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Abstract 
Femur is widely studied in the fields of orthopedics, anthropology, forensic and human kinematics. This study aims to 

measure neck-shaft angle (NSA) and anteversion angle (FNA) in adult dry femora using digital image analysis software 

‘ImageJ’. A total of 100 (50 right and 50 left) intact human adult femora were studied. The data was analyzed using SPSS 

software. The mean NSA and FNA in femora (n=100) was 124.95±6.09⁰ & 13.45±8.58⁰ respectively. The mean NSA in left and 

right femora was 125.12±5.22⁰ & 124.78±6.9⁰ respectively. The mean FNA in left and right femora was 12.9±8.22⁰ & 14±8.98⁰ 
respectively. There was no significant side difference in both NSA and FNA. The mean NSA was lower than most of the western 

studies but it was comparable with most other Indian studies and also Japanese studies. Though the mean FNA was within the 

range of previous Indian studies but is higher than most other observations. We attribute these numerical differences to different 

morphometric techniques and measuring points. 
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Introduction 
Femur is widely researched in fields of 

orthopedics, anthropology, forensic and human 

kinematics. Orthopedics research involves 

morphometric analysis of femur for joint studies in 

order to design intramedullary fixators and define the 

axes for orthopedic surgery8. Among various 

parameters studied are femoral neck- shaft angle (NSA) 

and femoral anteversion angle (FNA). 

NSA allows greater mobility of the femur at the hip 

joint because it places the head and neck more 

perpendicular to the acetabulum in the neutral position. 

The larger the NSA and/or longer the femoral neck, the 

greater is the bending moment acting on the femoral 

neck and thus greater is the risk for femoral fracture33. 

It is found that a lower NSA may result in elevated risk 

of greater trochanteric pain syndrome (GTPS) in 

females12,52 and said to predispose to stress fractures32. 

The large discrepancy in NSA is one of the main 

diagnostic criterion that clinicians use to detect femoral 

neck fracture.52 Hence NSA is a possible pathogenic 

indicator of some hip disorders. Therefore identifying 

normal ranges of the parameters and their influencing 

factors may help surgeons to perform hip surgeries 

better and predict the risk of hip disorders or injury 

such as pre-operative planning of osteotomy, 

arthroplasty or fracture fixation15. 

The femoral anteversion angle (FNA) is widely 

recognized as an important factor for hip stability and 

normal walking. Excessive FNA is associated with 

restricted external rotation and tendency for in-toeing56. 

Abnormal FNA sometimes can be associated with 

many clinical problems such as osteoarthritis, 

developmental dysplasia of the hip and impingment 

instability and wear in total hip arthroplasty. 

Various methods have been devised to measure 

NSA and FNA in living subjects such as Computed 

tomography, ultrasonography, MRI, radiography and 

physical examination. For their measurement in dry 

bone some have used goniometer and few others have 

used radiographs. Here we propose a novel method to 

measure these angles based on computerized ‘ImageJ 

software’37 analysis of digital image of femur bone. 

Thus this study contributes to Indian data on these 

parameters. 

 

Materials and Methods 
A total of 100 (50 right and 50 left) intact human 

adult femora from department of Anatomy, 

Government Medical College, Kota, Rajasthan were 

studied. Any femora having gross deformities or 

damage were excluded from this study.  

To measure the FNA digital image of end on view 

of proximal end of femur was taken. Each femur was 

placed flat on the horizontal surface of the osteometric 

board lying on posterior surface of its condyles and 

greater trochanter. To measure the NSA frontal view of 
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femur was taken.  In order to increase the accuracy of 

the NSA measurement, the femoral anteversion was 

negated by manually rotating the proximal end of 

femur. The pictures thus taken were transferred to the 

computer and analyzed using ImageJ software.  

 

Image Analysis in ImageJ Software: (Fig.) 

1. Center of the femoral head: It was defined as the 

center of the circle best fit for the femoral head. 

2. Center of neck: It was defined as the midpoint of 

the narrowest part of the neck. 

3. The head-neck axis: A line was drawn from the 

center of femoral head and passing through the 

midpoint of femoral neck. 

4. Retrocondylar axis: It is represented by the 

horizontal plane of the osteometric board and 

hence a horizontal line in ImageJ software. 

5. Femoral Shaft axis: it is represented by joining 

following two centre points on the anterior surface 

of the shaft.  

a. First at the proximal end of femur where the 

intertrochanteric line ends. 

b. Second one at the midway between both the ends 

of the femur. 

6. FNA: The angle between the head-neck axis and 

retrocondylar axis.(Fig. 1) 

7. NSA: The angle between the head-neck axis and 

the femoral shaft axis.(Fig. 2) 

 

 
Fig. 1: Analysis of the digital image by ‘ImageJ 

software’ for FNA 

 

 
Fig. 2: Analysis of the digital image by ‘ImageJ 

software’ for NSA 

 

Statistical analysis was done by using SPSS 

(version 20.0) and Microsoft Excel (version 2007) 

software. Data was analyzed for normal distribution 

using the Kolmogorov-Smirnov test. Results are 

presented as Mean±SD, 95% confidence interval and 

range values. Unpaired t-test was used to compare two 

groups (Right vs Left). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results 
 

Table 1: Showing the results of parameters (n=100 femurs) 

S.no 
Parameter 

n=100 
Mean ± SD Minimum Maximum UL and LL (95% CI) 

1 NSA in degrees 124.95±6.09 112.47 138.75 123.76 to 126.14 

2 FNA in degrees 13.45±8.58 -6.67 37.41 11.77 to 15.13 
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Table 2: Comparison of results in right and left side 

Parameter 

(n=50) 
Side Mean ± SD Minimum Maximum UL and LL (95% CI) 

NSA in 

degrees 

Lt 125.12±5.22 113.46 135.97 123.67 to 126.57 

Rt 124.78±6.9 112.47 138.75 122.87 to 126.69 

FNA in 

degrees 

Lt 12.9±8.22 -6.67 37.41 10.62 to 15.18 

Rt 14±8.98 -5.09 36.87 11.51 to 16.49 

 

Results of unpaired t-test showed no significant difference in left and right side in both NSA and FNA. (p> 0.05)   

 

Graph 1: A scatter plot of NSA and FNA for each femur 

 
 

Discussion 
The average NSA in the present study is 124.95°. Amongst the foreign workers, our results were comparable 

with the results of authors who worked on Japanese population i.e. Kiyono K (124.6°)18, Sugano et al (126⁰)51, 

Maruyama et al (125⁰)28;  Korean author  i.e. Khang et al (125.6⁰)16; and also. Wright et al (124.2⁰)57 who worked 

on Netherland population i.e. but only one western worker obtained comparable results i.e. Noble et al (124.7⁰)31.  

The mean NSA obtained in the present study was lower than most of the western studies. Whereas Umebese 

(121.0°)55, macho (121.9⁰)24 and Rubin et al43 (122.9⁰) obtained lower values.  

This study was done in western Indian region and mean NSA is comparable with most other Indian studies. 

Whereas KC Saikia44 (139.5°) using CT method; Shakil M khan47 (137.1⁰) & Subhash gurjar50 (136.3⁰) working on 

dry bone reported higher values.  Kaur P14 while working in Punjab region reported lower value of 121⁰. 
 

Table 3: Comparison of NSA with other foreign studies (T-Total, M-male, F-female, R-right, L-left) 

S. No Authors Year 
Sample 

size 
Population Method NSA 

1 Parsons34 1924 134 British Dry bone-Mechanical 126.3°±5.1° 

2 Kiyono K18 1928 46 Japanese 
Dry bone- 

Mechanical 
124.6°±3.9° 

3 
Hoaglund FT7 

 
1980 

55 

53 

England 

Chinese 

Dry bone- 

Mechanical 

136.0° 

135° 

4 Reikeras O40 1982 96 Norwegian Dry bone-X- ray 127.7°±7.6° 

5 Yoshioka59 1987 32 Canadian 
Dry bone- 

Mechanical 

131.0° 

 

6 Noble et al31 1988 200 American Cadaver- 124.7±7.4⁰ 

8 Macho24 1991 361 South African 
Dry bone- 

Mechanical 
121.9°±4.6° 

9 Rubin et al43 1992 32 French X- ray 122.9°±7.6° 

10 Yamaguchi58 1993 60 Japanese X- ray 128.4°±0.9° 

13 Husmann et al9 1997 310 French Radiograph 129.2±7.8⁰ 
14 Sugano et al51 1998 30 cases Japanese Radiograph 126⁰ 
15 Maruyama et 2001 200 Japanese Cadaver 125.0±4.8⁰ 
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al28 

16 
Mahaisavariya 

et al25 2001 108 Thai CT 128.04±6.14⁰ 

17 Da Silva et al4 2003 
66 (R-33  

L-33) 
Brazilian 

Dry bone 

goniometer 

Right-122.55º± 4.9 

left-125.61º± 6.6 

18 
Bulandra AM 

et al3 2003 106 Poland 
Digital image -FEM-

GEO 03 software  
140.48°±6.95° 

19 Khang et al16 2003 238 Korean 
CT:200 

Cadaver: 38 

Cadaver: 128.2±5.5⁰ 
CT:125.6±6.0⁰ 

21 
Umebese PF et 

al55 2005 116 Nigerian X- ray 121.0°±6.0° 

22 Toogood PA 53 2008 375 American 
Dry bone- 

Digital Photo 
129.2°±6.2° 

26 
Tuck S.P. et 

al54 2011 198 UK 
X- ray DXA analysis 

software 
129.8 °±3.5° 

27 Otsianyi33 2011 432 Nairobi X- ray - goniometer 127.56±3.75⁰ 

29 Gilligan et al6 2013 8271 Global study Mixed Database 

126.4±5.57⁰ 
L-127.02±5.36⁰ 
R-125.71±5.69⁰ 

30 Wright et al57 2014 60 cases Netherland CT 124.2±5⁰ 

32 
Ming Han et 

al29 2015 

100pairs 

(50 male 

& 50 

female) 

Chinese Angulometer 

Male: 

T-132.9±4.11⁰  
R-131.80±4.36⁰  
L-134±4.78⁰  
Female: 

R-132.1±5.94⁰  
L-132.8±4.93⁰  
T-132.4±4.8⁰  

33 Jiang N et al12 2015 

T: 296 

M: 239 

F:57 

L: 145 

R: 151 

Chinese Radiograph 

T : 133.97±4.28⁰ 
M: 134.02±4.40⁰ 
F: 133.76±3.75⁰ 
L: 134.22±4.22⁰ 
R: 133.73±4.33⁰ 

 

Table 4: Comparison of NSA with Indian studies (T-Total, M-male, F-female, R-right, L-left) 

S. No Authors Year Sample size Population Method NSA 

1 Isaac B43 1997 171 Vellore 
Dry bone- 

mechanical 
126.7° 

2 Siwach RC49 2003 150 Rohtak 
Dry bone- 

X- ray 
123°±4.3° 

3 Saikia KC44 2008 92 Guwahati CT 139.5°±7.5° 

4 Deshmukh TR5 2010 77 Vidarbha X- ray 131.5° 

5 Ravichandran D38 2011 578 Chennai 
Dry bone-

goniometer 
126.55⁰ (112to146) 

6 Rawal et al39 2012 98 Indian CT 124.42±5.49⁰ 

7 Kaur P14 2013 
R-280 

L-280 
Ludhiana 

Radiograph-

PACS system 

L-121⁰±2.44⁰ 
R-121.39⁰±2.46⁰ 

8 Subhash gujar50 2013 

T-250,  L-

131 

R119 

Gujarat 
Dry bone-

goniometer 

T-136.3±6⁰ 
L-136.6±5.45⁰ 
R-136±6.68⁰ 

9 
Santanu 

bhattacharya45 2014 

T-50,    R-

25 

L-25 

Kolkata 
Radiograph-

protractor 

R-125.12±2.22⁰ 
L-124.96±1.93⁰ 

10 Shakil M. khan47 2014 
T-250,  R-

121 
Karnataka Dry bone 

T-137.1⁰,R-137.3⁰ 
L-136.9⁰ 
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L-129 

11 Roy et al42 2014 
204 

 

Eastern 

Indian 
Radiograph 

T-130.57±3.0⁰ 
M:131.0⁰(N=42)(L:130.9

9±3.77;R:130.89±3.61) 

F:130.37⁰(N=60)(L:130.

2±2.56;R:129.93±3.82) 

 

The average FNA in this study is 13.45°. Amongst the western workers Bargar et al1 (13.8⁰) and Pick36 (14⁰) 
reported similar results. Whereas, Reikera et al40 (7⁰) and Yoshioka et al (8⁰)59 obtained lower values. These lower 

average values of anteversion can be accounted for by the different techniques employed. They used a 

transepicondylar axis rather than the retrocondylar axis as the distal axis. The angle showed wide variation in 

different populations. Difference in methods adopted to measure the angle is one of the reasons for this great 

disparity between different studies. Our results are comparable with other Indian studies by RC Siwach49 (13.7⁰), A 

V Maheshwari26 (13°). Saikia KC44 (20.4°) reported higher FNA using CT. 

 

Table 5: Comparison of FNA with other foreign studies(T-Total, M-male, F-female, R-right, L-left) 

S. No Author/s Year Sample size Population Method FNA 

3 Parsons34 1912 266 British 
Dry bone- 

Mechanical 
15.3° 

4 Ingalls10 1924 100 - 
Dry bone- 

Mechanical 

R- 12.6° 

L- 10.3° 

5 Pick et al 36 1941 152 American 
Dry bone- 

Mechanical 
14.0° 

6 Kingsley et al17 1948 630 American Cadaver 

T-8.021(-20to38) 

M: 7.94 ⁰; F: 8.11⁰ 
L: 7.47⁰;  R: 8.54⁰ 

7 Hoaglund FT7 1980 143 British Cadaver 
M:7⁰ (-2 to 35)  

F:10⁰ (-2 to 25)  

8 Reikeras et al40 1982 
96; M: 24 

F:24 
Norwegian Cadaver 

10.4±6.7⁰ M: 10.2±6.9⁰ 
F: 10.7±6.5⁰ 

9 Yoshioka Y et al59 1987 32 Canadian 
Dry bone- 

Mechanical 

M- 7.0° 

F- 8.0° 

10 Braten et al2 1992 200 Norwegian Ultrasound 
M: 14±7.8⁰ (-2to29) 

F:18±7.4⁰ (3to33) 

11 Schneider B 46 1997 98 German MRI 10.4°±6.3° 

12 Husmann et al9 1997 310 French CT 24.7±8.7⁰ (0.29 to 44.5) 

13 Sugano et al51 1998 

T:30 

M:15 

F: 15 

Japanese CT 

T:19.8±9.3⁰ (3.0 to 50.1) 

M: 16.9±7.1 

F: 22.6±10.6⁰ 

14 Maruyama et al28 2001 
200; M:50 

F:50 
Japanese Cadaver 

Total:9.8±8.5⁰ (-15 to 34) 

M: 9.8±9.0⁰ (-15 to 30) 

F: 9.8±8.0 (-12 to 34) 

15 
Mahaisavariya et 

al25 2002 108 Thai CT 
11.37±7.65⁰ (0.13 to 

34.92) 

16 Kweon DC21 2002 - Korean CT 20.1° 

17 Kweon DC21 2002 - Korean MRI 20.4° 

18 Khang et al16 2003 238 Korean 
CT:200 

Cadaver:38 

CT:17.9±10.7⁰ 
Cadaver:17.9±7.4⁰ 
T: 17.9±10.2⁰ (2to30) 

19 Umbese et al118 2005 116 Nigerian Radiograph 28±5⁰ 
20 Lee et al23 2006 24 cases Korean CT 18.5±7.2⁰ 
21 Toogood et al53 2008 375 American Cadaver 9.73⁰ (-14.63 to 35.90) 

22 Kulig K20 2010 28 American USG 20.7° ±11.0° 

23 Kulig K20 2010 28 American MRI 19.0° ±11.3° 

24 Bargar et al1 2010 46 cases American CT 13.8±7.9⁰ (-6.1 to 32.7) 

25 Botser et al10 2012 129 American CT/MRI CT: 15.9⁰ (-6 to 38.5) 
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MRI: 7⁰ (-19.5 to 36) 

26 Koerner et al19 2013 328 American CT 

T:8.84±9.66⁰ 
M: 8.70±9.44⁰ 
F: 9.51±10.72⁰ 

27 Yun et al60 2013 

T-112 

L-56 

R-56 

Korean CT 

T: 9.0±8.1⁰ (6.9 to 11.1) 

L: 9.0±7.4⁰ (7.1 to10.9) 

R: 9.0±8.8⁰ (6.7 to11.3) 

28 Wright et al57 2014 
60 cases 

M:30 F:30 
Netherlander CT 

12.6±8.2⁰ 
M: 9.8±7.4⁰ 
F: 15.5±8.1⁰ 

29 Ming Han et al29 2015 
100pairs 

M:50 F:50 
Chinese Angulometer 

Male: 

T-6.55±9.56⁰ (-12 to 29) 

R- 6.02±10.85⁰ (-12 to 28) 

L-7.08±9.30⁰ (-7 to 29) 

Female: 

R-10.02±11.69⁰ (-16 to 35) 

L-6.02±10.85⁰ (-8to 31) 

T-8.02±11.40⁰ (-16to35) 

30 Jiang N et al12 2015 

T: 328 

M: 269 F:59 

L: 164 

R: 164 

Chinese CT 

T :10.54±9.31⁰ 
Males: 9.28±8.61⁰ 
Females: 16.27± 10.26⁰ 
L: 10.16±9.22⁰ 
R:  10.92±9.42⁰ 

 

Table 6: Comparison of FNA with other Indian studies. (T-Total, M-male, F-female, R-right, L-left) 

S. No Author/s Year Sample size Population Method FNA 

1 Kate13 1963 108 - 
Dry bone- 

Mechanical 
8.8° 

2 Siwach RC49 2003 150 Rohtak 
Dry bone– 

X-ray 
13.7°±7.9° 

3 
Maheshwari 

AV26 2004 62 hips Delhi 
Biplane 

X-ray 
11.7°±4.6° 

4 
Maheshwari 

AV26 2004 62 hips Delhi Clinical 13.0°±2.7° 

5 
Jain AK11 

 
2005 

 72 hips 

 138 hips 

 138 hips 

 300 

Delhi 

 CT 

 X-ray 

 Clinical 

 Dry bone- 

Mechanical 

 7.4°±4.6° 

 11.5°±5.4° 

 13.1°±4.6° 

 8.1°±6.6° 

6 Nagar M30 2006 182 Delhi 
Dry bone- 

Mechanical 

M-16.3° 

F-10.9° 

7 Saikia KC44 2008 92 Guwahati CT 20.4°±8.6° 

8 Rokade S41 2008 

69 right 

75 left 11- 

retroverted. 

Maharashtra 
Dry bone- 

Mechanical 

Total: 8.68°±6.37 

R-7.98⁰ 
L-9.7⁰ 

9 Shrikant AR48 2009 288 Pune 
Dry bone- 

Mechanical 
8.7°±6.6° 

10 A Zalawadia61 2010 92 Gujarat 
Dry bone- 

Mechanical 
12.4°±18.4° 

11 Maheshwari27 2010 172 hips Delhi CT 8.0°±4.7° 

12 Shrimathi T107 2012 164 Tamil Nadu 
Dry bone- 

Mechanical 
9.8° 

13 Rawal et al39 2012 
98 

M:31; F:29 
Indian CT 

10.9±4.22⁰ 
M: 8.49±4.68 ⁰(5.5 

to 20.5) 

F: 12.6±2.92 ⁰(6.2 to 
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20) 

 

In results FNA varied from -6.67° to +37.41°. 

According to various workers, it ranges from -25° to 

54°.8. The extreme anteversion may be attributed to 

persistant version. Postnatal sitting and sleeping 

postures have been implicated as mechanisms that 

either cause torsional abnormalities or contribute to 

persistent femoral antetorsion.56 The prevalence of 

retroversion in the present study was 6%. Others 

reported Kate and Robert (7.7%)13, A.K. Jain11 (9.3%) 

and A.R. Shrikant48 (9.4%) and Kingsley17 (14.8%). 

No significant side difference was noted in NSA 

and FNA. Although Gilligan et al6 working on global 

scale obtained different NSA values between left 

(127.02⁰) and right (125.71⁰). Also Da Silva4 reported a 

significant difference in right (122.5⁰) and left (125.6⁰).  
Some authors noted significant greater FNA on left 

side11,22,27,35,48,49 while others on right side.10,12  

 

Summary and Conclusion 
Although various methods exist for anthropometric 

study of femur bone but here we propose alternative 

cheap method in comparison to CT and X-ray studies 

on dry bone. Hence this could be useful to some centers 

which may not have access to costly machinery. In 

results mean NSA (124.95⁰) and FNA (13.45⁰) were 

noted. The mean NSA was lower than most of the 

western studies but it was comparable with most other 

Indian studies and also Japanese studies. Though the 

mean FNA was within the range of previous Indian 

studies but is higher than most other observations. We 

attribute these numerical differences to different 

morphometric techniques and measuring points.  
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