeks; A, B. Multiple 
areas of unpacked partially demyelinated nerve fibres () with axonal disruption and splitting (X), partial loss of oligodendrocytes nuclei, 
most of them appear dispersed and showing faint staining and karyorrhexis (thin arrows), others are circumscribed and darkly stained (thick 
arrows), few nuclei are seen oriented parallel to the nerve fibres (bracketed by lines); C. Moderate positive myelin basic protein reaction of 
myelin fibres () and oligodendrocytes nuclei (arrows). CPZ and NAC treated group; D. Well-arranged, packed demyelinated nerve fibres 
() with focal axonal disruption and fragmentation (X); E. Preserved disorganised oligodendrocytes nuclei with some of them arranged in 
linear rows (bracketed by lines). Most of them appear rounded and darkly stained with few flattened small sized nuclei showing faint staining 
and karyorrhexis (arrows); F. Strong myelin basic protein positive reaction of myelin fibres () and positive oligodendrocytes nuclei (arrows) 
reaction. CPZ followed by NAC-treated group; G, H. Demyelinated unpacked nerve fibres () with focal axonal splitting (X) and dispersed 
faintly stained oligodendrocyte nuclei (arrows). Oligodendrocyte nuclei are seen parallel to the nerve fibres (bracketed by lines). Most of them 
appear round and circumscribed with faint staining (thick arrows) and few appear flattened (thin arrows); I. Strong positive myelin basic 
protein reaction of myelin fibres () and oligodendrocytes nuclei (arrows). Weak spontaneous remyelination is detected in the short duration 
(CPZ 4 weeks) recovery group after 4 weeks of CPZ cessation; J, K. Disorganised, fragmented, demyelinated nerve fibres () with wide are-
as of vacuolation (). Notable loss of oligodendrocytes nuclei with the remaining ones appear dispersed, flattened and of small size with faint 
staining (arrows); L. Weak myelin basic protein positive reaction of myelin fibres () and moderate oligodendrocytes nuclei (arrows).  
A, D, G, J. Luxol fast blue stain (LFB) ×400; B, E, H, K. Haematoxylin and eosin stain (H&E) ×400; C, F, I, L. Myelin basic protein (MBP) ×400.
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nerve fibres of CPZ and NAC treated group dis-
played that most of the nerve fibres exhibited fair 
myelination and appeared well arranged and packed. 
Few specimens showed focal axonal disruption and 
fragmentation. The OLs nuclei appeared preserved 
but disorganised. Some of them are seen oriented 
in linear rows parallel to the nerve fibres. The nuclei 
appeared rounded with darkly stained. Few nuclei 
appeared flattened and small in size with faint stain-
ing and karyorrhexis (Fig. 3D, E). The nerve fibres 
showed strong positive myelin basic protein reaction 
associated with positive OLs nuclei reaction (Fig. 3F). 
CPZ followed by NAC-treated group revealed de-
myelinated and unpacked nerve fibres with localized 
areas of axonal disruption and splitting. The OLs 
nuclei were preserved but dispersed. Some of them 
were seen oriented parallel to the nerve fibres. Most 
of the nuclei appeared rounded faintly stained (Fig. 
3G, H). The nerve fibres showed moderate positive 
myelin basic protein reaction and positive OLs nuclei 
reaction (Fig. 3I). weak spontaneous remyelina-
tion was detected in the short duration (CPZ4ws) 
recovery group after 4 weeks of CPZ cessation. 
The CC nerve fibres of this recovery group appeared 
fragmented, demyelinated and disorganized with 
large cytoplasmic vacuoles being more evident near 
the periventricular region. Oligodendrocytes nuclei 
appeared of small size, rounded, darkly stained and 
dispersed, while others appeared flattened (Fig. 3J, K).  
The nerve fibres displayed weak positive myelin basic 
protein reaction and moderate positive OLs nuclei 
reaction (Fig. 3L).

Electron microscopic examination of the 
CPZ-treated group for 4 weeks revealed that the 
nerve fibres were unpacked with narrow gapping in 
between, multiple thin myelinated and scanty un-
myelinated axons were seen. Few thick myelinated 
axons were also seen. Most of the myelin sheaths 
appeared redundant or irregular and displayed fo-
cal areas of lamellar splitting. Some axons showed 
axonal cytoplasmic degeneration, others showed 
inclusion bodies in their cytoplasm (Fig. 4A). The 
OLs in this group appeared ovoid containing dark 
nucleus with regular nuclear envelope and clumped 
chromatin both beneath the nuclear envelope and 
throughout the nucleoplasm. They were seen sur-
rounded by multiple variable sized thin and thick my-
elinated axons with degenerated cytoplasm (Fig. 4B).  
The CC nerve fibres of CPZ and NaC-treated  
group were predominantly thin myelinated with few 

well myelinated ones. Some of their myelin sheaths 
appeared redundant with splitting and showed var-
iable degrees of axonal cytoplasmic degeneration 
and inclusion bodies (Fig. 4C). The OLs nuclei were 
ovoid and dark with regular nuclear envelope and 
surrounded by rarified cytoplasm. They were seen 
in close relation to the surrounding axons (Fig. 4D).  
The CPZ followed by the NAC-treated group dis-
played unpacked nerve fibres with narrow gaps in 
between. A lot of thin myelinated and unmyelinated 
axons were seen. The myelin sheaths appeared redun-
dant with focal lamellar splitting. Variable degrees 
of cytoplasmic degeneration were seen (Fig. 4E).  
The OLs nuclei appeared ovoid and dark with reg-
ular nuclear envelope and clumped chromatin. The 
surrounding cytoplasm showed connection to mul-
tiple variable sized thin myelinated axons (Fig. 4F).  
The CPZ-recovery group (4 weeks after CPZ ces-
sation) displayed unpacked axons with wide areas 
of gapping in between. The demyelination patches 
showed predominantly thin myelinated axons, few 
unmyelinated axons with ratified axonal cytoplasm. 
Myelin sheaths appeared irregular, split and abnor-
mally folded. Rarified axonal cytoplasm with absence 
of inclusion bodies was observed (Fig. 4G). The OLs 
nuclei appeared ovoid and dark with regular nuclear 
envelope and clumped chromatin. The surrounding 
cytoplasm appeared electron lucent with multiple 
vacuoles and few abnormal folded myelin sheaths 
with no evidence of axonal connection (Fig. 4H).

CPZ supplementation for long duration  
(8 weeks) produced massive demyelination and 
lessened the protective effects of NaC. Light micro-
scopic examination of demyelination in CPZ-treated 
group for 8 weeks revealed marked demyelination, 
fragmentation and complete disorganisation of CC 
nerve fibres. All OLs nuclei appeared disorganised 
and of small size, irregular shaped with faint staining 
and variable degrees of karyorrhexis and karyoly-
sis (Fig. 5A, B). The nerve fibres showed negative 
myelin basic protein reaction with poor OLs nuclei 
reaction (Fig. 5C). CPZ and NAC-treated group 
showed that the CC nerve fibres appeared partially 
demyelinated and unpacked, with scanty areas of 
splitting in the myelin sheath and vacuolated cyto-
plasm. The OLs nuclei appeared preserved and ar-
ranged in linear rows between the unpacked nerve 
fibres. They appeared rounded, darkly stained apart 
from scanty nuclei which showed faint staining and 
others appeared flattened (Fig. 5D, E). The nerve fibres 
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Figure 4. Electron microscopic examination of short duration cuprizone (CPZ)-treated group (4 weeks); A. Narrow gapping between un-
packed thin myelinated (o) and thick myelinated () axons exhibiting redundant sheath (arrows) with some of them showing partial axonal 
degeneration (*) and inclusion bodies ( ); B. Oligodendrocyte () containing dark nucleus surrounded by few thick myelinated axons () 
with redundant myelin sheath and focal areas of splitting (arrows), unmyelinated (^) and multiple irregular thin myelinated (o) axons. CPZ 
and N-acetylcysteine (NAC)-treated group; C. Multiple thick myelinated () and thin myelinated (o) axons with some of them exhibiting split, 
redundant sheath (arrows) as well as degenerated axonal cytoplasm (*) and inclusion bodies ( ); D. Ovoid, dark nucleus () surrounded 
by rarified cytoplasm (*) and is adherent to the nearby axons (#). CPZ followed by the NAC-treated group; E. Unpacked axons with narrow 
gapping in between (). Multiple thin myelinated (o) and few unmyelinated (^) axons are seen, few axons exhibit redundant split myelin 
sheath (arrows) and axonal cytoplasmic degeneration (*); F. Ovoid, dark nucleus () with the surrounded cytoplasm displayed connection 
to multiple variable sized thin myelinated axons (#). The short duration CPZ-recovery group; G. Multiple thin myelinated (o) and few unmyeli-
nated (^) axons with rarified axonal cytoplasm (*) and wide gaps in between (). The myelin sheaths are irregular with notable splitting 
(black arrows), abnormal folded myelin sheaths are seen (white arrows); H. Ovoid, dark nucleus (), surrounded by electron lucent cyto-
plasm showing multiple vacuoles ($) and abnormal folded myelin sheaths (white arrows) with no evidence of axonal connection. A, C, E, G. 
Electron microscopic examination (TEM) ×15000; B, D, F, H. TEM ×8000.
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showed weak positive myelin basic protein reaction 
with moderate positive OLs nuclei reaction (Fig. 5F).  
CPZ followed by NAC-treated group showed that 

the CC nerve fibres appear diffusely demyelinated, 
unpacked and disorganised with wide areas of axonal 
fragmentation, splitting and cytoplasmic vacuolation. 

Figure 5. Cuprizone (CPZ) supplementation for long duration produces massive demyelination and lessens the protective effects of N-acetyl-
cysteine (NAC). Light microscopic examination of demyelination in long duration CPZ-treated group (8 weeks); A, B. Markedly demyelinated, 
disorganised and fragmented nerve fibres (). Loss of oligodendrocytes nuclei with the remaining ones appear disorganised, of small size 
with variable degrees of karyorrhexis and karyolysis (arrows); C. Negative myelin basic protein reaction of myelin fibres () and oligodendro-
cytes nuclei (arrows). CPZ and NAC treated group; D, E. Partially demyelinated unpacked nerve fibres () with scanty areas of vacuolation 
(). Most oligodendrocyte nuclei appear rounded, darkly stained with few displaying faint staining (arrows) and seen parallel to the nerve 
fibres (bracketed by lines) with few nuclei appear flattened (arrows); F. Weak positive myelin basic protein reaction of myelin fibres () and 
moderate positive oligodendrocytes nuclei (arrows). CPZ followed by NAC-treated group; G, H. Unpacked diffusely demyelinated nerve fibres 
() with axonal splitting and vacuolation (). Dispersed oligodendrocyte nuclei, which appear rounded, circumscribed with faint staining 
(thick arrows) and few appear of small size and exhibit karyorrhexis and karyolysis (thin arrows); I. Positive reaction of oligodendrocytes nu-
clei (arrows) with weak positive myelin fibres (). Poor spontaneous remyelination is detected in the long duration (CPZ 8 weeks) recovery 
group after 8 weeks of CPZ cessation; J, K. Markedly disorganised demyelinated nerve fibres () with diffuse vacuolation (). The oligoden-
drocyte nuclei appear dark (thick arrows) and parallel aligned to nerve fibres (bracketed by lines), while others appear of small size with faint 
staining (thin arrows); L. Weak positive myelin basic protein reaction of myelin fibres () and oligodendrocytes nuclei (arrows). A, D, G, J. 
Luxol fast blue stain (LFB) ×400; B, E, H, K. Haematoxylin and eosin stain (H&E) ×400; C, F, I, L. Myelin basic protein (MBP) ×400.
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Figure 6. Electron microscopic examination cuprizone (CPZ)-treated group for 8 weeks; A. Scanty thin myelinated (o) axons with split redun-
dant myelin sheath (arrows). Wide gaps of complete axonal loss () containing extensive remnants of fragmented degenerated axons (*) 
and folded collapsed myelin sheath (white arrows); B. Oval heterochromatic oligodendrocyte nucleus () with focal nuclear envelop inden- 
tation (white arrow) and surrounded by completely degenerated rarified cytoplasm (*). CPZ and N-acetylcysteine (NAC) treated group;  
C. Irregularly arranged unpacked multiple thin myelinated (o), few myelinated () and unmyelinated (^) axons. Most axons showing redundant 
sheath (arrows) inclusion bodies ( ) and compact myelin sheath (white arrows); D. Ovoid, dark nucleus (★) with large cytoplasmic vacuoles 
($) and inclusion bodies ( ) and connection to demyelinated axons (#). CPZ followed by the NAC-treated group; E. Wide areas of irregularly 
arranged axons with gaps in between (). Multiple thin myelinated (o), few unmyelinated (^) () axons almost all of them have irregular 
deformed myelin sheaths with diffuse axonal cytoplasmic degeneration (*) and scanty inclusion bodies ( ); F. An ovoid nucleus () with 
irregular nuclear envelope (white arrows) and electron dense cytoplasm contain multiple mitochondria (⮜), secretory granules (black arrows), 
and is seen connected to multiple thin myelinated axons (#). The CPZ-recovery group; G. Wide gapping () between multiple thin mye-
linated (o) axons with irregular-split and tight-deformed myelin sheaths (arrows) and rarefied axonal cytoplasm (*). Multiple fragmented un-
myelinated axons (^) are seen; H. Rounded, dark nucleus () surrounded by vacuolated cytoplasm ($) with multiple abnormal folded myelin 
sheaths (white arrows) and connected to few axons (#). A, C, E, G. Electron microscopic examination (TEM) ×15000; B, D, F, H. TEM ×8000.
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Few nerve fibres appeared well arranged. Partial loss 
of OLs nuclei, with the remaining ones appearing 
dispersed. Some of them appeared rounded and cir-
cumscribed, Others appeared of small size with poor 
staining and karyolysis (Fig. 5G, H). The nerve fibres 
displayed weak positive myelin basic protein reaction 
and positive OLs nuclei reaction (Fig. 5I). 

Poor spontaneous remyelination was detect-
ed in the long duration (CPZ 8 weeks) recovery 
group after 8 weeks of CPZ cessation. The nerve 
fibres of the long duration recovery group appeared 
markedly disorganised and demyelinated with diffuse 
poor staining and marked cytoplasmic vacuolation. 
Few OLs nuclei were seen parallel to the nerve fibres, 
most of them were dispersed and small sized with 
partial loss of their population. The nuclei exhibited 
dark and faint staining (Fig. 5J, K). The nerve fibres 
and OLs nuclei showed weak positive myelin basic 
protein reaction (Fig. 5L).

Electron microscopic examination of the 
CPZ-treated group for 8 weeks revealed massive 
axonal degeneration. The remaining axons were thin 
myelinated with split myelin sheath and wide gaps in 
between, these gaps contain remnants of fragmented 
degenerated axons and fragmented collapsed myelin 
sheaths (Fig. 6A). The OLs displayed oval heterochro-
matic nuclei with localised nuclear envelope indenta-
tion. Most OLs exhibited completely degenerated rari-
fied cytoplasm (Fig. 6B). CPZ and NAC-treated group 
showed disorganised nerve fibres with narrow gaps in 
between. Multiple thin myelinated and unmyelinated 
axons were detected. Few specimens demonstrated 
multiple compact folded myelin sheath fragments 
and inclusion bodies (Fig. 6C). The OLs nuclei ap-
peared ovoid and dark with regular nuclear envelope 
and clumped chromatin. The surrounding cytoplasm 
showed large vacuoles and inclusion bodies with close 
connection to the demyelinated axons (Fig. 6D). CPZ 
followed by NAC-treated group showed a lot of 
unpacked thin myelinated and demyelinated axons. 
Scanty myelinated small sized axons with irregular 
deformed myelin sheaths were seen. Axons displayed 
cytoplasmic rarefaction with scanty inclusion bodies 
(Fig. 6E). The OLs nuclei appeared ovoid and dark 
with irregular nuclear envelope and diffuse chromatin 
clumps. The surrounding cytoplasm appeared elec-
tron dense with abundant mitochondria and secre-
tory granules. It was seen connected to multiple thin 
myelinated axons (Fig. 6F). The CPZ-recovery group 
(after 8 weeks of CPZ cessation) showed unpacked 

axons with wide gaps in between. The demyelination 
patches showed predominantly multiple fragment-
ed unmyelinated axons and scanty thin myelinated 
axons. Some myelin sheaths appeared irregular and 
split. Almost all axons showed cytoplasmic rarefaction 
(Fig. 6G). Oligodendrocytes nuclei appeared rounded, 
dark and surrounded by electron dense vacuolated 
cytoplasm that contains multiple abnormal folded 
myelin sheaths with evidence of connection to few 
axons (Fig. 6H). 

DISCUSSION
The development of animal models of human 

diseases is critical. Over the past 60 years, studies 
of MS and other demyelinating CNS disorders have 
closely followed this approach [35].

In the current study, CPZ intoxication model was 
used to induce CNS demyelination. That was in ac-
cordance with MacArthur and Papanikolaou (2014) 
[31], who stated that marked nerve demyelination 
in animals is induced by oral administration of CPZ, 
likewise, Vega-Riquer et al. (2019) [55] indicated that 
CPZ targets many enzymes such as ceruloplasmin, 
which impairs the activity of the copper dependent 
cytochrome oxidase, decreases oxidative phosphoryl-
ation and causes degenerative OL changes. Eventu-
ally, this cascade of events results in demyelination. 
Male albino rats were used in the present research 
to study the various aspects of demyelination in the 
CC, which was similar to other study by Franco et al. 
(2008) [17]. Hibbits et al. (2009) [24] and Steelman 
et al. (2012) [48] have documented that female rats 
are more resistant to CPZ-induced toxic demyelina-
tion, which could be due to potential hormonal and 
genetic influences.

In line with the current study, Skripuletz et al. 
(2011) [43] focused on the demyelinating effects of 
CPZ in the CC, as it is an OL-rich structure and the 
degree of demyelination may easily be achieved.

Systemic intoxication by CPZ was produced by 
daily administration of the drug for 4 and 8 week’s 
durations to induce CC nerve demyelination, this was 
in agreement with Oakden et al. (2017) [39]. On the 
other hand, Taraboletti et al. (2017) [49] used CPZ fed 
mice model for 2 and 6 weeks and demyelination was 
observed at the third week and maximum demyelina-
tion reached at the 5th or 6 weeks. Administration of 
CPZ in subgroup III-A produced severe pathological 
changes more than in subgroup II-A indicating the 
presence of direct proportion between the duration 
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of administration and the severity of nerve demyelina-
tion, this was compatible with Zendedel et al. (2013) 
[59] who reported that partial demyelination of CC 
nerve fibres occurred after 2 weeks of CPZ intoxica-
tion, and called this process as (acute demyelination); 
while complete demyelination occurred after 5 to 6 
weeks. On the other hand, Acs and Komoly (2012) [1] 
documented the incidence of severe demyelination 
after 3 weeks of CPZ administration associated with 
massive macrophage infiltration and astrocytosis in 
the demyelinated areas.

In the current model of CPZ intoxication, The ex-
amined groups illustrated variable degrees of axonal 
degeneration, loss of OLs and gapping between nerve 
fibres; these were in accordance with Freeman et al. 
(2015) [18]; Van Munster et al. (2015) [52]; Grothe 
et al. (2016) [21] and Vargas and Tyor (2017) [54]. 
These changes were more pronounced in subgroup 
III-A. Ultra-structurally, subgroup III-A revealed thin 
myelinated axons with axonal degeneration, frag-
mentation, axonal loss, fragmented collapsed myelin 
sheaths and OLs nuclear changes. Subgroup II-A, on 
the other hand, displayed mainly thick myelinated 
nerve fibres with redundant myelin sheaths and bro-
ken focal areas of splitting. Zendedel et al. (2013) [59] 
declared that demyelinated axons are more suscepti-
ble to damage due to the absence of trophic support 
from myelin sheaths, which are vital for maintaining 
axonal integrity. Craner et al. (2004) [8] reported  
a hypothesis of demyelination-related axonal dam-
age, which could be due to the demyelinated axons’ 
increased energy requirements to perform action 
potential, which could make demyelinated axons 
more prone to destructive processes.

In addition, gapping between the demyelinated 
nerve fibres in subgroup III-A were more than sub-
groups II-A, which was in accordance to a study made 
by Mierzwa et al. (2015) [33] who explained that the 
abnormal gaps between nerve fibres could slow infor-
mation-processing speed, which is a common deficit 
in MS patients. Similar observations were clarified 
by Tobin et al. (2011) [51] and Hibbits et al. (2012) 
[25], who stated that CPZ induces extreme microglial 
phagocytosis of damaged myelin, and most cases of 
axons damage do not regenerate again.

Glutathione is an antioxidant that naturally exists 
in neurons that protects against oxidative harm. In the 
brain and the periphery of MS patients, glutathione 
levels have been found to be depleted [50]. Monti et al. 
(2020) [37] stated that, due to restricted antioxidants 

such as glutathione, the brain of MS patients was 
susceptible to high oxidative stress. Cacciatore et al. 
(2012) [5] and Wu and Batist (2013) [58] demonstrated 
that direct administration of glutathione is difficult due 
to its poor absorption and stability, which limits its 
bioavailability. Therefore, in a trial to raise endogenous 
glutathione levels, NAC is used in current research. 
This was consistent with Skvarc et al. (2017) [44] who 
reported that NAC was a glutathione precursor with 
potent antioxidant, pro-neurogenesis and anti-inflam-
matory properties. likewise, Zhou et al. (2020) [61] 
clarified that NAC promoted murine OL survival in 
oxidative stress-related conditions through the eleva-
tion of glutathione levels and upregulation of HO-1, 
a cytoprotective enzyme, played a principle role in OL 
protection and consequently boosted remyelination.

In the present study, the combined administration 
of NAC with CPZ in subgroups II-B and III-B reduced 
CC demyelination changes as compared to subgroups 
II-C and III-C. NAC led to retrieving almost the normal 
histological architecture of corpus callosum nerve 
fibres and OLs population, which were pronounced 
in subgroup II-B more than subgroup III-B demon-
strating a duration dependency. This was in line with 
Stanislaus et al. (2005) [47] who reported that NAC 
treatment decreased inflammatory monocyte/mac-
rophage cells in the CNS of rats with acute enceph-
alomyelitis. Similarly, Saraswathy et al. (2014) [42] 
revealed that NAC at doses of 100 and 200 mg/kg 
could protect the brain tissue against phenytoin-in-
duced brain damage. In vitro studies have indicated 
that NAC can promote the survival of neurons and 
OLs by preventing a decrease in the expression of 
their myelin-related genes, potentially facilitating 
remyelination. NAC can also attenuate OL degener-
ation caused by lipopolysaccharide in the developing 
rat brain [40]. In addition to Mohammed et al. (2019) 
[36] who demonstrated that supplementation with 
NAC reduced both histopathological abnormalities 
and biochemical findings induced by doxorubicin in 
cerebral cortex of albino rats and Fan et al. (2020) [15] 
who suggested that NAC therapy reduced neuronal 
damage caused by neuroinflammation and apoptosis, 
which was linked to decreased dendritic spine atrophy 
and synapse deficits in animal model of depression.

With regard to group IV, in the current thesis, 
consecutive administration of CPZ and NAC showed 
partial improvement in demyelination events less than 
that observed in group III with co-administration of 
both drugs. This was supported by Cilio and Ferriero 
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(2010)’s [7] previous work in neonates suffering from 
hypoxic injury after intrauterine infection. Monti et al. 
(2020) [37] used NAC for 2 months in MS patients. 
However, those patients have neurological symptoms 
for years and it might be necessary to expand the 
duration of administration of NAC for several months 
or even years in order to observe its maximum effec-
tiveness in symptom control. 

Cuprizone recovery group in the present work 
showed incomplete spontaneous remyelination of 
corpus callosum nerve fibres being more evident 
in subgroup IV-A than in subgroup IV-B. In a previ-
ous work of Manrique-Hoyos et al. (2012) [32] they 
demonstrated that following cessation of CPZ sup-
plementation for 5 weeks, animals showed an ini-
tial recovery of locomotor performance with partial 
remyelination, a finding which was in line with the 
current study. Similarly, Zhen et al. (2017) [60] demon-
strated that removal of CPZ from the diet of animals 
enhances remyelination of CC. Poor remyelination 
was evident in subgroup IV-B following withdrawal 
of CPZ. Vana et al. (2007) [53] and Zendedel et al. 
(2013) [59] reported that when CPZ administration 
was prolonged, remyelination was delayed, a process 
called (chronic demyelination) where the number of 
damaged axons is high. Goldschmidt et al. (2009) 
[20] and Vega-Riquer et al. (2019) [55] suggested 
that remyelination was a transient phenomenon and 
remyelinated shadow plaques might be affected by 
new bouts of demyelination, which ultimately leads 
to incomplete myelin sheath repair.

The current immuno-histochemical study showed 
a decreased myelin basic protein reaction in CC nerve 
fibres and OLs nuclei over time. The myelin basic pro-
tein reaction was improved in subgroups II-B and II-C 
more than subgroups III-B and III-C. In addition, there 
was minimal improvement in subgroup IV-A with 
no notable improvement in subgroup IV-B. Similar 
findings were recorded by Pohl et al. (2011) [41] who 
documented progressive reduction of immune-label-
ling for MBP over time in the cerebellar white matter, 
brainstem, midbrain and spinal cord white and grey 
matter. In addition to widespread progressive vacu-
olation (status spongiosus) in white matter that was 
present at the onset of clinical signs and increased 
in size and number over time.

CONCLUSIONS
In conclusion, administration of CPZ induced de-

myelination of CC nerve fibres with evidence of direct 

proportion between the duration of CPZ administra-
tion and the severity of demyelination. The co-admin-
istration of CPZ and NAC had a fair protective impact 
that was stronger than the sequential administration 
of the two drugs. On the basis of these observations, 
NAC has neuroprotective effects and has the potential 
to be a novel therapeutic approach for the treatment 
of demyelinating disease such as multiple sclerosis; 
however, treatment should begin as soon as the dis-
ease manifests.
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Background: The interest in the morphological development of brain structures 
during childhood and adolescence arises from discussions on subcortical anom-
alies and sexual dimorphism, from adolescent changes in cognitive functions 
supported by cortical and subcortical structures to a wide range of childhood 
neuropsychiatric diseases. This study aims to investigate the subcortical structures 
regarding age/gender changes in the healthy adult human brain using web-based  
volBrain. 
Materials and methods: In this study, 303 normal healthy adults (males and 
females) were examined using a 1.5 T unit with a 20-channel head coil. 
Results: The volumes of white matter, grey matter, total brain, cerebrospinal 
fluid, and total intracranial volume were significantly higher in males than those 
in females. Our analysis revealed a significantly larger accumbens volume in fe-
males. With the age of less than or equal to 50 years, older males were found 
to have higher total lateral ventricle, putamen, thalamus, amygdala, cerebrum, 
white matter and grey matter volumes than females. In the age group of 50 years 
and older mean total volumes of thalamus, globus pallidus and accumbens were 
higher in females than those in males. Right hemisphere volumes in younger and 
older age groups were higher except for caudate volume in the older age group; 
the mean of caudate was significantly higher in females than those in males. 
Conclusions: These conclusions might be important for the explanation of the 
effects of gender and age in cross-sectional structural magnetic resonance imag-
ing studies. Also, knowing the volume changes of the subcortical structures can 
provide convenience about the prevention, diagnosis, and treatment of various 
neuromental disorders. (Folia Morphol 2022; 81, 2: 294–306)

Key words: cortical volume, subcortical nuclei, sex differences, magnetic 
resonance imaging, healthy adult brain, volBrain
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INTRODUCTION
Magnetic resonance imaging (MRI) allows exami-

nation of brain parts in a noninvasive way and in vivo. 
This is significant in studying the pathogenesis and 
pathophysiology of neurological disturbances [18]. 
There are many volumetric brain studies that show 
neuroanatomical disorders in MRI [14]. 

Previous studies have reported an increase in the 
volume of basal ganglia in schizophrenia [8]. Howev-
er, new volumetric studies have reported a decrease 
in the volume of basal ganglia such as putamen, 
caudate, thalamus [17, 19, 32].

Autopsy studies show that brain weight decreases 
by at least 10% in men and women between the ages 
of 25–75, also in the age range of 50–75, the volume 
decreases by about 2% every decade [4].

The brain differs depending on age/gender. Variety 
can be measured in vivo with MRI. The volumetric 
MRI analyses indicate that age-associated volume 
reductions have been reported especially for basal 
ganglia such as the thalamus, caudate, putamen, 
globus pallidus (GP) [2, 22]. 

There are many studies about basal grey struc-
tures’ volume depending on age and gender using 
different methods [17, 24, 25, 31, 32].

Studies on volume indicated a negative proportion 
among age, sex, and basal ganglia volumes [1]. Male 
caudate volume is higher than female [11].

There are many reports to support the effect of 
subcortical volumes in gender-specific neuropsychi-
atric disturbances (e.g. autism, schizophrenia, Parkin-
son’s disease, attention deficit hyperactivity disorder, 
and addictions) [5, 35, 38]. 

Recently, different techniques have been studied for 
automatic or semi-automatic segmentations of subcor-
tical structures, such as software for analysis and visual-
isation of functional magnetic resonance neuroimages 
[10], BrainVoyager [15], FreeSurfer [12, 41], Mristudio 
[21, 26] and statistical parametric maps [2] — software 
used to analyse the structural features of the human 
brain. volBrain is an automated method where the 
observer can perform fully automatic segmentation 
using a web-based application. Recently, volBrain has 
been used for a neuroimaging study of MRI data [23].

volBrain is an automatic and sturdy quantitative 
analysis system that also gives a result in a short time. 
In our study, we share the results of the MRI study 
on the effects of age on subcortical structures using 
volBrain. All participants consisted of 303 subjects 
aged from 12 to 84 years (113 men, 190 women).

MATERIALS AND METHODS
Participants 

All participants provided written informed consent 
for the relevant studies and ethical approval was 
obtained from the Dışkapı Training and Research 
Hospital Clinical Research Ethics Committee. Research 
was conducted on human participants. All proce-
dures performed in this study comply with the ethical 
standards of the institution. Approval was obtained 
from the Ethics Committee of Dışkapı Yıldırım Beyazıt 
Training and Research Hospital, indicating that the 
MRI used in the study were ethically and scientifically 
safe (Ethics Committee’s decision date: 06.08.2018; 
Decision number: 53/05).

The study group consisted of healthy volunteers 
with no history of surgery or trauma of the brain, neu-
rological or psychiatric disease, or substance abuse. 

A mini-score assessment was performed in order 
to rule out psychiatric disease as well as cognitive 
impairment. Finally, our study group consisted of 
303 participants. Participants included 113 men and 
190 women with a mean age of 49 years (range: 
12–84) and 42.5 years (range: 11–82), respectively. 
Informed consent was obtained from parent and/
or legal guardian for human participants under the 
age of 18. Children under the age of 18 came to the 
hospital with their parents, and brain MRI radiographs 
were taken after obtaining informed consent from 
the parents.

MRI protocol and segmentation method
Magnetic resonance imaging of the subcortical 

structures was acquired on a 1.5 T unit (Magnetom 
Aera, Siemens, Erlangen, Germany) with a 20-chan-
nel head coil. The subcortical volumetric assessment 
was conducted on sagittal oblique T1-weighted 
images obtained perpendicular to the long axis of 
the subcortical structures. A magnetisation pre-
pared rapid acquisition gradient echo sequence 
(MP-RAGE) was used with the following parameters: 
repetition time = 2400 ms, echo time = 3.54 ms,  
field of view = 240 mm, slice thickness = 1.2 mm, 
voxel size = 1.3 × 1.3 × 1.2 mm. 

Magnetic resonance imaging data processing 
and subcortical volumetric analyses were performed 
using volBrain (v.1.0, http://volbr ain.upv.es), a free  
online MRI brain volumetry system. volBrain is a fully 
automated segmentation technique of which the 
algorithm is based on multi-atlas patch-based label 
fusion segmentation technology (Figs. 1, 2) [9, 23].
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statistical analysis

The distributions of age and volume measurements 
were examined by the Shapiro-Wilk’s test and normal-
ity plots. All continuous variables were reported as 
median (range). Total and side volumes were also sum-
marized by mean ± standard deviation (mean ± SD).

Genders were compared by the Mann-Whitney 
U test for age and volume measurements. Addition-
ally, independent samples t-test was performed in 
comparison between males and females for normally 
distributed volumes in the oldest age group. The 
adjustment of age and total intracranial volume (TIC) 
was also applied for the comparisons of volumes by 
general linear model procedure. Intracranial volume 
(ICV) was used as a covariate to compare the volumes 
of males and females in age groups. The volumes 
of the left and right hemisphere of the brain were 
compared by the Wilcoxon test in males and females, 
separately. A p-value < 0.05 was considered as sta-
tistically significant.

Statistical analyses were performed via IBM SPSS  
Statistics 22.0 (IBM Corp. Released 2013. IBM SPSS 
Statistics for Windows, Version 22.0. Armonk, NY: IBM 
Corp.).

RESULTS
Global effect of aging

The median age of men and women was 49 (range: 
12–84) and 42.5 years (range: 11–82), respectively. 
There was no significant difference between men and 
women by age (p = 0.071). The volumes of white 
matter (WM), grey matter (GM), total brain (TB), cer-
ebrospinal fluid (CF), and TIC were significantly higher 
in males than females (p < 0.001 for all,  Table 1).

Gender differences for subcortical nucleuses

The univariate analysis revealed that the volumes 
of lateral ventricle (LV), putamen, GP, amygdala, cere-
brum, WM, and GM were significantly higher in men 
(p < 0.05, Table 2). When the adjustment according 

Figure 1. Fully-automated subcortical segmentation by volBrain.

Figure 2. Three-dimensional visualisation of volBrain data.
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to the age and TIC was applied, the only significant 
difference was in accumbens volume between males 
and females; it was found to be higher in women 
compared to males (p < 0.001) (Fig. 3).

side differences 

The right brain volumes were significantly lower 
for LV, putamen, accumbens and WM, and higher 
for caudate than those of the left brain in males. The 
right brain volumes were significantly lower for LV, 
putamen, thalamus, GP, amygdala, accumbens and 
WM, and higher for caudate and GM than those of 
the left volumes in females (Fig. 4, Table 3).

Gender differences in the younger age group

When the individuals with age less than or equal 
to 50 years were examined, males were found to have 
higher total LV, putamen, thalamus, amygdala, cere-
brum, WM and GM volumes than females (p < 0.05,  

Table 4). However, ICV-adjusted total accumbens 
mean in females was found to be higher than those 
in males (p = 0.008) (Fig. 5, Table 4).

Table 1. Age and volume distributions in males and females

Male (n = 113) Female (n = 190) Total (n = 303)

Age [years]* 49 (12–84) 42.5 (11–82) 45 (11–84)

Volumes [mm3]**:

White matter 530.16 (317.29–785.44) 477.73 (215.18–1,027.72) 493.35 (215.18–1,027.72)

Gary matter 719.07 (401.78–929.19) 661.45 (242.56–903.33) 681.21 (242.56–929.19)

Total brain 1,241.83 (862.18–1,548.87) 1,151.11 (644.70–1,475.80) 1,183.99 (644.70–1,548.87)

Cerebrospinal fluid 242.30 (101.99–518.05) 178.46 (62.79–596.96) 195.09 (62.79–596.96)

Total intracranial 1,494.78 (1,146.07–1,866.76) 1,329.50 (941.06–1653.44) 1,374.51 (941.06–1,866.76)

Data are shown as median (minimum–maximum);*p = 0.071, **p < 0.001

Table 2. Distribution of subcortical volumes in males and females

Male Female P-value Adj.
p-valueMean ± SD Median (min–max) Mean ± SD Median (min–max)

LV 23.08 ± 18.04 16.96 (2.20–83.92) 13.48 ± 15.88 9.75 (2.09–149.93) < 0.001 0.260

Caudate 7.01 ± 1.54 6.81 (4.39–18.92) 6.82 ± 0.97 6.75 (4.41–11.55) 0.354 0.265

Putamen 8.49 ± 1.69 8.31 (5.52–21.97) 8.07 ± 1.08 8.11 (3.60–13.41) 0.012 0.785

Thalamus 11.04 ± 2.13 11.07 (6.86–27.04) 10.69 ± 1.28 10.75 (6.51–14.64) 0.178 0.293

GP 2.39 ± 0.44 2.37 (1.27–5.10) 2.26 ± 0.35 2.27 (0.68–3.14) 0.021 0.276

Amygdala 1.77 ± 0.34 1.78 (0.44–2.60) 1.64 ± 0.31 1.68 (0.04–2.65) < 0.001 0.635

Accumbens 0.66 ± 0.18 0.67 (0.04–1.08) 0.68 ± 0.16 0.68 (0.07–1.11) 0.347 < 0.001

Cerebrum 1,088.94 ± 119.37 1,090.01 (746.69–1,345.42) 998.02 ± 106.54 1,001.35 (607.16–1,308.94) < 0.001 0.133

WM 474.60 ± 73.11 484.08 (288.09–701.24) 433.93 ± 72.21 429.58 (170.51–879.07) < 0.001 0.144

GM 614.34 ± 74.20 609.66 (348.86–814.31) 564.09 ± 70.74 555.75 (214.27–795.99) < 0.001 0.830

SD — standard deviation; LV — lateral ventricle; GP — globus pallidus; GM — grey matter; WM — white matter; Adj. p-value — p-value after total intracranial volume and age adjustment

Figure 3. Intracranial volume (ICV)- and age-adjusted mean of total 
accumbens in males and females; CI — confidence interval.
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Figure 4. Distribution of right and left sides in males and females; LV — lateral ventricle; GM — grey matter; GP — globus pallidus;  
WM — white matter.
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Gender differences in the older age group

In individuals with age greater than 50 years, the 
univariate analyses resulted in the same as in the 
younger age group. The ICV-adjusted mean of total 
thalamus, GP and accumbens volumes were higher 
in women than in men (p < 0.05) (Fig. 5, Table 4).

When left hemisphere volumes in the younger age 
group were analysed, males were found to have high-
er LV, putamen, thalamus, amygdala, cerebrum, WM 
and GM volumes than females (p < 0.05, Table 5).  
However, the ICV-adjusted accumbens mean in fe-
males was higher than that in males (p = 0.038)  
(Fig. 6, Table 5). In the older age group, the univariate 
analyses resulted in the same as in the younger age 
group. The ICV-adjusted mean of thalamus, GP and 
accumbens volumes were higher in women than in 
men (p < 0.05) (Fig. 6, Table 5). 

Right hemisphere volumes in younger and older 
age groups were almost the same as left hemisphere 
volumes, except for caudate in the older age groups 

(Table 6). The ICV-adjusted mean of caudate was sig-
nificantly higher in women than in men (p = 0.019) 
(Fig. 7, Table 6).

DISCUSSION
In our study, we measured the subcortical struc-

tures’ volumes in healthy adults between the ages 
of 20–86 and evaluated the data by age and gender.

There are many reports on the brain and subcor-
tical structures’ volumes in both sexes and different 
ages. The majority of these studies focused on the 
subcortical structures and examined age-related vol-
ume changes of various subcortical structures. It has 
been reported in various cross-sectional and longitu-
dinal studies that the volumes of caudate, thalamus 
and putamen decrease with age [6, 13, 16, 29, 30, 
32, 36, 39].

Walhovd et al. [36] studied the cortical and sub-
cortical regions of 73 men and women (20–88 years 
old) using an automated segmentation technique. 

Table 3. Distribution of right and left sides in males and females

Right Left P

Mean ± SD Median (min–max) Mean ± SD Median (min–max)

Male

LV 10.88 ± 8.69 8.38 (1.26–50.08) 12.20 ± 9.80 8.71 (0.94–43.26) < 0.001

Caudate 3.53 ± 0.80 3.48 (1.98–9.84) 3.48 ± 0.79 3.44 (0.61–9.08) 0.010

Putamen 4.21 ± 0.94 4.11 (2.16–12.05) 4.28 ± 0.80 4.20 (1.89–9.92) < 0.001

Thalamus 5.50 ± 1.13 5.49 (3.3–14.18) 5.54 ± 1.06 5.56 (3.49–12.85) 0.086

GP 1.19 ± 0.24 1.19 (0.57–2.65) 1.20 ± 0.22 1.19 (0.58–2.45) 0.639

Amygdala 0.90 ± 0.19 0.90 (0.22–1.73) 0.88 ± 0.20 0.89 (0.08–1.72) 0.061

Accumbens 0.31 ± 0.09 0.32 (0–0.54) 0.35 ± 0.10 0.35 (0.04–0.60) < 0.001

Cerebrum 544.06 ± 61.08 546.91 (373.2–671.09) 544.88 ± 60.04 544.52 (373.49–681.72) 0.494

GM 307.43 ± 38.41 304.95 (154.96–408.61) 306.92 ± 36.67 305.37 (193.90–413.49) 0.176

WM 236.63 ± 37.87 240.00 (145.54–369.85) 237.96 ± 36.33 240.44 (142.55–351.79) 0.010

Female

LV 6.35 ± 7.68 4.61 (0.91–77.38) 7.12 ± 8.35 5.10 (0.93–72.55) < 0.001

Caudate 3.43 ± 0.49 3.40 (2.19–6.17) 3.39 ± 0.50 3.33 (2.10–5.39) < 0.001

Putamen 4.01 ± 0.53 4.01 (2.49–6.69) 4.05 ± 0.57 4.08 (1.08–6.72) < 0.001

Thalamus 5.30 ± 0.65 5.34 (2.69–7.30) 5.39 ± 0.68 5.42 (3.33–8.30) < 0.001

GP 1.12 ± 0.18 1.12 (0.13–1.54) 1.14 ± 0.18 1.15 (0.46–1.59) 0.028

Amygdala 0.83 ± 0.15 0.84 (0.04–1.27) 0.82 ± 0.17 0.84 (0.00–1.37) 0.046

Accumbens 0.32 ± 0.08 0.32 (0.01–0.50) 0.36 ± 0.09 0.35 (0.02–0.64) < 0.001

Cerebrum 498.57 ± 53.79 500.42 (269.6–652.79) 498.69 ± 52.41 499.91 (337.56–656.14) 0.689

GM 282.32 ± 35.83 279.21 (109.51–398.88) 281.77 ± 35.10 279.03 (104.76–397.11) 0.012

WM 216.24 ± 35.70 214.20 (84.72–430.87) 216.92 ± 35.59 216.41 (85.79–448.20) 0.021

SD — standard deviation; LV — lateral ventricle; GP — globus pallidus; GM — grey matter; WM — white matter
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Except for pallidum, they showed age-related volume 
decrease in cortical grey matter, cerebral white matter, 
hippocampus, amygdala, thalamus, accumbens, cau-
date, putamen, pallidus, brainstem, cerebellar cortex 
and cerebellar white matter. They also found that ad-
vanced age was strongly associated with volumes of 
the thalamus and cortical grey matter, which showed 
a linear decline and curvilinear decline with age.

In our study, total thalamus, GP and accumbens 
volumes in patients older than 50 years were higher 
in women. In our findings, we did not find an age-re-
lated decrease in left thalamus volume in a similar age 
range (20–86 years) and a higher thalamus volume 
in men over the age of 50 years.

Alexander et al. [3] stated that putamen, caudate, 
accumbens and pallidum, all of which are related 
to emotional, motor behaviour and cognition, are 
blunted by aging. Basal ganglia reach a peak volume 
before the age of 20. The youngest participant in our 

study was people aged 11–84 years were evaluated. 
Therefore, the basal ganglia did not go through an 
atrophy period.

Accumbens and pallidum volumes, which are 
reported as less stable in the literature than other  
subcortical structures [16], showed a minimal age 
effect on pallidum than other structures. Walhovd 
et al. [37] examined the effects of age on subcor-
tical structures and they found great differences in 
putamen, thalamus and accumbens volume due to 
aging. Regions such as caudate and amygdala were 
not affected by aging.

In the subcortical regions such as caudate, pal-
lidum and amygdala, a linear decrease in the age-re-
lated pattern is shown [13, 29, 30]. Pfefferbaum et al. 
[27] performed MRI studies in 55 men and 67 women 
(20–85 years), and showed that older age was related 
to a decrease in thalamus volume, and this decline 
increased with age (60+ years).

Table 4. Distribution in males and females in younger and older age group (≤ 50 years old and +50 years old in total)

Male Female P-value Adj.
p-valueMean ± SD Median (min–max) Mean ± SD Median (min–max)

Younger age

LV 15.71 ± 12.65 11.27 (2.20–61.82) 10.84 ± 13.91 8.35 (2.09–149.93) 0.001 0.301

Caudate 7.46 ± 1.82 7.26 (4.39–18.92) 7.07 ± 1.01 6.97 (4.92–11.55) 0.122 0.563

Putamen 8.95 ± 2.03 8.71 (5.53–21.97) 8.43 ± 1.04 8.36 (3.60–13.41) 0.030 0.803

Thalamus 11.94 ± 2.31 11.59 (8.87–27.04) 11.18 ± 1.1 11.05 (6.51–14.64) 0.002 0.803

GP 2.48 ± 0.48 2.42 (1.27–5.10) 2.31 ± 0.38 2.35 (0.68–3.14) 0.057 0.681

Amygdala 1.84 ± 0.3 1.80 (0.87–2.60) 1.69 ± 0.32 1.72 (0.04–2.65) < 0.001 0.875

Accumbens 0.72 ± 0.18 0.73 (0.04–1.08) 0.72 ± 0.16 0.72 (0.07–1.11) 0.769 0.008

Cerebrum 1127.02 ± 104.65 1114.85 (873.65–1345 .4) 1029.7 ± 97.57 1031.47 (607.16–1308.94) < 0.001 0.133

WM 488.91 ± 64.15 489.75 (360.10–701 .24) 445.36 ± 73.99 436.82 (170.51–879.07) < 0.001 0.532

GM 638.11 ± 79.41 623.75 (348.86–814 .31) 584.34 ± 73.66 579.80 (214.27–795.99) < 0.001 0.536

Older age

LV 31.73 ± 19.63 27.27 (5.91–83.92) 18.1 ± 18.04 13.04 (3.11–114.58) < 0.001 0.068

Caudate 6.48 ± 0.89 6.55 (4.57–8.77) 6.39 ± 0.73 6.34 (4.41 –8.17) 0.551 0.072

Putamen 7.95 ± 0.94 8.01 (5.52–10.13) 7.44 ± 0.83 7.52 (5.08 –10.61) 0.002 0.594

Thalamus 9.99 ± 1.26 9.9 (6.86–12.68) 9.82 ± 1.09 9.99 (6.61–11.75) 0.433 < 0.001

GP 2.28 ± 0.36 2.3 (1.48–3.38) 2.17 ± 0.24 2.17 (1.53–2.67) 0.066 0.037

Amygdala 1.7 ± 0.38 1.69 (0.44–2.52) 1.56 ± 0.28 1.61 (0.72–2.06) 0.013 0.123

Accumbens 0.59 ± 0.14 0.6 0 (0.12–0.87) 0.61 ± 0.14 0.63 (0.34–1.11) 0.502 0.007

Cerebrum 1044.27 ± 121 1058.10 (746.69–1328.12) 942.47 ± 99.16 939.27 (712.33–1173.36) < 0.001 0.176

WM 457.8 ± 79.79 452.80 (288.09–630.98) 413.88 ± 64.73 408.89 (245.55–582.04) 0.001 0.096

GM 586.47 ± 56.6 579.86 (458.6–740.8) 528.59 ± 48.23 534.87 (350.09–638.26) < 0.001 0.969

Bold measurements are significantly higher in females than those in males after total intracranial volume adjustment. SD — standard deviation; LV — lateral ventricle; GP — globus palli-
dus; WM — white matter; GM — grey matter; Adj. p-value — p-value after total intracranial volume adjustment
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Abedalahi and Hasanzadeh [1] calculated the cau-
date volume with the Cavalieri principle. This study was 
carried out in 120 normal human subjects (60 males, 
60 females) divided into young (< 40 years) and older 
(≥ 40 years) groups between the ages of 15–65. The 
volume of caudate nucleus showed a significant neg-
ative correlation with age. Goodre et al. [16] showed 
that there was a stronger correlation between the 
age and the structural volume for the hippocampus, 
amygdala and accumbens in the older group (60–85 
years) than the middle-aged (35–60 years) group. Sim-
ilarly, in our study, 303 normal people (113 men, 190 
women) aged 11–84 were divided into young (≤ 50 
years old) and elderly (> 50 years old) groups. There 
was a significant negative correlation between the 
young group with the volume of the accumbens and 
the old group with the volume of the thalamus, GP, 
and accumbens.

Thalamic volumetric analyses showed that thala-
mus volumes were smaller in the elderly than younger 
adults using cross-sectional and automated technique 
studies [6, 36]. Cherubini et al. [6] found that age 

showed strong correlation in both striatal structures 
and thalamic volume. In our study, gender differences 
in cortical grey matter concentration were greater in 
patients aged 50 years and older than in the younger 
age group; LV, putamen, thalamus, amygdala, cere-
brum, WM and GM volumes of men were higher than 
women. However, women had significantly higher 
accumbens volume. Unlike our findings, Wang et al. 
[39] stated in their study that the volume of accum-
bens decreased with increasing age. The effect of 
gender on the volume of subcortical structures may 
play an important role because basal ganglia have 
high-density sex steroid receptors [34]. In this period, 
age and gender interaction showed that the right 
putamen and right pallidum in men had a marked 
age progression.

In general, male brains were found to have larger 
GM, WM, and subcortical structures than women. 
As a result of the correction of the total intracranial 
volume, we found that women had a larger volume 
of accumbens. In addition, in the male group only, 
we found a significant large volume effect on the 

Figure 5. Intracranial volume (ICV)-adjusted mean of total accumbens, thalamus and globus pallidus (GP) volumes in males and females of 
younger and older age groups; CI — confidence interval.
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right caudate volume compared to the contralateral 
structures of the brain hemisphere.

Ruigrok et al. [32] found that the TB volume was 
on average 8–15% higher in males than females. 
Wang et al. [39] reported that the volume of the 
right putamen, right pallidum, and right thalamus 
decreased faster in males, whereas the volume of the 
left thalamus, bilateral hippocampus and amygdala 
follow a quadratic model in males and a linear decline 
model in females. In our study, in men, LV, putamen, 
accumbens and WM volumes in the right brain were 
significantly lower than the left brain and higher than 
the left brain for caudate volume.

Xu et al. [40] found that males had atrophy due 
to aging in the basal ganglia of the left hemisphere 
and also the volume of the thalamus and brain in the 
left hemisphere was significantly smaller than the 
right hemisphere. Brain atrophy with aging in male 
patients was higher than female patients. We found 

left hemisphere volumes in males from both younger 
and older age group were higher for LV, putamen, 
thalamus, amygdala, cerebrum, WM and GM volumes 
than in females. However, accumbens volume mean 
in females was higher than that in males. Neverthe-
less, right hemisphere volumes in younger and older 
age groups were almost the same as left hemisphere 
volumes, except caudate in the older age group. The 
mean volume of caudate was significantly higher in 
women than in men.

Goodro et al. [16] found that left and right thala-
mus volume decreased faster than women. Similarly, 
in our study, the volumes of thalamus in women and 
men were different in the left and right thalamus. In 
women between the ages of 20–86, the left thalamic 
volume was higher than in men.

Although our MRI research cannot identify the 
mechanism that leads to volume differences due to 
age, it can provide additional information for the 

Table 5. Distribution in males and females in younger and older age group (≤ 50 years old and +50 years old) in left hemisphere

Left  
hemisphere

Male Female P-value Adj.
p-valueMean ± SD Median (min–max) Mean ± SD Median (min–max)

Younger age

LV 8.37 ± 7.31 5.61 (0.94–35.01) 5.65 ± 6.89 4.40 (0.93–72.55) 0.003 0.256

Caudate 3.69 ± 0.94 3.61 (0.61–9.08) 3.53 ± 0.50 3.49 (2.53–5.39) 0.119 0.520

Putamen 4.50 ± 0.94 4.43 (1.89–9.92) 4.23 ± 0.56 4.19 (1.08–6.72) 0.008 0.800

Thalamus 5.99 ± 1.15 5.91 (3.49–12.85) 5.65 ± 0.60 5.63 (3.82–8.30) 0.003 0.947

GP 1.24 ± 0.24 1.20 (0.58–2.45) 1.17 ± 0.19 1.20 (0.46–1.59) 0.167 0.464

Amygdala 0.91 ± 0.19 0.91 (0.08–1.31) 0.84 ± 0.18 0.86 (0–1.37) < 0.001 0.900

Accumbens 0.38 ± 0.10 0.37 (0.04–0.60) 0.38 ± 0.09 0.37 (0.02–0.63) 0.578 0.038

Cerebrum 563.46 ± 53.99 555.28 (434.27–681.72) 514.43 ± 47.27 514.91 (337.56–656.14) < 0.001 0.219

WM 244.64 ± 31.60 245.31 (179.41–351.79) 222.43 ± 36.28 219.81 (85.79–448.20) < 0.001 0.651

GM 318.82 ± 39.49 310.69 (193.90–413.49) 291.99 ± 36.38 290.19 (104.76–397.11) < 0.001 0.554

Older age

LV 16.70 ± 10.48 14.91 (2.38–43.26) 9.69 ± 9.98 6.44 (1.34–58.48) < 0.001 0.088

Caudate 3.23 ± 0.46 3.27 (2.29–4.33) 3.16 ± 0.39 3.12 (2.10–4.27) 0.393 0.227

Putamen 4.02 ± 0.50 4.04 (2.51–5.16) 3.73 ± 0.42 3.77 (2.58–5.26) 0.001 0.857

Thalamus 5.02 ± 0.64 4.95 (3.53–6.38) 4.93 ± 0.56 4.99 (3.33–6.11) 0.440 0.002

GP 1.15 ± 0.19 1.14 (0.72–1.66) 1.09 ± 0.13 1.09 (0.67–1.32) 0.046 0.047

Amygdala 0.83 ± 0.21 0.82 (0.22–1.72) 0.78 ± 0.15 0.79 (0.20–1.01) 0.082 0.168

Accumbens 0.31 ± 0.08 0.32 (0.09–0.53) 0.33 ± 0.08 0.33 (0.19–0.64) 0.423 0.016

Cerebrum 523.09 ± 59.90 532.08 (373.49–662.49) 471.08 ± 49.77 471.04 (350.15–588.37) < 0.001 0.301

WM 230.14 ± 40.10 227.97 (142.55–316.04) 207.24 ± 32.37 205.90 (122.11–292.40) 0.001 0.126

GM 292.95 ± 27.39 289.34 (230.94–371.23) 263.84 ± 24.02 265.02 (171.92–317.10) < 0.001 0.675

Bold measurements are significantly higher in females than those in males after total intracranial volume adjustment. SD — standard deviation; LV — lateral ventricle; GP — globus palli-
dus; WM — white matter; GM — grey matter; Adj. p-value — p-value after total intracranial volume adjustment 
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possible mechanism of sex-dependent volume differ-
ences in basal ganglia when associated with advanced 
software technology. Volume analysis of the nucleus 
accumbens helps in the evaluation of neurodegener-
ative diseases. In this context, our results are of im-
portance for gender-dependent nucleus accumbens 
volume increase.

Compared to women, men have been found to 
perform worse in the ongoing response task and 
visual-spatial learning and planning task, especially 
in older ages [7, 28]. However, some studies have not 
reported age and gender effects or different aging 
effects on cognition in men and women [20, 33].

In this study, we used an automated and relia-
ble analysis to address volumetric changes [23]. We 
presented a new method, namely, volBrain. It can be 
used in place of other volume techniques. volBrain 
has several advantages for brain imaging researchers. 
In addition, it is less tiring software that can get very 

fast results in the treatments and clinical studies in 
neurological disorders. 

The main limitation of our study is that it is not 
a longitudinal study. More participants and more 
studies are needed to confirm the findings of this 
study. Another limitation is that it is not done using 
manual volumetry.

volBrain can be used to measure volumes of oth-
er anatomical areas of the body using radiological 
images. We believe that our results will provide ad-
ditional information to volumetric studies evaluating 
the development, pathology and abnormalities of 
subcortical structures.

The results of the study demonstrated that in the age 
group of 50 years or less, males were found to have high-
er total LV, putamen, thalamus, amygdala, cerebrum, WM 
and GM volumes than females. In the age group over 50 
years, the means of total thalamus, GP, and accumbens 
volumes were higher in females than those in males.

Figure 6. Intracranial volume (ICV)-adjusted mean of left hemisphere accumbens, thalamus and globus pallidus (GP) volumes in males and 
females of younger and older age groups; CI — confidence interval.
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CONCLUSIONS
In conclusion, the results of recent research show 

that brain cortical structures and volume loss of sub-
cortical nuclei are a common finding in a number 
of neuropsychiatric problems. The data obtained in 
this study are normal brain data according to age 
and gender of the adult Turkish population. It can be 
useful in clinical applications and cognitive disorders 
of many neuropsychiatric diseases.
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Background: This study aimed to reveal the change in olfactory bulbus volume 
(OBV) and olfactory sulcus depth (OSD) in healthy Turkish paediatric individuals 
between 1 month and 18 years of age with 3 Tesla magnetic resonance imaging 
(MRI), taking into account different age groups and gender factors.
Materials and methods: In this retrospective study, 190 paediatric individuals 
who underwent cranial MRI were evaluated. Healthy paediatric cases were divided 
into four groups as infantile period (first 24 months when cerebral myelinisation 
was completed), early childhood (2–6 years), childhood (6–12 years) and adoles-
cence (12–18 years). OBV and OSD measurements were performed on coronal 
T2-weighted brain MRI by 3 Tesla magnetic resonance scan. The mean, right and 
left OBVs and OSDs were used for evaluation. 
Results: The mean age was 9.9 ± 7.5 months for the infantile period, 4.5 ± 1.3 
years for early childhood, 9.3 ± 1.7 years for childhood and 15.2 ± 1.7 years for 
adolescence. Mean, right and left OBV was found to be slightly larger in male 
children than in female children (p = 0.015, p = 0.033 and p = 0.010, respec-
tively). There was no statistical difference between the genders for mean, right 
and left OSD (p = 0.559, p = 0.536 and p = 0.598, respectively). Among the age 
groups, the values of the 3rd and 4th groups in terms of mean, right and left OBV 
were higher than in the other two groups (p < 0.001). In terms of OSD, mean, 
right and left values were higher in group 2, 3 and 4 than in group 1 (p < 0.001).
Conclusions: These data differ by paediatric age group and gender for the 
development of OBV and OSD. Normal values for the paediatric age group and 
gender should be calculated to detect olfactory dysfunction. (Folia Morphol 2022; 
81, 2: 307–313)

Key words: paediatric age, bulbus olfactorius, olfactory sulci,  
3 Tesla magnetic resonance

INTRODUCTION
The sense of smell is one of the five senses that 

have an important function in human life, and the 
olfactory bulb (OB) is considered to be the most im-

portant transmission station in processing the sense 
of smell. Anatomical structures of the sense of smell 
begin to develop early in the human foetus. There are 
studies and anatomical atlases on the development 
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and anatomical change of the primordial olfactory 
bulbus, which was first observed anatomically in 
a 41-day (4.5 week) embryo in the foetal develop-
ment period, from gestation to birth [2, 13, 15, 17]. 
However, the number of studies on the anatomical 
development and change of the olfactory bulbus in 
the paediatric period is limited. In a study conducted 
by Schneider and Floemer [18] about the maturation 
of the olfactory bulbus in the postnatal period, they 
found that olfactory bulbus showed a similar matu-
ration parallel to the maturation of the cerebral white 
matter until the end of the second year, when the 
myelinisation and maturation of the cerebral white 
matter was completed. In this study, it was found that 
the olfactory bulbs took the adult shape at the end 
of the postnatal 24 months [18]. The first study on 
the anatomical development and change of olfactory 
bulbus volume (OBV) in the paediatric age group was 
conducted by Hummel et al. [10]. A positive relation-
ship was found between increased OBV and increased 
olfactory function in this study performed in children 
aged 1 to 17 years. It was found that both OBV and 
olfactory function increased with age.

Another parameter used in evaluating olfactory 
functions is the depth of the olfactory sulcus. Some 
diseases such as major depression, anxiety disorder, 
Behçet’s disease, Parkinson’s and Alzheimer’s disease 
have been shown to reduce the depth of the olfactory 
sulcus and cause a decrease in the sense of smell  
[1, 5, 11]. There are limited studies on the change 
of OBV and olfactory sulcus depth (OSD) with age in 
paediatric cases [16]. OBV and OSD are known to vary 
with age [4, 10]. The age-related change and normal 
values of both OBV and OSD in healthy paediatric 
individuals are not clearly known.

This study aimed to reveal the change of OBV 
and OSD over time in healthy Turkish paediatric  
individuals between 1 month and 18 years of age  
with 3 Tesla magnetic resonance imaging (MRI)  
taking into account different age groups and gender 
factors.

MATERIALS AND METHODS 
After being approved by the Ethics Committee of 

our University, the research was started retrospec-
tively in the Radiology Department. Only children 
with normal brain MRI were included in the study. 
Paediatric individuals with any brain abnormality (de-
velopmental anomaly, myelinisation disorder, matu-
ration disorder, etc.) or disease were excluded from 

the study. While evaluating the patients, the patient 
files registered in the hospital information system were 
taken as basis. Those with a genetic disease in their 
family, those with suspected congenital neurometabol-
ic disease, chronic diseases such as diabetes mellitus 
and hypertension, and asthma patients were excluded 
from the study. Patients who had MRI examination for 
control purposes and patients with nonspecific symp-
toms and no pathology were included in the study. The 
cases had nonspecific complaints such as headache 
and dizziness in order of frequency. No disease was 
detected in these paediatric individuals and no disease 
developed during clinical follow-up in our hospital.

In this study, 190 paediatric individuals who un-
derwent cranial MRI between 2017 and 2019 were 
evaluated retrospectively. Cases with good image 
resolution and no motion artefact were included in 
the study, while cases with poor image resolution and 
artefacts were excluded. Ninety-five of our cases were 
females and 95 were males. Healthy paediatric cases 
were divided into four groups according to their age 
and gender: group 1: infantile period (1–24 months), 
group 2: early childhood (2–6 years), group 3: child-
hood (7–12 years) and group 4: adolescence (13–18 
years); group A consisting of 95 females; group B 
consisting of 95 males. The study was conducted on 
the basis of and in accordance with the Declaration of 
Helsinki. OBV and OSD measurements were made on 
T2-weighted brain MRIs in the coronal plane (Fig. 1)  
obtained on a 3 Tesla MR (Magnetom Skyra, Sie-
mens, Germany) device. Our imaging parameters 
were 256 × 256 matrix and 22 cm field of view (FOV), 
repetition time (TR): 3500 ms, echo time (TE): 75 ms, 
excitation number (NEX): 2, and a slice thickness of 
4 mm. OBV and OSD measurements were made by 
two experienced radiologists who had no knowledge 
of the cases.

Volumetric measurement of OBV was made using 
three-dimensional Slicer software (3D Slicer software 
ver. 4.2.2-1, http://www.slicer.org). The Slicer volu-
metric measurement programme is a free open source 
software package developed by Harvard University 
and approved for medical research. After dividing 
the olfactory bulbus into sections with appropriate 
threshold values in the coronal image, separate MR 
numbers were assigned to each image with the Slic-
er software. Region of interest was adjusted to not 
exceed the anatomical contours of the bulb. After 
each slice containing the relevant OB sections was 
revealed, a 3D graphical model of the OB was creat-
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ed and volume calculation was made. Intra-observer 
variability was set at less than 5%.

Ethics Committee approval and consent  
to participate

Ethics Committee aproval was given by Muğla Sıtkı 
Koçman University Human Research Ethics Commit-
tee. Ethics Committee Number: 200236.

Approval was obtained from the parent or legal 
guardian of each case participating in the study.

statistical analysis 

IBM SPSS version 20.0 software (IBM Corp, Ar-
monk, NY, USA) was used for statistical evaluation 
and normal distribution was checked using Kol-
mogorov-Smirnov test. Data are presented as mean  
± standard deviation. Statistical comparisons of the 
right and left OBV values and the depth of the right 
and left olfactory sulcus were made using the paired  
t test. Independent-sample t test was used to evaluate 
the statistical differences between groups formed by 
considering gender, while one-way ANOVA test was 

used to evaluate the statistical differences between 
groups formed according to age. Multiple compari-
sons were made with the Tukey test and a p value of 
0.05 was considered statistically significant. 

RESULTS
A total of 190 patients (95 males, 95 females) 

were included in the study. The mean age was 9.9 ± 
± 7.5 months for the infantile period, 4.5 ± 1.3 years 
for early childhood, 9.3 ± 1.7 years for childhood 
and 15.2 ± 1.7 years for adolescence. The OBV was 
42.03 ± 5.96 (range 29.2–57.6) mm3 on the right 
and 42.33 ± 6.06 (range 28.8–62.4) mm3 on the left 
side. There was no statistical difference between right 
and left side OBV (p > 0.167). Mean, right and left 
OBV was found to be slightly larger in male children 
than female children (p = 0.015, p = 0.033 and  
p = 0.010, respectively) (Table 1). OSD values were 
8.34 ± 0.92 mm on the right and 8.32 ± 0.89 mm on 
the left. There was no statistical difference between 
right and left in terms of OSD (p > 0.481). There 
was no statistical difference between the genders 

Figure 1. The coronal T2-weighted image shows the olfactory bulb volume measurement and the olfactory sulcus depth measurement.  
A measurement example of olfactory sulcus depth (small hollow arrow) and a measurement example of olfactory bulb surface area (large 
hollow arrow). 
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for mean, right and left OSD (p = 0.559, p = 0.536 
and p = 0.598, respectively) (Table 1). 

The distributions of mean OBV and OSD according 
to age groups are given in Table 2. Among the age 
groups, the values of the 3rd and 4th groups in terms of 
mean, right and left OBV were higher than the other 
two groups (p < 0.001) (Table 2). In terms of OSD, 
mean, right and left values were higher in group 2, 
3 and 4 than group 1 (p < 0.001) (Table 2).

DISCUSSION 
There are several important results of our study. 

First, in the paediatric age group, the OBV increases 
as the age increases, but the most significant volume 
increase is in the 7–12 age group. Second, OSD is 
lower in the infantile patient group (1–24 months) 
compared to other paediatric age groups. After  
3 years of age, there is no statistically significant 
change in the depth of the olfactory sulcus until the 

age of 18. Third, there was no statistically significant 
difference in OSD measurements based on gender in 
the normal healthy paediatric population, but OBV 
was slightly larger in male children than in female 
children.

Magnetic resonance imaging method has been 
used successfully in adults to analyse the normal anat-
omy of OBs [4, 6, 12, 20, 23]. In the study conducted 
by Schneider and Floemer [18], cranial MRI exami-
nations of 121 paediatric cases aged between 1 and 
19.6 years were retrospectively re-evaluated in order 
to detect the maturation of the OB. Three anatomi-
cal patterns have been described defining different 
anatomical shapes for the olfactory bulbus. Whatever 
the anatomical shape of the OBs, they found that the 
gradual rearrangement of the peripheral neuronal 
layers and central structures of the bulbus resulted 
in an adult-like appearance in all children at the end 
of the second year at the latest, in parallel with the 
maturation changes of the cerebral white matter 
[18]. Therefore, in our study, we grouped paediat-
ric individuals of the first 2 years of age separately. 
However, we found that OBV increased minimally in 
paediatric individuals aged 3–6 years compared to 
the first 2-year-old case group. We found the OSD 
to be lower in the first 2-year-old paediatric group 
compared to the other three paediatric groups. This 
finding supports this study by Schneider and Floemer 
[18] on olfactory maturation.

In a study conducted by Croy et al. [3] on 27 de-
pressed female individuals, 15 of whom were maltreat-
ed during childhood, the OBV measured in individuals 
who were maltreated during childhood was found to 
be lower than those who were not exposed to child-

Table 2. The distribution of age, mean, left and right olfactory bulb volume (OBV) and olfactory sulcus depth (OSD) according to age 
group.

0–2 years (n = 40) 3–6 years (n = 50) 7–12 years (n = 50) 13–18 years (n = 50)

Age [years] 9.9 ±7.5 4.5 ± 1.3 9.3 ± 1.7 15.2 ± 1.7

OBV [mm3]:

Mean 37.75 ± 4.27 39.26 ± 5.95 44.85 ± 5.01a,b 44.96 ± 5.72a,b

Right 37.70 ± 4.60 39.08 ± 5.98 44.72 ± 4.80a,b 44.88 ± 6.07a,b

Left 37.80 ± 4.34 39.44 ± 6.31 44.98 ± 5.55a,b 45.03 ± 5.81a,b

OSD [mm]:

Mean 7.54 ± 0.93 8.56 ± 0.78a 8.30 ± 1.39a 8.60 ± 0.78a

Right 7.48 ± 0.96 8.58 ± 0.78a 8.49 ± 0.71a 8.64 ± 0.82a

Left 7.60 ± 0.95 8.53 ± 0.81a 8.45 ± 0.74a 8.56 ± 0.77a

Data are n of participants, mean ± standard deviation; ap < 0.001 compared with 0–2 years group (one-way ANOVA-Tukey test); bp < 0.001 compared with 3–6 years group(one-way 
ANOVA-Tukey test)

Table 1. The distribution of age, mean, left and right olfactory 
bulb volume (OBV) and olfactory sulcus depth (OSD) according 
to sex

Group A (n = 95) Group B (n = 95) P 

OBV [mm3]:

Mean 41.15 ± 5.32 43.20 ± 6.15 0.015

Right 41.11 ± 5.67 42.95 ± 6.14 0.033

Left 41.20 ± 5.35 43.45 ± 6.52 0.010

OSD [mm]:

Mean 8.37 ± 0.92 8.29 ± 0.87 0.559

Right 8.38 ± 0.93 8.30 ± 0.92 0.536

Left 8.36 ± 0.93 8.30 ± 0.85 0.598



311

B. Güney et al., Paediatric olfactory development between 1 month and 17 years

hood maltreatment [3]. In the first hypothesis they put 
forward for this result they suggests that major stress 
exposure in childhood affects neurogenesis in human 
OB, as previously demonstrated in animal studies [7]. 
For these reasons, we think that, as in our study, it is 
important to know the normal OBV and OSD measure-
ment intervals in paediatric individuals to determine 
the connection between the abnormalities that may 
occur in adulthood and the paediatric period.

In a study conducted by Hummel et al. [9] on 87 
paediatric individuals aged between 1 and 17 years 
without olfactory dysfunction (mean: 8 ± 5.5 years, 
46 boys and 41 girls), it was found that OBV and 
olfactory function increased with age. In this study, 
OBVs of male children (left: 71 mm3, right: 68 mm3) 
were found to be larger than female children (left: 
65 mm3, right: 66 mm3). It was also found that for 
both boys and girls, the right and left OBVs grad-
ually increased from the age of 1 year. According 
to the study, the mean OBV for 1 year old boys is: 
left: 65, right: 64 mm3; mean OBV for girls: left: 61, 
right: 62 mm3. When the mean OBV was evaluated 
in 17-year-old paediatric individuals, in boys: left:  
79 mm3, right: 77 mm3; in girls: left: 73 mm3, right: 
71 mm3. As a result of our study, OBV was found to 
be slightly higher in boys compared to girls, similar 
to the study of Hummel et al. [9]. However, although 
OBV increased gradually with age, it was found that 
the statistically more significant increase in OBV was 
between the ages of 7–12, regardless of gender.

In studies conducted in patients with congenital 
anosmia and psychiatric disorders such as schizophre-
nia or psychosis, OSD was found to be lower than 
normal [9, 14, 21, 22]. Although standard values for 

the depth of the olfactory sulcus have been pub-
lished mostly for adults, few studies have published 
standard values for the paediatric age group. In the 
study conducted by Smitka and Hummel [19] on  
40 normosmic children aged between 6 and 18 years, it 
was found that OSD was 8 mm and above in all children 
over 9 years old. It was stated that the recommended 
cut-off value of 8 mm, which indicates anosmia, can 
be used safely for children aged 9 years and older, and 
different limit values should be considered for chil-
dren aged 8 years and younger. In the study conduct-
ed by Huart et al. [8] in 106 individuals (36 anosmic 
individuals and 70 healthy individuals) aged between  
7 and 79 years, sulcus depth below 8 mm was found 
to be an important indicator for the development of 
anosmia [8]. 

The first study in the literature examining the 
age-related change of both OSD and OBV in healthy 
paediatric individuals was conducted by Şahin et 
al. [16]. A total of 90 paediatric patients aged be-
tween 3 and 17 years were included in this study and  
a 1.5 Tesla MRI device was used [16]. Our study is 
fundamentally different from 3 aspects according to 
the study of Şahin et al. [16]. The first is that healthy 
paediatric individuals in the 1 month–2 years age 
group were included in the study and the study was 
conducted with 190 individuals, the second is the 
use of 3 Tesla MRI device and the third is that the 
OBV measurement method was different. Thus, the 
change in OBV and OSD in all paediatric age groups 
between 1 month and 17 years was examined. Studies 
including OSD and OBV measurements of healthy 
paediatric individuals in the literature are summarised 
comparatively in Table 3.

Table 3. Comparison of olfactory bulb volume (OBV) and olfactory sulcus depth (OSD) studies in healthy paediatric cases

First author Year Country Measurement method N Age Magnetic field OBV [mm3] OSD [mm]

Hummel T. 2011 France AMIRA 3-D visualisation 
and modelling system 

(Visage Imaging,  
Carlsbad, USA)

87 1–17 years 1.5 Tesla M: 21–98
R: 68; L: 71

F: 21–121
R: 66; L: 65

No measurement

Sahin S. 2020 Turkey Semi-automatically  
method, Philips  

workstation

90 3–17 years 1.5 Tesla M: 32.7–98.6 
R: 64; L: 65.3

F: 31.8–99.6
R: 67.1;  L: 72

R: 8.85 (min 6,  
max 13.6)

L: 8.8 (min 1.8,  
max 16)

Our study 2020 Turkey 3D Slicer software  
(3D Slicer software  
ver. 4.2.2-1, USA)

190 1 month– 
–17 years

3 Tesla M: 30.1–62.4
R: 41.11; L: 41.20

F: 29.2–55.2
R: 42.95; L: 43.45

R: 8.34 ± 0.92
L: 8.32 ± 0.89

F — females; M — males; L — left; R — right
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According to our research, our study is the first 
study to separately show the development and change 
of the olfactory sulcus depth for four separate periods 
after birth until the age of 18 in healthy paediatric 
individuals. It was found that OSD gradually increased 
with age in both healthy male and female individuals 
in the paediatric age group. The infantile group (0–24 
months) had the lowest OSD and the mean OSD 
in this group was found to be less than 8 mm. For 
patients aged 3 years and older, mean OSD was over  
8 mm for each age group. Another difference between  
our study and other studies is that the images were 
obtained with a 3 Tesla MR scanner. We think that 
we may have obtained more accurate results since  
3 T MRI provide clearer and thinner-slice images with 
higher resolution.

Limitations of the study

Our study had some limitations. The first of these 
is that our study was retrospective and there was 
no evaluation of olfactory function. In addition, in-
ter-observer variability was not taken into account 
in our study. Another limitation is that some of the 
individuals participating in the study were very young 
and the patient backgrounds were obtained from the 
hospital information system.

CONCLUSIONS
In conclusion, there are still very few studies show-

ing the development of OBV and OSD with age and 
time changes considering gender for normal healthy 
paediatric individuals. We think that more studies 
should be done on this subject, since these data 
show differences in both the paediatric age group 
and adults according to age and that OBV and OSD 
can be an indicator of the development of olfactory 
dysfunction. Therefore, within the paediatric age 
group, normal values should be calculated consider-
ing age and gender.
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Background: The aim of our study was to determine the ability of the phase-con-
trast-cranial magnetic resonance venography (PC-CMRV) technique to detect 
cranial anatomy, variations, thrombosis, to reveal the deficits of the technique 
and to discuss the reasons for these deficits on a physics basis.
Materials and methods: Phase-contrast’s detection rates of anatomic variations 
and physiological filling defects (FDs) were evaluated in 136 patients and com-
pared with the time-of-flight technique magnetic resonance imaging (MRI) and 
cadaveric studies.
Results: The dominance correlation between the three evaluated sinuses (trans-
verse sinus [TS], sigmoid sinus, jugular vein) which originated from different 
embryological buds was statistically significant and the right vessel chain was 
dominant. PC is inadequate to show some vessels like inferior sagittal sinus (an-
atomically, this vessel is approximately present in 100% of the cases, but it was 
only visualised in 41.2% of the patients in PC-MRI). Visualisation of major veins 
was sufficient. PC-MRI created physiological FDs in 27.2% (72.3% middle, 10.3% 
inner, 17% outer part) of the patients. The FDs were concentrated in the middle 
part and not observed in the dominant sinus.
Conclusions: The defects of visualisation are present due to the PC’s technique. 
It can be misdiagnosed as agenesis or thrombosis. PC creates a high incidence 
of physiologic FDs in TS. The results are not reliable, especially if FDs are in the 
middle part or non-dominant side. (Folia Morphol 2022; 81, 2: 314–323)

Key words: magnetic resonance, venography, dural sinuses, phase 
contrast, arachnoid granulations

INTRODUCTION
Cranial magnetic resonance venography (CMRV) is 

the basic imaging method in the evaluation of venous 
sinuses, since it is a non-invasive and non-irradiating 
technique [10]. Time-of-flight (TOF) and phase-contrast 

(PC) are the techniques used in CMRV [26]. CMRV is 
the most common method used in scientific research 
to evaluate venous variations [22]. Our study is one of 
the first studies performed with the PC technique using 
a 1.5 Tesla magnetic resonance imaging (MRI) machine.

mailto:dr_e_dogan@hotmail.com
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According to literature, right chain vascular struc-
tures are remarkably dominant. Why is that? Trans-
verse sinus (TS) and sigmoid sinus (SS) originate from 
the posterior plexus, jugular vein (JV) originates from 
the anterior cardinal vein (ACV). The correlation be-
tween these embryological structures can be deter-
mined by comparison of dominance [17]. Can the em-
bryological mechanisms be explained by evaluating 
the correlation of vascular structures originating from 
different embryological buds? Is the embryological 
mechanism independent or interdependent?

Venography is a technique mostly used to de-
tect thrombosis. Filling defects (FDs) are the main 
diagnostic finding in CMRV, but it can also be seen 
as physiological except for thrombosis [4, 22]. The 
percentage of these defects had been evaluated in 
previous studies [1, 2, 4]; however, the points where 
the defect is located on the TS are not specified. In 
which segments are FDs common? Which physical 
and physiological mechanisms can be associated with 
these FDs?

The aim of our study was to determine the ability 
of the PC-CMRV technique to detect cranial anatomy, 
variations, thrombosis, to reveal the deficits of the 
technique and to discuss the reasons for these deficits 
on a physics basis.

MATERIALS AND METHODS
Patients

Ethics committee approval was obtained for this 
study with document number 0945/7. Two hundred 
fourteen patients who had CMRV were chosen for the 
preliminary exam. Patients with a history of operation, 
thrombosis, ischaemic change, tumour, congenital 
anomalies, small vessel disease and demyelinating dis-
eases were excluded from the study. All subjects were 
followed up for two years to exclude thrombosis.

Finally, 136 patients were included in the study: 
50 males and 86 females; mean age (± standard 
deviation [SD]), 48.7 ± 16.3 years, range: 18–93 
years. Males’ mean age (± SD) was 47.6 ± 12.9 
years; range between 19 and 86 years. Females’ mean 
age (± SD) was 50.6 ± 13.7 years; range between 
18 and 93 years. All our patients were in the adult 
age group. CMRV and conventional MRI’s (CMRI) of 
all the patients were evaluated by one experienced 
radiologist and one neuroradiologist and evaluated 
together again in case of a discrepancy. 

Imaging examinations 

A 1.5-tesla PHILIPS (The New Intera Nova, Philips 
medical system, Best, Netherlands) device was used 
for scanning. CMRV examinations were performed 
using the three dimensional (3D) PC technique with-
out applying any saturation band. Maximum intensity 
projections (MIPs) were created at the MR operating 
console for the 3D CMRV dataset. The standard pa-
rameters that were used were as follows: field of  
view = matrix 230/70 = 256 × 256, slice 160, thick-
ness = 1, Col = 1, TR/TE: 16/6.8. The images were 
obtained with axial sections in 3D/FFE sequence. The 
last images were created with a velocity encoding 
(VENC) method by applying bipolar gradients se-
quentially along the cardinal directions (x-, y-, and z-).

Image analysis
The images obtained with the picture archiving 

and communication system (PACS) were scanned in 
different projections for various veins in each patient. 
All veins were evaluated in raw images and 3D MIP 
images obtained by PC technique.

Parameters: dominances of TS, SS and JV were 
determined according to gender. Measurements were 
taken 1 cm from the torcular herophili for the TS,  
1 cm from the TS junction for the SS, 1 cm from the 
SS junction for the JV [6, 20]. If there was a difference 
greater than 1/5 between the sinuses, the larger side 
was evaluated as dominant. 

In addition, superior sagittal sinus (SSS), inferior 
sagittal sinus (ISS), straight sinus (StS), internal cere-
bral vein (ICV), Galen vein (GV), basal vein of Rosen-
thal (BVOR), occipital vein (OV), Labbe vein (LV) and 
Trolard vein (TrlV) were evaluated bilaterally. All vein’s 
PC visualisation rates were compared with anatomical 
cadaveric studies and we found the real visualisation. 
The bilateral TS was divided into three equal parts  
(I: Inner part, II: Middle part, III: Outer part) and phys-
iological FDs’ percentages were calculated. 

statistical analysis

The obtained data were enrolled and tabulated 
using the Office Excel (Microsoft) data recording sys-
tem. The data were analysed using statistical software 
(SPSS, IBM). All continuous variables were expressed 
as counts and averages were calculated (mean ± SD). 
Percentages were calculated for qualitative values. 
Pearson and chi-square analysis were used for com-
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parisons. The p value < 0.05 was accepted as statis-
tically significant. Kendal Tau B test was performed 
in the non-parametric correlation analysis.

RESULTS
Dominances of TS, SS and JV were evaluated:

 — for TS: Right (R)-dominance was found in 52 
(38.23%), left (L)-dominance in 37 (27.95%), 
co-dominance in 47 (32.35%) of the patients;

 — for SS: R-dominance was found in 54 (39.70%), 
L-dominance in 38 (27.95%), co-dominance in 44 
(32.35%) of the patients;

 — for JV: R-dominance was found in 46 (33.82%), 
L-dominance in 30 (22.06%), co-dominance in 60 
(44.12%) of the patients. 
According to gender:

 — for males; TS: R-dominance was found in 20 
(44.00%), L-dominance in 12 (24.00%), co-domi-
nance in 16 (32.00%) of the patients; SS: R-dom-
inance was found in 23 (46.00%), L-dominance 
in 13 (26.00%), co-dominance in 14 (28.00%) of 
the patients; JV: R-dominance was found in 19 
(38.00%), L-dominance in 10 (20.00%), co-domi-
nance in 21 (42.00%) of the patients;

 — for females; TS: R-dominance was found in 30 
(34.88%), L-dominance in 25 (29.06%), co-domi-
nance in 31 (36.04%); SS: R-dominance was found 
in 31 (36.04%), L-dominance in 25 (29.07%), 
co-dominance in 30 (34.88%) of the patients; JV: 
R-dominant was found in 27 (31.40%), L-dom-
inance in 20 (23.25%), co-dominance in 39 
(45.34%) of patients.

The TS, SS and JV’s dominances’ prevalence and 
frequency according to gender group are demon-
strated in Table 1.

There was no statistically significant difference 
according to gender (TS: p = 0.567; SS: p = 0.507; 
JV: p = 0.726).

Kendal Tau B correlation analysis was applied 
to evaluate the relationship between TS, SS and JV 
dominance. The dominance relationship between 
the three evaluated sinuses on the right and left 
separately was statistically significant. The strong-
est correlation (tb: 0.945) was found between left 
TS and left SS. The lowest level of relationship (tb: 
0.791) was found between left TS and left JV. Tau B  
correlation between sinuses is demonstrated in  
Table 2.

All patients had SSS. However, SSS was com-
pletely visualised in 132 (97.06%) patients. In  
4 (2.94%) patients, the anterior part of the SSS 
was not seen. ISS were visualised in 56 (41.17%) 
of the patients (32 [37.21%] females, 24 [48.00%] 
males). StV, ICV and GV were visualised in all of 
the patients. BVOR was seen in 130 (95.59%) and 
OC in 11 (8.09%) of the patients. The percentages 
of detection of venous structures in the study are 
demonstrated in Table 3.

The existence of TrlV and LV were coded (as ‘+’ 
present, ‘–’ absent). 

For TrlV: R+L+ was found in 28 (20.59%), R+L– 
in 30 (22.06%), R–L+ in 23 (16.91%), R–L– in 55 
(40.44%) of the patients. 

According to gender:

Table 1. Transverse sinus (TS), sigmoid sinus (SS), jugular vein (JV) dominances according to gender and side

SINUS R-dominant L-dominant C-dominant

Number Percentage Number Percentage Number Percentage

TS

Female 30 34.88% 25 29.06% 31 36.04%

Male 22 44.00% 12 24.00% 16 32.00%

Total 52 38.23% 37 27.95% 47 32.35%

SS

Female 31  36.04% 25 29.07% 30 34.88%

Male 23 46.00% 13 26.00% 14 28.00%

Total 54 39.70% 38 27.95% 44 32.35%

JV

Female 27 31.40% 20 23.25% 39 45.34%

Male 19 38.00% 10 20.00% 21  42.00%

Total 46 33.82% 30 22.06% 60 44.12%
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 — for females, R+L+ was found in 17 (19.77%), 
R+L– in 19 (22.09%), R–L+ in 13 (15.12%), R–L– 
in 37 (43.02%) of the patients;

 — for males, R+L+ was found in 11 (22.00%), R+L– 
in 11 (22.00%), R–L+ in 10 (20.00%), R–L– in 18 
(36.00%) of the patients.
For LV: R+L+ was found in 73 (53.67%), R+L– 

in 27 (19.85%), R–L+ in 21 (15.44%), R–L– in 15 
(11.03%) of the patients. 

According to gender:
 — for females, R+L+ was found in 49 (56.98%), 
R+L– in 17 (19.77%), R–L+ in 10 (11.63%), R–L– 
in 10 (11.63%) of the patients;

 — for males, R+L+ was found in 24 (48.00%), R+L– 
in 10 (20.00%), R–L+ in 11 (22.00%), R–L– in  
5 (10.00%) of the patients. 
There was no statistical difference according to 

gender (p = 0.153 for TrlV and p = 0.060 for LV). 
Bilaterally, TrlV and LV visualisation rates according 
to the gender are demonstrated in Table 4.

Finally, physiological FDs in the TS were evaluated. 
They were present in 37 of 136 patients (27.2%). Ten 
of these patients had FDs in more than one segment. 
In total 47 FDs were determined. Thirty-four of them 
were in the middle segments.

Two (1.48%) patients had FDs in the right outer 
part: one (0.74%) partial and one (0.74%) complete. 
Both of them were in the non-dominant sinuses. Fif-
teen (11.03%) FDs were in the middle part of the right 
TS: 13 (9.55%) were partial and 2 (1.48%) complete. 
Thirteen were in the non-dominant sinuses, whereas 
two in the co-dominant sinuses. Two (1.48%) patients 
had FDs in the right inner part: one (0.74%) partial 
and one (0.74%) complete. Both of them were in the 
non-dominant sinuses. Three (2.21%) patients had 
FDs in the left inner part: two (1.48%) partial and one 
(0.74%) complete. Three of them were in non-dom-
inant sinuses. Nineteen (13.97%) were in the middle 
part of the left TS: 16 (11.76%) partial and three 
(2.21%) complete. Sixteen were in the non-dominant 

Table 2. Dominance correlations of the transverse sinus (TS), sigmoid sinus (SS), jugular vein (JV) sinuses with Kendal Tau B test

Dominancy Compared sinuses Tau-B correlation coefficient Probability value

Right dominant ST and SS τb: 0.877 p: 0.000

ST and VJ τb: 0.877 p: 0.000

Left dominant ST and SS τb: 0.945 p: 0.000

ST and VJ τb: 0.791 p: 0.000

Co-dominant ST and SS τb: 0.836 p: 0.000

ST and VJ τb: 0.836 p: 0.000

Table 3. Phase contrast visualisation ratio in cranial venous vessels

Anatomic localisation Present Absent

Number Percentage Number Percentage

SSS: 136 100% 0 0%

Complete 132 97.06%

Incomplete 4 2.94%

ISS: 56 41.17% 80 58.83%

Female 32 37.21% 54 62.79%

Male 24 48.00% 26 52.00%

SV 136 100% 0 0

ICV 136 100% 0 0

GV 136 100% 0 0

BVOR 130 95.59% 6 4.41%

OV 11 8.09% 125 91.91%

SSS — superior sagittal sinus; ISS — inferior sagittal sinus; SV — straight sinus vein; ICV — internal cerebral vein; GV — Galen vein; BVOR — basal vein of Rosenthal; OV — occipital vein
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sinuses, whereas three in the co-dominant sinuses. 
Six (4.41%) were in the outer part of the left TS: one 
(0.74%) partial and five (3.67%) complete. Five were 
in the non-dominant sinuses, whereas one in the 
co-dominant sinuses. There was no FD in the dom-
inant sinuses. The FDs according to segments were 
demonstrated in Figure 1.

DISCUSSION
The dominance of the cerebral venous vessels is 

crucial before the radical neck dissection, excision of 
tumours invading the TS, SS, JV or glomus jugular 
tumours that may require ligation of the internal 
JVs [8]. In this study, TS, SS, and JV’s dominances 
were found as right dominance (44%), co-dominance 
(32%) and left dominance (24%) (Fig. 2). Although 
the percentages change, the order didn’t change for 
both anatomic and radiological studies as well as 
this study [4, 5, 16]. Why right dominance is more 
visualized than left? We can find the answer to this 
question in the hypotheses belonging to the embry-
ological development period. The superior vena cava 
originates from the right ACV together with the right 

JV. The caudal part of the left ACV largely regresses 
in the development process. If it does not regress, an 
anomaly called double vena cava occurs. ACVs merge 
with the posterior plexus which gives origin to TS and 
SS. Earlier joins coinciding with the regression process 
on the left, possibly lead to recessive left vessel chain. 
ACV regression on the left side influences not only JV 
but also TS and SS [17, 28]. This study revealed that if 
the TS was dominant, the SS and JV were also domi-
nant on the same side [26]. It showed that ipsilateral 
embryological buds move together. This information 
supports the hypothesis above.

Since the use of oral contraceptives and preg-
nancy is associated with cranial venous thrombosis, 
the use of CMRV is more common in women [22]. In 
our study, the majority of our patients were females 

Table 4. Phase contrast visualisation ratio of Trolard and Labbe veins

Veins R+L+ R+L– R–L+ R–L–

Number Percentage Number Percentage Number Percentage Number Percentage 

Trolard

Female 17 19.77% 19 22.09% 13 15.12% 37 43.02%

Male 11 22.00% 11 22.00% 10 20.00% 18 36.00%

Total 28 20.59% 30 22.06% 23 16.91% 55 40.44%

Labbe

Female 49 56.98% 17 19.77% 10 11.63% 10 11.63%

Male 24 48.00% 10 20.00% 11 22.00% 5 10.00%

Total 73 53.67% 27 19.85% 21 15.44% 15 11.03%

Figure 1. Segmental distribution of filling defects in transverse 
sinuses; R — right; L — left.

Figure 2. Venous sinuses are dominant in right (arrow: sigmoid 
sinus; arrowhead: transverse sinus; cut arrowhead: jugular vein).
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(86 females, 50 males). There was no statistically 
significant gender-related difference between the TS, 
SS and JV dominances (p = 0.567 for TS, p = 0.507 
for SS, p = 0.726 for JV). The results of Goyal et al. 
[14] were similar.

Phase contrast’s venous detection rates were eval-
uated and compared with anatomic studies. SSS was 
found at a rate of 100%. This finding is similar to the 
literature [1, 2, 4]. SSS develops from the marginal 
sinus. Partial fusion defect at the attachment point 
of the marginal sinus to the foramen cecum caus-
es a partial growth defect anteriorly. This situation 
is called partial split sinus (PSS) [2]. In Kaplan and 
Browder’s cadaveric series, PSS prevalence was found 
as 6% [14]. In our study, PSS variant of the SSS was 
observed at a rate of 2.94%. The signal loss may oc-
cur in the anterior section because the flow is going 
in the same direction as the artery, when an inferior 
saturation band is used to prevent arterial flow in TOF 
images [20]. In comparison with cadaveric studies, 
the percentage values are lower in our study. Its mean 
is that there is no signal loss due to PC technique in 
this area, unlike TOF.

In radiological studies, the presence of the ISS was 
noted between 33% and 43% [9, 18]. In our study, it 
was found at a rate of 41.17% (Fig. 3). In this case, it is 
necessary to look at the cadaveric studies. According 
to these ones, ISS was not detected in only 1% of the 
cases. To sum up, normally ISS is present but devices’ 
visualisation and technique aren’t adequate to show 
this vessel [13]. We looked at a study performed with 
more primitive device (0.35-tesla low-resolution) con-
ducted by Sharma to explain more clearly the effect 
of device quality on venous visualisation. Visualisation 
rates with the low-tesla device of ISS, BVOR, ICV are 
respectively 11%, 34%, 60%. 

In this study, many vascular structures that we 
visualised could not be sufficiently imaged. We can 
say that the lower the quality of the device, the poorer 
the visualisation [23]. Visualisation of minor venous 
vessel with 3T, 5T and 7T devices probably will be 
higher than our study. It is open to further research.

In our study, BVOR was detected at a rate of 
95.58%. It was not observed unilaterally in five and 
bilaterally in one of the patients. In Ayanzen’s TOF 
research, BVOR was detected in 91% of the patients. 
Our data are close to these findings [4]. We didn’t 
find a cadaveric study to compare the percentage of 
basal vein [13]. StS, ICV and GV were detected in all 
of the patients. Results of other studies were similar to 

ours [4, 23]. When FDs are found in 100% visualised 
veins, it should be accepted primarily as pathological.

It has been reported that the OV is more promi-
nent in patients with thrombosis [24]. If the TS and 
SS are hypoplastic, the OV is used as an alternative 
outflow pathway [20]. In our study, the OV detection 
rate with PC was found as 8.09%. OV prevalence 
is between 4% and 35.5% according to data from 
reviewed anatomic and radiological TOF studies by 
Goyal et al. [11]. Our results were included in the 
aforementioned interval (Fig. 4). 

Figure 3. Internal cerebral veins (arrow) and Galen vein (arrow-
head) in maximum intensity projections images.

Figure 4. Occipital veins in posterior view of maximum intensity 
projections images (arrow).
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Trolard and Labbe veins form the main venous 
communicant anastomotic network. The LV pro-
vides the connection between the Sylvian veins and 
the posterior group, whereas the TrlV provides the 
connection between the SSS and the Sylvian veins. 
For this reason, it is also named as Trolard-Labbe 
circle. For example, when JV ligation is performed, 
if this network is not fully developed, venous infarct 
is probable. The LV should be preserved in temporal 
lobectomies and surgical interventions for epilepsy. 
Isolated thrombosis in LV, TrlV and related infarct 
cases have been reported in the literature [7, 22]. 
The angiographic studies elaborating information 
about these veins are present too [25]. Returning to 
our main subject, after we indicated why the LV and 
TrlV should be fully visualized and their clinical impor-
tance; our technique’s detecting rate of LV and TrlV 
is close to other anatomical and radiological studies  
[1, 2, 4]. In addition, during our study, we noticed 
that there was no study according to gender regard-
ing LV and TrlV, and we added it as a subtopic to the 
paper. There was no statistically significant difference  
(p = 0.153 for TrlV and p = 0.060 for LV) according 
to gender (Fig. 5A, B).

Conventional MRI evaluation can give useful find-
ings about thrombosis, but it is not adequate in the 
final diagnosis. In MRI; the intensity of the thrombus 
changes according to the period. What is the weak-
nesses of CMRI and CMRV? Thrombus due to effect 
of deoxyhaemoglobin appears isointense at T1 and 
hypointense at T2 in the first 5 days. During this pe-
riod, the hypointensity of the thrombus at T2 makes 
it impossible to be detected in CMRI. Thus, venous 
thrombus can only be detected by angiography [22]. 
Since 7% of deaths due to venous thrombosis hap-

pens in this period, it is important for the patient 
to be diagnosed early. Unfortunately, diagnosis is 
usually delayed for 7 days [20]. In these early days, 
where CMRI does not show any benefit and there 
is a risk of mortality, misleading sinus FDs are more 
important. Patients are mostly diagnosed within 5–15 
days. This phase is also called the methaemoglobin 
phase. During this period, the thrombus T1 and T2 
are hyperintense [22]. T1 hyperintensity is reflected 
as hyperintense in TOF technique also. Deleting of the 
flow void leads to interpreting the CMRV as normal. 
This situation is not seen in the PC technique. In 
this period PC is superior to TOF [20]. After 15 days, 
re-canalisation phase (chronic phase) starts [22]. In 
the chronic phase, pathways form within the throm-
bus. There is also dural enhancement accompanying 
capillary formation. Thus, it leads to a false negative 
result in contrast-enhanced MRI angiographic eval-
uation [20]. In this period, it cannot be mentioned 
that contrast enhanced MR angiography, which is 
accepted to be more advantageous than non-contrast 
CMRV, is superior to TOF and PC. It will be useful to 
evaluate CMRV FDs by comparing them with CMRI. 
Each technique has its pros and cons according to 
the period. It will be useful to evaluate CMRV images 
together with CMRI to prevent FDs from causing false 
diagnosis. In the early period, contrast enhanced MRI 
angiography, digital subtraction angiography in se-
lected cases can be used for diagnosis [21].

Time-of-flight technique is used overwhelmingly 
in the CMRV examinations. The reason why PC re-
search is rarely used is the long time according to 
TOF scanning [26]. Before mentioning the physical 
mechanisms of FDs, let’s briefly talk about the general 
points of the techniques. Phase shift is undesirable in 

Figure 5. Trolard vein (arrowheads) and Labbe veins (arrows).
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TOF; therefore, “phase compensation technique” is 
used to prevent this. Phase shift that we want to pre-
vent in TOF constitutes the basic of imaging in PC. In 
this technique, images are taken in pairs (phase shift) 
while operating in (+) and (–) gradient directions. Fixed 
textures are removed from the image with “image 
subtraction”; thus, only vascular structures are made 
visible. The technique is not sensitive to saturation due 
to flow; consequently, vascular structures with slow 
blood flow are better visualised in PC than in TOF. In 
addition, functional information such as flow direction 
and speed can be obtained with this technique [15]. 
PC’s background suppression feature and anatomic 
detailing are superior to TOF’s ones [26, 29].

Phase contrast has many disadvantages. The du-
ration is long in PC and the eddy current effect is 
evident. It is sensitive to turbulence, spin saturation 
and intervoxel dephasing. It is also affected by in-
trinsic factors of the nucleus. Gradient imperfection 
secondary to inappropriate setting is creating aliasing 
artefacts in the flow direction as well. Gradient perfor-
mance is directly related to device quality. There are 
many biomedical engineering articles in the literature 
about PC gradient settings. It is necessary to predict 
the appropriate gradient phase in advance [26].

Apart from this, there are some factors that cause 
FDs independent from the technique. This group con-
sists of arachnoid granules (AG) and fibrotic bands 
located in the sinuses [20]. SSS and TSs are the most 
common places where AGs are seen. The majority of 
them are located between the middle and lateral parts 
in the TS (92%) [3, 12, 27]. Apart from the prominent 
eddy current effect due to PC technique, AG contrib-
utes to the formation of FD with mechanical effects 

[3, 27]. Fibrotic bands can make mechanical barrier 
effect too, but it is rarely seen [20].

The FD were detected in the centre (R2–L2) at the 
rate of 72.3%, in the inner part (R3–L1) at the rate of 
10.3%, in the outer part (R1–L3) at the rate of 17% 
in TS (Fig. 6). All the disadvantages resulting from 
intrinsic nuclear factors mentioned above are pres-
ent in all of the segments. Gradient effects are more 
pronounced on sharp turns in the segments R3–L1 
and R1–L3 (outer and inner parts of TS). Besides, 
when the eddy current effect and the over mentioned 
physical barrier effects (AG) are added, a complex 
set of causes creates artefacts in corners and central 
segments [19, 26, 29].

The movements of the spins in the presence of 
magnetic field gradients change the phase of the MR 
signal. These effects occur if blood flow goes a long 
way in the imaging volume, such as the TS. Phase 
shifts created by this movement cause artefacts in the 
phase coding direction and degrade image quality. 
This physical effect is more pronounced in PC than 
TOF [29]. The intrinsic nuclear factors contribute also 
to cause L2–R2 (middle parts of right and left TS) mid-
point artefacts. Since the flow continues on a linear 
line, it will not be affected by the gradient effect’s 
refraction. The AGs is considered as the primary flow 
defect factor in the middle part. AGs are concentrat-
ed between the middle and lateral segments. When 
blood crosses a physiological barrier like AG, the eddy 
current effect is towards the part where the blood 
is going, not where it comes from. Considering the 
anatomical point where AGs are concentrated, this 
area exactly corresponds to the middle part of the 
sinus [29]. Due to the fact that the venous sinuses 

Figure 6. Physiological filling defects of transverse sinus; A. Filling defect of left inner and middle segments (arrow); B. Filling defects of right 
inner segment (arrow); C. Filling defect of left inner and middle segments (arrow); D. Filling defect of right outer segment (arrowhead).
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are structures that don’t have a muscularis mucosa 
that can expand according to the flow rate and they 
don’t contain valves, two-way flow is possible and 
reverse flow is more pronounced in the middle sec-
tion according to the hydro physics rules [22, 29]. 
Add to this, the venous sinuses that are connected 
to the right atrium by a relatively short vascular way 
without valves, are affected by diastolic contractions 
[28]. Another question is why physiological FDs are 
not usually detected in the SSS in MRI? Two theorems 
can be put forward for this. The first is the flow rate. 
The TS is the main portal, collecting all venous blood. 
It is connected to the superior vena cava via the SS 
and JV. It is clear that SSS and other minor veins have 
lower flow rate. The second reason is the presence 
of AGs. Despite AGs are abundant in the SSS, giant 
AGs are found in the TS; thus, eddy current effects of 
giant AGs can be more prominent [22, 29].

The FDs were in the non-dominant or co-dominant 
TSs. No FD was found in the dominant TS. Since the 
non-dominant sinus percentage was higher on the 
left side, the frequency of FDs was higher on the left 
side too (right 40.4%, left 59.6%). To conclude, a FD 
in the dominant sinus should be primarily interpreted 
as thrombosis in PC studies. Physio pathologically, in 
recessive sinuses, eddy currents are sharper. When the 
diameter of the sinus is narrow, the number of spins 
per unit area decreases. The space-occupying effects 
of AGs become more pronounced.  

The FD rates with TOF technique that were found 
by Ayanzen et al. [4], Alper et al. [2] and Ahmet et 
al. [1] are 31%, 24% and 10.8%, respectively. In 
our study, the rate that was found is 27%. We can 
say that our FD rates are similar to other TOF and 
PC studies. 

The study has some limitations. The tests have not 
been confirmed with anatomic specimen.

CONCLUSIONS
This study is the first to assess the performance 

of PC technique by using normal anatomic and 
variations data. It is also the first time that domi-
nances were correlated for explaining embryologic 
movements during the development of this region. 
Our results showed that the right vessel group was 
mostly dominant and found statistically significant 
correlations between the dominances of TS, SS and 
JV originating from different embryological buds. 
Left ACV regression also affects the posterior plexus 
during superior vena cava’s embryological develop-

ment at right. Our article supports this embryological 
theorem. The visualization degree of major veins in 
PC were sufficient but it was inadequate for deter-
mining some vessels like ISS (anatomic presence was 
approximately 100%, visualisation was only 41.2%). 
In comparison with our device, low-tesla device’s 
visualisation of vessels is poorer. The higher the 
quality of the device, the higher the visualisation 
rate. FDs observed in the veins normally visualised 
should be primarily considered as thrombosis. For 
the first time, TS’s FDs was evaluated according to 
segments in PC and causes of FD’s were discussed 
based on physiopathology. Indeed, PC creates a high 
proportion of physiological FDs in TS. Results should 
not be trusted, especially if FDs are present in the 
middle part or non-dominant side. In the middle 
segment, defects are primarily related to slow flow 
and AG while eddy current artefacts affected the 
corner parts. TOF and PC are similar to create FDs. 
Let’s remind, the research has been done in normal 
patients and concerns the PC’s ability to demon-
strate normal anatomy and its variations. PC may 
be superior for showing thrombosis because of the 
above mentioned physical rules. This topic will be 
the subject of future research.
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Extracranial guiding structures for navigation 
to specific topographical sectors of the equine 
neopallium: an anatomical investigation 
performing three-dimensional distance 
measurements in adult warm-blooded horses
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Background: This basically anatomical study focuses on two items; firstly, the 
establishment of a system for the cartographic subdivision of the neopallium; 
secondly, the topographical correlation of extracranial landmarks and intracranial 
sites on the neopallium. 
Materials and methods: The surface of the neopallium was subdivided into 
15 sectors with reference to a newly introduced pattern of Primary Sulci. The 
topographical link between extracranial landmarks and certain intracranial sites 
(i.e. neopallium sectors) was elaborated by using a simple stereotactic device and  
a computer-assisted measurement device. Measurements were performed be-
tween points on the head’s outer surface and on the isolated brain. 
Results and Conclusions: The introduction of an anatomical three-dimensional 
coordinate system was an essential key issue for this investigation. This setting 
facilitated the measurements and calculations of the so-called indirect distances 
that were characterised by their alignment along the three orthogonal axes (x, y, z)  
of the anatomical coordinate system. The inter-individual comparison (16 adult 
horses [Equus caballus]) of the indirect distances revealed that each sector centre lay 
within a distinct morphometric residence area. The measured and calculated data 
also showed that each sector centre could be assigned to its proper extracranial 
landmark that — in comparison with other landmarks — was best suited for the 
optimal allocation of the sector centre point. (Folia Morphol 2022; 81, 2: 324–335)

Key words: brain cartography, encephalometry, craniometry, landmark

INTRODUCTION
The equine telencephalon recently attracted major 

scientific attention in veterinary medicine [16, 24, 34]; 
however, stereotactic manoeuvres were performed 
in dogs [30], but not in horses (Equus caballus). Ac-

cordingly, our morphometric study was designed to 
elucidate the topographical relations between ex-
tracranial landmarks and intracranial sites on the ne-
opallium. Previously, the applicability and usefulness 
of such extra-intra measurements and calculations 
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were demonstrated in the field of equine craniometry 
[7] with special emphasis on the so-called indirect 
distances in a three-dimensional coordinate system.

Data from numerous equine craniometric studies 
[7, 10, 18, 19, 22, 25, 26], various imaging procedures 
[2, 12, 16, 32, 33] and some electrophysiological 
approaches [1, 3, 6] are currently available. However, 
they appear limited in their methodical scope be-
cause a topographical link is missing between the two  
subjects of interest, i.e. skull (head surface) and  
brain. Kramer et al. [20] used extracranial landmarks  
for a surgical approach to the brain; Wijnberg  
et al. [35] used extracranial landmarks for the place-
ment of electrodes for electroencephalography, but 
a comprehensive cartographic guideline is still not 
available. 

This may, in part, be due to the lack of a uniform 
reference system for the horse’s head, and — in 
particular — to the very complex and heterogeneous 
surface architecture of the equine neopallium [4, 9, 
24]. The recently elaborated cartographic pattern 
subdividing the surface of the equine neopallium  
[5, 13] was applied in this study as a promising tool 
to combine both, landmarks on the head and distinct 
sites on the brain’s surface, for a comprehensive de-
scription of the topographical extra-intra relations. 
In order to allow the unanimous identification of 
the sulci (i.e. their courses and depths; cartographic 
pattern) the isolation of the brain from the cranial 
cavity was assumed to be indispensable at the present 
early state of this pilot study.

MATERIALS AND METHODS
specimens

The heads of 16 adult warm-blooded horses were 
fixed by perfusion with 10% formalin via the left  
A. carotis communis shortly after euthanasia. The 
horses had been euthanized by medical staff at the 
Clinic for Horses (University of Veterinary Medicine 
Hannover, Hannover, Germany) to be used in the 
dissection courses of the Institute of Anatomy at the 
same university. No animals were exclusively eutha-
nized for this study. All related procedures were car-
ried out in accordance with the German Federal Law, 
i.e. the Protection of Animals Act (Tierschutzgesetz §4, 
§7, §7a) as well as the Directive of the European Parlia-
ment and of the Council for the Protection of Animals 
Used for Experimental and other Scientific Purposes 
(2010/63/EU). The project was reported to and ap-
proved by the Animal Welfare Officer of the University 

of Veterinary Medicine Hannover, Hannover, Germany 
(TVO-2018-V-70 of 4 September 2018). 

Settings

The heads were frozen and longitudinally cut 15 
mm to the right side of the median plane (to avoid 
damage to the left hemisphere). Then, the left half 
was placed on the stereotactic apparatus (the section 
plane lying on a specimen table). A simple stereotactic 
apparatus was built as previously described in detail 
[13]. Briefly, the specimen table was flexibly connected 
with a fixed base plate; hence, it could be lifted and 
adjusted to standardized angles (0 and 90 degrees). It 
also had scaled guide bars (mm units) on its sides and, 
therefore, could be shifted precisely back and forth and 
side to side. Additionally, a drill machine was mounted 
in a stable vertical position above the specimen table 
(wood drill bit with a diameter of 3 mm).

To ensure a uniform positioning of the different 
heads on the specimen table, the establishing of a uni-
form extracranial reference line (like for example the 
Frankfurt line in human medicine) was indispensable. 
Hence, the Hannover line was established: This ran 
along the crista facialis and extended to the head’s 
caudal end. Accordingly, the head was placed in such 
a way that the Hannover line was always parallel to 
the longitudinal margin of the specimen table.

A three-dimensional anatomical coordinate sys-
tem (Fig. 1) was established by using three extracra-
nial reference planes, i.e. firstly, the horizontal plane 
called Hannover plane (at the level of the Hannover 
line); secondly, the transverse plane cutting the fora-
men supraorbitale; thirdly, the median plane. These 
planes were orthogonal, and all met in the so-called 
zero point of the head (ZP) and represented the three 
spatial axes: x, y and z (Fig. 1).

This setting allowed drilling at different angles 
(i.e. 90 degrees in the lateral view and 0 degrees 
in the dorsal view) and at different sites, i.e. at the 
so-called drilling points (D). The drilling points were 
topographically related to palpable anatomical land-
marks, i.e. foramen supraorbitale, crista facialis, arcus 
zygomaticus, margo orbitalis, median plane. Three 
drilling points were placed parallel to the Hannover 
line, three parallel to the median plane (Fig. 2). This 
stereotactic drilling at the selected extracranial drill-
ing points (D) yielded intracranial target points (T) at 
the internal surface of the calvaria and on the brain. 

On the carefully removed brain, the facies convexa 
of the neopallium was subdivided into 15 sectors 
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(Fig. 3), as previously described [5, 13]. The sectors 
were delineated by the primary sulci and by auxiliary 
lines topographically related to the primary sulci. The 
centre of each sector was designated as the sector 
centre point (SCP). Additionally, the rostral pole (RP) 
and the caudal pole (CP) of the neopallium were 
marked (Fig. 3). 

Measurements and calculations

Measurements were performed on the outside 
of the head (craniometry) and — after brain remov-
al from the cranial cavity — on the surface of the 
isolated brain (encephalometry) using the scales of 

the moveable specimen table of the stereotactic ap-
paratus that was shifted in either the longitudinal or 
transversal direction. Measurements on the macer-
ated skulls (craniometry) were performed by using 
the Faro® Fusion measurement device (Faro Europe, 
Stuttgart, GER) together with the operating software 
DELCAM PowerINSPECT (DELCAM, Birmingham, UK) 
as previously described [7, 22, 26].

The measured distances (Table 1) — designated 
as indirect distances — were strictly aligned paral-
lel to the x-, y- and z-axes of the head/skull/brain 
in accordance with the anatomical coordinate sys-
tem (Fig. 1). On the isolated brain, the longitudinal 

Figure 1. Graphical representation of the left half of an equine head. The horizontal Hannover plane (red dashed line) follows the crista facialis. 
The transverse plane (green dashed line) cuts the foramen supraorbitale (green dot); both are orthogonal to the third plane that is the median 
plane. In the median plane, all the three planes meet in the zero point of the head (blue dot). The arrows indicate the directions of the three 
spatial axes (x, y, z) of the anatomical coordinate system.

Figure 2. Sketch of an equine head in lateral and dorsal view. The three reference planes, i.e. Hannover plane (red), transverse plane (green) 
and median plane (blue), meet in the zero point of the head (blue point). The landmarks are osseous points which are easy to identify, and the 
drilling points are deduced from these landmarks. The red dotted lines mark the uniform distances between the respective drilling points and 
the reference planes.



327

F. Heun et al., Guiding structures to neopallium sectors

Table 1. Compilation of measured indirect distances between points of interest on the outside of the head and skull (craniometry),  
of measured indirect distances between points on the surface of the isolated brain (encephalometry) and of calculated distances  
between extra- and intracranial points

Measurements on head  
and macerated skull

Measurements  
on isolated neopallium

Calculations  
of extra-intra distances

From – To From – To From – To

L – D T – SCP L – SCP

ZP – L T – RP ZP – SCP

ZP – D T – CP ZP – CP

ZP – RP

L — landmark on head/skull; D — drilling point on head/skull; T — target point on brain; ZP — zero point of head; SCP — sector centre point on neopallium; RP — rostral pole of neopal-
lium; CP — caudal pole of neopallium

Figure 3. Graphical representation of 15 sectors (I–XV) of the equine neopallium. A. Lateral view (90° angle); B. Dorsal view (0° angle). The 
numbering of the sectors starts rostral and caudal to the fissura sylvia (sectors I and II) and then continues in a bow-like order in topograph-
ical relation to the primary sulci. The sectors are delineated by the primary sulci (colour-coded in accordance with Lang et al. [24]) and by 
auxiliary lines (grey). The auxiliary lines are related to standard orientation points (1–6, black) defined as follows: (1) the rostral point on the 
sulcus presylvius/sulcus coronalis; (2) the dorsal end of the fissura sylvia; (3) the most medial point on the sulcus coronalis/sulcus supra-
sylvius; (4) the intersection of the sulcus suprasylvius and the sulcus obliquus; (5) the rostral end of the sulcus ectomarginalis; (6) the point 
on the sulcus ectomarginalis halfway between point (5) and the caudal pole of neopallium. The rostral pole (RP) and caudal pole (CP) of the 
neopallium and the target points (T) are also marked. Colour-coding of each sulcus (S.): orange — S. presylvius/S. coronalis/S. suprasylvius; 
dark blue — F. sylvia; light blue — S. diagonalis; purple — S. obliquus; pink — S. ectomarginalis; green — S. marginalis; red — S. endo- 
marginalis.

B

A
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axis was recognized by the target points that lay on  
a line parallel to the Hannover line and median plane 
of the head/skull, respectively; the zero point was an 
essential reference point (Fig. 4).

Determining the indirect distances between ex-
tracranial landmarks or the zero point head (ZP) and 

sites on the brain (SCPs) — “extra-intra distances” 
— was performed in three steps:

 — Step 1 (craniometry): the indirect distance be-
tween an extracranial landmark (or the ZP) and 
an extracranial drilling point was measured on the 
skull (Fig. 5, blue arrows);

Figure 4. Graphical representation of the measurement of indirect distances in dorsal view; A. Extracranial measurement between the zero 
point head (ZP) and an extracranial landmark (L) or a drilling point (D); B. Measurement between a target point (T) and a sector centre point 
(SCP) on the neopallium of the isolated brain. The indirect distances indicate how far away one point is from another in the caudal direction 
(x-axis) or in the lateral direction (z-axis). The direction of each indirect distance is aligned with the axes of the coordinate system. A direct 
distance (not shown here) would indicate the shortest, i.e. direct way between two points and, hence, would run obliquely in most cases.

Figure 5. Graphical representation of the three steps for determining the extra-intra distances between extracranial points on the head/skull 
and intracranial sector centre points (SCP) on the brain; lateral view. Even though the encephalometry was performed on the isolated brain, 
the head and the brain were mounted together in this sketch to better visualise the entire procedure. Step 1: The two reference planes (Han-
nover plane [red] and transverse plane [green]) mark the position of the zero point head (ZP). Starting there (or at a landmark [L]), the indirect 
distance to the drilling point (D) was measured extracranially (blue arrows). Step 2: The indirect distance to a selected SCP was measured 
on the isolated brain, starting from the target point (T; identical with D in this lateral view) on the brain (orange arrows). Step 3: The distance 
between the extracranial L or ZP and the SCP on the neopallium was calculated (purple arrows).
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 — Step 2 (encephalometry): the indirect distance 
between a target point on the neopallium and  
a selected SCP was measured on the isolated brain 
(Fig. 5, yellow arrows);

 — Step 3 (calculation): the indirect distance between 
the extracranial landmark (or the ZP) and the SCP 
was calculated by means of simple arithmetic 
addition or subtraction, depending on the topo-
graphical relation (Fig. 5, purple dotted arrows). 
Finally, for the metric and arithmetic data of all 

16 horses (Table 2), the mean values, the standard 
deviations and the differences between the longest 
and shortest indirect distances were calculated using 
Microsoft® Excel® 2016 (Microsoft Corporation, Red-
mond, WA, USA). Diagrams displaying the positions 
of the SCP in the coordinate system were generated 
with Microsoft Excel and subsequently graphical-
ly supplemented (Adobe Photoshop CS6 Extended 
13.0.1; Adobe Systems, San Jose, CA, USA) to high-
light distinct sites (Fig. 6).

RESULTS
All SCP were always located dorsal and caudal to 

the zero point head (ZP), i.e. caudal to the foramen 
supraorbitale and dorsal to the Hannover plane. The 
rostral pole of the neopallium lay on average on the 
same transverse plane as the ZP. In the inter-individual 
comparison, the topographical relations between the 
SCPs of the neopallium and the ZP varied. However, 
a common basic pattern of localisation was obvi-
ous, meaning that each of the 15 SCPs (I-XV) — if 
compared in the 16 horses — had its position within  
a certain limited residence area (Fig. 6; see colour-cod-
ed areas).

These topographical relations between the SCPs 
of the neopallium and the ZP were visualised by using 
the mean values of the respective indirect distances 
mentioned above and by projecting their mean local-
isations onto the surface of the head (Figs. 7, 8). This 
allowed identifying the so-called mean localisation of 
each SCP with reference to the three reference planes.

The values of the indirect distances between ex-
tracranial landmarks and SCPs on the neopallium 
showed inter-individually variable characteristics, de-
pending on the spatial axis and the selected landmark. 
Certain landmarks and the indirect distances related 
to them showed the least inter-individual differences, 
depending on the spatial axis (Table 2) and on the 
selected SCP. Such landmarks, one for each SCP in 
the respective spatial axis, are recommended as the 

guiding structure to the respective SCP. With refer-
ence to these guiding structures, each SCP could be 
located in an area smaller than 23 mm in diameter. 
The calculated indirect distances between landmarks 
and the SCPs other than those listed in Table 2 showed 
more inter-individual differences; these data (not 
listed here) are available on request. 

Considering the longitudinal axis (Table 2), one 
landmark, i.e. the most dorsal and caudal point on 
the arcus zygomaticus, is particularly recommended 
to be used as the most suitable guiding structure to 
SCP I and all subsequent caudal SCPs. As for SCPs 
located further rostrally, other landmarks (Table 2) are 
recommended because the indirect distances starting 
from these landmarks showed smaller inter-individual 
differences. In the vertical axis (Table 2), the porus 
acusticus externus is particularly recommended for 
most of the ventral, dorsal and laterocaudal SCPs be-
cause the indirect distances related to these showed 
the least inter-individual differences. In contrast, the 
most ventral point on the margo orbitalis is recom-
mended as the guiding structure for lateral SCPs 
(Table 2). The median plane was a suitable guiding 
structure for the indirect distances in the transversal 
direction (z-axis; Table 2). However, the foramen su-
praorbitale is also recommended, e.g. as the guiding 
structure to the SCPs near the fissura sylvia (Table 2). 

DISCUSSION
Measurements and calculations of distances be-

tween extracranial landmarks and specific sites on 
the brain require appropriate anatomical reference 
systems in combination with an adequate stereotac-
tic device to facilitate, firstly, the standardized and 
reproducible placement and probing/drilling on the 
head and, secondly, the reproducible placement of 
the isolated brain for the purpose of measurements 
on the neopallium.

The stereotactic apparatus used in this study dif-
fered from those that had been applied previously 
on pigs [27], cattle [21] or dogs [17, 30]. In those 
settings, a frame was attached to the intact head 
and the drill bit or probe was movably attached to 
it. Our setting was simpler and yet effective because 
it overcame the initial challenge in terms of uni-
form specimen positioning by using heads cut in 
the paramedian plane. This had several advantages. 
Firstly, it allowed removal of the brain (for separate 
measurements); secondly, it allowed adjusting of 
the median plane of the stereotactic system (i.e. the 
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Table 2. Compilation of selected indirect distances between an extracranial landmark and a sector centre point (SCP, I–XV) of the neo-
pallium or the rostral/caudal pole of the neopallium (RP, CP) in a longitudinal (x-axis), vertical (y-axis) and transverse (z-axis) direction. 
Considering each SCP, the indirect distance that showed the least differences in the inter-individual comparison of the 16 horses is 
listed. The difference between the maximum and minimum value of the indirect distance represents the diameter of the morphometric 
residence area of the respective SCP. A negative sign indicates that the SCP lies rostral (x-axis), ventral (y-axis) or medial (z-axis) of 
the extracranial landmark

Extracranial landmark SCP M [mm] SD [mm] Max–Min [mm]

Indirect distances along the longitudinal axis (x-axis)

Caudodorsal point on arcus zygomaticus I –47 5 14

Caudodorsal point on arcus zygomaticus II –29 5 16

Porus acusticus externus III –75 4 13

Most rostral point on margo orbitalis IV 95 5 15

Caudodorsal point on arcus zygomaticus V –32 4 15

Caudodorsal point on arcus zygomaticus VI –18 5 15

Caudodorsal point on arcus zygomaticus VII –11 5 18

Caudodorsal point on arcus zygomaticus VIII 9 6 19

Most rostral point on margo orbitalis IX 80 4 14

Most ventral point on margo orbitalis X 47 6 22

Porus acusticus externus XI –38 5 14

Caudodorsal point on arcus zygomaticus XII –3 5 16

Caudodorsal point on arcus zygomaticus XIII 17 4 15

Caudodorsal point on arcus zygomaticus XIV 1 5 18

Caudodorsal point on arcus zygomaticus XV 23 4 14

Porus acusticus externus RP –102 5 18

Caudodorsal point on arcus zygomaticus CP 35 4 13

Indirect distances along the vertical axis (y-axis)

Most ventral point on margo orbitalis I 25 6 17

Porus acusticus externus II 30 5 15

Foramen supraorbitale III –43 6 18

Most ventral point on margo orbitalis IV 51 6 18

Porus acusticus externus V 63 5 17

Porus acusticus externus VI 49 4 17

Most ventral point on margo orbitalis VII 9 6 18

Porus acusticus externus VIII 24 5 21

Most ventral point on margo orbitalis IX 13 7 22

Foramen supraorbitale X –10 5 15

Porus acusticus externus XI 73 4 14

Porus acusticus externus XII 58 6 22

Most caudal point on arcus zygomaticus XIII 11 6 22

Porus acusticus externus XIV 65 5 18

Porus acusticus externus XV 53 5 16

Porus acusticus externus RP 38 5 13

Porus acusticus externus CP 36 4 14

Indirect distances along the transverse axis (z-axis)

Foramen supraorbitale I –33 4 12

Foramen supraorbitale II –27 5 14

Median plane III 40 6 18

Most dorsal point on arcus zygomaticus IV –50 4 13
Æ
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Table 2 (cont.). Compilation of selected indirect distances between an extracranial landmark and a sector centre point (SCP, I–XV) of 
the neopallium or the rostral/caudal pole of the neopallium (RP, CP) in a longitudinal (x-axis), vertical (y-axis) and transverse (z-axis) 
direction. Considering each SCP, the indirect distance that showed the least differences in the inter-individual comparison of the  
16 horses is listed. The difference between the maximum and minimum value of the indirect distance represents the diameter of the 
morphometric residence area of the respective SCP. A negative sign indicates that the SCP lies rostral (x-axis), ventral (y-axis) or  
medial (z-axis) of the extracranial landmark

Extracranial landmark SCP M [mm] SD [mm] Max–Min [mm]

Foramen supraorbitale V –41 4 11

Caudodorsal point on arcus zygomaticus VI –30 4 14

Median plane VII 56 4 14

Median plane VIII 49 4 14

Median plane IX 34 3 12

Median plane X 13 3 13

Median plane XI 17 3 12

Median plane XII 36 4 14

Median plane XIII 40 3 11

Median plane XIV 17 4 14

Caudodorsal point on arcus zygomaticus XV –60 4 13

Median plane RP 18 4 14

Caudodorsal point on arcus zygomaticus CP –62 5 15

N = 16; M — mean; SD — standard deviation; Max–Min — difference between longest and shortest indirect distance

Figure 6. Localisation of the sector centre points (SCP) of the neopallium of 16 horses in a synoptic graphical representation to display their 
topographical relations to the zero point head (ZP, blue dot) in a lateral view and dorsal view (scale: mm). The Hannover plane (red, dashed 
line) the transverse plane (green, dashed) and the median plane (blue, dashed) correspond with the axes of the anatomical coordinate system 
and they meet in the ZP; the ZP of all 16 horses are superimposed to establish a uniform reference point in this synopsis. Starting from this 
point, the SCPs (I–XV) and the rostral pole (RP) and caudal pole (CP) were then positioned to scale according to their indirect distances (the 
diagram was created with MS Excel and modified with Adobe Photoshop). The outlines of the coloured fields express the positional variations 
in the SCPs (coloured triangles) in the inter-individual comparison of the 16 horses (residence areas).
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specimen table) with the paramedian plane of the 
specimen (i.e. the cutting surface of the head and 
brain); thirdly, it allowed adjusting the specimens 
along the table’s scaled margins that represented the 
x-axis and y-axis of the stereotactic and anatomical 
coordinate system. Head and brain, though separated 
from each other, bore identical marks (i.e. external 
drilling points and target points on the neopallium), 
which were identically aligned along the Hannover 
plane and the median plane [13], i.e. two of the three 
reference planes.

The three established orthogonal planes formed 
the basis for the three-dimensional-navigation, for the 
measurements of the horse’s head and brain, and for 
the distance calculations. In human medicine, simi-
lar patient-related coordinate systems and reference 
planes (like the Frankfurt plane) are commonly used 
in imaging or surgery [14, 29].

Previous systems for orientation appeared less 
suitable for this study because they referred to two 
planes only instead of three [31] or were only used 
for the examination of the brain [16], i.e. without 
reference to extracranial landmarks. 

The zero point of the head (ZP) within our ana-
tomical coordinate system was a valuable morpho-
metric feature as it could be easily projected onto 
the surface of the head in the lateral and in the 
dorsal view. Previously, such central reference points 
had been used in equine craniometry [11]; however, 

Figure 8. Graphical projection of the mean localisations of the 
sector centre points (SCPs, I–XV) of the left neopallium onto the 
head surface in a dorsal view. Two of the three standard reference 
planes (median plane [blue] and transverse plane [green]) and the 
zero point head (blue dot) were used as reference points for the 
projection onto the head surface. Using the positions of the individ-
ual SCPs of all 16 horses, the mean localisation of each SCP was 
calculated and projected onto the head surface and drawn to scale; 
RP — rostral pole; CP — caudal pole of the neopallium.

Figure 7. Graphical projection of the mean localisations of the sector centre points (SCPs, I–XV) of the left neopallium onto the head surface 
in a lateral view. Two of the three standard reference planes (Hannover plane [red] and transverse plane [green]) and the zero point head (blue 
dot) were used as reference points for the projection onto the head surface. Using the positions of the individual SCPs of all 16 horses, the 
mean localisation of each SCP was calculated and projected onto the head surface and drawn to scale; RP — rostral pole; CP — caudal pole 
of the neopallium.



333

F. Heun et al., Guiding structures to neopallium sectors

to calculate virtually instead of physically palpable 
points and — as such — were not suitable to serve 
as anatomical guiding structure. The position of the 
ZP was deduced from the combination of the three 
designated orthogonal standard planes and, hence, 
could be regarded as a proportional parameter that 
partially adjusted imbalances related to individual 
variations in size and shape of the head and brain.

The distinct, appropriately narrow allocation and 
designation of sites on the neopallium was challenged 
by the complex gyration pattern, which is known 
to be extremely heterogeneous in the equine brain  
[9, 23, 24]. The subdivision of the facies convexa into 
15 sectors, in accordance with the recently introduced 
cartographic mapping system [5, 13], was the key el-
ement for the objective and reproducible orientation 
on the neopallium. Hence, the use of isolated brain 
specimens for the unanimous determination of these 
sectors was regarded as an indispensable technical 
prerequisite; this method was preferred instead of 
computer tomography and/or magnetic resonance 
imaging at this initial state of our study. Such imaging 
procedures are of course in the scope of future investi-
gations now that the basic topographic extra-intra rela-
tions (skull vs. brain) and the neopallium’s cartographic 
pattern (sectors) have been principally elucidated.

The morphometric procedure applied here high-
lighted the topography of the equine brain in situ be- 
cause, for the first time, extracranial landmarks were 
topographically linked to selected cerebral surface 
structures in horses (extra-intra calculations/measure- 
ments). The immanent biological variability of both, 
skull and neopallium [24], commonly influences 
the results of any morphometric procedure. To ex-
clude growth-related differences, only adult horses  
(> 5 years) were used in this study, bearing in mind 
that age-related differences in equine skulls have not 
been detected in horses older than 5 years [7]. In terms 
of this, our pool of specimens (adult, warm-blooded 
horses) was homogeneous.

Considering that morphometric data of two bi-
ologically variable systems (skull and neopallium) 
were linked in this study, one could not expect to find  
a certain SCP in the precisely identical spot in different 
horses. Yet, the comparison of data revealed that each 
SCP was localised in a limited space, i.e. the residence 
area. This finding is in line with general morphometric 
principles that apply in a three-dimensional system  
[7, 26]. Consequently, the residence area is regarded 
as a valuable descriptive tool of allocation of the SCPs.

Several extracranial landmarks on the equine head 
had been recommended [7, 20, 28, 36] and were ex-
amined in this study. However, our data emphasized 
that one particular landmark is not equally suitable 
for all sites on the neopallium in general. Rather, the 
choice of a distinct, specific landmark (i.e. the guiding 
structure) is recommended for the most precise nav-
igation to the requested target site (SCP): the lists of 
selected data of indirect distances presented here and 
in the much more comprehensive data set including 
direct distances [13] are also proposed to be used 
as manuals of reference, indicating the appropriate 
guiding structure for accurate manoeuvres to an SCP.

The cartographic system of sectors [5, 13] is em-
phasized as a useful supplementary means for the 
distinct descriptive allocation of investigated sites 
in the case that certain techniques like, e.g. previ-
ously performed diagnostic electroencephalograph-
ic procedures [36], imaging studies [16] or surgery 
[20] should be further developed and elaborated 
for the application in horses. For example, the area 
that was electrophysiologically [3, 6] or histologically  
[8, 15] identified as the motor cortex is very likely to 
be partially located in sector XI of the neopallium.

CONCLUSIONS
The elaborated map of standardised sectors on 

the neopallium was an effective tool to overcome 
the orientation problems caused by the heteroge-
neous surface architecture of the equine brain. The 
proposed sectors were adequately small enough to 
perform the distinct and unanimous allocation and 
designation of targeted sites on the brain. The coor-
dinate system specifically elaborated for the equine 
head facilitated the topographical, metric linkage of 
extracranial, palpable landmarks and the neopalli-
um’s surface sectors. The choice of the appropriate 
landmarks on the head’s outer surface enabled the 
reproducible navigation towards the different sec-
tors. The presented anatomical data are supposed to 
represent a substantially sound basis for studies by 
means of diagnostic imaging systems like computed 
tomography or magnetic resonance imaging.
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Background: In the case of long-term and physiological loads (e.g. during preg-
nancy or regular athletics training), reversible morphological changes occur in the 
heart — cardiomyocytes undergo hypertrophy; however, this is not accompanied 
by impairment of left ventricular function or myocyte metabolism. However, in the 
course of various pathological processes, as time goes by, gradually permanent 
morphological changes occur. These changes are referred to as remodelling of 
the heart muscle, which, regardless of the primary cause, can lead to the devel-
opment of chronic heart failure. 
Materials and methods: The study was performed on post-mortem material of 
35 human hearts obtained from forensic sections and anatomopathological sec-
tions of people who died of non-cardiac causes (mainly traffic accidents, suicide 
attempts, strokes, acute infections); material was fixed in a 4% formalin solution. 
The hearts were subjected to macro- and microscopic assessment. During micro-
scopic assessment the features of remodelling were evaluated.
Results and Conclusions: In vivo and echocardiographic tests, as well as macro-
scopic evaluation of post-mortem material, suggest the presence of some kind of 
right ventricular muscle remodelling; however, classic microscopic observations, 
presented in this study, do not provide such unambiguous evidence. Thus, the 
question arises: why and how the right ventricular function is disturbed, sometimes 
at early stages of arterial hypertension. (Folia Morphol 2022; 81, 2: 336–342)

Key words: heart, human, changes, hypertensive

INTRODUCTION
Various pathological factors, both external and 

intracardiac, can negatively affect the effectiveness of 
the heart. In return, the organ reacts to these factors 
by changes in its structure and function, which are 
aimed at ensuring efficient work in altered, some-
times adverse conditions. In the time of well-being, 
the heart has a wide range of compensation mecha-
nisms. In the case of short-term physiological loads, 

the heart muscle mainly uses the mechanisms of:  
a) homeometric regulation — an increase in con-
tractility without changing the sarcomere length 
(Anrep effect) and an increase in contractility with 
an increase in heart rate (Bowditch effect) [1];  
b) heterometric regulation — an increase in contrac-
tility associated with an increase in the length of sar-
comeres (Frank-Starling law) [14]. In the case of long-
term and physiological loads (e.g. during pregnancy 
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or regular athletics training), reversible morphological 
changes also occur in the heart — cardiomyocytes 
undergo hypertrophy: however, this is not accompa-
nied by impairment of left ventricular (LV) function or 
myocyte metabolism [7, 12, 20]. In the course of var-
ious pathological processes, as time passes, the basic 
compensatory mechanisms become exhausted, and 
gradually lead to permanent morphological changes 
[4, 10, 27]. Within the myocardium, the proportions 
and correlation between myocytes, fibroblasts and 
endothelial cells are disturbed. In the literature, the 
above changes are referred to as remodelling of the 
LV heart muscle, which, regardless of the primary 
cause (hypertension, hypertrophic cardiomyopathy, 
valvular heart disease, ischaemic disease, etc.), can lead 
to the development of chronic heart failure, or right 
ventricular (RV) hypertrophy with all its adverse con-
sequences when appropriate factors affect right ven-
tricle by causing pulmonary hypertension (e.g. chronic 
obstructive pulmonary disease, idiopathic pulmonary 
hypertension, chronic thromboembolic pulmonary hy-
pertension, mitral valve insufficiency, etc.). 

Due to the increasing prevalence of hypertension 
in overall population, this group of patients (almost 60% 
of the population > 59 years of age) is particularly at 
risk. Additionally, if we take into account the fact that 
only about 26% of treated patients manage to achieve 
the intended therapeutic effect, it is not surprising that 
hypertension and its complications, as a basic risk factor 
for the development of cardiovascular diseases and 
acute incidents, is — indirectly — the main cause of 
death in developed countries. Most of the available 
scientific studies assessing remodelling of the heart 
are focused on morphological changes within the left 
ventricle, which is directly affected by the pathological 
triggers of this remodelling, e.g. hypertension or car-
diomyopathy, which apparently lead to asymmetrical 
hypertrophy of its walls (interventricular septal wall 
in comparison to the inferior wall) [19]. Similarly the 
right ventricle becomes a target of remodelling during 
pulmonary hypertension of different origins.

Right ventricular hypertrophy due to pulmonary 
hypertension has got higher attention of the scientists 
since last few years. However little do we know about 
already observed, but still sparsely described phenom-
enon of “cross-remodelling”, in this case, within the 
right ventricle during arterial hypertension [9].

In this study, looking for anatomical exponents of 
myocardial remodelling within the RV musculature in 
people with hypertension, we have set ourselves the 

goal of answering the question whether myocardial 
remodelling may also involve structures that are not 
directly affected by the causative agent.

MATERIALS AND METHODS
The material for this study consisted of 35 human 

hearts from forensic sections and anatomopatholog-
ical sections of people who died of non-cardiac caus-
es (e.g. traffic accidents, suicide attempts, strokes, 
acute infections). All hearts were instantly fixed in  
a solution of formalin and ethanol. The control group 
(CG) consisted of 13 hearts (6 female [F]/7 male [M]; 
weight (mean ± standard deviation [SD]): 317.7 ±  
± 35.15 g; age (average ± SD): 50.9 ± 16.8 years) from  
persons in whom no cardiovascular disease has been 
diagnosed in vivo and no obvious pathological chang-
es were found in post-mortem assessment. The study 
group (SG) consisted of 22 hearts (10 F/12 M; weight 
[mean ± SD]: 533.2 ± 68.34 g; age [average ± SD]: 
51.7 ± 16.8 years) from people with a history of ar-
terial hypertension and LV hypertrophy found during 
anatomopathological examination. The protocol was 
approved by the Independent Bioethics Commission 
for Research of the Medical University of Gdansk 
(consent no. NKBBN/165/2018 dated 12 April 2018).

The material was subjected to macro- and mi-
croscopic assessment. The right ventricle cavity was 
opened with a long axis cut along the acute margin 
from the tricuspid ring to the apex of the right ven-
tricle. Similarly, the left ventricle cavity was opened 
with a cut along the oblique margin. In addition, the 
interventricular septum (IVS) was dissected along the 
long axis, in its frontal plane, in its mid-antero-posterior 
dimension (Fig. 1). After opening the hearts, the ven-

Figure 1. The scheme of heart opening cut (dashed line) and heart 
walls cuts for measurements (dashed-dot lines).
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tricular septum was divided into four equal sections, 
thus determining three levels: A, B and C. At these 
levels, halfway between the acute margin and the 
septum (RV) and between the oblique margin and the 
septum (LV) incisions of the heart walls were made and 
the thickness of both RV walls, LV inferior wall and IVS 
were measured. The measurements were designated 
as dimensions A, B and C, respectively (Fig. 2).

The specimens for microscopic assessment were 
taken from: RV posterior wall (1 × 1 cm), IVS (covering 
the entire IVS section) and a fragment from the LV 
inferior wall (1 × 1 cm). Seven hearts were randomly 
selected for this stage of the study from each group 
(the control group and the study group). In order to 
reveal various types of tissue within the heart wall, 
the preparations were subjected to Masson staining 
with Goldner modification, which allows simultaneous 
assessment of connective, adipose tissues, and myo-
cardial muscle cells. The preparations were evaluated 
in the Opta-Tech MN 800 light microscope (Opta-Tech, 
Poland), with Moticam 2000 2.0M camera (Motic In-
corporation Ltd., Hong Kong) and Leica MZ8/MPS60 
(Leica Microsystems Ltd., Switzerland) photographic 
adapter with the use of Motic Images Plus 2.0 software 
(version 2.0 2006 Motic China Group Co., Ltd.)

During microscopic assessment the following fea-
tures were evaluated: 1) cardiomyocyte thickness,  
2) infiltration of the muscular layer of the heart wall by  
adipose tissue, which penetrates between the muscle 
fibre strands, thus separating them from each other 
(Fig. 3), 3) disturbance of the proportion between 
the amount of muscle tissue and connective tissue, 
occurring in the form of clusters; its excessive growth 
is referred to as interstitial myocardial fibrosis (Fig. 4).

statistical analysis

Statistical analysis was performed using Fisher’s 
test and Student’s t-test for mean of small samples. 

Figure 2. Opened heart and incisions of the walls to take measure-
ments; LV — left ventricle, RV — right ventricle; IVS — interven-
tricular septum; TVL — tricuspid valve leaflet; A, B, C — measure-
ments of heart walls thickness at appropriate levels.

Figure 3. Right ventricle myocardium infiltration by adipose tissue 
(arrows) (male l.71; Mason-Goldner staining; 62.5×).

Figure 4. Interstitial fibrosis (arrows) of interventricular septum 
myocardium (male l.71; Mason-Goldner staining; 62.5×).
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The significance of differences between the results 
obtained from the qualitative observations of micro-
scopic changes was confirmed using the non-para-
metric Mann-Whitney U test for two independent 
groups. P values < 0.05 were considered statistically 
significant. The software used to perform analyses 
was Statistica 9.0 package from StatSoft.

RESULTS
Macroscopic evaluation
Inferior wall of the left ventricle

Individual dimensions of the inferior wall of the left 
ventricle, which is the target of systemic hypertension, 
in SG hearts were significantly larger than those of CG. 
It is noteworthy that these differences were larger re-
lated to dimensions A and B, and slightly smaller (but 
still statistically significant) for dimension C. At level A,  
the thickness of the LV inferior wall in CG hearts 
was on average 10.28 ± 1.24 mm, while in hearts 
with hypertrophy this average was 14.26 ± 2.35 mm  
(p < 0.000003). Dimension B averaged 10.01 ±  
± 0.95 mm in CG and 13.27 ± 2.06 mm in SG  
(p < 0.00001). Dimension C was 8.71 ± 1.20 mm in CG 
and 10.34 ± 2.40 mm in SG (p < 0.05), respectively.

As the effect of the above changes, also the differ-
ence in proportions between individual dimensions of 
the LV inferior wall was noticeable. While there were 
no differences between the two groups in the A/B and 
B/C ratios, in hearts with hypertrophy the A/C ratio 
was significantly higher (p < 0.05) than in CG. This 
implies a greater disproportion between dimensions 
A and C in SG (Table 1).

Assessing the shape of the cross-sectional plane along 
the long axis of the LV inferior wall, some differences in 
the geometry of this cross-section were observed. Name-
ly, in CG dimensions A and B were similar and dominated 
over dimension C, which meant that in this group of 
hearts the cross-section of the LV inferior wall between 
the levels of the valve attachment (A) and the base of 
the papillary muscle (B) had a rectangular shape, and 
below it, towards the apex of left ventricle, it gradually 
decreased, giving the last segment a trapezoidal shape. 
In SG, on the other hand, the highest thickness occurred 
at level A, and then downwards gradually decreased. 
Therefore, the whole cross-section of the inferior wall 
assumed the shape of an inverted trapezoid (Table 2).

Interventricular septum 

Same as the LV inferior wall, in terms of individ-
ual dimensions A, B and C, the thickness of IVS of 

hearts from the SG was significantly greater than that 
of CG hearts. The average dimension A in CG was  
10.6 ± 1.20 mm, while in SG it was 13.4 ± 2.15 mm  
(p = 0.0001). Dimension B was 11.6 ± 1.18 mm and 
15.93 ± 2.52 mm in groups CG and SG, respectively 
(p < 0.0001). Dimension C averaged 9.91 ± 1.52 mm  
in CG, and 12.25 ± 2.67 mm in SG (p = 0.006).

However, despite such a significant differentiation 
between individual dimensions in both groups, the 
comparison of ratios of these dimensions (A/B, B/C, 
A/C) did not show statistically significant deviations. 
It seems that hypertrophy of the heart muscle within 
the septum occurs evenly at all its levels, leading to  
a proportional increase in all measured IVS dimen-
sions (Table 3).

Anterior wall of the right ventricle

As in the case of the in LV inferior wall, significant 
differences in the thickness of the muscle between 
both groups were also observed within the anteri-
or wall of the right ventricle. The RV anterior wall  

Table 1. Comparison of the ratios of the individual dimensions 
of the inferior wall of the left ventricle in the hearts of control 
group (CG) and study group (SG)

A/B B/C A/C

CG 1.031 1.162 1.199

SG 1.044 1.467 1.521

p 0.28 0.11 0.047

A/B, B/C, A/C — relations of the individual dimensions, p — level of statistical significance

Table 2. Schematic representation of the shape of longitudinal 
section of each of the walls of the heart in control group (CG) 
and study group (SG)

IVS RV anterior 
wall

RV posterior 
wall

LV inferior  
wall

CG

SG

IVS — interventricular septum, RV — right ventricle, LV — left ventricle, CG — control 
group, SG — study group, A, B, C — levels at which the thickness of the myocardium 
has been measured
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average thickness at level A was 4.35 ± 0.63 mm in 
CG, while in SG 5.35 ± 1.00 mm (p < 0.001). The 
average dimension B was 3.18 ± 0.72 mm in CG 
and 4.19 ± 1.16 mm in SG (p < 0.005). Dimension 
C, measured near the apex of the right ventricle, was 
on average 2.37 ± 0.40 mm and 3.20 ± 1.20 mm in 
CG and SG, respectively (p <0.05).

No statistically significant differences were noted 
between the two groups assessing the proportions 
between individual dimensions (Table 4).

The thickness of the anterior wall at individual 
levels was typical in all hearts with the largest dimen-
sion A, intermediate B and the smallest dimension C. 
Therefore, the longitudinal section through this wall 
gives the shape of a triangle, with the base pointing 
towards the base of the heart, and the top pointing 
towards the apex of the right ventricle. This image 
was the same for both groups of hearts (Table 2).

Posterior wall of the right ventricle

Within the RV posterior wall, statistically signif-
icant differences were also noted for individual di-
mensions A, B and C. The average dimension A in 
CG was 4.27 ± 0.89 mm, while in SG it was 5.11 ±  
± 1.28 mm (p < 0.05). Dimension B was 3.93 ± 0.69 
mm and 4.73 ± 1.17 mm, in CG and SG, respectively 
(p < 0.05). In CG the dimension C averaged 2.68 ± 
± 0.81 mm, and in SG 3.38 ± 1.18 mm (p < 0.05).

Again, despite the differences observed, compar-
ing the ratios of these dimensions (A/B, B/C, A/C) in 
both groups did not reveal any statistically significant 
deviations (Table 5).

The posterior wall of the right ventricle in its lon-
gitudinal section had, like the RV anterior wall, the 
shape of an inverted triangle, resulting directly from 
its dimensions and their proportions (Table 2).

Microscopic evaluation

In the CG, the average thickness of cardiomyo-
cytes within the RV and LV free walls as well as IVS 
was 10 µm. In 1 (14.3%) case, fat infiltration into the 
muscular layer of the RV wall was observed. This phe-
nomenon did not occur in the remaining examined 
walls of this heart, nor in any of the walls of other 
hearts in this group (Fig. 5). Also in 1 (14.3%) case 
(same heart), interstitial fibrosis was noted, which was 
present in all its walls (RV, LV and IVS). Other hearts 
in this group did not show this pathology. In the vast 
majority of cases, the muscle fibre arrangement was 
regular. Only in 3 hearts (2 hearts — RV wall, 1 heart 

Table 3. Comparison of the ratios of the individual dimensions 
of the interventricular septum in the hearts of control group 
(CG) and study group (SG)

A/B B/C A/C

CG 0.917 1.192 1.093

SG 0.843 1.260 1.066

p 0.09 0.07 0.68

A/B, B/C, A/C — relations of the individual dimensions; p — level of statistical significance

Table 4. Comparison of the ratios of the individual dimensions 
of the anterior wall of the right ventricle in the hearts of control 
group (CG) and study group (SG)

A/B B/C A/C

CG 1.406 1.360 1.866

SG 1.274 1.351 1.761

p 0.62 0.97 0.97

A/B, B/C, A/C — relations of the individual dimensions; p — level of statistical significance

Table 5. Comparison of the ratios of the individual dimensions 
of the posterior wall of the right ventricle in the hearts of con-
trol group (CG) and study group (SG)

A/B B/C A/C

CG 1.097 1.514 1.676

SG 1.142 1.384 1.462

p 0.76 0.94 0.72

A/B, B/C, A/C — relations of the individual dimensions; p — level of statistical significance

Figure 5. Microscopic view of a healthy myocardium of interven-
tricular septum (male l.24; Mason-Goldner staining; 62.5×).



341

A. Kosiński et al., Arterial hypertension and remodelling of the right ventricle

— IVS; 28.6% and 14.3%, respectively), incidents 
of area-limited disturbance of the cardiomyocytes 
co-axial arrangement could be observed.

In the SG with macroscopic hypertrophy of the heart 
muscle, apart from the assessment of cardiomyocyte 
thickness, the results of microscopic observations did 
not differ much from those obtained in the assessment 
of CG. Within free walls of the RV, in all cases, the aver-
age diameter was 10 µm. Within the remaining cardiac 
walls (IVS and LV), cardiomyocytes most often reached 
a diameter ranging 12–15 µm. In one of the examined 
hearts in SG, the presence of adipose tissue was ob-
served only in the RV musculature (14.3%). The other 
walls of this heart, as well as other walls of remaining 
hearts, did not show the presence of this feature. In-
terstitial fibrosis was observed in the same heart, also 
within RV (14.3%), and in the second heart, only in the 
muscle of the left ventricle (14.3%). The other walls 
in these 2 cases, as well as other hearts, also did not 
show the presence of this feature. Despite the myo-
cardial hypertrophy found at the stage of macroscopic 
examination, microscopic examination did not show 
any disturbance of the spatial arrangement of muscle 
fibres in any of these hearts (Table 6).

DISCUSSION
Remodelling of the heart muscle is a phenomenon 

quite well known and described. The natural course 
and final effect of this remodelling at organ, tissue 
and cellular levels may look different depending on the 
initiating factor. There are many reports focusing on  
a single heart chamber myocardial remodelling, e.g.: 
LV muscle under the influence of ischaemic disease and 
myocardial infarction [8, 21], valvular defects of the left 
arterial and atrioventricular outlet [15], cardiomyopa-
thy [13], arterial hypertension [18]; RV musculature in 
chronic pulmonary hypertension of various aetiologies 
[11] or chronic obstructive pulmonary disease [2].

However, only recent years have resulted in reports 
of researchers who drew attention to the fact that in the 

heart, which is obviously one inseparable whole, there is 
a possibility of adverse phenomena within the myocardial 
cavity seemingly unrelated to a given aggravating factor.

Research conducted by Tadic et al. [23–25] has 
shown a clear correlation between the occurrence 
of arterial hypertension and remodelling of the RV 
muscle, which leads to impairment of its function. 
The above observations were also reflected in the 
work conducted by Cuspidi et al. [5, 6] and other 
researchers [3, 26].

Interestingly, changes indicating this remodelling 
were observed not only in the group of patients with 
arterial hypertension, but also at earlier stages of the 
disease [17], and even in the group of patients with ar-
terial blood pressure classified as “normal high” [16, 22].

The above studies were based on in vivo echocar-
diographic assessment of right ventricle morphology 
and function. Our study seems to partially confirm 
these observations on the sectional material.

It may be argued that statistically significant 
changes in the thickness of the free wall of the right 
heart ventricle do not go hand in hand with evident 
cardiomyocyte hypertrophy. However, if we take into 
account the fact that although the thickness of the 
RV free walls in SG compared to CG was significantly 
greater, it still remained within the accepted echo-
cardiographic norms (up to 5 mm), exceeding them 
only at level A.

It can be suspected that in SG the phenomenon 
occurring in the RV musculature is a result of regu-
latory and/or compensatory processes occurring in 
the myocardium as a whole and may be equivalent 
to physiological hypertrophy observed within the LV 
muscle in conditions of its increased physiological 
load (e.g. practicing sports, pregnancy). This thesis 
is supported by the fact that microscopic examina-
tion revealed no evidence of permanent, irreversible 
remodelling of the RV muscle.

As the authors of this study we are aware of its 
undoubted limitation of the small size of the groups, 

Table 6. Table of microscopic observations — frequency [%] of morphological features of remodelling of the heart muscle in control 
group and study group

Group Adipose tissue infiltrating myocardium [%] Interstitial fibrosis [%] Average myocytes thickness [µm]

RV IVS LV RV IVS LV RV IVS LV

CG 14.3 0 0 14.3 14.3 14.3 10 10 10

SG 14.3 0 0 14.3 0 14.3 10 13.5 14

CG — control group, no hypertrophy; SG — study group, with myocardial hypertrophy; RV — posterior wall of the right ventricle; IVS — interventricular septum; LV — inferior wall of the 
left ventricle
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which limits both the possibility of formulating ful-
ly convincing conclusions and the effectiveness of 
statistical methods. Unfortunately, the selection of 
material originating from people burdened only with 
hypertension (in order to eliminate other known fac-
tors that can lead to muscle remodelling of any of the 
walls of the heart) and who died of non-cardiovascu-
lar causes is an extremely problematic task. Difficul-
ties associated with obtaining this type of selected 
material is extremely difficult and time-consuming 
and affected its limited number. 

CONCLUSIONS
Although in vivo echocardiographic tests as well as 

our macroscopic evaluation of post-mortem material 
suggest such suspicions, based on the results of the 
study (primarily the microscopic observations), it was 
not possible to answer the question of whether the 
RV muscle remodelling is evident during hypertension. 
Instead of a simple, unambiguous answer, the question 
arises: why and how the RV systolic and diastolic func-
tion is disturbed, sometimes at a very early stage of the 
development of arterial hypertensive disease. Confirma-
tion of this requires further research, possibly reaching 
deeper into the ultrastructure of the cardiomyocyte.
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Background: This study was carried out to reveal the coronary venous system 
of the red fox (Vulpes vulpes) heart. The hearts used in the study were obtained 
from six red foxes that were brought to the Kafkas University Wildlife Rescue and 
Rehabilitation Centre after serious injuries due to firearms or traffic accidents and 
could not be saved despite all interventions. 
Materials and methods: Latex was injected from the cranial vena cava and caudal 
vena cava to expose the coronary vasculature. Hearts were photographed after 
dissection. 
Results: It was determined that venous drainage of the red fox heart was pro-
vided by the great cardiac vein, middle cardiac vein, right cardiac veins, and the 
smallest cardiac veins. The strongest of these veins was determined to be the 
paraconal interventricular vein with a diameter of 3.03 ± 0.44 mm. It was de-
termined that the paraconal interventricular vein was accompanied by a strong 
vein with a diameter of 2.09 ± 0.43 mm in five of six fox hearts examined. It was 
observed that left atrial oblique vein participated in the formation of the coronary 
sinus in four hearts, and the great cardiac vein, middle cardiac vein, and the left 
marginal ventricular vein were seen to be drained into the coronary sinus in the 
other two hearts. It was determined that the paraconal interventricular vein and 
middle cardiac vein collected the venous blood of septum interventriculare via 
septal veins in all hearts. 
Conclusions: In this study, the smallest cardiac veins were clearly identified for 
the first time, and the myocardial bridge was revealed in a wild animal for the 
first time. (Folia Morphol 2022; 81, 2: 343–349)
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INTRODUCTION
The red fox (Vulpes vulpes), which is the largest 

member of the true foxes and the most abundant 
wild species of the carnivores, can be found across the 
entire Northern Hemisphere from the Arctic Circle to 
North Africa, North America, and Eurasia. It is listed 

as a least concern species by the International Union 
for Conservation of Nature [15].

The great cardiac vein, the middle cardiac vein, 
the right cardiac veins, and the smallest cardiac veins 
comprise the coronary venous system of the heart, 
which is the centre of circulatory system. The great 
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cardiac vein, which collects the venous blood from 
the auricular surface, reaches the coronary sinus (CS) 
as the paraconal interventricular vein in the paraconal 
interventricular groove and the left circumflex vein in 
the coronary groove [10–12]. The middle cardiac vein 
in the subsinuosal interventricular groove on the atrial 
surface of the heart rises to the base from the apex 
of the heart along with the interventricularis subsinu-
osal artery, and opens to the CS. The CS is dilated 
at the terminal end of the great coronary vein. It is 
approximately 2 cm and 5 to 8 mm in diameter. The 
CS opens into the right atrium ventral to the termi-
nation of the caudal vena cava. The great cardiac vein 
and middle cardiac vein terminate at the CS, which is 
constituted by the great cardiac vein. Although the 
origin of the right cardiac veins varies considerably, 
they usually open directly into the right atrium. The 
smallest cardiac veins are found in all parts of the 
heart, and these veins carry more venous blood to 
the right atrium and the right ventricle [8, 10–12, 17]. 

There have been several studies concerning venous 
circulation of the heart in different animal species 
[4, 9, 14, 23]. However, there have been no studies 
concerning this topic in the red fox. The aim of this 
study was to describe the venous system of the red 
fox heart. We think this first study on the red fox 
heart could be a reference for future anatomical 
studies on the veins of domestic or wild carnivorous 
animal hearts.

MATERIALS AND METHODS
Conditional permission was obtained from the 

Kafkas University Animal Experiments Local Ethics 
Committee (KAU-HADYEK/2018-028, Kars, Turkey) 
to conduct this study. With this conditional permis-
sion, an application was submitted to the Ministry of 
Agriculture and Forestry, General Directorate of Na-
ture Conservation and National Parks. This study was 
approved (21264211-288.04-2575700/05.09.2018). 
Perfusion was performed under general anaesthesia. 
For premedication xylazine (Rompun; Bayer, Istanbul, 
Turkey) was used at a dose of 1 mg/kg. Subsequently, 
10 mg/kg cyclohexanol (Ketalar; Parke-Davis, Istanbul, 
Turkey) were injected to achieve 45 minutes of general 
anaesthesia. The coronary veins of the hearts were 
washed with 0.9% saline, and then coloured-latex 
(ZPK-582-G Educational Scientific Products Ltd. West 
Sussex, UK) was injected via the caudal and cranial 
vena cava [5]. Latex-treated (red fabric dyed latex 
applied to arteries and blue coloured fabric-dyed latex 

to veins) hearts were kept at room temperature for 
1 day and fixed in 10% formaldehyde for 10 days. 
Six red fox hearts (3 female and 3 male) of unknown 
age were used in this study.

 The weight of the foxes ranged 7.35–8.68 kg. The 
hearts were carefully dissected and photographed 
with a Kodak M320 camera. The diameters of all 
vessels were measured from where they originated. 
Electronic digital callipers (BTS, UK) were used to 
measure the hearts’ characteristics. The terminology 
of this study was based on the Nomina Anatomica 
Veterinaria [13].

RESULTS
Length and diameter of the CS were measured as 

21.13 ± 3.55 mm and 4.24 ± 2.41 mm, respectively. 
The great cardiac vein, middle cardiac vein and left 
atrial oblique vein were found to be drained to the CS 
in four hearts. The great cardiac vein, middle cardiac 
vein and left marginal ventricular vein were found 
to be drained to the CS in two hearts, as well (Figs. 
1B; 2B). Furthermore, arteries and veins forming the 
blood circulation of the heart often accompanied 
each other (Fig. 1A, B).

The great cardiac vein was found started as the 
paraconal interventricular vein in the incisura apices 
cordis where paraconal interventricular groove and 
subsinuosal interventricular groove intersected. Di-
ameter of the paraconal interventricular vein in the 
paraconal interventricular groove was 3.03 ± 0.44 mm.  
The paraconal interventricular artery accompa-
nied the great cardiac vein from the starting point  
(Fig. 1A). In all cases, the vein that drains the majority 
of the cardiac vein was the great cardiac vein. The 
great cardiac vein passed over the circumflex branch 
of the left coronary artery in four specimens (Fig. 1A) 
and passed under in two specimens. Five to seven 
collateral branches less than 1 mm in diameter from 
the right ventricle were drained to paraconal inter-
ventricular vein in three hearts (Figs. 1A, 2A, 3B). The 
left proximal collateral vein with a diameter of 1.45 ±  
± 0.60 mm, the left distal collateral vein with a di-
ameter of 1.50 ± 0.51 mm and 5–10 thin collateral 
branches below 1 mm in diameter from the left ven-
tricle were drained to paraconal interventricular vein 
This result showed that paraconal interventricular vein 
collected mostly venous blood from the left ventricle. 
Seven to eleven septal branches were found to be 
drained to paraconal interventricular vein, as well. In 
three of the hearts, a strong vein with a diameter of 
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Figure 1. A. Cardiac veins and arteries in auricular surface of red fox heart; A — left coronary artery; B — paraconal interventricular artery; 
C — paraconal interventricular vein; D — left circumflex vein; E — left circumflex artery; F — left marginal ventricular artery; a — left conal 
vein and artery, b — left proximal ventricular vein and artery, c — left proximal collateral vein and artery, d — left distal collateral vein and 
artery; B. Cardiac veins and arteries in atrial surface of red fox heart; A — cranial vena cava; B — caudal vena cava; C — coronary sinus; 
D — left circumflex artery; E — left marginal ventricular artery; F — left marginal ventricular vein; G — middle cardiac vein, H — subsinuosal 
interventricular artery, a — right proximal collateral vein and artery, b — right distal collateral vein and artery.

Figure 2. A. The great cardiac vein in the red fox; A — left conal vein; B — a strong vein; C — paraconal interventricular vein; D — left 
collateral proximal vein; E — left collateral distal vein; F — left circumflex vein; G — left atrial proximal vein; H — left atrial oblique vein; I — 
angular vein; B. The middle cardiac vein in the red fox; A — left atrial proximal vein; B — left atrial oblique vein; C — branch opens into the 
caudal vena cava; D — left proximal ventricular vein; E — left marginal ventricular vein; F — left distal ventricular vein; H — middle cardiac 
vein; SC — coronary sinus.
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2.09 ± 0.43 mm, which was not mentioned in No-
mina Anatomica Veterinaria [13], which was parallel 
to the paraconal interventricular vein was found. This 
strong vein only collected venous blood from the right 
ventricle. The diameter of paraconal interventricular 

vein decreased to 3.13 ± 0.05 mm in hearts with this 
strong vein (Figs. 2A, 3A, 4B). The great cardiac vein 
continued as a left circumflex vein with a diameter of 
3.51 ± 0.09 mm in the coronary groove and ended 
by draining to the CS. In the coronary groove of the 

Figure 4. A. Myocardial bridge (arrow) on subsinuosal interventricular vein; A — coronary sinus; B — left distal ventricular vein; C — sub-
sinuosal interventricular vein; D — right collateral proximal vein; E — right collateral distal vein; F — right distal ventricular vein; B. Myocar-
dial bridge (arrow) on paraconal interventricular vein; A — left conal vein; B — a strong vein; C — paraconal interventricular vein; D — right 
proximal ventricular vein; E — right collateral proximal vein; F — right collateral distal vein.

Figure 3. A. The right cardiac veins in the right ventricle of red fox heart; A1-2 — left and right conal vein; B — right proximal ventricular vein; 
C — right distal ventricular vein; D, E, F — right marginal ventricular vein; G — paraconal interventricular vein; VD — right ventricle; TP — 
truncus pulmonalis; arrow — anastomosis; B. The smallest cardiac veins (*) in the right ventricle of red fox heart (B); VD — right ventricle.
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left circumflex vein, 1.21 ± 0.12 mm diameter left 
atrial oblique vein and 2–3 atrial branches smaller 
than 1 mm in diameter from the left atrium were 
found to be drained (Fig. 2A, B). In addition, the 
left distal ventricular vein, left marginal ventricular 
vein and left proximal ventricular vein drained to 
left circumflex vein from the upper part of the left 
ventricle (Figs. 1A, B; 2A, B). In only one heart, the 
left marginal ventricular vein and left distal ventricular 
vein were opened with a common root to the left 
circumflex vein. The diameter of the middle cardiac 
vein in this heart decreased to 1.87 mm (Fig. 2B).  
The paraconal interventricular vein was found to be 
anastomosed with right marginal ventricular vein, 
right conal vein, right proximal ventricular vein and 
subsinuosal interventricular vein (Fig. 3A).

The diameter of the left marginal ventricular vein, 
which collects the venous blood of the upper 1/3 of 
the atrial side of the heart, was 1.54 ± 0.35 mm. This 
vein found to be drained to the left circumflex vein 
in two hearts and to the CS in four hearts. The left 
marginal ventricular vein did not make an anastomo-
sis with either the great cardiac vein or the middle 
cardiac vein (Figs. 1B, 2B). 

The angular vein, which carries venous blood from 
the proximal part of the left ventricle, was joined at 
the point where the paraconal interventricular vein 
passes into the left circumflex vein (Fig. 3A). Angular 
vein was absent in two hearts (Fig. 1A).

The middle cardiac vein was determined to be 
drained to the CS by collecting venous blood from 
the right ventricle, left ventricle and interventricular 
septum of the hearts. The middle cardiac vein start-
ed as the subsinuosal interventricular vein in the 
subsinuosal interventricular groove and its diameter 
was 2.09 ± 1.12 mm. The artery of the same name 
accompanied the subsinuosal interventricular vein 
in the groove (Figs. 1B, 2B). The middle cardiac vein 
was a smaller vein than the great cardiac vein due 
to the small number of collateral and septal veins 
pouring into the middle cardiac vein and their small 
diameters. The diameters of the right distal collateral 
vein and the right distal collateral vein that drained 
the subsinuosal interventricular vein were measured 
as 1.30 ± 0.28 mm and 1.42 ± 0.38 mm, respectively 
(Figs. 1B, 2B). 

The right cardiac veins was found consisted of 
the right distal ventricular vein, the right marginal 
ventricular vein, the right proximal ventricular vein, 
and the right conal vein and drained the venous blood 

of upper 2/3 of the right ventricle to the right atrium. 
The right and left conal veins made anastomosis in 
all hearts. In three hearts, right marginal ventricular 
vein was found to be anastomosed with paraconal 
interventricular vein (Fig. 3A). Among the right car-
diac veins, the longest branch was right marginal 
ventricular vein and the thickest branch was right 
proximal ventricular vein (Fig. 3A).

Although different sizes of the smallest cardiac 
veins were detected in the right ventricle and right 
atrium of the fox hearts, these small veins were not 
found in other parts of the heart (Fig. 3B). Myocar-
dial bridges were detected, one on the paraconal 
interventricular vein and the other on the subsinuosal 
interventricular vein (Fig. 4A, B).

DISCUSSION 
Although there are several studies [2, 3, 16, 19] 

on the venous systems of the domestic carnivorous 
animals’ hearts, there is only one study on the wild 
animals [18], which is built on the macroanatomical 
features of a tiger heart that died in a local ZOO. For 
the first time, with this study, the veins of the red fox 
heart were examined extensively.

We determined that the venous drainage of the 
red fox heart was provided by the great cardiac vein, 
the middle cardiac vein, the right cardiac veins, and 
the smallest cardiac veins. These findings are similar 
to those reported in Van cats [2], domestic cats [3], 
and dogs [19].

A study conducted by Piffer et al. [19] in adult 
dogs shows that the CS is mostly a continuation of 
the great cardiac vein, and it is formed by the great 
cardiac vein, the middle cardiac vein, the left atrial 
oblique vein and the left marginal ventricular vein. 
In our study, it was determined that the left distal 
ventricular vein participates in the formation of the 
CS in a heart in addition to the aforementioned veins. 
Unlike the Tuj sheep [4] and Roe deer [14], we deter-
mined that the left atrial oblique vein participated in 
the formation of the CS in the red fox.

The great cardiac vein was identified as the long-
est cardiac vein, as reported in the literature [2, 3], 
and the names were given according to the grooves 
it lies in. Similar to the Van cat [2], the red fox had 
a strong vein running parallel to the great cardiac 
vein, and this vein changed its dimensions due to the 
interventricular paraconal artery. 

In our study, we found that the great cardiac vein 
passed over the circumflex branch of the left coronary 
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artery in four hearts and passed under in two of the 
hearts. However, Maric et al. [16] reported that the 
great cardiac vein in both humans and dogs reaches 
the coronary groove, and the greatest cardiac vein 
crosses over the circumflex branch of the coronary 
artery (65% in humans and 95% in canines), or passed 
under the left coronary artery (12.5% in humans and 
2.5% in canines) or the circumflex branch (22.5% in 
humans and 2.5% in canines).

The great cardiac vein opened directly to the end 
of the coronary groove, and the venous blood of the 
interventricular septum together with the great car-
diac vein were findings consistent with the literatures  
[2, 3, 16, 19]. An anastomosis between the paraconal 
interventricular vein and the subsinuosal interven-
tricular vein has been identified in domestic cats [3] 
and dogs [19], whereas no anastomosis was observed 
between the two veins or conal veins in the Van cat [2]. 
However, in our study, an anastomosis was detected 
between the paraconal interventricular vein and the 
subsinuosal interventricular vein, and between the 
paraconal interventricular vein and the right marginal 
ventricular vein and amongst the conal veins.

Nickel et al. [17] have reported that, except for the 
right conal vein, other veins formed the right cardiac 
vein opening into the right atrium either directly or 
via a common vessel in cats. Aksoy et al. [2] found 
that the right cardiac veins opened to the right atrium 
with a common root in three of six materials in Van 
cats, whereas the right conical vein, the right proximal 
ventricular vein, the right marginal ventricular vein, 
and the right distal ventricular vein formed the right 
semicircumflex vein. Contrary to this information, 
we did not find any vein similar to the right semi-
circumflex vein. In our study, we determined that 
the right cardiac veins directly opened to the right 
atrium separately.

Besoluk and Tipirdamaz [6] reported that the 
smallest cardiac veins are available in all parts of the 
heart except the left ventricle in the Angora goat, 
while it is available only in the right atrium and right 
ventricle in the Akkaraman sheep. Kabak and Onuk 
[14] have stated that the Roe deer only had the right 
atrium and right ventricle of the heart. The distribu-
tions of the smallest cardiac veins in the red fox are 
consistent with the findings of the Akkaraman sheep 
[6] and the Roe deer [14].

Dursun et al. [7] investigated the dog hearts and 
reported the existence of myocardial bridges at inter-
vals on the atrial and auricular surfaces. In our study, 

only one myocardial bridge was observed on these 
surfaces. The myocardial bridge has been reported to 
occur in a range of 75–100%, especially in ruminants 
[1, 20–22], but this rate was found only 33% in our 
study. Accordingly, it can be argued that some dis-
orders related to the myocardial bridges, including 
death, are unlikely to be seen in the red fox. 

CONCLUSIONS
To summarise, this is the first study that clearly 

demonstrates the configuration of the cardiac vessels 
of the red fox and compares them with the cardiac 
vessels of the other carnivores. The myocardial bridge 
was found for the first time in a wild animal with 
this study. Studies exhibiting the macroanatomical 
structures of the vessels of the red fox hearts can 
be extended and thus the emerged findings may 
contribute to future venous studies of other wildlife. 
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Background: Urinary system stones are frequently encountered in the commu-
nity. Together with technological developments, introduction of new treatment 
procedures such as extracorporeal shock wave lithotripsy, percutaneous neph-
rolithotomy and retrograde intrarenal surgery has further reduced morbidity, 
mortality and hospitalisation time of patients. In order to maximise success and 
to reduce complications of these procedures, it is necessary to evaluate anatomy 
and morphological differences of kidney collector system before the procedure. 
This study was conducted for the purpose of determining the morphology of the 
kidney collector system and the negative anatomic factors of the lower pole in 
autopsy cases performed in our institution.
Materials and methods: Eighty two kidney units obtained from 41 autopsy cases 
conducted in Faculty of Medicine Department of Forensic Medicine, Sivas Cumhuriyet 
University between September 2017 and September 2018 were included in the 
study. Percentages were found as 78% for intrarenal pelvis, 13.4% for borderline 
pelvis, 6.1% for extrarenal pelvis and 2.4% for pelvic nonexistence. When pelvi-
calyceal anatomy was evaluated, percentages were found as 32.9% for bicalyceal, 
26.8% for tricalyceal, 20.7% for multicalyceal, and 19.5% for unclassified calyceality. 
When it was evaluated according to opening of calyces into the renal pelvis based on 
Sampaio classification, percentages were found as 30.5% for AI, 17.1% for type II,  
28% for BI, 18.3% for BII, and 6.1% for unevaluated part. Infundibular lengths of 
kidney’s lower pole were detected as under 3 cm in 39% and over 3 cm in 61% of 
all cases. Infundibulopelvic angles of kidney’s lower pole were measured as under 
70o in 42.7% and over 70o in 57.3% of all cases. 
Results: In our study, there was no statistically significant difference between 
the right and left kidneys in terms of collecting system morphology and lower 
pole’s negative anatomical factors. Only infundibular length which is one of the 
collecting system morphology and lower pole’s negative anatomical factors were 
statistically shorter in females than males. There was no difference in terms of 
other parameters.

https://orcid.org/0000-0001-9799-9700
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INTRODUCTION
It is known that the intrarenal calyceal system may 

vary from person to person [19]. So much so that the 
possibility of both kidneys being symmetrical in the 
same person is only 37% [26].

Various studies have been carried out from past to 
present to define the kidney morphology. In a study 
by Ningthoujam et al. [19], where the renal collecting 
system was evaluated according to the shape and 
number of calyces, calyceal structures were discussed 
in four categories: bicalyceal, tricalyceal, multicalyceal 
and unclassifiable.

Sampaio and Mandarim-De-Lacerda [26] classified 
the renal collecting system in four different forms 
according to the openings of the major calyces. Ac-
cording to this type of classification:

 — AI: The collecting system is comprised of the com-
bination of the upper and lower calyx groups, and 
the middle calyx group opens to either the upper 
or lower, or both collecting systems;

 — AII: Similar to type A1, but one or both upper 
and lower calyx groups open to the middle calyx;

 — BI: The middle pole of the kidney opens to the 
renal pelvis independently;

 — BII: The minor calyces of the middle pole of the 
kidney open to the renal pelvis independently.
In another study, Bruce et al. [4] classified the renal 

pelvis and divided it into four groups as intrarenal, 
borderline, extrarenal, and absence of renal pelvis. 
Although it is believed that this may increase the 
predisposition to stone formation, since urinary stasis 
will be greater in the kidneys with extrarenal pelvis, 
surgical procedures can be performed more easily in 
collector systems with such morphology [2].

Lifetime risk of stone formation is 20% in adult 
white males, and 5–10% in females. Lower calyceal 

stones constitute 25–35% of the kidney stones [21]. 
In the treatment of kidney lower pole stones, shock 
wave lithotripsy (SWL), percutaneous nephrolithot-
omy (PNL) and retrograde intrarenal surgery (RIRS) 
methods are used depending on the size [16]. Factors 
reducing success for SWL are accepted as the stone’s 
resistance to shock waves (calcium oxalate, monohy-
drate, cystine stones), narrow infundibulopelvic angle, 
long lower pole calyx, narrow infundibulum, and long 
distance from the skin to the stone [17]. In recent years, 
RIRS has become the treatment option especially for 
stones smaller than 2 cm for which SWL has failed [8]. 
However, there are not many studies assessing the 
effect of the anatomical structure of the lower pole 
of the kidney on the success of the RIRS method for 
kidney lower pole stones. In a study conducted on this 
subject, preoperative and postoperative first year data 
were evaluated via the intravenous urography method, 
and it was concluded that the infundibulopelvic angle, 
infundibular length and infundibular width of the 
lower pole of the kidney, especially the infundibular 
width of the lower pole of the kidney out of three 
parameters, played a significant role in the clearance 
of stone fragments [13].

The current study aimed to reveal the anatomy 
and differences of the renal collecting system in fo-
rensic autopsy cases performed in the Department of 
Forensic Medicine of Cumhuriyet University Faculty of 
Medicine and also to specify the frequency of neg-
ative factors particularly encountered in the surgery 
of kidney lower pole stones by measuring the kidney 
lower pole infundibulopelvic anatomy.   

MATERIALS AND METHODS
Our research was conducted in forensic autopsies 

at Cumhuriyet University Application and Research 

Conclusions: In conclusion, the findings of this study are largely consistent with 
the results of similar studies. This reveals that renal collecting system morphology 
and negative anatomic factors in the lower pole collecting system in human are 
roughly similar. In clinical practice, pre-treatment computed tomography and, if 
necessary, magnetic resonance urography evaluation of the lower pole negative 
anatomic factors may contribute to gain preliminary information about both the 
clearance of stone fragments especially after shock wave lithotripsy and retrograde 
intrarenal surgery procedures and perioperative complications proactively. (Folia 
Morphol 2022; 81, 2: 350–358)

Key words: infundibulopelvic angle, infundibulopelvic anatomy, kidney 
anatomy, post-mortem morphology, kidney morphology, urology
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Hospital, Department of Forensic Medicine between 
September 2017 and September 2018, with the ap-
proval of Cumhuriyet University Clinical Research 
Ethics Committee, dated 11.07.2017 and numbered 
2017-07/32. Autopsy cases with previous kidney sur-
gery and trauma history were not included in the 
study.

The anatomy of the collecting system was pho-
tographed and assessed in 82 kidney units obtained 
from 41 autopsy cases included in the study according 
to exclusion criteria.

The kidneys and the proximal segment of the 
ureter of the autopsy cases, whose thorax and ab-
dominal cavity were opened with an incision made 
from the chin to the pubis, were removed by the au-
topsy officers. After the kidneys were washed under 
tap water, an incision was made with a sharp knife 
in a coronal direction to cover the renal pelvis and 
ureter, dividing them into two parts. To evaluate the 
morphology of the pelvicalyceal system and lower 
infundibulopelvic anatomy, the kidneys lying on a flat 
surface were photographed in an upright position by 
placing a measuring ruler next to them.

The photographs were digitally evaluated and 
grouped according to Bruce et al. [4], Sampaio and 
Mandarim-De-Lacerda [26] and Ningthoujam et al. 
[19] classifications in terms of pelvic anatomy (Fig. 1).

Then, the lower calyx infundibulum length and 
infundibulopelvic angles were measured based on 
the study by Elbahnasy et al. [6] using the AutoCAD 
(Version 2016, Autodesk Inc.) programme in digital 
environment by taking the ruler in the photograph as 
a reference. The infundibulopelvic angle is the internal 
angle at the intersection of the ureteropelvic axis and 
the axis passing through the centre of the lower in-
fundibulum, and the length of the infundibulum was 
obtained by measuring the distance from the base of 
the lower calyx group to the lower edge of the renal 
pelvis. The measurement method is given in Figure 2. 
Based on a similar study, the infundibulopelvic angle 
was categorized as above and below 70 degrees, and 
the infundibulum length value was categorised in 
centimetres as above and below 3 cm (Fig. 2) [13].

statistical analysis

The data obtained in our study were uploaded 
onto the IBM SPSS Statistics for Windows (Version 
24.0, IBM Corp.) software. The majority of the data 
used in the study consists of categorical data. Chi- 

-square analysis was preferred owing to the presence 
of categorical variables in the evaluation of the data. 
Cramer’s V coefficient was used as a correction factor 
in 2 × 2 c2 analyses. Normal analyses were carried 
out for other nxm-mesh structures. The confidence 
level in the tests was considered as 95%.

RESULTS
The age range of 42 autopsy cases included in the 

study was 23–75, and the mean age was 49.34 ±  
± 16.81 years. Eleven (26.8%) of the cases were 
female, 30 (73.2%) were male.

When the pelvicalyceal anatomy of the right and 
left kidneys were compared according to the classifi-
cation of Ningthoujam [19], bicalyceal and tricalyceal 
anatomy was found to be more on the left side and 
multicalyceal anatomy on the right side; however, the 
difference was statistically insignificant (p = 0.068) [19].

Since no morphological features could be defined 
that would enable it to be included in any group, 
Sampaio and Mandarim-De-Lacerda [26] evaluation 
could not be performed in five of our autopsy cases; 
therefore, the Sampaio classification was evaluat-
ed in 77 kidney units. When the right and left kid-
neys were compared according to this classification, 
used for the anatomical classification of the renal 
collecting system, the difference was found to be 
statistically insignificant (p = 0.559). However, it 
was discovered that type BI defined by Sampaio and 
Mandarim-De-Lacerda [26] in his study, in which the 
middle pole of the kidney opened independently to 
the renal pelvis, consisted of the combination of the 
upper and lower calyx groups of the renal collecting 
system on the left side (34.1%), and that type Al, in 
which the middle calyx group opened into the upper, 
lower or both collecting systems, was more on the 
right side (29.3%).

When the right and left kidneys were compared 
according to the Bruce classification [4], which evalu-
ated the pelvis morphology, the difference was found 
to be insignificant (p = 0.950). In the current study, 
the incidence of intrarenal pelvis was found to be 
78%, borderline 13.4%, extrarenal pelvis 6.1% and the 
rate of absence of pelvis was 2.4%. Findings belong-
ing to these classifications are summarised in Table 1.

When the infundibulum lengths of the right and 
left kidneys in our study were compared as < 3 cm 
and ≥ 3 cm, the difference was found to be insignifi-
cant (p = 0.651). When the infundibulopelvic angles 
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of the right and left kidneys were compared as < 70° 
and ≥ 70°, the difference was statistically insignificant 
(p = 0.503) (Table 2).

When the renal collecting system was compared 
in males and females according to the Ningthoujam 
classification, the difference was found to be insignif-
icant (p = 0.698). However, it was seen that the rate 
of bicalyceal anatomy was higher in males (35%) and 
the rate of tricalyceal anatomy was higher in females 
(36.4%). When the anatomical structure of the renal 

collecting system was compared between genders 
according to the Sampaio classification, no significant 
difference was observed (p = 0.932) When the pelvic 
morphologies of males and females were compared 
according to the Bruce classification, the difference 
was found to be insignificant (p = 0.322) (Table 3).

When the infundibular lengths were compared 
between males and females, it was seen that the in-
fundibular length of less than 3 cm was more frequent 
in females, and the infundibular length of 3 cm and 

Figure 1. Ningthoujam classification, where the shapes and numbers of calyxes are evaluated, evaluating the openings of major calyces Sam-
paio classification, Bruce classification, where the main pelvis morphology is evaluated.
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above was more frequent in males (p = 0.024). When 
the infundibulopelvic angles measured in autopsy 
cases were compared by gender, although infundib-
ulopelvic angles of 70° and above (66.7%) were more 
frequent in males and below 70° in females (54.5%), 
there was no statistically significant difference in 
terms of infundibulopelvic angle according to gender 
(p = 0.081) (Table 4). 

DISCUSSION
In our study, in autopsy cases, infundibular length 

and infundibulopelvic angle, which are among the 
pelvicalyceal anatomy and negative anatomical fac-
tors of the kidney lower pole, were measured and 
evaluated. 

It has been reported that it would be more ac-
curate to evaluate pelvicalyceal morphology in the 
cadaver, since superposition of the cross-calyx struc-
tures over each other in radiological evaluations may 
lead to incorrect evaluations [1]. 

In a study by filling polyester into the collecting 
system in 140 cadavers, the most common calyceal 
morphology was reported to be type AI and AII ac-
cording to their own classification [26]. Similar results 
were obtained in an analogous study on cadavers [1].  
In contrast, another study on 170 kidney units 
demonstrated that there were more type BI and BII. 
Even though the numerical difference is not much 
significant, it was found that the number of type AI 
and AII was higher in our study, similar to the finding 
of Sampaio Mandarim-De-Lacerda [26] and Anjana 
et al. [1] studies (Table 5) [18].

Evaluation of calyx openings according to the 
Sampaio classification can be important for clinicians. 
For example, Anjana et al. [1] report that, when en-
doscopy is attempted with flexible nephroscopy in 
kidneys with AI type calyceal morphology, the existing 
anatomy may make it difficult for the device to pass, 
and also clearing the stone fragments will be easier 
after SWL in kidneys with type BII morphology where 
minor calyces open directly to the renal pelvis.  

According to the Bruce classification, renal pelvis 
is divided into four categories as intrarenal, border-
line, extrarenal, and absence of renal pelvis. In most 
studies, same classification is used. In a recent study 
conducted by Krishnaveni et al. [15] on 44 cadavers, 
it was reported that the extrarenal pelvis was found 
at a rate of 31.8%. It has been determined that ex-
trarenal pelvis emerges as a result of the branching 
of the ureteric bud before reaching the metanephric 
blastema in the embryological period [22]. When 
the morphology of the renal pelvis was evaluated 
in our research, 78% intrarenal, 13.4% borderline, 
6.1% extrarenal and 2.4% absence of renal pelvis 
were observed. Moreover, there was no statistically 
significant change in the rate of pelvis morphology 
seen in the right-left kidney (p = 0.950). 

In a study by Anjana et al. [1], the most common 
position of the renal pelvis was reported to be intra-
renal (79%) according to the Bruce classification, and 
the extrarenal pelvis and absence of renal pelvis were 
observed only in the right kidney. In our study, the 
ratio of right and left difference in renal pelvis mor-
phology is similar to the results of analogical study [9].  
Various different figures were reported in studies 

Figure 2. Lower calyx infundibulum length (A) and infundibulopelvic 
angle (B) measurement, measurement image of a kidney in this 
study (C).
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regarding the extrarenal pelvis ratio, and they vary 
between 5% and 31.8% [1, 3, 9, 15]. In our study, the 
rate of extrarenal pelvis was found as 6.1% (Table 6).

When collecting systems in 107 kidney units ob-
tained from cadavers were evaluated and it was re-
vealed in a study that 38% of kidneys had bicalyceal, 
26% had tricalyceal, 33% had middle pole minor 
calyces draining into upper and lower major calyces, 
and in 8%, all minor calyces drained into the renal 
pelvis without forming a major calyx [7]. Furthermore, 
the authors also demonstrated that the renal pelvis 
was generally formed by the combination of two or 
three major calyces. In another study performed in 

2005 by evaluating 100 cadavers (80 foetuses and 
20 adults) and 100 selected intravenous urography 
images in India, the researchers observed 20% bical-
yceal, 40% tricalyceal, 30% multicalyceal, and 10% 
non-evaluable calyceal structure in cadavers, and 
found 22% bicalyceal, 51% tricalyceal, 15% multi-
calyceal and 12% non-evaluable calyceal structures 
in intravenous urography [19]. In this study, it is 
seen that tricalyceal structure is more frequent in 
both cadaver kidneys and intravenous urography 
evaluations. A study reports the bicalyceal, tricalyceal 
and multicalyceal rates as 27.3%, 20.4% and 52.3%, 
respectively [15]. In another study on 100 cadaver 
kidneys, calyceal morphology was reported as 35% 
bicalyceal, 27% tricalyceal, 23% multicalyceal, and 
15% non-evaluable [1].

Even though the rate of multicalyceal structure is 
reported more often in some studies, it is visible that 
the bicalyceal type is the most common type in this 
study, as in the study by Anjana et al. (Table 7) [1].

In parallel with the developments in kidney stone 
treatment in recent years, the prominence of endo-
scopic surgery such as SWL, PNL, and RIRS requires  
a better understanding of the pelvicalyceal anato-
my. Negative anatomical factors belonging to both 
pelvicalyceal morphology and the lower kidney pole 

Table 2. Kidney side — infundibulum lengths and infundibulo-
pelvic angle comparison

Infundibulum lengths < 3 cm ≥ 3 cm p p

Left 15 (36.6%) 26 (63.4%) 0.086 0.651

Right 17 (41.5%) 24 (58.5%) 0.274

Total 32 (39%) 50 (61%) 0.047

Infundibulopelvic angle < 70° ≥ 70° p p

Left 19 (46.3%) 22 (53.7%) 0.639 0.503

Right 16 (39%) 25 (61%) 0.160

Total 35 (42.7%) 47 (57.3%) 0.185

Table 1. Kidney side — Ningthoujam, Sampaio, and Bruce classification comparison

Ningthoujam classification Bicalyceal Tricalyceal Multicalyceal Unclassifiable p p

Left 15 (36.6%) 15 (36.6%) 5 (12.2%) 6 (14.6%) 0.031 0.068

Right 12 (29.3%) 7 (17.1%) 12 (29.3%) 10 (24.4%) 0.652

Total 27 (32.9%) 22 (26.8%) 17 (20.7%) 16 (19.5%) 0.289

p 0.564 0.088 0.09 0.317

Sampaio classification 0* AI** AII*** BI**** BII***** p p

Left 2 (4.9%) 13 (31.7%) 7 (17.1%) 14 (34.1%) 5 (12.2) 0.011 0.559

Right 3 (7.3%) 12 (29.3%) 7 (17.1%) 9 (22%) 10 (24.4) 0.222

Total 5 (6.1%) 25 (30.5%) 14 (17.1%) 23 (28%) 15 (18.3) 0.004

p 0.655 0.841 1 0.297 0.197

Bruce classification Intrarenal Borderline Extrarenal Absent p p

Left 33 (80.5%) 5 (12.2%) 2 (4.9%) 1 (2.4%) < 0.001 0.950

Right 31 (75.6%) 6 (14.6%) 3 (7.3%) 1 (2.4%) < 0.001

Total 64 (78%) 11 (13.4%) 5 (6.1%) 2 (2.4%) < 0.001

p 0.803 0.763 0.655 1

*O: Those that could not be evaluated.
**AI: The collecting system consists of the combination of the upper and lower calyx groups, and the middle calyx group opens to the upper, lower, or both collecting systems.
***AII: Similar to type AI, but one or both of the upper and lower calyx groups open to the middle calyx.
****BI: The middle pole of the kidney opens to the renal pelvis independently.
*****BII: The minor calyces of the middle pole of the kidney open to the renal pelvis independently.
Absent — renal pelvis absence
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(infundibulopelvic length, infundibulopelvic angle) 
affect the clearance of stone fragments after RIRS, 
PNL and SWL.

Clinically, it is asserted that preoperative evalu-
ation of lower calyceal group anatomy is necessary 
for optimal treatment of lower calyceal stones with 

SWL, PNL and ureteroscopy, and that it is difficult to 
standardize this evaluation with intravenous urog-
raphy, and instead, spiral computed tomography is 
more appropriate today [20].

In a study which evaluated the effect of lower pole 
calyx anatomy on the clearance of stone fragments 
after SWL, it was emphasized that the infundibu-
lopelvic angle above 70o and the infundibulum length 
less than 50 mm had a significant effect on the SWL 
results [11]. In a similar study, it was reported that 
factors such as infundibulum length and infundibu-
lopelvic angle significantly influenced stone clearance 
after SWL, wide infundibulopelvic angle or short and 
wide infundibulum were positive factors affecting 
stone clearance independently from the infundibu-
lopelvic angle, and that these factors could be impor-
tant in ureteroscopy [6]. There are other studies on 
this subject that gave similar results [24, 28]. Some 
studies also show that the negative anatomy of the 

Table 3. Gender — Ningthoujam, Sampaio, and Bruce classification comparison

Ningthoujam classification Bicalyceal Tricalyceal Multicalyceal Unclassifiable p p

Female 6 (27.3%) 8 (36.4%) 4 (18.2%) 4 (18.2%) 0.572 0.698

Male 21 (35%) 14 (23.3%) 13 (21.7%) 12 (20%) 0.343

Total 27 (32.9%) 22 (26.8%) 17 (20.7%) 16 (19.5%) 0.289

Sampaio classification 0* AI** AII*** BI**** BII***** p p

Female 2 (9.1%) 7 (31.8%) 4 (18.2%) 6 (27.3%) 3 (13.6%) 0.418 0.932

Male 3 (5%) 18 (30%) 10 (16.7%) 17 (28.3%) 12 (20%) 0.016

Total 5 (6.1%) 25 (30.5%) 14 (17.1%) 23 (28%) 15 (18.3%) 0.004

Bruce classification Intrarenal Borderline Extrarenal Absent p p

Female 15 (68.2%) 5 (22.7%) 2 (9.1%) 0 (0%) 0.002 0.322

Male 49 (81.7%) 6 (10%) 3 (5%) 2 (3.3%) < 0.001

Total 64 (78%) 11 (13.4%) 5 (6.1%) 2 (2.4%) < 0.001

*0: Those that could not be evaluated.
**AI: The collecting system consists of the combination of the upper and lower calyx groups, and the middle calyx group opens to either the upper or lower, or both collecting systems.
***AII: Similar to type AI, but one or both of the upper and lower calyx groups open to the middle calyx.
****BI: The middle pole of the kidney opens to the renal pelvis independently.
*****BII: The minor calyces of the middle pole of the kidney open to the renal pelvis independently.
Absent — renal pelvis absence

Table 4. Gender — infundibulum lengths and infundibulopelvic 
angle comparison

Infundibulum lengths < 3 cm ≥ 3 cm p p

Female 13 (59.1%) 9 (40.9%) 0.394 0.024*

Male 19 (31.7%) 41 (68%) 0.005

Total 32 (39%) 50 (61%) 0.047

Infundibulopelvic angle < 70° ≥ 70° p p

Female 12 (54.5%) 10 (45.5%) 0.670 0.081

Male 20 (33.3%) 40 (66.7%) 0.035

Total 32 (39.0%) 50 (61%) 0.094

*Statistically significant

Table 5. Summary of the studies evaluating the opening of the major calyces and our findings

Number of kidney AI* AII** BI*** BII**** P

Current study 77 32.4% 18.2% 29.9% 19.5% 0.186

Sampaio and Mandarim-De-Lacerda [26] 140 45% 17% 21% 16% < 0.001

Bruce et al. [4] 170 33.5% 13.5% 34.7% 18.2% < 0.001

Anjana et al. [1] 100 38% 12% 29% 20% 0.002

*AI: The collecting system consists of the combination of the upper and lower calyx groups, and the middle calyx group opens to either the upper or lower or both collecting systems.
**AII: Similar to type AI, but one or both of the upper and lower calyx groups open to the middle calyx.
***BI: The middle pole of the kidney opens to the renal pelvis independently.
****BII: The minor calyces of the middle pole of the kidney open to the renal pelvis independently.
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lower calyx has no effect on stone clearance after 
SWL [5, 25].

A study carried out in our country reported that 
positive anatomical factors of the kidney lower pole, 
especially an infundibulopelvic angle above 45o, pos-
itively affected the stone clearance after RIRS [23]. In 
a study, in which the effect of pyelocaliceal anatomy 
on the success of flexible ureteroscopy was evaluated, 
when the infundibulopelvic angle was above 90o, 
the success rate was 87.5%, when between 30–90o, 
74.3%, and when below 30o, it was 0% in lower pole 
calyx stones. The success rate was 88.2% when the 
infundibular length was less than 3 cm, and 61.1% 
when longer [10].

A study which investigated the relationship of 
stone size with infundibulum length, infundibulopel-
vic angle and infundibular stenosis in patients that 
underwent RIRS due to lower calyx stones revealed 
that there was no relationship between stone size 
and these anatomical features, but infundibulum 
length and infundibular stenosis make RIRS applica-
tion difficult [12]. In a study in 2015, it was stressed 
that infundibulum length, infundibulopelvic angle 
and stone size did not pose an obstacle to success 
for RIRS in lower calyx stones, but infundibular width 
of ≥ 5 mm significantly affected this success [13]. In  
a study which compared the anatomy of the collecting 
system and the stone-free rate in lower pole stones 
that underwent RIRS, stone size, long infundibulum 
and infundibulopelvic angle, below 30o were shown 
to statistically significantly affect the stone-free rate 
negatively, whereas the infundibular width did not 
change it [14].

In a recent similar study conducted in our coun-
try, when the infundibulopelvic angle, infundibu-
lum length, infundibular height and stone size were 
considered, the most important factor affecting the 
success of RIRS was shown to be the infundibulopelvic 
angle, and stone size and infundibular height, while 
not as important as infundibulopelvic angle, were 
shown to affect RIRS success [27].

CONCLUSIONS AND  
RECOMMENDATIONS

The most important result in our study, where the 
measurements of the collecting system morphologies 
and lower pole negative anatomical factors were exam-
ined in the renal coronal sections of autopsy cases, is 
that there are more cases with lower pole infundibulum 
lengths of ≥ 3 cm, and this is more common in males.

The results obtained in our study are substantially 
similar to the results of similar studies conducted both 
in our country and in different parts of the world. This 
reveals that the morphology of the renal collecting 
system in humans and adverse anatomical factors in 
the lower pole collecting system are found in roughly 
similar proportions. Thus, in clinical practice, the eval-
uation of lower pole negative anatomical factors with 
computed tomography and, if necessary, with mag-
netic resonance urography before the treatment may 
not only contribute to obtaining information about 
both perioperative complications and the clearance 
of stone fragments especially after SWL and RIRS but 
also taking measures accordingly.

Conflict of interest: None declared

Table 6. The summary of studies evaluating pelvis morphology and our results

Number of kidney Intrarenal Borderline Extrarenal Renal pelvis absence P

Current study 82 78% 13.5 6.1% 2.4% < 0.001

Krishnaveni et al. [15] 44 68.18% – 31.82% – 0.016

Anjana et al. [1] 100 79% 13% 5% 3% < 0.001

Gandhi and Chavan [9] 196 48.5% 20.9% 21.9% 8.7% < 0.001

Table 7. The summary of studies evaluating the shapes and numbers of calyces and our results

Number of kidney Bicalyceal Tricalyceal Multicalyceal Unclassifiable P

Current study 82 32.9% 26.8% 20.7% 19.5% 0.289

Anjana et al. [1] 100 35% 27% 23% 15% 0.020

Krishnaveni et al. [15] 44 27.3% 20.4% 52.3% – 0.025

Ningthoujam et al. [19] (cadaver data) 200 20% 40% 30% 10% < 0.001



358

Folia Morphol., 2022, Vol. 81, No. 2

REFERENCES
1. Anjana TSR, Muthian E, Thiagarajan S, et al. Gross mor-

phological study of the renal pelvicalyceal patterns in 
human cadaveric kidneys. Indian J Urol. 2017; 33(1): 
36–40, doi: 10.4103/0970-1591.194782, indexed in Pu-
bmed: 28197028.

2. Arzoz-Fabregas M, Ibarz-Servio L, Blaco-Casares FJ. Can 
infindibular heiht predict the clearance of lower pole 
stone after extracorporeal shochwave litotripsy? J Urol. 
2009; 35: 140–150.

3. Brant WE, Helms CA. Fundamentals of diagnostic radiolo-
gy. 4nd ed. Williams & Wilkins, Lippincott 2012: 817–830.

4. Bruce SJ, Warmsley R, Ross JA. The abdominal cavity in 
manual of surgical anatomy. 5th ed. E and S Livingstone 
Ltd., Edinburgh 1967: 391–403 .

5. Danuser H, Müller R, Descoeudres B, et al. Extracorporeal 
shock wave lithotripsy of lower calyx calculi: how much 
is treatment outcome influenced by the anatomy of 
the collecting system? Eur Urol. 2007; 52(2): 539–546, 
doi: 10.1016/j.eururo.2007.03.058, indexed in Pubmed: 
17400366.

6. Elbahnasy AM, Shalhav AL, Hoenig DM, et al. Lower 
caliceal stone clearance after shock wave lithotripsy or 
ureteroscopy: the impact of lower pole radiographic 
anatomy. J Urol. 1998; 159(3): 676–682, indexed in Pu-
bmed: 9474124.

7. Fine J, Ken EN. The arteries of the human kidney. J Anat. 
1966; 100: 881–894.

8. Fuchs AM, Fuchs GJ. Retrograde intra-renal surgery for 
calculus disease: new minimally invasive treatment ap-
proach. J Endourol. 1990; 4: 337–345.

9. Gandhi KR, Chavan S. Revisiting the morphology of 
pelvicalyceal system in human cadaveric kidneys with  
a systematic review of literature. Asian J Urol. 2019; 6(3): 
249–255, doi: 10.1016/j.ajur.2018.12.006, indexed in 
Pubmed: 31297316.

10. Geavlete P, Multescu R, Geavlete B. Influence of pyelo-
caliceal anatomy on the success of flexible ureteroscopic 
approach. J Endourol. 2008; 22(10): 2235–2239, doi: 
10.1089/end.2008.9719, indexed in Pubmed: 18937587.

11. Ghoneim IA, Ziada AM, Elkatib SE. Predictive factors of 
lower caliceal stone clearance after extracorporeal shock 
wave lithotripsy (ESWL): A focus on infundibulopelvic 
anatomy. Eur Urol. 2005; 48: 296–302.

12. Grasso M, Ficazzola M. Retrograde ureteropyeloscopy for 
lower pole caliceal calculi. J Urol. 1999; 162(6): 1904– 
–1908, doi: 10.1016/s0022-5347(05)68065-2, indexed in 
Pubmed: 10569534.

13. Hakan K, Yurdaer K, Yakup K, et al. Unfavorable anatomical 
factors influencing the success of retrograde intra- renal 
surgery for lower pole renal calculi. Urology J. 2015; 12: 
2065–2066.

14. Jessen JP, Honeck P, Knoll T, et al. Flexible ureterorenoscopy 
for lower pole stones: influence of the collecting system’s 
anatomy. J Endourol. 2014; 28(2): 146–151, doi: 10.1089/
end.2013.0401, indexed in Pubmed: 24083332.

15. Krishnaveni C, Kulkarni R, Kishore Kumar BN. A study of 
renal calyces by using barium contrast. Int J Anat Res. 
2014; 2: 369–374.

16. Lingerman JE, Matlaga BR, Evan AP. Surgical management of 
upper urinary tract calculi, Wein AJ, Kavoussi LR, Nowick AC,  
Partin AW, Peters CA (Eds), Campbell-Walsh Urology. 10th 
ed. Elsevier Saunders, Philadelphia 2012: 1431–1507.

17. Manikandan R, Gall Z, Gunendran T, et al. Do anatomic fac-
tors pose a significant risk in the formation of lower pole 
stones? Urology. 2007; 69(4): 620–624, doi: 10.1016/j.
urology.2007.01.005, indexed in Pubmed: 17445636.

18. Marroig B, Favorito LA, Fortes MA. Lower pole anatomy 
and mid-renal-zone classification applied to flexible uret-
eroscopy: experimental study using human three-dimen-
sional endocasts. Surg Radiol Anat. 2015; 37: 1243–1249.

19. Ningthoujam DD, Chongtham RD, Sinam SS. Pelvi-calyceal 
pattern in foetal and adult human kidneys. J Anat Soc 
India. 2005; 54: 1–11.

20. Pace KT, Weir MJ, Harju M, et al. Individual patient variation 
and inter-rater reliability of lower calyceal infundibular 
width on routine intravenous pyelography. BJU Int. 2003; 
92(6): 607–609, doi: 10.1046/j.1464-410x.2003.04452.x, 
indexed in Pubmed: 14511044.

21. Pearle MS, Lotan Y. Urinary lithiasis, etiology, epidemiology, 
and pathogenesis. In Wein AJ (Ed). Campbell-Walsh Urology. 
10th ed. Elsevier Saunders, Philadelphia 2012: 1257–1287.

22. Pollack HM, McClennan BL. Clinical Urography. 2nd ed. Vol. 1.  
W.B. Saunders Company, Philadelphia 2000: 764–892.

23. Resorlu B, Oguz U, Resorlu EB, et al. The impact of pelvi-
caliceal anatomy on the success of retrograde intrarenal 
surgery in patients with lower pole renal stones. Urology. 
2012; 79(1): 61–66, doi: 10.1016/j.urology.2011.06.031, 
indexed in Pubmed: 21855968.

24. Ruggera L, Beltrami P, Ballario R, et al. Impact of anatomical 
pielocaliceal topography in the treatment of renal lower 
calyces stones with extracorporeal shock wave lithotripsy. 
Int J Urol. 2005; 12(6): 525–532, doi: 10.1111/j.1442-
2042.2005.01101.x, indexed in Pubmed: 15985072.

25. Sahinkanat T, Ekerbicer H, Onal B, et al. Evaluation of the 
effects of relationships between main spatial lower pole 
calyceal anatomic factors on the success of shock-wave 
lithotripsy in patients with lower pole kidney stones. 
Urology. 2008; 71(5): 801–805, doi: 10.1016/j.urolo-
gy.2007.11.052, indexed in Pubmed: 18279941.

26. Sampaio FJ, Mandarim-De-Lacerda CA. Anatomic clas-
sification of the kidney collecting system for endouro-
logic procedures. J Endourol. 1988; 2(3): 247–251, doi: 
10.1089/end.1988.2.247.

27. Sari S, Ozok HU, Topaloglu H, et al. The association of  
a number of anatomical factors with the success of retro-
grade intrarenal surgery in lower calyceal stones. Urol J. 
2017; 14(4): 4008–4014, indexed in Pubmed: 28670667.

28. Sumino Y, Mimata H, Tasaki Y, et al. Predictors of lower 
pole renal stone clearance after extracorporeal shock 
wave lithotripsy. J Urol. 2002; 168(4 Pt 1): 1344–1347, 
doi: 10.1097/01.ju.0000025513.35145.28, indexed in 
Pubmed: 12352389.

http://dx.doi.org/10.4103/0970-1591.194782
https://www.ncbi.nlm.nih.gov/pubmed/28197028
http://dx.doi.org/10.1016/j.eururo.2007.03.058
https://www.ncbi.nlm.nih.gov/pubmed/17400366
https://www.ncbi.nlm.nih.gov/pubmed/9474124
http://dx.doi.org/10.1016/j.ajur.2018.12.006
https://www.ncbi.nlm.nih.gov/pubmed/31297316
http://dx.doi.org/10.1089/end.2008.9719
https://www.ncbi.nlm.nih.gov/pubmed/18937587
http://dx.doi.org/10.1016/s0022-5347(05)68065-2
https://www.ncbi.nlm.nih.gov/pubmed/10569534
http://dx.doi.org/10.1089/end.2013.0401
http://dx.doi.org/10.1089/end.2013.0401
https://www.ncbi.nlm.nih.gov/pubmed/24083332
http://dx.doi.org/10.1016/j.urology.2007.01.005
http://dx.doi.org/10.1016/j.urology.2007.01.005
https://www.ncbi.nlm.nih.gov/pubmed/17445636
http://dx.doi.org/10.1046/j.1464-410x.2003.04452.x
https://www.ncbi.nlm.nih.gov/pubmed/14511044
http://dx.doi.org/10.1016/j.urology.2011.06.031
https://www.ncbi.nlm.nih.gov/pubmed/21855968
http://dx.doi.org/10.1111/j.1442-2042.2005.01101.x
http://dx.doi.org/10.1111/j.1442-2042.2005.01101.x
https://www.ncbi.nlm.nih.gov/pubmed/15985072
http://dx.doi.org/10.1016/j.urology.2007.11.052
http://dx.doi.org/10.1016/j.urology.2007.11.052
https://www.ncbi.nlm.nih.gov/pubmed/18279941
http://dx.doi.org/10.1089/end.1988.2.247
https://www.ncbi.nlm.nih.gov/pubmed/28670667
http://dx.doi.org/10.1097/01.ju.0000025513.35145.28
https://www.ncbi.nlm.nih.gov/pubmed/12352389


Folia Morphol. 
Vol. 81, No. 2, pp. 359–364

DOI: 10.5603/FM.a2021.0024
Copyright © 2022 Via Medica

ISSN 0015–5659
eISSN 1644–3284

journals.viamedica.pl

O R I G I N A L    A R T I C L E

359

Address for correspondence: A. Imam, MD, Topkapı, Koç Üniversitesi Hastanesi, Davutpaşa Cd. No:4, Zeytinburnu/İstanbul, 34010, Turkey, 
tel: +90 850 250 8 250, fax: +90 212 311 34 10, e-mail: ash_imam04@hotmail.com

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download 
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

Anatomical variations of the hepatic artery:  
a closer view of rare unclassified variants
A. Imam1 , C. Karatas1, N. Mecit1, A. Durur Karakaya2, T. Yildirimoglu1, M. Kalayoglu1, T. Kanmaz1

1Liver Transplantation Department, Koc University Hospital, Istanbul, Turkey
2Radiology Department, Koc University Hospital, Istanbul, Turkey

[Received: 21 August 2020; Accepted: 1 February 2021; Early publication date: 1 March 2021]

Background: Defining the hepatic artery anatomy is of great importance for 
both surgeons and radiologists. Michel classification was designed to classify 
hepatic artery variations. Nevertheless, there are variations that do not fit into 
this classification. In this study, we aim to define the incidence of all variations 
in a healthy liver donor by reviewing their computed tomography (CT) scan with 
special emphasis on variations that do not fit in any of the Michel classes. 
Materials and methods: A retrospective analysis of CT scan of donors and po-
tential liver donors who were evaluated by triphasic CT scan. The CT scans were 
reviewed independently by a radiologist and two transplant surgeons. Cases that 
did not fit in any of the Michel classes were classified as class 0.
Results: Out of 241 donors, 210 were classified within the Michel classification, 
of which 60.9% were class I and 9.1% class II. Thirty-one (12.9%) donors classified 
as class 0. Of which, nine, three, two and three had replaced right hepatic artery 
from pancreaticoduodenal artery, gastroduodenal artery, aorta and coeliac artery, 
respectively. Two and six donors had accessory right hepatic artery from pancre-
aticoduodenal artery and gastroduodenal artery, respectively. Segment 4 artery 
originated from left and right hepatic artery in 56.8% and 31.9%, respectively.
Conclusions: A great caution should be taken when evaluating the hepatic artery 
anatomy, clinicians should anticipate and be familiar with the rare unclassified 
variations of the hepatic artery. (Folia Morphol 2022; 81, 2: 359–364)

Key words: anatomical variations, computed tomography, hepatic 
artery, replaced right hepatic artery, gastroduodenal artery, 
pancreaticoduodenal artery

INTRODUCTION
The anatomical variation of the coeliac trunk and 

its branches may affect the surgical approach of sev-
eral organs such as stomach, duodenum, pancre-
as, gallbladder and most importantly the liver [16]. 
Hepatic artery variations were described in 55% of 
cadavers by Michel [see 5].

In 1995, Michel classification was established, with 
10 different classes that described the hepatic artery 
anatomy and its variations [11]. These variations are 
of great importance for the transplant, laparoscopic, 
hepatobiliary, trauma surgeons and interventional 
radiologists [1, 13]. There are several reports in the 
literature regarding hepatic artery variations that do 
not fit in Michel classification [3, 6, 8, 10].

https://orcid.org/0000-0003-0172-3844
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In this article, we describe the anatomical variation 
of the hepatic artery of donors and potential liver do-
nors that had a triphasic computed tomography (CT) 
scan for anatomical evaluation, with special emphasis 
on variations that were not described by Michel. 

MATERIALS AND METHODS
Institutional review board approval was obtained 

and waived the need for informed consent. A retro-
spective analysis of prospectively collected data of 
all liver donors and potential donors during a 2 years  
period in our transplant centre. All the arterial vascu-
lar anatomy was prospectively collected. 

The CT scans of the donors were independently 
reviewed by two transplant surgeons and a senior 
radiologist using Myrian studio software by Intrasene.

the Ct protocol

The donors were subjected to a triple phase multi-
detector CT scan using Siemens SOMATOM Definition 
Flash. An un-enhanced, hepatic venous, arterial and 
portal venous phases were obtained.

At a rate of 3.0 mL/s, a 1.5 mL/kg of 300 mg/mL 
non-ionic iodinated contrast using a pressure injector 
was administered intravenously with an 18–20 gauge 
peripheral access catheter in the arm to all donors. 
After setting the trigger to a 100 Hounsfield Unit, the 
region of interest cursor was placed in the aorta just 
above the dome of the diaphragm. 

The unenhanced and hepatic venous phases in-
cluded the whole abdominal organ while the arterial, 
and portal phases were directed to the liver. 

Arterial classification

Donors who had a low-quality CT scan were ex-
cluded from the study.

The patients were classified according to Michel 
classification. Those who did not meet any of Michel 
classification subtypes were classified as class 0. Addi-
tional detailed description of the class 0 type was given.

RESULTS
Out of the 263 donors and potential liver donors 

that have been evaluated in the study period, 241 
were included in the study. The remaining 22 do-
nors were excluded due to low quality CT scan. 210 
patients met Michel classification subtypes of which 
147 (60.9%) were class I which is the most common. 
The second most common variation was class II with 
22 (9.1%) donors, followed by class III, 18 (7.5%) 
donors. Table 1 demonstrates the number of patients 
in all classes. 

Thirty-one (12.9%) donors did not fit in any of the 
classes of Michel classification and were classified as 
class 0 (Table 2). Of which, 9, 2, 3 and 6 had replaced 
right hepatic artery (RRHA) from pancreaticoduodenal 
artery (PDA) (Fig. 1), accessory right hepatic artery 
(ARHA) from PDA, RRHA from gastroduodenal artery 
(GDA) (Fig. 2), ARHA from GDA, respectively (Table 3).  
Two donors had an RRHA directly from the aorta 
(Figs. 3, 4), three donors had RRHA from the coeliac 
artery (Fig. 5), and one had ARHA from coeliac artery. 
Additional variations include two left hepatic arteries 
(LHA) from the proper hepatic artery (PHA) which was 
demonstrated in five donors. One case had a hepatic 
trunk that originated from the superior mesenteric 
artery (SMA) with accessory LHA from the left gastric 
artery and another case had an accessory segment 
four artery from the GDA. Table 2 demonstrates class 
0 variation in detail. 

It’s worth mentioning that some donors share 
more than one unclassified variation.

Table 1. The distribution of cases in each class of Michel classification and the segment 4 artery origin in each class

Class

I II III IV V VI VII VIII IX X 0*

Number 147 22 18 1 11 1 1 7 2 0 31

S4 artery — RHA 50 13 1 0 6 1 1 1 0 0 4

S4 artery — LHA 84 7 17 1 5 0 0 5 2 0 16

S4 artery — PHA 0 1 0 0 0 0 0 0 0 0 1

S4 artery — Coeliac 0 0 0 0 0 0 0 0 0 0 4

S4 artery not seen 11 1 0 0 0 0 0 1 0 0 6

Other S4 artery L and R S4 artery 0 0 0 0 0 0 0 0 0 AS4-GDA

*The cases that did not fit in any of the Michel classes. S4 artery — segment 4 hepatic artery; RHA — right hepatic artery; LHA — left hepatic artery; PHA — proper hepatic artery;  
L — left; R — right; AS4 — accessory segment 4 artery; GDA — gastroduodenal artery
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Segment 4 artery (S4) was also studied (Tables 1, 3).  
In 19 patients, S4 could not be visualised. 

In general, 137 (56.8%) donors had S4 from the 
LHA, 77 (31.9%) from the right hepatic artery (RHA), 
2 from the PHA, and four from the coeliac artery. One 
donor had a S4 from both LHA and RHA. And one 
case had accessory S4 from the GDA.

DISCUSSION
The standard hepatic artery anatomy with the left 

and right hepatic artery arising from the common 
hepatic artery after giving of the gastroduodenal 
artery is present in up to 55% of the population [11]. 

Determining the hepatic artery variation is of utmost 
importance for the surgeon and the interventional 
radiologist [1, 13].

In our study, we found that the standard anatomy is 
present in 60.9% of the healthy donors, which is similar 
to what was previously described in the literature [4].

From embryological point of view, there are four 
primitive splanchnic branches arises from aorta early 
during the embryo development. Those branches 
are connected by longitudinal anastomosis in their 
roots. Some of the branches disappear later during 
the embryo development. The common hepatic ar-
tery originates from this longitudinal anastomosis. 
Disappearance or retention of parts of this plexus 
could give numerous anatomical variations [12, 17].

Table 2. The characteristic of all class 0 (unclassified) cases

RHA-PHA ARHA-PDA RRHA-PDA ARHA-GDA RRHA-GDA RRHA-Coeliac ARHA-Coeliac RRHA-Aorta Others

LHA-PHA 0 1 4* 3* 1 2 1 0 0

ALHA-LGA 0 0 1 1 2 0 0 0 0

RLHA-LGA 0 1 3 2 0 1 0 2 0

Two LHA-PHA 4 0 1 0 0 0 0 0 0

Other 0 0 0 0 0 0 0 0 2

*One patient had ARHA from GDA (small branch) and RRHA from PDA (main branch). LHA — left hepatic artery; RHA — right hepatic artery; PHA — proper hepatic artery;  
LGA — left gastric artery; ALHA — accessory left hepatic artery; RLHA — replaced left hepatic artery; ARHA — accessory right hepatic artery; RRHA — replaced right hepatic artery; 
PDA — pancreaticoduodenal artery; GDA — gastroduodenal artery

Figure 1. Computed tomography three-dimensional view: replaced 
right hepatic artery from pancreaticoduodenal artery (red arrow).

Figure 2. Computed tomography coronal view: replaced right 
hepatic artery (red arrow) from the gastroduodenal artery (yellow 
arrow).
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One of the most widely accepted classification 
of the hepatic artery anatomical variation is Michel 
classification, which includes 10 classes [11]. In our 

study, 12.9% of the population did not fit in any of 
the classes of Michel classification and were classi-
fied as class 0. This relatively high incidence shows 
the value of identifying those variants. For example, 
in our sample we found that 9 (3.7%) cases have ei-
ther replaced or accessory RHA from the GDA, these 
variations were barely mentioned in the literature 
and were limited to case reports [15]. Identifying 
these findings may be critical in the setting of liver 
transplantation when performing liver procurement, 
since this branch can be preserved by harvesting 
the GDA with its branches and keeping the RRHA or 

Table 3. The anatomical details of replaced and accessory right hepatic artery cases that originate from the gastroduodenal artery

ARHA-GDA RRHA-GDA LHA-PHA ALHA-LGA RLHA-LGA S4-L S4-R S4 not seen

1 *       *   *  

2 *       *   *  

3 *     *   *    

4 *   *         *

5 *   *         *

6   * * *

7   *   *   *    

8   *       *

LHA — left hepatic artery; PHA — proper hepatic artery; LGA — left gastric artery; ALHA — accessory left hepatic artery; RLHA — replaced left hepatic artery; ARHA — accessory 
right hepatic artery; RRHA — replaced right hepatic artery; GDA — gastroduodenal artery; S4-L — segment 4 artery from the left hepatic artery; S4-R — segment 4 artery from the right 
hepatic artery

Figure 5. Computed tomography coronal view: replaced right he-
patic artery from the coeliac artery (red arrow).

Figure 3. Computed tomography axial view: replaced right hepatic 
artery from the aorta (red arrow).

Figure 4. Computed tomography axial view: replaced right hepatic 
artery from the aorta (red arrow) (additional view).
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ARHA intact. Thus, minimizing the number of arterial 
anastomosis and, in turn, decreasing the chance of 
arterial complications.

Furthermore, this variation may be of great im-
portance for interventional radiologists especially 
when performing trans-arterial chemoembolisation 
for hepatocellular carcinoma, since this aberrant 
branch may feed the tumour [9]. Moreover, a great 
caution should be taken when embolising the GDA 
as a result of bleeding, due to the risk of cutting off 
the blood supply to the right segments of the liver 
in case of RRHA. 

Another variation that is usually misclassified as 
class III or VI is when the RRHA or ARHA originate from 
the PDA or when they both share a common trunk. 
The importance of this variation arises when perform-
ing pancreaticoduodenectomy or when performing 
angiographic embolisation of the rare PDA pseudoan-
eurysm [7]. In case of pancreaticoduodenectomy as 
a result of a tumour, it is important to identify the 
arterial variations and their relation to the tumour in 
order to perform a safe surgery and to avoid vascular 
complications [14]. Alternatively, it may be better to 
subclassify this variant as class III p or class VI p when 
the RRHA or ARHA originate from the PDA. 

An additional variant is the RRHA directly from the 
aorta, this variant may be important when performing 
angiography and trans-arterial chemoembolisation 
for hepatocellular carcinoma [2], since it may be 
challenging to access this artery. Similarly, the signif-
icance of this variation emerges during liver harvest 
in the setting of cadaveric donation because it may 
be confusing to the surgeon if he is not familiar with 
this rare variation. 

Another rare variation is a case that had a hepatic 
trunk that originated from the SMA with accessory 
LHA from the left gastric artery, this variation may 
make pancreaticoduodenectomy procedure more 
challenging and may increase the vascular compli-
cation rate as was reported by Ye et al. [18].

In this study, we also focused on identifying the 
root of the S4 hepatic artery (middle hepatic artery). 
Turning back to the literature including Michel clas-
sification, limited data is documented regarding the 
segment 4 arterial supply, and Michel classification 
didn’t include the S4 artery variation. It is worth 
noting that S4 hepatic artery determination is very 
important in the setting of live donor liver donation. 
For instance, when performing left lateral segmentec-
tomy, there might be a high probability of sacrificing 

it in case it arises from the left hepatic artery and, in 
turn, a higher chance of complications to the donor. 
On the contrary, when a right hepatectomy is to be 
performed, the arterial blood supply to segment 4 
may be affected if the S4 artery originates from the 
right hepatic artery [4].

We believe that adding an additional class to 
Michel classification, with class 0 as a non-conven-
tional variation, may help both the radiological and 
surgical team to develop a common language and 
make the surgeon or the interventional radiologist 
more alert, and fully prepared for these anatomical 
variations during the procedure.

A limitation of this study is that it included both 
donors and potential donors so a correlation with 
operative findings is not possible. An additional lim-
itation is that it did not include the hepatic duct or 
portal vein variations. 

CONCLUSIONS
A meticulous pre-procedure imaging revision 

for identification of the hepatic artery variation and 
keeping in mind the possibility of non-conventional 
variations that were described in this study is a key 
for performing a successful procedure with minimal 
complications. 
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Background: The coeliac trunk (CT) is well-known as trifurcated into the left 
gastric (LGA), common hepatic (CHA) and splenic (SA) arteries. 
Materials and methods: Scarce reports indicate that the CT could appear quadri-, 
penta-, hexa-, or even heptafurcated. Reports of CTs with six branches (hexafur-
cated CT) are few, less than ten. The hexafurcated CT variant was documented 
by a retrospective study of 93 computed tomography angiograms. 
Results: Two hexafurcated CTs were found. In one case an arc of Bühler was 
added to the inferior phrenic arteries, LGA, CHA and SA. In the second case the 
dorsal pancreatic artery was added to the other five branches. That arc of Bühler 
descended in front of the aorta to connect with the origin of the third jejunal 
artery. The CHA in that second case was trifurcated into the left and right hepatic 
arteries, and the gastroduodenal artery; the proper hepatic artery was absent. 
Conclusions: Although the hexafurcated CT, as well as the trifurcated CHA, are 
rarely occurring and reported anatomic variants, this doesn’t mean they could not 
be encountered during surgical or interventional procedures, which they would 
complicate if not recognised. Moreover, the arc of Bühler, the embryonic remnant, 
was not reported previously to insert into the CT as an additional branch of it. 
(Folia Morphol 2022; 81, 2: 365–371)

Key words: aorta, computed tomography, hepatic artery, splenic artery, 
superior mesenteric artery, arc of Bühler, portal vein

INTRODUCTION
The coeliac trunk (CT) is the first ventral branch 

of the abdominal aorta, commonly emerging at the 
level of the 12th thoracic vertebra, beneath the aortic 
hiatus of the diaphragm [20]. The CT usually trifur-

cates to form the tripus Halleri, sending off the left 
gastric artery (LGA), common hepatic artery (CHA) 
and splenic artery (SA) [21]. Panagouli et al. (2013) 
[17] defined the type III of CT variation in which 
additional branches of the CT occur. These authors 
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documented a prevalence of 1.06% of this type of an-
atomic variations of the CT [17]. Different patterns of 
such additional branches include the inferior phrenic 
arteries, left (LIPA) and right (RIPA), or the dorsal 
pancreatic artery (DPA) [4].

To the authors’ knowledge, eight hexafurcated 
patterns of the CT were previously reported [1, 2, 5, 
6, 8, 18, 19]. A different study reported a prevalence 
of 4% for the hexafurcated CT, but this results just 
from a meeting abstract [25]. In these reports dif-
ferent arteries with specific patterns of distribution 
were added to the three normal branches of the CT 
to increase their number to six. 

We hereby report a new pattern of hexafurcated 
CT in which one of the additional branches was not 
an artery with a specific target tissue, but it was  
a previously unreported variant of the arc of Bühler. 
The Bühler’s arc is a rare direct retropancreatic anas-
tomosis between the CT and the superior mesenteric 
artery (SMA) or their branches [15]. Different other 
coeliacomesenteric anastomotic paths are more dis-
tanced from the aorta than the arc of Bühler, being 
either anastomoses of the superior and inferior pan-
creaticoduodenal arteries, or anastomoses of the DPA 
and the SMA, or one of its branches (middle colic 
artery, inferior pancreaticoduodenal arteries) [14, 15].  
To the authors’ knowledge, an insertion of the arc 
of Bühler into a jejunal artery was not reported pre-
viously. 

MATERIALS AND METHODS
The anatomic variants of CT hexafurcation re-

ported here were found during a targeted retrospec-
tive study of 93 computed tomography angiograms 
of 44 male and 49 female cases, with ages from 
48 to 72 years old. The computed tomographic ex-
ams consisted in injecting an iodine radiocontrast 
agent in the left brachial vein (100 mL, with 6 mL/s 
flow), followed by 50 mL iodine radiocontrast agent  
(Ultravist 370 mg/mL) in the brachial vein, and by  
20 mL saline medium. The computed tomography 
was performed with a 32-slice scanner (Siemens 
Multislice Perspective Scanner), using a 0.6 mm col-
limation and reconstruction of 0.75 mm thickness 
with 50% overlap for multiplanar, maximum intensity 
projection, and three-dimensional (3D) volume ren-
dering technique [22]. The specific arterial anatomy 
was documented using the Horos software and its 
3D volume rendering application.

RESULTS
In the 93 computed tomography angiograms that 

were studied were found two cases (Case 1: male, 
60 years old; Case 2: male, 50 years old) (2.15%) 
with hexafurcated CTs. In both cases, five of the CT 
branches were the inferior phrenic arteries, LGA, CHA 
and SA. The sixth branch of the CT was in Case 1 an 
arc of Bühler and in Case 2 — the DPA. 

Case 1
The CT origin was on the anterior side of the 

abdominal aorta at the level of the upper third of 
the 1st lumbar vertebra. The SMA origin was 1.37 cm  
below, at the level of the middle third of the  
1st lumbar vertebra. The calibre of the CT at its origin was 
5.46 mm, while the calibre of the SMA was 6.63 mm. 

There were found six branches emerging from the 
CT, three of these being collateral (LIPA, RIPA, LGA), 
and the other three, terminal branches (CHA, SA, arc 
of Bühler) (Fig. 1).

At 2.07 mm from the aortic insertion of the CT 
the two inferior phrenic arteries (LIPA, RIPA) emerged 
independently from the superior side of the CT, being 
separated between by a distance of 2.28 mm. The in-

Figure 1. Case 1. Hexafurcated coeliac trunk. Left posterior view of 
the coeliac trunk and superior mesenteric artery. Three-dimensional  
volume renderisation; 1 — left inferior phrenic artery; 2 — coeliac 
trunk origin; 3 — superior mesenteric artery; 4 — first jejunal 
artery; 5 — third jejunal artery; 6 — right inferior phrenic artery; 
7 — common hepatic artery; 8 — left gastric artery; 9 — splenic 
artery; 10 — arc of Bühler.
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ferior phrenic arteries further ascended and diverged, 
to enter each within the pillar of the diaphragm on 
that side (Fig. 2). 

The LGA emerged from the superior side of the CT 
at 1.36 cm distally to the origin of the inferior phrenic 
arteries. The LGA had an initial calibre of 4.37 mm. It 
sent off oesophageal branches and further continued 
to distribute on the lesser gastric curvature. 

The CT further arched anterior and to the right 
and trifurcated terminally at 1.84 cm in front of the 
abdominal aorta, still at the level of the upper third of 
the 1st lumbar vertebra. It sent off the CHA, directed 
superiorly to the right, the SA, directed inferiorly to 
the left, and a posterior branch which further proved 
being an arc of Bühler. The CHA further trifurcated in 
front of the portal vein into the RHA, LHA and GDA 
(Fig. 3). Thus, the proper hepatic artery (PHA) lacked in 
this case (absent PHA). The SA continued towards the 
spleen, crossing in front of the SMA and coiling su-
perior to the pancreas and posterior to the stomach. 

The sixth branch of the CT was an arc of Bühler 
which descended from the terminal trifurcation of 
the CT (Fig. 1). The diameter of the arc of Bühler was  
3.65 mm. It descended initially applied on the pos-
terior side of the portal vein, antero-medial to the 
inferior vena cava, and crossing anteriorly over the 
left renal vein (Fig. 4). Then it continued posterior to 
the superior mesenteric vein. In its course, that arc of 
Bühler was paralleling the SMA on its right posterior 
side. Inferiorly, the arc of Bühler crossed the poste-
rior side of the SMA below the level of origin of the 
first jejunal artery (distributed to the duodenojejunal 

Figure 2. Case 1. Hexafurcated coeliac trunk. Coronal maximum 
intensity projection slice demonstrating the independent coeliac 
origins of the inferior phrenic arteries; 1 — left gastric artery;  
2 — right inferior phrenic artery; 3 — coeliac trunk; 4 — aorta; 
5 — left inferior phrenic artery.

Figure 3. Case 1. Hexafurcated coeliac trunk. Right antero-inferior 
view of the trifurcated common hepatic artery. Three-dimensional 
volume renderisation; 1 — right inferior phrenic artery; 2 — aorta; 
3 — left hepatic artery; 4 — right hepatic artery; 5 — trifurcation 
of the common hepatic artery; 6 — right renal artery; 7 — gastro-
duodenal artery; 8 — left gastric artery; 9 — coiled splenic artery; 
10 — coeliac trunk; 11 — superior mesenteric artery.

Figure 4. Case 1. Hexafurcated coeliac trunk. Axial maximum 
intensity projection slice through the lower third of the 1st lumbar 
vertebra; 1 — arc of Bühler; 2 — portal vein; 3 — inferior vena 
cava; 4 — right kidney; 5 — right renal artery; 6 — aorta; 7 — left 
renal vein; 8 — superior mesenteric artery; 9 — pancreas.



368

Folia Morphol., 2022, Vol. 81, No. 2

flexure) and ended into the segment of origin of the 
3rd jejunal artery (Fig. 1). The 2nd and the 3rd jejunal 
arteries left the SMA by a common trunk of origin. 

Case 2

In this second case the CT origin was on the an-
terior side of the abdominal aorta at the level of the 
lower third of the 12th thoracic vertebra. The SMA 
origin was 1.58 cm below, at the level of the upper 
third of the 1st lumbar vertebra. The calibre of the CT 
at its origin was 4.51 mm, while the calibre of the 
SMA was 6.34 mm. 

There were found six branches emerging from 
the CT, three of these being collateral (LIPA, RIPA, 

LGA), and the other three, terminal branches (CHA, 
SA, DPA) (Fig. 5).

The LGA emerged from the superior side of the 
CT at 2.38 distally to the origin of the CT. 

The CT further trifurcated terminally at 3.19 cm 
in front of the abdominal aorta, at the level of the 
middle third of the 1st lumbar vertebra. It sent off the 
CHA, directed to the right, the SA, directed to the left, 
and the descending DPA. The CHA further divided into 
the GDA and PHA in front of the portal vein.

DISCUSSION
Hexafurcated coeliac trunks

Few authors previously reported, or described, 
hexafurcations of the CT [1, 2, 5, 6, 8, 18, 19, 25]. 
Moreover, there are certain flaws of these reports, 
as documented in Table 1. A single previous study 
used computed tomography angiograms, but that 
meeting abstract did not indicate the arterial pattern 
of those hexafurcations but reported a 4% prevalence 
of the variant [25]. There were six previous reports of 
hexafurcated CTs resulted after [1, 2, 5, 6, 18, 19], but 
only one [1] came with an accurate proof of the evi-
dence of all those six branches of the CT. To these poor 
previous evidences of hexafurcated CTs was added  
a review paper in which the variant was depicted just 
by a drawing [8]. It is therefore considered that the 
evidence presented here is the second convincing one.

The hereby reported variants of hexafurcation 
of the CT could be regarded as resulted from a LIPA 
+RIPA+LGA+CHA+SA pentafurcation pattern to 
which was added either the DPA, or an arc of Bühler. 
Such pentafurcated patterns were reported only twice 
previously [13, 19].

The arc of Bühler and novelty of  
the present variant

Anatomic variations of the CT and SMA are ex-
plained by the Mac Kay arc theory and by the longitu-
dinal ventral anastomosis described by Julius Tandler 
in 1904 [15, 26]. According to Mac Kay’s theory, the 
distribution of the embryonic aorta branches is met-
americ [15]. Each metamere gives rise to three pairs 
of branches which unite in an arch, posterior, lateral 
and anterior or visceral [15]. Further, the visceral 
arches evolve to metameric single median digestive 
arteries [15]. The 10th metameric artery will form 
the LGA, the 11th metameric artery will form the SA, 
the 12th one forms the CHA and the 13th one — the 
SMA [14, 15]. These embryonic arteries are united by 

Figure 5. Case 2. Hexafurcated coeliac trunk. A. Three-dimensional 
volume rendering, anterior view; B. Sagittal maximum intensity 
projection slice through the coeliac trunk; C. Coronal maximum 
intensity projection slice through the terminal end of the coeliac 
trunk; 1 — 12th thoracic vertebra; 2 — right inferior phrenic artery; 
3 — left gastric artery; 4 — coeliac trunk; 5 — common hepatic 
artery; 6 — proper hepatic artery; 7 — gastroduodenal artery; 
8 — left inferior phrenic artery; 9 — splenic artery; 10 — superior 
mesenteric artery; 11 — dorsal pancreatic artery.
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Tandler’s longitudinal anastomosis located in front 
of the aorta [15, 26]. However, although the arc of 
Bühler is regarded as a vestige of Tandler’s anastomo-
sis between the CT and the SMA, its embryogenesis 
closely relates to the DPA [15]. Thus because the DPA 
could emerge either the SA, or the SMA, and if both 
origins are maintained, the arc of Bühler is configured 
[15]. In the variant reported here (Case 1) the upper 
origin of the DPA was translated to the CT itself, the 
lower origin — to the third jejunal artery, but both 
were maintained to configure a retropancreatic arc of 
Bühler. In Case 2, the origin of the DPA was translated 
from the SA to the CT itself, but an inferior insertion 
onto the SMA lacked.

In a recent review of the literature, Michalinos 
et al. [15] concluded that “Despite its importance, 
knowledge on the Buhler’s arc is still incomplete”. 
Indeed, the report presented here adds such knowl-
edge, by demonstrating that the arc of Bühler could 
insert in the CT as one of the six branches of a hex-
afurcation.

Michalinos et al. (2019) [15] documented that 
Grabbe and Bücheler (1980) [9] determined the 
diameter of the arc of Bühler being 2–7 mm. The 
respective authors found the arc of Bühler with  
a prevalence of 4.11% (14/340 cases). Later, Saad et 
al. (2005) [23], also documented by Michalinos et al. 
(2019) [15], found the diameter of the arc of Bühler 
being 1.5–2.5 mm. But those later authors found the 
respective anastomosis in 4/120 angiograms, thus 

with a prevalence of 3.3%. In the case reported here 
the diameter of the arc of Bühler was of 3.65 mm, 
which corresponds to the measurements of Grabbe 
and Bücheler [9], but is larger than the values of Saad 
et al. [23]. The arc of Bühler could use as collateral 
path of blood flow between the CT and SMA, if one 
of these two main arteries is obstructed [15]. A di-
rect CT insertion of the arc of Bühler would equally 
supply the branches of the CT from the SMA, if the 
CT is obstructed. However, a jejunal insertion of the 
arc of Bühler could not ensure a good haemodynamic 
support of the SMA, if this later artery is obstructed. 
It should also be emphasized that when the arc of 
Bühler acts as a shunt, either it could steal blood from 
different collateral branches of the CT and SMA, or 
it could facilitate the development of aneurysms by 
local increase of the arterial pressure [15].

Trifurcated common hepatic artery:  
absent proper hepatic artery

Song et al. (2010) [24] evaluated the arterial anat-
omy on computed tomography angiograms of 5002 
patients. From what was observed, the variant of the 
RHA and LHA originating directly from the CHA which 
is reported here (absent PHA, Case 1) was not found 
among that large lot of cases, although those authors 
got evidence to present and discuss the absent CHA 
variants [24]. A recent study by Ekingen et al. [7] on 
the specific variation of the PHA was performed on 
671 multidetector computed tomography angiog-

Table 1. Previously reported or described hexafurcations of the coeliac trunk

Author(s), year Method Anatomical pattern Observations

Çiçekcibaşi et al.  
(2005) [6]

Dissection LIPA, RIPA, LGA, CHA, SA, LGEA Case report of a CMT; in the figures it is not clear whether,  
or not, the LGEA has indeed a gastric distribution

Gielecki et al. (2005) [8] Review paper LIPA, RIPA, LGA, CHA, SA, ASRHA A schema depicts the variant

Chitra (2010) [5] Dissection LIPA, RIPA, LGA, CHA, SA,  
duodenal branch

1/50 cadavers (2%) was reported with hexafurcated CT  
but there is no figure to support the finding

Paraskevas and Raikos 
(2011) [18]

Dissection LIPA, ALSA, LGA, CHA, SA, AJA Case report, the CHA is not depicted in the figures,  
nor is the target loop of the AJA

Srivastava (2012) [25] Computed 
tomography

– Meeting abstract only, a prevalence of 4% of the hexafurcation  
of the CT is reported but the pattern is obscure 

Alashkham (2012) [2] Dissection LIPA, RIPA, LGA, CHA, SA, aberrant 
branch for pancreas and duodenum

The inferior phrenic arteries emerging the CT do not appear  
in the image presented by the author

Agarwal et al.  
(2016) [1]

Dissection LIPA, RIPA, LGA, CHA, SA, DPA The hexafurcation of the CT is accurately  
demonstrated in the figure

Pinal-Garcia et al.  
(2018) [19]

Dissection (a) LIPA, RIPA, LGA, CHA, SA, DPA 
(b) LIPA, LMSA, RIPA, LGA, CHA, SA

Hexafurcation of the CT was found in 1.4%  
(2 from 140 cases) but it was not proofed by any figure

AJA — accessory jejunal artery; ALSA — accessory left suprarenal artery; ASRHA — accessory superior right hepatic artery; CHA — common hepatic artery; CMT — coeliacomesen-
teric trunk; CT — coeliac trunk; DPA — dorsal pancreatic artery; LGA — left gastric artery; LGEA — left gastroepiploic artery; LIPA — left inferior phrenic artery; LMSA — left middle 
suprarenal artery; RIPA — right inferior phrenic artery; SA — splenic artery
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raphy images. The authors classified as type 2 the 
RHA+LHA+GDA originated from the CHA, with ab-
sent PHA (trifurcation of CHA) morphology [7], which 
is similar to the findings reported here in Case 1.  
Ekingen et al. (2020) [7] found this type 2 morphology 
in 8.94% of cases, while the normal anatomy of the 
PHA was encountered in just 43.52% of their cases. 
They quoted Gurgacz et al. (2011) [10] for reporting 
a trifurcated CHA, but that trifurcated CHA had not  
a RHA+LHA+GDA pattern, it had instead the LHA+ 
GDA+right gastric artery pattern, which is different 
equally from the variant reported here, and from Ekin-
gen’s type 2. Moreover, while Ekingen et al. (2020) [7]  
did not indicate whether, or not, the cases with tri-
furcated CHA added multiple branching patterns of 
the CT, hereby is reported a hexafurcated CT with  
a trifurcated CHA. At the opposite end of the spec-
trum of such variations, Badagabettu et al. (2016) [3]  
reported an absent CT with a trifurcated CHA with  
a RHA+LHA+GDA pattern. Hiatt et al. (1994) [11] 
documented the previous reports of Kemeny et al. 
(1986) [12] and, respectively, Niederhuber and Ens-
minger (1983) [16], who reported the RHA+LHA+GDA  
pattern of the CHA trifurcation, but regarded that 
pattern as “a subtype of the normal scheme” [11]. 
As quoted by Hiatt et al. [11], the respective authors 
documented a prevalence of 9%, and, respectively, 
14%, of the trifurcated CHA. 

CONCLUSIONS
In conclusion, additional branches of the CT are 

exposed at risk during surgical and interventional 
procedures, if not accurately documented. Availa-
ble literature resources in such cases are still poor 
and in various instances insufficiently documented. 
Nevertheless, finding a rare arterial variant does not 
mandatory imply it is the only variant which occurred 
in that territory. 
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Background: The topographic location of the superior mesenteric artery (SMA) 
and its branching pattern are usually arbitrary in textbooks. This study, therefore, 
aims to provide topographic information of SMA with reference to the vertebral 
bodies, ventral branches of aorta and branching pattern of SMA.
Materials and methods: The study was conducted on 35 embalmed adult human 
cadavers. We performed detailed dissection of the SMA to topographically locate 
its origin in respect to vertebral level and other ventral branches of the abdominal 
aorta. We have categorised the branching pattern of SMA into three different 
types depending upon the number of arterial pedicles, traced from proximal to 
distal to look into their anastomoses and formation marginal artery of Drummond.
Results: Vertebral level of origin of SMA varied between the lower third of twelfth 
thoracic vertebra (T12) and lower third of first lumbar vertebra (L1), most com-
monly arose at the level of the lower third of L1 (77.14%). The average distances 
between the origin of SMA and coeliac trunk (CT), inferior mesenteric artery 
(IMA) and aortic bifurcation were 1.84 cm, 6.67 cm and 10.39 cm, respectively. 
Depending on the branching pattern, type A was found in 29 (82.85%) cases, 
type B in 5 (14.28%) and type C in 1 (2.85%). In 2 cases (both of type B), the 
marginal artery was incomplete.
Conclusions: The most common topography of origin of the SMA was opposite 
the lower third of L1. The coeliac-superior mesenteric relationship was most 
consistent than between any other two points on the abdominal aorta; 85% of 
the SMAs were concentrated within a space of 1.00 cm (0.60–1.50 cm) from the 
CT. Type A branching pattern was most commonly seen in our study population. 
(Folia Morphol 2022; 81, 2: 372–378)

Key words: aortic bifurcation, coeliac artery, inferior mesenteric artery, 
superior mesenteric artery, topography

INTRODUCTION
Three unpaired arteries arise from the ventral sur-

face of the aorta, coeliac trunk (CT), superior mes-
enteric artery (SMA) and inferior mesenteric artery 
(IMA). The branches arising from these three arteries 

solely cater the derivatives of foregut, midgut and 
hindgut, respectively [20]. Usually, SMA originates 
from the anterior surface of the aorta 1 cm below the 
CT, at the level of the L1/2 intervertebral disc, posterior 
to the body of the pancreas. It then descends abruptly 

https://orcid.org/0000-0002-1107-4481


373

S. Nigah et al., Topography and branching pattern of superior mesenteric artery

downwards anterior to the left renal vein, the unci-
nate process of the pancreas and the horizontal part 
of the duodenum, and runs within the root of the 
mesentery of the small intestine up to the ileocecal 
junction in the right iliac fossa. Here it ends by giving 
branches to the ileum and form an anastomosis with 
a branch of the ileocolic artery in most of the cases 
[17]. The artery gives off several branches which in-
clude; the inferior pancreaticoduodenal artery from 
the posterior aspect, jejunal and ileal branches from 
the left surface and middle colic, right colic and il-
eocolic branches from the right surface [26]. The 
colic branches of SMA (right colic, middle colic and 
ileocolic) anastomoses with each other and with the 
colic branch of IMA (left colic) to form the marginal 
artery of Drummond which supplies the large gut. 
Discontinuous marginal artery due to the failure of 
the anastomosis [2, 16] may lead to infarction injury 
to the colon. Left colic flexure is the most common 
site of such vascular injury. Topographical features 
of the ventral aortic branches including SMA have 
been reported, to a limited extent. The values given 
in the standard textbooks are usually arbitrary and 
no degrees of variation mentioned. With such back-
ground, the present study was undertaken to provide 
statistical information on the points of origin of the 
SMA with reference to the level of vertebral bodies and 
intervertebral discs, inter distances between the origin 
of SMA and the CT, inferior mesenteric Artery and 
aortic bifurcation. Anatomical knowledge regarding 
the branching pattern of SMA is very crucial for oper-
ating surgeons while mobilising them during surgery. 
Unfortunately, very few studies are available on this 
issue. So, we aimed to study its branching pattern, 
the formation of anastomotic chain between them in 
relation to the supplying area prone to infarction injury 
of the colon and categorise the findings accordingly.

MATERIALS AND METHODS
Thirty five adult cadavers of north Indian origin 

and aged between 45 to 65 years with a mean age 
of 55.84 ± 7.74 years were examined in this study. 
The relatively small number of females (5) in the study 
sample did not call for separate records on sex dif-
ferences. The cadavers were obtained from the gross 
anatomy dissecting room of the Department of Anat-
omy. Dissection carried out after ethical approval was 
obtained from the Institutional Ethical Committee. 
The cadavers were of north Indian origin and forma-
lin embalmed. A midline incision was given starting 

from the xiphoid process to symphysis pubis. Skin and 
fascia were reflected laterally following the method 
of Cunningham’s practical manual for dissection [18]. 
The greater omentum, coils of small intestine with its 
mesentery and large intestine were identified. The 
transverse colon with greater omentum was reflected 
superiorly over the costal margin to get a better and 
clear view of the coils of the small intestine. The coils 
of the jejunum and ileum were seen attached firmly 
to the posterior abdominal wall through the root of 
the mesentery. These coils were reflected laterally 
and moved to the left side of the abdomen without 
undue stretch so that the right side of the mesentery 
faces anteriorly. Peritoneum on the right side of the 
mesentery was removed to expose the branches of 
SMA. SMA was seen lying along the root of the mes-
entery and branches arising from it were distributed 
between the two layers of the mesentery to supply 
the coils of the intestine. Once the routine dissection 
of the abdomen was advanced sufficiently to dispose 
the abdominal aorta and its branches, a pin with  
a small head was inserted into the vertebral column 
through the centre of the origin of each unpaired 
visceral branch and also at the level of bifurcation of 
the abdominal aorta into the common iliac arteries. 
The pins were hammered into the vertebral column 
very carefully to insert the pin in the transverse plane 
and to avoid the error of an oblique insertion. The 
distance between the four pins was then measured 
using digital vernier callipers (Mitutoyo12”/300 mm, 
Japan) with least count of 0.01 mm and recorded 
as inter arterial distances. The measurements were 
taken from the centre of one pin-head to the centre 
of the next pin-head (Fig. 1). The measurements were 
repeated 3 times by the same observer and the mean 
was taken as final for further analysis. The inter arte-
rial distances thus obtained were statistically analysed 
using the Microsoft Office Excel software version 16.0 
for Windows 10.

Superior mesenteric artery with its branches 
was traced from proximal to distal up to the level 
of formation of marginal artery of Drummond. 
Depending upon the number of arterial pedicles, 
Mane and Shinde [13] categorised the branch-
ing pattern of SMA into three types. In the pres-
ent study, we followed the same classification of 
branching pattern:

 — type A: usual pattern with three arterial pedicles. 
middle colic artery (MCA), right colic artery (RCA) 
and ileocolic artery (ICA) arising independently;
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 — type B: two arterial pedicles. MCA and RCA arising 
as a common stem;

 — type C: two arterial pedicles. The common stem 
of MCA and RCA with branches of MCA arise 
individually.
After documenting the branching pattern, the 

abdominal viscera were removed and the abdom-
inal aorta was stripped off from the front of the 
vertebral column, the vertebral level of the second 
pin determining the level of origin of SMA was 
recorded in relation to the vertebral body. The 
twelfth rib was identified and traced medially to 
identify the T12 vertebra and thus subsequent ver-
tebral levels in the cadaver. To locate the origin of 
the SMA in accordance to the vertebral level, the 
vertebral bodies were divided into upper, middle 
and lower thirds and the intervertebral discs were 
considered equivalent to the height of the one-third 
of a vertebral body.

RESULTS
In the present study, a total of 35 human cadavers 

aged 45 to 65 years were dissected. SMA with its 
branches was studied to identify the topographic 
location of SMA and its branching pattern.

In all the cadavers, SMA was seen arising from 
the abdominal aorta as a separate ventral branch 
and coeliac-mesenteric trunk (CMT) was absent. In 
two specimens there was a close approximation (inter 
arterial distance < 0.05 cm) of coeliac and superior 
mesenteric vessels, but their topographical integrity 
was not hampered as they emerged from the aorta 
(Fig. 2). Chronologically, SMA was 2nd in origin in all 
the cases after the origin of CT.

Figure 1. Location of the unpaired ventral branches of the abdom-
inal aorta and its bifurcation in relation to the vertebral bodies and 
measurements of inter arterial distances. The average distances 
between the origin of superior mesenteric artery and coeliac trunk, 
inferior mesenteric artery and aortic bifurcation were 1.84 ± 0.43 cm, 
6.67 ± 1.13 cm and 10.39 ± 1.23 cm, respectively.

Figure 2. Chronology of emergence of ventral branches from aorta 
with close approximation of coeliac trunk (CT) and superior mes-
enteric artery (SMA); RA — renal artery; AA — abdominal aorta; 
IMA — inferior mesenteric artery; CIA — common iliac artery.
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Vertebral topography of origin. The origin of 
SMA was studied in respect to the vertebral level of 
thoracolumbar region and ranged between the lower 
third of T12 to lower third of L1 vertebra, a spread 
of 5 intervals (4 vertebral thirds and 1 intervertebral 
disc). In 27 (77.14%) cases it was arising at the level 
of the lower third of L1, in 5 (14.28%) cases at the 
upper third of L1 and in 3 (8.57%) cases at the lower 
third of T12. So, the mean level of origin was opposite 
the lower third of L1.

Inter arterial distance of origin (in cm). Meas-
urements were taken to document the distances of 
the site of origin of SMA from CT, IMA and bifurcation 
of the aorta.

 — inter-distance between SMA and CT: the mean 
distance between SMA and CT was found to be 
1.84 ± 0.43 cm (1.30–2.10 cm). Two (5.71%) 
cases were found in close approximation (distance  
≤ 0.5 cm), 30 (85.71%) cases concentrated be-
tween 0.60 cm and 1.50 cm and in 3 (8.57%) 
cases it was more than 1.50 cm;

 — between SMA and IMA: points of origin ranged 
from 4.30 cm to 8.00 cm; the mean interval was 
6.67 ± 1.13 cm, there was a marked concentra-
tion of the variates (34%) between 5.60 cm to 
6.50 cm followed by a space of 2.50 cm (5.50 cm  
to 8.00 cm);

 — between SMA and aortic bifurcation: SMA ranged 
from 8.30 cm to 11.90 cm above the bifurcation; 
the mean interval was 10.39 ± 1.23 cm.

Branching pattern. Pattern of distribution was 
categorised into three different types depending 
upon the number of arterial pedicles. type A (Fig. 3)  

Figure 3. Type A: usual pattern with three arterial pedicles. Middle 
colic artery (MCA), right colic artery (RCA) and ileocolic artery 
(ICA) arising independently from the aorta (specimen no: 11R). 

Figure 4. Type B: two arterial pedicles. Middle colic artery (MCA) 
and right colic artery (RCA) arising as a common stem (CS). 
Arrows showing the formation of marginal artery of Drumond by 
anastomoses among the branches of ileocolic artery, RCA and 
MCA (specimen no: 15L).

Figure 5. Type C: two arterial pedicles. Common stem of middle 
colic artery (MCA) and right colic artery (RCA) with branches of 
MCA arise individually and RCA arises from one of the branches  
of MCA (right branch of MCA).
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was found in 29 (82.85%) cases, type B (Fig. 4) in  
5 (14.28%) and type C (Fig. 5) in 1 (2.85%). In most 
of the cases, the anastomotic chain was completely 
formed except in 2 cases (type B) where the left 
branch of MCA did not reach up to the left colic 
flexure, thus failed to anastomose with the ascending 
branch of the left colic artery (Fig. 4).

DISCUSSION
Anatomical knowledge about the topographic 

location of SMA and its branches can help in prevent-
ing iatrogenic injuries during abdominal surgeries, 
specifically during laparoscopic procedures. Keeping 
in view the importance of the topographic location 
of SMA and its branching pattern, our observations 
were discussed and correlated with the study of ear-
lier workers. 

The abdominal vessels, especially the CT and the 
SMA, frequently show diverse anomalies in their 
origin and course; thus, these arteries are studied 
with great interest. Several anatomic and radiologi-
cal studies have described the variations in origin of 
the ventral branches of the abdominal aorta [14]. CT 
and SMA may rarely arise as common trunk from the 
ventral surface of the abdominal aorta, called as the 
CMT. The incidence of CMT was reported to be low 
ranging from 0.40% to 2.70% [25]. No obvious cause 
of CMT was seen in any of the specimens, SMA was 2nd 
in chronological order of origin from the abdominal 
aorta after CT. 

In the present study, the vertebral levels of origin 
of SMA were found between the lower third of T12 
and lower third of L1. In most of the cases (77.14%) 
the point of origin of SMA was at the level of the 
lower third of L1, followed by the upper third of L1 
(14.28%) and lower third of T12 (8.57%). The mean 
level of origin occurred opposite the lower third of L1. 
This level corresponded to that obtained by George 
[7] in the Canadian population and Heidsieck [8] in 
the German population. Adachi [1] and Taniguchi [24] 
found the mean vertebral level of origin of SMA at 
the middle third of L1. In all of these means cluster 
opposite the lower two-thirds of the L1. This was  
a sharp contrast with the findings of Corsy and  
Aubert [4] who gave the mean of location opposite 
the disc between the T12 and L1.

Kao et al. [10] studied 24 SMA angiograms to 
determine the level of origin of SMA. They found 
SMA to arise below the level of the pedicle of T12 in 
4 (16.60%) cases, above the level of the pedicle of 

L1 in 4 (16.60%) cases, at the level of the pedicle of 
L1 in 11 (45.80%) cases and below the level of the 
pedicle of L1 in 5 (21.00%) cases. So, the vertebral 
levels of origin of SMA are almost in consonance 
with our findings.

Topographic location of SMA in relation to the 
ventral branches of the aorta was studied by few 
authors. In most of the studies, the origin of the artery 
was located in relation to the CT. In the present study, 
we have measured the distances between the origin 
of SMA and CT, IMA and bifurcation of the abdominal 
aorta to locate the SMA more consistently.

Superior mesenteric artery was found 1.84 cm 
distal to the CT and the distance ranged from 1.30 cm  
to 2.10 cm. whereas, in a study done by Songur et al. 
[21], the distance ranged from 1.20 cm to 1.60 cm, 
almost in agreement with our study.

George [7] studied 94 cadavers in which the mean 
distance between SMA and celiac trunk was 1.6 cm 
ranging from 0.50 cm to 3.10 cm.

Heidsieck [8] measured this distance in 98 cadav-
ers and SMA was found 1.40 cm distal to the CT and 
the distance ranged from 0.50 cm to 3.00 cm. Such 
differences may be attributed to the method of study 
adopted by different authors, built of the cadavers 
understudy and ethnicity. 

We found the inter-distance between the origin of 
SMA and IMA to be 6.67 cm ranging from 4.3 cm to 
8.00 cm whereas, Songur et al. [21], found the dis-
tance ranging from 4.97 cm to 6.60 cm. Heidsieck [8]  
examined 93 cadavers and found the mean inter 
distance to be 7.50 cm ranging from 5.00 cm to 
10.00 cm. 

George [7] measured the distance between the 
origins of the SMA and IMA in 95 cadavers, the  
mean distance was 7.10 cm, ranging from 4.20 cm 
to 10.30 cm.

Very few works have reported the topographic 
location of SMA in relation to the aortic bifurcation. 
We found SMA 10.39 cm (range 8.30–11.90 cm) prox-
imal to the bifurcation. According to a case reported 
by Yoo et al. [27], the distance between SMA and 
bifurcation of the aorta was 12.50 cm and located 
at the level of the body of L1.

Comparing these inter arterial distances statistical-
ly, less variability was observed in the coeliac-superior 
mesenteric relationship than between any other two 
points on the abdominal aorta; 85.71% of the su-
perior mesenteric vessels were concentrated within  
a small space of 1 cm (0.60–1.00 cm) from the CT. 
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In two instances, the CT and SMA arose in very close 
approximation (< 0.5 cm), almost at the same level. 

The coeliac arid SMAs have a striking consistency 
in topographic position in the adult human body. The 
low cervical origins in embryonic life and subsequent 
caudal “migration” during intrauterine development 
may be considered for such a phenomenon. Tandler 
[23] have shown that the arteries arising from the 
ventral aspect of the aorta to supply the stomach and 
intestines undergo progressive shifting in segmental 
levels until their definitive site have been reached. 
The coeliac artery migrates from a point opposite the 
fourth cervical nerve to the level of the 12th thoracic 
segment. The superior mesenteric artery, from the 
1st thoracic to the 1st lumbar segment; the inferior 
mesenteric, however, descends from the 12th thoracic 
to the third lumbar segment. The adult levels are 
usually attained by the time the embryo is 17.00 mm 
in length. Thus, it is apparent that the final sites of 
these vessels are subject to variation. The striking dif-
ferences in descent demonstrated by the coeliac and 
superior mesenteric arteries in contrast to the inferior 
mesenteric are readily explained by the proportion-
ately greater alterations involving the upper part of 
the alimentary tract. Although the exact mechanism 
of this migration has not been established, Felix [6] 
believed that it was due to unequal growth of dorsal 
and ventral walls of the aorta, an actual shifting of 
the ventral branches when compared with the dorsal 
segmental vessels.

Depending upon the number of arterial pedicles 
we have divided SMA into three categories. We doc-
umented type A (three arterial pedicles) as the most 
common (79%) pattern of arrangement. According 
to Decker et al. [5], three arterial pedicles (type A) 
was seen in 23.8%, two arterial pedicles (type B) with 
RCA arose from the ileocolic seen in 22.70% and from 
MCA seen in 21.50% of cases. Igiri et al. [9], studied 
the pattern of distribution of branches of SMA in the 
Nigerian population. They had divided population 
into three groups:

 — group A: classical three arterial trunks with 6–7 
jejuno-ileal branches (60%);

 — group B: three arterial trunks with appendicular 
artery arising directly from ICA (26.70%);

 — group C: two arterial trunks with RCA from the 
ileocolic artery (13.30%). 
Nelson et al. [15] found that RCA and MCA arose 

separately from SMA in 34% and 58% of the cas-

es, respectively. Whereas, in 40% RCA originated as  
a common stem.

Variations in the branching and distributions of the 
SMA are not uncommon phenomena [3, 11, 15, 19].  
Branches of SMA (MCA, RCA, ICA) anastomose with 
each other to form a continuous arterial chain, which 
sends twigs to supply the large intestine up to the 
level of the junction between the right 2/3rd and left 
1/3rd. If these branches fail to anastomose, then the 
continuity of the chain breaks and thus making large 
intestine prone to ischaemia. Igiri et al. [9], reported 
that the branches of RCA and ICA were not anasto-
mosing in group C pattern of SMA. This was similar 
to earlier researchers who also reported discontinu-
ous marginal artery due to the ICA failing to anas-
tomose with the RCA [14, 22]. In the present study,  
the marginal artery supplying the ascending colon 
up to the right colic flexure was continuous in all 
the cases.

Left colic flexure is very crucial (watershed region) 
regarding its arterial supply and more prone to is-
chaemic injury, as it receives dual blood supply from 
the terminal branches of SMA and the IMA. In the 
context of ischaemia, the splenic flexure is sometimes 
referred to as Griffith’s point. Most of the authors be-
lieve that the left colic flexure is often poorly supplied 
as in this part the vascular continuity of the arterial 
arcades (Riolan’s arcade) is usually interrupted [17, 
18]. Contrary to what is believed by most authors, 
Lorenzini et al. [12] studied 2000 angiograms of 
mesenteric arteries and reported the left flexure to be 
very well supplied while the descending colon results 
to be poorly supplied.

Basmajian et al. [2] reported discontinuous mar-
ginal artery in about 50% of cases over splenic flexure 
due to failure of anastomoses between RCA (branch 
of SMA) and LCA (branch of IMA). According to Stew-
ard and Rankin [22], the RCA may originate from the 
MCA or ICA, and a large branch, the Arc of Riolan, 
may occasionally connect the stem of the SMA with 
the LCA on the posterior abdominal wall. 

In the present study, we found two cases, both of 
type B variety where the left branch of MCA failed to 
reach the LCA resulting in a discontinuous marginal 
artery. In such cases LCA serves as an end artery 
making the splenic flexure prone to ischaemic injury, 
especially accidental ligation/ cauterization of the 
small branches of LCA during hemicolectomy may 
make aggravate the situation. 
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CONCLUSIONS
The mean location of the origin of the SMA was 

opposite the lower third of L1. Less variability was ob-
served in the coeliac-superior mesenteric relationship 
than between any other two points on the abdominal 
aorta; 85% of the superior mesenteric vessels were 
concentrated within a space of 1.00 cm (0.60–1.50 cm)  
from the CT. Type A branching pattern was most com-
monly seen in our study population. Variations in the 
branching pattern of SMA are clinically very important 
for laparoscopic surgeons and interventional radiol-
ogists to prevent iatrogenic injury to these vessels.
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Background: Nesfatin-1 is a newly identified satiety peptide that has regulatory 
effects on food intake and glucose metabolism, and is located in the hypothalamic 
nuclei, including the supraoptic nucleus (SON). In this study, we have investigated 
the hypothesis that nesfatin-1 neurons are activated by refeeding and intraperito-
neal glucose injection and that the glutamatergic system has regulatory influences 
on nesfatin-1 neurons in the SON. 
Materials and methods: The first set of experiments analysed activation of 
nesfatin-1 neurons after refeeding as a physiological stimulus and the effective-
ness of the glutamatergic system on this physiological stimulation. The subjects 
were randomly divided into three groups: fasting group, refeeding group and 
antagonist (CNQX + refeeding) group. The second set of experiments analysed 
activation of nesfatin-1 neurons by glucose injection as a metabolic stimulus and 
the effectiveness of the glutamatergic system on this metabolic stimulation. The 
subjects were randomly divided into three groups: saline group, glucose group 
and antagonist (CNQX + glucose) group.
Results: Refeeding significantly increased the number of activated nesfatin-1 
neurons by approximately 66%, and intraperitoneal glucose injection activated 
these neurons by about 55%, compared to the fasting and saline controls. The 
injections of glutamate antagonist (CNQX) greatly decreased the number of ac-
tivated nesfatin-1 neurons.
Conclusions: This study suggested that nesfatin-1 neurons were activated by 
peripheral and/or metabolic signals and that this effect was mediated through 
the glutamatergic system. (Folia Morphol 2022; 81, 2: 379–386)

Key words: CNQX, glucose, glutamate, nesfatin-1, refeeding

INTRODUCTION
Nesfatin-1 is an 82 amino acid peptide that has 

modulating effects in regulating food intake, body 
weight and gluconeogenesis [11, 41]. NUCB2/nesfa-
tin-1 is widely expressed in peripheral tissues and the 

central nervous system [51]. Nesfatin-1 is expressed in 
the hypothalamic nuclei which are involved with the 
regulation of food intake including the paraventricu-
lar nucleus (PVN), arcuate nucleus (ARC), supraoptic 
nucleus (SON), lateral hypothalamic area (LHA), zona 
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incerta, and the solitary tract [11, 23, 41, 43, 44]. 
NUCB2/nesfatin-1 has also shown to be expressed 
in the periphery such as the gastric mucosa, adipose 
tissue, ovaries, testes, uterus, epididymis, cardiomy-
ocytes and pancreatic beta cells [41]. Surprisingly, 
NUCB2/nesfatin-1 immunoreactivity was found to 
be 10 times higher in the gastric mucosa than in the 
brain [15]. The inhibitory effects on food intake of 
nesfatin-1 have been studied and it has also been 
shown to influence the regulation of cardiac func-
tions, lipid metabolism, glucose homeostasis and 
reproductive functions [5]. It has been shown that 
intracerebroventricular injection of nesfatin-1 into 
the 3rd and 4th ventricles reduces food intake in mice 
and rats [29, 35, 44, 49].

Immunohistochemically, the expression of tran-
scription factors such as c-Fos, phosphorylated CREB 
or phosphorylated STATs (phosphorylated signal 
transducers and transcription activators) are used as 
markers for determining neuronal activity changes 
[1, 4, 20, 52]. Nesfatin-1 injection to the 3rd ventricle 
has been shown to cause c-Fos expression, especially 
in the PVN and the nucleus of the solitary tract [11, 
29]. The expression of c-Fos in these nuclei shows the 
anorectic signalling mechanism of nesfatin-1 [11].

Glucose sensitive neurons include glucose ho-
meostasis and glucoprivic feeding. Recently, these 
neurons have received more attention due to their 
regulatory effects on appetite [51]. Nesfatin-1 in-
hibits food intake by increasing the number of the 
glucose sensitive neurons in the hypothalamus (dor-
sal vagal complex) [51]. Nesfatin-1 participates in 
blood glucose regulation. Subcutaneous injection 
of nesfatin-1 reduces the glucose levels in the blood 
during the oral glucose tolerance test. However, in-
tracerebroventricular injection of nesfatin-1 does not 
reduce glucose levels in the blood [28]. This finding 
suggests that the glycaemic effect of nesfatin-1 may 
be peripheral. Co-injection of insulin and nesfatin-1 
increased the phosphorylation of AKT kinase in liver, 
skeletal muscle and adipose tissue. As a result, GluT4 
expression increased to increase glucose uptake [15].

Glutamate is the major excitatory amino acid 
neurotransmitter in the mammalian central nervous 
system [7, 8]. Glutamate plays an important role in the 
regulation of the neuroendocrine systems and the hy-
pothalamus-pituitary-endocrine system axis by acting 
on many neuroendocrine and peptidergic neurons lo-
calised in the hypothalamus [7, 8, 40]. Glutamate-me-
diated neurotransmission occurs via metabotropic 

and ionotropic glutamate receptors [22]. Ionotropic 
glutamate receptors are classified according to their 
agonists: N-methyl-D-aspartate (NMDA), a-amino-3-
-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) 
and 2-carboxy-3-carboxymethyl-4-isopropenylpyrroli-
dine (kainate) receptors [22, 27, 45]. NMDA receptors 
are composed of subunits named GluN1, GluN2A-D 
and GluN3A-B [9, 24]. These receptors have a critical 
function in excitatory synaptic transmission, plasticity 
and neurotoxicity [10, 30, 36–38].

Despite the many publications describing the mech-
anisms of action of nesfatin-1, there are no data about 
the peripheral and central control systems which play  
a role in the regulation of nesfatin-1 neuron activation. 
In this study, we analysed the effects of glutama-
tergic receptor antagonist (6-cyano-7-nitroquinoxal-
ine-2.3-dione [CNQX]) on the activation of nesfatin-1 
neurons following refeeding or glucose administration.

MATERIALS AND METHODS
animals

All animal experiments were carried out in accord-
ance with the National Institute of Health Guide for 
the Care and Use of Laboratory Animals and approved 
by the Experimental Ethics Committee of Bursa Uludag 
University (Date: 01.03.2016, No: HDP(T)-2016/25). 
Sixty-day-old male Sprague-Dawley rats (200–250 g)  
(n = 30), obtained from the Bursa Uludag Univer-
sity Laboratory Animal Breeding, Usage and Re-
search Centre, were used in this study. Animals were 
kept in a light- and temperature-controlled facility  
(12:12 h light-dark cycle with lights off at 7:00 am 
and at 21°C) with water freely available.

Experimental groups

Experiment 1: Suppressive effect of glutamate 
receptor antagonist (CNQX) on nesfatin-1  
neuronal activation induced by refeeding

 The animals were divided into three groups  
(n = 5 per group). After a 48-h fasting period, the 
refeeding group was allowed to eat ad libitum for  
2 h, while the fasting group was unfed and the an-
tagonist group was injected intraperitoneally with 
non-NMDA glutamate antagonist (CNQX) (2 mg/kg 
CNQX in 300 µL distilled water, DW) 15 min before the 
2-h refeeding period. After the 48-h fasting, refeeding 
was started at 9:00 am at the beginning of the dark 
period of the dark-light cycle and the animals were 
allowed to feed for 2 h. Also, the CNQX injections 
were performed at 9:00 am. 
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Experiment 2: Suppressive effect of glutamate  
receptor antagonist (CNQX) on nesfatin-1 neuronal 
activation induced by glucose injection

The animals were divided into three groups (n = 5  
per group). After a 48-h fasting period, the control 
group received saline (400 µL saline, intraperitoneally 
[ip]), the glucose group was injected with glucose  
(2 g/kg glucose in 400 µL saline, ip) and the antago-
nist group was injected with non-NMDA glutamate 
antagonist (2 mg/kg CNQX in 400 µL saline, ip) 15 min 
before the glucose injection. The dosage of glucose 
injection was determined by referring the previous 
reports in the literature [21, 46, 47].

Tissue preparation

All injections were performed between 9:00 and 
11:00 am and 90 min after injection, the animals 
were deeply anaesthetised with ether and fixed by 
trans-cardiac perfusion with 4% paraformaldehyde 
(PFA) in 0.13 M Sorenson’s phosphate buffer, pH 7.4 
(300 mL/animal). Brains and brainstems were carefully 
removed and post-fixed overnight in the same fixative 
at +4°C. Five series of brain sections with a thickness 
of 40 µm were taken along the rostral-caudal axis of 
the hypothalamus with a vibratome and collected into 
Tris-HCl buffer (0.05 M, pH 7.6). The brain sections 
were washed 3 times with Tris-HCl buffer (0.05 M, 
pH 7.6) and then stored at –20°C in cryoprotectant 
until use.

Immunohistochemistry

Tris-HCl buffer was used for all washing steps. 
Primary and secondary antibodies were diluted in 
blocking buffer (10% normal horse serum, 0.2% Tri-
ton X-100, and 0.1% sodium azide in Tris-HCl buff-
er) for 2 h in order to prevent non-specific binding. 
Following 2-h incubation in blocking buffer, sections 
were transferred into rabbit anti-c-Fos antibody solu-
tion at a dilution of 1/20 000 (Chemican, Billerica, 
MA, USA). The sections were incubated in donkey 
anti-rabbit IgG (1/300 dilution, Jackson Immuno- 
Research Laboratories, West Grove, PA, USA) for 2 h, 
processed with avidin-biotin complex according to 
the manufacturer’s instructions (ABC Elite Standard 
Kit, Vector Laboratories, Burlingame, CA, USA) for 1 h  
and stained with diaminobenzidine (DAB) solution 
(25 mg DAB, 2 g nickel ammonium sulphate, 2.5 µL 
hydrogen peroxide in 100 mL Tris-HCl buffer). After 
washing, the sections were secondarily blocked with 
10% normal horse serum, and incubated in rabbit 

anti-nesfatin-1 antibody (1/20 000 dilution, H-060-50,  
Phoenix Pharmaceuticals, Inc., USA) overnight at 
room temperature. This step was followed by sec-
ondary antibody incubation using biotin conjugated 
donkey anti-rabbit IgG (1/400 dilution, Jackson Im-
munoResearch Labs, West Grove, PA, USA) for 2 h.  
DAB (25 mg DAB, 2.5 µL hydrogen peroxide in 50 mL  
Tris-HCl buffer) was used for visualisation of the im-
munochemical complex). Double-stained sections were 
then transferred into Tris-HCl buffer, washed, mounted 
on glass slides, dried and coverslipped with DPX.

c-Fos antibodies used in this study have been used 
in many reports in the literature as well as in our pre-
vious studies [17, 42]. Nesfatin-1 antibody specifity 
was shown in previous studies in the literature [6].

Cell counting

Sections were analysed and photographed with 
Olympus BX-50 photomicroscope attached to a CCD 
camera (Olympus DP71, CCD colour camera, 1.5 mil-
lion pixels, Olympus Corporation, Japan). Sections 
between the coordinates determined according to 
the rat brain atlas (bregma –0.48 mm and –1.44 mm 
SON) were used for double immunohistochemical 
labelling [39]. Cross sections taken at five different 
levels at the same coordinate and at equal distance 
for each animal in the rostrocaudal plane were used 
for cell counting. All nesfatin-1-positive cells, with 
and without c-Fos-positive nuclei neurons in the 
SON were counted bilaterally and blindly in every 
fourth section between the stereotaxic coordinates 
of bregma –0.48 mm — bregma –1.44 mm. Then the 
percentage of c-Fos-positive nesfatin-1 neurons to all 
nesfatin neurons was calculated within each animal 
in dual indirect immunoperoxidase-labelled sections. 

statistical analysis

The percentage of the c-Fos positivity in nesfatin-1 
positive cells is expressed as mean ± standard devi-
ation. The significance of differences between the 
groups was assessed with ANOVA test. The level of 
statistical significance was set at p < 0.05. Statistical 
data analysis was performed with IBM SPSS, 23.0.

RESULTS
The agonist and antagonist injections did not 

cause adverse reactions or mortality during the ex-
periments.

Nesfatin-1 positivity was visualized by brown re-
action product with chromogen in the cytoplasm and 
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c-Fos positivity by blue/black reaction product in the 
nuclei (Fig. 1). After the 48-h fasting, refeeding and 
ip glucose injection significantly increased the number 
of c-Fos-expressing nesfatin-1 neurons, compared 
with the fasting and saline controls. These effects 
were also blocked by antagonist injection (CNQX). 

Refeeding induced c-Fos expression in nesfatin-1 
neurons and CNQX reduced the number of active 
nesfatin-1 neurons

After refeeding for 2 h following 48 h fasting, 
c-Fos-immunoreactive neurons were observed abun-
dantly in the SON, PVN.

The 2-h refeeding after 48-h fasting caused a sig-
nificant increase in the number of c-Fos-positive nesfa-
tin-1 neurons compared with the fasting group. These 
effects were also blocked by antagonist (CNQX). In the 
refeeding group, about 66% of nesfatin-1 neurons 
localised in the SON were c-Fos-positive, whereas this 
ratio was 1% in the fasting group (p = 0.000). The ratio 
of the activated nesfatin-1 neurons was reduced to 
25% after CNQX injection (p = 0.009). The number of 
nesfatin-1 neurons expressing c-Fos immunoreactivity 
was significantly (66 times) greater under refeeding, 
compared with fasting conditions (Figs. 2, 4A, Table 1).

Glucose induced c-Fos expression in nesfatin-1 
neurons and CNQX reduced the number of active 
nesfatin-1 neurons

After glucose injection following 48 h fasting, 
c-Fos-immunoreactive neurons were observed abun-
dantly in the SON, PVN.

The glucose injection after 48-h fasting significant-
ly increased the number of c-Fos-positive nesfatin-1 

Table 1. The percentages of c-Fos-positive nesfatin-1 neurons 
relative to all nesfatin-1 neurons in all groups (mean ± stan-
dard deviation). P values pertain to the comparison with the 
refeeding and glucose-injected groups

c-Fos expression (%)

Nesfatin-1 neurons P

Fasting 1.00 ± 0.94 = 0.00

Refeeding 66.65 ± 9.82

CNQX + refeeding 25.15 ± 17.22 < 0.009

Glucose control 1.13 ± 0.66 < 0.01

Glucose 55.7 ± 21.46

CNQX + glucose 6.32 ± 9.60 < 0.01

CNQX — 6-cyano-7-nitroquinoxaline-2.3-dione

Figure 1. Representative c-Fos-positive and c-Fos-negative nes-
fatin-1 neurons. The arrow-head indicates c-Fos positivity (black) 
in the nucleus of a nesfatin-1-positive (brown) neuron. The arrow 
indicates a representative c-Fos-negative nesfatin-1 neuron.

Figure 2. Effect of CNQX, a non-N-methyl-D-aspartate (NMDA) glu-
tamate antagonist, in subjects stimulated by refeeding after fasting. 
Double-immunohistochemical staining of c-Fos and nesfatin-1 in supra-
optic nucleus after 48 h fasting (A), after 2 h refeeding following 48 h 
fasting (B) and CNQX-treated subjects before feeding (C).
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neurons compared with the control group. These 
effects were also blocked by antagonist (CNQX). The 
glucose injection activated about 55% of c-Fos-pos-
itive neurons (55%, significantly more than in the 
control group: 1%, p = 0.01). The ratio of the acti-
vated nesfatin-1 clearly decreased after antagonist 
injection (CNQX) (6%, p = 0.01).

The number of c-Fos-expressing nesfatin-1 neurons 
was significantly increased following glucose injections 
when compared with saline conditions. The number of 
glucose-activated nesfatin-1 neurons was significantly 
reduced if CNQX was pre-injected (Figs. 3, 4B, Table 1).

DISCUSSION
Nesfatin-1 is a newly identified peptide that has 

regulatory effects on food and water intake, energy 

consumption, cardiovascular and gastrointestinal 
functions, anxiety and depression and reproductive 
functions [41]. Although there is some literature on 
the effects of nesfatin-1 neurons in the target cells 
and organs, no experimental studies have been found 
on central neurotransmitter systems. In the present 
study, we investigated the hypothesis that nesfatin-1 
neurons are activated by refeeding and glucose in-
jection as peripheral and metabolic factors and that 
the glutamatergic system has regulatory influences 
on nesfatin-1 neurons in the SON. 

The regulatory effects related to neurogenesis, ap-
optosis, neurite development and synapse formation 
of glutamate, the main excitatory neurotransmitter 

Figure 3. Effect of CNQX, a non-N-methyl-D-aspartate (NMDA) 
glutamate antagonist, in subjects stimulated by glucose injection. 
Double-immunohistochemical staining of c-Fos and nesfatin-1 in 
supraoptic nucleus, after 48 h fasting; saline injection (A), glucose 
injection (B) and CNQX-treated subjects before glucose injection (C).

Figure 4. The percentages of c-Fos-positive nesfatin-1 neurons relative 
to all nesfatin-1 neurons. Effect of 6-cyano-7-nitroquinoxaline-2.3-dione 
(CNQX), a non-N-methyl-D-aspartate (NMDA) glutamate antagonist, 
in subjects stimulated by refeeding after fasting. There were signifi-
cant differences between fasting-refeeding (***p < 0.001) groups 
and refeeding-antagonist groups (**p < 0.01) (A). Effect of CNQX, 
a non-NMDA glutamate antagonist, in subjects stimulated by glu-
cose injection. There were significant differences between glucose 
control-glucose and glucose-antagonist (CNQX + glucose) groups 
(*p < 0.05) (B).
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of the central nervous system, on the hypothalamic 
neuroendocrine systems, is intensively investigated 
[12–14, 32]. Glutamate is the dominant excitatory 
transmitter in neuroendocrine regulation in the hy-
pothalamus. There were large amounts of glutamate 
in boutons making synaptic contact with neuroen-
docrine neurons in the arcuate, paraventricular, and 
supraoptic nuclei. The immunohistochemical studies 
showed that high level glutamate-immunoreactive 
terminals were present in the SON. Glutamate is 
also one of the major excitatory neurotransmitters 
in the SON [31]. In our laboratories we showed that 
kainic acid activates oxytocinergic neurons through 
non-NMDA glutamate receptors in the SON and PVN 
[34]. Our immunohistochemical studies showed that 
systemic administration of ionotropic non-NMDA 
and NMDA glutamate receptor agonists directly or 
indirectly activate neuronostatin neurons at differ-
ent rates [42]. Also, we detected increased number 
of c-Fos positive nesfatin-1 neurons in kainic acid, 
AMPA and NMDA injected subjects in the SON [18]. 
In addition, expression of the ionotropic glutamate 
receptors has been demonstrated with fluorescence 
microscopy on nesfatin-1 neurons in the SON [18]. In 
the present study, after refeeding and glucose injec-
tion, c-Fos-immunoreactive neurons were observed 
abundantly in the SON. We analysed the SON for the 
effects of the glutamatergic system on nesfatin-1 
neurons induced by refeeding and glucose injection.

The anorexigenic effect after injection into brain 
ventricles of nesfatin-1 has been studied in various 
animal groups such as rats [25, 44, 50], mice [3, 16], 
pigs [26] and goldfish [19], and it has been found to 
have a strong anorexigenic effect. Inhibition of dark 
phase food intake after third ventricle injection of 
nesfatin-1 has been described [35]. Low dose injection 
into the 4th ventricle of nesfatin-1 has been shown 
to reduce food intake in the first 4 h and suppress 
cumulative food intake in the 5th h [43]. Intracere-
broventricular injection of nesfatin-1 has been shown 
to reduce water intake as well as food intake [48]. In 
the SON, refeeding has been shown to activate the 
number of nesfatin-1-immunoreactive neurons and 
mRNA expression of NUCB2 [23]. Refeeding after 
fasting also increased the number of c-Fos-positive 
nesfatin-1 neurons in the SON [23]. Our results not 
only confirmed this previous report by showing that 
activation of the nesfatin-1 neurons was caused by 
refeeding after fasting, but also that this activation 
was significantly suppressed by the administration 

of the AMPA/kainate receptor antagonist CNQX. This 
result suggests that the regulatory effect of glutamate 
on nesfatin-1 neurons is unique. In our previous study, 
we showed that 2-h refeeding after 48-h fasting 
induced pSTAT5 expression in the neuronostatin neu-
rons in the anterior hypothalamic periventricular nu-
cleus and this expression was significantly suppressed 
by glutamate receptor antagonist (CNQX) [42]. This 
information supports that a peripheral factor, such as 
refeeding, was effective in regulating the functions of 
nesfatin-1 neurons and that this effect was mediated 
through the glutamatergic system.

CNQX application to the fasting group was con-
sidered while designing the presented study. But in 
preliminary experiments, c-fos positivity was only 
1% in nesfatin neurons in the fasting group. We did 
not use this group because we predicted that CNQX 
administration before fasting would not significantly 
change the activation of nesfatin neurons.

The hypothalamus plays an important role in reg-
ulating food intake and glucose homeostasis [33]. 
Glucose is the primary fuel for the brain and enters the 
central nervous system with the high-affinity glucose 
transporter (GLUT) type 1 [2]. Glucosensitive and glu-
coresponsive neurons are found in the hypothalamic 
nuclei and participate in glucose homeostasis [33]. 
Glucose-sensitive neurons are glucose-activated or 
glucose-inhibited neurons. Glucose-sensitive neurons 
are found in the hypothalamic nuclei such as ARC, PVN, 
SON, VMH, and lateral hypothalamus, and respond 
to blood glucose changes [33]. Neuronal activation 
of the hypothalamic nuclei after glucose infusion has 
been demonstrated using the c-Fos as the neuronal 
activation marker. The number of c-Fos-positive neu-
rons peaks in 90 min after stimulus as a response to 
acute physiological stimuli. After intracarotid glucose 
injection, c-Fos, immunoreactive neurons are detected 
in PVN and VMH. The number of c-Fos-positive neu-
rons in ARC and PVN was significantly higher than in 
the saline group [33]. We not only found that glu-
cose injection after fasting dramatically increased the 
number of c-Fos immunoreactive-nesfatin-1 neurons 
in the SON but also determined that the number of 
active nesfatin-1 neurons was significantly reduced 
after glutamate receptor antagonist (CNQX) injections. 
This information suggests that nesfatin-1 neurons are 
glucose sensitive neurons and glutamatergic system 
regulates this mechanism.

In the present study, the increase in the number 
of activated nesfatin-1 neurons was observed to be 
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about 66-fold with refeeding and 55-fold with glu-
cose injection after fasting. These results suggest that 
refeeding and/or glucose injection after fasting led to 
activation of nesfatin-1 neurons and this activation 
was mediated by the intracellular pathway with c-Fos. 
This data also supports the possibility of an intracellu-
lar pathway using c-Fos as the transcription factor, has 
a role in the regulation of the physiological activities 
of nesfatin-1 neurons. Furthermore, the number of 
activated nesfatin-1 neurons was significantly sup-
pressed by glutamate receptor antagonist (CNQX) 
application. To our knowledge, this is the first report 
that has shown the regulatory effect of glutamatergic 
system on nesfatin-1 neurons. Our previous studies 
supports that glutamate receptor antagonist (CNQX) 
can reach the central nervous system and affect the 
neuronal activation [13, 18, 34, 42]. Also, our data 
showed that nesfatin-1 neurons express glutamate re-
ceptor subunits [18]. Taken together, we can suggest 
that glutamatergic signals may reach the nesfatin-1 
neurons directly. Another possibility of course is that 
an indirect mechanism involving glutamate-receptive 
interneurons may play a role in the regulation of 
nesfatinergic system.

It is important to implicate that the immunohis-
tochemistry is limited to the detectable levels of the 
proteins that are analysed in this study. Our results 
only include the nesfatin-1 neurons that can be iden-
tified by immunohistochemistry, and the numbers 
provided in this study only represents these neurons.

CONCLUSIONS
In conclusion, this study demonstrated that re-

feeding and glucose intake highly selectively activates 
nesfatin-1 neurons in the SON. This activation sug-
gests that nesfatin-1 neurons in the SON may play  
a role in the regulation of feeding behaviour and glu-
cose metabolism. The results also demonstrated that 
glutamate antagonist CNQX can specifically block this 
activation, suggesting that this effect was mediated 
through the glutamatergic system.
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Background: The availability of glucose in tissue has a role in macrophages 
polarisation into an inflammatory phenotype. The overnutrition condition such 
as hyperglycaemia induces macrophage infiltration especially the inflammatory 
macrophages. The aim of this study was to analyse the effect of hyperglycaemia 
condition on cytokines production by human monocytes-derived macrophages. 
Materials and methods: Monocyte cells obtained from peripheral blood mono-
nuclear cells isolation from donors were incubated for 6 days in 37°C, 5% CO2. 
On day 4, the stimulating factors such as lipopolysaccharide (LPS) and interferon 
gamma were added to activate monocytes into macrophages. Then, on day 6, 
two doses of glucose; either normal or high doses along with low or high dose 
of LPS were given for 24 h, followed by collecting the culture media and cells 
then stored at −80°C until assayed. 
Results: There was a significant difference in tumour necrosis factor alpha (TNF-a) 
levels among groups, with highest level found in group with high-dose glucose 
plus high-dose LPS. However, the concentration of interleukin-6 (IL-6) among 
groups was not significantly different. 
Conclusions: Macrophages treated with high-dose glucose plus high-dose LPS 
significantly increased production of TNF-a, but not of IL-6. (Folia Morphol 2022; 
81, 2: 387–393)

Key words: glucose, interleukin-6 (IL-6), lipopolysaccharides (LPS), 
macrophages, tumour necrosis factor alpha (TNF-a)

INTRODUCTION
Macrophage is one of innate immune cells that 

responds immediately to any invaders or cell debris. 
Macrophages have pathogen recognition receptors 
(PRRs) on its surface that can recognise pathogen-as-
sociated molecular patterns (PAMPs) or endogenous 
danger-associated molecular patterns (DAMPs) [7]. To 
bind to those molecules, macrophages are equipped 
with toll like receptors (TLR). NOD like-receptors 
(NLRs), the HIN-200 receptor family, and RIG-1-like 

receptor (RIRs) are also types of PRRs that can be 
found in macrophages which are located in the cy-
toplasm and act as stressor signals when pathogen 
is found in the cytoplasm [6].

Macrophages also have role to maintain tissue 
homeostasis [14], by polarising into two types of 
subpopulations, depending on the microenvironment 
they are exposed to [2]. The classical or proinflamma-
tory macrophages are known as M1 and the alter-
native or anti-inflammatory macrophages as M2 [3]. 
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The imbalance of the M1/M2 ratio occurs in chronic 
inflammation condition such as insulin resistance, 
cardiovascular disease, obesity, tumour development, 
and autoimmune disease [3].

Macrophage infiltration also increases in the met-
abolically active tissue during overnutrition condition 
that leads to proinflammatory environment and is 
marked by the increase in tumour necrosis factor 
alpha (TNF-a), interleukin (IL)-1b, and inducible nitric 
oxide synthase (iNOs) secretion. In type 2 diabetes 
mellitus, macrophages involve in progressivity of the dis-
ease by altering metabolic pattern [5]. In obese patients, 
the M1 macrophages infiltrate the enlarged fat cells of 
adipose tissue and results in production of abundance 
of inflammatory cytokines such as TNF-a and IL-6. These 
contribute to the decrease in insulin sensitivity and the 
ability of glucose uptake in fat cells [6].

In the presence of interferon gamma (IFN-g) and 
lipopolysaccharide (LPS), macrophages will rapidly 
activate their glycolytic pathway. Then, the abun-
dance of glucose uptake and utilisation lead to the 
increases in IL-6 and IL-1b secretion. Hence, the avail-
ability of glucose in a tissue may shift macrophages’ 
polarization into an inflammatory phenotype [14]. 
In diabetes, the M1 macrophages persistently lead 
to diabetic neuropathy by over production of pro-
tease, cytokines and reactive oxygen species (ROS). 
These molecules induce oxidative stress and myelin 
degradation and neuronal damage. M1 macrophag-
es may also change pancreatic cells functions and 
cause insulin resistance [1]. The M1 proinflammatory 
macrophages may produce, release and respond to 
cytokines and chemokines in its environment such as 
TNF-a, IL-6, IL-1, and monocyte chemoattractant pro-
tein (MCP)-1. On the other hand, if the environments 
do not need the dominancy of proinflammatory 
macrophages, they adapt to the M2 macrophages. 
The anti-inflammatory macrophages M2 then allow 
the resolution of inflammation. The anti-inflammato-
ry cytokines and the growth factors that are released 
by M2, such as the antagonist receptor IL-1, IL-10, 
and transforming growth factor beta, induce the 
decrease in the pro-inflammatory factors and then 
reduce the macrophages activation. The decrease 
in macrophages activation marked the end of acute 
inflammation. But, if the process is hampered, the 
resolution of inflammation cannot be achieved and 
chronic inflammation occurs [4].

The hyperglycaemic condition may activate mono-
cyte and increase the expression of pro inflammatory 

macrophages (M1 phenotype), even if there is no 
tissue damage or infection [4]. Previous study showed 
that hyperglycaemic mice induced by streptozotocin 
had vast infiltration of macrophages and developed 
into a systemic proinflammatory state shown by the 
increase in IL-6, IL-1b, TNF-a, and IL-8 [10]. In an in 
vitro study, human monocytes and macrophages 
exposed to high levels of glucose also underwent 
transformation into inflammatory macrophages and 
the same situation apparently also can be observed 
in patients with hyperglycaemia [15].

The aim of the study was to analyse the effect of 
hyperglycaemia condition in the environment of the 
macrophage cell culture.

MATERIALS AND METHODS
Subject recruitment

The blood donors for this study were three females 
and one male with an average age of 20 years, body 
weight 64.5 ± 8.44 kg, height 161.5 ± 1.66 cm,  
and body mass index 25.20 ± 3.30 kg/m2. All par-
ticipants were screened for eligible criteria, such as 
not having any infection and metabolic diseases in  
1 month before and also signed the informed consent 
after being explained about the study procedures. All 
procedures of this study were approved by the Ethical 
Committee of Human Studies, Faculty of Medicine 
and Adam Malik General Hospital, Medan. This study 
was conducted in the Research Laboratory of Faculty 
of Medicine, Universitas Sumatera Utara, Medan, 
Indonesia between July and October 2019.

isolation of PBMCs

Fifty millilitres of blood was withdrawn from  
a vein and collected in EDTA-containing Vacutain-
er tubes. The peripheral blood mononuclear cells 
(PBMCs) of buffy coat were collected by gradient 
centrifugation using LymphoprepTM (Stemcell, Ax-
is-Shield, Dundee, UK), according to the manufac-
turer’s instruction.

isolation of monocytes

Monocytes were isolated from PBMCs by using 
EasySepTM negative monocyte isolation kit (Stem-
cellTM Technologies, Vancouver, Canada). Briefly, the 
PBMCs were treated with antibody and platelet re-
moval before selected with magnet beads and incu-
bate in an EasySep Magnet (StemcellTM Technologies, 
Vancouver, Canada) according to the manufacture’s 
procedures.
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Culture of monocytes

Monocytes were cultured in RPMI 1640 (Gibco, 
Waltham, MA, USA) supplemented with 10% foetal 
bovine serum (FBS; Sigma, St. Louis, MO, USA), 1% 
penicillin-streptomycin (Gibco, Waltham, MA, USA) 
and 1% L-glutamine (Gibco, Waltham, MA, USA) 
at 37°C in a 5% CO2 humidified incubator. Recom-
binant human M-CSF/CSF1 (ABclonal Technology, 
Woburn, MA, USA) at the concentration of 50 ng/mL  
was used to direct macrophage differentiation. 
Cells were incubated for 6 day in 37°C, 5% CO2. The 
monocytes seeded in 24 wells culture plates (Iwaki 
tissue culture treated polystyrene microplate, Asa-
hi Glass Co., Japan). On day 4, fresh media were 
added with lipopolysaccharide (LPS; 10 ng/mL) from  
E. coli (O26:B6) (Sigma, St. Louis, MO, USA) and IFN-g  
(50 ng/mL) (StemcellTM Technologies, Vancouver, 

Canada) to differentiate macrophage into M1 mac-
rophages. On day 6, all media were removed and 
replaced with serum-free complete media (SF-CM).

Glucose stimulation

The macrophages were divided into five groups; 
two were supplemented with two doses of glucose 
(Sigma, St. Louis, MO, USA) (7 mM as normal dose 
[ND-Glu] and 35 mM as high dose [HD-Glu]). This 
concentration is based on the diabetes diagnosis by 
World Health Organization [16] and doubling the 
dosage will resemble the diabetes state in patients [4].  
The other three groups besides having the two 
doses of glucose were also supplemented with LPS 
(low dose 100 ng/mL [LD-LPS] and high doses 2 µg/mL  
[HD-LPS]). The control group was treated with SF-CM. 
The treatments were given for 24 h after day 6. Then 

Figure 1. Normal glucose 10 × 10.

Figure 2. Normal glucose 10 × 40.

Figure 3. High glucose 10 × 10.

Figure 4. High glucose 10 × 40.
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the culture media and cells were harvested and frozen 
at −80°C until assayed.

Giemsa staining

The coverslips that previously put inside the wells 
were discarded and left dry in room temperature. 
Then fixed with 98% methanol for 1 min and bathed 
with Giemsa (diluted with distilled water, 1:1 vol/vol) 
for 5 min. In the final step, the coverslips were washed 
with distilled water and left to dry then mounted onto 
slides. The Giemsa staining of macrophages stimulat-
ed with normal dose of glucose is seen in Figures 1 
and 2 and in high dose of glucose in Figures 3 and 4,  
with 10 × 10 and 10 × 40 magnification.

Analysis of cytokines production

Human Pico Kine ELISA kits (My BioSource Inc., San 
Diego, CA, USA) were used to analyse the concentra-
tion of TNF-a and IL-6 according to manufacturer’s 
protocols. The assays were performed in duplicates. 
The intra-assay coefficient of variation was < 11%.

statistical analysis

All data are presented as mean ± standard devia-
tion. All data were normally distributed after analysed 
using Shapiro-Wilk test, then were analysed with one 
way ANOVA and followed by Bonferroni post hoc 
test. The p value < 0.05 was considered statistically 
significant. All data were statistically analysed using 
SPSS software version 17.0.

RESULTS 
The production of TNF-a

Test of homogeneity of variances with Levene’s 
test showed that there were significant differences in 
variance with p-value = 0.001, then one way ANOVA 
Welch test showed that the data were significantly dif-
ferent among groups with p value = 0.004 (p < 0.05).  
The Robust Test of Equality of Means showed the p 
value = 0.29 (p > 0.05) (equals variances assumed), 
so the analysis was continued with the Bonferroni 
post hoc test to find which groups were significantly 
different.

As can be seen in Table 1, the levels of TNF-a were 
significantly different among groups with p = 0.004, 
the group treated with normal dose of glucose had 
lowest TNF-a concentration (40.67 ± 9.94 pg/mL), 
while in the group treated with high dose of glucose 
plus high dose of LPS had highest TNF-a concentration 
(2150.22 ± 1379.77 pg/mL). 

This study showed that macrophages treated with 
normal dose or high dose of glucose and/or stimu-
lated with low dose or high dose of LPS had high-
er concentration of TNF-a compared to the treated 
macrophages. Then, after being analysed with the 
Bonferroni post hoc test, it was shown that there 
are significant differences in TNF-a concentration 
within groups; Control vs. HD-Glu+HD-LPS (mean 
differences [MD] = −2107.34 pg/mL; p = 0.015), 
ND-Glu vs. HD-Glu+HD-LPS (MD = −1943.53 pg/mL;  
p = 0.009), and HD-Glu vs. HD-Glu+HD-LPS  
(MD = −2095.69 pg/mL, p = 0.002). It means that 
high dose of glucose plus high dose of LPS resulted 
in an increase in TNF-a production (Table 2).

The production of IL-6

This study showed that the lowest concentration 
of IL-6 were found in the group treated with a high 
dose of glucose (43.37 ± 16.29 pg/mL), whereas the 
highest concentration was found in the group treated 
with a high dose of glucose plus a high dose of LPS 
(59.66 ± 16.72 pg/mL). But after being analysed with 
one way ANOVA test, the concentrations of IL-6 were 
not significantly different (p =0.742; Table 3).

The macrophages staining

This study also performed the Giemsa staining 
of macrophages with normal-dose and high-dose 
glucose. The figures are shown with 10 × 10 and  
10 × 40 magnification (Figs. 1–4).

DISCUSSION
We observed that the highest level of TNF-a was 

found in the HD-Glu+HD-LPS group, and the lowest 
was found in the control group (p = 0.004). This 
finding is similar to previous study that compared 
the production of proinflammatory cytokines in mac-
rophages that stimulated with LPS to the non-stim-
ulated macrophages. The previous study showed 
that the production of TNF-a, MCP-1, IL-6 and IL-1b 
was significantly higher in stimulated macrophages 
compared to control [1]. Previous study also showed 
that THP-1 macrophage cultured in high glucose con-
centration (15 mM) with or without LPS stimulation 
displayed higher concentration of TNF-a compared to 
normal glucose (5 mM) or osmotic control group [4].  
Furthermore, activated macrophages that were stim-
ulated with hyperglycaemia and hypoxia condition 
were shown to upregulate TNF-a, IL-6 and IL-1 gene 
expression [9]. Another study on diabetic rats induced 
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by streptozotocin also shown an increase in TNF-a 
and overexpression of inflammatory genes, such as 
TNF-a, COX-2 and iNOS [11].

Differences in TNF-a concentration was observed 
among groups; Control vs. HD-Glu+HD-LPS, ND-Glu 
vs. HD-Glu+HD-LPS, and HD-Glu vs. HD-Glu+HD-LPS 
with p value of 0.015, 0.009, and 0.002 (p < 0.05), 
respectively. The macrophages with high-dose glu-
cose plus high-dose LPS produced significantly higher 
levels of TNF-a compared to the serum free medium 
(control), or to the macrophages with normal or 
high-dose glucose. 

The TNF-a, IFN-g, or the recognition of LPS are the 
Th1 (T helper 1) cytokines that can trigger the polar-

ization of proinflammatory M1 macrophages. The 
activity of these M1 macrophages will then increase 
the expression of IL-12, IL-23, and the production 
of TNF, IL-1b and IL-6, and also ROS via activation 
of nicotinamide adenine dinucleotide phosphate  
(NADPH) oxidase system. The function of this action 
is to remove pathogens during infection that results 
in ROS-mediated tissue damage and declined wound 
healing [8]. It also has been known that the circu- 
lating LPSs bind with LPS binding protein (LBP) and 
are caught by CD14 surface scavenging receptor.  
This signal activates TLR that initiates the phosphoryl-
ation cascade mediated by different kinase enzymes. 
The result of this signal is releasing transcription 

Table 1. The TNF-a level among groups

Groups TNF-a [pg/mL] P value

Control 42.88 ± 22.85 0.004*

ND-Glu 40.67 ± 9.94

HD-Glu 54.43 ± 26.93

ND-Glu+HD-LPS 915.09 ± 804.02

HD-Glu+LD-LPS 979.49 ± 8226.84

HD-Glu+HD-LPS 2150.22 ± 1379.77

Values are mean ± standard deviation (n = 4). TNF-a — tumour necrosis factor alpha; 
Control — serum-free media only; ND-Glu — normal-dose glucose, 7 mM; HD-Glu —  
high-dose glucose, 35 mM; LD-LPS — low-dose lipopolysaccharides, 100 ng/mL; HD-LPS 
— high-dose lipopolysaccharides, 2 μg/mL;*p < 0.05 (the one way ANOVA test)

Table 3. The IL-6 level among groups

Groups IL-6 [pg/mL] P value

Control 55.16 ± 23.19 0.742

ND-Glu 49.52 ± 29.28

HD-Glu 43.37 ± 16.29

ND-Glu+HD-LPS 53.06 ± 20.45

HD-Glu+LD-LPS 52.08± 23.85

HD-Glu+HD-LPS 59.66 ± 16.72

Values are mean ± standard deviation (n = 4). IL-6 — interleukin-6; Control — serum
-free media only; ND-Glu — normal-dose glucose, 7 mM; HD-Glu — high-dose glucose, 
35 mM; LD-LPS — low-dose lipopolysaccharides, 100 ng/mL; HD-LPS — high-dose 
lipopolysaccharides, 2 μg/mL; *p < 0.05 (the one way ANOVA test)

Table 2. The post hoc test of tumour necrosis factor alpha level among groups

Groups Mean differences 95% confidence interval P value

Lower bound Upper bound

Control vs. ND-Glu –163.81 1852.16 1524.53 1.00

Control vs. HD-Glu –11.65 1661.18 1637.88 1.00

Control vs. HD-Glu+LD-LPS –936.61 2841.33 968.09 1.00

Control vs. ND-Glu+HD-LPS –872.21 2776.92 1032.50 1.00

Control vs. HD-Glu+HD-LPS –2107.34 4012.05 202.63 0.015*

ND-Glu vs. HD-Glu –152.16 1241.94 1546.27 1.00

ND-Glu vs. HD-Glu+LD-LPS –772.80 2461.15 915.54 1.00

ND-Glu vs. ND-Glu+HD-LPS –708.40 2396.74 979.95 1.00

ND-Glu vs. HD-Glu+HD-LPS –1943.53 3631.87 255.18 0.009*

HD-Glu vs. HD-Glu+LD-LPS –924.96 2574.49 724.56 1.00

HD-Glu vs. ND-Glu+LD-LPS –860.56 2510.09 788.97 1.00

HD-Glu vs. HD-Glu+HD-LPS –2095.69 3745.22 446.16 0.002*

HD-Glu+LD-LPS vs. ND-Glu+HD-LPS 64.41 1840.30 1968.12 1.00

HD-Glu+LD-LPS vs. HD-Glu+HD-LPS –1170.72 3075.43 733.99 1.00

ND-Glu+HD-LPS vs. HD-Glu+HD-LPS –1235.13 3139.84 669.58 1.00 

Control — serum-free media only; ND-Glu — normal-dose glucose, 7 mM; HD-Glu — high-dose glucose, 35 mM; LD-LPS — low-dose lipopolysaccharides, 100 ng/mL; HD-LPS —  
high-dose lipopolysaccharides, 2 μg/mL;* p < 0.05 (Bonferroni post hoc test)
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factor — nuclear factor kappa B from its inhibitor 
IkB — and translocating it to the nucleus. The ef-
fect of this cascade is increasing the expression of 
inflammatory genes such as TNF, antibiotic peptides 
and NADPH oxidase that produce the reactive oxygen 
intermediate [13].

We observed that the highest level of IL-6 was 
found in HD-Glu+HD-LPS and the lowest was found 
in HD-Glu, but the differences were not significant  
(p > 0.05). This study showed that the IL-6 produc-
tion was not changed by glucose and/or LPS stim-
ulation. This result is in contrary to previous study 
that analysed the differences in cytokine production 
among type 2 diabetes patients and diabetic pe-
ripheral neuropathy patients; the macrophages from 
patients with type 2 diabetes produced significantly 
higher level of IL-6 when compared to control and 
diabetic peripheral neuropathy patients [1]. Another 
study also showed that THP-1 macrophages pro-
duced higher level of IL-6 when stimulated with high 
glucose and LPS, compared to control group. The 
concentration of normal glucose in that study was  
5 mM and the high glucose was 15 mM [4]. It means 
that M1 macrophages are more metabolically active 
in hyperglycaemic conditions, and promote obesity 
associated insulin resistance [12]. The difference be-
tween this finding and those studies is the dose being 
used. In addition, the dramatically increased IL-6 gene 
expression was seen after 17 h of activation and stim-
ulation with hyperglycaemic along with hypoxia [9], 
whereas in this study the concentration of IL-6 was 
analysed after 24 h of stimulation. Similar results were 
also found in the previous study of monocyte-derived 
macrophages exposed to high glucose (15 mM) that 
showed no significant differences in TNF-a production 
when compared to the normal glucose (5 mM) or 
hyperosmotic (glucose free) conditions [15]. 

The limitation of this study is we did not perform 
the immunophenotypic assessment that is useful to 
identify and count the percentage of cells. Anyhow, 
we identify the cells using the cytomorphology and 
the number of cells with improved Neubauer chamber.

CONCLUSIONS
Finally, this study concluded that macrophages 

which were stimulated with a high dose of glucose 
plus a high dose of LPS significantly increased the 
TNF-a production. On the other hand, different dosag-
es of glucose and LPS stimulation to the macrophages 
cell cultures did not change the production of IL-6.
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Background: This study aimed to reveal the morphological aspects of the tongue 
and investigate the histologic and scanning electron microscopic (SEM) findings 
of the papillae on the tongue of the European badger. 
Materials and methods: Two adult European badgers were used as material. 
The tongues of the European badgers were removed via the dissection method, 
and morphometric measurements were taken. The tongues were fixed in 10% 
buffered formalin solution for histological examination, and the SEM procedure 
was applied to the tongues. 
Results: Three types of papillae were observed on the tongues: filiform, fungi-
form, vallate papillae. The different shapes (hook or conical structures) of filiform 
papillae were observed on the whole tongue. Fungiform papillae were found 
scattered in filiform papillae. Six vallate papillae were found on the dorsal face of 
the middle and root of the tongues. In the root of the tongue, the lingual tonsil 
was observed in the lentiform shape. 
Conclusions: The authors believe that this research will provide contributions 
to morphological knowledge about the tongue of the badger, which is a poorly 
known species. (Folia Morphol 2022; 81, 2: 394–399)

Key words: badger, morphology, papillae, scanning electron microscopic 
(sEM), wild animal

INTRODUCTION
The European badger (Meles meles) belongs to 

the order Carnivora of the Mustelidea subfamily and 
is found all around the world [3, 16]. The badger 
population in Turkey is endangered, and therefore 
these animals are protected through an international 
agreement with BERN and CITES [18].

The diet of the badger consists of larvae, pupae, 
and adults of different species of insects, as well as 
other small animals such as snails, frogs, reptiles, 
mice, and small rabbits. It consumes more herbal 

nutrients than other carnivore species. The badger 
uses its tongue similar to Carnivora [17]. 

Many studies have been conducted to investigate 
the tongue of different animals using scanning elec-
tron microscopic (SEM), histological, morphological 
or functional analyses. Among the animals investi-
gated are the civet cat [19], silver fox [14], porcupine  
[1, 15], mice [21], Asian black bear and panther [5], 
bush dog [8], Japanese badger [24] and mongoose  
[12, 20]. The aim of this study was to determine the 
possible scanning electron microscopic (SEM), histo-
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logical and morphological changes in the papillae and 
tongue of the European badger. These results were 
compared with other studies in the literature to em-
phasize the morphologic and microscopic diversities 
among species. This study is also hoped to contribute to 
improving our current knowledge related to the badger.

MATERIALS AND METHODS
This study was performed with permission from 

the General Directorate of Nature Conservation and 
National Parks of the Ministry of Forestry and Wa-
ter Affairs (permission number: 38002405-445.05-
177733). Also this study was accepted by the local 
Ethics Committee for animal experiments of the Cuku-
rova University (decision number: 2017/6-5).

 In this study, two dead adult European badgers 
(Meles meles) (2 females [9.21–11.72 kg]) were used 
as materials. This animals died by traffic accident in 
Ceyhan region. Classic dissection method was made 
and the tongue was removed from the head. Morpho-
metric measurements were taken from the tongue by 
using a digital calliper. The methods used in tissue 
processing are described below.

Histological procedure

After the tongue of European badgers had been 
cleaned with physiological saline solution and ex-
amined anatomically, the appropriate sized parts 
of the tongue were fixed in 10% formaldehyde for  
24 hours in order to preserve the tissue structure 
in the nearest living state and facilitate getting thin 
sections by increasing hardness. Tissue samples were 
washed to remove formaldehyde and passed through 
a series of low to high alcohol grades to remove 
water. After paraffin embedding, the blocks were 
cut transversely into 5 µm sections and stained with 
haematoxylin and eosin (H&E) for general histolog-
ical examination. After staining, it was dehydrated 
by passing through alcohol series, cleared in xylene 
and mounted with entellan. The slides were exam-
ined histologically using light microscope (Lyca) and 
photographed with Lyca digital camera.

SEM procedure

First of all, trimmed specimens (0.5 × 0.5 cm) were 
washed twice with 0.1 M (pH 7.4) phosphate buffer 
solution and then were kept in 2.5% glutaraldehyde 
solution for 2 days at 4°C. After that period, the 
tissues were kept in 1% osmium tetroxide (OsO4) for 

1 hour. The tissues were passed through sequential 
acetone series and dried with critical point drying. 
They were coated with gold by using Polaron SC7620 
Sputter Coater and finally the images were taken with 
LEICA LEO 440 trade scanning electron microscopy in 
various magnifications.

RESULTS
Morphological findings

The tongue of the badger is elongated with an 
oval flat apex (Fig. 1). In this study, the tongue was 
examined in three parts: the tip, middle and root. The 
length of the tongue from the tip to the root was 
measured as 8.4 cm and 8.7 cm. The thickness was 
0.128–0.172 cm at the tip, 1.326–1.393 cm at the 
centre, and 1.667–1.701 cm at the root. The width 
of the tongue was 2.315–2.394 cm at the tip and 
2.669–2.704 cm at the root. Accordingly, a significant 
expansion of the tongue was observed. 

There were six vallate papillae on the tongue. 
The vallate papilla was seen as irregular; so, it was 
not in a V shape. It was determined that the cranial 
first two of these papillae were prominent, and the 
last papillae was less pronounced. Especially in the 
middle part of the midline near the corpus, fungiform 
papillae were visualised in the external aspect. Filiform 
papillae were found along with the entire tongue. On 
both lateral sides of the tongue, it was seen that the 
shape of the filiform papillae changed in the caudal 
1/3 plane. In the caudal part of the tongue, filiform 
papillae were present but the number and shape 
were more pronounced and less in number than in 
the apex. Foliate papillae were not observed in any 
part of the tongue.

Histological findings

Filiform papillae were composed of stratified squa-
mous epithelium (Fig. 2A). The dorsal surface of the 
papillae was observed to have prominent keratini-
sation structure. Fungiform papillae were observed 
among the filiform papillae (Fig. 2B). Conical and 
hook-shaped papillae were found in sections taken 
from the root of the tongue (Fig. 2C). These were 
localised between the filiform papillae. There were 
several taste buds covered with squamous epithelium 
(Fig. 2D). The top of the vallate papillae was seen to 
slightly collapse inwards, forming a wide encircling 
groove. The vallate papillae were found to be sur-
rounded by several papillary projections.
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Figure 1. The general appearance of the dorsal surface of European badger tongue; D — differentiated filiform papillae; Fu — fungiform  
papillae, V — vallate papillae.

Figure 2. A–D. Histological sections of different regions of the tongue; A. Filiform papillae in the apex tongue, H&E, bar = 50 μm; B. Fungiform 
and filiform papillae in the middle of the tongue; F — filiform papillae (arrows); Fu — fungiform papillae (arrows), H&E, bar = 50 μm;  
C. Appearance of the different papillae on the root of the tongue; Co — conic papillae (arrows); F — filiform papillae (arrows); H — hook-
shaped papilla (arrow); H&E, bar = 50 μm; D. Fungiform papillae on the middle tongue; Tb — taste buds (arrows), H&E, bar = 50 μm.
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SEM findings 

In the SEM analyses of the tongues, the filiform 
(Fig. 3/1, 2-f), fungiform (Fig. 3/1, 2-fu) and vallate 
papillae (Fig. 3/3, 4-v) were identified. In addition 
to these main papillae, hook (Fig. 3/3-h) and conical 
papillae (Fig. 3/3-c) were seen on the dorsal surface 
of the European badger tongue.

The examination of the SEM images of both Euro-
pean badgers revealed that the dorsal surface of the 
filiform papillae of the middle was flattened. These 
papillae were observed to approach the caudal of 
the tongue, and looked like an arrow. The cranial 
part of the papillae was flat on the dorsal surface 
of the tongue. The number of filiform papillae was 
decreased toward the back of the tongue. However, 
these papillae were fewer than in the remaining parts 
of the tongue. In the same area, some of the filiform 
papillae were observed to have gland ducts. 

Figure 3. The tip of tongue and general appearance of the dorsal surface papillae; 1. Localisation of the papillae fungiformes and scattered 
within the filiform papillae; fu — fungiform papillae; f — filiform papillae, SEM magnification 65×, bar = 200 µm; 2. General aspect of the 
middle of the tongue; fu — fungiform papillae; f — filiform papillae, SEM magnification 100×, bar = 200 µm; 3. Marked vallate papillae and 
surrounding structure; c — conic papillae; h — hook shape papillae; v — vallate papillae; SEM magnification 51×, bar = 200 µm; 4. Longi-
tudinal section of the vallate papillae; v — vallate papillae, SEM magnification 150×, bar = 200 µm. 

Fungiform papillae were found scattered. Espe-
cially in the middle tongue, fungiform papillae were 
higher in number than filiform papillae, and they 
had an irregular ovoid shape. In addition, fungiform 
papillae were extensively located on the 1/3 middle 
part of the tongue bilateral but they were not seen 
at the end of the tongue. 

The vallate papillae were mostly found on the 
dorsal face of the middle and end of the tongue. 
A total of six vallate papillae were seen and four 
of these structures differed from the others. These 
four vallate papillae were faintly observed while the 
remaining two were marked. The top of the vallate 
papillae collapsed inwards, and their edges were 
fragmented. Papillae foliate were not observed, but 
the lateral edges of the tongue were differentiat-
ed in terms of filiform papillae, which did not con-
tain a ductal structure. At the root of the tongue 
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were lentiform-shaped structures of lingual tonsillae  
(Fig. 4). These structures were located under the 
epiglottis and arranged in a sequential “U” shape.

DISCUSSION
The position of the papillae, structure, shape and 

length of the tongue vary among animal species. The 
length of the tongue was reported to be approxi-
mately 9 cm for young lions [22], 7–8 cm for the 
silver fox [14], raccoon dog and fox [7], 20 cm for 
tigers [6], 7–7.5 cm for the Japanese badger [24], 
12.3 cm for pumas [11] and in 6–7 cm for porcupines 
[1, 15]. In this study, the length of the European 
badger tongue was measured as 8.4–8.7 cm. It was 
also found that the length of the tongue differed 
from the other species, which was considered to be 
due to the habitat.

In the silver fox [14], puma [11], tiger [6], young 
lion [22] and Carnivora [8, 13], the filiform papillae 
are found from the apex linguae to the radix linguae 
on the dorsal surface of the tongue. In addition, these 
papillae are seen on the ventral surface of the tongue, 
especially lateral edges, in the tiger [6], puma [11], 
young lion [22] and silver fox [14]. These papillae are 
located on the median channel of the dorsal surface 
of the tongue and have a similar shape to the hook 
of a meerkat [9]. These papillae have different types 
(bifurcated, papule-like, cylindrical, conical and blunt) 
in pumas [11]. In porcupines [15] they have two 
different shapes (one flat and the other cylindrical). 
On the margin of the tiger tongue, filiform papillae 
are divided into hemispherical, horny-shaped, giant 

club-shaped, conical, hoe-shaped or bifid types in 
the different parts of the tongue [6]. The current 
study was carried out with the European badger and 
revealed the presence of filiform papillae on the whole 
surface of the tongue (mostly at the tip and middle 
tongue). These papillae were similar both in terms of 
type and location to the meerkat [9], raccoon dog and 
fox tongue [7]. In the present study, another finding 
related to the filiform papillae was the presence of 
keratinized areas in these papillae, which is consistent 
with the finding reported by Selim and Samir [20]. 
In addition, unlike the Japanese badger [24], these 
papillae were detected in a small number in the root 
of the tongue (in hook, conic and filiform shapes). 
The epithelial structures of the filiform papillae in 
the European badger were similar to those of young 
lions [22]. 

In contrast to the literature [6, 20], in this study, 
the fungiform papillae were located in the posterior 
(tip) part of the tongue. Moreover, these papillae 
were generally observed on both sides of the mid-
dle part of the tongue. The shape of the fungiform 
papillae is reported to be flat at the upper surface 
in the silver fox [14], and smooth and dome-like in 
the Japanese badger [24]. These papillae are located 
on the apex and lateral region of the tongue and 
have a mushroom-like shape in squirrels [23] and  
a hemispherical or horn shape on the margin of the 
tongue in the tiger [6]. In this study, different from 
the literature [2, 10, 14, 23], the fungiform papillae 
were found to have an irregular ovoid shape, and 
were extensively observed after the 1/3 middle part of 
the European badger tongue bilaterally. A few taste 
buds were found at the top of the fungiform papillae 
in the Japanese badger [24]. In this study, some of the 
buds were seen on both the upper and ventrolateral 
surfaces of the fungiform papillae as different from 
the Japanese badger [24]. 

The number of vallate papillae varies according 
to species; e.g. four for the silver fox [14] and puma 
[11], six for the civet cat [19] and Japanese badger 
[24], 7–8 for the Asian black bear and 5–9 for lion [4],  
4 for tigers [6] and 28 for porcupines [1]. In the 
present study, the number of papillae was six as 
in the civet cat [19] and Japanese badger [24]. The 
vallate papillae are in a “V” shape in other species of 
animals; however, in the European badger, they were 
not regularly shaped, similar to the case observed in 
the raccoon dog and fox [7]. While the location of the 
papillae was similar to that of other animals, they had  

Figure 4. General appearance of the dorsal surface of papillae and 
lingual tonsillae on the root of the tongue; C — conic papillae; L — 
lentiform structure of lingual papillae; SEM magnification 58×,  
bar = 200 μm. 
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a different distribution. In addition, while the cranial 
first two filiform papillae were quite prominent, the 
others were not as pronounced in the European badg-
er. This is another finding that differentiates the Euro-
pean badger tongue from the other animal species.

In the literature, it is that the civet cat [19] has two 
foliate papillae and from 4–5 laminas occur in silver 
fox [14]. Foliate papillae are not present in young lions 
[22], pumas [11] and tigers [6]. In this study, foliate 
papillae were not seen. The bilateral edges of the root 
tongue were similar to those of the Japanese badger 
[24] reported by Yoshimura.

CONCLUSIONS
In conclusion, this study shows that the number 

and position of papillae in the tongue of wild animals 
differ between wild species. The authors believe that 
the anatomic, histological and SEM findings of the 
data obtained from the present study will contribute 
to the literature.

Acknowledgements

This study was supported by Cukurova University  
Scientific Research Projects (Number: TSA-2017-8852).

Conflict of interest: None declared

REFERENCES
1. Atalar O, Karan M. The light and scanning electron mi-

croskopic structure of papilla vallatae in the porcupine 
(Hystrix cristata). J Anim Vet Adv. 2011; 10: 3069–3073, 
doi: 10.3923/javaa.2011.3069.3073.

2. Can M, Atalgin S, Ates S, et al. Scanning electron micro-
scopic study on the structure of the lingual papillae of 
the Karacabey Merino sheep. Eur J Vet Sci. 2016; 32(3): 
130–130, doi: 10.15312/eurasianjvetsci.2016318389.

3. Demirsoy A. Yasamın temel kuralları. Omurgalılar/Am-
niyota (sürüngenler, kuşlar ve memeliler) Cilt-III/Kısım-II. 
Meteksan, Ankara, Turkey 2003: 758.

4. Emura S, Hayakawa D, Chen H, et al. and gross study on the 
lingual surface of the lion, Panthera leo. Mar Mammal Sci. 
2003; 43(1): 45–50, doi: 10.11238/mammalianscience.43.45.

5. Emura S, Hayakawa D, Chen H, et al. Morphology of 
the dorsal lingual papillae in the newborn panther and 
Asian black bear. Okajimas Folia Anat Jpn. 2001; 78(5): 
173–177, doi: 10.2535/ofaj1936.78.5_173, indexed in 
Pubmed: 11915359.

6. Emura S, Hayakawa D, Chen H, et al. Morphology of the 
lingual papillae in the tiger. Okajimas Folia Anat Jpn. 
2004; 81(2-3): 39–43, doi: 10.2535/ofaj.81.39, indexed 
in Pubmed: 15455727.

7. Emura S, Okumura T, Chen H, et al. Morphology of the 
lingual papillae in the raccoon dog and fox. Okajimas Folia 

Anat Jpn. 2006; 83(3): 73–76, doi: 10.2535/ofaj.83.73, 
indexed in Pubmed: 17154050.

8. Emura S, Tamada A, Hayakawa D, et al. Morphology of the 
dorsal lingual papillae in the bush dog (Speothos venaticus). 
Okajimas Folia Anat Jpn. 2000; 77(5): 137–141, doi: 10.2535/
ofaj1936.77.5_137, indexed in Pubmed: 11218710.

9. Erdoğan S, Lima M, Pérez W. Anatomical and Scanning 
Electron Microscopic Study of the Tongue in the Meerkat 
(Suricata suricatta, Schreber, 1776). Anat Histol Embryol. 
2016; 45(1): 51–59, doi: 10.1111/ahe.12170, indexed in 
Pubmed: 25588707.

10. Erdoğan S, Pérez W. Anatomical and scanning electron 
microscopic studies of the tongue and lingual papillae in 
the chital deer (Axis axis,Erxleben 1777). Acta Zoologica. 
2013; 95(4): 484–492, doi: 10.1111/azo.12044.

11. Erdoğan S, Villar S, König HE, et al. Papillary architecture 
of the lingual surface in the puma (Puma concolor). 
Anat Histol Embryol. 2018; 47(1): 51–57, doi: 10.1111/
ahe.12323, indexed in Pubmed: 29152772.

12. Iwasaki S, Miyata K. Fine structure of the dorsal epithelium 
of the mongoose tongue. J Anat. 1990; 172: 201–212.

13. Iwasaki S, Miyata K. Fine structure of the filiform papilla 
of beagle dogs. J Morphol. 1989; 201(3): 235–242, doi: 
10.1002/jmor.1052010303, indexed in Pubmed: 2478716.

14. Jackowiak H, Godynicki S. The scanning electron micro-
scopic study of lingual papillae in the silver fox (Vulpes 
vulpes fulva, Desmarest, 1820). Ann Anat. 2004; 186(2): 
179–183, doi: 10.1016/s0940-9602(04)80037-2.

15. Karan M, Yilmaz S, Aydin A. Morphology of the filiform 
lingual papillae in porcupine (Hystrix cristata). Anat Histol 
Embryol. 2011; 40(2): 100–103, doi: 10.1111/j.1439-
0264.2010.01045.x, indexed in Pubmed: 21105901.

16. Kuru M. Omurgalı hayvanlar. Palme, Ankara, Turkey 1999: 672.
17. Ozen AS, Ulucay I. Kütahya ili Meles meles Linnaeus, 

1758 (Mammalia: Carnivora)’in bazı ekolojik, biyolojik ve 
taksonomik özellikleri. DPÜ Fen Bilimleri Enstitüsü Dergisi. 
2010; 21: 9–20.

18. Pamukoglu N, Demir E. Porsuğun (Meles meles) Günlük Be-
sinindeki Böcekler. Cent ent Stud Misc Pap. 2001; 74: 4–7.

19. Sarma K, Sarma M, Kalita SN. Gross anatomical and bi-
ometrical studies on the tongue of an adult small Indian 
civet cat. Isr J Vet Med. 2009; 64: 36–38.

20. Selim A, Samir R. Light and scanning electron micro-
scope studies of the tongue of the egyptian mongoose 
(Herpestes ichneumon). J Cytol Histol. 2018; 9: 499, doi: 
10.4172/2157-7099.1000499.

21. Toprak B. Light and scanning microscopic structure of 
filiform papillae in mice. Vet Arhiv. 2006; 76: 555–562.

22. Toprak B, Ulusoy Y. Macroscopic and light microscopic 
structure of lingual papillae on the tongue of a young lion 
(Panthera leo). Isr J Vet Med. 2011; 66: 114–117.

23. Unsaldi E. Sincaplarda (Sciurus vulgaris) Papillae Fungi-
formes’in Makroskobik ve Işık Mikroskobik Yapısı. Kafkas 
Univ Vet Fak. 2009, doi: 10.9775/kvfd.2009.530.

24. Yoshimura K, Shindo J, Kageyama I. Light and scanning 
electron microscopic study on the tongue and lingual 
papillae of the Japanese badgers, Meles meles anakuma. 
Okajimas Folia Anat Jpn. 2009; 85(4): 119–127, doi: 
10.2535/ofaj.85.119, indexed in Pubmed: 19408581.

http://dx.doi.org/10.3923/javaa.2011.3069.3073
http://dx.doi.org/10.15312/eurasianjvetsci.2016318389
http://dx.doi.org/10.11238/mammalianscience.43.45
http://dx.doi.org/10.2535/ofaj1936.78.5_173
https://www.ncbi.nlm.nih.gov/pubmed/11915359
http://dx.doi.org/10.2535/ofaj.81.39
https://www.ncbi.nlm.nih.gov/pubmed/15455727
http://dx.doi.org/10.2535/ofaj.83.73
https://www.ncbi.nlm.nih.gov/pubmed/17154050
http://dx.doi.org/10.2535/ofaj1936.77.5_137
http://dx.doi.org/10.2535/ofaj1936.77.5_137
https://www.ncbi.nlm.nih.gov/pubmed/11218710
http://dx.doi.org/10.1111/ahe.12170
https://www.ncbi.nlm.nih.gov/pubmed/25588707
http://dx.doi.org/10.1111/azo.12044
http://dx.doi.org/10.1111/ahe.12323
http://dx.doi.org/10.1111/ahe.12323
https://www.ncbi.nlm.nih.gov/pubmed/29152772
http://dx.doi.org/10.1002/jmor.1052010303
https://www.ncbi.nlm.nih.gov/pubmed/2478716
http://dx.doi.org/10.1016/s0940-9602(04)80037-2
http://dx.doi.org/10.1111/j.1439-0264.2010.01045.x
http://dx.doi.org/10.1111/j.1439-0264.2010.01045.x
https://www.ncbi.nlm.nih.gov/pubmed/21105901
http://dx.doi.org/10.4172/2157-7099.1000499
http://dx.doi.org/10.9775/kvfd.2009.530
http://dx.doi.org/10.2535/ofaj.85.119
https://www.ncbi.nlm.nih.gov/pubmed/19408581


Folia Morphol. 
Vol. 81, No. 2, pp. 400–411

DOI: 10.5603/FM.a2021.0042
Copyright © 2022 Via Medica

ISSN 0015–5659
eISSN 1644–3284

journals.viamedica.pl

O R I G I N A L    A R T I C L E

400

Address for correspondence: M.M.A. Abumandour, Ass. Prof., Department of Anatomy and Embryology, Faculty of Veterinary Medicine,  
Alexandria, Egypt, Post Box: 22785, tel: +20 1000322937, fax: +20 452960450, e-mail: m.abumandour@yahoo.com; R.M. Kandyel, Lecture  
in Department of Zoology, Faculty of Science, Tanta University, Egypt, e-mail: r_kandyel@science.tanta.edu.eg

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download 
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

Structural and functional adaptation of the 
lingual papillae of the Egyptian fruit bat 
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Background: The current investigation was aimed to clarify the correlations be-
tween the feeding strategy and lingual structure of the Egyptian fruit bat captured 
from the Egyptian east desert. 
Materials and methods: The current work was performed on 12 adult Egyptian 
fruit bats that were observed grossly and with the help of the stereo, light, and 
scanning electron microscope. There were three types of the lingual papillae: one 
mechanical (filiform) and two gustatory (fungiform and circumvallate). 
Results: There were seven subtypes of filiform papillae recognised on the seven 
lingual regions. There were few fungiform papillae distributed among the filiform 
papillae on the lingual tip and two lateral parts of apex and body while fungiform 
papillae were completely absent in the median part. There were three circumvallate 
papillae. The central bulb of circumvallate papillae was surrounded by one layer of 
two segmented circular pad. The lingual tip had cornflower-like and diamond-shaped 
filiform papillae. 
Conclusions: Histochemical results revealed that the lingual glands showed  
a stronger Alcian Blue (AB)-positive reaction and gave dark blue colour, while the 
reaction for the periodic acid-Schiff (PAS)-stain was negative. Also, the glands 
exhibited a blue colour as an indication of positive AB reactivity with combined 
AB-PAS staining. (Folia Morphol 2022; 81, 2: 400–411)

Key words: Egyptian fruit bat, lingual papillae, scanning electron 
microscope (SEM), histology, histochemical examination
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INTRODUCTION  
The bats were classified as the second-largest 

mammalian order (after rodent), and organized into 
two suborders: mega-chiropters and micro-chiropters 
[52]. The bats are arboreal animals [6] and the only 
mammalian-species naturally capable of flight [60]. 
Egyptian fruit bat belongs to Chiroptera order, Me-
ga-chiroptera suborder, Pteropodidae family, Rouset-
tus genus Rousettus aegyptiacus species [1, 6]. The 
Rousettus aegyptiacus species had six subspecies, 
the only subspecies that live in Egypt is Rousettus 
aegyptiacus aegyptiacus. The feeding habit of the 
Pteropodidae family depends on fruit, flowers, nectar, 
and pollen, so these animals are classified as frugiv-
orous species. 

There are some studies on the effect of the feeding 
system on increasing the viability and corresponding 
adaptations of the structure of organs in vertebrates 
[4, 28]. Generally, there are different feeding styles 
reported in different bat species: the blood suckling 
bats, insectivorous bats, and frugivorous bats [25]. 
Physiologically, to know the preservation tools of 
any vertebrate species, you must know its lingual 
structure [4, 14]. The tongue is the most important 
structure that was modified with the distinctive nu-
tritional ability, behaviour, and different types of 
available food particles [15]. Moreover, the lingual 
structure is modified to have different functions  
[4, 51]. Furthermore, the lingual papillae are the most 
structures on the tongue that are most adaptable to 
the feeding mechanism [2].

The current investigation was prepared to give  
a complete morphological description of the lingual 
papillary system of the Egyptian fruit bat (Rousettus 
aegyptiacus) grossly and by the aid of the stereo, 
light, and scanning electron microscope (SEM). Then, 
the results were compared with the previous reports 
in other bat-species.

MATERIALS AND METHODS
Collection of bat samples

The present investigation was carried out on 12 ton - 
gues from adult Egyptian fruit bats (Rousettus ae-
gyptiacus). The Egyptian fruit bats (Rousettus ae-
gyptiacus) were collected from the fruit farms in 
the Siwa Oasis, Egypt. This study was performed 
in compliance with the animal care and handling 
rules and was approved by the Ethics Committee on 
Animal Experiments of the Department of Veterinary 
Sciences, University of Alexandria. The animals were 

euthanized by deep halothane inhalation, and the 
tongues were quickly transferred for stereo and elec-
tron microscope lab. The anatomical terms followed 
the Nomina Anatomica Veterinaria [47].

Gross and stereomicroscopic morphological 
examination

Four tongues from adult Egyptian fruit bats 
(Rousettus aegyptiacus) were used to describe the lin-
gual papillary system. After euthanasia, tongues were 
dissected, separated, examined, and photographed 
using a camera (Canon IXY 325, Japan) grossly, and 
under a stereoscopic Zeiss Stemi 2000-C microscope 
(Carl Zeiss, Jena, Germany). 

Scanning electron microscopic examination

Four tongues from adult Egyptian fruit bats 
(Rousettus aegyptiacus) were fixed in (2% formalde-
hyde, 1.25% glutaraldehyde in 0.1 M sodium caco-
dylate buffer, pH~7.2) at 4°C. After fixation, samples 
were washed in 0.1 M sodium cacodylate containing 
5% sucrose, processed through tannic acid, and finally 
dehydrated in ascending grades of ethanol [4]. The 
samples were then critical point dried in Polaron ap-
paratus (E3000 CPD), attached to stubs with colloidal 
carbon, and coated with gold-palladium in a sput-
tering device (Pelco model 3 sputter coater 91000). 
Specimens were examined and photographed using 
a JEOL SEM (JSM-6510LV, Japan) operating at 15 kV, 
at the Faculty of Science, Alexandria University. 

Histological and histochemical investigations

Four specimens of the Egyptian fruit bat (Rouset-
tus aegyptiacus) tongue were dissected out and fixed 
in 10% formaldehyde for 48 hours at (pH 7.4), de-
hydrated in graded series of ethanol, cleared with 
xylene, and immersed in melted paraffin wax. Five-µm 
cutting sections were prepared. Then, samples were 
sectioned in 5 microns using Leica rotatory microtome 
(RM 20352035; Leica Microsystems, Wetzlar, Germa-
ny) and stained by haematoxylin and eosin according 
to Suvarna et al. [58] to demonstrate the general 
histological structure. Extra sections were stained 
by Masson’s trichrome [21, 39] to visualise collagen 
and muscle fibres. 

For histochemical studies, some sections were 
taken and stained by Alcian Blue (AB) [57] for acid-
ic mucin; periodic acid-Schiff (PAS) [27] for neutral 
mucin, and double stain of AB (pH = 2.5), and PAS 
(AB-PAS) technique for acidic and neutral mucin [45]. 
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These sections were examined and photographed 
under a bright field light microscope (Olympus BX 
50 compound microscope).

RESULTS
Grossly, the short tongue from the adult Egyptian 

fruit bat (Rousettus aegyptiacus) was divided into 
three parts; lingual apex (anterior free part), lingual 
body (middle part), and lingual root (posterior part). 
The dorsal lingual surface had three lingual papillary 
types; one mechanical that was described as filiform, 
and two gustatory that were described as a fungi-
form and circumvallate papillae. By SEM perceptions, 
the shape, size, number, dispersion, direction and, 
terminology of lingual papillae was species-specific. 
Their position, shape, size, number, and direction of 
the papillae and their very own functions were locale 
explicit as per the feeding propensities, mechanism of 
mastication, and sorts of sustenance particles. There 
were three main directions of all lingual papillae: 
posterior, posterior-median or median. The ventral 
lingual surface was connected to the sublingual floor 

by the lingual frenulum leaving a long free end of 
the tongue to encourage the opportunity for lingual 
movement. The dorsal surface of the lingual root was 
characterised by the presence of three circumvallate 
papillae.

Generally, the lingual papillae were located on the 
lateral region taken the posteriorly or medioposteriorly 
or medially directions, while that located on the medi-
an region and the lingual tip were took the posterior 
orientation toward the pharynx and the lingual root. 
The papillae on the lateral region took the different 
orientations to help in the collected food particles in 
the median region of the tongue.

Gross anatomical observations

Macroscopically, the protrusible prolonged tongue 
of the Egyptian fruit bats (Rousettus aegyptiacus) 
was ended with a round lingual apex and had two 
round lateral borders (Figs. 1A, 2A, 3A). In addition, 
every region of the tongue (apex, body, and root) 
was subdivided into a median and two lateral parts 
(Figs. 1A, 2A, 3A). 

Figure 1. Gross morphological image of the tongue (A) and scanning electron microscope images (B–H) of the lingual apex of the Egyptian 
fruit bat. Panel A shows the lingual regions: lingual apex (LA) with its lingual tip (Lt), two lateral (1) and median parts (2) and lingual body (LB) 
with its two lateral (3) and median parts (4); lingual root (Lr) with its two lateral (5) and median parts (6). The seven regions of the filiform 
papillae: region of cornflower filiform papillae (CFr); region of diamond filiform papillae (Dr); region of giant filiform papillae (Gr); region of round 
and rectangular filiform papillae (Cr); region of leaf-like filiform papillae (Lr); region of rosette-like filiform papillae (Rr) and region of long point-
ed filiform papillae (Lpr). Panels B–H show the cornflower filiform papillae (Cfp) with the posterior pointed process (red arrowheads) and nu-
merous processes (white arrowheads) on two elevated lateral borders that bent on the base (Ib); diamond filiform papillae (Dcp); giant filiform 
papillae (Gfp); round and rectangular filiform papillae (Rcf), leaf-like filiform papillae (Lfp) fungiform papillae (Fu).
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The tongue was narrow at the anterior rostral tip, 
while it was broad at the lingual root. The tongue 
length was 1.1 ± 0.2 cm yet reach 0.44 ± 0.2 cm 
wide at its centre part. There were seven subtypes of 
papillae that were disseminated on seven papillary 
regions (Figs. 1A, 2A, 3A; Cfr, Dr, Gr, Cr, Lr, Rr, LPr).

Scanning electron microscopy

The anterior lingual region was subdivided into 
four U-shaped regions: lingual tip, two lateral regions, 
and median region (Fig. 1A, B and F; 1, 2, 3 and Lt). 
There were two types of lingual papillae: mechanical 
and gustatory papillae.

Figure 2. Gross morphological image of the lingual body and root (A) scanning electron microscope images (B–F) of the posterior part of the 
lingual body of the Egyptian fruit bat; Panel A shows lingual body (LB) and its two lateral (3) and median parts (4) with the region of leaf-like 
filiform papillae (Lr). Lingual root (LR) and its two lateral (5) and median parts (6) with region of rosette-like filiform papillae (Rr). Panels B–F 
show the region of leaf-like filiform papillae (Lfp1) of medioposteriorly direction on the lateral region of lingual body; region of leaf-like filiform 
papillae (Lfp2) of posterior direction on the median region of the lingual body. Leaf-like filiform papillae (Lpf): the processes on the margin of 
leaf-like filiform papillae (white arrowheads) and taste pores (red arrowheads) on the fungiform papillae (Fu).

Figure 3. Gross morphological image of the lingual body and root (A) and scanning electron microscope images (B–G) of the lingual root of 
the Egyptian fruit bat; Panel A shows lingual body (LB) and its two lateral (3) and median parts (4) with the region of leaf-like filiform papillae 
(Lr). Lingual root (LR) and its two lateral (5) and median parts (6) with the region of rosette-like filiform papillae (Rr) and region of long pointed 
filiform papillae (Lpr). Panels B–G show the long pointed filiform papillae (Lpf) with the groove on its dorsal surface (white dotted line); circum-
vallate papillae (V) with central bulb (cb) and surrounded by a continuous deep groove (Ag) that is surrounded by one layer of two segmented 
circular annular pad (Ap).
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Mechanical filiform lingual papillae

There were seven subtypes of filiform papillae that 
were recognised on the tongue of Egyptian fruit bats 
and described as follows:

Cornflower-like filiform papillae (Fig. 1B–D; 
Cfp). Filiform papillae of this type took a posterior 
direction and were located on the dorsal surface of 
the rostral part of the lingual tip and the rostral and 
two lateral borders of the tongue. These papillae had 
apex caudally with an elongated, posteriorly directed 
process, and wide base rostrally and elongated body 
with two elevated lateral borders that bent on the 
base. In addition there were 8–12 posteriorly direct-
ed small, pointed processes on each lateral border  
(Fig. 1D; white and red arrowheads).   

Diamond-shaped conical filiform papillae  
(Fig. 1B, E; Dcp). These diamond-shaped conical fili-
form papillae were posteriorly directed and located 
on the dorsal surface of the median part of the lin-
gual apex (just rostral to the region of trifid filiform 
papillae). These papillae had elongated apex caudally 
with an elongated posterior process, wide base ros-
trally and diamond-shaped body with non-elevated 
serrated borders that were curved rostrally on the 
base. In addition, non-elevated serrated borders had 
30–32 posteriorly directed small, pointed processes.   

Trifid (Giant) filiform papillae (Fig. 1B, E–H; Gfp). 
The trifid filiform papillae were located on the dorsal 
surface of the median region of the lingual apex and 
the anterior part of the lingual body. The organization 
of papillae was observed as they overlapped on each 
other and each papilla had a wide rectangular smooth 
body carrying 18–22 small pointed posteriorly direct-
ed anterior processes (Fig. 1E, 1H; blue arrowheads). 
While the papillar body was ended posteriorly by 
three posteriorly directed, large finger-like posterior 
processes (Fig. 1E, G, H; white*). 

Round or rectangular conical filiform papillae 
(Fig. 1G, H; Rcp). These papillae were located on the 
dorsal surface of two lateral regions of the lingual 
apex (the area around the region of the trifid papil-
lae) and the anterior part of the lingual body. Each 
papilla carried 26–28 posteriorly directed processes 
that arose from all borders of the papillae (Fig. 1H; 
white arrowheads).

Leaf-like filiform papillae (Fig. 2; Lfp). These pa-
pillae had a different orientation; the laterally situated 
papillae took the median direction, while that locat-
ed near the median region took the posteromedian 
direction, but the median situated papillae took the 

posterior direction (Fig. 2B, 2C; Lfp1, Lfp2). These 
leaf-like filiform papillae were located on all dorsal 
surface of the posterior part of the lingual body; each 
papilla had an ovoid-shaped body that carried 14–16 
posteriorly directed processes that originated from all 
borders (Fig. 2C–F; white arrowheads). 

Rosette-like filiform papillae (Fig. 3; Rfp). These 
papillae were located on the dorsal surface of the 
median part and the areas of the two lateral parts 
near the median part of the lingual root till the be-
ginning of the triangular region of the circumvallate 
papillae. Each papilla had a round base and body 
with an apex that terminated by posteriorly directed 
numerous small processes forming a basket-like shape 
(Fig. 3C; Rfp).

Long pointed filiform papillae (Fig. 3; Lpf). These 
papillae were located on the lateral border (Fig. 3B, C;  
Lpf), in addition to the triangular area of circum- 
vallate papillae (Fig. 3D, E; Lpf) and the small area 
posterior to the triangular area (Fig. 3F, G; Lpf). The 
papillae that were situated on the lateral border took 
the median direction while that on the lateral region 
took the posteromedian direction, but those located 
on the triangular area of the circumvallate papillae 
took the posterior direction. Each papilla overlapped 
the other in the form of the long pointed tongue- 
-shaped papilla without any secondary processes, 
with a central groove (Fig. 3C; dotted line). 

Gustatory lingual papillae

The gustatory papillae were recorded with charac-
teristic position, dispersion, and number all through 
the entire tongue length. These papillae were the 
fungiform and circumvallate papillae, and described 
as follows.

Fungiform papillae. There were scanty numbers 
of the fungiform papillae randomly distributed among 
the filiform papillae on the lingual tip (Fig. 1B, C, E; 
Fu) and the two lateral parts of the lingual apex and 
body (Fig. 1F; Fu). while the fungiform papillae were 
completely absent in the median lingual part (region 
of trifid filiform papillae and leaf-like filiform papillae 
and the median region of the lingual root). There 
was one shape of the fungiform papillae, they had 
quadrilateral appearance. The dorsal surface of the 
fungiform papillae had micro-ridges and micro-scales 
in addition to the one or two small depressions for 
taste pores (Fig. 2F; red arrowheads).

Circumvallate papillae (Fig. 3D–G; V). There were 
three rounded circumvallate papillae distributed on 
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the posterior part of the lingual root that took the 
triangular arrangement; its base was directed rostrally 
with two laterally located papillae while its apex was 
directed posteriorly with one median located papilla. 
Each papilla consisted of a round central bulb sur-
rounded by a continuous deep papillary groove (Fig. 
3D–G; cb, Ag). The central round bulb was surround-
ed by one layer of two segmented circular annular 
pad laterally, but from the rostral and posterior side 
it was not surrounded by this circular pad (Fig. 3D–G; 
Ap). The dorsal surface of the central bulb had an 
irregular surface with microtubercles, microfolds, 
microgrooves, and numerous taste buds (Fig. 3F). 

Light microscopic examination

Histological observation of the tongue of the 
Egyptian fruit bat (Rousettus aegyptiacus) cleared  
three types of lingual papillae (filiform, circumvallate, 
and fungiform papillae) with different subtypes and 
densities that distributed over the whole dorsal lin-
gual surface of the tongue. Each papilla was covered 
by a keratinised multilayered stratified squamous 
epithelium and supported by connective tissue core, 
and underneath the lamina propria and muscle fibre 
layers. The lingual apex showed numerous filiform pa-
pillae that were widely dispersed over the dorsal sur-
face, their tips were pointed posteriorly (Fig. 4A, B).  
Dense connective tissue rich with collagen fibres  
and blood vessels penetrated deeply into the core 
of the papillae and continued with the underneath 
connective tissue layer (Fig. 4C). 

At the lingual body, the dorsal epithelium showed 
numerous fungiform papillae with a quadrilateral 
appearance. Their epithelium was covered by a thin 
detached keratin layer and containing few taste buds 
(Fig. 4D–F). The three triangularly arranged circum-
vallate papillae covered the dorsal surface of the 
lingual root. The papillae were covered with a kera-
tinised mucosal surface (Fig. 5A, B). They were also 
supported by collagen connective tissue fibres and 
skeletal muscle bundles. Collagen fibres, lymphoid 
cells, and blood vessels occupied the connective tissue 
layer and were supported by an underlying layer of 
muscle fibres arranged in many directions. Abundant 
fatty cells were seen between the bundles of muscle 
fibres (Fig. 5C). 

Histochemical results revealed that the lingual 
glands displayed a stronger AB-positive reaction and 
gave dark blue colour (Fig. 6A, B), while the reaction 
for the PAS-stain was negative (Fig. 6C, D). In addition, 

the glands exhibited a blue colour as an indication of 
positive AB reactivity with combined AB-PAS staining 
(Fig. 6E, F).

DISCUSSION
The variations of the feeding mechanism with the 

different available feeding particles were reflected on 
the position, structure, number, shape, nomination 
and, orientation of the lingual papillae [2, 4, 14, 19, 26].  

Figure 4. Histological image of the lingual apex (A–C) and body 
(D–F) of the Egyptian fruit bat; Panel A represent the dorsal view of 
the lingual apex of the Egyptian fruit bat (Rousettus aegyptiacus), 
panel B represents the higher magnification of the filiform papillae 
(Fp); haematoxylin and eosin. Panel C represents the Masson’s 
trichrome stain of the lingual apex to clear the collagen connective 
tissue (Ct). Panel D represents the dorsal view of the lingual body 
of the Egyptian fruit bat (Rousettus aegyptiacus), and panel E rep-
resents the higher magnification of the dorsal view of the lingual 
body of the Egyptian fruit bat (Rousettus aegyptiacus); haematox-
ylin and eosin. Panel F represents the Masson’s trichrome stain of 
the lingual body of the Egyptian fruit bat (Rousettus aegyptiacus). 
Filiform papillae (Fp) with a thick keratinised layer (K), the dorsal 
epithelium (Ep), lamina propria (Lp), connective tissue core (Ct), 
muscles (Ms), fungiform papillae (Fu), and the black arrowheads 
refer to the taste buds in the fungiform papillae.
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The common example for the adaptation of the  
different bat-species to the different feeding mech-
anism with the feeding on different food particles 
during the flying lead to the species-variations in the 
morphological appearance of the lingual papillae, as 
appeared in the previously published data [4, 7, 15, 
44, 51, 55] and confirmed by the current study on the 
two bat-species of the different feeding mechanism. 
The mammalian tongue exhibited numerous morpho-
logical adaptations to perform numerous functions 
including the food particles collection, manipulation, 
and direction of the food particles towards the oe-
sophagus [4, 28]. 

The tongue of the Egyptian fruit bat (Rousettus 
aegyptiacus) was described as subdivided into three 
regions, lingual apex, body, and root, similar to those 
reported in all vertebrate species [4, 7, 14, 23, 28]. 
Moreover, in the Egyptian fruit bat, there was a sub-

division of these three regions into two lateral and single 
median parts. In addition, the anterior lingual region 
was subdivided into four U-shaped regions: lingual tip, 
two lateral regions and median region. Also, these sub-
division parts were carrying lingual papillae of different 

Figure 5. Histological image of the lingual root (A–C) of the Egyp-
tian fruit bat; Panel A represents the dorsal view of the lingual root 
of the Egyptian fruit bat (Rousettus aegyptiacus), panel B repre-
sents the higher magnification of the circumvallate papillae (CV); 
haematoxylin and eosin stain. Panel C represent the Masson’s 
trichrome (Alcian Blue) stain of the lingual root to clear the colla-
gen connective tissue (Ct). The dorsal epithelium (Ep), connective 
tissue core (Ct), lingual muscles (Ms), circumvallate papillae (CV) 
with a keratinised layer (black arrowhead), taste bud (Tb), and 
blood vessel (Bv).

Figure 6. Transverse histological image of the lingual root (A–F) 
of the Egyptian fruit bat; Panels A and B represent the transverse 
sections of the tongue of the Egyptian fruit bat (Rousettus aegyp-
tiacus) showing a positive acidic mucin reaction of the lingual 
glands (LG); Alcian Blue (AB) stain. Panels C and D represent the 
transverse sections of the tongue of the Egyptian fruit bat (Rouset-
tus aegyptiacus) showing a negative neutral mucin reaction of the 
lingual glands (LG); periodic acid-Schiff (PAS) stain. Panels E and F 
represent the transverse sections of the tongue of the Egyptian fruit 
bat (Rousettus aegyptiacus) showing a positive AB reaction and  
a negative PAS reaction of the lingual glands (LG); AB-PAS stain. Cir-
cumvallate papillae (CV), keratinised layer (K), and connective tissue 
core (Ct), lingual gland (LG), and lingual muscles (Ms).
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shape, orientation, nomination, and function, similar  
to that observed by Abumandour et al. [4], El-Mansi  
et al. [15] and Massoud and Abumandour [41].

Morphologically, most researchers focused on the 
description of the lingual papillae due to their direct 
relationship with the feeding style of each species 
and available food particles [28]. Functionally, the 
papillary system was adapted and this appears in 
the structure, number, appearance, orientation, and 
dispersion of the lingual papillae [4]. The present 
description confirmed that the lingual papillae can be 
classified functionally into mechanical and gustatory 
papillae according to their specific function [4, 7, 15, 
19, 34]. Moreover, these papillae were described as 
three types in Egyptian fruit bat (Rousettus aegyptia-
cus): one mechanical papilla that was described as fil-
iform and two gustatory papillae that were described 
as fungiform and circumvallate. These findings were 
similar to that reported in some bats species [19, 43, 
49, 51]. On the other hand, Abumandour et al. [4]  
and El-Mansi et al. [15] vobserved the presence of 
four types of lingual papillae: two mechanical and 
two gustatory in Egyptian fruit bat (Rousettus ae-
gyptiacus). However Masuko et al. [43] observed the 
presence of two types of lingual papillae; filiform and 
fungiform in hematophagous bats. 

The lingual filiform papillae had species-specific 
and region-specific characterisation and were de-
scribed as the lingual papillae structure adapted to 
the feeding mechanism and the available food parti-
cles. For that reason, the filiform papillae had a char-
acteristic appearance and functional adaptation and 
this appears in their characteristic shape, subdivision, 
number, directions, and positions [2]. Functionally, 
the subdivision of the filiform papillary system is the 
most important classification of due to their impor-
tant role in food particles intake and transportation 
[2, 4, 15]. The anatomical subdivision of the lingual 
filiform was reported previously in the published arti-
cles especially in bat [2]. The filiform papillary system 
was subdivided into seven subtypes as reported in 
the current work in the Egyptian fruit bat (Rousettus 
aegyptiacus), similar to that findings of Park and 
Hall [48] in bat; however, some authors observed six 
subtypes in Egyptian fruit bat (Rousettus aegyptia-
cus) [4] and Japanese long-fingered bats [37]. Five 
subtypes were noted in lesser dog-faced fruit and 
nectarivorous bats [19, 43], and four subtypes were 
reported in frugivorous bats [43, 46] and Egyptian 
fruit bat (Rousettus aegyptiacus) [15]. Three subtypes 

were observed by Pastor et al. [51], Jackowiak et al. 
[34], and Park and Lee [49].

Another factor affecting the anatomical subdi-
vision of the filiform papillae is the geographical 
distribution of the bats. This adaptation appears in 
some cases. The first case is the little red flying-fox bat 
that feeds on nectar, so its filiform papillary system 
adapted by the presence of numerous long giant 
pointed filiform papillae on the lingual apex [8, 12], 
while when subjected to the migration to research on 
food particles other than nectar-feeding, the filiform 
papillary system modified to depend on the feeding 
on fruit instead of nectar-feeding [13]. The second case 
is the Egyptian fruit bat caught from the fruit farms in 
the Nile Delta of Egypt, which had the filiform papillary 
system divided into six subtypes [2, 4], whereas that 
caught from the fruit farms in the Siwa Oasis of Egypt 
in the current study carried seven subtypes. Moreover 
the bat caught from Japan had five subtypes, the bat 
caught from Saudi Arabia carried four subtypes only 
[15], and that caught from Poland had only three sub-
types [34]. The third case was observed in the filiform 
papillary system on the lingual tip; the current study 
reported that the Egyptian fruit bat carried cornflower 
filiform papillae, while in the Egyptian fruit bat caught 
from Poland, the lingual tip had numerous small filiform 
papillae [34], and in that caught from Japan, the lingual 
tip had numerous scales-like filiform papillae [20]. The 
current findings agree with previously published data 
[2, 15, 62] that the anatomical shape, distribution, and 
nomination of the lingual papillae had characteristic 
features that reflected on the evolutionary taxonomic 
status of the bat species [15, 63].

The gustatory fungiform papillae were subjected 
to three main classifications. The first classification 
is according to their function and had three types of 
the gustatory papillae, as in that shown in the current 
work in Egyptian fruit bat (Rousettus aegyptiacus). 
The same results were described by Abumandour 
and El-Bakary [4], El-Mansi et al. [15], Massoud and 
Abumandour [41] and Abumandour and El-Bakary 
[3]. The second one is named the mechanical papilla 
and does not have any taste buds; this type has not 
been recorded in any bat species, but was noted in 
other species, such as donkey [40]. The third one is 
the mixed type in which some papillae had taste buds 
and other do not have any in the same animal, as 
was shown in Australian Mega chiroptera [7]. The sec-
ond classification is according to the distribution of 
these papillae, as described by Chung and Kwun [9].  
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The first one described that these papillae were found 
on the entire lingual length [49] in bats, but the  
second one described that these papillae were found 
on the lingual boundaries [50] in S. species; however, 
the third one described that these papillae were found 
on the lingual tip and side edge areas, as observed 
in fruit bat [4, 19] and flying squirrel [17], while the 
fourth one noted the presence of these papillae at the 
lingual centre and tip as reported in bank vole and 
Japanese grass vole [24, 31]. Moreover, the present 
study described that the scanty numbers of these 
papillae were found on the lingual tip and the two 
lateral parts of the lingual apex and body, while these 
papillae were completely absent in the median lingual 
part, similar to that described by Abumandour and 
El-Bakary [4]. The third classification is according 
to the shape of these papillae. From the previously 
published data, all species had only one shape that 
differs from species to species. The present study 
observed the quadrilateral shape, similar to that de-
scribed by El-Mansi et al. [15] in Egyptian fruit bat 
captured from Saudi Arabia, while that captured from 
Egypt had the dome-shaped fungiform papillae, as 
reported by Massound and Abumandour [41]; the 
round fungiform papillae were recorded by El-Bakary 
and Abumandour [14] in the Egyptian Water Buffalo 
(Bubalus bubalis), the elliptical shape [49], the dome-
shaped fungiform papillae [17] in the flying squirrel, 
the mushroom shape [38], the discoid fungiform 
observed by El-Mansi et al. [15] in Egyptian tomb bat, 
and the fungus shape fungiform observed by Dinc et 
al. [11] in the rat. While in Egyptian fruit bat observed 
the presence of two shapes of the fungiform papillae: 
rectangular and round [4].

According to the previously published articles, there 
are species variations in the number, shape, distribu-
tion, position, and shape of its lingual dorsal surface 
with taste buds. The most characteristic point is the 
number of the circumvallate papillae that differ from 
the completely absent to more than 20 papillae. The 
circumvallate papillae are completely absent in the 
blood-drinking Desmodus rotundus and haemato-
phagous bats [25, 43], but the presence of only one 
circumvallate papilla has been observed in some mam-
malian species [16, 42]. Moreover, the most common 
number is the presence of two papillae as reported in 
common European bat [51], Korean greater horseshoe 
bat [56], lesser dog-faced fruit and flying fox [18, 19], 
free-tailed bat [26],and Korean long-fingered bats [50]. 
However, we found the presence of three circumval-

late papillae in the present study in Egyptian fruit bat 
(Rousettus aegyptiacus), similar to that described by 
Abumandour et al. [4], El-Mansi et al. [15], Jackowiak 
et al. [34], and Massoud et al. [41] in Egyptian fruit 
bat [18, 19], in frugivorous bats [7], in S. australis and 
Pteropus [46], in E. wahlbergi, and the long-eared 
hedgehog (H. auritus) [42]. Moreover, four circumval-
late papillae were described by Masuko et al. [43] in 
long-nosed bat and frugivorous and nectarivorous bats 
[7] as well as in Australian Megachiroptera (N. Robin-
soni). However, there were some mammalian species 
that carried several circumvallate lingual papillae, such 
as deer [64] and buffalo [14].

The circumvallate papillae had a round central bulb 
encircled by a continuous deep groove in Egyptian 
fruit bat (Rousettus aegyptiacus), similar to that de-
scribed by Abumandour et al. [4], Ciuccio et al. [10] and 
El-Mansi et al. [15]. Moreover, the present investigation 
described that the central round bulb was encircled 
only by one layer of two segmented circular annular 
pad laterally but, from the rostral and posterior side, 
not surrounded by this circular pad. There was some 
variation in the number of pad layers surrounding 
the circumvallate papillae; the presence of only one 
layer of the annular pad was observed in mouse, rat 
and other rodents [29, 30], and primates [36], while 
the two layers of the pad were observed in some bat 
species [4, 50]. 

The dorsal surface of the circumvallate papillae 
had an irregular surface by the SEM observations. 
The same findings were described by Aboelnour et 
al. [4] and El-Mansi et al. [15] in Egyptian fruit bat 
and in the rabbit [3]. However, the smooth papillary 
surface was recorded in fox [32]. 

The triangular arrangement of the circumvallate 
papillae was a characteristic appearance that ap-
peared in some mammalian species. The present 
examination on the two bat species of various feeding 
habits had this triangular arrangement of the circum-
vallate papillae, like that revealed in fruit bat [4, 15, 
18, 34, 41, 46], Egyptian long-eared hedgehog [42], 
and the Persian squirrel [53].

The obtained histological findings showed that 
the dorsal surface of the tongue was covered with 
a thick keratinised multilayered stratified squamous 
epithelial layer that covered all the dorsal surface 
with its papillae, similar results were recorded by 
Abumandour and El-Bakary [4], El-Mansi [15] and 
Massoud and Abumandour [41] in the Egyptian fruit 
bat (Rousettus aegyptiacus).
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The obtained histological findings showed that 
there were numerous taste buds in both fungiform 
and circumvallate papillae in the Egyptian fruit bat 
(Rousettus aegyptiacus) tongue. The taste buds were 
also recorded in most bat species: in the Egyptian 
tomb bat (Taphozous perforatus) [16] and in the 
Egyptian fruit bat (Rousettus aegyptiacus) [15, 41]. 

The present results corresponding with that re-
ported by Goździewska-Harłajczuk et al. [23], Jack-
owiak et al. [34], and Iwasaki et al. [30] that the pres-
ence of the taste buds was related to the process of 
chemoreception of the gland secretion of the tongue. 
Furthermore, the description of the lingual glands in 
the current work matched with the obtained results of 
Akbari et al. [5], Goździewska-Harłajczuk [22], Jarrar 
et al. [35], and Tandler et al. [59]. 

In vertebrate animals, the lingual gland secre-
tions act as a lubricant that assists in moistening 
the food particles, then facilitates food movements, 
transport, and swallowing [33, 54, 61]. The current 
histochemical results revealed that the lingual glands 
showed a stronger AB-positive reaction and gave dark 
blue colour, while the reaction for the PAS-stain was 
negative. This negative reaction with PAS-stain was 
similar to that noted by Massoud and Abumandour 
[41]. The current study reported that the glands give 
a blue colour as an indication of positive AB reactivity 
with combined AB-PAS staining, while Massoud and 
Abumandour [41] reported the AB positive granules 
with blue colour stain of the acidic mucins.

Funding

Taif University Researchers Supporting Project num-
ber (TURSP-2020/138), Taif University, Taif, Saudi Arabia.

Acknowledgements

The authors would like to express their gratitude 
to the Anatomy and Embryology Department, Fac-
ulty of Veterinary Medicine, Alexandria University for 
providing technical and administrative support. Also, 
we are indebted to the Zoology Department, Faculty 
of Science, Tanta University. We deeply thank Taif 
University Researchers Supporting Project number 
(TURSP-2020/138), Taif University, Taif, Saudi Arabia.

Conflict of interest: None declared

REFERENCES
1. Aboelnour A, Noreldin AE, Massoud D, et al. Retinal 

characterization in the eyes of two bats endemic in the 
Egyptian fauna, the Egyptian fruit bat (Rousettus aegyp-

tiacus) and insectivorous bat (Pipistrellus kuhlii), using the 
light microscope and transmission electron microscope. 
Microsc Res Tech. 2020; 83(11): 1391–1400, doi: 10.1002/
jemt.23530, indexed in Pubmed: 33405350.

2. Abumandour M. Morphological Comparison of the 
Filiform Papillae of New Zealand White Rabbits (Oryc-
tolagus cuniculus) as Domestic Mammals and Egyptian 
Fruit Bat (Rousettus aegyptiacus) as Wild Mammals 
Using Scanning Electron Microscopic Specimens. Int  
J Morphol. 2014; 32(4): 1407–1417, doi: 10.4067/s0717-
95022014000400045.

3. Abumandour MMA, El-Bakary RMA. Anatomic reference 
for morphological and scanning electron microscopic stud-
ies of the New Zealand white rabbits tongue (Orycotolagus 
cuniculus) and their lingual adaptation for feeding habits. 
J Morphol Sci. 2013; 30(4): 1–12.

4. Abumandour MMA, El-Bakary RMA. Morphological and 
scanning electron microscopic studies of the tongue of 
the Egyptian fruit bat (Rousettus aegyptiacus) and their 
lingual adaptation for its feeding habits. Vet Res Commun. 
2013; 37(3): 229–238, doi: 10.1007/s11259-013-9567-9, 
indexed in Pubmed: 23709139.

5. Akbari G, Babaei M, Hassanzadeh B. Morphological study 
of the European hedgehog (Erinaceus europaeus) tongue 
by SEM and LM. Anat Sci Int. 2018; 93(2): 207–217, 
doi: 10.1007/s12565-017-0391-0, indexed in Pubmed: 
28160234.

6. Altringham JD, McOwat T, Hammond L. Bats: biology and 
behaviour. Oxford University Press, Oxford 1996.

7. Birt P, Hall L, Smith G. Ecomorphology of the Tongues of 
Australian Megachiroptera (Chiroptera: Pteropodidae). 
Austr J Zool. 1997; 45(4): 369, doi: 10.1071/zo97005.

8. Boland DJ. Forest Trees of Australia. Thomas Nelson, 
Melbourne 1984.

9. Chung YW, Kwun HS. A morphological study on the 
tongues of the vertebrates. I. Comparative macroscopic 
and microscopic observations. J Catholic Medical College 
(Korean). 1977; 30: 531–555.

10. Ciuccio M, Estecondo S, Casanave EB. Scanning electron 
microscopy study of the dorsal surface of the tongue 
of dasypus hybridus (Mammalia, Xenarthra, Dasypodi-
dae). Int J Morphol. 2010; 28(2), doi: 10.4067/s0717-
95022010000200007.

11. Dinç G, Girgin A, Yllmaz S. Ratlarda papilla fungiformis’in 
prenatal ve postnatal gelişimi. FFrat Üniv SağlFk Bil Derg. 
1995; 9(2): 161–163.

12. Eby P. Finger-winged night workers: managing forests to 
conserve the role of grey-headed flying foxes as pollinators 
and seed dispersers. In: Lunney D. (ed.). Conservation of 
Australias Forest Fauna. Royal Zoological Society of New 
South Wales, Mosman 1991: 91–100.

13. Eby P. The biology and management of flying foxes in 
New South Wales. New South Wales National Parks and 
Wildlife Service, Report No. 18, 1995.

14. El-Bakary NER, Abumandour MMA. Morphological studies 
of the tongue of the egyptian water buffalo (bubalus 
bubalis) and their lingual papillae adaptation for its feed-
ing habits. Anat Histol Embryol. 2017; 46(5): 474–486, 
doi: 10.1111/ahe.12292, indexed in Pubmed: 28833390.

15. El-Mansi A, Al-Kahtani MA, Abumandour M. Compar-
ative phenotypic and structural adaptations of tongue 
and gastrointestinal tract in two bats having different 

http://dx.doi.org/10.1002/jemt.23530
http://dx.doi.org/10.1002/jemt.23530
https://www.ncbi.nlm.nih.gov/pubmed/33405350
http://dx.doi.org/10.4067/s0717-95022014000400045
http://dx.doi.org/10.4067/s0717-95022014000400045
http://dx.doi.org/10.1007/s11259-013-9567-9
https://www.ncbi.nlm.nih.gov/pubmed/23709139
http://dx.doi.org/10.1007/s12565-017-0391-0
https://www.ncbi.nlm.nih.gov/pubmed/28160234
http://dx.doi.org/10.1071/zo97005
http://dx.doi.org/10.4067/s0717-95022010000200007
http://dx.doi.org/10.4067/s0717-95022010000200007
http://dx.doi.org/10.1111/ahe.12292
https://www.ncbi.nlm.nih.gov/pubmed/28833390


410

Folia Morphol., 2022, Vol. 81, No. 2

feeding habits captured from Saudi Arabia: Egyptian 
fruit bat (Rousettus aegyptiacus) and Egyptian tomb bat 
(Taphozous perforatus). Zoologischer Anzeiger. 2019; 281: 
24–38, doi: 10.1016/j.jcz.2019.05.005. 

16. El-Sharaby AA, El-Gendy SA, Alsafy MA, et al. Morpholog-
ical variations of the vallate papillae in some mammalian 
species. Anat Sci Int. 2014; 89(3): 161–170, doi: 10.1007/
s12565-013-0215-9, indexed in Pubmed: 24242871.

17. Emura S, Tamada A, Hayakawa D, et al. SEM study on 
the dorsal lingual surface of the flying squirrel, Petaurista 
leucogenys. Ann Anat - Anatomischer Anzeiger. 1999; 
181(5): 495–498, doi: 10.1016/s0940-9602(99)80033-8.

18. Emura S, Hayakawa D, Chen H, et al. SEM study on the 
dorsal lingual surface of the large flying fox, Pteropus 
vampyrus. Okajimas Folia Anat Jpn. 2002; 79(4): 113–119, 
doi: 10.2535/ofaj.79.113, indexed in Pubmed: 12484446.

19. Emura S, Hayakawa D, Chen H, et al. SEM study on the 
dorsal lingual surface of the lesser dog-faced fruit bat, 
Cynopterus brachyotis. Okajimas Folia Anat Jpn. 2001; 
78(4): 123–128, doi: 10.2535/ofaj1936.78.4_123, indexed 
in Pubmed: 11774747.

20. Emura S, Okumura T, Chen H. Morphology of the lingual 
papillae in the Egyptian rousette bat (Rousettus aegypti-
acus). Okajimas Folia Anat Jpn. 2012; 89(3): 61–66, doi: 
10.2535/ofaj.89.61, indexed in Pubmed: 23429050.

21. Gewily DI, Mahmoud FA, Saber SA, et al. Ultrastructural 
comparison between the tongue of two reptilian species 
endemic in Egyptian fauna; Bosc’s fringe-toed lizard 
Acanthodactylus boskianus and Sinai fan-fingered gecko 
Ptyodactylus guttatus. Microsc Res Tech. 2021; 84(9): 
1977–1991, doi: 10.1002/jemt.23753, indexed in Pubmed: 
33720486.

22. Goździewska-Harłajczuk K, Klećkowska-Nawrot J, 
Nowaczyk R, et al. Biological aspect of the surface struc-
ture of the tongue in the adult red kangaroo (Macropus 
rufus): light and scanning electron microscopy. Biologia. 
2016; 71(6): 174–178, doi: 10.1515/biolog-2016-0082.

23. Goździewska-Harłajczuk K, Klećkowska-Nawrot J, Barszcz K,  
et al. Biological aspects of the tongue morphology of 
wild-captive WWCPS rats: a histological, histochemical and 
ultrastructural study. Anat Sci Int. 2018; 93(4): 514–532, doi: 
10.1007/s12565-018-0445-y, indexed in Pubmed: 29948977.

24. Grandi D, Arcari ML, Azalli G. Ultrastructural aspects of 
the lingual papillae in the gerbil (Meriones unguiculatus). 
Ital J Anat Embryol. 1994; 99: 201–217.

25. Greenbaum IF, Phillips CJ. Comparative anatomy and gen-
eral histology of tongues of long-nosed bats (Leptonycteris 
sanborni and L. nivalis) with reference to infestation of 
oral mites. J Mammal. 1974; 55(3): 489–504, indexed in 
Pubmed: 4851092.

26. Gregorin R. Comparative morphology of the tongue in 
free-tailed bats (Chiroptera, Molossidae). Iheringia. Série 
Zoologia. 2003; 93(2): 213–221, doi: 10.1590/s0073-
47212003000200014.

27. Humason GL. Animal tissue techniques. Animal tissue 
techniques, 1962.

28. Iwasaki Si. Evolution of the structure and function of 
the vertebrate tongue. J Anat. 2002; 201(1): 1–13, doi: 
10.1046/j.1469-7580.2002.00073.x, indexed in Pubmed: 
12171472.

29. Iwasaki S, Yoshizawa H, Kawahara I. Study by scanning 
electron microscopy of the morphogenesis of three types 

of lingual papilla in the mouse. Acta Anat (Basel). 1996; 
157(1): 41–52, doi: 10.1159/000147865, indexed in Pu-
bmed: 9096741.

30. Iwasaki S, Yoshizawa H, Kawahara I. Study by scanning 
electron microscopy of the morphogenesis of three types of 
lingual papilla in the rat. Anat Rec. 1997; 247(4): 528–541, 
doi: 10.1002/(SICI)1097-0185(199704)247:4<528::AID-
AR12>3.0.CO;2-R, indexed in Pubmed: 9096793.

31. Jackowiak H, Godynicki S. The distribution and structure 
of the lingual papillae on the tongue of the bank vole 
Clethrinomys glareolus. Folia Morphol. 2005; 64(4): 
326–333, indexed in Pubmed: 16425161.

32. Jackowiak H, Godynicki S. The scanning electron micro-
scopic study of lingual papillae in the silver fox (Vulpes 
vulpes fulva, Desmarest, 1820). Ann Anat. 2004; 186(2): 
179–183, doi: 10.1016/S0940-9602(04)80037-2, indexed 
in Pubmed: 15125050.

33. Jackowiak H, Ludwig M. Light and scanning electron 
microscopic study of the structure of the ostrich (Strutio 
camelus) tongue. Zoolog Sci. 2008; 25(2): 188–194, doi: 
10.2108/zsj.25.188, indexed in Pubmed: 18533750.

34. Jackowiak H, Trzcielińska-Lorych J, Godynicki S. The mi-
crostructure of lingual papillae in the Egyptian fruit bat 
(Rousettus aegyptiacus) as observed by light microscopy 
and scanning electron microscopy. Arch Histol Cytol. 
2009; 72(1): 13–21, doi: 10.1679/aohc.72.13, indexed in 
Pubmed: 19789409.

35. Jarrar BM, Taib N. Histochemical characterization and 
distribution of mucosubstances and enzyme activity in the 
lingual salivary glands of the one-humped camel (Camelus 
dromedarius). Revue d’élevage et de médecine vétérinaire 
des pays tropicaux. 1989; 41(1): 63–71.

36. Kobayashi K, Kumakura M, Yoshimura K, et al. Comparative 
morphological studies on the stereo structure of the lingual 
papillae of selected primates using scanning electron mi-
croscopy. Ann Anat. 2004; 186(5-6): 525–530, doi: 10.1016/
S0940-9602(04)80101-8, indexed in Pubmed: 15646287.

37. Kobayashi S, Shimamura A. Comparative anatomical 
observations of the tongue of the Japanese long-fin-
gered bats, Miniopterus schreibersi fuliginosus. Okajimas 
Folia Anat Jpn. 1982; 58(4-6): 923–932, doi: 10.2535/
ofaj1936.58.4-6_923, indexed in Pubmed: 7122024.

38. Kurtul I, Atalgın SH. Scanning electron microscopic study 
on the structure of the lingual papillae of the Saanen goat. 
Small Ruminant Res. 2008; 80(1-3): 52–56, doi: 10.1016/j.
smallrumres.2008.09.003.

39. Luna LG. Routine staining procedures. Manual of his-
tologic staining methods of the Armed Forces Institute 
of Pathology. Blakiston Division, McGraw-Hill, New York 
1968: 33–46.

40. Mahmoud MMAE, Ahmed EZ, Rudolf L, et al. Morpholo-
gical characteristics of the tongue and its papillae in the  
donkey (Equus asinus): a light and scanning electron  
microscopical study. Ann Anat Anatomischer An-
zeiger. 2002; 184(5): 473–480, doi: 10.1016/s0940-
9602(02)80081-4.

41. Massoud D, Abumandour MMA. Anatomical features of 
the tongue of two chiropterans endemic in the Egyptian 
fauna; the Egyptian fruit bat (Rousettus aegyptiacus) and 
insectivorous bat (Pipistrellus kuhlii). Acta Histochem. 
2020; 122(2): 151503, doi: 10.1016/j.acthis.2020.151503, 
indexed in Pubmed: 31955907.

http://dx.doi.org/10.1016/j.jcz.2019.05.005
http://dx.doi.org/10.1007/s12565-013-0215-9
http://dx.doi.org/10.1007/s12565-013-0215-9
https://www.ncbi.nlm.nih.gov/pubmed/24242871
http://dx.doi.org/10.1016/s0940-9602(99)80033-8
http://dx.doi.org/10.2535/ofaj.79.113
https://www.ncbi.nlm.nih.gov/pubmed/12484446
http://dx.doi.org/10.2535/ofaj1936.78.4_123
https://www.ncbi.nlm.nih.gov/pubmed/11774747
http://dx.doi.org/10.2535/ofaj.89.61
https://www.ncbi.nlm.nih.gov/pubmed/23429050
http://dx.doi.org/10.1002/jemt.23753
https://www.ncbi.nlm.nih.gov/pubmed/33720486
http://dx.doi.org/10.1515/biolog-2016-0082
http://dx.doi.org/10.1007/s12565-018-0445-y
https://www.ncbi.nlm.nih.gov/pubmed/29948977
https://www.ncbi.nlm.nih.gov/pubmed/4851092
http://dx.doi.org/10.1590/s0073-47212003000200014
http://dx.doi.org/10.1590/s0073-47212003000200014
http://dx.doi.org/10.1046/j.1469-7580.2002.00073.x
https://www.ncbi.nlm.nih.gov/pubmed/12171472
http://dx.doi.org/10.1159/000147865
https://www.ncbi.nlm.nih.gov/pubmed/9096741
http://dx.doi.org/10.1002/(SICI)1097-0185(199704)247:4%3c528::AID-AR12%3e3.0.CO;2-R
http://dx.doi.org/10.1002/(SICI)1097-0185(199704)247:4%3c528::AID-AR12%3e3.0.CO;2-R
https://www.ncbi.nlm.nih.gov/pubmed/9096793
https://www.ncbi.nlm.nih.gov/pubmed/16425161
http://dx.doi.org/10.1016/S0940-9602(04)80037-2
https://www.ncbi.nlm.nih.gov/pubmed/15125050
http://dx.doi.org/10.2108/zsj.25.188
https://www.ncbi.nlm.nih.gov/pubmed/18533750
http://dx.doi.org/10.1679/aohc.72.13
https://www.ncbi.nlm.nih.gov/pubmed/19789409
http://dx.doi.org/10.1016/S0940-9602(04)80101-8
http://dx.doi.org/10.1016/S0940-9602(04)80101-8
https://www.ncbi.nlm.nih.gov/pubmed/15646287
http://dx.doi.org/10.2535/ofaj1936.58.4-6_923
http://dx.doi.org/10.2535/ofaj1936.58.4-6_923
https://www.ncbi.nlm.nih.gov/pubmed/7122024
http://dx.doi.org/10.1016/j.smallrumres.2008.09.003
http://dx.doi.org/10.1016/j.smallrumres.2008.09.003
http://dx.doi.org/10.1016/s0940-9602(02)80081-4
http://dx.doi.org/10.1016/s0940-9602(02)80081-4
http://dx.doi.org/10.1016/j.acthis.2020.151503
https://www.ncbi.nlm.nih.gov/pubmed/31955907


411

R.M. Kandyel et al., Lingual papillae of Egyptian fruit bat

42. Massoud D, Abumandour MMA. Descriptive studies on the 
tongue of two micro-mammals inhabiting the Egyptian 
fauna; the Nile grass rat (Arvicanthis niloticus) and the 
Egyptian long-eared hedgehog (Hemiechinus auritus). 
Microsc Res Tech. 2019; 82(9): 1584–1592, doi: 10.1002/
jemt.23324, indexed in Pubmed: 31225934.

43. Masuko TS, et al. Comparative Scanning Electron Micro-
scopic Study of the Lingual Papillae in Three Species of Bats 
(Carollia perspicillata, Glossophaga soricina and Desmodus 
rotundus). Microsc Microanal. 2007; 13(Suppl 2): 280–281.

44. Morrison DW. Efficiency of food utilization by fruit 
bats. Oecologia. 1980; 45(2): 270–273, doi: 10.1007/
BF00346469, indexed in Pubmed: 28309539.

45. Mowry RW. Alcian blue technics for the histochemical 
study of Alcian carbohydrates. J Histochem Cytochem. 
1956; 4: 407–411.

46. Mqokeli BR, Downs CT. Palatal and lingual adaptations for 
frugivory and nectarivory in the Wahlberg’s epauletted 
fruit bat (Epomophorus wahlbergi). Zoomorphology. 
2012; 132(1): 111–119, doi: 10.1007/s00435-012-0170-3.

47. Nomina Anatomica Veterinaria N. International Com-
mittee on Veterinary Gross Anatomical Nomenclature 
and authorized by the general assembly of the world 
Association of veterinary Anatomist. Knoxville, 3rd Ed. 
Ghent. Published by the Editorial Committee Hanover 
(Germany), Ghent (Belgium), Columbia, MO (USA), Rio 
de Janeiro (Brazil). 2017.

48. Park H, Hall E. The gross anatomy of the tongues and 
stomachs of eight new world bats. Trans Kans Acad Sci 
(1903-). 1951; 54(1): 64–72, doi: 10.2307/3626255.

49. Park J, Lee JH. Comparative Morphology of the Tongue of 
Miniopterus schreibersi fuliginosus and Pipistrellus savii. 
Applied Microscopy. 2009; 39(3): 267–276.

50. Park J, Lee JH. Morphological Study on the Dorsal Lingual 
Papillae of Sorex caecutiens Laxmann. Korean J Microsco-
py. 2009; 39(2): 106–106.

51. Pastor JF, Moro JA, Verona JA, et al. Morphological study 
by scanning electron microscopy of the lingual papillae 
in the common European bat (Pipistrellus pipistrellus). 
Arch Oral Biol. 1993; 38(7): 597–599, doi: 10.1016/0003-
9969(93)90125-6, indexed in Pubmed: 7690226.

52. Prothero DR. The Princeton field guide to prehistoric mam-
mals. Vol. 112. Princeton University Press 2016.

53. Sadeghinezhad J, Tootian Z, Javadi F. Anatomical and 
histological structure of the tongue and histochemical 
characteristics of the lingual salivary glands in the Persian 
squirrel (Sciurus anomalus). Anat Sci Int. 2018; 93(1): 
58–68, doi: 10.1007/s12565-016-0367-5, indexed in 
Pubmed: 27565979.

54. Schwenk K. Morphology of the tongue in the tuatara, 
Sphenodon punctatus (Reptilia: Lepidosauria), with 
comments on function and phylogeny. J Morphol. 1986; 
188(2): 129–156, doi: 10.1002/jmor.1051880202, indexed 
in Pubmed: 29945355.

55. Sharma R, Vidyadaran MK, Zulkifli I, et al. Ecomorpholog-
ical implications of the microstructures on the tongue of 
the fawn roundleaf bat, Hipposideros cervinus (Chirop-
tera: Hipposideridae). Austr J Zool. 1999; 47(4): 405, doi: 
10.1071/zo98051.

56. Son SW, Lee HJ, Lee JH. Ultrastructural observations of 
the lingual papillae of the Korean greater horseshoe bat, 
Rhinolophus ferrumequinum korai. Kyungnam Univ J Basic 
Sci Res Int (Korean). 2000; 14: 65–72.

57. Spicer SS, Meyer DB. Histochemical differentiation of acid 
mucopolysaccharides by means of combined aldehyde 
fuchsin-alcian blue staining. Am J Clin Pathol. 1960; 
33(5_ts): 453–460, doi: 10.1093/ajcp/33.5_ts.453.

58. Suvarna SK, Layton C, Bancroft JD. Bancroft’s Theory and 
Practice of Histological Techniques, Expert Consult: Online 
and Print, 7: Bancroft’s Theory and Practice of Histolog-
ical Techniques. Churchill Livingstone Elsevier, Churchill 
Livingstone 2013.

59. Tandler B, Toyoshima K, Seta Y, et al. Ultrastructure of the 
salivary glands in the midtongue of the common vampire 
bat, Desmodus rotundus. Anat Rec. 1997; 249(2): 196–205, 
doi: 10.1002/(SICI)1097-0185(199710)249:2<196::AID-
AR6>3.0.CO;2-W, indexed in Pubmed: 9335465.

60. Wilson DE, Reeder DM. Mammal Species of the World.  
A Taxanomis and Geographic Reference. 2nd Ed. Smith-
sonium Institution Press, Washington 1993.

61. Winokur RM. The buccopharyngeal mucosa of the tur-
tles (Testudines). J Morphol. 1988; 196(1): 33–52, doi: 
10.1002/jmor.1051960105, indexed in Pubmed: 3373540.

62. Yoshimura K, Hama N, Shindo J, et al. Light and scanning 
electron microscopic study on the lingual papillae and their 
connective tissue cores of the Cape hyrax Procavia capen-
sis. J Anat. 2008; 213(5): 573–582, doi: 10.1111/j.1469-
7580.2008.00969.x, indexed in Pubmed: 18713236.

63. Yoshimura K, Shindoh J, Kobayashi K. Scanning electron 
microscopy study of the tongue and lingual papillae of the 
California sea lion (Zalophus californianus californianus). 
Anat Rec. 2002; 267(2): 146–153, doi: 10.1002/ar.10093, 
indexed in Pubmed: 11997883.

64. Zheng J, Kobayashi K. Comparative morphological study on 
the lingual papillae and their connective tissue cores (CTC) in 
reeves’ muntjac deer (Muntiacus reevesi). Ann Anat — Anato-
mischer Anzeiger. 2006; 188(6): 555–564, doi: 10.1016/j.
aanat.2006.05.014, indexed in Pubmed: 17140149.

http://dx.doi.org/10.1002/jemt.23324
http://dx.doi.org/10.1002/jemt.23324
https://www.ncbi.nlm.nih.gov/pubmed/31225934
http://dx.doi.org/10.1007/BF00346469
http://dx.doi.org/10.1007/BF00346469
https://www.ncbi.nlm.nih.gov/pubmed/28309539
http://dx.doi.org/10.1007/s00435-012-0170-3
http://dx.doi.org/10.2307/3626255
http://dx.doi.org/10.1016/0003-9969(93)90125-6
http://dx.doi.org/10.1016/0003-9969(93)90125-6
https://www.ncbi.nlm.nih.gov/pubmed/7690226
http://dx.doi.org/10.1007/s12565-016-0367-5
https://www.ncbi.nlm.nih.gov/pubmed/27565979
http://dx.doi.org/10.1002/jmor.1051880202
https://www.ncbi.nlm.nih.gov/pubmed/29945355
http://dx.doi.org/10.1071/zo98051
http://dx.doi.org/10.1093/ajcp/33.5_ts.453
http://dx.doi.org/10.1002/(SICI)1097-0185(199710)249:2%3c196::AID-AR6%3e3.0.CO;2-W
http://dx.doi.org/10.1002/(SICI)1097-0185(199710)249:2%3c196::AID-AR6%3e3.0.CO;2-W
https://www.ncbi.nlm.nih.gov/pubmed/9335465
http://dx.doi.org/10.1002/jmor.1051960105
https://www.ncbi.nlm.nih.gov/pubmed/3373540
http://dx.doi.org/10.1111/j.1469-7580.2008.00969.x
http://dx.doi.org/10.1111/j.1469-7580.2008.00969.x
https://www.ncbi.nlm.nih.gov/pubmed/18713236
http://dx.doi.org/10.1002/ar.10093
https://www.ncbi.nlm.nih.gov/pubmed/11997883
http://dx.doi.org/10.1016/j.aanat.2006.05.014
http://dx.doi.org/10.1016/j.aanat.2006.05.014
https://www.ncbi.nlm.nih.gov/pubmed/17140149


Folia Morphol. 
Vol. 81, No. 2, pp. 412–420

DOI: 10.5603/FM.a2021.0048
Copyright © 2022 Via Medica

ISSN 0015–5659
eISSN 1644–3284

journals.viamedica.pl

O R I G I N A L    A R T I C L E

412

Address for correspondence: Prof. L. Luo, No. 1168 Chunrong West Road, Yuhua Street, Chenggong, Kunming, China, tel +86 871-65922865, 
e-mail: luolan@kmmu.edu.cn

*Equal contribution

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download 
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

Histological analysis of spermatogenesis and  
the germ cell seasonal development within  
the testis of domesticated tree shrews  
(Tupaia belangeri chinensis)
J. Tang1, 2 *, G. He1, 3 *, Y. Yang1, Q. Li1, Y. He1, C. Yu1, L. Luo1

1School of Basic Medical Sciences, Kunming Medical University, Kunming, China
2Department of Medical Genetics and Prenatal Diagnosis, Kunming Maternity and Child Health Hospital, Kunming, China
3Clinical Laboratory, Yunnan Maternal and Child Health Care Hospital, Kunming, China

[Received: 1 March 2021; Accepted: 22 April 2021; Early publication date: 6 May 2021]

Background: This study aimed to address the lack of information on the male 
germ cell seasonal development of domesticated tree shrews (Tupaia belangeri 
chinensis).
Materials and methods: Testicular tissues were collected from 60 tree shrews 
(n = 5 per month). The ultrastructures of the testes and spermatids were exam-
ined via transmission electron microscopy. Apoptosis of spermatogenic cells was 
measured through terminal deoxynucleotidyl transferase dUTP nick end labelling 
(TUNEL) staining. The expression of proliferation factors, namely, proliferating 
cell nuclear antigen (PCNA) and Ki67, in testicular tissues was assayed through 
immunohistochemistry. 
Results: Spermatid ultrastructure showed seasonal differences, and spermato-
genesis was relatively active in June and July and relatively stagnant from Octo-
ber to November. The percentage of TUNEL-positive germ cells was less during 
October and November, while greater in July than other phases. The number of 
PCNA-nucleus-positive germ cells was most in June and July, but with cytoplasm 
staining from October to November. Ki67 presented positive expression in the 
testes from April to September, with highest expression in June, but with no 
expression from October to March. 
Conclusions: In summary, there are seasonal differences in tissue morphology 
related to spermatogenesis in domesticated tree shrews. PCNA expression and 
Ki67 expression are good indicators of seasonal differences in male germ cells. 
(Folia Morphol 2022; 81, 2: 412–420)

Key words: tree shrew, spermatogenic cell, seasonal differences, testis

INTRODUCTION
Tree shrews (Tupaia belangeri chinensis), which 

belong to the family Tupaiidae, genus Tupaia, are 

rat-sized mammals that live mainly in deciduous, 
evergreen and secondary forests in tropical and sub-
tropical regions [30]. Whole-genome sequencing 
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analysis has revealed that tree shrews are similar to 
humans with regard to histology, physiology, bio-
chemistry, and nervous (brain function), metabolic 
and immune systems [8, 22, 24]. The tree shrew is 
small, has a short reproductive cycle, is easy to per-
form experiments on, is inexpensive to feed, and has 
other favourable characteristics, such as susceptibility 
to a wide range of human pathogenic viruses [32]. 
Thus, the tree shrew may be a good animal model 
for scientific experiments.

Studies have shown that the reproduction of 
sexually mature male wild tree shrews has obvious 
seasonality; the reproductive season lasts only from 
April to July each year [29]. In a previous study by 
Cao [4], highly active seminiferous epitheliums were 
observed in January and April. Regression of seminif-
erous tubules begins in July and there are extensive 
regressive changes in seminiferous epitheliums los-
ing spermatogenic function in August and October. 
Similar seasonal changes in spermatozoa amount are 
shown in epididymis. However, recent studies have 
reported that artificial domestication can overcome 
the seasonal restrictions of tree shrew reproduction 
[14]. The seasonal reproduction pattern of this species 
has caused considerable uncertainty and unforeseen 
complications related to the reproducibility, stability 
and comparability of male reproductive medicine 
studies using the tree shrew as a model organism, 
which has restricted the use of the tree shrew as  
a model organism for reproduction research. Howev-
er, there have been no studies on the seasonal differ-
ences in morphology or proliferation and apoptosis 
levels in domesticated tree shrew sperm.

Spermatogenesis is a complex process. Sperm ma-
tures through the mitosis of spermatogonia, meiosis 
of spermatocytes, and maturation of spermatids [9]. 
Spermatogenic cells proliferate often, develop continu-
ously and have physiological significance in the process 
of spermatogenesis. Proliferating cell nuclear antigen 
(PCNA) is a cell cycle regulatory protein marker that is 
closely related to DNA synthesis and participates in the 
initiation of cell proliferation [26]. Ki67, another nuclear 
antigen related to cell proliferation, exists in the cell 
nucleus and participates in the mitotic prophase-to-met-
aphase transition and the maintenance of DNA structure 
[13, 23]. Therefore, the protein expression levels of 
PCNA and Ki67 in the testes are standard markers for 
the proliferation of spermatogenic cells [31]. Addition-
ally, apoptosis of spermatogenic cells in the testes may 
contribute to seasonal differences in sperm [3].

The present study aimed to investigate whether 
there are seasonal differences in spermatogenesis 
in domesticated tree shrews. We examined 1) sper-
matids morphology using haematoxylin and eosin 
(HE) staining and transmission electron microscopy 
(TEM); 2) the frequency of apoptosis using a terminal 
deoxynucleotidyl transferase dUTP nick end labelling 
(TUNEL) assay; and 3) immunohistochemical staining 
of PCNA or Ki67 in testis collected from tree shrews 
in different seasons.

MATERIALS AND METHODS 
animals and treatment 

Sixty 18-month-old healthy tree shrews, weighing 
128–151 g, were obtained from the Animal Centre 
of Kunming Medical University and kept in a stand-
ard animal house with a temperature of 25°C and 
a humidity of 45% at 12 L:12D (lights on at 08:00). 
Five tree shrews were randomly selected for the ex-
periment every month. The study was approved by 
the Ethics Committee of Kunming Medical University 
(Kunming, China, No. KM16/17), and the experimen-
tal animals comply with the guidelines of the Chinese 
Ethics Committee.

The tree shrews were anaesthetized with isoflu-
rane, and the testicles were quickly taken. A tissue 
block of about 2 mm was cut from one of the testicles 
and fixed with 2.5% glutaraldehyde for TEM. The 
rest of the testicles were fixed overnight with 10% 
neutral formaldehyde within 2 min after sampling, 
dehydrated in alcohol series, transparent in xylene, 
and embedded in conventional paraffin. The slice 
thickness was 5 µm, and it was pasted on a glass 
slide pre-treated with Poly-L-Lysine, and the slice was 
baked at 60°C for 1 h, and stored at 4°C for later 
experiments.

Histomorphological examination

Testicular sections were prepared as described 
above. The 5-µm testicular sections were continuously 
sliced and stained with HE. The histological structure 
was then observed under a light microscope (Nikon 
90i, Tokyo, Japan). 

transmission electron microscopy

The 2 mm thick gonadal sections were fixed in 
2.5% glutaraldehyde in 0.1 M phosphate buffer pH 
7.4 for 3 h at 4°C and post fixed in 1% osmium te-
troxide in 0.1 M phosphate buffer overnight at room 
temperature. Samples were then dehydrated in 75%, 
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85%, 95%, and 100% alcohols and in 100% acetone, 
and then embedded in an epoxy Spurr resin. Ultrathin 
sections of 50 nm were cut and stained with lead 
citrate-uranyl acetate, then observed by TEM (JEM-
1000, JEOL, Tokyo, Japan).

Immunohistochemistry assay 

The 5-µm paraffin slices were baked 65°C for 30 min,  
dewaxed, and rehydrated in xylene, alcohol and dis-
tilled water. Afterward, antigen retrieval was con-
ducted in a microwave oven. Endogenous peroxidase 
activity in sections was quenched by 3% hydrogen 
peroxide at room temperature for 30 min, and the 
sections were then blocked with 5% bovine serum 
for 15 min. The sections were incubated with dilut-
ed primary antibody (PCNA, ab29, 1:100 dilutions; 
Ki67, ab15580, 1:100 dilutions, Abcam, MA, USA) 
overnight at 4°C. Then, the section was immuno-
histochemistry (IHC) staining using MaxVisionTM 
HRP-Polymer anti-Mouse/Rabbit IHC Kit (MXB Bio-
technologies Inc., Fuzhou, China). The sections were 
counterstained with haematoxylin and rinsed in tap 
water. IHC micrographs were observed under a micro-
scope (Nikon 90i). The PCNA and Ki67 protein nuclei 
show brown-yellow particles as a positive reaction. 

tUNEl assay 

The level of apoptosis-related DNA fragmentation 
in the testicular tissues was evaluated by TUNEL assay 
by using a commercially available kit (Roche, Indian-
apolis, IN, USA). The sections of 5-µm paraffin tissue 
specimens were serially sectioned, and the standard 
method was applied according to the manufactur-
er’s instructions. The sections were observed under  
a light microscope, and the cells in the testis exhibit-
ing brown nuclear staining were considered positive 
for nuclear DNA fragmentation. 

statistical analysis

Statistical analyses were performed using Graph-
Pad prism 6.0. Data were expressed as mean ± stand-
ard deviation, and analysis of variance was done on 
non-parametric test. Student’s t-test was performed 
for statistical analyses. P < 0.05 was indicated sta-
tistical significance.

RESULTS
Histological structures of the testes

The histological changes in the testes are shown in 
Figure 1. In January, most of the seminiferous tubules 

could be observed at different developmental stages 
in testis tissue. Spermatogonia were attached to the 
basement membrane of seminiferous tubules, which 
was small size, lightly stained and with round nucleus. 
The primary spermatocytes was in the second and 
third layers, which was slender size, deeply stained, 
and with round nucleus. The secondary spermato-
cytes and round spermatids were near the centre of 
the lumen, these cells were smaller, lightly stained and 
with round nucleus. Some fully deformed or partly de-
formed spermatozoa and residues could be observed 
near the lumen. Deformed spermatozoa showed dark-
er staining and had a superimposed fusiform shape, 
while the residue was lighter staining and of irregular 
shape (Fig. 1A). Compared with January, the number 
of deformed spermatozoa and its residue in the lu-
men of the thin tubules increased month by month 
from February to May (Fig. 1B–E). From June to July, 
spermatogonia, primary spermatocytes, secondary 
spermatocytes, round spermatids, a large number of 
deformed spermatozoa and its residue almost filled 
the lumen (Fig. 1F, G). From August to September, 
spermatogenic cells at different developmental stages 
were observed in the seminiferous tubules of testis 
tissue, but the number of deformed spermatozoa and 
its residue began to decrease month by month (Fig. 
1H, I). In October, the arrangement of seminiferous 
tubules and spermatogenic cells in the testes became 
regular and compact and cavitation were present in 
part of the seminiferous tubules. Few deformed sper-
matozoa and its residue were observed (Fig. 1J). From 
November to December, the number of deformed 
spermatozoa and its residual increased compared 
with October, which was similar to the structure of 
seminiferous tubules in January (Fig. 1K, L).

Ultrastructure of the testicular tissue  
and sperm of tree shrews

The TEM images of the testicular tissue and sper-
matozoa ultrastructures are shown in Figure 2. In 
January, there were few free spermatozoa in the 
lumens of the seminiferous tubules. Some primary 
spermatocytes had shrunken nuclei, ruptured nuclear 
membranes, agglutination of organelles, and near-
ly round apoptotic bodies with enhanced electron 
density. A small number of primary spermatocytes 
presented putamen (Fig. 2F). Additionally, abnormal 
morphological features in sperm such as head mass 
loss, vacuolisation, and crooked tails were also ob-
served (Fig. 2L, R). From February to July, the numbers 
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of free spermatozoa in the lumens of seminiferous 
tubules gradually increased (Fig. 2G–I), and the de-
formed spermatozoa and free spermatozoa gradually 
returned to their normal forms (Fig. 2M–O).

In August/September, the chromatin of some pri-
mary sperm cells in the seminiferous tubules shrank, 
and the nuclear membranes disappeared (Fig. 2P). The 
numbers of free spermatozoa in the lumens of sem-
iniferous tubules were significantly lower in August 
than in July (Fig. 2J). From September to December, 
the chromosomes of spermatogonia or primary sper-
matocytes gradually shrank, and apoptotic bodies 
with enhanced electron density appeared (Fig. 2D, E).  
The number of free sperm gradually decreased. Ab-
normally shaped sperm gradually appeared, includ-
ing sperm with missing heads, vacuolisation, etc.  
(Fig. 2J, K).

IHC assay of PCNA and Ki67 expression  
in testicular tissues

Proliferating cell nuclear antigen-positive cells 
were found mainly in spermatogonia and primary 
spermatocytes in convoluted tubules. In the tes-
ticular tissues collected from June and July, PCNA 

showed strong positive staining in the nucleus  
(Fig. 3A). In the testicular tissues collected from 
October and November, the expression of PCNA 
protein was observed in the cytoplasm instead of 
in the nucleus (Fig. 3B).

The Ki67 protein showed strong positive staining 
in spermatogonia and primary spermatocytes and 
weak positive staining in secondary spermatocytes 
and spermatids. In the testicular tissues collected 
from June and July, the cells with positive expression 
of the Ki67 protein were mainly spermatogonia, pri-
mary spermatocytes, and a small number of second-
ary spermatocytes (Fig. 3C). In the testicular tissues 
collected from October to March, Ki67-positive cells 
were not observed among any spermatogenic cells 
in the seminiferous tubules (Fig. 3D).

TUNEL assay of the testicular tissue  
and spermatids of tree shrews

As shown in Figure 4, testis sections were analysed 
using a TUNEL assay. Apoptosis of spermatogonia and 
primary spermatocytes was observed in the testicular 
tissue from January to September and December (Fig. 
4A–I, L). The apoptosis rate was highest in July (Fig. 

Figure 1. A–L. Morphological changes in the testis of the domesticated tree shrew. Haematoxylin–eosin staining of paraffin-embedded sec-
tions of testis from male tree shrew from January to December. Bar = 100 μm.
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4M). No apoptotic spermatogenic cells were observed 
in the testes in October and November (Fig. 4J, K).

DISCUSSION
To our knowledge, this is the first study showing 

the seasonal changes that occur in spermatids mor-
phology and ultrastructural parameters in artificial 
tree shrews. We found seasonal differences in the 
microstructure of spermatids in domesticated tree 
shrews that were evident mainly at the late stage of 
spermatogenesis (i.e. the spermatids deformation 
stage).

From the perspective of sperm structure, sperm 
with abnormal morphologies were observed in the 
seminiferous tubules of domesticated tree shrew 
testes in months 1–5 and 8–12. Some sperm abnor-

malities can occur in the sperm head, such as head 
vacuolization and acrosome loss, while others can 
occur in the neck, body, or tail, such as tail crooked-
ness and tail fracture. Studies have shown that sperm 
abnormalities often lead to declines in fertilisation 
potential [2, 18]. Sperm motility and sperm deformity 
are negatively correlated, and deformities in different 
parts of sperm have different effects on sperm motil-
ity and egg fertilisation ability [6, 20]. No abnormal 
sperm appeared from June to July. The findings indi-
cate that the period from June to July is the period 
with the most orderly spermatogenesis in domesti-
cated tree shrews, while the period from October to 
November is a period of relative stagnation. In wild 
tree shrews, Cao [4] found that highly active semi-
niferous epitheliums and typical cell associations in 

Figure 3. Immunostaining of proliferating cell nuclear antigen (PCNA) and Ki67 in the tree shrew testis; A. In June and July, in the sper-
matogenically active seminiferous epithelium, the nucleus of spermatogonia and primary spermatocytes had strong staining of PCNA with 
constant intensity. In October and November, the cytoplasm of spermatogonia and primary spermatocytes but not the nucleus is PCNA pos-
itive-staining; B. The rate of PCNA-positive cells of testis during the year (mean ± standard deviation); C. In June and July, Ki67 expressed 
in spermatogonia, primary spermatocytes, and spermatids. In October and November, Ki67-positive cells were not detected in any spermato-
genic cells in the seminiferous tubules of the tree shrews testis; D. The rate of Ki67-postive cells of testis during the year (mean ± standard 
deviation); bar = 100 μm; ap < 0.05 vs. February; bp < 0.05 vs. April; cp < 0.05 vs. June.
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January and April. Regression of seminiferous tubules 
begins in July, and extensive regressive changes in 
seminiferous epitheliums losing spermatogenic func-
tion in August and October. Similar seasonal changes 
in spermatozoa amount are shown in epididymis [4]. 
Our data are slightly different from previous results 
[4, 16]. HE and TEM showed that the spermatogen-
esis cycle of domesticated tree shrews start later, 
with more vigorous spermatogenesis activity from 
June to July and the lowest in winter. This may be 
due to differences in living environment and female 
social stimulation. It is reported that captivity could 
alter activities of the neuroendocrine system, thereby 
control the reproduction [7].

We further assessed the protein levels of prolif-
eration markers to determine the activation status 

of germ cells. PCNA is expressed only in prolifer-
ating cells and its levels peak in the S phase of the 
cell cycle. Therefore, it is an important indicator for 
evaluation of cell proliferation [26]. Our IHC results 
showed that in June and July, PCNA was expressed 
in the nuclei of spermatogonia and primary sper-
matocytes in testicular tissue, suggesting that the 
spermatogenic cells were actively proliferating. The 
reason may be that the spermatogonia needed to 
undergo mitosis, as DNA replication occurs in S phase 
and also before meiosis in primary spermatocytes 
[28]. Interestingly, cytoplasmic PCNA staining was 
observed in October and November. Possibly, cyto-
plasmic PCNA localisation in tree shrew testis could 
be connected to a role of PCNA in apoptosis. This 
correlation pattern may be similar to that of humans, 

Figure 4. Apoptosis determined using terminal deoxynucleotidyl transferase dUTP nick end labelling (TUNEL) staining of seminiferous tubules 
of tree shrew; A–L. TUNEL staining of paraffin-embedded sections of testes from male tree shrew from January to December. Spontaneous 
apoptosis of germ cells appears in June and July with intensely stained spermatogonia and spermatocyte. No TUNEL-positive germ cells are 
observed in the testis of tree shrew from October and November; M. The rate of TUNEL-positive male germ cells per seminiferous tubule. Values are 
presented as mean ± standard deviation; bar = 100 μm; ap < 0.05 vs. February; bp < 0.05 vs. March; cp < 0.05 vs. April; dp < 0.05 vs. June.
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which is important for survival of human neutrophils 
and HL-60 cells [5, 19]. The Ki67 protein was mainly 
expressed in spermatogonia, primary spermatocytes 
and spermatids. Higher expression intensity was ob-
served in spermatogonia and primary spermatocytes 
than in other types of cells. In the M phase of sper-
matogonial mitosis, the Ki67 protein functions in 
organizing and binding DNA and participates in the 
disappearance and reconstruction of nucleoli [15, 25].  
In addition, Ki67 protein was weakly expressed in 
secondary spermatocytes. We speculate that Ki67 
protein expressed in spermatogonia and primary sper-
matocytes may not be completely degraded by the 
secondary spermatocyte and spermatid stages such 
that weak expression is still observed in these stages. 
From October to March, there is no immunostaining 
of spermatogenic cells with the Ki67 antibody in the 
testis. These are in accordance with the fact that the 
Ki67 protein immediately degrade after mitosis and 
that cell nuclei are generally Ki67 immunonegative 
during early G1- and G0-phase of the cell cycle [27].

Spontaneous apoptosis affects germ cell devel-
opment. Therefore, in seasonally breeding animals, 
apoptosis may lead to changes in spermatogenesis 
[11]. In this study, the TUNEL results showed that 
apoptosis of spermatogonia, primary spermatocytes 
and small numbers of secondary spermatocytes and 
round spermatids occurred in the testicular tissue 
from January to September and December. Addition-
ally, the TEM results showed that shell-shaped nucleoli 
were occasionally observed in primary spermatocytes 
in January and February. Since the nucleolus is where 
ribosomal RNA transcription and transformation take 
place, the proliferative activity of spermatogenic cells 
is reduced when the nucleolus becomes shell-shaped 
[21]. We further used the TUNEL method to examine 
the numbers, percentages and locations of apop-
totic germ cells in seminiferous tubules in testicular 
sections. During the process of spermatogenesis (ex-
cept October and November), TUNEL-positive germ 
cells were observed in seminiferous tubule from each 
month. Notably, the ratio of TUNEL-positive germ cells 
to total male germ cells is higher during active periods 
(July) than during other stages of spermatogenesis. 
Spermatogenesis is a very unique process involving 
not only the frequent division, proliferation and devel-
opmental differentiation of spermatogenic cells but 
also the continuous degradation of spermatogenic 
cells. The degeneration process of spermatogenic 
cells is mainly achieved through apoptosis [10, 12]. 

Apoptosis, a programmed cell death pathway, can 
eliminate damaged cells and cells with chromosomal 
abnormalities caused by meiotic or mitotic errors 
during the period when the proliferation rate of germ 
cells is elevated to ensure a sufficient number and 
quality of viable spermatogenic cells [1]. In addition, 
apoptosis may remove cells with PCNA-positive nuclei 
(such as spermatogonia and primary spermatocytes), 
thereby controlling the number of germ cells in the 
testes to respond to seasonal changes [17].

CONCLUSIONS
In this study, we showed seasonal differences in 

spermatogenesis in domesticated tree shrews, active 
in June and July, inactive in October and November. 
Apoptosis of spermatogonia and primary spermato-
cytes were observed, but may not contribute to the 
germ-cell loss; sperm cells restored by cell prolifera-
tion in the next reproductive cycle.
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Comparing effects of L-carnitine and sildenafil 
citrate on histopathologic recovery from sciatic 
nerve crush injury in female albino rats  
O.I. Zedan , M.A. Bashandy

Anatomy and Embryology Department, Faculty of Medicine, Menoufia University, Egypt

[Received: 24 February 2021; Accepted: 12 March 2021; Early publication date: 9 April 2021]

Background: The sciatic nerve is a peripheral nerve and is more vulnerable to 
compression with subsequent short- or long-term neuronal dysfunction. The 
current study was designed to elucidate the possible ameliorative effect of L-car-
nitine and sildenafil (SIL) on sciatic nerve crush injury. We sought to determine 
the effects of L-carnitine, a neuroprotective and a neuro-modulatory agent, and 
SIL citrate, a selective peripheral phosphodiesterases inhibitor, on modulating 
neuro-degenerative changes due to sciatic nerve compression.
Materials and methods: The comparative effect of L-carnitine (at an oral dose of 
20 mg/kg/day) or SIL citrate (20 mg/kg/day orally) administration for 21 days was 
studied in a rat model of sciatic nerve compression. Sciatic nerve sections were 
subjected to biochemical, histological, ultrastructure, and immunohistochemical 
studies to observe the effects of these treatments on neurofilament protein. 
Results: The sciatic nerve crush injury group (group II) showed a sig-
nificant decrease in tissue catalase (CAT), superoxide dismutase (SOD) 
and increase in malondialdehyde (MDA) as compared to control group  
(p < 0.01). Histological changes in the form of degenerated and vacuolated axo-
plasm with areas of nerve fibre loss and pyknotic nuclei were reported. The blood 
vessels were dilated, congested with areas of haemorrhage and mononuclear 
cell infiltration. Histo-morphometrically, a statistically significant reduction in the 
nerve fibres’ number, mean axon cross-sectional area, myelin sheath thickness 
and a significant increase in collagen fibres’ percentage (p < 0.05) as compared 
to control group. Immunohistochemically, neurofilament protein was significantly 
downregulated as proved by a significant reduction in mean area per cent of neu-
rofilament expression. L-carnitine ameliorated the studied parameters through its 
neuroprotective effect while SIL, a selective peripheral phosphodiesterases (PDE-5) 
inhibitor, improved crush injury parameters but with less extent than L-carnitine.
Conclusions: These findings indicate the valuable effects of L-carnitine adminis-
tration compared to that of SIL citrate in alleviating the serious debilitating effects 
of sciatic nerve crush injury. Our results provide a new insight into the scope of 
neuroprotective and neuro-regenerative effects of L-carnitine in a sciatic nerve 
compression model. (Folia Morphol 2022; 81, 2: 421–434)

Key words: sciatic nerve, compression, L-carnitine, sildenafil citrate, 
histopathology, oxidative stress, immunohistochemistry
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INTRODUCTION
It is vital for the characteristic morphology of the 

peripheral nerve bundle to remain intact for normal 
autonomic, motor, and sensory nerve functions. Pe-
ripheral nerves injury results in transient or long-term 
neuronal dysfunction, often leading to subsequent 
social and economic disability [37].

The various types of nerve injuries include com-
pression (crush), stretch, and laceration [10]. Acute 
traumatic peripheral nerve injury induces tissue le-
sions at the damaged site, such as axonal degener-
ation, demyelination, multifocal loss of nerve fibres, 
oedema in the endoneurium as well as enhanced vas-
cular permeability with axoplasmic flow block [8, 55]. 
Persistent nerve crushing can affect microcirculation 
which play main role in nerve regeneration, oxygen 
supply and maintain neural conduction [23]. Release 
of nerve compression (reperfusion) leads to release of 
nerve tissue pressure and subsequent redeposition of 
nutrients and oxygen in high pressure and enhances 
free radicals formation leading to lipid peroxidation 
and tissue damage [54, 71]. 

The chances of sensory function returning are still 
very poor even with expert surgical repair, and this may 
have subsequent adverse effects on motor function, 
particularly fine motor skills [34]. If medical treatment 
is not available, death can occur in the injured nerve 
cell, resulting in functional loss [47]. Various agents 
have been tested via experimental trials in an attempt 
to prevent this loss of motor function [13, 20].

Carnitine is an amine with vitamin-like character-
istics and a non-amino acid structure [6]. There are 
two forms of carnitine: L-carnitine and its analogues. 
These have a protective effect against tissue ischaemia 
and subsequent reperfusion damage [55]. It is respon-
sible for the transportation of fatty acids from the 
cytoplasm to the mitochondria, allowing adenosine 
triphosphate production via oxidative phosphoryla-
tion process [36]. It may also play a role in acetylcho-
line synthesis and release. Acetyl L-carnitine also plays 
a role in neuron repair and balances nerve growth 
factor expression in the central nervous system [63].

Researches have evaluated the neuroprotective 
effect of acetyl-L-carnitine in patients suffering from 
neuropathic pain, nerve function loss, and damaged 
sciatic nerve. Furthermore, marked improvement and 
symptom relief has been reported in these patients 
[14, 32, 55].

Pettegrew et al. [51] studied the neuromodu-
latory and neuroprotective effects of carnitine on 

Alzheimer’s disease, revealing its beneficial effects on 
cognitive function and neurodegeneration in these 
patients. L-carnitine has also been shown to possess 
analgesic [22] and antidepressant properties [11].  
Moreover, L-carnitine has been reported to play  
a key role in treating diabetes-induced retinopathy 
and neuropathy as shown by a decrease in the level 
of L-carnitine in the sciatic nerve. Additionally, it exerts 
antinflammatory activity by decreasing interleukin 
(IL)-6, IL-1b, and tumour necrosis factor alpha (TNF-a) 
levels [69] and antifibrotic activity [46].

Sildenafil (SIL) is a selective peripheral phosphodi-
esterases (PDE-5) inhibitor and has been shown to 
have a therapeutic effect in improving erectile dys-
function by increasing the level of intracellular cGMP 
[25, 50]. Moreover, SIL also has a beneficial effect on 
several diseases [64] such as having peripheral antino-
ciceptive properties, resulting in the accumulation of 
intracellular cGMP [30]. Additionally, it exacerbates 
the antinociceptive character of different analgesics 
such as morphine, celecoxib, and indomethacin via 
the nitric oxide-cyclic guanosine monophosphate 
(NO-cGMP) pathway [17, 44]. According to the Amer-
ican Heart Association [5], SIL increases the level of 
brain neurotransmitters that enhances stroke recov-
ery. Furthermore, it can improve the neurological 
effects of brain neurotransmitters when administered 
to rats within 2–24 hours of stroke.

The present study was designed to elucidate the 
possible ameliorative effect of L-carnitine and SIL on 
sciatic nerve crush injury. To observe these effects, we 
conducted histological, ultrastructure, morphometric, 
and quantitative immunohistochemical studies in rats 
administered these agents.

MATERIALS AND METHODS
animals

In this study, 65 adult female albino rats were 
obtained from the Menoufia University animal house 
located in the Faculty of Medicine. Each rat weighed 
approximately 200–220 g. The rats were housed in 
metal cages under suitable laboratory conditions  
(12 h light/dark cycle, with lights on from 07:00 to 
19:00). The environment was maintained a tempera-
ture of 22 ± 2°C during the experimental period. The 
rats had access to tap water and standard food ad 
libitum. The study was conducted in accordance with 
all international guidelines for animal care. All exper-
imental protocols and animal care were approved by 
the Experimental Animal Ethics Committee, Menoufia  
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University, Shibin Elkom, Egypt. This experiment  
was prepared and designed according to guidelines 
approved by the Menoufia University Ethical Com-
mittee.

Experimental design

The female rats were divided into four groups.  
 — group I: was designated as the control group, and 
was subdivided into four groups (n = 5 rats/group):

 — subgroup IA, in which rats did not receive 
any experimental treatment through the study 
duration;

 — subgroup IB (sham operation subgroup), in 
which the sciatic nerves were exposed on the 
right hindlimb of each rat without crushing;

 — subgroup IC (L-carnitine subgroup), in which 
rats were orally administered with L-carnitine 
(100 mg/kg/day) which was dissolved in dis-
tilled water for 21 days [6];

 — subgroup ID (SIL citrate subgroup), in this 
group rats were orally administered SIL citrate 
(20 mg/kg/day) which was dissolved in normal 
saline for 21 days [39];

 — group II (sciatic nerve crush injury group): animals 
were subjected to sciatic nerve crush injury (n = 15);

 — group III (L-carnitine-treated sciatic nerve crush 
injury group) animals were orally administered 
with L-carnitine at the same dosage and schedule 
as subgroup IC, and were subjected to sciatic 
nerve crush injury (n = 15);

 — group IV (SIL citrate-treated sciatic nerve crush 
injury group) animals were administered with 
SIL citrate at the same dosage and schedule as 
subgroup ID, and were subjected to sciatic nerve 
crush injury (n = 15).
The duration of the experiment was 21 days. 

Twenty-four hours after the final dosages were ad-
ministered, rats were anesthetised with an overdose 
of phenobarbital via inhalation (200 mg/kg) then 
sacrificed by rapid cervical dislocation. The proximal 
segments of the sciatic nerve of the right hindlimb 
were obtained from each animal using scissors.

Drugs and chemicals

l-carnitine. L-carnitine base (350 mg) was ob-
tained in tablet from MEPACO–MEDIFOOD (Arab 
Company of Pharmaceuticals and Medicinal Plants, 
Sharkeya, Egypt). Each tablet was dissolved in distilled 
water to obtain the required dose, and was used 
immediately subsequent to dilution.

Sildenafil citrate. SIL citrate (VIAGRA) was ob-
tained in tablet form, and each tablet contained  
50 mg of the active ingredient (Pharmaco-Vigilance 
Centre, Pfizer Pharmaceutical Company, Dokki, Egypt). 
The estimated dose was suspended in normal saline.

Surgical procedure

Rats were anesthetised before surgery via intra-
peritoneal injection of ketamine (100 mg/kg body 
weight) (Pfizer, New York, USA) and 10 mg/kg xylazine 
(Xyla-Ject, ADWIA Pharmaceuticals Co, El Obour City, 
Egypt) [53, 74].

Nerve crushing was performed on the right hind 
limb. The area of incision was shaved, and skin was 
sterilised with 10% povidone iodine. A 2-cm incision 
was then performed along the proximal half of the line 
between the greater trochanter and the knee joint. To 
expose the sciatic nerve, a splitting incision was made in 
the gluteal muscle. The vastus lateralis and biceps femo-
ris muscle were then separated using artery forceps [53].

Nerve crush was performed by applying sustained 
pressure for 15 s to the exposed sciatic nerve with 
artery forceps, at an area 1 cm proximal to the sciatic 
nerve division into the tibial and common peroneal 
nerves. To confirm complete nerve crush injury with 
intact epineurium, a microprobe was used to elevate 
the nerve slightly and confirm the appearance of  
a clear area within the nerve, as shown in Figure 1. Fi-
nally, the skin incision was sutured, and rats were kept 
warm by placing them on a heating pad [53]. Each rat 

Figure 1. Exposure and compression of the sciatic nerve;  
A, B. Sciatic nerve exposure; C, D. Sciatic nerve compression.
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received (10 mg/kg) kataflam (Novartis Pharmaceuti-
cals Corporation, East Hanover, New Jersey, USA) via 
intramuscular injection for pain relief and (10 mg/kg) 
flumox (Egyptian Int. Pharmaceutical industries CO 
EIPICo, 10th Ramadan City, Egypt) via intramuscular 
injection to prevent secondary bacterial infection. 
The local antibiotic Biovitracin spray (Egyptian Com-
pany for Advanced Pharmaceuticals, Giza, Egypt) was 
also applied once daily in spray form (two puffs) to 
treat local infection. All medications were used for 
5 days to facilitate healing. The right hind limb was 
obtained after animal scarifications and divided into 
two samples. The first was subjected to histological 
study and the second was kept in an Eppendorf tube 
and stored at –80oC until the day of the experiment 
for biochemical study.

Evaluation methods

Biochemical study. The frozen sciatic nerve spec-
imens were homogenized in cold 0.9% NaCl using 
glass homogenizer. The homogenates were centrifuged 
to obtain the supernatant fraction for catalase (CAT), su-
peroxide dismutase (SOD) and malondialdehyde (MDA) 
determination [70]. Sciatic nerve tissue MDA levels were 
estimated using Mihara and Uchiyama [43] method 
based on estimating colour absorbance of complex 
result from MDA and thiobarbituric acid mixing in an 
acidic environment at 532 nm using turnable microplate 
reader (Molecular Devices, LLC, Sunnyvale, CA, USA). 
MDA values were expressed as nmol/g wet sciatic tissue.

Catalase levels in sciatic nerve tissue (CAT) were 
measured using Goth’s [26] method which depend 
on measuring the absorbance of yellow coloured 
complex developed from ammonium molybdate and 
hydrogen peroxide at 405 nm. Tissue CAT result was 
expresses as U/mg protein. Tissue superoxide dismu-
tase (SOD) was evaluated using Sun et al.’s [60] meth-
od. It depends on nitroblue tetrazolium reduction by 
O2 s and measuring the absorbance of the resulting 
purple formazan molecule at 560 nm using turnable 
microplate reader (VERSA max). The final SOD activity 
was obtained by dividing SOD activity on total protein 
level and expressed as U/mg protein.

Histology. Sciatic nerve specimens were fixed in 
10% formal saline for 24 h and then processed for 
paraffinization. The paraffin blocks were cut into 
slices (of 5 µm thickness), and haematoxylin and eo-
sin (H&E) staining was conducted to determine the 
general architecture of the sciatic nerve [59].

histochemistry. Paraffin slices were stained with 
Masson trichrome (MT) stain to visualise collagen 
fibres [9].

Immunohistochemistry. The avidin-biotin-per-
oxidase method was used for immunohistochemical 
study of neurofilament protein expression. Paraf-
fin-embedded tissue sections were placed on poly-L-ly-
sine coated glass slides, followed by deparaffinization 
and rehydration in ethyl alcohol. To block endogenous 
peroxidase activity, the slides were incubated with 
3% hydrogen peroxide in a humidity chamber for 
10–15 min, then washed three times with phosphate 
buffered saline (PBS) for 10 min. Sciatic nerve sections 
were incubated with primary antibody (polyclonal 
rabbit anti-neurofilament-200, N4142, Sigma-Aldrich) 
for 1 h at 4°C. Primary antibody was diluted at 1:80 
in PBS and kept in a humidity chamber. Sections 
were first incubated with secondary antibody (1:200, 
ab97055; Abcam, Cambridge, MA, USA) in PBS for 
30 min at 37°C after washing 3 times. Then, section 
were incubated with the avidin-biotin-peroxidase 
complex (Universal Elite ABC kit PK-6200; Vectastain, 
Burlingame, CA, USA) for 30 min followed by rinsing 
with PBS. Sections were then stained with Vexation 
diaminobenzidine (DAB) (Kit HK153–5K; Biogenex,  
San Ramon, CA, USA) for 10 min to visualise the 
areas of antibody immunostaining. Finally, the sec-
tions were washed with tap water. The sections were 
counterstained with haematoxylin, dehydrated, 
cleared, and covered with glass mounted with Canada  
balsam (C1795, Sigma-Aldrich). The primary anti-
body was replaced by PBS and served as a negative 
control. Rat cerebral cortex was used as a positive 
control. Positive expression of neurofilament protein 
in the cytoplasm of the nerve fibres was indicated by  
a brown colour.

transmission electron microscopy (tEM). Sci-
atic nerve was cut into small pieces (1 mm3) and 
kept in 2.5% gluteraldhyde for 24 h for fixation. 
Using an ultra-microtome 0.5–1 µm-slices were 
obtained as semithin sections and subjected to 
toluidine blue staining for analysis via light micros-
copy. The blocks were trimmed, and some areas 
were selected for ultrathin sections preparations. 
The blocks were encapsulated in a copper grid. 
Uranyl acetate and lead citrate stains were used for 
ultrathin sections staining, followed by examination 
using a TEM (Seo-Russia) in the Alexandria Medical 
Research Institute [9].
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Quantitative assessment

Image J software (version K.1.45) was used for 
measuring the following parameters:

 — the number of myelinated axons (nerve fibre 
number);

 — axon cross-sectional area;
 — myelin sheath thickness in apparently non-degen-
erated nerve fibres;

 — the percentage of collagen fibres;
 — mean percentage of the area of positive neurofil-
ament protein expression.
The quantitative measurements were performed 

by using a Leica DML B2/11888111 microscope con-
tained Leica DFC450 camera and were evaluated and 
measured. For each of the chosen groups, five slides 
were selected from each specimen. Ten non-over-
lapping fields were picked up for measurement at  
a 40× magnification.

Ethical approval

All relevant institutional, national, and interna-
tional guidelines related to animal use and care was 
followed. All methods and strategies were managed 
according to the guidelines approved by the Animal 
Research Ethics Committee, Menoufia University, Fac-
ulty of Medicine. 

statistical analysis

Image analysis data were obtained, and their 
means ± standard deviation (SD) were calculated 
and statistically analysed. The different groups were 
compared using various parameters using one-way 
analysis of variance (ANOVA) and then post-hoc Bon-
ferroni test to determine statistical significance. Data 
were considered statistically significant and highly 
significant at p < 0.05 and 0.001, respectively. The 
results were listed in tables and plotted graphically.

RESULTS
Histochemical results

Oxidative enzymes’ results in all studied groups are 
represented in Figure 2A, B. Compared with control 
group (group I), tissue CAT and SOD activities were sig-
nificantly decreased (79.31 ± 46 vs. 154.18 ± 50 U/mg  
protein and 86.82 ± 26.31 vs. 191.4 ± 45 U/mg protein, 
respectively) while MDA was significantly increased 
(6.61 ± 2.51 vs. 1.53 ± 1.1 nmol/mg protein) in crush 
group (group II) (p < 0.05) as compared to group I. 
After L-carnitine treatment, tissue CAT and SOD activities 
were significantly elevated (139.25 ± 45 vs. 79.31 ± 46 

and 175.32 ± 41 vs. 86.82 ± 26.31 U/mg protein, re-
spectively) and MDA level declined significantly (2.06 ±  
± 0.98 vs. 6.61 ± 2.51 nmol/mg protein) as compared 
to group II (p < 0.05). However, administering SIL 
also increased CAT and SOD activities (99.54 ± 39 vs.  
79.31 ± 46 and 109.62 ± 27 vs. 86.82 ± 26.31 U/mg  
protein, respectively) and decreased MDA activity  
(4.95 ± 1.92 vs. 6.61 ± 2.51 nmol/mg protein) as com-
pared to group II but the difference was not statistically 
significant.

Figure 2. A. A histogram revealing a significant decrease in cat-
alase (CAT) and superoxide dismutase (SOD) level in group II as 
compared to control group (0p < 0.05) and were significantly  
elevated in group III as compared to group II (*p < 0.05);  
B. A histogram revealing a significant increase in the malondi-
aldehyde (MDA) level in group II as compared to control group  
(0p < 0.05) and declined significantly in group III as compared  
to group II (*p < 0.05); SIL — sildenafil (+p < 0.05).
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Histological results

H&E-stained longitudinal sections of the different 
studied groups were examined using light microscopy. 
In the control group (group I), the nerve fibres were 
parallel, and were packed together with Schwann cell 
nuclei between the nerve fibres (Fig. 3A). Sections from 
the sciatic nerve crush injury group (group II) showed 
various histological changes, including degenerated 
and vacuolated axoplasm with areas of nerve fibre loss 
with pyknotic nuclei. The other sections showed dilated 
and congested blood vessels with areas of haemor-
rhage and mononuclear cell infiltration (Fig. 3B, C).

Additionally, in the sections from the L-carni-
tine-treated sciatic nerve crush injury group (group III), 
regeneration and some vacuolation was observed in 
most nerve fibres, with Schwann cell nuclei observed be-
tween them (Fig. 3D). Moreover, in the SIL citrate-treat-

ed sciatic nerve crush injury group (group IV), most 
nerve fibres showed widespread vacuolation (Fig. 3E).

The longitudinal sciatic nerve sections from group I  
control rats showed minimal collagen fibres between 
nerve axons after MT staining (Fig. 3F). A marked 
increase in collagen fibres was observed in sections 
from group II compared to the group I control sec-
tions (Figs. 3G). A mild increase in collagen fibres 
was observed in group III (Fig. 3H), while a moderate 
increase in collagen was observed in group IV (Fig. 3I). 
A statistically significant increase in the percentage of 
collagen fibres (p < 0.05) was observed in both group II  
and group IV (18.33 ± 2.51 and 13.0 ± 1.65, respec-
tively) compared with that in group I (1.67 ± 0.58). 
However, the percentage of collagen fibres significantly 
decreased in group III when compared with that in 
group IV (5.50 ± 0.71 vs. 13.0 ± 1.65, p < 0.05).  

Figure 3. Representative photomicrographs of longitudinal rat sciatic nerve sections from each of the experimental groups; A. Control group 
I showing myelinated nerve fibres (F), with Schwann cell nuclei (arrow) between the fibres; B. Group II showing discontinuity of most nerve 
fibres (red arrow), with vacuolated axoplasm (V), some pyknotic nuclei (arrow head), and areas of nerve fibre loss (*); C. Group II showing 
nerve fibres with widespread vacuolations (V), mononuclear cell infiltration (curved arrow), and dilated congested blood vessels (BV) with 
areas of haemorrhage (notched arrow); D. Group III showing regeneration of most of the nerve fibres (F). Some vacuolation (V) can be seen 
in the fibres with Schwann cell nuclei (arrow); E. Group IV showing widespread vacuolations (V) (haematoxylin and eosin staining, scale bar 
20 µm, 40× magnification); F. Control group I showing minimal collagen fibres between the nerve axon. A marked increase in collagen fibres 
was observed in group II (G), a mild increase was observed in group III (H) and a moderate increase was observed in group IV (I) (Masson’s 
trichrome staining, scale bar 20 µm, 40× magnification); J. Histogram demonstrating a significant increase in the percentage of collagen 
fibres in both groups II and IV when compared with that in control group I (0,+p < 0.05). The percentage of collagen fibres was significantly 
reduced in group III compared with that in group II (*p < 0.05), and significantly decreased in group III compared to group IV (*p < 0.05).
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Furthermore, the percentage of collagen fibres in 
group III was reduced compared with that in group II  
(5.50 ± 0.71 vs. 18.33 ± 2.51, p < 0.05) (Fig. 3J). 

Immunohistochemical results

Immunohistochemical staining of the longitudinal 
sciatic nerve sections revealed that neurofilament 
protein was significantly downregulated in groups II 
and IV (3.80 ± 0.52 and 7.40 ± 0.89, respectively) 
compared with its expression in group I (34.40 ±  
± 3.1) (p < 0.05). Moreover, neurofilament protein 
was significantly downregulated in group IV com-
pared with that in group II (p < 0.05). In contrast, 
neurofilament protein was significantly upregulated 
in group III compared with its expression in group II  
(28.60 ± 2.64 vs. 3.80 ± 0.52, p < 0.05) (Fig. 4A–E).

Results of toluidine blue staining of semithin 
sections

Control group semithin sections stained with 
toluidine blue demonstrated that part of the nerve 
bundles were surrounded by perineurium. The myeli-
nated nerve fibres had regular oval or rounded myelin 
sheaths, and were stained dark blue around the light 
blue-stained axons. The blood vessels could also be 
observed (Fig. 5A). Group II showed degenerative 

changes in the myelin coat, with disintegrated myelin 
fragments completely covering normal fibre sections 
areas or compressing the axons. Few nerve fibres 
with thin myelin could be seen (Fig. 5B). Group III  
showed restoration of the normal appearance of mye-
lin sheaths compared with the control group (Fig. 5C).  
Group IV had many myelinated nerve fibres with an 
irregular myelin sheath, with myelin in-folding and 
out-folding and degenerated axons (Fig. 5D).

There was a statistically significant reduction in the 
number of nerve fibres (p < 0.05) in both groups II  
and IV (2.00 ± 0.11 and 4.41 ± 0.89, respective-
ly) when compared with that in the control group 
(28.24 ± 4.44). However, the number of nerve fibres 
increased in group III compared with that in group II 
(24.29 ± 1.89 vs. 2.00 ± 0.11, p < 0.05). Moreover, 
the number of nerve fibres increased in group III 
when compared with that in group IV (24.29 ± 1.89 
vs. 4.41 ± 0.89, p < 0.05) (Fig. 5E).

 There was a statistically significant decrease in the 
mean axon cross-sectional area in groups II and IV  
(8.68 ± 1.75 vs. 14.11 ± 2.89 µm2, respectively) 
compared with that in the control group (40.95 ±  
± 2.87 µm2, p < 0.05). However, a significant reduc-
tion was observed in the mean axon cross-sectional 
area in group IV compared with that in group III 

Figure 4. Representative neurofilament immunostaining in rat sciatic nerve sections from the different experimental groups. Immunostaining 
revealed that neurofilament protein expression was significantly downregulated in groups II and IV compared with the adult control group I 
(0,+p < 0.05) (A, B, D, E), and also in group IV compared with group II (+p < 0.05) (B, D, E). In contrast, a significant upregulation was 
observed in group III compared with that in group II (*p < 0.05) (B, C, E) (scale bar 20 µm, 40× magnification).
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(14.11 ± 2.89 vs. 36.26 ± 2.53 µm2, p < 0.05). 
Moreover, there was a significant increase in the mean 
axon cross-sectional area in group III compared with 
that in group II (36.26 ± 2.53 vs. 8.68 ± 1.75 µm2, 
p < 0.05) (Fig. 5E).

The thickness of the myelin sheath significantly 
decreased (p < 0.05) in groups II and IV (0.84 ±  
± 0.14, 0.91 ± 0.06 µm vs. 1.55 ± 0.39, respective-
ly) as compared with the control group. Moreover,  
a highly significant increase (p < 0.05) in myelin 
sheath thickness was reported in group III compared 
with that in group IV (1.84 ± 0.4 vs. 0.91 ± 0.06 µm, 
respectively). Additionally, there was a highly signifi-
cant reduction (p < 0.05) in myelin sheath thickness in 
group II compared with that in group III (0.84 ± 0.14  
vs. 1.48 ± 0.40 µm, respectively) (Fig. 5F).

tEM analysis 

Transmission electron microscopy analysis of the 
control group showed myelinated axons surround-
ed by a thick regular myelin sheath. The axoplasm 
contained mitochondria, neurofilaments, and micro-
tubules. Axons were enclosed by Schwann cell cyto-
plasm, and the Schwann cell had a large nucleus with 
peripheral heterochromatin. Groups of unmyelinated 
nerve fibres were also observed (Fig. 6A).

Transmission electron microscopy examination 
of group II showed irregular and distorted myelin 
sheaths. The sheaths did not have a uniform thick-
ness, and some had multiple vacuolations. Other 
myelin sheaths showed separation in the myelin 
sheath lamellae. Retracted degenerated myelinated 
axons with small vacuolation were observed in the 

Figure 5. Representative photomicrographs of the stained semithin rat sciatic nerve sections from the different experimental groups;  
A. Control group I showing bundles of nerve fibres. The myelinated nerve fibres have regular myelin sheaths (M) stained dark blue around 
the axons (A). The perineurium surrounds the nerve bundles (P), and blood vessels (BV) can be seen; B. Degenerative changes of the myelin 
coat in group II, with disintegrated myelin fragments covering the sections with normal fibres (arrow) or compressing the axons (A). Some 
have thickened myelin (M) and some nerve fibres have thin myelin (arrowhead); C. Group III showing restoration of the normal appearance of 
myelin sheaths (M) and axons (A) in most myelinated nerve fibres; D. Group IV showing many myelinated nerve fibres with irregular myelin 
sheaths (M), with in-folding, out-folding, and degenerated axons (A) (Toluidine blue, scale bar 10 µm, 1000× magnification); E. Histogram 
for the number of nerve fibres and the mean axon cross-sectional area showing a significant reduction in the number of nerve fibres and the 
mean axon cross-sectional area in both group II and group IV compared to that in group I (0,+p < 0.05). There were also increased numbers 
of nerve fibres in group III compared to those in groups II and IV (*p < 0.05). The mean axon cross-sectional area was increased in group III  
compared to group II (*p < 0.05). However, a significant reduction in the mean axon cross-sectional area was observed in group IV com-
pared to that in group III (+p < 0.05); F. Histogram showing a significant reduction in the mean of myelin sheath thickness in group II and IV 
compared to that in group I (0p < 0.05). A significant increase in myelin sheath thickness was reported in group III compared to that in group II 
and IV (*p < 0.05). However, a significant reduction in in the mean of myelin sheath thickness was observed in group IV compared to that  
in group III (+p < 0.05).
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axoplasm (Fig. 6B–E). The Schwann cell nucleus was 
irregular and indented with peripheral chromatin 
condensation. In another section, the Schwann cell 
cytoplasm had multiple vacuolations and dense bod-
ies (Fig. 6E, B).

Group III mostly demonstrated normal myelinated 
nerves with a regular compact myelin sheath and ho-
mogenous axoplasm. However, some nerve fibres still 

had splitting in the myelin sheath (Fig. 6F). Group IV 
had some nerve fibres with irregular myelin sheaths, 
with focal thickening compressing the axons (Fig. 6G)

DISCUSSION
Peripheral nervous system injuries are increasing 

in frequency, and pose a health hazard. Such injuries 
mostly affect young adults, resulting from traffic acci-

Figure 6. Representative electron micrographs of rat sciatic nerve sections from the different experimental groups; A. Cross-section of con-
trol group showing myelinated axons (A) ensheathed with a myelin sheath (M) of uniform thickness. The electron-dense dots present in the 
axons are neurotubules, neurofilaments (arrow), and mitochondria (arrow head). Schwann cells (Shc) have large nuclei (N) and enclose the 
myelinated nerve fibres. Unmyelinated nerve fibres are indicated (UM); B. Cross-section of the group II showing an irregular myelin sheath 
(M) with multiple vacuolations (V). These are enclosed by Schwann cells (Shc), which have vacuolated (V) cytoplasm and dense bodies (DB). 
We observed a compressed axon (A) with a small vacuolation (arrow head); C. Cross-section of the group II showing separation in the myelin 
sheath lamellae (yellow arrow); D. Cross-section of the group II with a thin and irregular myelin sheath (M) and axon retraction (*); E. Longitu-
dinal section of group II showing distortion of the myelin sheath (arrow) and an irregular indented Schwan cell nucleus (ShcN) with peripheral 
chromatin condensation; F. Cross-section from group III, showing that myelinated nerves appear nearly normal with a regular compact myelin 
sheath (M) and homogenous axoplasm (A). Some of the myelin sheaths have either splitting (yellow head arrow) or in-folding (red arrow), 
while others are thin and irregular (chevron arrow); G. Cross-section from group IV, showing an irregular myelin sheath (arrow) with focal 
thickening in some nerve fibres (red arrow) compressing the axons (A). (A–E, 17500× magnification) (F, G, 5000× magnification).
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dents, falls, and surgery [42]. These injuries may lead 
to lifelong debilitating disability, potentially resulting 
in loss of organ functions [76]. Feng and Yuan [21] 
concluded that drugs can be a reliable method for 
obtaining acceptable functional recovery in crush in-
jury, but that surgical repair is a more precise option 
for transection injury.

In a peripheral nerve crush injury, the mechanism 
of injury is unclear, as some nerve integrity is main-
tained. Emel et al. [19] have demonstrated that the 
possible mechanism of crush injury is due to mechan-
ical compression, followed by oedema and ischaemia 
of the crushed nerve fibres. Moreover, enhanced ara-
chidonic acid metabolism and both intracellular and 
extracellular endoperoxide accumulations occur at the 
lesion site as sequalae of morphological changes and 
deficient oxygen supply [73]. Zhang and Chopp [74] 
concluded that neurorepair processes (angiogenesis 
and neurogenesis) are activated in adults after the 
occurrence of various pathological conditions.

Sciatic nerve crush injury results in vasa nervosa 
damage and impairment of nerve blood flow if per-
sistent compressive ischaemia lasts for long period 
[45]. The pathology of crush injury in sciatic nerve may 
be due to various factors such as endogenous chem-
ical mediators’ accumulation, apoptosis, free radical 
generation and ischaemia [59]. Oxidative stress gives 
rise to cellular damage with activating apoptosis. 
Free oxygen radicles (ROS) are the main source of 
lipid peroxidation (LPO) and induce oxidative stress 
by modulating antioxidant activities [52]. Various 
antioxidant enzymes as CAT, SOD and glutathione 
peroxidase (GSH) can be involved in detoxification of 
ROS. CAT and SOD are capable of scavenging peroxide 
and superoxide anions [12]. Therefore, their elevated 
level in tissue pointed to raised antioxidant activity 
[58]. Hence, during cell injury, there is a reduction in 
antioxidant enzymes activity such as SOD, CAT and 
GSH [62]. On the other hand, MDA and myelop-
eroxidase activity was reported to increase due to 
inflammatory reaction associated with tissue injury 
leading to direct membrane function impairment and 
indirect cellular component damage [71]. 

In the current study tissue CAT and SOD activities 
were significantly decreased in crushed group as 
compared to control group (p < 0.05) while MDA 
was significantly increased (p < 0.05). Our findings 
were in line with Kocaoglu et al. [38] who reported 
same findings. They explained that nerve compression 
induced blood brain barrier disruption and nerve 

oedema with a decrease in peripheral nerve oxygen 
supply and morphological changes. The previous 
findings enhance arachidonic acid metabolism and 
permit unstable endoperoxides accumulation both 
extracellular and intracellular. Moreover, reperfusion 
after nerve compression causes free radical formation 
similar to ischaemia-reperfusion injury [73]. Nerv-
ous system injuries stimulate glutamate production, 
glutamate receptor activation and calcium ion accu-
mulation with subsequent induction of ROS, hydro-
gen peroxide, and superoxide anion formation. Lipid 
peroxidation cascades are initiated by oxidative stress 
leading to cell membrane damage during the initial 
period after injury [18].

Light microscopic examination of the H&E sec-
tions from the specimen of nerve crush injury group 
showed degenerated and vacuolated axoplasm, with 
areas of nerve fibre loss and pyknotic nuclei. Other 
sections showed dilated and congested blood ves-
sels with areas of haemorrhage and mononuclear 
cell infiltration. These findings were in accordance 
with those obtained by some researches [4, 40, 61]. 
These findings were supported by a significant reduc-
tion in the number of sciatic nerve fibres (p < 0.05)  
in the sciatic nerve crush group compared to that 
in control group. This was reflected by the weak 
anti-neurofilament antibody expression observed in 
the crush group. Tomassoni et al. [63] reported the 
apparent loss of both myelinated and unmyelinated 
nerve fibres after nerve ligation. Moreover, Di Cesare 
Mannelli et al. [15] determined that more significant 
axonal degeneration and nerve trunk apoptosis, along 
with Schewann cells DNA fragmentation in the nuclei, 
were reported in the distal end of the nerve.

In the current study, MT staining revealed a signifi-
cant increase in the perineurial and endoneurial collagen 
fibres in group II compared to those in group III and 
the control group (p < 0.05). This can be attributed to 
fibrin deposition as a consequence of sciatic nerve injury, 
resulting in enhanced nerve damage, alteration of the 
composition of the extracellular matrix and the sup-
pression of Schwann cell migration [16]. However, an 
inflammatory reaction with proinflammatory cytokines 
occurs due to fibrin deposition and macrophage accu-
mulation. This may induce tissue injury, but its main role 
lies in mechanisms involved in tissue regeneration [49]. 
Moreover, other studies involving sciatic nerve crush in-
jury have observed an increased number of endoneurial 
fibroblasts and an accumulation of connective tissue in 
the interfibre endoneurium [35].



431

O.I. Zedan, M.A. Bashandy, L-carnitine and sildenafil citrate effect on sciatic nerve crush injury

In this manuscript, we observed misexpression and 
weak neurofilament expression in group II; there was 
strong neurofilament expression in the nerve fibres 
in group III. Additionally, the mean percentage of 
the area of neurofilament expression increased in  
a significant manner (p < 0.05) in the control group 
compared to groups II and VI. Our results are in ac-
cordance with those obtained by Song et al. [58] who 
observed that a decrease in positive neurofilament 
expression in the nervous system microtubules was 
correlated with diabetes and various nerve injuries. 
This results from a disturbance in the synthesis and 
transport of neuronal substances, and therefore, the 
irregular activity in the nervous system.

The immunohistochemical findings from our study 
were supported by a significant increase in the num-
ber of sciatic nerve fibres (p < 0.05) in group III com-
pared to that in group II. These immunohistochemical 
findings are in line with those obtained by Khabiri et 
al. [33] who reported that olfactory ensheathing cells 
transplantation accelerates nerve axon myelination 
and regeneration following crush nerve injury. Omura 
et al. [48] concluded that neurofilament expression 
in sciatic nerve axons was correlated with early signs 
of nerve regeneration.

In the present study, TEM examination of the nerve 
crushed group showed irregular and distorted myelin 
sheaths with lamellar separation and degenerated 
myelinated axons. However, the Schwann cell nucleus 
was irregular and indented with peripheral chromatin 
condensation, while multiple vacuolations and dense 
bodies were reported in its cytoplasm. These results 
are consistent with previous research demonstrat-
ing myelin sheath degeneration and splitting [1, 2]. 
Furthermore, Tamaddonfard et al. [61] suggested 
that Schwann cells accumulation and the attraction 
of macrophages to the nerve injury site can assist 
scavengers of degenerated nerve axons and myelin 
sheath fragmentation to enhance the initiation of 
nerve regeneration. Moreover, previous studies have 
suggested that the regeneration process is influenced 
by inflammatory changes and oxidative stress at the 
injury site and the distal nerve [28, 56].

Yuan and Feng [72] demonstrated that Wallerian 
degeneration can occur after sciatic nerve crush injury, 
which involves nerve axon degeneration, Schwann 
cell accumulation, myelin sheath disintegration and 
macrophage infiltration. Moreover, Schwann cells and 
macrophages play a major role in the secretion of 
various cytokines and a variety of inflammatory medi-

ators, such as IL-1b, TNF-a and interferon, all of which 
regulate Wallerian degeneration [35, 57]. Additionally, 
damaged tissue proximal to the injured area may in-
hibit axonal extension and impair the healing process. 
Wallerian degeneration may assist macrophages and 
white blood cells accumulation to remove the dam-
aged myelin sheath and injured axons. Furthermore, 
accelerated Schwann cell division and differentiations 
plays a major role in axon renewal [41, 66, 75].

L-carnitine is a potent antioxidant with neuropro-
tective potential and can suppress oxidative damage 
in neurodegenerative diseases such as Parkinson’s 
and Alzheimer’s disease [3, 27]. It is considered as an 
exogenous neurotrophic factor, decreasing neuronal 
loss after nerve injury and improving neuronal regen-
eration [67]. Collectively, we explored the possible 
ameliorative effects of L-carnitine administration on 
sciatic nerve crush damage. L-carnitine administration 
improved the antioxidant status as proved in group III.  
Administration of L-carnitine after crush nerve injury 
improved all biochemical parameters as tissue CAT 
and SOD activities were significantly elevated and 
MDA level declined significantly (p < 0.05) as com-
pared to group II. It also reduces the damage to the 
axon and myelin sheath, with a near-normal struc-
ture observed in the nerve fibres. Our results were in 
accordance with findings reported by Avsar et al. [6] 
who studied the alleviating effect of L-carnitine on 
sciatic nerve crush injury in rats. It was found that 
L-carnitine had an effect on the recovery of sciatic 
nerve function as well as enhancing nerve regener-
ation and suppressing injury-induced degeneration 
in the nerve axon and its myelin sheath. Wilson et al. 
[68] and Babicova et al. [7] explained that L-carnitine 
blocked the cell death pathway at the mitochondrial 
level by limiting reactive oxygen species synthesis in 
addition to reducing the nitric oxide and nitric oxide 
synthase levels. 

Sildenafil is a PDE-5 inhibitor with neuroprotective 
effect, which is initiated by stimulating neurotrophic 
factors encountered in neuronal regeneration and 
survival [29]. In this manuscript, SIL administration 
in group IV led to a mild improvement in the histo-
pathological findings and biochemical parameters 
as proved by increased CAT and SOD activities and 
decreased MDA activity as compared to group II but 
the difference was not statistically significant. These 
results were in line with those obtained by Vakharia 
et al. [65] who studied the neuroprotective properties 
of SIL on facial nerve functional recovery following 
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nerve crush injury. The study concluded that SIL ad-
ministration following facial nerve crush injury had 
only a mild transient effect on the functional recovery 
of the facial nerve, despite its neuroprotective effect 
in previous studies. On the other hand, Garcia et 
al. [24] found that SIL could ameliorate oxidative 
and inflammatory stress on pelvic ganglion neurons 
after inducing damage to bilateral cavernosal nerve 
through compensatory elevated antioxidant enzymes. 
These findings were proved by an increase in NADPH 
complex expression such as p22-phox and toxol which 
represent the main source of ROS formation. It indi-
cates higher ability for superoxide production. It may 
also induce anti-inflammatory feedback. This was 
thought to occur by regulating inflammatory cytokine 
expression by preventing leukocyte accumulation and 
migration near the neuronal lesion. Moreover, Jeong 
et al. [31] studied the effect of SIL on the kidneys of 
streptozotocin-diabetic rats and reported diminished 
oxidative stress and reduced pro-inflammatory cy-
tokine expression.

Quantitative morphometric study demonstrated 
a significant increase in the thickness of the myelin 
sheath, the number of nerve fibres, and the axon 
cross-sectional area in L-carnitine-treated group. These 
findings were in agreement with those obtained by 
Avsar et al. [6] who concluded that L-carnitine had 
an excellent ability to prevent nerve function loss 
following nerve injury, accelerate nerve degeneration, 
and ameliorate axon and myelin sheath degeneration. 
On contrary to insignificant increase in the previous 
parameters in the group treated with SIL.

According to the histopathologic, immunohisto-
chemical, and histo-morphometric findings, L-carni-
tine had an alleviating effect on nerve crush injury 
lesions, and this effect was greater than that observed 
by SIL administration. This is suggestive of the more 
potent antioxidant and anti-inflammatory effect of 
L-carnitine with respect to nerve injuries.   

CONCLUSIONS
Nerve crush injury can result in serious debilitating 

effects which can be partially relieved by administer-
ing substances such as nutrients and drugs. In this 
study, by means of histopathology, electron micros-
copy, and morphometric studies, it was demonstrated 
that these effects may be alleviated by L-carnitine 
administration and minimally ameliorated by SIL up-
take. It provides a new scope to the neuroregenerative 
effect of L-carnitine on nerve compression.
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The morphologic analysis of a not well- 
-known anatomical structure’s calcifications 
(Bochdalek’s flower basket calcifications)
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Background: The aim of the study was to define the morphology of calcifications 
belonging to a not very well-known anatomical structure (calcification of foramen 
of Luschka/Bochdalek’s flower basket calcification [Boc FBC]).
Materials and methods: Two hundred sixty-four computed tomography (CT) scans 
obtained from healthy patients were included in the study (50.0038 ± 24.78309 
[0–92 years old] [mean age ± standard deviation; range]). The morphology of 
the calcifications in the fourth ventricle (CFV) and Boc FBC was evaluated and 
compared with other common intracranial calcifications in each patient.
Results: Boc FBC was detected in 22.35% (59/264) of the patients. Out of 101 
patients aged above 60 years, 59 presented Boc FBC (the rate increased to 
55.45%), thus in our sample 94.91% of the detected Boc FBCs (56/59) were seen 
after 60 years of age. No Boc FBC was found under the age of 50. Statistically, 
there was a highly significant correlation between Boc FBC and pineal/habenular 
(p < 0.01) as well as choroid plexus calcifications (p < 0.01). The correlation 
between CFV and Boc FBC was significant (p < 0.05). It was found that 37.3% 
of Boc FBCs had a conical form. This form was not accompanied by any vascular 
calcifications, either basilar or vertebral. Therefore, seeing the conical form was 
valuable in the differential diagnosis. 
Conclusions: In our study, Boc FBCs were seen in advanced age and were not 
encountered under the age of 50. The conical form was seen in one-third of the 
cases, but it was a very beneficial finding for distinguishing Boc FBC from other 
calcifications if any. In the advanced age group, calcifications, especially choroid 
plexus calcifications and pineal/habenular calcifications, are highly associated with 
Boc FBC. In the presence of CFV, the probability of encountering Boc FBC is very 
high. (Folia Morphol 2022; 81, 2: 435–441)

Key words: foramen of Luschka, Bochdalek’s flower basket, computed 
tomography, intracranial calcifications
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INTRODUCTION
Outward indentation of the choroid plexus from 

the foramen of Luschka, also known as Boc FB, was 
first found by the Czech anatomist Vincent Alexander 
Bochdalek (1801–1883), who also described the Bo-
chdalek hernia [16]. Although this finding is relatively 
common, it does not take place in radiological reports 
and is often overlooked [11]. So far, studies on this 
subject are based on examination with magnetic res-
onance imaging (MRI). The morphology of Boc FBC is 
emphasized in MRI studies. However, Boc FB can also 
be calcified like the choroid plexus. While MRI shows 
anatomical structure very well, calcifications are tech-
nically the weak point for this method. Therefore, our 
study was based on non-contrast computed tomogra-
phy (CT) since it is the gold standard for calcification 
assessment. To the best of our knowledge, our study 
is the first CT study on this subject and there is no 
detailed information in English literature about Boc 
FB calcifications (Boc FBC). It is important to know 
the features of calcifications along with the part of 
the choroid plexus in this region. Since calcifications 
don’t occur in all of the parts of Boc FB, it may be 
confused with the surrounding non-calcified frag-
ment, haemorrhages and with cerebellopontine angle 
masses because this entity is not well-known by some 
radiologists [3, 11, 22]. Although textbooks express 
that the distinction between haemorrhage and calci-
fications can be made with coarse morphology and 
measurements of Hounsfield units (HUs), there are 
many pitfalls. Based on calcium amount and region 
of interest cursor, the HU values change [12]. Since 
vascular calcifications and Boc FBCs are seen in the 
same age group, when the vessel is tortuous, the Boc 
FBCs and vascular locations overlap and can be con-
fused. Therefore, calcifications of the vertebral and 
basilar arteries are part of the differential diagnosis 
of Boc FBC due not only to the age group but also 
to the location [3, 11, 12, 18, 22].

When we mention choroid plexus calcifications, 
usually calcifications of the lateral ventricle or rarely 
the plexus part of the third ventricle come to mind. 
However, the choroid plexus extends to the fourth 
ventricle and can reach variationally cerebello- 
pontine cistern via foramen of Luschka. In other 
words, calcifications originating from the choroid 
plexus can be seen not only in the lateral ventricle 
and the third ventricle but also on the wall of the 
fourth ventricle as well as out of the ventricles, such 
as Boc FBC [15, 22].

Some areas such as the basal ganglia, the pineal/
habenular glands, other parts of choroid plexus and 
vascular structures tend to calcify with ageing [25]. 
As far as we know, the relationship between these 
calcifications and Boc FBCs has been also compared 
for the first time in our study. 

The study aims to help prevent erroneous reporting 
by identifying the morphology of a not well-known var-
iational anatomical structure’s calcification ‘Boc FBC’.

MATERIALS AND METHODS
This study was approved by Muğla Sıtkı Koçman 

University Human Research Ethics Committee with 
the document number: 200027/2020. The design and 
conduct of the study were in accordance with the 
general principles set out in the Declaration of Hel-
sinki. The patients who underwent CT scans between 
January 2016 and June 2021 for various indications 
were retrospectively evaluated in terms of Boc FBC 
and accompanying intracranial calcifications. All of 
the images were obtained from picture archiving 
communication systems.

Power analysis was performed with a G-power 
test. An appropriate sample size was calculated at 111 
for creating 0.95 (actual power: 0.9503016, critical  
t: 1.6589535). Power (1-b prob) based on 0.05 alfa error 
prob. The number of patients in our study was sufficient. 
Two hundred sixty-four CTs of healthy patients (50.0 ± 
± 24.78/0–92 years old [mean ± standard deviation/ 
/range]) as 120 (45.5%) females and 144 (54.5%) males 
were included in the study. We excluded 34 patients 
from the study because of the following medical rea-
sons: 23 patients had different major pathologies (mass, 
infarct, aneurysm, infection, bleeding), 9 had history of 
operation, 2 had motion artifacts.

Cranial CT scans were performed with a 256-slice 
multi-detector CT scanner (Somatom, Siemens Health-
care, Erlangen, Germany). The protocol used for cranial 
CT is as follow: voltage/ampere: 120 kV/35 mA, applied 
radiation dose: 55–60 mGy, time interval: 1 Sn, slice 
thickness: 0.6 mm. Evaluation windows are width 
(W): 80, length (L): 40 for brain, W: 2800, L: 600 for 
temporal bones, W: 350–400, L: 20–60 for soft tissues.

Double-blind evaluation method was used in 
the study. Cranial CTs were evaluated separately by  
2 radiologists. If a discrepancy was found in the eval-
uation’s result, the cases were re-evaluated by both 
observers and a common consensus was achieved. 
The calcifications of fourth ventricle (CFV) were eval-
uated and classified according to anterior, posterior 
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and lateral localisation. Both Boc FBCs were classified 
as unilateral and bilateral and the measurements were  
divided into three groups according to size of the 
calcifications: < 10 mm, between 5 mm and 10 mm,  
< 5 mm. If there was more than a 10% of difference  
between the sizes of the calcification, it was considered  
asymmetric, otherwise it was considered symmetri- 
cal. The morphological forms of the calcifications 
were also taken into account. They were classified 
into three different groups: linear, oval/nodular and 
conic. Besides, the presence of four common intrac-
ranial calcifications (calcifications of basal ganglion, 
habenular/pineal gland, choroid plexus, and vascular 
structures) was assessed. They were cross-matched 
with Boc FBC and associations were evaluated. The 
assessed calcifications are shown in Figure 1.

statistical analysis

The data were stored on a Microsoft Office Excel 
file (Excel 2010, Microsoft). Statistical software (SPSS, 
version 22.0, IBM) was used for analysis. Student’s 
t-test was used for the means of normally distrib-
uted data, and Mann-Whitney U test was used for 
parametric data that did not show normal distribu-
tion. Pearson c2 analysis was performed to evaluate 
the relationship between the categorical variables.  
P ≤ 0.05 was considered significant.

RESULTS
In 3.78% (10/264) of the patients wall CFV was 

found. Five of the them were located on the posterior 

wall, 3 on the anterior wall and 2 on the lateral wall. 
Five of these 10 patients had concomitant Boc FBC, 
and all of them were bilateral. Out of 10 patients 
with CFV, 9 had also choroid plexus calcifications,  
9 had pineal and/or habenular gland calcifications, 
3 had basal ganglia calcifications and 2 of them had 
vertebral artery calcifications. The mean age of the 
patients with CFV was 61.6 ± 19.05 years old and age 
range was 36–89 years old. Eight of the patients with 
CFV were males and 2 were females. There was sta-
tistically significant male predominance (p = 0.042). 

Boc FBC was detected in 22.35% of our sample 
(59/264) (72.6 ± 12.9; 8–92 years old [age ± standard 
deviation; age range]). Out of 59 patients with Boc 
FBC, 5 (8.47%) had concomitant CFV. There was no 
statistically significant gender difference (p = 0.76).  
69.5% of the Boc FBCs were bilateral. 53.7% of bilat-
eral Boc FBCs were symmetrical while 46.3% of them 
were asymmetric. 52.6% of unilateral Boc FBCs was 
located at right while 47.4% were at left. 57.7% of 
the calcifications were < 5 mm, 25.4% of the calci-
fications were between 5 mm and 10 mm, 16.9% of 
the calcifications were > 10 mm. 

Shapes of Boc FBC were evaluated. 37.3% of the  
patients had conic shaped Boc FBCs. Regarding the 
conical-shaped calcifications, the percentage of 
cal cifications whose size was > 10 mm, 5 mm to  
10 mm and < 5 mm was 45.5%, 31.8%, and 22.7%,  
respectively.

For the Boc FB calcifications whose size was  
< 5 mm, 41.2% were linear, 44.1% were oval or nodular  
and 14.7% were conic. For the Boc FB calcifications 
whose size was > 5 mm, the rates of linear and 
conic forms were respectively at 32% and 68%. Oval/ 
/nodular calcifications were not present in this group. 
Boc FBCs were accompanied by calcifications of basal 
ganglia, pineal/habenular, choroid plexus and vascular 
structures. The rates of these calcifications were re-
spectively 20.3%, 94.9%, 93.2% and 39%. When only 
the patients with Boc FBCs were taken into account 
(n = 59), there were highly statistically significant 
correlations between Boc FBC and choroid plexus 
calcifications as well as pineal/habenular calcifications 
(p < 0.01) but this relationship was not mutual. 
Out of all patients (n = 264), basal ganglia, pineal/ 
/habenular, choroid plexus and vascular calcifications 
were seen respectively at the rate of 8.7% (23/264), 
81.1% (214/264), 78.8% (208/264), 14.8% (39/264).

The rates of Boc FB in patients with basal ganglia 
calcifications and vascular structures calcifications 

40

60
6

80

100

20

0

CFV Boc FBC Total

Figure 1. Box pilot figure shows age distribution of studied calci-
fications and study population; CFV — calcification of fourth ven-
tricle; Boc FBC — calcification of foramen of Luschka/Bochdalek’s 
flower basket calcification.
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were respectively 52.2% (12/23) and 59% (23/39). In 
the comparison to other intracranial calcifications, 
the correlations between Boc FB and calcifications of 
the basal ganglia/vascular structures were statistically 
significant (p < 0.05).

The rates of Boc FB in patients with pineal/habe-
nular calcifications and choroid plexus calcifications 
were respectively 26.2% (56/214) and 26.4% (55/208). 
However, according to both Pearson c2 test and Whit-
ney-Mann U tests, there was no statistically significant 
correlation for the latter (p > 0.05) 

Demographic, morphometric findings and rela-
tion with other intracranial calcifications are shown 
in Table 1.

As for CFV, Boc FBC and total population, age was 
taken into account. The distribution of age groups 
from largest to smallest was respectively CFV > Boc 
FB > study population. The distribution is shown with 
a box plot graphic in Figure 1.

DISCUSSION
Boc FB is the overextension of the choroid plexus 

of the fourth ventricle towards the cerebellopontine 
angle. Bulbous terminal parts, also known as cornu-
copiae, are peripheral linear parts of Luschka where 
the choroid plexus is located and the farthest pieces 
that include choroid plexus tissue. Body and cornu-
copiae create an appearance similar to flower basket 
which gives the name of the anatomical structure [6]. 
Choroid plexus of the fourth ventricle originates from 
mesenchymal epithelium [19]. It is constituted by  
a central portion and lateral parts. The central portion 
is located on the posterior side of the fourth ventricle 
while the other parts cover the lateral faces [1, 13]. 

Anatomical definition is essential because calci-
fications occur in the same location as the choroid 
plexus. Foramen of Luschka is therefore a border 
between the lateral parts and Boc FB, if there is any 
[14, 24]. Boc FB was considered to be a blind-ending 
outward extension of the fourth ventricle choroid 
plexus when this structure was first described by 
Bochdalek. Later, it was understood that it includes 
linear structures [11, 19, 24].

In our study, we evaluated Boc FBC besides CFV. 
There was a significant difference between the fre-
quency of Boc FBCs and CFV. While Boc FBCs were 
detected in 59 patients, only 10 patients had CFV. Boc 
FBC accompanied CFV in 50% of patients. But this 
relationship was not reciprocal. Out of all patients 

with Boc FBC, only 8.5% of patients had CFV. The 
samples are demonstrated in Figure 2.

Sharifi et al. [23] divided the Boc FBC into two 
parts which is similar to the definition of CFV. Ac-

Table 1. The characteristic and prevalence of Boc FBC and the 
associated calcifications

Parameter (n = 59) Values Percentage 

Age ± standard deviation;  
age range

72.6 ± 12.9;  
8–92

–

Gender (male/female) 29/30 49.2%/50.8% 

Unilateral/bilateral 18/41 30.5%/69.5%

Symmetrical/asymmetric (bilateral) 22/19 53.7%/46.3%

Left/right (unilateral) 10/9 52.6%/47.4%

Size:

> 10 mm 10 16.9%

5–10 mm 15 25.4%

< 5 mm 34 57.7%

Conic shape:

Present 22 37.3%

Absent 37 62.7%

Diameter of conic shaped Boc FBC:

> 10 mm 10 45.5%

5–10 mm 7 31.8%

< 5 mm 5 22.7%

Morphology of < 5 mm Boc FBC:

Linear 14 41.2%

Oval or nodular 15 44.1%

Conic 5 14.7%

Morphology of > 5 mm Boc FBC:

Linear 8 32.0%

Oval or nodular 0 –

Conic 17 68.0%

Basal ganglion calcifications: 12/59

Present 12 20.3%

Absent 37 79.7%

Pineal habenular calcification: 56/59

Present 56 94.9%

Absent 3 5.1%

Choroid plexus calcification: 55/59

Present 55 93,2%

Absent 4 6.8%

Vertebral artery calcification: 23/59

Present 23 39.0%

Absent 36 61.0%

Boc FBC — calcification of foramen of Luschka/Bochdalek’s flower basket calcification
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cording to this study, the average choroid plexus 
extension after the foramen of Luschka was about  
5–6 mm. However, according to our study, espe-
cially in elderly patients, Boc FBCs extend to 2 cm 
far from the centre. This different result shows that 
tortious basilar and vertebral artery calcifications can 
overlap with Boc FBCs in the cerebellopontine angle 
[23]. Bradac et al. [4] found symmetry between two 
sides of the choroid plexuses of the fourth ventricle 
in 96.5% of 57 brain dissections. Even though the 
choroid plexuses are symmetric, their calcification 
may not be symmetrical. In our study, CFVs were 
located at different points and asymmetric. Out of 
all the patients with Boc FBC, 30.5% had unilateral 
calcifications and only 53.7% of the patients that had 
bilateral calcifications presented symmetry.

Aneurysms, haemorrhages, cerebellopontine an-
gle masses and tumours take part in the differential 
diagnosis of Boc FBCs on CT and MRI [11]. In our 

study, Boc FBCs were conical shaped with a rate of 
37.29%. This shape is not an appearance seen in the 
pathologies cited above for the differential diagnosis. 
In the case of the conical-shaped calcifications being 
over 5 mm, the ratio significantly increased (17/25; 
68%). Conical shaped calcifications were never de-
tected among the vertebral artery calcifications seen 
in the same region. According to our study, conical 
form is not seen in every patient but it is evidence 
of Boc FBC if any. As far as we know, it is a new sign 
and there is no information about this sign in the 
literature.

It is well known that MRI is better in the demon-
stration of the choroid plexus. CT cannot show clearly 
Boc FB. However, CT is superior to MRI in the detec-
tion of calcifications. For this reason, we preferred 
non-contrast CT instead of MRI [11, 24].

Among the patients with Boc FBCs, 94.91% were 
over 60 years of age. No Boc FBC was found in the 

Figure 2. A. Point calcification (arrowhead) on the posterior wall of the fourth ventricle in 56-year-old female patient; B. Bilateral linear  
calcification of foramen of Luschka/Bochdalek’s flower basket calcification (Boc FBC) in a 77-year-old female patient (cut arrowhead);  
C. A 84-year-old male patient with obvious circular left vertebral artery calcification (small arrowhead). Conical Luschka calcification on  
the left in a 65-year-old female patient (arrowhead).
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patients under 50; therefore, other diagnoses should 
be considered in this age group. In elder patients, 
vascular calcifications included in the differential di-
agnosis of Boc FBC are vertebral, basilar, anterior infe-
rior cerebellar artery and posterior inferior cerebellar 
artery calcifications. Venous sinus calcifications may 
present similar appearances in the initial period. In 
younger patients, haemorrhages and calcified mass-
es should be primarily considered in the differential 
diagnosis [5, 8–10, 21]. 

Intracranial calcifications are caused by calcium 
and iron deposition with ageing in especially highly 
vascularised localisations. They are almost always 
observed during CT examinations. In some cases, 
these can be linked to pathologies. However, they are 
often considered physiological when no concomitant 
disease can be identified [5, 7]. Since intracranial cal-
cifications increase with age [2], they seem associated 
with the aging process [26]. 

Modic et al. [17] found that the incidence of lateral 
ventricular choroid plexus calcifications was 0.5% in 
the first decade and 86% in the eighth decade. In our 
study, Boc FBCs were compared with other intracra-
nial calcifications. There is a high rate of association 
with choroid plexus calcifications and habenular/ 
/pineal calcifications. The association rate of Boc FB 
with choroid plexus calcifications, habenular/pineal 
calcifications, vertebral calcifications and basal gan-
glia calcifications was respectively 94.9%, 93.2%, 
39.0%, and 20.3%.

Let’s point that heterotopic ossification is a dif-
ferent entity that must be differentiated from calci-
fications. It refers to a large amount of bone and is 
seen mainly in the extremities. However, heterotopic 
ossifications may occur because of thermal traumas 
and surgical procedures of the intracranial region in 
the head or in soft tissue [20]. 

The study has some limitations. First, the study 
was retrospective and a limited number of patients 
had both MRI and CT; therefore, Boc FBCs were only 
assessed from CT and the volume of Boc FB omitted. 
Secondly, since the article length is limited, only the 
most common four intracranial calcifications were 
chosen and compared with Boc FBC.

CONCLUSIONS
There are very limited studies about Boc FB and 

its calcifications. In other words, Boc FBCs are an 
underreported finding in the literature. This entity 
is important because it can be confused with very 

important pathologies like haemorrhage or calcified 
masses. Although, it is reported that Boc FBs are sym-
metrical, according to our results their calcifications 
are rarely symmetrical. This condition has increased 
the margin of error. According to our study’s results, 
Boc FBCs are seen in the advanced age group and re 
not encountered under the age of 50. The conical 
form is seen in one-third of the cases but it is a very 
beneficial finding for distinguishing Boc FBC from 
other calcifications, if any. The advanced age group 
calcifications especially choroid plexus calcifications 
and pineal/habenular calcifications are highly asso-
ciated with Boc FBC. In the case of the presence of 
CFV, Boc FBCs accompany at a high rate.  
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Background and Materials and methods: To provide better understanding of 
frequent variations of the inferior oblique (IO) of adult extraocular muscles, we 
observed sagittal and horizontal histological sections of the eye and orbits from 
32 foetuses (7–34 weeks of gestational age; 24–295 mm of crown-rump length). 
Results: In early foetuses (7–8 weeks), the IO was restricted at an antero-infero-me-
dial angle of the future orbit. In contrast to extraocular recti, the IO appeared to 
extend along the mediolateral axis and had no definite tendon. At midterm, the IO 
tendon became evident. Sometimes, the IO muscle belly attached to the inferior 
rectus or, the IO tendon divided into two laminae to enclose the lateral rectus. At 
late-term, a multilayered sheath was evident around the sclera and, via one or some 
of the fascial layers, the IO was communicated with a fascia enclosing the inferior 
rectus. At midterm and late-term, the IO originated not only from the maxilla 
near the orbicularis oculi origin but also from a vein-rich fibrous tissue around the 
lacrimal sac. Both origins were muscular without intermittent tendon or ligament. 
Therefore, the fascial connection as well as a direct contact between the IO and the 
inferior or lateral rectus seemed to provide variant muscular bridges as reported in 
adults. Moreover, the two attachment sites at the origin seemed to provide double 
muscle bellies of the adult IO.
Conclusions: Consequently, the present specimens contained seeds of any types 
of adult variations. The muscle fibres from the lacrimal sac might play a role for 
the lacrimal drainage. (Folia Morphol 2022; 81, 2: 442–450)

Key words: inferior oblique muscle of the eye, inferior rectus, lateral 
rectus, human foetus, muscular bridge, double muscle bellies

INTRODUCTION
The inferior oblique muscle (IO) shows anatomic 

variations most frequently in extraocular muscles [8].  

The IO is usually or often composed of double or 
multiple muscle bellies: 8% in DeAngelis and Kraft [1]; 
17% in DeAngelis et al. [2]; more than 90% in Yalçin 
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and Ozan [14]. A muscular bridge was also reported 
between the IO and inferior rectus: 6.6% in Yalçin 
et al. [13]. The obliquus accessorius inferior is also 
known originating from the orbital apex and inserting 
to a site adjacent to the inferior rectus insertion [8] 
although it is similar to the inferior rectus rather than 
the IO. In contrast to the usual close relation with 
the inferior rectus at the insertion, two case reports 
demonstrated the IO insertion near or adjacent to 
the lateral rectus insertion [8]. The first aim of this 
study was to provide better understanding as to 
why and how the frequent variants occur in foetal 
development of the IO. 

Another interest of the foetal IO was the muscle 
belly wrapping around the eyeball: the morphology 
is quite different from the superior oblique muscle in 
which a cartilaginous pulley, the trochlea, makes the 
acute turn of the tendon. Our group hypothesized 
that the superior oblique tendon is “secondarily” at-
tached to and turned by the trochlea due to rotation 
of the foetal eyeball [7]. Harayama et al. [6], on the 
basis of detailed morphometrical data, concluded 
that medial rotation of the eye ball occurs at 12 
weeks and at a stage between 16 and 19 weeks of 
gestation. De Haan et al. [3] also described the ro-
tation in the prenatal stage. The second aim of this 
study was to describe a developmental process to 
form the curved IO belly extending along the eyeball. 
In contrast to the four recti and levator palpebrae 
superioris, previous descriptions on the foetal IO 
were very limited [12].

MATERIALS AND METHODS
This study was conducted in accordance with the 

Declaration of Helsinki 1995 (as revised in 2013). 
We examined paraffin-embedded histological sec-
tions from 32 foetuses (7–34 weeks of gestational 
age [GA]; 24–295 mm of crown-rump length [CRL]). 
The specimens were categorised into three groups 
according to age and size: 1) 7 early foetuses at GA 
7–8 weeks (CRL 24–35 mm; O’Rahilly’s stage 21–23);  
2) 18 midterm foetuses at GA 12–15 weeks (CRL 71– 
–115 mm); 4) 7 late-term foetuses at GA 25–34 weeks 
(CRL 200–295 mm). All sections were part of the 
large collection kept at the Department of Anatomy 
of the Universidad Complutense, Madrid, and were 
the results of miscarriages and ectopic pregnancies 
from the Department of Obstetrics of the University. 
Sections of the embryos, early foetuses and midterm 
foetuses had been prepared serially, while the late-

stage foetuses had been sectioned 50 or 100 micron 
interval. The sections were stained with haematoxylin 
and eosin (HE) or Azan. The sectional plane was often 
sagittal (26 specimens) and sometimes horizontal 
(4 of midterm foetuses; 2 of late-term foetuses). 
This study was approved by the Ethics Committee of 
Complutense University (B08/374). Most photographs 
were taken with a Nikon Eclipse 80. 

RESULTS
Observations of sagittal sections from  
7 early foetuses

At GA 7 weeks (Fig. 1), the IO was restricted at  
a small area near the medial angle of the conjunctiva: 
this site corresponded to an antero-infero-medial an-
gle of the future orbit. In contrast to the extraocular 
rectus muscles along the long axis of the developing 
eyeball, the IO extended along the medio-lateral axis. 
Thus, in sagittal sections, the IO was cut transversely, 
while the rectus longitudinally (Fig. 1D, H). The IO 
was located outside of and inferior to the inferior 
rectus.

At GA 8 weeks (Fig. 2), the extraocular recti had 
a distinct tendon to merge with the dense, anterior 
part of the sclera (Fig. 2C). In contrast, the IO carried 
no definite tendon and the posterior end dispersed 
into a loose, posterior part of the sclera (Fig. 2E). 
The posterior part of the IO was close to the lateral 
rectus muscle belly (Fig. 2E). The IO muscle belly 
crossed obliquely in the lateral side of the inferi-
or rectus and extended posterosuperiorly to wrap 
around the eyeball (Fig. 2B, F). Thus, the IO obtained 
the final curved course along the eyeball as earlier 
as the extraocular rect. No cartilage or membranous 
bone appeared at an antero-infero-medial angle of 
the future orbit. The orbicularis oculi muscle was 
separated from the IO origin by a loose mesenchymal 
tissue (Fig. 2A). Likewise, no hard tissue separated 
the IO from the infraorbital nerve (Fig. 2G). The IO 
origin still took a tendon-like appearance at the 
anterior end (Fig. 2A). 

Observations of sagittal sections from  
14 midterm foetuses

At GA 12–15 weeks, the IO originated from the 
maxilla near the origin of the pars orbitalis of the 
orbicularis oculi muscle and both muscle origins sand-
wiched a dense fibrous tissue (Fig. 3). The IO origin 
was muscular: thus, each muscle fibres appeared to at-
tach to the fibrous tissue. The IO tendon merged with 
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Figure 1. A–H. Inferior obliquus muscle in an embryo of 24 mm crown-rump length. Sagittal sections. Haematoxylin and eosin staining. Panel A  
displays the most medial plane in the figure. Panels D and H are higher magnification views of squares in panels A and G, respectively.  
A future muscle origin of the inferior obliquus (IO) is a dense mesenchymal condensation near the infraorbital nerve (ION), but no cartilaginous 
tissue is developed at the origin (panels A and D). A future insertion of the IO is identified as a primitive tendon-like band in the inferior side of 
the eyeball (panels G and H). Panels A–C and E–G (or panels D and H) were prepared at the same magnification. Scale bars: 1 mm in panel A 
and 0.1 mm in panel D; IR — inferior rectus; IO — inferior obliquus; ION — infraorbital nerve; LB — lacrimal bone; LR — lateral rectus; LS — 
lacrimal sac; MX — maxilla; NLD — nasolacrimal duct; OCN — oculomotor nerve; ON — optic nerve; OO — orbicularis oculi; SO — superior 
obliquus; SR — superior rectus.
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Figure 2. A–G. Inferior obliquus muscle in early foetuses of 35 and 38 mm crown-rump length, respectively. Haematoxylin and eosin staining 
(panels A, B, D–G) or Azan staining (panel C). Panels A–E display sagittal sections from a foetus of 38 mm, while panels F and G a foetus of 
35 mm. Panel A displays the most medial plane in the former specimen. Origins of the inferior obliquus (IO) and orbicularis oculi (OO) sand-
wich a loose mesenchymal tissue (panel A). A tendinous insertion of the inferior rectus (IR) merges with a dense tissue of the sclera anterior 
part (arrows in panel C), while that of the inferior obliquus disperses in a loose tissue of the sclera posterior part (arrows in panel E). Near the 
insertion, the inferior obliquus and lateral rectus (LR) are closely located (arrowhead in panel E). Panels F and G exhibit a crossing between 
the inferior rectus and obliquus muscles. Arrows in panel G indicate an initial tendon of the inferior rectus. Asterisks in panels F and G indicate 
an artefact space produced during histological procedure. All panels were prepared at the same magnification (scale bar in panel A: 1 mm). 
Other abbreviation — see Figure 1. 

the posterior part of the sclera (Fig. 3D, E), while the 
inferior rectus inserted to the anterior part (Fig. 3C).  
The sclera appeared to be dense and homogeneous 
in the anterior part, while the posterior part was 
still composed of a relatively loose bundle of irregu-
lar fibres. We found two types of the IO variations:  
1) the IO muscle belly attached to the inferior rectus 
in 1 specimen (Fig. 3A) and 2) the IO tendon divided 
into two laminae to enclose the lateral rectus in two 
specimens (Fig. 3F).

Observations of sagittal sections from  
5 late-term foetuses

A multilayered sheath or fascia was much or less 
evident around the sclera (Figs. 4, 5): a thick fascia 
from the conjunctiva was particularly thick and it 
extended posteriorly to disperse into: 1) the orbital 
fat (Figs. 4B, 5B), 2) a fascia covering the IO (Fig. 4D)  
and/or 3) a fascia enclosing the inferior rectus (Fig. 
5C). The fascia covering the IO was communicated 
with the other fascia enclosing the inferior rectus  
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Figure 3. A–F. Inferior obliquus muscle in two midterm foetuses of 92 and 97 mm crown-rump length, respectively. Panels A (Azan staining) 
displays a sagittal section from a foetus of 92 mm, while panels B–F (Azan but long years after staining) a foetus of 97 mm. Panel B displays 
the most medial plane in the latter specimen. Origins of the inferior obliquus (IO; arrowhead) and orbicularis oculi (OO) are muscular and they 
sandwiched a band-like tissue attaching to the maxilla (MX; panels A and B). In the former foetus, the inferior obliquus appears to attach to 
the inferior rectus (arrows in panel A). In the latter foetus, a tendinous insertion of the inferior obliquus not only joins the sclera (arrows in 
panels D and E) but divides into two laminae to enclose the lateral rectus (LR; arrows in panel F). The inferior rectus (IR) makes a tendinous 
insertion to the sclera (arrows in panel C). Asterisk in panel A indicates an artifact space produced during histological procedure. All panels 
were prepared at the same magnification (scale bar in panel A: 1 mm). Other abbreviation — see Figure 1.

(Fig. 4A, 5C). The sclera was composed of regular-
ly-arrayed fibres (Fig. 4F, 5G). The IO tendon merged 
with the most external layer of the sclera (Figs. 4F, 5G). 
At the origin from the maxilla, the IO and orbicularis 
oculi sandwiched a dense fibrous tissue (Fig. 5A). 
Because of no connection to either the tarsal plate 
or lacrimal sac, this tissue did not correspond to  
a part of the medial palpebral ligament. The orbicularis  
oculi originated not only from the maxilla but from 
the lacrimal bone (Fig. 5C, D). 

observations of horizontal sections from  
4 midterm and 2 late-term foetuses

Horizontal sections well demonstrated an entire 
area of the IO covering the eyeball as well as an almost 
anteroposterior direction of the muscle fibres (Fig. 6). 
However, sagittal sections were better useful than 
horizontal sections for demonstrations of the curved 
muscle belly wrapping around the eyeball. Notably, 
all of the six specimens for horizontal sections carried 
two muscle attachments at the antero-infero-medial 
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Figure 4. A–F. Inferior obliquus muscle in a late-term foetus of 270 mm crown-rump length. Haematoxylin and eosin staining. Sagittal sec-
tions. Panel A displays the most medial plane in the figure. Panels E and F are higher magnification views of squares in panel B. Panel A  
shows a muscular origin of the inferior obliquus (IO; arrowhead). The inferior rectus (IR) connects with the inferior obliquus by a fascia  
(arrows in panels B and C). The inferior rectus (IR in panel E) as well as the inferior obliquus tendon (arrows in panel F) inserts to the sclera.  
A multi -layered sheath covers the sclera (panels E and F) and some of them enclose the inferior obliquus (panel D). Panels A–D (or panels E 
and F) were prepared at the same magnification (scale bars: 1 mm in panels A and E). Other abbreviation — see Figure 1. 

angle of the orbit: 1) a major muscle origin from the 
maxilla (see the subsection above) and 2) another 
origin from a fibrous tissue around the lacrimal sac. 
The latter tissue was still mesenchymal at midterm 
(Fig. 6C), but at late-term, muscle fibres appeared to 
intermingle with the vein-rich fibrous tissue around 
the lacrimal sac (Fig. 6F).

DISCUSSION
The adult IO frequently shows anatomic variations 

(see the Introduction). According to the present ob-
servation of foetus sections, the fascial connection 
as well as a direct contact between the IO and the 
inferior or lateral rectus seemed to provide variant 
muscular bridges as reported in adults. Moreover, the 
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Figure 5. A–G. Inferior obliquus muscle in a late-term foetus of 276 mm crown-rump length. Haematoxylin and eosin staining. Sagittal sec-
tions. Panel A displays the most medial plane in the figure. Inserts in panels E and G are higher magnification views of a circle in panels A and G, 
respectively. Panel A shows a muscular origin of the inferior obliquus (IO; arrowheads in the insert), while panel G exhibits the insertion to  
the sclera (arrows in the insert). The inferior rectus (IR) inserts to the sclera (arrows in panels C and D). Outside of the sclera, a thick sheath 
is seen connecting to the conjunctiva (panel B): it covers the inferior rectus in panels C and D. Panels A–G (or two inserts) were prepared at 
the same magnification (scale bars: 1 mm in panels A and the inserts). Other abbreviation — see Figure 1.

two attachment sites at the origin seemed to cause 
“tears” of muscle belly to provide double or multiple 
muscle bundles in adults. Therefore, in spite of the 
limited number, the present specimens contained 
seeds of any types of adult variations. In general, 
numerous variations have been reported in skeletal 
muscles. Although it is a small striated muscle without 
contribution to a joint movement, the IO seemed to 
be the best sample for presentation of a hypothetical 

association between the foetal development and the 
adult variants. 

At GA 7 weeks, the IO appeared to extend along 
the mediolateral axis: this direction was quite differ-
ent from the extraocular recti extending along the 
anteroposterior axis. In spite of the early difference, 
the expanding eyeball made both of the recti and IO 
take curved courses at GA 8 weeks. A tissue of the 
sclera was dense in the anterior part near the con-
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junctiva and loose in the posterior part still at mid-
term. Thus, the muscle insertion established earlier 
in the recti than the IO. Therefore, a traction by the 
insertion seemed to play a little role for developing 
muscles wrapping around the eyeball. The expanding 
eyeball was most likely to directly push the muscle 
belly to be curved.

The IO arose from two structures in foetuses:  
a major muscle bundle from the maxilla and 2) a minor  
part from a vein-rich fibrous tissue around the lacri-
mal sac. This dual origin seemed not to be known in 
adults [5, 11, 15]. Not the IO but the orbicularis oculi 
lacrimal part originates from the lacrimal sac accord-
ing to these textbooks. We did not deny a possibility 
that the minor origin of the IO would be degenerated 
after birth. However, at least in newborns, the IO 
muscle fibres from the lacrimal sac might play a role 
for the lacrimal drainage. 

The muscle insertion morphology in late-term foetus-
es was different from the adult one: not only the IO but 
the extraocular recti carried definite tendons in contrast 
to unclear tendons of the adult recti [11, 15]. After birth, 
the rectus insertion would change to form the so-called 
extraocular muscle pulley system [4, 9]. We demonstrated 
a multilayered sheath outside of the sclera at late-term: 
the thickest fascia to the conjunctiva was similar to the 
developing check ligament [10]. However, according 
to the connection to the inferior rectus, it seemed to 
correspond to the suspensory ligament of the eye [11].
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Figure 6. A–F. Double attachment sites at the origin of the inferior obliquus muscle at midterm and late-term. Haematoxylin and eosin stain-
ing. Horizontal sections. Panels A–C, a specimen of 118 mm crown-rump length (CRL); panels D–F, a specimen of 262 mm CRL. Panel A or D 
displays the most inferior site in each specimen. Arrowhead (panels B, C, E, F) indicates the muscle origin from the maxilla (MX), while arrow 
(panels C, E, F) another origin from a fibrous tissue around the lacrimal sac (LS). In panel D, the eye ball was cut at two sites because of an 
artefact bending with shrinkage after death. All scale bars, 1 mm. Other abbreviation — see Figure 1.
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Background: In adults, the fibularis tertius (FT) demonstrates great morphological 
variation. The present study classifies the types of FT insertion in human foetuses 
and compares their prevalence to the prevailing classification among adults.
Materials and methods: Fifty spontaneously-aborted human foetuses (19 male, 
31 female, 100 upper limbs in total) aged 18–38 weeks of gestation at death were 
examined. The foetuses were obtained from spontaneous abortion after parental 
consent. The study was performed in accordance with the legal procedures in force 
in Poland and with the Body Donation Programme for both adults and foetuses.
Results: The most common type of FT found was type VI (32%), characterised 
by a bifurcated distal attachment: a main tendon inserting onto the base of the 
fourth metatarsal bone, and accessory bands inserting onto the fourth interosseous 
space. Five other types were observed: type IV (20%), with a single tendon inserting 
distally to the fascia covering the fourth interosseous space; type I (18%), with  
a single tendon inserting distally onto the shaft of the fifth metatarsal bone; type V 
(14%), with a bifurcated arrangement comprising a main tendon characterised by 
a very wide insertion onto the base of the fifth metatarsal bone and an accessory 
band inserting onto the base of the fourth metatarsal bone; and type III (12%) 
with a single tendon inserting distally onto the shaft of the fourth metatarsal 
bone and fascia covering the fourth interosseous space. Finally, type II (4%) was 
characterised by a single tendon inserting onto the base of the fifth metatarsal 
bone via a very wide distal insertion.
Conclusions: The FT demonstrates high morphological variability, with the most 
common configuration found in adults — a single insertion onto metatarsal 5 — 
being actually uncommonly found in foetuses. (Folia Morphol 2022; 81, 2: 451–457)

Key words: fibularis tertius, fibularis tertius tendon, anatomical 
variations, new classification, foetuses, variations, development

INTRODUCTION
The anterior compartment of the leg contains four 

muscles: the tibialis anterior, the extensor hallucis 

longus, extensor digitorum longus and the fibularis 
tertius muscle (FTM). Of this group of muscles, the 
FTM is the most superficial; it usually originates from 

https://orcid.org/0000-0002-6414-9504
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the distal third or half of the fibula and of the inter-
muscular septum. The fibres of the muscle belly pass 
vertically downward until the muscle belly becomes 
the fibularis tertius tendon (FTT). After passing un-
der the superior extensor retinaculum and inferior 
extensor retinaculum of the foot in the same canal 
as the extensor digitorum longus, the FTT inserts into 
the dorsal surface of the base of the fifth metatarsal 
bone [19]

In adults, the fibular muscle is characterised by fre-
quent morphological variations, which mainly involve 
the presence of additional bands or muscles such as 
the fibularis digiti quinti and fibularis quartus [5, 6, 
24, 25, 27–29, 33, 37]. The fibularis longus, fibularis 
brevis and fibularis tertius often demonstrate addi-
tional bands; this criterion also forms the basis of the 
adult classification by Olewnik et al. [24, 25, 27]. Earlier 
studies on foetal volatility of morphological variation 
in FTM are based on proximal attachment [11].

The FTM is used as a reference for the anterolateral 
aspect/portal during ankle arthroscopy [37]. The fibu-
laris brevis and FTT insert at the fifth metatarsal; this 
implies that they can place torsional stress on areas 
where Jones fractures and stress fractures occur [35]. 
The FTM can be used in tendoplasty, tendon transfer, 
or resection surgeries on the foot.

The goal of our present work was to classify the 
types of fibularis tertius (FT) insertion in human foe-
tuses and compare the results with those observed 
doe the prevailing classification among adults. It 
will establish the first such classification for human 
foetuses.

MATERIALS AND METHODS
Permission for the study was granted by the Local 

Bioethics Committee (agreement no RNN/130/20/KE).  
Fifty spontaneously-aborted human foetuses (19 
male, 31 female, 100 lower limbs) aged 18–38 
weeks of gestation at death were examined. The 
foetuses were obtained from spontaneous abortion 
after parental consent. The study was performed 
in accordance with the legal procedures in force in 
Poland and in accordance with the Body Donation 
Programme for both adults and foetuses. Their ages 
were determined on the basis of cranio-sacral and 
head measurements [26]. 

The leg and foot area was dissected as described 
previously [21–23, 25]. The procedure began with the 
removal of the skin and superficial fascia of the leg 
up to the crural fascia. The skin and subcutaneous 

tissue of the foot were then removed, and then as 
much of the crural fascia as possible was removed 
without tearing the muscle bellies (starting proximal 
to the retinaculum). The bellies and muscle tendons 
were then cleaned from the medial to the lateral 
side. The tendon was carefully dissected to the bone 
attachment itself. The course of each tendon was 
recorded.

Upon dissection, the following features of the 
FT were recorded: 1) the type of FT insertion; 2) FT 
morphometric measurements.

Measurements were taken using an electronic 
digital calliper (Mitutoyo Corporation, Kawasaki-shi, 
Kanagawa, Japan) with an accuracy of up to 0.1 mm. 
Two measurements were taken in each case and the 
mean values were recorded.

Ethical approval and consent to participate

The cadavers belonged to the Department of An-
atomical Dissection and Donation, Medical University 
of Lodz. 

statistical analysis

Differences in tendon types between genders 
and body sides were tested using the c2 test. The 
normality of the continuous data was tested using 
the Shapiro-Wilk test. As the data was not normally 
distributed, non-parametrical tests were used. Mor-
phological measurements between two groups were 
compared using the Mann-Whitney test, and meas-
urements between EHL types were compared using 
the Kruskal-Wallis test by ranks with dedicated post 
hoc test.

All statistical analyses were performed using Sta-
tistica 13 software (StatSoft Polska, Cracow, Poland). 
A p-value lower than 0.05 was considered significant, 
with Bonferroni correction for multiple testing. The 
results are presented as mean and standard deviation 
unless otherwise stated. 

RESULTS
The fibularis tertius muscle was present in 50 cases 

(31 females and 19 males, p = 0.0278; 26 right and 
24 left limbs, p = 0.8415). It occurred significantly 
more often in specimens with shorter lower legs  
(56.2 ± 7.2 mm vs. 88.0 ± 18.9 mm, p < 0.0001) 
but with greater cranio-sacral length (247.2 ±  
± 33.05 mm vs. 226.76 ± 39.90 mm, p < 0.0172).

It was classified according to the following types, 
based on type of distal insertion:
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 — type I — single distal attachment. The tendon 
inserts into the shaft of the fifth metatarsal bone 
(Fig. 1). This type was found in 9 cases;

 — type II — single distal attachment. The tendon 
is characterised by a very wide insertion into the 
base of the fifth metatarsal bone. This type was 
observed in 2 cases (Fig. 1);

 — type III — single distal attachment. The tendon 
inserts into the shaft of the fourth metatarsal bone 
and fascia covering the fourth interosseous space. 
This type was found in 6 cases (Fig. 1);

 — type IV — single distal attachment. The tendon 
inserts to the fascia covering the fourth interosse-
ous space. This type was found in 10 limbs (Fig. 1);

 — type V — bifurcated distal attachment. The main 
tendon is characterised by a very wide insertion 
into the base of the fifth metatarsal bone, and 
the accessory band inserts into the base of the 
four metatarsal bone. This type was observed in 
7 lower limbs (Fig. 1);

 — type VI — bifurcated distal attachment. The main 
tendon inserts into the base of the fourth meta-
tarsal bone, and the accessory bands inserts into 
the fourth interosseous space. This type was found 
in 16 cases (Fig. 1).
All types are also shown in the scheme (Fig. 2).
Table 1 presents the morphological parameters  

for the whole group and according to the above 
types.

Where possible, the type of insertion morphology 
was classified as band-shaped (18 cases in general) 
or fan-shaped (27 cases in general). The distribution 
of these types is presented in Table 2.

DISCUSSION
The present study has two key values. It presents 

the first systematic classification of FT insertion, and 
highlights its variability, classifying it as band-shaped 
or fan-shaped in human foetuses. Earlier studies did 
not describe such a large morphological variability of 
FT insertion in human foetuses.

To understand the potential morphological varia-
tion of the FTM, it is important to explain embryolog-
ical basis. The common extensor mass of the foot is 
connected with the peroneal mass in the early stages 
of development, but these diverge in a 14-mm em-
bryo: the extensor mass has differentiated into the tib-
ialis anterior muscle, extensor digitorum longus, and 
extensor hallucis longus. The tibialis anterior muscle 
demonstrates a broad tendon reaching the cuneiform 

primum bone. It demonstrates adult attachments in 
a 20-mm. embryo. The extensor digitorum longus is 
differentiated from the central portion of the muscle 
mass and is relatively more on the fibular side than in 
the adult. At first it ends distally in a broad flat plate 
which later, in a 20-mm. embryo, gives off the broad 
tendons to the digits. The FTM is early distinct from 
the extensor digitorum longus.

The FTM varies in its development and the nature 
of its origin and insertion. The FTM is topographically 
very closely related to the extensor digitorum lon-
gus, and there is every evidence that it is formed as  
a secondary attachment of the deep extensor stratum, 
which has migrated in an upward direction and has 
separated from the extensor digitorum brevis. In this 
sense, it may represent a missing tendon for the fifth 
toe, which became an independent muscle following 
migration in response to the specialised functional 
requirements of the human foot [14]. Therefore, like 
the foot to which it belongs, the FTM must be idiosyn-
cratic feature that evolved early in human phylogenic 
development [11]: it is very rare in the great apes 
but is found in about 29.6% of gorillas (terrestrial 
apes). Its overwhelming presence in both humans 
and gorillas, and its lack or rarity in the great apes, 
would indicate an evolutionary acquisition related to 
bipedalism [4, 7–10, 37]. Hence, from an evolutionary 
point of view, FTM most likely serves a very important 
function when walking. Therefore, any morphological 
changes in insertion may indicate that they have not 
yet reached the final evolutionary stage; the FTM has 
been found to have a range of insertion types, and 
to display accessory bands [24]. 

Among adults, the presence or absence of the FTM 
depends on the population studied. The widest range 
in its prevalence has so far been observed in Asian 
populations, ranging from 38.5% to 95.5% [1, 13, 
14, 20, 32]. In North Africa, it was present in 52.8% 
of an Egyptian population and 67.7% of a Tunisian 
population [32]. In South America, it was present in 
49.1%, 100% [30] and 93.8% of Brazilian populations 
[18], and interestingly, in 100% of a studied Bolivian 
population [16, 18, 30]. European population ranked 
between 38.2% and 92.9% [3, 15, 17, 24, 31, 36].  

In the foetus, the FTM was found to be present 
in only 83.16% of cases in a Polish population [11]. 
Interestingly, our present findings, also obtained from 
Polish foetuses, found it to be present in only 50%.

Many FT classifications have been described  
[12, 14, 31, 34]. However, the most recent classifica-
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Figure 2. Scheme of all types. Left leg; EDL — extensor digitorum longus; FT — fibularis tertius; IVCB — fourth metatarsal bone; VCB — fifth 
metatarsal bone.

Figure 1. Types of the fibularis tertius tendon: Type I of the fibularis tertius tendon. Right leg; Type II of the fibularis tertius tendon. Left leg; 
Type III of the fibularis tertius tendon. Right leg; Type IV of the fibularis tertius tendon. Left leg; Type V of the fibularis tertius tendon. Left leg; 
Type VI of the fibularis tertius tendon. Right leg; EDL — extensor digitorum longus; EDLM — extensor digitorum longus muscle; FT — fibularis 
tertius; FTM — fibularis tertius muscle; IIICB — third metatarsal bone; IVCB — fourth metatarsal bone; VCB — fifth metatarsal bone.
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tion was the 6-fold classification (I–VI) proposed by 
Olewnik [24]. Briefly, type I (45%), i.e. a single distal 
attachment inserting into the shaft of the V metatar-
sal bone [24], was observed in 18% of cases in the 
present study; type II (22%), with a single, broad distal 
attachment insertion to the base of the V metatarsal 
bone [24], was present in 4%. Type III (16.5%), char-
acterised by a single, very wide distal attachment to 
the base of the V metatarsal bone, and to the base 
and shaft of the IV metatarsal bone, and to the fas-
cia covering the fourth interosseous space [24], was 
not observed in the current study. It is possible that 
it appears at a later date — tendon dehiscence can 
occur postnatally. In addition, type IV (8.8%), char-
acterised by a bifurcated distal attachment into the 
base of the fifth metatarsal bone, and the accessory 
band inserts to the shaft of the V metatarsal bone, 
was not observed. Type V (5.5%), characterised by  
a bifurcated distal attachment, the main tendon hav-
ing a very wide insertion to the base of the V meta- 

tarsal bone, and the accessory band inserting to the 
base of the IV metatarsal bone [24]. In addition, 
type VI, characterised by fusion with fibularis brevis 
tendon, was not observed by us either. 

Interestingly, of the tendon types proposed in the 
present study, type III, with a single distal attachment 
into the shaft of the fourth metatarsal bone and 
fascia covering the fourth interosseous space, was 
not observed in studies on adults, or in foetal studies 
[11]. Similarly, type IV, characterised by single distal 
attachment and tendon inserts to the fascia covering 
the fourth interosseous space, was not recorded by 
either Olewnik [24] in adults or Domagała et al. [11] in 
foetuses. Type V, with a bifurcated distal attachment 
where the main tendon has a very wide insertion into 
the base of the fifth metatarsal bone, and the acces-
sory band inserts into the base of the four-metatarsal 
bone, was not found previously. Interestingly, type VI  
has not been observed in other studies, despite being 
the most frequent type (32%); this was characterised 
by a bifurcated distal attachment where the main 
tendon inserts into the base of the fourth metatarsal 
bone, and the accessory bands inserts into the fourth 
interosseous space. Albay and Candan [2] also did 
not describe the morphological variability of fibularis 
tertius tendon, focusing only on the assessment of 
the incidence of additional fibular muscles.

Albay and Candan [2] performed morphometric 
measurements of FT depending on trimesters. In the 
second trimester, the average muscle belly length was 
19.18 mm, and the tendons were 12.13 mm. In the 
third trimester, the muscle belly was 30.26 mm, and 
the tendon was 15.68 mm. Our research focused on 

Table 1. Morphological parameters according to type of insertion

Parameter General Insertion type P

I II III IV V VI

Muscle length 12.99 (4.29) 13.63 (2.44) 11.32 (1.01) 10.78 (0.93) 11.65 (0.96) 15.35 (4.71) 14.02 (6.39) 0.2080

Tendon width MTJ 0.85 (1.51) 0.61 (0.33) 0.62 (0.08) 0.21* (0.03) 0.26* (0.07) 1.01* (0.22) 1.56* (2.52) 0.0002*

Tendon thickness MTJ 0.18 (0.16) 0.13 (0.08) 0.22 (0.01) 0.19 (0.24) 0.09 (0.05) 0.18 (0.08) 0.26 (0.21) 0.0163

Tendon length 11.40 (3.12) 11.14 (2.01) 12.09 (1.36) 11.60 (0.58) 13.58* (1.85) 9.64* (3.84) 10.79 (4.04) 0.0050*

Accessory tendon length 9.30 (2.95) 5.61 (0.23) 11.15 (0.92) 0.1051

Distance from ExP 3.57 (1.12) 2.54 (0.62) 3.31 (1.00) 4.63 (0.28) 3.38 (1.45) 3.75 (0.95) 0.0179

ExP width 1.05 (0.39) 0.77 (0.15) 1.09 (0.01) 1.35 (0.15) 1.03 (0.56) 1.06 (0.39) 0.0537

ExP thickness 0.28 (0.84) 0.12 (0.05) 0.10 (0.01) 0.13 (0.08) 0.83 (1.74) 0.11 (0.06) 0.2262

ExP width 2.12 (0.64) 1.69 (0.68) 1.94 (1.05) 2.51 (0.16) 2.54 (0.57) 1.90 (0.58) 0.0718

ExP thickness 0.22 (0.21) 0.14 (0.06) 0.61 (0.73) 0.14 (0.06) 0.28 (0.21) 0.18 (0.07) 0.5020

*Significant P according to Bonferroni correction was 0.005; MTJ — musculo-tendinous junction; ExP — extension point

Table 2. Shape of distal tendon insertion according to insertion 
type

Insertion type Insertion shape

Fan Band

I 5 (18.5%) 3 (16.7%)

II 1 (3.7%) 0 (0.0%)

III 6 (22.2%) 0 (0.0%)

IV 0 (0.0%) 10 (55.6%)

V 7 (25.9%) 0 (0.0%)

VI 8 (29.6%) 5 (27.8%)
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morphometric measurements depending on the type 
of insertion. And the longest muscle belly was type V 
(15.35 mm) and the shortest was type III (10.78 mm). 
The tendon length was the longest in type IV (13.59 
mm), and the smallest in type V (9.64 mm).

A second feature in our proposed classification 
is insertion type. Both band-shaped and fan-shaped 
types were observed. Interestingly, although the pres-
ence of a band-shaped or fan-shaped type was closely 
correlated with the corresponding type of insertion 
in adults [24], no such a correlation was observed in 
the present study. This might be an important con-
sideration when stripping tendons during surgery.

CONCLUSIONS
We propose a six-fold classification that can be 

used to elucidate the appearance of accessory ten-
don bands. The fibularis tertius demonstrates high 
morphological variability, with the most common 
configuration found in adults — a single insertion 
onto metatarsal 5 — being actually uncommonly 
found in foetuses.

Conflict of interest: None declared
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Relationship between maxillary central incisors 
and incisive canal: a cone-beam computed 
tomography study
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Background: This study aimed to assess the relationship between the maxillary 
incisors and the incisive canal (IC) using cone-beam computed tomography (CBCT). 
Materials and methods: Archived CBCT scan from 120 subjects (60 males and 
60 females, mean age 34.2 ± 13.1 years) were analysed in this cross-sectional 
study. The following variables were measured: incisor/palatal plane (PP), IC/PP 
angles, palatal alveolar bone width (PABW) at apex, IC width, inter-root width at 
apex and IC level to incisor apex. The relationship between the incisors and IC 
with respect to sex and age was calculated using one-way analysis of variance, 
independent samples t-test, and regression analysis. 
Results: The confidence level was set at 95%. Results showed that half of the 
study population exhibited IC palatal opening at the level of the maxillary incisor 
apices. Significant associations were observed between IC/PP and incisor/PP angles 
and between IC width and PABW at the apical level (p < 0.05), and between age 
and IC width in the sagittal and axial perspectives and age and IC level relative 
to the incisor apices. A significant association was observed between sex and  
IC/PP angle, IC width in the sagittal perspective, and PABW at the apical level. 
The association was found between IC and maxillary incisors angulations but not 
between IC width and inter-root distance. 
Conclusions: Age showed varied associations while sex was significantly associ-
ated with most variables assessed. (Folia Morphol 2022; 81, 2: 458–463)

Key words: alveolar bone thickness, cone-beam computed tomography, 
incisive canal, incisors’ characteristics, inter-root distance

INTRODUCTION
Orthodontics focuses on the improvement of fa-

cial aesthetics via retraction of the maxillary anteri-
or teeth to provide maximum anchorage [19, 22]. 
However, complications such as fenestrations, loss 
of alveolar bone, root resorption, or dehiscence can 
occur when the teeth are moved out of the cortical 
bone, which leads us to scrutinize the confines of 
orthodontic treatment [1, 12, 18, 21, 24]. 

Recently, research focused on craniofacial anato-
my has demonstrated the close proximity between the 
incisive canal (IC) and the maxillary central incisors, 
which is closer than that of the cortical plate in the 
palate [2]. The IC is located behind the maxillary cen-
tral incisor roots at the middle level of the maxillary 
palatine process. Therefore, it is considered the most 
significant anatomical structure in the premaxilla [7]. 
It links the nasal and the oral cavities by connecting 
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the incisive foramen and the nasal foramen. It is sur-
rounded by dense cortical bone and the nasopalatine 
vessels pass through it [7]. These vessels include the 
incisive nerve and the sphenopalatine artery. The 
latter is the end branch of the nasopalatine artery 
[11, 16]. 

Disparities in incisor angulations, alveolar bone 
thickness and IC morphology are challenging varia-
bles that can affect the movement of the maxillary 
incisors [12, 13, 20, 26, 28]. The proximity of the 
maxillary central incisor roots to the walls of the IC 
cortex might lead to incisor root resorption during 
maximum orthodontic retraction of incisors [5, 17]. 
The research conducted by Pan and Chen [19] re-
vealed the risk posed by IC contact with the maxillary 
central incisors during incisors retraction, leading to 
external resorption of the root apex [19]. Similarly, 
Chatriyanuyoke et al. [4] suggested that more caution 
should be exercised during immediate placement of 
implants at the mid-root level of the maxillary central 
incisors in younger and female patients to prevent IC 
penetration. To prevent this complication, analysis of 
IC dimensions and morphology should be accurately 
implemented before any dental procedures within the 
vicinity of this anatomical structure [5, 17].

Accurate radiographic imaging is essential to ob-
tain the best diagnosis and ideal management as 
well as to monitor the development and the results 
of treatment [10, 23]. Cone-beam computed tomo-
graphy (CBCT) has been considered more accurate 
in assessing incisor inclinations and the morphology 
of the alveolar bone [6, 15, 25, 27, 29]. It can be 
utilised as an adjunct in case analysis and treatment 
planning as it minimises difficulties in dental proce-
dures [3, 13, 14]. However, the widely used diagnostic 
radiographs by most orthodontists are cephalometric 
and panoramic radiographs. Incisors’ angulation and 
inter-root distances can be easily measured using 
those conventional radiographs. Thus, finding some 
predictive measures and correlations between the 
maxillary incisors’ roots and the IC that can be as-
sessed by both conventional and three-dimensional 
radiographs might help the orthodontists to predict 
the risk of maxillary incisors’ root resorption during 
orthodontic tooth movement using the available ra-
diographs. 

The aim of the present study is to assess the asso-
ciation between the IC and the maxillary incisors using 
different linear and angular CBCT measurements.

MATERIALS AND METHODS
Study design

This cross-sectional study utilized archived CBCT 
records of adult Saudi patients with middle-eastern 
ethnic background who were treated at Orthodontic 
Department, Faculty of Dentistry King Abdulaziz Uni-
versity, Jeddah, Saudi Arabia. This research was ap-
proved by the institutional ethical committee (ethical 
approval no. 100-06-19), and the study procedures 
were performed in accordance with the principles of 
the Declaration of Helsinki, 1975 (as revised in 2008). 

sample characteristics

The inclusion criteria were as follows: 1) CBCT 
images showing the maxilla clearly, 2) no history of 
orthodontic treatment, 3) presence of the maxillary 
incisors, 4) no history of dental treatment related 
to the maxillary incisors, 5) no history of trauma to 
the incisors, and 6) no congenital or developmen-
tal abnormalities such as cleft palate and cleft lip. 
The sample groups were organized according to age 
and sex. Patients were divided into four age groups:  
≤ 20 years, 21–40 years, 41–60 years, and > 60 years.

CBCT images

The following specifications were used for the 
CBCT images: field of view: 81 × 74 mm, voxel size: 
0.146 mm, slice thickness: 0.147 mm, normal mode: 
90 kV, 4 mA, 4.10 mGy, and 16.8 s. Image acquisition 
was performed by positioning the head such that the 
Frankfort horizontal plane was parallel to the floor. 
Images were stored in the digital format as DICOM 
files. Both sagittal and coronal perspectives were 
obtained and assessed using OnDemand 3D Imaging 
software (Seoul, Korea).

Measurements

The following linear and angular measurements 
on sagittal reconstruction were evaluated in relation 
to the maxillary central incisors (Fig. 1):

 — incisor/palatal plane (PP) angle: the angle between 
the long axis of each central incisor and the pal-
atal plane;

 — palatal alveolar bone width (PABW) at the apical 
level: the palatal bone width at the level of the 
central incisor apices.
For IC, the following linear and angular dimen-

sions were determined using sagittal reconstruction 
(Fig. 1):
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 — IC/PP angle: the angle between the long axis of 
the IC and the palatal plane;

 — level of IC palatal opening relative to the apices 
of the central incisors; the level was classified 
into three types: below the apex, at the apex, and 
above the apex;

 — IC width at palatal opening.
On axial reconstruction, the following linear di-

mensions were assessed (Fig. 2):
 — IC width at the level of incisor apices;

 — inter-root distance at the level of incisor apices: 
the distance between the two central incisor roots 
at the apical level.

Measurement error

A single examiner performed all measurements 
and repeated the measurements after a 2-week in-
terval. The independent t-test showed no substantial 
deviation between the two sets of measurements  
(p < 0.05). Similarly, an intraclass correlation coeffi-
cient of 0.78 indicated good reliability.

statistical analysis

The evaluated variables are presented as mean values 
with standard deviations, numbers, and percentages. 
Comparative data for variables involving the maxillary 
incisors and the IC were compared using independent 
samples t-test. Bonferroni correction for multiple com-
parisons and one-way analysis of variance were used 
for data related to sex and age, respectively. Regression 
analysis was used to examine the correlation between 
the variables. All statistical analyses were performed 
using IBM SPSS Statistics 22.0 (IBM Corp., Armonk, NY, 
USA). The confidence level was 95% for all analyses.

RESULTS
Archived CBCT data from 120 subjects (60 males 

and 60 females, mean age 34.2 ± 13.1 years) were 
analysed in this study. The mean IC/PP angle was 
111.17 ± 8.06°. The mean IC width was 3.82 mm in 
both sagittal and axial perspectives. The mean inci- 
sor/PP angle was 116.88 ± 9.50°, which was higher 
than the IC/PP angle. The mean PABW and inter-root 
distance at the apical level were 4.28 mm and 3.66 mm,  
respectively (Table 1).

Half of the study population exhibited an IC pala-
tal opening at the level of the maxillary incisor apices. 
In 43.3% of the subjects, the IC palatal opening was 
below the level of the maxillary incisor apices, and 
in 6.7% of the participants, it was above the level of 
the maxillary incisor apices (Table 2).

A significant positive association was observed 
between IC/PP and incisor/PP angles (p < 0.01). Sim-
ilarly, a significant positive association was observed 
between IC width in the sagittal perspective and 
PABW at the apical level (p < 0.01). By contrast, there 
was no significant association between IC width in the 
axial perspective and the maxillary incisor inter-root 
distance at the apical level (p > 0.05) (Table 3).

Figure 1. Linear and angular measurements on the sagittal recon-
struction; 1 — incisor/palatal plane angle: the angle between the 
long axis of each central incisor and the palatal plane; 2 — palatal 
alveolar bone width at apex level: the palatal bone width at apical 
level of central incisor; 3 — the IC/PP angle: the angle between the 
long axis of the IC and the palatal plane; 4 — IC width at palatal 
opening: width of the incisive canal at palatal opening; 5 — the IC 
palatal opening level relative to the apex of the central incisors: the 
level was characterised into three types: below apex, at apex and 
above apex.

Figure 2. Linear measurements on the axial reconstruction; 1 — in-
cisive canal width at incisor’s apical level; 2 — inter-root distance 
at apex level of incisors: the distance between the two central 
incisor roots at the apical level.
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No significant association was observed between 
age and all measurements used to assess the maxillary 
incisors (p > 0.05) (Table 4). However, a significant 
negative association was observed between sex and 

PABW at the apical level (p < 0.001), and males ex-
hibited a stronger association than females (Table 4).

By contrast, age showed a significant positive 
association with IC width in the sagittal (p < 0.05) 
and axial perspectives (p < 0.01) and a negative 
association with IC level relative to the incisor apices 
(p < 0.05). Sex was significantly associated with the 
IC/PP angle and IC width in the sagittal perspective (p 
< 0.01), and males exhibited a stronger association 
than females (Table 5).

DISCUSSION
The present study assessed the relationship be-

tween the maxillary incisors and the IC using CBCT. 
The results revealed a substantial association between 
the IC/PP and the incisors/PP angles and between IC 
width in the sagittal perspective and PABW at the 

Table 3. Association between incisive canal (IC) and the maxil-
lary central incisors

R-squared CC P-value

IC/PP 
Incisor/PP

0.084 0.289 0.001*

IC width at sagittal view
PABW at apex level

0.083 0.288 0.001*

IC width at axial view
Inter-root distance at apex

0.028 0.166 0.07

Significance level: *p < 0.01, CC — correlation coefficient; PP — palatal plane,  
PABW — palatal alveolar bone width

Table 2. Number and percentages of incisive canal (IC) level to 
maxillary incisors apex level

IC level to incisors’ apex N (%)

Below apex 52 (43.3%)

At apex 60 (50.0%)

Above apex 8 (6.7%)

Total 120 (100%)

Table 5. Association between the assessed variables for the incisive canal (IC) according to gender and age

P-value — according to gender P-value — according to age

R-squared CC P-value R-squared CC P-value

IC/PP 0.076 –0.276 0.001** 0.001 –0.037 0.343

IC width sagittal view 0.087 –0.295 0.001** 0.027 0.165 0.036*

IC width axial view 0.001 –0.034 0.357 0.086 0.293 0.001**

IC level to incisors’ apex 0.003 0.055 0.275 0.023 –0.153 0.047

Significance level: *p < 0.05, **p < 0.01, CC — correlation coefficient; PP — palatal plane, PABW — palatal alveolar bone width

Table 4. Association between the assessed variables for the incisors according to gender and age

P-value — according to gender P-value — according to age

R-squared CC P-value R-squared CC P-value

Incisor/PP 0.010 –0.101 0.136 0.022 0.147 0.054

PABW at apex level 0.115 –0.339 0.000* 0.000 –0.008 0.465

Inter-root distance at apex 0.000 –0.018 0.422 0.015 –0.121 0.094

Significance level: *p < 0.001, CC — correlation coefficient; PP — palatal plane, PABW — palatal alveolar bone width

Table 1. Mean and standard deviations for the incisive canal 
(IC) and the maxillary central incisors measurements

Mean SD 

IC measurements

IC/PP [°] 111.17 8.06

IC width in sagittal view [mm] 3.82 1.07

IC width in axial view [mm] 3.82 0.91

Maxillary incisors measurements

Incisor/PP [°] 116.88 9.50

PABW at apex level [mm] 4.28 1.69

Inter-root distance at apex [mm] 3.66 1.53

PP — palatal plane; PABW — palatal alveolar bone width; SD — standard deviation
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apical level. Age was an influencing factor for the 
IC dimensions including IC width in the sagittal and 
axial perspectives and IC level relative to the incisor 
apices. By contrast, sex was an influencing factor for 
changes in the IC/PP angle, IC width in the sagittal 
perspective, and PABW at the apical level. 

The morphologic aspects of the maxillary central 
incisors and their proximity with the IC have been 
evaluated using CBCT in many studies [4, 8]. Chatri-
yanuyoke et al. [4] examined the proximity of the IC 
to the roots of the maxillary central incisors (MCIR) in 
120 subjects. They observed that the mean IC-to-MCIR 
distances were greater at the apex than at the mid-
root level and greater in male subjects than in female 
subjects. They also observed that the IC length was 
significantly affected by age. Thus, dental procedures 
at the maxillary central incisor mid-root region require 
more precautionary measures, especially in younger 
and female patients, to avoid IC penetration [4]. 

By contrast, Gull et al. [8] found a significant as-
sociation between inter-root distance and palatal IC 
opening. However, the present study did not show 
any association between the inter-root distance at the 
apex and IC width, age, or sex. Such variability in the 
results might indicate that it is important to assess 
the maxillary incisor roots and their relationship with 
the surrounding structures using three-dimensional 
evaluation to avoid probable complications in each 
case wherein retraction of incisors is considered.

Panda et al. [20] used CBCT to determine the in-
fluence of different sociodemographic characteristics 
such as age, ethnicity, edentulism, and sex on the IC 
dimensions and anterior maxillary bone width among 
300 Indian patients. They reported that age had  
a significant influence on the mean frontal maxillary 
bone thickness. Subjects aged 16 to 25 years had 
greater bone width than those aged above 45 years 
[20]. By contrast, the present study did not show 
any association between age and bone thickness. 
Panda et al. [20] also reported that sex had a pivotal 
influence on the diameter of the IC foramen. Male 
subjects exhibited greater foramen diameter than 
female subjects. Similar findings were observed in 
the present study.

In a previous study, the association between the 
frontal IC ridge conformation and incisor implant 
placement was determined for both dentulous and 
partially edentulous individuals. Edentulous subjects 
exhibited lower bone thickness at the level of the IC 
compared to dentulous subjects [9]. This indicates 

that the probability of IC damage in elderly patients 
is greater during implant placement in patients with 
missing incisors. Although this variable was not as-
sessed in the present study, IC width and length 
relative to the roots of the maxillary incisors seem to 
change with age, as confirmed in the present study. 
Thus, a more cautious and in-depth assessment is im-
portant in elderly patients before dental procedures.

CONCLUSIONS
A significant positive association was observed 

between IC/PP and incisor/PP angles. 
A significant positive association was observed 

between IC width and PABW at the apical level. 
No significant association between IC width and the 

maxillary incisor inter-root distance at the apical level.
No significant association was observed between 

age and all measurements used to assess the maxillary 
incisors. By contrast, age showed a significant positive 
association with IC width and axial perspectives, and 
a negative association with IC level relative to the 
incisor apices.

Sex was significantly associated with PABW at the 
apical level, the IC/PP angle and the IC width.
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Background: The knowledge of dimensions of the symphysis is important for 
morphological and orthodontic studies. This research evaluates the association 
between mandibular symphysis dimensions and anteroposterior and vertical 
skeletal patterns in adults. 
Materials and methods: This cross-sectional cephalometric study included 90 
lateral cephalograms of untreated subjects presenting for orthodontic treatment. 
The inclusion criteria were adults with lateral cephalograms showing the sym-
physeal region and anterior cranial base. One investigator traced and analysed 
all cephalograms. Symphyseal height, thickness, and ratio between height and 
thickness were measured in relation to seven anteroposterior and vertical skeletal 
measurements in females and males. 
Results: Symphyseal measurements were associated with SNAo (anteroposterior) 
in females and Gonial angle (vertical) in males. When analysed by anteroposterior 
skeletal classification (ANBo), no significant differences in symphyseal dimensions 
were found. Multiple linear regression analyses showed that Gonion-Nerve (mm) 
and Gonial angle were significantly associated with symphyseal height. Go-
nion-Nerve (mm), basal bone width (mm), and alveolar bone height (mm) were 
associated with symphyseal thickness. Basal bone width (mm) and alveolar bone 
height (mm) were associated with symphyseal ratio. 
Conclusions: Symphyseal dimensions were significantly associated with vertical 
but not anteroposterior skeletal patterns. Future studies are warranted to evaluate 
the Gonion-Nerve measurements concerning the symphysis in relation to vertical 
and anteroposterior skeletal patterns. (Folia Morphol 2022; 81, 2: 464–471)

Key words: mandible, skeletal patterns, dimensions, symphysis

INTRODUCTION
The mandibular symphysis plays an essential role in 

determining the profile of patients and is important part 
of the mandible anatomy. The boundaries of the den-
toalveolar symphysis can define the limits of orthodontic 

tooth movement since larger symphysis may allow for 
the proclination of the lower incisors [2]. Hence, the 
dimensions of the mandibular symphysis can serve as 
important diagnostic tool in the orthodontic treatment 
planning because of its anatomical importance.
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The growth of the symphysis shows changes 
from childhood to adulthood in both sexes. Males 
demonstrate larger and later changes in symphyseal 
dimensions as compared to females [2]. With age, 
the symphyseal angle (measured between the man-
dibular plane and a line between the lowest point on 
the symphysis, or Menton and the deepest point on 
the anterior concavity of the symphysis, or B-point) 
decreases and the reduction is more significant in 
males than in females [2]. Also as age increases, the 
ratio between symphysis height and thickness also 
increases [2]. Symphysis ratio is important for the 
assessment of chin morphology. A smaller symphysis 
ratio, more common in males, indicates a prominent 
chin while a larger ratio denotes a receding chin [2]. 

Studies have found that symphysis ratio and mor-
phology are strongly associated with mandibular 
growth direction, especially in males [2, 12]. Dol-
icofacial subjects (with long face) have thinner and 
longer dentoalveolar and basal symphyses and great-
er lingual dentoalveolar inclination than brachyfacial 
subjects (with short face) [4]. The average thickness of 
the symphysis at the mandibular incisor apex region 
is 7.32 mm, 8.72 mm, and 9.94 mm in dolicofacial, 
mesofacial and brachyfacial groups, respectively [4]. 

Moreover, vertical skeletal pattern may also influ-
ence symphysis height. A study by Ceylan et al. [7] 
found that mandibular dentoalveolar heights and 
symphyseal height and area were greater in individu-
als with open bites and shorter and wider in subjects 
with deep bites. Overall, males showed greater ver-
tical growth rate than females in the upper 20% of 
the symphysis. The average height of the symphysis 
in adults with normal occlusion and well-balanced 
faces is 47 mm in males and 42.5 mm in females [4]. 

The symphysis may be affected by anteroposterior 
skeletal classification. Class I skeletal pattern has normal 
relationship of the maxilla (SNA) to the mandible posi-
tion (SNB) measured by ANB angle. Class II skeletal pat-
tern has backward position of mandible (large ANB val-
ue) and class III has advanced position of the mandible 
(less ANB value). Previous literature found that class III  
skeletal pattern is associated with smaller angle of the 
anterior concavity of the symphysis compared to class 
I and II. Also, the alveolus of the mandibular incisor is 
closer to the mandibular plane. Class III subjects also 
have larger symphysial area than class I or II [5].

Evaluating the symphyseal height, thickness, and 
ratio is essential knowledge to the anatomy and mor-
phology of the mandible. The aim of this study was 

to evaluate the symphyseal morphology in adults 
presenting with different anteroposterior and vertical 
skeletal patterns. We hypothesized that there will be 
no significant association between symphyseal and 
skeletal features.

MATERIALS AND METHODS
This cross-sectional cephalometric study was con-

ducted between 2016 and 2017 using lateral cepha-
lograms selected from Caucasian subjects presenting 
for orthodontic treatment at one orthodontic clinic. 
Ethical approval was obtained from the University at 
Buffalo Institutional Review Board (#419644-4). The 
inclusion criteria were adults 18 years old or above 
with pre-treatment lateral cephalograms that clearly 
displayed the symphyseal region and anterior cranial 
base. Exclusion criteria were history of orthodontic 
treatment or orthognathic surgery, missing teeth 
other than third molars, craniofacial anomalies or 
syndromes, musculoskeletal disorders, and histo-
ry of trauma. Sample size estimation showed that  
a minimum of 85 records were needed to detect  
a correlation of r = 0.3 or above between variables 
with a significance level of 5% and power of 80%. 

A total of 90 lateral cephalograms met the in-
clusion criteria for this study from a pool of 5299 
pre-treatment records organised by year. The sample 
included 44 females and 46 males with age range 
of 18–44 years old. Lateral cephalograms then were 
traced and analysed by one author (H.M.) using Dol-
phin imaging software (Version 11.7.05.66 Premi-
um; Dolphin Imaging and Management Solutions, 
Chatsworth, California). The study used modified 
landmarks from those presented by Chung et al. [8] 
and Suri et al. [17] (Fig. 1). The posterior alveolar point 
(PAP), the most inferior and posterior point on the 
anterior border of the ramus, as defined by Suri et al. 
[17] was hard to locate on the cephalograms. There-
fore, a modification to this analysis was made. The 
analysis utilised the bisecting line of the Gonial angle 
(formed by lines tangent to the lower and posterior 
parts of the mandible) to locate the ‘nerve’ point. 
This point is the intersection of that line with inferior 
alveolar nerve. Ten linear and angular measurements 
were used for this study. Symphyseal measurements 
included the height, thickness, and ratio of height to 
thickness. Anteroposterior and vertical skeletal meas-
urements included the SNAo, SNBo, ANBo, alveolar 
bone height (mm), basal bone width (mm), Ar-Go- 
-Meo (Gonial angle), and Gonion-Nerve distance (mm). 
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statistical analysis

Ten cephalograms were randomly chosen and 
re-measured by one author (H.M.) to assess the in-
tra-examiner reliability using intraclass correlation 
coefficient (ICC). Data were analysed using SPSS soft-
ware (PASW statistics version 19). Pearson correlation 
coefficients between each of the independent varia-
bles (ANBo, SNAo, SNBo, alveolar height, basal width, 
Gonial angle, and Gonion-Nerve distance) with the 
dependent variables (symphysis height, thickness, 
and ratio) were assessed. Correlations between an-
teroposterior skeletal classification and symphyseal 
variables were calculated according to ANBo values 
(1–4o = class I; more than 4o = class II; and less than 
1o = class III). Correlation strengths were analysed 
according to Evans [9]. Multiple linear regression 
analyses were conducted to determine strength of 
association between symphyseal height, thickness, 
and ratio with multiple independent variables. Sig-
nificance was set at 5%. 

RESULTS
intra-examiner reliability

There was significant correlation between the 
repeated measurements for all variables with the ICC 
ranging from 0.97 to 0.82 (Table 1). 

descriptive statistics

Table 1 presents the mean skeletal measurements 
according to sex. Overall, the mean ANBo was 2.3o 
(standard deviation [SD] of 3.1). The mean SNAo and 
SNBo were 82.5o (SD of 3.8o) and 80.2o (SD of 3.95o), 
respectively. Significant differences between males 
and females were noted for ANBo (p = 0.003) and 
Gonion-Nerve distance (p < 001). 

Table 2 presents the means for the outcomes 
of interest: symphysis height, thickness, and ratio 
according to sex. They were significantly different 
between females and males with a general trend 
of being smaller in females compared to males. For 
example, the symphyseal thickness in females was 

Figure 1. Landmarks and measurements used in this study. N — nasion; S — sella; Point A — subspinale; Point B — supramentale; Id — 
infradentale; Pg — pogonion; Gn — gnathion; Me — mention; Go — Gonion. Other Landmarks: Gonial Angle — formed by the intersection 
of 2 lines; one from Menton (Me) to Inferior Gonion (Inf Go) and the other from Condyle Posterior (Cond Post) to Posterior Gonion (Post Go); 
Nerve (Ne) — formed by a line that bisects Gonial angle (formed by the intersection of the previous two lines which intersects with inferior 
alveolar nerve at Ne); Bl2 — the point of intersection of a line drawn from Ne to B, with the lingual surface of symphysis; saj2 — the mid-
point of a line drawn from Bl2 to B; Pgl2 — the furthest point on the lingual contour of the symphysis, located by the largest perpendicular 
distance from a line drawn from the saj2 to Me; malv — middle point of a line drawn from Idl to ld. Mandibular measurements: alveolar height 
— distance of a line drawn from malv to saj2; symphyseal height — the line drawn from saj2 to Me; symphyseal thickness — the sum of 
the distances of the perpendiculars from Pg and Pgl2 to a line drawn from saj2 to Me; basal width — distance of a line drawn from Bl2 to B; 
Gonial angle: angle formed by the intersection of two lines (Post Go-Condyle Posterior and Me-Inf Go); Gonion-Nerve (mm): distance from the 
intersection of two lines (Post Go-Condyle Posterior and Me-Inf Go) and Ne point in mm.
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less than males by about 1 mm (p = 0.005). Table 3 
presents the measured values in each skeletal class.

Association between symphysis measurements 
and skeletal morphology

Table 4 shows the correlations between symphysis 
dimensions and multiple skeletal measurements. In 
females, there was a statistically significant but weak 
correlation between SNAo and symphyseal height  
(r = 0.35, p = 0.021) and symphyseal thickness (r = 0.4,  
p = 0.021). There was also a strong inverse rela-
tionship between symphyseal ratio and basal width  
(r = –0.71, p < 0.001). In males, significant corre-
lations were noted between the three symphyseal 
measurements and Gonial angle. Table 5 presents the 
correlation between anteroposterior skeletal classifi-
cation by ANBo and the three symphyseal dimensions. 
None of the correlations was statistically significant. 

Three multivariate models were produced using 
stepwise multiple regression analysis for symphyseal 
height, thickness, and ratio. The first model (Table 5) 
used the symphyseal height as the dependent var-

iable, Gonion-Nerve (p < 0.001), and Gonial angle  
(p = 0.005) were the only significant variables. 
For every 1 mm increase in Gonion-Nerve, the 
symphysis height increases by 0.37 mm and for 
every 1 degree increase in the Gonial angle, the 
symphysis height increases by 0.11 mm. For sym-
physeal thickness, basal width (p < 0.001), Go-
nion-Nerve (p = 0.01), and alveolar height (p = 0.18)  
showed statistical significance. The symphyseal 
thickness relationship was proportional to ba-
sal width and inverse to alveolar height. Basal 
bone width (p < 0.001) and alveolar bone height  
(p = 0.015) showed significant association with 
symphysis ratio (Table 6).

DISCUSSION
This study was conducted to determine associa-

tions between symphysis height, thickness, and ratio 
and multiple skeletal variables and using a modified 
analysis from two previous studies [8, 17]. The mod-
ified analysis utilised the bisecting line of the Gonial 
angle to locate the landmark ‘nerve’ point. This land-

Table 1. Mean anteroposterior and vertical skeletal measurements in females (n = 44) and males (n = 46)

Variable Sex Mean SD Median Significance*

ANBo Female
Male

3.29
1.37

2.85
3.15

3.55
.8

0.003

SNAo Female
Male

83.12
81.82

3.8
3.65

82.9
81.65

0.103

SNBo Female
Male

79.84
80.47

4.23
3.69

80.15
80.15

0.448

Ar-Go-Meo Female
Male

123.35
121.44

6.98
9.35

122.35
123.3

0.277

Alveolar bone height [mm] Female
Male

12.71
13.4

2.82
2.57

12.45
13.15

0.226

Basal bone width [mm] Female
Male

7.11
7.32

1.47
1.76

7.2
7.5

0.536

Gonion-Nerve [mm] Female
Male

16.68
19.28

3.03
3.06

16.95
19.15

< 0.001

*Independent t-test, p < 0.05; SD — standard deviation

Table 2. Mean symphyseal measurements in females and males

Variable Sex Mean Standard deviation Median Significance

Symphyseal height [mm] Female
Male

18.25
21.22

2.2
2.04

18.1
21.5

< 0.001

Symphyseal thickness [mm] Female
Male

11.92
12.95

1.68
1.75

12.15
13.15

0.005

Height to thick ratio [%] Female
Male

1.55
1.67

0.22
0.28

1.53
1.63

0.029
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mark was more reproducible than the ramus body 
syncline ‘RBS’ point, which is formed by the inter-
section of the line from Gonion to posterior alveolar 
‘PAP’ point. PAP point is the most posterior inferior 
point on the anterior border of the ramus. Replacing 
PAP and RBS with the new landmarks increased the 
accuracy of data identification in this study.

Gonion-Nerve measurement represents the inter-
section of the ramus with the body of the mandible. 
Its correlation with the symphyseal height demon-
strates that when the Gonion-Nerve distance in the 
posterior mandible is increased, the height will in-
crease in the anterior of the mandible. Also, as the 
Gonion-Nerve distance increased, the thickness of the 

Table 3. Mean symphyseal measurements in each skeletal classification 

Variable Class N Mean Standard deviation Median

Symphyseal height [mm] Class III
Class I
Class II
Total

33
29
28
90

20.4
19.32
19.48
19.77

2.5
2.34
2.85
2.59

20.2
19.5
19.1
19.5

Symphyseal thickness [mm] Class III
Class I
Class II
Total

33
29
28
90

12.43
12.27
12.65
12.45

1.99
1.68
1.66
1.78

12.7
12.2
12.7
12.5

Height/thick ratio [%] Class III
Class I
Class II
Total

33
29
28
90

1.68
1.59
1.55
1.61

0.3
0.21
0.23
0.26

1.63
1.62
1.55
1.6

Table 4. Correlations between symphyseal measurements and skeletal pattern in females and males

Symphyseal measurement Correlation ANBo SNAo SNBo Ar-Go-Meo Alveolar 
height [mm]

Basal width 
[mm]

Gonion-Nerve 
[mm]

Females (n = 44)

Symphyseal height r
Sig.

0.18
0.252

0.35
0.021

0.19
0.206

–0.05
0.751

–0.02
0.881

–0.12
0.435

0.21
0.175

Symphyseal thickness r
Sig.

0.22
0.252

0.4
0.021

0.21
0.206

–0.1
0.751

–0.16
0.881

0.57
0.435

0.15
0.175

Height/thickness ratio r
Sig.

–0.09
0.566

–0.14
0.367

–0.07
0.669

0.06
0.721

0.15
0.343

–0.71
< 0.001

0.01
0.969

Males (n = 46)

Symphyseal height r
Sig.

0.1
0.518

0.13
0.374

0.05
0.754

0.37
0.012

–0.14
0.355

–0.22
0.134

–0.08
0.598

Symphyseal thickness r
Sig.

0.2
0.190

0.14
0.345

–0.03
0.870

–0.49
0.001

–0.23
0.124

0.68
< 0.001

0.36
0.033

Height/thickness ratio r
Sig.

–0.18
0.230

–0.07
0.652

0.08
0.584

0.66
< 0.001

0.15
0.311

–0.75
< 0.001

–0.3
0.040

Table 5. Correlations between symphyseal measurements and sagittal skeletal classification

Anteroposterior skeletal pattern Correlation Symphyseal height Symphyseal thickness Height/thick ratio

Class I (n = 29) r
Sig.

0.04
0.831

0.06
0.751

0.003
0.990

Class II (n = 28) r
Sig.

0.06
0.765

0.12
0.548

–0.04
0.850

Class III (n = 33) r
Sig.

0.29
0.108

0.18
0.311

–0.08
0.662
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symphysis also increased (p = 0.002). So, measuring 
the Gonion-Nerve can give an estimate of both the 
height and thickness of the symphysis. Future studies 
are warranted to fully investigate this measurement 
in its correlation with symphyseal dimensions. 

This study found sexual dimorphism in regard 
to mean symphyseal heights. The mean symphyseal 
height was greater in males (21.22 mm) compared 
to females (18.25 mm). This result is supported by 
another study which found that the symphyseal ver-
tical dimension is larger in males than females [11]. 
Moreover, the height to thickness ratio was close to 
1.5 in both males and females suggesting that overall, 
normal height is 1.5 times larger than the thickness. 
This is different form a previous study that reported 
that symphysis ratio is smaller in males compared to 
females [2]. This could be attributed to the differences 
in sample ethnicity and methodology applied in the 
two studies.  

his study assessed the correlation between an-
teroposterior skeletal pattern and symphysis dimen-
sions. There was no significant relationship between 
symphysis height, thickness or ratio and ANBo, SNAo, 
or SNBo in both males and females except for SNAo. 
This variable had a weak to moderate correlation 
with symphyseal height and thickness but not ratio 
in females. 

When ANBo was analysed categorically, no signif-
icant associations were noted between ANBo values 
in each skeletal class and symphysis height, thickness, 

or ratio. This disagrees with Torgut and Akan [19] 
who found that symphyseal vertical development is 
negatively related to ANBo. It also contradicts with 
Al-Khateeb et al. [3] results who found a significant 
relationship between skeletal class III and the vertical 
dimension of the mandibular symphysis. Al-Khateeb 
et al. [3] used a different line extending between point 
infradentale, which is the most anterior superior point 
on the buccal alveolar crest of the mandible, and 
Menton to measure the total length of the mandib-
ular symphysis. Thus, combining both the symphysis 
and alveolus in the total length of the mandibular 
symphysis. Meanwhile, in this study, the alveolus and 
the symphysis were separated by line B to Bl2. The 
symphysis length is the distance from the midpoint 
of a line connecting B to Bl2, or saj2, to Menton. 

A recent study evaluated symphyseal dimensions 
according to sagittal and vertical skeletal relationships 
in both genders. It found that males had increased 
mandibular symphysis surface area and linear di-
mensions compared to females. Also, subjects with 
skeletal class II relationship had greater dentoalveolar 
length compared to those with class I and III. Chin 
length was also greater in subjects with average man-
dibular plane angle [14].

Our study found a strong positive correlation  
(p < 0.001) between Gonial angle and symphysis ratio 
in males as compared to females (p = 0.721). This is 
expected since symphysis ratio is the height divided 
by thickness and thus the ratio would be greater in 

Table 6. Multiple linear regression models for association between symphyseal measurements and skeletal pattern

Model Unstandardised coefficients Standardised coefficients t Significance Adjusted R2

B Standard error Beta

Symphyseal height [mm] 0.14

(Constant) 0.16 5.61 0.03 0.977

Gonion-Nerve 0.37 0.09 0.47 3.96 < 0.001

Ar-Go-Me (Gonial angle) 0.11 0.04 0.34 2.88 0.005

Symphyseal thickness [mm] 0.44

(Constant) 7.45 1.07 6.96 < 0.001

Basal bone width 0.63 0.09 0.57 6.96 < 0.001

Gonion-Nerve 0.12 0.05 0.22 2.64 0.010

Alveolar bone height –0.13 0.05 –0.2 –2.42 0.018

Height to thickness ratio [%] 0.51

(Constant) 2.19 0.13 17.3 < 0.001

Basal bone width –0.11 0.01 –0.7 –9.44 < 0.001

Alveolar bone height 0.018 0.01 0.18 2.48 0.015
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hyperdivergent subjects. Similar to our study, Aki et 
al. [2] divided the chin into symphyseal and alveolar 
components utilizing B-point, and showed that in 
individuals with receding chins, the symphysis ratio, 
Gonial angle, and both the lower and anterior facial 
height would be large. In high angle patients, den-
toalveolar compensation of the alveolar bone occurs 
by vertical lengthening [16]. This compensation is 
further explained in previous studies [3, 5] which 
have attributed vertical growth of the symphysis to 
the supraeruption of dentition due to the absence of 
antagonist teeth in open bite cases.

The Gonial angle showed a significant negative 
correlation to symphysis thickness (p = 0.001). This 
relationship can be demonstrated in deep bite cases 
that have smaller values for Gonial angle [7] where 
the increase in thickness could be attributed to the 
masseter muscle hyperfunction [18]. This also explains 
the larger ratio in open bite cases that have no incisor 
contact [2].

This study found no correlation between alveolar 
bone height and symphyseal height, thickness, or 
ratio in both genders. This might be due to the fact 
that alveolar bone height is mainly affected by lower 
incisor position and root length (measured from mid-
point of the CEJ line to the midpoint of B-Bl2 line) [20], 
independent of symphyseal height. This study however, 
only assessed height and not thickness of the alveolar 
bone. Foosiri et al. [10] evaluated alveolar thickness in 
relation symphyseal ratio and found that the ratio is 
negatively correlated with buccal and lingual alveolar 
bone thickness. Future studies may consider evaluating 
both dimensions of the alveolar bone.

The multiple linear regression model for symphysis 
height showed a statistically significant association 
with Gonial angle and Gonion-Nerve measurements, 
rejecting the hypothesis of this study. This finding was 
confirmed in previous studies [6, 15] and is also con-
sistent with Kasai et al. [13] who showed a positive 
relationship between Gonial angle and symphyseal 
height. Moreover, Ahn et al. [1] found that vertical 
skeletal dimension was related to the symphyseal 
morphology more than transverse or anteroposteri-
or dimensions. Therefore, it can be concluded that 
individuals long anterior face height had elongated 
symphysis, and those with short face height have 
wide symphysis. Regarding the multiple regression 
model for symphyseal thickness, basal bone width 
and alveolar bone height were entered in addition to 
Gonion-Nerve. Basal bone width is more related to 

symphysis thickness, as it is measured more superior 
and parallel to symphysis thickness on the cephalo-
grams. In terms of the model for symphysis ratio, 
basal width and alveolar height were significantly 
associated with the ratio of height to thickness.

Limitations of the study

This study had several limitations. The study used 
two-dimensional lateral cephalograms and did not 
assess the structures in all three-dimensions. Also, due 
to the stringent inclusion criteria applied in this study, 
the sample size included was small. Large future 
three-dimensional studies are warranted to confirm 
the results and to evaluate additional variables in 
relation to symphyseal dimensions. Further studying 
of Gonion-Nerve in individuals with different anter-
oposterior skeletal patterns is recommended to fully 
understand the association between this variable and 
symphysis dimensions. This study shed light on the 
morphological features of the mandibular symphysis. 
These features can be assessed clinically to ensure 
proper orthodontic diagnosis and planning and to 
prevent movement of teeth out of the symphyseal 
envelope during treatment.

CONCLUSIONS
 The mean symphyseal height, thickness, and ratio 

of height to thickness were significantly greater in 
males than in females.

Symphyseal height, thickness, and ratio were not 
significantly associated with anteroposterior skeletal 
classification (ANBo).

Symphyseal height, thickness, and ratio were 
significantly associated with Gonial angle (vertical 
skeletal pattern), Gonion-Nerve, basal bone width, 
and alveolar bone height. 

Future studies are warranted to evaluate Gonion- 
-Nerve measurements concerning the symphysis in 
relation to different skeletal pattern. 
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Background: The aims of this study were to evaluate the association between 
mandibular divergence and facial soft tissue thickness (FSTT) measured at different 
profile levels, and the gender difference in FSTT. 
Materials and methods: Lateral cephalograms were used to examine nine linear 
distances: the glabella area (G-G1), nasal (N-N1) and subnasal area (A-Sn), upper 
(Sd-Ls) and lower lip thickness (Id-Li), mentolabial sulcus (B-Sm), chin area (Pg- 
-Pg1), gnathion area (Gn-Gn1) and menton area (Me-Me1) in 155 adult Cauca-
sian subjects (79 males, 76 females) from the central Balkan area. Subjects were 
divided into three groups according to the ANB angle, Wit’s appraisal and SN/
GoGn angle into normodivergent (28 male, 27 female subjects), hypodivergent 
(26 males, 25 females) and hyperdivergent (25 males, 24 females). 
Results: Progressive decreasing in the soft tissue thickness from hypo- towards 
hyperdivergent group was established in N-N1, A-Sn, Gn-Gn1, Me-Me1. There are 
significant differences in Gn-Gn1 and Me-Me1 (p < 0.02). Progressive increasing 
of FSTT happens only at the level of mentolabial sulcus and these differences 
are significant. Significant gender differences were established for the following 
distances: N-N1 in hyperdivergent, A-Sn in all three examined groups, the upper 
lip thickness in normo- and hyperdivergent, the lower lip thickness in hypodiver-
gent, the thickness of mentolabial sulcus in hypo- and normodivergent, Pg-Pg1 
in hyperdivergent and Me-Me1 in normodivergent subjects (p < 0.05). 
Conclusions: Facial soft tissue thickness showed a various degree of dependence 
on vertical developmental pattern at different levels of measurement. The areas 
whose thickness is significantly conditioned by this pattern were established: 
the chin area at level Gn-Gn1, Me-Me1 and the region of the mentolabial sulcus  
(B-Sm). At most levels, male subjects have thicker soft tissues and these differ-
ences are significant for all three groups in the subnasal area. (Folia Morphol 
2022; 81, 2: 472–480)

Key words: mandibular divergence, soft tissue thickness, face
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INTRODUCTION
Facial contours are traditionally considered to be 

a result of the position of basic dentoskeletal tissue 
followed by soft tissue [19]. However, a contemporary 
approach shows a change in this attitude in terms 
of variability of the thickness of the covering soft 
tissue, which does not only passively follow the bone 
tissue. The covering soft tissues of the face (skin, fat 
and muscles) can develop proportionately or dispro-
portionately relative to the corresponding skeletal 
structures. Variations can include thickness, length 
and the tone of soft tissue and they are conditioned 
by the sex, age, race and ethnicity, as well as the 
growth pattern [17, 22–24].

The influence of sagittal developmental pattern on 
the facial soft tissue thickness (FSTT) was proven in 
multiple contemporary studies. Increased soft tissue 
thickness was reported where there is anteroposterior 
skeletal jaw deficiency [2, 18]. Where there is not  
a jawbone deficiency, there are the greatest gender 
differences in the soft tissue thickness [16].

However, according to the latest knowledge, ver-
tical pattern of growth also affects the relationship 
between the bone tissue and covering soft tissue. 
According to the type of mandibular divergence, faces 
can be hyperdivergent (high angle-mandibular clock-
wise rotation) (Fig. 1), hypodivergent (low angle-man-
dibular counterclockwise rotation) (Fig. 2) and average, 
normodivergent faces (normal angle) (Fig. 3).

Developmental changes of cranial base and man-
dibular ramus with condyle and gonial angle deter-
mine the direction in which vertical face development 
will dominate. The characteristics of hyperdivergent 
growth are increased gonial angle, retroflexion of 
condyles in relation to mandibular ramus, decreasing 
in the length of the back part of cranial plane and the 
decreasing of the angle of cranial base. This exces-
sive vertical growth may result in a gummy smile, lip 
incompetence and elongated face. In hypodivergent 
growth, these changes are reverse. There is a lack of 
vertical growth which can lead to the excessive expo-
sure of incisors, deep bite and the reduced lower third 
of the face [1, 5, 25]. In normal divergence growth, 
vertical face growth is harmonious in relation to the 
growth in other directions.

The behaviour of soft tissue in relation to mandib-
ular divergence pattern was mostly researched in the 
chin area. Therefore, decreased chin prominence in 
vertical growth pattern was established; in horizontal 
growth pattern there is a normal or increased chin 

prominence by virtue of the mandibular counterclock-
wise rotation [6]. According to Shinde et al. [21], soft 

Figure 1. Lateral cephalogram of hyperdivergent pattern.

Figure 2. Lateral cephalogram of hypodivergent pattern.

Figure 3. Lateral cephalogram of normodivergent pattern.
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tissue chin thickness adjusts to the position of skeletal 
chin and it is different at various levels of the chin. 
Divergent patterns of the mandible not only affect the 
soft tissue chin thickness, but they can cause changes 
in the length and thickness of the upper lip [6].

The aims of this study were to evaluate the fol-
lowing in adult patients: 1) the association between 
mandibular divergence and FSTT measured at dif-
ferent profile levels and 2) the difference in FSTT 
between males and females.

MATERIALS AND METHODS
A cross-sectional, comparative, descriptive clinical 

study was undertaken, which was approved by the 
Faculty of Medicine in Niš under the general project 
title of Clinical and Experimental Examination of the 
Stomatognathic System and Modern Therapeutic Pro-
cedures, Project Number 11, from March 8, 2017, 
Niš, Republic of Serbia. All patients provided written 
informed consent to participate in the study.

This study included the examination and the analy-
sis of cephalometric radiography-derived lateral ceph-
alograms to evaluate FSTT for 155 adult Caucasian 
orthodontic patients (79 males, 76 females) from the 
mid-Balkan region, which were taken from the patient 
archives. Cephalometric radiography-derived lateral 
cephalograms were recorded during routine diag-
nostic procedures for patients who were examined 
in the Department of Jaw Orthopaedics at the Clinic 
of Dentistry in Niš, who were aged between 18 and  
22 years, and who underwent orthodontic therapy  
for the first time. Patients were excluded from the 
study if they had a history of trauma, craniofacial 
anomalies, cleft lip and palate, forced bite and previ-
ous orthodontic, prosthetic or orthognathic surgical 
treatment.

All patients included in the study underwent a de-
tailed clinical assessment and analysis of their dental 
and skeletal profiles, as well as soft tissue profiles on 
cephalometric radiography. The equipment used for 
the imaging analysis was the Rotograf Plus (20090 
Buccinasco MI Italy) (number and series: 00036045), 
and the CEI-OPX/105 X-ray tube (CEI, Bologna) in 
March 2000, which had a protective filter (2.5 mm 
aluminum-equivalent). Lateral cephalometric films 
were taken from a distance of 165 cm from the tube, 
using a cephalostat to ensure rigid head fixation 
(head-holding device).

The patients were placed in the cephalostat in 
such a way that the sagittal plane of the head was 

at a 90° angle to the path of the X-rays. The Frankfort 
horizontal plane (it connects the upper edge of the 
external auditory orifice and the lowest point of the 
infraorbital edge) was parallel to the ground, the 
teeth were in a central occlusion position, and the 
lips were in a relaxed position. Each cephalogram 
was fixed on the viewing box with the profile to the 
right, and the acetate tracing paper was fixed by 
tape at the top. The soft tissue and skeletal features 
were traced manually in a darkened room, using  
a 0.5 mm lead pencil. All the image tracing was done 
by the main investigator.

Based on the values of ANB angle, Wit’s apprais-
al, SN/GoGn angle, 155 cephalograms were finally 
chosen for the study and three study groups were 
formed. The cephalometric ANB angle (the points 
that determined the ANB angle included point ‘N’, 
the nasion, located on the suture between the frontal 
and nasal bones; point ‘A’, the lowest point on the line 
between the anterior nasal spine and the prosthion 
[alveolar point]; and point ‘B’, the lowest point from 
the line between the infradentale and the pogonion 
[midline of the chin]) was the parameter that defined 
the mutual sagittal relationship between the upper 
and lower jaw as orthognathic (1° ≤ ANB ≤ 3°) and  
a Wit’s appraisal ± 1 mm were categorised as skeletal 
class I. Wit’s appraisal was used to overcome the limi-
tations of the ANB angle and entails drawing perpen-
diculars from points A and B onto the occlusal plane. 
The results of the Wit’s appraisal were evaluated in 
order to eliminate the possibility of the mandibular 
posterior rotation obscuring any skeletal anomalies in 
the patients with increased vertical direction values. 
For this purpose, the radiographs were excluded if 
the results from the ANB angle measurements and 
Wit’s appraisal did not coincide (Fig. 4).

S-N/Go-Gn — angle formed by lines S-N and Go-
-Gn and allows for the identification of relationship 
between the mandibular plane and the cranial base. It 
indicates the mandibular vertical developmental trend 
as it identifies the direction of mandibular growth 
rotation (Fig. 5).

According to this angle, the types are divided 
into hypodivergent group (angle value less than 26o 
in 26 male, 25 female subjects), normodivergent 
group (angle value between 26° and 38° in 28 males, 
27 females) and hyperdivergentgroup (angle value 
greater than 38° in 25 males, 24 females).

Each cephalogram was checked for its magnification 
and dealt with accordingly. Then, the soft tissue thick-
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ness was measured for each cephalogram at nine se-
lected distances (Fig. 6). The following areas were used:

 — the glabella area (G-G1) — the linear distance 
between the G point (the most prominent point 
on the frontal bone) and the soft tissue, or ana-
logue point (G1);

 — the nasal area (N-N1) — the linear distance be-
tween the N point and on the soft tissue, the 
deepest point of the root of the nose (N1);

 — the subnasal area (A-Sn) — the distance between 
point A (the most concave point of the anterior 
maxilla) and subnasale (the point at which the 
nasal septum merges with the upper lip);

 — upper lip thickness (Sd-Ls) — the distance between 
the Sd point (supradentale, prosthion — the most 
inferior anterior point on the maxillary alveolar pro-
cess between the central incisors) and the Ls (labrale 
superius — the most anterior point on the upper lip); 

 — lower lip thickness (Id-Li) — the distance between 
the Id point (infradentale — the highest point of 
the mandibulary alveolar process between the two 
central incisors) and Li point (labrale inferius — the 
most anterior point on the lower lip);

 — the sulcus mentolabialis (B-Sm), the distance be-
tween the B point (the most concave point on 
mandibular symphysis) and Sm (mentolabial sulcus 
— the point on greatest concavity in the midline be-
tween the labrale inferius and soft tissue pogonion);

Figure 4. Cephalometric planes and angles: ANB angle and Wit’s 
appraisal for the identification of mutual sagittal jaw relationship.

Figure 5. Cephalometric S-N/Go-Gn angle for the identification of 
mandibular divergence pattern. 

Figure 6. Nine soft tissue cephalometric landmarks (from top to 
bottom): G-G1, N-N1, A-Sn, Sd-Ls, Id-Li, B-Sm, Pg-Pg1, Gn-Gn1, 
Me-Me1.
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 — the chin area (Pg-Pg1) — the distance between 
the Pg point (the pogonion — the most prominent 
point of the chin), and soft tissue pogonion Pg1 
(the most anterior point on the soft tissue chin);

 — the gnathion area (Gn-Gn1) — the distance be-
tween bony Gn (gnathion — the lowest point 
on the anterior margin of the lower jaw in the 
midsaggital plane) and soft tissue Gn1 (the con-
structed midpoint between soft tissue pogonion 
and soft tissue menton);

 — the menton area (Me-Me1) — the distance be-
tween the Me (menton — at the junction between 
the mandibular symphyseal outline and the in-
ferior border of the mandibular body) and Me1 
point (soft tissue menton — lowest point on the 
contour of the soft tissue chin).
The values of the soft tissue thickness were meas-

ured with a digital calliper (in millimetres). All the 
measurements were randomly done once by an ex-
perienced orthodontist (principal investigator). Nine 
linear distances analysed statistically in the three 
groups of subjects and categorised according to gen-
der. The median values in males and females were 
compared in each group of subjects with different 
types of divergence.

statistical method 

Statistical analysis was performed by IBM SPSS 
statistical package (version 23). Significance of dif-
ferences between analysed groups was analysed by 
Kruskal-Wallis H test. Detected significant differences 
were additionally analysed by Mann-Whitney U test 
with p values modified according to Bonferroni cor-
rection (p < 0.02). Significance of gender differences 
in analysed groups were evaluated by Mann-Whitney 
U test.

RESULTS 
The values of the examined parameters, compared 

to vertical pattern and gender, are presented in Tables 
1, 2, and 3.

Group differences. Progressive decreasing of the 
soft tissue thickness from hypo- towards hyperdiver-
gent group was established in N-N1, A-Sn, Gn-Gn1, 
Me-Me1. There are significant differences in Gn-Gn1 
and Me-Me1 (p < 0.02). Progressive increasing of 
the soft tissue thickness happens only at the level of 
mentolabial sulcus and these differences are signifi-
cant (Tables 2, 3).

Gender differences. For the greatest number 
of the examined distances, there is a rule that the 

Table 2. Results of Kruskal-Wallis ANOVA test of the facial soft tissue thickness of groups with different mandibular divergence pattern

G-G1 N-N1 A-Sn Sd-Ls Id-Li B-Sm Pg-Pg1 Gn-Gn1 Me-Me1

Kruskal-Wallis H 2.838 3.407 0.429 1.243 1.576 13.768 2.635 15.412 8.236

df 2 2 2 2 2 2 2 2 2

Asymp. Sig. 0.242 0.182 0.807 0.537 0.455 0.001 0.268 < 0.001 0.016

Table 1. Median value of facial soft tissue thickness in subjects with different mandibular divergence pattern and group differences

Hypodivergent Normodivergent Hyperdivergent

N Median 25% 75% N Median 25% 75% N Median 25% 75%

G-G1 51 6.00 5.68 6.15 55 6.20 5.69 6.63 49 5.85 5.47 6.85

N-N1 51 6.78 6.15 6.97 55 6.53 5.72 7.15 49 5.88 5.34 7.24

A-Sn 51 15.99 13.30 16.35 55 14.91 13.70 16.69 49 14.58 13.16 16.35

Sd-Ls 51 14.82 13.86 15.63 54 15.14 13.44 16.70 49 14.59 12.60 16.93

Id-Li 51 15.25 14.44 16.68 55 15.91 14.34 17.08 49 15.60 14.28 17.21

B-Sm 51 10.44 9.84 10.99 55 11.03b 10.10 12.10 49 11.61d 10.18 12.63

Pg-Pg1 51 11.08 10.00 13.97 55 12.14 10.73 13.68 49 11.27 9.76 13.18

Gn-Gn1 51 9.80d 8.09 11.12 55 9.22 7.76 10.72 49 7.31 6.26 9.65

Me-Me1 51 8.29d 6.46 9.62 55 7.91c 6.75 8.81 49 7.10 5.49 8.67
bNormal vs. hypodivergent, p < 0.02; cnormal vs. hyperdivergent, p < 0.02; dhypo vs. hyperdivergent, p < 0.02
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larger values of the soft tissue thickness were re-
corded in males. The exception is G-G1 in normal 
and hypodivergent subjects; N-N1 and Gn-Gn1 in 
hypodivergent subjects, where the larger values were 
established in females. Significant gender differences 
were established for the following distances: N-N1 in 
hyperdivergent, A-Sn in all three examined groups, 
the upper lip thickness in normal and hyperdivergent, 
the lower lip thickness in hypodivergent, the thickness 
of mentolabial sulcus in hypo- and normodivergent, 
Pg-Pg1 in hyperdivergent and Me-Me1 in normodi-
vergent subjects (p < 0.05; Table 1).  

DISCUSSION
The basic issue in this research was, how do the 

covering soft tissues adjust to the mandibular diver-
gence? Do they passively follow the bone base, so 
that by ‘elongating’ the facial skeleton soft tissues 
become thinner? Or, similar to sagittal developmen-
tal pattern, soft tissues compensate for the vertical 
disharmony with their thickness? Ajwa et al. [2] and 
Jazmati et al. [10] think that variations in the soft 
tissue thickness are not correlated with craniofacial 

morphology. Kamak and Celikoglu [12] established 
that there are only differences in the lip area.

In general, the majority of studies reported that 
male subjects had thicker soft tissue than female sub-
jects with the variable degree of significance. In the 
present study, there are levels at which female sub-
jects have thicker soft tissues such is the level G-G1, 
for example, but these differences are not significant. 
Furthermore, the differences between various groups 
of divergence at G-G1 level do not show significance 
or a clear tendency of changes in thickness, going 
from hypo- towards hyperdivergent group. At level 
N-N1, there is already a slightly pronounced tendency 
of decreasing of soft tissue thickness. This phenom-
enon is more conspicuous in females, but without 
statistical relevance among groups. Significant gender 
differences were established only in hyperdivergent 
group. According to Al Mashadany et al. [4], the soft 
tissues thickness in glabella in males is insignificant-
ly larger in hypodivergent group. The majority of 
group differences were established between hypo- 
and hyperdivergent groups, which was confirmed 
by our study as well. On the other hand, the same 

Table 3. Descriptive statistics of the facial soft tissue thickness linear parameters in male and female subjects with different mandibu-
lar divergence pattern 

Gender Hypodivergent Normodivergent Hyperdivergent

N Median 25% 75% N Median 25% 75% N Median 25% 75%

Male

G-G1 26 5.98 5.85 6.19 28 6.08 5.65 6.47 25 5.94 5.51 7.08

N-N1 26 6.73 6.15 8.11 28 6.73 5.90 7.21 25 6.39a 5.70 7.54

A-Sn 26 16.34a 16.23 16.41 28 16.02a 14.91 17.29 25 16.00a 14.73 16.82

Sd-Ls 26 15.36 14.51 15.63 28 16.13a 15.05 17.45 25 16.15a 14.71 18.29

Id-Li 26 16.24a 15.46 17.89 28 16.22 14.81 17.17 25 16.46 14.82 18.12

B-Sm 26 10.68a 10.15 11.45 28 11.33a 10.84 12.77 25 11.62 11.08 13.14

Pg-Pg1 26 12.62 9.41 14.40 28 12.25 10.84 13.71 25 11.90a 10.49 13.30

Gn-Gn1 26 9.06 7.93 12.39 28 9.65 8.25 10.89 25 7.76 6.76 10.24

Me-Me1 26 8.47 6.22 9.62 28 8.15a 7.40 9.75 25 7.13 5.88 9.82

Female

G-G1 25 6.00 5.49 6.15 27 6.23 5.86 6.78 24 5.71 5.36 6.67

N-N1 25 6.78 5.38 6.97 27 6.43 5.71 6.98 24 5.59 5.13 6.50

A-Sn 25 14.30 11.45 15.64 27 14.17 12.61 14.62 24 13.36 11.81 14.54

Sd-Ls 25 13.91 10.59 15.20 27 13.85 12.45 15.22 24 13.16 11.93 14.49

Id-Li 25 14.64 13.49 14.99 27 15.17 14.12 16.81 24 15.15 13.69 16.15

B-Sm 25 10.27 9.47 10.72 27 10.58 9.90 11.49 24 10.90 9.92 12.20

Pg-Pg1 25 10.87 10.16 11.27 27 11.59 9.95 13.51 24 10.63 9.03 12.88

Gn-Gn1 25 9.80 8.45 11.12 27 8.64 6.81 10.30 24 6.90 5.75 8.38
aMales vs. females, p < 0.05
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author recorded significant difference at level N-N1, 
especially between hypo- and hyperdivergent group.

At level A-Sn, progressive decreasing in soft tis-
sue thickness happens, from hypo- towards hyper-
divergent pattern. This phenomenon is established 
in both gender, but group differences are not sig-
nificant. However, Khare and Niwlikar [13] reported 
that subjects with hyperdivergent growth will develop 
thicker soft tissue at this level, which is opposite to 
the current study. Males at this level had larger soft 
tissue thickness than females and these differences 
are significant for all three groups of divergence.

In the present study, the thickness of the upper 
and lower lip differs slightly among the groups of 
various divergences, and there are significant gen-
der differences for the upper lip in normal and hy-
perdivergent group, and for the lower lip in hypo-
divergent group in favour of males. According to  
Al Sajagh et al. [3], hyperdivergent females exhibited 
significantly larger lower lip thickness compared to 
the other two types of face, which was not the case 
in the present study — the average values in normal 
and hyperdivergent females differ insignificantly. In 
normodivergent males there is significantly larger 
upper lip thickness at level A-Sn and Sd-Ls, as well 
as for lower lip thickness Id-Li, compared to female 
subjects. The upper lip thickness at point A-Sn and 
Sd-Ls, and lower lip thickness in Li were significantly 
larger in males than in females [3], which is also 
similar to our results. Celikoglu et al. [7] established 
only in females smaller values of the thickness of the 
upper and lower lip of statistical relevance in hyperdi-
vergent group compared to the values in normodiver-
gent group. Furthermore, hypo- and normodivergent 
groups showed similar values of thickness. In males, 
there were not any statistically significant differences 
among various mandibular divergence patterns [7], 
which is similar to our results. Khatri and Sanap [14] 
established larger lower lip thickness in hyperdiver-
gent subjects in comparison to the hypodivergent, 
except from the fact that he examined subjects with 
skeletal class II. Feres et al. [9] established that soft 
tissue thickness of the upper and lower lip shows 
no differences in all morphological groups, whereas 
Ashraf et al. [6] established significant difference in the 
upper lip thickness only between hypo- and hyperdiver-
gent group. The larger values for the lip thickness were 
noticed in the hypodivergent group. It was determined 
that the difference in the upper lip thickness is statis-
tically significant among the three examined groups. 

The discrepancy between our and other findings may 
be the result of racial differences, age group taken for 
the study and the size of the sample [6, 11]. 

The mentolabial sulcus area shows the opposite 
tendency compared to the other levels of measure-
ment. This area increases the thickness going from 
hypo- towards hyperdivergent groups. According 
to Al Sajagh et al. [3], male hyperdivergent subjects 
have significantly larger soft tissue thickness at level 
B-Sm compared to normal and hypodivergent, which 
is similar to our results. This phenomenon of the in-
creasing of the soft tissue thickness of mentolabial 
sulcus in hyperdivergent growth pattern, in which the 
majority of average thicknesses showed the smallest 
values, can be explained by the hypertrophy of the 
perioral musculature that tends to overcome vertical 
discrepancy and maintain lip competence (Fig. 7).

The results obtained by measuring the soft tissue 
chin thickness can be categorised into two groups. 
According to the first group, soft tissue chin thickness 
in all three levels (Pg-Pg1, Gn-Gn1 and Me-Me1) de-
creases by going from hypo- towards hyperdivergent 
group, and it is statistically significant only between 
these two groups [5–8, 22, 24], which is only partly 
similar to our results. Namely, in the present study 
there is a significant difference between hypo- and 
hyperdivergent group at level Gn-Gn1, whereas at 
level Me-Me1 significant differences exist between 
normal and hyperdivergent group. At level Pg-Pg1, 
significant differences were not established, which 
was confirmed by another group of researchers  
[9, 15, 20, 21, 23]. They determined that hyperdiver-
gent subjects have thinner soft tissues at level Gn-Gn1 

Figure 7. The increased soft tissue thickness in mentolabial sulcus 
area in subject with hyperdivergent pattern.
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and Me-Me1, but not at level Pg-Pg1, the fact that 
they explained through the existence of differen-
tial extension between hard and soft tissues during 
growth. Shinde et al. [21] think that the area of pogo-
nion is the least affected by (hyper) divergence. This is 
perhaps a natural manner to camouflage the existing 
state and give a more normal facial appearance. The 
reason that could account for the difference on men-
ton between hyper- and normodivergent pattern may 
be the one that the soft tissue on menton apparently 
adjusts to the severe hyperdivergence, probably with 
the increased stretching of the soft tissue due to the 
increased divergence of the face. The finding that 
statistically significant difference happened between 
hyper- and hypodivergent patients emphasizes the 
fact that soft tissue thickness at menton is actually the 
thinnest of all distances in all groups. Our finding that 
soft tissue thickness at menton is minimal in hyperdi-
vergent types of the face correlates with the research 
of Macari et al. [15] and Ashraf et al. [6]. Sodawala 
et al. [22] also did not report gender dimorphism for 
FSTT at all three levels of chin area, as opposed to 
the present study, where significant differences were 
established at level Me-Me1 in normodivergent group 
and at level Pg-Pg1 in hyperdivergent group. Somaiah 
et al. [23] were the only to publish the original result 
according to which females in hyperdivergent group 
had thicker FSTT than males at all tree levels, that is 
Pg-Pg1, Gn-Gn1 and Me-Me1.

The contrasting results of various studies suggest 
that the growth of soft tissue is different in individ-
uals, different races and gender. The mechanism of 
compensational growth of soft tissue that happens 
only in one race may not happen in the other one 
[22]. The obtained results can be applied in forensic 
reconstruction of the face, orthognatic surgery and 
anthropology.

CONCLUSIONS
Facial soft tissue thickness showed a various 

degree of dependence on mandibular divergence 
pattern at different levels of measurement. The ar-
eas whose thickness is significantly conditioned by 
this pattern were established: the chin area at level  
Gn-Gn1, Me-Me1 and the region of the mentolabial 
sulcus (B-Sm). There are levels at which soft tissues get 
thinner from hypo- towards hyperdivergent group, 
but without statistical relevance, such as A-Sn and 
N-N1, and there are levels on which vertical pattern 
has no influence, and that is the region of glabella 

and upper and lower lip thickness. At most levels, 
male subjects have thicker soft tissues and these 
differences are significant for all three groups in the 
subnasal area, whereas for some groups of diver-
gence differences are significant in the area of lips, 
mentolabial sulcus and chin. 
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Background: Panoramic radiographs are the most common radiographic tool used 
by the dental clinicians to evaluate teeth, mandible and other related structures 
of the jaws. Mandibular condyle is an important anatomical landmark for facial 
growth, expressed in an upward and backward direction. The presentation of 
mandibular condyle differs widely among different group of ages and individuals.
Materials and methods: The retrospective cross-sectional study was conducted 
from November 2018 to March 2019 at Dow International Dental College Karachi 
that includes radiographic evaluation of 500 mandibular condyles. All retrievable 
orthopantomograms were obtained and data were extracted regarding age, 
gender and condylar morphology. 
Results: The morphological appearances of mandibular condyle have great 
variation among different age groups and subjects. Normally, we recognise five 
basic shapes i.e. oval, bird beak, crooked finger, diamond and mixed. Out of 250 
pair of condylar heads that were evaluated, 50% were oval, 40% bird beak, 4.8% 
crooked finger and diamond 4.8%.
Conclusions: All four morphological types of mandibular condyles were observed 
and the oval shape condyles were most prevalent among both genders and all age 
groups. In future studies, the inclusion of other parameters and large sample size 
may provide unique information. (Folia Morphol 2022; 81, 2: 481–486)

Key words: mandibular condyle, orthopantomogram, 
temporomandibular joint morphology

INTRODUCTION
Panoramic radiographs (orthopantomograms 

[OPG]) are the most routinely and widely used di-
agnostic tool used by the dental clinicians to get 
valuable information about teeth, mandible and other 
related structures of the jaw [13]. It gives us valuable 
knowledge about the anatomical variation of maxilla 
and mandible and also osseous changes or flattening 
happening with time [9]. Routine panoramic view has 

also been recommended by the American Academy 
of Oral and Maxillofacial Radiology for assessing the 
structural components of the temporomandibular 
joint (TMJ) because of the cost and risk of the relative-
ly low radiation exposure associated with computed 
tomography [7].

Mandibular condyle is an important anatomical 
landmark for facial growth, expressed in an upward 
and backward direction [17]. The presentation of 
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mandibular condyle differs widely among different 
age groups and individuals. Morphological variations 
depend upon developmental variation along with 
condylar remodelling to accommodate malocclusion, 
trauma and other pathological and developmental 
abnormalities [2]. Variability in the shapes and sizes 
of condyles helps to diagnose the TMJ disorders as-
sociated with malocclusions such as crossbite, deep 
bite, and open bite [3].

The mandibular condyle varies considerably both 
in size and shape. The typical condylar head has a con-
vex arrangement throughout, and symmetry should 
exist between contralateral sides within the same 
individual [12, 17]. Several studies have endeavoured 
to assess the morphology of human condyle. Past 
researchers evaluated a variety within the mandibular 
condyle shapes [12, 14]. Yale et al. [19] first classifies 
the shapes of the mandibular condyle as convex, flat 
and concave when having a superior view by examin-
ing the skulls of Terry collection. However, later Yale 
simplified classification into four categories flattened, 
convex, angled, rounded [19]. 

Upon surgical exposure, four different types of 
condyles shapes were noted, which include excavat-
ed form, oblique form, and the small round shape 
and flattened [11]. On the other hand, flat, convex, 
concave, round and angled types of condylar mor-
phology were noted when computed tomography 
images were observed [8].

In Pakistan, limited data is available regarding the 
morphological appearance of the condyle. The thor-
ough understanding of the morphological variations 
in the shape of the mandibular condyle is essential 
so that a standard variant can be distinguished from 
the abnormal condition. Therefore, this study aims to 
record different types of normal morphological vari-
ations of the condyle through an OPG. The objective 
of this study is to assess the frequency of different 
condylar morphological variations in both genders 
and age groups.

MATERIALS AND METHODS
Study design and patients

The retrospective cross-sectional study was con-
ducted from November 2018 to March 2019 at Dow 
International Dental College Karachi; it included ra-
diographic evaluation of 500 mandibular condyles. 
All retrievable OPGs were obtained, and necessary 
data was extracted regarding age, gender and con-
dylar morphology. Ethical approval for this study was 

obtained from the Institutional Review Board, Dow 
University of Health Sciences.  

Digital orthopantomograms (OPG) taken on Vil-
la Rotograph EVO 3D, (exposure parameters being: 
10 mA, 82 Kv) free of any projection errors, that 
showed a complete view of condyle on either side 
with optimum density and contrast were selected. 
The radiographs of the individuals with a history of 
TMJ dysfunction, occlusal discrepancy, pathological 
and developmental abnormalities were excluded.

Sum of 250 OPGs was visualized for a routine 
investigation. The OPGs were evaluated by two max-
illofacial surgeons to determine the morphology of 
condyle. The statistical analysis was conducted us-
ing SPSS version 17. The participants were divided 
into three groups according to the age: (i) young 
adults (18–35 years), (ii) middle age (36–55 years), 
(iii) older adults (56 or above). Descriptive statistics 
were conducted to estimate the frequency of normal 
morphological variations of condyles. Chi-square test 
was conducted to assess the difference in frequency 
of normal condylar morphological variations about 
age and gender.

Ethical approval 

All procedures performed in studies followed the 
ethical standards of the institutional research com-
mittee and the 1964 Helsinki declaration and its later 
amendments.

RESULTS
Total of 500 condyles from 250 OPGs was exam-

ined. Out of 250 radiographs, half of them belong to 
females, and half belong to males, as shown in Table 1.  
In terms of age, the majority of radiographs were 
of participants belonging to middle age groups, as 
shown in Table 1.

The shapes of the condyles that have been identified 
in this study are: bird beak, oval, diamond, and crooked 
finger, as shown in Figures 1, 2, 3, and 4. The com-
monest form of condylar morphology was oval (50%), 
followed by the bird beak (40%), diamond (4.8%) and 
crooked finger (4.8%). The frequency of oval condy-
lar morphology was 57.6% among males and 42.4% 
among female participant, as shown in Table 2. In all 
age groups, the most dominant form of condylar mor-
phology was oval, followed by the bird beak diamond 
and crooked finger. The frequency of oval condylar 
morphology was 36% in age group 1, 44% in age  
group 2 and 20% in age group 3, as shown in Table 2.
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When the frequency of condylar morphological 
types was compared with the gender, it was observed 
that among male study participants, the oval condylar 
morphology was significantly higher (p = 0.016). On 
the other hand, among females study participants, 
the diamond condylar morphology was significantly 
higher (p = 0.018), as shown in Table 3.

The frequency of condylar morphological types 
was compared with the age groups in Table 3. 
Among participants of age group 1, the frequen-

cy of diamond condyles was significantly lower as 
compared to other age groups. In the case of age 
group 2, the frequency of crooked finger condyles 
was significantly higher (p = 0.002) as compared 
to other age groups. Among participants of age 
group 3 the frequency of bird beak condyles were 
significantly lower (p = 0.001) as compared to other 
age groups and diamond condylar morphology was 
significantly higher (p = 0.0001) as compared to 
other age groups.

Table 1. Demographic distribution of the participants according to gender and age

Gender Age

Young adults (18–35 years) Middle age (36–55 years) Older adults (56 or above) Total

Male 50 (40%) 54 (43.2%) 21 (16.8%) 125 (100%)

Female 38 (30.4%) 69 (55.2%) 18 (14.4%) 125 (100%)

Figure 4. Type IV — crooked finger.

Figure 1. Type I — bird beak

Figure 2. Type II — oval.

Figure 3. Type III — diamond.
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DISCUSSION
The morphological appearances of mandibular 

condyle have great variation among different age 
groups and subjects [15, 18]. Normally, we recog-
nize five basic shapes, i.e. oval, bird beak, crooked 
finger, diamond and mixed. In Pakistan, limited data 
is available regarding the morphological appearance 
of the condyle. Therefore the present study highlights 
the prevalent radiographic shapes of the condylar 
head-on OPG. Out of 250 pair of condylar heads that 
were evaluated, 50% were oval, 40% bird beak, 4.8% 
crooked finger and diamond 4.8%. In our study, the 
oval condylar morphology was most common and 
significantly higher among male individuals (Table 3).  
The studies reported by Choudhary et al. [6] and 
Ribeiro et al. [14] pertaining to the Brazilian and 
East Indian population respectively showed round/ 
/oval shape to be common in both sexes which goes 
in accordance with our study. 

The morphological knowledge of the TMJ is an 
important tool for evaluation of normal growth and 
development. This may also be helpful in the near 
future for the development of forensic odontology  
[6, 8, 17]. The growth of mandibular condyle is in-
dicated in an upward and backward direction. It 
is considered as major areas of facial growth. The 

appearance and the shape of mandibular condyle 
vary enormously among individuals and different 
age groups, which is in accordance with the present 
study [11–13].

The present study on the radiological examina-
tion using OPG revealed flat, pointed, angled and 
round condylar morphology. Similarly, several other 
studies also showed the bird beak, oval, diamond, 
and crooked finger type condylar morphology [1, 10, 
18]. In our study the second most common condylar 
morphology observed was bird beak. The frequency 
of bird beak condylar morphology was higher among 
females as compared to males. However, no statisti-
cally significant difference was observed when both 
genders were compared (Table 3). Similarly, Sonal et 
al. (2016) [16] also reported the bird beak as a second 
most common condylar morphology among females. 
On the other hand, the diamond and crooked finger 
morphology were a rarity [4, 18].

We compared the participant age with the condy-
lar morphology. However, to our knowledge, no such 
data is reported in previous studies; thus, a compari-
son is not possible. The diamond shape condyles were 
significantly higher among participants of age group 3  
as compared to other age groups (Table 4). The fre-
quency of crooked finger condyles was significantly 

Table 2. Distribution of the condylar morphology according to gender and age

Bird beak Diamond Crooked finger Oval

Gender

Male 48 (47.5%) 2 (16.7%) 3 (25%) 72 (57.6%)

Female 53 (52.5%) 10 (83.3%) 9 (75%) 53 (42.4%)

Total 101 (100%) 12 (100%) 12 (100%) 125 (100%)

Age groups

Group 1 42 (41.6%) 0 (0%) 1 (8.3%) 45 (36%)

Group 2 53 (52.5%) 4 (33.3%) 11 (91.7%) 55 (44%)

Group 3 6 (5.9%) 8 (66.7%) 0 (0%) 25 (20%)

Total 101 (100%) 12 (100%) 12 (100%) 125 (100%)

Group 1: 18–35 years old, Group 2: 36–55 years old, Group 3: 56 or above

Table 3. Comparing the frequency of condylar morphology between both genders

Gender Bird beak Diamond Crooked finger Oval

Yes No P Yes No P Yes No P Yes No P

Male 48 (38.4%) 77 (61.6%) 0.51 2 (1.6%) 123 (98.4%) 0.018 3 (2.4%) 122 (97.6%) 0.076 72 (57.6%) 53 (42.4%) 0.016

Female 53 (57.6%) 72 (42.4%) 10 (8%) 115 (92%) 9 (7.2%) 116 (92.8%) 53 (42.4%) 72 (57.6%)

Chi-square test



485

A.H. Shaikh et al., Morphological evaluation of condyle

higher among participants of age group 2 (Table 4). 
The frequency of bird beak condyles was significantly 
higher among group 1 and 2 as compared to group 3  
(Table 4).

In comparison of our results, several other stud-
ies investigated that it is very important to evaluate 
condyle morphology with changes in condyle sur-
face shapes, radiological dimensional measurements 
with malocclusion. A study reported that there was  
a significant relation between open bite and erosion 
of the head of the condyle. Ari-Demirkaya et al. [5] 
found that there was no difference between open, 
deep or normal bite groups in subjects with different 
condylar morphology. 

Currently, various advanced radiographic modal-
ities are available, such as computed tomography 
scan, cone beam volumetric imaging, which can 
give detailed information of the condyle. Howev-
er, oral health practitioners usually prefer OPG to 
screen TMJ. The possible explanation due to which 
oral health practitioners still prefers OPG include 
favourable cost-benefit relationship, low doses of 
radiation exposure, ease of prescription and lack of 
image superimposition [4, 14, 15]. The use of OPG 
has its limitations such as a two-dimensional view. In 
addition to that, the limitations of this study include 
small sample size and lack of examiner reliability.

CONCLUSIONS
In conclusion, all four morphological types of 

mandibular condyles were observed and the oval 
shape condyles were most prevalent among both 
genders and all age groups. In future studies, the 
inclusion of other parameters and large sample size 
may provide unique information.
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Background: The aging process in the temporomandibular joints (TMJs) is re-
lated, more or less, with degenerative processes. Despite the rich literature on 
morphology and anatomy and the functioning of the components of the TMJs, 
there is much less research studies on the anatomy and diseases of these joints 
on historical populations. The aim of the study was to analyse the frequency and 
intensity of morphological and dysfunctional changes within the TMJ.
Materials and methods: The research material included skeleton material from 
three chronologically and geographically diverse archaeological series located in 
Poland in the cities: Strzelce Krajenskie (n = 86), Santok (n = 86) and Wroclaw 
(‘Kuronia’ collection) (n = 70). The examination of the skeletal material was based 
on the macroscopic analysis of the articular surfaces of the TMJ.
Results and Conclusions: The difference in the frequency of degenerative changes 
observed on the articular surfaces of the TMJs between the examined skeletal 
series from selected cities was insignificant (Santok: 81.4%, Strzelce Krajenskie: 
72.1%, ‘Kuronia’: 68.6%). However, the obtained results showed a difference in 
the intensity of changes in the TMJ between individuals representing the early 
medieval population from Santok and individuals from the beginning of the  
20th century collection ‘Kuronia’. (Folia Morphol 2022; 81, 2: 487–492)

Key words: temporomandibular joints, degenerative changes in joints, 
temporomandibular disorders, determinant of physiological stress

INTRODUCTION
Temporomandibular joints (TMJs), Articulatio 

temporomandibularis, due to their morphological 
structures, are the bicondylar joints, coupled in every 
movement. Their anatomical and functional structure 
is more complex than in other joins of the human 
body [1, 30].

The articular surface on the temporal bone is the 
acetabulum. It consists of glenoid fossa (the front part 
of the mandibular fossa) and the articular eminence 

of the temporal bone. The articular head is the surface 
of the mandible (ovoid condylar process seated atop 
a narrow mandibular neck) [1, 38].

Temporomandibular joints in apes are charac-
terised by a much shallower acetabular fossa and 
slightly marked articular eminence, while in humans 
TMJs have a deep fossa and well-marked eminence 
[2, 3, 14].

Distinguishing feature of the TMJ is its articular 
surface, covered with avascular fibrocartilage. There-
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fore, cartilage is abrading relatively quickly, which 
makes TMJ prone to various factors (e.g. masticatory 
system load level), exposing it to dysfunctional chang-
es. What is more it works all the time, also at night [1].

Temporomandibular disorder is a condition char-
acterised by dysfunctional or/and painful changes 
that affect masticatory muscles, TMJ and associated 
structures [5, 7]. The disorders within the TMJs con-
stitute a large percentage among viscerocranium 
diseases [1, 10].

The ageing process in the TMJ is related inter 
alia to degenerative processes [18]. Despite the rich 
literature on morphology of the components of the 
TMJ [13, 15–17, 19, 23, 25, 26, 33], there is much less 
research studies (especially from lost two decades) 
in this subject on historical populations [20, 27, 34].

The morphology of the viscerocranium adapts to 
the environment; therefore, extinct prehistoric and 
historical populations may be valuable for testing 
hypotheses [6]. In addition, the analysis of TMJs de-
generations can enrich the research on factors that 
are responsible for the functional structure of the 
viscerocranium [24, 27].

Bone changes, as marks of a past infection process 
or a reaction to biomechanical overload on bone sur-
faces, do not manifest equally. They differ in intensity, 
take different forms and shapes. From very delicate 
individual spikes and stripes, through characteristic 
patterns, to strong protuberances and massive ridges 
of irregular bone.

Changes in the morphology of the articular sur-
faces of the TMJs are the basis for the classification of 
the periosteum and bone tissue reactions as a result 
of the reaction of osteoclasts and osteoblasts to the 
pathogen. Among bone reactions, there are repair 
processes that cause bone thickening, and osteolytic 

(degenerative, erosive) processes, resulting in a lack 
of bone tissue (Fig. 1) [27–29]. 

MATERIALS AND METHODS
The selection of osteological material in this study 

depended on the state of bone preservation. The 
decisive factor qualifying the suitability for the study 
was the state of preservation of the articular surfaces 
of the TMJs of the temporal bone and the head of 
the mandible. The material differed in terms of sex 
and age-at-death. Individuals from Infants I and II 
groups were excluded from the study due to the 
lack of complete development of articular surfaces 
of the TMJs.

As the abnormal articular surface of the TMJs 
we considered the one in which at least one of its 
surfaces has been diagnosed with single or collective 
combinations of pathological changes as signs of 
erosive and proliferative reactions, as a result of the 
activity of a pathogenic factor.

The research material includes skeleton material 
from the three chronologically and geographically 
diverse archaeological series located in Poland in the 
cities: Strzelce Krajenskie (XIII–XV c.), Santok (XIII c.), 
Wroclaw (‘Kuronia’ collection) (XIX/XX c.).

Eighty six individuals (43 males and 36 females, 
and 7 individuals of undefined sex) were analysed 
from the Santok skeleton series, representing the pop-
ulation of the early middle ages; also 86 individuals 
(42 males, 29 females and 15 adults of undefined sex) 
were analysed from the Strzelce Krajenskie skeleton 
series and 70 individuals (34 men and 36 women) 
from the ‘Kuronia’ collection. 

The examination and classification of the bone 
changes resulting from disease processes in TMJs of 
individuals from historical populations was performed 

Figure 1. Examples of changes observed on the articular surfaces of the temporomandibular joints.
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based on the methods used in previous anthropolog-
ical, paleopathological and bioarchaeological studies 
[27, 28].

During the research, each of the preserved surfac-
es of the TMJs was carefully examined and analysed 
macroscopically. Additionally, an electronic micro-
scope DigiMicro 2.0 was used for the observation. 

Changes in the TMJs were classified based on the 
Richards and Brown scale modified for the purposes 
of this work (taking into account the comments of 
Rando and Waldron [2012]) [27]. According to the 
criteria proposed by Richards and Brown (1981) [28], 
the degree of degeneration of the condylar process 
of the mandible and the fossa and articular eminence 
of the temporal bone was assessed. Each TMJ artic-
ular surface was examined and divided into areas 
for evaluation purposes. In the case of the condyle, 
the divisions proposed by Mongini (1972) [22] were 
used. Three 60° areas were designated, and each of 
them was further divided into posterior, top, and 
anterior areas. In the case of the articular surface on 
the temporal bone, the articular eminence and the 
fossa were distinguished, and then the medial, central 
and lateral areas were separated.

First, the entire material was divided according to 
the frequency of degenerative changes according to 
the following scale (scale 1):

 — 0: no degenerative changes;
 — 1: any degenerative changes present.
The intensity of changes on the articular surfaces 

of the condylar process of the mandible and the fossa 
as well as the articular eminence of the temporal bone 
was assessed according to the criteria for assessing 
changes and degenerations (scale 2):

 — 0: norm;
 — 1: remodelling;
 — 2: local erosion;
 — 3: local proliferation/osteophytes and/or erosion 
(in less than 5 areas);

 — 4: general proliferation and/or erosion (in 5 and 
more areas);

 — 5: eburnation and/or complete destruction of ar-
ticular surfaces.
Erosion was defined as the area of pitting or po-

rosity on the joint surface (macroporosity or micr-
oporosity, localised or spread). Proliferation is new 
bone growth on the surface of a joint. It can appear 
as bumps or flat growths. The presence of new bone 
on the surface of the joint indicates an attempt to 
“stabilise” the joint. Additionally, marginal osteo-

phytes were noted as bone growths forming along 
the edges of the joint. 

In addition, the presence of reconstruction of the 
articular surface was noted, being an adaptation to 
occlusive stress preceding erosion and degeneration 
of the cortex. Moffett (1974) [21] suggested that the 
TMJs are in a state of constant equilibrium between 
structure and function [4]. Under normal conditions, 
equilibrium is maintained by the processes of adap-
tive remodelling. This can be disrupted by functional 
requirements that are too high, leading to the next 
degeneration of the joints.

For each series basic statistics in the form of fre-
quency tables were performed. Differences in fre-
quency and intensity of changes on the articular 
surfaces of the TMJs were tested using Kruskal-Wal-
lis test and post-hoc tests to check between which 
groups the differences were statistically significant.

RESULTS
In the examined skeleton series form Santok, the 

percentage of bone changes (according to scale 1) 
on the articular surfaces of the TMJ was 81%. The 
analysis of the results showed that the local prolif-
erative and erosive changes were the most common 
in the Santok individuals (‘2’ and ‘3’ — scale 2). The 
strongest degenerative change observed on all exam-
ined articular surfaces of the TMJs was the general 
proliferation of the articular surface or erosion in 
more than five areas. No changes of the ‘5’ level were 
observed in any individual from this skeleton series

In series from Strzelce Krajenskie, the percent-
age of bone changes (according to scale 1) on the 
articular surfaces of the TMJ was 72%. The analysis 
of the results showed that in individuals from this 
series, local proliferative and erosive changes were the 
most common on the TMJ articular surfaces (‘2’ and 
‘3’ — scale 2). The strongest degenerative change ob-
served on all examined articular surfaces of the TMJs 
was the general proliferation of the articular surface 
or erosion in more than five areas. In this skeleton 
series, no changes at the ‘5’ level were observed in 
any individual.

In the examined skeletal series from Wroclaw, the 
percentage of bone changes (according to scale 1)  
on the articular surfaces of the TMJ was 68.5%. The 
analysis of the results showed that in individuals 
from the ‘Kuronia’ collection, local erosive lesions 
(‘2’ — scale 2) were the most common — 41%. The 
most severe degenerative change observed on all 
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examined articular surfaces of the TMJs was complete 
destruction of the articular surfaces present in only 
one individual (Fig. 2).

Table 1 presents the most important differences 
between the studied historical series.

A statistical analysis was performed to check 
whether there were differences between the skele-
tal series in frequency and intensity of bone chang-
es in the TMJs (Tables 2, 3). The analysis with the 
Kruskal-Wallis test showed statistically significant 
differences between the series from Santok and the 
‘Kuronia’ collection. In individuals from Santok there 
were more intense bone changes (scale 2) in the area 
of TMJs (Fig. 3).

DISCUSSION
In the studied skeleton material, statistical anal-

ysis did not show any significance in the differences 
in the frequency of bone changes in TMJ between 
individuals from the examined series. However, the 
obtained results showed a difference in the intensity 
of changes observed on the articular surfaces of the 
TMJs between individuals from the Santok series and 
from the ‘Kuronia’ collection. Adaptive reconstruc-
tion also occurred more frequently among individu-
als from the ‘Kuronia’ collection, suggesting a large 

Table 2. P-value for multiple comparisons (bilateral) (Scale 1)

Santok  
R: 129,99

Strzelce Krajenskie  
R: 118,73

‘Kuronia’  
R: 114,47

Santok (XIII c.) 0.87 0.51

Strzelce Krajenskie  
(XIII–XV c.)

0.87 1.00

‘Kuronia’ (XIX/XX c.) 0.51 1.00

Independent variable (grouping): Series. Kruskal-Wallis test: H (2, N = 242) = 3.68,  
p = 0.16.

Table 3. P-value for multiple comparisons (bilateral) (Scale 2)

Santok  
R: 135,37

Strzelce Krajenskie  
R: 119,83

‘Kuronia’  
R: 106,51

Santok (XIII c.) 0.8744 0.03

Strzelce Krajenskie  
(XIII–XV c.)

0.44 0.71

‘Kuronia’ (XIX/XX c.) 0.03 0.71

Independent variable (grouping): Series. Kruskal-Wallis test: H (2, n = 242) = 7.21,  
p = 0.03.

Table 1. Differences between the studied skeleton series

Series Time period N TMJ TMJ (%)

Santok XIII c. 86 70 81%

Strzelce Krajenskie XIII–XV c. 86 62 72%

‘Kuronia’ XIX/XX c. 70 48 68.5%

N — number of examined individuals; TMJ — the total number of all individuals with 
bone changes in the temporomandibular joint (one or both); TMJ (%) — the percentage 
of all individuals with bone changes in the temporomandibular joint

Figure 3. Comparison of skeletal series in relation to the intensity 
of bone changes in the temporomandibular joints (scale 2).

Figure 2. Distribution of degenerative changes in the temporomandibular joints of the studied individuals, based on the scale 2.
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predisposition of these joints to adapt to occlusive 
conditions or the harmful influence of factors. More 
intense degenerative changes of the TMJ, manifested 
by bone changes on the articular surfaces, occurred 
more frequently in individuals from the skeleton se-
ries from an early medieval site, i.e. exposed to more 
severe living conditions, especially related to diet, 
which directly and indirectly affects the occlusion, 
and the latter affects the TMJs.

The formation of the elements of the TMJs de-
pends on many factors; therefore, the analysis of 
their changes can provide a number of important 
information about the life of historic populations. The 
analysis of bone changes in TMJ, which is one of the 
most important elements of our masticatory system, 
may not be such a good indicator of living conditions 
and their sensitive measure, such as body height. 
However, included in the methods used as determi-
nants of pressure level from environmental factors, 
it will enrich the research and analysis of changes in 
the biocultural system and biological condition of 
historical populations, as a source of information 
about lifestyle and nutrition.

The results of analyses of the differentiation of 
bone changes in the TMJ over time in the skeleton 
material representing the populations from the early 
and late middle ages, the 19th and 20th centuries, 
presented in this work, prove that changes in the 
biological condition of these communities may have 
occurred in the aspect of the presence of TMJ dys-
function.

Research on the skeleton material concerning the 
issue discussed in this article has been ignored in the 
last two decades. Despite the enormous amount of 
information that the TMJ may carry, on the environ-
ment, diet, and the general condition of the studied 
population, most of them date back to the 1990s 
[8, 9, 11, 12, 28, 31, 32, 35–37]. It is suggested to 
continue and expand research in this area in order 
to clarify the relationship between the environment, 
and the occurrence of changes in the TMJ. This joint, 
like all joints in the human body, reacts to the exter-
nal environment and the information obtained from 
them is scientifically significant.

CONCLUSIONS
More intense degenerative changes of the TMJs, 

manifested as bone changes on the articular surfaces, 
occurred more often in individuals from the early 

medieval skeleton series, i.e. exposed to more severe 
living conditions.

The study of the frequency and intensity of chang-
es in the TMJ can be used as a determinant of phys-
iological stress affecting biological condition in the 
examined skeletal series.

Conflict of interest: None declared
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A gross anatomical study of the styloid process 
of the temporal bone in Japanese cadavers
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Background: The incidence of an elongated styloid process (SP) and average 
length and diameter of SP have not been reported using Japanese cadavers. 
Data on the female-to-male ratio of an elongated SP vary. We calculated the av-
erage length and diameter of SP in Japanese cadavers and compared SP lengths 
between sexes. 
Materials and methods: Twenty-seven sides (right and left of bodies) in males 
and 51 sides in females were analysed. Measurements were obtained from the 
inferior external acoustic meatus to the distal tip of the SP. SP diameters at the 
proximal base, midpoint, and distal tip were measured. SP > 30 mm was consid-
ered elongated. We used Welch’s t-test for the statistical analysis. Fisher’s exact 
two-tailed test was also performed to analyse the female-to-male elongation ratio. 
A p-value < 0.05 was considered statistically significant.
Results: Styloid process elongation prevalence was 29.5% in our sample. The 
average full length was 27.04 ± 7.88 mm overall; the average diameters were 
5.41 ± 1.77 mm at the proximal base and 2.21 ± 1.22 mm at the distal tip. 
The average SP measurement was 26.81 ± 5.92 mm in males and 27.16 ±  
± 8.79 mm in females (p = 0.74). The female-to-male ratio of SP elongation 
was 1:2 (p = 0.041). Females had longer full lengths of non-elongated SPs than 
males (p = 0.004). Males had wider diameters at the proximal base of elongated 
SPs than females (p = 0.017).
Conclusions: The average length of SP was 27.04 mm in the Japanese population 
and about 30% of the Japanese presented SP ≥ 30 mm. Male had significantly 
higher rate than female among the SP ≥ 30 mm, and female had significantly 
longer SPs than male among the SP < 30 mm. Anatomically, the SP gets narrow 
as distally goes. Our anatomical findings would be beneficial to creating treatment 
plans, diagnosis, and surgery. (Folia Morphol 2022; 81, 2: 493–502)

Key words: Eagle syndrome, elongation, styloid process, cadaver, second 
branchial arch

https://orcid.org/0000-0002-3191-9808
https://orcid.org/0000-0002-7053-8418
https://orcid.org/0000-0002-6317-7597
https://orcid.org/0000-0002-7746-2858
https://orcid.org/0000-0001-5110-6719
https://orcid.org/0000-0001-5855-5496
https://orcid.org/0000-0002-3051-6759
https://orcid.org/0000-0003-0618-0607
https://orcid.org/0000-0002-0112-6946


494

Folia Morphol., 2022, Vol. 81, No. 2

INTRODUCTION
The styloid process (SP) is a slender bony struc-

ture projecting out downwardly from the temporal 
bone and lying anterior to the stylomastoid foramen  
[3, 25]. The average normal length of the SP rang- 
es from 20 mm to 30 mm [18, 25, 45]; the SP of  
> 30 mm is considered elongated [26, 28, 42]. The 
distal tip of the SP is usually located posterior to the 
tonsil fossa [3]. Because external and internal carotid 
arteries run at the distal aspect of the SP, the SP is 
clinically significant [7, 38]. The internal jugular vein 
also runs posteriorly to the carotid arteries [35]. In 
addition to these blood vessels, the accessory, vagus, 
facial, and glossopharyngeal nerves run close to the 
styloid process [35]. The accessory and vagus nerves 
pass medially to the SP, and the facial nerve lies an-
teromedially to it [36]. The glossopharyngeal nerve is 
the most proximal to the SP and runs from the jugular 
foramen [25, 35].

The symptoms of Eagle’s syndrome are associated 
with styloid process elongation and mineralisation of 
a part of the stylohyoid ligament [35]. An elongated 
styloid process results in irritation of cranial nerves 
and impingement of the circulation at the distal tip 
[18, 35]. Vague neck pain is often reported as a pri-
mary symptom [37]. Tongue pain, dysphonia, ear 
pain, dysphagia, odynophagia, vertigo and tinnitus, 
facial paraesthesia, vocal change, and sore throat 
(pharyngolaryngeal paraesthesia) could also occur 
[35]. Clinically, patients who have elongated SP are 
often asymptomatic [32], and only 4% of the patients 
with elongated SP present symptoms [7]. Sympto-
matic patients were usually over 40 years old [3],  
and females are twice likely to present symptoms [2].  
Another study indicated that 12 females and 9 males 
with Eagle syndrome had elongated SPs and clini-
cal presentation [46]. Association between SP and 
sex is important. Patients with SP elongation had 
headaches (18.7%) and hypertension (17.1%) [1].  
Clinical signs and symptoms are influenced by not 
only length but also the location and size of the 
SP. Nevertheless, studies investigating the aver-
age of SP diameter are scarce. While the proximal  
base thickness was reported to be approximately  
4.4 mm [24, 49], the average diameter in the Japanese 
population has not been investigated. 

Most previous studies investigated the length of 
the SP and incidence of SP elongation [1–8, 10, 12–14, 
16, 18, 19, 21, 22, 25–27, 29–31, 33, 34, 39, 40, 43]. 
Eagle (1958) [7] reported that only 4% of the general 

population experience Eagle’s syndrome. Rogers and 
Chang (2007) [41] noted that the frequency is “very 
controversial.” Another study found that the preva-
lence of enlarged SP was higher in females than in 
males [37].

A few studies on the prevalence of SP elongation 
in the Japanese population have been conducted, 
showing that the average SP lengths were 17.4 mm 
and 18.8 ± 5.26 mm, respectively [29, 30]. These 
studies evaluated the SP using posteroanterior X-ray 
and panoramic radiographs; however, none of the 
studies performed measurements in a Japanese pop-
ulation. Only two cadaver studies [3, 25] and three 
skulls studies [3, 31, 39] were done to determine the 
prevalence of elongated SP. In cadaver studies, 80 SPs 
were measured and 22 cadavers were examined by 
Moffat et al. [25] and Balcioglu et al. [3], respectively. 
In skull studies, 232 skulls, 41 SPs, and 262 SPs were 
evaluated [3, 31, 39]. Few studies on cadavers have 
been reported. 

Therefore, this study aimed: 1) to examine the av-
erage length and diameter of the SP, 2) to determine 
the prevalence of elongated SP in a Japanese popula-
tion, and 3) to compare the SP lengths between sexes. 

MATERIALS AND METHODS 
Of the 92 sides of the cadavers included in this 

study, only 78 (27 sides in males and 51 sides in fe-
males) were analysed. The cadavers were fixated using 
formaldehyde. Broken SPs were excluded and all other 
SPs were included. Gross dissections were performed 
in the dissection room. This study was approved by 
the Institutional Review Board for Clinical Research, 
Tokai University (No. 17R-310).

We dissected the epidermis to remove the sub-
cutaneous tissues. The sternocleidomastoids, pa-
rotid salivary gland, and masticatory muscles were 
removed. Subsequently, we broke the mandible, 
and the medial and lateral pterygoid muscles were 
removed to expose the SP and the styloglossus, sty-
lohyoid, and stylopharyngeus muscles.

Measurements were performed from the inferior 
part of the external acoustic meatus to the distal tip 
of the SP, according to a previous study [31]. Figure 1  
shows the SP dissection. In our study, a string and  
a pair of tweezers were directly used for the measure-
ment of SP length. Thereafter, a ruler and a calliper 
were used to measure diameter. Diameters of the 
proximal base (Fig. 1 /1/), mid-point (Fig. 1 /2/), and 
distal tip (Fig. 1 /3/) were measured. The mid-point 
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diameter was measured at the middle of the full 
length of the SP. Moreover, length was measured 
from the inferior part of the external acoustic mea-
tus to the distal tip of the styloid process (Fig. 1 /4/). 
Based on previous studies [6, 19, 23], an SP ≥ 30 mm 
is considered elongated. Previous reports on the SP 
are shown in Table 1. This study had a limitation, i.e. 
the medical history prior to death was not identified; 
therefore, any pre-existing symptoms were unknown. 

As shown in Table 2, the SP measurements were 
divided into three categories: all, > 30 mm, and  
< 30 mm. Length and diameter according to sex (male  
and female) and side (right and left) were compared 
among the three categories. We compared the dif-
ferences in the average values. Because the sample 
sizes differed among the categories, we used Welch’s 
t-test for the statistical analysis. Fisher’s exact two-
tailed test was also performed to analyse the fe-
male-to-male elongation ratio. A p-value < 0.05 was 
considered statistically significant. The analyses were 
performed using Excel (Microsoft, USA).

RESULTS
A comparison of the prevalence of elongated SP 

and the average length of the SP according to pre-
vious studies is shown in Table 1. Only two cadaver 
studies of the SP have been conducted, which were 
not in Japan (Table 1). In our cadaver study, which 
included Japanese individuals, the prevalence of SP 
elongation was 29.5% (Table 1). Of the 78 SPs, 23 
measured ≥ 30 mm. Three cadavers presented bilat-
eral elongation and 17 had unilateral elongation. The 
longest SP was from an 89-year-old female (47.0 mm  
on the right and 55.0 mm on the left). In Table 2,  
a comparison of the characteristics of the SP is shown. 
The differences in the length of the SP (i.e., > 30 mm  
or not) were evaluated according to sex and side of 
the SP. The average length was 27.04 ± 7.88 mm 
(Tables 1, 2), and the average diameter was 5.41 ±  
± 1.77 mm at the proximal base, 3.68 ± 1.77 mm 
at the mid-point, and 2.21 ± 1.22 mm at the dis-
tal tip (Table 2). Eleven and 12 SPs > 30 mm were 
found in females and males, respectively. In females,  

Figure 1. Styloid process from dissection (A) and a schema of the left inferolateral view (B); a — styloid process; b — styloglossus muscle; 
c — stylohyoid muscle; d — stylopharyngeus muscle; e — digastric muscle; f — external acoustic meatus; g — mastoid process; h — 
tongue. The length and width were measured (B); 1 — the proximal base; 2 — the mid-point; 3 — the distal tip (the horizontal double-head-
ed arrows); 4 — length (the vertical double-headed arrow) from the external acoustic meatus (the upper dotted line) to the styloid process 
(the lower dotted line).
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11 elongations were found in 51 SPs (22%). In males, 
12 elongations were found in 27 SPs (44%). Males 
had a greater tendency to develop SP elongation, and 
the female-to-male ratio of SP elongation was 1:2 
(p = 0.041). Elongation rates were not significantly 
different between the left and right side (p = 0.33).  
No statistically significant difference in the diameter or 
length in all cases (left and right) was found (Table 2). 
Males had a full SP length of 26.81 ± 5.92 mm, while 
females had a length of 27.16 ± 8.79 mm. Signifi-
cant differences in full length on the non-elongated SP  
(p = 0.004) and in diameter at the proximal base of the 
elongated SP (p = 0.017) were noted between sexes. 
The diameter and length were not significantly different 
between sexes in other cases (Table 2).

DISCUSSION
The prevalence of SP elongation was 29.5% from 

the 78 sides in our study. The average SP length was 
27.04 ± 7.88 mm (27.16 ± 8.79 mm in females and 
26.81 ± 5.92 mm in males). The average diameter at 
the proximal base on the elongated SP was 5.91 ±  
± 1.53 mm (5.92 ± 1.56 mm in males and 5.91 ±  
± 1.58 mm in females); a significant difference was not-
ed between sexes. The female-to-male SP elongation 
ratio was 1:2. Thus, sex may influence SP elongation. 

The prevalence of SP elongation varied from 
0.4% to 84.4%  in previous studies (Table 1).  
Rath and Anand (1991) [39] reported that the  
prevalence of enlarged styloid in their skull study  
(n = 232) was 0.4%, whereas X-ray based studies  
showed prevalences of 4% [7], 18.2% [6], and  
84.4% [10]. In our study, we evaluated 78 SPs and 
found that 23 SPs measured > 30 mm. The prevalence 
of SP elongation in our study was 29.5%, consistent 
with the finding of Keur et al. (1986) [19], i.e. 30.0%. 
Nara (1958) [30] reported a 3.4% and 5.2% rates, and 
Nakata et al. (1987) [29] reported 15.5%. However, 
these studies were performed using X-ray, whereas 
our study was the first to measure the prevalence  
in Japanese cadavers.

Balcioglu et al. (2009) [3] showed that the average 
SP length ranged from 20 and 30 mm; thus, in most 
studies, ≥ 30 mm is considered elongation [3, 6, 15, 
19], a value we adopted in this study. The method of 
dry skulls and panoramic radiographs measurement 
was conducted in several ways. According to Eagle 
(1958) [7], only 4% of patients who had elongated 
SP complained of pain and presented sign and symp-
toms. The average SP length has been highlighted in 

previous studies; however, only few studies focused 
on the diameter. Anatomically, nerves and blood ves-
sels are located closely around the SP; hence, the 
diameter of the SP is a factor that could influence 
clinical symptoms. A small diameter may impinge 
glossopharyngeal, accessory, and vagus nerves and 
internal/external carotid arteries, and various symp-
toms and signs could be attributed to the anatomy 
and location of these vessels and nerves. 

Styloid process thickness is also important. A skull 
study showed that thickness at the proximal base 
varied from 4.34 to 4.4 ± 1.2 mm on the right side 
and from 4.47 to 4.4 ± 0.9 mm on the left side [21, 
49]. Margam and Jadhav (2015) [24] demonstrated 
that at the proximal base males had 4.53-mm thick-
ness on the right and 4.83-mm thickness on left; for 
females, it was 4.33 mm and 5.00 mm, respectively. 
Average thickness at the distal tip for both sexes 
was 1.5 ± 0.6 mm on the right and 1.4 ± 0.5 mm 
on the left [49]. To the best of our knowledge, our 
study is the first to examine the diameter of the SP in 
the Japanese population. We found that thickness at 
the proximal base was 5.41 ± 1.91 mm on the right 
and 5.41 ± 1.63 mm on the left, and thickness at 
the distal tip was 2.33 ± 1.27 mm on the right and  
2.07 ± 1.17 mm on the left (Table 2). Regardless of 
the presence of elongation, SPs tended to narrow 
distally in most of the cases. Previous studies in the In-
dian population indicated that increased thickness at 
the proximal base would compress facial nerves [21, 
24]. Therefore, SP thickness is a factor influencing the 
signs and symptoms. Presenting symptoms depend 
on the location of the anatomical structure instead 
of the SP length. Katayama et al. (1989) [17] reported 
a patient with 71-mm SP on X-ray who showed no 
symptoms. Nevertheless, it is highly possible that  
a long and wide SP could compress the carotid artery 
or nerves. Tsuruta et al. (1985) [48] suggested other 
possible mechanisms of the symptoms: 1) sympathet-
ic nerves could be stimulated, resulting in dull pain on 
the area of vascular distribution, 2) glossopharyngeal 
nerve stimulation results in tinnitus and earache, and 
3) a long SP could limit the movement of the hyoid 
bone, which in turn affects swallowing and speaking. 
These findings suggest that a combination of length 
and thickness of the SP and location of the anatomical 
structure could lead to clinical symptoms and signs.

In our study, the longest SP was found in a female 
patient who presented bilateral enlarged SPs (47.00 
mm on the right and 55.00 mm on the left). The 
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average length was 27.16 ± 8.79 mm in females 
and 26.81 ± 5.92 mm in males; no significant differ-
ence was observed. In a previous panoramic radio-
gram-based Japanese study, the average was 23.1 ±  
± 7.0 mm in females and 22.5 ± 8.1 mm in males; 
no significant difference was noted [47]. Takeuchi et 
al. (1987) [47] reported no significant difference in 
the average length between sexes in Japan, similar 
to our study’s finding. Although in the Japanese 
population, females have a longer average length; 
no statistical significance was noted. However, 
Balcioglu et al. (2009) [3] showed that males had  
a longer average SP length than females in the Turkish 
population, although no statistical significance was 
found. In our study, females had 11 and males had 
12 elongated SPs, and the female-to-male elonga-
tion ratio was 1:2, a significant difference. Swain et 
al. (2017) [46] showed a 0.75:1 ratio in the Indian 
population; however, a significant difference was not 
reported. On the other hand, its rate was reported 
differently depending on population as the ratio of 
3:1 in the Indian population [37] and 9:1 in Turkish 
population [3]. These findings suggest that the dif-
ferences in prevalence of elongation and average SP 
length between sexes vary by race. Sex is a critical 
factor for the facial dimension differences as females 
have smaller bigonial breadth, face length, and face 
width than males [52]. Based on previous studies, 
females have shorter facial anthropometric dimen-
sions. In our study, males had a significantly higher 
rate of elongation than females; this suggests that 
the size of the face is possibly an influencing factor. 
According to a study on facial morphological char-
acteristics across various races, both sexes in India 
are known to have smaller nose height and identical 
intercanthal width, whereas Japanese males have 
greater intercanthal width [9]. The average distance 
between the sides of the SP at the distal tip was  
64.4 mm in the Indian population [21]. Therefore, 
not only gender but also race or ethnicity contributes 
to the incidence of Eagle’s syndrome. When com-
paring average lengths, attention must be paid to 
the anthropometric measurement, which should be 
investigated in future research on the SP. Moreover, 
statistical differences in full length on the non-elon-
gated SP and in diameter at the proximal base on 
the elongated SP were noted between sexes in this 
study. Such a difference in morphology between sexes 
can contribute to the field of forensic medicine. In 
the future, autopsy cases will need to be increased.

The SP originates from Reichert’s cartilage, which 
is from the second brachial arch. Reichert’s cartilage 
consisted of four segments: tympanohyal, stylohyal, 
ceratohyal, and hypohyal. The tympanohyal is re-
sponsible for the formation of the proximal part and 
stylohyal for the formation of the distal part of the SP. 
The ceratohyal is responsible for the formation of the 
stylohyoid ligament and hypohyal for the formation 
of the lesser horn of the hyoid bone. The ceratohyal of 
Reichert’s cartilage becomes the stylohyoid ligament; 
however, ossification occurs due to unknown causes 
[25]. One case report found that extensive bilateral 
ossification of stylohyoid complex, which lengthen 65 
mm on the right and 62 mm on left [44]. The cause of 
ossification could be trauma, bone malformation, or 
abnormal bone metabolism; the exact details remain 
unknown [11].

Kaufman et al. (1970) [18] showed that in most 
cases, patients aged ≥ 40 years commonly present 
symptoms. In a Japanese study that considered  
> 20 mm as elongation, age between 30 and 50 
years accounted for 70% of the 55 cases with phar-
yngolaryngeal paraesthesia, and elongation was 
considered a factor for pharyngolaryngeal paraes-
thesia; 43.0% of elongations were found in pa-
tients without any symptoms, whereas 74.5% of 
elongations were found in those with pharyngola-
ryngeal paraesthesia [17]. To confirm the diagnosis 
of pharyngolaryngeal paraesthesia, the following 
three factors must be observed: SP length > 30 mm  
based on imaging test, clinical symptoms, and Ea-
gle’s syndrome symptoms that are aggravated by 
tonsillar pillar palpation exam [11, 15]. 

Natsis et al. (2015) [31] claimed that no gold 
standard for measuring the length of the SP exists; 
however, recently, panoramic radiograph has been 
used to confirm elongation [2, 50], as well as three-di-
mensional computed tomography [20]. Treatment 
options for enlarged SP include conservative ther-
apy and surgery. Surgery is usually performed after 
conservative therapy, including steroid injection and 
non-steroidal anti-inflammatory drugs. Surgical treat-
ment includes extraoral and intraoral approaches. 
Prior to the SP cut, the fascia and periosteum are 
dissected to reveal the SP [15, 20, 35]. Thereafter, the 
styloglossus, stylohyoid, and stylopharyngeus muscles 
and the SP are removed. The three muscles are re-
moved to prevent the occurrence of dysfunction [51].  
Thus, understanding muscle attachments and the 
anatomical structure surrounding the SP is vital.
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Limitations of the study

This study has four limitations. First, we were un-
able to access past medical records; therefore, no 
information on any symptoms and signs related to 
elongated SP was obtained. Second, the sample size 
was limited. Third, clinical symptoms and the nerve 
pathways around SP were not observed in this study. 
As a nature of the study, this study was not able to 
assess any clinical presentation during examined peo-
ple’s lifetime. When patients present any symptoms, it 
is necessary for clinicians to search nerve anatomical 
location. Fourth, muscle origins and the characteristics 
of the styloglossus, stylohyoid, stylopharyngeus mus-
cles were not identified in all cases. During dissection, 
we found that the three muscles and the stylohyoid 
ligament arose from different locations. The run of 
the muscle structure is vague. Therefore, determining 
the muscle attachments is necessary in the surgical 
treatment for Eagle syndrome. Muscles need to be cut, 
and understanding the structure is crucial for surgery. 
Future studies should examine the variations in the 
origin of the muscles attached to the SP.

CONCLUSIONS
This study is the first cadaver study measuring the 

average SP lengths and diameters in the Japanese pop-
ulation. The prevalence of SP elongation was 29.5% 
in the Japanese population. The average length was 
27.04 mm with no difference between sexes among 
all SPs, but female had significantly longer SPs among 
the SP < 30 mm. Elongation is twice as common in 
males (12 out of 27 sides) as in females (11 out of 51 
sides) in the Japanese population. Anatomically, the 
SP gets narrow as distally goes; the average diameter 
was 5.41 mm at the proximal base and 2.21 mm at the 
distal tip. Our anatomical findings would be beneficial 
to creating treatment plans, diagnosis, and surgery. 
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Background: Intervertebral disc (IVD) degeneration plays a crucial role in the 
pathophysiology of low back pain. Several grading systems have been developed 
for both morphological and radiological assessment. The aim of this study was to 
assess the morphological and radiological characteristics of IVD degeneration and 
validate popular radiological Pfirrmann scale against morphological Thompson 
grading system.
Materials and methods: Full spinal columns (vertebrae L1–S1 and IVD between 
them) were harvested from cadavers through an anterior dissection. Magnetic 
resonance imaging scans of all samples were conducted. Then, all vertebral col-
umns were cut in the midsagittal plane and assessed morphologically.
Results: A total of 100 lumbar spine columns (446 IVDs) were included in the 
analysis of the degeneration grade. Morphologic Thompson scale graded the 
majority of discs as grade 2 and 3 (44.2% and 32.1%, respectively), followed by 
grade 4 (16.8%), grade 1 (5.8%) and grade 5 (1.1%). The radiologic Pfirrmann 
grading system classified 44.2% of discs as grade 2, 32.1% as grade 3, 16.8% 
as grade 4, 5.8% as grade 1, and 1.1% as grade 5. The analysis on the effect of 
age on degeneration revealed significant, although moderate, positive correlation 
with both scales. Analysis of the agreement between scales showed weighted 
Cohen’s kappa equal to 0.61 (p < 0.001). Most of the disagreement occurred due 
to a 1 grade difference (91.5%), whereas only 8.5% due to a 2 grade difference.
Conclusions: With the increase of the prevalence of IVD disease in the popula-
tion, reliable grading systems of IVD degeneration are crucial for spine surgeons 
in their clinical assessment. While overall there is agreement between both 
grading systems, clinicians should remain careful when using Pfirrmann scale as 
the grades tend to deviate from the morphological assessment. (Folia Morphol 
2022; 81, 2: 503–509)

Key words: low back pain, discopathy, Thompson scale, Pfirrmann scale
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INTRODUCTION
Lower back pain (LBP) remains a leading cause of 

disability and morbidity in today’s society. Even up to 
70% of the population experiences LBP throughout 
their lives [5]. With an estimated societal cost of LBP 
at 85 billion dollars annually, only in the United States 
in 2008, and expected several-fold increase in the 
next decades, it constitutes an enormous burden to 
the healthcare system [7]. 

The aetiology of LBP is multifactorial with both 
genetic and environmental factors contributing to 
its development. Intervertebral disc (IVD) degenera-
tion is considered to be a crucial component in the 
aetiology of this condition. The IVD is formed by 
gelatinous, centrally located nucleus pulposus (NP), 
which is surrounded by annulus fibrosus (AF). Mor-
phologically, the NP consists of collagen II fibres and 
elastin randomly arranged in highly hydrated, aggre-
can-based gel, which also contains low concentration 
of chondrocyte-like cells [15]. The AF can be divided 
into an inner AF, which can be viewed as a transition 
zone and the outer AF, which in turn is formed by 
distinct, highly organized lamellae consisting of col-
lagen I fibres, intertwined with elastin, lubricin and 
collagen VI fibres [15]. Moreover, the IVD is bound 
caudally and rostrally by IVD endplates, which sep-
arate intervertebral bodies from the IVD. The highly 
hydrated NP, which is constrained both by the AF and 
the endplates, distributes mechanical loads evenly, 
dissipates energy and allows for the movement of the 
vertebral column [15]. Deterioration in the function of 
IVD is associated with the changes in the content of 
extracellular matrix of the NP, which occur with age 
and degeneration [10]. These include loss of water 
content, degradation of proteoglycans and collagen 
as well as upregulation of inflammatory cytokines 
[10]. The deterioration of the NP leads to irreversible 
structural changes of the IVD and its surrounding.  
A common macroscopic characteristic of degenera-
tion is the presence of clefts and tears within the IVD 
and the loss of demarcation between the NP and the 
AF [11]. As such, the IVD loses its mechanical bearing 
properties [17] with a transfer of pressure exertion 
point from NP to AF [1]. This can result in NP bulging, 
herniation, compression syndrome and effectively 
low back pain.

There are several grading systems used to assess 
the degree of degeneration based on the modality 
used. A grading system to assess morphologic chang-
es due to IVD degeneration was proposed by Thomp-

son et al. [14] in 1990. Moreover, the magnetic reso-
nance imaging (MRI) has been widely used to study 
and assess IVD degeneration. The signal intensity loss 
in T2-weighted images correlates with the degree of 
degeneration [4]. Pfirrmann et al. [9] classification is  
a popular grading system for the degenerative chang-
es of the lumbar spine observed in MRI. It is broadly 
used to study lumbar degeneration, but has also been 
adopted by neurosurgeons and orthopaedic surgeons 
in the perioperative setting. It has been validated in 
multiple studies [12, 16]; however, the assessment 
of the correlation between macroscopic Thompson’s 
and radiologic Pfirrmann’s grading systems has not 
been studied comprehensively.

Therefore, the aim of this study was to compare 
the macroscopic appearance of the lumbar spine 
specimens with their MRI appearance and check the 
reliability of the popular Pfirrmann classification of 
the degenerative changes in the lumbar spine.

MATERIALS AND METHODS
specimen collection

The study protocol was approved by our institu-
tional Bioethics Committee. Moreover, study strictly 
adhered to ethical principles for medical research 
involving human subjects set by the Declaration of 
Helsinki.

Full spinal columns (vertebrae L1–S1 and IVD be-
tween them) were harvested from fresh cadavers 
through an anterior dissection. Inclusion criteria were 
as follows: 1) age 18–80, 2) possibility to dissect spe-
cific lumbar column. Any donors that were deceased 
due to trauma or had a visible spinal trauma, spinal 
surgery, spinal tumours, ankylosing spondylitis were 
excluded from this study.

Intervertebral discs that became damaged during 
dissection or had artefacts in MRI scans that did not 
allow for full and reliable assessment were excluded 
from further analyses. 

Magnetic resonance imaging

Magnetic resonance imaging scans of the harvest-
ed spinal columns were conducted with the use of 
Philips Achieva 3.0T TX apparatus. Two independent 
reviewers assessed the IVD degeneration according 
to Pfirrmann et al. [9] scale. In summary, Pfirrmann 
grading system assesses changes in T2 spin-echo 
weighted images on a scale from 1 to 5, with grade 1  
describing healthy disc (homogeneous with bright 
hyperintense white signal intensity and normal disc 
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height), while grade 5 describing heavily degenerated 
disc (disc space is collapsed, inhomogeneous with  
a hypointense black signal intensity) (Fig. 1) [9].

Moreover, the MRI scans were assessed for 
Modic type endplate changes [8]. Type 1 chang-
es were defined as decreased signal intensity on 
T1-weighted images and increased signal intensity 
on T2-weighted images. Type 2 changes were de-
fined as increased signal intensity on T1-weighted 
images and isointense or slightly increased signal 
intensity on T2-weighted images [8]. Modic type III  
changes showed decreased signal intensity on both 
T1- and T2-weighted images. Any radiologic find-
ings, such as Schmorl’s nodes, disc bulging or her-
niation were also noted.

Morphologic assessment

All vertebral columns were cut in the midsagittal 
plane. High resolution images of each column were 
taken and used for later assessment. The IVD degen-
eration was graded on a scale from 1 to 5 based on 
criteria developed by Thompson et al. [14] by two 
independent reviewers. In summary, each grade is 
determined through assessing specific morphologic 
changes of nucleus pulposus, annulus fibrosus, IVD 
end-plates and adjacent vertebral bodies with grade 1  
being healthy IVD, while grade 5 being heavily de-
generated disc (Fig. 1) [14].

Moreover, any macroscopic alterations in the 
structure of lumbar columns were noted and includ-
ed the following: osteophytes, Schmorl’s nodes, IVD 
clefts, tears, bulging and herniation.

statistical analysis

All statistical analyses were conducted using  
STATISTICA (v.13.3) and PQStat (v.1.8.0). Frequency 
distribution, mean and standard deviation were used 
to characterise study group and degeneration grades. 
Spearman’s rank correlation coefficient statistic was 
conducted to assess the relation between the age 
and degeneration. Moreover, in order to determine 
agreement between specific Pfirrmann and Thomp-
son grades, weighted Cohen’s kappa coefficient was 
utilised. This statistic assigns weights to disagreement 
values, with the higher the degree of disagreement 
the higher the weight. A kappa value of 1 indicates 
perfect agreement, while value of 0 indicates agree-
ment equivalent to chance. A p-value of < 0.05 de-
termines statistically significant agreement between 
the two scores. Subgroup analysis on the agreement 

between degeneration grades for specific IVD levels 
was also conducted.

RESULTS
Study group

One hundred lumbar spine columns (L1–S1) were 
harvested from male cadavers. Mean age of the donor 
was 42.2 ± 12.3 years. There were 54 IVDs which 
visualisation did not allow for full and reliable as-
sessment, therefore authors decided to exclude them 
from the analysis.  

Degeneration assessment

A total of 446 IVDs were included in the analysis 
of the degeneration grade. Radiologic assessment us-
ing the Pfirrmann grading system classified 44.2% of 
discs as grade 2, 32.1% as grade 3, 16.8% as grade 4,  
5.8% as grade 1 and 1.1% as grade 5. Morphologic 
Thompson scale graded the majority of discs as grade 
2 and 3 (44.2% and 32.1%, respectively), followed by 
grade 4 (16.8%), grade 1 (5.8%) and grade 5 (1.1%).  

There were 42 discs (9.4% of all discs) that showed 
Modic type endplate changes, with 8.7% of all discs 
grades as Modic type 2 and 0.7% as Modic type 1.

The analysis on the effect of age on degeneration 
revealed significant, although moderate, positive cor-
relation with both Thompson (r = 0.38, p < 0.001) 
and Pfirrmann (r = 0.36, p < 0.001) average grade.

Table 1 summarises subgroup analyses of the 
Thompson and Pfirrmann grades based on the spi-
nal level.

Inter-grading system agreement

A total of 446 pairs of Thompson and Pfirrmann 
grades for specific IVDs were compared. Analysis 
showed weighted Cohen’s kappa equal to 0.61  
(p < 0.001), which suggests significant and substan-
tial agreement between the two grading systems. 
The highest percentage agreement was achieved for 
grade 2 (67.2% of discs). All other grades showed an 
agreement in less than half of the cases. The highest 
percentage disagreement was observed for Thomp-
son grade 1 with 70.0% of discs graded as Pfirrmann 
grade 2. Most of the disagreement occurred due to  
a 1 grade difference (91.5%), whereas only 8.5% due 
to a 2 grade difference.

In summary, Pfirrmann scale tended to under-
score degeneration when compared to Thompson 
grades. Majority of Thompson grades 5 were scored 
as Pfirrmann grades 4–5 (83.3%). Thompson grades 4  
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Figure 1. Representative micrographs of radiologic Pfirrmann (A) and morphologic Thompson (B) grading scores.
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were scored as Pfirrmann grades 3–4 in 86.6% of 
cases, Thompson grades 3 as Pfirrmann grades 2–3 
in 87.9% of cases, Thompson grades 2 as Pfirrmann 
grades 1–2 in 79.8% of cases.

A subgroup analysis based on the spinal level re-
vealed weighted Cohen’s kappa ranging from 0.40 to 
0.70, with the highest value for L5/S1 discs (Table 2).  

Percentage agreement ranged from 41% to 56%, 
however majority of disagreement occurred due to 
a one grade difference.

DISCUSSION
The IVD degeneration is commonly classified us-

ing the Pfirrmann grading system when assessed 
with MRI. There is a scarcity of studies [3] correlating 
morphological appearance of degeneration with MRI 
appearance in cadaveric samples. The reliability of the 
popular Pfirrmann scale has not been comprehensive-
ly validated on a large sample using 3 T MRI against 
the morphological Thompson scale so far. Therefore, 
the aim of our study was to assess morphological and 
radiological characteristics of the IVD degeneration 
and assess the correlation between the Pfirrmann and 
the Thompson grading systems.

The results of this study showed that overall there 
is a significant and substantial agreement between 
morphological and radiological degeneration scales. 
However, when analysed by IVD levels considerable 
variability was observed in terms of kappa coeffi-
cients, with values as low as 0.4. Moreover, there was 
more disagreement in lower grades of degeneration 
as compared to higher grades, which tended to show 
more agreement. This suggests better reflection of 
the stage of degenerative disc disease and as such 
the clinical applicability of Pfirrmann scale for patients 
with more degenerated discs. While in vast majority 
the disagreement between the scales occurred due to 
a one grade difference, the fact that Pfirrmann scale 
underscores majority of grades when compared to 
morphological scale warrants its thoughtful use in  
a clinical setting. Clinicians should remain careful 
when following up the patients and relying solely on 
the descriptions of the MRI exams in the assessment 
of the progression from lower to higher grades. In 
such cases, MRI scans should always be evaluated.   

The original Pfirrmann grading system was applied 
to 1 T MRI [9] and further analysed with 1.5 T MRI  

Table 1. Subgroup analyses of the Thompson and Pfirrmann 
grades based on the spinal level

Intervertebral disc level Thompson  
grades

Pfirrmann  
grades

L1/L2 Grade 1 — 7% Grade 1 — 4%

Grade 2 — 39% Grade 2 — 63%

Grade 3 — 50% Grade 3 — 24%

Grade 4 — 4% Grade 4 — 9%

Grade 5 — 0% Grade 5 — 0%

L2/L3 Grade 1 — 7% Grade 1 — 3%

Grade 2 — 32% Grade 2 — 59%

Grade 3 — 50% Grade 3 — 31%

Grade 4 — 10% Grade 4 — 7%

Grade 5 — 1% Grade 5 — 0%

L3/L4 Grade 1 — 5% Grade 1 — 3%

Grade 2 — 25% Grade 2 — 57%

Grade 3 — 45% Grade 3 — 23%

Grade 4 — 21% Grade 4 — 16%

Grade 5 — 4% Grade 5 — 1%

L4/L5 Grade 1 — 9% Grade 1 — 5%

Grade 2 — 21% Grade 2 — 31%

Grade 3 — 37% Grade 3 — 43%

Grade 4 — 27% Grade 4 — 21%

Grade 5 — 6% Grade 5 — 0%

L5/S1 Grade 1 — 6% Grade 1 — 13%

Grade 2 — 23% Grade 2 — 22%

Grade 3 — 36% Grade 3 — 34%

Grade 4 — 22% Grade 4 — 27%

Grade 5 — 13% Grade 5 — 4%

Table 2. Agreement assessment between morphologic Thompson and radiologic Pfirrmann grading systems for degenerative disc 
disease based on intervertebral disc level

Intervertebral disc level Weighted Cohen’s kappa coefficient P value Percentage agreement

L1/L2 0.40 < 0.05 48.0%

L2/L3 0.53 < 0.001 56.0%

L3/L4 0.54 < 0.001 41.0%

L4/L5 0.59 < 0.001 44.0%

L5/S1 0.70 < 0.001 48.0%
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[6, 16] as well as with 3 T and high-resolution 9.4 T 
MRI in a pre-clinical research [12]. Our study incorpo-
rated 3 T MRI, which allowed for detailed visualisation 
of spinal columns. Previous studies have repeatedly 
shown that T2-signal intensity loss, as one of the 
few radiological characteristics, is associated with 
morphologically observed degeneration in cadaveric 
samples [3, 13]. Moreover, T2-signal intensity corre-
lates strongly with water and proteoglycan content 
of the disc [2, 18], thus its loss should represent the 
chemical changes that occur within the disc during 
the degeneration. The T2-signal intensity loss is the 
main criterion employed in the Pfirrmann scale. Sim-
ilarly to previous research, the results of this study 
showed indirectly that the T2-signal intensity loss 
reflects the process of degeneration, especially for 
patients with late stages of IVD degeneration.

The use of Thompson grading system in the as-
sessment of the morphology of IVD degeneration has 
an inherent limitation. The use of only one sagittal 
section allows only for a limited evaluation of the IVD 
and might not represent full degree of degeneration 
throughout the whole IVD. Nonetheless, the midsag-
ittal section provides visualisation of all tissues of the 
disc structure (NP, AF, endplates, adjacent vertebral 
bodies) as well as degenerative changes that occur 
both in coronal and horizontal planes and as such is 
the most likely to establish the most authentic grade 
of the degeneration [14]. Moreover, this plane was 
utilised in the assessment of degeneration using Pfir-
rmann scale and thus allowed us to directly compare 
the two grading systems.  

The limitation of this study was the use of only 
male specimens. However, along with the large  
sample size, this study provides a focused and more 
representative image of IVD disease for this sex.  
Further studies should be performed with female 
patients in order to evaluate any possible sexual di-
morphism.

Moreover, the MRI has been performed post-mor-
tem, with absent normal metabolism of tissues. How-
ever, only such methodology allows to compare MRI 
data with full direct macroscopic assessment, and 
therefore provide reliable and comparable view. 

CONCLUSIONS
With the aging population and with the increase 

of the prevalence of IVD disease, reliable grading 
systems of IVD degeneration are crucial for spine 
surgeons in their clinical assessment. The results of 

this study showed that overall there was a significant 
and substantial agreement between radiological Pfirr-
mann and morphological Thompson grading systems. 
Nonetheless, clinicians should remain careful when 
using Pfirrmann scale as the grades tend to deviate 
from the morphological assessment. Thus, the knowl-
edge of the proper assessment of MRI scans is crucial 
for spine surgeons.
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The complex embryonic origin of the vertebrobasilar system may result in a wide 
range of anatomical variations. It has been hypothesized that the formation of 
fenestrations are likely to occur due to the failure of regression of the bridging 
arteries that connect the longitudinal neural arteries during embryogenesis. 
Fenestration of the vertebrobasilar system is a rare anatomical variation that 
involves a luminal division of the artery, that has a single origin into two separate 
and parallel channels which are rejoined distally. Fenestrations are important 
anatomical variants in patients undergoing endovascular and invasive intracranial 
interventions. Vascular fenestration has been associated with aneurysms, arterio-
venous malformations, neuralgia, and vertebrobasilar ischaemia. We report on 
3 cases of fenestration at the vertebrobasilar junction in 1 female and 2 male 
patients, respectively, using multidetector computed tomography angiography. 
The length of the fenestrated segment of the artery measured 4.41 mm, 3.90 mm, 
and 5.90 mm, respectively in the patients. Our report is clinically important as the 
presence of this anatomical variation may influence the management of cervical 
and intracranial pathologies. Increased awareness of the prevalence of anatomic 
variations contributes to the advancement of noninvasive imaging capabilities. 
(Folia Morphol 2022; 81, 2: 510–514)

Key words: morphological variation, vertebral artery, basilar artery

INTRODUCTION 
The vertebrobasilar system is the combination of the 

two vertebral arteries (VAs) together with the basilar 
artery. The vertebrobasilar junction (VBJ) is the point 
of union of the bilateral VAs, mostly at the lower bor-
der of the pons [19] to form the basilar artery. The 
vertebrobasilar system provides the blood supply to 

vital structures like the cervical spinal cord, brainstem, 
thalamus, cerebellum, and occipital lobes [18]. There-
fore, a morphological variation of either of the VA or 
basilar trunk can influence vascular supply to the afore 
mentioned structures. Anatomically, VAs are divided 
into four segments: prevertebral (V1), vertebral (V2), 
atlantoaxial (V3), and intracranial (V4) segments [1]. Pre-
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vious studies regarding the morphology of the VA have 
shown the existence of variation in its course [5, 6, 11]. 

Fenestration is an uncommon anatomical varia-
tion that involves a luminal division of an artery that 
has a common origin into two separate and parallel 
channels anywhere along its course to rejoin distally. 
Fenestration is sometimes mistaken for duplication, 
but should, however, be differentiated. Duplication 
normally involves double vascular origin which later 
fuse during the course of the artery [8]. 

Fenestration of the VBJ has been reported to be  
a predisposing factor to other vascular malformations 
like aneurysms [24], arteriovenous malformations 
[12], and neuralgia [10]. Furthermore, fenestration 
has been associated with epidermoid cysts and ver-
tebrobasilar ischaemia [13, 23]. A thorough under-
standing of the anatomy and knowledge of anatomi-
cal variations of the vertebrobasilar artery is essential 
for assessing neurologic syndromes and preoperative 
neurosurgical planning. In this report, we describe 
three cases of VBJ fenestration using multidetector 
computed tomography angiography. 

Fenestration of the VBJ is a morphological varia-
tion that has been previously reported in the inter-
national population, for example in China, United 
States, Canada and Brazil (Table 1). In this report, we 
present 3 cases of fenestration of the VBJ in 2 White 
and 1 Indian South Africans.

CASE REPORT
Our study is retrospective in nature, therefore, 

written informed consent was not obtained. However, 
the design of this study was approved by our Insti-
tutional Review Board/Ethics Committee (Biomedical 
Research Ethics Committee of the University of Kwa-

Zulu-Natal with ethical No: BE 148/19). No identifying 
patient information is present in this paper.

Case 1

Computed tomography angiography (CTA) scan of 
intracranial vessels of a 34-year-old Indian South Afri-
can female at Lenmed Ethekwini Hospital and Heart 
Centre illustrated fenestration at the VBJ (Fig. 1A).  
The length of the fenestrated segment at the VBJ 
was 4.41 mm with the two limbs having a similar 
diameter. Clinical examination showed extensive an-
eurysmal subarachnoid haemorrhage in the right 
Sylvian fissure with intracerebral extension into the 
adjacent peri-lenticular parenchyma. Ruptured right 
middle cerebral artery saccular aneurysm, and further 
multilobulated anterior cerebral artery aneurysm was 
noted with the incorporation of large left A3 segment. 

Case 2

A 79-year-old male White South African presented 
to Lenmed Ethekwini Hospital and Heart Centre for 
the history of vertebrobasilar transient ischaemic at-
tack (TIA) and acute unsteadiness. CTA scan revealed 
fenestration at the VBJ (Fig. 1B). The length of the 
fenestrated segment at the VBJ was 3.90 mm with 
the two limbs having a similar diameter. The poste-
rior communicating artery was hypoplastic on the 
right when compared to the left and no intracranial 
aneurysm was demonstrated. 

Case 3

An 83-year-old male White South African present-
ed to Lenmed Ethekwini Hospital and Heart Centre 
for a clinical history of collapse, recurrent TIA, ataxia, 
and diplopia. CTA showed fenestration at the VBJ 

Table 1. Incidence of vertebrobasilar junction (VBJ) fenestration in different population groups

Author (year) Country Type of study Number  
of cases

Sex:  
male/female

Segment of  
vertebral arteries

Campos et al. (1987) [2] Canada DSA 21 7/14 VBJ

Yoon et al. (2004) [24] South Korea CTA 4 2/2 VBJ

Consoli et al. (2013) [3] Italy DSA 2 Female VBJ

Kan et al. (2013) [9] United States DSA 1 Female VBJ

Gupta et al. (2013) [7] India CTA, DSA 4 3/1 VBJ

Trivelato et al. (2016) [22] Brazil DSA 5 1/4 VBJ

Zhu et al. (2016) [25] China DSA 10 6/4 VBJ

Present study South Africa CTA 3 1/2 VBJ 

CTA — computed tomography angiography; DSA — digital subtraction angiography
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(Fig. 1C). The length of the fenestrated segment at 
the VBJ was 5.90 mm with the two limbs having  
a similar diameter. The basilar artery was minimally 
ecstatic involving the medial and lateral margin at 
its bifurcation.

DISCUSSION
Anatomical variation in the origin of the VA is 

the most reported morphological variation. This has 
also been reported in the South African population 
[4, 15]. However, reports on fenestration at the VBJ 
are scarce and are mostly reported internationally 
(Table 1). Previous studies regarding the morphology 
of the VA have shown the existence of variation with 
demographic and ethnic/racial differences [5, 6, 11]. 
Complex embryogenesis of the vertebrobasilar system 
results in vascular fenestration and it is frequently 
reported at the extracranial portion of the VA [12]. 
In contrast, the three cases we report showed fenes-
tration at the VBJ. 

Embryologically, the VA is formed during the 
32nd to 40th days by the development of longitudinal 
anastomosis between the seven adjacent cervical in-
tersegmental arteries that are formed from the primitive 
dorsal aorta [17]. Later, however, the first six cervical 
intersegmental arteries regress, while the seventh per-
sists to form the proximal part of the subclavian artery 

and the point of origin of the adult VA. The basilar 
trunk is formed from the fusion of primitive embryonic 
longitudinal neural arteries by approximately the fifth 
foetal week [14]. Generally, fenestration at any of the 
segments of the VA (V1–V4) is due to the absence 
of obliterations of two intersegmental vessels which 
fuse, or by segmental arteries which become short or 
disappear while a portion of the dorsal aorta remains 
against the VA [1]. Basilar artery fenestration occurs as 
a result of partial failure or incomplete fusion of the 
longitudinal neural arteries and regression of the bridg-
ing arteries connecting the longitudinal arteries [25]. 
Although fenestration at the VBJ is formed between the 
confluence of the bilateral distal VA and proximal part of 
the basilar artery, researchers agree that the best expla-
nation for this morphological variation is the persistence 
or incomplete fusion of one of the temporary bridging 
arteries between the embryologic bilateral longitudinal 
neural arteries that form the basilar artery [7, 25]. This 
could occur as a result of some genetic or environmental 
factors [25]. In the cases we observed, fenestration was 
found at the VBJ in 3 patients (Figs. 1A–C).

The macroscopic examination of the fenestrated 
segment revealed a unique fusiform thickened vessel [1].  
Furthermore, microscopic and histopathological  
examination of the limbs has shown irregularities in 
the lateral and medial wall structure [1, 13]. These 

Figure 1. Computed tomography angiography images of case 1 (A), case 2 (B) and case 3 (C); A. Three-dimensional reconstructed image 
shows vessels of anterior and posterior circulation. Blue arrow shows intracranial segment of right vertebral artery (VA) while the red arrow 
shows intracranial segment of the left VA. The white arrow shows fenestration at the vertebrobasilar junction (VBJ) between the confluence 
of bilateral VAs and proximal part of the basilar artery; B. Three-dimensional reconstructed image shows the intracranial VA, bending basilar 
artery and the circle of Willis. The white arrow shows fenestration at the VBJ while the yellow arrow shows the basilar artery; C. Three-di-
mensional reconstructed image shows the intracranial VA, bending basilar artery and the circle of Willis. The white arrow shows fenestration 
at the VBJ while the blue arrow shows the basilar artery.
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irregularities may alter the haemodynamics of blood 
flow at the proximal and distal end of the fenestrat-
ed segment causing TIA as reported in two of our 
patients (cases 2 and 3). 

Vertebral artery dominance and bending of the 
basilar artery have also been reported as risk factors 
for brainstem infarction and TIA [16]. Morphological-
ly, the VBJ is subjected to the greatest stresses of flow 
and turbulence from the bilateral VA below. This com-
plex geometry of the VBJ, in addition to fenestration 
and basilar bends (Fig. 1A–C), may also contribute to 
the clinical history of TIA in cases 2 and 3. 

Some authors suggest that fenestration of the VA 
is an incidental finding and has no pathological and 
clinical importance [20], while others hypothesized 
that its occurrence increases the prevalence of aneu-
rysms (most especially at the VBJ) [2, 24]. Fenestration 
has also been associated with the brain, spinal cord, 
and spinal column abnormalities in addition to other 
vascular disorders [21]. In case 1, there is a middle 
cerebral artery and anterior cerebral artery aneurysm, 
which is not associated with the fenestration. Accord-
ing to the report by Campos et al. [2] and review of 
literature (Table 1), fenestration at the VBJ is more 
common in female subjects while VA fenestration is 
considered to be more frequent in male subject [12]. 
This may not be comparable due to different em-
bryological processes in the formation of the basilar 
artery as opposed to the vertebral arteries. Also, our 
report is a small series with only 3 subjects comprising  
2 males and 1 female.

CONCLUSIONS
The authors presented 3 cases of fenestration at 

the VBJ in 2 White males and 1 female Indian South 
African patients. The presence of this morphological 
variation can increase the incidence of an aneurysm. 
Since most intracranial vascular disorders such as 
aneurysm are treated using endovascular proce-
dures, a knowledge of the presence of fenestrations 
may influence the endovascular strategy. Therefore, 
knowledge of this anatomical variation will help in 
the preoperative workup and contribute to the correct 
interpretation of preoperative images. This report 
will also contribute to the demography of the South 
African population.

Conflict of interest: None declared
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A common variant of accessory muscles in the anterior forearm is the Gantzer’s 
muscle (GM). GM arises as a muscle belly from flexor digitorum superficialis (FDS) 
or ulnar coronoid process to merge distally with the flexor pollicis longus (FPL) 
muscle. In the present case report, we describe a novel accessory muscle in the 
flexor compartment of the forearm. The proximal attachment was tendinous and 
came from three sources: FDS muscle, ulnar coronoid process, and the medial 
aspect of the proximal radius. The distal tendon of the novel accessory muscle 
ran parallel to FPL, passed through the carpal tunnel, and entered the palmar 
aspect of the hand. In the hand, the tendon thinned out and blended with the 
tenosynovium of the FPL, contributing to the sheath around the FPL tendon. 
This accessory muscle of the FPL is comparable to the frequently documented 
GM; however, the present case exhibited fundamental nuances that distinguish 
it from the previously described iterations of the GM in the following ways:  
1) The novel accessory muscle is tendinous from its proximal origin and throughout 
the upper one-third of the forearm, and one component of its origin arose from 
the medial aspect of the radius. GMs with an origin on the radius have not been 
previously reported. 2) In the middle one-third, the tendinous proximal attachment 
transitioned to a muscle belly that passed through the carpal tunnel and entered 
the hand. 3) In the hand, the novel tendon widened, thinned, and merged with 
the tenosynovium of the FPL. Accessory muscles are a common finding in the 
anterior forearm during cadaveric dissection. In patients, they can be the cause of 
neuropathies due to compression of the anterior interosseous nerve. Awareness 
of variations is also important for clinicians who examine the forearm and hand, 
as well as hand surgeons. (Folia Morphol 2022; 81, 2: 515–519)

Key words: Gantzer, forearm, flexor pollicis longus, carpel tunnel

INTRODUCTION
Anatomical variations of the flexor muscles of the 

anterior forearm are commonly found in cadaveric 
dissections. The Gantzer muscle (GM), accessory head 

of the flexor pollicis longus (FPL), is a well-document-
ed and highly prevalent anterior compartment varia-
tion. One meta-analysis reported a prevalence rate of 
44.2% from 24 cadaveric studies [11]. Typically, the 
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GM originates in the proximal forearm as fibres from 
the deep aspect of the flexor digitorum superficialis 
(FDS) alone, or from the FDS together with the me-
dial epicondyle of the humerus and/or with the ulnar 
coronoid process [10]. Distally, GMs blend in with the 
proximal tendon of the FPL at the midpoint of the 
radius. At that insertion, they exert a flexion force on 
the FPL. Also reported are accessory flexor digitorum 
profundus (FDP) muscles which have the same origin 
as the GM but insert into the FDP [15]. Some variants 
insert into both the FPL and the FDP [15]. 

Accessory muscles in the anterior forearm become 
clinically relevant when they compress local neuro-
vasculature. An accessory head of the FPL has been 
the aetiology of compressive neuropathies of either 
the median nerve (MN) or the anterior interosseous 
nerve [13, 15]. Here, we present a muscle that would 
raise similar concerns in the clinical setting. 

CASE REPORT
An 84-year-old female donor was dissected by 

undergraduate medical students at the Albert Einstein 
College of Medicine, Bronx, NY, as part of the first-year 
Clinical and Developmental Anatomy course. They 
identified a novel accessory muscle in the anterior 
flexor compartment of the right forearm. It originated 
via tendinous bands from the deep side of the FDS, 
the ulnar coronoid process, and the medial aspect 
of the proximal radius. These two tendinous bands 
united at the upper one-third of the forearm to form 
a single tendon (Fig. 1). These proximal tendons were 
positioned anterior to the anterior interosseous nerve 
(AIN). In the distal half of the forearm, the single 
tendon transitioned into a muscle belly located deep 
to the FDS and between the FDS and the MN. The 
muscle again became tendinous at the level of the 
radial styloid process. This distal tendon was situated 
between the FDS and the MN, and ran parallel to the 
FPL (Figs. 2, 3). It passed through the carpal tunnel 
and entered the hand, where it widened out and 
blended with the tenosynovium of the FPL (Figs. 4, 5).

The dissection of the left anterior forearm revealed 
an accessory head of FPL that originated from the 
deep side of the FDS and inserted into the FPL tendon 
as has been described previously [2]. 

DISCUSSION
The accessory muscle reported here is atypical of 

GMs and other accessory muscles of the forearm. This 
novel muscle’s proximal origins — contributions from 

the undersurface of the FDS, the ulnar coronoid, and 
the proximal medial radius — have not been previous-
ly reported. Pai et al. [10] surveyed 126 upper limbs 
and found that 76 had a GM, either as an accessory 
head of FDP (FDPah) or of FPL (FPLah). In all cases, the 
origin was from the deep surface of the FDS alone, or 
in combination with fibres originating on the medial 
epicondyle and/or the coronoid process. In no cases 
did the GM originate on the coronoid process or 
medial epicondyle without the FDS contribution. Pai 
et al. [10] also writes they found no muscle arising 
from other structures such as the pronator teres or 
the brachialis. The novel muscle is most similar to one 
case Pai et al. [10] found, involving a single muscle 
belly of a GM that originated from the FDS, and then 
divided into an FPLah and an FDPah to insert into the 
FPL and FDP, respectively.

Caetano et al. [2] conducted a survey of 80 upper 
limbs and found GM in 54 (68%). In 42 of these cases 
the GM originated from the undersurface of the FDS, 
in 8 cases it originated from the coronoid process, 

Figure 1. Dissection of the anterior proximal forearm. The novel 
muscle (white arrow) seen with its origins in the medial aspect of 
the radius (*) and the ulnar coronoid process (**), with contribu-
tory fibres from the flexor digitorum superficialis (FDS), converging 
in the form of a “Y”. The position of the muscle is shown relative to 
the median nerve (MN). 
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Figure 2. Dissection of the distal forearm. The flexor carpi radialis 
(FCR) was cut (at dashed line) from its distal attachment and re-
flected to better visualise the flexor pollicis longus (FPL). The novel 
muscle is denoted by the white arrow, medial to the FPL. The flexor 
digitorum superficialis (FDS) remains in situ.

Figure 3. Dissection of anterior compartment of right distal forearm 
and hand. The palmaris longus, with the palmar aponeurosis (PA), 
was reflected. The flexor digitorum superficialis (FDS), flexor polli-
cis longus (FPL), and flexor carpi radialis (FCR) are shown in situ. 
White arrow denotes the novel muscle, medial to FPL; * (asterisk) 
— the fourth digit was surgically amputated in life. 

and in 7 cases from the medial epicondyle (3 of the 
cases were a GM with 2 origins, both the FDS and 
the coronoid process). In all of the cases Caetano et 
al. [2] examined, the GM always lay posterior to both 
the median and anterior interosseous nerve.

Regarding the distal insertion of the GM, Pai et 
al. [10] conducted a cadaveric survey of 126 upper 
limbs and found that GMs inserted into the FPL at 
a prevalence of 46.03%, and into the FDP at that of 
14.28%. Among those GMs positioned as FPLah, 80% 
inserted into the proximal third of the FPL, and the 
rest mostly inserted into the middle third, except for 
2 cases in which the FPLah inserted into the distal 

third of the FPL. No cases were found in which FPLah 
inserted into the tendon of the FPL distal to the carpal 
tunnel. Similarly, Zdilla et al. [15] reported a belly of 
a GM which became tendinous at 52 mm from its 
most distal origin in the FDS; this tendon travelled  
6 mm before joining the proximal one third of the FPL.

In the study conducted by Caetano et al. [2], 
the GM inserted into the FPL in 36 of the 54 limbs. 
It inserted into the FDP in 21 of the upper limbs, 
totalling 57 insertions in 54 limbs (in 3 cases of GM 
that inserted into the FDP, the GM had 2 origins, and 
therefore was counted twice). 

There have been various descriptions in the litera-
ture of the location of the GM relative to the MN and 
AIN. Mangini [8] found that the FPLah lies posterior 
to the MN and anterior to the AIN in 100% of his 
cases, and this finding was confirmed by Pai et al. 
[10]. However, Al-Qattan [1] found in 13 cadavers that 
the FPLah lies posterior to the AIN, as was described 
by Dellon and Mackinnon [4] in all 14 cadavers with 
a GM present. In this case report, the novel muscle 
was found to lie posterior to the MN, and anterior 
and parallel to the AIN, in line with the findings of 
Mangini [8] and Pai et al. [10].

The accessory head of FPL has been implicated 
in the compression of the AIN [4, 14]. This has been 
termed Kiloh-Nevin syndrome or AIN syndrome. Spin-
ner [14] describes this compression as causing AIN pa-
ralysis, thus affecting the FPL, the lateral two fascicles 
of FDP, and pronator quadratus muscles. Clinically, 
this syndrome presents with increased extension of 
the distal interphalangeal joint and increased flexion 
of the proximal interphalangeal joint on the index 
finger during the pinch motion. This has been dubbed 
“Spinner’s sign” [3], and the accessory head of the 
FPL has been implicated in this syndrome. However, 
per the literature review of Orellana-Donoso et al. [9],  
a compressive neuropathy of the AIN by an accessory 
head of the FPL mainly presents clinically as carpal 
tunnel syndrome. Alternatively, the presence of an 
anomalous muscle or tendon in the forearm has been 
implicated in symptomatic supernumerary muscle 
belly syndrome [12]. This presents as pain in the distal 
forearm due to shearing between adjacent muscle 
fibres as a result of the extra muscle or tendon in 
the forearm [12]. 

The musculature of the human anterior forearm 
has its embryological origins in somatic mesoderm 
which invades the limb anlage at 4 weeks of ges-
tation. The flexor mass subsequently divides into 
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two layers that condense: one more superficial, and 
another deeper. The former splits into flexor carpi 
radialis, pronator teres, and the palmaris longus. The 
deep muscle mass originates on the medial epicon-
dyle and inserts into the developing digits. It initially 
gives rise to the flexor carpi ulnaris and then cleaves 
into two layers: the FDS and the FDP. The FPL splits 
from the FDP [7]. Accessory muscles that connect 
the FDS, FDP, and FPL are thought to be the result 
of incomplete cleavage of the deeper embryological 
mass in the anterior forearm [6]. According to Eid 

and Otsuki [5], an accessory head of the flexor com-
partment, in other mammals, is a belly connecting 
the part of FDS originating in the medial epicondyle 
to the deep flexor muscles. These observations of FPL 
splitting from FDP are consistent with our findings of 
the novel muscle originating from deep side of FDS, 
although they do not address the unique origin of 
the novel muscle fibres from medial aspect of radius. 

The accessory muscle in the right forearm identi-
fied by the authors differs from previously described 
GMs in three ways:

Figure 5. Deep dissection of palm of hand. Sheath formed by tendon of novel muscle (arrow) further dissected from the tendon of the flexor 
pollicis longus (FPL); * (asterisk) — the fourth digit was surgically amputated in life.

Figure 4. Dissection of palm of hand. The novel muscle (single arrow) separated from the flexor pollicis longus (FPL). The transverse carpal 
ligament was dissected to visualise the distal continuity of these two muscles. The tendon of the novel muscle distally feeds into the ten-
osynovium of the FPL (double arrows) immediately distal to the carpal tunnel, forming a sheath (double asterisk); * (asterisk) — the fourth 
digit was surgically amputated in life.
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 — this accessory muscle had one origin from the 
medial aspect of the radius. GMs with an origin 
on the radius have not been previously reported;

 — this accessory muscle presented as a muscle belly 
in the middle of the forearm. The tendon of the 
belly passed through the carpal tunnel and trav-
elled further into the hand. Even the most distally 
inserted GMs found by Pai et al. [10] inserted into 
the FPL proximal to the carpal tunnel;

 — in the hand, the distal tendon of the accessory 
muscle formed a synovial sheath around the ten-
don of the FPL medial to the thenar eminence. 
This is a previously unreported finding.

CONCLUSIONS
To our knowledge, this is the first report of an 

accessory muscle in the anterior forearm with a prox-
imal origin that included the radius. The belly of this 
muscle transitioned into a tendon at the radial styloid 
process, entered the hand through the carpal tunnel, 
and fused with the tenosynovial sheath of the FPL. 
GM usually inserts into the FPL tendon in the middle 
third of the forearm. More generally, the presence of 
accessory muscles such as the one described here has 
clinical implications for the diagnosis and treatment 
of compression injuries of the median and anterior 
interosseous nerves.
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Understanding anatomical variations as well as normal anatomy of the muscles 
and tendons of the hand is vital for successful clinical evaluation and surgery.  
A number of extensor muscle and tendon variations have been reported in the liter-
ature, including duplication, triplication, and absence. We report a rare anatomical 
variation that includes bilateral absence of the extensor indicis (EI) muscles and 
bilateral duplication of the extensor digitorum (ED) tendon to the second digit in 
the forearm of an 83-year-old male cadaver during routine upper limbs dissection. 
In the present case, only three muscles were present in the deep compartment: 
extensor pollicis longus (EPL), extensor pollicis brevis (EPB), and abductor pollicis 
longus (APL) with bilateral absence of EI. The reported prevalence of bilateral 
absence of EI muscle and tendon ranges from 0.5% to 3.5%. The prevalence of 
an additional index tendon arising bilaterally from the ED muscle belly is 3.2% 
of the population. Extension of the index finger is governed by the actions of EI 
and ED. However, the four tendons of ED are linked to each other by juncturae 
tendinum, restricting independent extension of the digits in certain postures, e.g. 
when the hand is fisted. With fisted hand, EI controls extension of the index finger. 
Clinically, EI tendons are used for tendon reconstruction procedures to restore 
function to the hand and thumb after trauma or tendon rupture. This report 
highlights the importance of anticipating anatomical variations and conducting 
pre-operative evaluations to confirm the presence of EI when planning tendon 
transfer procedures. (Folia Morphol 2022; 81, 2: 520–525)

Key words: extensor indicis, forearm, congenital, index finger, hand

INTRODUCTION
Thorough knowledge of the arrangement of ten-

dons on the dorsum of the hand is essential when 
performing surgical procedures for tendon repair 
or tendon transfer within the hand. The extensor 
muscle-tendon units serving the second digit include 

extensor indicis (EI) and extensor digitorum (ED). EI 
attaches proximally to the posterior surface of the 
distal third of the ulna and interosseous membrane 
and passes distally through the fourth dorsal com-
partment of the wrist together with ED tendons. The 
EI tendon travels on the ulnar side of the ED index 
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tendon to insert into the extensor expansion of the 
second digit [4]. Typically, EI produces extension of 
the second digit at the metacarpophalangeal, proxi-
mal and distal interphalangeal joints independent of 
the ED index tendon [9, 12]. It serves this function 
regardless of hand posture.

The four tendons of ED arise proximally from  
a common muscle belly attached to the lateral epi-
condyle of the humerus, and insert distally into the 
extensor hoods on the dorsum of the second through 
fifth metacarpal heads [8]. Just proximal to the met-
acarpophalangeal (MCP) joints, the ED tendons are 
joined to each other by oblique connective tissue 
bands, juncturae tendinum (JT) [6]. ED produces ex-
tension of the digits primarily at the MCP joints and 
secondarily at the interphalangeal joints. However, 
due to the JT, digital extension is restricted in certain 
postures such as fisted hand. 

Instances of EI variants, including multiple tendon 
slips [9, 14, 15] or absence of the tendon [8, 10, 18], 
have been noted in the literature. Absence of the EI 
muscle-tendon unit is very uncommon with a report-
ed prevalence of 0.5–3.5% in previous meta-analyses 
[8, 25]. Only 2 case reports describe the absence of EI 
bilaterally [22, 26]. Variations of the ED attachment to 
the second digit are also uncommon, with double slip 
tendon variants observed at a prevalence of 3.2% [1].

Extensor indicis tendons are commonly used in 
tendon transfer procedures to reconstruct the ab-
ductor pollicis longus (APL) or extensor pollicis longus 
(EPL) tendons. Because the index finger receives the 
ED tendon as well as the EI tendon, it should maintain 
the ability to extend if the EI tendon is removed [11, 
13]. It is critical, therefore, to be aware of variations 
of the EI muscle, especially those that involve absence 
of its tendon, to evaluate patients prior to tendon 
transfer surgery [16, 21]. We report a case of bilateral 
absence of the EI muscle-tendon unit and bilateral 
presence of an additional tendon slip arising from ED 
to the second digit.

CASE REPORT
During routine dissection of an 83-year-old male 

cadaver at the Albert Einstein College of Medicine, 
Bronx, NY, the extensor compartments of the forearms 
and dorsum of the hands were dissected by remov-
ing the skin and fascia to visualise the underlying 
muscles. The extensor muscles were identified and 
their tendons cleaned and followed to their distal 
attachments. Both the muscle belly and tendon of 

the EI were absent bilaterally. And, bilaterally, an 
additional tendon slip arose from the ED muscle 
belly and inserted at the second digit (Figs. 1B, C). 
The presumptive normal tendon of ED to the second 
digit was connected with the other ED tendons via 
JT. On close observation, the JT were thin fascia-like 
tissues, as opposed to dense fibrous tissues. This 
quality confers a wider range of mobility for inde-
pendent digital extension. No surgical incisions were 
found on either hand or forearm, suggesting that 
no surgical procedures had been performed. Further 
inspection of the extensor compartment showed only 
three muscles arising from the posterior surface of 
the radius, ulna, and interosseous membrane (Figs. 
2B, C). These three muscles were the EPL, extensor 
pollicis brevis (EPB), and APL. Also, normal right hand 
with EI is shown (Figs. 1A, 2A).

DISCUSSION
The normal presentation of EI is one muscle belly 

attached to the posterior surface of the ulna and 
interosseous membrane with one tendon descending 
to the extensor aponeurosis of the second digit. The 
EI tendon typically runs deep, ulnar and parallel to the 
ED index tendon. Studies of the dorsum of the hand 
indicate that variations in tendons to the second digit 
are rare [1, 6]. An extensive literature review revealed 
only 2 case reports of bilateral absence of the EI similar 
to our case [22, 26]. Additionally, Bergman’s Compre-
hensive Encyclopedia of Human Anatomic Variation re-
ports that muscles of the index finger are rarely absent; 
however, the authors do not indicate the prevalence of 
absent EI [2]. An early study of 263 upper extremities 
did not report absent EI [5]. However, in the same study 
Cauldwell et al. [5] referenced 5 cases of absent EI 
muscle that were published between 1806 and 1936. 
It was not indicated whether these were unilateral or 
bilateral. Hence, the current case of bilateral complete 
absence of EI is rare. 

Furthermore, the current case is unique due to 
the presence of bilateral additional tendon slips aris-
ing from the ED muscle belly to the second digit.  
A thorough literature review indicated that variations, 
in the form of additional tendons to the index finger, 
were observed in two categories. In the first category, 
the additional tendon did not arise from ED but arose 
as a separate muscle either from the radius [19, 24] or 
the ulna [10]. In the second category, the additional 
tendon to the index finger arose from ED [3]. A dissec-
tion-based study of 13 cadavers found 2 (7.69%) cases 
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Figure 1. A. Normal right hand with extensor indicis present (dotted line); B, C. Right and left hands, respectively, with additional tendinous 
slip (arrowhead) arising from extensor digitorum; 1 — abductor pollicis longus; 2 — extensor pollicis brevis; 3 — extensor pollicis longus; 
6 — extensor digitorum.
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Figure 2. A. Normal right hand with extensor indicis present (dotted line); B, C. Left and right hands, respectively, with absent extensor in-
dices. Additional tendinous slip arising from extensor digitorum indicated by arrowhead; 1 — abductor pollicis longus; 2 — extensor pollicis 
brevis; 3 — extensor pollicis longus; 4 — extensor digiti minimi; 5 — extensor carpi ulnaris; 6 — extensor digitorum (reflected).
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in which the ED tendon to the index finger originated 
as two tendons that fused before reaching the MCP 
joint and inserted into the extensor expansion of the in-
dex finger as a single tendon [1]. The study conducted 
by Abdel-Hamid et al. [1], on 95 upper limbs, reported 
3 (3.2%) cases of double tendons arising from the ED 
going to the index finger. In the current case, the ED 
gave two tendons that inserted at the index finger as 
two tendons. The other three ED tendons, one to each 
digit 3–5, were typical. Another dissection-based study 
of 54 upper limbs did not report double tendons that 
arose from ED to index finger [6].

In summary, the findings of bilateral absence of 
the EI muscle-tendon [22, 26] and additional slip of ED 
tendon to index finger have been reported as separate 
occurrences. The current case is unique in having both 
variations — bilateral absence of the EI muscle-tendon 
unit with the presence of bilateral additional tendon 
slip from ED that inserted onto the index finger.

The functional test for the presence of EI is inde-
pendent extension of the index finger with the hand 
fisted. In the complete absence of EI, ED is responsible 
for extending the index finger. However, the four ED 
tendons are connected to each other by JT that limit 
independent extension of the digits. Von Schroeder et 
al. [23] described three types of JTs: type 1 (thin, fas-
cia-like), type 2 (thicker, fibrous), and type 3 (thickest, 
tendinous band). Yammine [24] reported the prevalence 
of JT between the index finger and middle finger as  
type 1 (95%), type 2 (5%), and type 3 (0%). Furthermore, 
they showed that type 1 JTs accommodated independ-
ent extension of the four medial digits whereas type 2 
and 3 JTs were restrictive [24]. In the present case, we 
observed thin fascia-like JTs similar to that described as 
type 1. We speculate that the individual, when living, 
may have had the ability to independently extend the 
index fingers in the absence of EI.

It is most likely that variations in limb musculoskel-
etal development resulted in the bilateral absence of 
the EI muscle-tendon unit and the bilateral presence 
of additional tendon slips arising from the ED mus-
cle bellies. During embryological development the 
extensor muscle mass of the forearm differentiates 
into three sections: radial, superficial and deep [17]. 
The radial section gives rise to brachioradialis, and ex-
tensor carpi radialis longus and brevis. The remaining 
portion of muscle mass divides into superficial and 
deep sections. The superficial section differentiates 
into extensor carpi ulnaris, extensor digitorum, and 
extensor digiti minimi, and is highly evolutionarily 

conserved [23]. The deep section, which has under-
gone the most significant evolutionary variation, gives 
rise to the extensor indicis, abductor pollicis longus, 
and extensor pollicis longus and brevis [10]. These ob-
servations are consistent with the variations identified 
in the present case, although they do not address the 
bilateral versus unilateral nature of the anomalies.

Clinically, absence of the EI tendon results in sig-
nificant consequences, as it is the tendon most com-
monly used for reconstruction of the EPL and abductor 
pollicis longus (AbPL) tendons [16, 20]. Spontaneous 
rupture of the EPL tendon, occurring most frequently in 
patients with rheumatoid arthritis but also secondary 
to direct trauma and distal radial fracture, results in 
decreased capacity for extension at the interphalan-
geal and metacarpophalangeal joints of the thumb 
[16, 20]. Tendon transfer of the EI is the current gold 
standard for efficacious EPL reconstruction, although 
extension deficits of the index finger, as well as loss of 
pinch strength, have been noted following EI resection 
[16]. Cases in which only one extensor tendon to the 
index finger can be located necessitate alternative 
sources of graft transfer, most commonly palmaris 
longus. Ultrasound, or other imaging techniques, are 
used to verify the presence of the EI muscle-tendon 
unit in preparation for surgical reconstruction [7, 21].

CONCLUSIONS
This cadaveric case report documents bilateral 

absence of the EI muscle-tendon unit and bilateral 
presence of additional tendon slips arising from the 
ED muscle, running parallel to the ED index tendon, 
inserting on the second digit. We hypothesize that 
variations in upper limb musculoskeletal development 
resulted in the rare bilateral absence of the EI mus-
cle-tendon unit and bilateral presence of an additional 
tendon slip to the second digit arising from ED muscle 
belly. To summarise, preservation of hand dynamics 
through surgical reconstruction requires anticipation 
of anatomical variations of the hand and verification 
of the presence of both index tendons in order to 
avoid potential significant complications.
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Rare malformations associated with partial 
anomalous pulmonary venous return:  
a cadaveric case report
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A unique partial anomalous pulmonary venous return in combination with other 
rare malformations such as annular pancreas and a persistent umbilical vein was 
discovered in a female Caucasian cadaver during an anatomical dissection at the 
Paracelsus Medical University in Nuremberg, Germany. The pulmonary anomaly 
comprised the aberrant left superior pulmonary vein connecting the superior 
lobe of the left lung with the left brachiocephalic vein resulting in a left to right 
shunt. An annular pancreas without any signs causing duodenal compression was 
additionally found. To complete the constellation of malformations, a persistent 
umbilical vein within the round ligament fissure of the liver was also observed, 
connecting to an inferior branch of the extrahepatic left ramus of the portal 
vein. This rare constellation of malformations has been illustrated and thoroughly 
discussed with the currently available literature to develop a hypothesis for the 
genetic and developmental background. (Folia Morphol 2022; 81, 2: 526–531)

Key words: partial anomalous pulmonary venous return, patent 
umbilical vein, annular pancreas

INTRODUCTION
Partial anomalous pulmonary venous return 

(PAPVR) is a cardiovascular congenital anomaly char-
acterised by a partial alteration in the venous connec-
tion of the oxygenated blood of the pulmonary vein 
to the left atrium resulting in a left to right shunt. 
The venous drainage point of return of the partial 
anomalous pulmonary vein can vary in its site; oc-
curring most frequently supracardial (63%), followed 
by the cardial (20%), mixed (11%) and infracardial 
(6%) variants [14]. In contrast to the total anomalous 
pulmonary venous return (TAPVR), which is a deadly 
anomaly, PAPVR does not necessarily demonstrate 
clinical symptoms. The actual prevalence could there-
fore be even higher than the reported 0.4–0.7% of 

adults shown in autopsy cases [12]. Although the 
literature shows that right sided PAPVR is more fre-
quent [1, 7, 21], a study with computed tomography 
images from 29 adults showed a connection of the 
superior left pulmonary vein into the left persistent 
vertical vein in 79% of their studied cases [11].

Partial anomalous pulmonary venous return often 
exists in combination with other multiple congenital 
anomalies [21]. An interesting clinical case report 
about PAPVR with persistent left superior vena cava, 
‘bovine arch’ aortic branching, tracheal diverticu-
lum, aberrant lung fissure and an annular pancreas 
(AP) has been published [17]. We introduce a similar 
constellation; however, in a cadaveric gross anatomy, 
where we could find PAPVR combined with other 



527

S. Silawal et al., Partial anomalous pulmonary venous return in a cadaveric study

multiple congenital anomalies (MCA) such as AP and 
patent umbilical vein (PUV) with connection to the 
left portal vein of the liver.

Annular pancreas is a congenital anomaly in which 
the pancreas either completely or partially encircles 
the descending portion of duodenum. This phenom-
enon can obstruct the gastrointestinal lumen, occa-
sionally leading to duodenal stenosis [10]. 

This constellation will be discussed in detail with 
the available literature of comparable cases for spe-
cific genetic mutations being associated with the 
individual variations observed in the described case 
and an effort will be made to find a common ground 
to explain the coexistence of the MCA.

CASE REPORT
The formalin-fixed cadaver of an 88-year-old fe-

male body donor came from the body donor system 
of the LMU, Munich, Germany. Photos were taken 
using a Canon Camera (G9 X, Tokyo, Japan) and 
measurements were taken using a digital calliper 
(Ovibell GmbH, Mühlheim, Germany). Haematoxylin 

and eosin staining was performed in the Institute of 
Pathology, General Hospital Nuremberg to verify the 
observation. The histological image was taken using 
a DM1000 LED light microscope (Leica, Wetzlar, Ger-
many). Literature research related to the anomalies 
was undertaken using Medline and Google Scholar 
by searching mesh terms for genetic mutations such 
as: partial anomalous, persistent right umbilical vein, 
annular pancreas and persistent umbilical vein. 

Aberrant pulmonary vein

The aberrant/displaced superior left pulmonary vein 
measuring 63 mm in length and 6.2 mm in diameter 
drained from the left superior lobe through the pulmo-
nary hilum into the left brachiocephalic vein (Fig. 1A, B). 
The 37.3 mm long and 12.4 mm thick left brachiocephalic 
vein joined together with the right brachiocephalic vein 
to form the superior vena cava, finally draining into the 
right atrium. However, an additional venal tributary from 
the lowest portion (segment V) of the left superior lobe 
drained into the left inferior pulmonary vein from the 
inferior lobe of the left lung (Fig. 2A, B) entering together 

Figure 1. A. Anterior view on the mediastinum; B. Anterolateral view on the mediastinum; RL — right lung; LL — left lung; H — heart (cov-
ered by the parietal pericardium); LBV — left brachiocephalic vein; SVC — superior vena cava; PN — phrenic nerve; red star — left superior 
pulmonary vein with anomalous return.
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as a single left entrance into the left atrium. On the other 
side there were three separate entries, instead of two, 
into the left atrium from the three lobes of the right lung 
(Fig. 2B). The left and right lungs were of normal size and 
both possessed a regular oblique fissure.

Neither any irregularity in size of the heart cham-
bers nor in any septation of the heart could be ob-
served. The coronary sinus had no connection to the 
variant vein and was not enlarged. 

Annular pancreas

The pancreas formed a complete circular ring 
surrounding the descending part of the duodenum 
(Fig. 3). The narrowest part of the pancreatic ring 
measured 8 mm and was located lateral on the right. 
The anterior part measured 17 mm and the posterior 
part was 13 mm. The duct system of the pancreas 
was regular. The common bile duct ended at the 
descending part of the duodenum just above the 
AP. It showed no sign of compression, neither of the 
duodenum nor the common bile duct. 

Persistent umbilical vein and connection  
to the portal vein

The persistent umbilical vein had a lumen, which 
was < 1 mm with a very thick wall of 4 mm (Fig. 4A).  
Haematoxylin and eosin staining of this vein could 
verify this observation (Fig. 4B). Interestingly, a con-
nection between this lumen structure and the inferior 
branch of the extra hepatic left portal vein running 
in the round ligament fissure of the liver was seen 
(Fig. 5). Histologically, the thick wall of the persistent 
umbilical vein consisted of several layers of smooth 
muscle cells. The inner and outermost layer contained 
more longitudinally aligned muscle cell bundles and 
the layer between them had a more oblique orien-
tation. The lumen was lined by flattened cells like an 
endothelium (Fig. 4B).

DISCUSSION
Systematic analyses concerning the frequencies 

of aberrant pulmonary veins are rare. Among 140 
lung resection surgery patients, 23 variations were 

Figure 2. A. Anterior view after removal of pulmonary arteries, bronchial pathways and partially, of lung parenchyma on the mediastinal side 
of the left lung; B. Posterior view. The atrial wall between entrance of superior and inferior vein has been cut to get the view into the interior 
of the left atrium. Likewise, the atrial wall between entrance of superior vena cava and inferior vena cava has been cut to get the view into 
the interior of the right atrium; LIPL — left inferior pulmonary lobe; LSPL — left superior pulmonary lobe; LBV — left brachiocephalic vein;  
AO — aorta; PT — pulmonary trunk; LA — left atrium; RA — right atrium; IVC — inferior vena cava; red arrow — left superior pulmonary 
vein (anomalous); blue arrow — left inferior pulmonary vein (regular); yellow arrow — venal tributary from the lowest portion (segment V)  
of the left superior lobe draining into the left inferior pulmonary vein; red stars — right pulmonary veins after resection.
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found [22], but no case was comparable with the 
variation presented here. According to the different 
types of PAPVR mentioned in the introduction sec-
tion, our case report represents supracardial type 
where oxygenated blood from the left lung is directly 
released into the left brachiocephalic vein building  
a left to right shunt and subsequently collecting the 

mixed blood into the superior cava vein. Many of 
the affected patients do not present evident clinical 
impairments under normal conditions. However, in 
circumstances such as thorax surgery this large di-
ameter vein anomaly can present a high risk. Studies 
have reported that superior pulmonary vein [18] or 
even the left inferior pulmonary vein [2] joining the 

Figure 4. A. Inferior view of the liver; LHL — left hepatic lobe; RHL — left hepatic lobe; PUV — persistent umbilical vein; GB — gallbladder; 
B. Haematoxylin and eosin staining of persistent umbilical vein.

Figure 3. Dorsal view of the liver. Duodenum has been turned upside down to view common bile duct (CBD) in full length and its relationship 
to annular pancreas (AP); LHL — left hepatic lobe; RHL — right hepatic lobe; CL — caudate lobe; PA — pancreas; VP — portal vein; PUV — 
persistent umbilical vein; GB — gallbladder; DD — duodenum; G — gaster; S — spleen.
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left brachiocephalic vein have been detected during 
clinical examination. Additional clinical relevance of 
this variation was observed during insertion of central 
venous catheter [5, 15]. The aforementioned anom-
alies have been associated with genetic mutations. 
However, only few candidate genes are known so far. 
A missense gene mutation of bone morphogenetic 
protein receptor II could be detected in a case of 
anomalous unilateral single pulmonary vein [16]. In 
addition, a phenylalanine-to-leucine substitution that 
adversely affects Semaphorin 3d has been identified 
as a putative crucial pulmonary venous patterning 
cue [6]. A more severe version of this anomaly is the 
TAPVR, which can be lethal if not corrected at an 
early stage. A genetic mutation in the centromeric 
region of chromosome 4, 4p13-q12 has been de-
fined as a candidate for both familial and sporadic 
cases of TAPVR [4]. A family case of TAPVR has been 
reported, where a father who underwent surgical 
correction had 2 children with TAPVR. This supports 
the hypothesis of a genetic transfer pattern on the 
development of this anomaly [20].

Interestingly, rare variations including those of 
pulmonary veins are often combined with other MCA. 
A combination of AP with malformations of the lung 
[17] has already been described in a clinical setting. Even 

though half of the cases are asymptomatic until the 
third to fifth decade [10], AP presents the risk of duo-
denal stenosis [23]. The sonic hedgehog signalling path-
way has been implicated in the development of AP [8].  
Specific involvement of sonic hedgehog in mouse em-
bryonic lung development, growth and morphogenesis 
has already been proven [3, 9], but no association with 
the development of PAPVR has been confirmed yet. 
Also, chromosome 1p36 deletion syndrome has been 
implicated in the development of AP [19].

Additionally, a persistent umbilical vein was ob-
served in our case report. The connection of the left 
umbilical vein into the left portal vein during the 
embryological development is common. A recent 
study observed that 56 out of 58 embryos of gesta-
tional age 5–7 weeks showed the left sided umbilical 
vein draining into the left portal vein, which usually 
closes postnatally [13]. The closing of the umbilical 
vein can either be due to obliteration or simply due 
to collapse of the vein. This patent umbilical vein can 
provide access to the liver for a hepatoportography 
as a superior approach to diagnosis in liver disease 
[24]. However, recanalization of the umbilical vein is 
also associated with cirrhotic or non-cirrhotic portal 
hypertension. In our case, no macroscopic alteration 
of the liver could be detected. 

Figure 5. Dorsal view of the liver. Caudate lobe has been removed. Partial resection of segment II and III has been performed. Left proper  
hepatic artery has been cut and flipped aside; LHL — left hepatic lobe; RHL — left hepatic lobe; QL — quadrate lobe; PUV — persistent  
umbilical vein; GB — gallbladder; PHA — proper hepatic artery; bLPHA — branch of the left proper hepatic artery; RPV — right portal vein; 
LPV — left portal vein; VP — portal vein; IVC — inferior vena cava; CBD — common bile duct.
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CONCLUSIONS
Even though we could not prove a common ge-

netic mutation for the constellation of the mentioned 
anomalies, we propose that genomic sequencing in 
clinical settings with this constellation of anoma-
lies could possibly help to find the genetic common 
ground and provide an approach in understanding 
the aetiology. A regular collection of tissue sample 
before the fixation of the cadavers could make it 
possible to perform genome sequencing in case of 
such diagnosis. However, this review should also help 
to highlight the cadaveric approach to define the 
anomaly constellation and help surgeons, radiologists 
and other clinicians to consider the possibility of such  
a combination of anatomical variations in their setting.
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