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Abstract

Objectives The clinical importance of a leg length discrepancy (LLD) following total hip arthroplasty (THA) remains controversial. This
study was undertaken to determine the effects of LLD on clinical outcomes at up to 3 years follow-up.

Design and setting Prospective, multicentre study.

Participants Nine hundred and eighty-seven cases of primary THA, categorised into two main groups: the NoLLD group (LLD of less than
10 mm) and the LLD group (LLD of 10 mm or more).

Main outcome measures The primary outcome measure was the change in Oxford Hip Score (AOHS) at up to 3 years follow-up. Secondary
outcome measures were length of operating time and hospital stay, and revision and dislocation rates. Potential predisposing factors for LLD,
including body mass index, age and type of anaesthesia employed, were examined.

Results At 3 years, the LLD group had a significantly worse AOHS [22.0; 95% confidence interval (CI) 20.5 to 23.5] compared with the
NoLLD group (23.8; 95% CI 23.1 to 24.5) (P =0.034). There were no significant differences in revision (P =0.389) or dislocation (P =0.220)
rates between the two groups. Use of an epidural was associated with a decreased incidence of developing an LLD of 10 mm (P =0.004).
Conclusion A postoperative LLD of 10 mm or more leads to poorer functional outcomes. Further studies are needed to assess the impact of
an LLD on clinical outcomes in the longer term.

© 2008 Chartered Society of Physiotherapy. Published by Elsevier Ltd. All rights reserved.
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Introduction A recent paper by Konyves and Bannister [10] concluded
that patients with an LLD (longer leg length on operated
side) had a worse functional outcome compared with patients

who did not have an LLD. However, a study by White and

Leg length discrepancy (LLD) has been well described
as a common complication following total hip arthroplasty

(THA) [1,2]. The presence of LLD has been associated with
back pain [3,4], increased risk of nerve injury [5] and dis-
location [6], poor patient satisfaction [7] and the need for
revision surgery [8]. It has been cited as a major cause of liti-
gation following THA [9]. In the literature, there is continuing
debate about the importance of LLD and its clinical effect.
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Dougall [11] showed no statistical association between LLD
and patient satisfaction and outcome. However, in both of
these studies, the cohort size was small and single centred.

Objectives

The aim of this study was to determine the clinical effects
of LLD following THA using the change in the Oxford Hip
Score (AOHS) as a primary outcome measure.
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Design and setting

This was a prospective non-randomised multicentre study
involving seven centres.

Participants

In total, 987 THAs were examined in this study, involving
consultant and non-consultant surgeons and utilising two dif-
ferent surgical approaches (anterolateral and posterior). The
diagnosis in every case was that of primary osteoarthritis and
all were unilateral hips. None of the patients had undergone
previous surgery to the hip. In all cases, a cemented Exeter
femoral stem (Stryker Howmedica Osteonics, Mahwah, New
Jersey, USA) was used with various acetabular components.

The true leg length was measured in millimetres (mm)
using a direct tape measure method, with the patient in a
supine position, from the anterior superior iliac spine to the
medial malleolus of the operated side and non-operated side
[12—14]. The LLD was calculated as the difference between
the two measurements. The patients were categorised into
two main groups: the NoLLD group, with an LLD of less than
10 mm (n =794); and the LLD group, with an LLD of 10 mm
or more (n=193). A subgroup analysis was also performed
on a small number of patients (n =55) who had a severe LLD
of 20 mm of more.

The mean LLD was 0.7mm [standard deviation
(SD) £ 1.8] and 14.9mm (SD %+ 7.4) in the NoLLD group
and the LLD group, respectively. In the subgroup of patients
with an LLD of 20 mm or more, the mean LLLD was 24.7 mm
(SD £ 2.1). The overall mean LLD in the series was 3.5 mm.
The LLD was assessed to determine whether the effect of the
discrepancy was to lengthen or shorten the affected leg. In
the NoLLD group, 417 patients had equal leg lengths. Within
this group, there were 110 patients with a minor LLD of less
than 10 mm, of which 49 patients (45%) had a shortening
of the operated leg and 61 patients (56%) had a lengthen-
ing of the operated leg. In the LLD group, 75 cases of LLD
of 10 mm or more (39%) were shorter and 118 cases (61%)
were longer (P<0.001, Chi-squared test). Within the LLD

group, the mean length of leg shortening was —13.9 mm and
the mean length of leg lengthening was +15.6 mm.

Patient demographics are shown in Table 1. There were
293 men and 498 women in the NoLLD group, and 69
men and 123 women in the LLD group. Patients in the
NoLLD group were younger than those in the LLD group
(P=0.014). There was no significant difference in the mean
body mass index of the two groups (P =0.135). The Charnley
categories for each group of patients were not significantly
different (P =0.865). Category A describes unilateral hip dis-
ease, Category B describes bilateral hip disease and Category
C describes multiple joint involvement which limits walking
ability [15] (Table 1).

Main outcome measures

The OHS was used as a well-validated method [16,17] of
assessing clinical outcomes on a patient-centred basis. The
OHS is scored from 12 (best) to 60 (worst) and consists of
12 questions, each marked from one (best) to five (worst).
Pre- and postoperative OHSs were collected and the change
in OHS (AOHS) was calculated at 3 months, 1 year and
3 years. The OHS was also analysed as separate question
components to identify if there were particular functional
activities or symptoms which affected those patients with an
LLD. Secondary outcome measures included the mean length
of operating time and hospital stay, and revision and disloca-
tion rates for each of the LLD groups. The type of anaesthetic
used for each patient was recorded to assess if there was an
association between the type of anaesthetic used and LLD.
This was either a general anaesthetic, spinal anaesthesia or
an epidural.

Statistics

For the outcome measures, analysis of variance and
Tukey’s Post Hoc test were used to compare differences in
data between the groups. Categorical and frequency data were
analysed using Chi-squared and Fisher’s Exact tests, and the
a-level of significance was defined as less than 5% (P < 0.05).

Table 1
Demographics and preoperative data for the two study groups
Total no. of total hip n NoLLD group (LLD of n LLD group (LLD of P-value
arthroplasties less than 10 mm) 10 mm or more)
Gender (total) 983 791 192 0.803
Men 293 69
Women 498 123
Mean age at operation (years) &= +1 SD 985 792 69.4£8.5 193 71.1£8.5 0.014
Mean body mass index (kg/m?) & +1 SD 936 752 27.6£5.0 184 27.0+43 0.135
Charnley category 939 754 185 0.865
A 502 122
B 141 33
C 111 30

LLD, leg length discrepancy; SD, standard deviation.
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Data from Questions 1 and 9 of the OHS were analysed using
the non-parametric Kruskal-Wallis test. Statistical Package
for the Social Sciences Version 12.0.1 (SPSS Inc, Chicago,
IL, USA) was employed for statistical analysis of the
data.

Results
Primary outcome measure

There was no difference in the preoperative OHS between
the NoLLD group and the LLD group (P =0.885). The mean
preoperative OHS was 43.4 in the NoLLD group (LLD of less
than 10 mm) and 43.3 in the LLD group (LLD of 10 mm or
more). The outcomes did not differ between the two groups
until 3 years. The clinical benefit of surgery as determined
by the AOHS was not significantly different between the
groups at 3 months (P=0.537) or 1 year (P=0.086) after
surgery (Table 2). However, at 3 years following THA, a
statistically significant difference in the AOHS between the
groups was seen, with the NoLLD group showing the greater
improvement in AOHS (P=0.034) (Fig. 1). The absolute
OHS (Table 2) at 3 years was also significantly different
between the groups: 19.3 for the NoLLD group and 21.1
for the LLD group (P =0.022).

A subgroup analysis of the LLD group was performed
whereby patients with an LLD of 20 mm or more were also
assessed in terms of their OHS and AOHS. This minority
group of patients had a significantly higher preoperative OHS
(45.6) compared with patients in the LLD group with an LLD
of 10 to <20 mm (OHS =42.3) (P=0.017), indicating worse
pain and functional symptoms prior to surgery. At 3 years,
this group of patients achieved a considerable benefit from
surgery as evidenced by their AOHS of 24.6.

The effect of shortening and lengthening of the oper-
ated leg side was evaluated within the LLD group. There
was no difference in AOHS at 3 months (P=0.568), 1 year
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Fig. 1. Change in Oxford Hip Score (OHS) at 3, 12 and 36 months follow-up
in the two study groups. Error bars represent standard deviation (+1SD).

(P=0.591) or 3 years (P =0.498) when comparing a shorter
LLD with a longer LLD (Table 3).

The individual components of the OHS questionnaire were
analysed. In particular, emphasis was placed on Questions 1
and 9 which dealt specifically with pain and limping, respec-
tively. Questions 1 and 9 were scored from one to five points
(one point being the best score, five points being the worst
score). Patients with an LLD of 20 mm or more scored high-
est (worst) preoperatively for Question 1 compared with the
other patients (P =0.03), indicating that patients who had a
severe postoperative LL.D had significantly more pain asso-
ciated with their arthritic hip prior to their operation. After
surgery, this difference in pain was no longer significant
(P=0.654).

With regards to limping, there were no significant
differences in the scoring for Question 9 preoperatively
between the NoLLD group and the LLD group, including
the subgroup of patients with an LLD of 20 mm or more
(P=0.584). However, differences emerged after surgery,
with the LLD group, especially the patients with an LLD

Table 2
Mean absolute pre- and postoperative Oxford Hip Scores (OHSs) and change in OHS (AOHS) in the two study groups at up to 3 years follow-up
Total no. of total hip NoLLD group (LLD of less LLD group (LLD of 10 mm P-value®
arthroplasties than 10 mm) or more)
n Mean 95% CI n Mean 95% CI
Preoperative OHS 987 794 434 42.81t043.9 193 433 42210443 0.885
Mean absolute OHS?*
3 months 861 691 24.7 24.1t025.2 170 25.2 24.11t026.2 0.423
1 year 946 758 194 18.9 to 20.0 188 20.8 19.6 to 21.9 0.041
3 years 814 661 19.3 18.7t0 19.9 153 21.1 19.6 to 22.5 0.022
Mean AOHS"
3 months 861 691 18.6 17.9t0 194 170 18.1 16.7 to 19.5 0.537
1 year 946 758 23.8 232t024.5 188 22.5 21.2t023.9 0.086
3 years 814 661 23.8 23.1t024.5 153 22.0 20.5t023.5 0.034

LLD, leg length discrepancy; CI, confidence intervals.

2 Absolute OHS: 12 (best) to 60 (worst).
b AOHS: 0 (worst) to 48 (best).
¢ P-value calculated using analysis of variance.
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Table 3
Mean change in Oxford Hip Score (AOHS) in the leg length discrepancy (LLD) group, at up to 3 years follow-up, comparing a shorter and longer LLD
Total no. of total hip Shorter LLD Longer LLD P-value®
arthroplasties
n Mean 95% CI n Mean 95% CI
Mean AOHS?
3 months 170 68 18.6 16.3 t0 20.9 102 17.8 16.0to 19.6 0.568
1 year 188 73 22.1 19.91t024.3 115 22.8 21.3t024.5 0.591
3 years 153 57 214 18.91023.9 96 224 20.5t024.3 0.498

CI, confidence intervals.
2 AOHS: 0 (worst) to 48 (best).
b p.value calculated using analysis of variance.

of 20 mm or more, scoring worse for Question 9 compared
with the NoLLD group (P=0.001).

Secondary outcome measures

The percentage of patients in each of the three groups
needing revision surgery was analysed. In the NoLLD group,
six of 794 cases [relative frequency (RF) = 1%] needed revi-
sion, and in the LLD group, three of 193 cases were revised
(RF=2%; P=0.389). There was no significant difference in
dislocation rate between the groups (NoLLD group: RF=2%,
16/794 cases; LLD group: RF=1%, 1/193 cases; P =0.220).
The mean length of operating time for the two groups was sig-
nificantly different (P =0.038), as was the length of hospital
stay (P =0.006). The NoLLD group had a longer mean oper-
ating time (89.9 minutes) and a shorter length of hospital stay
(9.0 days) compared with the LLD group (mean operating
time 84.9 minutes, length of hospital stay 10.6 days).

Use of an epidural was associated with a decreased inci-
dence of having an LLD greater than 10 mm (P =0.004). A
higher percentage of patients in the NoLLD group (29%,
229/793 cases) received an epidural and had an LLD of
less than 10 mm, whereas in the LLD group, the percent-
age was 19% (36/193 cases). No significant differences were
associated with a general (P=0.307) or spinal (P=0.225)
anaesthetic and an LLD of 10 mm or more.

Discussion

LLD has been reported in the literature as being a com-
mon finding following primary THA, although there is a
lack of consensus about what constitutes a clinically signifi-
cant postoperative inequality [18]. The vast majority of these
patients have an LLD of less than 10 mm; in one series, 97%
of patients undergoing THA had an LLD of less than 10 mm,
with a mean LLD of 1 mm [19]. In another study, Turula et
al. [14] found that LLD varied from —20 (shortened leg) to
+15 mm (lengthened leg) with a mean of 2.8 mm. In a con-
secutive series of 100 patients, Ranawat and Rodriguez [20]
demonstrated that the mean LLD was 3.4 mm (range —10
to 18 mm). In the present series, the relative frequency of
patients with an LLD of less than 10 mm was 80%, with an
overall mean LLD of 3.5 mm. The incidence of an LLD of

20 mm or more was 6% (55/987 cases). Such a pronounced
discrepancy has been described in the literature as being
poorly tolerated by patients [21].

This study has demonstrated that having an LLD of 10 mm
or more is associated with having a significantly poorer out-
come in terms of the clinical benefit of surgery (AOHS)
compared with patients who either have equal leg lengths
or an LLD of less than 10 mm. Whether such a difference
in AOHS is clinically important is more difficult to assess.
Murray et al. have described a two-point change in AOHS
as being the minimum clinical change perceived by patients
as meaningful and which may lead to changes in clinical
practice [22].

There was no difference in AOHS at 3 years when a shorter
LLD was compared with a longer LLD. It is surprising to
note that those patients in the LLD group who had an LLD of
20 mm or more still gained a considerable benefit from having
a THA and had a greater AOHS at 3 years compared with
patients who had an LLD of 10 to <20 mm. The reason for this
is unclear. It may be because such patients had particularly
severe pain symptoms from their diseased hip, and therefore
the benefit of surgery is especially pronounced in terms of
improved OHS outcomes and the reduction of pain.

Patients with an LLD of 20 mm or more had a signifi-
cantly higher score preoperatively for Question 1 of the OHS
questionnaire (indicating worse pain symptoms) compared
with the other groups, yet achieved a comparable score to the
other groups at 3 years follow-up. This suggests that surgery
alleviated their pain to such an extent that even with an LLD
of 20 mm or more, the analgesic effect of surgery was such
as to offset the symptoms of significant LLD. It should also
be remembered that the sample size in this group was small
and that this may affect the meaning of statistical tests of
significance [23]. A power analysis was performed in this
subgroup of patients and the sample size was insufficient to
detect a two-point difference in OHS. As such, some caution
is advised when interpreting the significance of the results in
this select group of patients.

Limping appeared to be more of a problem in patients with
an LLD of 10 mm or more. Preoperatively, patients in all three
groups had a similar incidence of limping; however, 3 years
after surgery, patients with an LLD of 10 mm or more had
twice the incidence of limping compared with patients with
an LLD of less than 10 mm. Clearly, the presence of an LLD
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of 10 mm of more is, perhaps not surprisingly, associated with
the presence of a limp.

The use of an epidural was associated with a decreased
risk of having an LLD of 10 mm or more. It is postulated that
the reasoning for this relates to the degree of motor blockade
achieved using an epidural compared with the other anaes-
thetic techniques. LLD is thought to be related to myofascial
tension, which may be difficult to assess during surgery, under
a general anaesthetic, as the muscles are fully relaxed [6].
An epidural provides a less potent muscle relaxant effect
compared with a spinal or general anaesthetic [24], and the
patient’s muscles are in a more ‘physiologically’ normal
state. In turn, this may lead to greater accuracy in assess-
ing intra-operative leg lengths and hence minimise the risk
of developing a substantial LLD [25].

This study did not demonstrate any significant differences
in revision or dislocation rates between the groups. In terms
of dislocation, this finding is supported by experimental evi-
dence examining the potential dislocating forces around the
hip joint. Gait analysis work by Brand and Yack [26], on the
effects of an LLD on the forces at the hip joint, concluded
that there are no substantial changes in hip forces for most
types of LLD seen after THA. The present results contradict
those of other studies which have demonstrated an association
between LLD and dislocation rates [27,28], which is thought
to be due to changes in the myofascial tension affecting the
stability of the hip prosthesis [29].

It is important to differentiate between an apparent and
a true LLD as the success of various treatment options will
be different. An apparent or functional LLD can occur as
a result of a fixed spinal deformity (lumbosacral scoliosis),
contractures of periarticular hip muscles including tensor fas-
cia lata, gluteus minimus and medius, and the presence of
pelvic obliquity [20]. An apparent LLD can be treated with
aggressive physiotherapy in the form of stretching exercises,
manual massage and soft tissue mobilisation techniques occa-
sionally supplemented with steroid or Botox injections [30].
Most cases of an apparent LLD following THA resolve with
time and physiotherapy, although a small subset of patients
may require a shoe lift, heel lift or, as a last resort, surgical
soft tissue releases or revision arthroplasty [20].

A true LLD is an anatomical deficit and occurs as a
result of component malpositioning following THA. Either
the acetabular cup is implanted too distally (shifting the cen-
tre of the hip joint and causing the leg to migrate distally)
or too long a femoral component is used [13]. In such cases,
physiotherapy has a much more limited role as no amount of
rehabilitation will correct the discrepancy. By and large, the
majority of treatments remain non-operative and involve the
use of shoe or heel lifts to the shorter leg. Shoe lifts have been
used in patients with an LLD of less than 10 mm, and are non-
invasive, inexpensive and can be prepared and adjusted by
trained physiotherapists [31]. Occasionally, because of per-
sistent pain and impaired function, failure of non-operative
therapy or if there is gross instability of the hip replacement,
revision surgery is required [13].

There are some potential limitations to this study. Firstly,
the measurement of leg length was performed by clinical
measurement and not radiological measurements. Such imag-
ing techniques, although considered the gold standard in
measuring LLD accurately, are limited by their costs, time
consumption and patient exposure to radiation [32], and
clinical methods involving the tape measure method of deter-
mining LLD have been shown to be valid in the clinical setting
[12,25]. Secondly, although this is a large and prospective
study by design, it did have some incomplete data and there
is always the potential that those patients lost to follow-up
may have different characteristics. However, demographic
data suggest that such patients had no particular differences
and the number was small.

In conclusion, an LLD of more than 10 mm does appear to
diminish the benefits of THA significantly in terms of AOHS.
Whether this difference in OHS is clinically important, from
a patient’s perspective, remains less clear. Care should there-
fore be taken to minimise LLD intra-operatively in order to
maximise the clinical benefits of THA for the patient. Fur-
ther studies are needed into the longer-term effects of an LLD
following hip arthroplasty.
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