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Abstract

Context: The Perinatal Mortality Rate (PMR) gives 
good indicator of quality of Health care available to 
mother and new-born. As the PMR varies from one 
region to another region in Kerala and across the 
country, there is need to study the prevalence of PMR 
along with causative factors to know the quality of 
health care system of that region. 

Aim: to find out the Perinatal Mortality Rate (PMR) 
and factors influencing the PMR among Wayanad 
population in tertiary care center for the past three 
years from 2016 to 2019.

Settings and Design: This was retrospective study 
which was conducted in DMWIMS from 2016 to 2018 
after taking Institutional Ethical Committee clearance. 

Methods and Material: In this study we collected 
the number deaths of babies between 28 weeks of 
gestation and 1st week after delivery from OBG and 
pediatrics NICU register and later we calculated the 
PMR from 2016, 2017, 2018 by using formula. The 
causes for still birth/IUD and early neonatal deaths 
were noted and entered in Excel sheet.

Statistical Analysis Used: This risk factors were 
analyzed and the results was depicted in percentages 
and bar graphs using the SPSS software version 16.

Results: In the present study the PMR was 25.17/1000 
live births in 2016, 15.93/1000 live births in 2017 and 
11.4/1000 live births in 2018 among the deliveries 
conducted in DMWIMS hospital. The prematurity, 
respiratory distress syndrome was most common 
cause of early neonatal death were as low birth weight 

with Abruptio placenta were the common cause of Still 

birth/ IUD.

Conclusions: This decrease in trend of PMR 
across the year was due to proper antenatal care, 

intrapartum care and provision of critical care units 
like NICU from the trained and experienced staff 
in both Pediatrics, Obstretrics and Gynaecology 

Department in this Tertiary care centre in Wayanad.

Keywords: Health care; Perinatal mortality rate; 
Quality; Risk factors.

Introduction

Perinatal period extends from 22nd week of gestation 
(≥ 154 days or weighing ≥ 500 gm at birth) to less 

than 7days of life.1 As currently de ned, the term 
‘perinatal mortality’ includes both late fetal deaths 
(stillbirths) and early neonatal deaths. The eighth 

revision of the International classi cation of diseases 
(ICD) de ned the ‘perinatal period’ as lasting from 
the 28th week of gestation to seventh day after birth. 

The Ninth Revision (1975) of ICD added that: (i)
Babies chosen for inclusion in perinatal statistics 
should be those above a minimum birth weight i.e. 
1000g at birth. (ii) The gestation period of at least 28 

weeks should be used and (iii) body length (crown 
to heel) of at least 35 cm should be used.2 The 
value of perinatal mortality rate is that it gives a 

good indication of the extent of pregnancy wastage 
as well as the quality and quantity of health care 



106

Indian Journal of Anatomy / Volume 9, Number 2 / April – June 2020

available to the mother and newborn. It re ects 
the results of maternity care more clearly than the 
neonatal death rate.2 

According to 2012 survey the perinatal mortality 
in India is 28 in total, 31 in rural and 17 in urban 
population for 1000 live births. In Kerala it is 10 in 
total, 11 in rural and 7 in urban population for 1000 
live birth.2 A number of social and biological factors 
like low socioeconomic status, high maternal age, 
low maternal age, high parity, heavy smoking, 
malnutrition etc. which are known to be associated 
with PMR which varies from country to country 
and in between different states. An appreciation of 
these factors will certainly make the greatest impact 
on reducing perinatal mortality. The various causes 
of PMR may be grouped as (a) Antenatal causes, 
(b) Intra natal causes, (c) postnatal causes and 
unknown among which the main causes of death 
are intrauterine and birth asphyxia, low birth 
weight, birth trauma and intrauterine or neonatal 
infections which may vary from region to region. 
There are no much studies related to PMR in the 
Wayanad Region.

So, aim of the present study is to  nd out Perinatal 
mortality rate (PMR) and factors in uencing the 
PMR among Wayanad population in tertiary care 
center.

Objectives of the study

1 To study the PMR among Wayanad 
population for the past 3 years in the tertiary 
care hospital.

2. To study the risk factors associated with PMR 
of Wayanad population visiting the tertiary 
care center for the past 3 years duration.

Materials and Methods

This study was conducted in the Department 
of Anatomy, DM-WIMS, Wayanad. It was a 
retrospective observational study for a period 
of three years from 2016 to 2018.In this study we 
collected the number deaths of babies between 28 
weeks of gestation and 1st week after delivery from 
OBG and pediatrics NICU register and later we 
calculated the PMR from 2016, 2017, 2018 by using 
formula.

Perinatal mortality rate = Late foetal deaths (28 
weeks + of gestation) + postnatal deaths ( rst week) 
in a year × 1000/Live births in a year.

Then the causes and risk factors in uencing of 
perinatal mortality in antenatal, natal and postnatal 
period was documented from the OBG and NICU 
records after taking IRB and IEC clearance from the 
institution. This risk factors were analyzed and the 
results was depicted in percentages and bar graphs 
using the SPSS software.

Results

Table 1 Showing the late foetal deaths (≥28 weeks of 
gestation) in three years from 2016 to 2018 among 
Wayanad population in tertiary care center.

Table 1: Showing the late foetal deaths (≥28 weeks of gestation) in three years from 2016 to 2018 among 
Wayanad population in tertiary care center.

Month/Year 2016 2017 2018

Jan 1 5 0

Feb 1 4 0

Mar 1 3 0

Apr 1 0 0

May 1 0 0

Jun 0 1 2

Jul 1 0 0

Aug 0 0 1

Sep 1 2 0

Oct 0 0 0

Nov 1 0 0

Dec 2 0 0

Total 10 15 3

Table 2 Showing postnatal deaths ( rst week) 
in three years from 2016 to 2018 among Wayanad 
population in tertiary care center.

Table 3 Showing live births in three years from 
2016 to 2018 among Wayanad population in tertiary 
care center.

Lakshmi kantha BM, Durai Dhanasekar P, Sushanth NK / Perinatal Mortality Rate and Associated Risk 
Factors Among Waynad Population in Tertiary Care Center
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Table 2: Showing postnatal deaths (rst week) in three years from 2016 to 2018 among Wayanad population 
in tertiary care center

Month/Year 2016 2017 2018

Jan 2 1 3

Feb 1 1 2

Mar 2 3 1

Apr 0 1 2

May 1 0 2

Jun 6 0 4

Jul 2 1 1

Aug 0 0 1

Sep 2 2 2

Oct 0 0 2

Nov 2 1 0

Dec 1 1 2

Total 19 11 22

Table 3: Showing live births in three years from 2016 to 2018 among Wayanad population in tertiary care center

Month/Year 2016 2017 2018

Jan 64 105 166

Feb 58 147 174

Mar 81 133 177

Apr 106 107 160

May 96 123 144

Jun 111 137 170

Jul 90 146 170

Aug 108 150 185

Sep 99 154 185

Oct 100 139 219

Nov 117 152 210

Dec 122 139 217

Total 1152 1632 2177

Fig. 1: Showing live births in three years from 2016 to 2018 among Wayanad population in tertiary care center 

Fig 1 Showing live births in three years from 2016 
to 2018 among Wayanad population in tertiary care 
center.

Table 4 Showing the incidence of perinatal 
mortality from 2016 to 2018 among Wayanad 
population in tertiary care center.
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Fig. 2 Showing the incidence of perinatal 
mortality from 2016 to 2018 among Wayanad 
population in tertiary care center.

Table 4: Showing the incidence of perinatal mortality from 2016 to 2018 among Wayanad population in tertiary 
care center

Sl. No Year Perinatal mortality rate

1. 2016 25.17%

2. 2017 15.93%

3. 2018 11.4%

Fig. 2: Showing the incidence of perinatal mortality from 2016 to 2018 among Wayanad population in tertiary 
care center

Fig. 3 Showing the postnatal death and 
intrauterine deaths in three years from 2016 to 2018 
among Wayanad Population in tertiary care center.

Fig. 3: Showing the postnatal death and intrauterine deaths in three years from 2016 to 2018 among Wayanad 
Population in tertiary care center

Lakshmi kantha B.M, Durai Dhanasekar P, Sushanth N K / Perinatal Mortality Rate and Associated Risk 
Factors Among Waynad Population in Tertiary Care Center
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Discussion

In 2014 as per SRS data estimated National Perinatal 
mortality rate (PMR) was 28 per 1000 live births 
with still birth of 5 per 1000 live births and Early 
Neonatal death of 23 per 1000 live births. There was 
marked interstate variability in PMR minimum was 
in Kerala that is 10/1000 and maximum of 37/1000 
live birth in Odisha.3

According to Brahmanandan M et al. whose 
study in 2017 showed perinatal mortality rate was 

Table 5: Showing the different causes for still births from 2016 to 2018

Sl. No Causes for Still births
Number of cases 

in year 2016
Number of cases 

in year 2017
Number of cases 

in year 2018

1 Abruptio placenta 5 1 0

2 Low birth weight less than 2 kg 4 7 3

3 Preterm 2 3 2

4 PIH 1 0 0

5 Meconium aspiration 0 0 1

6 Breech presentation 2 1 1

7 Hand prolapse 1 0 0

8 Transverse lie 0 1 0

9 Total number of IUD 10 15 3

Table 5 Showing the different causes for still 
births from 2016 to 2018.

Table 6 Showing the different causes for early 
neonatal deaths from 2016 to 2018.

Table 6: Showing the different causes for early neonatal deaths from 2016 to 2018 

Sl. No Causes for Early neonatal deaths 
Number of cases 

in year 2016
Number of cases 

in year 2017
Number of cases 

in year 2018

1 Birth Asphyxia 3 0 5

2 Perinatal Asphyxia 0 0 2

3 Respiratory distress 6 2 6

4 HMD 2 0 0

5 Sepsis-MODS 2 1 2

6 Hypoxic ischemic Encephalopathy-3 3 2 0

7 CHD/CCHD 1 4 0

8 MAS 1 0 1

9 DIC 0 1 2

10 Perinatal Depression 0 2 0

11 ELBW 1 1 1

12 Pneumothorax 1 1 1

13 Congenital anomaly 1 0 2

14 Hypoglycemia 0 0 1

15 Neonatal Seizures 0 0 0

16 CLCP 1 0 0

Total 22 14 23

1 Preterm 14 6 13

2 Term 5 5 9

Total 19 11 22

29.12 per 1000 live births among patient delivered 
in SAT Hospital, Thiruvananthapuram, Kerala.4

In the present study the PMR was 25.17 per 1000 
live birth which was little higher than the state 

average in that year, whereas the next year 2017 
it showed 15.93 per 1000 live birth which was less 

when compared to the study by Brahmanandan 
M et al, this may be due to number of High risk 

deliveries were more in the SAT Hospital in that 
year and delay in the patient reaching to the 

Hospital.4 In the year 2018 the PMR was 11.4 per 

Lakshmi kantha BM, Durai Dhanasekar P, Sushanth NK / Perinatal Mortality Rate and Associated Risk 
Factors Among Waynad Population in Tertiary Care Center
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1000 live births which was less when compared 
to previous years due to better Antenatal care, 
intrapartum care and neonatal care in the hospital. 
There was also increase in the number of delivery 
cases and live births from 1152 to 2177 from 2016 to 
2018 this is due to conduction of health awareness 
camps about Antenatal care for pregnant ladies 
among the Wayanad population, better OBG and 
pediatric specialty care services in the Hospital and 
also free conduction of labor for Tribal population.

According to Brahamandan M et al. study the 
major causes for PMR was prematurity which was 
79 in number among 24,796 live births then comes 
other causes like birth asphyxia 40, prematurity-21, 
Sepsis-18, congenital anomalies, Meconium 
aspiration-25, placental insuf ciency-15, term 
birth asphyxia-15, Abruptio placenta-8 and cord 
complication-6.4

In the present study the most common cause 
for the Still birth was Abruptio placenta, low birth 
weight along with prematurity. The common 
early neonatal death causes was prematurity 
which constituted 73% deaths in 2016, 54.54% in 
2017 and 59% in 2018 which was almost similar to 
Brahamandan M et al. study. According to Lucy 
D et al. study in Orissa prematurity accounted for 
42.5% PMR and another study by Ravi Kumar et 
al. showed 48.4% were pre-terms among the still 
birth.5,6 This decrease in trend of prematurity across 
the years being the cause of still birth in the present 
study shows that there was increase in awareness 
of people for proper health checkup due to health 
awareness program conducted by the Hospital and 
also good care given by pediatrician in NICU. 

Other causes for early neonatal deaths in 2016 
was Respiratory distress in 6 cases, birth asphyxia 
in 3 cases and Hypoxic ischemic Encephalopathy 
in 3 cases. In 2017 the early neonatal deaths were 
due to congenital heart disease-4 cases, Hypoxic 
Ischaemic Encephalopathy Type 3-2 cases and 
respiratory distress-2 cases. In 2018 the causes 
for early neonatal deaths was due to Respiratory 
distress-6 cases, birth asphyxsia-5 cases and 
perinatal asphysxia-2 cases. The causes for PMR 
was varying across different years as per this study 
this may be due to various factors such as genetic, 
delay in coming to hospital, low socio economic 
status, etc.

Conclusion

The present study conducted in Tertiary care 
hospital showed decrease in the trends of Perinatal 

mortality rate from 25.17/1000 to 11.4/1000 live 
birth across the year from 2016 to 2018. The most 
common cause being prematurity, Respiratory 
distress syndrome, abruption placenta giving rise 
to placental insuf ciency. The decrease in trend 
suggests that there is increased awareness, proper 
facilities for ANC for all population including 
free treatment for tribal population, availability 
trained specialist in Department of Obstetrics and 
gynecology, pediatrics with proper NICU facilities 
which could have been the reason for decrease in 
trend of IUD, still births and neonatal deaths among 
Waynad population in this tertiary care center.

Conflict of Interest: Nil

Key Messages: 

In the present study the PMR decreased from 
25.17/1000 to 11.4/1000 respectively from 2016 to 
2018 which shows that quality of care provided 
by this tertiary care centre was good for Waynad 
Population due to trained staff and conduction of 
awareness camps.
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Abstract

Introduction: Abdominal aorta and its major 
branches supply oxygenated blood to all the organs in 

abdominal cavity and lower limbs. Ventral branches 
of abdominal aorta supply the gastrointestinal tract. 
Anatomical knowledge of the abdominal aorta and 
its branches is important not only to determines 
flow dynamics but also crucial in understanding 
pathogenesis of vascular diseases.

Aim: To measure the External diameters of ventral 
branches of abdominal aorta (coeliac trunk, superior 

mesenteric artery and inferior mesenteric artery) at 
it’s origin 

Material and Method: The study was carried 
out on 60 adult cadavers over a period of 2 years. 
Measurement of external diameters of ventral 
branches of abdominal aorta was taken with the help 
of digital vernier calliper.

Result: The mean external diameter of coeliac 

trunk, SMA, IMA at its origin is 0.64 ± 0.08 cm, 0.77 ± 
0.07 cm, 0.37 ± 0.06 cm respectively.

Conclusion: The knowledge of normal arterial 
diameters in a specific population is of great 
importance in order to make correct and precise 
radiological diagnosis of arterial aneurysms.

Keywords: Abdominal aorta; Coeliac Artery; 
Superior Mesenteric Artery; Inferior Mesenteric 

Artery 

Introduction

Aorta enters the abdomen via the aortic hiatus 
in the diaphragm at the level of the 12th thoracic 
vertebra and ends at 4th lumbar vertebra in the 
transcristal plane. Abdominal aorta and its major 
branches supply oxygenated blood to all the 
organs in abdominal cavity and lower limbs. 
Ventral branches of abdominal aorta supply the 
gastrointestinal tract.1 Anatomical knowledge of 
the abdominal aorta and its branches is important 
not only to determines  ow dynamics but also 
crucial in understanding pathogenesis of vascular 
diseases.2

Despite that the celiac trunk anatomical 
variations are well explored in the literature, 
information on the arterial diameter of its main 
branches is still scanty. Arterial diameter of celiac 
trunk hepatic branches has gained importance 
especially due to development of techniques for 
liver transplantation.2,3

 It is reasonable to assume that the life expectancy 
for the general population will continue to increase, 
generating a greater number of problems of vascular 
disease. New materials suitable for prostheses may 
help to meet the challenge. In addition to this, it is 
necessary for the surgeon to continue investigations 
in the pathogenesis of obstructive and aneurysmal 
aortic lesions and to review the anatomy of the 
vascular tree with a new perspective.4
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The material reported in this paper will be 
helpful not only to the vascular surgeon, but also 
to those who study the  uid dynamics involved 
and to others engaged in designing the vascular 
prostheses of tomorrow.

Materials and Methods 

The Dissection of the abdominal aorta was carried 
out in 60 cadavers which were embalmed using 
10% formalin. Each cadaver was kept in supine 
position, it was numbered.

Cadavers were procured from the department 
of Anatomy of Medical Colleges with prior 

permission. Ethics committee approval for the 
study was taken.

The skin was re ected from medial to lateral 
aspect in four quadrants towards the midaxillary 
line. Anterior abdominal wall was dissected layer 
by layer. Muscles of anterior abdominal wall were 
incised and re ected laterally. Peritoneal cavity was 
opened & branches of coeliac trunk were identi ed. 
Then as dissection proceeded, different organs of 
abdomen were removed & simultaneously different 
branches of abdominal aorta were identi ed. 
Satisfactory exposure of abdominal aorta and its 
branches was done. The following observations 
were made and noted.

Fig 1: External diameters of coeliac trunk. Fig 2: External diameters of superior mesenteric artery.

Fig. 3: External diameters of inferior mesenteric artery.

External diameters of ventral branches, coeliac 
trunk (Fig. 1), superior mesenteric artery (Fig. 2) 
and inferior mesenteric artery (Fig. 3) of abdominal 
aorta were measured with the help of digital vernier 
calliper

Inclusion Criteria

Cadavers of either sex with age group between 25 
to 75 years 

Prajkta A Thete, Mehra Bhoir, MV Ambiye / Morphometric Study of Ventral Branches of 
Abdominal Aorta
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Exclusion Criteria

Cadavers of any other age than mentioned above 
were excluded. Cadavers showing anomalous 
tortuosities, dilatation and aneurysms of abdominal 
aorta were excluded.

Results 

The Abdominal Aorta was exposed from its 
aortic opening in diaphragm to its bifurcation 
into common iliac arteries in all cadavers. All the 
branches of abdominal aorta were identi ed and 
dissected meticulously. And all the features were 
noted and measurements were taken. 

Table 1: External diameter of Coeliac Trunk at its origin (in cm) 

Distribution by groups

Diameter in cm No. of Cadavers Percent (%)

≤0.50 3 5.0

0.51 to 0.60 18 30.0

0.61 to 0.70 28 46.7

≥0.71 11 18.3

Total (N) 60 100.0

Graph 1: The distribution of study group as follows.

The data was tabulated and statistically analysed 
for various parameters described subsequently.

Out of 60 cadavers, maximum number (46.7%) 
of cadavers were having the External diameter of 

Coeliac Trunk at its origin in the range of 0.61 cm 
– 0.70 cm and minimum number (5%) of cadavers 
were having the same in the group of less than or 
equal to 0.50 cm (Table 1 and Graph 1).

Table 2: External diameter of Superior mesenteric artery at its origin in cm

Distribution by groups

Diameter in cm No. of Cadavers Percent (%)

≤0.70 14 23.3

0.71 to 0.80 31 51.7

0.81 to 0.90 14 23.3

≥0.91 1 1.7

Total (N) 60 100.0

Prajkta A. Thete, Mehra Bhoir, M. V. Ambiye / Morphometric Study of Ventral Branches of 
Abdominal Aorta
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Out of 60 cadavers, maximum number (51.7%) 
of cadavers were having the External diameter of 
Superior mesenteric artery at its origin, in the range 
of 0.71 cm – 0.80 cm and minimum number (1.7%) 

Graph 2: The distribution by groups as follows.

of cadavers were having the same in the group of 
more than or equal to 0.91 cm (Table 2 and Graph 
2).

Table 3: External diameter of Inferior mesenteric artery at its origin (in cm)

Distribution by groups

Diameter in cm No. of Cadavers Percent (%)

≤ 0.30 6 10.0

0.31 to 0.40 42 70.0

0.41 to 0.50 11 18.3

≥ 0.51 1 1.7

Total (N) 60 100.0

Graph 3: The distribution by groups as follows.

Out of 60 cadavers, maximum number (70%) 
of cadavers were having the External diameter of 
inferior mesenteric artery at its origin, in the range 
of 0.31 cm – 0.40 cm and minimum number (1.7%) 

of cadavers were having the same in the group of 
more than or equal to 0.51 cm (Table 3 and Graph 
3).

Prajkta A Thete, Mehra Bhoir, MV Ambiye / Morphometric Study of Ventral Branches of 
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Discussion

We think that the demographic information of the 
cadavers from which the specimens were taken is 
consistent with the demographic data of adults in our 
country. Therefore, we think that the results obtained 

from AA and its ventral branches can be considered as 
data belonging to the average individuals.

The external diameter of coeliac trunk at its origin

The external diameter of coeliac trunk at its origin 

(0.64 cm) in present study is in agreement with the 

study of Ahmet Songur7 (0.64 cm).

Best IM et al. (1991)8 determined diameter of 

Coeliac trunk by using 3MHz duplex scanner in 11 

normal controls and 14 diabetic patients and found 

average diameter of coeliac trunk as 0.8 ± 0.09 cm.

Sehgal G. et al. (2013)9 measured the diameter of 

Coeliac trunk near its origin in 50 subjects during 

computed tomographic angiography and found to 

range from 4 mm to 10 mm.

Table 4: Comparison of external diameter of coeliac trunk

Authors No. of Cadavers Mean Diameter Standard Deviation

Pennington (2005)3 15 0.76 cm 0.2

Silveira LA et al. (2009)5 21 0.79 cm 0.04

D Malnar et al. (2010)6 90 0.78 cm 0.08

Ahmet Songur (2010)7 95 0.64 cm 0.1

Present study (2013) 60 0.64 cm 0.08

External diameter of coeliac trunk in study 

by Pennington3 (0.76 cm), Silveria5 (0.79 cm) and 

Malnar6 (0.78 cm) is more than external diameter of 

coeliac trunk (0.64 cm) in present study this could 

be attributed to the racial differences in the study 

sample. Arterial diameter of celiac trunk branches 

is of importance especially because of development 

of organ transplant surgery and precise radiological 

diagnosis of arterial aneurysms.6

The external diameter of Superior Mesenteric 
Artery at its origin

Akira imura et al. (2007)10 observed the external 
diameter of SMA as 0.66 cm in a case report.

Best IM et al. (1991)8 determined diameter of 
Superior mesenteric artery by using 3MHz duplex 
scanner in 11 normal controls and 14 diabetic 
patients and found average diameter of Superior 
mesenteric artery as 0.7 ± 0.07 cm.

Table 5: Comparison of external diameter of Superior Mesenteric Artery

Authors No. of Cadavers Mean Diameter Standard Deviation

Pennington (2005)3 15 0.91 cm 0.2

Ahmet Songur (2010)7 95 0.73 cm 0.16

Present study (2013) 60 0.77 cm 0.07

External diameter of Superior mesenteric artery 
in Pennington3 study (0.91 cm) is more than external 
diameter of Superior mesenteric artery in present 
study (0.77 cm) this could be attributed to the racial 
differences in the study sample. 

The external diameter of Inferior Mesenteric Artery 
at its origin

External diameter of Inferior mesenteric artery in 
Pennington3 study (0.45 cm) is more than external 
diameter of Inferior mesenteric artery in present 
study (0.37 cm) this could be attributed to the racial 
differences in the study sample.

Table 6: Comparison of External diameter of Inferior Mesenteric Artery

Authors No. of Cadavers Mean Diameter Standard Deviation

Pennington (2005)3 15 0.45 cm 0.1

Ahmet Songur (2010)7 95 0.36 cm 0.07

Present study (2013) 60 0.37 cm 0.06
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Conclusion

The knowledge of normal arterial diameters in a 
speci c population is of great importance in order 
to make correct and precise radiological diagnosis 
of arterial aneurysms. Also, evaluation of arterial 
diameters is fundamental for liver transplantation
follow up. Previous knowledge of the normal and 
expected values for a speci c artery might help the 
early diagnosis, through radiological exams, of an 
arterial stenosis, even before clinical signs of low 
arterial  ow.
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Abstract

Background: The increasing application of 
sophisticated electro-physiological & radiological 
methods for the diagnosis and treatment of laryngeal 
disorders requires an extensive knowledge of the 
size and proportions of the human larynx & its 
cartilaginous components.

Aims: The present study was done to know the 
morphometric features of Thyroid and Cricoid 
cartilages in adult males and females by CT method 
in South Indian population and to compare with 
other studies.

Materials and Methods: The present study was done 
on 62 (31 Male, 31 Female) patients undergoing CT 
neck attending the Department of Radiology, KR 
Hospital attached to Mysore Medical College & 
Research Institute, Mysore for a period of 1 year from 
Jan 2014 to Dec 2014.

In the Computerized Tomography of Neck 
measurements of Thyroid & Cricoid cartilages were 
taken. The following measurements were taken for 
Thyroid cartilage, thyroid angle, maximum thyroid 
width, median antero-posterior diameter, antero-
posterior length of right and left lamina. And for 
Cricoid cartilage antero-posterior and transverse 
diameter, thickness of Arch and thickness of Lamina 
were measured.

Results: In both thyroid and cricoid cartilages the 
mean values of all parameters were correspondingly 
higher in males except for angle between thyroid 
laminae which was more in females. Mean thyroid 
angle in males was 75.43 ± 12.09 and females 89.87 

± 12.79. Mean thyroid width in males was 40.81 ± 

5.98 and females 35.52 ± 4.84. Mean median antero-
posterior length in males was 29.45 ± 4.57 and females 

28.7 ± 4.63. Mean antero-posterior length of right 

lamina in males was 36.90 ± 5.12 and females 28.7 ± 
4.63. Mean antero-posterior length of left lamina in 

males was 38.4 ± 4.17 and females 28.8 ± 4.17. 

Mean antero-posterior length of Cricoid cartilage 
in males was 27.5 ± 2.84. Mean transverse diameter in 

males was 27.27 ± 2.36 & females 20.89 ± 2.06. Mean 
thickness of arch in males was 1.96 ± 0.84 & females 

1.94 ± 0.9. Mean thickness of lamina in males was 4.24 

± 1.31 & females 4.51 ± 1.18. 

Conclusion: These morphological differences have 

important clinical and surgical implications. They 

are critical to the accurate placement of needles 
and probes in laryngeal electro myography and 

vocal cord injection, medialization procedures, in 
performing supraglottic laryngectomy, as well as 

precise planning of laryngeal framework surgery.

Keywords: Larynx; Thyroid Cartilage; Cricoid 
Cartilage; Morphometry; Sex determination.

Introduction

The larynx is made up of a series of cartilages 
interconnected by ligaments and brous 

membranes. The laryngeal cartilages are the 
unpaired cricoid, thyroid and epiglottic cartilages, 

and the paired arytenoid, cuneiform, corniculate 
and tritiate cartilages.1
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Anatomy of larynx is necessary for those who are 
involved in  elds of surgical treatment of larynx 
such as speech therapists, anaesthetists, oncologists, 
pulmonologists, radiologists, general practitioners, 
ENT specialists and Phoniatritians.2

A knowledge of dimensions of cartilages of 
larynx and trachea is a must for transplantation, 
stenting, intubation, crico-thyroidotomy and 
endoscopic procedures.3

Subglottic stenosis and post intubational stenosis 
of lower respiratory tract were two main factors 
which lead anatomists to work for measurements 
of various cartilages in early ninties.4

Data such as endolaryngeal angles, airway 
lumina and thickness of parts of laryngeal skeleton 
can be helpful in planning of endolaryngeal 
surgical intervention or transcutaneous placement 
of electrodes for electro myography or the analysis 
of CT and MRI scans of the larynx.5

The increasing application of sophisticated 
electro physiological, radiological and surgical 
methods for the diagnosis and surgical methods 
for the diagnosis and treatment of laryngeal 
disorders requires profound knowledge of size and 
proportion of human larynx and its cartilaginous 
compounds.5,6

Symmetry of larynx is extremely important 
from clinical point of view as a rotated thyroid 
cartilage and dislocation of superior thyroid cornua 
projecting in to ipsilateral pyriform fossa may lead 
to globus pharyngeous, sticking of food in upper 
neck, dysphagia or odynophagia.7

It has also been hypothesized that foramen 
thyroideum may provide a pathway for adeno 
carcinaoma and pyriform recess or transglottic 
tumours but remains resistant to laryngeal cancer 
as rest of thyroid lamina.8

A procedure called ‘laryngo ssure’ that is 
cutting through the thyroid cartilage and removing 

the inner perichondrium and everything inward 
of that in an area of carcinoma is effective in a 
high percentage of carefully chosen cases. It is 
emphasized that this approach avoids the necessity 
of removing the entire larynx.9

Thus knowledge of different parameters of 
various laryngeal cartilages is necessary before 
attempting different surgical or other interventions. 
So the present study was designed to attain this 
information in detail about thyroid and cricoid 
cartilages.

Materials and Methods

The present study was done on 62 (31 Male, 31 
Female) patients undergoing CT neck attending the 
Department of Radiology, KR Hospital attached 
to Mysore Medical College & Research Institute, 
Mysore. The duration of study was 1 year from 
Jan 2014 to Dec 2014. The present study includes 
CT scans of both male and female patients of adult 
age group (18 to 70 years). We have excluded CT 
scans of patients below 18 years & above 70 years 
age and also CT scans done for cases with history of 
previous laryngeal surgery.

The details of the case such as name, age, sex, 
address, in patient number and indications for 
CT scan were collected. In the Computerized 
Tomography of Neck measurements of Thyroid & 
Cricoid cartilages were taken. 

In the present study, the computerized 
tomography  lms will be taken in 3–4 slices and 
measurements will be taken at two levels by using 
Radiant Dicom Viewer software. 

Following  ve measurements of Thyroid cartilage 
was taken at one level, where both Thyroid laminae 
were clearly visible and joined to each other at an 
angle and the length of lamina was maximum 
(Fig. 1).

   

 (a) (b)

Fig. 1: Showing various measurements of thyroid cartilage (a) line diagram, (b) CT photograph.
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Thyroid angle (angle between two thyroid 

laminae)

1. Antero-posterior length of right lamina 

(distance from Thyroid angle to the posterior 

margin of the right lamina)

2. Antero-posterior length of left lamina 

(distance from thyroid angle to the posterior 

margin of the left lamina)

3. Maximum thyroid breadth (distance between 

the posterior margins of the two laminae)

4. Median antero-posterior diameter (distance 
between the thyroid angle and a point 
midway between maximum thyroid breadth)

Following measurements of Cricoid cartilage 
were taken at one level where a complete ring of 
cartilage was clearly visible (Fig. 2).

1. Transverse diameter (outer)

2. Antero-posterior diameter (outer) 

3. Thickness of arch 

4. Thickness of lamina 

   

 (a) (b)

Fig. 2: Showing various measurements of Cricoid cartilage (a) line diagram, (b) CT photograph.

Results

In thyroid cartilage the mean values of all the 
parameters in males were correspondingly higher 
than females except for angle between thyroid 
laminae (Table 1). A signi cant difference was 

observed between the values of both sexes in all 
parameters (p < 0.05). The antero-posterior length 
of right & left lamina was almost equal in females 
where as in males, left lamina was found slightly 
more compared to right lamina.

Table 1: Comparison of various Parameters of Thyroid and Cricoid cartilages measured between male and 
female by CT scan that is in living individuals

 Male  Female

Parameters Mean Std. Dev min max mean Std. Dev Min max

Thyroid cartilage

Thyroid angle 75.43 12.09 52.9 111.2 89.87 12.79 69.1 123.3

Maximum thyroid 
width 

40.81 5.98 30.8 57.3 35.52 4.64 27.1 45.3

Median AP 
diameter

29.45 4.57 19.1 38.8 21.10 3.52 16.6 29.6

AP of right lamina 36.90 5.12 22.7 45.8 28.7 4.63 20.9 38.6

AP of left lamina 38.40 4.17 27.1 44.7 28.8 4.17 22.4 38.7

Cricoid cartilage

AP diameter 27.5 2.84 23.4 34.4 22.72 2.61 18.6 31.2

Transverse 
diameter

27.27 2.36 22.2 30.5 20.89 2.06 16.8 24.9

Thickness of Arch 1.96 0.84 0.5 3.8 1.94 0.90 0.90 4.1

Thickness of 
Lamina

4.24 1.31 2 7.6 4.51 1.18 3 7.8
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In Cricoid cartilage the antero-posterior and 
transverse diameter are equal in males, where 
as in females antero-posterior diameter is more 
compared to transverse diameter. There was no 
signi cant difference between male and female with 
respect to thickness of arch and thickness of lamina. 
The thickness of lamina was more compared to 
thickness of arch in both the sexes.

Discussion

Morphology of larynx has gained clinical 
signi cance with the introduction of CT scan 
and MRI. This knowledge is helpful for trans-
cutaneous trans-cricothyroid membrane approach 
to endolaryngeal structures which is used for 
techniques such as placement of electrodes for 
laryngeal electromyography and transcutaneous 
botulinium injection of the paralyzed vocal fold.10

Laryngological imaging and elaboration of new 
surgical concepts for the treatment of phonatory 

disorders has recently awakened new interest in 
larynx morphometry.11

The size of thyroid and cricoid cartilages is 
reported to be smaller in women as compared to 
men in cadaveric studies4 and also in the present 
study by CT scan. Number of workers noted 
that 90% of women had post-intubation glottis 
and subglottic stenosis.12 This can explain higher 
incidence of post intubation laryngeal injury in 
women.

Table 2 showing the mean values of Thyroid and 
Cricoid cartilages are larger in males compared 
to females in both the studies except the angle. 
Mean values of all parameters of both cartilages 
are more in the present study compared to the 
study done by Monica Jain10 which may be due to 
racial difference. In present study the mean antero-
posterior measurement of Cricoid cartilage is equal 
to the mean transverse diameter in males, where as 
in females the mean antero-posterior measurement 
is more compared to the mean transverse diameter.

Table 2: Comparison with study done by Monica Jain10

Sl. No Parameter
Monica Jain10 (Mean ± SD) Present study (2019) (Mean ± SD)

Male Female Male Female 

1 Thyroid angle 72.60 ± 8.26 84.87 ± 8.12 75.43 ± 12.09 89.87 ± 12.79

2 Maximum thyroid width 37.8 ± 3.6 34.9 ± 4.5 40.81 ± 5.98 35.52 ± 4.64

3 AP of right lamina 36.8 ± 4.8 29.7 ± 5.1 36.90 ± 5.12 28.7 ± 4.63

4 AP of left lamina 35.2 ± 5.9 29.2 ± 4.6 38.40 ± 4.17 28.8 ± 4.17

5 AP diameter of Cricoid 
cartilage

28.6 ± 4.9 23.2 ± 4.1 27.75 ± 2.84 22.72 ± 2.61

6 Transverse diameter of 
Cricoid cartilage 

25.7 ± 3.2 21.3 ± 4.7 27.27 ± 2.36 20.89 ± 2.06

Lipton et al.11 reported a study on the sectional 
anatomy of larynx with respect to the cricothyroid 
membrane as applied to the transcutaneous 
approach to endolaryngeal structures. For example, 
thyroarytenoid muscle could be approached in 
a saggital plane approximately 5 mm from the 
midline at an approximate angle of 50° and a depth 
of 9–13 mm in males and at an angle of 40° and 
depth of 7–9 mm in females. Such measurements 
were obviously related to the size of laryngeal 
cartilage and were important for the placement of 
electrographic electrodes and for the injection of 
botulinium toxin for spastic dysphonia suggesting 
the importance of taking measurements of larynx 
in living.

Shin et al. reported mean height of Cricoid 
cartilage marrow In 13.6 mm (range 5.5 to 20.5 
mm) in women & 17.5 mm (range 13.0 to 24.5 mm) 
in men. The mean thickness of Cricoid cartilage 

marrow was 3.17 (range 1.22 to 4.75 mm) in women 
and 5.13 mm (range 3.42 to 7.6 mm) in men13 which 
is less compared to present study.

Conclusion

Thus to conclude in the present study all 
parameters of thyroid and cricoid cartilages are 
more in males compared to females except thyroid 
angle which was more in females. 

The mean antero-posterior measurement of 
Cricoid cartilage is equal to the mean transverse 
diameter in males, where as in females the mean 
antero-posterior measurement is more compared to 
the mean transverse diameter.

The size of thyroid and cricoid cartilages is 
reported to be smaller in women as compared to 
men in the present study by CT scan. 
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Abstract

Background: Cadaveric dissection is an important 
experience for every medical student. However a first 
year student goes through a variety of responses on 
exposure to cadaveric dissection. 

Aim: This study was undertaken to note the various 
attitudes of first year M.B.B.S. student. 

Methods: Questionnaires were administered to 
willing candidates out of 250 first M.B.B.S. students to 
determine attitude of students to cadaveric dissection.

Result: 22.14% had recurrent thoughts of the 
cadaver during the first week of dissection. 5.1% had 
thoughts about leaving the course in the first week. 
These thoughts decreased to 0% after 8 weeks of 
dissection. 85.11% students felt that interaction with 
Anatomy teachers helped them to emotionally cope 
with the stress. 

Conclusion: We conclude that cadaveric dissection 
is an indispensible learning tool of medical education. 
Better student staff interaction will help the student 
cope with stress of first year curriculum.

Keywords: Cadaveric dissection; Attitude of 
students, Gratitude towards cadaver, Emotional help 
and learning tool. 

Inroduction

Dissection of a Cadaver has been the central part 
of anatomy learning process. Many consider 

dissection as a once in a lifetime experience. Since 
Renaissance period dissection is considered as an 
important pillar in medical education.1 However, 
every medical student goes through a variety of 
emotions when exposed to human cadaver. Poles 
apart responses like a deep feeling of gratitude 
towards the cadaver2,3 to a shocking feeling of 
leaving the M.B.B.S. course1,4 after few days of 
starting cadaveric dissection have been reported. 
In the new curriculum with integrated teaching, 
newer methods like use of dissection videos, 
virtual dissection, prosected specimens or plastic 
models as an option for cadaveric dissections are 
being used.5 A newly admitted  rst year student is 
dealing with sense of pride, excitement and stress 
of entering the world of Medical education. 

Aim 

The present study was conducted to determine 
the attitude of 1st year medical students to cadaver 
dissection and to determine if students still feel that 
cadaveric dissection is an indispensible learning 
tool.

Materials and Methods

The attitude of 1st year medical students towards 
cadaveric dissection was tested, before exposure to 
cadaver, one week after exposure to cadaver and 2 
months after starting cadaver dissection.
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Standardized and pretested questionnaires 
prepared in english were administered to willing 
candidates from 250 1st MBBS students of Dr. 
D.Y. Patil vidyapeeth and Medical college, Pune. 
1st questionnaire was administered immediately 
before the  rst class of dissection session. The 2nd

questionnaire was administered a week after the  rst 
dissecting room experience. The 3rd was 2 months 
later. The relevant data obtained from questionnaires 
was captured and analyzed statistically.

Results

In this Study 59.35% female and 40.65% male 
students with age ranged between age 16 to 22 has 

been participated. 69.9% follow a non vegetarian 

diet while 30.1% are vegetarians. 22.14% students 

had recurrent thoughts of cadaver and formalin 

smell even outside college in the  rst week of 

dissection. Fear for dissection decreased from 

19.9% to 2.55% in two months of dissection. View 

of student that dissection is an important part of 

medical course increased from 95.93% to 100%. 

5.1% students had thoughts of leaving M.B.B.S. 

course after  rst cadaver exposure. 99.14% felt 

gratitude towards the cadaver after months of 

dissection which is more than 93.08% response after 

one week of dissection. 85.11% felt that interaction 

with anatomy staff helped them emotionally.

Table 1: Response to various attitudes

Attitude 
Before start of 

dissection
After one week of 

dissection
After 8 weeks of 

dissection

Fear of cadaver 19.9% 15.31% 2.55%

Recurring thoughts about 
dissection

- 22.12% 0%

Thoughts about leaving the 
course

- 5.1% 0%

Difficulty in eating non-veg 
food

- 12.34% 0%

Interaction with anatomy 
staff helped them 
emotionally.

69.51% - 85.11%

Feeling of gratitude towards 
the cadaver

- 93.08% 99.14%

Considering dissection as a 
indispensible tool 

- 95.93% 100%

Discussion

Mulu and Tegabu6 in a longitudinal study of 
Medical students’ attitudinal changes towards 
cadaver dissection, found that the reaction of 
students towards cadaver varied as the duration 
of the contact increased. Fear had decreased from 
58.5% to 2.7% and nausea from 6.1% to 2% with 
statistically signi cant difference (p < 0.05). Interest 
increased from 70.7% to 95.2% and excitement 
from 42.9% to 57.8% on subsequent exposure to 
dissection.

Saha et al.1 studied the attitude of 1st year Medical 
students in Dissection Hall and found that 100% of 
them agreed that cadaver dissection was important 
part of Medical Degree and 96.97% agreed that 
dissection gave better learning than demonstration 
on prosected specimen. 96.7% felt gratitude 

towards the body donors, and 3% stated that they 
had thought of leaving the training programme 
following exposure to the cadaver.

Somanath et al.2 studied the experience of 
preclinical students in anatomy-Lab and found that 
96% males and 97% females agreed that dissection 
enhanced the skill of thinking in a logical manner. 
94% males and 90% females thought that actual 
hands-on training on cadaver dissection gave better 
results than demonstration of prosected specimens. 
93% males and 96% females admitted that cadaver 
dissection was ethically acceptable. 86% males and 
97% females agreed that cadaver dissection could 
not be replaced by plastic models and computer 
assisted training programmes. 100% females 
and 96% males consider cadaver dissection to be 
important and indispensable to anatomy learning.

Mishra et al.7 while studying the attitude of 
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medical students towards dissection found that 
majority of students were not found to be mentally 
prepared about the composition of dissection 
though they were excited. Students had no idea 
about body donation though they strongly agreed 
that dissection would help them in future medical 
practice.

Oyeyipo and Falana3 studied the attitude of 
preclinical students to cadaver dissection in 
South-West Nigerian Medical School and found 
that majority (70%) of students found their 1st 
visit to Dissection hall exciting, 46.7% were upset 
at the beginning of dissection while 36% showed 
anxiety and stress immediately before and during 
dissection. While 76.7% were mentally prepared for 
dissection 20% were not. 81.7% felt that dissection 
enhanced their thinking ability and 93.3% felt 
that dissection provided the best method of 
learning anatomy. 86.6% and 91.7% felt cadaver 
dissection was acceptable religiously and culturally 
respectively.

Dubashi et al.8 in a study of reactions of Medical 
students to dissection, found that students 
experienced positive feelings such as curiosity and 
interest to learn about the structure of human body 
and some felt scared, put off by the formalin fumes 
because of which few were hesitant to dissect the 
cadaver. Some of these negative feelings in uenced 
their routine activities. Students reported feeling 

of gratefulness to the people who donated their 
bodies. Students felt need for pre-education session 
before the formal dissection.

Vijayabhaskar P et al.9 studied the emotional 
impact of cadaveric dissection on  rst M.B.B.S. 
students. They used the Appraisal of life events 
(ALE) scale to measure the amount of impact felt 
by the student. More loss in ASE scale was reported 
by vegetarian students. Majority of the students 
showed a positive response. They considered 
dissection as a positively signi cant life experience. 
The knowledge from theory lectures and tutorial 
gets elaborated and reinforced during cadaveric 
dissection. Interaction and assistance by senior 
students and anatomy staff reduced the stress of 
dissection signi cantly. Even 85.11% students in 
our study state that anatomy staff helped them to 
emotionally manage the stress. A three dimensional 
view of human anatomy is given to the students by 
cadaveric dissection.

Arraez and Aybar10 in a study with 425  rst 
M.B.B.S. students state that for technical and 
emotional skill training, cadaveric dissection is an 
important training tool. The emotional responses 
to dissection decrease with continual exposure. 
Students gained better emotional control. Authors 
say that dissection makes the student learn how to 
face and adapt to their emotional responses and 
attitude to deeper thoughts about life and death. 

Table 2: Comparison with other studies

Attitude 
Mulu & 
Tegabu6

Agnihotri G & 
Sagoo M11

I.P. Oyeyipo 
& Falana B3

Nirmalya 
Saha et al.1

Current
 study

Fear of cadaver – 
before dissection

64.6% 30.6% 19.9%

After 1 week 12.9% 12.31%

After 8 weeks 4.7% 15.33% 2.55%

Recurring thoughts 
about dissection

24.2% 22.12%

Thoughts about 
leaving the course

4% 5.1%

Difficulty in eating 
non-veg food

29.3% 12.34%

Feeling of gratitude 
towards the cadaver

83.3% 99.14%

Considering dissection 
as an indispensible tool 

99% 98.3% 100%

Conclusion

We state that, cadaveric dissection is an 
indispensible learning tool in Medical education. 
A three dimensional view of human anatomy 

is given by cadaveric dissection. On cadaver 
exposure students demonstrate a variety of 
responses. Continued dissection exposure for a 
period of 8 weeks has considerably decreased 
the negative responses reported in the  rst week. 
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A positive response of increase in gratitude for 
the cadaver is seen. 100% students in this study 
feel that Cadaveric dissection is an indispensible 
tool in medical education. First year student 
is going through a sense of excitement and 
stress while starting cadaveric dissection. Better 
student–teacher interactions will help students to 
emotionally cope with the stress of dissection and 
academic curriculum.
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Abstract

Introduction: Pterion is irregularly H shape 
confluence of sutures on norma lateralis. It is an 
anthropological landmark situated in the floor 
of temporal fossa. Anterior division of middle 
meningeal artery is related to and commonly injured 
in trauma at pterion. Keeping in mind clinical and 
anthropological importance of pterion study was 
conducted.

Aims and Objectives: To study sutural pattern 
of pterion based on Murphy’s classification. To 
locate the pterion above zygomatic arch and behind 
frontozygomatic suture. 

Material and Methods: 56 dry human skulls of 
known sex preserved by Anatomy Department, 
Government medical college Aurangabad were 
studied for pterion pattern. Location of pterion 
studied from midpoint of zygomatic arch to midpoint 
of pterion on both sides and mean is calculated for 
distance from frontozygomatic suture also. Distance 
is measured using digital vernier caliper having 0.01 
mm accuracy. 

Results: : Percentage of pattern of pterion in present 
study is; Sphenoparietal 69.64% Epipteric bone 
23.21%, Stellate 4.46% and Frontotemporal 2.68%. 
Mean distance of pterion in females is 3.8 cm from 
zygomatic arch and from frontozygomatic suture is 
2.91cm. In males it is 3.87 cm and 2.92cm respectively.

Conclusion: Sphenoparietal type of pterion is most 
frequent type of pterion in  present study. Sutural 
pattern and location may vary in two sides in same 
subjects. Knowledge of morphology and distance of 
pterion from frontozygomatic suture and zygomatic 
arch  is important for anthropologists, radiologists 
and neurosurgeons.As skull is thinnest at pterion ,it 
is useful in pterional approach in neurosurgery.

Keywords: Pterion; Zygomatic arch; 
Sphenoparietal type; Epipteric type.

Introduction

Pterion is irregularly H shape con uence of 
sutures on norma lateralis where frontal, parietal, 
squamous temporal and greater wing of sphenoid 
meets. 

It is an anthropological landmark situated in the 
 oor of temporal fossa. Pterion corresponds to the 
site of the anterolateral fontanelle of the neonatal 
skull which closes at third month after birth.1

In present project  sutural pattern of pterion was 
studied based on Murphy’s classi cation.2 

Initially Broca classi ed pterion into three types 
namely sphenoparital, frontotemporal, stellate.3

Later Murphy in 1956 added fourth type of 
pterional sutural bone known as epipteric bone.2 

Pterion is important in surgical approach known 
as pterional approach in neurosurgery13, with 
pterional approach  anterior and middle cranial 
fossa can be operated, also repair of aneurysms of 
middle cerebral artery, tumors such as olfactory 
meningioma can be approached, pterional access 
is of importance in operations on Broca’s motor 
speech area,sphenoid ridge and optic canal.13

Materials and Methods

Fifty-six dry human skulls of known sex preserved 
by Anatomy Department, government medical 
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college Aurangabad were studied for pterion 
pattern. Skull with broken pterion and zygomatic 
arch  were excluded from the study. 56 intact 
Skulls were  classi ed morphologically into 
sphenoparietal, frontotemporal, stellate and 
epipteric types. 

1. Sphenoparital type: Greater wing of sphenoid 
articulates with the parital bone.

2. Frontotemporal type: Sqamous part of temporal 
bone articulates with the frontal bone.

3. Stellate type: All above said four bones articulate 
at a single point.

4. Epipteric type: Sutural bone is present at the site 
of pterion.

Types of pterion are shown in  gures 1 to 4.

Sphenoparital and frontotemporal types form H 
shaped sutural pattern.

Location of pterion studied from midpoint of 
zygomatic arch to midpoint of pterion. On both 
sides and mean is calculated for distance from 
frontozygomatic suture also. Distance is measured  
from posteriormost point of frontozygomatic 
suture to midpoint of pterion,which is least possible 
distance.

Results

Percentage of pattern of pterion in present study is 
as shown in Graph 1.

Sphenoparietal 69.64%, Epipteric bone 23.21%, 
Stellate 4.46% and  Frontotemporal 2.68%.

Mean distance of pterion from zygomatic arch 

• In females - 3.8 cm 

• In males - 3.87 cm 

Graph 1: Pie chart showing percentage of pattern of pterion in present study. 

Fig 1: Stellate type of pterion. Fig 2: Sphenoparital type of pterion.
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Mean distance of pterion from frontozygomatic 
suture 

• In females - 2.91cm. 

• In males - 2.92cm. 

Discussion

In present study, 56 skull having 112 sides 78 
were sphenoparital, 26 epipteric type, 5 stellate 
type and 3 of frontotemporal type.

    

Fig 3: Frontotemporal type pterion. Fig 4: Epipteric type pterion.

 Frontotemporal is predominant in Non-human 
mammals.4,5 Location study in different population 
vary and helps to locate pterion in different 
populations

In present study and in previous studies6,7,8,9,10 

sphenoparietal is predominant suture pattern.

In Present study Sphenoparietal type is found in 
69.64 % while in study by Oguz et al.6   it was 88%, 
by Mwachaka et al.7 it was 66.7% , by Adejuwaon 
et al.8 on Nigerian population it was 86%, by Gupta 
et al it was 60.95%. Present study is comparable to 

Table 1: Comparison of present study pterion pattern with previous studies

Studies Spheno-parietal Fronto-temporal Stellate Epipteric

Oguz et al. (2004)6 88 0 2 10

Mwachaka et al. (2009)(Kenyan)7 66.7 15.5 11.1 6.7

Adejuwon et al. (2013) (Nigerian)8 86 8.5 5.6 0

Sowmya S et al. (2017)9 77 17 0 6

Gupta et al. (2014)10 60.95 6.5 8.7 23.85

Present study (2020) 69.64 2.68 4.46 23.21

Study by Gupta et al. (2014)10 in which incidence 
of epipteric was 23.85% and in present study it is 
23.21%

Pterional approach is the most popular approach 
used in neurosurgery.11 In present study location of 
pterion studied from midpoint of zygomatic arch 
to midpoint of pterion. On both sides and mean 
is also calculated for distance from posterior most 
point on frontozygomatic suture.

According to study done by Reis BL, et al.12

sphenopterional point is located on average 
21.72 mm posterior and 4.76 mm superior from 
frontozygomatic suture, over the sphenoidal 

bone component of the pterion region. They 
studied 100 adult dry  human skull using laser 
transillumination.

Epipteric bone can be misinterpreted as fracture 
radiologically.After sphenoparital type epipteric 
bone is common in Indian population. 

Location study in different population vary and 
helps to locate pterion in different populations. 

Conclusion

Study data may be useful  for radiologists and 
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neurosurgeons and anthropologists. Variation may 
present in sutural pattern and location  in right 
and left sides in same subjects. Pterion study is 
also helpful in pterional approach neurosurgeries 
as anterior division of middle meningeal 
artery is related  internally to pterion to cause 
epidural haematoma.Racial differences seen in 
sutural pattern and distances from zygoma and 
frontozygomatic suture.
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Abstract: 

Introduction: Abnormalities of great vessels of 
heart, especially arch of aorta, are of embryological 
interest and have already been described in many text 
books of anatomy. The embryological development 
of aortic arch is very complex that finally results in the 
formation of three branches: 1) brachiocephalic trunk 
2) left common carotid artery and 3) left subclavian 
artery. In the present study we have found a case of 
abnormal aortic arch giving rise to four branches and 
also ligamentum arteriosum. We also found three 
more cases of ligamentum arteriosum.

During the foetal life, Ductus arteriosus provides 
communication between pulmonary and systemic 
circulations. This normal anatomical structure closes 
soon after birth and undergoes fibrosis which is 
termed as ligamentum arteriosum that persists up to 
3 months of post natal life.

Aims and Objectives: The clinicians and surgeons 
should be aware of wide range of congenital anomalies 
of great vessels of heart during the management of 
such cases. Therefore the present study focuses on 
reporting of such cases to reduce the risk of iotrogenic 
injuries.

Materials and Methods: We had studied 80 
embalmed cadavers for a period of 3 years for the 
presence of anomalous great vessels of heart.

Results: We have found four hearts with anomalous 
great vessels. One of the hearts had abnormal aortic 
arch that had given rise to four branches. It also 
had persistent ligamentum arteriosum. In the other 
three cases, we found only persistent ligamentum 
arteriosum.

Conclusion: Knowledge of variations in great 
vessels of heart is important for the practitioners to 
reduce the disastrous vascular complications.

Keywords: Great vessels; Ligamentum arteriosum; 
anomalies.

Introduction

The development ofaortic arch is very complex and 
 nally results in the formation of left aortic arch 
with three branches. They are 1) brachiocephalic 
trunk 2) left common carotid artery and 3) left 
subclavian artery. 1–3% of congenital heart diseases 
account for anomalies of aortic arch. When the 
arch crosses the right main bronchus, it is called as 
right aortic arch and further descends to the right 
side of the spine. This variation does not cause 
oesophageal compression. But with the presence 
of both Kommerell’s diverticulum and ligamentum 
arteriosum, oesophagus may get compressed 
resulting in dysphagia. Patients usually remain 
asymptomatic till later decades of life as the arteries 
become tortuous and aneurysmal.1

A recent study suggests that only 0.36% of 
patients with dysphagia had aberrant subclavian 
arteries.2 An aberrant right subclavian artery is 
found in 0.5% of population, whereas aberrant 
left subclavian artery is found in only 0.06–0.01% 
of population.3 The right-sidedaortic arch is a 
rare congenital malformation occurring during 
embryologic development. Majority of these cases 
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present with aberrant left subclavian artery (LSA) 
which can cause compression of thoracic structures. 
While this aberrant vessel causes mostly benign 
symptoms, patients may  rst present with rupture 
of a thoracic aneurysm. This thoracic aneurysm is 
commonly known as Kommerell’s diverticulum. 
Kommerell’s diverticulum is a developmental 
anomaly named after Dr. Kommerell who diagnosed 
it  rst. It is a remnant of fourth dorsal aortic arch. 
The diverticulum may be present on both right and 
left aortic arches, from which aberrant subclavian 
artery arise to the contralateral side.4

Embryological aspects

The various congenital anomalies of the aortic arch 
is based on the hypothetical theory of double aortic 
arch, which was described by Edwards et al.5 In this 
hypothetical theory, the ascending aorta divides into 
Right and Left aortic arches which encircletrachea and 
esophagus and then unite to form descending aorta. 
A common carotid artery and subclavian artery arise 
from each aortic arch. A ductus arteriosus connects 
the aortic arch and pulmonary artery on each side. 
Usually, the regression occurs between the origin 
of right subclavian artery and descending aorta
in the Right aortic arch (RAA). Right ductus also 
undergoes regression. Thus, the normal aortic arch 
is formed. If the regression occurs between the origin 
of left subclavian artery (LSCA) and the descending 
aorta in the left aortic arch, it then becomes an RAA 
with mirror-image branching. If the interruption 
takes place between the left carotid artery and the 
LSCA in the left aortic arch, it will form an RAA with 
aberrant LSCA.6 There can be a dilated segment at the 
proximal part of the aberrant LSCA. It is known as 
the diverticulum of Kommerell. Thus depending on 
inappropriate persistence orregression of different 
segments, different types of aortic arch anomalies 
occur.6

Materials and Methods

The present studywas conducted on 80 embalmed 
cadavers, out of which 19 were female and 61 were 
male, for the period of 3 years from 2015 to 2018 
in KAHER’s Jawaharlal Medical College, Belagavi, 
Karnataka. All the 80 cadaveric hearts were 
observed during the routine dissection hours of 
MBBS students and presence ofany abnormalities 
or congenital anomalies of great vessels of heart 
were noticed.

We found an anomalous heart in a 60 year old male 
cadaver with the ascending aorta originating from 
the left ventricle posterior to the commencement of 
pulmonary artery (Fig. 1). It travels cranially and 
to the left and became continuous with the arch 
of aorta. The arch passes posterior to the trachea 
and oesophagus becoming continuous with the 
descending thoracic aorta which was on the right 
side of vertebral column. This anomaly is because 
of persistence of right fourth aortic arch and 
regression of left fourth aortic arch.

The right sided aortic arch gave four branches: 
from right towards the left they were 1) right 
subclavian artery 2) right common carotid artery 
3) left common carotid artery and 4) aberrant left 
subclavian artery. The aberrant left subclavian 
artery was arising from a conical dilatation of 
the proximal portion of its origin from the aorta. 
This conical dilatation is called as Kommerell’s 
diverticulum which accounts for 1.25% in the 
present study.

Three more adult male cadavers had only 
persistent ligamentum arteriosum with no other 
associated anomalies which accounts for 3.75% 
(Fig. 2a, b, c).

Fig. 1: Anomalous Heart Fig 2a, b, c: Hearts Showing Ligmentum Arteriosum.
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Results

Among 80 dissected cadavers, we got four 
anomalous hearts. All these were found in adult 
male cadavers in the age group of 55–70 years. 
One of hearts (Fig. 1) had right sided arch of aorta 
giving rise to four branches including aberrant left 
subclavian artery. The rest of the three hearts had 
persistent ligamentum arteriosum with no other 
anomalies (Fig. 2a, b, c).

Discussion

In 1763, Fioratti and Aglietti  rst documented a case 
of right sided aortic arch.7 This is later classi ed in 
1948 by Edward, in 1963 by Palayew and in 1964 by 
Steward et al.8

According to a study done by Cina CS, et al. 
in 2009, only 0.1% of adult population was found 
with Right sided aortic arch which is a very rare 
congenital anomaly.9 Half of these cases were 
associated with aberrant left subclavian artery 
(0.05–0.1%) which has been found in our case as 
well. Only about 50 cases of Right sided aortic 
arch with aberrant left subclavian artery have been 
found in the previous studies so far.10

Right aortic arch (RAA) is divided into two 
types: mirror-image branching and aberrant left 
subclavian artery (LSCA).11 RAA with aberrant 
LSCA is rarely associated with other congenital 
heart diseases, which accounts for only about 10%, 
where as in RAA with mirror-image branching, 
this risk of association with other congenital heart 
disease is more than 90%.12 The most common 
association is Tetralogy of Fallot. Hastreiter et al. in 
his study, found that the RAA with mirror-image 
branching was associated with double-outlet right 
ventricle in 20%, with truncus arteriosus in 13–15% 
cases and with Tetralogy of Fallot in 13–34% of 
cases.7

The etiology of right sided arch of aorta is still 
unknown. A deletion of chromosome 22q11 is said 
to be associated with 24% incidence of isolated 
anomalies of laterality of aortic arch.13

Right sided aortic arch with aberrant left 
subclavian artery is rarely associated with other 
congenital heart diseases and accounts for only 
10%.14

Jung et al. in 1978 reported  ve cases of right 
sided aortic arches with aberrant left subclavian 
artery and persistent leftligamentum arteriosum.15

Kommerell’s diverticulum is also called as 

“remnant diverticulum”, “lusoria diverticulum”or 
“lusoria root”. This diverticulum was originally 
described by Burckhard Friedrich Kommerell in 
1936 and is a remnant of left fourth aortic arch.16

Two types of aortic arches have been described. 
In the  rst type, a vascular ring is formed around 
the trachea and oesophagus.17 Bothare enclosedin 
the ring formed by the right sided aortic arch, and 
left ligamentum arteriosum. Similar formation has 
also been found in our study as well. In the other 
type, both the ductus arteriosus and aorta lie to the 
right of the trachea without a vascular ring.14

Vascular rings are formed by double aortic 
arches with small, atretic or equal right and left 
components. The descending thoracic aorta may be 
left or right sided, and there may be a left, right, or 
bilateral patent ductus arteriosus, or a ligamentum 
arteriosum.18,19

In the previous studies, it has been reported that 
right sided aortic arch with aberrant left subclavian 
artery must always have a ductus arteriosus.20 

Similar  ndings have been noted in our studies 
as well. With the presence of ductus arteriosus, 
a vascular ring is formed which may or may not 
cause compression of trachea and oesophagus.

Conclusion

The branching pattern of great vesselsthat are 
arising from the arch of aorta are of major interest 
to the cardiologists, cardiothoracic surgeons and 
clinicians who perform imaging studies and 
catheter-based techniques to reduce the risk of 
iotrogenic injuries. It helps them to appreciate these 
anomalies pre-operatively and can reduce the risk 
of disastrous vascular complications. 
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Abstract 

Introduction: Anthropology plays an important 
role in various medicolegal aspects; apart from 
determination of Age, Sex and Race of individual, 
stature is also one of the important parameter of 
identification various civil and criminal cases. 
Therefore efforts have been made to determine 
association between stature and length of clavicle if 
any. 

Materials and Methods: The present research 
was carried out in department of Anatomy JNMC 
Sawangi (M) Wardha; was conducted on total 
50 Male individual of age 17–24. The length was 
calculated with the help of osteometric callipers for 
clavicles from anatomical landmarks and stature was 
calculated in centimetres.

Conclusion: From present research it was 
concluded that the length of clavicle and stature 
reveals positivecorrelation and the linear relationship 
between the living stature and length of clavicle of 
each side was carried out in the form of regression 
equation.

Keywords: Anthropology; Clavicle; Stature; 
Correlation.

Introduction

Anthropometry which deals with expressing 
human form in numbers has been widely used in 
forensic identi cation and Anatomy. Identi cation 
includes determining sex, age, race and stature of 

a person. Among these, the sex and stature are the 
most important1.

Determination of stature is one of the important 
factors amongst age, sex and race in various cases, 
which can be useful for identi cation in various 
medicolegal cases.2 Determination of stature plays 
signi cant role in various medicolegal cases. In 
the  eld of anatomical, forensic and anthropology 
measurement of individual body parts plays very 
a vital role and to assess the various parameters in 
determination includes height of an individual.3 
Various authors have con rmed correlation 
between stature and measurements of severalpa rts 
of the body which are often represented using linear 
regression equation derived from them.1 At present 
many inherent population differences present 
among the different population, thus giving rise to 
the need for different formulae to be derived from 
different populations.4 Many authors like Terry, 
Thieme and Oliver, tried to determine correlation 
between stature and different bony measurement 
including clavicle.5–7 There are very few literature 
available in India, Singh et al., Jit et al. envisages 
effort to determine correlation between stature and 
clavicle length.8–9

Materials and Methods

• The current study was carried out in the 
department of Anatomy JNMC Sawangi (M) 
Wardha; was conducted on total 50 Male 
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individual of age 17–24. The length of the both 
clavicle was measured by means of a centimeter 
scale from anatomical landmarks with skin 
marking pencil and re checked by vernier 
calliper. Stature was measured in centimeter. 

• Participant has been asked to stand barefoot 
on a plane surface on the ground in upright 
position and was measured from the vertex to 
the foot according to the anatomical position 
and Frankfurt plane. To avoid diurnal 
variation, Measurements were taken at a set 
time. Exclusion of participant with obvious 
deformity or defects.

Results

A sample of 50 Males were considered, and 

the measurements were taken randomly using 
standard tapes. 

The data obtained were analyzed statistically 
using Microsoft Excel software, and the average 
living stature for an adult male was determined. 
The linear association between the living stature of 
individual and length of clavicle of each side was 
carried out in the form of regression equation. It 
was clear that the clavicle length showed a positive 
correlation with the stature.

The mean value of the stature of the individual 
was found to be 166.42 and the length of the clavicle 
(y) was found to be13.75 and 13.64 for right and left 
clavicle respectively. The correlation coef cient (r) 
was calculated, and it was found to be signi cant 
correlation. The data are shown in (Table 1 and 
Fig. 1).

Table 1: Correlation of height with length of right and left clavicle Pearson’s Correlation Coefficient

Mean Std. Deviation N Correlation r’ p-value

Height 166.42 3.78 50 – –

Length of right clavicle 13.75 0.63 50 0.403 0.001, S

Length of left clavicle 13.64 0.66 50 0.389 0.0001, S

Fig. 1: Showing correlation between length of clavicle and height of individual.

Discussion

Determination of stature from decomposed 
skeletonised residue is crucial in establishing the 
individuality of unknown person. Study conducted 
by Jakhar et al. suggests that there is positive 
association between the stature and anthropometric 
dimensions.10 Study have been conducted by 

Krishan et al. to estimate height from the human 
skeleton, they suggested that different methods can 
be used to estimate the stature from the bone. The 
simplest and trustworthy method is by regression 
analysis11-12.

By using multiplication factor or regression 
formulae approximate stature of the individual can 
be determined from different long bones13. Nagrale 
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N, Patond S, found that identi cation in case of 
unknown body by using various anthropometric 
measurements and regression formula was helpful 
for forensic experts in various medicolegal cases.14

Similarly Patond S et al. found that determination of 
the stature from decomposed or skeletonised body 
and from remains is very crucial in establishing 
the identity of unknown individuals in various 
medicolegal cases if one parameter is known, then 
with the help of regression formula we can  nd out 
the remaining parameters.15

Conclusion

From present research it was concluded that the 
length of clavicle and stature reveals positive 
correlation and the linear relationship between the 
living stature and length of clavicle of each side was 
carried out in the form of regression equation.If the 
dimension of clavicle is obtained, the stature can be 
determined, would be useful for forensic experts 
and anthropologists in various medicolegal cases. 
The regression formula derived in the study can be 
used accurately and is reliable for the estimation of 
stature in a miscellaneous population group. 
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Abstract 

Background: The persistence of complete metopic 
suture is called as metopism. The metopic suture is 
formed at the meeting of the two halves of the frontal 
bone, in the midline. The fusion of metopic suture 
starts normally in the second year of life and within a 
short duration, gets completely obliterated. The time 
of the closure of metopic suture varies from one to 
eight years and it can persist until adult age. 

Aims and Objectives: To study the incidence of 
metopism and its clinical importance. 

Materials and Methods: The present study was 
carried on 105 dry adult human skulls of both sexes 
obtained during routine undergraduate teaching. The 
skulls with complete Metopic suture were selected 
and studied.

Results: In the present study the incidence of 
complete Metopic suture is 2.85% (out of 105). 

Conclusion: Awareness of the incidence of 
persistent metopic suture is important for anatomists, 
neurosurgeons, radiologists and forensic specialists.

Keywords: Adult skull; Metopic suture; Metopism; 
Frontal bone.

Introduction 

The frontal bone forms the skeleton of forehead, 
articulating inferiorly with the nasal and zygomatic 
bones. In the fetal skull, the two halves of the 
frontal bone are separated by the frontal suture and 

they remain separate until approximately 6 years 
of age. In some adults the separation line persists 
as the metopic suture in the midline of the glabella, 
the smooth, slightly depressed area between the 
superciliary arches.1 The persistent complete 
metopic suture extending from the nasion to bregma 
is called metopism.2 According to Romanes the 
metopic suture closes by the 5th or 6th year, leaving 
traces of it on the above and below.3 According 
to Hamilton the metopic suture disappears by 7th

year.4 According to Warwick and Williams the 
metopic suture is usually obliterated by the 8th

year.5 Incidence of metopism has geographical 
variations, it varies in different regions of India.6–8 A 
study by Dixit and Shukla in 1968 on Uttarpradesh 
skulls found incidence of metopism 2.53%.12 
Another study by Manalgiri et al. in 2010 on central 
Indian skulls found incidence of metopism 3.95%.17 
Shanta Chandrasekaran (2011) studies showed 
5% metopism in Tamilnadu Skulls18. Pankaj R 
et al. (2014) studies found 1.25% metopism in 
Maharastra.23 Metopic suture persistence is due to 
various causes such as abnormal growth of cranial 
bones, growth interruption, heredity, sexual, 
hormonal in uence, atavism, cranial malformations 
and hydrocephalus.9

 The knowledge about metopic suture is 
important for clinicians as it is easily mistaken as a 
fracture line of frontal bone or even for the sagittal 
suture in radiological images.6,10 It is also important 
for Paleodemography and Forensic medicine.
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Aims and Objectives

The aims and objectives of the present study is to 
study the incidence of metopism in adult skulls of 
Karnataka and its clinical importance.

Materials and Methods

The present study was carried on 105 dry adult 
human skulls of both sexes obtained from the 
museum at Department of Anatomy, Vijayanagar 
Institute of Medical Sciences, Ballari (during 2012–
2015). The skulls with complete metopic suture 
were selected and studied. 

Results and Discussion

In the present study out of 105 dry adult human 
skulls of both sexes, 3 skulls showed the presence 
of complete metopic suture. The incidence of 
the metopism in the present study is 2.85%. Our 
results differ from other studies done in Karnataka 
region.15,20,27 Incidence of metopism in south India 

ranges from 1.20%–6.25%. The results of present 
study are approximately similar to the study 
conducted by Dixit and Shukla (1968) which show 
2.53% in Uttar Pradesh,12 Agarwal et al. (1979) which 
show 2.66% in Kanpur8 and Chandrashekaran et al. 
(1985) show 3.00% each in Maharastrian and South 
Indian respectively.13 And also similar to the study 
conducted by Sharada B Menasinakai et al. in 2019 
on Karnataka skulls showed 3% metopism.28 Das et 
al. (1973) observed metopism to be 3.31% in Uttar 
Pradesh7 and Hussain Saheb S (2010) observed 
metopism to be 3.20% South Indians.16 Complete 
metopic suture incidence reported in Indian adult 
skulls by various researchers are tabulated in 
(Table 1).

Minimum incidence of complete metopic suture 
was reported by Moula P Akbar Basha et al. 
(2015) in Indian skulls was 1.00%26 and maximum 
incidence of complete metopic suture was reported 
by William F Masih et al. (2013) in Rajasthan (Indian 
skulls) was 6.50%.25 Genetics play an important role 
in causing metopism.29 The metopic suture closure 
impairment is common in Apert Syndrome.30

Table 1. The incidence of complete metopic suture in various geographical regions of India as reported by 
various researchers

Study Race/Region Percentage

Rau (1934)10 Dravidians of Madras 4.00

Jit and shah et al. (1948)6 Indian (Punjabi) 5.00

Fakhruddin and Bhalerao (1967)11 Indian skulls 2.00

Dixit and Shukla (1968)12 Indian (UP) 2.53

Das et al. (1973)7 Indian( UP) 3.31

Agarwal et al. (1979)8 Indian (Kanpur) 2.66

Chandrashekaran et al. (1985)13 South Indian 3.00

Anjoo yadav et al. (2007)14 Indian skulls 3.50

Muralimanju B V et al. (2010)15 Indian skulls 1.20

Hussain Saheb S (2010)16 South Indian 3.20

Manalgiri et al. (2010)17 Central India 3.95

Shanta Chandrasekaran (2011)18 South India (Salem, Tamil nadu) 5.00

Gupta R et al. (2012)19 Indian (UP) 5.00

K. Kalyan Chakravarthi20 South India n(Manipal-Karnataka, 
Krishna-Andhra Pradesh)

6.25

Neelima Pilli et al. (2013)21 Indian (Andhra Pradesh) 5.00

William F Masih et al. (2013)22 Indian (Rajasthan) 6.50

Pankaj R et al. (2014)23 Indian (Maharastra) 1.25

Rubi Saikia (2014)24 Indian (Assam) 3.17

T H Dilipkumar et al. (2014)25 Indian (Pondicherry) 2.00

Moula P. Akbar Basha et al. (2015)26 Indian (Andhra Pradesh) 1.00

Sangeetha V et al. (2018)27 South Indian (Karnataka, Tamilnadu) 5.71

Sharada B Menasinakai et al. (2019)28 Indian (Karnataka) 3.00

Present study (2019) Indian (Karnataka) 2.85

Drakshayini BK, Jayaprakash BR, Mallikarjun M / Study of Metopism Incidence in 
Adult Skulls of Karnataka
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Fig. 1: Showing total number 105 dry adult Human skulls of either sex.

Fig. 2: Anterior view-showing complete Metopic suture in 3 dry adult human skulls.

Fig. 3: Skull showing; B-Bregma, MS-Metopic suture, F-Frontal suture, G-Glabella.

Conclusion 

The incidence of metopism in the present study 
is 2.85%. Incidence of metopic suture shows 
geographical variations after correlating the data 
available of earlier studies in India. Thus, incidence 
of metopism is higher in southern India, as can be 
correlated with other studies. Temperature and 
genetics appear to be signi cant factors, though 
further studies are needed to con rm the same. 
Knowlegde of the metopic suture is important 
academically for anatomists, to avoid misdiagnosis 

as a fracture by radiologists and orthopaedicians 
and also to the foren sic experts while evaluating 
medico legal cases. The awareness of metopic 
suture is also important for neurosurgeons while 
doing frontal craniotomy.
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Abstract

Introduction: The success of any transplant lies in 
the surgeon’s ability to preserve its vascular supply 
and its rapid reconstruction, especially in free 
vascularized bone grafts, which preserve viability 
of osteocytes, act as space filler and introduce a 
new vascular bed for the reconstruction of defects 
following trauma, tumour resection, congenital 
pseudoarthrosis and any cases of difficult non-union 
bones.

Aims and Objectives: The aim of the present study 
is to: To determine the number and position of the 
nutrient foramina in the upper and lower limb long 
bones. To determine the location and direction of 
nutrient canal. To determine whether the nutrient 
foramina obey the general rule that is directed away 
from the growing end of long bone.

Material and Methods: The present study is 
carried out on 150 human cleaned and dried bones 
of the Upper limb. The samples were taken from 
Narayana Medical College, Chinthareddypalem, 
Nellore, Andhra Pradesh. The long bones included 
for the study was as follows: Femur– 50, Tibia– 50, 
Fibula– 50. All the bones that were taken for the 
study were normal and had no pathological changes 
were present. The age and the sex of the bone were 
unknown. In all these bones after determining the 
side of bone, the “Nutrient Foramen” were studied in 
regards with. (1) The number of foramina on the shaft 
of the bone. (2) Surface on which it was located. (3) 
Direction from growing end. (4) Location in relation 
with length of the shaft.

Observation and Results: Total 150 long bones of 
Lower limb of right and left side of unknown age and 

sex were taken for the study. The parameters studied 
were depending on the number of nutrient foramina, 
direction of foramina and their distribution at various 
levels. The results and observations of the study are 
presented as tables.

Conclusion: Importance of nutrient foramen is 
relevant to fracture treatment. Combined periosteal 
and medullary blood supply to the bone cortex 
helps to explain the success of nailing of long bones 
fractures particularly in the weight bearing like femur 
and tibia uses of vascularised fibula bone in bony 
defects due to trauma. Currently, the detailed study 
of blood supply to long bone is a determining factor 
for the success of newer techniques and resection in 
orthopedics.

Keywords: Nutrient foramina; Nutrient artery; 
Humerus; Radius; Ulna bones.

Introduction

The nutrient artery is the principal source of the 
blood to along bone particularly during its growth 
period in the embryo and fetus as well as during 
early phases of ossi cation (Lewis, 1956; Patake & 
Mysorekar, 1977; Forriol Campos et al., 1987;)5,16,22 

during childhood, long bones receive about 
80% of the interosseous blood supply from the 
nutrient arteries, and in the case of their absence, 
the vascularisation occurs through the periosteal 
vessels (Trueta, 1953).25 Because the artery of 
the shaft of the long bone is largest it is called 
the “Nutrient Artery”. Nutrient canal typically 
becomes slanted during the growth, the direction 
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of slant from surface to marrow cavity point 
towards the end that has grown least rapidly. 
This is due to greater longitudinal growth at the 
faster growing end, hence the derivation of the 
axiom that foramina “seek the elbow and  ee 
from the knee”. Bones are structures that adapt 
to their mechanical environment, and from the 
fetal age adapt to a naturally occurring holes. The 
holes or nutrient foramina, allow blood vessel 
to pass through the bone cortex (Gotzen et al., 
2003).6 The cavities conducting the blood vessels 
and peripheral nerves on the surface of shaft of 
long bones are called as “Nutrient Foramen”. The 
role of nutrient foramen is evident from the term 
“Nutrient” itself. The nutrient foramina has been 
studied in the past by Berard (1835), Schwalbe 
(1876), Langer (1876).1,23,15

The location of nutrient foramen is important 
in longitudinal stress fractures, as they can either 
initiate from the nutrient foramina or the supero 
medial aspect: longitudinal stress fractures are more 
commonly associated with tibia, but occasionally 
occur in femur,  bula and patella (Craig et al., 
2003).3 Clinical fracture of a long bone is usually 
accompanied by the rupture of the nutrient artery 
with variable disruption of the peripheral vessels 
associated with periosteal detachment. Following 
fracture the ruptured nutrient artery and the 
periosteal vessels, together with those in the 
adjacent soft tissue, start bleeding (Trueta, 1974).25

An understanding of the location and the number 
of the nutrient foramina in long bones is, therefore 
important in orthopedic surgical procedures such 
as joint replacement therapy, fracture repair bone 
grafts and vascularised bone microsurgery as well 
as medico legal cases (Trueta, 1974; Longia et al., 
1980; Guo, 1981; Forril Campos et al., 1978).5,17,25

Detailed data on the blood supply to long 
bones and the association with the areas of bone 
supplied has been, and continues to be, a major 
factor in the development of new transplantation 
and resection techniques in orthopedics (Kirschner 
et al., 1998).12 However, there is still a need for a 
greater understanding of the location and number 
of nutrient foramen in bones such as Femur, Tibia 
and Fibula. By de ning this restricted area of 
“Nutrient Artery” entering into the nutrient canal, 
surgeons can void that during surgical operations 
and thereby prevent damage to nutrient artery and 
minimize or lessen the chances of non–union of 
fracture of the bone.

Aim and Objectives

The aim of the present study is to:

1. To determine the number and position of 
the nutrient foramina in the lower limb long 
bones.

2. To determine the location and direction of 
nutrient canal.

3. To determine whether the nutrient foramina 
obey the general rule that is directed away 
from the growing end of long bone.

Materials and Methods

The present study is carried out on 150 human 
cleaned and dried bones of the Lower limb. The 
samples were taken from Narayana Medical 
College, Chinthareddypalem, Nellore and Sri 
Venkata Padmavathi Medical college (SVIMS) of 
Andhra Pradesh. The long bones included for the 
study was as follows:

Femur – 50, 

Tibia – 50, 

Fibula – 50.

All the bones that were taken for the study were 
normal and no pathological changes were present. 
The age and the sex of the bone were unknown. In 
all these bones after determining the side of bone, 
the “Nutrient Foramen” were studied in regards 
with

1. The number of foramina on the shaft of the 
bone.

2. Surface on which it was located.

3. Direction from growing end.

4. Location in relation with length of the shaft.

Nutrient foramina were distinguished by the 
presence of a well marked groove leading to the 
foramen, and by a well marked often slightly raised 
edge of the foramen at the commencement of the 
canal. In doubtful cases a dissecting microscope was 
used to locate the foramen. For direction of canal 
 ne stiff wire was passed through the foramen to 
con rm its direction. The size of nutrient foramen 
was determined by using hypodermic needle No. 
20 & 24. (Hidustan Syringes and Dispovan Pvt. 
Ltd.).

• Large foramen –accepted the No. 20 needle.

• Medium foramen –accepted only the No. 24 
needle.

• Small foramen –did not take No. 24 needle.

When more than one foramen was present, the 
larger one was considered Dominant (DF), and 
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nutrient foramina smaller than a size 24 hypodermic 
needle were considered as being secondary nutrient 
foramina (SF)

Femur: The distance between the superior aspect of 
the head of the femur and the distal aspect of the 
medial condyle.

Tibia: The distance between the superior margin of 
the medial condyle and the distal aspect of medial 
malleolus

Fibula: The distance between the apex of the head 
of the bula and the distal aspect of the lateral 
malleolus. 

All measurements were taken to the nearest 0.1 
mm using a digital vernier caliper. The results were 
analyzed and tabulated using the Statistical Package 
for the Social Sciences (SPSS) 8.0 windows. The 
range, mean and standard deviation of Foramina 
Index were determined.

Observation and Results

Total 150 long bones of Lower limb of right and 
left side of unknown age and sex were taken for 
the study. The parameters studied were depending 
on the number of nutrient foramina, direction of 
foramina and their distribution at various levels. 
The observations of the study are presented as 
tables.

Discussion

In this study, (52%) of the femora examined 
possessed double nutrient foramina, While ( 46%)
had only one nutrient foramen and (2%) had triple 

nutrient foramen. Many authors stated that the 
majority of femora studied had double nutrient 
foramina (Mysorekar, 1967);20 (Forriol Campos 
et al., 1987);5 (Nagel, 1993);21 (Gumusburun et al., 
1994);8 (Collipal, 2007),2 while others reported the 
presence of a single foramen in most specimens 
(Lutken, 1950);18 (Laing, 1953);14 (Longia et al., 
1980);17 (Sendemir and Cimen, 1991);24 (Emi 
Kizilkanat et al., 2007)4. Three nutrient foramina 
were observed in a small number of femora (2.19–
10.7%) by many authors (Lutken, 1950);18 (Longia 
et al., 1980);17 (Forriol Campos et al., 1987);5 (Nagel, 
1993);21 (Gumusburun et al., 1994);7 (Collipal, 2007),2

others con rmed the absence of nutrient foramina 
in some femora (Mysorekar, 1967);20 (Gumusburun 
et al., 1994).8

In this study, the whole series of tibiae examined 
had a single nutrient foramen (100%). Previous 
studies reported the presence of a single nutrient 
foramen in at least 90% of the tibiae. But, in 
contradiction with the present results, they also 
reported the presence of double nutrient foramina 
in some of the tibiae (Mysorekar, 1967).20 In the 
 bulae studied, (88%) of the bones presented a 
single nutrient foramen, while (10%) of the bones 
possessed double nutrient foramina, and (2%) of 
the bones had absence of nutrient foramina. Similar 
data had been reported by Mysorekar (1967),20

Longia et al. (1980),17 Guo (1981),10 Mckee et al. 
(1984),19 Forriol Campos et al. (1987)5 and Sendemir 
and Cimen (1991),24 while Mckee et al. (1984)19

reported  bulae with three nutrient foramina. On 
the other hand, Mysorekar (1967),20 Mckee et al. 
(1984),19 Gumusburun et al. (1994)8 and Kizilkanat 
et al. (2007)13 reported  bulae with no nutrient 
foramina. (Table 1).

Table 1: Number of nutrient foramina observed in the long bones of lower limb

Bone Number of Bone Number of Foramina Percentage (%)

Femur 23 1 46

26 2 52

1 3 2

– 0 –

Tiba 50 1 100

– 2 –

– 3 –

– 0 –

Fibula 44 1 88

5 2 10

– 3 –

1 0
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Position of Nutrient Foramina

In the present study, most of the nutrient foramina 

of the femur bone (68%) were located along the 

linea aspera and a narrow slip along it. These were 

coinciding with the  nding of Lutken (1950)18 and 

Longia et al., (1980)17 who stated that most of the 

nutrient foramina are concentrated on the linea 

aspera. In this single foramina were 19 and are 

dominant foramina, two nutrient foramina had 25 

dominant and 7 secondary foramina, three nutrient 

foramina had 1 dominant and 1 secondary foramina. 

On the posterior surface only 1% that were double 

dominant nutrient foramina. On the lateral surface 

4% were seen out of which single dominant was 1 
and double secondary foramina were two. On the 
medial aspect the foramina accounted to 27% out 
of which single dominant foramina are 3 and two 
secondary foramina are 17. Interesting feature is 
that all are situated in the proximal 2/3rd, with no 
foramina detected in the distal third of the femur. 
These results were in accordance with those of 
Laing (1953),14 Mysorekar (1967).20 However, these 
 ndings did not coincide with that of Lutken 
(1950)18 and Forriol Campos et al. (1987)5 who 
stated that the nutrient foramina are nearer to the 
hip joint. All these  nding are tabulated in Table 2 
and photographed in (Fig. 1).

Table 2: Position and number of dominant (DF) and secondary (SF) nutrient formina observed in the Femur

Position
Total Number 
of Foramina

%

Number of Foramina

Single Two Three

DF SF DF SF DF SF

Linea aspera 53 68 19 – 25 7 1 1

Posterior surface 1 1 – – 1 – – –

Lateral surface 03 4 1 – – 2 – –

Medial surface 21 27 3 – – 17 – 1

Fig. 1: A photograph of the posterior surface of right femora shaft showing double nutrient foramina (NF).Both 
foramina are directed upwards as shown by the needles inserted.

In the present study, most of the nutrient foramina 
in the tibiae were in the proximal third 88%. Nutrient 
foramina were located in the middle third in the rest 
of the tibiae examined (12%). 94% of the foramina 
were on posterior surface out of which 47 were single 
dominant foramina. On the lateral surface 6% of the 
foramina were seen out of which 3 were dominant 
single nutrient foramina. There were no foramina in 
the distal third. Similarly, many authors reported 

the presence of the majority of nutrient foramina 
in the proximal third of the tibia (Mysorekar, 1967; 
Longia et al., 1980; Gumusburn et al., 1994; Collipal 
et al., 2007).2,8,17,20. The rate of healing of a fracture 
is related to the vascular supply of the bone. In the 
present series, most of the nutrient foramina of the 
 bula were situated in the middle third of the bone 
(94.4%). The above  ndings are tabulate in Table 3 
and photographed in (Fig. 2).
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The single  bula nutrient foramina (1.9%) 
were located in the distal third of the bone, while 
3.7% had nutrient foramen in the upper third. 
These results were in agreement with most of the 
previous studies (Mysorekar, 1967; Mckee et al., 
1984; Forriol Campos et al., 1987; Sendemir and 
Cimen, 1991; Gumusburun et al., 1994; Collipal 
et al., 2007).2,5,8,19,20,24 On other hand, Guo (1981)10 
reported that the majority of foramina were located 
in the proximal third of the  bula.

In this study, 75.9% of the  bular foramina were 
located on the posterior surface of which 66.66% of 
foramina were on the medial crest and 75.9% on 
the posterior surface and remaining 24.1% on the 
medial surface. On the posterior surface 41% were 
seen in which dominant foramina were single and 
35 in number whereas two nutrient foramina had 

2 dominant and four secondary. On the medial 
surface 24.1% single dominant were 9 and double 
dominant were 3 and secondary were 1 (Table 4 
and Fig. 3). Similarly, Mysorekar (1967)20 reported 
that 56% of nutrient foramina were located on 
the medial crest while 33% lied on the posterior 
surface of  bula. However, some authors observed 
more nutrient foramina on the posterior surface 
compared to those on the medial crest (Mckee et 
al., 1984; Forriol Campos et al., 1987; Gumusburun 
et al., 1994; Kizilkanat et al., 2007; Collipal et al., 
2007).2,5,8,13,19 Others, (Sendemir and Cimen, 1991)24 
reported that the majority of foramina were on the 
medial surface of the  bula. Knowing the variations 
in the distribution of the nutrient foramina is 
important preoperatively, especially regarding the 
 bula used in bone grafting. 

Fig. 2: A photograph of the posterior surface of right tibiae showing a single nutrient foramen (NF). The 
foramen is located in the proximal third (Type 1) and is directed downward.

Table 3: Position and number of dominant (DF) and secondary (SF) nutrient formina observed in the Tibia

Position
Total Number 
of Foramina

%

Number of Foramina

Single Two

DF SF DF SF

Posterior surface 47 94 47 – – –

Lateral surface 3 6 3 – – –

Table 4: Position and number of dominant (DF) and secondary (SF) nutrient formina observed in the Fibula

Position
Total Number 
of Foramina

%

Number of Foramina

Single Two

DF SF DF SF

Posterior surface 41 75.9 35 – 2 4

Midial surface 13 24.1 9 – 3 1
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The present study proved that most of the 
nutrient foramina were observed to lie on the  exor 
surface of the bones. Thus, the femur, tibia and 
 bula, they were located on the posterior surface. 
Kizilkanat et al. (2007)13 stated that the position 
of the nutrient foramina was directly related to 

the requirements of a continuous blood supply to 
speci c aspects of each bone, for example where 
there were major muscle attachments. It might be 
that, being more bulky, stronger and more active, 
 exors need more blood supply compared to 
extensors of limbs.

Fig. 3: A photograph of right fibulae showing single nutrient foramina (NF) on the posterior surface of the 
shaft. Foramen is located in the middle third (Type 2); the foramen is directed downward as shown by the 
needle iserted.

Table 5: Position and direction of nutrient foramina in the long bones of lower limeb.

Bone
Position

Type 1 Type 2 Type 3

Femur 3 (3.8%) 75 (96.2%) 0

Tibia 44 (88%) 6 (12%) 0

Fibula 2 (3.7%) 51 (94.4%) 1 (1.9%)

Size of Nutrient Foramina

The present results showed that, with the exception 
of the femur in which most of the foramina 
studied were dominant, all long bones of lower 
limb possessed a majority of secondary nutrient 
foramina. These results were in agreement with 
those of Longia et al. (1980)17 who reported that 
about two third of the nutrient foramina were 
secondary. The present results contradicted with 
those of kizilkanat et al. (2007)13 who stated that 
most foramina were of the dominant type. They 
added that wherever a single nutrient foramen 
was observed, it was always dominant. This was 
the case in the present study. Sendemir and Cimen 
(1991)24 stated that there was no femur without a 
dominant nutrient foramen. Such statement was 
applicable in the present study.

Direction of Nutrient Foramina

Hughes (1952)11 stated that anomalous canals were 
found frequently in the femur, which might be 
the cause of the latter  ndings. The present study 
con rmed the previous reports suggesting that 
the nutrient foramina in the tibiae 1 was directed 
towards the growing end and remaining all were 
away from the growing end. (Mysorekar, 1967);20

(Hughes, 1952).11 On the other hand, Longia et 
al. (1980)17 observed nutrient foramina directed 
towards the knee in 3.5% of tibiae examined.

Regarding the  bula, the direction of 3 nutrient 
foramina was directed towards the growing end, 
while 46 foramina were directed away from the 
growing end. In accordance with the present 
results, Longia et al. (1980)17 reported nutrient 
foramina having a proximal direction in 9.5% of 
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 bula examined. Mysorekar (1967)20 added that 
variations, in the direction of nutrient foramina 
were found only in the  bula.

Obliquity of Nutrient Foramina

In all long bones of lower limbs examined, there 
were no changes in the Obliquity of the foramen 
whether it was in the centre of the bone or nearer 
the ends. Such results were in agreement with 
those of Mysorekar (1967).20 Many theories had 
been put forward to account for the generally 
constant direction of the canals, and also the 
anomalously directed ones. Among these were 
the ‘Periosteal slip’ theory of Schwalbe (1876),23

the vascular theory of Hughes (1952)11 and the 
muscular theory of Lacorix P (1950)22 the ‘vascular 
theory’ appeared to offer the most comprehensive 
explanation but, instead of only one theory 
explaining the anomalous foramina, all factors may 
be appropriately and proportionately responsible 
in individual bones.

Conclusion

The present study was undertaken to study the 
nutrient foramina of the lower limb long bone. The 
study material consisted of 150 long bones; each 
bone was studied for the number, position, size, 
direction & obliquity of their nutrient foramina. 
With the exception of femur, majority of nutrient 
foramina of all bones were single in number and 
were secondary in size. Most of the nutrient 
foramina were concentrated in the middle third 
of the bone with exception of tibia and ulna in 
which the nutrient foramina were predominantly 
observed in the proximal third. Nutrient foramina 
were mostly located on the posterior surface of 
the shaft of bones of lower limb. The direction 
of nutrient foramina followed the growing end 
theory, with variations in the direction observed in 
some tibia and  bulae. The results of the present 
study con rmed previous  ndings regarding 
the number and position of nutrient foramina 
of long bones of the limbs and provided clinical 
information concerning the nutrient foramina 
which could be useful as reference for surgical 
procedures. Accordingly, a well understanding 
of the characteristic morphological features of 
the nutrient foramina by orthopedic surgeons is 
recommended. Exact position of the distribution 
of the nutrient foramina in bone diaphysis is 
important to avoid damage to the nutrient vessels 
during surgical procedure.
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Abstract

Introduction: In the lower limb, Dorsalispedis 
artery is the main artery for blood supply to the food 
and nowe have come to know that there exists many 
anatomical variations in the dorsalispedis. Still, there 
is limited anatomical evidence available regarding 
the branches of the dorsalispedis artery, which occur 
at the point at which they cross the ankle joint.

Objectives: The objective of the study was to study 
the anatomical variations in the dorsalispedis artery 
of foot

Materials and Methods: We conducted our study 
in the department of anatomy in a tertiary medical 
college and dissected a total of 25 cadaveric feet to 
explore the course of the dorsalispedis artery while 
paying attention to the branching pattern at the joint 
line.

Results: After careful dissection, we found that 
Fourteen of the twenty five feet had a branch of the 
dorsalispedis artery that crossed the level of the ankle 
joint. Out of these, nine were lateral, four medial and 
one bilateral. Eleven of the fourteen specimens had 
one branch at, or just before, the level of the joint. 
Two specimens had two branches and one had three 
branches crossing the ankle, which were all in the 
same direction.

Conclusions: We came to the conclusion that there 
is a high rate of branching of the dorsalispedis artery 
at the level of the ankle joint. 

Keywords: Dorsalispedis artery, Anatomical 
variations.

Introduction

In the lower limb, the dorsalispedis artery carries 

oxygenated blood to the dorsal surface of the foot. 

It’s located 1/3 from medial malleolus. It arises 

at the anterior aspect of the ankle joint and is a 

continuation of anterior tibial artery. It ends at the 

proximal part of the  rst intermetatarsal space, 

where it bifurcates into two branches, the  rst dorsal 

metatarsal artery and the deep plantar artery. The 

dorsalispedis communicates with the plantar blood 

supply of the foot through the deep plantar artery. 

Through it’s course, it is accompanied by a deep 

vein, the dorsalispedis vein. 

The pulse of thedorsalispedis artery can be 

palpated readily lateral to the extensor halluces 

longustendon (or medially to the extensor 

digitorumlongustendon) on the dorsal surface 

of the foot, distal to the dorsal most prominence 

of the navicular bonewhich serves as a reliable 

landmark for palpation.1 It is often checked bythe 

surgeons, when assessing whether a given patient 

has peripheral vascular disease. It is absent, 

unilaterally or bilaterally, in 2–3% of young healthy 

individuals.2

The dorsalispedis artery has been known to have 

a variable origin in the foot, course and branching 

pattern.3,4 as also an abnormal branching pattern in 

16% of 50 dissected cadaveric specimens.3
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This abnormal branching may cause a 
complication called as a pseudoaneurysm which 
may occur in arthroscopic procedures. Fortunately, 
the incidence of pseudoaneurysm during ankle 
arthroscopy is only around 0.008%.5 One study 
reported a single vascular complication from 
1,305 procedures.6 This studyaimed to identify the 
anatomical variation of the dorsalispedis artery 
at the level of the ankle joint by describing the 
frequency and direction of branches crossing the 
ankle joint. 

Materials and Methods

This was an observational study carried out in the 
dissection hall in the department of anatomy in a 
new tertiary teaching hospital in central india. All 
dissection was carried out on formalin-preserved 
cadavers within an approved facility and according 
to guidance laid out in the Human Tissue Authority 
Code of Practice.7 

We had placed marker probes at the level 
of the ankle joint medially and laterally before 

commencing dissection. We then carefully 
dissected the Cadaveric feet to expose the course 
of the dorsalispedis artery and its branches. The 
branching pattern of the artery at the joint line 
was recorded. We then photographed each ankle 
to show the joint line and the dorsalispedis artery. 
We also recorded the presence of branches from the 
main arterial trunk at the level of the joint and its 
direction and number of branches.

Results

In our observational study we studied a total of 
25 cadaveric feet anddorsalispedis artery was 
identi ed in all of the specimens. The main  nding 
of this study was the huge variation in the location 
of the dorsalispedis artery branches crossing the 
ankle joint. Of the cadavers studied, 56% (14 of 
25) showed a branch that crossed the ankle joint 
in addition to the main arterial trunk. Of these 
14 cases, 9 had a branch that was lateral, 4 had a 
medial branch and one case had bilateral branches 
(Tables 1-3). 

Table 1: Showing the distribution of the branches of the dorsalispedis artery at the level of the anke joint

Branch of dorsalispedis artery Total Percentage (N = 25)

Crossing ankle joint 14 56

Not crossing the ankle joint 11 44

Table 2: Showing direction of the dorsalispedis artery that had crossed the ankle joint

Direction of the dorsalispedis 
artery after crossing

Number Percentage (N = 14)

Lateral 9 64.3

Medial 4 28.6

Bilateral 1 7.1

Table 3: Showing number of the dorsalispedis artery that had crossed the ankle joint

Number of the dorsalispedis artery 
that had crossed the ankle joint

Number Percentage (N = 14)

One 11 78.6

Two 2 14.2

Three 1 7.1

Discussion

In the lower limb, Dosalispedis artery is the main 
blood supply of foot and its anatomic variations 
especially in itsbranching may result in possible 
complications like pseudoaneurysms which may 

occur during orthopedic procedures. If we carefully 
study the applied anatomy of the dorsalispedis 
artery we see that in orthopedic procedures like 
arthroscopy, about half of all aneurysms that occur 
around the foot and ankle do so at the dorsalispedis 
artery.5 in contrast to other studies, abnormal 
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branching patterns of the dorsalispedis artery at the 
level of the ankle joint occurred in the majority of 
patients in our study. 

In one of the cadaveric study8 it was demonstrated 
that the antero-central portal is comparatively low 
risk for damaging the super cial peronealnerve. 
However, in this study where 20 ankles were 
studied, 90% of instruments in the anterocentral 
portal touched the dorsalispedis artery and in one 
case there was a laceration of the deep peroneal 
nerve.8 while another cadaveric study of 92 feet 
specimens classi ed the neurovascular bundle at 
the dorsum of the foot into four types.3 Thus it was 
necessary to emphasize the importance of being 
aware of the anatomical variation of the trunk of the 
dorsalispedis artery in relation to the deep peroneal 
nerve for portal placement.3

In our study as we have demonstrated such 
variability in branches crossing the ankle joint, 
we cannot recommend a speci c portal over the 
conventional anterolateral portal in preventing 
vascular damage.8

Also, Studies by Vijayalakshmi et al. found 
that the dorsalispedis artery ran a ‘normal course’ 
(de nition set out by the paper itself) in only 56% 
of cases, with  ve other major variations in course.4 
Typically, it was found as a continuation of the 
anterior tibial artery but has been noted to arise 
from the peroneal artery. Only 16% showed more 
branches crossing the ankle joint.3 The  ndings 
of our study are in contrast with this, as we have 
demonstrated abnormal branching in the majority 
of specimens we examined.

Our study advocatesthat the operating surgeon 
be aware of this anatomical variations in the 
dorsalispedis artery so as to avoid the possible 
complicatons

Conclusion

We have concluded that there are high rates of 
branching of the dorsalispedis artery at the level 
of the ankle joint and this has not been speci cally 
investigated or described in previous literature. 
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Abstract 

Introduction: The Bicipital groove (BG) remains 
controversial regarding its morphology. The primary 
objective of this study was to elucidate the detailed 
gross morphology of BG in an adult Indian population.

Method: 124 unpaired dry humeri (58 right side 
and 66 left) were studied and measured for various 
parameter such as length, width and depth of the 
bicipital using digital vernier caliper in anatomy 
laboratory of our institution. The data were expressed 
in mean ± SD and statistically compared between 
right and left sides of bicipital groove.

Results: The mean length, width and depth of 
the bicipital groove were 85.50 ± 4.84 mm, 7.5 ± 2.0 
mm and 4.6 ± 1.8 mm, respectively. There was no 
statistically significant difference in these parameters 
between the left and right sides. A supratubercular 
ridge of Meyer was seen in 27% of the humeri.

Conclusion: Morphometric knowledge of BG is 
significant in functional and clinical setup for better 
understanding of wide range of movements in upper 
extremities and it’s predispose dislocation of tendon 
of biceps. 

Keywords: Bicipital groove; Intertubercular 
sulcus; Morphometry; Supratubercular ridge.

Introduction

Bicipital groove (BG) is an indentation on the 

anterior aspect of proximal part of humerus 
between the lesser and greater tubercles which 
allows tendon of long head of biceps brachi muscle 
enveloped in synovial sheath and ascending 
branch of anterior circum ex humeral artery to 
pass through it.1 The BG is converted into a canal 
by the  brous band called transverse humeral 
ligament which extends between lesser and 
greater tubercle of the humerus. The transverse 
humeral ligament provides stability and effective 
functioning of long head of biceps muscle 
and prevents subluxation of the tendon.2 The 
supratubercular ridge is a bony prominence that 
is continuous with the lesser tubercle and it allows 
gradual change in the direction of tendon of long 
head of biceps by elevating and forcing it laterally.3

Related to the functional signi cance of structures 
in BG, it is an important landmark for replacement 
of prosthesis of shoulder and the knowledge of 
its morphometry is essential for the selection 
of prosthetic design, size and position.4 Any 
alteration in the morphometry of bicipital groove 
can affect the functions of neighboring structures 
leading to several pathological conditions.5 In 
the present study, the morphometry of BG was 
examined in relation to its length, width, depth, 
length of the medial and lateral walls of the BG 
and the presence of supratubercular ridge in south 
Indian population.
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Materials and Methods

The study was carried out in 124 adult humeri (58 
right and 66 left) from the Department of Anatomy, 
Kannur Medical College, Kannur, between May 
2018 and September 2019. Bones with external 
deformities were excluded from the study. The 
length, width, depth were accurately measured by 
using digital vernier caliper. All the parameters were 
measured by two observers to ensure accuracy and 
the average was taken. Data were presented in Mean 
± SD. Statistical signi cance is performed using 
independent t-test. Data were analysed using SPSS 
15.0 Programme (SPSS Inc, Chicago, Illinos, USA).

The following parameters were measured in this 
study.

1. The length of the BG was measured from the 
point between the tubercles to the end of the 
medial lip of the BG. 

2. The depth of the BG was measured between 
the greater and lesser tubercles. The width of 

the BG was measured between the midpoint 
of the medial and lateral lips. 

3. The length of the medial and lateral walls was 
measured from the tubercles to the respective 
lips of the BG. Supratubercular ridge is a 
bony prominence extending from the lesser 
tubercle. and is found in few humeri in the 
present study (Table1 and Fig. 1). 

Results 

The mean length, width and depth of the BG were 
85.50 ± 4.84 mm, 7.5 ± 2.0 mm and 4.6 ± 1.8 mm 
respectively. Data were analyzed between the sides 
and the detailed values are presented in Table 
1. The mean length of the Lateral lip of BG was 
longer than the medial lip (p = 0.04). Other than 
this, no parameters showed statistically signi cant 
differences (p > 0.05) between the right and left 
sides. A supratubercular ridge of Meyer (Fig. 1) 
was identi ed in 27%.

Table 1: Comparison of Measurements of Right and Left Humeri (n = 124)

Parameter (mm) 
 Mean ±SD p value

Right side Left side

Length of BG 84.79 ± 5.84 mm 87.33 ± 6.40 mm 0.53

Width of BG 6.84 ± 1.01 mm* 7.74 ± 1.96 mm 0.48

Depth of BG 4.21 ± 0.58 mm* 5.01 ± 1.05 mm 0.45

Length of the medial wall 24.22 ± 1.02 mm 23.31 ± 2.21 mm 0.37

Length of the lateral wall 32.05 ± 2.21 mm 31.12 ± 0.24 mm 0.04*

Values are mean ± SD, Statistical significance (independent t-test). *: p< 0.05

Fig. 1: Upper end of the humerus showing measurements of bicipital groove. (STR: supratubercular ridge of 
Meyer).
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Discussion

The tendon of the long head of the biceps plays 
an important role in maintaining integrity of the 
shoulder joint. Subluxation and dislocations of the 
biceps tendon are more common in people with 
a shallow bicipital groove.6 A shallow bicipital 
groove associated supratubercular ridge of Meyer 
predisposes a patient to bicipital disease.7,8 The 
variation in the morphology of the BG affects the 
biomechanics of the biceps tendon, and implicated 
in the development of bicipital tendinitis8 Any 
Anatomic variations in the groove could give rise 
to sliding of the biceps brachii muscle tendon9 is a 
subject clinical interest but still there is limited data 
available in it. In a morphometric study by Rajani 
S et al.8 reported the length of the medial wall was 
23±4 mm on the right side and 24 ± 5mm on the left 
side and the length of the lateral wall was 31 ± 6 
mm on the right side and 31 ± 5 mm on the left side 
which is similar to the present study. According to 
reports the incidence of subluxation and dislocation 
of tendon of biceps is common when the BG is 
shallow.10 The instability of biceps tendon may be 
also attributed to the lengths of medial and lateral 
walls, presence of supratubercular ridge.11 The 
reports on length, width and depth of BG of several 
studies are presented in (Table 1 and Fig. 1).

In general most of the persons (approx. 90–
95%) are right handed preference to do the work. 
Thereof, pressure of long head of the biceps tendon 
is higher on the right side than on the left, which 
may be subjected to morphometric changes in 
BG.12. Vettivel et al. observed that the mean width 
of the BG was greater on the right humeri than the 
left and the mean depths of the BG on right and 
left sides were same on both sides.5 But the present 
study showed no signi cant differences between 
the right and left humeri (p > 0.05).

Wafae et al., reported the average length of the 
groove was 80.1 mm and mean width of 10.1 mm 
and depth was 4.0 mm which is higher than the 
other study population.13 Similar study by Pfahler 
et al., and Robertson et al., reported sex differences 
in the morphometry of BG.14 Studies on Indian 
population reported that in right side BG mean 
length (86 ± 10.1 mm) and width (8.3 ± 2.4 mm) 
whereas on left side (83.3 ± 11.5 mm) and (8.7 ± 2.2 
mm) respectively.15 Our  nding was similar to the 
previous studies. 

Cone et al., de ned the supratubercular ridge 
as a bony ridge extending proximally from the 
lesser tubercle more than one-half of the distance 

to the humeral head16 and reported its prevalence 
to 48% of all specimens and 46% of all patients in 
their study. The authors through radiographic 
interpretations concluded that the supratubercular 
ridges are not pathologically signi cant. But 
contrarily Hitchcock and Bechtol demonstrated 
de nite correlation between the supratubercular 
ridge and tendonitis.17 Vettivel et al., found this 
ridge in 88% on the right side and 57% on the 
left side5 and interpretated that higher incidence 
of supratubercular ridge on the right side will 
prevent medial displacement of biceps tendon. 
Sangeeta gupta et al., observed 42% incidence of 
supratubercular ridge in North Indian population 
but their  ndings were not statistically signi cant.18

Murlimanju et al., reported supratubercular ridge 
in 38.1% of the humeri in their study.15 In our study 
we found a lower incidence of 27% supratubercular 
ridge on the right side and 15% on the left side. 
This may probably be due to ethnic variation and 
it needs to be substantiated with comparison with 
different population.

Conclusion

Our study reported the width of the BG and the 
incidence of supratubercular ridge is less when 
compared to other studies in western population. 
However it’s on par with other Indian studies. 
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Abstract

Introduction: The supraorbital margin is interrupted 
at it’s lateral two third and medical third by the 
supraorbital notch/foramen. The supraorbital notch/
foramen transmits the supraorbital artery, vein and 
nerve. The surgeon should have knowledge of precise 
location and difference in prevalance of SON/SOF in 
order to reduce the risks while performing clinical 
procedures.

Materials and Methods: In the present study 112 
skulls were studied. Each skull was examined at 
it’s supraorbital margin on both sides for presence 
of SON/SOF. The prevalance of bilateral, unilateral 
SON/SOF was calculated, presence of accessory SOF 
and shape of SOF were also noted. The distance of 
SON/SOF from nasal midline, Frontozygomatic 
suture, Infraorbital foramen was calculated by using 
digital vernier calliper in millimeters.

Results: The present study concluded that the 
frequency of occurrence of SON (66.07%) was more 
than that of SOF (33.92%). Bilateral SON we’re found 
in 51.78% and bilateral SOF were found in 17.85% of 
skulls. Unilateral presence of SON/SOF were noted 
in 34 skulls. 14.28% of cases showed presence of 
accessory SOF. The average distance between nasal 
midline, FZS, IOF and SON/SOF was 22.39–22.40 
mm, 30.89–30.53 mm, 39.27-39.45 mm respectively on 
right and left side.

Conclusion: The present study provides detail 
information regarding prevalance of SON/SOF 
and it’s exact position by calculating theaverage 
distance between SON/SOF from nasal midline, 
frontozygomatic suture, infraorbital foramen. This 

data is very essential during various diagnostic, 
therapeutic, anaesthetic and surgical procedures.

Keywords: Supraorbital nerve; Supraorbital notch; 
Supraorbital foramen; Skulls.

Introduction

The orbital opening is approximately quadrangular 
in shape. Upper, supraorbital margin of each orbit 
is entirely formed by the frontal bone, interrupted 

at the junction of its sharp lateral two-thirds and 
rounded medial third by the supraorbital notch 
or foramen.1 The supraorbital nerve is the larger 

terminal branch of frontal nerve. This branch 
continues in the line of the parent stem. The nerve 
passes through the supraorbital notch or foramen 

and turns upwards into the forehead. Normally 
It divides into two in the scalp, but if this occurs 
in the orbit, the larger lateral part occupies the 

supraorbital notch.2

The supraorbital nerve supplies the mucous 
membrane lining the frontal sinus, skin and 

conjunctiva covering the upper eyelid and skin 
over the forehead and scalp. The supraorbital nerve 
ascends on the forehead with the supraorbital 

artery and divides into medial and lateral branches 
which supplies skin of scalp as far as lambdoid 
suture. These branches runs deep to frontal belly 

of occipitofrontalis. The medial branch perforates 
the muscle to reach the skin, while the lateral 



158

Indian Journal of Anatomy / Volume 9, Number 2 / April – June 2020

Pierce’s the epicranial aponeurosis.1 In 25% of 
cases the supraorbital notch is cross by periosteal 
ligament which become ossi ed converting the 
supraorbital notch into Foramen.3 The periosteal 
ligament crossing supraorbital notch is referred as 
supraorbital ligament by the Duke et al.4

The supraorbital nerve block is given in the 
region of SON/SOF during different procedures 
like, cosmetic facial corrections, supraorbital 
neuralgia, forehead and brow lift surgeries. For 
precise and effective supraorbital nerve block exact 
location of supraorbital nerve is mandatory.5

Materials and Methods

The present study was carried out by using 112 adult 
dry human skulls of unknown age and gender. The 
samples were collected from the department of 
Anatomy, government medical college Aurangabad 
during the year 2019. The skulls with gross 
abnormalities were excluded from the study to 
avoid any kind of bias in the study. Each skull was 
examined carefully at it’s supraorbital margins on 
both sides for the presence of supraorbital notch 
or foramen. The presence of unilateral or bilateral 
supraorbital notch/foramen was carefully observed 
and noted down for further calculations. The 
distance between nasal midline and supraorbital 
notch/foramen was measured. The distance 
between frontozygomatic suture and supraorbital 
notch/foramen, also the distance from infraorbital 
foramen and supraorbital notch/foramen were 
measured using digital verniercalliper. The obtained 
data was properly recorded, analysed and tabulated.

Results

In the present study 112 adult dry human skull 

of unknown gender were analysed bilaterally at 
both the orbits from government medical college 
Aurangabad. The  ndings of present study were 
summarized and tabulated in (Table 1 and Table 
2). The frequency of occurrence of supraorbital 
notch (66.07%) was much more than that of 
supraorbital foramen (33.92%). Out of 112 skulls 
studied 20 skulls (17.85%) shows presence of 
bilateral supraorbital foramen (Fig. 2) whereas 
58 skulls (51.78%) shows presence of bilateral 
supraorbital notches (Fig. 2). The unilateral 
presence of supraorbital foramen (i.e. supraorbital 
notch on other side) was noted in 34 skulls 
(Fig. 3). The supraorbital foramen present on right 
side only was found in 14 skulls (12.5%). The 
supraorbital foramen on left side only was found 
in 20 skulls (17.85%) out of total 112 skulls studied. 
The accessory supraorbital foramen was found in 
16 skull (14.28%). The oval shaped supraorbital 
foramen were noted in 19.64% and rounded shape 
in 13.39% of cases.

The mean distance between nasal midline and 
SON/SOF was 22.39 ± 2.58 mm on right side and 
22.40 ± 2.40mm on left side (Fig. 4). The mean 
distance between frontozygomatic (FZS) suture 
and SON/SOF was 30.89 ± 5.78 mm on right 
side and 30.53 ± 5.89 mm on left side (Fig. 5). The 
average distance from SON/SOF to infraorbital 
foramen was 39.27 ± 2.47 mm and 39.45 ± 2.31 
mm on right and left side respectively (Fig. 6). 
These morphometric measurements and statistical 
analysis of mean distance of SON/SOF from nasal 
midline, Frontozygomatic Suture and Infraorbital 
foramen were tabulated in Table 2. The statistical 
analysis was done, the difference between right 
and left sides was analyzed by application of paired 
t-test. The results shows that comparison between 
two sides was not signi cant statistically in all 
parameters.

Table 1: Findings of present study showing prevalance of SOF/SON.

Sr. No. Prevalance of SOF/SON in present study Number of skulls Percentage

1 Total prevalance of Supraorbital notch 148 (orbits) 66.07

2 Total prevalance of Supraorbital foramen 76 (orbits) 33.92

3 Bilateral supraorbital foramen 20 17.85

4 Bilateral Supraorbital notch 58 51.78

5 Supraorbital foramen on Right side 14 12.5

6 Supraorbital foramen on Left side 20 17.85

7 No. of accessory foramina’s 16 14.28
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Table 2: Morphometric measurements and statistical analysis of SON/SOF

Sr. No. Parameters Mean distance (R 
+ L) Mean + SD

N = 224

Right side 

Mean ± SD 
(N = 112)

Left side 

Mean ± SD 
(N = 112)

Paired 
t-test

p-value

1 Distance between nasal 
midline and SON/SOF

22.39 ± 2.58 22.39 ± 2.74 22.40 ± 2.40 t = 0.055 p > 0.05NS

2 Distance between 
SON/SOF and FZS

30.71 ± 5.84 30.89 ± 5.78 30.53 ± 5.89 t = 0.247 p > 0.05NS

3 Distance between 
Infraorbital foramen 
and SON/SOF

39.36 ± 2.39 39.27 ± 2.47 39.45 ± 2.31 t = 0.269 p > 0.05NS

Fig. 1: Bilateral Supraorbital notch. Fig. 2: Bilateral Supraorbital Foramen.

Fig. 3: Unilateral Supraorbital Foramen on right side. Fig. 4: Measurement of distance between nasal midline and 
SON/SOF.

Fig. 5: Measurements of distance between FZS and SON/SOF. Fig. 6: Measurement of distance between IOF & SOF/SON.
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Discussion

In the present study out of 112 skulls studied 66.07% 
of orbits shows presence of supraorbital notch 
(SON) which exceeds than the total prevalence of 
supraorbital foramen (SOF) which was 33.92%, 
these  ndings of present study were found to be 
consistent with the Apinhasmit et al.6 which shows 
prevalence of SON and SOF of about 66.5% and 
33.5% respectively. Chung MS7 reportedthat the 
frequency of SON (69.9%) was more than that of 
SOF (28.9%) in Korean population, which shows 
lower prevalance of SOF than present study.

The  ndings of Dodo8 showing prevalence of 
SOF was 39.4%, 44.6%, 46.8% in north, west and 
east india respectively which were much more 
than present study. The prevalance of SON/SOF 
shows variations in different populations. Webster 
et al.9 concluded that frequency of prevalence 
of SON (61.57%) was higher than SOF (38.43%). 
The frequency of bilateral SON was 49.07% and 
bilateral SOF was 25.93%, whereas unilateral SOF 
was present in 12.5% of cases. These  ndings of 
Webster et al. didn’t match with  ndings of present 
study.

Apinhasmit et al.6 reported the prevalance of 
bilateral SON (50%) and bilateral SOF (17%) with 
unilateral SON/SOF in about 16.5% of cases. These 
 ndings of Apinhasmit et al. were consistent with 
the  ndings of present study. The present study 
shows presence of bilateral SON in 51.78%, bilateral 
SOF in 17.85% and unilateral SON/SOF in 14.28% 
of cases. Cheng et al.10 given the total prevalence of 
SOF of about 45.9% and SON about 54.1%, which 
shows wide variation with the present study.

The presence of accessory supraorbital foramen 
is a common  nding. A minor twig of supraorbital 
nerve traverse through it, which results in 
incomplete analgesia and anaesthesia following 
injection in nerve at SON/SOF. The prevalence of 
accessory SOF in present study was 14.28%. The 
frequency of accessory SOF reported by Berry11 
was 50% and by Saylam12 was 21.2%. In the present 
study out of total SOF studied 19.64% were oval in 
shape and 13.39% were rounded in shape.

The present study reported the mean distance 
between the nasal midline and SON/SOF was 22.39 
± 2.74mm on right side and 22.40 ± 2.40 mm on left 
side. The average distance from nasal midline ad 
SON/SOF reported by Cheng et al., Apinhasmit, 
Webster et al. were 24.56 mm, 25.14 mm, 32.02 
mm respectively, these  ndings were higher than 
the present study. The mean distance between 

FZS and SON/SOF was 30.89 ± 5.78 mm on right 
side and 30.53 ± 5.89 mm on left side in the present 
study. Smith et al.13 Liu et al.14 studied the distance 
between FZS and SON/SOF which was 26.2 mm & 
20.55 mm respectively and found to be much less 
than present study.

The distance between SON/SOF and infraorbital 
foramen also shows wide racial variations. Thai 
population studied by Apinhasmit showed that the 
average distance of IOF from SON/SOF was 44.95 
± 2.96 mm on right side and 42.52 ± 3.89 mm on 
left side. Korean population studied by Chung et 
al.7 reported that the average distance between IOF 
and SON/SOF was 45.6 mm, these  ndings of Thai 
& Korean population are quite higher than present 
study which shows average distance between IOF 
and SON/SOF was about 39.27 ± 2.47 mm on right 
side and 39.45 ± 2.31 mm on left side respectively.

Conclusion

Wide variations of SON/SOF were present in 
different populations. The prevalence of SON 
exceeds than that of SOF, other variations like 
unilateral SOF, accessory SOF were also common. 
The precise and exact location of SON/SOF is 
very essential for different therapeutic, diagnostic, 
anaesthetic and surgical procedures in order 
to reduce the relative risk during these clinical 
procedures.

Abbrevations

SON – Supraorbital Notch

SOF – Supraorbital Foramen

FZS – FrontozygomaticSuture

IOF – Infraorbital Foramen
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Abstract

During retrieving of skull bone from a known 
male cadaver of 44 years, excessive elongated styloid 
process was observed on both the sides of skull. 
The length of styloid process was same on both the 
sides i.e. 4.4 cm. It was concavo-convex and pointed. 
It was directed anteriorly, inferiorly and medially. 
Excessive elongated styloid process may create 
pressure on facial nerve and external and or internal 
carotid artery which causes pain in cervicofacial 
region and sometimes it is asymptomatic. Surgical 
resection of styloid process is required if elongated 
styloid process is associated with severe symptoms. 

Keywords: Styloid process; Long styloid process; 
Eagle’s syndrome; Cervicofacial pain.

Introduction

Styloid process (SP) is pointed bony process of 
temporal bone which is derived from dorsal part of 
Reichert’s cartilage of second arch or hyoid arch. It is 
slender, pointed and projects anteroinferiorly from 
the inferior aspect of temporal bone. It is almost 
straight, it can show curvature, an anteromedial 
concavity being most common. SP lies anterior and 
medial to the mastoid process and stylomastoid 
foramen lies between the mastoid and styloid 
process. The length of SP varies from few millimetres 
to few centimetres to an average of 2.5 cm.1

The proximal part of SP is called as tympanohyal 
which is ensheathed anterolaterally by tympanic 
plate. The distal part of SP is called as stylohyal 
part where muscles and ligaments are attached. 

These parts are united by cartilage which undergoes 
ossi cation often as late as middle age.2 SP carries 
clinical signi cance as it has important relations 
with muscles, nerve and vessels. SP is related 
to parotid gland laterally and is separated from 
beginning of internal jugular vein by the attachment 
of stylopharyngeus. Facial nerve crosses SP at the 
base and external carotid artery crosses SP at its 
tip.1 Internal jugular vein, accessory, vagus, and 
glossopharyngeal nerves, internal carotid artery, 
sympathetic chain are located medial to the process3 

while the occipital artery and hypoglossal nerve run 
along its lateral side and also found is the posterior 
belly of the digastric muscle.4 Attachment of muscles 
like styloglossus, stylopharyngeus, stylohyoid and 
ligaments like stylohyoid, stylomandibular to SP 
forms styloid apparatus. Through these structures, 
the styloid process facilitates the movement of the 
tongue, pharynx, larynx, hyoid bone and mandible.4

Excessive elongation of styloid process may create 
compressive effect on nearby neurovascular 
structures and lead to cervicofacial pain. It may 
be useful to do assessment of the length of styloid 
process in case of cervicofacial pain to  nd out the 
cause of pain.

Case Report

Bilateral excessive elongated and pointed SP was 
observed during retrieval of skull bone of 44 years 
of male cadaver. The length of SP was 4.4 cm and 
it was directed anteriorly, inferiorly and medially 
with curvature.
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Fig. 1: Photograph shows excessive elongated bilateral presence 
of SP.

Discussion

Styloid process is bony prolongation starts from 
temporal bone and present on anteromedial aspect 
of stylomastoid foramen. Five structures consist of 
three muscles and two ligaments constitute styloid 
apparatus. Styloglossus, stylopharyngeus and 
stylohyoid muscles play role in mastication and 
deglutition. Stylomandibular ligament is thickening 
of deep cervical facia and connects tip of SP and 
angle of mandible while the stylohyoid ligament’s 
proximal attachment lies at the apex of the styloid 
process, while the distal end of the ligament attaches 
to the lesser cornu of the hyoid. Both ligaments 
facilitate the movement of the tongue, pharynx, 
larynx, hyoid bone, and mandible.5,6

SP shows variations in the length, angulation 
and other morphological features. The reported 
normal length of SP ranges from 20–32 mm.7 This 
varies from person to person, males to females and 
even from side to side in the same person.8–11 Wide 
literature about length of SP shows variations in the 
length of SP, it ranges from 23 to 36 mm, 42 mm for 
women under age of 35 years and 49 mm for men 
over 35 years,12 mean length of SP was found to be 
3.7 mm on right side and 3.8 mm on left side,13 in 
males on right side is 25.78, on left side is 22.69 and 
in females on right side is 25.8 and on left side 22.75 
mm.14 Average length of SP was 2 to 3 cm10,15–17 1.52 
to 4.77 cm,18 2.51 to 6.11 cm.19 The normal SP was 
approximately 2.5 cm in length and any process 
longer than 2.5 cm might be considered to be 
elongated which was found in 4% of the patients.20 
When length of SP is more than 30 mm then it is 
considered as elongation.21 When symptoms are 
associated with elongated SP then it is termed 
as Eagle syndrome.22 Incidence of elongation of 
SP is around 4–7%; only 4% of the patients with 
elongation of SP show the symptoms.23,24 In the 
present study the length of SP is 44 mm which is 
excessively elongated and same on both the sides.

SP length is not related to age, gender25,26 but 
signi cant co-relation was seen between serum 
calcium concentration and length of SP, longer the 
SP higher the serum calcium concentration was 
found.25 Association of dental status and SP length 
was evaluated.11,25 Muscle tension from occlusal 
disarrangements and changes in both bones’ height 
in partially or completely edentulous patients can 
be probable factor in the incidence of a co-relation 
between no of teeth present in the mouth and SP 
length.11

Cause of elongation of SP is not clearly 
understood. It may be related to complete or partial 
calci cation of stylohyoid ligament or abnormal 
ossi cation of stylohyoid ligament.

The styloid process originates as a part of 
Reichert’s cartilage, which forms from the 
second pharyngeal arch during embryological 
development.27 Reichert’s cartilage divides into 
four parts, the tympanohyal part, the stylohyal part, 
the ceratohyal part, and the hypohyal part. The 
tympanohyal part develops antenatally, attaches 
to the petrous portion of the temporal bone, and 
gives rise to the base of the styloid process which is 
ensheathed by the vaginal process of the tympanic 
part. The stylohyal part appears post-natally, and it 
gives rise to the shaft of the styloid process and the 
proximal portion of the stylohyoid ligament. The 
stylohyal part might unite with the tympanohyal 
after puberty, but in some cases they never do. The 
ceratohyal and its  brous sheath regress, giving rise 
to the stylohyoid ligament. The hypohyal part gives 
rise to the lesser cornu of the hyoid bone.28,29 The 
stylohyal part might unite with the tympanohyal 
after puberty. If the stylohyal part successfully fuses 
with the tympanohyal part and the stylohyal aspect 
ossi es, it results in a long styloid process.28 In the 
current case excessive elongation of SP may be 
because of ossi ed stylohyoid ligament. We could 
not elicit the history of pain in the cervicofacial 
region as we received the cadaver with cause of 
death as cardiac arrest. 

Elongated SP may go unnoticed or it is incidental 
 nding if it is not associated with symptoms of 
cervicofacial pain. If it is associated with symptoms 
then surgical resection of SP is required for better 
outcome.
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Abstract

Imperforate hymen is a rare condition, most 
commonly diagnosed among obstructive anomaly, 
with a incidence of less than 1%. It is an isolated 
anomaly that is seen due to failure of canalisation 
of urogenital sinus. It presents with primary 
amenorrhea, cyclical abdominal pains and may be 
with urine retention and it is observed at the age of 
puberty in girls. We present a case of 13 year old girl 
with imperforate hymen underwent hymenoplasty 
under general anesthesia for Hematocolpose and 
Hematometra, presented with abdominal pains on 
and off and tenesmus. On follow up the girl had 
started with normal menstruation.

Keywords: Hymenoplasty; Imperforate Hymen; 
Primary Amenorrhoea. 

Case Report

Hymen is an incomplete mucous fold that closes the 
cavity of vagina near external ori ce of the vagina. 
Hymen may present in various shapes like annular, 
crescentic or cribriform.1 Imperforate hymen, is the 
most common female genital tract malformation.2 
It occurs rarely and has a prevalence rate of 0.014–
0.1%.3,4 Mostly pubertal girls present this anomaly.5

A 13 year old girl came for consultation to 
Gynaecologist with complaints of abdominal pain 
periodically since one year. She also complained 
of associated constipation and retention of urine. 

She was completely alright before one year. Since 
then she started getting crampy pain in lower 
abdominal region which were cyclic in nature. 
The pain was lasting for six to seven days of every 
month. The severity of pain went on increasing by 
each month and it became more severe since last 
two months and also the lower part of the abdomen 
was increasing in size. She also presented with the 
history of constipation and dif cult micturition. She 
had no history of nausea, vomiting and fever. She 
did not give any positive history regarding onset 
of menstrual cycle but she had growth of pubic 
hairs and breast buds had also developed that were 
con rming the onset of puberty. The patient had 
no history of any vaginal discharge and any sexual 
activity. There was no history of similar complaints 
in any family members.

On physical examination, the signs of secondary 
sexual characteristics like pubic hair and mammary 
gland buds were well developed. On examination 
of cardiovascular system nothing abnormality 
was found. On per abdominal examination, lower 
abdomen was distended and there was tenderness 
on pressure. Perineal examination showed 
bulging bluish hymen and imperforate membrane 
was seen. 

There were no other major abnormalities of 
external genitalia observed.

An Ultra Sonography of abdomen and pelvis was 
done which showed partially distended urinary 
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bladder with normal wall thickness. The size, shape 
and outline of uterus was normal. The size was 6 × 
2.9 cm. Endometrium showed hypoechoic collection 
with internal echoes noted in it, Myometrium was 
normal. Cervical canal showed collection in it, e/o 
collection in cul de sac. 

Vagina showed hypoechoic collection in it with 

internal echoes noted in it measuring about 9.9 × 
5.5 cm. All  ndings from Ultrasonography were 
suggestive of Hematometrocolpos (Fig. 1). Both the 
ovaries were normal. Aorta and Inferior Vena Cava 
were normal. Both the adrenals were normal. There 
were no evidence of Ascitis or enlarged lymph 
nodes. Bowels appeared normal.

Fig. 1: Hypoechoic collection in cervical canal and uterus.

Treatment

Patient was given general anaethesia. Hymenoplasty 
was carried out. The patient was taken in theatre 
and an X-shaped incision of the hymen was made 
under anesthesia and approximately 1000 milliliters 
of thick chocolate coloured blood was drained. 
The edges of the hymen were turned outward 
and sutured by Vicryl 2/0 sutures. Local analgesic 
cream and prophylactic oral antibiotics were given 
to patient. She made uneventful recovery and was 
doing well at 1 month. She was however lost to 
follow-up after that.

Discussion

Lui et al.6 revealed the average age of presentation 
is 12 years and range is 10-15 years. Liang et al.7 
stated mean age presentation of imperforate hymen 
as 13.2 years and range 11–16 years. The patient 
with imperforate hymen presents with following 
signs and symptoms;

I. Amenorrhea, may be primary due to 
accumulation of blood in the vaginal cavity 
obstructed by imperforate hymen5 or 
secondary that may occur after spontaneous 
closure of previously perforate hymen. The 
later mainly occurs in micro perforate or 

stenosed hymen following surgical or sexual 
trauma where initial light periods will be 
experienced but continuous stenosis leads to 
complete obstruction and amenorrhoea.8

II. Periodic pains in lower abdominal region or 
pelvic region on and off (up to 60%)3,5,9 due 
to continued distension of the vagina and 
uterus by accumulating menstrual blood and 
low back pain (38–40%)5 which is a referred 
pain after irritation of the sacral plexus and 
nerve roots by the distended vagina and 
uterus.

III. Obstruction

1. Obstruction of Urinary out ow and its 
complications (58%).6 Acute retention 
of urine8,6,12 is caused by pressure on the 
bladder by the distended uterus that 
causes angulation at the neck of bladder 
and stricture of the urethra.10

2. Vaginal out ow obstruction which is seen 
as a bluish bulge at the introitus.11

3. In chronic cases intestinal obstruction 
leading to constipation (20–27%)6 and 
tenesmus11 also seen.

IV. Mass per abdomen due to distended uterus 
and vagina with accumulated menstrual 
blood.5

Supriya Prashant Satpute, Shanta Pasgonda Patil, Anita Rahul Gune, et al. / Primary Amenorrhoea with 
Imperforate Hymen: A Case Report



167

Indian Journal of Anatomy / Volume 9, Number 2 / April – June 2020

V. Accumulation of blood in uterus leads to 
the development of endometriosis and it can 
be con rmed with the help of laparoscopy 
while performing hymenoplasty.

 Vulvar distension differentiates imperforate 
hymen from transverse vaginal septum 1 Imperforate 
hymen can be usually diagnosed clinically 
which can be con rmed by ultrasonography. 
Hymenoplasty is the choice of treatment under 
general anesthesia. An X-shaped incision at 2-, 4-, 8-, 
and 10-o’clock positions is used due to which risk of 
risk of injury to urethra is reduced. Incision should 
be in quadrants of hymen and the mucosal margins 
are approximated with  ne delayed-absorbable 
suture.12 The outcome of surgical hymenotomy is 
good and the recurrences are rare.7

Teaching Point

We can suspect Imperforate Hymen in absence 
of menstrual cycle in pubertal girls presented 
with periodical abdominal pains. In such cases a 
complete gynaecological history, examination and 
investigations may prevent serious complications 
due to delay in diagnosis.
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Abstract

Background: Anatomists and clinicians need to be 
aware about existence of muscle variation. The biceps 
femoris is the muscle of thigh having two heads. 

Methods and Material: During cadaveric dissection 
we got the muscle variation. The biceps femoris 
muscle shows variations in its origin bilaterally. 
Both right and left limbs were carefully and cleanly 
dissected. 

Results: In the upper portion of muscle, few fibers 
was diverged & directed medially, downwards 
and inferiorly, and joined with distal fibers of 
semitendinosus muscle. The length of these fibers 
was 8.2 cm on right and 7.6 cm on left side. Hence 
the muscle fibers diverging from long head of biceps 
femoris muscle, they look like additional head of 
biceps femoris. 

Conclusions: These fibers merges with 
semitendinosus, they may give strain in posterior 
compartment, compress sciatic nerve & strengthen 
semitendinosus muscle. These fibers may create 
misconceptions to clinicians and diagnostic experts.

Keyword: Biceps femoris; Variation; Additional 
head.

Introduction

Muscle variations routinely come across during 
dissection as well as in clinical practice, so both 
anatomists and clinicians need to be aware of 
their existence. The biceps femoris is the muscle 
of posterior compartment of thigh. It has two 

heads; the long head originates from lower and 
inner impression on the posterior side of ischial 
tuberosity. This is the common origin with the 
semitendinosus muscle, and from the lower part of 
sacrotuberous ligament. The short head arises from 
linea aspera laterally. Both heads of biceps femoris 
is joined together and inserted on the head of  bula 
laterally and small tendinous slip inserted on the 
lateral condyle of the tibia. The tibial part of sciatic 
nerve innervates the long head of biceps femoris 
and common peroneal nerve innervates to the short 
head.1,10

The long head of biceps femoris is the component 
of hamstring muscles along with semitendinosus, 
semimembranosus, and adductor magnus 
muscle.2,3 All the hamstrings crosses the hip joint 
cranially and knee joint caudally, so the action of 
these muscles is  exion of knee joint and extension 
of the hip joint partially. Along with this they also 
help in internal and external rotation of the hip 
joint.5,6

Hamstring muscles are involved mainly in 
locomotion hence forth injuries of the muscles are 
common in many sports and usual activities life. The 
anatomical variations of biceps femoris are rare or if 
present it may affect normal functions like gliding 
and  exibility. The information about variations of 
the biceps femoris is required to avoid diagnostic 
misconceptions of surgeons, physiotherapists and 
radiologists.1

The variations mainly arise by genetical 
inheritance or may be due to developmental 
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deformities. Most of these are not harmful and 
some of these may affect body systems severally.

The common variations of biceps femoris are the 
short head may be absent, additional heads may 
arise from the ischial tuberosity, the linea aspera, 
the medial supracondylar ridge of the femur 
etc. The insertion may be on iliotibial tract and 
gastrocnemius.10

In year 2017–2018, at the time of 1st year MBBS 
student’s regular cadaveric dissection, muscle 
variation was found. The biceps femoris muscle 
showed variations in its origin bilaterally. All the 
structures were preserved like attachments of 
muscle, its relations and neurovascular supply. 
Other structures were normal except biceps femoris 
in the posterior compartment of thigh. Later the 
biceps femoris muscle was carefully examined. Both 
the lower limbs were preserved in 10% formalin.

Case Report

The case was found in department of Anatomy, 
D.Y. Patil Medical College, Kolhapur at the time 
of regular cadaveric dissection. Out of total 15 
cadavers, a 48 years male cadaver showed variation 
of biceps femoris muscle bilaterally. The long head 

of biceps femoris normally originates from ischial 
tuberosity and is inserted on the head of  bula. We 
found that some muscle  bers were diverging from 
long head of biceps femoris and located in between 
biceps femoris and semitendinosus muscle. 
A variation was found in the upper region of 
popliteal fossa (Fig. 1,2). The existence of additional 
muscle  bers between long head of biceps femoris 
and semitendinosus is mentioned rarely in our 
literature. The region was carefully dissected and 
cleaned without damage to any structure. In this 
case, the long head of biceps femoris was originated 
and inserted normally but in the proximal portion 
of muscle some  bers were diverged their normal 
course. These abnormal muscle  bers were directed 
downward, medially and inferiorly. Inferiorly 
these muscle  bers were merged with the distal 
 bers of semitendinosus as they coursed medially. 
On measuring the length of right side muscle 
 bers was 8.2 cm. (Fig. 1) and of left side was 7.6 
cm. (Fig. 2) these muscle  bers look like additional 
head of biceps femoris. The right and left lower 
limbs of cadaver showed same variation. After 
dissecting whole limb no any other variation was 
found. The biceps femoris was examined carefully 
and photographed. As these variations are rare we 
preserved these limbs in 10% formalin. 

Fig. 1: An additional head of biceps femoris showed by arrow 
of left lower limb.

SM- Semimembranosus

ST-Semitendinosus

SN- Sciatic Nerve

BFLH- Long head of biceps femoris

Fig. 2: An additional head of biceps femoris showed by arrow of 
right lower limb.

SM- Semimembranosus

ST-Semitendinosus

SN- Sciatic Nerve

BFLH- Long head of biceps femoris

Discussion

The structure and function of hamstrings muscle 
have been studied for long time which provides 

full information about anatomy of hamstrings 
muscles. The biceps femoris is the important 
component of the hamstrings muscle. Different 
variations of hamstrings muscle explained 
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in a review of literature. e.g. an accessory 
semimembranosus muscle,11 Hypoblastic 
or absent semimembranosus,12 Duplicated 
semimembranosus,13 common proximal tendon of 
three muscles,14 separate distal short head of biceps 
brachi insertion and separate proximal long head 
of biceps brachi.3,4

The abnormal muscle bundle originated from 
long head of biceps femoris in the right lower limb 
of adult male cadaver was described by Cetkin M. 
et al. The origin was normal but some  bers formed 
another tendon, runs medially in between biceps 
femoris and semitendinosus. It measures about 
86.32 × 5.47 mm.2 The present study is similar to 
Cetkin M. et al. But we found bilateral presence of 
anomalous muscle.

This type of variation may affect normal actions 
of biceps femoris muscle. The slip of muscle 
attached to semitendinosus, so it may strengthen it. 
It crosses the sciatic nerve; there may be chance of 
compression and a mysterious pain in lower limb. 
In clinical practice this type of muscular variations 
produces confusion to diagnose.7,11

A muscular anomaly was identi ed between 
long head of biceps and semitendinosus muscle by 
Chakravarti.4 It was originated from the long head 
of biceps and merges with semitendinosus muscle. 
It was 6.5 cm in length and 3.5 cm in width. He 
considered that it may be the third head of biceps 
femoris.

An anomaly in the insertion of the biceps 
femoris tendon that has never been described in the 
literature was described by Fritsch and Mhaskar. 
They found a hypertrophic insertion on the tibia 
and an atrophic insertion on the  bula, which was 
successfully managed by otoplasty of the  bular 
head and by changing the route of biceps femoris 
surgically.5

The anatomy and relations of muscle was 
described by Renata La Rocca Vieira, by using MRI 
of the distal biceps femoris. A variation present in 
this part may be resulted in entrapment neuropathy 
of common peroneal nerve.9

In myogenesis when a muscle precursor enters, 
to divide the limb buds into dorsal and ventral 
part. After that both the parts again divides into 
three compartments and proximal–distal axis. The 
continuous migration of muscle precursor results in 
the formation of speci c muscle. Anomaly found in 
present study may be defect in continuous moving 
of muscle precursor during development.16

Conclusion

We found a part of muscle  bers originates from 
long head of biceps and merges with semitendinosus 
bilaterally. The importance of this  nding is it gives 
strain to the muscles of posterior compartment 
and compression of sciatic nerve. Hence the 
muscle  bers were merged with semitendinosus 
may strengthen it. This muscle strap may create 
confusion in examination of CT and MRI scans 
and while performing surgery. Hence to avoid 
complexity during diagnosis and treatment, it is 
necessary to cognizant of such variations.15
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