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ABSTRACT

Morphometry of the proximal end of the femur is important to orthopaedic surgeons for the

selection of appropriate size of internal fixators and implants. Similarly, prosthetists need it

for designing population specific hip joint prosthesis. Besides, morphometry of the proximal

end of the femur shows gender variation, which helps the forensic experts in determination of

sex. Moreover, anatomists and anthropologists may use it for the purpose of comparative

studies. Therefore, the present study was designed to provide a standard data of different
morphometric parameters of the proximal end of the femur in an adult Bangladeshi population
through radiographic analysis, and observe differences between male and female, if any. This
cross-sectional, analytical study was carried out in the Department of Anatomy, Sir Salimullah
Medical College, Dhaka, Bangladesh, between July 2020 and June 2021. Standardised
anteroposterior pelvic radiographs of 70 apparently healthy adult Bangladeshi patients (35
male and 35 female) were taken. All were reported as normal by a specialist radiologist. Data
was collected in a data sheet. The diameter of the femoral head, width and length of the femoral
neck and femoral neck-shaft angle were measured unilaterally using MB ruler software after
zooming in and increasing resolution of the radiographs. The mean diameter of the femoral
head, length and width of the femoral neck, and femoral neck-shaft angle in our total study
population were found 47.67±4.47 mm, 51.44±5.36 mm, 31.90±3.71 mm, and 131.57±3.7°

respectively. Sexual dimorphism was observed in the diameter of the femoral head (51.22±2.57

mm vs. 44.13±2.84 mm), length of the femoral neck (53.86±0.97 mm vs. 49.03±4.33 mm), and

width of the femoral neck (34.46±2.79 mm vs. 29.59±3.05 mm (p<0.001). However, no

difference was found in femoral neck-shaft angle between male and female (132.11±4.04° vs.

131.16±3.69°) (p>0.05).
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INTRODUCTION

The proximal end of the femur consists of head, neck,

greater trochanter and lesser trochanter. The

spheroidal femoral head articulates with acetabulum

of the hipbone to form the hip joint. Femoral neck

makes neck-shaft angle with the femoral shaft, which
is a crucial factor for the erect posture in humans. It
also ensures freedom of mobility of the hip joint by

swing lower limb away from pelvis. Femoral neck-

shaft angle is about to 150° at birth, but gets reduced

to 115°–140° in adult age. It is comparatively smaller

in female than male as female has a wider pelvis

compared to male.1

Fracture in the proximal end of the femur specially

fracture neck femur and trochanteric fracture are very

common in orthopaedic practice.2 Various implants

and screws are used in the proximal part of the femur

by the orthopaedic surgeons during fixation of

fracture in situ. A mismatch in the size and design of

those implants can lead to several complications like
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anterior thigh pain, stress fracture, non-union and

implant failure.3 Morphometry of the proximal end

of the femur is necessary to choose a fixator or implant

of proper size in order to avoid postoperative

complications. Differences in the morphometric

parameters of the proximal end of the femur between

male and female also help the forensic experts in

determination of sex from bone fragments. It also helps

the anatomists and anthropologists to study

comparative anatomy.

The proximal end of the femur is prone to tensile and

compressive stress during weight bearing activities.4

It undergoes functional modification according to the

level of activities. Morphometry of the proximal end

of the femur varies among population as it is

influenced by age, sex, profession, race, ethnicity and

life-styles.5,6 Studies were conducted by many authors

in different countries to study morphometry of the

proximal femur by using different materials such as

dry bones, plain radiographs, and computed

tomography scans. Age and sex of the dried femur

bone are not well documented in our country and

computed tomography scans are costly; therefore,

plain radiograph remains the standard method to

study morphometry of the proximal end of the femur.

To our knowledge, there exists a scarcity of evidence

on the morphometry of the proximal end of the femur

in our country; therefore, this study aims to provide

standard data on different morphometric parameters

of the proximal end of the femur in an adult

Bangladeshi population.

METHODS

This cross-sectional, analytical study carried out in

the Department of Anatomy, Sir Salimullah Medical

College, Dhaka, Bangladesh, from July 2020 to June

2021. The study population was adult Bangladeshi

population aged between 25 and 45 years, who

attended the Department of Radiology & Imaging of

the same institution to have plain digital radiographs

of the pelvis. Patients with any existing diseases or

deformities in the hip joint and the proximal end of

the femur, any history of operation in the hip joint or

the proximal end of the femur and pregnant woman

were excluded from the study. The anteroposterior

radiograph of hip was taken with the patient supine

on the x-ray table with both lower extremities

orientated in 15° of internal rotation to maximise the

length of the femoral neck. The distance between x-

ray tube and film was 120 cm, while the tube was

orientated perpendicular to the table. The crosshairs

of the beam was centred on the point midway between

the superior border of the pubic symphysis and a line

drawn connecting the anterior superior iliac spines.6

Radiographs of the pelvis (anteroposterior view or

AP view), in which the hip joints were reported as

normal by a specialist radiologist, were collected for

measurement and data collection. The soft copy of

the images were collected via a USB drive and

transferred to the computer. The sample was collected

by a convenient sampling method. Finally, a total of

70 participants (35 male and 35 female) included in

the study.

After proper magnification by zooming in and

increasing the resolution, the diameter of the femoral

head, length and width of the femoral neck and

femoral neck-shaft angle were measured unilaterally

on the left sided pelvis using MB ruler software.

Femoral head diameter (FHD): The diameter of a

perfect circle drawn around the femoral head is the

femoral head diameter.7 To measure the diameter of

the femoral head, a perfect circle was drawn over the

spheroidal femoral head of left hip joint on the

radiograph of the  pelvis (AP view). Then the center

of the circle was identified and marked. The medial

and lateral point of the circle were marked over the

femoral head at the level of femoral head center. The

distance between the two points was measured by

MB ruler software and was recorded (Fig. 1).

Femoral neck length (FNL): It is the distance from the

femoral head centre to the femoral shaft axis that is

measured along the femoral neck axis.8 To measure

the femoral neck length of the left hip joint on the

plain digital radiograph of pelvis (AP view), the

femoral neck axis and femoral shaft axis were drawn

and then their intersecting point was marked. The

distance between the femoral head centre and the

intersecting point was measured by MB ruler software

and recorded (Fig. 1).

Femoral neck width (FNW): The minimum diameter

of the femoral neck at the narrowest part of the neck is

the femoral neck width.9 To measure the femoral neck

width of the left hip joint on the plain digital

radiograph of the pelvis in its AP view, the most

constricted part of the femoral neck was determined

by observation, three measurements were taken by

MB ruler software and the minimum measurement

was recorded (Fig. 1).
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Femoral neck-shaft angle (NSA): It is the angle between

the femoral neck axis and the femoral shaft axis.10 To

measure the neck-shaft angle of the left hip joint on

the plain digital radiograph of the pelvis in its AP

view, the femoral neck axis and femoral shaft axis

were drawn and their intersecting point was marked.

The angle between the two axes was measured by

MB ruler software and recorded (Fig. 1).

51.22±2.57 mm (ranging from 44.46 mm to 55.89 mm),

and among females, it was 44.13±2.84 mm (ranging

from 38.78 mm to 49.61 mm). A significant difference

in FHD was observed between males and females

(p=0.000) (Table-II). The mean length of the femoral

neck (FNL) was found 51.44±5.36 mm among our

total study participants (Table-I). In males, the mean

FNL was observed 53.86±0.97 mm (ranging between

42.30 mm and 65.11 mm). However, in females, it

was found 49.03±4.33 mm (ranging between 40.34

mm and 59.14 mm). FNL was significantly higher

among males compared to their female counterparts

(p=0.000) (Table-II). The mean width of the femoral

neck (FNW) of our total study population was

31.9±3.71 mm (Table-I). In males, the mean FNW was

observed 34.46±2.79 mm (ranging between 29.96 mm

and 40.60 mm); it was 29.59±3.05 mm (ranging

between 23.44 mm and 39.13 mm) in females. FNW

was also found significantly higher among males

compared to their female counterparts (p=0.000)

(Table-II). The mean femoral neck-shaft angle (NSA)

in total study population was estimated

131.57±3.78° (Table-I). The mean angles were

132.11±4.04° (ranging from 124.69° to 138.81°) and

131.16±3.69° (ranging from 122.86° to 139.43°) in

male and female respectively. No difference was

found between male and female (p=0.308) (Table-

II). Comparisons of different parameters found in

the previous studies among different ethnicities are

shown in the Table-III.

Fig. 1: Plain digital radiograph of the pelvis (AP view)

showing different reference points for femoral head diameter

(AB), femoral neck width (NW), femoral neck length (CO)

and neck-shaft angle (COH) of the proximal femur. Here,

C: Femoral head center, CD: Femoral neck axis, GH: Femoral

Shaft axis, O: intersection of CD & GH.

Statistical analysis was done using the Statistical

Package for Social Sciences (SPSS) version 23.0 for
Windows (SPSS Inc., Chicago, Illinois, USA).
Comparisons of different parameters of the
proximal femur between adult Bangladeshi males

and females were done by unpaired student’s t-

test. A p-value <0.05 was considered as statistically

significant.

The study was approved by the Ethical Review

Committee of Sir Salimullah Medical College, Dhaka,

Bangladesh.

RESULTS

In present study, the mean diameter of the femoral

head (FHD) in total study population was 47.67±4.47

mm (Table-I). Among males, the mean FHD was

Table-I : Mean of the parameters in total participants

(N=70)

Variables Mean±SD Range

Diameter of the femoral 47.67±4.47 38.78–55.89

head (in mm)

Length of the femoral 51.44±5.36 40.34–65.11

neck (in mm)

Width of the femoral 31.9±3.71 23.44–40.60

neck (in mm)

Femoral neck- 131.57±3.78 122.86–139.43

shaft angle (°)



93

MuMC Journal Volume 8, No. 2, July 2025

Table-II: Comparison of the parameters between genders (N=70)

Variables Male Female p-value

(n=35) (n=35)

Mean±SD Mean±SD

Diameter of the femoral head (in mm) 51.22±2.57 44.13±2.84

(44.46–55.89) (38.78–49.61) 0.000S

Length of the femoral neck (in mm) 53.86±0.97 49.03±4.33 0.000S

(42.30–65.11) (40.34–59.14)

Width of the femoral neck (mm) 34.46±2.79 29.59±3.05 0.000S

(29.96–40.60) (23.44–39.13)

Femoral neck-shaft angle (°) 132.11±4.04 131.16±3.69 0.308NS

(124.69–138.81) (122.86–139.43)

Figures in parentheses indicate range. Comparison between genders was done by unpaired Student’s ‘t’ test;

S=significant, NS=not significant.

Table-III: Comparison of the findings of the present study with the previous studies3,5,7,8,11-21

Researchers Population FHD (mm) FNL (mm) FNW (mm) NSA (°)

Present study Bangladeshi (n=70) 47.67±4.47 51.44±5.36 31.9 ±3.71 131.57±3.7

Mishra et al.3 Nepalese 44.26±3.58 - - 132.26±8.36

Nekkanti et al.5 South Indian(n=200) 40.09±3.72 28.29±3.44 130.68±5.35

Sengodan & Appusamy7 Indian 42.9 - 28.2 134.2

Mahaisavariya et al.8 Thai (n=108) 43.98±3.47 46.22±5.14 29.05±2.73 128.04±6.14

Pokharel et al.11 Nepalese (n=84) - 28.29±4.18 36.10±5.67 130.35±8.67

Roy et al.12 Eastern Indian 45.30±4.7 - - 130.57±3.0

Sengodan, Sinmayananthm South Indian(n=400) 42.6 27.5 135.4

 & Kumar13

Agarwala, Paul Southern Assamese, 41 28.59 132.62

& Daolagupu14 Indian(n=400)

Rawal et al.15 Indian (n=98) 45.41±3.66 48.4±5.56 - 124.42±5.49

Pathak et al.16 Indian 128.60

Saikia, Bhuyan & Northeastern Indian - - - 139.5±7.5

Rongphar17  (n=92)

Umer et al.18 Pakistani (n=136) 50.1±3.8 - - 130.3±6.1

de Sousa et al.19 Brazilian (n=110) 46.56±3.6 30.96±2.94 30.4±4.18

Ahmad et al.20 Egyptian - - - 129.46±5.06

Jalali Kondori et al.21 Iranian 139.5

FHD: Femoral head diameter; FN: Femoral neck length; FNW: Femoral neck width; NSA: Femoral neck-shaft

angle
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DISCUSSION

The mean diameter of the femoral head (FHD) in our

study population was observed 47.67±4.47 mm.

Besides, the mean diameter was found significantly

greater among males than that of females (p<0.001).

The mean FHD of the present study is higher than

that of Thai8, Nepalese11 and Indian population5,13,14,

but lesser than that of Pakistani population18. Eastern

Indian population12 had larger FHD compared to

population of South India5,7,13 and Southern Assam14.

The mean FHD found in the present study is

comparable to the studies conducted by Rawal et al.15,

Roy et al.12, and de Sousa et al.19 on the population

India, Eastern India and Brazil respectively. Sexual

dimorphism was also observed in population of South

India5,14,22, Southern Assam15, Malaysia9 and

European Caucasian, American Caucasian, African

American & Chinese population23, which supports

our study finding.

The mean length of the femoral neck in our study was

51.44±5.36 mm. Our finding of FNL was larger than

that of Thai8, Brazilian19, and Nepalese11 population,

but almost similar to the study conducted by Rawal

et al.15 on the Indian population. We also observed

that the length was significantly higher (p<0.001) in

male than female. Study finding of present study

correlated with the study conducted on South

Indian13, Malaysian9, and European Caucasian,

American Caucasian, African American & Chinese

population23.

In the present study, the mean of the width of the

femoral neck in our study population was found

31.90±3.71 mm. The value was comparable to the

studies conducted on Brazilian population19 and Thai

population8. However, Indian population5,7,13,14 had

narrower FNW compared to the present study.

In the present study, mean femoral head diameter

and mean femoral neck width were significantly

higher (p<0.001) in male than that of female. Similar

finding was found in population of South India5,13,22,

Southern Assam14, Malaysia8, and European

Caucasian, American Caucasian, African American

and Chinese population23.

In the present study, mean femoral neck length of our

population was 51.44±5.36 mm. Our mean FNL was

larger than that of Thai8, Brazilian19, and Nepalese11

population, but almost similar to the study conducted

by Rawal et al.15 on the Indian population.

In our study, the mean femoral neck length was

significantly higher (p<0.001) in male than female.

Study finding of present study correlated with the

study conducted on South Indian,22 Malaysian,9

European Caucasian, American Caucasian, African

American & Chinese population.23

In the present study, mean NSA of our population

was 131.57±3.7°. It was comparable to mean NSA of

Pakistani18, Nepalese11, Eastern Indian population12,

and population of Southern Assam.15 Studies

conducted by Pathak et al.16 on Indian and Ahmad et

al.20 on Egyptian population demonstrated lesser

NSA as compared to our study. However, studies

conducted on the population of South India13,

Northeastern region of India17, and Iran21 showed

higher NSA than that of the present study.

In the present study, no significant difference was

observed in mean neck-shaft angle between male and

female. Similar finding was observed on the studies

conducted in the population of Mysore, South India5,

Maharashtra, India24, Eastern India12, and Malaysia9
.

In contrast, gender differences were observed in

several studies done on South Indian13, Malaysian9,

and European Caucasian, American Caucasian,

African American & Chinese population23 as well as

Iranian population.21

CONCLUSION

In the present study, the diameter of the femoral head,

length and width of the femoral neck were found

significantly higher in males compared to its female

counterparts. However, femoral neck-shaft angles

revealed no significant gender difference.

Morphometry of the proximal end of the femur varies

among different population as it depends on the age,

sex, profession, race and ethnicity. The measurement

methods may also contribute to the variation in the

morphometric parameters of the proximal end of the

femur.
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