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Background and purpose: The association of leg length discrepancy (LLD) with a number of

clinical disorders has made its determination a significant part of the physical examina-

tion. We believe that submalleolar causes of LLD may be under-acknowledged. The most

common clinical method used to measure LLD is by tape from the anterior superior iliac

spine (ASIS) to medial malleolus which disregards the potential for LLD arising from

asymmetry in the foot distal to the tibiotalar joint.

Methods: The present pilot study involves a group of 5 volunteers (experimental group) and

a group of 3 patients with flexible flat feet (clinical study). The differences in tibial tubercle

height from the ground between full pronation and full supination were measured using

the CODA MPX 30� system (Charnwood Dynamics Limited, Leicestershire, England). Cor-

relations of the patterns within each group were produced.

Results: A significant relationship with leg lengths was found in the experimental group

when they induced maximum pronation (R-squared ¼ 0.62, p ¼ 0.007) while an inverse

relationship occurred with supination, although marginally significant (R-squared ¼ 0.37,

p ¼ 0.064).

Conclusions: We have demonstrated that significant leg length discrepancy can occur in

patients who do not have obvious deformity when non weight bearing. We recommend

using the blocks method routinely. Appropriately measuring LLD is of vital importance to

properly diagnosing and treating patients with unequal leg lengths or related symptoms.

ª 2013 Royal College of Surgeons of Edinburgh (Scottish charity number SC005317) and

Royal College of Surgeons in Ireland. Published by Elsevier Ltd. All rights reserved.
Introduction

Leg length discrepancy (LLD), defined as the difference in

lengths of the two lower limbs, is very common, occurring in

up to 70% of the population.1 The diagnosis of LLD is usually
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made on physical examination and is confirmed and

measured with imaging studies.2 LLD can be subdivided into

two etiological groups: a structural LLD (SLLD) defined as those

associated with a shortening of bony structures, and a func-

tional LLD (FLLD) defined as those that result from altered
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mechanics of the lower extremities.3 SLLD, also known as true

LLD, may be congenital or acquired. Common congenital

causes include dislocation of the hip and hemiatrophy or

hemihypertrophy with skeletal involvement. Acquired causes

can be due to infections, paralysis, tumours, surgical pro-

cedures like prosthetic hip replacement and mechanical

causes such as slipped capital femoral epiphysis. Functional,

or apparent LLD, can result from muscle tightness or weak-

ness and joint contractures. Other causes relating to joint

position include hip abduction/adduction, knee hyperexten-

sion due to quadriceps and hamstring weakness, knee flexion

contracture, equinus deformity and pronation or supination

of one foot relative to the other.4

According to the literature the commonly used clinical

method to measure LLD is the tape measurement from ante-

rior superior iliac spine (ASIS) to lateral malleolus,1 and (ASIS)

to medial malleolus.5 Measuring to only the malleoli disre-

gards the potential for LLD arising from asymmetry in the foot

distal to the tibiotalar joint (e.g., calcaneal fracture, develop-

mental abnormalities, degenerative arthritis, Charcot foot,

collapsedmedial longitudinal arch).6 The authors of this study

believe that the role of submalleolar deformity and its effect

on functional length of the lower limb is under-appreciated in

clinical practice. The authors have reported previously on the

effects of pelvic, hip, knee and ankle joint kinematics on limb

length.7 However, there is a scarcity of knowledge in relation

to themagnitude of effect on limb height of clinical changes in

submalleolar joint mechanics.

The purpose of this pilot study was two-fold. We aimed to:

1) measure the experimental effect of pronation and supina-

tion position of the foot on lower limb length in healthy sub-

jects; and 2) confirm the experimental findings in a clinical

population.
Methods and materials

Experimental study

Five volunteer senior physiotherapists, experienced in thera-

peutic movement and with no foot deformities, were

recruited. The senior physiotherapists were chosen as study

subjects because they would have understood the command

of moving from full pronation to full supination without sig-

nificant alteration of body posture and because of their

experience to control their own subject posture. Full 3-D lower
Fig. 1 e Foot position before and after correction o
limb kinematic evaluation was carried out using the CODA

MPX 30� motion analysis system (Charnwood Dynamics

Limited, Leicestershire, England). This is a three-dimensional

pre-calibrated system which captures infra-red light signals

from markers placed on anatomical landmarks in accordance

with the model outlined by the system manufacturer, the

model is equivalent to the standard model used during lower

body gait analysis.8,9 The hip joint centres are derived relative

to the pelvic segment based on the model of Bell et al.10 For

each subject the CODA took 100 observations as the foot

moved from supination to neutral to pronation and the

measurement valuewas extracted from these observations. In

addition to the standard gait model markers were also placed

on the tibial tubercles to allowmeasurement of the height of a

fixed bony point on the lower limb from the ground as the

submalleolar deformity is more evident on weight bearing.

The tibial tuberosity is situated on the bone just proximal to

the joints being considered in this study; the ankle and sub-

talar joints. The marker was not per se measuring leg length,

but the change in height of the marker from the floor surface,

which is in fact the same as the change in leg length, in the

positions of supination and pronation.

Subjects were asked to stand in a comfortable relaxed po-

sition with feet a shoulder width apart. Data was captured at

rest. Subjects were then asked to move one foot at a time into

positions of full pronation and full supinationwithout altering

other joint positions. The process was repeated for the

contralateral foot. Prior to formal data collection subjectswere

given a period of time to practice the movements. Three files

were captured for each foot and data averaged from these

files. Kinematic data for pronation and supination of the feet

and corresponding height of tibial tubercle from the floor were

retrieved for analysis.

Clinical study

A small convenience sample of three patients with clinically

diagnosed correctable submalleolar deformities secondary to

flexible flat foot were recruited to the study for the purposes of

clinical validation of the experimental findings. All subjects

presented with significant pronation deformities (two sub-

jects bilaterally, one subject unilaterally). The same marker

placement protocol as for the experimental normal group was

used. On this occasion testing differed in that data was

captured firstly with the patients in their natural weight-

bearing foot positions of excessive pronation. A second data

set was captured while the foot was corrected manually to a
f the deformity. A) Uncorrected; B) Corrected.
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subtalar neutral position by an experienced therapist (Fig. 1).

These two datasets were evaluated to assess the effect on the

height of the limb from the ground of correcting the sub-

malleolar deformity.

There was only one assessor, a very experienced gait lab-

oratory therapist and the participants served as their own

controls. The markers were only applied once and not

changed thereafter during the experimental movement

sequence. Once the marker set was applied it was not

disturbed after that. The study subjects went through a

sequence of movement from pronation to supination. The

comparison was height of the tibial tubercle between these

two positions in the same subject with the same marker set.

The study protocol was approved by the Research Ethics

Committee of the Central Remedial Clinic, Dublin, Ireland.
Statistical analysis

Asaproof-of-concept study, thepilotdesigndidneither require

larger sample nor power calculation or sample size calculation

a priori. Descriptive and exploratory statistical analyses were

applied to the experimental and clinical data. Data are pre-

sented as mean (�SD) and frequency (percentage), as appro-

priate. The variables that were not normally distributed were

analysed by non-parametric methods and tests. A regression

analysis with calculation of correlation coefficient (R) and co-

efficient of determination (R2) was performed on foot position

in thecoronalplaneversusheight of the tibial tubercle fromthe

ground within each group of the study subjects. Statistical

significance was assumed at p < 0.05, unless stated otherwise.

All analyses were done with STATA/IC 11.2 software.
Results

Experimental study

We found that the movement of the tibial tubercle marker as

the foot moves from pronation to supination was associated
Fig. 2 e Movement of the tibial tubercle marker as the foot

moves from pronation (Min Leg L) to supination (Max Leg L)

with overall increase in leg length.
with overall increase in leg length (Fig. 2). In this group we

found important relationships of leg length with maximum

pronation (R2 ¼ 0.62, p ¼ 0.007) and maximum supination

(R2 ¼ 0.37, p ¼ 0.064) (Table 1).

It can be clearly seen on Fig. 2 that the height of the tibial

tubercle from the ground increases as the foot is moved

from pronation to supination. In the experimental group (10

feet) the mean change in the foot position was from �10.8�

to 15.9� (standard deviation 4.23 and 3.75, range 18.1 to �4.9

and 9.6e22.9, respectively). This resulted in a corresponding

mean change in the height of the tibial tubercle from the

ground of w1 cm (mean 399.9 to 410.5 mm, standard devi-

ation 24.38 and 24.014, range 363.8e437.2 and 373.8e447.5,

respectively).
Clinical group

In the clinical group there were similar findings to the

experimental group. As each foot was moved from a patho-

logical pronated position to a subtalar neutral position there

was a corresponding increase in the height of the tibial tu-

bercle marker from the floor of the ipsilateral limb (Fig. 3).

There was a weak but significant correlation between the

height of the tibial tubercle from the floor and changes in foot

position (Kendall’s tau ¼ 0.200, p ¼ 0.62) (Table 1).

The mean change in foot position in this group was from

�11.4� to 8.2� (standard deviation 6.72 and 5.67, range

�15.37e0.54 and 2.88e17.41, respectively). The corresponding

mean change in height of the tibial tubercle from the floor was

of the order from 291.3 to 298.9 mm (standard deviation 51.6

and 53.3, range 231.9e338.4 and 234.4e347.9, respectively).

In the subject with unilateral valgus deformity the mean

limb length in a resting position was 321.4 mm, when the foot

deformity was corrected it changed to 332.3 mm. This pro-

vides very clear evidence for clinical validation of the experi-

mental findings.
Discussion

Leg length discrepancy as a cause of symptoms has been

widely discussed in the literature.1e4 The magnitude of

discrepancy that causes symptoms is also a cause of debate. It

is generally agreed that a discrepancy of �1 cm is clinically

significant.11 Treatment of LLD ranges from shoe inserts to

various surgical techniques including limb lengthening and

shortening, and epiphysiodesis. There is disagreement
Table 1 e Correlation analysis of leg lengths.

Variable Correlation
coefficient R

p-Value

Maximum pronation

(n ¼ 10 legs) e experimental

0.79 0.007

Maximum supination

(n ¼ 10 legs) - experimental

�0.61 0.064

Maximum pronation

(n ¼ 5 legs) e clinical

0.20a 0.624

a Note: Non-parametric correlation (Kendall’s tau coefficient).
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Fig. 3 e Diagrammatic representation of the change in

length of the leg when changing from pronation (left) to

supination (right).

t h e s u r g e on 1 2 ( 2 0 1 4 ) 2 0 1e2 0 5204
regarding the correct treatment in regards to magnitude of

LLD. Reid and Smith suggest dividing LLD into three cate-

gories, mild (0e30 mm), moderate (30e60 mm), and severe

(>60 mm), where mild cases should either go untreated or

treated non-surgically, moderate cases should be dealt with

on a case by case basis, and severe cases should be corrected

surgically.12

The contribution to leg length discrepancy at different

anatomical levels has been previously reported.7 The most

common clinical tool used to measure LLD is the traditional

measuring tape using the anatomical reference points from

ASIS to medial malleolus. However, this ignores the effects of

deformity below the level of the ankle joint. We believe that

the use of blocks in standing is a more comprehensive clinical

measure and accounts for weight bearing changes below the

level of the ankle. Likewise, clinical checking of the correct-

ability of submalleolar deformity and the effect of the cor-

rected position on symmetry of limb lengths is equally an

important consideration.

Our experimental study in a normal group demonstrated

that changes in foot position from maximum pronation to

supination resulted in a change in limb length of 1 cm. Like-

wise, in our clinical group we demonstrated very clearly that

correction of a pathological pronated foot can result in a

change of limb height of w1 cm. We believe that this repre-

sents an important clinical consideration when deciding on

how to manage LLD in a clinical population who present with

foot deformities and LLD problems such as in cerebral palsy

hemiplegia where there is already significant shortening of

the affected lower limb. For example if a hemiplegic patient

has a measured limb shortening to the medial malleolus of

one centimetre, the presence of another centimetre short-

ening due to a pronated foot might be sufficient to decide on

surgical correction.

We have demonstrated that mobile changes of the foot

from pronation to supination results in a change in

limb length of about one centimetre. Where a patient has

a limb length discrepancy that is considered borderline

for surgical intervention, the presence or absence of a
foot deformity might be the decisive factor. We conclude

that any investigation of limb length discrepancy, both

clinical and radiological, include consideration of sub-

malleolar structures and their functional weight bearing

position.
Conclusions

Finally the importance of this study is that we have demon-

strated that significant leg length discrepancy can occur in

patients who do not have obvious deformity when nonweight

bearing. The use of blocks under the short leg to level the

pelvis has been shown to be the most reliable clinical test for

LLD.1 Clinical measurements are less costly, are more readily

available, and are not associated with the risks related to

exposure to radiation.13 Further confirmation of our findings is

needed; however, a recommendation for the use of blocks

routinely is warranted as this method takes into account the

disparity in foot height between the two limbs. Clearly, it also

helps determining the functional LLD (whichmay be different

from the actual LLD) by using varying heights of the block to

establish the additional length required for the patient to feel

level.14 We may also suggest that the effects of a mobile sub-

malleolar deformity be accounted for in any such assessment.

In patients with unilateral cerebral palsy who already

may have shown a significant leg length discrepancy15

the additional submalleolar deformity adds to the leg

length discrepancy and should be taken into account by

correcting the deformity or if it is not correctable then by

incorporating a raise. The use of appropriate clinical

methods and imaging modalities for measuring the LLD is

vital to properly treat a patient with unequal leg lengths or

related symptoms14
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