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Introduction 
There are differences in various populations in terms of 

skeletal components, and these differences depend on 
genetics and environmental factors such as geography, 
nutrition, lifestyle, etc. Differences in the sizes of skeletal 
components show the racial characteristics of a 
population. Morphometric assessment is used to show 
differences between different populations or between 
individuals of the same population. In addition, 
morphometric evaluations can be used as a guide for 
doctors in the clinical department so that they can use it 

to obtain information such as fracture risk factors or 
useful information during surgery. Fractures have a very 
important place due to bearing a heavy burden on the 
shoulders of the health system and due to its 
complications, such as disability and death.[1-3] 

In particular, hip fracture is a major problem, especially 
in the elderly. The shape of femoral head is considered as 
an important risk factor for hip and femoral neck 
fractures, regardless of bone strength and density.[3-5] A 
bone breaks when the total stress on it exceeds its 
endurance. Several factors play a role in the 
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destructiveness of this pressure, including: the geometric 
shape of the bone, the strength of the material from which 
the bone is made, the amount of force applied and also the 
direction of the force applied to the bone.[6-8] 

Many studies have been conducted in order to identify 
the risk factors of hip fracture and then prevent these 
fractures.[9,10] The risk of hip fracture can be predicted 
according to some factors. These factors include: Body 
Mass Index (BMI), Bone Mineral Density (BMD), muscle 
strength, physical habits, femur bone morphometry, 
family history, lifestyle, the direction and amount of [11] 
forces applied to the bone.[11-14] There are substantial 
differences in the incidence of hip fractures worldwide, 
which indicate the existence of important environmental 
factors and can reduce the incidence of hip fractures. 
These fundamental differences may be related to genetic 
factors and environmental conditions (climate, lifestyle 
factors, etc.) that affect BMI, BMD and proximal femur 
bone morphometry.[15, 16] 

The femur has a proximal end, shaft, and distal end. The 
proximal end of this bone has been consisted of the head, 
neck, and greater and lesser trochanters.[17] Femur bone 
head supports all the weight of the body. For this reason, 
this hypothesis is proposed that the proximal part of the 
femur may play a role in the endurance of the femoral 
neck. The proximal part of the femur acts like a support 
band and its biomechanical properties (the amount of 
support for the femoral neck) depend on the length and 
width of the femoral neck.[18] The mechanical resistance of 
femoral head is related to the morphometric parameters 
of the thigh, including: the length of the hip axis, the 
length of the femoral neck axis, the width of the femoral 
neck, the width of the femoral head, the width between the 
trochanters, and the angle between the neck and the body 
of the femur. 

Also, these criteria play a role in bone resistance against 
impact, which is the most important cause of hip fracture 
in different races.[19] Some factors are associated with a 
high risk of fracture, such as greater length of the hip 
axis,[20] greater angle between the neck and body of the 
femur, greater width of the femoral neck.[21]  

 
Objectives 

This study was done the aim of evaluation the 
morphometric parameters of the proximal part of the 
femur and BMI in the patients of Shahid Beheshti 
Hospital in Kashan and Ayatollah Kashani Hospital in 
Isfahan in the years 1998-1999.  
 

Methods 
Study setting 
This descriptive-analytical study was conducted on 200 

patients referred to the Shahid Beheshti Hospital in 
Kashan and the Ayatollah Kashani Hospital in Isfahan 
between 2018 and 2019. The target population was 
individuals seeking medical care at these facilities in 2018. 

 
Inclusion and exclusion criteria 

Inclusion criteria 
• Referrals to Shahid Beheshti Hospital of Kashan and 

Ayatollah Kashani Hospital of Isfahan. 
• Having at least one femur x-ray taken in the supine 

position. 
• Willingness to participate in the study. 
• Age above 50 years. 

Exclusion criteria 
• Serious injury in the examined organ. 
• Conditions such as metabolic bone disease, 

malignancy, arthritis, or kidney failure. 
 

Design procedure 
Patients above the age of 50, encompassing both genders, 

who were referred to the aforementioned hospitals in 2018 
were examined. Those with supine radiographs of the 
femur's proximal region were considered for inclusion in 
the study. However, patients displaying the listed 
exclusion criteria were omitted. Image J software 
measured the bone density in the femoral neck area. 
Participant data included age, gender, weight, height, and 
medical history. BMI was calculated by dividing the 
weight in kilograms by the square of height in meters. 
Radiographic images of the femur's proximal part were 
produced in line with the hospital's standard protocol. As 
per this protocol, patients were placed supine with their 
thigh and lower limb rotated 15-20 degrees inward, 
ensuring the femoral neck was parallel to the image 
receptor's surface. A knee holder was used to stabilize the 
pelvic rotation, with the heels positioned 20-24 cm apart. 
The radiation center targeted the soft tissue surface above 
the greater trochanter, situated between the ASIS and the 
symphysis pubis, from a distance of 100 cm. 
Measurements followed the details outlined in Figure 1. 
Data were collected by reviewing records and using a 
researcher-developed checklist. 
 
Statistical analysis 

Data were analyzed using SPSS (version 26.0, SPSS Inc, 
Chicago, IL, USA). The Chi-Square test was employed to 
compare nominal and qualitative data across two groups, 
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while the Independent Samples T-Test was used to 
compare quantitative data between them. Pearson's 
correlation test was utilized to explore relationships 
among quantitative variables. A p-value of less than 0.05 
was deemed statistically significant.  
 
Ethical considerations 

The study was conducted in accordance with the 
Declaration of Helsinki. This clinical trial was approved 
by the Medical Ethics Committee of Kashan University of 
Medical Sciences (number: 
IR.KAUMS.MEDNT.REC.1396.21). All participants 
signed an informed consent form.  
 
Results 
Sex distribution and BMI 

This study was carried out on 200 patients referred to the 
Shahid Beheshti Hospital in Kashan and Ayatollah 
Kashani Hospital in Isfahan. The gender distribution 
showed that 40% (80 patients) were male, while 60% (120 
patients) were female. Males had an average age of 
62.34±9.67 years, whereas females had an average age of 
59.45±8.78 years. The T-test indicated that males had a 
statistically significant higher average age (P=0.03). 
Moreover, when observing age group distribution, there 
was a significant discrepancy across various age brackets 
in terms of TW (P=0.014), as detailed in Table 1. 

The average BMI for the evaluated patients was 
26.57±3.7 kg/m2. From the data, 2% (4 patients) were 
underweight, 30.5% (61 patients) had a normal weight, 
51.5% (103 patients) were overweight, and 16% (32 
patients) were obese. 
 
BMD and morphological examination of femur bone 
angles 

The average BMD for all patients was documented at 
0.729±0.13, spanning from 0.25-1.07. BMD was higher in 
males, with an average of 0.768±0.15 compared to females 
at 0.703±0.11. The T-test revealed that men had a 
significantly higher bone density (P=0.001). In the 
evaluation of femur bone angles, the Q angle, representing 
the angle between the neck and body of the femur, had the 
smallest standard deviation. In contrast, the hip axis 
length showed the largest standard deviation within the 
studied population. 
 

Examining the morphological characteristics of the 
proximal part of the femur according to the 
characteristics of the patients 

The analysis revealed a notable 23% correlation between 
age and intertrochanteric width (TW), as confirmed by 
the Pearson correlation test (P=0.001). In contrast, no 
meaningful correlation was identified between this width 
and other angles of the femur bone (P>0.05) (refer to 
Table 2). When examining femur bone angles by gender, 
there were significant discrepancies between men and 
women. Specifically, all femur bone angles were 
consistently higher in men (P<0.05) (Table 2). Evaluating 
the link between BMI and femur bone angles showed a 
14% inverse relationship with the HAL angle, which was 
statistically significant (P=0.042). However, no significant 
correlation was detected between BMI and other femur 
bone angles (Table 2). Lastly, bone density did not show a 
statistically meaningful relationship with any femur bone 
measurements (Table 2). 

 

 
Figure 1. Definition of the parameters measured from the 

anteroposterior roentgenograms of the proximal femur. A-B 
(FAL): Length of the femoral neck axis from the base of the lateral 
part of the greater trochanter to the caput femoris; C-D (HAL): 
Length of the femoral neck axis from the base of the lateral part of 
the greater trochanter to the inner pelvic brim; E-F (HW): Broadest 
cross-section of the femoral head; G-H (FW): Narrowest cross-
section of the femoral neck; I-J (TW): Cross-section from 
immediately above the lesser trochanter to the most lateral aspect of 
the greater trochanter; B-K-L (Q-angle): Angle between the femoral 
neck and shaft of the femur. 
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Table 1. Frequency distribution of the different age groups of men and women 
Angles Age P-Value 

50-60 60-70 >70 
Q-angle 121.96±3.44 121.64±4.00 122.31±4.53 0.72 
TW 84.02±10.20 88.18±6.20 87.37±10.18 0.014 
HW 52.39±5.00 52.45±4.48 52.35±4.03 0.99 
FW 37.44±4.15 38.23±3.75 38.00±5.55 0.51 
HAL 117.35±9.41 120.81±11.84 118.15±11.18 0.13 
FAL 102.70±14.69 107.12±7.63 102.28±20.67 0.14 

(Q-angle): Angle between the femoral neck and shaft of femur; (TW): Cross-section from immediately above the lesser trochanter to the most 
lateral aspect of the greater trochanter; (HW): Broadest cross-section of the femoral head; (FW): femoral neck width; (HAL): The length of the 
hip axis; (FAL): Length of the femoral neck axis from the base of the lateral part of the greater trochanter to the caput femoris. All data were 
shown into Mean±Standard Deviation. 

 
Table 2. Correlation between different parameters such as age, gender, Body Mass Index (BMI) and Bone Mineral Density 

(BMD) with morphological features of proximal femur in patients 
P-

Value 
Correlation 

rate with 
BMD 

p-
value 

Correlation 
rate with 

BMI 

p-
value 

Female 
(mean±SD) 

Male 
(mean±SD) 

p-
value 

Correlation 
rate with 

age 

Parameter 
 
Angles 

0.21 -0.089 0.35 -0.067 0.03 121.46±3.83 122.64±3.6 0.48 0.05 Q (degree) 
0.92 -0.008 0.52 -0.046 <0.001 82.13±9.15 91.06±7.03 0.001 0.23 TW (mm) 
0.55 0.043 0.15 -0.103 <0.001 50.8±3.87 54.79±4.81 0.58 0.039 HW (mm) 
0.37 0.064 0.9 0.009 <0.001 35.89±3.66 40.52±3.64 0.17 0.1 FW (mm) 
0.21 -0.088 0.042 -0.14 <0.001 114.7±9.84 124.03±8.78 0.15 0.103 HAL (mm) 

0.031 0.077 0.53 -0.045 <0.001 98.22±15.3 112.29±7.14 0.057 0.135 FAL (mm) 
(Q-angle): Angle between the femoral neck and shaft of femur; (TW): Cross-section from immediately above the lesser trochanter to the most 
lateral aspect of the greater trochanter; (HW): Broadest cross-section of the femoral head; (FW): femoral neck width; (HAL): The length of the 
hip axis; (FAL): Length of the femoral neck axis from the base of the lateral part of the greater trochanter to the caput femoris. All data were 
shown into Mean±Standard Deviation. 

 
Discussion 

The femur bone is a pivotal component of the human 
skeletal system. It is essential for carrying out routine 
activities and maintaining human balance. Factors such as 
osteoporosis and individual variables are linked to 
fractures and injuries of the femoral head.[22] The 
morphology and structure of femur bone angles have 
emerged as significant determinants of hip and knee 
fractures and injuries.[23] This research sought to discern 
the morphometric parameters of the proximal segment of 
the femur and its association with various parameters in 
patients from Shahid Beheshti Hospital in Kashan and 
Ayatollah Kashani Hospital in Isfahan, utilizing 
radiographic images from 2018. 

From our findings, six morphological parameters of the 
femur in the assessed patients were identified as follows: 
Q-angle=121.93±3.78, TW=86.06±7.65 mm, 
HW=52.4±4.69 mm, FW=37.74±4.29 mm, 
HAL=118.43±10.47 mm, and FAL=105.34±7.59 mm. In 
Dehghan et al.'s 2019 study at the Kurd University of 
Medical Sciences, the FAL measured 103.15±11.18 mm, 

and HAL was 118.48±14.21 mm. These values are in close 
agreement with our findings. Furthermore, the average 
FW in the Shahrekord population was 36.09±4.66 mm, 
aligning with our results.[24] 

Conversely, when examining the morphological features 
of a Brazilian cohort, we found disparities in our data. 
Specifically, the average FHD on the right was 31.1±2.7 
mm and on the left was 30.8±3.0 mm. The right and left 
FNL measured 30.1±3.4 mm and 30.5±4 mm, respectively. 
Other measurements include FNW at 2.94±30.96 mm, 
FAL at 5.9±98.2 mm, OS at 42.6±6.1 mm (right) and 
42±5.6 mm (left), and CDA at 132±7.2 degrees (right) and 
131.8±5.2 degrees (left).[25] 

In Bhattacharya et al.'s study, the average values for six 
morphological features of the proximal femur- namely 
FAL, FW, HAL, HW, NSA, and TW- were reported as 
10.04±1.03 cm, 2.6±0.49 cm, 9.8±0.75 cm, 4.89±0.28 cm, 
125.04±2.06 cm, and 6.42±0.26 cm, respectively.[26] In 
contrast, Irdesel and Ari's 2006 research, which focused on 
the morphological attributes of the distal femur in a 
Turkish cohort, found the respective values to be 10.8, 
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10.14, 5.21, 3.54, 8.42 cm, and 131.52 degrees.[27] Our data 
and a comparison with other studies show that 
morphological features of the distal femur differ across 
populations. While genetic predispositions significantly 
influence these variations,[16] lifestyle, nutrition, physical 
activity, profession, mobility, and the individual's activity 
level can also impact these characteristics.[24, 26] 

Our current research findings suggest that there is no 
significant difference in the morphological attributes of 
the proximal femur concerning age. However, 
distinctions are evident between genders, with males 
typically exhibiting more pronounced values than 
females. This observation aligns with the conclusions 
drawn by Faulkner et al.,[1] Dehghan et al.,[24] and 
Bhattacharya et al.[26] Generally, it is inferred that these 
values tend to be greater in males due to their larger 
skeletal framework. Nevertheless, other considerations, 
such as men's heightened physical activity and 
occupational factors, might also contribute to these 
differences between genders. Bhattacharya et al., further 
highlighted that in their research, a patient's age exhibited 
a significant correlation with only two metrics: FAL and 
HW.[26] 

Analysis of the relationship between BMI and femur 
bone characteristics in our subjects revealed that only the 
length of the pelvic axis demonstrated a significant 
correlation with BMI. Other features showed no 
significant association with BMI. This observation 
mirrors the results from Soltani et al.'s study, where a 
direct and significant correlation was identified between 
individuals' height and weight and the length of the pelvic 
axis.[28] 

In Bhattacharya et al.'s study, there was a pronounced 
direct correlation between the morphological indices of 
the proximal femur (except NSA) and weight. 
Furthermore, all values (except HAL) exhibited a direct 
and significant relationship with the height of patients. 
Every index showed a direct and significant association 
with BMI.[26] Similarly, in Irdesel and Ari's study, which 
assessed the morphological features of the proximal femur 
in a Turkish population, significant correlations were 
found between BMI and TW (r=0.23), FW (r=0.169), and 
HW (r=0.175).[27] 

The influence of BMI on bone morphology can be 
approached from two viewpoints: direct and indirect 
effects. Directly, BMI impacts femur bone morphology 
due to the increased pressure from the upper body weight 
on the lower limb bones, such as the femur head and knee. 
In overweight or obese individuals, this added pressure on 
the knee and hip joints can lead to degenerative 

alterations, resulting in the wear of the femur head and 
knee.[29] The stress from excess weight might also induce 
anatomical changes in bones, especially the femoral head 
bone.[30] 

Indirectly, BMI can affect the skeletal system through 
metabolic disorders that result in reduced bone density.[31] 

Our research findings indicate that there is no significant 
association between the morphological attributes of the 
proximal femur and BMD (Bone Mineral Density). 
Contrastingly, in a study conducted by Malekzadeh et al., 
a notable negative correlation was observed between the 
mineral density of the femoral neck in the osteoporotic 
group and NSA. Their research further highlighted the 
influence of weight and BMI on bone strength and density 
in the femoral neck region, suggesting that within the 
osteoporotic group, the average BMI, weight, and NSA 
play predictive roles for the BMD at the proximal thigh's 
end.[32] 

Gnudi et al.'s 2012 research found a significant inverse 
relationship between the femoral neck angle and its bone 
density.[33] Furthermore, Cummings and Melton's 2002 
study revealed a significant association between the 
occurrence of femoral head fractures and the geometric 
properties of the femur, specifically the HAL 
dimension.[34] 

The discrepancy between the outcomes of our research 
and the aforementioned studies can likely be attributed to 
differences in the populations under investigation. The 
previous studies primarily focused on the relationship 
between bone mineral density and proximal femur 
morphology in postmenopausal women. In contrast, our 
study centered on examining the morphological 
characteristics in a cohort of normal and healthy 
individuals. 

It is recommended that future research on this topic 
employ a larger sample size. Additionally, the influences 
of individual, environmental, occupational, and 
nutritional factors on the morphology of the proximal 
femur should be explored. A study should also be 
conducted to determine how the characteristics of the 
proximal femur impact the likelihood of bone fractures. 

One of this study's primary challenges and limitations 
was the insufficient number of eligible patients. 
Additionally, coordinating the transportation of patients 
to the radiology department for height and weight 
measurements and assessing the characteristics of the 
proximal femur posed further challenges. These issues 
were eventually addressed through persistent follow-up 
and collaboration with department officials and the 
patient's families.  
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Conclusions 
In conclusion, there is a notable correlation between the 

characteristics of the proximal femur and factors like 
gender and BMI. Specifically, the morphological traits of 
the proximal femur in men surpass those in women. 
When juxtaposed with studies from other regions, it's 
evident that these characteristics vary across countries. 
Such variations can be attributed to genetic makeup, 
environmental influences, nutritional habits, and lifestyle 
choices. However, given the limitations of this study, 
particularly the limited sample size, further research in 
this area is highly recommended.  
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