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Perforated Olecranon Fossa in Humerus

Sayee Rajangam*, Vidhya R.**

Original Article

Abstract

Context: Olecranon fossa in humerus may be perforated. The perforated olecranon fossa, in general is
reported associated to the left humerus and humerus of the female sex. Aims: In the present study, it is
aimed to find out the occurrence of the perforated olecranon fossa in the humerus. Settings and Designs:
Department of Anatomy, International Medical School, Bangalore. Methods and Materials: 44 humerus
were available in the institute; out of which, 22 each belonged to the right and left sides. The subjective sex
determination could identify 24 as male and 20 as the female humerus. Statistical Analysis: The percentage
analysis was done. Results: The perforated olecranon fossa was observed in 17 (38.6%) humerus. Their
presence was found to be associated to the left (50%) and the female (50%) humerus. Conclusion: The
finding could be of significance, academically for the anatomists and anthropologists and clinically for
the radiologists and orthopedic surgeons for the transhumoral approach for the elbow arthroscopy.

Keywords: Perforation; Olecranon fossa; Humerus.

Introduction

Olecranon fossa, a deep hollow structure
in the posterior surface of the distal end of
the humerus lodges the tip of the olecranon
process of the ulna during the extension of
the elbow.  The bone in the floor of the fossa
is thin and may be partially deficient. The
perforation is known as supratrochlear
foramen (STF) or septal aperture. It is reported
that the occurrence of the perforated
olecranon fossa is more frequent in female and
in left humerus (Godycki 1957)(cited in
Krogman 1962). The reported incidence of
STF in a South Indian study was 28% (Singhal
and Rao 2007) and in a North Indian study
was 24.1% (Diwan et al  2013). Further,

Singhal and Rao (2007) have reported that the
incidence of STF in different races ranged from
6 to 60%. The present study is aimed to report
the occurrence of the perforation in the
olecranon fossa i.e. STF in humerus.

Material & Method

The available humerii in the institute was
44; out of which right and left humerus were
22 each respectively. Subjective sexing based
on the length, heaviness, girth and the
roughness of the attachments of the muscles
identified, that the male and female bones were
24 and 20. The percentage occurrence of the
perforation in the olecranon fossa was
calculated.

Result

The findings are tabulated. (Figure 1)

The olecranon fossa was perforated in 17
humerus and the rest (27) had a bony plate or
septum.
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The perforated olebranon fossa was found
to be higher in left humerus (50%) and in
female humerus (50%).

On associating the sides with that of the
male and female humerus, the occurrence of
the perforation was higher for the left side and
especially for the female humerus (77.7%).
The shape of the perforation in olecranon fossa
was studied; it was either large (12/44, 27.3%)
or medium (24/44,54.5%) or small (8/
44,18.2%) (Figure 1).

Discussion

From the review of literature, it is seen, that
in 1825, it was Meckel, who had first described
STF in humerus. In 1832, Hardlicka observed
that the perforation in the humerus seemed
to be more frequent in higher primates other
than man; hence, the presence of STF was
considered to be an atavistic character. In 1927,
Hirsh had stated that the thin plate of bone
between the olecranon and coronoid fossa is
always present until the age of 7 after which
the bony septum occasionally becomes
absorbed to form the STF (cited in Diwan et al

2013).

The article by Diwan et al (2013) indeed has
reported in detail about STF: the history, its
incidence in different populations in India and
in different races, its occurrence as per the
right/left sides and female/ male humerii, its
association to the sides and female/ male
humerii.

i) Incidence:  In the present study, in South
Indian Bones, the incidence of the
perforated olecranon fossa was found to
be 38.6%. It is within the reported range
of 6% to 60%; but, more than the
reported incidence from India: Central
Indians 32%; South Indians 28%; North
Indians 27.56%; Eastern Indians: 27.4%
(Singhal et al 2007, Diwan et al 2013).

ii) Incidence as per the Right and Left Sides:
The frequency of the STF was found to
be more common on left side than on the
right side (Godycki 1957(cited in
Krogman 1962); Radi et al 2013) The
reported range in the percentage
occurrence of the STF in the right was
20.22% to 28% and in the left was 20%
to 35%. (Singhal et al 2007, Diwan et al

Table 1: Perforated Olecranon Fossa

Figure 1: Arrows Indicate the Variations in the Size and Shape of the Perforations in
Olecranon Fossa. (A): Large; (B): Medium; (C): Small.

Sayee Rajangam & Vidhya R. /Perforated Olecranon Fossa in Humerus
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2013)  In the present study, the
occurrence of the perforated olecranon
fossa is found to be frequent on the left
side as stated in literature. And the right
(27.53%) side occurrence was within the
reported range; but, on the left (50%) it
was found to be very high than the range
given in literature.

iii) Incidence in the Male and Female Humerii:
Supratrochlear foramen was more often
associated to female humerii. (Godycki
1957(cited in Krogman 1962) It was
suggested that the association may be
due to the ‘inward curvature of the
female elbow angle’ (Mall 1905) (cited in
Diwan et al 2013). In the present study
too, the STF was found more common in
the female humerii. But, the percentages
for the male (29%) and female (50%)
bones are found to be higher than what
was reported in literature: Singh and
Singh (1972): male (21%)/ female (38%)/
Diwan et al 2013: male 24.1%/ female
23.76%.

The male (n 6) to female (n 11) ratio of
the occurrence of the perforated
olecranon fossa in the present study is
around 1:1.4; which is less than the
reported male to female ratio as 1:3.7.
(Godycki 1957) (cited in Krogman 962)
Of course, opinions differed, whether the
perforated olecranon fossa could be an
indicator for the sex determination in
humerus. In general, in long bones of the
limbs, the sex is determined subjectively
with their morphological features and
objectively with morphometry. (Godycki
1957)(cited in Krogman 1962)

iv: Incidence by Associating the Sides and the
Sex Determined Humerii: In a study on
North Indian humeriir, the STF findings
were: Female: right: 15.63%/ left:
31.89%; Male: right 26.76%/ left:
21.45%. (Diwan et al 2013) In the present
study, the STF was associated to the left
side and female humerii (77.7%) and it
also was similar to the reports in
literature.

v: Shape and Size of the STF: The shapes of

the STF have  been studied (Diwan et al;
2013). The authors have noted either
oval or round or triangular shapes of STF
and have observed that the oval shape
was found to be the maximum (152/
428,83.06%). In the present study, it is
the size of the foramen which was
studied and medium size foramen was
found  to be the maximum (54.5%).

The interesting information gathered from
the literature on the perforated olecranon
fossa were:

i) absent; in case, the humerus is small

ii) may be obliterated by a membrane

iii) communicates with the anterior
compartment of the arm which is made
possible through the enlargement of the
foramen

iv) utilized in orthopedics in the
transhumoral portal for the elbow
arthroscopy and if found necessary by
removing the membrane. (Chow 2000)

The differences observed reflect the sample
size or ethnicity or race. It appears that in
Indian population, the incidence of the STF
seemed to be high. Hence the presence of STF
should be kept in mind before any procedures
(intramedullary nailing in the lower end of
humerus/pseudo-lesion appearance in X-
rays) are carried out in the elbow region
especially on the left side and in female.

In the present study, the higher percentages
of STF in the left female humerus may be
because of the sample size. In spite of the
sample size, the study was undertaken as an
academic interest. Moreover, the observations
of the present study was based on the
subjective sexing of the humerus.

The surmised interpretations for the
association of presence of the perforated
olecarnon fossa to the left side and to the
females are listed:

i) the ossification process at the lower end
of humerus and or upper end of ulna
especially the olecranon process at its
tip?

ii) the biomechanics at the elbow and radio-

Sayee Rajangam & Vidhya R. /Perforated Olecranon Fossa in Humerus
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ulnar joints? (axis/planes/ movements/
work load)  (flexion and extension/
supination and  pronation/slight
adduction and abduction

iii) the oblique axis of the shaft of the ulna
from its upper end to the head of the
ulna at its lower end?

iv) left cerebral dominance common in
population leading to more work load
and thereby to earlier the ossification, the
less occurrence of STF in males and right
side?

v) the left side and the females may be
because of the more ‘tasks’ than the right
side and the males?

Conclusion

The incidence of the STF or the perforated
olecranon fossa was in 17 out of 44 humerii.
It was found in 7 out of the 9 left female

Sayee Rajangam & Vidhya R. /Perforated Olecranon Fossa in Humerus

humerus. Its presence definitely may of clinical
significance for the interpretation of X-rays
and any arthroscopy procedures at elbow.
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A Study of Congenital Anomalies of Ureter

Suma Dnyanesh*, Daksha Dixit**, Dnyanesh D.K.***, Amit Magadum****

Original Article

Abstract

Background: The ureters are a pair of thick walled cylindrical tubes which convey urine from the
corresponding kidney to the urinary bladder. They descend along the posterior abdominal wall to enter
the bladder on its poster inferior surface. Premature division of urethral bud results in double ureter.
Duplication of ureter can be incomplete or complete. The term ‘bifid’ ureter is used when it is incomplete.
Aims and Objectives: To study the anomalous pattern of ureters and its clinical implications. Materials
and Methods: We studied 150 cadavers over a period of 2 years for the presence of anomalies of ureters.
Results: We found 2 cases of bifid ureter: in the first case, we found unilateral incomplete double ureter.
The duplicated ureters joined with each other in lower part and finally opened in the urinary bladder by
a common orifice. In the second case, we got bilateral double ureters. Both the ureters on both the sides
opened independently in urinary bladder with 4 separate openings. Conclusion: Double ureter can go
unnoticed many times and can give rise to a number of clinical manifestations. Variations are thus
important for urological conditions, radiological interpretations and also for surgeries involving renal
transplants.

Keywords: Double ureter; Urethral bud; Urinary bladder.

Introduction

The ureters are a pair of thick walled
cylindrical tubes which convey urine from the
corresponding kidney to the urinary bladder.
They descend along the posterior abdominal
wall to enter the bladder on its postero inferior
surface. Premature division of ureteric bud
results in double ureter. Duplication of ureter
can be incomplete or complete. The term bifid
ureter is used when it is incomplete. Incidence
of bifid ureters is 0.8%, ranging from 0.5 to
3%.[2] Familial incidence of double ureters is
reported, but is a rare incidence. Bifid uretes

are seen twice more commonly in females and
on right side compared to males.[3]

Double ureter can go unnoticed many times
and can give rise to a number of clinical
manifestations. It can lead to the formation of
calculi, urinary tract infections, etc. A
thorough knowledge of these clinical
conditions and their correlation with the
developmental basis will be of great help in
their diagnosis and management.

Embryological Aspects[3]

Ureteric bud grows from the postero-
medialside of the caudal part of the
mesonephric duct. Its distal end dilates and
invades the lower part of nephrogenic cord
and divides into cranial and caudal parts,
forming the future major calyces. These major
calyces divide repeatedly to about 13 or more
generations of tubules. The branches of 2nd,
3rdand 4th orders are absorbed to form the
minor calyces. The stalk of the ureteric bud
persists as the ureter and its dilated end forms
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the pelvis of the ureter.

Premature division of ureteric bud results
in double ureter. The 2 ureters thus formed
are connected to a single kidney and open in
the bladder either by a common orifice or by 2
separate orifices, upper and lower. When 2
such separate orifices are present, the upper
ureter drains urine from the upper part of
kidney and the lower ureter drains from its
lower part. In this condition, the mesonephric
duct gives rise to two ureteric buds, cranial
and caudal, which invade the
metanephricblastema independently and
induce the development of upper and lower
poles of the kidney respectively. As the
mesonephric duct undergoes loop formation
in the posterior wall of the bladder, the lower
ureter opens in the bladder in normal position,
whereas the upper ureter migrates more
caudally along with the caudal shift of the
terminal part of mesonephric duct and opens
in ectopic position. That is how the normal
and ectopic ureters cross each other.

Materials and Methods

We studied 150 cadavers over a period of 4
years for the presence of anomalies of ureters.
Of these, only 2 cadavers showed the presence
of bifid uereters: 1 was unilateral and the other
was bilateral. We then studied the course and
termination of these ureters. The presence of
these bifid ureters in adults and their effects
were then correlated.

Case I

During dissection of a 60 year old male
cadaver, a unique anatomical variation
involving left ureter was found. Two ureters
were found connected to the left kidney. They
descended from separate renal pelvis from the
upper and lower poles of the left kidney. The
upper ureter was arising from the hilum of
the kidney maintaining its normal position.
The lower ureter was arising from the lower
pole (Figure 1). The duplicated ureters joined
with each other about 2.5cm proximal to
vescicoureteraljunction and finally opened
into the urinary bladder by a common orifice
(Figure 2). Apart from this variation, the
shape, size and position of both kidneys were
normal. The right ureter was also normal

Suma Dnyanesh et al /A Study of Congenital Anomalies of Ureter

Figure 1: Showing Course of Bifid Ureter

 Figure 2: Showing the Bifid Ureter on Left
Side

Fig 3: Showing the Course of Bilateral
Bifid Ureters
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(Figure 3).

Case II

We dissected a 55 year old male cadaver, in
which we found that double ureters were
connected to kidneys of both the sides and
with further dissection the following was
observed.

At their proximal ends, on both sides (right
and left), the 2 ureters had separate renal
pelves. The ureter which was laterally placed
arose from lower pelvis and emerged from
lower part of the hilum, the second ureter
which was placed medially arose from upper
pelvis and emerged from the upper part of the
hilum.

On Right Side: Both ureterscame down
parallel to each other up to the pelvic brim.

On Left Side: Both ureters descended down
parallel to each other upto a level just above
the bifurcation of aorta.

Then themedial ureters (right and left)which

werearising from upper pelvis, crossed the
lateral ureters superficially from medial to
lateral side and remained lateral till they
opened into the urinary bladder with separate
openings placed at a lower level. The lateral
ureters (right and left) which were arising from
the lower pelvis opened into the bladder with
separate openings at the normal position. Thus
both the ureters on both the sides opened
independently into the urinary bladder with
4 separate openings.

Discussion

The duplication of upper urinary tract is one
of the commonest anomalies and occurs in 1
in 160 individuals.[5] In our study we got 2
cases out of 150 cadavers. Cases of familial
bifid or double ureter which is an autosomal
dominant condition have been reported. But
such occurrence is rare.[6]

The incidence of duplex renal collecting
system and ureter ranges from 0 .5-3%.
Unilateral ureteral duplication is more
commonly seen than the bilateral
duplication.[7,8] In the present study, out of
150 cadavers, we have got 1 case of unilateral
bifid ureter and 1 case of bilateral complete
ureteral duplication.

Duplex collecting system is seen in
approximately 1.3% patients[9] and 0.7% of
these have associated urinary tract
anomalies.[10]

The incidence of bifid pelvis and bifid ureter
is 4% in the population of North America.[11]

Fig 4: Showing Bilateral Bifid Ureters

Table I: Morphology of Bifid Ureters

Suma Dnyanesh et al /A Study of Congenital Anomalies of Ureter
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A duplicated ureteral system is dangerous
as it can give rise to an array of clinical
manifestations. It can lead to the formation of
urinary stones, vesicoureteral reflex,
ureterocele, obstructive uropathy, etc.

Conclusion

Variations are important for urological
conditions, radiological interpretations and
also for surgeries involving renal transplants.
Surgeons must be careful about the urinary
tract anomalies before the surgical
management of urinary stones or renal
transplants, since co-existing ureteral
duplication may increase the morbidity and
mortality of the affected individual. The
various manifestations and complications
along with their developmental basis need to
be kept in mind by clinicians and surgeons in
order to bring about their early diagnosis and
treatment.

References

1. Sadler TW. Urogenital system, Langman’s
medical embryology, 9thedition.
LippincottWilliums and Wilkins; 2004: 321-6.

2. Setsuko Tohno, Cho A, Yoshiyki TJ. NARA Med
Assoc. 2008; 59(1): 183-87.

3. Rege VM, Deshmukh SS, Borwankar SS,
Gandhi RK. Journal of Postgraduate Medicine.
1986; 32: 233-35.

4. Dutta AK. Essentials of Human embryology 4th

ed. Kolkatta: Current Books International; 2007,
215-22.

 5. Campbell MF, Harrison JH. Urology, 3rd edition,
vol. 2. Philadelphia: WB Saunders; 1970, 1488.

6. Atwell JD, Cook PL, Howell CJ, Hyde I, Parker
BC. Familial incidence of bifid and double
ureters. Archives of Diseases in Childhood. 1974;
49: 390.

7. Kawahara T, Ito H, Terao H. Ureteroscopy
assisted retrograde nephrectomy (UARN) for
an incomplete double ureter. Urol Res. 2012; 40:
781-2.

8. Inamoto K, Tanaka S, Takemura K. Duplication
of renal pelvis and ureter: associated anomalies
and pathological conditions. Radiat Med. 1983;
1: 55-64.

9. Stec AA, Baradaran N, Gearhart JP. Urology.
2012; 79(1): 207-209.

10. Amis ES, Cronan JJ, Pfister RC. Urology. 1985;
26: 82-88.

11. Adel K Afifi. Illustrated encyclopedia of human
anatomic variation; organ systems: Urinary
systems Kidney, ureters, bladder and urethra.

Suma Dnyanesh et al /A Study of Congenital Anomalies of Ureter



81

Volume 3 Number 2, April - June 2014

Author’s Affiliation: University of El-Imam El-Mahdi,
Faculty of Medicine. Kosti, SUDAN.

Reprint’s Request: Abdelrahman M.A., University of El-
Imam El-Mahdi, Faculty of Medicine. Kosti, SUDAN.

E-mail: motaz82sd@yahoo.com

©Red Flower Publication Pvt.Ltd

Indian Journal of Anatomy
Volume 3 Number 2, April - June 2014
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Abstract

The placenta is the most important and the only organ between mother and fetus, serving multiple
functions endocrinal , respiratory , metabolic  and main useful functions. Normal development of a
placenta is the one of the important requirements for a healthy pregnancy, regulating fetal growth and
fetal health.  The objectives of this study were to compare the placental weight with the infant’s weight,
to measure the placental diameter and to count the numbers of cotyledons in each placenta. The study
was carried out among 240 infant, 102 females and 138 males, delivered at Omdurman new (Alsaudi)
and Alshaikh Mohammed Ali Fadol hospitals of obstetrics gynecology. All infants were looked healthy
and their weight ranged from 1.85 to 4.18 kg with mean of 3.02. The weight of placenta ranged between
0.35 to 0.77 kg with mean of 0.535 kg. Placental weight in males ranged between 0.35 to 0.75 kg with
mean of 0.537 kg. While the female placental weight ranged between 0.4 to 0.77 kg with mean of 0.531 kg.
The placental diameter ranged between 15 to 23 cm with mean 18.64 cm. The diameter in males ranged
between 16 to 23 cm with mean 18.52 cm. In female was ranged from 15 to 23 cm with mean of 18.81 cm.
The mean of cotyledons number was 19 with std. Deviation 1.362 and ranged from 16 to 22. The mean of
number in males was 19.17 and ranged from 16 to 22 and in females the mean was 18.88 and ranged
from 16 to 22. According to Pearson, Kendall’s Tau b and Spearman’s rho correlations and found that
there is a significant relationship between infant weight and placental weight.

Keywords: Placenta; Ccotyledon; Placental weight; Placental diameter; Umbilical cord.

Introduction

Early in gestation, the developing embryo
is small and its nutritional and waste disposal
needs are minor. At this point, the embryo
absorbs nutrients from the mother’s
endometrial secretions and expels its waste
into the uterus. As time passes, the needs of
the embryo increase. As it progresses from
embryonic stage to fetal stage, more nutrients

are required and a much more sophisticated
means of satisfying the nutritional and waste
disposal needs must be established. This is
accomplished only after the embryo develops
a vascular system and can establish an
effective and efficient interface (i.e., the

p l acenta) betw een the mother ’s v ascu l ar

system and its ow n. In addit ion to nour ishing

the fetus and prov iding a means for disposing

of its w astes, the placenta secretes a number

of hormones, including the steroid hormones

estrogen and progesterone. I t also secretes

protein hormones and is the source of  human

chorionic gonadotrophin (hCG). A  luteinizing

hor m on e, hCG i s secr eted  by  the

syncytiotrophoblast of the placenta in early

pregnancy. It  maintains the funct ion of the

corpus luteum and stimu lates progesterone

production in the placenta. Because hCG is

found in the blood and ur ine of p regnant
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women, it is the basis for most common tests

used to diagnose pregnancy.

The placenta secretes the hormone relaxin,
as well, which is thought to relax the joints of
the pelvis and assist in dilating the cervix
during birth.[1]

The placenta is the most important and the
only organ between mother and fetus, serving
multiple functions. It acts as an endocrine
organ producing several types of hormones
e.g. lactogen, chorionic gonadotrophins etc.
It allows the exchange of oxygen and CO

2
,

whereby transfer of oxygen takes place from
maternal blood to the fetus, and carbon
dioxide goes out from fetus to mother. It allows
the transfer of carbohydrates, protein, amino
acid, polypeptides, lipids, vitamins, water,
electrolytes and pharmacological agents from
the mother to the fetus.

A placenta has a maternal surface (basal
plate) and a fetal surface (chorionic plate). The
basal plate and chorionic plate meets at the
placental margin and form the smooth fetal
membranes. The space between chorionic and
basal plate is filled with the intervillous lakes
of maternal blood. The placenta develops from
the same sperm and egg cells that form the
fetus, and functions as a fetomaternal organ
with two components, the fetal part (Chorion
frondosum), and the maternal part (Decidua
basalis).[2]

Besides secreting hormones, the placenta
protects the fetus from immune attack by the
mother and induces increased maternal blood
flow to the placenta. Near the time of delivery,
the placenta produces hormones that mature
the fetal organs in preparation for life outside
of the uterus. The placenta supports essential
fetal  respiratory functions before lung
development, carrying oxygen and nutrients
from the maternal blood across the membrane
into the fetal circulation by diffusion and
allowing carbon dioxide to pass in the opposite
direction. The placenta provides the fetus with
water, inorganic salts, carbohydrates, fats,
proteins and vitamins and carries fetal waste
into the mother’s circulatory system to be
secreted via her urinary system. The placenta

also protects the fetus by prohibiting some
harmful microorganisms from entering fetal
circulation. A portion of the placental
membrane called the placental barrier
provides this protection. Storage is another
function of the placenta. The placenta stores
carbohydrates, calcium, iron and proteins for
release into fetal circulation. Two portions
make up the placenta: fetal and maternal. The
fetal circulation enters the placenta via the two
umbilical arteries that are embedded within
the umbilical cord. Once the fetal arteries enter
the placenta, they branch into units called
cotyledons, which are structures similar to
inverted trees. The tiniest branches of the fetal
circulation are made up of capillary loops
embedded within the chorionic villi. The fetal
circulation continues to branch until it reaches
capillaries of the villi. Once nutrients have been
absorbed and waste products released, the
fetal blood collects in the umbilical vein, where
it returns to the fetus.The maternal portion of
the placenta receives blood by way of the
spiral arteries of the uterus. When the spiral
arteries make contact with the placenta, they
end in open channels that pour maternal blood
into the intervillous space. The intervillous
blood is returned to the maternal circulation
through drain-like uterine veins. As much as
35% of the maternal blood will course through
the intervillous space to support the fetus until
the time of delivery.[2]

The fetal and maternal portions of the
placenta connect via the umbilical cord. This
sustaining connection between the fetus and
the placenta is formed rudimentarily by the
fifth week of gestation.

The fetal heart pumps fetal blood through
the umbilical arteries into the placenta, where
tiny branches are bathed in maternal blood.
These vessels are drained by the tributaries of
the umbilical vein, which take the blood back
into the cord to the fetus for return to the heart.
As a result, used blood is pumped through
arteries to the mother and refreshed blood is
returned to the fetal circulation by veins. After
birth, this job is performed by the lungs. Shortly
after birth the cord is clamped and cut and
the remnant shrivels and separates from the

Abdelrahman M.A. /Morphological Characteristic of Placenta in Sudanese
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infant’s navel 1 to 3 weeks following birth.(3)

Materials and Methods

Study Design

Descriptive prospective study in which
samples was collected throughout the study.

Study Area

Study was carried out in Omdurman new
(Alsaudi) and Alshaikh Mohammed Ali Fadol
hospitals of obstetrics gynecology, which they
located in Khartoum state, Omdurman city,
which is located west to the Khartoum city
the capital of Sudan.

Study Population

Include all newborn infants delivered at the
time of the study with their placenta in
Omdurman new (Alsaudi) and Alshaikh
Mohammed Ali Fadol hospitals of obstetrics
gynecology. It was done in period between
October and November 2010.

Sample Size

A total of 240 infants (both sexes) with their
umbilical cords according to the fallowing
equation formula:

n = required sample size.

t = confidence level at 95 % (standard value
of 1.96).

p = estimated prevalence of umbilical cord
measurement in target area.

m = margin of error at 5 % (standard value
of 0.05).

Sample Collection

Samples was collected by immediately after
delivery the weights of the newborn infants

will estimated by sensitive balance for evaluate
their weight. as the same time the placenta is
prepared to evaluate their morphological
parameters including weight, length and
numbers of cotyledons.

Technique

The weight of the infants is measured by
sensitive balance. Morphological parameters
is measured as follows:

(A)Placental weight is measured by sensitive
balance.

(B) Placental diameter is measured by plastic
meter .

(C) Number of cotyledons is measured by
inspection.

Data Analysis

Data will be analyzed by statistical package
for social science (SPSS). Data will be displayed
by tables and histogram.

Results

The study was carried out among 246 infant,
108 females and 138 males, All infants were
looked healthy and their weight ranged from
2 to 4.18 kg with mean 3.01 and stander
deviation 0.426, Table 1 and Figure 1.

Placental Weight

The weight of placenta ranged between 250
to 770 gm with mean 528.05 gm and Std.
Deviation 110.916. There was deference in
mean weight between males and females the
former was the heavier. Placental weight in
males ranged between 350 to 750 gm with
mean 537.39 gm and Std. Deviation 104.730.
While the female placental weight ranged
between 250 to 770 gm with mean 516.11 gm
and Std. Deviation 104.730, Table 2 and Figure
2. The maximum weight heavier in female
than male that came from the infant weight
which was heavier in that case of male infant.

Abdelrahman M.A. /Morphological Characteristic of Placenta in Sudanese
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Table 1: Weight Vs Sex

Figure 1: Weight Vs Sex

Table 2: Placental Weight

Table 2: Placental Weight

Table 3: Placental Diameter

Figure 3: Placental Diameter

Table 4: Cotyledon Number

Placental Diameter

The placental diameter ranged between12
to 23 cm with mean 18.48 cm and Std.
Deviation 2.094. The diameter in males ranged
between 16 to 23 cm with mean 18.52 cm and

Std. Deviation 1.880, in female ranged
between12 to 23 cm with mean 18.43 cm and
Std. Deviation 2.348 (Table 3 and Figure 3).

Cotyledons Number

The mean of cotyledons number was 18.88
with std. Deviation 1.731 and ranged from 12
to 22. The mean of number in males was 19.17
with std. Deviation 1.278 and ranged from 16
to 22 and in females the mean was 18.50 with
2.125 std. deviation and ranged from 12 to 22
(Table 4).

Discussion

This research study the overall shape of the
placenta without taking into account any
diseases or ailments to the mother and the fetus
developed, the study was only concerned with
the external form of the placenta.

Most previous studies focused on studying

Abdelrahman M.A. /Morphological Characteristic of Placenta in Sudanese
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the changes occur to the placenta that result
from external factors, but this research only
interested in studying the overall shape of the
placenta in Sudanese.

Weight and Sex: In this study the weight of
babies at birth was 2.90 ± 0.4, 3.09 ±0.4 (mean
± standard deviations) in female and male
babies respectively. Found that the male
weight was great than female weight.

Placental Dimensions: The weight of placenta
ranged between 250 to 770 gm with mean
528.05 gm and Std. Deviation 110.916. There
was deference in mean weight between males
and females the former was the heavier.
Placental weight in males ranged between 350
to 750 gm with mean 537.39 gm and Std.
Deviation 104.730. While the female placental
weight ranged between 250 to 770 gm with
mean 516.11 gm and Std. Deviation 104.730,
table 2 and figure 2. The maximum weight
heavier in female than male that came from
the infant weight which was heavier in that
case of male infant. While Jaya et al reported
that the average weight of placenta of full term
normal babies was 502.4 g (SD43.3) and
studied the Relationship between placental
weight and birth weight and reported that the
average weight of placenta of full term normal
babies was 502.4 g (SD 43.3).[4] The placental
weight increased with the increase in birth
weight and gestational age.[5] Park said that
the average weight of the 378 placentas was
616 gm and for normal cases it was 621 gm.[6]

Ashfaq et al reported that the mean weight
of full term normal placenta was 530+_10 and
the mean diameter of full term placenta was
14, 26.[7] Majumdar et al found that The mean
birth weight babies was 2, 8+_0, 32 kg The
mean weight of the placenta was 485,
85+_47,31gm And the mean of cotyledon
number of placenta was 17+_2.[8] Frisancho
et al said that the mean of placenta was 551gm
and the mean of new born infant was 3111.3
kg.[9]

The mean and standard deviation of
neonates’ weights at birth and placental
weights were 3214.28 ± 529 and 529.72 ± 113
g, respectively was reported by Asgharnia.[10]
I found that the diameters of placenta were

symmetrical, in male babies 18.5 ± 1.9 cm and
female babies 18.4 ± 2.3 cm.

Cotyledon Number: In the present study
found that the cotyledon numbers was
approximately equal in both sex of babies (18
.5 ± 2.2, 19.2 ± 1.3) in female and male
respectively. There was a significant between
infant’s weight and placental weight. These
studies agree with other studies reported by
Manop et al.[11]

Conclusion

In this research, we find that the weight of
males was larger than females weight in
newborns Sudanese. While the weight of the
placenta at birth 502.4 ± 43.3 g. The placental
diameter 18.45 cm. But cotyledon numbers
were equal in both sexes of children. This
clearly shows the morphometric of the
placenta is very important because it can
determine the extent of the health of the
newborn. it is crucial to link the microscopic
characteristics of the placenta in future studies.

Conflict of Interest

NIL

Author’s Contributions

1. Variations in origin of  the Obturator
artery in Sudanese cadavers with its
clinical implications

• A Thesis of Master Degree in Clinical
Anatomy.

2. An article about : A Preliminary Study
On The Morphological Variations in The
Umbilical  Cord Of  Sudanese. http://
www.timejournals.org/tjmsrr/archive/
2013/August/pdf/NuggedAlla.pdf.

References

1. MacLennan AH. The role of relaxin in human
reproduction. Clin Reprod Fertil. 1983; 2(2): 77-
95.

Abdelrahman M.A. /Morphological Characteristic of Placenta in Sudanese



86

Indian Journal of Anatomy

2. Ellery PM, Cindrova-Davies T, Jauniaux E,
Ferguson-Smith AC, Burton GJ. Evidence for
transcriptional activity in the
syncytiotrophoblast of the human placenta.
Placenta. 2009; 30(4): 329–334.

3. Johnson P, Maxwell DJ, Tynan MJ, Allan LD.
Intracardiac pressures in the human fetus.
Heart. 2000; 84(1): 59 – 63.

4. Jaya DS, et al. Anthropometric indices, cord
length and placental weight in newborns.
Indian Pediatrics. 1995; 32(11): 1183-8.

5. Gupta SP, Bahl L and Dikshit SK. A study of
placenta in relation to birth weight and
gestational age. Indian Journal of Paediatrics.
1972; 39(296): 281-5.

6. Chung SO and Park KH. Clinical studies on
Biometric of the Placenta. Yonsei Medical Journal.
1974; 15(2): 92-102.

7. Ashfaq M, Channa MA, Malik MA, Khan D.
Morphological changes in human placenta of

Abdelrahman M.A. /Morphological Characteristic of Placenta in Sudanese

wet snuff users. J Ayub Med Coll Abbottabad.
2008; 20(2): 110-3.

8. Majumdar S, Dasgupta H, Bhattacharya K,
Bhattacharya A. A study of placenta in normal
and hypertensive pregnancies. J Anat Soc India.
2005; 54(2): 1-9.

9. Frisancho AR, Matos J, Bollettino LA. Influence
of growth status and placental function on
birth weight of infants born to young still-
growing teenagers. Am J Clin Nutr. 1984; 40:
801–807.

10. Asgharnia M, Esmailpour N, Poorghorban M,
Atrkar-Roshan Z. Placental weight and its
association with maternal and neonatal
characteristics. Acta Med Iran. 2008; 46: 467–72.

11. Manop Janthanaphan MD, Ounjai Kor-
anantakul MP,Alan Geater Placental weight
and its ratio to birth weight in normal
pregnancy at Songkhlanagarind Hospital. J
Med Assoc Thai. 2006; 89(2): 130-7.



87

Volume 3 Number 2, April - June 2014

Author’s  Affiliation: *Asstt.  Prof. , **Asstt.  Prof. ,
***Lecturer, College of Dentistry, Hawler Medical University,
Erbil, Kurdistan , Iraq.

Reprint’s Request: Dr. Ali Sultan Al-Refai, Assistant
Professor, BDS, MSc, Oral Biology, Ph.D, Anatomy, College of
Dentistry, Hawler Medical University, Erbil, Kurdistan, Iraq.

E-mail:

©Red Flower Publication Pvt.Ltd

Indian Journal of Anatomy
Volume 3 Number 2, April - June 2014

The Effect of Green Tea Extract on Submandibular Salivary Gland of
Methotrexate Treated Albino Rats: Immunohistochemical Study

Ali Sultan Al-Refai*, Ameera Kamal Khaleel**, Shahen Ali***

Original Article

Abstract

Background and Objectives: Methotrexate had been used for many years and complications usually
encountered during treatment especially in cancer patients.  The aim of the present study was to determine
the early-stage anti cytotoxic effects of green tea on the histology of the submandibular gland of rats
treated by high single dose of methotrexate. Materials and methods: The study included 30 Albino rats.
Twelve animals were used in the pilot study to found the maximum toxic dose, and the other eighteen
were divided into three groups, control group, methotrexate treated group, and methotrexate and green
tea extract treated group. Submandibular gland excision was then performed. Histopathological
examination was performed with hematoxylin-eosin, Masson’s trichrome, and PAS staining. Cell
proliferation was examined using the Ki-67 antibody and anti apoptotic effect was determined based on
Bcl-2 staining. Results: In the methotrexate and green tea extract treated group a non significant change
in the Ki 67 expression and a significant increase in Bcl- 2 expression were seen in comparison with the
methotrexate treated group. Conclusion:   Green tea aqueous extract in ratio 1:10 produced protection
against methotrexate induced cytotoxicity in rat submandibular gland by increasing the expression of
Bcl-2.

Keywords:  Methotrexate; Salivary gland; Chemotherapy.

Introduction

Chemotherapy is one of the most widely
used interventions for treatment of cancer.
The cytotoxic effect of cancer chemotherapy
is not selective for cancer cells, it also affects
the normal tissues, the amount of the damage
and its severity is based on the type, amount
and duration of drug used to treat the disease
(Al-Moula et al, 2012).  Methotrexate, a folic
acid antagonist, is widely preferred as a
cytotoxic chemotherapeutic agent in the
treatment of malignancies and some
autoimmune diseases, but the efficacy is
limited due to its side effects (Klareskog et al,

2004). It was revealed that the systemic
oxidative stress is an important factors
background of the methotrexate induced
toxicity. Methotrexate causes differential toxic
effects on lipid peroxidation by significant
reduction in glutathione levels leads to a
reduction of effectiveness of the antioxidant
enzyme defense system, sensitizing the cells
to reactive oxygen species. Therefore, the
antioxidants protect against oxidative stress
and prevent damage to cells (Sener et al, 2006).

Some natural products, such as green tea is
demonstrated to have a protective role against
oxidative stress (Yapar et al, 2009; Braicu et al,
2013). Green tea from the plant Camellia
Sinensis is rich in antioxidant polyphenolic
f lavonoids (Bajerska et al,2011; Chandra et
al,2011). Epigallocatechin gallate (EGCG), a
green tea polyphenol, possesses potent
antioxidant, anti-apoptotic,  anti-
inflammatory, and autoantigen-inhibitory
properties. It is therefore extensively studied
for probable health benefits against oxidative
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stress-related diseases, and could normalize
abnormal cell proliferation of the salivary
gland (Gillespie et al, 2008).

Methotrexate has been used for many years,
but because of the side effects, there is a
continuous search to lessen its toxicity, for this
reason the current study was aimed to
investigate the potential anticytotoxic effect of
green tea on the submandibular glands of
Albino rat treated with a high single dose of
methotrexate. As variables to evaluate the
grade of damage or protection, we used
histological and immunohistochemical
investigations to clarify its effect on cell
proliferation and apoptosis.

Materials and Methods

Animals and Study Design

Thirty healthy Albino rats of 250± 25 mg
weight obtained from the animal house,
College of Medicine, Hawler Medical
University, were used for the study and kept
under laboratory conditions and housed in a
temperature-controlled environment (21-
24oC), maintained on a 12 hr light /12 hr dark
cycle and given free access to food and water.
The research project was approved by the
Research Ethics Committee at College of
Dentistry, Hawler Medical University under
protocol.

In the pilot study, twelve animals were used
to find the effect of different doses of
methotrexate (Ebewe 50mg/5ml) on the rat
submandibular salivary gland. The animals
received intramuscular injection of
methotrexate, 10 mg/kg, 20mg/kg, 40mg/kg,
and 80mg/kg body weight respectively.   In
the second day of the experiment, all the
animals were anesthetized by i.p.
administration of 0.5 ml/kg b.w. ketamine
(Murti  and Kumar , 2012)   and biopsies from
the  submandibular glands of the animals were
taken, fixed and processed for H&E.

The Results of the Pilot Study

Results showed that when there was

increase in the dose of methotrexate there was
increase in the cytotoxic effect. After 48 hours,
the methotrexate showed acute effect, the
microscopical picture of rat’s submandibular
gland treated by 10mg/kg or 20mg/kg b.w.
of methotrexate showed areas of hemorrhage
and spaces surrounded the duct system.
Acinar and duct cells swelling with involution
and disfigured lobular structure of some acini,
and the granules in acinus cell cytoplasm
appear larger than normal (Figure-1 A, B). But
in the submandibular gland of rats treated by
40mg/kg b.w. of methotrexate, some acini
showing loss of their normal architecture, the
lining cells of the acini were indistinct and
showed numerous cytoplasmic vacuolations
with scattered small and dark pyknotic nuclei
of different size, and marked vasodilatation
of the blood capillaries. The ducts become
dilated with discontinuity of their epithelial
lining in some areas with a morphological
change in the striated ducts represented by
shrinkage of the ductal cells that lead to
change of these cells from columnar to
cuboidal cells (Figure-1 C).

The result of pilot study also showed that
the maximum toxic effects of the drug were
seen in the submandibular glands of rats
treated by 80mg/kg b.w. of methotrexate, as
seen in Figure 3. For this reason the other
eighteen animals were randomly divided into
three groups (six each):

Group 1:  Control group, they did not
receive any things.

Group 2:  Methotrexate (80mg/kg) -non
green tea extract, treated group.

Group 3: Methotrexate (80mg/kg) and
green tea extract, treated group.

Daily method of tea making (household
preparation) from green tea (Alwazah  Swan
Brand 100% pure Nett 225g) was used to
prepare aqueous extracts. The aqueous extract
was daily prepared in ratio 1:10 with the
consideration of the absorption coefficient of
green tea leaves (which is 2).  Five grams of
dried green tea leaves were grinded to pieces
of diameter lower than one mm were poured
with 60 ml of boiling water, and time was

Ali Sultan Al-Refai et al /The Effect of Green Tea Extract on Submandibular Salivary Gland of Methotrexate
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 Figure 1: (A) A Photomicrograph of the Submandibular Gland of Rat Treated by 10mg/kg
b.w. Methotrexate, Showing Areas of Hemorrhage Suround the Straiated Ducts Specially
the Large One (A1,H&E x100; A2,H&E x400). (B) Submandibular Gland of Rat Treated by

20mg/kg b.w. Methotrexate, Showing Stasis of Acini Secretions within the Ducts (B1,
H&E x 100). Some Times Seepage of the Duct Secretion Outside the Duct Causing

Shrinkage of its Epithelium. Acinar Cells Swelling which Contain Large Granules in
their Cytoplasms are also Seen (Large Arrow) with Enlargement of the Granular

Convoluted Tubules (Small Arrow) (B2, H&E x 400).(C) Submandibular Gland of Rat
Treated by 40mg/kg b.w. Methotrexate, the Acini Showing Loss of their Normal

Architecture(C1,H&E x 100). Cytoplasmic Vacuolation of Some Cells (Arrow) which
Showing Different Cell Sizes and Nuclear Sizes with Marked Congestion of the Blood

Capillaries. The ducts Become Highly Dilated with Discontinuity of their Epithelial
Lining in Some Areas (C2, H&E x 400)

A1 A2

B1 B2

C1 C1
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Figure 2: Photomicrographs of Rat Submandibular Gland of Control Group showing
Regular Structured Acini (Arrows) (A1, H&Ex100; A2, H&Ex400). The Collagen Fibers
are Distributed in the Stroma between the Acini and Duct (A3, Trichrome x100). Strong

Positive PAS Reaction in Striated Duct (Upper Arrow) and Acini (Lower Arrow) which is
Observed more at their Basement Membrane (A4, PASx400). (A5) Moderate Ki 67

Immuno Reactivity in Nuclei of Cells of Ducts and Some Acini. (A6) Moderate
Cytoplasmic Reaction to Bcl-2 in Duct’s Cells (Immunohistochemistryx400).

given for the extraction to cool down and then
used (A rmoskaite et al, 2011). The extract of
green tea (1ml/250g b.w) was administered
orally two times daily by intragastric gavage
needle, starting three days before
methotrexate injection and continues until the
last day of the experiment. While the
methotrexate - non green tea extract treated

group, they received distilled water orally two
times daily.  In the second day of the
experiment, the animals were anesthetized
and biopsies from the  submandibular glands
of the animals were taken. Samples were then
fixed in neutral buffered 10% formalin,
processed for H&E, Masson’s
trichrome(Bancroft and Gamble,2002),

Ali Sultan Al-Refai et al /The Effect of Green Tea Extract on Submandibular Salivary Gland of Methotrexate
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PAS(Bancroft and Gamble,2002) and for
immunohistochemical analysis using Bcl-2 and
Ki-67 immunolabeling.

Immuohistochemical Staining

Immunostaining for Ki-67 and Bcl-2  was
performed using monoclonal Mouse Anti-
Human Ki-67 Antigen, Clone MIB-1, Code No.
M 7240 staining system, and a monoclonal
Mouse Anti-Human BcL-2 Oncoprotien Clone
124 Code No 1587 ready to use N-series
primary antibody, for use with Dako EnVision
TM , EnVision TM double staining and LASAB
TM  2 systems. The staining procedure sections
of the instructions included with each
detection system were followed. Positive and
negative controls were run simultaneously
with biopsy specimen.

Positive cells expressing Ki67 were identified
by a brown precipitate in the nucleus except
in mitotic cells, where the chromosomes and
the cytoplasm are labeled, while Bcl-2 was
demonstrated brown cytoplasmic staining. To
ensure the objectivity of the analysis, the
evaluation was carried out by 2 independent
observers. Five sections were randomly chosen
for each animal. Approximately 1000 cells
from cell population were counted by two
observers at a magnification of 400x
(Olympus, Japan) and the percentages of ki
67 and Bcl- 2 positive cells were calculated.
The level of Ki-67 and Bcl-2 expression was
evaluated according to the scoring system of
Seleit   et al (2010). The application of this
system gives a score ranging from 0 to 3 for
both degree of positivity: percentage of
positively stained cells [(absent: < 1%), (mild:
1 - 10%), (moderate: 10 - 50%), (strong: >
50%)].  The Kruskal-Wallis test was used to
compare the results of Ki 67 and Bcl 2 staining.
Level of significance was set as p d” 0.05.

Results

Anatomical and Microscopical Features of Rat’s
Submandibular Salivary Gland in the Control
Group: Careful removal of the skin of the neck

and the face reveal the presence of the salivary
glands. Rat sublingual glands are located
together with the submandibular glands on
the sides of the neck between the
submandibular lymph nodes and the sternum.
Both glands were included within a common
connective tissue capsule. They were
separated from each other by fine connective
tissue septa. The submandibular gland in the
control group was composed of crowded
serous acini only and not more types that in
most mammals (Figure 2), there are no
mucous or serous demilunes, the serous acini
had narrow lumen and lined by pyramidal
cells with pale basophilic granular cytoplasm
and basal rounded nuclei. The duct system
consists of intercalated duct, granular
convoluted tubules, striated and excretory
ducts.

The Submandibular Salivary Gland in the
Methotrexate (80mg/kg) -Non Green Tea Extract,
Treated Group: Microscopically, severe focal
areas of acini destruction can be seen especially
near the large ducts, swelling and increase in
the sizes of some acini were also seen. The
serous cells showed deeply stained atrophied
nuclei, different cell sizes (anisocytosis), and
different nuclear sizes(anisonucleosis). Giant
nuclei and marked congestion of the blood
capillaries were also seen. The cytoplasmic
vacuolation in acinar and ductal cells were
increased with destruction in some duct
walls(Figure 3).

The Submandibular Salivary Gland in the
Methotrexate (80mg/kg) and Green Tea Extract,
Treated Group:  Microscopical picture revealed
marked improvement in cells of acini as well
as cells of ducts lining, and the acini relatively
preserved their shape. The numbers of
vacuoles decreased and well formed striated
ducts were also detected. They restored their
basal striations and had intact epithelial lining.
The intercalated ducts were noticed in
between the acini. The granular convoluted
tubules were lined by simple columnar
epithelium with eosinophilic cytoplasm and
basal rounded nuclei. Blood vessels were seen
around these ducts, no congestion or areas of
hemorrhage were seen (Figure 4).
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Figure 3: A Photomicrograph of a Section in Submandibular Gland of Rat Treated by
80mg/kg b.w. Methotrexate, Showing Swelling (Upper Arrow) and Disarrangement of

Some Acini (Lower Arrow) (A1,H&Ex100). Severe Cellular Changes with Irregular
Configuration of the Acini and Detached Acinar Cells, Some Cells Showed Increased

Nuclear Cytoplasmic Ratio, Hyperchromatic Nuclei and Extreme Anisonucleosis,
Interacinar Oedema and Signs of Intracellular Vaculation (A2,H&Ex400). The Collagen
Fibers Seen Distributed in the Stroma in between the Acini and Duct, with Destruction

in Duct Wall, Arrow (A3, Trichrome x400). PAS - Stained Tissue Showing Duct Cells
with Increase in Nuclear Cytoplasmic Ratio, Dense Nuclei and Lost Cytoplasm (Arrow),
Acinic Cells Shows Vaculation with Loss of Some Nuclei (A4, PASx400).(A5) Mild Ki 67

Immuno Reactivity (Arrow) in Nuclei of Few Cells (Immunohistochemistryx400).(A6)
Negative Cytoplasmic Reaction to Bcl-2 (Immunohistochemistryx400).
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Figure 4: A Photomicrograph of a Section in Submandibular Gland of the Methotrexate
and Green Tea Extract Treated Group Showing Well Formed Acini and Duct Lining

(A1,H&Ex100), the Collagen Fibers are Distributed in the Stroma between the Acini and
Ducts, Intact Multiple Granular Convoluted Tubules and Intact Duct Lining are Seen, no
Congested Blood Vessels were Found (A2 Trichrome x100, A3, Trichrome x400). Strong

Positive PAS Reaction in the Ducts and Acini with more Concentration at their Basement
Membrane, Arrow (A4, PASx400). (A5) Mild Ki 67 Immuno Reactivity in Nuclei of Some
Acinar Cells (Immunohistochemistryx400).(A6)Moderate Positive Cytoplasmic Reaction

in Duct’s Cells to Bcl-2 (Immunehistochemistry x400).
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Histopathological examination of the
submandibular glands that were excised from
the rats in all three groups showed no evidence
of collagen fiber breakdown, fibrosis, or an
increase in inflammatory cells. A PAS positive
reaction produces an intense magenta color,
mainly indicating the presence of glycoprotein
and glycogen. Only  sections in the
submandibular salivary gland of control albino
rat’s and in the methotrexate and green tea
extract treated group showed strong positive
PAS reaction, appear  in both ducts and acini
which is observed more at their basement
membrane (Figure 2,Figure 4).

Immunohistochemical Results: The Ki-67
immunostaining results in the methotrexate
and green tea extract treated group showed
mild positive Ki-67 immunoreaction in the
nuclei of acinar and ductal cells. This may
suggest both the undamaged parenchymal
and ductal cells attempts for regeneration and
proliferation( Figure 4). There was a
statistically significant difference (P< 0.05)
present between group 1 (22.166±2.483) and
the other two groups in terms of the rate of
proliferation, but a statistically no significant
difference (P>0.05) was observed between
group 2 (1.246±0.624) and 3 (1.966±0.628).

The Bcl-2 immunostaining results in the
methotrexate and green tea extract treated
group showed moderate positive Bcl-2
immunoreaction in the cytoplasm of most
ductal cells. There was a statistically significant
difference present (P< 0.05) between group 2
(0.466±0.320) and the other two groups in
terms of the rate of anti apoptosis, but a
statistically no significant difference(P > 0.05)
was observed between groups 1 (17.31 ±3.538)
and 3 (19.75 ±4.239).

Discussion

The result showed that the rat’s
submandibular gland contain serous acini
only, this results disagree with that of Ahmad
(2007) in which they found that it was mixed
salivary gland, but agree with the result of
Miclaus et al (2009). They reported that the

acini of submandibular glands of rats had the
feature of serous acini, similar but not identical
with those from parotid gland. In addition of
excretory channels present in mammalian
salivary glands, in submandibular gland of the
rats there’s one more type of channels, named
granular channels. Cells from walls of granular
channels contain numerous polymorphous
intracytoplasmatic granulations which
suggest that they have an intense secretory
activity. Authors added that granulations from
cytoplasm of cells from granular channels are
different from those of the acini structure and
their secretion is muco-proteic. By mixing
serous secretions of acini with that muco-
proteic of the granular channels cells, resulted
in a mixed final secretion which make us to
consider submandibular gland of the rat a
mixed particular gland.

The salivary glands have become a useful
investigative tool for the study of basic
problems in pharmacology (Rafah et al, 2006).
Despite the low mitotic rate, the salivary gland
tissue loses its function regularly with
significant reduction of saliva production after
exposure to chemotherapeutic doses like
methotrexate, a folic acid antagonist (Jensen
et al, 2003). In the present study, one dose of
injected methotrexate had adversely affected
the histological structure of the rat
submandibular glands, this could be due to
suppression and/or disruption of protein
synthesis through depletion of folate co-
factors, this can lead to formation of
cytolysosome,  may be an evidence of the
distinctive process of  apoptosis, the apoptotic
bodies which are found in small numbers in
normal tissues are greatly increased in tissues
which have been subjected to chemotherapy
(Al-Moula et al, 2012).  Damaging of the
salivary gland (acinar and ductal cell
vacuolization, apoptosis in the acinar cells
with pyknosis in the nuclei) following
methotrexate treatment might be also related
to the free radical damaging effect. These free
radicals released during the intracellular
metabolism of methotrexate, which interacts
with the cell membrane, causing membrane
lysis and release of major scavenger enzymes
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(glutathione based enzymes) such as (glucose
6-phosphate dehydrognase and glutathione
reductase) into the serum. This affects the
physiological level of this antioxidant enzyme
in serum and gives an indication of an adverse
effect of methotrexate on cellular integrity
(H su et al, 2006). But Wolff et al (1989) found
that 18 hour after (15 mg/kg,  i.p.)
methotrexate administration no salivary
effects could be detected consistently and this
dose does not exert an acute cytotoxic effect
on tissue with a slow turnover rate like the
salivary glands.

The result also showed that the severity of
pathological changes increased as
chemotherapeutic doses increased. This comes
in agreement with the result of Ozel et al,
2010).The enlargement of the acini might be
due to dysfunction of the gland and disturbed
salivary secretion leading to accumulation of
the salivary secretion in the acini following by
its swelling. Some ducts showed dilation with
retaining secretion in their lumen, this dilation
of ducts suggested the pathological effect of
methotrexate on myoepithelial cells embracing
them with failure of expelling the secretion
into the oral cavity as a result of glandular
dysfunction leading to xerostomia. Mahmoud
et al (2012) found that the rabbits when
injected with (15mg/kg, i.p.) methotrexate for
two weeks, the same result appear.

The extent of damage in the salivary gland
tissue of rats treated by high dose of
methotrexate depend on the size of the
affected duct, this comes in agreement with
the results of (Al-Moula et al, 2012). The
accumulation of secretory material within the
cytoplasm of acinar cells led to degenerative
changes in the acinar cells that frequently
resulted in cell death and replacement of
secretory cells by connective tissue elements.
Granular changes were observed in the
cytoplasm of acinar cells in the submandibular
gland of the rats in methotrexate treated
group. The secretory granules in the serous
cells include many proteolytic enzymes and
heavy metals. This condensation in the
granules indicates non-specific cytoplasmic
degeneration and shows reversible cellular

damage (Ozel et al, 2010).

To our knowledge no investigation using
green extract to fight the cytotoxic effect of a
high toxic dose of methotrexate on rat
submandibular salivary gland has been
performed.  In the present study, the combined
treatment of methotrexate and green tea
extract ameliorated the histological changes
in salivary gland tissue induced by
methotrexate alone. The antioxidant
properties, reactive oxygen species
scavenging, and cell function modulation of
flavonoids could account for the large part of
pharmacological activity of green tea (Hafez,
2006).

A recognized indicator of cell mitotic
activity is Ki67, an increase in Ki67 expression
is indicative of increased cell mitotic activity
and proliferation. Ki-67 monoclonal antibodies
detect a nuclear antigen expressed exclusively
at the level of cells in the proliferation phase
(phases G1, S, G2 and mitoses), but not in the
G0 phase. Therefore, Ki-67 antibodies allow
for the imunohistochemical determination of
the tissue growth fraction (Lazari et al,2010).
Bcl-2 is important effecter gene during the
apoptosis process and has been reported to
prolong the survival of cells by specifically
inhibiting apoptosis.  The balance between
mitotic activity and apoptosis is thought to
regulate normal development (Ribeiro et
al,2005).

The data presented in our study showed that
green tea cause non significant increase the
expression of Ki 67, and significant increase
in the antiapoptotic activity in the glands in
relation with the methotrexate group.
Previous report found that EGCG significantly
inhibited TNF-á induced apoptosis in human
salivary gland acinar cells in vitro. This
inhibitory effect on apoptosis could be due to
modulation of MAPK signal to interrupt an
apoptotic signal (Hsu et al, 2007).  So with the
administration of green tea extract that
protects salivary gland from apoptosis by
increasing the anti apoptotic activity, it can
be used as a criterion and can be used as, a
novel approach to decrease the cytotoxicity
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of methotrexate on submandibular gland.

Conclusion

The beneficial effect of green tea aqueous
extract in ratio 1:10 against methotrexate
induced cytotoxicity in the submandibular
salivary glands of rats stem from its
antiapoptotic effect and therefore can be used
as a protective natural product to the salivary
glands in individuals undergoing cancer
therapy.
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Abstract

Anatomical variations in the branching pattern and distribution of the arteries supplying gut derivatives
is very important especially for surgeons undertaking surgeries in the abdominal region. Anatomical
variations contribute to the misinterpretation and leads to major postoperative complications. The present
study was carried out in 32 adult cadavers (5 females and 27 male cadavers) which were used during
routine dissection for undergraduate medical students. The course and branches of all the ventral branches
of aorta was traced. Any arterial variation was observed and recorded. Anatomical variations related to
the trifurcation of coeliac trunk, origin of the inferior phrenic artery, origin of the left gastric artery, origin
of the accessory hepatic artery and the origin of the accessory right colic artery were noted and documented.
In two cases, left colic artery was absent and inferior mesenteric artery gave rise to 3-4 sigmoid branches.
The present study highlights on the importance of arterial variations in the abdomen which should not be
ignored. Hence, the accurate knowledge of such variations is important in carrying out surgical procedures
in the abdomen safely and also in the interpretation of angiographic reports.

Keywords: Arteries; Anatomic variation; Abdomen; Aorta; Cadaver.

Introduction

Abdominal aorta begins at the median,
aortic hiatus of the diaphragm, anterior to
inferior border of the 12th thoracic vertebra and
the thoracolumbar intervertebral disc.[1] The
major branches of abdominal aorta supply
nearly all the organs in the abdominal cavity.
The three ventral branches supply all the gut
derivatives. The coeliac trunk which is the first
ventral branch of abdominal aorta supplies
the foregut derivatives. The trunk divides into
the left gastric artery, the common hepatic
artery and the splenic arteries. This
trifurcation was first described by Haller in
1756. This ‘Tripus Halleri’ was and is still being
considered to be the normal appearance of the

coeliac trunk.[2] Superior mesenteric artery
supplies the mid gut[3] which include the
portion of digestive tract extending from the
duodenum at the opening of thee bile duct to
the junction between the right two third and
left one third of the transverse colon.[4]
Inferior mesenteric artery is usually smaller in
caliber than the superior mesenteric artery
which arises at about the level of L3, 3 to 4 cm
above the aortic bifurcation and supplies the
left one third of transverse colon, the entire
descending and sigmoid colon, the rectum and
the upper part of the anal canal up to the
pectinate line.[1] Anatomical variations in the
branching pattern and distribution of these
arteries is very important especially for
surgeons undertaking surgeries in the
abdominal region.

Arterial variations in the ventral branches
of abdominal aorta have been described by
many authors. Anatomical variations in the
coeliac trunk were first classified by Adachi
in 1928, based on 252 dissections of Japanese
cadavers, where 6 types of divisions of the
coeliac trunk and superior mesenteric artery
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Figure 1: Showing Coeliac Trunk Dividing
into Left Hepatic Artery, Splenic Artery

and Gastroduodenal Artery. Right Hepatic
Artery was Observed to Be Arising from

Superior Mesenteric Artery. Lha: Left
Hepatic Artery. Ct: Coeliac Trunk. Sa:
Splenic Artery. Gda: Gastroduodenal

Artery. Sma: Superior Mesenteric Artery.
Rha: Right Hepatic Artery.

Figure 2: Showing Inferior Phrenic Artery
Arising from Left Gastric Artery. LGA:

Left Gastric Artery. IPA: Inferior Phrenic
Artery.

Figure 3: Showing Left Gastric Artery
Arising from Abdominal aorta. Coeliac

Trunk is Observed to Be Bifurcating into
Splenic Artery and Common Hepatic

Artery. A: Aorta. SA: Splenic Artery. CHA:
Common Hepatic Artery. LGA: Left

Gastric Artery.

Figure 4: Showing Accessory Hepatic
Artery Arising from Superior Mesentric

Artery. SMA: Superior Mesenteric Artery.
Ac. HA: Accessory Hepatic Artery.

were described.[5] Variations in the branching
pattern of superior mesenteric artery is also
been observed. In about 50% of cases, the
marginal artery which is the result of
anastomosis of the branches of superior
mesenteric artery and inferior mesenteric
artery may be discontinuous because of the
failure in the anastomosis between the left and
right colic arteries.[6] There have been reports
of cases where the right and middle colic

arteries were absent leaving the entire supply
of the colon to the inferior mesenteric artery.[7]
Anatomical variations contribute to the
misinterpretation and leads to major
postoperative complications.[8]

 Hence, the proper knowledge on these
variations is necessary in order to avoid
surgical injury and help the surgeons to
minimize the aforementioned complications
related to abdominal surgery and also to avoid
improper imaging during surgery.
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Materials and Methods

The present study was carried out in 32
adult cadavers (5 females and 27 male
cadavers) which were used during routine
dissection for undergraduate medical students
in Department of Anatomy, Navodaya
Medical College, Raichur. Anterior abdominal

wall was opened, and peritoneum and viscera
were carefully separated. The course and
branches of all the ventral branches of aorta
was traced. Any arterial variation was
observed and recorded.

Results

The following arterial variations were
observed:

1. In one case, the normal trifurcation of
coeliac trunk was not seen. Instead
coeliac trunk divided into splenic artery,
left hepatic artery and gastroduodenal
artery. The left gastric artery was seen to
be arising from left hepatic artery and
right gastric artery originated from
gastroduodenal artery. Right hepatic
artery was observed to be arising from
superior mesenteric artery. (Fig 1)

2. In two cases, the inferior phrenic artery
was observed to be arising from left
gastric artery instead of abdominal
aorta.(Fig 2)

3. In one case, left gastric artery originated
from directly from abdominal aorta. The
coeliac trunk bifurcated into splenic
artery and common hepatic artery. (Fig
3)

4. In three cases, accessory hepatic artery
was noticed to be arising from superior
mesenteric artery. (Fig 4)

5. In one case, superior mesenteric artery
gave origin to accessory right colic artery.
(Fig 5)

6. In two cases, left colic artery was absent
and inferior mesenteric artery gave rise
to 3-4 sigmoid branches. (Fig 6)

Discussion

The careful identification of anatomical
vascular variations is very important and is of
great importance for surgeons. Angiography
is not routinely recommended, but it should

Deepa G. & Shivakumar G.L. / A Study of Anatomical Variations in the Arteries Supplying Gut Derivatives

Figure 5: Showing Accessory Right Colic
Artery Arising from Superior Mesenteric

Artery. SMA: Superior Mesenteric Artery.
MCA: Middle Colic Artery. RCA: Right

Colic Artery. ICA: Iliocolic Artery.
Acc.RCA: Accessory Right Colic Artery.

J&I br.: Jejunal & Iliac branches.

Figure 6: Showing Absence of Left Colic
Artery and Inferior Mesenteric Artery

Giving Arise to only Sigmoidal Branches
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be mandatory when complex surgeries are
planned.[9] Reported variations in the
branching pattern of the coeliac trunk include
absence of the trunk[10], presence of collateral
vessels[11] and bifurcation of the coeliac
trunk.[12] Such variations in the pattern of
branching of the coeliac trunk may predispose
to iatrogenic injury during surgical procedures
such as total pancreatectomy[13] and
resection of tumours of head of pancreas.[14]
Knowledge of this variable anatomy may be
useful in planning and executing radiological
interventions such as celiacography[15],
chemoembolization of hepatic tumours.[16]

The embryological basis related to these
variations was made by Tandler and Morita.
Tandler provided an embryological
explanation for the variations in the coeliac
trunk and the superior mesenteric artery in
1904. The ventral branches develop initially
from the abdominal aorta as paired vessels,
which then coalesce in the median line to form
the four roots for the gut. The four roots are
connected by a ventral longitudinal
anastomosis.[17,18] Normally, the first root
forms the left gastric artery, the second root
forms the splenic artery and third root forms
the common hepatic artery. The first three
roots coalesce by the longitudinal anastomotic
trunk to form the coeliac trunk. Superior
mesenteric artery develops from the forth root,
which migrates caudally with the ventral
migration of the gut.[19,20] According to
Morita, the anomalous ramification of the
coeliac trunk and superior mesenteric artery
are due to the primitive ventral splanchnic
arteries and their longitudinal
anastomosis.[18,21]

Various studies were carried out regarding
arterial variations. An angiographic study by
K ostel ic et al reports the prevalence of an
accessory hepatic artery as 33%.[22]. Lippert
and Pabst reported that they determined
accessory left hepatic artery in 11% of cases,
with varying origins, more often from the left
gastric artery or the coeliac trunk.[23]
Molmenti et al reported that the presence of
replaced right hepatic artery in 15-20% and
accessory left hepatic artery in 35% of

cases.[24] Malnar et al reports that the coeliac
trunk divides into the common hepatic artery
and splenic artery, where left gastric artery
originates separately, proximal to the
bifurcation of the coeliac trunk in 72% of cases
in their study on Croatian cadavers.[25] A
similar case was observed in the present study.
Judy J Moon et al reported right hepatic artery
branching from superior mesenteric artery.[26]
Similar case was also noticed in the present
study. This anatomical variant must be
identified prior to procedures such as
laparoscopic cholecystectomy to prevent
vascular or biliary damage.[27] Preoperative
detection of an aberrant right hepatic artery
in prospective transplant donors and
recipients is essential for the proper
management of living donor liver
transplantation, as transplantation of the right
lobe is heavily favored over the left, and the
aberration affects the safety of both donor and
recipient.[28]

 Cavdar et al reported a case, in which the
left inferior phrenic artery and left gastric
artery arose from the long coeliac trunk (4.3
cm) via a common trunk[29] Piano et al stated
that the right and left inferior phrenic artery
occasionally originated as a common trunk
from the aorta, coeliaco-mesenteric system or
adrenorenal system.[30] He observed that
inferior phrenic arteries were usually
paired(left and right) and their origin were
summarized as follows – a) the abdominal
aorta itself (61.6%), b) ventro-visceral arteries
(coeliaco-mesenteric system of aorta)
including coeliac trunk (28.2%) and left gastric
artery (2.9%), c) the latero-visceral arteries
(adreno-renal system of the aorta) including
the middle adrenal artery (2.9%), and renal
artery(4.3%).

Vascular variations of superior mesenteric
artery have been studied by many authors.
Right gastroepiploic artery has been reported
to arise from superior mesenteric artery.[31]
In the present study superior mesenteric artery
was observed to give rise to accessory right
colic artery. Middle colic arteries have been
found to originate from the coeliac trunk at a
rate of 0.5 – 1%.[32,33] An anomalous middle
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colic artery originating from the common
hepatic artery has been reported by Wadwa
et al .[34] Gracia-Ruiz et al  reported the
presence of double middle colic artery in their
cadaveric study.[35]

The arterial variations in the abdomen are
usually asymptomatic. But the complete
knowledge about vascular variations is very
important during planning major abdominal
surgeries and imaging procedures. Variations
in the coeliac trunk may become important in
patients who undergo coeliacography for
gastrointestinal bleeding and the coeliac trunk
compression syndrome, prior to an operative
procedure or trans catheter therapy and for
chemoembolization of pancreatic and liver
tumours.[36] During minimally invasive or
complicated hepatobiliary surgery an
understanding of arterial variants in the lesser
omentum is necessary if serious problems are
to be avoided.[9] The knowledge about the
hepatic arterial variation is very important for
surgical gastroenterologists and interventional
radiologists for preoperative planning and
intraoperative imaging during procedures like
liver transplantation, cholecystectomy,
gastrectomy, hiatal hernial repair, trans
arterial chemotherapy and hepatic
arteriography.[37]

Conclusion

The present study highlights on the
importance of arterial variations in the
abdomen which should not be ignored. Hence,
the accurate knowledge of such variations is
important in carrying out surgical procedures
in the abdomen safely and also in the
interpretation of angiographic reports.
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Abstract

The study was done to find sexual dimorphism in foot length and to correlate foot length with height
and weight. The present study was done on 150 medical college students, 68 males and 42 females of 19-
23 year of age. Foot length was determined from foot sketches taken in anatomical position. Height and
weight was measured with standard height and weight measuring instrument. It was found that male
foot length was proportionately larger than female foot length for given height. There was statistically
significant correlation between height and foot length in males and females. Results of present study are
helpful for estimation of stature from lower extremity parts and establishing personal identity in forensic
sciences.

Keywords: Foot length; Forensic science; Height; Stature; Weight.

Introduction

Human foot has a very complex structure
formed by union of tarsals, metatarsals and
phalanges. Studies have been done on foot size
for improvements in footwear design. Also
some studies have been done in forensic
science to determine stature from foot length.
Many studies documented that in proportion
to stature male have larger foot than female.
Their exist lots of variation in foot size and it
shows sexual dimorphism, which changes
with region of study.

Ossification of bones in the foot occurs
earlier than long bones so height could be
more accurately predicted from foot
measurement as compared to that from long
bones inadolescence age. In medico-legal
cases, estimation of stature from extremities
and their parts plays an important role in
establishing personal identity. So present

study was undertaken to find out the
correlation between foot length with height
and weight of an individual and to derive
regression formulae to estimate the height
from the foot length.

Materials and Methods

Present study was performed on 150
medical college students, 68 male 82 females
of age between 19 years and 23 years.
Students having no any physical deformity
were selected for the study. By using standard
instruments height in centimetre and weight
in kilograms, of students were recorded. Foot
outline of right and left foot were drawn in
normal anatomical position. To find foot
length, on sketches, first long axis of foot was
determined by joining two points, first most
distal point on second toe and second most
distal point at the heel end. Line passing
through these two points was long axis of foot.
Perpendicular was drawn to this axis passing
by touching most distal point at front, which
may be 1st toe or 2nd toe, whichever was
longer. Another perpendicular was drawn at
most distal point at heel end. The distance
between these two perpendiculars was foot
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Table 1: Showing Height Groups and Average Foot Length in Males and Females

Syed Sadiqali Abbasali et al / Sexual Dimorphism in Foot Length and its Comparison with Height and Weight

Graph 1: Comparasion of Male and Femele Foot Length with Height

Table 2: Showing Weight Groups and Average Foot Length in Males and Females

length. Foot length was measured in right and
left foot and average was drawn which was
correlated with height and weight.

Observations and Results

The observations were done on 68 males and

82 females, total 150 students. The data
obtained for height and average foot length
was divided into small groups of height for
comparison as shown in the Table 1.

The data in table 1 is plotted graphically as
seen in Graph 1.

From above graph it was noted that both in
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Table 3: Showing Correlation Coefficient(r) and Regression Equation in Different Studies

Graph 3: Foot Length as a Proportion of Stature in Male and Female
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Graph 2: Comparasion of Male and Femele Foot Length with Weight

males and females, as height increases average
foot length also goes on increasing. It was also
observed that for any given height, average
foot length of male was always larger than

average foot length of female.

Foot length as a proportion of stature for
men and women was also calculated. It was
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15.2 in males and 14.8 in females.

The data obtained for weight and average
foot length was also divided into small groups
of weight as shown in the Table 2.

The data in table 2 is plotted graphically as
seen in Graph 2.

From above graph it was observed that,
there was no increase in foot length with
increase in weight. So there was no any
correlation between weight and foot length.
But it was observed that for any given weight,
average foot length of male was always
greater than average foot length of female.

Discussion

Various studies had done earlier on
comparison of foot length in male and
female.Ross and Ward (1982)[1], Robbins
(1986)[2], Giles and Vallandigham (1991)[3],
Barker and Scheuer (1998)[4], Wunderlich and
Cavanagh (2001)[5] all documented that male
foot length was proportionately larger than
female foot length for given height. The
findings of present study correlate with all
above studies.

Foot length as a proportion of stature for
men and women was 15.2 in males and 14.8
in females. This proportion was compared
with previous study as shown in graph 3. It is
observed that findings of present study
correlateswith findings of with Baker and
Scheuer4.The proportion cited by Hrdlicka[6]
w as on higher side.Daniel M . T et al[7], in their
study, quoted findings of Davis and Bake.
According to Davis and Bake,foot length as a
proportion of stature for men and women in
American population was 14.3 and 13.5 and
in African population was 15.4 and 15.2.
Findings of present study were correlating
with findings of African population.

Correlation coefficient (r) was calculated
from entire data. It was 0.691 (p=0.00) for
males and 0.694 (p=0.00) for females. So it
means that there is strong positive correlation
between height and foot length in males and
females. These findings are also correlating
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with previous studies.

The regression equation for height and foot
length was calculated. It was
Y=71.095+3.834X in males and
Y=62.054+4.112X in females, where Y is the
height and X is the mean foot length.
Comparison of correlation coefficient and
regression equation drawn in different studies
was compared with Mansur DI et al[8], Dr.
Sonali Khanapurkar et al[9], Patel S.M. et
al[10], Jakhar J.K. et al[11] seen in Table 3.

Correlation between weight and foot length
was not observed in present study, but average
foot length of male was always greater than
average foot length of female for given weight
group.

Conclusion

1. Male foot length is proportionately larger
than female foot length for given height.

2. There was statically significant
correlation between height and foot
length in males and females.

3. The regression equation for height and
foot length was Y=71.095+3.834x in
males and Y=62.054+4.112x in females,
where Y is the height and x is the mean
foot length.
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Abstract

Introduction: Malformations of position of ostia and origin of coronary arteries leads to potentially
fatal significance unless diagnosed and treated surgically, because the coronary artery, and the
myocardium it supplies, is fed with pulmonary rather than systemic blood. The present study aims to
establish morphometry and pattern of right coronary artery with a special emphasis on its branching
pattern, anastomoses and area of distribution. Material and Methods: The hearts of 25 adult human
cadavers comprised the material for the study. The branching pattern of the Right Coronary Artery along
with any variation were observed and noted down. Drawing of each artery was made and each specimen
was photographed. The data was collected, finalized, analyzed & compared with the available data.
Results: The observations from present study show that there is lot of variation in number, site of origin,
and area supplied by the RCA. In 10 specimens a third coronary artery was seen arising from anterior
aortic sinus just in front of the proper right coronary artery, 21 cases (84%) the posterior interventricular
artery was a continuation of right coronary artery. In 21 specimens single conus artery was found out of
which in 15 specimen conus artery was seen arising from RCA. In 18 specimens single marginal artery
was found. Conclusion: The number of variations seen in branching pattern of RCA it becomes very
difficult to assign the normal pattern.

Keywords: Coronary artery; Marginal artery; Conus artery; Variations; Branching pattern.

Introduction

Coronary arteries are the vasa vasorum of
ascending aorta, right coronary artery arises
from right coronary sinus (anterior aortic
sinus) and left coronary artery arises from left
posterior aortic sinus of ascending aorta.[1]
Ostia of the coronary arteries are located in
center of corresponding aortic sinuses.
Malformations of position of ostia and origin

of coronary arteries lead to high risk of sudden
death.[2]

Clinically, the anomalies are arbitrarily
divided into benign and malignant, based on
their potential to cause myocardial ischaemia.
The three most common benign anomalies are
separate origins of left anterior descending and
circumflex in left sinus of valsalva; origin of
circumflex from right sinus of Valsalva or from
right coronary artery; and ectopic origin of
right coronary artery from aorta, a high origin
being particularly prone to accidental cross
clamping or side clamping, or transection
during aortotomy. The most common
malignant anomaly is the ectopic origin of
right coronary artery from the left sinus of
Valsalva.[3]

The right coronary artery, which in nine-
tenths of individuals supplies most of
diaphragmatic surface of ventricular mass,
emerges from right coronary aortic sinus in
upper part of right anterior surface of aortic
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root. In many instances, two arterial orifices
are found in this sinus, with the second orifice
most often giving rise to infundibular, or conal,
artery, but sometimes giving rise to artery of
sinus node.[4,5]

Having emerged from its aortic sinus, right
coronary artery occupies right atrioventricular
groove. Its first part extends to right, or acute,
margin of ventricular mass, where it gives rise
to acute marginal artery, with several atrial
branches taking origin from its cranial surface.
It also gives rise in this part of its course to
infundibular artery, if this vessel has not taken
origin directly from the aorta, and in just over
half the population, to artery supplying sinus
node. The right artery itself then continues to
encircle the vestibule of tricuspid valve,
extending to cardiac crux. Throughout this
course, artery gives rise to right inferior
ventricular branches, which supply
diaphragmatic wall of right ventricle.[6]

In nine-tenths of population, having
reached crux, right coronary artery gives rise
to inferior interventricular artery and artery
to atrioventricular node, then continuing to
supply a variable portion of diaphragmatic
wall of left ventricle. This arrangement is called
right ventricular coronary arterial
dominance.[4]

Of the named branches of right coronary
artery, infundibular or conal branch is present
in approximately half the population. Patients
with well-developed infundibular arteries
have more extensive distribution to the anterior
wall of right ventricle through preventricular
and ventricular branches of this artery. In some
individuals, the artery anastomoses with an
infundibular branch of anterior
interventricular artery, forming so-called
arterial circle of Vieussens. [7]

The anterior ventricular branches, usually
two or three, ramify towards cardiac apex,
which they rarely reach unless right marginal
artery is included in this group of branches.
Anastomoses are found at apex between this
artery and anterior interventricular artery.[8]

When right coronary artery is dominant, it
gives rise to artery supplying atrioventricular

node, typically from a U-loop that extends in
tissue plane forming floor of triangle of Koch.
This, artery in conjunction with septal
perforating branches of anterior
interventricular artery, supplies proximal right
and left branches of atrioventricular
conduction axis in nine-tenths of individuals,
with sole supply by the nodal artery reported
in one-tenth of cases. The inferior
interventricular artery, also known as posterior
descending artery or posterior interventricular
artery, arises from right coronary artery in all
of those nine-tenths of individuals with right
coronary arterial dominance, and from
circumflex artery in remaining one-tenth, latter
feature allegedly being more common in males.
Branches of this artery can meet parallel
branches of right marginal artery, and
perpendicular branches of anterior
interventricular artery, in inferior
atrioventricular groove and at apex.[4]

Perforating branches from the artery supply
myocardium of inferior part of muscular
ventricular septum, adjacent ventricular walls,
and infero-septal papillary muscle of the mitral
valve in those individuals with right coronary
arterial dominance.[9] In rare cases, anterior
interventricular artery can extend into inferior
interventricular groove, taking over territory
usually supplied by inferior interventricular
artery.[10]

In most individuals it is right coronary
artery that supplies inferior wall of right
ventricle and inferior diaphragmatic portion
of muscular ventricular septum. The branches
of left coronary artery supply majority of the
sternocostal walls of heart and obtuse margin
of left ventricle.[5] In up to half population,
ominant right coronary artery, in addition to
supplying inferior interventricular artery, also
supplies a significant part of diaphragmatic
wall of left ventricle.[6] In these individuals, it
is branches of right coronary artery that
typically supply infero-septal papillary muscle
of mitral valve, and sometimes supero-lateral
muscle.[9] In case of an extremely dominant
right coronary artery, with hypoplasia of
circumflex artery, the branches of right
coronary artery can supply all inferior wall of
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left ventricle.[11]

A solitary right coronary artery can take two
forms. The right coronary artery itself can
continue beyond crux, run through left
atrioventricular groove, and terminate as
anterior interventricular artery. Alternatively,
right coronary artery can give rise to main stem
of left coronary artery, which can then take a
retroaortic, interarterial, or prepulmonary
course before branching into anterior
interventricular or circumflex arteries.[12]

Unlike the situation in which one of coronary
arteries takes an anomalous origin from aortic
root, ectopic origin is generally considered a
congenital malformation in its own right. Very
rarely a coronary artery can take an ectopic
course from a brachiocephalic artery, or from
a branch of subclavian artery. The most
frequent ectopic origin, nonetheless, is from the
pulmonary trunk, or one of its branches.[13]

This has potentially fatal significance unless
diagnosed and treated surgically, because the
coronary artery, and the myocardium it
supplies, is fed with pulmonary rather than
systemic blood. The condition is generally
know as the Bland-White-Garland Syndrome,
and is estimated to involve one in every 300,000
liveborn infants.[14]

This is a group of very infrequent anomalies,
generally found during angiographic
exploration. The right coronary artery
originating from left coronary artery, a few
millimeters from its beginning, has been
described. This location is in fact similar to that
of right coronary artery originating in left
aortic sinus, and strictly speaking, is a case of
a single coronary artery with a left-sided
origin.[15]

Anomalous origin of coronary arteries from
opposite sinus is potentially serious especially
among young subjects and when a vessel runs
between aorta and pulmonary artery.[16]
Circumflex branch of coronary artery
originating in right side, is most common
“benign” coronary anomaly and is not
considered cause of ischemia or myocardial
infarction.[17]

Anomalous aortic origin of a coronary artery

from an opposite sinus of Valsalva is a rare
and sometimes lethal congenital anomaly.
Anomalous coronary ostia are a recognized
cause of sudden death, especially associated
with high-intensity exercise in young adults.
Traditional diagnostic techniques, such as
coronary angiography and, to a lesser extent,
transesophageal echocardiography, are
invasive and ultimately underused.
Improvements in noninvasive diagnostic
techniques, such as transthoracic
echocardiography and CT angiography, have
increased ability to easily and safely screen for
condition, leading to increased rates of
diagnosis. Sudden death is thought to be
associated with restriction of flow down
anomalous artery, causing myocardial
ischemia and ventricular arrhythmias,
especially when anomalous coronary artery
courses between great vessels (aorta and
pulmonary artery). At present, mechanisms
that lead to myocardial ischemia are unclear,
but several potential mechanisms have been
proposed.[18]

The present study aims to establish
morphometry and pattern of right coronary
artery with a special emphasis on its branching
pattern, anastomoses and area of distribution.
This information is definitely useful for
clinicians as anomalous patterns of artery are
related with ischaemia, myocardial infarction,
ventricular arrhythmias and sudden death.

Material and Methods

The study was conducted in the department
of Anatomy Government Medical College,
Patiala. The hearts of 25 adult human
cadavers comprised the material for the study.
The hearts were labeled from 1-25.
Mediastinum was dissected. Hearts were taken
out from the cadaver & Right Coronary Artery
was located in the Coronary sulcus. The fat
from the coronary sulcus was carefully
removed to avoid damage to small branches.
Right Coronary Artery was followed from its
origin to termination by careful dissection. The
branching pattern of the artery along with any
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variation were observed and noted down.
Drawing of each artery was made and each
specimen was photographed. The data was
collected, finalized, analyzed & compared
with the available data. The diameter of artery
was taken at its origin & at the right border of
the heart and at the point where it enters in
posterior interventricular sulcus and after
giving right marginal branch.

Observations

The observations from present study show
that there is lot of variation in number, site of
origin, and area supplied by the RCA. In no
case particular text book description was
found. Therefore it is very difficult to assign
the normal course, site of origin, girth, branches
and area supplied

The branching pattern of the artery along
with any variation was observed in all twenty
five specimens. In all the specimens right
coronary artery was seen arising from anterior

aortic sinus.

Variations

There are two coronary arteries i.e. right and
left in 15 specimens and in the other 10
specimens a third coronary artery was seen
arising from anterior aortic sinus just in front
of the proper right coronary artery. In these
10 cases 2 ostia were clearly defined in right
aortic sinus. Out of 25 hearts studied RCA was
seen arising from right anterior aortic sinus.
In one case there were 3 independent arteries
arising from aorta and in 9 cases there were
two independent RCA arising from anterior
aortic sinus where as in rest of cases there was
single artery arising from anterior aortic sinus
(Figure 1).

From the total 25 specimens studied SA
nodal artery was arising from RCA in all 24
specimen and in specimen no. 1 this artery was
found absent and could not be traced from
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Figure 1: Variations in Heart (a): Heart showing 3 right coronary arteries (b): Heart
showing 2 right coronary arteries with conus artery arising from right coronary artery
(c): Heart showing 2 right coronary arteries and 2 conus arteries arising from anterior

aortic sinus (d): Heart showing right coronary artery and posterior interventricular artery

Abbreviations used: RCA-Right coronary artery, CA-Conus artery, PIVA –Posterior interventricular artery
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LCA.

From the total 25 specimen in 21 cases (84%)
the posterior interventricular artery was a
continuation of right coronary artery and in 4
specimens (16%) it is a branch of left coronary
artery (Figure 2). In 4 cases the RCA did not
terminate as PIV artery. Out of these cases in
one case the artery was seen running in
posterior sulcus but finished before the crux
where as in another case artery was seen
running in the right half of right posterior
sulcus. In other 2 cases major branch was not
seen in coronary sulcus at all. In rest of 21 cases
main branch crossed the crux to variable
extents. As the artery occupied whole of the
posterior coronary sulcus and was seen giving

branches to whole of the sternocoastal surface.
In 21 cases right dominance was present
(Figure 1).

Mean diameter (Mean ±SD) (in mm) of right
coronary artery at origin is 4.49+0.94, just
before origin of right marginal artery is
4.11+0.93, just after giving right marginal
artery is 3.55+1.06 and right marginal is
2.87+0.53.

Conus Artery

In 21 specimens single conus artery was
found out of which in 15 specimen conus
artery was seen arising from RCA and in 6
specimen conus artery was seen arising from
anterior aortic sinus (referred as third coronary
artery). Conus branches varied from 1-3 in
numbers (Figure 1 and 3).

In 3 specimens, 2 conus arteries were seen
and out of these one specimen two conus
arteries were seen arising directly from anterior
aortic sinus. In the other two specimen’s one
conus branch was seen arising from anterior
aortic sinus and second conus branch was seen
arising from RCA (Figure 1).

In 1 specimen there were 3 conus arteries.
One conus artery was seen arising from
anterior aortic sinus (referred as third coronary
artery) and 2 more conus arteries were seen
arising from RCA.

Figure 2: Dominant Circulation

Prithpal S. Matreja et al / An Anatomic Study of Branching Pattern of Right Coronary Artery (RCA)

Figure 3: Origin of Conus Arteries
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Right Marginal Artery

Right marginal artery was present in all the
specimens arising from the right coronary
artery and the number varied from 1-3. In 18
specimens single marginal artery was found.
Morphologically in one specimen marginal
artery did not reached the proper right margin.
In 6 specimens 2 marginal arteries were found.
In 1 specimen 3 marginal arteries were present

Discussion

Knowledge of the normal and variant
anatomy and anomalies of coronary
circulation is an increasingly vital component
in management of congenital and acquired
heart disease. Several studies have been
conducted by various authors on origin of
coronary artery and found many variations.

In the present study the right coronary
ostium was present in all the specimens in the
right anterior aortic sinus in other study by
Vlodaver et al (1972) the author observed that
in most of cases (56%) the orifice of coronary
arteries were situated in aortic sinus below
supravalvular ridge and in 8% of cases the
origin of right coronary artery occurred above
supravalular ridge.[19]

In the present study, third coronary artery
was present in 10 cases (40%) of the specimens
studied where as in rest of cases conus artery
was almost first branch. The results are quite
similar to a study were the first and highest
branch of the proximal segment of right
coronary artery, the conus artery arose in 36%
of the cases from a separate ostium (third
coronary artery), in right aortic sinus of
valsalva.[20] In another study by Kalpana R.
the author dissected 100 hearts and observed
the third coronary artery presents in 24% of
the specimens.[21]

In the present study, 96% of specimens the
sinuatrial node artery is a branch of right
coronary artery is in contrast to a study were
second branch of first segment of right

coronary artery was sinuatrial node artery. The
sinuatrial node artery arose from right
coronary artery in more than 60% and from
left coronary artery in less than 44% of the
specimens.[22]

In other study the author observed in 51%
of the specimen sinuatrial node artery arose
from right coronary artery and 41% from left
coronary artery. In 8% of the specimens the
vessel arose from both right and left coronary
artery.[23] Similarly, another study observed
that in 54% of the cases the sinuatrial artery
was a branch of right coronary artery and in
42% of the specimens the artery arose from
left coronary artery and in 4% of the cases the
sinuatrial node artery was seen arousing
directly from aorta.[24]

The dominance of artery is determined by
the posterior interventricular artery. It is termed
right dominance if the posterior
interventricular artery is a branch of right
coronary artery and if the posterior
interventricular artery is a branch of left
coronary artery it is termed left dominance. In
present study in 21 cases (84%) the posterior
interventricular artery is a branch of right
coronary artery hence it was right dominance.
The results are similar to a study were the
author observed posterior interventricular
artery as a terminal branch of right coronary
artery in 90% of the cases.[24] Similarly
another study observed that 80% of the
specimens showed right dominance and 11%
of the cases showed left dominance.[25]

In the present study in 6 cases posterior
descending artery was found to arise before
the crux and contributed to the supply of left
ventricle. Similar results have been found by
James and he observed a vessel arising before
the crux contributed to the supply of the left
ventricle in 7 cases.[26]

It is concluded with the remark that from
the number of variations seen in branching
pattern of RCA it becomes very difficult to
assign the normal pattern. The variations are
very important for cardiologists and
radiologists.
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Morphometric Study of the Pituitary Gland on MRI

Pandhare S.R.*, Gaikwad A.P.**, Shinde R.B.***, Bahetee B.H.****, Vahane M.*****, Pawar
S.******

Review Article

Abstract

Aims: 1. To study the shape and size of normal pituitary gland with respect to both the lobes in all age
groups of both genders by studying MRI images of brain. 2. To determine and evaluate mean normal size
and shape of normal pituitary gland with relation to age and gender. Setting and Design: For the study
MR images all ages were used to characterize the effect of age and sex on pituitary size and shape. All the
three dimensions of both the lobes of pituitary gland and stalk were measured using mid sagital and axial
MR images. Methods and Material: Images of 160 living subjects (76 females and 84 males) of all ages
were used. By using electronic caliper all above mentioned parameters were measured. Statistical Analysis
Used: The data was grouped in age group 0-10, 11-20, 21-50, >51 years of both the genders, analyzed by
One way ANOVA test, unpaired t-test. For shape of gland percentage and Chi-square test used. Results:
The dimensions were steadily increased up to 21-50 years group later decreased. The changes were noted
statistically significant. Also significant change in shape. More convex up to 50 yrs then become concave.
Conclusion: This study demonstrated the database all age groups, which was its mean size and shape of
both lobes of pituitary gland, can apply for clinical evaluation.

Keywords: Pituitary gland; MRI, anterior and posterior lobe; Shape.

Introduction

Previous studies describing the growth
patterns of midline brain by MR Imaging with
the measurement of four midline brain
structure, one of that was a pituitary gland.[1]
High-resolution computed tomography (CT)
with intravenous contrast material is
recognized as the method of choice for imaging
the pituitary gland. However, there are
limitations to the ability of CT to identify micro-
adenomas, and magnetic resonance imaging
(MRI) is increasingly being recognized as an
excellent imaging method for the central
nervous system with morphological details of
normal pituitary gland.[2] MRI allows

multiplanar scan without artifact of bone
shadows. In addition, T1-weighted sequences
permit evaluation of the hyper intense signal
of the posterior pituitary (HSPP), although the
origin of this signal remains controversial.[3,4]
Various studies has been published about
shape and size of pituitary gland of age group
from new born child to adult individually or
compiled of all age groups.[5,6,7,8,9] All these
studies were retrospective and very few
studies are available from Indian population.
As we have not found a report with regards
to separate dimensions specifically of the
anterior and posterior lobes in Indians; hence
we report this research for the purpose of:

1. To study the shape and size of normal
pituitary gland with respect to the both
lobes in all age groups of both genders by
studying MRI images of brain.

2. To determine and evaluate mean normal
size and shape of normal pituitary gland
with relation to age and gender.
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MRI images or those showed pathology of the
pituitary and abnormality in sellar and
parasellar region were excluded. The subjects
were grouped gender wise into eight different
groups of four age groups (1-10, 11-20, 21-50,
>51 years).

In the sagital and axial views of MR scan,
the measurements of the antero-posterior,
vertical and transverse dimensions of both
lobes of pituitary gland and stalk were taken
by using the electronic caliper of the display.
(Fig 1 & Fig 2) Also the shape of superior
surface of pituitary gland was studied as
shown in Fig 3. The T1-weighted sequences

Pandhare S.R. et al / Morphometric Study of the Pituitary Gland on MRI

Fig 1: Methods: For Measurements by
Using Electronic Caliper: Sagital View

Fig 2: Axial View: for Transverse
Dimensions

Fig 3: Shape of Superior Surface

Material and Methods

The sample size was 160 patients (84 male
and 76 female), at age 1year to maximum of
83 years old. All were from Maharashtra from
in-patient and outside-patient departments of
general hospital of medical college. For the
study, routine high field MR images at 1.5 T of
brain since January 2013 were studied. Only
those showing normal anatomy, with no
pathology, with no history related to the
pituitary gland or hormonal disorders, surgery
or history of treatment by hormone therapy
were included in this study. In case of unclear
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permits evaluation of the hyper intense signal
of the posterior pituitary (HSPP) that was
adventitious for measuring the dimensions of
posterior lobe. For visualization of the stalk of
the pituitary gland, Sylvia’s aqueduct and
posterior gland bright spot were considered
to be the criterion of true midline views, in
sagital view but in axial posterior gland bright
spot could not be seen. The dimensions were
measured.

The evaluations were carried out by the
authors independently, with subsequent
discussion, as necessary, to agree on the hyper
intense signal of the posterior pituitary to
minimize observation variation. The
measurements were analyzed in 8 different
age groups of both genders separately for mean
± SD and One way ANOVA test. Further data

was subjected by unpaired t-test using open
EPI software for analyzing the sexual
dimorphism. The shape of gland evaluated to
percentage and Chi-square test. P-value less
than 0.05 considered as significant.

Results

A total of 200 cases were selected for study,
out of that 40 were excluded according to the
selection criteria. In this 76 were female and
84 were male. The data was arranged into
eight groups on the basis of age and gender
(1-10, 11-20, 21-50, >51 years).
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Table 1: Total Antero-Posterior Diameter
of Whole Gland

Graph 1: Total Antero-Posterior Diameter
(mm) of Whole Gland

Table 2: Anterior Lobe Mean Measurement

Graph 2.1: Anterior Lobe Mean
Measurement: Antero-Posterior Diameter

(mm)

Graph 2.2: Anterior Lobe Mean
Measurement: Height (mm)
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Size

As seen in Table 1 and corresponding graph
1, the mean value of total antero-posterior
diameter of whole gland in female (1-10 yrs, n
= 10) was 7.877mm ±1.06 (SD) and that of
male (n = 8) was 6.973 mm ± 0.6683 (SD).
Group 2, (11-20 yrs) was 11.05 ± 1.54mm in
female (n=8) and 10.04 ±1.59 mm in males
(n=12). In group 3 (21-51yrs) was 11.07 ±1.102
mm in females (n=33) and 10.41± 2.29 mm in
males (n=35). While in group 4 (>51 yrs) that
was 10.33 ± 1.396 mm in females (n=25) and
11.08 ± 3.051 mm in males (n=29). These were
significantly different (p< 0.01) among the both
male and female groups, as shown in Table 1.

Similarly, the mean and standard deviation
of different dimensions of anterior lobe,
posterior lobe and that of stalk were given in
Table 2, 3, 4 and their corresponding graphs,
respectively. The means of different dimensions
of both the genders among the all age groups
were significantly related with each other as
tested by One way ANOVA (p<0.01- p <0.03).

Further, the sexual dimorphism was
analyzed among the all age groups by using
unpaired t-test. In all age groups, majority of
male mean dimensions were nearly similar

with that of females except the few like antero-
posterior diameter of anterior lobe, at age group
I (1-10yrs), (p=0.004) antero-posterior
diameter of posterior lobe, at age group IV (>51

Graph 2.3: Anterior Lobe Mean
Measurement: Transverse Diameter (mm)

Table 3: Posterior Lobe: Mean Measurement

Graph 3.1: Posterior Lobe Mean
Measurement: Antero-Posterior Diameter

(mm)

Graph 3.2: Posterior Lobe Mean
Measurement: Height (mm)

Graph 3.3: Posterior Lobe Mean
Measurement: Transverse Diameter (mm)
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Table 4: Stalk Mean Measurement: Length and Breadth.

Graph 4.1: Stalk Mean Measurement:
Length (mm)

Graph 4.2: Stalk Mean Measurement:
Breadth (mm)

Table 5: Shape of Superior Surface

yrs) (p=0.0033) and breadth of stalk, at age
group II (11-20 yrs) (p=0.011), showed no
statistically significant difference. By
considering these results, there was no sexual
dimorphism in different dimensions of the both
lobes of Pituitary.

Shape

The shape of the superior surface of the
gland (SS) was observed in all 160 patients.
The total frequency of convexity seen for 70%
females and 50% males, and it was found to
be significant. (F, p=0.03; M, p=0.029) (Table
5). This convex upper border was more
common in group III (21-50 yrs) of both males
and females with frequency (28%) and (35%)
respectively. In males, the frequency of flat

upper surface was seen in 4% cases while only
3% female patients showed the flat surface,
which was not significant in both (p> 0.5). And
remaining all cases were having concave upper
surface (27% in females and 46% in males).
There was no significant gender difference in
convex shape of the upper border (p=0.3) and
hence no sexual dimorphism seen.

Discussion

Different textbooks of anatomy mentioned
the measurements of Pituitary gland.
According to Gartnermasurements were
10×6×5 mm in new borns; 15×10×6 mm at 20
years; 16×13×7 mm at 40 yrs, 17×12×6 mm at

Pandhare S.R. et al / Morphometric Study of the Pituitary Gland on MRI
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70 yrs and 13×11×6 mm at 80 years; this
showed a decrease in measurements as a whole
after the age 40 yrs.[10] According to
Harrisonthe diameters were; 14 mm-
transverse, 9 mm-anteroposterior and 6 mm-
vertical.[11] Williams et al  reported the
measurements of the gland as 12 mm
transverse and 8mm anteroposteriorly.[12]
Using MRI Gonzalez et al found the average
measurements, in 20 normal Mexican living
women to be 12.4 mm (transverse) 7.9 mm
(anteroposterior) and 6 mm (vertical).[13]
Also a useful guide to the gland’s height in
relation to age is “Elster’s rule”of 6,8,10,12: 6
mm for infants and children, 8 mm in men
and postmenopausal women, 10 mm in
women of childbearing age and 12 mm for
women in late pregnancy or postpartum
women. Andthe pituitary stalk has a normal
thickness of 2 mm, and it should not exceed a
maximum of 4 mm or the width of the basilar
artery.[14]

In our study also, the measurements were
9.97; 9.95 (F;M) – transverse, 7.88; 6.97 (F;M)
– antero-posterior, 4.83; 4.30 (F;M) – height at
1-10 yrs, 11.46; 11.26 (F;M) – Transverse, 11.07;
10.41(F;M) – anteroposterior and 6.27; 6.24
(F;M) – vertical i.e height at 21-50 yrs, while at
>51 yrs measurements were 11.17; 10.49 (F;M)
– transverse, 10.33; 11.8 (F;M) – anteroposterior
and 5.15; 5.78 (F; M) – height. This also showed
a decrease in measurements as a whole after
50 years as like previous authors.[8,9]

Sexual Diamorphism

Lurie et al measured length, breadth and
height of the pituitary gland in 35 (16 male
and 19 females) adult volunteers between the
age 26-79 yrs by MRI in sagittal and coronal
sections of the head.[15] They observed that,
statistically there was no sexual difference in
the size of pituitary.

Similarly, in our study except for few
parameters, remaining all suggested that there
was no statistically significant sexual
dimorphism in the size of pituitary gland. The
parameters like antero-posterior diameter of
anterior lobe, at 1-10 yrs and that of posterior

lobe, at >51yrs and also the breadth of stalk,
at 11-20 yrs showed statistically significant
difference among the both sexes.

Along with these dynamic changes in size
of pituitary, this study also showed the range
of appearances i.e. the shape of superior
surface of the normal whole Pituitary gland
during different stages of life. Pronouncely, at
age of 21-50 yrs, the superior surface showed
convexity in 35% females & 28% of males out
of total frequency of convex surface which was
in 70% females and 50% males.

These dynamic changes occur in the size,
shape Pituitary gland during life were similar
with the previous authors.[5,8,9,10] It was
suggested that, there was a complex hormonal
environment of the pituitary gland reflect into
the variability in size and shape of gland at
different stages of life and they were most
pronounced at times of hormonal flux such as
menarche[16,17] and pregnancy.[18]

Observations of the pituitary gland during
puberty have shown a definite but transient
increase in size, attributed to the increased
hormonal activity at this time.[16,17] The
hormonal levels of pituitary at puberty, even
though higher than adult levels, but are much
lower in the neonatal period. This may account
for the change in size of the gland.

It has been documented that the pituitary
gland also enlarges and may increase in signal
intensity during pregnancy.[18] The changes
in appearance of the gland during different
phases of the menstrual cycle have been also
shown (R. Shankwiler, M. E. Mawad, C.
Valdes,K. Elkind-Hirsch, “Biphasic
Morphological Changes of the Normal
Menstrual Cycle demonstrated on Gadolinium
MRI,” presented at the29th Annual Meeting
of the American Society of Neuroradiology,
Washington, DC, June 13,1991).[8] The
children with precocious puberty showed
changes in the gland paralleling to those seen
in healthy adolescents irrespective of their
chronologic age.[19] It therefore appears that,
there is a strong link between the fluctuation
in hormone levels and the changing
appearances of the pituitary gland during life.

Pandhare S.R. et al / Morphometric Study of the Pituitary Gland on MRI
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Hence we conclude that, the changes in shape
and size of Pituitary gland observed in our
study also reflect the same reason of hormonal
level fluctuation.

The Age related changes in the shape of
upper border have been documented.[20,21]
The frequency of convex upper border of the
pituitary gland is reported to be higher in
young age group. It becomes very important
to differentiate the normal convex upper
border of the pituitary from an abnormal
convex upper border due to microadenoma,
lymphocytic adenohypophysitis and pituitary
cyst etc.[8] For this reason, observations of
chronological changes in the shape of the
pituitary upper border in young age group,
was done in this study which were similar to
that of the previous authors.

The studies of Pituitary gland in childhood
also have clinical application in the evaluation
of children with possible pediatric endocrine
abnormalities, who may demonstrate an
abnormal appearance of the gland for their
age. The demonstration of a small, low-signal-
intensity gland in an infant younger than 6
weeks of age may raise the possibility of
panhypopituitism. By contrast, in an older
child with precocious puberty, an enlarged
gland may be seen at a time when the gland
should have a flat or concave appearance.[20]

Conclusion

This study demonstrates the database of
Indian people in age groups from children to
puberty to young adults to old age whose mean
size and shape of pituitary gland from each
age groups, was acquired by MR Imaging, can
apply to clinical evaluation particularly of
clinical symptoms of patients in pubertal
period and young adults in which physiologic
pituitary hyperplasia can mimic pituitary
tumor.
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Possible Developmental Origin and Clinical Implications of a Brachial
Plexus Variation

Mona Sharma* Rani Kumar**, Renu Dhingra***

Case Report

Abstract

The highly organized network of human nervous system is well appropriate for the perfect coordination
and functioning of the body. Thus, a well studied and thoroughly researched knowledge regarding the
anatomy of nerves is highly vital. The brachial plexus formation has been associated with lots of anatomical
variations. The present case report describes another variation where musculocutaneous nerve after
giving its motor component in the arm is not continuous with its sensory part in the forearm. The motor
component of musculocutaneous nerve ends by supplying coracobrachialis muscle whereas the other
forearm muscles are innervated directly from the lateral cord and one of these branches is continuous as
the sensory component of the normal musculocutaneous nerve named as lateral cutaneous nerve of
forearm. In our case report, we also aim to explain the possible developmental mechanisms behind the
nerve variations along with their clinical implications.

Keywords: Brachial plexus; Musculocutaneous nerve; Lateral cutaneous nerve of forearm; Median
nerve.

Introduction

The brachial plexus is the network of nerves
supplying brachium, formed by the ventral
rami of C5-T1 roots of spinal nerves. The roots
join and form trunks (upper trunk C5,6; middle
trunk C7; lower trunk C8,T1), each of which
further separate into anterior and posterior
divisions. The divisions integrate and organize
into three cords- lateral, medial and posterior.
The terminal branches of cords supply arm and
forearm muscles. It is the lateral cord which
gives rise to musculocutaneous nerve opposite
the lower border of pectoralis minor which
after supplying coracobrachialis muscle,

courses through this muscle and runs laterally
between biceps and brachialis muscle while
innervating two of these. On further course, it
comes out lateral to elbow joint and continue
down as its sensory component- the lateral
cutaneous nerve of forearm.[1] The hand to
hand knowledge regarding brachial plexus
variations is greatly useful for the surgeons to
assess the functional loss due to trauma, to plan
constructive surgeries, during reduction of
fractures and dislocations, repair of wounds
and nerve entrapement syndromes.

Case Report

A unilateral variation in brachial plexus was
noticed during routine educational dissection
of right arm of 55 yr old male cadaver in the
department of anatomy, All India Institute of
Medical Sciences, New Delhi, India. The
brachial plexus dissection was started by
exposing first the coracobrachialis and short
head of biceps muscles arising from the tip of
coracoid process. A branch from the lateral
cord was noticed distributing to the deep
surface of coracobrachialis muscle which was
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initially thought to be the musculocutaneous
nerve. On further dissection, it was found to
end in the muscle itself. On searching the other
branches of lateral cord, we found one branch
given distally soon dividing into multiple small
twigs supplying biceps and brachialis muscle.
The branch given to the biceps passed further
distally and came out laterally through it in a
more superficial plane above elbow joint which
continuous down as lateral cutaneous nerve
of forearm. At the same level from the lateral
cord, fibers of lateral root of median nerve
joined with the medial root from medial cord
to form median nerve. The course of median
nerve was found normal. There were no other
variations seen in medial or posterior cord
branches. (Fig 1)

Discussion

Variations in Literature

The complexity of brachial plexus anatomy

makes it vulnerable to present with various
alterations in its formation and branches. The
variations have been mentioned in literature
since 19th century. The nerve distribution and
variations in the upper limb have been given
in detail in the past.[2] Le Minor classified these
variations in five types.[3]

Type 1: No communication between Median
and Musculocutaneous nerve

Type 2: Medial root of median nerve passes
through musculocutaneous nerve and later
join the median nerve

Type 3: Lateral root of median nerve passes
through musculocutaneous nerve and later
form the lateral root of median nerve

Type 4: The musculocutaneous nerve join the
lateral root of median nerve and later
musculocutaneous nerve arise from median
nerve

Type 5: The musculocutaneous nerve is
absent, all fibers pass through lateral root of
median nerve and fibers to the muscles

Mona Sharma et al / Possible Developmental Origin and Clinical Implications of a Brachial Plexus Variation

Fig 1: 1. Nerve to coracobrachialis; 2.Coracobrachialis; 3.Lateral cord; 4.Biceps; 5.Branch
from lateral cord; 6. Branch to biceps; 7.Brachialis; 8.Nerve to brachialis; 9.Lateral root of

median nerve; 10.Medial root of median nerve; 11.Median nerve; 12. Lateral cutaneous
nerve of forearm; 13. Median nerve in cubital fossa; 14.Tendon of biceps
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supplied by musculocutaneous branch out
directly from median nerve.

Our case report presents a different variation
not coinciding with any of the types stated
above. Musculocutaneous nerve not piercing
coracobrachialis and communicating with
median nerve was also noticed.[4] Median
nerve with three roots and its communication
with musculocutaneous nerve has also been
mentioned.[5] Absence of musculocutaneous
nerve, median nerve with three roots,
accessory head of biceps was found.[6] A case
of four headed biceps brachii, three headed
coracobrachialis muscle with communicating
branch between median and
musculocutaneous nerve has also been
reported.[7] The brachial plexus consisting of
a single common cord with absence of
musculocutaneous nerve have also been
mentioned.[8]

Developmental Origin

The understanding of these nerve variations
is highly complex as it starts during embryonic
development. The mesenchymal cells of lateral
plate mesoderm initiates the limb development.
The patterning in this process is guided
through homeobox genes HOX D1-D5.[9] The
limb buds are formed deep to a thick band of
ectoderm (apical ectoderm ridge). Therefore,
each limb bud consists of a mass of
mesenchyme derived from the somatic layer
of mesoderm covered by ectoderm.
Simultaneous to this phenomenon of limb
development, nerve axons from the spinal cord
segment also assemble opposite to limb buds
and start growing into the limb. The axons are
distributed to the muscles getting differentiated
from the myogenic cells originating from the
somites. The ventral primary rami of these
nerves are joined and form plexuses that grow
into the developing limb. The growth of motor
axons into the limb buds occur during 5th wk
and later continued with entry of sensory
axons. Once the axonal transport occurs,
neural crest cells, the precursor of schwann
cells, surround the motor and sensory nerve
fibers and form myelin sheaths.[10] The
brachial plexus cone after entering into the

upper limb bud divide into dorsal and ventral
segments.[11] The ventral segment give rise to
median and ulnar nerve. The
musculocutaneous nerve further arises from
median nerve and so the lateral cutaneous
nerve of forearm also.[12] During the axonal
course from the spinal cord to the developing
limb bud, the failure of differentiation and
coordination between nerve fibers and axonal
growth cone migration leads to
communications and hence, variations. A
nerve growth cone is the region of tip of the
axon which leads ahead during nerve
outgrowth and is considered to be the
locomotor organelle of the neuron. During
migration of this growth cone, the complete
neuronal pool gets arranged in to three
longitudinal columns.[13] Column of Terni
projects ventrally into the sympathetic
ganglion. Lateral motor column extends into
the developing limbs and medial motor column
projects into the axial muscles. Each group of
neurons is specified by a particular group of
Lim proteins. These gets induced during
neuronal migration and guide the neurons
towards their target cells.[14] This guiding
process occur in three steps of selection
process.[15] Firstly, axons travel along a path
to a particular region in embryo (pathway
selection). Once the axons reach a particular
region, they recognize and bind to the specific
cells by making connections (target selection).
Each axon binds to a subset of target cells due
to interneuronal activity (address selection).
This process further refine the overlapping
projections into a fine pattern of connections.
The pattern of axon transfer is decided by
various factors guiding the growth cone of
different neurons in different directions so that
even the adjacent neurons are given different
instructions. The guiding factors can be the
matrix substrates or diffusible molecules.
Extracellular matrix substrates facilitate the
axons to travel on these substrate which can
be either chemotactic like laminins.[16] causing
adherence and axonal migration by a process
known as “haptotaxis” or the chemorepulsive
like ephrins, semaphorins leading to retraction
of growth cone.[17] The diffusible molecules
can also be chemotactic like netrin 1,2[18] or
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130

Indian Journal of Anatomy

chemorepulsive like slit proteins.[19] Once
axons reaches the target cells, its response is
guided by various chemical substances termed
as neurotrophins produced by target cells
(nerve growth factor, brain derived growth
factor, neurotropic factors 3,4,5).[20]
Throughout the course of axonal migration,
the growth cone sense a wide range of
chemotactic and chemorepulsive substances.
The growth cone integrates simultaneously
with these molecules and the response is based
on the combined input of these molecules. Any
alteration between the mesenchyme target cells
and these signaling molecules can lead to
variation in nerve patterns.[21]

Clinical Implications

The knowledge regarding the anatomical
variations is essential for perfect interpretation
of clinical neurophysiology as these can cause
unusual clinical signs. Musculocutaneous
nerve is involved in traumatic nerve
compressions during weight lifting, neuralgic
amyotropy, during anterior dislocation of
shoulder joint. It leads to flexor paralysis and
anaethesia in nerve distribution. According to
our case report, nerve damage at axilla may
leads to paralysis of coracobrachialis muscle,
the other stronger flexor muscles like biceps
and brachialis and sensory function of lateral
cutaneous nerve of forearm are spared.
Therefore, the present case report should be
considered during assessment of nerve
entrapement injuries. This becomes also
important while doing surgeries like
constructive arthroplasty on shoulder and
nerve grafting using musculocutaneous
nerve.[22] The more superficial lateral
cutaneous nerve of forearm can get injured in
elbow injuries and compression by anomalous
head of biceps.[23] Cutaneous nerves running
in more superficial plane in the region of elbow
increases the probability of a needle injury
during venipuncture. This leads to pain and
internal bleeding. This condition is often
referred as complex regional pain syndrome.
Therefore, location of superficial vein should
be considered along with location of superficial
nerves by selecting safer site for

venipuncture.[24] During surgeries on
forearm, wrist and hand, the axillary approach
is most commonly used for producing brachial
plexus block. The radial side of forearm is
anesthesised in addition by targeting
musculocutaneous nerve separately in the belly
of coracobrachialis just superior to pulsation
of axillary artery at the lateral border of
pectoralis major muscle.[25] The present case
definitely alter the result of anesthesia
procedure as the nerve to coracobrachialis is
localised at the muscle, therefore, to bring
about anesthesia in its distribution, lateral
cutaneous nerve of forearm should be blocked
separately between brachioradialis and lateral
side of biceps tendon. This variation can
increase chances of nerve block failure in
surgical procedures.

It is beyond doubt that the present case
report along with the previously reported ones
should be thoroughly remembered by the
neurophysicians and surgeons to avoid
confusions in clinical settings. More important
step to be taken by the researchers is to find
out the factors causing imbalance between
chemical molecules leading to nerve variations
as well as to search for the ways by which the
ongoing or soon occurring imbalances can be
estimated during intrauterine life. This is to
ensure that preventive and therapeutic
measures can be taken during fetal growth and
development.
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Pentalogy of Fallot

Sunil Mhaske*, Ramesh B. Kothari**, Gaurav Machale**, Sandeep Deokate***, Pavan
Suryawanshi***, Nishad Patil***, Rahul Maski***

Case Report

Abstract

The pentalogy of Fallot is a variant of the more common tetralogy of Fallot, comprising the classical four
features with the addition of an atrial septal defect or patent ductus arteriosus.

The five features therefore are:

1. Ventricular septal defect (VSD)

2. Right ventricular outflow tract narrowing or complete obstruction

3. Right ventricular hypertrophy

4. Over riding aorta

5. Atrial septal defect (ASD).

Keywords: Pentalogy of Fallot; VSD; Right ventricular outflow tract narrowing; Right ventricular
hypertrophy; Over riding aorta; ASD.

Introduction

Tetralogy of Fallot, also known as Fallot’s
syndrome or Fallots tetrad, has four key
features. A ventricular septal defect (a hole
between the ventricles) and many levels of
obstruction from the right ventricle to the lungs
(pulmonary stenosis) are the most important.
Also, the aorta (major artery from the heart to
the body) lies directly over the ventricular
septal defect, and the right ventricle develops
thickened muscle. Because the aorta overrides
the ventricular defect and there is pulmonary
stenosis, blood from both ventricles (oxygen-
rich and oxygen-poor) is pumped into the
body. Sometimes the pulmonary valve is

completely obstructed (pulmonary atresia).
Infants and young children with unrepaired
tetralogy of Fallot are often blue (cyanotic) as
in the present case. The reason is that some
oxygen-poor blood is pumped to the body.
When the above condition is associated with
atrial septal defect, it is called Pentalogy of
Fallot.

Case Summary

5 month female baby was admitted in our
hospital with complaints of breathlessness,
cough since last 7days. She was having history
of recurrent respiratory tract infections since
she was 1month of age. She was having
history of 1 episode of bluish discoloration of
tongue, nail beds in last 1month. She had been
treated for her previous illnesses by local
practitioner by symptomatic treatment. Her
parents had family history of 3rd degree
consanguineous marriage. She was 6 months
3 weeks preterm vaginal hospital delivery with
poor cry and birth weight of 750gms. Our case
is 4th issue of her parents. First two baby were
still births (1st male and 2nd female) We
admitted the girl to our hospital in paediatric
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 Cyanosis of Lips & Cyanosis of Tongue

X-ray Chest Showing Boot 2D-ECHO
Report Shaped Heart with Cardiomegaly
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ward for further investigations & management.

On examination, her pulse was 118beats/
minute & blood pressure was 85/50 mmHg.
Central cyanosis was present. On examination
of cardiovascular system, she was having
pansystolic murmur. The murmur was
prominent over left parasternal, mitral & aortic
areas. No parasternal thrill was present.All
other systemic examinations were within
normal limits.

Her investigations were as follows:

• Hb: 10.9 gm%

• TLC: 8400/cmm

• P – 25, L – 70, E – 03, M – 02, B – 00.

• Platelet count: 2.28 lacs/cmm.

• ESR: 12 mm at end of 1st hr.

• ECG revealed right ventricular
hypertrophy.

• Chest x-ray showed boot shaped heart
with cardiomegaly.

• 2D ECHO & Color Doppler of heart
states presence of a ventricular septal
defect of 12 mm diameter with
bidirectional shunt, atrial septal
defect(septum secondum defect) of 5 mm
diameter with left to right shunt,
presence of overriding of aorta &
reduced pulmonary blood flow due to
narrowing of pulmonary valve(valvular
and subvavular stenosis). There was
evidence of right ventricular hypertrophy
(RV wall thickness -18 mm)

Discussion

Tetralogy of Fallot (TOF) is the most
common cyanotic congenital heart disease in
children but occurs rarely in adults. Its etiology
is still not clear but its embryogenesis involves
anterior deviation of the septal insertion of the
infundibular ventricular septum resulting in
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mal-alignment of the outlet septum,
ventricular septal deviation (VSD), pulmonary
outflow tract stenosis and aortic over-ride. In
addition, right ventricular hypertrophy is
noted secondary to pulmonary stenosis.

Clinical presentation consists of cyanosis,
clubbing of the fingers, polycythemia and
exertional dyspnea. Cyanosis and
polycythemia may be noted in the newborn.
The extent of cyanosis depends on the balance
of systemic and pulmonary vascular
resistance, which depends on the severity of
right ventricular outlet obstruction. The more
severe the obstruction, the more blood flows
into the left side. Therefore, the more severe
the pulmonary stenosis, the more protection
from lung disease is noted. Mild pulmonary
stenosis may present with mild cyanosis or
even acyanosis, termed pink TOF or acyanotic
TOF. Patients with this condition may have
lung disease and may expire in early childhood
if no repair or palliative surgery is performed.

Signs and Symptoms

Tetralogy of Fallot results in low
oxygenation of blood due to the mixing of
oxygenated and deoxygenated blood in the left
ventricle via the VSD and preferential flow of
the mixed blood from both ventricles through
the aorta because of the obstruction to flow
through the pulmonary valve. This is known
as a right-to-left shunt. The primary symptom
is low blood oxygen saturation with or without

cyanosis from birth or developing in the first
year of life. If the baby is not cyanotic then it is
sometimes referred to as a “pink tet.” Other
symptoms include a heart murmur which may
range from almost imperceptible to very loud,
difficulty in feeding, failure to gain weight,
retarded growth and physical development,
dyspnea on exertion, clubbing of the fingers
and toes, and polycythemia.

Children with tetralogy of Fallot may
develop “tet spells.” The precise mechanism
of these episodes is in doubt, but presumably
results from a transient increase in resistance
to blood flow to the lungs with increased
preferential flow of desaturated blood to the
body. Tet spells are characterized by a sudden,
marked increase in cyanosis followed by
syncope, and may result in hypoxic brain
injury and death. Older children will often
squat during a tet spell, which increases
systemic vascular resistance and allows for a
temporary reversal of the shunt.

Treatment

Complete surgical correction is now the most
important and standard treatment of TOF.
Several factors, such as old age, high
hemoglobin level, pulmonary artery
hypoplasia and a diminutive left ventricle,
have been identified as risk factors for operative
mortality in many previously published series.
Palliative surgery includes the B-T shunt or
Potts shunt, which constructs a

ECG Showing R Wave in Lead V1 with RS in V2 (Sudden Transition), Right Axis
Deviation, No Q Waves in Lateral Leads Suggesting Decreased Pulmonary Blood Flow

Sunil Mhaske et al / Pentalogy of Fallot
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communicating shunt between the systemic
and pulmonary circulation. However, the
outcome is poor and it is no longer standard
treatment for TOF except when the patient’s
condition means they are not suitable for
repair. It may be a bridge from symptom relief
to total correction. Medication is used for
symptom relief only.

Prognosis

Mortality is about 3% in children and 2.5%
to 8.5% in adults. The survival rate of patients
who receive repair surgery is about 86% at 32
years follow-up and 85% at 36 years follow
up; survival rates of un-operated TOF patients
older than 10 years is about 30%, older than
20 years 11%, older than 30 years 6% and older
than 40 years only about 3%.
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Nerve Blood Flow in Diabetic Peripheral Neuropathy: Revisiting the
‘Vasa nervorum’  Hypothesis
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Short Communication

Abstract

The aim of this short communication article was to highlight the role of altered nerve blood flow as a
patho-anatomical manifestation in diabetic peripheral neuropathy (DPN), a common microvascular
complication of globally prevalent metabolic disorder, diabetes mellitus. Limited evidence suggested that
higher epineurial blood flow was present in DPN, which indirectly influenced impairments in exercise-
induced nerve conduction increments. Newer methods like Nerve photography and fluorescein
angiography provide useful objective information on nerve blood flow in terms of epineurial vessel
pathology score, epineurialarteriovenous shunting, nerve fluorescein appearance time and intensity of
fluorescence. Treatments using Adenosine and adenosine A2A receptor agonist, and alpha-lipoic acid
administration were shown o be beneficial, with dose-dependent effects on nerve blood flow.

Keywords: Neuroanatomy; Vascular neurology; Epineurial circulation; Neural hemodynamics.

The aim of this short communication article
was to highlight the role of altered nerve blood
flow as a patho-anatomical manifestation in
diabetic peripheral neuropathy (DPN), a
common microvascular complication of
globally prevalent metabolic disorder, diabetes
mellitus.

Eaton  et al[1] compared epineurial
haemodynamics (epineurial intravascular
oxygen saturation and blood flow)in patients
with 11 chronic painful and eight painless
neuropathy subjects. Intravascular oxygen
saturation was found to be higher in the painful
neuropathy group compared to those without
pain. Faster Fluorescein rise time in those with
painful symptoms also indicated higher
epineurial blood flow in those subjects.

Nerve photography and fluorescein
angiography:Tesfaye et al[2] developed newer
techniques of sural nerve photography and
fluorescein angiography as an index of nerve
blood flow and studied 13 subjects with
chronic sensory motor neuropathy, five non-
neuropathic diabetic and nine normal control
subjects. The study had following findings;
“The mean epineurial vessel pathology score
of the neuropathic group was significantly
higher than the combined normal control and
non-neuropathic diabetic groups. Direct
epineurialarteriovenous shunting was
observed in six neuropathic and one non-
neuropathic diabetic patients and not in any
of the normal control subjects. The nerve
fluorescein appearance time was significantly
delayed in subjects with chronic sensory motor
neuropathy compared to both normal and
non-neuropathic diabetic subjects. The mean
intensity of fluorescence at 96, 252 and 576s,
was significantly lower in subjects with chronic
sensory motor neuropathy compared with
other two groups.”

Exercise-induced Responses

Tesfaye et al[3] recorded sural sensory
conduction velocity in 12 non-neuropathic
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diabetic subjects, 15 diabetic subjects with
established neuropathy and 16 age-matched
normal control subjects, before and after
exercise to 80% age/sex predicted maximum
heart rate, and concluded that the impairment
of exercise-induced nerve conduction
increment in diabetic neuropathy indirectly
implicated impaired nerve blood flow in
diabetic neuropathy.

Adenosine and Adenosine A2A Receptor
Agonist

 Kumar et al[4] examined the effects of
chronic administration of adenosine and CGS
21680 hydrochloride (adenosine A (2A)
receptor agonist) on motor nerve conduction
velocity (MNCV), nerve blood flow (NBF) and
histology of sciatic nerve in DPN rats.
Adenosine (10 mg/kg, i.p.) Showed
improvements insciatic MNCV and NBF in
diabetic ratswhile CGS 21680 (0.1 mg/kg, i.p.)
significantly improved NBF; but not MNCV.

Lipoic Acid

Nagamatsu et al[5] studied the effects of
lipoic acid (LA) on oxidative stress in diabetic
peripheral nerves of rats by measuring nerve
blood flow (NBF), electrophysiology, and
indexes of oxidative stress. LA was shown to
have dose-dependent influence on NBF in
diabetic nerves, but not on normal nerves.

Stevens et al[6] reported therapeutic effects
of administration of the antioxidant DL-alpha-
lipoic acid (LA) to streptozotocin-injected
diabetic rats, as follows;”LA improved digital
sensory but not sciatic-tibial motor NCV,
corrected endoneurial nutritive but not
composite NBF, increased the mitochondrial
oxidative state without correcting nerve energy
depletion, and enhanced the accumulation of
polyol pathway intermediates without
worsening myo-inositol or taurine depletion.”

Limited evidence suggested that higher
epineurial blood flow was present in DPN,
which indirectly influenced impairments in
exercise-induced nerve conduction increments.
Newer methods like Nerve photography and

fluorescein angiography provide useful
objective information on nerve blood flow in
terms of epineurial vessel pathology score,
epineurialarteriovenous shunting, nerve
fluorescein appearance time and intensity of
fluorescence. Treatments using Adenosine and
adenosine A2A receptor agonist, and alpha-
lipoic acidadministration were shown o be
beneficial, with dose-dependent effects on
nerve blood flow.
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