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Abstract

Introduction Leg-length difference (LLD) is common in patients with developmental dysplasia of the hip (DDH). LLD
of > 1 cm at skeletal maturity is reported in>40% of patients, with the majority related to ipsilateral overgrowth. A longer
DDH leg might lead to excessive mechanical loading at the acetabular margin, resulting in compromised acetabular devel-
opment. We hypothesised that the LLD would negatively influence acetabular development. If so, it would be advantageous
to identify such patients early in the course of follow-up, and address this if necessary.

Methods A retrospective study was conducted on a consecutive series of DDH patients managed surgically at the Royal
National Orthopaedic Hospital, Stanmore, United Kingdom. We included patients with adequate long-leg radiographs at the
age of 4-8 years (early-FU) and skeletal maturity (final-FU). Bilateral cases and those who underwent surgical procedures
for hip dysplasia during the follow-up period were excluded. Measurements including leg length and centre-edge-angle
(CE-angle) were obtained at the 2 time points.

Results Twenty-seven patients were included, mean age at early-FU 5.7 (+0.9) years, and 13.9 (z1.0) years at final-FU.
Mean LLD at early-FU was 9.5 (+7.6) mm and 10.9 (+9.4) mm at final-FU, p=0.337. Correlation between early- and final-
FU LLD was 0.68 (p <0.001). The mean CE-angle at early follow-up was 14.6° (+9.8), this improved to 23.2° (+8.2) at
skeletal maturity (p =0.003, paired samples #-test). Linear regression analysis showed a non-significant trend towards less
CE-angle improvement in patients with more initial residual dysplasia and more initial LLD.

Conclusion Most leg-length differences can be identified early in the follow-up period, nevertheless, considerable individual
changes in LLD are observed on continued follow-up. Furthermore, a trend was observed towards impaired acetabular
improvement in patients with more LLD. These findings justify careful clinical and radiological monitoring of LLD from
an early stage in the follow-up period.
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Introduction

Patients with developmental dysplasia of the hip (DDH)
are known to be at risk for the development of a leg length
difference (LLD) during growth. Overgrowth of the ipsi-
lateral limb is common in unilateral DDH; a LLD of more
than 1 cm is reported in over 40% of patients [1, 2]. This
difference is typically identified in those who have under-
gone surgery, although asymmetry of femoral lengths has
also been reported in those managed conservatively [1, 3].

A discrepancy in leg length is known to influence gait
and may be a potential cause of back pain [4, 5]. However,
in DDH patients, additional concern is raised due to the
potential negative influence of a longer leg on acetabular
development secondary to excessive mechanical loading
at the acetabular margin [6, 7].

Early identification of those at risk of developing a sig-
nificant LLD would be advantageous to adjust manage-
ment in a timely manner. This would lead to an increased
vigilance for persistence or progression of residual dyspla-
sia in such patients, with the possibility to apply conserva-
tive measures and/or surgical growth modulating interven-
tions to prevent ‘long leg dysplasia’ from exacerbating the
dysplasia.

A few reports have looked into risk factors predicting
the development of a LLD in patients with DDH. To date
the only risk factor for development of a longer DDH leg
that has been identified is a history of femoral osteotomy,
especially when performed between the ages of 2—4 [1-3].
The cause for femoral overgrowth has been attributed to
increased physeal activity secondary to local postoperative
hyperaemia [1, 6]. Patterns of development of leg length
discrepancy have been described by Shapiro. In theory
the LLD development following DDH treatment would
follow a Shapiro type III, where there is early increase of
LLD that reaches a plateau phase up to skeletal maturity
[8]. Therefore, we hypothesised that for patients surgically
treated for DDH, the LLD should already be identifiable
early in the follow-up period.

The aim of the present study was to analyse the rela-
tionship between LLD early in the follow-up period and at
skeletal maturity. Furthermore, we aimed to assess to what
extent the presence of a LLD at early follow-up contributes
to impaired acetabular development.

Methods

A retrospective cohort study was conducted on a consec-
utive series of patients with DDH treated in the period
January 2008-December 2020 at the Royal National

Orthopaedic Hospital, Stanmore, United Kingdom. The
local medical ethics committee agreed with conduction
of the study. Due to its retrospective nature, an informed
consent procedure was not deemed necessary.

We included all patients with adequate long leg radiographs
between the age of 4-8 and at skeletal maturity. Bilateral
cases and patients with conditions reported to influence leg
lengths (e.g., neuromuscular conditions, skeletal dysplasia)
were excluded. Patients that were surgically treated for DDH
after the initial long leg film or those undergoing surgery
within 2 years prior to the initial long leg film were excluded,
because either the intervention itself or hyperaemia induced
overgrowth could potentially influence leg length at skeletal
maturity [8—10]. In our institution patients with successful
Pavlik harness treatment are not followed up until skeletal
maturity, and therefore this cohort was not included in the
present study [11].

Patient and treatment characteristics were obtained regard-
ing age at diagnosis, age at final follow-up, side affected, and
treatment modalities utilised. In our institution for patients
with DDH and a LLD, an intervention aimed at equalising
leg length, usually a contra-lateral distal femoral epiphysiode-
sis, is routinely offered to patients with a LLD of 1.5 cm or
more. For this subgroup of patient’s data on type of leg length
equalisation procedure, age at intervention, length difference
at intervention and at skeletal maturity were obtained.

Assessment of Leg Length

According to the Royal National Orthopaedic Hospital DDH
follow-up protocol, the first radiological assessment of leg
length is performed at an age of approximately 5 years [11].
This first long leg radiograph was used for the initial assess-
ment of leg length difference. To assess final LLD, the first
radiograph at skeletal maturity was used. For patients that
underwent an epiphysiodesis to correct leg length, the last
long leg standing film before the procedure was used for
final length measurements.

Measurements were performed on calibrated, stand-
ardised standing long leg radiographs, with patients posi-
tioned with patellae facing forward. Measurements included
total leg length, femoral length and tibial length, and was
obtained using Traumacad (Brainlabs, Petach-Tikva, Israel)
software [12]. Acetabular coverage was measured using the
lateral centre-edge angle of Wiberg (CE-angle) [13], and the
presence of proximal femoral avascular necrosis (AVN) was
classified according to Kalamchi and MacEwan [14].

Statistical Analysis
For descriptive statistics of continuous variables, means with

standard deviations were reported and for discrete variables,
counts and percentages are presented.
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Mean LLD between the DDH affected and the unaffected
leg were compared between early follow-up (early-FU) and
final follow-up (final-FU), using a paired samples #-test for
each of the leg segments measured (total leg length, tibial
length, total femoral length) and reported as mean differ-
ences with 95% confidence intervals. The relationship
between LLD at early-FU and final-FU was analysed using
Pearson’s R.

Difference in LLD between patients that underwent epi-
physiodesis and patients that did not undergo epiphysiodesis
was compared using independent-samples 7-test and change
in LLD before and after epiphysiodesis was compared using
paired-samples z-test. Similar comparisons were made for
patients that had multiple operations for DDH versus patients
that had a single intervention. Furthermore, an analysis was
made on differences between DDH treatment groups regard-
ing LLD at skeletal maturity and change in LLD between
early FU and skeletal maturity, using a Kruskal-Wallis test.

Change in CE-angle was assessed between early-FU and
final-FU, using paired-samples ¢-test. Influence of LLD at
early-FU on change in CE-angle was analysed in a linear
regression, with severity of residual dysplasia at early FU
and AVN grade as co-variates.

All data analysis was performed using IBM® SPSS soft-
ware, version 24.0

Results

Out of 77 consecutive DDH patients with appropriate radio-
logical follow-up, 27 could be included. Reasons for exclu-
sion were: surgery within 2 years (before or after) of early-
FU radiological assessment n=33, bilateral DDH n=11,
non-measurable radiographs n =4, inadequate medical
records n=2. Mean age at first long leg film follow-up was
5.7 (£ 0.9) years and mean age at final follow-up was 13.9
(£ 1.0) years. Baseline characteristics, AVN grade and sur-
gical treatment details are presented in Table 1, six patients
(22.2%) underwent multiple operations for DDH.

Mean LLDs at early and final follow-up are presented in
Table 2. Mean change in total LLD between early FU and
skeletal maturity was 1.4 mm (95% CI—1.5-4.4), p=0.337.
The change in LLD showed a normal distribution, with indi-
vidual changes in LLD ranging from — 14 to 18 mm (Fig. 1).
Correlation for total LLD between early FU and final FU
was 0.68 (p <0.001, Pearson’s r) and for the femoral length
difference the correlation was 0.84 (p <0.001, Pearson’s r).
The relationship between LLD at early FU and at skeletal
maturity is visualised in Fig. 2.

LLD stratified for treatment group are presented in
Table 2. No differences between treatment groups was
observed regarding LLD at skeletal maturity and change
in LLD between early FU and skeletal maturity; test
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Table 1 Patient characteristics

Sex Female 25: Male 2

Side affected Right 18: Left 9

Mean age at diagnosis 13.6 months (+10.5) months
Treatment type (n [%])

Closed reduction 4 (14.8%)
Open reduction 4 (14.8%)
OR and femoral osteotomy 7 (25.9%)
OR and pelvic osteotomy 3(11.1%)
OR and femoral and pelvic oste- 9 (33.3%)
otomy
Multiple operations 6 (22.2%)
AVN grade
No AVN or Type 1 18 (66.7%)
Type 2 8(29.6%)
Type 3 1 (3.7%)
Surgical procedure to address LLD 9(33.3%)

Data presented as mean (standard deviation) or as count (percentage)
depending on data type

OR open reduction, AVN avascular necrosis, LLD leg length differ-
ence

for between groups differences p=0.895 and p=0.723,
respectively (Kruskal-Wallis). Nine patients underwent
multiple procedures; in two patients this was closed reduc-
tion first and open reduction second, femoral and pelvic
osteotomy second, in two patient closed reduction first and
open reduction second and in one patient femoral oste-
otomy first and femoral and pelvic osteotomy second. No
statistical differences were observed between patients with
multiple vs. single procedures regarding LLD at skeletal
maturity (9.7 [9.4] mm vs 15.2 [8.9] mm, p =0.360), or
change in CE-angle between early FU and skeletal matu-
rity (8.5 [8.1]° vs. 4.5 [11.6]°, p=0.217).

Nine patients underwent a leg length correction pro-
cedure at a mean age of 11.8 (£ 1.5) years. In all patients
these patients the DDH leg was longer and a contralat-
eral epiphysiodesis of the distal femur was performed to
reduce LLD. Mean LLD before epiphysiodesis was 19.3
(£6.9) mm, reducing to 7.9 (£ 8.4) mm at skeletal matu-
rity (p =0.003). At early FU, the LLD in the epiphysi-
odesis group was 13.1 (+ 6.4, range 6-22), compared to
7.7 (7.6, range — 5-21) in the non-epiphysiodesis group
(p=0.08).

The mean CE angle at early follow-up was 14.6°
(£9.8), this improved to 23.2° (£ 8.2) at skeletal maturity
(p=0.003). A linear regression analysis on factors influenc-
ing improvement of the CE-angle up to skeletal maturity,
showed a trend towards less acetabular improvement for
more initial residual dysplasia and more initial LLD but the
correlations were not significant (Table 3). Adjusted R* for
this analysis was 0.275.
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Table 2 Leg length difference
Early follow-up FU at skeletal matu- Change (95% CI) p value
rity*
Total LLD 9.5(7.6) 10.9 (9.4) 1.4 (-1.5-4.4) 0.337
Femoral difference 8.1(6.5) 9.8 (8.7) 1.7 (-0.2-1.9) 0.074
Tibial difference 0.7 (2.8) 1.8 (3.9) 1.1 (-0.6-1.4) 0.192
Total LLD stratified for treatment group
Closed reduction (n=4) 7.5(4.5) 7.8 (6.4) 0.3 (-3.3-3.8) 0.836
Open reduction (n=4) 9.5(8.4) 9.5 (10.6) 0.0 (-10.3-10.3) 0.999
OR and femoral osteotomy (n="7) 10.3 (9.7) 12.6 (11.5) 2.3(-3.6-8.1) 0.375
OR and pelvic osteotomy (n=3) 474.2) 11.0 (8.9) 6.3 (—13.0-25.6) 0.293
OR and femoral and pelvic osteotomy (n=9) 11.4 (7.8) 11.7 (10.1) 0.2 (-7.6-8.1) 0.950
Data presented as mean (standard deviation), comparison using paired samples #-test
CI confidence interval, LLD leg length difference, OR open reduction
*Measurement at skeletal maturity X-ray or at moment of epiphysiodesis for epiphysiodesis patients
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Fig.1 Visualisation of leg-length difference at early follow-up
(x-axis) versus leg-length difference at final follow-up (y-axis). All
measurements in millimeters. Line of best fit with corresponding 95%
confidence interval

Discussion

The present study found that in DDH patients, LLD at
skeletal maturity is highly correlated to LLD found at early
follow-up between the age of 4 and 8 years. Despite the
observation that most LLDs can be identified early, con-
siderable individual changes in LLD were observed dur-
ing the rest of growth. Furthermore, we observed a trend
towards impaired acetabular improvement in patients with
more initial LLD.

Fig.2 Histogram presenting change in leg-length difference in mil-
limetres between early and final follow-up (x-axis), for number of
patients (y-axis) in the cohort

Table 3 Multivariate linear regression analysis on predictors for
improvement in CE-angle between early- and final-FU

B 95% CI B Beta p value
LLD at early-FU -0.34 -0.80t00.10 -0.28 0.10
CE-angle at early-FU —-043 —-0.87t0—-0.01 -040 0.05
AVN grade —-2.88 —9.32t03.57 -0.18 0.36

B unstandardised regression coefficient, Beta standardised regression
coefficient, LLD leg-length-difference, FU follow-up, AVN avascular
necrosis, CE-angle lateral center-edge-angle of Wiberg, SE standard
error
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Leg length difference

Time

Fig.3 Shapiro type 3 developmental pattern, the leg length dis-
crepancy first increases with time, but then stabilizes and remains
unchanged throughout the remaining period of growth

We found that both at early follow-up and at skeletal
maturity the DDH leg was on average longer than the con-
tralateral leg [1-3]. Yoon et al. describe that overgrowth of
the affected limb is common in DDH patients, with 44%
having at least 1 cm LLD. In the patients with a LLD in their

Fig.4 Radiographs of patient
with right hip dysplasia with
symmetrical leg lengths demon-
strating improved CEA from 7°
(age 5 years) to CEA 29° (age
13 years)

@ Springer

cohort, the vast majority had a longer DDH leg, which is in
line with our results [1]. We hypothesised that the develop-
ment of a LLD in DDH patients would follow a Shapiro type
III pattern [8]. Surgical treatment for DDH often includes
femoral osteotomies, which theoretically leads to a tempo-
rary increase in rate of growth on the affected side due to
increased periosteal blood flow as observed following paedi-
atric femoral shaft fractures [10, 15, 16]. In a typical Shapiro
type III pattern after the initial overgrowth period, the LLD
remains stable until skeletal maturity (Fig. 3) [8]. This is
at least partly reflected by our results with no significant
change noted in LLD between early follow-up and skeletal
maturity. Furthermore, all patients that underwent surgical
epiphysiodesis to equalise leg length had a LLD that was
identifiable at early FU (>5 mm difference). Nevertheless,
other factors than temporary proximal femoral overgrowth
must play a role in the development of the LLD, because
after the initial long leg radiographic assessment both con-
siderable increase as well as considerable decrease in indi-
vidual patients LLD was observed (Figs. 1, 2). The pres-
ence/development of AVN may play a role in some patients;
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Fig.5 Radiographs of patient
with right hip dysplasia with
LLD of 17 mm (age 6 years)
and persistent LLD of 10 mm at
skeletal maturity following fem-
oral varus shortening osteotomy
(aged 11 years) demonstrating
continued dysplasia with CEA
of 13° (at skeletal maturity,
aged 14 years)

4

leading to growth inhibition or early proximal femoral phy-
seal closure resulting in a relatively shorter DDH leg at skel-
etal maturity, resembling a Shapiro type 4 pattern [2, 8]. In
some patients on the other hand, the DDH leg continued to
grow relatively faster than the contralateral side. This sug-
gest that sustained overgrowth extending beyond the initial
FU period can occur as well.

It has been suggested that a long leg on the DDH side may
have a negative influence on acetabular development [6, 7].
A term described as ‘long leg dysplasia’ [6, 7]. The devel-
opment of the acetabulum is driven by two areas of growth;
interstitial growth at the triradiate cartilage responsible for
acetabular expansion and cartilage under the perichondrium
responsible for appositional growth [17]. As the final shape
of the acetabulum is closely related to that of the proximal
femur [17], in theory eccentric acetabular loading due to a
LLD induced pelvic tilt can impact the appositional growth

at the perichondrium. In our cohort, we noted an overall sig-
nificant improvement in the mean CE angle from early-FU
to skeletal maturity. We noted that patients with more LLD
at early follow-up had a more modest improvement in CEA,
although this trend was not statistically significant (Figs. 4,
5). This might be influenced by the relatively small num-
ber of patients in this study, and the departmental policy of
treating LLD aggressively with appropriate monitoring, epi-
physiodesis and shoe raises during growth, perhaps resulting
in a diminished effect of LLD on acetabular development in
our cohort.

The findings that a LLD can often be diagnosed early and
the potential influence of a LLD on persistent acetabular
dysplasia, emphasise the need for thorough assessment of
leg length early in the follow-up and at set intervals until
skeletal maturity. This is in concordance with the Stanmore
DDH surveillance protocol [11]. Given the potential negative
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influence on acetabular development in DDH, treatment of
LLD should be considered even below the traditional treat-
ment threshold of 2 cm [5, 18]. In general, a contralateral
heel raise for younger patients and an epiphysiodesis on the
longer side for patients nearing skeletal maturity, will be suf-
ficient [18]. As smaller differences might be missed on clini-
cal assessment, we suggest obtaining long leg films to assess
both hip development and leg length [11, 19]. The appropri-
ate age to assess length differences and hip development are
at 5 years to identify an initial LLD, at 8 years to identify
patients with sustained/increasing femoral overgrowth, and
around 2 years prior to predicted skeletal maturity (12 years
for girls and 14 years for boys) to plan surgical leg length
correction procedures for selected cases [11].

A limitation of the present study is the relatively small
sample size, resulting from the strict inclusion and exclu-
sion criteria we used. This allowed us to look at the devel-
opment of LLD without other confounding factors such as
overgrowth from recent surgery and surgical interventions
changing leg length after radiographs at early follow-up. We
can conclude that it is possible to identify a LLD early in
the FU period. Unfortunately, the small number of patients
prevented us from performing a more in-depth analysis of
the influence of treatment and patient characteristics lead-
ing to LLD and change in LLD after early-FU in patients
treated for DDH.

Another potential limitation is that the cohort presented
does not reflect an average DDH follow-up population.

Of the included patients, a relatively high percentage of
patients had femoral and/or pelvic osteotomies; one in five
had multiple procedures and the included patients presented
relatively late. These characteristics are a reflection of the
complex case mix treated in the tertiary referral centre where
this study was conducted. Both the relatively high incidence
of LLD, and relatively high incidence of residual dysplasia
reported for our cohort can to a large extent be explained by
the complexity of DDH in our population. When generalis-
ing these results to a setting with less complex affected indi-
viduals, it should be recognised that the overall incidence of
LLD and residual dysplasia is likely to be lower.

Conclusion

Most LLD in patients treated for DDH can be identified early
in the follow-up period. Nevertheless, considerable individ-
ual changes in LLD can be observed between early follow-up
measurements and skeletal maturity. A trend was observed
towards impaired acetabular improvement in patients with
more initial LLD. These findings emphasise the need for
thorough assessment of leg length early in the follow-up
and at set intervals during follow-up until skeletal maturity
for DDH patients.
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