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Introduction
Calotropis procera (CP; giant milk weed) is a species of flow-
ering plant in the family Apocynaceae, native to North
Africa, Tropical Africa, Western Asia, South Asia, and
Indochina.[1] The flesh CP contains a toxic milky sap that
is extremely bitter and turns into a gluey coating resistant
to soap.[1] The milky sap contains a complex mix of chem-
icals, some of which are steroidal heart poisons known as
‘cardiac aglycones’.[2,3] These belong to the same chemical
family as similar chemicals found in foxgloves (digitalis
purpurea). Alkaloids, flavonoids, sterols and uscharin have

also been reported to be present in the entire part of the
plant.[3] CP is referred to as ‘ewe bomubomu’ among the
Yoruba populace in Nigeria where it is used as a con-
stituent of concortions to cure certain ailments. The
Fulani population in Nigeria use CP as the major compo-
nent in processing cheese.

The testes are double glandular organs performing
both exocrine and endocrine functions in the body.
Spermatogenesis occurs in the seminiferous tubule of the
testes surrounded by nutrient rich basement membrane
which serves as support and source of nutrients to the pro-
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Abstract

Objectives: This study was designed to investigate the effects of liquid extract of Calotropis procera (CP) on the testicular
structure and functions of adult male rabbits. CP, commonly known as ‘ewe bomubomu’ in Nigeria, contains a toxic milky
sap that is extremely bitter; the milky sap contains a complex mix of chemicals. This plant is most popular and commonly
used among the Fulanis in Nigeria to process cheese. 

Methods: Twelve adult male rabbits weighing between 1–2 kg were used for this study. The rabbits were divided random-
ly into four Groups A–D; (n=3, in each group). Animals in Group A–C received CP as 750, 500 and 250 mg/kg body weight,
respectively by oral intubation daily for 28 days, while Group D served as the control group. All animals were euthanized by
cervical dislocation; the testes were excised and fixed in Bouin’s fluid for routine histological studies using haematoxylin and
eosin stain. Cauda epididymidis was also excised for semen quality evaluation. 

Results: These results showed hormonal and testicular histomorphological alterations in CP treated animals such as abnor-
mal shape and arrangement of seminiferous tubules, degeneration of spermatogenic and interstitial. CP also affected the
testosterone concentration, cross-sectional area, germinal epithelium diameter and lumen diameter of the seminiferous
tubules. 

Conclusion: These findings show that CP caused histomorphological and hormonal alterations and thereby hampered sper-
matogenesis. It is therefore recommended that continuous use of CP as part of food ingredient should be discouraged and
discontinued. 
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liferating spermatogenic cells to give rise to matured sper-
matozoa under the influence of testosterone hormone
produced by cells located in the interstitial space of the
testes.[4] Spermatogenesis and testosterone production are
regulated by the secretory actions of the hypothalamus
where gonadotropin releasing hormone (GnRH) is
released and pituitary gland that secretes follicle stimulat-
ing hormone (FSH) and luteinizing hormone (LH) upon
the action of GnRH.[4]

CP has been used in traditional medicine as purgative,
anthelmintic, anticancer, as well as to treat leucoderma,
ulcers, piles and disease of the spleen.[5] CP has been impli-
cated to have an abortifacient,[6] antifertility,[7] uterine
stimulating effect[8] and teratogenic effects on the develop-
ing embryo.[9]

Fresh leaf extract of CP has growth suppressing effects
on the body leading to a significant reduction in body, tes-
ticular and epididymal weights in exposed animals.
Significant decrease in relative weights of accessory sex
glands was reported in rat treated with CP.[10,11] CP admin-
istration led to deleterious effects on the testicular
microstructures and accessory sex organs, resulting in
desquamation of seminiferous epithelial cells, degenera-
tion of seminiferous tubules and presence of large-sized
multinucleated cells. Significant reduction in the seminif-
erous tubular diameter, seminal vesicle and epididymal
structures were also reported.[10]

The aim of this study was to highlight the effects of CP
on testicular morphology and morphometry, and also
evaluate the consequent effects on semen parameters in
adult male rabbits. This became a research of interest after
observation of the use of CP by local fish farmers in
Nigeria in the harvesting processes of fish from various
local ponds, and also from the use of CP by Fulanis (a tribe
in Nigeria ethnic groups) as a major constituent of their
locally produced cheese popularly known as “wara fulani”. 

Materials and Methods
Twelve adult sexually active male rabbits weighing
between 1–2 kg were used in this study. The rabbits were
bred and maintained at the experimental animal unit in
the Department of Human Anatomy, Ladoke Akintola
University of Technology, Ogbomoso, Nigeria. The
animals were divided into four groups (of three rabbits
each), designated as Groups A–D. Groups A–C served as
experimental animals, and Group D served as control.

The leaves of CP were obtained from Aroje commu-
nity, Ogbomoso, and identified at the Department of
Pure and Applied Biology, Ladoke Akintola University
of Technology, Ogbomoso, Oyo State, Nigeria. The leaf

extract of CP was prepared by macerating 50 g of fresh
leaves with 250 ml of distilled water and later by squeez-
ing and filtering. The filtrate served as the stock solu-
tion. The stock solution was administered orally at a
dosage of 750 mg/kg body weight (Group A), 500 mg/kg
body weight (Group B), and 250 mg/kg body weight
(Group C) once daily using an oral cannula for 28 days.
Control animals (Group D) received only normal saline
for the same number of days.

The animals were dissected, and the testes and epi-
didymis were collected immediately after exsanguina-
tion. The testes collected were fixed in Bouin's fluid and
processed using paraffin embedment, and stained with
haematoxylin and eosin. The slides of testes were evalu-
ated for pathological changes under light microscope.
The testes used for hormonal assay were crushed using a
pestle and mortar in a 0.25 M sucrose solution, then cen-
trifuged for 5 min at 5000 r/min and filtered using a plas-
tic pipette. The specimens for the testosterone assay
were kept in the freezer at a temperature of about -5°C
before the assay commenced.

The epididymis was placed in normal saline for eval-
uation of sperm quality (i.e. sperm count, sperm motility
and sperm morphology). The concentration of sperma-
tozoa was determined by the haemocytometer method.
The spermatozoa were evaluated by haemocytometer
using the improved Neubauer chamber (Deep 1/10 mm;
LABART, Munich, Germany).

The histomorphometry (i.e. cross section area, lumen
diameter and germinal epithelium diameter) was evaluat-
ed using Image J software (National Institute of Mental
Health, Bethesda, Maryland, USA) from photomicro-
graphs of the testes.

Johnsen score was used for assessing spermatogenesis
in testicular biopsy:[12] 10: complete spermatogenesis and
perfect tubules; 9: many spermatozoa present but disor-
ganized spermatogenesis; 8: only a few spermatozoa
present; 7: no spermatozoa but many spermatids present;
6: only a few spermatids present; 5: no spermatozoa or
spermatids present but many spermatocytes present; 4:
only a few spermatocytes present; 3: only spermatogonia
present; 2: no germ cells present; 1: neither germ cells
nor Sertoli cells present.

Testosterone concentration was estimated using
Accu Bind ELISA Microwell (Monobind Inc., Lake
Forest, CA, USA).

Data collected were analyzed using two-way analysis
of variance (ANOVA) followed by Tukey’s (HSD) mul-
tiple comparison test with the aid of SPSS (V20; SPSS
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Inc., Chicago, IL, USA). Data were presented as means
± SEM (standard error of mean). P value less than 0.05
(p≤0.05) was considered statistically significant. All
graphs were drawn using the GraphPad Prism v.6
(GraphPad Software, Inc., La Jolla, CA, USA). 

Results
Histological analysis

Histological findings in the control group depicted a nor-
mal cytoarchitecture of the testes in rabbits showing a nor-
mal shape and arrangement of seminiferous tubule with
intact basement membrane and progressive proliferation
of spermatogenic cells to produce matured spermatozoa.
Interstitium was intact with Leydig cells (Figures 1a and
b). Group C rabbits had swollen spermatogonia and mild
disruption in the arrangement of seminiferous tubule
(Figures 1c and d). Group B treated rabbits showed
impaired spermatogenesis due to degeneration of sper-
matogenic cells, necrosis of Leydig cells in the intersti-
tium, and traces of haemorrhage were evident (Figures 1e
and f). In Group A rabbits, there were reduced spermato-
genic cells and impaired spermatogenesis, and traces of
spermatogenic cells were secluded in the lumen (Figures
1g and h).

Group D (control) animals showed normal shape and
arrangement of seminiferous tubule with intact basement
membrane and progressive proliferation of spermatogenic
cells to produce matured spermatozoa. There was intact

interstitium with Leydig cells. The basement membrane
covering of the seminiferous tubule was normal across all
groups (Figures 1a and b). Group B animals showed
swollen spermatogonia and mild disruption in the arrange-
ment of seminiferous tubule (Figures 1c and d). Group C
animals showed hampered spermatogenesis due to degen-
eration of spermatogenic cells, necrosis of Leydig cells in
the interstitium and traces of haemorrhage were evident
(Figures 1e and f). Group D animals reduced spermato-
genic cells and hampered spermatogenesis as traces of
spermatogenic cells were present in the lumen (Figures
1g and h). 

Effect of CP on sperm count, motility and morpholo-
gy in the epididymis of experimental group rabbits com-
pared to the control group are shown in Table 1.

Figure 1. Photomicrographs showing rabbit testicular cytoarchitecture. Basement membrane (arrow), lumen (L), spermatogenic cells (long
arrow), interstitial space (arrowhead), necrosis (N). H&E stain, ×100 (a, c, e, g) and ×200 (b, d, f, h). [Color figure can be viewed in the online
issue, which is available at www.anatomy.org.tr]

a c e g

b d f h

Groups Sperm count Sperm motility Sperm morphology 
(106/ml) (%) (%)

A 11.33±2.59* 46.7±12.02* 56.67±2.85*

B 33.07±5.64* 55±18.93* 53.33±3.84*

C 55±3.2* 88.73±2.02 70±5.78*

D 83±11.12 90±0.58 83.33±3.84

Values are expressed as mean±SEM. *p<0.05

Table 1
Effect of CP on sperm parameters in the epididymis of experimental

group rabbits (Groups A–C) compared to the control group (Group D).



Histomorphometric analysis and Johnsen’s score

A significant decrease (p<0.05) in the cross sectional area
(CSA) was observed in Group C treated with 250 mg/kg
body weight of CP when compared with the control
group. A significant increase (p<0.05) in the germinal
epithelium diameter (GED) was observed in Group A that
received 750 mg/kg body weight of CP compared to the
control group (Table 2), while a significant decrease
(p<0.05) in germinal epithelium diameter was also
observed in Group B that received 500 mg/kg body
weight of CP compared to the control group. A significant
increase (p<0.05) in lumen diameter was observed in
Group B that received 500 mg/kg body weight of CP
compared to the control group (Table 2), while a non-sig-
nificant decrease (p>0.05) in Johnsen’s score was observed
in all the treatment groups when compared to the control
group (Table 2). These results showed a poor morpho-
metric grading and poor Johnsen’s score as a result of the
effect of aqueous extract administration of CP.

Hormonal assay

Testosterone concentration in the testes reduced signifi-
cantly (P≤0.05) in all treated groups when compared to the
control group (Figure 2).

Discussion 
CP contains toxic milky sap which is made up of complex
mix of chemicals, some of which are steroidal heart poi-
sons known as "cardiac aglycones”.[2,3] CP has been
reported to have numerous medicinal importance,[3,5] but
was observed to be potentially injurious to the body
especially male reproductive organs after prolonged or
chronic use.[1,10] CP induced functional sterility, degener-
ating and necrotic germ cells within the seminiferous
tubule and significantly reduced testicular weight.[13]

In this present study, histopathological findings
revealed that CP caused mild distortions on the histo-
morphology of animals treated with 250 mg/kg body
weight. Animals given 500 mg/kg body weight of CP and
750 mg/kg body weight of CP showed mixing of the
germ cell types in stages of spermatogenesis and hyper-
trophy of the spermatogenic cells in animals that
received 750 mg/kg body weight of CP, complemented
with abnormal rise in germinal epithelium diameter,
reduced spermatozoa and presence of spermatogenic
cells in the lumen. The seminiferous tubules showed
abnormal shape (shrinkage) and arrangement (wide
interstitial space). This finding was further compliment-
ed by reduction in the cross section area of the seminif-
erous tubules. Wide interstitium with degenerated
testosterone producing Leydig cells and traces of haem-

orrhage were also observed. These findings are consis-
tent with the study of Sharma and Jacob[14] who reported
that CP had anti-spermatogenic properties.

Semen quality evaluation revealed dose-dependent
decrease in the semen parameters. Animals treated with CP
showed significant reduction in total number of sperm cells,
motility and normal morphology with increasing dosage of
administered CP as most reduction in the semen parame-
ters were observed in animals given 750 mg/kg body weight
of CP for 28 days. Histomorphological alterations and
reduced semen quality observed were complimented by
Johnsen’s spermatogenesis score. Spermatogenesis rate and
population of spermatogenesis series were insignificantly
reduced in CP treated animals with increasing dosage. 

Testosterone concentration in the testes of CP treat-
ed animals reduced (p<0.05) markedly compared to con-
trol group. Testosterone drives the progression of sper-
matogenic series in the seminiferous tubule. Reduced
testosterone implies hampered rate of sperm production.
Reduction in testosterone concentration and alteration

4 Yawson EO et al.
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Groups CSA GED LD Johnsen’s 
(107 μm) (103 μm) (102 μm) score

A 2.8±0.42 1.18±0.05* 7.7±0.66 5.7±0.33

B 2.5±0.29 0.69±0.12* 17.1±10.5* 5.7±0.33

C 1.5±0.13* 0.94±0.05 8.05±0.31 6.0±0.58

D 2.6±0.26 0.89±0.06 9.70±0.79 7.0±0.58

CSA: cross sectional area, GED: germinal epithelium diameter, LD: lumen diameter.

Values are expressed as mean±SEM. *p<0.05

Table 2
Effect of CP on histomorphometric parameters and (Jonhsen’s score) 

in experimental group rabbits (Groups A-C), compared to the 
control group (Group D). 

Figure 2. Testosterone concentration in control and CP-treated
groups. *p≤0.05.



in spermatogenesis were observed in CP treated rabbits.
This finding corroborated with studies by Aiton[1] who
suggested that CP had an effect on testosterone produc-
tion, thereby resulting in the histomorphological alter-
ations observed in their work.

Conclusion 
Histomorphological and hormonal alterations in CP
treated animals were observed such as abnormal shapes
and arrangement of seminiferous tubules, degeneration
of spermatogenic and interstitial cells; thereby hamper-
ing spermatogenesis. CP also affected testosterone con-
centration and cross sectional area, germinal epithelium
diameter and lumen diameter of the seminiferous
tubules in adult male rabbits. Findings from this study
conducted on male rabbits showed that CP may be one
of the underlying cause of male infertility in Nigeria as a
result of daily consumption of CP from the popular
locally made Fulani cheese, corroborating several studies
carried out on different animal species. It is therefore
recommended that continuous use of CP as a food ingre-
dient should be discouraged and discontinued as CP,
causes testicular toxicity on dose dependent levels. 

Acknowledgements 
We would like to acknowledge KK Obasi, IA Lawal, AO
Abdulrahman, and OW Akintunde for their technical
assistance.

References
1. Aiton WT. Calotropis procera: Germplasm resources information net-

work. United States Department of Agriculture; 2001-10-19.
Retrieved 2010- 06-26.

2. Al-Robal AA, Abo-Khatwa AN, Danish EY. Toxocological studies
on the latex of the usher plants Calotropis procera (ait). R. Br. In Saudi

Arabia 111. Effects of usher latex on the fine structures, oxygen con-
sumption and Na+/k+ transporting ATPase activity of albino rat kid-
neys. Arab-Gulf Journal of Scientific Research 1993;11:441–5.

3. Hussein HI, Kamel A, Abou-Zeid M, Abdel-Khalek, El-Sebae H,
Saleh MA. Uscharin, the most potent molluscicidal compound test-
ed against land snails. J Chem Ecol 1994;20:135–40.

4. Scott FG. Developmental biology online textbook. 6th ed.
Sunderland (MA): Sinauer Associates Inc; 2000. p. 21.

5. Jain SC, Sharma R, Kain R, Sharma RA. Antimicrobial activity of
Calotropis procera. Fitoterapia 1996;67275–7.

6. Saha JC, Savini EC, Kasinathan S. Ecbolic properties of Indian
medicinal plants. Part 1. Indian Journal of Medical Reources 1961;
49:130–51.

7. Malhi BS, Trivedi VP. Vegetable antifertility drugs of India. Q J
Crude Drug Res 1972;12:1922.

8. Hilai SH, Youngken JR. Certain poisonous plants of Egypt. A scien-
tific manual pharmaceutical society of Egypt. National Information
and Documentation; Centres Dokki, Cairo, Egypt: 1983. p. 11.

9. Prakash AO, Gupta RB, Mathur R. Effect of oral administration of
forth two indigenous plant extracts on early and late pregnancy in
albino rats. Probe 1978;17:315–23.

10. Akinloye AK, Abatan MO, Onwuka SK, Oke BO. Growth-suppress-
ing effect of Calotropis procera (giant milkweed) on body weight and
the male reproductive organs of wistar rats. Tropical Animal Health
and Production 2002;20:132–8.

11. Akinloye AK, Abatan MO, Alaka OO. Histomorphometric and
histopathological studies on the effect of Calotropis procera (giant milk-
weed) on the male reproductive organs of Wistar rats. International
African Journal of Biomedical Research 2002;5:57–61.

12. Johnsen SG. Testicular biopsy score count – a method for registra-
tion of spermatogenesis in human testes: normal values and results in
335 hypogo- nadal males. Hormones 1970;1:2–25. 

13. Meerwal P, Jain GC. Male fertility regulation with plant products: a
review. International Journal of Pharmaceutical, Chemical and
Biological Sciences 2015;5:146–62.

14. Sharma N, Jacob D. Inhibition of fertility and functional alteration
in the genital organs of male Swiss albino mouse after administration
of Calotropis procera flower extract. Pharmaceutical Biology 2001;39:
403–7.

5Histomorphometric evaluation of adult male rabbit testicular tissue exposed to giant milk weed treatment

Anatomy • Volume 11 / Issue 1 / April 2017

Correspondence to: Emmanuel O. Yawson, MSc, PhD 
Department of Anatomy, Faculty of Basic Medical Sciences, College of Health
Sciences, Ladoke Akintola University of Technology, Ogbomoso, Nigeria
Phone: +234 813 6725089 
e-mail: yawsonmmanuel@gmail.com 

Conflict of interest statement: No conflicts declared.

This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported (CC BY-NC-
ND3.0) Licence (http://creativecommons.org/licenses/by-nc-nd/3.0/) which permits unrestricted noncommercial use, distribution, and reproduction in any
medium, provided the original work is properly cited. Please cite this article as: Yawson EO, Temitayo LI, Obasi KK, Abdulfatai A, Akintunde WO.
Histomorphometric evaluation of adult male rabbit testicular tissue exposed to giant milk weed (Calotropis procera) treatment. Anatomy 2017;11(1):1–5.

Online available at: 
www.anatomy.org.tr

doi:10.2399/ana.16.021
QR code:



Introduction
Sella turcica is a saddle-shaped depression located in the
middle cranial fossa on the upper surface of the sphenoid
bone. It is enclosed by the pituitary fossa in which the
pituitary gland is lodged, tuberculum sellae on the front
and dorsum sellae in the rear.[1–4]

Two anterior and two posterior clinoid processes form
a protrusion on the pituitary fossa, and these are the struc-
tures that protect the pituitary gland in the sella turcica.
The extensions of the sphenoid bone’s ala minor to the
anterior and medial form the anterior clinoid processes.

The endings of the dorsum sellae form the posterior cli-
noid processes.[1,4,5]

Sella turcica is a bony structure that is closely related
with the pituitary gland, and is of both anatomical and
clinical importance. The sellar and parasellar regions are
anatomically complex structures where neoplastic, infec-
tious, inflammatory, developmental and vascular patholo-
gies may develop.[2,6]

Research on sella turcica focuses not only on its
dimensions, but also on its morphology. Sella morpholo-
gy is important in both evaluating treatment outcomes
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Abstract

Objectives: Morphometry of sella turcica should be known to evaluate pathological sella turcica. The aim of this study was
to measure the size and describe the morphology of sella turcica in a Turkish population. 

Methods: This study included 101 individuals aged 17 to 70 years who went under CT scan. Sella length, sella width, sella
height anterior, sella height median, sella height posterior, sella area, sella depth and sella anteroposterior (AP) diameter
were measured. 

Results: Sella length was measured as 9.18±1.91 mm, sella width 10.41±1.74 mm, sella height anterior 8.09±1.65 mm,
sella height median 7.71±1.24 mm, sella height posterior 7.48±1.34 mm, sella area 69.15±17.45 mm2, sella depth 7.87±
1.37 mm and antero-posterior sella diameter as 11.48±1.82 mm. When these sizes were compared between males and
females, only sella length and width differed significantly. When compared by decades, there was a statistically significant
difference only in the sella area parameter. 

Conclusion: Sella turcica dimensions of the Turkish population obtained by CT in this study can be used in estimating pitu-
itary gland size and in determining any pathology in the sellar and parasellar regions. In addition, these results may help cli-
nicians who encounter pathologically large sella areas in easily distinguishing it. Therefore, knowing the normal anatomy and
variations of sella turcica is important for neurologists and neurosurgeons who deal with the pathologies of this area. 
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and late developmental changes, and in assessing the cra-
nial morphology. The anatomy of the sella turcica and cli-
noid processes may vary widely among individuals.[5,7,8]

Variations in sella turcica size are commonly observed and
associated with the pathologies involving this region.[1]

Knowledge on the anatomy of the sellar region is impor-
tant for neurologists and neurosurgeons in their assess-
ments of the pathologies in this region. Acknowledgement
of sellar area variations is also important in preventing
injuries of the structures that surround the sella turcica
during surgery. When surgeons are familiar with the vari-
ations, they can notice them during pre-operative radio-
logical analyses. In addition, knowledge on potential vari-
ations may alter the choice of surgical technique, operative
approach and surgical devices.[1,9]

It is important to know the normal dimensions of the
sella turcica in healthy individuals to be able to evaluate
pathologic sella turcica. The purpose of this study was
therefore to measure the size and describe the morphol-
ogy of sella turcica in a Turkish population, and to com-
pare them with earlier studies on the sella.

Materials and Methods
This study was conducted in the Research and Practice
Hospital of Medical School of Afyon Kocatepe University.
The subjects included were chosen amongst individuals
from a Turkish population aged 17 to 70 years, admitted
to the outpatient clinic of the Department of Radiology
for any reason and underwent cranial computed tomogra-
phy (CT) scanning. Individuals with pituitary gland
pathology, e.g. tumor, cyst, hemorrhage, and those who
suffered from a head trauma, high brain pressure and with
cerebrovascular pathology were excluded from the study.
The study included 101 (60 males, 41 females) healthy
individuals. Morphometric measurements were performed
using eight parameters on the sagittal section that is clos-
est to the mid-sagittal section (Figure 1). 

These parameters were: 
• Sella length (SL): The distance between tuberculum

sellae (TS) and dorsum sellae (DS) points. 
• Sella width (SW): The longest antero-posterior length

measured parallelly from the most anterior and poste-
rior points of sella turcica to the Frankfort horizontal
plane (FH). 

• Sella height anterior (SHA): The vertical distance
measured from TS through sella turcica base to the FH
plane. 

• Sella height posterior (SHP): The vertical distance
measured from DS through sella turcica base to the
FH plane. 

• Sella height median (SHM): The vertical distance
measured from the midpoint between TS and DS to
the FH plane. 

• Sella area (STA): The value, in mm2, of the line
between TS and DS included in the sella. 

• Sella turcica depth (DP): The length of the line
drawn vertically from the deepest point of the sella
turcica in the direction of the sella turcica length. 

• Sella turcica antero-posterior diameter (AP): The
distance measured from the tuberculum sellae to the
backmost point in the interior surface of the posterior
wall of the pituitary fossa. 
The subjects were grouped into seven decades: ages

from 17 to 20 years as the second decade, from 21 to 30
years as the third decade, ages from 31 to 40 years as the
fourth decade, ages from 41 to 50 years as the fifth
decade, ages from 51 to 60 years as the sixth decade, and
ages from 61 to 70 years as the seventh decade. 

Data obtained from the study were evaluated using
IBM SPSS (Statistical Package for the Social Sciences,
version 20.0; IBM, Chicago, IL, USA) software.
Descriptive data were presented as mean ± standard devi-
ation. The independent samples t-test was used for paired
groups when comparing parametric values, whereas
Kruskal-Wallis test was used when comparing multiple
groups for non-parametric data. Correlation analyses
among the groups were performed using Pearson’s corre-
lation test. Statistical significance in inter-group compar-
isons was set at p<0.05. 

Figure 1. Linear measurements of sella turcica. TS: tuberculum sellae,
DS: dorsum sellae, DP: sella depth, AP: sella anteroposterior diameter,
SW: sella width, FH: Frankfort horizontal plane, SF: sella floor.
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Results
The subjects included in the study had an age range of 17
to 70 years, and the average age was 40. The mean sella
turcica length was 9.64 mm in males and 8.5 mm in
females, and 9.18 mm overall. The mean sella turcica
width was 10.86 mm in males and 9.75 mm in females,
and 10.41 mm in males and females. The length and
width of sella turcica were different between males and
females (p<0.05). Mean values for anterior, median and
posterior heights, depth and anteroposterior diameter of
the sella turcica were not found significantly different
between males and females (p>0.05) (Table 1). There
was an increase in all dimensions of sella turcica with age.
However, this increase was statistically significant only
in the length, width, median and posterior height, and
area of the sella turcica (p<0.05) (Figures 2–5). When
dimensions of sella turcica were assessed based on

decades, only the sellar area was found to increase signif-
icantly, with maximum dimension in the seventh decade
(Table 2, Figure 3).

Discussion 
Sella turcica is an important component of the middle cra-
nial fossa, and knowing its normal dimensions is impor-
tant in diagnosing some pathologies.[10,11] Meschan[12]

emphasized that measurements of sella turcica should be
undertaken so that intrasellar lesion enlargement as well as
increased intracranial pressure can be identified.

Najim and Al-Nakib,[13] in their lateral cephalometric
radiography study in individuals aged 13 to 25 years
from the Iraqi population, measured the sella turcica
length, depth and anteroposterior diameter. Their find-
ings were virtually close to our findings compared to

Figure 2. Graphic analysis of sella length and width according to age
groups.

Figure 3. Graphic analysis of sella area according to age groups.

All patients (n=101) Males (n=60) Females (n=41) p

Parameters Min–Max Mean±SD Min–Max Mean±SD Min–Max Mean ± SD

Sella length 4.03-14.4 9.18±1.91 4.03-14.05 9.64±1.97 5.07-14.4 8.5±1.63 0.003*

Sella width 6.55-15.07 10.41±1.74 7.34-15.07 10.86±1.81 6.55-12.8 9.75±1.4 0.001*

Sella height anterior 4.07-11.83 8.09±1.65 4.07-11.7 8.05±1.79 5.11-11.83 8.15±1.45 0.767

Sella height median 4.03-10.83 7.71±1.24 4.03-10.83 7.7±1.32 5.3-10.34 7.73±1.12 0.898

Sella height posterior 3.45-10.54 7.48±1.34 3.45-10.39 7.5±1.39 4.47-10.54 7.45±1.28 0.837

Sella area 27.79-121.01 69.15±17.45 35.5-121.01 70.42±18.24 27.79-104.67 67.29±16.25 0.377

Sella depth 4.03-11.43 7.87±1.37 4.03-11.43 7.79±1.45 5.3-10.75 7.98±1.26 0.508

Sella antero-posterior diameter 6.85-16.24 11.48±1.82 6.85-15.7 11.73±1.9 8.12-16.24 11.11±1.66 0.093

*p≤0.05.

Table 1
Parameters of  sella turcica morphometry. Values are mean ± standard deviation (SD), all in mm, except for sella area (mm2).  
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other earlier studies. In a study on sella anteroposterior
diameter in the Saudi Arabia population, Sakran et al.[1]

also found results similar to those in our study. We
believe that sella depth does not decrease with age, and it
can therefore be compared across studies regardless of
the age groups studied. Our literature search did not
yield enough studies on sella width, sella height anterior,
sella height median, sella height posterior or sella area.
However, of the studies performed, the study by
Valizadeh et al.[14] on the median height and area of the
sella in Iranian subjects aged 14 to 26 years has the clos-
est results to our study, with respect to lateral cephalo-
metric radiography. When these consistent findings
were pooled, geographical proximity seems apparent.
One may conclude that this may be due to the racial and
genetic closeness. However, the number of subjects in

our study and the differences in radiographic imaging,
measurement methods and in individual performing the
measurements etc. may influence the results, and we
must underline that these differences should be taken
into account during comparison (Table 3).

In our study, we determined that the sella turcica dif-
fered significantly between males and females only in
length and width. When Hasan et al.[14] compared the
dimensions of the sella turcica by gender and found no
relevant differences between males and females, expect
in sella height anterior. Ashraf et al.,[1] Shah et al.,[8]

Najim and Al-Nakib,[13] Olubunmi et al.[15] and Nagaraj et
al.[16] reported that sella morphometry did not differ
between males and females. Silverman[17] found differ-
ences in the size of sella between genders in the pre-
adulthood period, but no difference between males and

Parameters (n=101) Decade 2 Decade 3 Decade 4 Decade 5 Decade 6 Decade 7

(17–20) (21–30) (31–40) (41–50) (51–60) (61–70) p

(n=11) (n=15) (n=23) (n=26) (n=16) (n=10)

Sella length 8.43±1.65 8.61±1.19 9.06±1.53 9.43±2.28 9.51±2.25 9.84±2.13 0.352

Sella width 10.05±2.05 9.74±1.4 10.55±1.85 10.33±1.69 10.55±1.44 11.45±1.93 0.234

Sella height anterior 7.29±2.01 8.52±1.01 7.94±1.67 8.07±1.77 8.36±1.92 8.22±1.08 0.399

Sella height median 6.66±1.49 7.88±0.61 7.64±1.11 7.71±1.43 8.14±1.11 8.00±1.15 0.169

Sella height posterior 6.44±1.52 7.44±0.83 7.41±1.16 7.30±1.37 8.05±1.3 8.35±1.42 0.089

Sella area 56.40±21.21 66.52±10.05 67.71±15.93 69.12±18.42 75.30±14.43 80.61±19.61 0.038*

Sella depth 7.21±1.95 7.96±0.77 7.77±1.31 7.76±1.49 8.27±1.19 8.25±1.33 0.495

Sella anteroposterior (AP) diameter 10.89±1.94 11.04±1.36 11.74±1.81 11.50±1.92 11.61±1.91 11.86±2.07 0.696

*p≤0.05.

Table 2
Comparison of sella turcica morphometry according to the decades. Values are mean ± standard deviation, all in mm, except for sella area (mm2). 

Figure 4. Graphic analysis of sella height anterior, median and posterior
according to age groups.

Figure 5. Graphic analysis of sella depth and anteroposterior diameter
according to age groups.
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females in the adult period. In short, we could not find
any studies to support these differences we observed
between the genders.

In our study, there was a statistically significant
increase in sella turcica length, width, median and pos-
terior height and area with age. In the study by Najim
and Al-Nakib,[13] a statistically significant difference was
noted only in sella depth. Chauhan et al.[4] reported that
sella dimensions were larger in the higher age group
compared to the lower age group. Similarly, Preston[18]

determined a close correlation between sella area and
age. Nagaraj et al.[16] described increasing sella depth
and AP diameter with increasing age. Hasan et al.[14]

reported that sella turcica dimensions differed signifi-
cantly between age groups. Conversely, Olubunmi et
al.[15] determined that sella turcica dimensions showed
no statistically significant difference with age. In sum-
mary, it appears from our study and the majority of ear-
lier studies that there is an increase in sella dimensions
with age.

It has been reported that radiological methods includ-
ing CT and magnetic resonance imaging (MRI) provide
more sensitive results compared to cephalometric radiog-
raphy in conditions involving this anatomic area such as
pituitary gland tumors.[4,19] We, therefore, believe that our
CT study provides more accurate results than other stud-
ies that typically use cephalometric radiography.

Knowing the normal anatomy and variations of sella
turcica is important for neurologists and neurosurgeons
who deal with the pathologies of this area. We believe
that sella turcica dimensions of the Turkish population
obtained with CT in this study will provide guidance to
clinicians for pituitary gland morphometry and that
these measurements can be used in detecting pathologies
in the sellar and parasellar area.
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Introduction
The thymus is part of the lymphatic system that is found
in all vertebrates, with the exception of the jawless fish,
such as lampreys.[1] It is considered a primary organ due to
its central role as being the centre for development and
‘training’ of T cells, which then disperse throughout the
body to direct and assist with immunity. Thymus togeth-
er with parathyroids is derived from single primordium in
the third pharyngeal pouches of the endodermal foregut
of most domestic animals. These two organs eventually
migrate to their final location and separate during embry-

onic development.[2] For instance, in the mouse, the pri-
mordial in the third pharyngeal pouch are completely sep-
arated into thymus and parathyroid domains at embryon-
ic day 11.5.[3] By embryonic day 12, the thymus-parathy-
roid primordia have completely detached from the phar-
ynx and started their separation into two discrete organs
and their migration towards the anterior of the thoracic
cavity. The thymus development is a highly dynamic and
complex process, involving reciprocal tissue interactions
between epithelial cells derived from endoderm of the
anterior foregut and neural crest-derived mesenchyme to

Age-related morphological changes in the 
thymus of indigenous Large White pig cross
during foetal and postnatal development 
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Abstract

Objectives: The thymus is found in all vertebrates, the structure of the thymus differs markedly among species. This study inves-
tigated the gross anatomy, morphometric and histological changes of the thymus in the indigenous Large White pig cross at var-
ious ages of foetal and postnatal periods. 

Methods: The study used slaughter house specimens obtained after adequate health inspection and slaughter. A total of
fifty three samples of thymus collected from foetal, prepubertal and pubertal pigs with varied weights were used for gross
and histological study. 

Results: The absolute thymus weight showed significant (p<0.05) increase in size with advancing foetal age, but the increment
was not significant in the postnatal stage. The capsule was initially thin and indistinct at 30–45 days thymus, but increased in
thickness with progression of gestation. A distinct evidence of lobulation was observed in foetuses of 46–58 days of gestation.
Interlobular septa matured and increased in vascularization with age, such that they were highly vascularized at 77–90 days thy-
mus. The boundary of cortex-medulla was partially distinguishable at 46–58 days foetuses and distinctively demarcated at 60–75
days of gestation. Various sizes of lymphocytes were apparent in the cortex at 60–75 days impacting a strong basophilic colour
to the cortex. Rudiments of epithelial cells were seen as eosinophilic clumps at 30–45 day thymus. Apparently well differentiat-
ed epithelial cells with dense consistency were observed at 46–58 days thymus. Macrophages were seen at the 95–113 days and
were quite distinct at the prepubertal and pubertal age. Early forms of Hassal’s corpuscles were present at 46–58 day thymus and
increased in number with age. 

Conclusion: The present study has demonstrated that the morphology of the thymus changed with age and the cellular com-
ponents of the thymus attain morphological maturity during the late foetal period and may be involved in moderate prenatal
immunological functions.
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form rudiments of thymus. Thymocyte progenitors are
attracted to this rudiment and support their differentiation
and functional maturation into self-tolerant diverse
groups of T cells are supported.[1]

The structure of the thymus differs markedly among
species. The differences include the number per animal,
anatomical position, structure of the thymic lobes, devel-
opmental origin and developmental processes.[4] The
anatomical position of the thymus in the neck (cervical
thymus) and or in the thorax (thoracic thymus), differ
amongst vertebrates. Most domestic animals have domi-
nant cervical thymus.[5] The mammalian thymus usually
undergoes atresia and begins to involute around the peri-
od of young and adulthood pubescence). In this period,
connective and adipose tissue invade the organ as the
thymic parenchyma becomes reduced. There is progres-
sive loss of mostly immature, cortical thymocytes and
clear reorganization of the organ architecture, involving
the loss of definition of the cortex and medulla.[6] Stressors,
such as cold and pregnancy, can cause the thymus to invo-
lute more severely.[7] It also varies amongst species, strain
and sex.

The local breed of pig (swine) was used for this study
because swine is considered one of the major animal
species of choice apart from rodents, used in translational
research especially in preclinical toxicological testing of
drugs.[8] In addition, most of the available literature is on
development of the thymus in laboratory animals (rats,
mice, rabbits and guinea pigs) and other exotic species and
only a few domestic animals of the tropical climate have
been investigated.[9,10–13] Even so, there was little emphasis
on histological changes during foetal growth. It is expect-
ed that there would be variations in structure from exotic
species in the time of histological maturation of the thy-
mus in the indigenous cross because of differing feeding,
management and climatic factors in the tropical environ-
ment.

The main objective of this investigation is to evaluate
the gross anatomy, morphometric and histological
changes of the thymus in the indigenous Large White pig
cross at various ages of foetal and postnatal periods, with
emphasis on histological changes during growth. The
baseline information obtained useful in prenatal and post-
natal clinical and pathological diagnosis of health condi-
tions in the indigenous Large White pig cross.

Materials and Methods
Animals

The study samples were obtained from apparently healthy
adult indigenous Large White cross slaughtered for meat
at the Nsukka slaughter house. They comprised thymus
from 36 foetuses (males and females), of pregnant animals

slaughtered unknowingly, seven prepubertal and ten
pubertal pigs (males and females). Age estimation of the
foetuses was done using Crown-Rump-Length (CRL)
which was measured with threads and meter rule. The age
was estimated with a chart for estimation using CRL in
domestic animals by McGeady et al.[14] and the pre-puber-
tal and pubertal age were estimated by dentition[15] and
farm record information from pig sellers. The weights of
all animal were obtained with mobile scale for postnatal
period (Tefal Electronic kitchen scale, Rumilly, Haute-
Savoie, France) and top loader Mettler weighing balance
(Mettler Toledo Inc., Greifensee, Switzerland) for foetus-
es. The sex of the animal was not considered in this pres-
ent study. The Research and Ethics committee of the
University of Nigeria, Nsukka, Nigeria approved this
work. 

Gross dissection by parasternal incision was carried out
on the foetuses, while the postnatal samples (prepubertal
and pubertal) were obtained after slaughter and before
singeing. The thymus in all cases was removed after thor-
ough trimming off the adjacent fat and connective tissue.
The thymic weights were measured prior to fixation and
following removal of adjacent fat and connective tissue. In
the older pubertal pigs, adipose and connective tissues
from cranial mediastinum containing thymic tissues were
collected and fixed without weighing following methods of
other investigators.[16]

Fixed tissue sections were processed for study following
routine histological procedure.[17] Sections were cut at 6
μm, stained with haematoxylin and eosin (H&E), and were
examined under microscope. Selected tissue sections were
captured into a computer with Moticam 2005 camera
attachment (Moticam, Xiamen, China). For histometry,
the diameters of the Hassal’s corpuscles were measured
with ocular micrometer calibrated with stage micrometer
gauge. The average of transverse and longitudinal diame-
ters was obtained in the spherical and round corpuscles.
Several corpuscles per section were randomly measured.
Polymorphic corpuscles were ignored. Using IBM SPSS
(Statistical Package for the Social Sciences, version 16.0;
IBM, Chicago, IL, USA) software, the means and standard
error of mean (SEM) of diameter of Hassal’s corpuscles
were computed for each development age of thymus. Data
were analyzed statistically using analysis of variance.
Duncan’s multiple range test was used to separate variant
means, and significance was accepted at p<0.05.

Results
Gross anatomical observations

The thymus of the prenatal (foetal) pig in all stages of
development was grayish-red in color, soft in consisten-
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cy and consisted of cervical and thoracic parts which
were superficially divided into lobules. The cervical part
was on the ventro-lateral surface of the neck and was
from the origin the digastricus muscle close to the
carotid arteries on either side of the neck to the thoracic
inlet, where the left and right thymus fused indistinctly.
It was related superficially to the cranial portion of the
omohyoideus muscle, while the thoracic part was in the
precardial aspect of the thoracic cavity and related to the
base of the heart (Figures 1a and b). In the pubertal
pigs, a slight decrease in the size of the thymus was
observed. The cervical thymus and remnants of thoracic
the thymus was therefore located in the cranial medi-
asternal space related to the base of the heart amongst
copious adipose and connective tissue. It was not clearly
identifiable from these surrounding structures.

The gross morphometry and histometry of the thy-
mus during development is shown in Table 1. The
thymic absolute weights increased with advance of gesta-
tion and the maximum weight was obtained in the pre-
pubertal stage, and followed by a slight decrease in
weight in the old adult stage (It was not significant at p<
0.05). The diameter of the Hassal’s corpuscles measured
microscopically increased with gestational age and this
was significant at foetal ages of development (p<0.05). 

Histological observations

In the pig fetuses of 30–45 days of gestation, the thymus
showed very thin, indistinct capsule covering of the
organ and there was no evidence of lobulation. Simple
squamous and low cuboidal epithelial cells were seen
enveloping the capsule of the organ. Primitive lymphoid
cells (lymphoblast) with intermingled mesenchymal con-
nective tissue were present in the parenchyma. The
nuclei of these cells varied considerably in size but

showed similar basophilic staining characteristics. The
thymus was devoid of blood vessels. There was no
demarcation into cortex and medulla, and the inner part
of the organ which would later differentiate into the
medulla contained large eosinophilic cells that resem-
bled epithelio-reticular cells, few lymphoblast and pri-
mordial of Hassal’s corpuscles (Figures 2a and b).

In 46–58 days of gestation, there was a very thin cap-
sule covering the organ with evidence of lobulation and
a very thin interlobular septae with poor vascularisation.
Cells present were lymphoblast, large lymphocytes,
small lymphocytes, epithelio-reticular cells and develop-
ing macrophages. The thymus partially differentiated

Estimated age days (d) / Animal Thymus weight Relative thymus Diameter of Hassal’s 

months (m) weight (g) absolute (g) weight corpuscles (μm)

30–45§ 13.7±1.4 (8.3–14.1) 0.07a±.01 (0.06–0.08) .0054 4.4a±0.1 (3.5–4.3)

46–58§ 77.4±3.4 (66.4–78.3) 0.23b±.03 (0.21–0.27) .0029 3.2b±0.9 (7.2–9.1)

60–75§ 170.3±1.8 (142.4–187.6) 0.38c±.12 (0.32–0.39) .0022 10.9b±0.3 (8.3–10.8)

77–90§ 238.1±6.4 (232.6–318.4) 0.46d±.04 (0.41–0.48) .0019 16.5c±0.3 (14.2–16.7)

95–113§ 1096.5±5.1 (1023.4–10170.9) 1.72e±.14 (1.65–1.74) .0016 19.6d±0.7 (18.5–19.8)

Prepubertal (3–6 m) 4003.5±16.3 1.94f±.06 (1.79–1.98) – 21.6d±0.6 (20.4–22.8)

Pubertal (10–18 m) 28500.6±11.3 1.90f±.03 (1.98–2.01) – 26.2e±0.8 (25.6–30.1)

Means in the same column with different superscripts (a,b,c,d,e,f) differ significantly (p<0.05).

Table 1
Morphometry of the thymus of the Indigenous local cross pig at different ages of development. 

Figure 1. (a) Gross photograph of foetal thymus (77–79 days|) showing
left (L) and right (R) thymus with cervical part (C), thoracic part (E), caudal
cervical (D). The heart (H) and trachea (T) are indicated. (b) Relationship of
the thymus with other visceral structures are shown, lungs (LG), heart (H),
cervical thymus (C) and thoracic thymus (E). Scale bar=15 mm. [Color fig-
ure can be viewed in the online issue, which is available at www.anatomy.
org.tr]
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into cortex and medulla with the medulla containing
large cells with slightly eosinophilic cytoplasm that
resembled the earlier epithelial cells and a few primitive
Hassal’s corpuscles (Figures 3a and b). 

In thymus at gestation days 60–75, the parenchyma
cellular components increased in size and differentiation
compared to the previous age, and was completely divid-
ed by connective tissue septae (interlobular septa). There
was an obvious demarcation into cortex and medulla; the
medulla cells were less basophilic and less closely packed
than the surrounding cortex. Lymphocytes and lym-

phoblast were much denser in the cortex. Hassal’s corpus-
cles matured further at this age and were however few in
number. Few amorphous Hassal’s corpuscles were also
seen. The vascularization increased (Figures 4a and b).

The thymus at 77–90 days of gestation was much
larger compared to previous ages and completely lobu-
lated with obvious demarcation into cortex and medulla.
The medulla cells were less basophilic and less closely
packed than the surrounding cortex. Lymphocytes were
now much denser in the cortex. Well differentiated and
Hassal’s corpuscles were seen (Figures 5a and b) and

Figure 2. (a) Photomicrograph of thymus at 30–45 days showing rudimentary parenchyma (L) and septa (S). (b) Primitive lymphoid cells with mes-
enchymal connective tissue (L) and medulla (M). H&E stain. [Color figure can be viewed in the online issue, which is available at www.anatomy.org.tr]

a b

Figure 3. (a) Photomicrograph of thymus at 46–58 days showing lobulated organ with early divisions into cortex (C), medulla (M), interlobular
tissue (S) and capsule (CP). (b) Early lymphocytes (L) and primitive Hassal’s corpuscles (H). H&E stain. [Color figure can be viewed in the online
issue, which is available at www.anatomy.org.tr]

a b
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were more in number. The interlobular septae was high-
ly vascularized. 

The thymus at 95–113 gestational days showed a
completely lobulated organ with fully differentiated cel-
lular components and with a clear demarcation into cor-
tex and medulla. The medullary cells were less basophilic
and less closely packed than the surrounding cortex.
Lymphocytes were packed in the cortex making the cor-
tex deeper staining than the medulla. Mature Hassal’s
corpuscles were seen in the medulla and increased in
number from previous age (Figures 6a and b).

In this study, there were no clear-cut histological dif-
ferences between the previous late foetal thymus and the
prepubertal thymus. However, in the prepubertal thy-
mus (Figures 7a and b), most cellular components
including the lymphocytes epithelio-reticular cells, tra-
beculae and Hassal’s corpuscles increased in size and
number from what was observed in the previous age. In
the pubertal pig thymus of up to one year, Hassal’s cor-
puscles displayed different sizes and shapes, being round
or oval and even amorphous ones were present.

The pubertal thymus of up to 18 months (Figures 8a
and b), showed evidence of morphological thymic invo-

Figure 4. (a) Photomicrograph of thymus at 60 days showing cortex (C), well differentiated parenchyma with medulla (M) and and interlobular
septa (S). (b) Medulla (M) with lymphocytes, cortex (C) and Hassal’s corpuscles (arrow). H&E stain. [Color figure can be viewed in the online issue,
which is available at www.anatomy.org.tr]

a b

Figure 5. (a) Photomicrograph showing further maturation at 77–90 days with denser cortex of lymphocytes (C) and medulla (M), capsule (K), septa
(S). (b) Hassal’s corpuscles (H) and lymphocytes (L). H&E stain. [Color figure can be viewed in the online issue, which is available at www.anatomy.
org.tr]

a b
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lution and this was reflected by fewer lymphocytes and
epithelial-reticular cells in cortex and medulla. Hassal’s
corpuscles increased in number with several amorphous
ones. Some of these corpuscles and epithelio-reticular
cells indicated signs of keratinization and degeneration.
There was slight loss in the loss of definition between the
cortex and the medulla and increase in the perivascular
spaces and the epithelial cells of the medulla became pro-
gressively more prominent. Adipose tissue occupied por-
tions of the capsule and interlobular connective tissue.

Generally in development, the capsule was initially
indistinct at 30–45 days thymus, but increased in thick-

ness with progression of gestation, such that it was sur-
rounded by fat tissue in the pubertal age. A distinct evi-
dence of lobulation was observed in foetuses of 46–58
days of gestation. Interlobular septa matured and
increased in vascularisation with age of development,
such that they were highly vascularized at 77–90 days
thymus. The boundary of cortex-medulla was partially
visible at 46–58 days foetuses and was highly demarcated
at 60–75 days of gestation. Various sizes of lymphocytes
were apparent in the cortex at 60–75 days impacting a
strong basophilic colour to the cortex. The compactness
of these cells increased with age in the cortex and medul-

Figure 6. (a) Photomicrograph of thymus at 95–113 days showing copiously lobulated organ with cortex (C), medulla and well formed interlobular
septa (T). (b) Cortex (C) with lymphocytes (L) and medulla (M) containing Hassal’s corpuscle (H) with varying shape and size. H&E stain. [Color figure can
be viewed in the online issue, which is available at www.anatomy.org.tr]

a b

Figure 7. (a) Photomicrograph of prepubertal thymus showing capsule (CL), medulla (M) and cortex (C). (b) showing that medulla (M) contained
several whorled pleomorphic corpuscles (H) and lymphocytes (L) in the cortex. H&E stain. [Color figure can be viewed in the online issue, which is avail-
able at www.anatomy.org.tr]

a b
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la. Rudiments of epithelial cells were seen as eosinophilic
clumps at 30–45 day thymus and they increased in num-
ber with age of development. Apparently differentiated
epithelial cells with dense consistency were observed at
46–58 days thymus. Macrophages were seen at the
95–113 days thymus and were quite distinct at the pre-
pubertal and pubertal age. Early forms of Hassal’s cor-
puscles were seen at 46–58 day thymus and they
increased in content and shape with age of development.
In the pubertal thymus, varied sizes and shape of Hassal’s
corpuscles were observed with large whorled
eosinophilic appearance. 

Discussion 
In the present investigation, the thymus of prenatal pig
consisted of cervical and thoracic parts located in located

in the cervical region and cranial pericardial mediastinum.
They were initially unlobulated in early fetuses of 30–45
days and gradually increased in size and lobulation with
age. This observations has been reported in the ox,[14,18]

goat,[11] buffalo[10] and pig.[18] Generally mammals such as
sheep, cattle, goat, pigs and horse possess distinct cervical
thymuses in addition to the thoracic thymus. In this pres-
ent report, lobulation was noticed at 46–58 days foetal thy-
mus, while Prasad et al.[11] reported the occurrence of lob-
ulation in goat foetuses of 49–73 days of gestation. This
shows the variability of formation of lobules of thymus in
animal species. In addition the location of the thymus was
more consistent in the cranial pericardial mediastinum of
the thoracic cavity in the older pubertal pigs. However, in
the guinea pig thymus, unlike other mammals, remains a
purely cervical organ. This is due to the greater reduction

Figure 8. (a) Photomicrograph showing evidence of decrease in size of parenchyma; thymic lobes (L), septa (T) and fatty tissue (F). (b) Evidence of
onset of involution by fatty tissue infiltration (F); (c) micrographs of older pubertal thymus showing several macrophages (M) and lymphocytes (L),
and in other sections of pubertal thymus (d) Hassal’s corpuscles (H) were keratinized, macrophages (M) were also apparent. H&E stain. [Color figure
can be viewed in the online issue, which is available at www.anatomy.org.tr]

c d
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of size of thymus due to age-related physiological involu-
tion as reported in hybrid pigs by some investigators.[12]

Physiological involution is associated with decrease in the
cellular components of thymus including lymphocytes and
epithelio-reticular cells of the organ.[19]

In this study, there was adherence of the left and right
portions of the cervical thymus to form a mass and its
connection beyond by a cervico-thoracic isthmus to the
thoracic part of the thymus. This finding is similar to
findings of in sheep foetus[9] and in buffalo foetus.[10] In
addition, the left and right portions of the thymus termi-
nated as a dense lobulated mass on either side of the lar-
ynx as also observed in the sheep foetus[9] and in some
other domestic animals.[18] The relationship of the thy-
mus to other structures and organs in the neck and tho-
racic cavity seen in pig foetuses in this study is similar to
findings also reported by other authors.[18]

The absolute mean weights of the thymus were sig-
nificantly higher in the late prenatal stages as compared
to the mid prenatal and early prenatal stages in the pres-
ent study. It is similar to the findings in developing
pigs.[19] In addition an overall mean size and weight of thy-
mus showed an increase with advancing of gestation was
also reported by some researchers.[11,20] This may suggest
onset of remarkable immunological function during the
last term of prenatal foetal life. In the present report, the
thymus reached it absolute maximum weight in the pre-
pubertal age. Some investigators reported that the maxi-
mum thymic weight is reached in the late foetal period in
the sheep and Japanese serows (Capricornis crispus).[21]

The variations may be related to species differences and
climate.

The general histological structure of thymus during
the gestational age showed remarkable immaturity in the
early foetal age. Most of the typical structural compo-
nents including capsule, cortex and medulla with lym-
phocytes, epithelial reticular cellular cells and Hassal’s
corpuscles in medulla amongst others were very sparse
and may not support optimum function. In addition,
blood, lymph vessels and nerves were rarely seen at this
early foetal age. In late foetuses these components were
fully differentiated to possibly support prenatal thymic
function. There were numerous lobules and their differ-
entiation into cortex and medulla. There were also pres-
ence of thymic corpuscles in the late foetal stage and it
increased with age. Similar observations have been seen
earlier in prenatal pigs.[22] Functionally active thymic lob-
ules are characterized by the presence of the cortex,
medulla and Hassal’s corpuscles.[13] These functional
components also increased in the prepubertal and early

pubertal thymuses. But in the older pubertal thymuses,
evidence of involution was noticed in sections and
macrophages increased in number. At the pubertal age of
about 18 months, lymphocytes and macrophages in its
individual lobules were identified along with the cortex
and medulla. Adipose tissues were also present in the
interlobular tissue and the interlobular tissue was thick-
ened by these fat cells. It indicated early signs of involu-
tion. Hassal’s corpuscles changed in form with age. In
late foetal thymus, it consisted of central degenerated
hyaline mass, surrounded by concentrically arranged
reticular cells. In older pubertal thymus, signs of poly-
morphism, keratinization and merging of corpuscles
were evident and represented age-related involution.
Hassal’s corpuscles may have phagocytic function for
those lymphocytes that could not mature while moving
from cortex into the medulla and could not cross the
blood-thymus barrier. It is known that those lympho-
cytes which had not acquired the specific markers on
their membranes are phagocytosed by Hassal’s corpus-
cles.[22] Hassal’s corpuscles have also been used as indica-
tors of the degree of age-related thymus involution in
most mammals including humans.[23] These features of
involution have been observed in aged cattle of 2–5 years
and more.[13] Further studies will examine very old pigs of
over 3 years to ascertain the progress of involution. It is
known that many intrinsic and extrinsic factors may con-
tribute to age-associated thymic involution and not
much is known about the mechanisms that lead to
thymic involution.[24] There are many unanswered ques-
tions as to what initiates this process and when exactly it
begins. Some investigators found the involution of the
thymus in pigs of about 180 days,[22] which is contrary to
the present report. At the growing age, it is known that
the thymus does not undergo a complete involution; part
of the functions are maintained in some secretory and
hematopoetical insulary cells.[22] In cattle and sheep, the
thymus involutes also with increasing age with complete
involution by 6 years of age in cattle and marked involu-
tion evident in 2-year-old sheep.[25] Macrophages were
encountered in the late foetal and postnatal stages of
development in this study. They function in phagocyto-
sis. They characteristically contain nuclear debris in the
cytoplasm, presumably coming from lymphocytes after
programmed cell death (apoptosis). They increased in
number with age of development of the thymus.
Macrophages may also contribute to intrathymic precur-
sor T-cell maturation.[26] The present preliminary report
will enhance further studies on morphological changes
of thymus in younger and older pubertal pigs using more
samples and advance anatomical techniques. 
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Conclusion 
This study has demonstrated that the gross size of the thy-
mus changes with age of development and that the cellular
components of the thymus attains morphological maturity
during the late foetal period with evidence of some prena-
tal immunological functions. Early histological signs of
age-related involution were observed in the young pubertal
pigs, showing slowing down of immunological response. 

References
1. Boehm T. Thymus development and function. Curr Opin Immunol

2008;20:178–84.

2. Gordon J, Manley NR. Mechanisms of thymus organogenesis and
morphogenesis. Development 2011;138:3865–78.

3. Gordon J, Bennet AR, Blackburn CC, Manley NR. Gcm2 and
Foxn1 mark early parathyroid- and thymus-specific domains in the
developing third pharyngeal pouch. Mech Dev 2001;103:141–3.

4. Ge Q, Zhao Y. Evolution of thymus organogenesis. Dev Comp
Immunol 2013;39:85–90.

5. Jordan RK. Development of sheep thymus in relation to in utero
thymectomy experiments. Eur J Immunol 1976;6:693–8.

6. Bodey B, Bodey B Jr, Siegel SE, Kaiser HE. Involution of the mam-
malian thymus, one of the leading regulators of aging. In Vivo 1997;
11:421–40.

7. Goldbach KJ. Histological and morphometric investigation of the
thymus of the Florida manatee (Trichechus manatus latirostris). MSc
Thesis, University of Florida, FL, USA; 2010.

8. Swindle MM, Makin A, Herron, AJ, Clubb FJ, Frazier KS. Swine as
models in biomedical research and toxicology testing. Vet Pathol
2012; 49:344–56.

9. Muthiah K, Jeeferson JJ, Lalitha PS. Morphometry of thymus in
sheep foetus. Indian Journal of Veterinary Anatomy 1995;11:35–9.

10. Prakash A, Chandra G. Some gross observations on the prenatal
thymus of buffalo (Bubalus bubalus). Indian Journal of Veterinary
Anatomy 1999;11:178.

11. Prasad M, Prakash A, Archana M, Farooqui M, Singh, SP. Gross
biometrical observations on prenatal thymus of goat (Capra hircus).
The Haryana Veterinarian 2011;50: 37–9.

12. Yugesh K, Jothi SS, Ramganathan K, Jayaraman P, Chavalin V,
Sujatha N. Microscopic and microscopic study of thymus of pig.
IOSR Journal of Dental and Medical Sciences 2014;13:52–5.

13. Gasisova AI, Atkenova AB, Ahmetzhanova NB, Murzabekova LM,
Bekenova AC. Morphostructure of immune system organs in cattle
of different age. Anat Histol Embryol 2017;46:132–42.

14. McGeady TA, Quinn PJ, Fitzpatrick EA, Ryan MT. Veterinary
embryology. Oxford (UK): Blackwell Publishing; 2006. p. 346–8.

15. Dyce KM, Sack, WO, Wensing CJG. Textbook of veterinary anato-
my, 3rd ed. London; Saunders; 2002. p. 258.

16. Kuper F, Schuurman, HJ, Vos JG. Pathology in immunology. In:
Methods in immunotoxicology. In: Burleson JD, Munson A, editors.
New York (NY): Wiley-Liss; 1995. p. 397–436.

17. Bancroft JD, Gamble M. Theory and practice of histological tech-
niques. 5th ed. Churchill Livingstone: Toronto; 2002. p. 34–78.

18. Venzke WG. Thymus. In: Sisson and Grossman’s the anatomy of
domestic animals. Getty R, editor. Vol. 1. Philadelphia (PA): WB
Saunders Company; 1975. pp. 1359.

19. Pearse G. Normal structure, function and histology of the thymus.
Toxicol Pathol 2006; 34:504–14.

20. Baishya G, Kalita A, Sarma K, Borthakur M. Ontogeny of thymus in
crossbred pig-gross anatomical studies. Indian Journal of Veterinary
Anatomy 2000; 12: 210.

21. Sugimura M, Suzuki Y, Atoji Y, Sugano M, Tsuchimoto N.
Morphological studies on thymus of Japanese serows (Cappricornis
crispus). Research Bulletin of the Faculty of Agriculture, Gifu
University 1983;48:113–9.

22. Sincai M, Marcu A. Perculiary aspects about development of thymus
in pigs. Ciencia Rural Santa Maria 1994;24:117–9.

23. Yurchinskij VJ. Age-related morphological changes in Hassal’s cor-
puscles of different maturity in vertebrate animals and humans.
Advances in Gerontology 2016;6:117–22.

24. Rezzani R, Nardo L, Favero G, Peroni M, Rodella LF. Thymus and
aging: morphological, radiological, and functional overview. Age
(Dordr) 2014;36:313–51.

25. Reynolds JD, Morris B. The evolution of Peyer’s patches in fetal and
postnatal sheep. Eur J Immunol 1983;13:627–35.

26. Schuurman HJ, Kuper CF, Kendall MD. Thymic microenvironment
at the light microscopic level. Microsc Res Tech 1997;38:216–26.

Correspondence to: Casmir O. Igbokwe, PhD 
Department of Veterinary Anatomy, Faculty of Veterinary Medicine,
University of Nigeria, Nsukka, Nigeria 
Phone: +234 803 493 03 93 
e-mail: casmir.igbokwe@unn.edu.ng

Conflict of interest statement: No conflicts declared.

This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported (CC BY-NC-
ND3.0) Licence (http://creativecommons.org/licenses/by-nc-nd/3.0/) which permits unrestricted noncommercial use, distribution, and reproduction in any
medium, provided the original work is properly cited. Please cite this article as: Igbokwe CO, Ezenwaka K. Age-related morphological changes in the thy-
mus of indigenous Large White pig cross during foetal and postnatal development. Anatomy 2017;11(1):12–20.

Online available at: 
www.anatomy.org.tr

doi:10.2399/ana.16.050
QR code:



Introduction
Osteoarthritis (OA) is a chronic rheumatic disease with a
high incidence characterized with new bone formation
on the articular surface of the joints, causing symptoms
due to articular cartilage degeneration. It leads to
reduced mobility in daily life and various complaints
such as pain. Gonarthrosis is the most common form of
OA and its prevalence increases with age. Radiological
and pathological changes start presenting symptoms
after the third decade of life.[1] While gonarthrosis is
observed in 0.1% between 25–35 years of age, this rate
rises over 80% in ages 65 and above.[2] Quadriceps angle
or Q angle is a parameter used for the evaluation of the
biomechanical condition of the knee joint and the regu-
larity of the lower extremities. Q angle is defined as the
angle between two axes drawn in the frontal plane, from

spina iliaca anterior superior to the mid-point of patella,
and from the mid-point of patella to tuberositas tibiae.[3]

For Q angle measurements, a goniometer is widely used
in clinics due to its practicality and low cost.[4] There is
no common agreement on the normal value of the Q
angle in the literature.[5,6] The American Orthopedics
Association considers 10º as normal and range of 15º–20º
as pathological, whereas Horton and Hall[7] described the
normal value as 13.5º±4.5º for the general population,
11.2º±3º for men and 15.8º±4.5º for women. Other stud-
ies described Q angle values below 8º–10º for men and
15º for women as normal.[4,8] In the study of Schulthies et
al.,[9] where they statistically gathered the data from
numerous studies in literature, angles ranging between
10º–14º for men and 14.5º–17º for women were report-
ed as normal. 
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The aim of our study was to evaluate the relationship
between Q angle, body mass index (BMI), dominant side
and pain severity in gonarthrosis patients over 40 years of
age. 

Materials and Methods
Our study included 298 patients diagnosed with
gonarthrosis according to basis of clinical and radiologi-
cal examinations in the Physical Therapy Clinics of
Ad›yaman Training and Research Hospital and
Gaziantep Dr. Ersin Arslan Training and Research
Hospital. Patients who went under knee surgery, trauma,
knee injection in the last six months, and who received
physical therapy in the past year were excluded. In order
to compare the Q angles, 110 healthy adult volunteers
were used. Volunteers with lower extremity amputation,
prosthesis, fracture, use of any walking assistant or walk-
ing equipment were excluded. All patients and volun-
teers were submitted to an assessment protocol including
interview and physical examination. Of the 298 patients
assessed according to the protocol, 205 patients were
included; the remaining patients matched one or more of
the exclusion criteria. All measurements were taken by
the same physical therapist at the Physical Therapy Unit
of Ad›yaman Training and Research Hospital and
Gaziantep Dr. Ersin Arslan Training and Research
Hospital. This study was approved by the Ethics in
Research Committee of Kahramanmarafl Sütçü ‹mam
University, under protocol number 2013/15–3, and vol-
untary informed consent forms were obtained from the
participants.

Gender, age, height, weight, occupation, complaint,
medical history, background and family history informa-
tion were recorded for those who met the inclusion cri-
teria among the patients and control subjects. Manual
measurements were performed with a standard
goniometer compatible with the technique for Q angle
assessment as shown in Figure 1.[10] BMI of every partic-
ipant was calculated to determine obesity based on
World Health Organization (WHO) obesity classifica-
tion. BMI ranges were as follows - underweight: under
18.5 kg/m2; normal weight: 18.5 kg/m2 to 24.99 kg/m2;
overweight: 25 kg/m2 to 30 kg/m2; obese: over 30 kg/m2. 

For the evaluation of pain, visual analog scale (VAS)
was used compatible with the technique as described in
the literature.[11] The dominant sides were determined by
asking the participants which hand they prefer for writ-
ing and physically demanding activities. 

IBM SPSS Statistics for Windows (Version 22.0,
Armonk, NY, USA) was used for statistical analyses and

values of p<0.05 were considered statistically significant.
For the control of the continuous variable’s compatibility
to normal distribution, Kolmogorov-Smirnov test was
used. For the comparison of the variables with normal dis-
tributions between two independent groups, Student’s t-
test and for the two dependent measurement comparisons
the paired t-test was performed. Association between the
numerical variables and categorical variables were tested
using Pearson’s correlation coefficient and chi-square
tests, respectively. For numerical variables mean ± stan-
dard deviation, and for categorical variables number and
% values were calculated. 

Results
In this study, 205 patients (104 men and 101 women) and
110 control subjects (60 men and 50 women) that met our
inclusion criteria were included in this study. Demographic
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Figure 1. Measurement of Q angle with a standard goniometer. [Color
figure can be viewed in the online issue, which is available at www.
anatomy.org.tr]
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features of the gonarthrotic patients and control subjects
are shown in Table 1. No significant difference was found
between the two groups in terms of age, height, BMI and
right and left Q values. On the other hand, patients
weighed heavier than the healthy volunteers (Table 1;
p=0.032). There was no significant difference between the
Q values of the gonarthrosis patients and control subjects.
In fact, the mean Q values of the individuals over 40 were
observed to be approximately the same. In the patient
group, no significant difference was observed between the
right and left Q angle values (p=0.096). Yet, in the healthy
group the right Q value was found significantly higher
(Table 2; p=0.001). When the two groups were compared
for BMI, no significant difference was observed. 136 of the
patients were overweight, while 129 were Type 1 obese
(Table 3; p=0.015). When dominant side was evaluated,
no significant difference was found between the left and
right sides (p=0.258). While no significant association was
found for the patients that used their left side dominantly,
a predisposition to gonarthrosis was observed for the
patients that used their right side dominantly (Table 4;
p=0.042). There was a positive correlation between pain
severity and right Q (r=0.236, p=0.001) and left Q angle
(r=0.199, p=0.004) values in gonarthrosis patients. 

Discussion 
This study was conducted on the hypothesis that the
knowledge of the Q angle may help in the diagnosis of the
commonly observed gonarthrosis disease and for being
informed about the health precautions that must be taken.
In recent studies, goniometers were shown to be reliable
for measuring the Q angle.[12] Yet, there are also studies
criticizing goniometric measurements, stating that only a
1–5 mm shift from the pivot points used for the goniome-
ter measurements to the mid-point of the patella may
result in a 1.13° to 5.53° measurement error.[13] Since
errors in the pivot points may result with such outcomes,
it was suggested that differences up to 4° between the
right and left extremity Q angles may raise questions on its
credibility.[14]

Another controversy on the Q angle is the difference
between the right and left extremities. In this study, there
was no significant difference found between the right and
left knee Q angles of patient and healthy groups. While
the mean Q angle measurements of the gonarthrosis
patients was found as 13.21° for the right knee and 12.86°
for the left knee, in the healthy group these values were
13.26° and 12.65°, respectively. In contrast to the study of
Horton and Hall[7] where the right leg Q angle value was
higher than the left leg Q angle value, Livingstone and
Spaulding[4] found the left leg Q angle value higher than

Groups Q angle n Mean±SD p 

Gonarthrosis Right 205 13.21°±3.22° 0.096

Left 110 12.86°±3.35°

Controls Right 205 13.26°±2.04° 0.001*

Left 110 12.6°±2.52°

*Independent samples t-test; difference is statistically significant at the level of p=0.032.

Table 1
Demographic data of gonarthrosis patients and controls. 

BMI Gonarthrosis Controls Total 

Normal (18.5–24.9) 16 (7.8%) 4 (3.6%) 20 (6.3%)

Overweight (25–29.9) 80 (39%) 56 (50.9%) 136 (43.2%)

Obese Type 1 (30–40) 83 (40.5%) 46 (41.8%) 129 (41%)

Obese Type 2 (40.1–50) 26 (12.7%) 4 (3.6%) 30 (9.5%)

Total 205 (100%) 110 (100%) 315 (100%)

Table 3
BMI distribution in gonarthrosis patients and controls. 

Dominant side 

Pain side Right Left Total

Right 87 (50.9%)* 10 (29.4%) 97 (47.3%)

Left 33 (19.3%) 12 (35.3%) 45 (22%)

Bilateral 51 (29.8%) 12 (35.3%) 63 (30.7%)

Total 171 (100%) 34 (100%) 205 (100%)

*Chi-square test, statistically significant at the level of p=0.042.

Table 4
Comparison of the pain side and dominant side in gonarthrosis patients. 

Groups Q angle n Mean±SD p 

Age (year) Gonarthrosis 205 57.34±7.72 0.090

Controls 110 55.85±6.80

Height (cm) Gonarthrosis 205 164.95±8.69 0.253

Controls 110 163.83±7.42

Weight (kg) Gonarthrosis 205 82.55±11.21 0.032*

Controls 110 79.99±7.33

BMI (kg/m2) Gonarthrosis 205 30.39±3.97 0.215

Controls 110 29.86±2.80

Pain severity Gonarthrosis 205 5.95±1.53 –

Controls 110 –

Right Q angle Gonarthrosis 205 13.21±3.23 0.885

Controls 110 13.26±2.04

Left Q angle Gonarthrosis 205 12.86±3.35 0.568

Controls 110 12.65±2.52

*p=0.001

Table 2
Comparison of Q angles of gonarthrosis patients and control subjects. 



the right. Similarly, in the study by Denizo¤lu[15] conduct-
ed on 77 healthy individuals, the left leg Q angle values
were also found higher. In our study, in both patients and
healthy individuals, the right leg Q angle values were
found higher compared to the left side. 

There is also controversy on the position of the sub-
jects during Q angle measurement. When the Q angle is
measured while standing, it is found approximately 1.4°
higher in men and 2.4° higher in women compared to
measurements in supine position. This variance may be
due to the fact that the standing position is affected more
by foot-ankle and hip joints than the supine position, and
it is notified that in order to reduce this effect, the supine
position should be preferred.[16] Yercan and Taskiran[17]

confirmed this finding and indicated that an increase in
the femoral anteversion would lead to an internal rotation
of the femur. In this circumstance, the femoral cavity may
turn medial and thus the patellar tendon may adhere more
laterally on the tibia. Consequently, an increase in the Q
angle will be observed. Likewise, in case of an external tib-
ial torsion, characterized with extreme external physical
rotation of the feet, tuberositas tibiae was reported to be
located to more lateral to increase the Q angle. In this
context, internal or external rotation of the feet by 15° was
indicated to accompany with a 5° increase or decrease in
the Q angle.[4,17] We performed our study while patients
were in the standing position. 

Age is also considered to have an effect on the Q
angle. Bayraktar et al.[18] investigated the relationship
between Q angle and age. They observed that children
and adolescents had higher Q angle values compared to
adults. Hsu et al.[19] found no significant relationship
between age and Q angle in age groups 25–40 and
41–60. According to WHO statistics, gonarthrosis is the
fourth leading cause of disabilities in women and the
eighth in men.[1] The effect of obesity on gonarthrosis
development has also been studied studied.[1,18,20,21] On the
contrary, Kalpakç›oglu and Çakmak[20] found no differ-
ence regarding age and weight in 30 patients aged 40–60
years. In our study, no significant relation was found
relating BMI between the patient and healthy groups,
while a significant association was observed between the
weight and the patient group.

Position of the knee joint is also counted as an addi-
tional factor affecting the Q angle. In full extension,
patella does not contact the patellar surface of the femur,
while at 90° flexion the lateral joint side of the patella is
in touch with the outer and lower part of the patellar sur-
face of the femur. Thus, patella can move laterally down-
wards. These changes of the position of the femur, tibia

and patella during flexion and extension of the knee joint
significantly lower the Q angle in 90° flexion compared
to extension. In their study on 1340 athletes, Skalley et
al.[22] suggested that the extension of the knee had no cor-
relation with the Q angle by measuring the medial and
lateral gliding limits of the patella during 0° and 35° flex-
ion. In our study, the knee position of the patients was
decided to be full extension and the measurements were
taken accordingly. 

Conclusion 
In this study on patients diagnosed with gonarthrosis, we
observed that the Q angle value increased with pain with
a weak, but significant correlation. In addition, a weak
yet statistically significant relation was also found
between patients with right hand dominance and who
had gonarthrosis on the right side. We think that being
informed on the Q angle will contribute to both knee
joint surgery and in diagnosis and treatment of the
pathologies of lower extremities. On behalf of the accu-
racy of the studies, a mutual clinical agreement should be
reached to for the Q angle measurement method and
positioning, and further applications should be done
accordingly. 
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Introduction
One of the important and most variable characteristics of
the foot is the height of the medial longitudinal arch (MLA)
above the ground plane during weight bearing activity.[1]

The human foot has three arches: the medial longitudinal,
lateral longitudinal, and transverse (anterior). From these
the MLA is the longest, the highest, and the most impor-
tant of the three during static support of the body and pro-
tect the foot from injury during movement.[2,3]

According to arch index (AI) or the height of MLA
when AI<0.21 is high arch, 0.21<AI<0.26 is normal arch,
and AI>0.26 is low (flat) arch.[1] There are factors that
affect the development of foot arch such as improper shoe
wearing, the type of shoes a child wears, residence and
being overweight etc.[4,5] Children are born with flat feet,
MLA slowly develops during childhood usually by about
age five or six.[6,7]

There are some studies conducted about the factors
affecting the development of foot arch in America, Iran,

India, Saudi Arabia, and Nigeria. As far as we know, there
is no similar study conducted in Ethiopia. Therefore, the
current study was designed to determine the factors affect-
ing foot arch development in Ethiopia. 

Materials and Methods
Cross-sectional study design was employed for this
study. The study subjects were selected by quota sam-
pling method. A total 424 subjects from the study area
were selected; their age ranged from 15 to 65 years, 207
were male and 217 were female subjects who had no foot
deformity and lower limb injuries. Ethical approval was
obtained from ethical review board of local authorities.
Official letters were submitted to the district officials,
explaining the purpose and the importance of the study
and permission was obtained from each. Confidentiality
was maintained at all levels of the study.

Various techniques have been proposed to evaluate
foot arch types, each of them have their own limita-
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Abstract

Objectives: Bones of the foot form longitudinal and transverse arches which absorb and distribute downward forces from
the body during standing and moving on different surfaces. The medial longitudinal arch is the longest, highest and most
important in static position and moving. Studies classify the medial longitudinal arch as high, normal, and flat. This study
was designed to determine the factors that affect the development of the medial longitudinal foot arch. 

Methods: Cross-sectional study design was employed, 424 subjects were selected using quota sampling method. The foot-
print areas were measured using a planimeter. Descriptive statistics and multiple logistic regressions were used for data
analysis and p value <0.05 was considered as statistically significant. 

Results: From the total subjects, 46.2%, 42.9%, and 10.9% were high, normal and flat arched, respectively. About 6.9%
of shoe-wearers and 4% of the barefooted had flat arch. From the flat arched, 8.5% were males and 2.4% were females.
Among the shoe-wearers, 10.2% used closed toe shoes, and 3.3% that wore sandals were flat-arched. From 29 flat-arched,
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tions.[8–10] Foot print parameter is better than other
parameters, because it is inexpensive, easy for handling,
effective for individual and population based investiga-
tions.[10] Studies show there is no difference between the
right and left foot prints.[11] Therefore, we took only the
right footprint. The footprints were collected using two
smooth wooden plates, normal wall paint, brush, and a
sheet of paper in which on its other side the question-
naire was printed. One of the wooden plates impregnat-
ed with the paint for capturing the footprints and the
subjects put their footprints on the other wooden plate
on which the sheet of paper was placed.

Row data were checked for clarity, consistency, accura-
cy and were analyzed using IBM SPSS (Statistical Package
for the Social Sciences, version 16.0; IBM, Chicago, IL,
USA) software. Descriptive analysis was done for basic
demographic characteristics. Pearson's chi square test was
used as a statistical test, and multiple logistic regressions
were employed for analyzing the data. Thus, in multivari-
ate analysis, the association between independent and out-
come variables was expressed by odds ratio (OR) with 95%
CI.

Arch index is the ratio of the area of the middle third of
the foot print area to the footprint area excluding the toes.
The area of the footprint was first measured using a
planimeter and the AI was calculated with the formula: AI
= B/A+B+C.[1] The three regions of the footprint areas are
leveled as hind foot (A), mid foot (B), and fore foot (with-
out the toe) (C) (Figures 1 and 2). High arch was defined
as AI <0.21, normal arch 0.2I<AI<0.26, and low arch (flat)
AI>0.26.[1,8]

Results
From the total 424 study subjects, 207 (48.8%) were males
and 217 (51.2%) were females. 215 (50.7%) were shoe-
wearers and 209 (49.3%) were barefooted. The mean age
of the subjects was 25.86±8.7 with median 23 and ranged
from 15 to 65 years. The mean arch measurement was
0.198±0.06, area ratio with median 0.21 and ranged from
0–0.35 area ratio (Table 1).

From 215 shoe-wearers 6.9% were flat-arched, and
from 209 barefooted 4% were flat-arched. There was a sig-
nificant association between wearing shoes and being bare-
footed (odds ratio (OR): 1.617; 95% confidence interval
(CI): 1.209–1.819) (Tables 2 and 4). The prevalence of flat
arch was more common in males, whereas high arch was
more common in female subjects. From all male subjects,
36 (8.5%) had flat arch, 10 (2.4%) of female subjects had
flat arch, while 79 (18.6%) males and 117 (27.6%) females
were high-arched. (OR: 6.698; 95% CI: 3.123–14.351)
(Tables 2 and 4).

From the total 215 shoe-wearers, 38 (17.7%) and 59
(27.4%) high arched were males and females, respectively.
This shows that high arch is more prevalent in females
than in males. Of the total 29 flat-arched individuals, 23
(10.7%) were males and only 6 (2.8%) were females. Male
individuals were 7.4 times more likely to have flat arch
than females (OR: 7.47; 95% CI: 2.57–21.72). There was
a statistically significant association between sex and flat
arch development (Tables 2 and 4). About 22 (10.2%) and
7 (3.3%) were flat-arched individuals who wore closed toe
and sandals, respectively. There was a significant relation-
ship between shoe type and flat arch (OR: 6.576; 95% CI:
2.391–18. 092). Closed toe shoe-wearers were 6.57 times
flat arched than those who wore sandals (Tables 3 and 4).

A total of 54 (25.1%) urban and 43 (20%) rural resi-
dents had high foot arch. Of the flat-arched individuals, 24

Figure 1. Measurement of arch index (AI). The three regions of the foot-
print areas are leveled as hind foot (A), mid foot (B), and fore foot (C)
(excluding the toe). L: lenght of the footprint area excluding the toe. 

Figure 2. Sample of the three types of foot arch. 

Flat Normal
High
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(11.2%) were urban and 5 (2.3%) were rural residents. This
indicated that the prevalence of flat arch was common in
urban residents than the rurals. Hence, the subjects who
lived in urban residences had 4.3 times flat foot than those
who lived in rural areas (OR: 4.350; 95% CI: 1.388–
13.629) (Tables 3 and 4).

There is no consistency in the relationship between
shoe-wearing age and arch types. There might be other
factors, such as the type of shoes the individual used to
wear during childhood, and the duration of wearing shoes
(Table 3). 

Discussion 
The results of this study showed there is no difference in
the prevalance of flat foot in various age groups (Table 3).
A study performed in India also showed no statistical sig-
nificant difference in the prevalence of flat feet in various
age groups screened, indicating significant variations in
the prevalence do not occur with increasing age after
skeletal maturity.[12] As a result, the age of the subjects was
not considered as a determining variable of the study.

For both shoe-wearers and barefooted, male subjects
had higher tendency to have flat arch than females; the
reverse was true for high arch (Tables 2 and 4). Similar
results were recorded in a study done India and Austria
showing that the boys had a significant higher tendency
for flat foot than the girls: the prevalence of flat foot was
52% in boys and 36% in girls (p<0.01). Boys had a signif-
icantly higher tendency for flat feet than girls, and high
arch was more common in women than in men.[12–14]

In this study, wearing shoes promoted the prevalence of
flat arch than being barefooted (Tables 2 and 4). A study

conducted in India also supported the idea that the preva-
lence of flat arch was more significant among those who
wear shoes. The incidence among children who used
footwear was 8.6% compared with 2.8% in those who did
not (p<0.001).[15]

The prevalence of flat feet in urban residents was
found 4.3 times higher than those in rural dwellers
(Tables 3 and 4). With similar results, another study from
Saudi Arabia concluded that residents in urban areas were
significantly associated with double the risk of flat feet
(OR: 2.04; 95% CI: 1.1–3.48).[4]

Variable Number Percentage (%) 

Shoe condition Shoe-wearer 215 50.7

Barefooted 209 49.3

Age 15–24 258 60.8

25–34 116 27.4

35–44 28 6.6

45–54 9 2.1

55–65 13 3.1

Arch type High 196 46.2

Normal   182 42.9

Flat 46 10.9

Barefooted Males 100 47.8

Females 109 52.2

Shoe-wearer Males 107 49.8

Females 108 50.2

Table 1
The study subjects with their variables. 

Arch type

Variable High Normal Flat 

Sex Males 79 (18.6%) 92 (21.7%) 36 (8.5%)
Females 117 (27.6%) 90 (21.2%) 10 (2.4%)

Shoe condition Shoe-wearer 97 (22.9%) 89 (21%) 29 (6.9%)
Barefooted 99 (23.3%) 93 (21.9%) 17 (4%)

Shoe-wearer Males 38 (17.7%) 46 (21.4%) 23 (10.7%)
Females 59 (27.4%) 43 (20%) 6 (2.8%)

Barefooted Males 41 (19.6%) 46 (22%) 13 (6.2%)
Females 58 (27.8%) 47 (22.5%) 4 (1.9%)

Table 2
Variables (both barefooted and shoe-wearer) with their arch type. 

Arch type

Variable High Normal Flat 

Residence Urban 54 (25.1%) 48 (22.3%) 24 (11.2%)
Rural 43 (20%) 41 (19.1%) 5 (2.3%)

Shoe age 1–9 years 49 (22.8%) 34 (15.8%) 15 (7%)
Age ≥10 years 48 (22.3%) 55 (25.6%) 14 (6.5%)

Shoe type Closed toe 26 (12.1%) 32 (14.9%) 22 (10.2%)
Sandals 71 (33%) 57 (26.5%) 7 (3.3%)

Table 3
Shoe-wearer variables with their arch type distribution. 

Variable Crude OR (95% CI) Adjusted OR (95% CI) 

Sex Females* 1 1
Males 5.952 (2.219, 15.964) 7.477 (2.573, 21.727)†

Residence Rural* 1 1
Urban 3.822 (1.346, 10.851) 4.350 (1.388, 13.628)†

Shoe type Closed toe* 1 1
Sandals 8.582 (3.280, 22.457) 6.576 (2.391, 18.092)†

*Reference category; †p<0.05. CI: confidence interval, OR: odds ratio.

Table 4
Multiple logistic regression analysis of variables associated with adult

arch type (for shoe-wearer subjects only).
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The result of the present study showed no statistically
significant difference between early shoe wearing and late
shoe wearing for the prevalence of flat arch (Table 3), in
contrast with earlier studies. However, a more recent study
done in India concluded that the incidence of flat feet was
3.24% among those who started to wear shoes before the
age of 6 years, 3.27% in those who started between the age
of 6–15 years, and 1.75% in those who first wore shoe at
the age of 16 (p<0.001).[12] This difference was due to type
of shoe and the duration the subjects wore shoe in child-
hood that resulted in reducing the prevalence of flat feet in
early shoe-wearers.[15]

Wearing closed toe shoe is a significant factor for the
development of flat arch (Tables 3 and 4). This was con-
firmed in many studies showing that the prevalence of flat
arch also varied with the type of the foot wear.[15] In more
specific terms, closed toe shoes inhibited the development
of the arch of the feet more than slippers and sandals did.
The type of usual footwear during childhood was a signif-
icant predictor for the development of flat foot.
Considering cases that went barefooted during childhood
as the reference category, those who wore shoes during
their early childhood were at double the risk of having flat
foot (adjusted OR: 2.18; 95% CI: 1.01–5.73).[4,12,15]

Conclusion 
The results showed that the person’s age and shoe wearing
age were not the determining factors for the arch types.
Wearing closed toe shoe, being urban resident and male
negatively affected the development of thr MLA. In addi-
tion, being barefooted, rural resident, female, and wearing
sandals promoted the development of the MLA. 
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Introduction
The mandibular canal (MC) or the inferior alveolar canal
transmits the inferior alveolar nerve, associated vessels and
a branch of the third division of the trigeminal nerve. MC
is between mandibular foramen and mental foramen. The
inferior alveolar nerve is subdivided to the terminal dental
and incisive branches to innerve the teeth and adjacent
anatomical structures.[1]

The term of 'bifid' is a Latin word that means a cleft
into two parts or branches. Bifid mandibular canal (BMC)
originates at the mandibular foramen. These bifid canals
may include a neurovascular bundle.[2]

Panoramic radiography, CT and cone beam CT
(CBCT) can be used to determine the prevalence of
BMC.[3] In radiography, MC is seen as dark and linear shad-
ow with thin radiopaque superior and inferior borders. The
borders of MC are sometimes seen partially or not at all.
The width of MC varies from patient to another patient.
But it is usually constant anterior to the third molar area.[4]

The opposing side of mandible, the soft palate, the pha-
ryngeal airway and the uvula cause ghost shadows.
Therefore, the location of the MC is difficult in panoram-
ic radiographs.[4] Rouas et al.[5] also reported that panoram-
ic radiography has limitations to diagnose the BMC and
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suggested CBCT that has slightly more radiation dose than
panoramic radiography and far less than CT. Orhan et al.[3]

found more BMC compared to earlier t studies using
panoramic radiography and suggested that CBCT is very
useful modality to detect the BMC. CBCT imaging tech-
nique produces submilimeter resolution images of maxillo-
facial region with lower doses and costs compared to CT.[4]

In addition, patients with bifid canals are at greater risk
of inadequate anesthesia or difficulties with jaw surgery.[4]

As a result, it is extremely important to know the anatomy
and variations of MC to reduce the damage of mandibular
nerve bundle in intraoral operations during lower third
molar surgery, implant operations, mandibular osteoto-
my, and mandibular fracture. Today, implant operations
have increased, and therefore BMC has become more
important. For this reason, our study aimed to determine
the prevalence and localisation of BMC in CBCT scans. 

Materials and Methods
After the statement regarding Ethics Committee approval
for the study (Approval number B.30.2.ODM.0.20.08/
1088). The patients were 18 to 75 years old in age (mean
age: 45.78 for males and 42.5 for females) and were
referred to Ondokuz May›s University Dentomaxillofacial
Radiology Department between the years of 2013 and
2015 with various reasons such as missing teeth, decay,
orthodontic treatment etc. CBCT images performed for

evaluation of 2000 patients were retrospectively analysed
(878 males, 1122 females; mean age: 44.49)

Inclusion criteria for patient selection were the age of
the patients (18 to 75) and sufficient quality of CBCT scans
to diagnose. Patients with pathologic lesions in the poste-
rior region of mandible were excluded from the study.

Sirona, Galileos (Sirona Dental Systems, Bensheim,
Germany) (98 kV, 25 mAs) was used to obtain the images.
Image analysis were done by using Sidexis (Sirona,
Bensheim, Germany) program. The dedector type of
device was Image Intensifier (Siemens, Munich, Germany)
with 4096 brightness value. FOV size was 15× 15×15 cm3.
Voxels were isotropic and 0.25×0.25×0.25 mm3. Half value
layer was 3.9 mm Al. Cone beam angle was approximately
24°. 

All CBCT images were acquired properly. After
reconstruction, all images in axial, tangential and cross-
section, reconstructed panoramic images and 3D images
were investigated (Figure 1). All evaluations and meas-
urements were performed on a 27 inch monitor with a
resolution of 2560×1440 at 10 bit.

All CBCT images were evaluated by a single observ-
er. Detected BFCs were controlled by an dentomaxillo-
facial radiologists who had more than 10 years of experi-
ence. Intra-class correlation was calculated for quantita-
tive datas. Cohen’s kappa values were calculated for cat-

Figure 1. Reconstructed panorama, axial, tangential, cross sectional and 3D images. [Color figure can be viewed in the online issue, which is available
at www.anatomy.org.tr]
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egoric datas. Intra-observer reliability was found as 0.317
suggesting that the low kappa values were a result of
infrequency of BMCs in the study sample because of the
high numbers of evaluated patients.

The length and angle of BMCs were measured either in
tangential and panoramic reconstructed CBCT images
using the own software of CBCT system. The length of
BMCs was measured between starting point of seperation
from the main canal and the tip point. The superior and
inferior angle measurements were also performed. In the
superior angle measurements, the angle between the main
canal and superior wall of BMCs were measured. For infe-
rior angle measurements, the angle between the main canal
and inferior wall of BMCs was measured (Figure 2). All
measurements were performed by one observer for three
times at intervals of one week to confirm intra-observer reli-
ability. The mean values of measurements were analysed.

According to Naitoh et al.[6] classification, BMCs were
divided into four groups considering location. These were
forward, retromolar, dental and buccolingual canals

(Figure 3). Forward canals were subdivided into with con-
fluence and without confluence. Dental canals were subdi-
vided into first, second and third molar canals according to
the region of seperation from the main canal. Additionally,

Figure 3. (a) Sagittal view of bifid
retromolar canal. (b) Sagittal view
of the third molar type dental
canal. (c) Sagittal view of forward
canal. (d) Axial view of the buc-
colingual canal.

Figure 2. Sagittal scan showing superior and inferior angle measure-
ment of BMC.

a b

c d
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the buccolingual canals were subdivided into buccal or lin-
gual canal considering location of bifid canal.

IBM SPSS (Statistical Package for the Social Sciences,
version 21; IBM, Chicago, IL, USA) software was used for
statistical analysis. There were qualitative and quantitative
observations in our study data, so we used Chi-square test
to investigate qualitative observation and from t-test and
one-way analysis of variance for investigation of quantative
observation. Differences were considered significant at
p<0.05. 

Results
Bifid mandibular canals were observed in 61 of 2000
patients (3.05%). Because location of mandibular canal is
bilateral, 122 sides in 61 patients (37 men and 24 women)
were studied. BMC were observed in 65 of 122 sides
(53.3%).The relationship between gender and canal type
are showed in Table 1. In 39 of 65 sides (60%), BMCs
were observed in males. In 26 of 65 (40%) sides, BMCs
were observed in females. No statistically significant dif-
ference was found between gender and type of BMCs
(p=0.345>0.05). BMCs were frequently found in the
fourth decade. According to relationship among age
groups and canal types, retromolar canals were frequently
found in the fifth decade, forward canals in the fourth
decade, dental canals in the third and fourth decade equal-
ly, and two buccolingual canals in the second and fifth
decade. The obtained data are shown in Table 2.
Difference between age and type of BMCs was evaluated
with using chi-square test. No statistically significant dif-
ferences were found between age and type of BMCs
(p>0.05). 

The number of different groups of BMCs are shown in
Table 3. The most fequently observed type was the retro-
molar canal (n=39, 18 right sides, 21 left sides) followed by
the dental canal (n=14, 8 right sides, 6 left sides), forward
canal (n=10, 5 right sides, 5 left sides) and buccolingual
canal (n=2, one right side, the other one left side). Of the
10 forward canals, 9 of them occured without confluence

and one of them with confluence. Of the 14 dental canals,
one of them extended to the root apex of the first molar,
one of them to the second molar, and 12 to the third
molar. All two buccolingual canals were positioned in buc-
cal side. The distribution of canal types according to gen-
der and location in detail are shown in Table 4. There was

Types of BMC

Gender Retromolar Forward Dental Buccolingual Total
canal canal canal canal

Male 25 4 8 2 39
Female 14 6 6 0 26
Total 39 10 14 2 65

Table 1
Relationship between gender and type of BMC.

BMC
Types of BMCs

Gender location Retromolar Forward Dental Buccolingual Total

Male Left 11 3 3 1 18
Right 14 1 5 1 21
Total 25 4 8 2 39

Female Left 10 2 3 15
Right 4 4 3 11
Total 14 6 6                            26

Table 3
The numbers of different groups of bifid canals according to gender

and types.

Decade Retromolar Forward Dental Buccolingual Total

1 - - 1 - 1
2 5 - 3 1 9
3 7 1 4 - 12
4 8 5 4 - 17
5 12 2 1 1 16
6 4 1 1 - 6
Total 36 9 14 2 61

Table 2
Distribution of types of BMC according to age groups.

Gender Retromolar Forward Dental Buccolingual Total

Confluence present   Absent 1st molar 2nd molar 3rd molar    

Male Left 11 (16.92%) 3 (4.62%) - - - 3 (4.62%) 1 (1.54%) 18 (27.69%)    
Right 14 (21.54%) - 1 (1.54%) 1 (1.54%) 1 (1.54%) 3 (4.62%) 1 (1.54%) 21 (32.31%)   
Total 25 (38.46%) 3 (4.62) 1 (1.54) 1 (1.54) 1 (1.54) 6 (9.23) 2 (3.08%) 39 (60%)

Female Left 10 (15.38%) 2 (3.08%) - - - 3 (4.62%) 15 (23.07%)
Right 4 (6.15%) 4 (6.15) - - - 3 (4.62%) 11 (16.92%)

Total 14 (21.53%) 6 (9.23%) - - - 6 (9.23%) 26 (40%)

Table 4
The distribution of canal types according to gender and location.
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no statiscally significant differences between canal type
and canal localisation (p>0.05).

The mean length of BMCs was 12.78 mm on the right
side and 11.6 mm on the left side. According to the types
BMCs, the mean length of bifid retromolar canal was
11.57 mm (right side 12.4 mm, left side 10.8 mm), the
mean length of dental canal was 12.9 mm (right side 14.3
mm, left side 11.03 mm), 15.2 mm for forward canal (right
side 15.08 mm, left side 15.3 mm), and 2.18 mm for buc-
colingual canal (right side 2.05 mm, left side 2.32 mm).
Statistically significant differences were found for length
between the right and left sides and location of the BMCs
with using Wilcoxon signed rank test. Differences
between type and length of BMCs were evaluated with
using one-way analysis of variance test and statistically sig-
nificant differences were found between type and length of
BMCs (p<0.05).

Mean superior angle was 133.3° on the right side and
151° on the left side. Mean inferior angles was 44.9° on the
right side and 44.5° on the left side. According to the canal
types, mean right superior angles of retromolar, dental and
forward canals were 127.4°, 141.1° and 136.5°, respective-
ly; mean right inferior angles were 53.4°, 51.3° and 12.4°,
respectively. Mean left superior angles of retromolar, den-
tal and forward canals were 149.4°, 145.5° and 163.1°,
respectively. Mean left inferior angles were 46.2°, 62.5°
and 13.7° with the same order. No statistically significant
differences were found between types of BMCs and supe-
rior angles with using ANOVA test, but statistically signif-
icant differences were found between types of BMC types
and inferior angles (p<0.05).

Discussion 
There are a large number of studies on the anatomical
location and configuration of BMC using panoramic radi-
ography. These studies reported BMC ranging from 0.08
to 0.95%.[1,2,7,8] St›dies using CBCT are less than studies
using panoramic radiography. CBCT studies reported the
incidence of BMCs ranging from 15.6% to 66.5%.[3,6,9]

Kuribayashi et al.,[9] reported the incidence as 15.6%,
Naitoh et al.[6] 65%, and Orhan et al.[3] 66.5%. In our
study, the incidence of BMC was 3.05% which was lower
than the number reported by earlier CBCT studies. But it
is possible to see that the incidence of BMC in the studies
using CBCT was higher than that in the studies using
panoramic radiography, indicating that panoramic radiog-
raphy technique was insufficient to determine all BMCs.
Due to the importance of BMC for surgical procedure, the
limitations of panoramic radiography technique to diag-
nose BMC must be considered. However, panoramic radi-
ography was suggested to diagnose BMC due to high cost
and high radiation dose of computed tomography.[10]

In our study, we found BMC more frequently in
males than in females. However, in some studies, the
incidence of BMC was higher in females.[1,8] In our study,
the mean age was 45.78 for males and 42.5 for females.
Orhan et al.[3] reported the mean age of their subjects as
36.7 (range: 17 to 83) years

Orhan et al.[3] found the most frequently observed
type of BMC as the forward canal (29.8%) and the less
observed type the dental canal (8.3%). In our study, the
most frequently observed type was retromolar canal and
the less observed type was buccolingual canal. Naitoh et
al.[9] found similar results with Orhan et al.[3] and report-
ed that the most frequently observed type was forward
canal (44.3%). But, they reported that the less observed
type was buccolingual canal (1.6%), similar to our study.

Both the study of Naitoh et al.[6] and of Orhan et al.[3]

reported that the most frequently observed type of den-
tal canals as the third molar type, and of forward canals
the without confluence type. 55.3% and 7% and in the
study of Naitoh et al.[6] as compared to 18.4% and 3.8%
in the study of Orhan et al.[3] These results are similar to
the results of our study.

Orhan et al.[3] reported the mean lenght of BMC as
13.6 mm on the right side and 14.1 mm on the left side. In
present study, the mean length of BMC was 12.7 mm on
the right side and 11.6 mm on the left side. According to
subdivided types, in the study of Orhan et al.[3] the mean
length of bifid retromolar canal was 13.5 mm (13.4 mm on
the right side; 13.6 mm on the left side), dental canal was
8.3 mm (8.1 mm on the right side; 8.4 mm on the left side),
forward canal was 20.1 mm (19.3 mm on the right side; 21
mm on the left side) and the mean diameter of buccolin-
gual canals was 3.8 mm (3.4 mm on the right side; 4.1 mm
on the left side). In our study, the mean length of bifid
retromolar and forward canals and the mean diameter of
buccolingual canals were found less, but the mean length
of dental canal was found more than the study of Orhan et
al.[3] The mean superior angle of BMC was found 139 on
the right side and 141 on the left side, while the mean infe-
rior angle was found 38 on the right side and 32 on the left
side.[3] In our study, mean right superior angle was lower,
but the other values were higher than the study of Orhan
et al.[3] who reported that no statistically differences were
found in either lenghts or angles between the right and left
sides and for gender. However, in our study, statistically
significant differences were found between the mean infe-
rior angles and canal types between the right and left sides
and for gender.

Sanchis et al.[1] evaluated 2012 panoramic radiographs
(736 males, 1276 females; mean age 40.4) and found
seven cases (0.35%) of BMC. Four of the seven cases
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were found bilaterally, the rest was found unilaterally,
and the all BMCs were found in females. In our study,
bilateral BMCs were found in four of 61 patients.

Kuribayashi et al.[9] evaluated 252 patients (94 males,
158 females; mean age: 33 years) and reported the inci-
dence of BMC as 15.6% and the mean length of BMC as
1.68 mm. In our study, the incidence and mean length of
BMCs and the mean age of patients were found higher.

BMCs, especially when there are two mandibular
foramina, anesthesia of the inferior alveolar nerve may be
inadequate. If there is only soft tissue anaesthesia around
the injection site in the patient, but not of the ipsilateral lip
or chin, it should be considered about a problem with local
anesthesia technique that is likely to be the cause of the fail-
ure. While if there is soft tissue anaesthesia of the lips and
chin but not the teeth, then anatomical variation should be
considered.[11,12] Unsuccessful anesthesia is the most com-
mon problem in the patients with BMC. So, The Gow-
Gates or Akinosi techniques are preferrable methods of
blocking the inferior alveolar nerve in the cases of BMC.[10]

If there is a second neurovascular bundle within the
BMC, complications such as traumatic neuroma, paraes-
thesia and bleeding may occur because of failure to diag-
nose this anomaly. Because of a second neurovascular
bundle, other surgical procedures such as mandibular
osteotomy become more complex. If alveolar bone
resorbs to the proximity of the mental foramen, because
of the pressure on the neurovascular bundle, patients
who use mandibular prostheses may be uncomfortable.[11]

Three dimensional radiography techniques provide
more exact position of the canal, especially about the
buccolingual position of the canal.[13] Peker et al.[14] com-
pared panoramic radiography, conventional (cross-sec-
tional) tomography and CT for the location of MC
before implant operation in the posterior mandible. MC
couldn't be localized in 19.4% of panoramic radiographs
and in 13.9% of conventional tomograms but it could be
found in almost all CT images.

In another study by Angelopoulos et al.,[15] digital
panoramic radiography and CBCT was compared for
observation of the MC before dental implant operation.
All studies found MC at higher rate in CBCT. Statistically
significant differences were found between panoramic
radiography and CBCT. 

Tantanapornkul et al.[16] compared panoramic radiog-
raphy and CBCT in detection of the relationship between
the MC and impacted third molars. During the extraction
of the third molar, the sensitivity and specificity were
found as 93% and 77%, respectively, for CBCT in visual-
isation of damage of the inferior alveolar nerve. They

reported that CBCT was superior to panoramic images in
both sensitivity and specificity.

In the study of Kim et al.,[17] panoramic radiographs
from 1000 dental patients and 40 dry mandibles were
examined for the presence of BMC. According to their
study, in four cases, the panoramic radiographs showed
indicated double MCs, suggesting that the prevalence of
BMCs in Koreans was 0.038%. Among the panoramic
radiographs belonging to  the dry mandibles, only one case
appeared to have a BMC. Later, a CBCT scan was per-
formed at the second molar region and the mental fora-
men region to determine if these canals were real BMCs.
The BMC was found in the second molar area with
CBCT. Two canals were detected by radio-opaque lines;
one upper canal was circular in outline, whereas the other
lower canal was elliptical. However, it was reported that
one canal was detected in mental foramen area. 

Kalender et al.[18] evaluated CBCT scans of 386 regions
in 193 patients (92 males, 101 females) referred to their
clinic during a 2-year period were analyzed retrospective-
ly. Accessory mental foramina were most commonly locat-
ed anteroinferior to the mental foramen, followed by loca-
tions posteroinferior to the mental foramen. Bilateral
accessory mental foramina anteroinferior to the mental
foramen were observed in a 24-year-old male patient.
Three accessory mental foramina located anteroinferior,
inferior, and posterosuperior to the mental foramen were
observed in a 19-year-old female patient. In a 28-year-old
male patient exhibited two accessory foramina inferior to
the mental foramen on the left side were found. They
reported that one MC was found on each side in all of their
patients. Accessory mental foramen was important due to
continuity with mandibular canal especially about injury to
the neurovascular bundles and performing other invasive
procedures.[18] In our study, the incidence of BMC was
found at higher rates compared to studies using panoram-
ic radiography, but less than other studies using CBCT.

As a result, the position of mental foramen and evalu-
ation of MC variation frequency by dentomaxillofacial
radiologists and informing these to the surgeon in
mandibular surgical procedures is very important for suc-
cessful operations and the patient's comfort, and to pre-
vent complications. BMC is an uncommon anatomical
variation, so dentists may not have adequate experience to
diagnose this variations. Especially in procedures that are
frequently performed such as third molar extraction and
implant surgery in molar region, diagnosing this variation
becomes more important. With the use of CBCT in den-
tistry, BMC has been found more frequently. Therefore,
the right radiographic technique and development in
techniques should be considered for assessment of MC
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variations and for diagnosing and treatment. Further stud-
ies on MC variations will bring innovations to points to be
taken into consideration in the mandibular molar region.
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Introduction
The shoulder complex, consisting of the sternoclavicu-
lar, acromioclavicular, glenohumeral and scapulotho-
racic joints, is one the most commonly injured regions of
the upper quarter.[1-6] Glenohumeral joint injuries may
involve any of the supportive structures alone or in com-
binations. The highest incidence of glenohumeral joint
injuries involve the muscles and tendons of the rotator
cuff, the glenoid labrum, glenohumeral ligaments or
capsule, and glenohumeral articular surface defects.[1–3,7]

Rotator cuff injuries may account for 65% of all shoul-
der-related patient-physician interactions, and the
prevalence of rotator-cuff injury for patients aged 60–80
years has been demonstrated between 20–50%.[6,8] Vogel
et al.[9] showed a population increase in superior labral
anterior to posterior (SLAP) lesions and repairs of 238%
during the period between 2002 and 2009 in New York
state. Further, additional intra-articular injuries often
accompany rotator cuff injuries and SLAP lesions.[10,11]

Feeney et al.[10] showed a positive correlation between
rotator cuff injuries and articular cartilage deterioration
at the glenohumeral joint. Kim et al.[11] showed that as

many as 85% of SLAP cases also have additional intra-
articular damage. 

Shoulder pathology can be seen in cadaver specimens
and pathologic findings serve to illustrate clinical anatomy
concepts to students performing dissections.[4,8] Reilly et
al.[4] showed, in a systematic review, that full thickness rota-
tor cuff tears were seen in 11.75% and partial thick-ness
rotator cuff tears were seen in 18.49% out of 2553 shoul-
ders from cadaver specimens. Kane et al.[8] identified rota-
tor cuff tissue damage in 50% of cadaver shoulders exam-
ined in one study, among them 52% showed partial-thick-
ness tears and 47%, full-thickness tears. Moreover, as the
age represented by the cadaveric samples increased, the
incidence and the severity of rotator-cuff damage also
increased.[8] In these studies, the pathologic shoulder find-
ings could serve to reinforce clinical anatomy to students
performing dissections. Further, the positive correlation
between rotator cuff pathology and articular cartilage
injury indicates the need for a novel dissection protocol that
would allow for the comparison of the integrity of internal
joint structures to the external structures such as the rota-
tor cuff muscles. Cadaver specimens provide an ideal medi-
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um on which to explore shoulder dysfunction. However, at
the present time, typical shoulder dissection protocols do
not allow one to simultaneously appreciate the internal
components of the glenohumeral joint, while maintaining
the relationships of the surrounding musculature and other
structures. Further, current traditional dissection protocols
are performed in a manner that “destroys” many of the sur-
rounding structures and does not allow one to revisit the
relationships between the glenohumeral joint and support-
ing structures due to the removal of the superficial struc-
tures and destruction of the joint capsule. 

Dissection protocols that are frequently used to
examine the glenohumeral joint do not allow unob-
structed visualizations of the entire glenohumeral joint,
and in some techniques, the method requires release of
the rotator cuff muscle attachments and completely dis-
locating the shoulder to view the interior capsular com-
ponents, thus limiting the ability to examine and re-
examine the relationships of rotator cuff to internal joint
morphology. Traditional glenohumeral joint dissection
protocols proceed following reflection of the muscles
overlying the joint.[12–16] The deltoid, coracobrachialis,
and biceps brachii muscles are typically reflected inferi-
orly from their proximal attachments.[12,13] The distal ten-
dons of the infraspinatus, teres minor and supraspinatus
muscles are then cut and the muscles are reflected medi-
ally from the humerus to visualize the posterior aspect of
the glenohumeral joint capsule which is then incised to
gain access to the interior of the glenohumeral joint.[12,13]

Laurenson[16] and Cahill and Carmichael[17] describe pro-
tocols where the anterior muscles of the arm have been
reflected and access into the glenohumeral joint is gained
by reflecting the subscapularis muscle and incising the
anterior portion of the glenohumeral joint capsule.

The purpose of the current study was to demonstrate
a dissection protocol that allowed for visualizing the inter-
nal glenohumeral joint structures while maintaining
superficial structures in order to maximize the utility of
the cadaver. Specifically, the purpose was to develop a dis-
section protocol that would allow visualization of the gle-
noid labrum, the tendon of the long head of the biceps
brachii muscle, and the articular surfaces of the gleno-
humeral joint while sparing surrounding supportive struc-
tures such as the distal tendons of the rotator cuff muscles
and anterior and posterior aspects of the glenohumeral
joint capsule, thus allowing for continued study of all of
the related structures by students at a later date.

Materials and Methods
The project was reviewed and approved by the
Institutional Review Board. Three embalmed cadaver

shoulders were dissected in the following manner. The
subcutaneous tissues of the pectoral girdle, axilla, super-
ficial back, and arm were removed and cleaned using
standard dissection techniques. After removal of these
tissues, the deltoid, pectoralis major, trapezius, biceps
brachii, and triceps brachii muscles were cleaned and
identified. The deltoid and pectoralis major mus-cles
were reflected from their distal attachments. The
trapezius was reflected from its medial attachment to
allow visualization of the supraspinatus muscle. With
the arm in lateral rotation, the subscapularis muscle was
exposed and cleaned. The deltoid muscle was reflected
proximally to visualize the joint capsule and the tendons
of the rotator cuff muscles which were subsequently
cleaned. With the humerus positioned in lateral rota-
tion, the tendon of the long head of the biceps brachii
muscle was identified in the intertubercular groove and
preserved in its place. An incision was made circumfer-
entially at the midpoint of the arm to incise the soft tis-
sues of the anterior and posterior compartments of the
arm. The biceps brachii and coracobrachialis muscles
were cut the proximal one third of the muscle bellies
and reflected in a way to preserve the position of the
proximal attachments. A longitudinal saw cut was made
through the proximal 1/3 of the humerus, in line with
the shaft of the humerus, oriented near the frontal plane
(Figure 1). Saw cuts were made using a Dremel Multi-
Maxx MM30 Oscillating Tool equipped with a 0.7 inch
“wood flush cut blade” (Robert Bosch Tool
Corporation, 1800 W. Central Rd., Mount Prospect, IL
60056, USA). The longitudinal saw cut was started at
the greater tubercle, at a position anterior to the
supraspinatus tendon, bisected the humeral head, and
proceeded distally along the antero-lateral surface of
the shaft of the humerus (Figure 1). With the biceps
brachii muscle reflected superiorly, a second saw cut
was made transversely through a point at the middle
one third of the shaft of the humerus (Figure 1). The
result of the two saw cuts was a bisection of the proxi-
mal half of the humerus into sections which could then
be separated to expose the interior of the glenohumeral
joint (Figure 2). To aid in the separation and improve
viewing, small incisions were made to the superior and
inferior portions of the glenohumeral joint capsule. The
neurovascular structures were identified and dissected,
but were removed for this preparation. At this point the
dissection protocol was complete with the shoulder com-
plex remaining in situ. However, the authors continued
dissection with the intent of creating a prosection of the
shoulder complex using the dissection protocol. Creating
the prosection proceeded with cutting the serratus ante-
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rior, lattissimus dorsi, levator scapula, rhomboid major
and minor, and pectoralis minor muscles from their prox-
imal attachments. The clavicle was cut at its midpoint.
The result was a prosection that demonstrated the mus-
cles and relationships associated with the scapula and gle-
nohumeral joint (Figures 3 and 4). 

Discussion
The current dissection protocol was modeled after a novel
procedure for dissection of the knee in which the authors
“split” the femur to expose the internal structures of the
knee joint.[18] Similarly, the current dissection protocol is
comprised of two phases that, when completed, distinguish

it from previous or traditional shoulder dissection proto-
cols. Phase one consisted of identifying, preserving, and
judiciously removing soft tissue structures. In the current
presentation, the muscles of the rotator cuff were empha-
sized. However, the neurovascular structures could also be
preserved to provide additional relationships for students to
consider. Once the soft tissues were removed from the pec-
toral girdle and superficial back region, the rotator cuff
muscles were clearly identified and left intact. The current
protocol is consistent with previous dissection protocols of
the glenohumeral joint to the point of identifying the rota-
tor cuff muscles. However, unlike other dissection proto-
cols previously used, where the rotator cuff muscles were
cut and/or removed and either the anterior or posterior
aspect of the glenohumeral joint capsule was cut, in the cur-
rent protocol, the integrity of the rotator cuff muscles and
majority of the capsule were maintained throughout the
dissection. Maintaining the rotator cuff muscles and the
majority of the joint capsule allows the bisected humerus to
be opened while visualizing the internal joint structures and
then to be replaced into its original position to examine the
support structures such as the muscles of the rotator cuff.
Further, the more superficial muscles could be judiciously
reflected to allow another layer that can remain partially
intact to maintain a greater set of relationships. For exam-
ple, the pectoralis major muscle could be reflected from its
proximal attachments allowing students to reexamine that
muscle’s relationship to the glenohumeral structures. 

Phase two of the current protocol, bisecting the
humerus, is key to maintaining the integrity of the ante-
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Figure 1. Photograph of the antero-lateral view of the right shoulder show-
ing the resultant saw cuts of the novel protocol done in situ. Black arrows:
longitudinal saw cut; white arrows: transverse saw cut; C: coracoid
process; CB: coracobrachialis muscle; D: deltoid muscle; HH: head of the
humerus;  LHB: tendon of the long head of the biceps brachii muscle; SHB:
tendon of the short head of the biceps brachii muscle. [Color figure can be
viewed in the online issue, which is available at www.anatomy.org.tr]

Figure 2. Photograph of the completed glenohumeral joint dissection
protocol showing the interior of the glenohumeral joint taken with the
completed dissection removed from the cadaver. C: coracoid process;
D: deltoid muscle; G: glenoid cavity of the scapula; GL: glenoid labrum;
H: bisected humeral head; LHB: tendon of the long head of the biceps
brachii muscle. [Color figure can be viewed in the online issue, which is
available at www.anatomy.org.tr]



rior and posterior aspects of the glenohumeral joint cap-
sule. By cutting the humerus just anterior to the
supraspinatus tendon, the humerus can be reflected
within the joint capsule, thus preserving the anterior
aspect of the joint capsule along with the glenohumeral
ligaments. The posterior aspect of the joint capsule is
also preserved, allowing students to visual the expanse of
the glenohumeral joint space. When both of the critical
phases of this protocol are completed, this dissection
approach provides the observer with clear and full visu-
alization of the internal joint capsule and the relationship
to the outside musculature. Further, the protocol allows
for greater utilization of the cadaver by creating a dissec-
tion that can be reevaluated by students for continued
study at a later time without sacrificing all of the impor-
tant relationships in the region.

Conclusion 
The primary purpose of developing this dissection pro-
tocol was to be able to successfully examine the elements
of the glenohumeral joint capsule while ensuring the
preservation of the attachments of the rotator cuff mus-
cles. Although the dissection approach presented here
differs from more traditional approaches to dissecting
the glenohumeral joint, it can be done by students with
typical anatomy laboratory equipment. This technique
could be used to improve student under-standing of
structures of the internal joint capsule and their relation-
ship to the function of the glenohumeral joint in clinical
classes. This unique dissection could also be used to fur-

ther a clinicians understanding of the glenohumeral
joint, the structures associated with the glenohumeral
joint and the joint capsule, and the attachments of the
rotator cuff muscles. Finally, because this technique pre-
serves the joint capsule and the associated structures, it
improves the utilization of each specimen.
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Figure 3. Photograph of completed prosection, posterolateral view,
showing the bisected humerus (black arrow), put back together for con-
tinued study of the rotator cuff muscles. D: deltoid muscle; H: head of the
humerus; I: infraspinatus muscle; L: latissimus dorsi muscle; LHT: long
head of the triceps brachii muscle; T maj: teres major muscle; T min: teres
minor muscle. [Color figure can be viewed in the online issue, which is
available at www.anatomy.org.tr]

Figure 4. Photograph of the completed prosection, anterior view,
showing the bisected humerus (black arrow), put back together for
continued study of the muscles of the rotator cuff and pectoral girdle.
C: coracoid process; CB: coracobrachialis muscle; D: deltoid muscle;
H: head of the humerus; L: lattissimus dorsi muscle; LHB: long head
of the biceps brachii muscle; P min: pectoralis minor muscle; S: sub-
scapularis muscle; SA: serratus anterior muscle; SHB: short head of the
biceps brachii muscle; T: trapezius muscle; T maj: teres major muscle.
[Color figure can be viewed in the online issue, which is available at
www.anatomy.org.tr]
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Introduction
Digital technology has become widely embedded in socie-
ty, and has revolutionised mass communication around the
world. Given the widespread use of digital technology
across higher education institutions, it is highly likely that
such technology will eventually impact upon body dona-
tion programmes. In fact, evidence of such impact has
already been seen in the uptake of 3-D printing[1] and
exome analysis[2] of bodies that have been donated to sci-
ence. As the use of digital technology becomes more com-
mon, it is perhaps pertinent to ask - how will digital tech-
nology impact upon body donation, and how can higher
education institutions responsibly address this topic?

The Potential Benefits of Digital
Technology to Body Donation
Collecting digital information from bodies donated to sci-
ence has numerous benefits, with such information able to
be used widely across teaching and research. Health-relat-
ed imaging procedures such as magnetic resonance imag-

ing, computer tomography, and ultrasound all use digital
platforms and could be utilised to scan donated bodies;
such data is useful in teaching students both how to use
and interpret images arising from different diagnostic
imaging modalities. Researchers can also use imaging in
conjunction with dissection to explore different aspects of
gross anatomy. Students can correlate digital information
with physical findings and may have a patient history to
guide anatomical examination, and researchers can have
access to a an information source that can be easily stored
and accessed. 

Digital images from donated bodies can also be dis-
tributed and shared widely with little effort,[3] or stored for
long (potentially infinite) periods of time. Outside of med-
ical imaging, most photographs are now digital, and 3D
printing is also based on digitally acquired information via
computer scans. For 3D scanning and printing of bodies
donated to science, this format provides a novel way of
preserving anatomical anomalies that are identified, and
for increasing anatomical teaching resources when the
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Abstract

Digital technology influences many different areas of society, including body donation and the use of bodies donated to sci-
ence. It affects the manner in which information arising from bodies donated to science can be generated, gathered and
utilised. This includes information arising from medical imaging procedures, photographs, and genomic investigation.
However many issues remain unclear in relation to this transaction, including the appropriate level of informed consent, fam-
ily involvement in decision-making and information sharing, and how commercialisation should be addressed. Highlighting
these issues shows there is a distinct lack of empirical evidence with which to guide appropriate use of digital information
arising from bodies donated to science, and caution is suggested in regard to the acquisition, distribution, and possible com-
mercialisation of such data.
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supply of bodies may be compromised. Data from exome
sequencing, or any genomic investigation, is also stored
digitally. Storage of medical and health records are also
being digitised in many countries, with some nations using
their medical record database for research in order to
improve healthcare outcomes.[4] It is possible that in some
instances, the digitised healthcare information of a donat-
ed body may become available to the institution, and this
may make up part of the information transferred to a body
donation programme when they receive a body.

It is feasible that digital information from bodies
donated to science may facilitate the creation of large data
sets, either from newly generated digital information or
from that digital healthcare information that accompanies
a donated body. This information could be combined with
data sets from other national or international collections,
with the downstream benefit of such large data sets being
the increase in power and value of the gathered informa-
tion. There are obvious opportunities and benefits for the
creation of such combined data sets. As an example, scans
of all bodies donated to science could be acquired with a
data set created and shared between researchers in order
to explore variations in the morphology of various
anatomical structures. Such a database could potentially
be contributed to, and accessed, on a global scale. While
this scenario is unlikely to occur in the immediate future
for reasons of access and funding, it may be possible at
some point in the future when imaging technology
becomes cheaper and more widely available.

Cautions Surrounding Use of Digital
Information Arising from Donated Bodies
Despite the many benefits that digital technology may
offer in relation to body donation programmes, many ele-
ments of the intersection between body donation and digi-
tisation remain unexplored. Digital information has the
potential to be e-mortal (electronically immortal), and
with this status comes the possibility that any acquired dig-
ital information may remain almost indefinitely accessible
and usable. Because digital information can probably exist
far longer than older forms of recording such as photo-
graphs and researcher notations, it is yet unclear how best
to deal with many of the issues that are now more visible
than in previous, pre-digital eras.

Digital information is able to be shared almost instan-
taneously around the world, and such widespread utilisa-
tion of information does have enormous potential.
Because of this potential, the information and the data-
bases storing it are now more likely to have a dollar value,
and this attracts its own problems. For information that

has a 'value', there are several questions to which there are
not yet adequate answers. In the instance of digital infor-
mation from bodies donated to science, who does the
information 'belong' to?[5] How long are they able to keep
it? How should it be used, and if it has a financial value,
who should profit? How should families be involved, if at
all, in the decision making process involving digital infor-
mation that is derived from their loved ones? In additon,
there are also medical questions and responsibilities to
consider: if exome analysis of donated bodies is undertak-
en, how should we address incidental findings that could
impact on family members?[6,7] Topics such as incidental
findings, commercialisation,[8] informed consent, family
consent, distribution of digital information, and intellec-
tual property are all arguably more visible topics to con-
sider today than in previous eras.

At present, there is little guidance on how digital infor-
mation arising from bodies donated to science should be
utilised or regulated. The guidelines on body donation
from the International Federation of Association of
Anatomists (IFAA) are silent on the specific issue of digital
information,[9] however they do clearly state that there
should be no commercialisation in relation to bequests of
human remains. This statement has already been chal-
lenged ethically, if not legally, with 3D printed models
from donated cadavers already being created[1] and made
commercially available. In addition, textbook images and
some educational software programmes utilise images
from bodies donated to science, and it is unclear how this
has been addressed in relation to informed consent and
possible downstream generation of revenue. Further ques-
tions about commercialisation of donated bodies remain in
regards to the capacity of body donation programmes to
generate enough funding to support the cost of expensive
donor programmes. It is unclear whether there exists a
cost-recovery framework that outlines what is an 'ethically
acceptable' profit margin, so that programmes can ethical-
ly cover the costs of their operations without exploiting the
precious resource they acquire.

Guidance on the topic of body donation as it relates to
informed consent and commercialisation is guided not
only by ethical frameworks such as that produced by the
IFAA, but also the laws of each country. However, laws in
many countries may not yet provide adequate guidance on
issues of informed consent or profit as they relate to dig-
itsation of bodies donated to science. This may be for sev-
eral reasons, and perhaps simply because the law may have
been developed in a period where the technology did not
exist or present the current range of issues. What is now
clear is that digital technology has highlighted the neces-
sity for the scientific and academic communities to engage
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with the donor populations and their families, to extend
our understanding of how issues such as commercialisa-
tion and informed consent should be addressed. The
Guidelines of the IFAA do attempt to address good prac-
tice and ethical behaviour by body donation programmes,
however when these guidelines are ignored it highlights
the difficulties surrounding global adoption and enforce-
ment of ethical practice and frameworks. Despite the non-
uniform adherence to the IFAA Guidelines, transparent
frameworks for the use of digital information arising from
bodies donated to science should be developed by organi-
sations like the IFAA to ensure good practice is - at the
very least - visible to all involved in body donation prac-
tice. The unfortunate case of Henrietta Lacks, whose can-
cer cells were taken without consent and utilised for
decades prior to a public backlash against such exploita-
tion,[10] reminds us of the potential downfalls of unethical
behaviour in the medical and anatomical sciences, and it
remains imperative that emerging issues are considered in
a timely and transparent fashion in order to guide the
development of good ethical practice and standards in
regards to the future use of digital information.

Where to from Here? 
There are many questions surrounding how we should
ethically use the various forms of digital information that
can be acquired from bodies donated to science, be they
images, diagnostic scans, exome analysis, or within med-
ical records that may accompany a donation. However, it
is not that the problems we now face are entirely new
issues; we are revisiting these topics because the instanta-
neous transfer of information and consequent opportuni-
ty exploitation of data are perhaps more prevalent now
because thanks to digital technology. As a consequence,
with the increase in opportunities to embrace the various
positive uses of digital technology comes the added poten-
tial for exploitation and unethical use of bodies donated to
science; this is accompanied by the risk of compromising
the relationships between established body donation pro-
grammes and the generous members of society that
underpin the success of body donation programmes
worldwide. In a digital age, where information transfer is
worldwide and almost instantaneous, such risks are a not
just a regional issue, but a global one. It is unclear how
previous instances of negative press involving inappropri-
ate conduct with donated cadavers have affected body
donation programmes on a local scale,[11,12] however it is
safe to suggest that adverse publicity of any kind is not
beneficial to long-term sustainability of body donation
programmes around the world.

The increasing use of digital technology has illuminat-
ed several ethical issues with respect to body donation,
including the necessity to revisit those of informed consent
and commercialisation, as well as new issues such as inci-
dental findings that will become an important considera-
tion with exome analysis of bodies donated to science.
Mostly these are not new issues, however the rapid devel-
opment of digital technology has provided the stimulus for
these to be revisited in the near future. What is now
required are publicly informed findings to guide how insti-
tutions implement evidence-based frameworks to guide
sustainable and responsible use of digital technology with-
in body donation programmes. This should be undertaken
by exploring these issues with registered body donors and
their families, in a manner similar to a recent exploration
in Denmark,[13] to ask how digital technology can be most
ethically utilised at its juncture with body donation. It is
important that the issues surrounding digitisation of
donated bodies are addressed in a timely manner, so as to
inform not only ethical behaviour for donor programmes,
but also to inform the shaping of new law and regulatory
frameworks in an era of widespread digitisation.
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Introduction
The celiac trunk is a large, unpaired vessel that arises
from the abdominal aorta just inferior to the aortic hia-
tus. It is typically tripartite in arrangement, giving rise to
the left gastric artery, splenic artery and common hepat-
ic artery.[1] The superior mesenteric artery, which is a
source of jejunal and iliac branches, arises from the ante-
rior surface of the abdominal aorta approximately 1 cm
inferior to the celiac trunk. Variations in this arrange-
ment are common, well documented, and have clinical
relevance to surgeons and radiologists. For example,
Chen et al.[2] found that 875 of 974 cadavers (89.8%) dis-
sected at the Gifu University School of Medicine
between 1980 and 2007 had a typical tripartite celiac
trunk arising independently from the superior mesen-
teric artery. According to the classification system intro-
duced by Adachi (as cited by Chen et al.,[2]) this typical
pattern is referred to as Type I. The most common vari-
ation is characterized by the left gastric artery arising
independently from, and just superior to, a hepatosplenic
trunk. This variation, referred to as Type II, was noted

by Chen et al.[2] in 4.3% of the cadavers examined.
Variant Type III is characterized by a left gastric artery
arising independently from the abdominal aorta and the
hepatosplenic trunk arising from a trunk common with
the superior mesenteric artery, with the common vessel
referred to as a hepatosplenomesenteric trunk. This rare
arrangement was seen in only 7 of 974 cadavers (0.7%).
The remaining variants are classified as Type IV (a sin-
gle, common celiacomesenteric trunk; 0.7%), Type V (a
common trunk for the left gastric artery and splenic
artery and a common trunk for the common hepatic
artery and superior mesenteric artery; 1.5%) and Type
VI (a common trunk for the left gastric and splenic arter-
ies and a common hepatic artery arising from the superi-
or mesenteric artery that travels posterior to the portal
vein; 1.8%). Here we report a case of a hepatosplenome-
senteric trunk (variant Type III) combined with a hepa-
tocolic trunk featuring an accessory right hepatic artery
that travels posterior to the portal vein and a wandering
mesenteric artery, a combination that is particularly rare.
The aim of the study is to raise awareness of vascular
anomalies that may have profound clinical consequences. 

A case of a hepatosplenomesenteric trunk
combined with a hepatocolic trunk 
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Abstract

An understanding of the variations in the blood supply of the foregut and midgut are of critical importance to surgeons per-
forming transplants, liver and biliary surgery, resection of tumors and various gastrointestinal procedures, as well as to inter-
ventional radiologists engaged in vessel embolization. During the dissection of a 95-year-old female cadaver as part of a
course in medical gross anatomy at the University of California at Davis a rare series of vascular variations were observed.
The left gastric artery arose independently from the abdominal aorta at the location of a typical celiac trunk. The common
hepatic artery and splenic artery branched from a common vessel originating from a hepatosplenomesenteric trunk. Just infe-
rior to the hepatosplenic trunk a hepatocolic trunk, which gave rise to an accessory right hepatic artery, dorsal pancreatic
artery and a wandering mesenteric artery, branched from the superior mesenteric artery. This rare combination of clinically
relevant variations was likely due to the abnormal partitioning and regression of the primitive splanchnic arteries during
embryonic development.
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Case Report
As part of a dissection-based course in medical gross
anatomy an example of a hepatosplenomesenteric trunk
was discovered. The cadaver was a 95-year-old female-
who died from urosepsis and who suffered from chronic
anticoagulation, cerebrovascular disease and valvular
heart disease. Due to university policies intended to pro-
tect donor anonymity, no additional information about
the donor is known. 

The donor’s left gastric artery arises from the anterior
surface of the abdominal aorta approximately 1 cm inferi-
or to the diaphragm at the general location of a typical celi-
ac trunk (Figure 1a). An inferior phrenic artery branches
from the left gastric artery 1.7 cm from the abdominal
aorta. The left gastric artery follows the course of the less-
er curvature of the stomach where it forms an anastomosis
with the right gastric artery. A hepatosplenomesenteric
trunk arises from the anterior surface of the abdominal
aorta 1.3 cm inferior to the left gastric artery (Figures 1a
and b). Its first branch is a hepatosplenic trunk that arises
5.4 cm from the origin of the hepatosplenomesenteric
trunk. This trunk for the common hepatic artery and
splenic artery is 1.5 cm in length. The splenic artery is tor-
tuous and gives rise to two branches, each 5.3 cm from the
splenic artery’s origin, which eventually meet and form a
superior polar artery; the superior polar artery is the source
of both short gastric arteries and a branch to the abdomi-
nal esophagus. Distal to the arteries that form the superior
polar artery and 10.8 cm from its origin at the
hepatosplenic trunk the splenic artery gives rise to the left
gastroepiploic artery, which forms an anastomosis with the
right gastroepiploic artery along the greater curvature of
the stomach. The left and right hepatic arteries arise from
the common hepatic artery 3.5 cm from its origin from the
hepatosplenic trunk. The right hepatic artery is the source
of a cystic artery, the right gastric artery and the gastro-
duodenal artery. A branch arises from the right margin of
the superior mesenteric artery just 3 mm inferior to the
hepatosplenic trunk (Figure 1c). This vessel branches 4
mm from its origin into an accessory right hepatic artery
that passes posterior to the portal vein and an artery that
joins with a branch of the left colic artery, i.e., a meander-
ing mesenteric artery, also known as an arc of Riolan. This
variant is referred to as a hepatocolic trunk.[3] Near the gall
bladder another cystic artery arises from the accessory
right hepatic artery. These variations are illustrated
schematically in Figure 1d.

Discussion 
Variations in the celiac axis are well studied, especially in
regards to the origins and courses of the cystic and hepat-

ic arteries. In addition to the system used to characterize
these variations proposed by Adachi, others including
Varotti et al.[4] have proposed classification systems or have
proposed modifications to older systems. Using the sys-
tem of Varotti et al.[4] the variant in the current study
would best fall under Type 3a as the accessory right hepat-
ic artery is derived from superior mesenteric artery.
However, in Varotti’s system the right hepatic artery is
ultimately derived from a traditional celiac trunk and not
from a hepatosplenomesenteric trunk.

Panagouli et al.[5] recently completed a comprehensive
survey of studies and case reports involving variations of
the celiac trunk. They found the hepatosplenomesenteric
trunk to be one of the rarest variants, present in only 49 of
12,196 cases (0.4%). According to Chen et al.[2] there are
only four case reports based on cadaveric dissection
describing a hepatosplenomesenteric trunk: three are
described by Adachi and one is in a report by Sekiya et al.[6]

In the latter study, the left gastric artery is the source of
both an inferior phrenic artery and the left hepatic artery.
Unfortunately, details of the branches of the
hepatosplenomesenteric trunk are not provided,[6] but it is
interesting to note that the cadaver they studied had a
number of other vascular variations including a persistent
sciatic artery, a meandering mesenteric artery, accessory
renal arteries and a retroesophageal right subclavian
artery. Of these additional variations only a meandering
mesenteric artery, which in our case was derived from the
hepatocolic trunk, was observed. Thus, a hepatosplenome-
senteric artery can be present in individuals with otherwise
typical vasculature outside the superior aspect of the
abdomen. Since the review of the literature by Chen et al.[2]

hepatosplenomesenteric trunks were reported in a patient
undergoing surgery to repair a splenic artery aneurysm[7]

and in a patient using computerized tomography.[8] A
recently published cadaveric study describes a phrenico-
gastric trunk arising proximal to the hepatosplenomesen-
teric trunk,[9] as do we.

The cadaver examined in our study shows variant vas-
culature throughout the field of supply of a typical celiac
trunk, including a superior polar splenic artery with
esophageal branches and an accessory right hepatic
artery arising independently from the superior mesen-
teric artery that travels posterior to the portal vein. This
artery is also the source of a dorsal pancreatic artery and
the wandering mesenteric artery. Considered individual-
ly these additional variations are relatively common.
Superior polar arteries have been reported in as many as
51% of cadavers examined,[10] but to the best of our
knowledge this artery has not been reported previously
to be the source of esophageal branches. Accessory right
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hepatic arteries arising directly from the superior mesen-
teric artery are seen in 5% of cadavers.[2] When it is the
source of the dorsal pancreatic artery, as it was in the
current study, this vessel typically courses posterior to
the portal vein.[11] Wandering mesenteric arteries are
present in 10% of the population.[3]

In the embryo, the abdominal aorta is a paired struc-
ture connected with a series of channels to ventrally and
laterally located splanchnic arteries that supply the devel-
oping viscera. As the aortas fuse these channels typically
regress, leaving three arteries –the celiac trunk, the supe-
rior mesenteric artery and the inferior mesenteric artery–

Figure 1. A hepatosplenomesenteric trunk. (a) The left gastric artery (LGA), held by forceps, arises independently from the
abdominal aorta. The hepatosplenomesenteric trunk (HSMT) gives rise to a hepatosplenic trunk (HST), which is the source of
the splenic artery (SA) and common hepatic artery (CHA). GDA: gastroduodenal artery; LHA: left hepatic artery; PV: portal
vein; RHA: right hepatic artery. (b) The HSMT is demonstrated by passing a string between the trunk and the abdominal aorta.
(c) A hepatocolic artery (black arrowhead) arises from the superior mesenteric artery approximately 3 mm inferior to the HST.
It is the source of an accessory right hepatic artery (ARHA) that passes posterior to the PV, and a wandering mesenteric artery
(white arrow). (d) A schematic drawing illustrating the branches of the HSMT. AA: abdominal aorta; CA: cystic artery; DPA:
dorsal pancreatic artery; EB: esophageal branch; HCT: hepatocolic trunk; IPA: inferior phrenic artery; LCA: left colic artery;
LGEA: left gastroepiploic artery; RGA: right gastric artery; RGEA: right gastroepiploic artery; SGAs: superior gastric arteries;
SMA: superior mesenteric artery; SPA: superior polar artery; SPDA: superior pancreaticoduodenal artery; WMA: wandering
mesenteric artery. [Color figure can be viewed in the online issue, which is available at www.anatomy. org.tr]

a b
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supplying the viscera of the foregut, midgut and hindgut,
respectively. The variations in this blood supply described
by others as well as the series of variations reported here
are likely to be the results of the atypical regression and
selective retention of the channels connecting the devel-
oping aorta with the embryonic splanchnic arteries.[12,13]

Though rare, surgeons and radiologists should be
aware of the potential for their patients to have a
hepatosplenomesenteric trunk, which can be present
both in patients with[6] or without (the current case) sig-
nificant vascular variations outside the abdomen. Failure
to recognize the presence of such variations can result in
complications following organ transplantation, gastroin-
testinal procedures and the surgical excision of tumors,
as well as the inadequate embolization of unexpected
vessels by interventional radiologists.
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