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The neck–shaft angle: an update on reference values and associated 
factors
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The femoral neck–shaft angle (NSA) or centrum-collum-
diaphyseal angle has long served as an important measure 
to quantify the inclination between the femoral neck and the 
femoral shaft. Due to its importance in diagnostics for many 
pathologies of the proximal femur and resultant therapy, e.g., 
corrective osteotomy (Srisaarn et al. 2019), the NSA is still 
frequently used by surgeons. However, the currently published 
reference ranges were mostly based on anatomic specimens, 
small cohorts (Boese et al. 2016), or originated from hospital-
based studies. 

Varying ranges have been described as reference ranges, 
between 120° and 140° in CT images and radiographs. 
Thresholds for Coxa vara range between < 120° (Beall et 
al. 2008, Dolan et al. 2011, Boese et al. 2015) and < 130° 
(Morvan et al. 2013), and for Coxa valga from ≥ 135° (Beall 
et al. 2008, Coskun Benlidayi et al. 2015) to > 140° (Dolan et 
al. 2011, Morvan et al. 2013). Those thresholds were mostly 
used in older studies on hip pathology (Tönnis and Heinecke 
1999, Lequesne et al. 1964). Because of changing lifestyles, 
people are older, heavier, and taller now than they were sev-
eral decades ago. Therefore, a reevaluation of the above-men-
tioned thresholds is motivated.

Possible sex-based differences in the NSA have been inves-
tigated, with divergent results. Some documented higher NSA 
for men (Elbuken et al. 2012, Nissen et al. 2005, Mitra et al. 
2014), others for women (Boissonneault et al. 2014), or no sex 
difference at all was found (Doherty et al. 2008, Gilligan et al. 
2013). The decrease of NSA from childhood to adulthood is 
generally accepted (Anderson and Trinkaus 1998, Beall et al. 
2008, Boese et al. 2016). Reduction in NSA with increasing 
age has been described (Beall et al. 2008, Boese et al. 2015), 
but the opposite results have also been published (Anderson 

Background and purpose — The neck–shaft angle 
(NSA) is valuable for diagnostics and therapy of the hip, but 
current reference values derive mostly from studies on ana-
tomic specimens, small cohorts, or are hospital-based. More-
over, associated factors such as age, sex, or anthropometric 
data have rarely been considered. Therefore, we determined 
associated factors for NSA and reassessed the historical ref-
erence values in a general adult population.

Methods — NSAs on both sides of 3,226 volunteers 
from the population-based Study of Health in Pomerania 
(SHIP) were measured with MRI. SHIP drew a represen-
tative sample of the population of Pomerania (northeastern 
Germany). NSAs were compared with sex, age, and anthro-
pometric data by bivariable linear regression models. Refer-
ence values were assessed by quantile regressions for 2.5th 
and 97.5th percentiles.

Results — The mean NSA was 127° (SD 7), while men 
had a lower NSA than women (95% confidence interval 
[CI] 0.4°–1.4°). The reference range was 114°–140°. Age 
was inversely associated with NSA (CI –0.2 to –0.1). Body 
height was positively associated with the NSA, while BMI 
and waist circumference showed a negative association. 
There was no association between body weight and NSA.

Interpretation — The historical lower limit of 120° might 
be too high, so the radiological prevalence of hip pathology 
might have been overestimated. The previously reported 
influence of age, sex, and body height on the NSA has been 
confirmed.



54 Acta Orthopaedica 2020; 91 (1): 53–57

and Trinkaus 1998, Nissen et al. 2005, Doherty et al. 2008, 
Elbuken et al. 2012, Gilligan et al. 2013). Given the variety 
of physiological factors influencing NSA, adjusted reference 
values might be advantageous for more precise interpretation. 

Therefore, we determined up-to-date NSA reference ranges 
and assessed associations between the NSA, sex, age and 
anthropometric data (weight, height, BMI, and waist circum-
ference). Moreover, reference values adjusted to the already 
described associations with sex and age were calculated. 

Methods
Design and sample
The Study of Health in Pomerania (SHIP) (Völzke et al. 2011) 
is an ongoing population-based project. It consists of 2 inde-
pendent cohorts, SHIP and SHIP-Trend. To ensure a repre-
sentative cohort, participants were recruited randomly from 
official resident registry office files as a sample of the popula-
tion from a defined region in northeastern Germany (northern 
and eastern Pomerania) and stratified by sex, age, and city of 
residence.

In 1997, 6,265 eligible adults were chosen for the baseline 
assessment (SHIP-0) in which 4,308 (2,192 women) vol-
unteers participated (response 68.8%). Between 1997 and 
2001, the SHIP-0 examinations were performed. 2 follow-up 
examinations took place between 2002 and 2006 (SHIP-1; n 
= 3,300) and between 2008 and 2012 (SHIP-2; n = 2,333). 
For the second cohort (SHIP-Trend), a stratified sample (n = 
8,016) was drawn in 2008 with the same stratification vari-
ables used. 4,420 (2,275 women) participants were then exam-
ined (response 50%) (Völzke et al. 2011). The invitation pro-
cedure consisted of 3 written invitations, phone calls, and 1 
personal contact. 

As an associated project of SHIP, all participants with a 
complete hip protocol were included in the MRI examina-
tion from SHIP-2 and SHIP-Trend. Overall 3,317 out of 6,753 
volunteers (SHIP-2 and SHIP-Trend) participated in the MRI 
examination. Dropouts were for instance caused by claustro-
phobia, metal implants, or personal reasons. Of 3,317 poten-
tial participants, 34 interrupted their examination due to acute 
problems. Furthermore, 57 of 3,283 completed pelvic MRIs 
had to be excluded because of missing data (36), total hip 
arthroplasty (18), extreme deformity (2), or suboptimal qual-
ity (1) (Fischer et al. 2018). MRIs of 3,226 volunteers with 
a mean age of 53 years (SD 14) with no difference between 
sexes were adequate for the current study. Further information 
on recruitment and selection has been published previously 
(Völzke et al. 2011, Fischer et al. 2018).

MRI protocol 
As a part of the standardized whole-body MRI, pelvic MRI 
was performed in a 1.5-Tesla MR scanner (Magnetom Avanto; 
Siemens Medical Systems, Erlangen, Germany). All MRI 

examinations were performed in a supine position by 4 trained 
technicians in a standardized manner. 

The NSA was assessed by using a coronal turbo inversion 
recovery magnitude sequence (repetition time 4,891 msec; 
echo time 67 msec; flip angle 180°; voxel size 2.1 × 1.6 × 5.0 
mm; scan time 2:25 minutes) and an axial pelvic proton den-
sity-turbo spin echo-fat saturation sequence (repetition time 
3,230 msec; echo time 34 msec; flip angle 180 degrees; voxel 
size 1.6 × 1.6 × 3.0 mm; scan time 2:43 minutes).

Image analysis
All measurements were performed by a trained observer, 
blinded to all information about the volunteers, using OsiriX 
version 5.8.5 (PIXMEO; Bernex, Switzerland). The NSA was 
measured on a coronal planar image through the center of 
the femoral head, which was identified by using axial slices 
simultaneously. It is defined by the femoral neck axis and 
the femoral shaft axis (Figure 1). The femoral neck axis was 
formed by connecting the center of the femoral head and the 
center of the femoral neck. Both center points were assessed 
through the center of a best-fitting circle. The femoral shaft 
axis was detected by two midpoints in the diaphysis of the 
femur. The midpoints were determined by the center of a best-
fitting circle as well (Beall et al. 2008).  

Statistics 
For reliability assessment, 25 cases were measured twice 
by one examiner (CF). These cases were measured again by 
another examiner (JL). Intrareader and interreader variability 
(Bland and Altman plots) were between –0.31% (SD1.37) and 
0.31% (SD 1.69) (mean difference), implying good reliability. 

Descriptive statistics such as mean values, standard devia-
tions (SD), ranges, and percentiles were used to describe the 
cohort. For numerical variables, categorical variables were 
tested with the chi-square test. All reported p-values were 
2-tailed. P-values less than 0.05 were considered statistically 
significant. The correlation between sides (left and right) was 
calculated with Spearman’s correlation coefficient.

Figure 1. The neck–shaft angle (x) is 
composed of a and b; a = femoral neck 
axis, b = femoral shaft axis.
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Associations with demographic and anamnestic data, 
including possible interactions between the parameters, were 
assessed by linear regression analysis. Fractional polynomials 
(FP) were tested for potential non-linear associations between 
age and NSA. Interactions between age and sex were tested, 
with p < 0.1 considered statistically significant. Stratified by 
sex, age-specific upper and lower reference limits were calcu-
lated by quantile regressions for the 2.5th and 97.5th percen-
tile. Moreover, reference values were calculated by the 95% 
reference interval (mean ± 1.96 × SD). All statistical analyses 
were performed using Stata 14.1 (StataCorp, College Station, 
TX, USA).

lated by NSA = 125.78 – 0.195 × age for the lower limit and 
NSA = 147.82 – 0.158 × age for the upper limit. For men, the 
lower limit can be calculated by NSA = 120.18 – 0.128 × age 
and the upper limit by NSA = 145.34 – 0.124 × age. 

BMI was inversely associated with the NSA in a non-lin-
ear fashion (Figure 2, p < 0.001). The decrease in NSA was 
greater for lower BMI. While body weight was not statistically 
significant (p = 0.2), body height was (Figure 3, p = 0.004). 
Per 10 cm of body height, the NSA increased 0.4°. Like BMI, 
waist circumference was inversely associated with the NSA 
in a non-linear fashion (p < 0.001). The decrease was more 
pronounced for smaller than for larger waist circumferences.  

Table 1. Study cohort characteristics. Data are presented as mean (SD) [range]

 Total Men Women
Factor (n = 3,226) (n = 1,587) (n = 1,639)

Age 53 (14) [21–90] 53 (14) [21–90] 52 (13) [21–88]
Weight, kg 80 (15) [44–143] 88 (13) [53–143] 73 (13) [44–126]
Height, cm 170 (9) [146–202] 177 (7) [156–202] 164 (6) [146–189]
BMI   28 (4) [17–48]   28 (4) [18–42]   27 (5) [17–48]
Waist, cm a 90 (13) [55–145] 96 (11) [66–145] 84 (12) [54–122]

a Waist circumference (2 women and 1 man missing).

Table 2. Descriptive results neck-shaft angle. Data are presented as mean 
(SD) [range]

Neck-shaft Total a Men Women
angle (n = 6,452) (n = 3,174) (n = 3,278)

Right 127.7 (7.1) [96–153] 127.7 (7.1) [96–153] 127.9 (7.1) [99–152]
Left b  126.0 (7.4) [101–153] 125.3 (7.7) [101–151] 126.8 (7.1) [103–153]
Mean b,c 126.9 (6.7) [102–151] 126.5 (6.8) [102–151] 127.4 (6.6) [102–149]

a Paired t-test (total right vs. total left): p < 0.001.
b Sign test (men vs. women): p < 0.001.
c Mean of left and right side.

Figure 3. The positive association 
between neck–shaft angle and body 
height is shown.

Figure 2. The negative association 
between neck–shaft angle and body 
mass index is shown.
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Results

1,639 of the 3,226 participants were female. The 
mean age was 53 (SD 14) years and no differences in 
age were observed between the sexes (Table 1). The 
mean values of body height, body weight, BMI, and 
waist circumference were higher in men. 

The mean NSA for all 6,452 measured hips (left 
and right side) was 127° (SD 7, range 102°–151°). 
Right hip joints had a higher NSA than left hip joints. 
Additionally, women showed higher NSA than men 
on the left and the mean of both sides (Table 2). 

A correlation between left and right NSA values 
was documented (r = 0.7, p = 0.001). Additionally, 
a 0.9° (95% CI  0.4°–1.4°) higher NSA in women 
was detected. Furthermore, age was inversely associ-
ated with NSA (β –0.1; CI –0.2 to –0.1). The NSA 
decreases by 1.4° per decade. The reference range 
for the whole population was 114°–140°. Stratified 
by sex, the female reference range was 115°–140°, 
while the male range was 113°–140°. Age- and sex-
adjusted reference values for women can be calcu-
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Discussion

The neck–shaft angle is frequently used for diagnostics, pre-
operative planning, and therapy (Srisaarn et al. 2019), but no 
consensus on thresholds or reference ranges exists to date. In 
addition, various associations with sex and age are described, 
while other possible associations have rarely been investigated. 

Our study may have been limited by the use of non-rota-
tion-corrected coronal MRI images. However, the review 
by Boese et al. (2016) documented a difference of only 1° 
between rotation-corrected and non-corrected NSA. There-
fore, we suggest that our measurements in coronal MR images 
are reliable. Nevertheless, due to the 3-D morphology of the 
femur, it is possible that the NSA has been underestimated. 
However, previous studies showed similar values for the NSA 
(Table 3). A second limitation may be the cross-sectional 
study design, which limits conclusions on cause-and-effect 
relationships. Thus, further longitudinal studies are necessary. 
The final limitation may be the possible inclusion of partici-
pants with hip pathology. Nonetheless, severe pathology can 
reasonably be ruled out, because it is mostly treated surgically 
with metal implants, which should be seen on MRI. Moreover, 
our sample was a general population, so it could be expected 
that the majority are healthy. Due to the large sample of the 
general population, the standardized data acquisition, and the 
randomized selection process, we assume that reliable pop-
ulation-based data were provided. We found mean NSAs of 
126.5° (SD 6.75) for men and 127.4° (SD 6.55) for women. 
The reference range was 113.9° to 140.0°. 

the widely discussed differences in sex (Nissen et al. 2005, 
Elbuken et al. 2012, Gilligan et al. 2013, Mitra et al. 2014), we 
assessed higher NSA in females confirming previous results 
(Boissonneault et al. 2014, Boese et al. 2015). Moreover, we 
found a positive association with body height on the NSA, as 
did Nissen et al. (2005). Body weight was not associated with 
NSA, but a negative association with BMI and waist circum-
ference was detected. Therefore, previous results regarding 
the BMI (Elbuken et al. 2012, Mitra et al. 2014) were con-
firmed. Interestingly, the decrease in NSA was stronger for 
lower BMI. 

Regarding normal values, Boese et al. (2015) described 
mean NSA on rotation-corrected CT images of 130.8° (SD 
6.49) for the femoral neck plane and 133.6° (SD 6.81) for the 
anterior pelvic plane. Nevertheless, several studies with large 
sample sizes report values similar to ours (Alonso et al. 2000, 
Kaptoge et al. 2008, Bagaria et al. 2012, Boissonneault et al. 
2014, Mitra et al. 2014). Furthermore, a review of 21 stud-
ies showed a mean NSA of 128.8° (Boese et al. 2016). How-
ever, varying reference values between 120° and 140° have 
been described (Beall et al. 2008, Dolan et al. 2011, Boese 
et al. 2015). Given that these thresholds were mostly adopted 
by older studies (Lequesne et al. 1964, Tönnis and Heinecke 
1999), and considering changed lifestyles since then, our 
study provides up-to-date reference values. Our results sup-
port the historical upper limit of 140° as the physiological 
benchmark for general populations. Our lower limit is about 
6° lower than the previously used limit of 120°, so the radio-
logical prevalence of hip pathology might have been overes-
timated. Since associations with sex and age are frequently 

Table 3. Neck-shaft angle in other studies

Author, year Method Population Age (range) n Mean (SD) 

Alonso et al. 2000 DXA Spain 70      235  M 126.3 (4.4)
    70      310  F 124.6 (4.2)
Doherty et al. 2008 AP radiograph England 64   1,103 R  128.3 (7.1)
      L  128.3 (7.1)
Kaptoge et al. 2008 DXA US 74   6,839  F 127.2 (6.0)
Elbuken et al., 2012 DXA Turkey (20–108) 18,943 M  129.6
      F  129.1
Bagaria et al. 2012 AP radiograph India (20–80)      141  M 127.7 (3.9)
            70  F 126.6 (4.8)
Gilligan et al. 2013 Femora – –   8,271 126.4 (5.6)
Mitra et al. 2014 AP radiograph Iran 35 (24–42)      100  M R  127.5 (5.3)
      L  127.6 (5.6)
    44 (28–57)      100  F R  125.4 (6.0)
      L  126.6 (6.3)
Boese et al. 2015 CT, coronal Germany 53 (18–89)      200  M 129.6 (5.9)
  reconstruction  54 (18–100)      200  F 131.9 (6.8)
  (femoral neck plane)    R  130.8 (6.7)
      L  130.8 (6.3)
Dimitriou et al. 2016 3D CT US 47 (31–58)        61 R  126.7 (4.8)
      L  126.6 (4.5)
Present study MRI coronal plane  Germany 53 (21–90)   1,587  M 126.5 (6.8)
    52 (21–88)   1,639  F 127.4 (6.6)

DXA = Dual-energy X-ray absorptiometry, M = male, F = female, R = right hip, L = left hip

Various results for the associa-
tion with age have been described 
(Nissen et al. 2005, Elbuken et al. 
2012). Our study showed a decrease 
of NSA with age in both sexes, 
which confirms this association in 
a general population and supports 
results of previous studies (Beall 
et al. 2008, Boese et al. 2015). An 
explanation for this association 
might be decreasing bone mineral 
density and physiological changes. 
We detected a difference between 
sides with higher NSA for the 
right hip. This could be explained 
by the fact that most people have 
a dominant right side, but since 
various results on side differences 
have been reported (Doherty et al. 
2008, Gilligan et al. 2013, Boese 
et al. 2015, Dimitriou et al. 2016), 
it could also support the thesis of 
individual side asymmetry (Ander-
son and Trinkaus 1998). Regarding 
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described, sex- and age-adjusted reference values for the NSA 
may be more accurate for diagnostics, preoperative planning, 
and orthopedic surgery. 

In conclusion, we support the historical threshold of the 
NSA regarding the upper limit of 140° but propose a lower 
limit of 114° based on a general population of adults.
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