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Validity and reliability of different techniques
of neck—shaft angle measurement

AJ. Bizdikian?, A. Assi®™*, Z. Bakouny?, F. Yared ?, E. Saghbini?,
G.E. Bakhos?, S. Esber?, N. Khalil ¢, J. Otayek?, J. Ghanimeh?, C. Sauret”,
W. Skalli , I. Ghanem *¢

4 Laboratory of Biomechanics and Medical Imaging, Faculty of Medicine, University of Saint-Joseph, Beirut, Lebanon
b Institut de Biomécanique Humaine Georges Charpak, Arts et Métiers ParisTech, Paris, France
€Hotel-Dieu de France Hospital, University of Saint-Joseph, Beirut, Lebanon

AIM: To determine a valid and reliable neck—shaft angle (NSA) measurement method while
rotating the pelvises in increments of 5° in order to simulate patient malpositioning.

MATERIALS AND METHODS: CT images of 17 patients were used to produce digitally
reconstructed radiographs in frontal and lateral views and three-dimensional (3D)-re-
constructions of the femurs, considered to be the reference standard. Malpositioning was
simulated by axially rotating the frontal radiographs from 0° to 20°. Three operators measured
in two-dimensions the NSA using four different methods, three times each, at each axial
rotation (AR) position. Method 1 (femoral neck axis drawn by joining the centre of the femoral
head (CFH) to the median of the femoral neck base; femoral diaphysis axis drawn by joining
the median of two lines passing through the medial and lateral edges of the femoral axis below
the lesser trochanter) and method 2 (femoral axis taken as the median of a triangle passing
through base of femoral neck and medial and lateral head—neck junction; femoral diaphysis as
previous) were described for the first time; method 3 was based on a previous study; method 4
was a free-hand technique. Reliability, validity, and global uncertainty were assessed.

RESULTS: Method 1 showed the best reliability and validity. The global uncertainty also
showed minimal values for method 1, ranging from 7.4° to 14.3° across AR positions.

CONCLUSION: Method 1, based on locating the CFH, was the most reliable and valid method
and should be considered as a standardised two-dimensional NSA measurement method for
clinical application.

Introduction

The neck—shaft angle (NSA), also known as the
caput—collum—diaphyseal angle, is the angle formed by the
intersection of a line passing through the femoral shaft and
a line passing through the femoral head and neck. It is an
important parameter to assess the geometry of the prox-
imal femur,' as well as pathologies in adult and paediatric
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patients, such as hip dysplasia,” osteoarthritis,” and the risk
of femoral neck fracture.>* NSA is also related to other hip
parameters, including femoral head offset, femoral neck
length,5 and acetabular version,® and is commonly used in
pre-surgical planning of the proximal femur.

Although there are a variety of methods for the mea-
surement of NSA on an anteroposterior radiograph, there is
currently no consensus on the optimal technique to use.
Some methods require radiographs of only the proximal
femur, while others require radiographs of the entire fe-
mur.” The latter are often impractical as frontal hip radio-
graphs generally only include the proximal femur.
Furthermore, the accuracy of NSA measurements depends
on the correct positioning of the patient during X-ray
acquisition,” and particularly, on the axial rotation (AR) of
the hip.®° This issue is very common in pelvic radiographs
where spinal deformities are known to affect pelvic AR,"
and consequently, hip and proximal femur parameters.

A recent literature review’ reported that NSA measure-
ment is sensitive to hip rotation and that there is an
impairment in the reproducibility of NSA measurement
methods due to the lack of consistency in the definition of
the methods. Therefore, a consensus on a specific technique
should take into account both the reliability of the method
and its indifference to pelvic AR. Thus, the aim of the pre-
sent study was to evaluate the validity (sensitivity to AR
position) and reliability of different methods of NSA mea-
surement on commonly used anteroposterior hip radio-
graphs, while simulating patient AR malpositioning.

Materials and methods
Sample

Helical pelvic computed tomography (CT) images of 17
patients, including pelvises and proximal femurs (section
thickness: 0.6 mm, resolution: 512x512 pixels, pixel
spacing: 0.7675 mm) were extracted from the database of
the radiology department of the hospital. All patients had
undergone CT in order to investigate pain unrelated to the
hip. Only normal hips were considered in this study, with
no deformities of the femoral head, femoral neck, or
femoral diaphysis. Nine adult patients (four male, five fe-
male) with an average age of 55.6 years old (SD: 24.5),
ranging from 22 to 80 years old, and eight paediatric pa-
tients (five male, three female) with an average age of 12
years old (SD: 2.2), ranging from 9 to 15 years old were
included. The design of the present study was approved by
the institutional review board.

Frontal and lateral digitally reconstructed radiographs
(DRRs) were simulated from each CT dataset in a DICOM
format, with squared pixels (pixel spacing = 0.141 mm),
using a specific software (Arts et Métiers ParisTech, Paris,
France). This technique, which has already been used for the
pelvis and the rib cage,'"'? enables the simulation of the AR
of the CT volume:

The generation of frontal and lateral DRRs is based on
linear scanning by the X-ray beams from the top to the

bottom of the CT volume with cylindrical projections: a
collimator is simulated to avoid vertical diversion of the X-
rays and to allow only horizontal propagation. In order to
measure exact lengths on the radiographs, the horizontal
enlargement was corrected by applying a scaling factor on
the image.

Radiographic rotation was mimicked by rotating the CT
volume around the vertical axis. Thus, five frontal DRRs
were generated from each CT series, while introducing an
AR from 0° to 20° with increments of 5° (Fig 1). In order to
assess the effect of rotational malpositioning in general, the
two hips from each patient, at each DRR, were included in
this analysis, without distinguishing internal rotation from
external rotation between the two hips of each subject.

Radiological parameters

The SterEOS 2D software (version 1.5.1; EOS Imaging,
Paris, France) was used in order to digitally measure the
NSA in two dimensions. This toolbox allows the user to
measure and draw: lines between two points showing their
midpoint, perfect horizontal or vertical lines, perpendicu-
lars, an angle between two lines, as well as circles modifi-
able by their diameters and the centres of which are
automatically determined. The NSA was measured bilater-
ally in two dimensions, on each frontal radiograph, using
four different methods based on the determination of the
angle between the neck axis and the shaft axis. Two
methods, which were developed for the purpose of this
study, were measured along with two previously described
methods.”> !> The aforementioned methods were chosen
as they require radiographs of only the proximal femur.

Method 1 (Fig 2a)

Neck axis: a circle was drawn by placing three points on
the contour of the femoral head, thereby automatically
determining its centre (A). The midpoint of the base of the
femoral neck was identified (B). The neck axis was then
drawn by joining A and B.

Shaft axis: a horizontal line was drawn passing through
the caudal end of the lesser trochanter between the edges of
the lateral and medial cortices of the femoral diaphysis. The
midpoint of this line was determined (C). A second hori-
zontal line was drawn more caudally on the diaphysis and
its midpoint was determined (D). The shaft axis was then
drawn by joining C and D.

Method 2 (Fig 2b)

Neck axis: a line extending from the greater trochanter at
its junction with the femoral neck to the upper head—neck
junction was drawn; a second line extending from the lesser
trochanter at its junction with the femoral neck to the lower
head—neck junction was drawn. The point at which the two
lines intersect was determined (A). The midpoint of the
base of the femoral neck was identified (B). The neck axis
was then drawn by joining A and B.

Shaft axis: identical to method 1.
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Figure 1 Two-dimensional (a) frontal and (b) lateral digitally reconstructed radiographs of the pelvis and proximal femur from helical pelvic CT

images with increasing pelvic AR in increments of 5°.

Method 3" (Fig 2c)

Neck axis: The largest mediolateral chord, defining the
diameter of the femoral head, was drawn and its midpoint
was defined (A). The narrowest points on the neck edges
were joined and their midpoint determined (B). The neck
axis was then drawn by joining A and B.

Shaft axis: a line was drawn caudal to the lesser
trochanter between the edges of the lateral and medial
cortices of the femoral diaphysis. The midpoint of this line
was determined (C). A second parallel line was drawn more
caudally on the diaphysis and its midpoint was determined
(D). The shaft axis was then drawn by joining C and D.

Method 4 is a free-hand technique’™* (Fig 2d)

Neck axis: The axis of the neck is a line estimated by the
user and passing through the centre of the circle defining
the femoral head.

Shaft axis: The axis of the shaft is an axis passing through
the femoral diaphysis and estimated by the user.

In order to evaluate the validity of the four two-
dimensional (2D) methods of NSA measurement, a 3D
reconstruction of the patients’ proximal femurs, at 0° of
AR, was performed (Fig 2e). This 3D reconstruction

method is based on a previously described technique us-
ing specific anatomical landmarks on both frontal and
lateral radiographs of the femur,'"'°"'® and relies on
parametric models and statistical inferences.'® The validity
and reliability of this technique had previously been
assessed.'”?%! The 3D reconstruction was performed us-
ing specific software (Arts et Métiers ParisTech). The NSA
is then measured in 3D as the angle between the least
square axes of the femoral neck and the diaphysis mesh
regions'’ and used as the reference standard reference for
the validity assessment of the four previously described
2D NSA measurement methods.

Data processing

Three operators (medical interns) were thoroughly
trained on the methods of measurement. The four different
methods were measured on each frontal DRR, at each pelvic
AR position (0°, 5°, 10°, 15°, 20°), three times by each
operator, in order to assess intra and interoperator reli-
ability. Repeated measurements were separated by 2-week
intervals. Moreover, the four methods were measured
separately each time in order to avoid visual memory of the
axes by the operators. A fourth trained operator (medical
intern) reconstructed all the hips in 3D, at 0° of AR.




(c) (d)
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Figure 2 (a) Three-dimensional model of the pelvis and proximal femurs and the four different 2D methods of NSA measurement: (b) method 1;
(c) method 2; (d) method 3 (Wilson et al. 2011); (e) method 4 (Houston & Zaleski 1967, Chung et al. 2010).




Data analysis

Reliability

In order to assess the global intra- and interobserver
agreement, the intraclass correlation coefficient (ICC), (2,k)
model, was calculated for each method: ICC>0.80 indicates
very high reliability, 0.60—0.80 moderately high reliability,
0.40—0.59 moderate reliability and <0.40 Ilow reli-
ability.”>?* The reproducibility variance (Sg), that includes
both intra- and inter-rater variability, was calculated for
each parameter, according to the guidelines of the ISO 5725-
2 standard.”* The 95% confidence interval (95% CI) was then
calculated as 2 Sg.

Validity

In order to evaluate the validity of the different 2D NSA
measurement methods, the bias (6) on the measurement
methods, created by both the errors caused by the 2D
technique of measurement itself and the presence of
pelvic AR malpositioning, was calculated as the difference
between the mean value of all of the measurements
(three operators, three measurements each) and the
measurement obtained by the 3D reconstructions of the
hips in the absence of AR. Means and standard deviations
(SD) of the bias values were then calculated.
Bland—Altman graphs were plotted displaying the
dispersion of the bias values with the means and the 2 SD
of the respective NSA measurement methods, for the
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different NSA measurement methods, at different AR po-
sitions (Fig 3).

The global uncertainty (+e¢), the resultant of the sys-
tematic (trueness) and random (precision) errors including
both the validity and the reliability errors, was then calcu-
lated as the sum of the absolute value of the bias () and the
95% CI as previously described by Ghostine et al.!' This
represents the most unfavourable definition of global un-
certainty: e = |0| + 2Sg.

Calculations and statistics were performed using MAT-
LAB (Mathworks Inc., Natick, MA, USA), Xlstat (Addinsoft,
Paris, France), and SPSS (IBM, NY, USA). The level of signif-
icance for statistical tests was set at 0.05.

Results
Reliability

The values of the Sg, bias and ICC of the four 2D NSA
measurement methods were displayed in Table 1. Method 1
showed the highest ICC values, ranging from 0.92 to 0.96.
Method 4, however, showed the lowest ICC values, ranging
from 0.71 to 0.98. Moreover, method 1 showed the lowest
reproducibility coefficient across all AR positions: Sg
increased from 1.76° at 0° of AR to 2.35° at 20° of AR;
however, in the case of method 4, it increased from 3.00° at
0° of AR to 3.26° at 15° of AR, and decreased at 20° of AR,
reaching its minimum of 2.52°.
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Figure 3 Bland—Altman plots displaying the differences between the 2D NSA measurement methods (three operators, three times each for all 17
patients) and the 3D reference standard, at different AR positions. The mean and 2 SD of these differences are displayed.




Table 1

Bias to the three-dimensional reference (+SD), repeatability variance (Sg)
and intraclass correlation coefficient (ICC) calculated for the different neck-
shaft angle measurement methods at different pelvic axial rotation (AR)
positions.

Methods AR Mean bias + SD Sk ICC
Method 1 0° 3.943.3° 1.76° 0.94
5° 4943.5° 2.24° 0.92
10° 6.2+4.4° 2.10° 0.95
15° 7.745.0° 2.09° 0.96
20° 9.6+5.8° 2.35° 0.96
Method 2 0° 4.7+4.0° 3.06° 0.84
5° 5.6+4.5° 3.51° 0.85
10° 7.145.7° 3.09° 0.92
15° 8.7+6.2° 3.31° 0.93
20° 10.3+7.2° 3.87° 0.93
Method 3 0° 4.243.7° 2.72° 0.98
5° 4.143.0° 3.37° 0.77
10° 4.843.3° 2.99° 0.86
15° 5.44+3.6° 3.16° 0.86
20° 7.0+£4.2° 3.46° 0.89
Method 4 0° 4.8+2.2° 3.00° 0.71
5° 4.6+2.9° 3.11° 0.80
10° 5.943.3° 3.20° 0.78
15° 7.1+4.0° 3.26° 0.79
20° 7.74+3.9° 2.52° 0.98
Validity

The bias relative to the 3D reference was highest in
method 2, ranging from 4.7° to 10.3°. Method 3, however,
showed the lowest bias, ranging from 4.1° to 7.0°. The
Bland—Altman graphs were plotted in Fig 3 for each mea-
surement method at each AR position. The global uncer-
tainty (e) was presented in Fig 4. Method 1 showed the
lowest overall values, increasing from 7.4° at 0° of AR to
14.3° at 20° of AR. Method 2 showed the highest values
across all AR positions, increasing from 10.9° at 0° of AR to
18.0° at 20° of AR. Method 3 showed values varying be-
tween 9.6° at 0° of AR and 13.9° at 20° of AR. Method 4
showed values varying between 10.8° and 13.6°.

Discussion

NSA is a commonly measured parameter on pelvic ra-
diographs, allowing the assessment of pathologies related
to the hip, such as coxa vara and coxa valga, and is therefore
predictive of diseases, such as osteoarthritis of the hip joint.
Nevertheless, there is no consensus on the best method to
use when it comes to the measurement of this parameter.
Furthermore, patient malpositioning during X-ray acquisi-
tion is frequent, and could affect this measurement.
Although previous studies have assessed either the
repeatability of NSA measurement techniques®'*!>?°—32 or
the effect of rotation on the measurement of NSA,%>° none
have studied both aspects in order to conclude on the best
measurement method. This study evaluated the validity and
repeatability of four NSA 2D measurement methods using
frontal DRRs while simulating pelvic AR malpositioning at
different degrees and comparing it to the 3D reference
value.

Previous studies have tested the repeatability of NSA
measurement methods using the intraclass correlation co-
efficient (ICC).>'41>26:2931-33 I the present study, the Sg
was used as per the ISO 5725-2 standard,?* in addition to
the ICC. The Sg is an important parameter as it provides an
estimate for a margin of error due to the repeatability
(calculated in °), in contrast to the ICC, which only repre-
sents a coefficient. In fact, as demonstrated by Bland—Alt-
man, correlation coefficients have been shown to be less
than optimal in reliability studies, as this measure only
evaluates the relation between different methods and not
the agreement”; however, these two parameters are
generally inversely related: the lower the Sg, the higher the
ICC, and conversely. The ICC was mainly calculated in order
to allow for comparability of the present study with the
literature.

The ICC values obtained in this study were generally high
(>0.70) and were similar to values presented in previous
studies.”'**? Method 1 showed very high reliability (ICC
between 0.92 and 0.96), while method 4 had the lowest
reliability with a minimum of 0.71. Similarly, method 1
showed the overall lowest Sk values (between 1.76° and
2.35°), and method 4 the highest (between 2.52° and 3.26°).

Therefore, method 1 was deemed to be the most
repeatable. This may be due to the fact that it relied on a set
of anatomical landmarks that may be more easily identifi-
able than with the other techniques. In fact, the axis of the
diaphysis is identical in methods 1 and 2, and is very similar
to the one measured in method 3; however, neck axis
placement varied between these methods. This suggests
that techniques that rely on pinpointing the centre of the
femoral head, such as in method 1, might be more repeat-
able and less error-prone than other techniques for the
identification of the femoral neck axis. In addition, method
4, showed the lowest ICC and the highest Sg, and was
considered the least repeatable. This result was somewhat
expected as this method did not rely on any anatomical
landmark and was therefore subjected to more inter- and
intra-observer variability.

Although reliability represents the inter- and intra-
operator variation of the different NSA measurement
methods, validity aims to assess the gap between a certain
measurement method and a reference standard. In the
present study, validity was evaluated using the bias as the
difference between the values obtained by each 2D method
and the values obtained by the 3D reference method.

The Bland—Altman graphs (Fig 3) showed that the
dispersion of the bias values of the NSA measurement
methods increased with increasing AR, which may have
been caused by a decrease in visibility of the required
anatomical features when AR increased. In fact, when the
AR increased, some anatomical landmarks used to measure
the NSA in methods 1, 2, and 3 tended to be superimposed
with other bony structures. Methods 1, 3, and 4 showed a
low dispersion of bias values. In method 4, the dispersion
increased only slightly with increasing AR, leading to the
least amount of dispersion on the Bland—Altman graph.
This may be explained by the fact that the operators might
have been able to better assess the overall anatomy of the
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Figure 4 Global uncertainty (¢) for each NSA measurement method at different increments of pelvic AR malpositioning.

proximal femur by visual assessment when not bound to a
specific set of anatomical landmarks which may be hidden
during patient malpositioning. In fact, when analysing the
NSA in patients with hips with an abnormal anatomy,
preference of method 4 over other methods may be un-
derstandable, as it does not rely on specific anatomical
landmarks that may be modified and therefore alter the
measurement of the NSA in patients with abnormal hips.

Moreover, method 2 showed the highest dispersion on
the Band—Altman graph. This suggests that the visibility of
the medial and lateral extremities of the femoral neck, on
which method 2 relies, may be highly affected by patient
malpositioning. Furthermore, the increase of bias with AR
malpositioning may also be related to the fact that the angle
between the two axes defining the NSA is a projected angle
of a 3D structure on a 2D frontal radiograph. It is known that
when axially rotating these two axes, the projected angle in
the frontal plane will be affected and will differ from the
initial angle calculated without AR malpositioning; how-
ever, when the angle between the two axes is calculated in
3D, the value of this angle will not be affected by AR mal-
positioning. A mathematical simulation of this situation is
presented in Fig 5.

As this study relied on NSA measurement methods on
only hip radiographs, as opposed to full-length femoral
radiographs, another source of potential error in the mea-
surements might have been influenced by the amount of
exposed femoral diaphysis.

In sum, the global uncertainty (¢), including both errors
of reliability and validity showed that method 1 had the
lowest uncertainty among all methods. While considering
the results pertaining to this calculation, as well as the
reliability and validity studies, method 1 was considered as
the preferable method to use in the measurement of the
NSA. This may be due to the fact that method 1 relied on a
set of anatomic landmarks that could have been better
conserved with increasing AR, and therefore more reliable
in their determination.

The minimal clinically significant variation for NSA
measurement has been previously shown to be 5."° In the
present study, this threshold was reached at 5° of AR for
method 2 (bias of 5.4°), 10° of AR for methods 1 and 4
(biases of 6.2° and 5.9° respectively), and 15° of AR for
method 3 (bias of 5.4°). It is therefore recommended that all
X-rays be visually checked for malpositioning before
measuring the NSA, since for most methods, even slight
rotational malpositioning can significantly alter the value of
the NSA. In order to evaluate the error in NSA measurement
due to rotational malpositioning, only the rotation of the
femur should be taken into account. In fact, patients may
present malpositioning of only the proximal femur with no
rotation of the pelvis, and thus pelvic rotation estimation
methods may be of little use in this case. As Zhang et al.
showed that the lesser trochanter may be used in order to
evaluate the rotation of the femur,>” this technique may be
used in order to visually assess whether the femur is
properly oriented: when the lesser trochanter is hidden
behind the femoral diaphysis, then the femur is probably in
excessive internal rotation; when the lesser trochanter is
completely visible, then it is probably in excessive external
rotation (Fig 6). In such cases, the clinician should take into
account the potential errors on NSA measurement that
could be due to patient malpositioning during X-ray
acquisition.

Aviable alternative, when possible, may be the use of 3D
reconstruction techniques based on low dose bi-planar X-
rays in order to calculate the NSA. This technique has been
shown to be only mildly affected by rotational bias."’

In conclusion, the determination of a standardised and
repeatable method for the measurement of the NSA is
essential in order to decrease the heterogeneity associated
with NSA measurement. In the present study, the method
based on the identification of the exact location of the
centre of the femoral head in order to later draw the femoral
neck axis (method 1) showed the highest repeatability as
well as the lowest bias and global uncertainty. Method 1
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should therefore be considered as a standardised method
for the 2D measurement of the NSA and used in clinical
application in the absence of 3D reconstruction techniques.

A limitation of this study may be the fact that only

normal hips were evaluated, and that the same measured
parameters on pathological or deformed hips may not be as
reliable or repeatable as in normal hips. Moreover, this
study only addressed rotation of the pelvis in the axial
plane, and not in coronal and sagittal planes.
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