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Introduction
The anterior interosseous nerve syndrome (AINS) is a
rare forearm nerve neuropathy. Compression of the nerve
due to different anatomical variations such as Gantzer’s
muscle[1,2] and inflammation of the anterior interosseous
nerve (AIN) are the prominent considerations for the eti-
ology of AINS.[3,4] Previously, AINS has also been
described as a clinical manifestation of neuralgic amyotro-
phy (Personage-Turner syndrome).)[5,6] Thickening of
AIN and widespread muscle oedema at the distal third of
the forearm, demonstrated by magnetic resonance imag-
ing, also support the inflammatory pathophysiology.[3,4]

The patients can usually reach spontaneous recovery
by conservative treatment methods in one year.[7] Before
surgical treatment, they can be followed with conservative
treatments such as injections, electrical stimulation and
strengthening of the remaining muscles from 3 months to
1 year.[7–9] While a compressive lesion or a precise com-
pression level are found by magnetic resonance imaging
and electroneuromyography, corticosteroid or anesthetic
injections can be applied to the injury level on the purpose
of treatment or to diagnose the accurate surgery level. The
corticosteroid and local anesthetic injections to the proxi-
mal side of the injury level of the nerve are effective treat-
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Abstract

Objectives: Pathophysiology and etiology of anterior interosseous nerve (AIN) syndrome are still controversial. This anatom-
ical dissection study aimed to understand the anatomy of AIN. 

Methods: From a random sample of upper extremities of whole-body human cadavers (n=10), 20 upper extremities were includ-
ed in the study. Two of the cadavers were females and 8 were males (age range 34–62 years). Specimens were dissected with
the elbow in extension, wrist in neutral position and forearm in pronation. After superficial dissection, the pronator teres mus-
cle was released, and the branching pattern of the AIN and the separation of the nerve from the interepicondylar line were
recorded. The branches to the pronator teres, flexor pollicis longus, flexor digitorum profundus and flexor digitorum superficialis
were recorded according to their distance from the interepicondylar line. 

Results: The AIN branched from the main trunk 5.1 to 47.89 mm (mean 37.58±11.25 mm) distal to the interepicondylar line.
AIN gave off 1–4 branches to the pronator teres. The first branch left the AIN 10.05–83.84 mm proximal and entered the mus-
cle 23.49–43.72 mm distal to the interepicondylar line. AIN gave 1–4 branches to the flexor pollicis longus, flexor digitorum pro-
fundus and flexor digitorum superficialis at varying distances. The origin of the branches of AIN, as well as the innervation by
one or multiple branches for a muscle, was variable. 

Conclusion: This study provides a detailed map of the anterior interosseous nerve innervating flexor pollicis longus, flexor
digitorum profundus and flexor digitorum superficialis muscles, to serve as a guide for location of AIN block in patients with
upper extremity spasticity and AIN syndrome. 
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ment options to relieve peripheral nerve neuropathy.[10]

Infiltration of the pronator teres muscle with corticos-
teroids has been reported as an effective treatment method
in patients with pronator teres syndrome.[11]

Ideal timing of surgery for AINS is controversial.
Proper treatment depends on precise and accurate diagno-
sis.[9] Injection techniques to the AIN have been studied
previously.[12,13] Diagnostic lidocaine AIN block can help to
specify the spastic muscles for botulinum toxin injection to
improve the contractures of interphalangal joints.[13] Most
of the studies focused on the motor entry points of the
median nerve branches to find the accurate localization of
forearm botulinum toxin injections.[14,15] However, there
are a few studies on the detailed morphology of the
AIN.[16,17] The AIN arises from the posterior part of the
median nerve in various forms.[17,18] Canova et al.[18] report-
ed that the AIN of the forearm and its branches showed
the least variability. Studies on the distribution of the AIN
on the pronator teres muscle are controversial. Some
reported the AIN arising between the ulnar and humeral
heads of the pronator teres, and some more distally from
the heads of the pronator teres. AIN has a branch to the
flexor indicis profundus and innervates the flexor digito-
rum profundus of the middle finger and distally supplies
the pronator quadratus muscle.[17]

Investigation of the morphological distribution of the
AIN within the pronator teres muscle is important for the
development of the proper injection techniques. AIN
transfer has also become popular in recent years.
Especially in proximal ulnar nerve injuries, reconstruction
is usually performed transferring the distal branch of the
AIN to the distal motor branch of the ulnar nerve.[8,19,20]

Therefore, anatomical variations of the distal branches of
the AIN are significant. The purpose of this cadaver study
was to identify the trajectory and morphology of the AIN
for augmenting its clinical applications. 

Materials and Methods
Twenty upper extremities of 10 formalin fixed cadavers
were dissected with Zeiss OPMI 9-FC surgical microscope
(Carl Zeiss, Goettingen, Germany) starting from the mid-
dle third of the forearm to the wrist. Two of the cadavers
were females and 8 were males (age: 34–62 years). All spec-
imens were preserved by intra-arterial injection of 10%
formalin solution, and dissected while the elbow was in
extension, the wrist in neutral position and forearm in
pronation. After dissection of the skin and the superficial
fasciae of the flexor compartment, the pronator teres mus-
cle was exposed and the location of the AIN was recorded
with respect to this muscle. Thereafter, the pronator teres
was released from its origin at the medial epicondyle

(humeral portion) and the separation of the AIN was
recorded as laterally, medially or posteriorly (towards the
deep compartment). The distance of the nerve from the
interepicondylar line was recorded in millimeters. Later,
AIN branches to the flexor pollicis longus and the flexor
digitorum superficialis muscles were recorded in relation
to their distance from the interepicondylar line.

The cadavers used in our institution were unclaimed
bodies which were delivered from Forensic Medicine
according to the rules of Turkish legislation, studied
according to the Helsinki protocol.

Results
The AIN separated from the main trunk posteriorly in 14
upper extremities, laterally in 5 upper extremities and
medially in only 1 upper extremity (Figures 1 and 2). The
AIN branched from the main trunk 5.1 to 47.89 mm (mean
37.58±11.25 mm) distal to the interepicondylar line.

The AIN separated from the main trunk of the median
nerve before the level of the pronator teres (in the proximal
1/3 of the forearm) in 7 upper extremities and at the level
of the pronator teres (in the middle 1/3 of the forearm) in
13 upper extremities (Figures 1 and 2), in accordance with
the textbooks stating that the AIN separates usually within
the pronator teres.

The AIN gave off 1–4 branches to the pronator teres.
In 15 extremities, the AIN was giving a single branch to
pronator teres. In 3 upper extremities, there were 2 branch-
es, while there were 4 branches in two extremities. All the
branches to the pronator teres branched from the AIN
proximal to the interepicondylar line and entered the mus-
cle distal to the interepicondylar line. In the extremities
which the pronator teres had more than one branch, addi-
tional branches were highly variable, while we measured
more consistent values for 15 extremities, including only 1
branch to the pronator teres (Figure 2). The first branch to
the pronator teres parted from the AIN 10.05–83.84 prox-
imal to interepicondylar line and entered the muscle
23.49–43.72 mm distal to the interepicondylar line. The
AIN gave off 2–3 branches to the flexor pollicis longus and
1–3 branches to the radial part of the flexor digitorum pro-
fundus (Figure 2).

There were two branches from the AIN to the flexor
pollicis longus in 14 extremities and three branches in 6
upper extremities. The first nerve to the flexor pollicis
longus originated between 22.82–69.32 mm (mean 49.69±
18.52 mm) and terminated between 97.94–109.41 mm
(mean 102.06±3.68 mm) from the interepicondylar line
(Figure 2). The second nerve to the flexor pollicis longus
originated 35.79 to 80.9 mm (mean 59.37±16.77 mm) and
terminated between 89.26 to 121.04 mm (mean 109.6±
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11.43 mm) from the interepicondylar line. Furthermore, if
a third nerve to the flexor pollicis longus was present, it
originated between 63.87 to 110.42 mm (mean 87.15±
32.92 mm) and terminated between 128.65 to 163.77 mm
(mean 146.21±24.83 mm) from the interepicondylar line. 

The branches to the flexor digitorum profundus muscle
were similarly variable. The AIN gave 1 branch to the flex-
or digitorum profundus in four extremities, 2 branches in
10 upper extremities and 3 branches in six upper extremi-
ties. The first branch to the flexor digitorum profundus
separated from the AIN between 53.15–69.79 mm (61.59±
7.11 mm) and terminated between 61.20–90.61 mm
(78.79±10.61 mm) from the interepicondylar line. The sec-
ond nerve to the flexor digitorum profundus originated
between 69.32–114.05 mm (81.59±18.87 mm) and termi-
nated between 87.72–161.94 mm (114.30±30.73 mm) from
the interepicondylar line. If present, the third nerve to the
flexor digitorum profundus originated between 111.62–
116.57 mm (114.1±3.5 mm) and terminated between
134.8–139.12 mm (136.96±3.05 mm) from the interepi-
condylar line. 

The AIN gave a single branch to the flexor digitorum
superficialis in 14, and 2 branches in 6 upper extremities.
The first branch to the flexor digitorum superficialis
showed high variability, being separated from the AIN
between 55.2 mm proximal to 35.16 mm distal to the
interepicondylar line. The first branch to the flexor digito-
rum superficialis entered the muscle 47.54–78.65 mm, and
the second branch 64.85–130.21 mm (85.96±23.05 mm)
distal to the interepicondylar line, and terminated 159.86–
161.05 mm (160.16±0.26 mm) distal to the epicondylar
line (Figure 2).

After giving off these branches, the AIN reached the
pronator quadratus muscle and terminated at the deep sur-
face of this muscle, 174–187.69 mm and 178.6±2.65 mm
distal to the interepicondylar line, respectively (Figure 1). 

Discussion 
This study aimed to reveal the anatomical location and
branching of the AIN innervating the flexor digitorum
profundus, flexor pollicis longus and pronator quadratus
muscles. Additionally, we tried to expose other branches
of the AIN to understand the precise distribution of the
nerve on the forearm. 

In contrast to previous published studies demonstrat-
ing that the AIN separates from the main trunk posterior-
ly, we found that it separated not only posteriorly, but also
laterally from the main trunk in 5 (25%) upper extremities
and medially in one upper extremity (5%).[16,21,22] The AIN
separated from the main trunk 37.58 mm from the
interepicondylar line. This measurement is close to the

measurements of previous studies as 45 mm and 43 mm
from the interepicondylar line.[16,21] The small standard
deviation of our measurement (11.25 mm) signified a lit-
tle variability in this location.

Vincelet et al.[16] reported that the AIN gave two
branches to flexor pollicis longus and 72±15 mm distance
to the interepicondylar level. However, Lepage et al.[15]

demonstrated a single branch to the flexor pollicis longus.
We observed that the AIN usually gave off 2 branches to
the flexor pollicis longus, and the number of the branches
was 2 or 3. The level of the separation of the nerves and
the level of the entry to the muscle were different from
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Figure 1. Course of the anterior interosseous nerve (AIN). Arrowheads:
AIN; FDP: flexor digitorum profundus; FPL: flexor pollicis longus; m: medi-
an nerve; PQ: pronator quadratus; PT: pronator teres. [Color figure can be
viewed in the online issue, which is available at www.anatomy.org.tr]

Figure 2. Branches of the anterior interosseous nerve (AIN). FDP: flexor
digitorum profundus; FDS: flexor digitorum superficialis; FPL: flexor pol-
licis longus; m: median nerve; PL: palmaris longus; u: ulnar nerve; yel-
low arrows: AIN; red arrow: nerve to FDP; arrowhead: nerve to FPL.
[Color figure can be viewed in the online issue, which is available at
www.anatomy.org.tr]



each other. Nevertheless, a significant relationship was
not found between these values. In this study, the flexor
pollicis longus branches separated from the main trunk
22.82–110.42 mm distal to the interepicondylar line. We
demonstrated more variability for the flexor pollicis
longus branches compared to other studies.[16,21] The AIN
gave off 1–3 branches to the flexor digitorum profundus,
similar with the previous studies.[16,21]

Conclusion
In this study, we showed that the origin of the branches of
the AIN, as well as the innervation by one or multiple
branches for a muscle, was highly variable. However, the
level of the origin of the AIN was less variable compared
to other branches of the median nerve. Therefore, we
conclude that the anterior interosseal nerve is probably
the best option for free muscle transfer to restore flexion
of fingers. By knowing the exact location of the AIN, the
surgical operations in this area will be safer, particularly
for nerve transfer. This study also provided a detailed map
of the AIN innervating the flexor pollicis longus, the flex-
or digitorum profundus and the pronator quadratus, to
serve as a guide for the location of the proper nerve block
in patients with upper extremity spasticity and AINS. 
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Introduction
The forearm of Black Bengal goat (Capra hircus) consists
of two large bones named radius and ulna. It extends in
a vertical direction from elbow joint.[1,2] Radius is much
larger, but not longer than the ulna bone. The posterior
surface of the radius bone is concave and fused with the
cranial surface of the shaft of ulna bone except for the
two interosseous spaces situated at the proximal and dis-
tal ends of the bone.[1,3] Proximal part of the ulna bears
the olecranon tuberosity and the trochlear notch. The
caudal border of the ulna is straight, thick and rounded.
Styloid process is a pointed projection of the distal end
of ulna which faces the posterolateral aspect of the
radius. The ulnar nerve courses along the posterior bor-
der of the ulna.[1,4] Block of the ulnar nerve for surgical

purposes can be performed at various levels along its
course in the forearm region. There are very few studies
performed for determination of the site of ulnar nerve
block.[4,5] Therefore, this study was planned to to deter-
mine the site for ulnar nerve block in Black Bengal goats
with gross anatomical investigation of the posterolateral
aspect of the forearm. 

Materials and Methods
The study was conducted on the forearm of Black Bengal
goats between March 2 and May 10, 2016. Fifteen fore-
arms from different aged groups of Black Bengal goats
were collected from the local market, Khulshi,
Chittagong, Bangladesh. The bones were graved for 2
months, excavated out and processed as described by

Gross anatomical investigation of the 
posterolateral aspect of the forearm for ulnar
nerve block in Black Bengal goat (Capra hircus)
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Abstract

Objectives: The aim of this study was to investigate the gross anatomical features of the ulna and radius bones on the pos-
terolateral aspect of the forearm in Black Bengal goat (Capra hircus) to determine the site for ulnar nerve block. 

Methods: 15 radius and ulna bones of Black Bengal goats from three different age groups (Group A: 1–2 years; Group B: 2–3
years; Group C: >3 years) were studied. Measurements of the length between the olecranon tuberosity and styloid process on
the posterolateral aspect of radius and ulna bones were made, and the mean midpoints on this line were determined. 

Results: Ulna was always fused with the radius except on the posterolateral interosseous spaces at the proximal and distal ends.
The ulnar nerve coursed posterior to the ulna, between the flexor carpi ulnaris and ulnaris lateralis muscles, and remained super-
ficial at the midpoint of ulna. Mean lengths of the midpoint on the posterolateral aspect of the ulna (on the line between the
olecranon tuberosity to the styloid process) were 7.27±0.16, 7.67±0.34 and 8.29±0.73 cm in Groups A, B and C, respectively. 

Conclusion: These anatomical findings indicate that these mean midpoints are the most convenient sites for ulnar nerve
block in these three age groups of Black Bengal goats. 

Keywords: blocking site; forearm; gross anatomy; ulnar nerve; Black Bengal goat 
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Gofur and Khan (2010).[6] The radius and ulna bones of
Black Bengal goats were divided into three groups
according to their age. Group A: between 1–2 years
Group B: between 2–3 years, and Group C: older than 3
years. Gross anatomical investigation of the posterolat-
eral aspect of the forearm was performed at the
Department of Anatomy and Histology, Chittagong
Veterinary and Animal Sciences University (CVASU),
Khulshi, Chittagong, Bangladesh.

Gross anatomical investigation of the radius and ulna
bones from Groups A, B and C were made at their pos-
terolateral aspects. Measurements of the length between
the olecranon tuberosity and styloid process on the pos-
terolateral aspect of radius and ulna bones were made,
and the mean midpoints on this line were determined.

After this, the most suitable site for ulnar nerve block
was determined.

Results
The body of thw radius bone was flattened craniocaudal-
ly. The ulna was longer and fused with radius along its
posterolateral aspect, except at the proximal and distal
interosseous spaces (Figure 1). Proximal end of the ulna
was expanded with a rough prominence called the olecra-
non tuberosity. On the distal end, there was a pointed pro-
jection named the styloid process of the ulna. The mean
midpoint on the line between the olecranon tuberosity
and the styloid process were 7.27±0.16, 7.67±0.34 and
8.29±0.73 cm in Groups A, B and C, respectively (Table
1). At the forearm region, the ulnar nerve coursed poste-
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Figure 1. Radius and ulna bones, and the midpoint on the line between the olecranon tuberosity and the styloid process for ulnar nerve block.
a: radius; b: ulna; c: olecranon tuberosity; d: styloid process; e: proximal interosseous space; f: distal interosseous space; g: total length along
olecranon tuberosity to styloid process; h: midpoint on the line between the olecranon tuberosity and the styloid process. [Color figure can be
viewed in the online issue, which is available at www.anatomy.org.tr]



rior to the ulna and passed between the flexor carpi ulnaris
and ulnaris lateralis muscles. 

Discussion 
In this study, we found that the ulna bone was fused with
the radius along its posterolateral aspect except for the
proximal and distal interosseous spaces, similar with the
findings of Getty,[1] Mahmud and Mussa,[7] and Siddiqui
et al.[8] The olecranon tuberosity and styloid process of
the ulna was observed in every bone, similar with the
findings of Ghosh,[2] Neil and May,[3] and Siddiqui et al.[8]

The mean midpoint length along the olecranon tuberos-
ity and styloid process were 7.27±0.16, 7.67±0.34 and
8.29±0.73 cm in Groups A, B and C age group Black
Bengal goats, respectively. At the midpoint of the fore-
arm, the ulnar nerve courses more superficially to pass
between the flexor carpi ulnaris and ulnaris lateralis mus-
cles.[1,4] So, the midpoint of the the distance between the
olecranon tuberosity and the styloid process of ulna on
the posterolateral aspect was the most convenient site for
ulnar nerve block Black Bengal goats (Figure 1).

Conclusion
Gross anatomical investigation of the radius and ulna
revealed that the ulna is fused with radius on its postero-
lateral aspect. For surgical purposes, ulnar nerve block can

be performed at various levels along its the course in the
forearm region, but is more convent at the midpoint of the
line between the olecranon tuberosity and the styloid
process of the ulna on its posterolateral aspect. 
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Age groups Number of bones Mean length between OT and SP Mean midpoint distance (cm)

Group A: 1–2 years 5 14.53±0.16 7.27±0.16

Group B: 2–3 years 6 15.33±0.34 7.67±0.34

Group C: >3 years 4 16.58±0.73 8.29±0.73

Table 1
Length between the olecranon tuberosity to styloid process of ulna (posterolateral aspect) in different aged groups of Black Bengal goats

(Mean±SD).



Introduction
Iron overload is a common clinical problem that occurs
in conditions such as hereditary hemochromatosis and
transfusion dependent anaemia including sickle cell dis-
ease and beta thalassemia.[1,2] Since the liver is the main
storage site for iron, it is among the key organs to be
adversely affected by iron overload toxicity resulting in
hepatic fibrosis and hepatocellular necrosis.[3,4]

Currently, management of iron overload involves
iron chelation therapy and phlebotomy. These modali-
ties however, have several limitations including high
cost, patient incompliance and numerous associated side
effects.[5–7] Furthermore, phlebotomy is contraindicated
in anaemic patients.[8] Thus, there is need for better
avenues to augment the management of iron overload.

Alpha-lipoic acid (ALA) is a widely available cheap
but potent antioxidant. It has lately been in use in the
management of diabetic polyneuropathies where it scav-
enges reactive oxygen species (ROS) produced as a result
of glucose auto-oxidation induced by hyperglycemia.[9] A
few studies have documented the possible iron chelating
properties of ALA. For instance, Goralska et al.[10]

showed that treating isolated cultured lens epithelial cells
with ALA significantly lowered the size of the free intra-
cellular iron. In another study by Suh et al.,[11] feeding
ALA to aged rats for 2 weeks showed a reversal of the
age-related accumulation of iron in the cerebral cortex.
However, these studies were conducted under conditions
of normal body iron levels. Hitherto, there are hardly
any studies that have investigated the effects of ALA on
the liver following iron overload. This study therefore

Alpha-lipoic acid attenuates iron overload-
induced structural changes in the liver of the
laboratory mouse (Mus musculus)
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Abstract

Objectives: The role of alpha-lipoic acid in the amelioration of iron overload-induced hepatic damage remains largely under-
explored. Therefore, this paper aimed at describing the structural effects of alpha-lipoic acid on the liver following iron over-
load in mice. 

Methods: After ethical approval, a total of 24 male mice were used. Twenty mice were randomly divided into two groups:
A and B. Group A rats received 50 mg/kg of iron dextran intraperitoneally daily for 49 days, while those in Group B received
a daily oral dose of 100 mg/kg alpha-lipoic acid by gavage in addition to the treatment in Group A. Four mice were used as
normal controls. At the endpoint of the experiment, the livers were harvested and studied for iron deposition, parenchymal
histoarchitecture and hepatocyte densities. Photomicrographs were taken using a digital photomicroscope for morphomet-
ric analysis. 

Results: Treatment of mice with iron led to a distortion of the histoarchitecture of the liver which was attenuated with co-admin-
istration of alpha-lipoic acid. Additionally, co-treatment of iron with alpha-lipoic acid resulted in significant lowering of hepatic
iron deposition (p<0.001), reduction in leukocyte infiltration and significantly greater hepatocyte densities (p<0.001).

Conclusion: Alpha-lipoic acid considerably attenuates the structural damage in the liver induced by iron overload. 
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aimed to describe the structural effects of ALA on the
liver of the mouse following iron overload. 

Materials and Methods
ALA was supplied by Nature’s Bounty, Inc. (Bohemia,
NY, USA) while iron dextran (Dawafer) was supplied by
Chongqing Fangtong for Dawa Limited (Kenya). The
injections were administered using 30 gauge (BD Micro-
FineTM Plus; Becton Dickinson and Co., Franklin Lakes,
NJ, USA) insulin syringes and a gavage tube for mice was
used for oral drug administration.

A total of 24 male 8 week old mice (Mus musculus)
were purchased from The Department of Zoology,
University of Nairobi, Kenya. Ethical approval to con-
duct the study was obtained from the Animal Use and
Ethics Committee, Faculty of Veterinary Medicine,
University of Nairobi, Kenya. The handling and care of
the animals were in accordance with the guidelines pro-
vided by the same committee.

Four mice were randomly selected for use as normal
controls. One of the 4 mice selected as controls was used
to show the baseline histomorphology of the liver. The
remaining 20 mice were then randomly divided into two
equal groups: A and B. Group A received a daily intraperi-
toneal (i.p.) injection of 50 mg/kg/day of iron dextran fol-
lowed by daily oral gavage of 0.3 ml of normal saline, while
Group B received a daily i.p. injection of 50 mg/kg/day
iron dextran followed by daily oral gavage of 100
mg/kg/day of ALA. The normal control mice were given
a daily i.p. normal saline (30 μl) followed by daily oral gav-
age of 0.3 ml normal saline. The dose of iron dextran used
was based on the study by Zhang et al.,[12] while that of ALA
was based on the studies by Budin et al.[13] and Ahmadvand
and Jamor.[14] Three mice from each group were sacrificed
at day 16 and 32 of the experiment while the remaining 4
in each group were sacrificed at day 49.

The livers were harvested en masse and stored in 10%
formalin. Independent uniform random sampling, as
described by Marcos et al.,[15] was used to select 5 random
fragments from each liver for histological processing and
staining with haematoxylin and eosin.

Photomicrographs of the stained sections were taken
using a 12 mega pixel Canon camera mounted on a pho-
tomicroscope.

Estimation of iron deposition was done using the
Cavalieri principle of point counting[16] and data expressed
as volumetric densities (%). Following the technique
described by Gundersen et al.[17] and Bancroft and Cook,[18]

the selected histological areas were analysed using a super-
imposed 80-point grid on the digital images on a monitor
screen using ImageJ software (National Institutes of
Health, Bethesda, MD, USA) (Figure 1).

Hepatocyte density estimation was done using the
Cavalieri’s principle of point counting.[16] Using the
Image J software, grid squares were superimposed on the
images then the cells within a square and those crossed
by the inclusion line were counted (Figure 2).

Quantitative data on volumetric densities of iron
deposits and hepatocyte densities was entered into the
Statistical Package for Social Sciences (SPSS for
Windows, version 21.0; SPSS Inc., Chicago, IL, USA)
for analysis. Cell densities were expressed in mm2 while
iron deposition was expressed as a percentage. Kruskal-
Wallis H test was used to compare medians of the quan-
titative data across the various harvesting periods within
each group while Mann-Whitney U test was used to
compare the medians between Group A and B. A p value
≤0.05 was considered significant at 95% confidence
interval. Data are presented in photomicrographs and
graphs.

Results
Iron treatment resulted in a progressive increase in the
volumetric densities of the iron deposits from 6.4% at day
16 to 12.03% and 27.26% at days 32 and 49, respectively
(p<0.001). Co-administration of iron with ALA resulted in

Figure 1. The point counting method to estimate the volumetric densi-
ty of the iron deposits. The volume densities of the iron deposits were
calculated by the formula Vv = Pp/Pt, where Vv is the volume density, p
is the component under consideration (iron deposits), Pp is the number
of test points associated with p, and Pt is the total number of points of
the test system. [Color figure can be viewed in the online issue, which is
available at www.anatomy.org.tr]
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significantly lower volumetric densities across all the har-
vesting periods (p<0.001). The percentages in the ALA
group were 3.76%, 7.52% and 15.79% at day 16, 32 and
49, respectively (Figure 3).

Iron treatment resulted in distortion of the normal
hepatic histoarchitecture proportional to the duration of
treatment. There was marked degeneration of hepatocytes
with distortion of the hepatocyte cords. The nuclei of
hepatocytes were enlarged and showed fragmented nucle-
oli. There was also infiltration of deeply basophilic leuko-
cytes around several clusters of large iron deposits.

ALA co-administration resulted in a reduction of the
magnitude of the iron overload induced histoarchitectural
changes as evidenced by the reduction in the sizes and area
of the iron deposits. The cord like arrangement of the
hepatocytes was also preserved with discernible bound-
aries between cells in adjacent cords. The nuclei of hepa-
tocytes showed less enlargement and fragmentation. The
leukocyte infiltrates were also reduced (Figure 4 a–f).

Iron treatment resulted in a progressive decline in the
hepatocyte densities from 1433.33/mm2 at day 16 to
1383.33 and 689.89/mm2 at day 32 and 49 respectively
(p<0.001). Time matched mice treated with iron and
ALA showed higher hepatocyte densities compared with
the mice treated with iron alone (p<0.001). The densities
for the mice treated with iron and ALA were 1572.22,
1583.33 and 1055.56/mm2 at day 16, 32 and 49 respec-
tively (Figure 5).

Discussion 
ALA reduced the hepatic iron deposition in a manner
similar to previous studies using related compounds. For
instance, Gao et al.[19] reported a reduction in iron depo-
sition on the mouse liver using danshen, an antioxidant
compound. The reduction in iron deposition with ALA
treatment could be attributed to its iron chelating prop-
erties.[20] This is a similar mechanism to that of deferox-
amine and deferipone, known iron chelators that have
been shown to reduce hepatic iron deposition in mice
liver following iron overload.[21] The dithiolane ring in
the chemical structure of ALA confers its ability to bind
redox active elements such as iron.[20,22] Since generation
of ROS directly correlates with the concentration of free
intracellular iron,[23] administration of ALA to iron over-
load patients could help chelate this free intracellular
iron and thus reduce ROS generation and hepatic dam-
age.

ALA treatment, as with other interventions reported
elsewhere, resulted in a reduction in the parenchymal

damage seen with iron overload. Hazra et al.[24] noted
that a flavonoid compound, Katha, was protective
against iron overload induced liver damage, while Sarkar
et al.[25] studied the effects of Emblica officinalis, an antiox-
idant, on the mouse liver following iron overload, and
also noted an improvement in the histoarchitecture com-
pared with iron treatment alone. The reduction in
parenchymal damage may be attributed to the antioxi-
dant capacity of ALA which makes it able to scavenge
ROS produced during iron overload.[26] Systemic ALA
has been shown to be protective against light induced
oxidative retinal damage, supporting its protective effects
against oxidative damage.[27] This is further supported by

Figure 2. The grids used in the determination of hepatocyte densities.
The unit area for each grid square was 0.0018 mm2. Every second
square on the grid was selected for cell counting and a total of 12 grid
squares per field were considered. The average cellular count/mm2 of
the 12 unit areas was then used as the cell density. [Color figure can be
viewed in the online issue, which is available at www.anatomy.org.tr]

Figure 3. Line graph showing the volumetric densities of the iron
deposits in the mouse liver tissue.
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Figure 4. (a–f) Figure showing the histo-morphological changes in the livers of the control and experimental mice; (a, b) Liver of a normal con-
trol mouse; (c, d) Liver of a mouse treated with iron dextran for 49 days; (e, f) liver of a mouse treated with iron and ALA for 49 days. BD: bile
duct; CV: central vein; I: iron deposits; S: sinusoids; arrows: hepatocyte nuclei; arrowheads: leukocyte infiltrates. Scale bar=150 μm. [Color fig-
ure can be viewed in the online issue, which is available at www.anatomy.org.tr]
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the works of Rezk and Abdel-Rahman,[28] who found
ALA to be protective against lead and gamma-irradiation
induced oxidative damage to the lungs and kidneys of
albino rats. Additionally, it is postulated that ALA has
the ability to regenerate other endogenous antioxidants
such as Vitamin C, E and glutathione.[29–31] For instance,
biosynthesis of glutathione requires cysteine, an amino
acid which is enhanced by ALA through the acceleration
of the conversion of cystine to cysteine.[30]

Previous studies have shown that iron overload
induced hepatocellular damage causes hepatic dysfunction
which is alleviated by application of deferoxamine, an iron
chelator.[19,32] Due to its potential iron chelating and antiox-
idant property, ALA could therefore be used to prevent
hepatic cellular damage and subsequent dysfunction in
iron overload conditions.

Conclusion
ALA considerably attenuates the structural damage in
the liver induced by iron overload. We recommend fur-
ther clinical studies to investigate the possible utility of
ALA in the management of iron overload patients.
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Introduction
The shoulder joint is the most mobile joint in the body.
This movement is mainly due to the anatomy of the
humerus head and the glenoid. The glenohumeral joint
is the most frequently dislocated joint.[1] Anterior dislo-
cation is most commonly observed, and there is a high
risk of recurrence.[2] The shoulder has a tendency to dis-
locate after trauma, experienced generally in abduction
and external rotation positions. The recurring disloca-
tion rates reduce after arthroscopic treatment, but this
situation is still a problem.[2] Maintenance of the gleno-
humeral joint association is linked to the dynamic and
static stabilizers of the shoulder. The roles of capsulo-
ligamentous structures and dynamic muscle balance in
shoulder stability is well-defined in the literature.[3]

However, there are very few studies on the importance
of glenopolar angle (GPA).

GPA is the angle formed by the intersection of the line
joining the most caudal and most cranial points of the gle-
noid cavity and the line joining the most cranial point of
the glenoid cavity to the most caudal point of the scapula

body.[4,5] GPA is normally used to measure rotational
sequence disorders of the glenoid in scapula fractures on
anteroposterior radiographs.[6] In this study, GPA was
investigated on direct radiographs of anterior shoulder dis-
location cases for the first time with an aim to assess the
glenoid with GPA measurements in cases with anterior
shoulder dislocation. 

Materials and Methods
The study included a total of 140 adult patients admitted
to Department of Orthopaedics and Traumatology,
School of Medicine, Cumhuriyet University from 2013
to 2015. 70 patients were with anterior shoulder disloca-
tion, and the remaining 70 had shoulder pain, but no dis-
location or any other shoulder pathology during exami-
nations. Patient information was retrospectively investi-
gated. The age, side, gender and demographic informa-
tion of patients were noted.

The same senior orthopedic surgeon and the same res-
ident examined all AP shoulder radiographs. Radiographs
of Group 1 patients were taken after reduction of shoulder
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dislocation. Patients with true shoulder AP view were
included in the evaluation, and radiographs of bad posi-
tioning and rotation were excluded from the study.
Additionally, patients with insufficient file information
were excluded. Group 1 comprised 60 and Group 2 com-
prised 42 cases for GPA measurements (Table 1). GPA
measurements were made using the hospital PACS system
(Medipacs® v3.8.5.1). In the system, the angle between the
line from the most caudal to the most cranial points of the
glenoid cavity and the line from the most cranial point of
the glenoid cavity to the most caudal point of the scapula
body were calculated on true AP shoulder radiographs
(Figure 1).

The study was approved by the ethics committee of
the School of Medicine of Cumhuriyet University.
Analysis of data was made using the Statistical Package for
Social Sciences (SPSS for Windows, version 22.0,
Armonk, NY, USA). Data were given as percentage, fre-
quency and the mean. The normality test of the GPA data
was examined using the Kolmogorov-Smirnov test. The
distribution of the variable was calculated to be normal
(p=0.2). Mean differences of GPA values were examined
by Student’s t-test. The mean difference between groups
was investigated using Mann-Whitney U test. The nor-
mality test for age was not appropriate (p=0.007).

Results
The results from a total of 102 patients were assessed. The
mean age of 60 patients in Group 1 was 45.68 years (min:
18, max: 85). The mean age of 42 patients in Group 2 was
47.57 years (min: 18, max: 83). There was no significant
difference between age groups (p=0.754). The mean fol-
low-up duration for Group 1 patients was 23.46 months.
Six patients had accompanying shoulder injuries, including
three patients with rotator cuff injury, two patients with

Figure 1. (a) Glenopolar angle (GPA) measurement of the angle between the line joining the most caudal and most cranial points of the glenoid
cavity and the line from the most cranial point of the glenoid cavity to the most caudal point of the scapula body in a Group 2 patient; (b) GPA
measurement in a Group 1 patient.

a b

Category n %

Groups Group 1 60 58.8

Group 2 42 41.2

Side Right 55 53.9

Left 47 46.1

Gender Male 56 54.9

Female 46 45.1

Accompanying shoulder injury No 54 90

Yes 6 10

Table 1
The distribution of groups, gender, sides and accompanying 

shoulder injuries. 
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fracture of the greater tubercle of the humerus, and one
patient with proximal humerus fracture. These injuries did
not involve the glenoid and, therefore, these six patients
were not excluded from the study.

The distribution of gender for patients was 34 males
and 26 females in Group 1, and 22 males and 20 females in
Group 2. Table 1 shows the distribution of groups, age
and sides.

The comparison of GPA by groups, gender and sides is
shown in Table 2. The GPA in Group 1 was measured
32.31±2.01, while it was 34.5±2.32 in Group 2 (p<0.001)
(Figure 2). There was no significant difference between
males and females (p>0.05). 

Discussion 
The most important finding in this study was that the
GPA of patients with anterior shoulder dislocation was
significantly low. To our knowledge, this is the first study
to investigate the change in GPA with direct radiography
in dislocation cases. Glenoid alignment should be consid-
ered in anterior shoulder dislocation cases. Previous stud-
ies reported glenoid corrective osteotomy was superior to
conservative treatment for patients with posterior instabil-
ity.[7] There is no data on the benefit of corrective osteoto-
my for anterior stability in the literature. However, there
are studies showing a correlation between success rate of
prosthesis and stability with the position of the glenoid
component in total shoulder prosthesis.[8] A study compris-
ing 128 patients with anterior shoulder instability and a
control group of 130 cases investigated the glenoid version
and inclination. They concluded that glenoid alignment
was a risk factor for anterior shoulder instability and
emphasized that care must be taken related to this for
recurrent instability treatment.[9] These studies empha-
sized the effect of glenoid anatomy on shoulder stability.
According to our results, GPA measurements on direct
radiographs of anterior shoulder dislocation cases will pro-
vide rapid information for assessment of glenoid anatomy
to orthopedists.

GPA was first described by Bestard et al.,[4] The use of
this angle to assess scapula neck fractures.[10] and later
gained popularity as a surgical treatment criterion for
scapula neck and body fractures.[11,12]

There is no consensus for the optimal radiological
technique to measure GPA or the standard values of GPA
in the literature.[13] GPA can be measured directly on
cadaver specimens, 3D scapula reconstructions, Neer view
X-ray images, AP shoulder or AP chest radiographs.[13] In
this study, GPA measurement was performed on true
(Grashey) AP shoulder radiographs. In the literature,
there are studies with measurements made on different

imaging views.[14,15] The GPA angle value changes depend-
ing on the measurement method. Of these, 3D CT recon-
struction, Neer 1 images and cadaver bone specimens pro-
vide similar results. AP shoulder and chest radiographs
provide lower values compared to these measurements.[14]

There are other studies in the literature that assessed
glenoid anatomy. For example, Peter et al.[16] investigated
the correlation between glenoid inclination and rotator
cuff tears.[16] Gregory et al.[17] investigated the correlation
between greater tuberosity angle and rotator cuff tears.
Maximilian et al.[18] emphasized the importance of glenoid
morphology in instability arthropathy. The above studies
emphasize the importance of glenoid anatomy similar to
our study. Additionally, an advantage of our study is that
information on the glenoid was obtained with GPA meas-
urements on direct radiographs, without advanced tests
like MR or 3D CT. A difference of 2.5° was observed
between the groups (Figure 2). This was statistically sig-
nificant (p>0.05). GPA can easily be evaluated with X-ray

Figure 2. Box plot chart showing the means of GPAs. 

Category n Mean±SD p-value

Groups Group 1 60 32.31±2.01
<0.001

Group 2 42 34.5±2.32

Side Right 55 33.21±2.37
0.996

Left 47 33.21±2.44

Gender Male 56 33.15±2.17
0.769

Female 46 33.29±2.65

Table 2
The comparison of GPA (mean±SD) by groups, gender and sides 

using Student’s t-test. 
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in cases of shoulder dislocation. The clinical significance
of low GPA is that, this can give the orthopedic surgeon a
quick idea about the glenoid.

This study has some limitations. Control group radi-
ographs were chosen from patients admitted to the gener-
al orthopedic clinic with shoulder pain. This sample may
not be representative of the normal healthy population
and may potentially be biased. However, only those with
no pathology identified on radiography or examination
were included in the control group. Although the GPA
was significantly different between the groups, it is diffi-
cult to definitively determine whether our findings are
clinically significant or not, because other factors may
affect the risk of dislocation. Risk factors for patients with
glenohumeral instability were described previously.[19]

GPA measurements provide information about the non-
modifiable risk factor of glenoid morphology. 

Conclusion
The GPA of patients with anterior shoulder dislocation
was significantly low compared to the control group,
showing an anatomical difference for cases with anterior
shoulder dislocation. Should be considered in the assess-
ment and management of these cases. 
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Introduction
Neurological impairments are fast becoming common
global causes of disabilities.[1] Maulik et al.[2] observed that
prevalence of mental disabilities is higher in developing
countries compared to those in developed countries.
Environmental factors, such as environmental pollution,
can influence the prevalence of these mental disabilities.[2]

Poor health quality and high contamination level of heavy
metals in developing countries may also contribute to
these prevalence rates.[3] In recent times, the continual
heavy metal contamination in waterways has been a glob-
al issue due to its persistence and resultant toxicity.[4,5] Poor
waste management and disposal, especially electronic

waste (e-waste) disposal and recycling in developing coun-
tries were reported to enhance the elevated levels of heavy
metal contamination in these regions.[3,6–8]

E-waste is defined as used electronics intended for
reuse, resale, salvage, recycling, or disposal.[9] Osibanjo and
Nnorom[10] reported that electronic waste devices are usu-
ally stored for a while for a perceived value - physical or
emotional - before disposal with municipal waste in
Nigeria. Because of the absence of a special framework for
the separate collection and management of e-waste in
Nigeria, these devices are disposed with Municipal Solid
Waste (MSW) at open dumpsites and/or into water-
ways.[9–12] Informal disassembling and recycling of e-waste
in backyards was also reported in Nigeria where primitive
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Abstract

Objectives: Neurodegenerative disorders have been associated with several environmental pollutants such as heavy metals.
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methods were used in recovering materials from e-
waste.[13–15] The recovered materials are processed to
reusable components and the unused portions are also
stockpiled or dumped and landfilled.[13,16] E-wastes contain
more than a thousand different substances, of which many
are toxic, heavy metals inclusive.[17,18] These complex toxic
substances, if not properly handled during recycling or dis-
posal, adversely impact the environment.[13,19] Corrosion of
e-waste components after disposal result in mobility of
incorporated heavy metals which travel with leachate to
contaminate the environment.[20] Leaching of these toxic
heavy metals eventually contaminates the ground and sur-
face water.[6] The resultant effect is the high levels of heavy
metals above the permissible limit recorded in Nigeria
waterways.[5,21,22]

Lead is a soft, ductile, flexible and malleable metal with
high thermal expansion and electrical conductivity.[23]

Being the 5th most widely used metal,[24] it is toxic and
found in substantial amount in e-waste.[25] Lead is com-
monly found in e-waste such as cathode ray tubes (CRTs)
in computers monitors and televisions, fluorescent tubes,
solder in printed circuit boards, as well as in liquid crystal
displays (LCDs) and batteries.[11,26–29] In Nigeria, the popu-
lation is at risk of lead exposure because of the intense use
of leaded gasoline, the poor recovery and recycling of
automotive lead-acid batteries, and the uncontrolled e-
waste disposal and recycling.[30,31] Lead is not biodegrad-
able. It stores faster in the human body than metabolized
or excreted, and hence tends to bio-accumulate in concen-
trations above that found in the environment.[32] It is a
potent neurotoxin that disrupts the functional integrity of
the neurons with resultant negative implication on memo-
ry and intelligence and cognitive deterioration.[23,33–35]

This study aimed at investigating the neurodegenera-
tive impact of lead concentration obtained from the water-
ways in Kwara State, Nigeria on Wistar rats as the experi-
mental model.

Materials and Methods
This study was carried out in Kwara State, Nigeria in
2017. Experimental procedures used in this study were
approved by the College of Medicine Research Ethics
Committee, University of Nigeria, Enugu State
(approval number: 025/02/2017) in line with the
National Institute of Health (NIH) “Guide to the Care
and Use of Animals in Research and Teaching”.

The lead (II) acetate trihydrate (Pb(CH3CO2).3H2O)
salt used was obtained from the Department of
Biochemistry, College of Pure and Applied Science, Kwara
State University, Malete, Kwara State, Nigeria. 0.009 g of

Pb(CH3CO2).3H2O was weighed and dissolved in 1 liter
of double distilled demineralized water to form 0.009 mg
of Pb(CH3CO2).3H2O per liter to form the final concen-
tration of 0.009 mg of Pb(CH3CO2).3H2O per milliliter
solution. This was based on the empirical measurement
of heavy metals obtained in the waterways of the Kwara
Nigeria in 2016 and reported by Adeniyi et al.[5]

Twenty (20) first filial (F1) generation inbred adult
male Wistar rats (Rattus norvegicus) with an average
weight of about 150–180 g were procured from the ani-
mal facility of Institute for Advance Medical Research
and Training (IAMRAT), College of Medicine,
University of Ibadan and employed in this study. Rats
were allowed to acclimatize for 14 days and fed pelletized
rat feed and water ad libitum throughout acclimatization
before use. Plastic cages containing wood shaving bed-
ding were used to house the rats. The bedding was
changed once a day. They were kept in standard labora-
tory conditions under natural light-dark cycle at room
temperature and maintained on standard laboratory rat
pellets and given water ad libitum. These rats were divid-
ed at random into two groups of ten animals using the
method of Daniel et al.[36] The animals in the first group
had access to diet and double distilled demineralized
water ad libitum while those in the second group had
access to diet and lead-contaminated water ad libitum.
The duration of treatment lasted over a period of 65
days, a long-term standard for rats.[37] The animals were
sacrificed by cervical dislocation. The skulls of the sacri-
ficed animals were opened using bone forceps to expose
the brain. The skull was opened from the posterior part
to leave the tissue intact.[38] The prefrontal cortex was
obtained from the anterior cerebral cortex. The harvest-
ed tissues were fixed in 10% buffered formol saline,
grossed and processed for paraffin tissue embedding fol-
lowing Drury and Wellington[39] technique. The processed
sections were stained for histological, histochemical and
immunohistochemical evaluation. Neuromorphological
and histochemical analysis were carried out using haema-
toxylin and eosin (H&E) staining technique[40] and
Bielschowsky’s silver impregnation technique,[41] respec-
tively. Immunohistochemical evaluation was carried out
using glial fibrillary acidic protein (GFAP)[42,43] and
inducible nitric oxide synthase (iNOS)[44] immunostain-
ing techniques.

The stained sections were viewed and photographed
with an Olympus U-D03 microscope (Olympus, Lake
Success, NY, USA) captured with Olympus DP21.
Photomicrographs of stained sections were obtained and
reported.
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Results
There was no account of death recorded in the two groups
throughout the 65 days of lead administration. The gener-
al neuronal morphology of the prefrontal cortex in adult
male Wistar rats following administration with lead-con-
taminated water demonstrated by haematoxylin and eosin
staining is shown in Figure 1. Sections from the prefrontal
cortex of the control Wistar rats (Figure 1a) revealed intact
and normal sized neurons with clear perikarya, centrally
placed nucleus and small-sized neuroglia interspersed with-
in normal neuropil stained slightly eosinophilic; whereas
sections from the prefrontal cortex from the treatment
group (Figure 1b) depicted numerous neurons with dis-
torted morphology with different features of neurodegen-
eration, which includes red neuron, shrunken neurons with
karyolitic nuclei, gliosis with focal neuropil vacuolation
degeneration.

The neuronal membrane was demonstrated using
Bielschowsky’s silver impregnation stain (Figure 2). The
section from the control group revealed normal neurons
with well-outlined neuronal membrane and axons sur-
rounding a clear cytoplasm (Figure 2a). The treatment
group showed numerous neurons with various degenera-
tive features characterized by pyknotic neurons with con-
densed chromatin, nuclear shrinkage; with some neuron
having no nuclei and neuropil vacuolation (Figure 2b).

Glial fibrillary acidic protein (GFAP) immunostaining
was used to demonstrate reactive glial immunoreactivity
(Figure 3). The treatment groups showed strong astrocyt-

ic immunoreactivity (Figure 3b) compared with the con-
trol group (Figure 3a). Inducible nitric oxide synthase
(iNOS) immunostaining (Figure 4) was used for the
demonstration of oxidative stress. iNOS reactivity was
intensely expressed in the treatment groups (Figure 4b) in
comparison to the control group (Figure 4a). 

Discussion 
Several parameters were employed in this study to observe
the morphology of the neurons in the prefrontal cortex of
rats following lead contaminated water consumption.
Based on the higher functions of cognitive abilities associ-
ated with prefrontal cortex of the brain,[45] the morpholo-
gy of the neurons located in this region was investigated to
compare potential differences following lead exposure.

The results obtained with haematoxylin and eosin
staining method (Figure 1) showed features of neurode-
generation in the treatment group (Figure 1b). The
degeneration pattern of the neuron was apoptotic. These
apoptotic neuronal cells are characterized by pyknotic
nuclei involving irreversible condensation of chromatin in
the nucleus and shrinkage of the cells.[46,47] Changes
observed in neurons from the treatment group suggested
that neuronal cell death occurred in the apoptotic mode.
The excessive neuronal cell shrinkage is the result of the
tightly packed cells that are smaller in size compared with
the control in accordance with the findings of Olajide et
al.[48] Stefanis et al.[49] described neuronal apoptotic cells
with tightly packed with or without fragment which fur-
ther supports our observation.

Figure 1. (a) Control group had intact neurons (red arrow), normal blood vessel (yellow arrow) in the neuropil area that stained slightly eosinophilic
(blue arrow) and glial cells interspersed within this region (green arrow). (b) The cortical sections of rats from lead-contaminated group showed
features of neurodegeneration including red-colored neurons (red arrow), shrunken neurons with karyolysis nuclei (green arrows), gliosis (yellow
arrow) and focal neuropil vacuolation (blue arrow) (×400 magnification, haematoxylin and eosin stain). [Color figure can be viewed in the online
issue, which is available at www.anatomy.org.tr]
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The neuronal membrane and presence of neurodegen-
erative features in the prefrontal cortex of the experimental
animals throughout the 65 days of exposure are demonstrat-
ed using Bielschowsky’s silver staining method as seen in
Figure 2. Sections from the control group revealed normal

neurons with a well-outlined neuronal membrane (Figure
2a). The treatment group showed neurons with different
degenerative features (Figure 2b). The distinct morpholog-
ical features observed in the treatment group also define
apoptotic neuronal cell death in pathological condition.[50]

Figure 2. (a) The control group appeared normal with intact neurons (red arrows). (b) Group with administration of water contaminated with lead
showed features of neurodegeneration in the cortex characterized by the presence of degenerate neurons with no nuclei (red arrows) and some
with pyknotic nuclei (blue arrows) (×400 magnification, Bielschowsky’s silver impregnation staining). [Color figure can be viewed in the online
issue, which is available at www.anatomy.org.tr]

a b

Figure 3. (a) Control group showed mild astrocytic immunoreactivity with specific and uniform staining for glial fibrillary acidic protein (GFAP) (blue
arrows). (b) Group with water contaminated with lead administration depicted strong GFAP immunoreactivity with numerous intensely stained astrocytes
(blue arrows) (×400 magnification, GFAP immunostaining). [Color figure can be viewed in the online issue, which is available at www.anatomy.org.tr]
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Immunohistochemical expression of glial fibrillary
acidic protein (GFAP) (Figure 3) immunostaining
revealed GFAP-immunoreactive astroglia-like cells were
increased in proportion, forming gliosis in the treatment
group when compared with the control. GFAP uniquely
marks for astrocytes which provide structural support and
strength to the surrounding neurons in the central nerv-
ous system.[51,52] The immunoreactivity of GFAP increased
during reactive gliosis characterized by astrocyte hyper-
plasia and hypertrophy as observed in Figure 3b.[52]

Microglial and astrocytes are effectors of neuroinflamma-
tion.[32] Neuroinflammation involving astrogliosis and
microglial activation is common to several neurodegener-
ative disorders.[53] The long-term impact of neuroinflam-
mation-induced cell death is engendered by increased
production of reactive oxygen and nitrogen species
(RONS).[54–56] Excessive generation of RONS during
oxidative stress is the major mechanism for the patholog-
ical effect of heavy metals, lead inclusive.[32,57–59] RONS are
principally involved in arousing apoptotic cell death by
nitrosative or irreversible oxidative damage to neuronal
elements.[55,56]

The demonstration of oxidative stress was also shown
by immunohistochemical expression of induced nitric
oxide synthase (iNOS) (Figure 4). iNOS immunoreactiv-
ity revealed increased immunointensity in treatment
groups (Figure 4b) when compared with control groups

(Figure 4a). Nitric oxide (NO) is mainly synthesized by
nitric oxide synthase (NOS) through the conversion of L-
arginine to NO and L-citrulline in mammals.[60] NO
plays a vital role in both physiological and pathological
processes in humans. Excessive production of NO as
invoked by neuroinflammation is implicated as one
major causative agent for several neurodegenerative dis-
orders pathogenesis.[56] Neuronal NO synthase is docu-
mented to be the main NOS isoform in the brain.[61,62] On
the contrary, iNOS is not normally expressed or comes
with minimal expression in the brain.[63,64] Nevertheless,
increased iNOS expression in neuroglia and invading
macrophages in response to brain injuries is revealed in
pathological conditions.[65,66] Acute injury and iNOS
upregulation may result in cell death.[67,68] All the same,
chronic neurodegenerative disorders will ensue when a
large amount of NO is produced over a prolonged peri-
od of time.[69] 

Conclusion
The findings of this study show that lead, obtained from
the three geographical zones of Kwara Nigeria, may have
a possible pathogenic role in development of neurodegen-
erative disorders and emphasize the effects of exposure to
this environmental pollutant.

Figure 4. (a) Control group showed mild NOS immunostaining (red arrows). (b) Group administered with lead contaminated water revealed
strong iNOS immunoreactivity (×400 magnification, iNOS immunostaining). [Color figure can be viewed in the online issue, which is available at
www.anatomy.org.tr]
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Introduction
The bregma, an external promontory on the skull, is an
important bony landmark for various neurosurgical inter-
ventions such as bedside ventriculostomy and various
craniotomies. The coronal suture lateral to the bregma on
each side is used as guide to reach the precentral and post-
central gyri and the central sulcus. Therefore, for preoper-
ative and intraoperative localization of the relevant cortical
areas, the bony superficial landmarks are of utmost impor-
tance. Additionally, a frontal burr hole (Kocher’s point) is
made anterior to the coronal suture to approach the later-
al ventricle and avoid the motor strip. Empirical methods
such as finger pad palpation have been used in localizing
the bregma and the coronal suture.

This anatomical study aimed to verify the exact local-
ization of the bregma and the coronal suture using dry
skulls and computerized tomography (CT). Newer imag-
ing techniques and improved technology such as naviga-
tion systems can demonstrate fine details of the region.
Although more than 2,000 medical facilities world-wide
utilize these systems, many institutions do not have this
technological capacity,[1] and in such situations it is valu-
able to have fine anatomical knowledge of the localization
of the bregma as well as the coronal suture. 

Materials and Methods
The measurements were obtained from dry skulls and from
sagittal CT images. A total of seventy-two adult skulls of
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Objectives: External landmarks on the skull are important guides in various neurosurgical procedures. The localization of
the bregma is vitally important in bedside ventriculostomy and craniotomies. The aim of the current study was to verify the
localization of the bregma. 

Methods: This was performed on dry skulls (n=72) and sagittal computerized tomography (CT) images of patients (n=100).
The age and the sex of dry skulls were unknown. Of the 100 patients, 48 were males and 52 were females and the mean
age for males was 51.14 and for females was 55.34. The distance between nasion to inion and nasion to bregma were meas-
ured from both dry skulls and on multiplanar reformation (MPR) sagittal images. The ratio of the two measurements was
calculated. 

Results: The nasion to bregma distances on 72 dry skulls ranged between 120–140 mm: the average distance was
124.3±6.9 mm. The nasion to inion distance ranged between 295–345 mm; the average was 320.8±14.4 mm. The ratio of
nasion to bregma distance to nasion to inion distance was calculated as 0.384. The nasion to bregma distance obtained from
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Conclusion: An accurate and reliable ratio (0.38 times the distance from nasion to inion) was obtained to define the breg-
ma. The coronal suture lay on each side of bregma, so knowing the exact localization of bregma and of the coronal suture
can be vitally important in various surgical procedures to the cranium. 
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unknown age and gender were obtained from the
Laboratory of Human Anatomy, Istanbul University School
of Dentistry, Istanbul, Turkey. The CT images were
obtained from patients who underwent CT angiography for
a suspicion of a ruptured aneurysm at the Department of
Neurosurgery of Marmara University, Istanbul, Turkey,
from January 2012 to December 2014. Of the 100 patients,
48 were males and 52 were females, and the mean age was
53.39 (range 18–85) years.

Three anatomical landmarks on the outer surface of the
dry skull were defined: nasion (intersection of the frontal
bone and two nasal bones), bregma (intersection of the
coronal suture and the sagittal suture), and inion (the high-
est point of the external occipital protuberance). The dis-
tance between nasion-inion and nasion-bregma were meas-
ured using a tape measure (Figure 1). The same measure-
ments were repeated in two-dimensional (2D) multiplanar
reformation (MPR) sagittal images with simultaneous cor-
relation of coronal and axial plane CT images by using the
Philips IntelliSpace Portal (v5.0.2.40009; Philips
Healthcare, Cleveland, OH, USA) software (Figure 2).

Independent t-test was used to compare means of two
groups. Data analysis was done with using SPSS Version
21.0 statistical software (SPSS Inc., Chicago, IL, USA).

Results
The nasion to bregma distance obtained from 72 dry
skulls ranged between 120 and 140 mm and the average
measurement was 124.3±6.9 mm. The nasion to inion dis-
tance ranged between 295–345 (average 320.8±14.5) mm
(Table 1). The ratio of nasion to bregma distance to
nasion to inion distance was calculated as 0.384.

The nasion to bregma distance obtained from 100 CT
images ranged between 107–139 (average 126.6±7.3) mm.
The nasion to inion distance ranged between 301–356
(average 330.2±15.2) mm (Table 1). The ratio of nasion
to bregma distance to nasion to inion distance was calcu-
lated as 0.383. No statistically significant difference was
present between two groups regarding either the nasion to
bregma and nasion to inion measurements or the ratio
between two groups (p<0.05).

136 Solmaz B

Anatomy • Volume 12 / Issue 3 / December 2018

Figure 1. Samples of the measurements made on a dry skull. (a, b)
The distance between nasion (intersection of the frontal bone and
two nasal bones) and bregma (intersection of the coronal suture and
the sagittal suture). (c) The distance between nasion and inion (the
highest point of the external occipital protuberance). [Color figure can
be viewed in the online issue, which is available at www.anatomy.org.tr]
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Discussion 
The bregma and the coronal suture are important bony
landmarks on the skull. Empiric methods are used to
localize these structures. In the present study, we devel-
oped an accurate and reliable ratio (0.38 times of the dis-
tance between the nasion to inion) which determined the
location of bregma and also of coronal suture situated lat-
eral to bregma. The cranial sutures connecting the flat
bones of the neurocranium are derived from neural crest
cells and paraxial mesoderm. The single coronal suture is
one of the synarthroses comprising the cranial vault, sep-
arating the frontal from the parietal bones. The coronal
suture was first described by Avicenna in his Canon (al-
Qanun fi’l-Tibb) as “an arc in whose center a perpendicu-
lar line has been set up”. In the early half of 11th century,
William of Saliceto, a prominent surgeon of 13th century,
used the term “coronal suture” for the first time.[2]

Numerous craniometric methods have been
described to define the location of the central sulcus and
the motor cortex.[3–10] Additionally, there are studies
which have shown the relation between the coronal

suture and central sulcus. However, there are few mor-
phometric studies related to the bregma junction itself.[11]

In the literature, the average distance between the nasion
to bregma was reported as 126.6 mm on CT. In the pres-
ent study, we measured this distance as 124.3±6.9 mm on
dry skulls and 126.6±7.3 mm on CT. Our CT measure-
ments were exactly the same with the former study; how-
ever, dry skull measurements were slightly lower than
the CT measurements.[12] The only other study that
defined the location of the bregma in terms of a ratio was
by Anderson and Makins in 1889.[13] They defined the
bregma as two-fifths of the length of nasion to inion (0.4
ratio) and in accordance with our ratio (0.38 ≈ 2/5 nasion
to inion).

The bregma and the coronal suture are frequently
used as landmarks since they can be easily recognized radi-
ologically and palpated subcutaneously. However, some-
times it can be a challenge to palpate these structures, par-
ticularly if not performed by experienced hands. In cases
when coronal suture is partly or completely synostotic, it
is almost impossible to palpate. With the 0.38 ratio we
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Figure 2. Samples of measurements made on sagittal computerized tomography (CT) images of the patients. (a) The distance between nasion
(red arrow) and bregma (white arrowhead). (b) The distance between nasion and inion (red arrowhead). [Color figure can be viewed in the
online issue, which is available at www.anatomy.org.tr]

a b

Dry skulls CT (male+female)

(n=72) (n=102) p-value

Nasion-bregma distance mean±SD (mm) 124.3±6.9 126.6±7.3 <0.001

Nasion-inion distance mean±SD (mm) 320.8±14.4 330.2±15.2 <0.001

Ratio Nasion-bregma/Nasion-inion 0.384 0.383 <0.001

n: sample count; SD: standard deviation.

Table 1
Descriptive statistics of continuous data.



suggest, bregma can be midsagittally localized easily with
a negligible error.

The coronal suture lies on each side of the bregma
but the coronal suture does not extend perpendicular to
the midline. Chen et al.[14] stated that the distance to this
perpendicular line; that is, the coronal plane from the
coronal suture gradually increases with distance from the
bregma. In the same way, the central sulcus and the pre-
central gyrus bow forward as they pass from the midline.
Ebeling et al.[15] described the localization of the coronal
suture relative to the precentral gyrus being highly vari-
able. Kendir et al.[16] reported that the precentral gyrus
was located approximately 4.5 cm and the postcentral
gyrus was located approximately 6.5 cm behind the breg-
ma on the midline. Rivet et al.[17] stated that the distance
from the coronal suture to the motor cortex was <3 cm
in children under 6 years. Sarmento et al.[18] stated that
the distance between the coronal suture and the central
sulcus ranged from 5 to 6.6 cm, in accordance to meas-
urements of Gusmão et al.[11] and Ribas et al.[12] in the
adult. Further, Frigeri et al.[19] reported that the precen-
tral gyrus and central sulcus are closest at a point near
where the superior temporal line crossed the coronal
suture. Further, at this point all the branches of the mid-
dle meningeal artery ran posterior to the coronal suture.
Therefore, the location of bregma and coronal suture is
used as an important guide during preoperative surgical
planning.

The bregma point and croronal suture are important
bony landmarks for various neurosurgical procedures such
as external ventricular drainage (EVD) placement, endo-
scopic third ventriculostomy (ETV) and craniotomy.[20]

Amongst them, EVD placement is one of the most com-
mon emergent and life-saving procedures in neurosurgery
practice. For this purpose, freehand pass technique is fre-
quently performed at the bedside by young neurosurgeon
trainees. Ventricular catheter is inserted from a frontal
burrhole toward the ipsilateral frontal horn of the lateral
ventricle. Kocher’s point is a common burrhole point that
is located 2.5 cm from midline and 1 cm anterior to the
coronal suture. ETV is increasingly used as a treatment of
choice in various forms of hydrocephalus, particularly
those of obstructive types. The entry point and thereby
optimal trajectory are crucial to achieve into the third ven-
tricle floor. Similarly, the coronal suture and bregma point
are used to estimate the entry point for ETV.

Sutures are primary sites of osteogenesis mediating
much of the growth of the skull instead of simple articula-
tions between bones. The coronal suture provides sagittal
growth of the skull. A significant increase, from childhood

to adolescence, is expected in the length of the cranial
vault. An interruption during cranial growth may result in
premature ossification. The author of the present study is
aware that suture morphogenesis is a highly complex
process produced by multiple factors and their interactions
cannot be established on a single algorithm. Even so, since
the relationship between the cranial dimensions and sutur-
al complexity plays a prominent role in the development of
the adult cranium, there may be a developmental anomaly
if the suggested ratio (0.38) does not fit.

In the present study, we specified a ratio which is the
quantification of a multiplicative relationship, and thus
provided a more accurate number representing the
detailed topography. Further, giving a ratio can take indi-
vidual variations into consideration. 

Conclusion
Despite the advancements in intraoperative image guided
systems, information on constant landmarks such as breg-
ma, inion and nasion points continue to be indispensable
for the neurosurgeon. Therefore, localization of the elo-
quent cortical areas based on superficial landmarks is of
utmost importance in cranitomy procedures. 
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Introduction
Benign prostatic hyperplasia (BPH) is one of the most fre-
quent health problems in males that impairs the quality of
life in sixth and seventh decades.[1,2] Medications such as 5-
α-reductase inhibitors and selective α blockers may help
decreasing the voiding symptoms in patients with BPH,
but the curative treatment option is surgery. Because of
the comorbidities in the elderly, open surgical prostatecto-
my is considered high risk. Alternative treatments are the
minimally invasive transurethral therapies and the prosta-
tic artery embolization (PAE).[1,3]

In previous times, PAE was used to stop the bleeding
after radical prostatectomy or prostate biopsy. Reduced
prostate volume after PAE was reported in experimental
animal studies and case series in the literature.[1] PAE has
been shown as a minimal invasive technique that can serve
as a strong alternative for surgery at BPH with low morbid-
ity rates.[1] Maintenance of sexual functions and eliminations
of daily BPH medications are additional benefits of this pro-
cedure.[4]

Knowledge of the radiological anatomy of the prostat-
ic arteries (PAs) is very important before any kind of sur-
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Objectives: Radiological anatomy of the prostatic artery is important for any kind of surgical or interventional procedure
related to the prostatic region. The aim of this study was to define prostatic arterial anatomy that is critical for both urolo-
gists dealing with prostatic interventions and interventional radiologists dealing with prostatic arterial embolization. 

Methods: Computed tomography angiography (CTA) is the gold standard for visualizing pelvic arterial anatomy. In this study,
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242 prostatic arteries were evaluated. 

Results: Average diameter of the right prostatic artery was 0.9–2.4 mm; in 39% of the patients the artery originated from the
inferior vesical artery. The other origin patterns on the right side were the internal pudendal artery (36%), gluteopudendal trunk
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gical or interventional procedure. Computed tomography
angiography (CTA) is the gold standard for showing pelvic
arterial anatomy.[5] Prostate surgery may also cause erectile
dysfunction due to the condition of the cavernous nerve
and vascular variations such as accessory pudendal artery.[6]

CTA presents a detailed anatomical knowledge of vascular
variations, helps to prevent complications and ensures
optimal postoperative sexual function.[6] Variations of the
PA have critical importance and should be well known by
the interventional radiologists who are dealing with PAE
to prevent ischemic damage of bladder, penis or rectum
after embolization.[5,7] Preprocedural CTA could be a good
option to demonstrate pelvic arterial anatomy before
PAE.[7]

Pelvic arterial anatomy and most common variations in
males were previously studied. There are cadaveric and
radiological studies in the literature enlightening the vas-
cular supply of pelvic organs.[7–9]

In this study, we aimed to define and classify the PA
variations in Turkey by CTA and compare the differences
of PA anatomy with earlier studies performed in other
populations. 

Materials and Methods
Ethics committee approval was received by TOBB ETU
Faculty of Medicine Clinical Research Ethics Committee
(number: KAEK 118/031). A total of 121 patients were
included in the study and were evaluated retrospectively
by CTA. Each pelvic side was considered seperately, and
the diameters and origins of 242 PAs were reported. The
ages of the patients were between 41–89 (mean:
65.29±10.66) years. The diameters of the right and left
PAs were measured and the mean diameter for each side
was determined.

The CTA images of the cases were obtained from the
archive system of TOBB ETU University. CTA examina-
tions were obtained with Philips Ingenuity 128 slice com-
puterized tomography device (Philips Medical Systems,
Cleveland, OH, USA). Patient dose parameters were
adjusted automatically by the device. 0.8 mm slice thickness
and a pitch value of 1 were used with a 300/100 ml or
350/100 ml non-ionic iodinated contrast material. We did
not administer any IV or sublingual vasodilators before the
angiography procedure. Patients in this study population
did not use any kind of medications for prostate disease
symptoms. CT scans were made at an area between
abdominal aorta to common femoral or superficial femoral
arteries near femoral heads. Pelvic arterial anatomy was
evaluated with the device software (Philips Intellispace
Portal 9.0; Philips Medical Systems, Cleveland, OH, USA)

and post-process procedures like slice thickness arrange-
ment, maximum intensity projection (MIP), multiplanar
reconstructions (MPR) and 3D reconstructions were made
by the radiologist with the software, to reach at the utmost
level for evaluating the pelvic anatomy of each patient.

Descriptive statistics were used to get the frequency of
each vessel category. Statistical Package for Social
Sciences (SPSS for Windows, version 21.0; SPSS Inc.,
Armonk, NY, USA) was used for analyses. Differences
between two means were tested by using t-test and p<0.05
was considered as statistical significant. 

Results
121 patients who underwent CTA imaging for various
indications were included in this study. Each pelvic side
was considered seperately, and the diameters and origins
of 242 PAs were reported.

The mean diameter of the right and left PAs were
measured as 1.56±0.35 (0.9–2.4) mm and 1.54±0.3
(0.9–2.7) mm respectively. The minimum, maximum and
mean values of the diameters of the right and left PAs are
shown in Figure 1.

In this study, a total of 242 PAs originating from nine
different sources were reported. Of the 121 right PAs, 47
(39%) were found to originate from the inferior vesical
artery. Forty-three of the cases (36%) originated from the
internal pudendal artery, 9 (7.4%) from the gluteo-puden-
dal trunk, 7 (5.8%) of from the obturator artery, 4 (3.3%)
from the inferior gluteal artery, 1 (0.8%) from the middle

Figure 1. Diameter of the right and left prostatic artery.
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rectal artery, 1 (0.8%) from the umbilical artery, 1 (0.8%)
from the vesical trunk and 1 (0.8%) from the inferior rec-
tal artery (Figures 2 and 3; Table 1).

Of the 121 left PAs, 43 (36%) originated from the infe-
rior vesical artery. Thirty-eight (31%) cases originated
from the internal pudendal artery, 16 (13%) cases from the
obturator artery, 11 (9.1%) from the gluteo-pudendal
trunk, 3 (2.5%) from the vesical trunk and 3 (%2.5) from
the inferior gluteal artery (Figures 2 and 3; Table 2).

The origins of right and left PAs are summarized in
Tables 1 and 2. 

In this study, accessory prostatic arteries were also eval-
uated. Accessory prostatic arteries were found in 10 cases;
8 of them were on the left and 2 of them were on right
side.

Discussion 
Because of the indistinguishable fat and small nerves and
vessels, it is difficult to evaluate the pelvic vascular anato-
my in cadavers.[10–12] Besides, cadaveric dissection proce-
dure is likely to damage the relevant structures.[10]

Radiologic images present us detailed information about
anastomoses, variations and dominance of arteries sup-
plying the prostate. These are important parameters
when planning PAE to prevent penis, rectum and blad-
der from ischemia related to non-target embolization.[10]

CTA images are used in this study because of the ability
to receive more detailed information about branching
patterns of vessels in large patient series in a short time
period.

PAs may be depicted by cadaver dissection and imag-
ing modalities such as CTA, digital subtraction angiog-
raphy (DSA), MR angiography (MRA) and cone beam
CT.[5,7–12] Because CTA and MRA are non-invasive pro-
cedures, they allow better planning of PAE than digital
angiography.[5] Besides, Bilhim et al.[5] claimed that CTA
provides more detailed anatomy than MRA. DSA is
sometimes incapable of identifying the PA origin
because of superimpositions.[10] Cone beam CT has been
considered as a good option for better understanding of
the pelvic arterial anatomy, with less contrast media and
less X-ray doses with similar results, in contrast to CTA.
However, it is still an invasive technique that should be
done with an arterial puncture intra-procedurally at an
angiography suite. It has recently been shown that there
are no subjective advantages of cone beam CT over
CTA. Besides having a CTA before PA, embolization
may affect the puncture site, catheter selection or even
abortion of the embolization procedure due to the arte-
rial anatomy or atherosclerotic disease.[10,13] CTA is still

Figure 2. 3D rendered images of right internal iliac artery anterior divi-
sion. InfGlt: inferior gluteal artery; IPA: internal pudendal artery; LCIA:
left common iliac artery; P: prostatic artery; REIA: right external iliac
artery; RIIA: right internal iliac artery; U: umblical artery; PrstGlnd: pro-
static gland; PTrk: posterior trunk; V: vesical artery. [Color figure can be
viewed in the online issue, which is available at www.anatomy.org.tr]

Origin n Ratio (%)

Internal pudendal artery 43 36

Inferior vesical artery 47 39

Middle rectal artery 1 0.8

Obturator artery 7 5.8

Gluteo-pudendal artery 9 7.4

Inferior gluteal artery 4 3.3

Umblical artery 1 0.8

Vesical trunk 1 0.8

Inferior rectal artery 1 0.8

Table 1
Origin of the right prostatic artery. 
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the gold standard method for depicting the pelvic vascu-
lar anatomy while planning the PAE.[5,13]

Bouissou and Talazac[14] were the first to describe two
cadaveric independent PAs on each pelvic side. They dis-
sected 100 pelvic halves and defined a cranial PA supply-
ing inner and cranial prostate gland and a caudal PA sup-
plying the peripheral and caudal gland. Zhang et al.[10]

reported a 3.6% rate of two independent PAs of the pelvic
side in their study. Two independent PAs may cause insuf-
ficient clinical outcomes after PAE and must be kept in
mind. In our study, we found accessory prostatic arteries
in 10 cases. This finding is coherent with the literature.

Clegg et al.[15] studied PA in 21 postmortem materials
in 1955. They used radio-opaque medium to assist the
arterial supply of the prostate. The radiographs of the dis-
sected specimens were obtained. They found that the pro-
static gland was supplied by prostatic branch of an artery
that was named as prostato-vesical artery. They defined
prostato-vesical artery as a well-defined trunk with a vari-
able origin but this is not a current nomenclature. They
also reported superior rectal artery giving rise to PA in
32.1% of the cases. In this study, we did not find any PA
arising from the superior rectal artery.

Ambrosio et al.[16] studied with 40 pelvic halves in 1980
and found that PA origin was variable (arising from the
inferior vesical, internal pudendal, umbilical, obturator,

inferior gluteal or internal iliac artery). Similarly, in this
study, we did not find any internal iliac artery giving rise
to PA.

Moya et al.[8] studied on 10 adult pelvic sides from
embalmed cadavers and 34 DSA pelvic angiographies.
Fifty-eight PAs were evaluated in their study. They gen-
erated six types of PA origins using a total of 735 PAs
including their data and previously published data. This
study included different patients from different countries
and did not present the variations of PA in a certain pop-
ulation. These data were obtained from cadaver dissec-
tions, DSA and cone beam CT.[8]

In this study, we evaluated 242 PAs of a single popula-
tion by the same radiologist using CTA as a single proce-
dure. According to the classification of PAs in the work of

Figure 3. Imaging the internal iliac
artery. (a) 3D rendered; (b) Curved
MPR; (c) Spot image area curved MPR.
GltpdTrk: gluteopudendal trunk; IIA:
internal iliac artery; InfGlt: inferior
gluteal artery; Ipa: internal pudendal
artery; Obt: obturator artery; Prst:
prostatic artery; Ves: vesical artery.
[Color figure can be viewed in the
online issue, which is available at
www.anatomy.org.tr]

a b c

Origin n Ratio (%)

Inferior vesical artery 43 36

Vesical trunk 3 2.5

Gluteo-pudendal trunk 11 9.1

Obturator artery 16 13

Internal pudendal artery 38 31

Inferior gluteal artery 3 2.5

Table 2
Origin of the left prostatic artery. 
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Moya et al.[8] Type I, indicated anterior division of inter-
nal pudendal artery to give rise to PA, and Type IV, which
presents internal pudendal artery as the origin site of PA,
were the most common types.

In the present study, the most common origin of the
PA was the inferior vesical artery arising from the anteri-
or division of the internal iliac arteries (Type I in Moya
classification). The internal pudendal artery was the sec-
ond most common site of origin for the PA in our popu-
lation (Type IV in Moya classification).

In this study, there are differences from the previously
published studies in the literature. We suggest that this
discrepancy may depend on different patient populations
from different countries. However, we need larger patient
series to claim this hypothesis in terms of statistics, and
this is one of limitations of our study. 

Conclusion
It is very important to understand the PA anatomy prior to
any surgical or interventional procedure related to the
prostate gland. Conventional CTA is the gold standard for
depicting PA anatomy, and should be considered as a first
line option before surgical or interventional procedures. 
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Introduction
Anatomy, the study of the structures of the human body
is one of the first, most basic and important subjects
studied by medical students when they begin their med-
ical education.[1] Dissection of the dead human body has
been central to medical education since Renaissance.[1,2]

Indeed, the Greek roots of the word anatomy indicate
cutting apart; so, many anatomists are adamant that dis-
section is the best way to learn anatomy.[3,4] Some schol-
ars described dissection as the most universal and uni-
versally recognizable step in becoming a doctor.[2] An old
fashioned way of anatomy teaching in medical schools is

based on the use of human cadaveric specimens, either
taking the whole body specimens for complete dissection
or as prosected specimens.[2]

In the 18th century, the study of gross anatomy was
dependent on cadaveric dissection, because that was the
only available method for three-dimensional studies of
the gross anatomical structures. However, with the pas-
sage of time and, as a result of advances in science and
technology, there have been revolutionary changes in
teaching methodologies.[5] In spite of that, cadaveric dis-
section cannot be dismissed as obsolete and is still of
paramount importance in medical education.[4]
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In addition, the use of the human body dissection for
teaching medical students helps them to identify the real,
natural and unbiased organs of the human being. It is
also a means to learn anatomical variation before they
are exposed to the real patient. This will let them prepare
to face the challenges during their clinical practice.[6–8]

However, it is good to realize that cadaver dissection
has multiple physical and psychological effects on stu-
dents. These experiences especially worsen during the
first period of dissecting the cadaver.[9]

In Ethiopia, there are two types of medical education
curriculum; the conventional curriculum used to teach
students directly coming from the high school, and the
other called new innovative medical education (NIME)
curriculum to teach students who already receive a bach-
elor degree in any natural science including health sci-
ences and have at least two years of work experience.

Wollo University is one of the 13 institutions that
launched the new NIME curriculum. In the NIME cur-
riculum, the anatomy course is given as integrated with
other basic science courses.

Therefore, dissection of the cadaver is done in the
first two pre-clinical years of the NIME curriculum.

Multiple types of research have been conducted
worldwide and indicated both positive and negative
experiences of the cadaver room.[10–14] However, there is
no documented research conducted in medical schools
delivering the NIME curriculum. This study aimed to
assess the effect of cadaver dissection both physically and
emotionally on NIME students. 

Materials and Methods
This research was conducted on 85 first and second year
NIME students of Wollo University in 2016. The stu-
dents were informed about the objective of the study and
the volunteer students were briefed on the questionnaire
used as a data collection tool. A standardized question-
naire was used for data collection. The questionnaire
includes sociodemographic characteristics and physical
and emotional impacts of cadaver dissection on the stu-
dents. The survey was done at one time after the first
system dissection schedule for year one students, and
after completion of all system dissection for the second-
year students. For the first-year students, those who did-
n’t attend the first system dissection and repeaters were
excluded from the study. In addition to this, for both
year students, those who didn’t avail at the time of data
collection were also excluded. The ethical review com-
mittee of the School of Medicine, Wollo University
approved this work earlier to data collection. The data
were entered into Epi Info 7 (Centers for Disease

Control and Prevention, 2005) and analyzed using the
Statistical Package for Social Sciences (SPSS for
Windows, version 22.0, Armonk, NY, USA). p<0.05 was
considered as statistically significant.

Results
This study was conducted on 85 first and second-year
new innovative medical students of Wollo University.
From both years, 82 students filled the questionnaire.
The average age range for most of the students (70.7%)
is 24–27 years. 84.1% and 81.7% of the students were
males and Ethiopian Orthodox Christian followers,
respectively. The majority (87.8%) of the students were
from health science (paramedical science) educational
background. In addition to this, 57.3% of the students
were urban residents and 80.5% of them were Amhara in
ethnicity as showed in Table 1.

In the present survey, most of the respondents 75
(91.5%) agreed with the ethical acceptability of cadaver
dissection for teaching medical students. All Muslim stu-
dents agreed on the ethical acceptance of human body uti-
lization for teaching purpose, while 89.6% of Christian
students agreed. From a total of 82 students, 95.1% of
them preferred cadaver dissections as the best method of
learning anatomy and 75.65% of the students didn’t think
dissecting cadaver is replaced by other methods of teach-
ing. Among the different teaching approaches on the
cadaver, self or instructor assisted dissection was preferred
by 92.7% of the students. Only 62.2% of the respondents
were excited in the first visit of dissection room (Table 2).

Since most of the students (87.7%) were from health
science background 31.7% of them had previous expo-
sure to the dead body. The previous exposure to dead
body resulted in slight and high degree of trauma in
17.1% and 18.3% of the students, respectively.

The top three most stressing components of the dis-
section room were the smell of the cadaver 45.1%, reli-
gious incompatibility 32.9%, and touching a certain part
of the cadaver 28% (Table 3). Females were more
stressed by looking or touching certain parts of the
cadaver and by the practical exam compared to males,
while males were stressed by the smell, dissection work-
load, infectiousness of the cadaver and religious incom-
patibility. Looking at certain parts of the cadaver, smell
of the cadaver, fear of infection and the practical exam
were stressors for Christian students.

Nausea 32%, palpitation 20.7% and sweating 17.1%
were the most prevalent physical symptoms experienced
in the dissection room. From the emotional symptoms
reported by the students, sadness 41.5% was the first fol-
lowed by fear (34.1%) and worry (29.3%) (Table 4).
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Females were more nervous, depressed, sad and felt
eye irritation than the males. On the other hand, males
sweated, felt nausea, and fainted.

In religion comparison, Christian students common-
ly felt dry mouth, fear, depression, and satisfaction; in

contrast, Muslim students showed nervousness, sadness,
irritation of the eye and vomiting.

Oromo students significantly reported fainting, dizzi-
ness and palpitation as compared to the other three ethnic
students (p<0.05). Although not statistically significant,
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Variables n %

Age 24–27 58 70.7

28–31 22 26.8

32–35 1 1.2

>35 1 1.2

Gender Male 69 84.1

Female 13 15.9

Religion Orthodox Christian 67 81.7

Muslim 15 18.3

Educational background Health sciences 72 87.8

Teaching 1 1.2

Applied sciences 3 3.7

Agriculture 3 3.7

Veterinary medicine 1 1.2

Other 2 2.4

Ethnicity Amhara 66 80.5

Oromo 2 2.4

Tigre 8 9.8

Gurage 3 3.7

Other 3 3.7

Residence Urban 47 57.3

Rural 35 42.7

Year of study Year one 45 54.9

Year two 37 45.1

Table 1
Sociodemographic characteristics of the NIME students of Wollo University.

Questions Responses n %

Cadaver dissection is ethically acceptable No 7 8.5

Yes 75 91.5

Dissection is best method of learning Anatomy No 4 4.9

Yes 78 95.1

Cadaver dissection is replaced by other methods No 62 75.6

Yes 20 24.4

Preferred method of learning in the cadaver room Deal with prosected specimen 5 6.1

Self or instructor assisted dissection 76 92.7

Deal with dissected cadaver 1 1.2

First visit to the dissection room was exciting No 31 37.8

Yes 51 62.2

Have self-mental preparedness prior to the dissection room No 10 12.2

Yes 72 87.8

Table 2
Responses of the students on general information about cadaver dissection.



most of the physical and emotional symptoms were less
likely to be seen in year one compared to second-year stu-
dents. However, sweating and breathlessness were signifi-
cantly less as 26.7% in year one compared to 5.4% in sec-
ond-year, and 11.1% in year one compared to 0% in sec-
ond-year students (p<0.05). Instead, nausea, palpitation,
and dryness of the mouth were relatively higher for sec-
ond-year students compared to the first year (Table 5).

The most common way of coping strategies used by
the students in the cadaver room was focusing on task
46.3% (n=38) followed by seeking advice from instructor
or lab assistant 43.9% (n=36) and thirdly stay within the
group 25.6% (n=21) as presented in Table 6. In addition
to this, Christian students sought advice from lab assis-
tant or their instructor, while Muslim students wanted to

focus on their task as a coping mechanism in the dissec-
tion room. Females prayed and stayed in the group, and
males sought an advice.

As shown in Table 7, most of the symptoms
decreased gradually. However, loss of appetite and
headache were still felt after leaving the dissection room.
Both males and females, and Christian and Muslim stu-
dents reported decrement symptoms after they left the
cadaver room. However, female students reported
insomnia which was statistically significant (p=0.04).

Discussion 
Cadaver dissection has been used for a long time as a cor-
nerstone of dealing anatomical science for medical educa-
tion. Dissection of the human body helps students gets a
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All %
Gender (%) Religion (%)

The most stressful component of the dissection room (n=82) Male Female Christian Muslim      

Looking at certain part of the cadaver 26.8 24.6 38.5 22.4 46.8

Touching certain part of the cadaver 28.0 27.5 30.8 28.4 26.7

The smell of the body 45.1 46.4 38.5 44.8 46.7

Dissection workload 12.2 13 7.7 14.9 0

Religious incompatibility 32.9 33.3 30.8 37.3 13.3

Fear of infection 22.0 24.6 7.7 20.9 26.7

Thinking of practical exam 17.1 15.9 23.1 14.9 26.7

Table 3
Student’s response of their most stressful component of the dissection room. For all comparisons p>0.05.

All (%)
Gender (%) Religion (%) Ethnicity (%)

Physical symptoms (n=82) Male Female Christian Muslim Amhara Oromo Tigre Gurage      

Fainting 4.9 5.8 0 4.5 6.7 3 50* 12.5 0

Dizziness 12.2 11.6 15.4 11.9 13.3 9.1 100* 12.5 33.3

Nausea 32.9 33.3 30.8 32.8 33.3 34.8 100 25 0

Vomiting 3.7 4.3 0 3 6.7 1.5 50 12.5 0

Palpitation 20.7 18.8 30.8 20.9 20 22.7 100* 0 0

Sweating 17.1 18.8 7.7 16.4 20 18.2 50 12.5 0

Breathlessness 6.1 5.8 7.7 6 6.7 6.1 50 0 0

Irritation of the eye 9.8 7.2 23.1 6.7 10.4 7.6 100 33.3 33.3

Dryness of the mouth 7.3 7.2 7.7 9 0 7.6 50 33.3 33.3

Worry 29.3 30.4 23.1 32.8 13.3 31.8 0 38.5 0

Fear 34.1 31.9 46.2 35.8 26.7 33 100 33 66.7

Satisfaction 18.3 11.6 7.7 11.9 6.7 9.1 0 37.5 33.3

Sadness 41.5 39.1 53.8 37.3 60 39.4 0 50 33.3

Depression 14.6 11.6 30.8 14.9 13.3 15.2 50 12.5 33.3

Nervousness 12.2 8.7 30.8* 10.4 20 10.6 50 33.3 33.3

*p<0.05.

Table 4
Physical and emotional symptoms experienced by the students in the cadaver room.



meaningful and unbiased structure of human beings. In
spite of this, students are experiencing a variety of physical
and emotional symptoms at the time of dissection. These
impacts can affect the performance of the students.

The ethical acceptability of cadaver dissection as
agreed by most students irrespective of religion indicates
that cadaver is a valuable gift to medical education. This
is supported by the findings of Agnihotri and Sagoo[15]

and Rajeh et al.[16]

Our students agreed that cadaver dissection should
not be replaced with plastic models or 3D images
(75.6%) and is the best method of learning anatomy
(95.1%). Self or instructor assisted dissection was pre-
ferred by 92.7% of our respondents to studying prosect-

ed specimen or dissected cadaver. This is in close prox-
imity with the findings of Agnihotri and Sagoo,[15]

Johnson,[17] Shugaba et al.,[18] but different from the study
of McLachlan et al.[2] This difference may be due to the
student’s perception and level of understanding of new
technology. Based on our findings, the idea of replacing
the cadaver dissection technique with plastic models,
computer-assisted training or other methods is chal-
lenged, as the utilization of human body dissection helps
students to grasp the three-dimensional anatomy and
concept of countless variations.[19]

This survey is intended to show the impacts of cadaver
dissection immediately after the first-time dissection and
after repeated dissections. Therefore, according to this
investigation, nausea, palpitation and sweating were the
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Year of study 

n (%)

Variables Year one Year two p-value     

Fainting 4 (8.9) 0 *

Dizziness 6 (13.3) 4 (10.8) *

Nausea 12 (26.7) 15 (40.5) *

Vomiting 3 (6.7) 0 *

Palpitation 9 (20) 8 (21.6) *

Sweating 12 (26.7) 2 (5.4) 0.011

Breathlessness 5 (11.1) 0 0.036

Irritation of the eye 5 (11.1) 3 (8.1) *

Skin irritation 2 (4.4) 0 *

Dryness of the mouth 2 (4.4) 4 (10.8) *

Worry 13 (28.9) 11 (29.7) *

Fear 16 (35.6) 12 (32.4) *

Satisfaction 8 (17.8) 7 (17.9) *

Sadness 20 (44.4) 14 (37.8) *

Depression 9 (20) 3 (8.1) *

Nervousness 6 (13.3) 4 (10.8) *

*p>0.05.

Table 5
Physical and emotional symptoms of the respondents by year.

Gender (%) Religion (%)

Variables All (%) Male Female Christian Muslim     

Focusing on the task 46.3 46.4 46.2 40.3 60.3

Self-prayer 9.8 7.2 23.1 11.9 0

Stay within the group 25.6 24.6 30.8 26.9 20

Temporary departure from the dissection room 1.2 1.4 0 1.5 0

Seeking advice from lab assistance/instructors 43.9 44.9 38.5 47.8 26.7

Table 6
Strategies used by students to help them cope with dissection. For all comparisons p>0.05.



most prevalent physical symptoms experience in the dissec-
tion room. This finding is almost consistent with a research
conducted in Tanzania at Muhimbili University which
showed disgust, fear, nausea, loss of appetite and sweating
as the commonest symptom.[11] Another research done in
India by Vinay et al.[20] indicated the commonest symptoms
as eye irritation (63.33%), headache (10%), decrease in
appetite (12%), nausea (3.3%) and sweating (35.33%).

The research conducted in Foundation University
Medical College, Rawalpindi, Pakistan pointed out eye
soreness and fatigue (39.9%) and throat irritation (41.6%)
as the most common physical symptom. This finding was
different from ours, possibly due to different laboratory
setup, age and educational background of our students as
our study subjects had a minimum of bachelor degree.[21]

The most prevalent emotional symptoms depicted in
this research were sadness, fear and worry. This finding
is also similar to the above researchers.

In the comparison done between males and females,
females were more nervous than males. This variable
showed a significant difference (p=0.03). This may indicate
a gender difference in behavioral response to cadaver dis-
section.[22] Students with Oromo ethnicity reported a sig-
nificantly higher degree of fainting (p=0.03), dizziness
(p=0.02), and palpitation (p=0.02) than other ethnic stu-
dents. No significant differences were found for the other
symptoms.

As presented in Table 6, this study also compared the
decrement of the symptoms between the two batch stu-
dents. The prevalence for most of the symptoms
decreased for the second-year students. This is because
of repeated exposure to the dissection. This finding was
also reported in other studies.[20,23,24]

According to a research conducted in Hawasa
University and the University of Gondar, Ethiopia, most
stressing component of the dissection room was the smell
of the dissection room. This is also the same in this study

as stated by 45.1% of the respondents, and also in line with
the study of Bataineh et al.[25] This is because of the estab-
lished use of formalin as a preservative of cadavers in our
country, Ethiopia.[24,26] There were some ups and downs in
the frequency of responses between males and females,
and Christians and Muslims; however, none of these were
statistically significant.

In this study, 90.2% of the symptoms decreased grad-
ually. However, loss of appetite, headache, and night-
mares were still felt after leaving the dissection room.
Post-dissection continuity of the above two symptoms
may be due to long time (minimum of 3 hours) exposure
at one dissection schedule. This may lead to an excessive
intake of irritant chemical (mainly formalin) that may
bring loss of appetite and headache. Females had night-
mares more than males in the post-dissection period
(p=0.04). Nevertheless, no significant difference was
observed in Christian and Muslim respondents. Karau et
al.[27] presented similar findings.

The commonest way of coping strategy used by the
students was focusing on task followed by seeking advice
from instructor or lab assistant and thirdly stay within the
group. Comparison of gender and race presented in Table
7 did not show a significant difference between males and
females and Christians and Muslims. Most students in
Oman (65%) and Jordan (89.8%) used rationalization to
cope with fear and disturbance associated with cadaver dis-
section.[28] Other coping mechanisms listed in this research
are utilized in different degrees by the above students. The
age and work experience of our subjects may be the factors
that bring a difference in prioritizing coping mechanisms.

This study has some limitations having incorporated
only two batches of medical students, of a number of 85.
On the other hand, the concentration of embalming
fluid on air in the dissection room could not be measured
due to our laboratory facilities.
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Gender (%) Religion (%)

Symptoms All (%) Male Female p-value Christian Muslim p-value     

Loss of appetite 40.2 40.6 38.5 * 41.8 33.3 *

Insomnia or nightmare 13.4 10.1 30.8 0.04 14.9 6.7 *

Dizziness 11.0 10.1 15.4 * 10.4 13.3 *

Headache 22.0 18.8 38.5 * 20.9 26.7 *

Loss of concentration on study 13.4 11.6 23.1 * 14.9 6.7 *

Symptoms decrease gradually 90.2 91.3 84.6 * 88.1 100 *

*p>0.05.

Table 7
Responses on the symptoms that continue after leaving the dissecting room.



Conclusion
Even though dissection of the human body is the best
methods of learning anatomy, multiple physical and emo-
tional symptoms are experienced by the students.
Commonly students felt nausea, palpitation, sweating sad-
ness, fear, and worry in our cadaver room. Even some of the
symptoms are worsen for female. These findings are also
reported by different investigators. Therefore, all medical
schools of Ethiopia should conduct nation-wide research to
assess commonest symptoms, their causes and the maxi-
mum level of embalming solution in the cadaver room.
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Introduction
The piriformis is a flat, triangular muscle that originates
from the anterior surface of the sacrum, and then passes
through the greater sciatic foramen to finally insert into
the greater trochanter of the femur.[1] Despite its small
size and insignificant function as a lateral hip joint rota-
tor, the piriformis has a great importance for the topog-
raphy of the deep gluteal region. The upper and lower
muscle borders form together with the greater sciatic
foramen the main foramina for the gluteal neuro-vascu-
lar bundles. The piriformis has also special and some-
times variable relations with the largest nerve of the
lower limb – the sciatic nerve.[2] Some piriformis-sciatic
nerve variations might be related to nerve compression
symptoms described as piriformis syndrome.[3] A rare
type of piriformis muscle variation is described here that
may be a contribution to the understanding of this nerve
compression syndrome.

Case Report
During routine anatomical dissection of the right lower
limb of a 68-year-old male cadaver, skin over gluteal

region was dissected up to mid-thigh. The gluteus max-
imus was transected in the middle to expose the deeper
structures. Upon dissecting the neurovascular bundles
passing through the supra-and infrapiriform foramina,
an interesting variation, related to the piriformis muscle
and the sciatic nerve was revealed (Figures 1a and b).
The piriformis muscle presented a complete structure
with the usual origin and insertion. As usual, the sciatic
nerve emerged from the infrapiriform foramen. There
was an interesting additional small muscle identified,
that also started from the anterior surface of the sacrum
and passed through the greater sciatic foramen below the
usual piriformis. The variant muscle presented a well
identifiable lateral tendon that pierced through the prox-
imal part of the sciatsic nerve and inserted to the greater
trochanter. The length of the additional small muscle
was 85 mm with the broadest part of the muscle belly of
9 mm.

Discussion 
In the literature, there are several variations of the piri-
formis described – divided piriformis, cleavage of muscle

A rare muscle variation – accessory piriformis
muscle
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Abstract

During routine anatomical dissection of the right lower limb of a 68-year-old male cadaver, a rare muscle variation was
revealed and identified as an accessory piriformis muscle. This variant muscle started from the anterior surface of the sacrum
below the usual piriformis muscle and extended in a well-identifiable lateral tendon also inserting to the greater trochanter
of the femur. In the case described, the accessory piriformis pierced through the proximal part of the sciatic nerve. The length
of the additional small muscle was 85 mm with the broadest part of the muscle belly as 9 mm. The course of the variant
muscle, especially its tendinous part, might irritate the sciatic nerve and cause piriformis syndrome and other sciatica-like
symptoms. The neurologists who diagnose piriformis syndrome and surgeons performing nerve releasing surgery should be
well aware of the described rare muscle variation. 
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Figure 1. Photograph (a) and schematic diagram (b) of the deep gluteal region. The usual piriformis muscle was partially damaged by the student
dissection. The accessory piriformis (*) and its lateral tendon (arrow) passing through the sciatic nerve. PM: piriformis muscle; ScN: sciatic nerve.

a b

bellies, merging with other muscles, or even absence.[4,5]

The most important muscle variations, however, are
those related to the structure of the proximal sciatic
nerve.[6] Six basic types of piriformis-sciatic nerve vari-
tions are described in the literature and their distribu-
tion among the human population are presented in
details.[7,8]

The muscle described here resembles a variation of
the piriformis muscle. It is not simply a case of a divided
or cleavaged muscle, because it has a separate origin and
insertion and distinct proportion of muscle belly to ten-
don. It can be accepted that this is an accessory muscle.
In our case, the sciatic nerve passed below the usual pir-
iformis and was pierced by the accessory piriformis mus-
cle. From a review of the pertinent literature, it seems
that the accessory piriformis is quite a rare muscle varia-
tion. A similar small muscle below the usual piriformis is
also described by Carro et al.[9] In their case, however, the
accessory piriformis did not penetrate through the sciat-
ic nerve fibers. In two other reports,[10,11] the anomalous
sacral attachment of the piriformis with accessory fibers

extending over the sacral nerve, seen on MRI, were also
described as accessory piriformis muscle.

The reported aberrant muscle might provoke symp-
toms of compression of the sciatic nerve and be the cause
of piriformis syndrome, coccygodynia and following
muscle atrophy in the zone innervated by the sciatic
nerve. Piriformis syndrome includes hip pain, buttock
pain, sciatica and intolerance to sitting.[3,12,13] In up to
16.2% of surgical case series, piriformis syndrome is
caused by anatomical variations.[14] The accessory piri-
formis, piercing the sciatic nerve, might be one of the
rare causes of nerve compression. Therefore, the sur-
geons who operate in this region must be well aware of
the reported muscle variation, as well as the neurologists
who diagnose piriformis syndrome and other related
sensory symptomatology.
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Leonardo da Vinci’s early years
Da Vinci was born on 15 April 1452 in Mount Albano,
Florence. He was the son of Sar Pierro da Vinci, a lawyer.
Her mother was a peasant woman. Due to the requirements
of that period, her parents never got married. Leonardo’s
father married to a noble woman and Leonardo had to live
with his grandparents who raised him well.[1] 

Leonardo da Vinci’s Interest in Anatomy
Leonardo da Vinci’s interest in anatomy began in Milan
when he was working for Ludovico Maria Sforza. Da
Vinci’s favorite tools were sharp knives, chisels and bone
saws. He had no assistant at that time. That’s why he had
to transcribe quickly his observation right after each dissec-
tion section. It is still not known how he preserved the
cadavers.[2] He performed approximately 30 cadaver dissec-
tions.[3] After 1510, he collaborated with a young professor
named Marcantonio della Torre. Later on, with the
advance of science, dissection studies increased. In this way,
the accuracy of the teachings of the previous period began
to be questioned, and it was then found that Leonardo da
Vinci’s work had some mistakes.[4–7] For example, his work
“The anatomy of a foot” is confusing like “Mona Lisa”.

“The Anatomy of a Foot”
At a quick glance to the illustration, to the alignment of
the metatarsal bones and phalanges, we can say this is the

lateral side of the foot. Also, the phalanges are gradually
becoming smaller. So, the illustrated tendons in this
work probably belong to the peroneus brevis and per-
oneus longus muscles. In addition, the location of the
nerve lying from the back of the leg to dorsum of the
foot implies this is the superficial peroneal nerve. This
nerve becomes superficial by penetrating the deep fascia
in the junction between upper 2/3 and lower 1/3 of the
posterior leg. It’s divided into two branches at the dor-
sum of the foot: the dorsal medial cutaneous nerve and
the dorsal intermedial cutaneous nerve.[8] It’s not possible
to say this is the peroneus tertius muscle (Figure 1a),
because the tendon of the peroneus tertius muscle pass-
es under the extensor retinaculum.

However, there is another tendon in the drawing
(marked in Figure 1a). This also refutes the idea of
being the lateral side of the foot. If it’s the medial side, it
can be assumed that the tibialis posterior, flexor digito-
rum longus and flexor hallucis longus muscles are
observed behind the medial malleolus. On the medial
side, we should clearly see the extensor hallucis longus
muscle with a thick tendon. Also, the structure with the
question mark can be assumed as the great saphenous
vein (Figure 1b). However, this structure goes to the
posterior of the leg, and therefore, does not suit with the
path of the great saphenous vein. It’s not possible to say
this is the tibialis anterior muscle, because the muscle

Da Vinci’s foot illustration and its errors 
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found in these illustrations. Here, we interpreted the illustration of da Vinci named “The anatomy of a foot”.
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passes under the extensor retinaculum. So, we could not
come to a decision on which side this may be.

Jastifer et al. [10] examined another drawing of foot by
Leonardo da Vinci. In this work, the anatomical struc-
tures supporting the medial arch of the foot are clearly
seen. Compared to the work studied in this article, the
two drawings look quite different from each other. The
work we studied can be one of his early works. In this
respect, this piece reminded us Mona Lisa’s face. 

Conclusion
Leonardo da Vinci has been influencing people for cen-
turies with his magnificent intelligence. His anatomical
work presented new details for the surgical treatment of
previously unexplored areas. Therefore, surgeons and
anatomists owe him as his works facilitated and improved
their practice. We can understand his respect for his work

from his words before his death: “I have offended God and
mankind because my work did not reach the quality it
should have”.[1] 
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Figure 1. . Lateral (a) and medial (b) views of the human foot showing tendons which support the foot, respectively.[9] [Color figure can be viewed
in the online issue, which is available at www.anatomy.org.tr]
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to 26th June 2019 in Madrid (Spain) is now open. 

Visit www.eaca2019.com to get an account which will
allow you to submit abstracts, register to the meeting. 

Deadline for receipt of abstracts – 11 April 2019 
The accepted abstracts will be published in the Surgical

and Radiologic Anatomy journal. 

We look forward to meeting you all in Madrid, June
2019 for an enjoyable Meeting!
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Prof. Jose Sanudo  
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