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ORIGINAL STUDY

Evolution of head-shaft angle and neck-shaft angle in childhood

Pieter VaN GeeL, Wilfried CooLs, Armand LAUMEN

From the Department of Orthopaedic Surgery, Universitair Ziekenhuis Brussel, Brussels, Belgium

The current retrospective study investigates the
natural evolution of head-shaft angle (HSA) and
neck-shaft angle (NSA) in childhood. It is not known
if a high HSA in early childhood leads to a high HSA
in adulthood. This study aims to characterize the
evolution of HSA and compares it with the more
commonly known NSA in healthy children.

We measured radiographs of 84 different healthy
hips of children between 3 and 14.5 years old who
underwent at least 2 radiographs of the pelvis,
corresponding to 286 measurements. We used a linear
mixed model to determine the covariance between
random intercept and slope while allowing each
individual hip to change over time.

The covariance for HSAbetween random intercept and
random slope was -4.262 (p < 0.001), corresponding to
a high negative correlation of -0.717, for NSA -2.754
(p = 0.031) or a high negative correlation of -0.779.
HSA and NSA were strongly correlated, a value of
0.736 (p <0.001) was measured.

Thehigh negative correlation for random interceptand
random slope means that the higher the initial value
(intercept), the steeper the decline (slope). Therefore
HSA decreases faster in hips with high HSA at an early
age. Hips with high HSA in early childhood do not
necessarily lead to hips with high HSA in adulthood.
Our results may aid in future clinical decision making
in patients with developmental dysplasia of the hip
(DDH) with high HSA in particular.
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INTRODUCTION

The growth and development of the child’s hip is
a complicated process between a growing proximal
femur, a growing acetabulum and the vasculature.
To achieve a congruent joint, a profound and
delicate interplay between the acetabulum and the
proximal femur is crucial (7,2).

A common hip abnormality is developmental
dysplasia of the hip (DDH). DDH comprises the
whole range of deformities in the growing hip
including dislocations, subluxations, instability and
dysplasia of the acetabulum and deformities of the
proximal femur (3).

If conservative treatment for DDH is insufficient,
pelvic and/or femoral osteotomies are sometimes
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needed in addition to open reduction. Varus
Derotation Osteotomy (VDRO) is an example
of a femoral osteotomy that redirects the femoral
head towards the centre of the acetabulum, while
a pelvic osteotomy, for example Salter Innominate
Osteotomy (SIO), corrects the acetabular dysplasia
directly (4,5).

It is still debatable if the initiation of DDH is
primarily acetabular and/or femoral based and
accordingly the proximal femoral anatomy is
regarded by some as part of the disease (6,7). The
role that the proximal femoral anatomy plays on
the acetabular development remains debated and is
still under investigation ¢8). In young patients with
DDH, a high head-shaft angle (HSA) may be seen as
an argument to prefer a femoral or varus osteotomy
over an acetabular osteotomy. The underlying idea
is that a high HSA in childhood will lead to a high
HSA at the end of growth.

Over the last decade, HSA has regained interest as
parameter to evaluate proximal femoral morphology
since it was first introduced by W.O. Southwick et
al. in 1967 (9). A high HSA is frequently associated
with Cerebral Palsy (CP) and seems to be a possible
risk factor for hip displacement in children with CP
(10-14). Reference values in healthy children have
been reported and Santili et al. found no significant
difference according to chronological age (15). Three
years later, the same research team found, in contrast
to their previous findings, an inverse correlation of
the HSA with chronological (r = -0.57) and bone
age (r = -0.52). They proposed to consider HSA
between 148 and 155 degrees to be normal (76). Van
der List et al. measured the contralateral hips of
patients with unilateral DDH and found a decrease
of 2 degrees per year (13).

Several studies have demonstrated that HSA is
an excellent parameter regarding inter- and intra-
rater reliability and that HSA is less dependent
of rotation of hips than the more commonly used
neck-shaft angle (NSA) ¢8,15). Intraclass Correlation
Coefficients (ICC) 0f 0.92 (95% Confidence Interval
(CD) 0.87-0.96) and 0.99 (95% CI 0.98-0.99) for
inter- and intra-rater reliability respectively were
found by Hermanson et al. (10,17,18).

As mentioned above, there is only limited data
on the normal range and evolution of HSA and data
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are often based on small study populations or age
categories. HSA is a reliable parameter to assess the
proximal femoral geometry and it could be useful
to know more about this for individual patients.
We retrospectively analysed pelvic radiographs at
multiple ages per single individual hip to determine
whether hips with high HSA evolve differently
than hips with moderate or low HSA in typically
developing children. A possible correlation between
the evolution of HSA and NSA was investigated.

PATIENTS AND METHODS

This study was reviewed and approved by the
Medical Ethical Committee of our institution (no.
2016/126).

We selected patients from a digital database with
at least two pelvic radiographs taken between the
age of 3 to 16 years. These radiographs were taken
from June 2005 until September 2017. Medical
records of the 291 selected patients, corresponding
to 1016 radiographs, were reviewed. Patients with
a disease that could potentially affect the proximal
femur, for example Cerebral Palsy, were excluded.
From patients with Legg-Calve-Perthes disease
(LCPD), DDH, Slipped Capital Femoral Epiphysis
(SCFE) or fractures of the proximal femur, only
the unaffected side was used for measurements.
When there was any prior surgery to the proximal
femur, the operated side was also excluded. Patients
were also excluded if there wasn’t at least 1 year
between their first and last radiograph of the
pelvis. Finally, radiographs showing closed physis
or only a limited part of the femur, too short for
accurate measurement, were excluded. Application
of this criteria resulted in a total of 71 patients or
84 different hips remaining in this study. From 13
patients both hips could be included. Measurements
were performed on 255 radiographs or 286 hips.

Head-Shaft Angle

We used the method of measurement as
described by Southwick et al. for the determination
of the HSA (Figure 1). Line 4 is drawn across the
base of the epiphysis, connecting the superior and
inferior margins of the epiphysis. Line B is drawn
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Fig. 1. — Anteroposterior radiograph of the pelvis. Method
of measurement of the antero-posterior Head-Shaft Angle as
described by Southwick et al. Line 4 is drawn across the base
of the epiphysis, connecting the superior and inferior margins
of the epiphysis. Line B is drawn at a 90-degree angle to Line A.
Line C represents the femoral shaft axis or Femoral Long Axis
(FLA). The FLA was drawn through the midpoint of the shaft
at 25 and 50 millimetres below the lesser trochanter or, if this
was not possible due to the length of the femoral shaft on the
radiograph, a line though the middle of the most inferior part
of the shaft on the radiograph and a line touching the medial
border of the greater trochanter. The angle between Line C and
Line B is called the Head-Shaft Angle (HSA) (9,19).

at a 90-degree angle to Line A. The angle between
Line C and Line B is called the Head-Shaft Angle
(HSA) (9). Line C represents the femoral shaft axis
or Femoral Long Axis (FLA). The FLA was not
defined in the original article by Southwick et al.
We defined the FLA in accordance with the study of
Clark et al. A line was drawn through the midpoint
of the shaft at 25 and 50 millimetres below the
lesser trochanter or, if this was not possible due to
the length of the femoral shaft on the radiograph, a
line through the middle of the most inferior part of
the shaft on the radiograph and touching the medial
border of the greater trochanter (79).

Neck-Shaft Angle

We measured the NSA as follows. The Femoral
Neck Axis (FNA) is a line crossing the femoral
head centre (HC) and the femoral neck centre (NC)
[(20)]. The HC was determined using Mose circles.
The NC was defined by the method of Miiller ; the
midpoint on a line across the narrowest part of the
femoral neck (21,22). The definition of Femoral Long

Fig. 2. — Anteroposterior radiograph of the pelvis. Method of
measurement of the Neck-Shaft Angle as suggested by Boese et
al. The Femoral Neck Axis (FNA) is a line crossing the femoral
head centre (HC) and the femoral neck centre (NC) (20). The
HC was determined using Mose circles. The NC was defined
by the method of M.E. Miiller ; the midpoint on a line across
the narrowest part of the femoral neck (2/,22). The Femoral
Long Axis (FLA) was drawn through the midpoint of the shaft
at 25 and 50 millimetres below the lesser trochanter or, if this
was not possible due to the length of the femoral shaft on the
radiograph, a line though the middle of the most inferior part
of the shaft on the radiograph and a line touching the medial
border of the greater trochanter. The angle between FNA and
FLA represents the NSA (19).

Axis (FLA) is mentioned before. The angle between
FNA and FLA represents the NSA (Figure 2).

Statistical Analysis

All statistical analyses were performed using R
version 3.5.1 (2018-07-02).

To assess whether HSA and NSA in hips with
high HSA or NSA at young age decrease faster,
a linear mixed model was used with focus on the
covariance between the intercept (the initial value)
and the slope (the change over time). Such a model
can address the relation between the initial value
and the change over time without having to resort
to suboptimal subgroup analyses. Furthermore, the
linear mixed model evaluates the average change
over time while accounting for the correlation
implied by performing repeated measurements
within the same hip. Various models were evaluated
and compared for both HSA and NSA including
pairwise interactions and higher order polynomials
over time. Because consecutive measurements
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Fig. 3. — Predicted hip specific evolution of HSA according
to age. Vertical axis represents HSA (degrees) and horizontal
axis age (years).

tend to relate more strongly with smaller time
intervals, an autoregressive correlation (type AR1)
is included. During the model building, we used
primarily likelihood ratio tests with Restricted
Maximum Likelihood (REML) estimation for
testing the variances and covariances and Maximum
Likelihood (ML) estimation for testing the fixed
effects. To compare the HSA and NSA, a Pearson
bivariate correlation was applied. P-values < 0.05
were considered statistically significant.

RESULTS

The predicted hip specific evolutions over age,
based on the 286 measurements for 84 different
hips, are visualised for HSA (Figure 3) and NSA
(Figure 4). The male/female ratio was 33:38 for
the 71 patients and 40:44 for the 84 different hips
(inclusion of both hips of 7 male patients and of 6
female patients). The youngest patient was three
years old and the oldest 14.5 years at the time of the
radiograph (x-axis Figure 3 and 4). The mean age of
the measured hips was 7.4 years (standard deviation
(SD) 2.9). The HSA ranged from 133.8 to 177.8
(y-axis Figure 3) with a mean of 154.1 degrees (SD
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Fig. 4. — Predicted hip specific evolution of NSA according
to age. Vertical axis represents NSA (degrees) and horizontal
axis age (years).

7.2) and the NSA from 113.9 to 165.6 (y-axis Figure
4) with a mean of 136.6 degrees (SD 8.7). The mean
HSA and NSA decreased consistently per age year
during the first years (Table I).

Analysis of the HSA showed that the mean
angle at age 3 was 159.7 degrees (95% CI 157.6 to
161.7) and in average the angle decreased with 1.1
degrees each year (95% CI -1.5 to -0.8). The initial
HSA at age 3 (intercept) differed substantially
between different hips (SD 6.392) (p <0.001). Also
the evolution of HSA over time (slope) showed
significant heterogeneity (SD 0.930) (p < 0.001).
The covariance for intercept and slope was -4.262
(p <0.001) corresponding to a correlation of -0.717.

For NSA, results for the mean angle at age 3 was
140.6 (95% CI 138.1 to 143.3) and in average the
angle decreased with 1.1 degrees per year (95% CI
-1.5 to -0.7). The standard deviations were 7.474
(p = 0.064) and 0.473 (p < 0.001) for intercept and
slope respectively. The covariance between both
parameters showed significance too. The covariance
of-2.754 (p=0.031) implied a correlation of -0.779.
The measurements of HSA and NSA were strongly
correlated (r = 0.736) (p < 0.001).
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Table I. — Results of mean HSA and NSA per age year and corresponding range (standard deviations given between brackets)

Age (years) n hips HSA (°) mean HSA (°) range NSA (°) mean NSA (°) range
3 36 160.0 (6.4) 147.3t0 177.8 141.2 (10.4) 121.1 to 165.6
4 44 158.2 (7.0) 143.2t0 170.6 140.5 (10.2) 122.0 to 158.7
5 28 157.1 (8.0) 140.7 to 175.1 138.8 (9.9) 121.6 to 157.4
6 29 154.8 (5.9) 145.9t0 176.4 134.4 (7.3) 124.4t0 157.4
7 33 151.6 (4.5) 144.7 to 163.3 134.8 (5.6) 121.2to 150.3
8 36 151.0 (4.9) 141.5t0 162.5 133.2(7.5) 115.4 to 150.7
9 19 151.8 (4.5) 145.6 to 159.4 136.1 (4.9) 126.0 to 145.5
10 21 148.7 (6.0) 133.8 to 157.3 132.9 (5.4) 124.4 to 140.6
11 21 150.4 (6.5) 141.4t0 161.5 133.7(9.3) 113.9to 148.4
12 10 148.7 (7.7) 136.2 to 159.6 133.8 (5.5) 126.1 to 143.8
13 7 151.4 (7.7) 143.3to 161.6 136.8 (8.6) 1259 to 148.1
14 2 157.4 (3.7) 154.7 to 160.0 142.7 (5.0) 139.2to 146.2
Total/mean* 286 154.1 (7.2) 133.8t0 177.8 136.6 (8.7) 113.9to 165.6

*The Total/mean is the mean of all the measured values and not of the mean values per age.

DISCUSSION

Our study demonstrates that a high HSA in early
childhood does not result in a high HSA in adulthood.
The correlation coefficient for intercept and slope of
-0.717 implies that hips with a high HSA at early
age (corresponding to a high intercept) decrease
faster to a lower HSA or have a more negative slope
(p-values < 0.001). For the NSA, which is strongly
correlated with the HSA, the same conclusions
are suggested based on the correlation coefficient
of -0.779, but data were too limited to conclude
that the NSA evolved differently for different hips
(p-value = 0.064 for intercept). Regarding the size
of correlation coefficients, values between -0.70
to -0.90 are generally considered high negative
correlations (23).

The advantage of the statistical method used
in this study is that there is no need to perform
subgroup analysis. The linear mixed model
evaluates the average change of the HSA and NSA
angles, and more importantly how these angles vary
in the population and how the evolution relates to
the initial value.

Our findings for the evolution of HSA are similar
to the results of van der List et al. in the inverse
correlation between HSA and age. They found that
HSA=171.4°-2.0° x age (years) where we obtained
HSA = 159.7°-1.1° x age (years). Our less negative

regression coefficient can be explained by a lower
intercept and the wider age range of the study
population to higher ages (13).

In general, we observed that HSA and NSA
evolve in a very similar way and are strongly
correlated (correlation coefficient, 0.736 (p <
0.001)). The regression coefficients are both -1.1 in
degrees per year and the correlation coefficient for
intercept and slope of HSA and NSA (-0.717 and
-0.779 respectively) are also close to each other.
Note that Lee et al. found a quite similar correlation
coefficient of 0.718 for HSA and NSA, when
measuring hips of 348 patients with CP (24).

Even though the NSA is one of the most commonly
used parameters to assess the geometry of the
proximal femur, it has some shortcomings. Firstly,
the method of measurement varies significantly in
the literature. Secondly, the NSA is influenced by
the femoral ante-and retroversion and hip rotation
(20,25). Thirdly, it does not take into account the
proximal femoral epiphysis or physis (24). The HSA,
however, is based on the orientation of the proximal
femoral physis and is less dependent of hip rotation.
Further, several studies showed an excellent
intra-and inter-observer variability, on which we
decided to rely on a single measurement by the
same examiner (10,13,18). For the above mentioned
reasons, we advise the use of HSA in assessing the
geometry of the proximal femur in children.
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To account for the use of contralateral hips
of patients with diseases possibly affecting the
proximal femur, the medical history and radiographs
were reviewed by a senior orthopaedic surgeon and
pediatric radiologist before measurement of the
contralateral side.

Our study suggests that a high HSA in young
patients does not automatically lead to a valgus hip
in adulthood and therefore is not a deformity that
needs to be addressed in all patients. This may be
an argument in favour of an acetabular osteotomy
where perhaps a femoral osteotomy would be
chosen in young patients with DDH in the presence
of a degree of proximal femoral valgus, in whom
previous treatment did not achieve a sufficient
improvement (5). A remark here is that we showed
that healthy hips with high HSA decreased faster to
lower values, but whether this is applicable for hips
with DDH is unclear. Sugano et al. compared the
morphometry of the femur in patients with DDH and
control patients. They found that the femora with
DDH had 10 to 14 degrees more anteversion but no
significantly different NSA was observed (6). Since
results for NSA and HSA were quite similar, we
expect that also the HSA, would not be significantly
different and hips with DDH would follow the same
trend as healthy hips.

Further research should attempt to recruit more
children at ages above 11 years old to establish how
the evolution progresses towards adulthood. While
in our study there were children with ages up to
14.5 years old, these were underrepresented. The
importance of large study populations in establishing
reference values is shown once more in the study of
Beutel et al. In their study of the femoral anatomy
in children, no correlation between NSA and age
was found. They explained this inconsistency with
existing literature with the fact that they included
only 7 femurs under 8 years old (26).

In conclusion, our study demonstrates that
HSA decreases faster in hips with high HSA at an
early age. Hips with high HSA in early childhood
do not necessarily lead to hips with high HSA in
adulthood. Our results may aid in future clinical
decision making in patients with DDH with high
HSA in particular.
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