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Abstract

Background Accurate measurement of the femoral neck shaft angle (NSA) is critical for the diagnosis and treatment
of hip pathology, but its current reference values remain limited in the Egyptian adult population. This study was
designed to provide reference that is reliable for femoral NSA measured by computed tomography (CT) in Egyptian
healthy adults of both sexes. This was a cross-sectional descriptive study and analysis of the femoral NSA of healthy
Egyptian adults of both sexes measured by CT. Six hundred hips in 300 adults (aged 18 and 60 years; 300 females)
were evaluated in the simulated anterior pelvic plane (APP) and the rotation-corrected coronal reconstruction femoral
neck plane (FNP) on both sides. We compared the measurements with age and sex, and a two-tailed nonparametric
Wilcoxon test was used to discover differences between both measurements.

Results The mean NSA was 129.46°+ 5.06° with a mean value of 129.65°+4.13° for males and 129.28°+3.71° for
females. Simulated APP had a higher mean NSA 129.6° (range 115.7°-146.7°; SD 5.06°) than rotation-corrected coronal
reconstruction in the FNP 127.73° (range 115.3°-144.6°% SD 4.9°). It was observed that there was a significant variation
in the measurements of NSA between the two methods. The side influenced the NSA significantly on both views
(p<0.001); no significant differences were found between age and gender.

Conclusions The current study attempts to develop population-specific data for femoral NSA reference values in
Egyptian communities. No considerable difference was measured in NSA among males and females. It was observed
that there was a side difference, with the NSA value being higher on the left than the right. We noted also that proper
measurement of NSA is made possible by using NSA values obtained from rotation-corrected coronal reconstruction
in the FNP. We anticipate that the findings will contribute to a better understanding of proximal femur morphology
and may aid the majority of our population in selecting an implant that is compatible with hip anatomy.
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Background
For the diagnosis of hip joint disorders and preopera-
tive planning of total hip arthroplasty, accurate meas-
urement of the femoral neck shaft angle (NSA) is crucial
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for population-based research on this crucial aspect. Ref-
erence values for the NSA in adults are currently only
available based on measurements taken from simple radi-
ographs or a sparse collection of anatomical samples [3].
The accuracy and dependability of the NSA assessed on
plain anteroposterior radiographs have been called into
question, nevertheless, because of rotational impacts and
erroneous placement of the femoral shaft and neck axis
[4].

In addition, the current reference that is available refers
to the NSA in adults and is based on western data meas-
urements. Western data are used to create commercially
viable hip joint prostheses, whose biomechanical and
constitutional variables differ from those of Egyptian
patients [5]. As a result, an ill-fitting hip prosthesis can
have an impact on these functions. To develop a stronger
bone plate structure, a better contour fit for the bone and
plate is required [6]. This study was conducted to deter-
mine the value of the NSA of Egyptian healthy adults for
the purpose of adequate planning, preparation, and pre-
operative selection of orthopedic implants for surgery in
hospitals located in countries like Egypt. The target of the
survey was to add reference values for NSA in Egyptian
patients based on the analysis of hip rotation-corrected
computed tomography (CT) scans and then to correlate
these results with simulated AP pelvic radiographs.

Methods

Study design

This retrospective study was prepared in accordance
with the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guide-
line for cross-sectional studies [7]. All procedures per-
formed were in accordance with the ethical standards
of the institutional research committee and the Hel-
sinki Declaration.

Table 1 Reconstruction parameters
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Setting and data source

This study was conducted in the department of Radiol-
ogy and Anatomy and gained the approval of the ethi-
cal committee (MREC) (No. 21-04-05) with a waiver for
informed consent.

Between January 1, 2021, and December 31, 2023,
600 patients underwent a CT scan of the abdomen and
pelvis for the indication of trauma without evidence of
traumatic injury. Patients were excluded if their age was
below 18, a fracture or deformity in the pelvis or femur
was present, there were hip or femur implants, or there
was visible hip pathology. This left a total of 300 patients
(150 males and 150 females), with an average age of
40.9+12.556 years (range 18-60 years). The following
information was collected from the electronic medical
records: age and gender. Patients were divided for further
analysis into four groups: males 18—39 years old, females
18-39 years old, males 40-60 years old, and females
40-60 years old.

CT protocol

Computed tomography (CT) scans were acquired using
a 16-row multiple detector CT (MDCT) scanner (Acti-
vation, Toshiba Medical, Tokyo, Japan), with patients in
the supine position without contrast medium injection.
The following setting parameters were used: Tube volt-
age, 120 kVp; Tube current modulation, 170-220 mAs;
Gantry rotation time, 0.5 s; Helical pitch, 15; Pitch factor,
0.9375; Collimation width, 0.5; and slice thickness, 1 mm.

Image analysis

All images were transferred from the CT machine to the
Philips Picture Archiving and Communication System
(PACS) workstation. Three-dimensional volume render-
ing technique (3D VRT) as well as multiplanar coronal
and sagittal reformatted images in soft and bone algo-
rithms were obtained from thin slice images according to
the parameters seen in Table 1.

Parameters Soft tissue Bone Thin data Thin data
Slice thickness 3mm 3mm 0.75 mm 0.75 mm
Reconstruction spacing 3mm 3mm 0.5 mm 0.5 mm
Reconstruction algorithm B30f B70f B20f B60Of
Window width and level 410/10 1776/176 410/10 1776/176
Parameters Sagittal Coronal Coronal Sagittal
Slice thickness 3mm 3mm 3mm 3mm
Reconstruction spacing 3mm 3mm 3mm 3mm
Reconstruction algorithm B30f B30f B70f B70f
Window width and level 410/10 410/10 1776/176 1776/176
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Fig. 1 Simulated anteroposterior pelvic radiograph in the anterior

pelvic plane
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The measurements were performed on a computer
with a screen size of 19 inches. The measurement proto-
col involved loading CT scan images onto the software.
Images were magnified according to the optimal view.
From the software menu, 2D tools were activated.

Plans and reconstructions for measurements of the neck
shaft angle

Firstly, simulation of an AP radiograph of the pelvis
(Fig. 1) without hip rotation was done by reformatting the
CT image into three-dimensional pelvic models (APP)
(Fig. 2). Then, coronal reconstruction using the extended
multi-planar reconstruction (EMPR) (Fig. 3) was created
to eliminate the rotation of the hip of each femur head
(FNP) (Fig. 4).

Reconstruction of the anteroposterior of the pelvis

in the anterior pelvic plane (APP)

Three sets of reference planes were considered: The cor-
onal plane defined as the plane that passes through the
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Fig. 2 Reformatting the CT image into three-dimensional pelvic models (APP)
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Fig. 3 Extended multiplanar reconstruction of the femoral neck plane

anterior edge of the pubic symphysis in sagittal view and
the anterior superior iliac spines (ASIS) in axial view
plane, axial plane which is perpendicular to the coronal
one and coincides with the geometric center of the sym-
physis pubis, and parallel planes established through the
femoral head. Reconstruction of the APP generated after
rotation of the coronal and axial planes until both ASIS
could be seen in the coronal reconstruction on the same
axial plane.

Coronal reconstructions of the proximal femur in the plane

of the femoral neck (FNP)

Reconstruction in the coronal plane of each hip was per-
formed. The NSA is defined as the angle between the axis
of the femoral neck and the femoral shaft. The coronal
plane was defined as the plane between the femoral neck
axis (FNA) in the axial reconstruction and the long axis
of the femur (FLA) in the sagittal reconstruction.
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Measurement of neck shaft angle
We have defined the NSA as described by Miiller [8]
(Fig. 5);

1. Determining the center of the femur head and apply-
ing the circular template: The reference points for the
circular arc are the lateral portion (outermost point)
of the epiphysis and the medial corner of the femoral
neck.

2. A point is marked laterally at the strongest sidecut of
the femoral neck.

3. Another arc through this point is constructed with
the femoral head as the center.

4. The intersection points of the circle with the femoral
neck are connected.

5. The perpendicular to this straight line through the
center of the femoral head represents the femoral
neck axis (FNA).
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Fig. 5 Simulated AP radiograph of right proximal femur showing

the reference points for measuring the neck shaft angle (NSA). M—
Center of the femoral head, A—Point where the circle intersects the
lateral cortex of the femoral neck, B—Point where the circle intersects
the medial cortex of the femoral neck. FNA—femoral neck axis (line
perpendicular to AB through M), NSA—femoral neck shaft angle,
FLA—The long axis of the femur

6. Two circles were drawn in the femur shaft at two
positions. The center of circle one was positioned at
the lower boundary of the lesser trochanter; the sec-
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ond circle was 2 cm below the first. The circles lie
within the outer margins of the femur.

7. A line crossing the centers of two circles was drawn.
This line represented the femoral long axis (FLA)
(femur shaft axis).

8. The NSA was the angle between the FLA and the
ENA.

The femur was classified with NSA less than 120° into the
coxa vara (Fig. 6) and with NSA greater than 135° into the
coxa valga (Fig. 7). The others were classified as normal

[9].

Data collection
The measurements were independently done by two
researchers (MI, a consultant radiologist with 15 years
of radiology experience, and MT, a senior anatomist with
5 years of anatomy experience) at different times, blinded
to each other’s findings. The measurements that corre-
sponded to one another were averaged, and the averaged
measurements were then used in subsequent analysis.
Before the commencement of the measurement, the
two researchers discussed and had forty CT images to
test their measurements. The same goniometer was used
for all the measurements. The mean values of the left and
right femoral NSAs were recorded. Intra- and inter-rater
reliabilities were calculated (Figs. 8, 9).

Statistical analysis
For descriptive analysis, absolute mean values,
ranges, and standard deviations (SD) were presented.

I
Fig. 6 Representative case of coronal reconstruction of the femur
neck (FNP) shows a NSA of 118.7° (coxa vara) at the right femur (green
arrow)
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Fig. 7 Representative case of construction of neck shaft angle (NSA).
In'a male 19 years old, simulated AP radiograph of the pelvis shows

a NSA of 136.1° at the left femur (coxa valga) and 135.10° at the right
femur (yellow arrows)

Fig. 8 Representative case of construction of neck shaft angle (NSA).
In a male 45 years old, simulated AP radiograph of the pelvis shows a
NSA of 126.5° at the right femur and 127.6 0° at the left femur (yellow
arrows)

Variables were tested for normality using the Kolmogo-
rov—Smirnoff test. Spearman’s correlation coefficient for
normally distributed variables and the two-tailed Wil-
coxon matched-pair test for non-normally distributed
variables. Differences between variables were evaluated
using the nonparametric Mann—Whitney U test or the
Kruskal-Wallis test. Concordance between the review-
ers regarding the measurements was assessed using the
intra-class correlation coefficient (ICC). A p value of less
than 0.01 was considered statistically significant. The
two-tailed nonparametric Wilcoxon test for matched
pairs was used to discover differences between NSAAPP
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Fig. 9 Representative case of construction of neck shaft angle (NSA).
In a female 20 years old showing left renal stone (white arrow),
simulated AP radiograph of the pelvis shows a NSA of 121.1° at the
right femur (brown arrow) and 125.3 0° at the left femur (green arrow)

Table 2 Age distribution in years of male and female patients by

age group
Number (N) Mean age Standard

deviation
(SD)

Male (18—<40) 75 29.79 5378

Female (18- <40) 75 30.36 6.181

Male (40-60) 75 51.88 7.013

Female (40-60) 75 5157 6.725

and NSAFNP, with a significance level of p<0.05. Our
data were analyzed using SPSS version 23.0 (IBM Corp.,
Armonk, NY).

Results

Populations and descriptive data

The study comprised 150 females (median age, 40 years)
and 150 males (50%) (median age, 39 years). The age
distribution in years of male and female patients by age
groups is given in Table 2.

The ages of the 300 subjects included in this study
ranged from 18 to 60 years old. Males had a mean age of
40.6 +£12.6 years and females of 41.17 +12 years. It was
found that there was no statistically significant associa-
tion between gender and age distribution (p =0.43).

Intra-class correlation coefficients (ICC) for inter-
and intra-reliability measurements are presented in
Table 3 and 4. The intra-rater reliability rates for the two
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Table 3 Intra-class correlation coefficient (ICC) for repeated
measurements of one reviewer (intra-rater reliability) of 40 hips

Inter-reviewer Icc® 95% CI° p value
Single 2,1) 0.89 0.37-091 <0.001
Averaged (2,2) 0.84 0.78-0.90 <0.001
2 |Intra-class correlation coefficient, Pconfidence interval

Table 4 Intra-class  correlation  coefficient  for  repeated

measurements of two independent reviewers (inter-rater reliability)
of 40 hips

Intra-reviewer Icc 95% CI° p value
Single (2,1) 0.93 0.85-0.97 <0.001
Averaged (2,2) 0.87 0.83-0.95 <0.001
2 Intra-class correlation coefficient, "confidence interval

Table 5 Descriptive results of neck shaft angle (NSA)
measurements in two views of 600 hips

Angle Mean +SD Median Range

Total (APP) 12946 +5.06 129.65 115.7-146.7
Total (FNP) 127.73+4.93 1276 115.3-144.6
Right side (APP) 127.34+45 127.5 115.7-1414
Left side (APP) 13149+48 1313 119.1-146.7
Right side (FNP) 12538 +4.1 125 116-135.9
Left side (FNP) 130.09+4.5 130.2 115.3-144.6

reviewers were 0.93 (95% CI (confidence interval) 0.85—
0.97) and 0.87 (95% CI 0.83-0.95).

Neck shaft angle
The NSA values of the study population measured in two
views are given in Table 5. The average of NSA in the sim-
ulated anterior pelvic plane (NSAAPP) was 129.46 +5.06
(range 115.7-146.7). There was no significant difference
between observers’ measurements as determined by
ANOVA (F(1, 8)=4.8, P=0.071).

The average of NSA in rotation-corrected coro-
nal reconstruction femoral neck plane (NSAFNP)
was 127.73+£4.93 (range 115.3-144.6). There was no
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significant difference between observers’ measurements
as determined by ANOVA (F(1, 9) =4.9, P=0.061).

NSA in the simulated anterior pelvic plane (NSAAPP)
had a higher mean NSA than the NSA in the rotation-
corrected coronal reconstruction femoral neck plane
(NSAFNP). The mean difference between NSAAPP and
NSAFNP was 1.73°.

Descriptive results of NSA measurements in two
views of 600 hips by age are given in Table 6.

The two-tailed nonparametric Wilcoxon test for
matched pairs showed significant differences between
both measurements (p < 0.000).

In the rotation-corrected coronal reconstruction
(NSAENP), eight (2.7%) femora were categorized as
coxa vara (NSA 120°), 282 (94%) as physiologic (NSA
120°-135°), and ten (3.3%) as coxa valga (NSA 135°).
The categorization of the NSA measured on the simu-
lated anterior pelvic plane (NSAAPP) revealed the
following distribution: coxa vara—3 (1%), physio-
logic—270 (90%), and coxa valga—27 (9%) hips.

Relation between NSA and age

NSAAPP did not appear to increase with age in either
gender (p=0.614). A relative decrease in NSAFNP with
age was noted, which was also statistically not signifi-
cant (p=0.810).

The relationship between NSA and sex

Sex-dependent NSA measurements are shown in
Table 7. It is evident that sex-dependent NSA measure-
ments show no significant difference (p > 0.05).

Relation between NSA and side

The NSAAPP ranged from 115.70° to 141.40° on the
right and 119.10° to 146.70° on the left. The NSAFNP
ranged from 116.0° to 135.70° on the right and 115.30°
to 144.60° on the left. The unpaired t test in Table 8
revealed a significant difference (p <0.01).

The group-specific femur NSA of 600 femur bones
was determined by two different methods and corre-
lated using Spearman’s rank correlation coefficients
given in Tables 9 and 10.

Table 6 Descriptive results of neck shaft angle measurements in two views of 600 hips by age

Age (18-<40) Age (40-60) P value
Mean Range SD Mean Range SD
NSAAPP 129.45 116.10-146.70 4.88 129.48 115.70-145.90 525 0.785
NSAFNP 127.74 116.00-144.60 494 127.72 115.30-143 492 0.842
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Table 7 Descriptive results of neck shaft angle (NSA) measurements in two views of 600 hips by sex
Variable n Male Female
Mean Range SD Mean Range SD
NSAAAP 300/300 129.65 119.30-139.85 413 129.28 119.65-139 3.71
NSAFNP 300/300 127.98 115.30-144.60 5.07 12748 117.00-141.50 478
Table 8 Descriptive results of neck shaft angle (NSA) measurements in two views of 600 hips by side
Variable RT LT P value
Mean Range SD Mean Range SD

NSAAPP 12743 115.70-141.40 453 131.49 119.10-146.70 4.75 .000
NSAFNP 12538 116.00-135.90 411 130.09 115.30-144.60 453 .000
Table 9 Group-specific femur neck shaft angle (NSA) of 600 femur bone by two different methods

Age and sex groups Pvalue

Male (18-39) Female (18-39) Male (40-60) Female (40-60)

NSAAPP Mean 129.84 129.06 12941 129.54 0614

Minimum 116.10 118.60 115.70 11840

Maximum 146.70 143.00 145.90 142.10

SD 4.98 4.77 546 5.05
NSAFNP Mean 128.03 127.45 127.87 127.57 0.810

Minimum 116.00 118.00 115.30 117.00

Maximum 144.60 141.50 143.00 140.80

SD 511 4.76 5.03 4.82

Table 10 Spearman’s rank correlation coefficients between NSA
in two different projections and age of patient

Projection Age (years)

Spearman p p value
NSAAAP 0.034 0.399
NSAFNP 0.011 0.781

AAP anterior pelvic plane, FNP femoral neck plane

Discussion

The rates of hip arthroplasty have significantly increased,
and the demand for primary total hip arthroplasty is pre-
dicted to increase by 174% by the year 2030 [10]. The
NSA in the femoral head prosthesis’s design is a key fac-
tor in total hip arthroplasty success. The standard fem-
oral prosthesis in arthroplasty has an NSA of 131°. An
improper angle can cause a number of complications,
such as wear, poor biomechanics, and groin pain [11].
Hence, a precise measurement of femoral NSA that takes
into account regional differences is essential for total hip

replacement. The femoral NSA has been examined by
several authors, and most authors agree that there is con-
siderable individual variation and a wide standard devia-
tion (Table 11). This difference may possibly be a result of
factors affecting bone morphology such as genetic consti-
tution, diet, nutrition status, environment, and physical
activity [12]. Computed tomography measurements of
the femoral NSA can be a useful tool for creating better-
fitting and well-adjusted femoral implants and prostheses
to improve treatment results in this situation of a rise in
hip procedures [1].

In our CT-based study, the mean value of femoral NSA
in adults of the Egyptian population is 129.46°+5.06°,
with a mean value of 129.65°+4.13° for males and
129.28°+3.71° for females. These values are in accord-
ance with the previous Egyptian plain radiography-based
report in adults, with a mean value of 132.29° +4.38° for
males and 130.13°+4.83° for females [13]. On the other
hand, an Indian CT-based study has also reported the
values of femoral NSA, which are very close to our find-
ings (mean values of 129.4 4.31 for men and 130.9+5.05
for women) [14]. Contrary to our results, European
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Table 11 Neck shaft angle (NSA) in other studies
References Method Population Age (range) N Mean (SD)
Adekoya-Cole et al. [32] AP radiograph Nigeria 22-67 68 m 131.57°+5.66°
64 f 129.97°+6.33°
Shrestha et al. [33] AP radiograph Nepalese 21-60 74 m 132.96+6.05°
74 f 13406 +6.58°
Kaur et al. [25] AP radiograph India 20-68 55m 12926 +4.22°
55f 126.62+252°
Boese et al. [29] CT, coronal reconstruction Germany 18-89 400 m 133+7°
400 f 1343+6.6°
Jiang et al. [34] CT and X-ray China 18-93 239 m 134.02+44°
57f 133.76+3.75°
Altubasi et al. [35] cT Jordan 21-82 64 m 131.7+45°
36f 131.3+£52°
Mitra et al. [36] AP radiograph Iran 24-42 100 m 1275+53°
100 f 1254 +6°

SD standard deviation, AAP anterior pelvic plane, FNP femoral neck plane

populations such as the German and Italian populations
showed NSAs of 125° 6.0° and 125.3° +4.9°, respectively
[15, 16]. Studies done in Chinese and American popula-
tions showed similar results, with a mean NSA of 133°
[17, 18]. A Korean population study found the mean NSA
of 130.27° [19].

Gilligan et al. [12], in their study involving multiple
areas in the world, analyzed NSA values in relation to the
climatic indices and found that most of the higher NSA
group means were found within the tropics (e.g., Chad
132.3°, Ethiopia 132.2°, Gabon 130.0°, Guinea 133.5°, Mali
130.8°, Senegal 132.5°, and Sudan 130.5°). Conversely,
most of the lower mean NSA values in Africa occurred
in cooler parts of the continent (e.g., Algeria 123.4°,
Morocco 120.0°, and Mozambique 120.8°). These data
consolidated the belief that femoral NSA varies with geo-
graphical location.

This study revealed higher mean NSAs for males than
for females, although statistically insignificant. This is
what other studies have found. Hoaglund and Low [20]
reported that in Caucasian people, the NSA was 136° in
men and 134° in women; and in Chinese people from
Hong Kong, 135° in men and 134° in women; thus, in
both groups, a smaller angle was found in women. The
larger angles in men have been attributed to a number
of reasons, including the narrow pelvis, smaller bicon-
dylar angle, and longer femur. Akbar and Kalim [21] in
Pakistan, however, reported values of female NSA that
were larger than those of males in both limbs. Radha
et al. [22] also noted a higher NSA in females than in
males in Indian subjects. Another study also states
that there is no consistent pattern of sexual differences
across the human population [23].

The side-by-side difference was noted in this study.
We revealed a modest but statistically significant side
difference for the NSA, with the left femur having a
slightly higher NSA (by 4°) than the right femur. This
was also reported by Akbar and Kalim [21]. Nwoha [24]
and Gilligan et al. [12], however, noted a larger right
NSA in their study, while other researchers [22, 25] did
not show lateral differences of statistical significance.
However, previous researchers postulated that the side
difference could be due to leg dominance [12, 24].

Various results for the association with age have been
described. Varus hips are more common in both sexes
as they get older, whereas valgus hips are less common,
which could be due to physiologic changes and lower
bone mineral density [26, 27]. The correlation analy-
sis in the present study showed no statistically signifi-
cant difference regarding femoral NSA and age in both
sexes. These results were consistent with [17] and [18].
They discovered that there were no significant changes
in NSA between different age groups.

As has been hypothesized, measurements of non-
corrected NSA (APP) are susceptible to rotation effects
due to hip rotation and flexion. Therefore, the rota-
tion-corrected FNP eliminates the rotational effects
and counteracts this problem [28]. The current study
documented a significant difference (p=0.000) of 2°
between rotation-corrected (FNP) and non-corrected
NSA (APP), slightly higher than the study by Boese
et al., who documented a difference of only 1° [29]. Fur-
thermore, the categorization of coxa valga revealed an
overestimation in the simulated APP roentgenograms.

The current study showed good intra- and inter-
reviewer reliability. While previous studies presented
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comparable intra-rater reliabilities [30, 31], the inter-rater
ICC values ranged from 0.58 to 0.89 in plain radiographs.
Nevertheless, other studies have shown higher ICC on
CT, such as the study done by Boese et al., reported an
intra-rater reliability of 0.995 and an inter-rater reliability
of 0.914 [29]. This suggests that the ICC for the femoral
NSA has excellent reliability when using a CT scan com-
pared to plain radiography.

Limitations

There are some limitations to this study. Our study popu-
lation may not be representative of the entire Egyptian
population. In particular, our participants were mostly
adult residents living in a rural area. In addition, the rela-
tively low number of subjects may have limited the sta-
tistical power. The study was also performed at a single
institution. Furthermore, no pediatric cases were ana-
lyzed, limiting the provided reference values to adult
patients. We were unable to evaluate factors such as bone
mineral density and weight for the sample. Finally, the
cross-sectional study design limits conclusions on cause-
and-effect relationships. Thus, further longitudinal stud-
ies are necessary. Despite these limitations, we expect our
data to provide useful reference ranges for epidemiologic
studies in Egyptian adult populations.

The information from this study will be helpful for
the Egyptian population with total hip replacement in
designing the femoral hip stem. Currently, the majority
of femoral hip stems that are produced for the orthope-
dic market have a fixed NSA. In order to accommodate
patients with a variety of NSAs, multiple NSAs have been
developed for each hip stem design, which increases
inventory significantly for manufacturers.

Conclusions

The current study attempts to develop population-spe-
cific data for femoral NSA reference values in Egyptian
communities. No considerable difference was measured
in NSA among males and females. It was observed that
there was a side difference, with the NSA value being
higher on the left than the right. We noted also that
proper measurement of NSA is made possible by using
NSA values obtained from rotation-corrected coronal
reconstruction in the FNP. We anticipate that the find-
ings will contribute to a better understanding of proximal
femur morphology and may aid the majority of our popu-
lation in selecting an implant that is compatible with hip
anatomy.

Abbreviations

NSA Neck shaft angle

cT Computed tomography

APP Simulated anterior pelvic plane
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FNP Femoral neck plane
AP Anteroposterior
PACS Picture archiving and communication system

MDCT Multiple detector CT

DiCOM Digital Imaging and Communications in Medicine

EMPR Extended multi planar reconstruction

ASIS Anterior superior iliac spines

FNA Femoral neck axis

FLA Long axis of the femur
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