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Abstract Adolescent idiopathic scoliosis (AIS) is char-

acterized by morphological trunk modifications acting on

body mass distribution. Some specific biomechanical

strategies during postural regulation have been reported.

Given that spinal deformity is three-dimensional, some

strategy analysis resulting from different stepping direc-

tions should lead to a better understanding of the dynamic

adaptation of behaviour. The aim of this study is to identify

dynamic strategies of AIS patients stepping in lateral and

forward directions. Ten AIS patients with a right thoracic

curve and 15 controlled volunteers have been tested.

Ground reaction forces (GRF) have been recorded for right-

limb stepping and for left-limb stepping associated to

forward and lateral directions. Force amplitudes, corre-

sponding occurrences, impulses of stepping phases and an

asymmetry index have been computed. Asymmetry and

variability increased in the AIS group, compared to the

control group, whatever the stepping direction is. Asym-

metry for AIS patients systematically provides an increased

left initiation GRF compared to a right initiation. Never-

theless, for both groups, lateral initiation shows the largest

asymmetry index reported for a forward initiation. More

precisely, adaptive dynamic strategies for the AIS group

have been characterized by an asymmetry between right and

left limbs for lateral and forward initiation. These results

can be explained by the influence of scoliosis pathology on

dynamic movements due to spinal deformity. A right tho-

racic curve leads to an extra weight on the limb, which

needs to be moved; consequently, stepping initiation with

the right limb was more challenging for patients than

stepping with the left limb. For the AIS group, the observed

variability can also depend on the ontogenesis of adaptive

strategies. Lateral step initiation has to be considered as the

most relevant paradigm to study scoliosis and may also

serve as a clinical basis for treatment to analyse the dynamic

postural control and asymmetry strategies of the scoliosis

patient.

Keywords Idiopathic scoliosis � Initiation of gait �
Asymmetry � Balance dynamics � Adaptive strategy

Introduction

Adolescent idiopathic scoliosis (AIS) is considered a

common pathology of spinal deformity. Amongst adoles-

cents aged from 10 to 16, the AIS prevalence is 2–4% [5].

Aetiology of this pathology is still unknown even if several

origins are evoked such as genetic trouble associated to

family history [14], endocrine factors linked to the mela-

tonin pituitary secretion [10], histological factors linked to

the modification of muscle fibres percentage, nucleus

constitution [16] and neurophysiological factors [26],

which have also been reported.

The mechanical consequences of scoliosis are charac-

terized by a three-dimensional deformity of the spine
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responsible for geometrical and morphological changes of

the trunk. This deformity generates postural alterations,

sensory perturbations, standing instability and gait modi-

fications [8]. More specifically, Wiener-Vacher and Mazda

[29] showed that 67% of patients suffering from AIS pre-

sented vestibulo-ocular pathologies even if no relationship

between the magnitude of the perturbation sensitivity and

the severity of scoliosis curvature had been demonstrated.

In contrast, concavity direction and predominance of late-

ral labyrinthic [15] and visual [24] systems presented some

positive correlations. The visual system seemed to be

related to scoliosis aetiology; children suffering from a

visual disability presented sixfold AIS than children with-

out visual pathology [4]. In addition, the angle between the

subjective spatial perception of horizontal and vertical

planes increased in the scoliotic group, especially when the

curvature was more significant [9]. This suggested that the

scoliotic patient organized and stabilized his balance

according to an incorrect spatial reference. These sensory

issues can be explained by static or dynamic adaptive

strategies. The static upright posture results from an

increase of both the oscillation range [23] and the centre of

pressure displacement [8, 22]. Spinal deformity has no

effect on trunk motion but influences movement between

body segments (spine and limbs) [22]. AIS girls presented

ectomorphic somatotype [1]. Ectomorphic somatotype and

one-curvature scoliosis [15] were shown to be both postural

instability sources. In a dynamic context, gait studies

reported an asymmetry between left and right limbs [11,

25] linked to an increase of the mediolateral ground reac-

tion forces variability [17]. Spinal deformity generates

postural perturbations, i.e. troubles whilst performing

simple and complex movements. This involves re-organi-

zation of information through strategic choices in order to

keep a safe static and a dynamic balance [20].

Gait initiation, a transient state from standing posture to

gait, has showed some asymmetries in ground reaction

forces (GRF) for different pathologies like hemiplegia [2],

clubfoot [28], and gonarthrosis patients [27], but no

orthopaedic spinal pathology has been tested. As it has

been previously demonstrated in gonarthrosis pathology,

dynamical GRF control should be asymmetrical and

affecting balance regulation.

For healthy adolescent, the initiation gait is characteri-

zed by a specific dynamic behaviour fundamental to create

an appropriate balance [3]. Morphological AIS modifica-

tions of the trunk acting on the mass distribution could be

the origin of some asymmetry strategies to regulate balance

or movement [19].

Gait initiation could be considered as a relevant para-

digm to analyse interactions between plane influence and

adaptive postural strategies as AIS frequently presented a

predominant trunk deformity in the frontal plane [7, 21].

The aim of this study was to identify dynamic asym-

metries during step initiation in the lateral and anterior

directions for adolescent girls suffering from scoliosis.

Methods

Two groups participated in the study: 15 young non-sco-

liotic girls (control group) and 10 scoliotic girls (scoliotic

group) with right thoracic or thoraco-lumbar AIS without

any compensatory curvature. This specific curvature

caused larger modifications in terms of dynamic control

compared to the lumbar or compensatory curvature [15].

An orthopaedic surgeon observed each subject to eliminate

spinal, neurological and orthopaedic pathologies. He

diagnosed and assessed AIS curvature thanks to Cobb’s

method (angle C18�). AIS patients did not undergo prior

surgical treatment of spine nor of lower limbs. Both groups

had similar age (average 13.18 years ± 1.7), height

(1.57 m ± 0.08), and weight (48.3 kg ± 9.3). The experi-

mental protocol was approved by the local research ethics

committee (RCB ID: 2006-A00289-42).

The dynamic analysis was performed using two force-

plates (strange gauges sensor technique) inserted side by

side on the floor, providing GRF data in mediolateral (Fx),

anteroposterior (Fy) and vertical (Fz) axes. The foot

laterality of the adolescent girls has been assessed via foot

dominance testing (posterior push reaction) to identify the

dominant and the non-dominant limb. The foot initiating

movement was defined as the ‘‘dominant foot’’. All sub-

jects were right-footed. Each subject was asked to step

according to the side of limb initiation (dominant vs. non-

dominant) and according to the step axis (forward step vs.

lateral step). In lateral stepping, there was a target on the

floor where subjects were asked to step. Each subject

randomly performed five trials per variable (the order of

trials was randomized). The sampling frequency of both

force-plates was 100 Hz, which is consistent with the

literature [2, 12]. The dependent variables were Fx, Fy and

Fz.

Data processing was run in successive stages using

programming routines (MATLAB v.6, Matworks) in order

to precisely characterize stepping. The first stage estimated

the signal from each force-plate for all steps. Data have

then been sorted out as follows: for the forward step—the

‘‘stance side’’ force-plate and the ‘‘movement side’’ force-

plate, and for the lateral step—the ‘‘initial support’’ force-

plate and the ‘‘impact’’ force-plate. During the lateral step,

the upright standing position was kept with both feet on the

‘‘initial support’’ force-plate until the stepping limb con-

tacted the ‘‘impact’’ force-plate. The initial contact on the

‘‘impact’’ force-plate determined t0. During the forward

step, the upright standing position was performed with one
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foot on each force-plate. The onset of the single-foot phase

determined t0 (Fig. 1).

All GRF data have been synchronized and averaged, from

t0, limited to -1,000 to ?1,000 ms time window. Specific

Fx, Fy and Fz GRF parameters (magnitude and occurrence)

have been extracted to characterize step dynamics. Impulse

of GRF components has been computed. Force values,

occurrences, impulses and an asymmetry indicator (AI) have

been used [6] to identify the difference lower limb strategies

between both initiation sides: AI = [(right - left/

right) 9 100]. A 5% threshold was considered significant to

state a dynamic asymmetry between limbs [13]. The com-

parison between both groups (scoliotic group vs. control

group) and direction step (anterior vs. lateral) for all AI

(AI(0) symmetry) have been reported in absolute value in

function of AI = 0 (perfect symmetry value). Thus, asym-

metry level for all parameters has been calculated from AI

and reported between minimum and maximum values:

AI(0) = [Min; Max]. For the asymmetry direction (right vs.

left initiation), the range of AI (AI(d) dispersion) has been

reported between minimum (negative) and maximum

(positive) values: [Min \ AI(d) \ Max].

The Gaussian distribution has been validated by the

Wilk–Shapiro statistical test. Analyses of variance (ANO-

VAs) for each group have been calculated on AI values

considering limb initiation and direction of GRF data,

GRF magnitude, GRF occurrences and GRF impulses.

A Newman–Keuls post hoc test has been used to compare

the different variables according to the group. A difference

thanks to a P value inferior to 0.05 was considered

significant.

Results

The difference between scoliotic and control groups has

been observed in Table 1 and Fig. 2.

Whatever the direction, AI increased for the scoliotic

group (SG) compared to the control group (CG) (CG

AI(0) = [|-0.1|; 36.4]; SG AI(0) = [|-0.2|; |-85|],

P \ 5.3 9 10-4; Fig. 2) in terms of occurrences, impulses,

and GRF values (Table 1). For all parameters, SG increase

was statistically non-significant for forward stepping versus

lateral stepping. For the lateral step, AI(0) increased for SG

versus CG-concerned occurrences, impulses and GRF

values Fx, Fy and Fz (Table 1).

Asymmetry indicator comparison between SG and CG,

whatever the direction, revealed an increased variability of

the overall parameters computed for scoliotic patients

(10.92% ± -9.71) versus CG (4.83% ± -2.85, P \ 5 9

10-3; Fig. 2). The variability of lateral stepping increased

for SG (SG 16.80% ± -9.98 vs. CG 6.91% ± -2.67,

P \ 1.1 9 10-3) in contrast to anterior stepping. The

comparison between the two directions revealed a higher

Fig. 1 Experimental setup

design for lateral (a) and

forward (b) stepping. Light foot

corresponds to the initial

position. Dark foot corresponds

to the impact foot on the right

side. Lateral step: the three

components of ground reaction

forces (Fx mediolateral, Fy
anteroposterior and Fz vertical)

evolution (expressed in N)

associated to the time evolution

(ms) shown for the lateral step

on the initial support force-plate

and the impact force-plate.

Forward step: the three

components of ground reaction

forces (Fx mediolateral, Fy
anteroposterior and Fz vertical)

evolution (expressed in N)

associated to the time evolution

(ms) shown for the forward step

on the stance side force-plate

and the movement side force-

plate
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variability for lateral stepping, only when stepping was

performed by scoliotic patients (anterior 5.04% ± -4.45

vs. lateral 16.80% ± -9.98; P \ 4 9 10-3).

The comparison between step directions is represented

in Table 2.

Lateral stepping globally presented largest AI(0) than

forward stepping with AI(0) as SG statistically increased

whilst no difference was found for CG (Fig. 2). In addition,

impulses, Fx, Fy and Fz of lateral stepping performed by

SG revealed larger asymmetries whilst its timing presented

a trend to increase with lateral stepping versus forward

(Table 2).

The overall parameters of forward stepping per-

formed by SG systematically presented an AI(0) [ 5%

for the anteroposterior forces (occurrences, impulses and

force values) and mediolateral forces (occurrences and

force values, excepted for impulses; Table 2).

Considering vertical forces, AI(0) was not systematically

[5%.

The overall parameters of lateral stepping performed

by SG systematically showed AI(0) [ 5% for vertical

and anteroposterior components of GRF (occurrences,

impulses and forces values). For mediolateral forces, the

AI(0) was not systematically [5%. CG was characterized

during forward and lateral stepping by an AI(0) not

systematically [5% whatever the GRF components

(impulses, occurrences and forces values; Table 1) were.

Table 1 Asymmetry Index [AI(0)] comparison between the control group and the scoliotic group

Step Group

Control group Scoliotic group P value

Forward and lateral steps

Occurrences AI(0) = [0.3; 23.1] AI(0) = [1.2; 49.1] P \ 1.6 9 10-3

Impulses AI(0) = [0.1; 36.4] AI(0) = [0.92; 66.5] P \ 2 9 10-3

Fx AI(0) = [0.3; 7.89] AI(0) = [0.2; 13.5] P \ 5 9 10-3

Fy AI(0) = [0.85; 24.4] AI(0) = [4.65; 85] P \ 3.9 9 10-3

Fz AI(0) = [0.4; 10.9] AI(0) = [0.81; 29.8] P \ 4.1 9 10-3

Forward step

Occurrences AI(0) = [0.69; 12.62] AI(0) = [1.83; 49.91] NS

Impulses AI(0) = [0.94; 11.27] AI(0) = [0.92; 13.58] NS

Fx AI(0) = [0.91; 7.89] AI(0) = [8.13; 10.22] NS

Fy AI(0) = [0.85; 7.29] AI(0) = [4.65; 15.06] NS

Fz AI(0) = [0.49; 4.75] AI(0) = [0.81; 4.68] NS

Lateral step

Occurrences AI(0) = [0.3; 23.1] AI(0) = [1.2; 29.8] P \ 5 9 10-3

Impulses AI(0) = [0.1; 36.4] AI(0) = [4.6; 66.5] P \ 1.7 9 10-3

Fx AI(0) = [0.5; 8.7] AI(0) = [0.2; 13.5] P \ 3.1 9 10-3

Fy AI(0) = [7.9; 24.4] AI(0) = [8.9; 85] P \ 2.4 9 10-3

Fz AI(0) = [2.9; 10.9] AI(0) = [9.4; 29.8] P \ 3.6 9 10-3

All parameters are represented in absolute value. These three stages are represented by (1) forward and lateral steps, (2) forward step and (3)

lateral step. The non-significant results (P [ 5 9 10-2) are represented by NS

Fig. 2 Asymmetry index (AI) and standard deviation (%) for all

parameters in two movements (Total), forward step (Anterior step),

lateral step, for control group (CG) in clear and, scoliotic group (SG)

in dark. A statistical difference is represented by ‘‘*’’ (P \ 5 9 10-2)

or ‘‘***’’ (P \ 1 9 10-3)
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Asymmetry result for right and left limbs is represented

in Fig. 3.

The computed AI(d) gives some information on the

direction of the asymmetry (see ‘‘Methods’’).

Scoliotic group was characterized by a negative AI for

66% of the computed parameters (AI [ 5%; Fig. 3). More

specifically, the left side revealed an increase in the value of

occurrences (1.2 [ AI(d) [ -49.91), impulses (0.92 [
AI(d) [ -66.5) and GRF for Fx (-0.2 [ AI(d) [ -13.5)

and for Fy (8.9 [ AI(d) [ -85). Conversely, Fz increased

for the right side (-0.81 \ AI(d) \ 29.8; Fig. 3).

Control group was characterized by a negative AI in

52% of the measured parameters. In this group, the

asymmetry distribution was less pronounced than SG for

occurrences (-23.1 \ AI(d) \ 12.62), impulses (0.1 \
AI(d) \ 36.4) and GRF for Fx (-7.89 \ AI(d) \ 8.7), Fy

(-24.4 \ AI(d) \ 6.8) and Fz (-10.9 \ AI(d) \ 4.75;

Fig. 3).

Discussion

The aim of the study is to characterize adaptive strategies

adolescents with AIS use when they perform a step initi-

ation in the frontal plane and in the sagittal plane. Results

showed for each GRF parameter an increasing AI for the

scoliotic group compared to the control group. Computed

asymmetry, mirroring adaptive strategy, is more apparent

for the lateral step than for the forward step whatever the

group is. The SG showed negative AI direction revealing

the predominance of left initiation limb versus right initi-

ation limb. Such large asymmetry is the consequence of

some adaptive postural strategies, whatever the stepping

direction is, reflecting the influence of the spinal curvature.

During gait, Chockalingam et al. [11] have established

that the scoliotic patient with non-compensated curve

presents larger GRF asymmetry than the patient with a

compensated curve. Moreover, these authors did not

demonstrate any correlation between asymmetry strategies

and the mediolateral component of gait movement. In

addition, our results have revealed an asymmetry of the

lower limb dynamics highly related to the movement

Table 2 Asymmetry Index (AI) comparison between forward step and lateral step

Group Step

Forward step Lateral step P value

Control group

All parameters AI(0) = [0.71; 12.62] AI(0) = [0.1; 36.4] NS

Occurrences AI(0) = [0.69; 12.62] AI(0) = [0.3; 23.1] NS

Impulses AI(0) = [0.94; 11.27] AI(0) = [0.1; 36.4] NS

Fx AI(0) = [0.91; 7.89] AI(0) = [0.5; 8.7] NS

Fy AI(0) = [0.85; 7.29] AI(0) = [7.9; 24.4] NS

Fz AI(0) = [0.49; 4.75] AI(0) = [2.9; 10.9] NS

Scoliotic group

All parameters AI(0) = [0.81; 49.91] AI(0) = [0.2; 85] P \ 9 9 10-5

Occurrences AI(0) = [1.83; 49.91] AI(0) = [1.2; 29.8] NS (P \ 7 9 10-3)

Impulses AI(0) = [0.92; 13.58] AI(0) = [4.6; 66.5] P \ 3 9 10-4

Fx AI(0) = [8.13; 10.22] AI(0) = [0.2; 13.5] P \ 4.2 9 10-3

Fy AI(0) = [4.65; 15.06] AI(0) = [8.9; 85] P \ 3.9 9 10-3

Fz AI(0) = [0.81; 4.68] AI(0) = [9.4; 29.8] P \ 4.1 9 10-3

All parameters are represented in absolute value. Two stages are represented: (1) control group and (2) scoliotic group. Non-significant results

(P [ 5 9 10-2) are represented by NS

Fig. 3 Direction of the asymmetry for the scoliotic group in dark and

the control group in clear for the anterior step and lateral step. The

asymmetry index (AI) was computed for GRF parameters: occur-

rences (occ), impulses (imp), medio-lateral (Fx), antero-posterior (Fy)

and vertical (Fz) components. A statistical difference is represented

by ‘‘*’’ (P \ 5 9 10-2)
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direction. Such an asymmetry, affecting the different

parameters of GRF, appears at different phases of the

movement whatever the direction is. Strategies observed

for both groups presume of a functional biomechanical

organization devoted to the optimal control of the

mechanical energy associated to orthogonal planes to be

controlled [30]. Such motor production is regulated by

motor programs linked to the scoliosis curvature automa-

tically inducing additional strategies. Such adaptive

morphological deformation strategy is dedicated to adjust

low-cost energies [20]. Whatever the testing paradigm is,

asymmetry is always more pronounced for scoliotic

patients. We have demonstrated that scoliotic patients

compensate for the effect of pathological curvature through

a specific GRF strategy in terms of time–distance param-

eters. According to Giakas et al. [17] GRF components for

patients suffering from scoliosis are altogether combined to

compensate the curvature asymmetry to ensure balance.

Controversial results in the literature may be explained by

the testing paradigm. i.e. normal gait versus stepping ini-

tiation in two plane directions. Differences calculated

between the groups may be due to a mechanical modifi-

cation of mass distribution and segmental inertia, both

determining specific motor strategies to be adapted to

geometry curvature. Control subjects undergoing the

experiment also show a behavioural asymmetry, thus

enabling us to think that the asymmetry (dominant vs. non-

dominant) is not at the origin of the scoliotic process.

However, the significant difference observed in both

groups show that this asymmetric rise could be the baseline

trigger of pathology. To justify this idea, two paradigms

exist. The first one would be to recognize the connection

between asymmetry level and scoliosis acuteness rise

(longitudinal study). The second one would be to measure

the evolution of this asymmetry index on young children

and see if those with the most asymmetric index develop a

scoliosis curve.

The scoliosis geometry progresses with adolescent

growth and development which should be reflected on the

notification of modified adaptive motor strategies. Larger

computed AI variability may be a cue of such a pro-

gressive behaviour. These results observed in two

orthogonal planes are confirmed by previous studies of

gait and standing postures [12, 17]. Ontogenic develop-

ment of spinal deformity associated with the morphotype

of SG and with the consequences of biomechanical aspect

[1] may explain the variability of dynamic motor strate-

gies. Orthogonal displacement reflects the influence of

mechanical ontogenesis on adaptive behaviour. Our data

showed the prevailing variability of lateral stepping

versus forward stepping. Moreover, spinal deformity is

more noticeable in the frontal plane than in the sagittal

one. For lateral stepping, adaptive strategies performed

by scoliotic subjects are more related to scoliosis defor-

mity in the frontal plane than in the sagittal one. An

increased variability of the movement in the frontal plane

may be explained by the absence of prior learning.

Scoliosis patients cannot manage to find a new adequate

strategy to fit with a new motor task. In contrast, the

patient stepping forward benefits from a repeated learning

enabling the development of a more specific and stable

adaptive strategy. This forward step is an appropriate

experimental paradigm to analyse stabilization of motor

strategies leading to a functional homogeneous behaviour.

However, despite the increased variability, lateral step-

ping may still be considered as the most relevant

paradigm to assess asymmetry between initiation limbs. It

explains the patient’s adaptive behaviour within the

scoliosis group. Lateral stepping allows a better differ-

entiation of scoliotic patients from healthy subjects and

lower limb stepping initiation. Studying the movement in

different planes for a three-dimensional spinal deforma-

tion is thus relevant.

Differences on specific asymmetry strategies expressed

via lower limb dynamics are more observable for lateral

stepping than for forward initiation. This increased

asymmetry in lateral stepping can be explained by the fact

that forward initiation is more frequently used in gait than

lateral step. For forward initiation, scoliotic subjects have

to provide a dynamical strategy over time according to

the progression of spine deformation. In contrast, when

the subject steps laterally he faces a new dynamical

status. The independent analysis of the dynamical

parameters show that CG revealed an AI, which is not

systematically superior to 5% for forward and lateral

stepping whatever the GRF impulses, occurrences and

GRF forces are. GRF differences between groups are

more acute for lateral stepping. Large asymmetry of GRF

gait has already been demonstrated in mediolateral com-

ponent [11, 18]. Giakas et al. [17] have shown high GRF

frequencies for SG and Schizas et al. [25] have shown

asymmetry of vertical GRF superior to 4% in SG. These

stepping direction results demonstrate no functional

asymmetry for CG, which contradicts the results of De

Vita et al. [13] for whom asymmetry exists in normal

gait. This study shows an AI systematically superior to

5% for anteroposterior and vertical forces meant to step

laterally. In contrast, forward stepping presents an AI

superior to 5% for anteroposterior and mediolateral for-

ces. We observed that anteroposterior forces are

statistically asymmetrical whatever the initiation direction

is. These anteroposterior forces, characterized by a per-

manent asymmetry, mirror the adaptive behaviour of AIS

patients, which could compensate trunk morphological

asymmetry. According to movement direction, antero-

posterior forces combine automatically with mediolateral

Eur Spine J (2009) 18:188–195 193
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or vertical forces to control GRF without compromising

the dynamical balance. Giakas et al. [17] previously

showed in scoliotic patients that anteroposterior forces

combined with mediolateral forces during gait, which has

also been demonstrated in this study. According to a

recent work concerning lateral step initiation [8], antero-

posterior forces were defined as the most representative

parameter to study the dynamical asymmetry of a motor

production in the SG whatever the stepping direction is.

The anteroposterior component of GRF is a relevant

clinical parameter to compare SG to CG and more spe-

cifically to specify the dynamics of lower limbs in

stepping initiation. This point does not confirm previous

results dealing with dynamics of posture [31] or of gait

[17]. These authors indicate major issues in mediolateral

component of GRF than the other components (antero-

posterior and vertical forces).

Thus, the asymmetry strategies adapt according to plane

movements. The patient suffering from scoliosis must

manage to find the equilibrium of the movement and the

spinal deformation without learning the dynamical strategy

to be run. Scoliotic patients present a different behaviour in

terms of force control according to the stepping direction.

Our data demonstrate the necessity to differentiate a static

analysis of posture, a quasi static analysis of initiation gait

and a dynamical analysis of normal gait. Initiation gait as

the transition phase has to be considered as a whole

intrinsic motor behaviour associating specific learning and

motor strategies.

Conclusion

This study demonstrates the interest to focus on movement

initiation following orthogonal directions for a pathological

population presenting a three-dimensional trunk deformity.

Whatever the stepping direction was, asymmetrical GRF

controlled balance for AIS patients. Stepping forward, as

the result of ontogenetic learning, has showed a permanent

strategy adaptation due to a permanent lateral stepping use,

which reflects a short-term strategy adaptation. The origi-

nality of our study lies in the type of movement paradigm,

which is not posture neither gait, but initiation stepping as

the transition between both. The learning aspect and the

movement itself are at stake to understand better the clini-

cal basis and be rehabilitation oriented for the patient care.

It would be interesting to systematically assess move-

ments over two different planes for a pathology combining

a three-dimensional spinal biomechanical disorder. This

assessment should lead us to a characteristic asymmetry

index enabling us to plan a physiotherapy adapted to the

pathology and adaptations peculiar to each subject.
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le saut. Biomécanique, explorations, normes et dysfonctionne-

ments. Masson, Paris, pp 69–90

21. Nascimento OF, Nielsen KD, Voigt M (2005) Influence of

directional orientations during gait initiation and stepping on

movement-related cortical potentials. Behav Brain Res 161:141–

154. doi:10.1016/j.bbr.2005.02.031

22. Nault ML, Allard P, Hinse S, Le Blanc R, Caron O, Labelle H,

Sadeghi H (2002) Relations between standing stability and body

posture parameters in adolescent idiopathic scoliosis. Spine

27(17):1911–1917

23. Sahlstrand T, Ortengren R, Nachemson A (1978) Postural

equilibrium in adolescent idiopathic scoliosis. Acta Orthop Scand

49(4):354–365

24. Sahlstrand T (1980) An analysis of lateral predominance in

adolescent idiopathic scoliosis with special reference to convex-

ity of the curve. Spine 5(6):512–518. doi:10.1097/00007632-

198011000-00005

25. Schizas C, Kramers de Quervain I, Stussi E, Grob D (1998) Gait

asymmetries in patients with idiopathic scoliosis using vertical

forces measurements only. Eur Spine J 7(2):95–98. doi:10.1007/

s005860050037

26. Simoneau M, Richer N, Mercier P, Allard P, Teasdale N (2005)

Sensory deprivation and balance control in idiopathic scoliosis

adolescent. Exp Brain Res 24:1–7

27. Viton JM, Timsit M, Mesure S, Massion J, Franceschi JP,

Delarque A (2000) Asymmetry of gait initiation in patients with

unilateral knee arthritis. Arch Phys Med Rehabil 81:194–200

28. Wicart P, Maton B (2003) Body equilibrium at the end of gait

initiation: importance of ankle muscular force as evidenced in

clubfoot children. Neurosci Lett 351:67–70. doi:10.1016/S0304-

3940(03)00619-0

29. Wiener-Vacher S, Mazda K (1998) Asymmetric otolith vestibulo-

ocular responses in children with idiopathic scoliosis. J Pedod

132(6):1028–1032. doi:10.1016/S0022-3476(98)70403-2

30. Winter D (1995) ABC of balance during standing and walking.

Waterloo Biomechanics, Ontario, pp 10–42

31. Zabjeck K, Leroux M, Coillard C, Rivard C, Prince F (2005)

Evaluation of segmental postural characteristics during quiet

standing in control and idiopathic scoliosis patients. Clin Bio-

mech (Bristol, Avon) 20(5):483–490. doi:10.1016/j.clinbiomech.

2005.01.003

Eur Spine J (2009) 18:188–195 195

123

http://dx.doi.org/10.1016/j.bbr.2005.02.031
http://dx.doi.org/10.1097/00007632-198011000-00005
http://dx.doi.org/10.1097/00007632-198011000-00005
http://dx.doi.org/10.1007/s005860050037
http://dx.doi.org/10.1007/s005860050037
http://dx.doi.org/10.1016/S0304-3940(03)00619-0
http://dx.doi.org/10.1016/S0304-3940(03)00619-0
http://dx.doi.org/10.1016/S0022-3476(98)70403-2
http://dx.doi.org/10.1016/j.clinbiomech.2005.01.003
http://dx.doi.org/10.1016/j.clinbiomech.2005.01.003

	Dynamical asymmetries in idiopathic scoliosis during forward �and lateral initiation step
	Abstract
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


