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Comparison of Radiographic Measurements of Femoral 
Neck-Shaft Angle Changes Depending on Age and Gender

Aim: The aim of this study was to analyze the morphometric changes of the 
femoral collodiaphyseal angle (CDA) in healthy adult individuals according to 
age and gender variables using computed tomography (CT) images.

Material and Methods: The study included cases from four different age groups 
ranging from 21 to 60 years, with an equal distribution of genders. Individuals 
with syndromic pathologies affecting bone morphometry, a history of hip 
arthroplasty, or proximal femoral fractures were excluded from the study. 
Morphometric measurements were performed on standard anteroposterior 
pelvic radiographs, taking the anatomical axis of the proximal femur as a 
reference.

Results: As a result of statistical analyses, it was determined that gender had 
a significant effect on CDA values (p<0.001). The mean CDA values of female 
cases were found to be statistically significantly lower compared to male cases. 

In terms of laterality, left femoral CDA values were observed to be significantly 
higher than the right side in both female (p<0.001) and male (p=0.014) cases. 
However, no statistically significant difference was found between the right 
(p=0.374) and left (p=0.295) side CDA measurements among the examined age 
groups.

Conclusion: The obtained data revealed that the femoral collodiaphyseal 
angle shows sexual dimorphism and is affected by the side (laterality) variable. 
However, it was concluded that this angle does not show a significant 
morphometric change with age in the adult population aged 21-60 years. These 
findings are of clinical importance for orthopedic surgical planning and implant 
designs related to the region.

Keywords: Femoral Collodiaphyseal Angle, Radiographic Morphometry, 
Proximal Femur, Sexual Dimorphism.
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The proximal femur and the hip joint play a determinative 
role in lower extremity weight distribution and 
biomechanics (1-4). The structural integrity of this 
region, including the femoral head and its supporting 
ligaments, is essential for gait stability, as detailed in 
comprehensive anatomical and morphometric studies 
(5-9). Furthermore, the surrounding pelvic anatomy 
significantly influences these biomechanical functions 
(10). The angle formed between the femoral neck and 
shaft, known as the femoral collodiaphyseal angle 
(CDA), is a critical morphometric parameter. Deviations 
from its physiological range alter biomechanics and are 
associated with various neuromuscular and congenital 
pathologies (11).

Accurate evaluation of the CDA is essential in 
orthopedic surgeries, such as total hip arthroplasty, for 
selecting appropriate implants and ensuring successful 
outcomes (12, 13). Proximal femoral morphometry 

also exhibits notable sexual dimorphism; structural 
characteristics of the female and male pelvis influence 
the CDA, resulting in significant gender variations (14-
17).

Despite its clinical significance, comprehensive studies 
evaluating the age and gender-related changes of the 
CDA using precise cross-sectional imaging remain 
limited. Therefore, this study aims to analyze the 
morphometric variations of the CDA according to age 
and gender variables in healthy adults aged 21–60 years 
using computed tomography (CT) images.

MATERIALS and METHODS

This retrospective study was conducted following the 
approval of the Düzce University Non-Interventional 
Health Research Ethics Committee (Decision No: 
2023/164). Study data were obtained by scanning 

INTRODUCTION

Received: 19.02.2026      Accepted: 25.06.2026

Corresponding Author: Sidika Korkmaz          sidikakaraketir4@gmail.com	
Cite as: Khakzad M, Korkmaz S, Malkoc I. Comparison of Radiographic Measurements of Femoral Neck-Shaft Angle Changes Depending on Age and 
Gender. Dyna Med Theories 2026;2(2):88-95

Merhdad Khakzad1,       Sidika Korkmaz1,*,       Ismail Malkoc1

Abstract

Content of this journal is licensed under a Creative Commons Attribution-NonCommercial-NonDerivatives 4.0 International License

*

mailto:sidikakaraketir4@gmail.com
https://orcid.org/0000-0002-9221-510X
https://orcid.org/0000-0003-2453-9695
https://orcid.org/0009-0001-4934-5726
https://creativecommons.org/licenses/by-nc-nd/4.0/


89

the images of individuals who applied to the Düzce 
University Research and Practice Hospital Department 
of Radiology archives between 20.10.2023 and 
20.06.2024. The study sample consisted of a total 
of 480 cases aged between 21-60 years with an equal 
gender distribution (n=240 females, n=240 males). The 
cases were divided into four groups comprising the 
age ranges of 21-30, 31-40, 41-50, and 51-60 years, with 
an equal number of individuals (60 females, 60 males) 
in each group. Patients with syndromic pathologies 
affecting bone morphometry, those who had undergone 
hip replacement surgery, and those with femoral head 
fractures were excluded from the study.

CDA measurements were performed using Computed 
Tomography (CT) images on the Picture Archiving and 
Communication System (PACS). The Proximal Femur 
Axis (PFE) method defined in the literature was used for 
measurement. In this method, the femoral shaft axis (F) 
was formed by joining the midpoints (P, Q, R) determined 
on the medial and lateral cortices of the proximal 
diaphysis. The femoral neck axis (E) was determined 
by joining the center of the femoral head (M) and the 
midpoint (O) of the intertrochanteric line drawn from 
the most prominent points of the greater and lesser 
trochanters. The angle between these two axes (F and 
E) was recorded as the CDA (Figure 1), (11, 18-20). To 
ensure the reliability of the morphometric evaluations, 
measurements were independently performed by one 
observer. The observer were blinded to the demographic 
data (age, gender) and the clinical information of 
the cases. To calculate intra-observer reliability, the 
primary investigator repeated the measurements on a 
randomly selected subset of 48 cases four weeks after 
the initial assessment.

To evaluate potential spinal curvatures, the Cobb angle 
was measured on the available anteroposterior chest 
radiographs. The measurement was performed by 
identifying the most tilted vertebrae at the superior and 
inferior limits of the curve. Lines were drawn parallel to 
the superior endplate of the upper end vertebra and the 
inferior endplate of the lower end vertebra. The angle 
formed by the intersection of lines drawn perpendicular 
to these two parallel lines was recorded as the Cobb 
angle (Figure 2). 

Statistical Analysis

Statistical analyses were performed using the SPSS 
22.0 package program and special macros. Descriptive 
statistics of the data were presented as mean, 
standard deviation, and percentage. The conformity 

of quantitative variables to normal distribution was 
examined using Skewness and Kurtosis coefficients and 
the Shapiro-Wilk test, while the homogeneity of group 
variances was checked with the Levene test. Factorial 
ANOVA was used to determine the effect of different 
factors on quantitative variables, and the Paired 
samples t-test was used for intragroup comparisons. A 
p-value of <0.05 was considered statistically significant 
in all analyses. Inter-observer and intra-observer 
reliability of the CDA measurements were evaluated 
using the Intraclass Correlation Coefficient (ICC) with a 
two-way mixed-effects model and absolute agreement 
type. ICC values were interpreted as: <0.50 poor, 0.50–
0.75 moderate, 0.75–0.90 good, and >0.90 excellent 
reliability.

CDA measurement relative to the proximal femur 
axis (11).

Figure 1. 
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RESULTS

A total of 480 individuals, equally distributed as 240 
females and 240 males, were included in the study. 
Their right and left collodiaphyseal angles (CDA) were 
evaluated separately across four age groups with 10-
year intervals (21-30, 31-40, 41-50, 51-60). Sixty males 

and 60 females were included equally in each age group. 
Reliability analysis demonstrated excellent agreement 
for the measurements. The inter-observer Intraclass 
Correlation Coefficient (ICC) was 0.89 (95% CI: 0.82–0.93), 
and the intra-observer ICC was 0.94 (95% CI: 0.89–0.97). 

Right leg CDA values were statistically significant 
according to gender, and the value measured in females 
was lower compared to males (p<0.001) (Table 1). There 
was no statistically significant difference in right leg 
CDA values according to age group (p=0.374) (Table 1).

There was a statistical difference in left leg CDA 
values according to gender, and the value measured in 
females was significantly lower (p<0.001). There was no 
statistically significant difference in left leg CDA values 
according to age group (p=0.295) (Table 2).

Example radiographic measurement.Figure 2. 

Table 1    Combined values of right leg CDA, age, and gender

125.79

126.23

126.73

126.24

126.25

3.90

4.17

5.50

5.33

4.76

126.77

127.53

127.70

127.71

127.76

128.83

128.67

129.18

128.61

3.95

4.48

5.59

5.38

3.77

4.44

5.56

5.06

4.76

0.812* / 0.374**

<0.001***

> *: Gender and age group interaction effect, **: age group effect,***: gender effect

Age Female 
(Mean)

Female 
(SD)

Total 
(Mean)

Male 
(Mean)

Total 
(SD)

Male 
(SD) p

21-30

31-40

41-50

51-60

Total
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There was a statistically significant difference between 
the right and left leg CDA values measured in females 
(p<0.001); the left leg CDA value was higher compared 
to the right leg CDA value. When examining the right and 
left leg CDA values in males, there was a statistically 
significant difference as observed in females (p=0.014); 
the left leg CDA was higher compared to the right leg 
CDA (Table 3).

Considering that the asymmetry between the extremities 
might originate from scoliosis, the Cobb angles of 43 
patients whose chest radiographs were accessible were 
measured. No individuals were diagnosed with scoliosis, 
and no statistically significant difference was found 
between males and females (Table 4).

The effect of existing spinal curvatures on CDA was 
evaluated using Pearson correlation analysis. When all 
patients were included in the analysis, there was no 
statistically significant difference (Table 5).

The situation was similar when only female individuals 
were evaluated (Table 6).

When the relationship between the Cobb angle and 
CDA of male individuals was evaluated, a statistically 
significant positive correlation was observed on the 
right side (Table 7).

Table 2    Combined values of left leg CDA, age, and gender

126.16

126.46

126.92

126.75

126.57

3.83

3.89

5.56

5.18

4.66

126.99

127.81

127.89

128.07

3.68

4.53

5.45

5.30

4.80

3.83

4.42

5.57

5.39

3.77

4.44

5.56

5.06

4.76

0.774* / 0.295**

<0.001***

> *: Gender and age group interaction effect, **: age group effect, ***: gender effect

Age Female 
(Mean)

Female 
(SD)

Total 
(Mean)

Male 
(Mean)

Total 
(SD)

Male 
(SD) p

21-30

31-40

41-50

51-60

Total

Table 3    Both leg CDA values according to gender

126.25

128.61

4.76

4.76

126.57

128.81

4.66

4.80

<0.001

0.014

Gender Right Leg CDA 
(Mean)

Right Leg CDA  
(SD)

Left Leg CDA 
(Mean)

Left Leg CDA  
(SD) p

Female

Male

Table 4    Cobb angles according to gender

5.388 2.150 5.396 2.073 0.989

Parameter Male (Mean) Male (SD) Female (Mean) Female (SD) p

Angle

Table 5    Relationship between Cobb angle and CDA 
in all individuals

Variable

CDA (Left)

CDA (Right)

-

-

0.150

0.336

0.142

0.364

 

 

-

-

0.976

<0.001

-

-

r

p

r

p

r

p

Variable Angle CDA (Left) CDA (Right)

Table 6    Relationship between Cobb angle and CDA 
in female individuals

Variable

CDA (Left)

CDA (Right)

-

-

-0.027

0.895

-0.059

0.769

 

 

-

-

0.990

<0.001

-

-

r

p

r

p

r

p

Variable Angle CDA (Left) CDA (Right)
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DISCUSSION

This study aimed to examine the changes in CDA 
according to age and gender using radiographic images. 
As a result of the evaluations conducted in our study, it 
was found that there is no significant difference in CDA 
depending on age. These findings are consistent with 
previous studies. In a study conducted by Jiang et al. in 
2015, two sample groups were created as under 60 and 
over 60 years of age, and measurements were taken 
in 466 individuals. As a result, they stated that CDA is 
not age-related. Nissen et al., in a 2005 study on the 
radiographic images of 249 healthy individuals, found 
that CDA increased with age in male individuals, while 
no significant finding was encountered in females. In a 
study by Gilligan et al. in 2013, the relationship of CDA 
with climate, clothing, lifestyle, gender, age, and right-
left differences was investigated by examining 8,271 
femurs belonging to 100 different human groups. The 
mean CDA value was found to be 127°, which is lower 
than the frequently stated value of 135° in the literature. 
In relation to climate, the angle was found to be higher 
in warm regions and lower in cold regions. A slight 
difference was observed between the right and left 
legs, with a statistically small asymmetry indicating 
that the right leg had a slightly lower angle, but no 
significant differences were found in terms of gender 
and age. It was concluded that cultural factors (e.g., 
clothing usage) may be effective in the developmental 
differences of this angle (21-23).

When we evaluated CDA according to gender in our 
study, it was determined that there was a significant 
difference; this angle was lower in females and higher in 
males. The clinical implications of these morphometric 
findings are particularly critical for orthopedic surgery. 
In procedures such as total hip arthroplasty (THA) and 
proximal femoral fracture fixation, precise knowledge 
of the patient’s native CDA is essential for restoring 
normal hip biomechanics. Using an implant with an 

inappropriate neck-shaft angle can lead to severe 
complications, including altered abductor muscle 
tension, leg length discrepancy, increased risk of 
dislocation, and premature implant wear. Furthermore, 
the significant gender differences observed in our study 
emphasize that ‘one-size-fits-all’ orthopedic implants 
may be suboptimal. The finding that males generally 
have a wider CDA highlights the necessity for gender-
specific implant designs and tailored preoperative 
templating to ensure optimal load distribution and long-
term surgical success. Looking at the literature, there 
are studies supporting our work. Mitra et al., in a study 
conducted in 2014, examined the radiographic images of 
200 individuals and documented an obvious difference 
in this angle between females and males, with the CDA 
being larger in males compared to females. Based on 
this significant difference, they argued that gender 
determination could be made through CDA. Bagaria 
et al. stated in their 2010 study that ethnicity and 
geographical location affect this angle. They compared 
the available data of Western society with data from 
the Indian population and, by performing radiographic 
measurements of 211 individuals, determined that CDA 
was greater in males compared to females. Based on this 
study, it was argued that implants suitable for the Indian 
population should be developed. In a study conducted 
by PS Igbigbi in 2003, radiographic images of 860 East 
African individuals were evaluated, and a significant 
difference was found between females and males. The 
CDA of East African individuals was documented for the 
first time, and the angle was calculated to be wider in 
males. Tahir et al., in their study on a bone collection 
belonging to 200 males and 120 females, evaluated 
the collodiaphyseal angle as 127°±3.4 in females and 
137°±3.9° in males, determining a significant difference 
according to gender, with the CDA being greater in 
males compared to females (18, 24-26).

As a result of the analyses, it was determined that 
this angle was larger in male individuals compared to 
females. This difference initially caught our attention 
and was re-evaluated in light of the literature. When 
evaluated from an anatomical and biomechanical 
perspective, it is known that the bone structure of male 
individuals is generally larger and heavier. This structural 
characteristic means that the body places more load 
on the lower extremities. Accordingly, the larger CDA 
in males is thought to be an anatomical adaptation 
against the increased load-bearing requirement. From 
a biomechanical perspective, a wider CDA allows for a 
more even distribution of mechanical loads across the 
femoral neck, thereby increasing load-bearing capacity 
and minimizing stress concentration. Conversely, 

Table 7    Relationship between Cobb angle and CDA 
in male individuals

Variable

CDA (Left)

CDA (Right)

-

-

0.453

0.078

0.535

0.033

 

 

-

-

0.952

<0.001

-

-

r

p

r

p

r

p

Variable Angle CDA (Left) CDA (Right)
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narrower angles increase perpendicular shear forces, 
which can elevate the risk of regional fractures. It is 
also stated in the literature that femoral neck fractures, 
which are common especially in elderly male individuals, 
may be associated with angle changes. In conclusion, 
it is thought that the gender-related CDA difference 
observed in our study is compatible with the load-
bearing requirements specific to male anatomy, and 
this difference plays a significant role biomechanically 
(27, 28).

As a result of the evaluations made on right and left leg 
CDAs in our study, it was determined that there was a 
significant difference in both females and males, and 
the left CDA was found to be higher compared to the 
right CDA. There are also literature sources contrasting 
with the results obtained in our study. In a cross-
sectional radiographic study conducted by Roy et al. 
in 2014, 102 elderly individuals from East India were 
examined, and no significant difference was found in 
measurements between the right and left sides. They 
attributed this to the limited measurement methods of 
their study. Skaria et al., in a study conducted in India 
in 2022, worked on 300 dry bones of unknown gender 
and found the right femur CDA to be higher than the left 
CDA. In order for total hip replacement surgeries to be 
performed accurately and successfully, an attempt was 
made to determine the extent to which this angle varies 
between races and genders. These angle variables in 
that population should be considered for preoperative 
planning (29, 30).

In this study, the left CDA was found to be larger 
compared to the right leg in both male and female 
individuals. As a secondary evaluation, scoliosis was 
considered as one of the possible causes of this 
asymmetry, and accordingly, the chest radiographs 
of the individuals were examined retrospectively. 
However, the radiographs of some individuals could 
not be accessed, and in the radiographs of the 43 
individuals obtained, it was observed that the Cobb 
angles were below 10°. As is known, for a diagnosis of 
scoliosis, the curvature in the spine must be at least 
10°. Therefore, no individual diagnosed with scoliosis 
was found in the sample, and it was understood that 
the existing spinal curvatures were not at the level of 
clinical scoliosis. These results revealed that the left leg 
CDA being larger than the right leg cannot be explained 
by the presence of scoliosis. However, it is thought that 
such bilateral differences may pave the way for postural 
disorders and the subsequent development of scoliosis, 
especially during the growth period or in cases where 
age-related musculoskeletal balance deteriorates. 

Therefore, although this difference in CDA is not a direct 
consequence of scoliosis, it should be considered a 
potential risk factor (31, 32).

The relationship between scoliosis and CDA was 
evaluated by Pearson correlation analysis. When all 
individuals were analyzed together, no statistically 
significant relationship was found between the Cobb 
angle and CDA. In the analyses performed in gender 
subgroups, no significant correlation was detected in 
female individuals in a similar manner. However, when 
only male individuals were examined, a statistically 
significant positive correlation was detected between 
the Cobb angle and the right leg CDA. This finding 
suggests that spinal curvatures in males may affect 
lower extremity biomechanics, especially the right side, 
more prominently. Possible reasons for this situation 
may include the fact that males have a genetically and 
anatomically larger bone structure, and accordingly, 
spinal curvatures form more distinct compensatory 
mechanisms. In addition, the significance of the right-
sided relationship may be associated with factors such 
as the dominant side usage habits of the individuals, 
the direction of the spinal curvature (convexity side), 
and load distribution. However, for these hypotheses to 
become clear, further studies with larger samples that 
include the direction of scoliosis, extremity dominance, 
and musculoskeletal balance mechanisms are required. 
Furthermore, evaluating the Cobb angle in only 43 
out of 480 patients creates a potential selection bias. 
Therefore, this subgroup analysis should be interpreted 
cautiously due to limited sample size. 

There are several limitations to this study that should 
be acknowledged. First, the study has a retrospective 
design and was conducted at a single center, which 
may limit the generalizability of our results to broader 
populations. Second, although the evaluations were 
performed carefully, inherent radiological measurement 
errors—such as those arising from slight variations 
in patient positioning or the manual identification 
of anatomical reference points—cannot be entirely 
completely ruled out. Finally, as mentioned, the 
evaluation of the Cobb angle was restricted to a limited 
subgroup of 43 patients due to data accessibility. This 
lack of data creates a potential selection bias, meaning 
the subgroup analysis regarding spinal curvatures 
should be interpreted with caution.
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CONCLUSION

In conclusion, the primary findings of this study 
demonstrate that the femoral collodiaphyseal angle 
exhibits significant sexual dimorphism, with males 
having a wider CDA compared to females. This is 
likely a biomechanical adaptation for increased load-
bearing requirements. While the CDA does not show 
significant age-related changes in the adult population 
(21-60 years), a notable left-right asymmetry exists. 
Although our secondary evaluation suggests that 
spinal curvatures may have a minor influence on right 
leg biomechanics in males, extremity asymmetry could 
not be primarily attributed to scoliosis in the general 
population. Ultimately, recognizing these gender-
specific and asymmetrical morphometric variations is 
of critical clinical importance for precise preoperative 
planning and the design of tailored orthopedic implants.

Acknowledgments: The authors have no financial 
support or specific acknowledgments to declare for 
this study.

Ethical Approval: Ethical approval for this study was 
obtained from the Non-Interventional Clinical Research 
Ethics Committee of Düzce University (Decision 
No: 2023/164). All procedures were performed in 
accordance with the ethical standards of the 1964 
Helsinki Declaration and its later amendments.

Author Contributions: Idea/Concept: M.K., S.K.; 
Design: M.K., S.K.; Supervision: M.K., S.K.; Resources: 
M.K., S.K.; Materials: M.K., S.K., İ.M.; Data Collection 
and/or Processing: M.K., S.K., İ.M.; Analysis and/or 
Interpretation: M.K., S.K., İ.M.; Literature Review: M.K., 
S.K., İ.M.; Written by: M.K., S.K., İ.M.; Critical Review: 
M.K., S.K., İ.M.

Conflict of Interest: The authors declare that they have 
no conflict of interest.

Financial Disclosure: No funding was used in the 
preparation of this study.

REFERENCES
1.	 Chang A, Breeland G, Black AC, et al. Anatomy, bony pelvis and 

lower limb: femur. StatPearls. 2023. PMID: 30422577
2.	 Acar G, Kilic C, Guler M, et al. Kuru femur kemiklerinde 

kollodiyafiz (inklinasyon) açı ile diğer osteometrik ölçümler 
arasındaki ilişki ve klinik önemi. Antropoloji. 2021;41:87-98. doi: 
10.33613/antropolojidergisi.902458

3.	 Turgut A. Kalça eklemi anatomisi ve biyomekaniği. TOTBİD 
Dergisi. 2015;14:27-33. doi: 10.14292/totbid.dergisi.2015.02 

 
 

4.	 Arifoğlu Y. Her yönüyle anatomi. 1. baskı. İstanbul Tıp Kitabevi. 
2017;354-9.

5.	 van den Eeden YNT, Zeiton M, Akkaya M, et al. The anatomical 
shape of the proximal femur correlates with the distal femur 
anatomy. Arch Orthop Trauma Surg. 2023;143:5221-7. https://
doi.org/10.1007/s00402-023-04833-x

6.	 Schmutz B, Kmiec S, Wullschleger ME, et al. 3D Computer 
graphical anatomy study of the femur: a basis for a new 
nail design. Arch Orthop Trauma Surg. 2017;137:321-31. 
DOI:10.1007/s00402-016-2621-7

7.	 Perumal V, Woodley SJ, Nicholson HD. Ligament of the head 
of femur: a comprehensive review of its anatomy, embryology, 
and potential function. Clin Anat. 2016;29:247-55. https://doi.
org/10.1002/ca.22660Digital Object Identifier (DOI)

8.	 Netter FH. İnsan anatomisi atlası. 6. baskı. Nobel Tıp Kitabevi. 2010.
9.	 Heckmann N, Tezuka T, Bodner RJ, et al. Functional anatomy 

of the hip joint. J Arthroplasty. 2021;36:374-8. https://doi.
org/10.1016/j.arth.2020.07.065

10.	 Eickmeyer SM. Anatomy and physiology of the pelvic floor. 
Phys Med Rehabil Clin N Am. 2017;28:455-60. https://doi.
org/10.1007/978-3-319-14860-1_2

11.	 Yarar B, Malas MA. Femur kollodiafizer açısı ve femur başı 
horizontal ofseti açısından anatomik ve proksimal femur 
eksenine göre yapılan ölçümlerin karşılaştırılması. Kafkas Tip 
Bilim Derg. 2020;10:91-7. https://izlik.org/JA32GU55HX

12.	 Akdoğan Özcan SM. Türk popülasyonunda proksimal femurun 
yaş ve cinsiyete göre morfometrik analizi. Doktora tezi, 
Necmettin Erbakan Üniversitesi, Konya, 2023.

13.	 Oğuz B, Kartal E, Desdicioğlu K. Proksimal femur ve acetabulum 
yapısının morfometrik olarak araştırılması ve klinik açıdan 
değerlendirilmesi. Turkish J Heal Res. 2022;3:20-32. https://
izlik.org/JA85NL93TZ

14.	 Gülhan Ö. Pelvis’ten radyolojik yöntemler ile cinsiyet tayini: 
Türkiye örneklemi. Antropoloji. 2018;36:53-69. https://doi.
org/10.1501/antro_0000000358

15.	 Shwayder JM. Normal pelvic anatomy. Obstet Gynecol Clin 
North Am. 2019;46:563-80. DOI: 10.1016/j.ogc.2019.06.001

16.	 Luk L, Taffel MT. Cross-sectional anatomy of the male pelvis. 
Abdom Radiol. 2020;45:1951-60. https://doi.org/10.1007/
s00261-019-02369-6

17.	 Betschart C, Singer A, Scheiner D. Female pelvic floor: anatomy 
and normal function. Ther Umsch. 2019;73:529-34. https://doi.
org/10.1024/0040-5930/a001035

18.	 Tahir A, Hassan AW, Umar IM. A study of the collodiaphyseal 
angle of the femur in the North-Eastern Sub-Region of Nigeria. 
Niger J Med. 2001;10:34-6. PMID: 11705053

19.	 Wu CC. Is clinical measurement of anatomic axis of the femur 
adequate? A radiographic verification. Acta Orthop. 2017;88:407. 
https://doi.org/10.1080/17453674.2017.1304788

20.	 Unnanuntana A, Toogood P, Hart D, et al. Evaluation of proximal 
femoral geometry using digital photographs. J Orthop Res. 
2010;28:1399-404. DOI 10.1002/jor.21119

21.	 Jiang N, et al. Femoral version, neck-shaft angle, and acetabular 
anteversion in Chinese Han population. Medicine. 2015;94:21. 
DOI: 10.1097/MD.0000000000000891

22.	 Nissen N, Hauge EM, Abrahamsen B, et al. Geometry of the 
proximal femur in relation to age and sex: A crosssectional study 
in healthy adult danes. Acta Radiol. 2005;46:514-8. https://doi.
org/10.1080/02841850510021562

Dyna Med Theories 2026;2(2):88-95 
DOI: 10.63594/dmte.2026.0013



95

23.	 Gilligan I, Chandraphak S, Mahakkanukrauh P. Femoral neck-
shaft angle in humans: variation relating to climate, clothing, 
lifestyle, sex, age and side. J Anat. 2013;223:133. https://doi.
org/10.1111/joa.12073

24.	 Igbigbi PS. Collo-diaphysial angle of the femur in East African 
subjects. Clin Anat. 2003;16:416-9. https://doi.org/10.1002/
ca.10148

25.	 Bagaria V, Deshpande S, Kuthe A, et al. Radiographic study 
of the hip joint to determine anthropometric parameters for 
Indian population. Eur J Radiol. 2012;81:312-6. https://doi.
org/10.1016/j.ejrad.2010.12.037

26.	 Mitra A, et al. Sexing based on measurements of the femoral 
head parameters on pelvic radiographs. J Forensic Leg Med. 
2014;23:70-75. https://doi.org/10.1016/j.jflm.2014.01.004

27.	 Collins SP, et al. Basic biomechanics of the musculoskeletal 
system. Wolters Kluwer. 2021. ISBN/ISSN: 9781975141981

28.	 Boese CK, et al. The modified femoral neck-shaft angle: 
age- and sex-dependent reference values and reliability 
analysis. Biomed Res Int. 2016;2016:1-7. https://doi.
org/10.1155/2016/4529434Digital Object Identifier (DOI)

29.	 Skaria S, Kulkarni M, Vaishnani H. Morphometric study of 
proximal femur and its applications in prosthesis designing: 
a cross-sectional study from western India. J Clin Diagn Res. 
2022. DOI: 10.7860/JCDR/2022/56094.16331

30.	 Roy S, Kundu R, Medda S, et al. Evaluation of proximal femoral 
geometry in plain anterior-posterior radiograph in eastern-
Indian population. J Clin Diagn Res. 2014;8:AC01. doi: 10.7860/
JCDR/2014/9269.4852

31.	 Weinstein SL, Dolan LA, Wright JG, et al. Effects of bracing 
in adolescents with idiopathic scoliosis. N Engl J Med. 
2013;369:1512-21. DOI: 10.1056/NEJMoa1307337

32.	 Kouwenhoven JWM, Castelein RM. The pathogenesis of 
adolescent idiopathic scoliosis. Spine (Phila Pa 1976). 
2008;33:2898-908. DOI: 10.1097/BRS.0b013e3181891751

Dyna Med Theories 2026;2(2):88-95 
DOI: 10.63594/dmte.2026.0013

Comparison of Radiographic Measurements of 
Femoral Neck-Shaft Angle Changes Depending 
on Age and Gender


