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Abstract

Weight distribution is often measured for the evalua-
tion of balance. The present study was designed to
evaluate the correlation between leg length discre-
pancy (LLD) and balance as measured by weight dis-
tribution after stroke. Twenty-two patients who were
hemiplegic after stroke (twelve men and ten women)
participated in this weight-distribution measurement
and the LLD measurement study. A tape measure
was used to measure LLD between the unhealthy and
healthy sides. The balance was measured in three
different positions (weight distribution while standing
quietly, while sit to standing, and while in a maximal
weight-shifting position) using the Messen Tairuieren
Dokumentieren system. The degree of weight distri-
bution on the unhealthy side was less than on the
healthy side in all the positions. The functional and
anatomical leg length discrepancy in the lower limb
of the unhealthy side was longer than that of the heal-
thy side. In all positions, these LLDs were significant-
ly correlated with balance on the unhealthy side com-
pared with that on healthy side. The present study in
part found that after stroke, hemiplegic patients could
become more unbalanced because of asymmetry in
weight distribution and decreased limits of stability
caused by leg length discrepancy.

Keywords: Hemiplegic stroke patients, Leg length dis-
crepancy, Weight distribution

Introduction

In post-stroke patients, a common disorder is sensory
impairment and motor weakness, particularly in the
affected lower limb'2. A frequently experienced stand-
ing balance disorder in hemiplegic patients is the inabil-
ity to transfer body weight onto the affected lower limb
while standing'. An asymmetrical weight distribution
is related to postural control and abnormal gait, which
is a walking and standing balance disorder'-. The loss
of balance control in stroke patients can lead to poor
performance in functional activities and to a high inci-
dence of falls®. Bilateral asymmetry in the lower ex-
tremities is called leg length discrepancy (LLD)*. Some
LLD categorization systems have been suggested, the
most typical of which identifies two types of leg length
discrepancy: anatomical and functional*. Anatomical
LLD is defined as true or structural LLD, in which a
physical shortening occurs between the ankle mortise
and the head of the femur. Functional, or apparent,
LLD can be explained by one-sided asymmetry in the
lower extremities, without any concomitant shortening
of the osseous elements in the lower extremity®. LLD
has been considered the cause of many clinical syn-
dromes’. A LLD of sufficient magnitude may cause
various problems, including a cosmetically disturbing
gait, increased energy expenditure in gait, equinus con-
tracture of the ankle on the short leg, standing balance
issues, and pain in the hip, knee, and low back®. The
assessment of leg length performed clinically in stan-
dard medical practice’. In addition, many physical ther-
apists participate in diverse procedures to assess leg
length!. Despite the ubiquity of leg checking, its clini-
cal utility is not well known, that is, the extent to which
the results of leg length assessments are linked with
pathologies of any kind'!. However, the degree of LLD
itself remains a significantly controversial clinical find-
ing'%. Few clinical studies have linked LLD with stan-
ding balance in patients after stroke. Therefore, it is
clinically important that this study demonstrates, for
the first time, that standing balance is linked to LLD
between the unhealthy and healthy sides in hemiplegic
patients. More studies are needed to focus on the com-
parison between the unhealthy and healthy sides as
well as leg length discrepancy in hemiplegic patients.
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The purpose of this study is to improve the quality of
treatment of patients with leg length discrepancy by
comparing the balance of weight distribution in un-
healthy and healthy sides in hemiplegic patients after
stroke.

Results

The degree of weight distribution on the unhealthy
side (45.1+1.1%) was lower than that to the healthy
side (54.9%1.1%) when measured while the patient
was standing quietly with both feet on the plates and
eyes open for 20 s. It was significant that between the
healthy and unhealthy sides, p=0.000 (Figure 2A). The
degree of weight transfer to the unhealthy side (67.2 &
1.8%) was lower that of than healthy side (75.0£1.9%)
when the patients transferred as much weight as they
could onto one side without lifting the other foot off
the ground for 10s. It was significant that between the
healthy and unhealthy sides, p=0.005 (Figure 2B). The
degree of weight distribution to the unhealthy side
(40.6 =1.8%) was lower than that of the healthy side
(59.4+1.8%) when both knees were flexed at 30 de-
grees in sit to standing position for 10s. It was signifi-
cant that between the healthy and unhealthy sides, p=
0.000 (Figure 2C). There was a significant difference
in the length of the legs in hemiplegic patients. The
functional leg length for the unhealthy side (912.0 =
12.4 mm) was longer than that of the healthy side
(907.3£12.4mm). It was significant that between the
healthy and unhealthy sides, p=0.016 (Figure 3A). The
anatomical leg length in the unhealthy side (817.7+
10.8 mm) was longer than in the healthy side (810.2 &
11.0 mm). It was significant that between the healthy
and unhealthy sides, p=0.003 (Figure 3B). Functional
and anatomical LLD were significantly correlated with
weight distribution with standing, sit to standing, and
maximal weight shifting position in unhealthy side
compared with the healthy side, respectively (Figure
4). Furthermore, muscle strength to the unhealthy side
was significantly decreased than that of the healthy
side in both hip and knee muscles (Table 3).

Discussion

The degree of weight distribution on the unhealthy
side was lower when quietly standing, sit to standing,
and performing maximum voluntary-weight shifting.
Because weight bearing is an essential precondition
for ambulation, improving this ability is one of the pri-
mary treatment goals in physical rehabilitation!3!5,
Post-stroke patients can suffer from difficulty in bear-

ing weight on the lower extremity of the unhealthy
side>!®. These results concur with those of previous
studies that have reported significantly lower weight
distribution abilities on the unhealthy side compared
with the healthy side!”. The reasons were visiospatial
deficit, contracture, spastic, impaired sensation, and
weakness'®. The loss or impairment of several mecha-
nisms, such as impaired voluntary activation, disuse
atrophy, and changes in skeletal muscle structure and
composition, occur post-stroke!®. These neurophysio-
logical and structural alterations have been proposed
as the fundamental mechanisms in muscle weakness,
which may take place in addition to the disruption of
the integrity of the corticospinal tract (CST). Consequ-
ently, the extent of CST injury may have an important
effect on after-stroke muscle weakness?’. This study
found that anatomical leg length was longer in the un-
healthy side than in the healthy side in post-stroke
hemiplegic patients. The possible causes of anatomical
LLD include congenital or infectious disorders, radia-
tion, neoplasms, trauma, muscle paralysis, normal
growth patterns, and degenerative changes®'. This dif-
ference could also result from the weakness or paraly-
sis of the hip joint area muscle and the greater co-con-
traction needed to hold in the lower limb on the heal-
thy side because of the difficultly of transferring weight
to the unhealthy side. In our study, we identified such
muscle weakness by applying the manual muscle test
to measure the hip and knee muscles on the unhealthy
side. This study found that functional LLD was longer
in the unhealthy side than in the healthy side in post-
stroke hemiplegic patients. There may be greater dis-
parities in functional leg length in LLD patients with
not only soft tissue contractures of the ipsilateral or
contralateral extremity but also angular and torsional
deformities. For example, flexion contractures around
the hip and knee joint can cause apparent shortening
of the leg, whereas equinus deformity of the ankle and
abduction contractures of the hip tends to lengthen the
paretic limb?2. Furthermore, functional LLD is caused
by muscle weakness or any joint tightness in the spine
or lower extremities. Some frequent causes are knee
hyperextension because of weakness of quadriceps
femoris muscles, hip abduction/adduction, tightness/
contracture or supination of one foot in relation to the
other, and lumbar scoliosis?. In a previous study, rese-
archers measured changes in postural sway in standing
patients, which were related to unnaturally induced
LLD. They noticed a significant increase in postural
sway with each increase in induced LLD. Even minor
LLD may be biomechanically important*. Patients
with LLD may adapt by altering the kinematic pattern
of the lower limb joints, both dynamically during walk-
ing and statically during standing. Frequently used
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Table 1. Clinical characteristics of hemiplegic stroke patients.

Sex (%) Age (yr) Height (cm) Weight (kg) BMI (kg/m?) Hypertension (%)
Man
12(54.5) 52.3+2.1 1643+1.3 642+1.4 23.440.3 15(68.1)
Women Diabetes Time After Unhealthy Side Etiology BBS
10(45.5) Mellitus (%) Stroke (mo) Right (%) Left (%) CH (%)/CI (%) (Score)
Total
22(100.0) 4(18.1) 254+2.3 11(50.0) 11(50.0) 14(63.6)/8 (36.4) 40.1x1.1

Data were presented as the mean+ SE. CH, cerebral hemorrhage; CI, cerebral infarction; BMI, body mass index; BBS, Berg balance scale.

techniques are pelvic tilting in the coronal plane, knee
and hip flexing on the long side, and ankle plantar flex-
ing on the short side in the sagittal plane®. In our study,
the differences in leg length in anatomical LLD and
functional LLD were measured at 9.3+1.5 mm and
7.5+1.2 mm on average, respectively. The minimal
LLD necessary to cause postural changes has been a
matter of discussion*?. Several researchers have sug-
gested that LLD can lead to postural changes at 3 mm,
pelvic tilt at 6 mm, and an alteration in the angle of
the lumbar facet joints at 9 mm*?%, These LLDs nega-
tively affect the limits of stability, which is already
reduced is stroke patients?’. For that reason, it would
have a detrimental effect on balance in hemiplegic
patients. In various cases of LLD, noninvasive techni-
ques, such as orthotics or shoe lifts, may be more
appropriate*. An ideal tool for intervention has not been
established. However, guidelines regarding the perfor-
mance of lift therapy have been recommended?. Alth-
ough the data are not suggested as relevant for treat-
ment, some researchers have shown that weight bear-
ing was improved by lifting the shoe on the healthy
side in hemiplegic patients®!-?%. In conclusion, before
treatment, the observation of the location in the feet
and pelvis while measuring LLD is vital for effective
treatment. Further studies are needed to create neuro-
physiotherapies through objective measurements of
asymmetric pelvis and leg length discrepancy in hemi-
plegic patients after stroke.

Methods

Patients with hemiparesis caused by stroke were re-
cruited (Table 1). The inclusion criteria were a full
range of motion in the lower extremity and the ability
to stand safely with or without an assistive device. The
exclusion criteria were as follows: bilateral hemipare-
sis, unstable neurological signs, inability to follow com-
mands, cognitive impairment, orthopedic problems,
and visual deficits involving the brainstem. Twenty-
two patients who were hemiplegic post-stroke (twelve

MTD system

Figure 1. Schematic representation of the measurements of
leg length and balance. HS, healthy side; UHS, unhealthy side;
ASIS, anterior superior iliac spine; U, umbilicus; M, medial
malleolus; a, anatomical leg length; b, functional leg length;
MTD system, Messen Tairuieren Dokumentieren system.

men and ten women) participated in the study. Weight-
bearing ability was measured by using a Messen Tair-
uieren Dokumentieren (MTD) system (MTD Co., Ger-
many) to measure the degree of weight distribution in
three different positions (Figure 1B). The loads on the
left and right plates are shown as force/time graphs in
real time. The following instructions were given by
same person: 1) stand quietly with on foot on each
plate with eyes open for 20 s; 2) transfer as much wei-
ght as possible onto one side for 10 s without lifting
the other foot off the ground (also called maximal wei-
ght shifting); 3) flex both knees at 30 degrees in a sit
to standing position for 10 s. One person performed
the tape measure method. LLLD was measured with the
patients lying comfortably supine on a treatment table.
LLD was measured using a tape measure by two me-
thods: 1) from the umbilicus to the medial malleolus
(functional leg length); 2) from the anterior superior
iliac spine to the medial malleolus (anatomical leg
length) (Figure 1A). Two trials of each measurement
were performed on both the unhealthy and healthy
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Table 2. The grade of muscle strength of lower limb in hemiplegic stroke patients.

Grade Score Degree of strength in manual muscle testing®

5 55 Normal strength

=5 5 Barely detectable weakness

+4 4.5 [Able to move the joint against combination of gravity, A] and maximal resistance
4 4 [A] and moderate resistance

—4 3.5 [A] and minimal resistance

+3 3 [A] and transient resistance but collapses abruptly
3 2.5 Active movement full against gravity

-3 2 Able to move the joint against but not through full range
2 1.5 Able to move with gravity eliminated
1 1 Trace contraction
0 0 No contraction

2 modified from Florence et al.?'.
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Figure 2. Differences in weight distribution between unhealthy and healthy sides of stroke patients on standing, maximal weight
shifting, and squatting positions. Standing, standing position; MWS, maximal weight shifting position; STS, sit to standing
position; Healthy, non-affected side; Unhealthy, affected side. *, p<0.05.
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Figure 3. Difference in the leg length discrepancy between unhealthy and healthy sides of hemiplegic stroke patients. LLD, leg
length discrepancy; Healthy, non-affected side; Unhealthy, affected side. *, p<0.05.

sides. In this study, a tape measure was used to mea-
sure LLD because of its frequent use in clinical set-
tings, in addition to previous reports of the reliability
and validity of these methods®. By using a tape to
measure LLD, Hoyle et al. found intra-class correla-
tion coefficients of .90 to .95 for intra-rater reliability
and .98 to .99 for inter-rater reliability’®. A manual
muscle test was evaluated using a modified medical
research council grading scale (Table 2)*!. This method
was first performed on the healthy and then on the un-
healthy side for each patient. The Wilcoxon test was

used to compare the balance and the LLDs on unheal-
thy and healthy sides. All statistical analyses were per-
formed using SPSS Version 18.0 (International Busi-
ness Machines, Armonk, USA). The data were express-
ed as means =+ standard errors. A p value of 0.05 was
used to indicate significance. The protocol for the study
was approved by the Committee of Ethics in Research
of the University of Yongin, in accordance with the
terms of Resolution 5-1-20, December 2006. Further-
more, all volunteers or their next of kin provided in-
formed consent for participation in the study.
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Figure 4. Correlation of weight distribution and leg length discrepancy between unhealthy and healthy sides on standing,
maximal weight shifting, and squatting positions. LLD, leg length discrepancy; WD, weight distribution; Standing, standing
position; STS, sit to standing position; MWS, maximal weight shifting position; Healthy, non-affected side; Unhealthy, affected
side. *, p<0.05.

Table 3. Difference in muscle strength between unhealthy and healthy sides of stroke patients.

Muscle Strength in MMT
Stroke . . B
Pati Hip Joint of Stroke Knee Joint of Stroke
atients
Flexion Extension Abduction Adduction Flexion Extension
Unhealthy 3.44+0.2% 3.3+0.2% 3.1+0.2* 3.1+0.2% 3.24+0.2* 3.24+0.2%
Healthy 5.5+£0.0 5.5+£0.0 5.5+0.0 5.5%£0.0 5.5+£0.0 5.5£0.0

Data were presented as the mean = SE. MMT, manual muscle testing. *, p<0.05.
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