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Background: The knowledge of proximal femur geometry is essential in the understanding and treat-
ment of hip pathologies. Our aim is to evaluate the range of “normal anatomical values of the proximal
femur” and their relationship to age, gender, and ethnicity in a cohort of healthy population, using a 3-
dimensional computed tomography automated software.

Methods: The pelvis and bilateral femora of 628 healthy individuals (394 males/234 females, mean age
61.5 + 16.5 years, mean body mass index [BMI] 26.9 + 5.2 kg/m?) including 2 ethnicities (226 Asians and
406 Caucasians) were assessed with a 3-dimensional computed tomography scan-based system using
algorithm-calculated landmarks. The demographic parameters recorded were age, gender, BMI, and
ethnicity. The femoral neck-shaft angle (NSA), femoral neck version, femoral offset (FO), and femoral
canal flare index (fCFI) were calculated for each individual. Analyses were performed using SPSS version
22. P-values <.05 were considered to indicate statistical significance.

Results: Overall, the mean NSA was 124.7° (standard deviation [SD] 6.2), mean femoral neck version was
14.5° (SD 8.1), mean FO was 42.9 mm (SD 6.8), and mean fCFI was 3.4 (SD 0.5). Gender was associated
with all parameters, with the females presenting more valgus and anteverted hips. Multivariate analysis
revealed a lower NSA and fCFI and a higher FO for older individuals. Ethnicity and BMI were not asso-
ciated with any parameters.

Conclusion: Our results showed that there is a direct relationship of age and gender to the variations in
the investigated proximal femur anatomical parameters in a large cohort of healthy individuals. Those
important gender-based and age-based differences might advocate for more varus and lateralized

component to reproduce preoperative anatomy of male and patients older than 50 years.
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The knowledge of the anatomical parameters of the proximal
femur is critical for a better understanding of the processes that
drive different pathological entities. Recent research has deter-
mined the femoral-shaft angle under 129° as a risk factor for the
development of idiopathic femoral head osteonecrosis [1]. Like-
wise, recent publications have linked this parameter with the
development of clinical femoroacetabular impingement [2—4] and
have given more relevance to the femoral neck version (FNV) in its
physiopathology [5].

The understanding of the biomechanics of the human hip joint
is essential for the precise analysis of diagnostic imaging modalities



and the consideration of treatment options. The differentiation
between normal hip anatomy and pathological condition by
comparing individual measurements to reference values is of the
utmost importance [6].

Proximal femoral geometry plays a pivotal role in the occur-
rence of a variety of hip pathologies in children as well as in adults
[7]. The correct reconstruction of normal hip parameters is thought
to be of extreme importance to secure the success of total hip
arthroplasty (THA). An inadequate restoration of the femoral offset
(FO) has been associated with limp, prosthetic instability, gait dis-
orders, and less abductor muscle strength [8—12]. Most impor-
tantly, it has been demonstrated to be negatively associated with
implant survival and quality of life [12—14]. Furthermore, recent
publications have shown an incapacity of modern cementless stem
designs to restore the proximal femur anatomy [ 15,16], specially the
FO and native anteversion, with a mismatch of nearly 30% [16].

Radiographic descriptions such as angular measurements of hip
morphology are often used as part of the decision-making process

for surgery, but the justification for use of certain thresholds or
values is surprisingly sparse [17—19]. Indeed, numerous methods
have been developed for the calculation of proximal femur’s ge-
ometry [7,9]. Published values derive mostly from anatomic series
studies and X-ray analysis of pathological hips, utilizing “two-
dimension” analytical methods [20—27].The drawback of these
methods is that the interpretation of the results depends on the
position of the pelvis, which can vary considerably between ac-
quisitions [28] and the imprecise positioning of the femoral shaft
and neck axis [6,18,29].

Computed tomography (CT) scan has gained a growing interest
especially in the three-dimensional (3D) imaging of the pelvis and
hip as an accurate diagnostic tool providing reliable data
[20—26,30,31]. However, issues pertaining to high dose exposure
and standing positioning parameters are always present [28].

Knowing the normal values of those parameters for different
demographic groups and based on the most accurate morpho-
metric analysis available is of vital importance (1) to understand
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Fig. 1. Illustrations of proximal femur’s anatomical parameters measurement: (A) femoral neck-shaft angle; (B) femoral neck version; (C) femoral offset; and (D) femoral canal flare

index (ratio of A to G).



Table 1

Analysis of Differences in Anatomical Parameters by Gender, P-Values Calculated With Student’s t-Test.

Anatomical Parameters Male (SD) Female (SD) Difference (95% CI) P-Value
Neck-shaft angle (°) 123.8 (5.9) 126 (6.4) -22(-31to-1.2) <.0001
Femoral neck version (°) 12.9(7.7) 16.9 (8.1) —4.04 (-5.2 to -2.7) <.0001
Femoral offset (mm) 44.3 (6.7) 40.6 (6.2) 3.6 (2.6-4.7) <.0001
Canal flare index 3.4(0.5) 3.2(04) 0.2 (0.1-0.3) <.0001

Cl, confidence interval; SD, standard deviation.

the physiopathology of different conditions, (2) to define the
standard of anatomical restoration, and (3) guide the development
of new treatment strategies.

The aim of our study is to define the normal range of specific
anatomical values of the proximal femur, with an emphasis on
surgical parameters, by use of a 3D-CT automated software and to
determine whether age, gender, body mass index (BMI), or
ethnicity variables were associated with differences in those values.

Materials and Methods

The CT scans of pelvis and bilateral femora of 628 normal in-
dividuals retrieved from the SOMA database (Stryker, Mahwah, NJ)
were analyzed. SOMA is a database containing over 3500 CT scans
which have been segmented to provide 3D models of more than
15,000 individual bones from patients with age between 3 and 109
years, weight from 29 to 181 kg, and height between 127 and 199
cm.

We used an automatic CT scan-based modeling and analytic
system for this study. The pelvis and bilateral femora of 628 pa-
tients (394 males/234 females, mean age 61.5 + 16.5 years, mean
BMI 26.9 + 5.2 kg/m?) including 2 ethnicities (226 Asians and 406
Caucasians) were examined. Subjects with bone or joint abnor-
malities were excluded before CT scan selection through radio-
graphic inspection. The demographic parameters evaluated in our
analysis include age, gender, height, weight, BMI, and ethnicity.
Each of the measurements was made with algorithm-based con-
structions in an index bone. Then, these measurements were
mapped to each bone of the database by the automated software,
resulting in reproducible and consistent parameters for each sub-
ject [32—34]. The femoral neck shaft angle (NSA), FNV, FO, and
femoral canal flare index (fCFI) were calculated for each patient.
The precision of the automated extraction system was published to
be associated to margin of error of less than 2 mm and less than 1°
[32—34] (Fig. 1).

In order to define the femoral NSA, the femoral neck axis and the
anatomical axis of the femur were first selected from the pre-
defined landmarks available. These axes were then projected onto
the frontal plane and the angle between both axes determined. The
femoral head center was then chosen from the predefined land-
mark list and projected onto the frontal plane. The medial-lateral
(ML) distance from the femoral head center to the anatomical
axis in the frontal plane was measured to determine the FO. Next,
the most posterior points on the medial and lateral condyle were
chosen from the predefined landmark list and the points utilized to

define the posterior condylar axis. The posterior condylar axis and
the femoral neck axis, chosen above, were projected onto the
transverse plane and the angle between them measured as the FNV.
Next, the center of the trabecular bone at the proximal 1/10 femoral
distance and proximal 3/10 femoral distance were chosen from the
predefined landmark list. Planes were created orthogonal to the
anatomical axis and through these points. The femoral section at
each of these planes was utilized to measure the ML width of the
trabecular bone at the proximal 1/10 femoral distance (A) and the
ML width of the trabecular bone at the proximal 3/10 femoral
distance (G). The fCFI was defined as the ratio of A to G.

Statistical Analysis

Means and standard deviations (SDs) were determined for each
of the measurements made for the population as a whole and for
subpopulations, based on gender, ethnicity, and age (decades).
Normal (Gaussian) distributions were determined. Univariate
analysis was performed using t-tests to estimate difference be-
tween groups and subgroups. Pearson’s coefficients were calcu-
lated to examine correlations among specimen demographic data
and femoral measurements. Multiple linear regression models
were developed to establish the determinants for each of the var-
iables. For each model, variables with a P value less than .1 were
kept in the final model.

Sample size was defined based on expected NSA = 124 + 6.2 [35]
for a required level of statistical significance of « = 0.05, and a
power of 1-8 = 0.95. Eighty-five femurs would be required to
detect a >2° difference between groups and subgroups. A trained
statistician (M.O.) performed statistical analysis using SPSS soft-
ware (Version 22; SPSS Inc, Chicago, IL). All calculations will assume
2-tailed tests.

Results

Overall, the mean NSA was 124.7° (SD 6.2), the mean FNV was
14.5° (SD 8.1), the mean FO was 42.9 mm (SD 6.8), and the mean
fCFI was 3.4 (SD 0.5). Regarding the gender subgroup analysis, we
found a mean NSA of 123.8° (SD 5.9) and 126° (SD 6.4) for males
and females (P < .0001), respectively. A mean FNV = 12.9° (SD 7.7)
was found for males and 16.9° (SD 8.1) for females (P < .0001), a
mean FO = 44.3 mm (SD 6.7) for males and 40.6 mm (SD 6.2) for
females (P <.0001), and a mean fCFI = 3.4 (SD 0.5) for males and 3.2
(SD 0.4) for females (P < .0001) (Table 1).

Table 2

Analysis of Differences in Anatomical Parameters by Ethnicity, P-Values Calculated With Student’s t-Test.
Anatomical Parameters Asian (SD) Caucasian (SD) Difference (95% CI) P-Value
Neck-shaft angle (°) 124.8 (6.2) 124.6 (6.2) 0.23 (-0.7 to 1.2) 32
Femoral neck version (°) 149 (8.1) 14.2 (8.0) 0.63 (0.6 to 1.9) 1.1
Femoral offset (mm) 42.4 (6.8) 43.1 (6.7) —-0.7 (-1.8t00.3) .09
Canal flare index 3.4(0.5) 3.3(04) 0.1 (0.02-0.19) .004

CI, confidence interval; SD, standard deviation.



Table 3
Mean Anatomical Parameters by Decades, P-Values Calculated With ANOVA Testing.

Decades Anatomical Parameters, Mean (SD)

NSA (°) FNV (°) FO (mm) fCFI
2 129.1 (1.6) 20.3 (2.33) 39.8(1.9) 3.6 (0.15)
3 131 (1.08) 16.3 (1.58) 38.7 (1.29) 3.4 (0.09)
4 129.5 (0.76) 15.7 (1.12) 39.6 (0.91) 3.6 (0.06)
5 126.4 (0.56) 15 (0.82) 41.4 (0.67) 3.4 (0.05)
6 125.2 (0.62) 14.1 (0.91) 43.3 (0.74) 3.3(0.05)
7 123.7 (0.45) 14.5 (0.66) 43.8 (0.53) 3.3(0.04)
8 120.4 (0.54) 13.5(0.8) 44.6 (0.65) 3.2(0.04)
9 120 (1.01) 11.3(1.47) 46.7 (1.2) 3.2 (0.09)
P value <.0001 .01 <.0001 18

Bolded values represents statistically significant.
NSA, neck-shaft angle; FNV, femoral neck version; FO, femoral offset; fCFI, femoral
canal flare index; SD, standard deviation; ANOVA, analysis of variance.

With respect to the ethnic subgroup, we found a mean NSA =
124.8° (SD 6.2) for Asians and 124.6° (SD 6.2) for Caucasians (P =
.32), a mean FNV = 14.9° (SD 8.1) for Asians and 14.2° (SD 8.0) for
Caucasians (P = 1.1), a mean FO = 42.4 mm (SD 6.8) for Asians and
43.1 mm (SD 6.7) for Caucasians (P =.09), and a mean fCFI = 3.4 (SD
0.5) for Asians and 3.3 (SD 0.4) for Caucasians (P =.004) (Table 2).

Age correlated with all parameters in the univariate analysis, but
only with NSA, FO, and fCFI in the multivariate analysis. Older pa-
tients presented a lower NSA and fFCI and a higher FO. BMI was not
associated with any parameter in the multivariate analysis (Tables 3
and 4, Fig. 2A-C).

Discussion

The results of our study highlight the direct relationship of age
and gender to the variations of the investigated proximal femur
anatomical parameters in a large cohort of healthy individuals. This
correlation should be thoroughly taken into consideration during
surgical reconstruction of the hip [9,36]. Those gender and age-
based differences might play an important role when planning
optimal restauration of patient bony anatomy and soft tissue
balancing [36].

In our contemporary daily practice, in order to accurately assess
the investigated parameters, highly standardized anteroposterior
X-rays are mandatory. However, projectional errors caused by hip
rotation are not always easy to overcome [29,37] as almost all of the
radiological parameters of the hip depend on the position of the
pelvis [28,38,39]. Furthermore, the reliability of this method has
been recently challenged because of a heterogeneity of the pub-
lished results [7]. These concerns have led to a growing interest in
3D-CT imaging of the pelvis and proximal femur [40].

In order to overcome all the problems associated with the
implementation of manual approaches in the calculation of the
studied parameters, we have used an automated validated system
[33]. This system autonomously identifies different kinds of

features (explicitly defined landmarks as well as user-supplied
point features) on segmented bone samples stored in a database
and performs measurements on these. It has been shown that
correspondence mapping performs very well in practice and pro-
duces results that are comparable or even better than those
achievable by manual point mapping. The mean error between the
automatic mapping and the average of human-mapped points is
less than 2 mm, and considerably less than the root mean square
deviation of the latter.

The evidence provided by our study is in line with previous
reports. However, there are 2 parameters that stand-out for the
high variation of values reported and for their involvement with the
physiopathology of different hip conditions, the NSA and FNV.

The mean NSA in our study was 124.7° (SD 6.2), as compared
with the 123°-133° range published in the literature
[6,9,20—23,25,26,31,41]. Our results are consistent with those re-
ported by Noble et al [20], Rubin et al [21], and Maruyama et al [23].
However, there are publications with a reported NSA above 130°
[6,26,31]. A recent systematic review of studies of the NSA on plain
radiographs showed a mean NSA in healthy adults of 128.8° and
131.5° in osteoarthritic patients [7]. The authors concluded that
there exists a great variability in the reported values across the
different studies, identifying the inconsistency of the measurement
methods as the central issue. The same group studied the NSA in
800 healthy adult hips through CT images, reporting a mean value
of 130.8° in derotated coronal reconstructions [6]. The difference
with our findings could be explained by the different methodolo-
gies used, the superior accuracy and reliability of the 3D-CT auto-
mated software over the 2D-CT analysis, and the inclusion of 2
different ethnic groups in our study, although we did not find dif-
ferences among them.

Recent studies have associated the NSA with the development of
different hip conditions. Ollivier et al [1] studied different
anatomical parameters in patients undergoing THA for idiopathic
femoral head osteonecrosis. They concluded that an NSA under
129°, among other findings, is an anatomic “abnormality” associ-
ated with this disease. Likewise, Ng et al [4] studied differences in
anatomical parameters in patients with bilateral hip cam-type
deformities but unilateral symptoms. They found that the symp-
tomatic hips had significantly lower NSA (mean 125°) in compari-
son to the asymptomatic side (mean 127°), concluding that this
parameter could be a predictor to determine which hip would be at
risk of developing symptoms. Our results show that all these pa-
tients have a normal NSA, instead of presenting “abnormal” values.
Probably this reaffirm that these hip pathologies represent the final
expression of the combination of multiple factors, and that these
anatomic parameters are just one part of the picture.

With respect to the FNV, the reported that the range of values in
the literature is even wider, from 9.8° to 24.7°, reflecting the varying
methodology used for its calculation [22,23,25,26,31,42—45]. We
have found a mean value of 14.5° (SD 8.1), similar to the values
reported by Bauman et al [45], Maruyama et al [23], Toogood et al

Table 4
Results of Multivariate Analysis Regarding Factors Influencing Anatomical Parameters.
Associated Factors NSA FNV FO fCFI
Gender R* = —0.17, P = .0008 R*> = —0.24, P = .0013 R*> = 0.26, P = .0034 R?> =0.22, P < .0001
Age R? = —0.51, P < .0001 R? = -0.15,P = .034 R? = 0.28, P < .0001 R? = —0.22, P < .0001
Body mass index P=.12 P=.28 P=.36 P=.
Height R? = 0.14, P = .0019 P=.18 P=.55 P=2
Weight P=.13 P=2 P=.27 P=.12
Ethnicity P =47 P=.94 P=.39 P=.29

Bolded values represents statistically significant.

NSA, neck-shaft angle; FNV, femoral neck version; FO, femoral offset; fCFI, femoral canal flare index.
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Fig. 2. Curves showing correlation between age and different parameters in multivariate analysis: (A) femoral neck-shaft angle; (B) femoral offset; and (C) femoral canal flare index.

[25], and Zhang et al [31]. However, the values reported by Hus-
mann et al [22] and Sariali et al [44] are 24.7° and 21.9° respectively,
a fact which might be explained by the inclusion of degenerative
hip joints in their CT evaluation.

The mean values for the rest of the parameters we have studied
(FO and fCFI) are in accordance with the values reported in the
literature [20—22,26,31,44,46].

In our subgroup analysis, gender was correlated with all
measured parameters, in the univariate and multivariate analysis,
with the females presenting more valgus and anteverted hips. This
is in concordance with the study by Boese et al [6], showing a
higher mean NSA value for females. Traina et al [47], in their 2009
study, already advocated for gender-specific approaches and
modular implants to enhance ability of THA to reproduce



preoperative anatomy. Our results exhibited more varus, retro-
verted, and lateralized male femoral neck as compared with female
femoral neck. Those elements might influence implant selection
and preoperative planning processes.

Regarding age, it was associated with NSA, FO, and fCFI in the
multivariate analysis, with a decrease of NSA and fCFI with
increasing age, also similar with previous publications [6,48]. These
findings show that morphologic bone changes continue after
skeletal maturity in youth, explained by mineral bone density
decrease in the case of fCFI, changes that could also give account for
the NSA variations. Up to our knowledge, this is the first paper to
report an increase in FO with age, which could be explained by the
simultaneous decrease in NSA. The mean values found for FO and
NSA in patients older than 50 years put into question the ability of
standard THA'’s femoral stem to reproduce upper femur anatomy in
this population and thus advocate for more varus and lateralized
stem design to avoid lower limb discrepancy and abnormal soft
tissue balancing [36,49].

We did not found differences between Caucasian and Asian
proximal femur parameters. Ethnicity was associated with fCFI in
the univariate analysis, but not in the multivariate analysis. There
exists a paucity of proximal femur anatomic studies in different
ethnicities in the literature. Zhang et al [31] reported the parame-
ters in Chinese healthy population, standing-out a mean NSA of
130.2°, FNV of 16.4°, FO of 37.1°, and fCFI of 3.7, and Mahaisavariya
et al [43] reported the NSA (128°) and FNV (11.3°) for Thai
population.

There is indeed ongoing debate as to whether any regional
trends may reflect climatic adaptation or habitual activity patterns.
Gilligan et al [41], analyzing a global NSA database of 8271 femora,
highlighted climate, clothing, and lifestyle as potential sources of
variation for NSA. Additionally, many studies have hypothesized
the potential influence of climate on variation in NSA, illustrating
that populations from high latitudes frequently display relatively
wide bodies, high body masses for stature, short limbs relative to
trunk length, and foreshortened distal extremities, as opposed to
those living at low latitudes [50]. In our analysis, we did not find a
strong correlation between height and weight and NSA. Although
we have compared different ethnicities, the aforementioned
potentially determining factors could not be addressed due to lack
of pertaining data. However, based on our results, we are justified
to suggest that their influence (especially climate and activities) is
more profound than so far believed, thus necessitating a different
research approach.

Finally, we did not find any associations between BMI and
proximal femur anatomical parameters. Some studies have found
an association between BMI and the shape of the proximal femur
but based on dual-energy X-ray absorptiometry hip scans analysis
and statistical shape modeling [51]. However, others have shown
that, regardless of body proportions, the variation of NSA is pre-
sumed to be similar among individuals with similar gait and
ambulatory behaviors and that BMI and NSA are receptive to
different stimuli, therefore any potential relationship is likely
complex and multifactorial [50].

To extrapolate our findings, based on the number of hips
analyzed, Asian and Caucasian males and/or patients older than 50
years will present frequently with substantial coxa vara and higher
FO value than females and/or patients younger than 50. No clear
correlation was found with morphometric parameters such as BMI,
height, and weight. The paucity of geographic data (dichotomy
between Asian and Caucasian) do not allow us to draw strong
conclusion on the impact of ethnicities on femur anatomy.

Our study has several limitations. Because of the retrospective
nature of the database, we could not analyze information about
patients’ level of activity, which could influence the anatomy of the

proximal femur, and information about previous perceived symp-
toms. Although femurs with bony deformities, previous surgery, or
surgical hardware were excluded, hips with slight anatomical al-
terations may have been included in the analysis. Also, we could not
include ethnicities other than Caucasian and Asian because of
database limitations, restraining a broader applicability of our data
to other cohorts. Furthermore, we only included adult subjects; our
results are not applicable to pediatric population. Finally, the de-
cade’s populations are small for some subgroups, especially for the
younger population.

Despite the aforementioned limitations, the sound results
derived from our study are further supported by the fact that it is
based on a large cohort of more than 600 healthy individuals,
including 2 different ethnicities. Additionally, our analysis is based
on a 3D-CT based modeling and analytics system composed of a
large database of bone models. This process is made by an auto-
mated software, avoiding the manual measurement of parameters,
eliminating the potential bias of human input, and achieving a
highly accurate degree of morphometric analysis [32—34].

In conclusion, this research project showed that there is a direct
relationship of age and gender to the variations of the investigated
proximal femur anatomical parameters in a large cohort of healthy
individuals. Those important gender-based and age-based differ-
ences could imply more varus and lateralized component to
reproduce preoperative anatomy of male and patients older than 50
years. We evaluated height, weight, and BMI but found no rela-
tionship between them and proximal femoral anatomy. We do not
have enough information to comment on the role of ethnicity.
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