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Acute systematic and variable postural

adaptations induced

by an orthopaedic shoe lift

in control subjects

Abstract A small leg length in-
cquality, either true or functional,
can be implicated in the pathogenesis
of numerous spinal disorders. The
correction of a leg length inequality
with the goal of treating a spinal
pathology is often achieved with the
use of a shoe lift. Little research has
focused on the impact of this correc-
tion on the three-dimensional (3D)
postural organisation. The goal of
this study is to quantify in control
subjects the 3D postural changes to
the pelvis, trunk, scapular belt and
head, induced by a shoe lift. The
postural geometry of 20 female sub-
jects (X =22, ¢ = 1.2) was evaluated
using a motion analysis system for
three randomised conditions: control,
and right and left shoe lift. Acute
postural adaptations were noted for
all subjects, principally manifested
through the tilt of the pelvis, asym-
metric version of the left and right il-
iac bones, and a lateral shift of the

pelvis and scapular belt. The differ-
ence in the version of the right and
left iliac bones was positively asso-
ciated with the pelvic tilt, Pastural
adaptations were noted to vary be-
tween subjects for rotation and pos-
tero-anterior shift of the pelvis and
scapular belt. No notable differences
between conditions were rioted in the
estimation of kyphosis and lordosis.
The observed systematic and vari-
able postural adaptations noted in the
presence of a shoe lift reflects the
unique constraints of the muscu-
loskeletal system. This suggests that
the global impact of a shoe lift on a
patient’s posture should also be con-
sidered during treatment. This study
provides a basis for comparison of
future research involving pathologi-
cal populations.
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Introduction

A tilt of the pelvis in the frontal plane is often associated
with articular degenerations, injuries to the back or hip
and thoraco-lumbar scoliosis [3-5, 7-9, 11, 12]. This
pelvic tilt may be the result of postural abnormalities, in-
herent bone asymmetries or a combination of both [18,
20]. Diagnosed radiologically [7] or clinically [1], the tilt
of the pelvis 1s often corrected to limit the progression of
associated pathologies, to improve function, and for aes-
thetic purposes [11]. Specific examples include the cor-

rection of a frontal plane inclination of the pelvis with a
shoe lift to diminish the Cobb angle of scoliosis patients
[4, 7, 12] and, when in association with chronic back and
hip pain, to alleviate the magnitude of the symptoms [3].

Postural changes that may accompany the correction of
a leg length inequality have been noted to include a tilt of
the superior part of the spine towards the leg elevated by
a lift [12], a displacement and rotation of the pelvis and
scapular belt in the same direction [13] and asymmetric
version of the innominate bones of the pelvis [2]. The ef-
fect of a shoe lift on the global three-dimensional (3D)
posture — position and orientation of the pelvis, trunk,
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scapular belt and head as well as the relative position of
the shoulders in reference to the pelvis — has rarely been
investigated. It is 1mportant to consider these possible
postural changes, as their persistence alters the mechanics
of movement and may lead to the development of muscu-
loskeletal disorders [6, 14, 15]. When a shoe lift is imple-
mented within reasonable limits of the musculoskeletal
system, the researcher has the opportunity to assess the
pertinence of the observed postural reactions. This knowl-
edge could then guide further research that more specifi-
cally investigates a pathological population and possible
postural adaptive processes which may occur over time.
The goal of this study is to quantify among control sub-
jects the acute 3D postural changes induced by a shoe lift.

Materials and methods

Twenty adult women, between 19 and 24 years of age (¥ = 22, 6 =
1.2), reporting no orthopaedic or neurological disorders, partici-
pated in this project. A scoliometer was used to verify that the gib-
bosity was less than 5°.

The postural geometry evaluation was performed using a mo-
tion analysis system. Eight video cameras were used to calculate
the 3D co-ordinates of reflective markers placed on 36 anatomical
landmarks. The accuracy (1 mm) and precision (0.5 mm) on the re-
construction of these marker co-ordinates were estimated using a
reference object. The anatomical landmarks that defined the pos-
tural geometry of the subject were palpated bilaterally and included

1. The base of support: heel and tip of second toe

2. The lower extremities: lateral malleolus, external tibial plateau
and greater trochanter i

3. The pelvis: anterior and posterior superior iliac spines, and the
most lateral border of the iliac crest

4. The scapular belt: inferior lateral tip of the scapula, acromion,
superior and inferior sternum

5. The spine: every second spinous process between T1 and L5 in-
cluding S1, and

6. The head: glabella, opisthocranion, right and left tragi.

With the subject in an upright standing position, the elevation of
the right or left foot was obtained using a shoe lift that covered the
full length of the foot, with a vertical height of 15 mm. This height
was chosen o maintain a balance between the subject’s muscu-
loskeletal limits and to maximise the probability of observing pos-
tural changes. A foot template was used to standardize the foot po-
sition of each subject and to enhance upright standing postural sta-
bility and repreducibility. This foot template imposed a distancerof
30 cm on the external border of each heel and had an open angle of
20° between the external border of the foot and the postero-ante-
rior axes. The subject was asked to stand comfortably within the
foot template, to slightly abduct her arms and to look straight
ahead at a line fixed on the wall. The absence of knee flexion was
verified by the evaluator. Three conditions were evaluated in a ran-
dom order: control condition, shoe lift right (SLR) and shoe 1ift left
(SLL). Two trials (1 s, 60 Hz) were acquired for each condition.
Between each trial the subjects were asked to move in a leisurely
Wway outside of the foot template. The between-trial interval was
around 60 s.

The 3D co-ordinates of the anatomical landmarks were used to
calculate the postural parameters of position and orientation of the
pelvis, shoulders and head with reference to the base of support.
Rotation and tilt were calculated as the angle between a line join-
Ing the anterior superior iliac spines for the pelvis, both acromions
for the scapular belt, and both tragi for the head with reference to

the frontal (rotation) or horizontal (tilt) planes. Right and left iliac
bone versions (RIB, L1B) were defined as the angle between a line
Joining posterior superior iliac spines to ipsilateral anterior supe-
rior iliac spines and the horizontal plane. Rotations, version and
tilts are positive in the counter-clockwise direction in transversal
{apical), right lateral and posterior-anterior views respectively.
Medio-lateral (ML), postero-anterior (PA) shift and vertical height
were represented by the position of S1 (pelvis), T1 (scapular belt)
and the opisthocranion (head) relative to the centre of the posterior
cdge of the base of support. ML and PA shifts were defined as pos-
itive anteriorly and laterally towards the left side of the subject.
Geometry of the spine was analysed using an estimation of kypho-
sis and lordosis. These parameters were defined, using surface
markers, similar to the method described by Voutsinas and
MacEwen [19]. Kyphosis and lordosis were quantified in the sagit-
tal plane, using the distance between the spinous process marker at
the posterior and anterior apex respectively and the straight line
between Tl and S1. These parameters are normalised over the lin-
ear distance between T1 and S1 and are expressed as a percentage.

Results

The initial pelvic tilt for the control condition and the in-
duced tilt with reference to the control condition by the
shoe lift (right and left) is presented in Fig. 1. In the control
condition, the pelvic tilt ranged between —4.5° (clockwise)
and 1.5° (counter-clockwise) across all subjects (Fig.1).
With the adjustment of the shoe lifts the induced pelvic tilt
was observed to range from -9 to 5.8°. Due to the pres-
ence of these initial postural asymmetries, the results are
normalised by calculating the difference between the shoe
lift conditions to the control condition. The postural pa-
rameters for the control condition, and difference with re-
spect to the shoe lift conditions are presented in Table 1.
The measures of orientation and position of the head
were variable within and between subjects. This variabil-
ity makes the results difficult to interpret and no data will
be presented here. The large number of degrees of free-
dom at numerous articulations between the shoe 1ift and
the head could be the origin of this excessive variability.

Orientation of the body segments

The tilt of the pelvis and scapular belt, and the relative
difference between the pelvis and the scapular belt for the
control condition were —1° + 1.7°, —1° £ 1.2°, and —1° +
1.67 respectively. A repeated measures ANOVA revealed
a significant difference in pelvic tilt between the conirol
and shoe lift conditions (P < 0.05). The elevations on the
right side induced a counter-clockwise tilt and the eleva-
tions on the left produced a clockwise tilt. For the scapu-
lar belt, the difference in tilt between the shoe lift condi-
tions and the control condition ranged between —1°
(clockwise) and 2° (counter-clockwise), with a mean dif-
ference close to 0°; thus no significant differences were
found between conditions. As a result, a significant differ-
ence was noted to exist between the relative difference in
tilt between the pelvis and the scapular belt for both shoe
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Table 1 Postural parameters: values for the contral condition and
the difference calculated for each experimental condition (SER
shoe hift night, SLE shee Nift left, RIB night ilac bone, LIB left iliac
bone, PA postero-arterior, ME medio-lateral}

Control ASLR ASLL
Pelvis )
Tile {7} -1 (1.7 4 04y 4 (Q3)F
Rotation () 1 (2.3) 1 243 o (1.
RIB version (1 =11 4.7 T L3y =2 (14
LIB version (%) “10 (4.6) -2 (14 1 (1.3
PA shift (mm} 3 (15) 0 (%) -2 (10}
ML shift (mm -1 (8} 12 (14y% =12 (8"
Height (mm) 931 (43} 9 (3 o (3yF
Shoulders
Tile {*} -1 (1.2} 0 (0.8} O (07}
Retation (%} 1 (1.9 G (1.4 0 {15}
P& shift (mm} 29 (16) 2 (11 -1 %
ML shift (mum) 0 (16 10 (137 -12 (10¥®
Beight (o} 1388 (33} g8 {2y 8 {2y
Sheulders/pelvis
Tilt (%} =1 (L&) -4 {10 4 {09y
Ratation %% Gy 0 (L3 (11}
PB& shift (mm) 27 (15} 1 {8 1 (6}
ML shift (o} 0 (8 -2 {4} 0 (4
Haighr {mm} 437 (243 -1 (3} 2

2P U035 (shoe IR with reference t¢ contrel condition}

life conditions (F < 0.08). With the elevations placed un-
der the right foot there was a relative clockwise tult be-
tween the pelvis and scapular bele and with the elevations
placed under the left foot there was a relative counter-
clockwise 1ilt.

Regarding the version of each iliac bone, there was a
significant difference between the control condition and

i6
Subjects

the shoe hift conditions (P < 0.05). The right elevations in-
duced a retroversion of the right iliac bone and an ante-
version of the left ihac bone, while a left elevation in-
duced a retroversion of the left ihac bone and an antever-
sion ef the right iliac bone. The difference béiween the
version of the right and Jeft iliac bones (RIB=LIB) varied
significanily between all conditians {F < (0.05) control
(~17 * 1.8%) right elevation (27  1.7°} and left clevation
(—47 £ 1.7%). There was a positive correlation between the
RIB~LIB difference in version and pelvie tilt for each
condition: contral (¢.88), shoe Tift right (.87}, shoe lift
lefi ¢85y (Fig. 2).

The induced rotation of the pelvis and shoulder by the
shoe lift with reference to the control condition was found
to be specific to each subject in both direction and ampli-
tude (see Fig.3}, and no stanisiical difference was noted
for the three parameters, This rotation had a range of —6°
to 4° for the pelvis and —3" to 37 for the scapular belt.

Position of the body segments

The vertical position of the pelvis (51} and the scapular
bele (T1} for the shoe lift conditions were noted (o be sig-
rificantly different from the control condition (P < (L05).
Across conditions, there was an increase in height of @
mm and § mm for the pelvis and the scapular bell respec-
tively. There was also a lareral displacement of $1 wilh
reference to the control condition towards the side oppo-
site to the shoe lift (P < 0.03). Similar resulis were noted
for the scapular belt (P < 0.05), resulting in no relative
ML displacement between T1 and 81 (<2 mm and O rom
for SLE and SLL respectively).

An examination of the induced postero-antexior shift of
the pelvis, seapular belt, and scapular belr with reference
o the pelvis revesled ne significant difference hetween
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conditions. However, the direction and amplitude of these
changes, which varied between subjects, were of suffi-
cient amplitude to be noted. The pelvis had a maximum
shift of 13 mm in the anterior direction and 28 mm in the
posterior direction. The shift in the scapular belt ranged
from 28 mm anteriorly to 24 mm posteriorly. The shift of
the scapular belt with reference to the pelvis ranged be-
tween a maximum of 25 mm anteriorly to 7 mm posteri-
orly.

No notable modifications were noted in kyphosis and
lordosis with the application of a shoe lift. The average
difference between the left and right shoe lift conditions
and the control condition was —0.2% and 0.1% for kypho-
sis, with a maximum difference of 1.2% and minimum of
~1.3%. The average difference for lordosis was 0.0% and

Pelvis SLR Pelvis SLL Shoulders SLR Shoulders SLL

0.2%, with a maximum of 1.0% and minimum of —1.2%
for the right and left shoe lift conditions respectively.

Discussion

The questions pursued in this study were:

I.
2.

Does a shoe lift create a tilt of the pelvis?

Are there simultaneous changes to the orientation and
position of the pelvis?

Are the other body segments affected (scapular belt,
trunk and head)?

3.

As hypothesised, a shoe lift of 15 mm induced a tilt of the
pelvis. However, this postural adjustment was accompa-
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nied by modifications to the position and orientation of all
the body secgments studied. Certain modifications were
present in a systematic manner across all subjects,
whereas others were found to be specific to individuals.

The elevation of a single lower limb created a system-
atic tilt of the pelvis in the frontal plane for all of the sub-
Jects of 4° for both left and right shoe lifts. Part of the be-
tween-subject variability (0.4° and 0.5°) for the right and
left shoe lifts respectively could be attributed to the dif-
ference in the width of the pelvis of different subjects. The
effectiveness of a shoe 1ift to elevate the pelvis in relation
to the horizontal (transverse) plane is in agreement with
the results reported by previous authors [4, 7, 10, 12].
These authors investigated the impact of a shoe lift on the
Cobb angle for scoliosis patients [4, 7, 12], and on in-
trapelvic asymmetry and decompensated scoliosis [10].
Irvin [7] noted in a group of 42 adults that a si gnificant re-
duction of a lower leg length discrepancy coincided with
a significant reduction in the angle of lumbar lateral bend.,
Gibson et al. [4] observed that a leg length correction in
IS5 patients with a leg length discrepancy of 1.5 cm or
more, resulting from femoral shaft fractures, produced a
reduction of compensatory lumbar scoliosis as well as
poor vertebral alignment in some patients.

The effect on the orientation and alignment of the
pelvis due to the use of a shoe lift to correct lower leg
length inequalities has for the most. part focused on two-
dimensional analysis techniques [4, 12]. However, 3D
changes to the position and orientation of the pelvis
should not be overlooked. Pitken and Pheasant [13] noted
a rotation of the pelvis specific to the side of elevation in
control subjects. In the present study, 37% of the subjects
showed a minimum rotation of 2° across all conditions,
This rotation was found to be variable between subjects in
both direction (counter-clockwise 53%, clockwise 46%)
and amplitude (ranging from 6° clockwise to 4° counter-
clockwise).

A difference between the version of the left and i ght
tliac bones was observed with the shoe lift. There was a
retroversion of the iliac bone of the clevated side and an
anteversion of the iliac bone of the contralateral side. This
version was found to correlate positively with the ampli-
tude and direction of pelvic tilt. The observed relative ver-
sion of the iliac bones represents an important percentage
of the relative movement of the sacro-iliac joint, noted by
Smidt et al. [17] to be 5% and 4° for right and left straddle
positions respectively. Pitkin and Pheasant [13] and Cum-
mings et al. [2] reported antagonistic version movements
of the iliac bones ranging {rom 2° to 11° with an increase
m elevation from 0.63 cm to 3.3 cm. Maganiello and
Scapin [9] reported a strong correlation between lumbar
and thoracolumbar scoliosis curves and lower leg length
inequalities. The use of a lift to try to correct these scoli-
otic curves should be approached with caution when the
pelvic tilt is accompanied by a relative version of the iliac
bones. It therefore seems pertinent to verify in a popula-

tion of scoliosis patients with a leg length inequality
whether or not the antagonistic version is reduced or in-
creased by a correction of the leg length mequality.

The shoe lifts induced a tilt of the pelvis, a relative tilt
between the scapular belt and pelvis, a difference in ver-
sion between the left and right iliac bones and a lateral
shift of the pelvis and the scapular belt. The observed tilt
between the scapular belt and the pelvis may be an adap-
tation by the body to preserve a stable visual platform and
vestibular system. The rotation of the scapular belt com-
plimented the pelvis, and the posterior anterior and lateral
shift of T1 complimented the shift of S1. This suggests
that certain postural adjustments in the presence of a shoe
lift involved a displacement of the trunk as a whole unit.
The parameters of lordosis and kyphosis did not reflect
any adaptive mechanisms of the spine. This lack of differ-
ence may be attributed to two causes. The first suggests
that with an acute adjustment of a shoe lift the impact on
the spine is minimal; however, over an extended period of
time there is the possibility that chronic adaptations may
occur. The second may be associated with a lack of sensi-
tivity of these two variables in detecting a change in the
spine. Thesc variables are limited o measurements in the
sagittal plane, while an adaptive mechanism specific to
the transverse or frontal planes may be overlooked. New
parameters should be developed to account for a global
shift of the trunk as well as a relative movement between
the scapular belt and pelvis, which reflects possible adap-
tations of the spine.

With an unequilibrated posture, depicted by a lateral
shift and rotation of the pelvis and scapular belt, it is pos-
sible that an unbalanced stress is applied to the muscu-
loskeletal system during quiet standing and complex inte-
grated movements such as walking. With a change in the
position and orientation of the scapular belt, pelvis and
spinal  vertebrac, postural and movement-associated
pathologies may develop. If the position of the centre of
mass of individual body segments changes, the amplitude
and the position of the forces exerted on individual joints
may also change, affecting the contact stress within a joint
and the load exerted on the supporting ligaments and mus-
culature. The implication of an abnormal posture, re-
flected through the alignment or shape of the spine and
poor alignment of the scapular belt and pelvis, has not
been thoroughly evaluated [14]. The implications can be
diverse and noted principally through the degeneration of
articular surfaces and the possible chronic development of
muscular disorders [14]. Greigel-Morris et al. [6] exam-
ined the frequency of paostural abnormalities and pain
among adult subjects. The subjects, who had a greater for-
ward head shift, increased kyphosis and right and/or left
rounded shoulders, had an increased incidence of pain. At
a neuromuscular level, neuromuscular disorders may de-
velop based on the constant loading of specific muscle fi-
bres, ultimately leading to pain and dysfunction. With a
change in the position of the contact force distribution of



a joint, the development of articular cartilage may also be
inhibited [15]. The impact of this change may be magni-
fied during dynamic activity such as walking, where
asymmetrical movements may lead to increased internal
joint forces. Schuit et al. [16] investigated the effect of a
lift on the ground reaction forces of adults. Increased
ground reaction force was noted when the subjects were
fitted with a lift and was associated with possible in-
creased joint stress on the lower extremity. Although ca-
dence was a controlled variable, stride length was not. In-
creased stride length is known to be associated with in-
creased walking speed, which in return will increase the
amplitude of ground reaction forces. In contrast, Bandy
and Sinning [1] noted no changes in the amplitude or ve-
locity of angular movements about the ankle, knee and
hip in adult subjects fitted with a heel lift, only a tendency
was noted toward a more symmetrical movement between
the range of hip motion.

Conclusion

The addition of a shoe lift induced global postural reac-
tions which could have an impact on the spinal geometry
and associated forces exerted on this structure. If these
postural reactions persist or an adaptation process occurs
in which the subject would favour an optimal posture,
possible secondary effects may develop whose potential
impact on the health of the subject need to be considered.
Some of the modifications noted in this study are system-
atic, where specific postural adaptations such as an in-
duced pelvic tilt were noted in all of the subjects, while
other postural adaptations are more variable between indi-
viduals and have unique amplitude and directional charac-
teristics. The evaluation of the postural geometry of a pa-
tient before and after the application of a shoe lift is rec-
ommended so that the induced postural changes are
recognised and their potential impact evaluated,
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