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during recovery, especially in response to large pertur-
bation. Restriction of lumbar spine movement adversely 
affects postural recovery. The results suggest movement of 
the lumbar spine, although small in amplitude, is critical 
for efficient recovery of standing balance.
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Introduction

Maintenance of postural stability involves movement and 
moments at multiple body segments. Classical stereotypi-
cal movement synergies to maintain postural equilibrium 
are defined as hip and ankle strategies and refer to domi-
nant movement or moments at either the hip or the ankle 
joint (Horak and Nashner 1986), respectively, but failed to 
address the contribution of the lumbar spine. During quiet 
stance on a fixed base of firm support, postural stability 
in the antero-posterior (AP) direction is typically main-
tained by movement/moments at the ankle. To overcome 
quick and large postural perturbation, the hip strategy is 
used, involving hip movement/moments to assist recovery 
of postural stability (Horak and Nashner 1986). Although 
motion/moments at the lumbar spine are likely to be an 
essential component of the hip strategy, the contribution of 
this region is seldom examined in detail. We hypothesized 
that reduced lumbar motion would adversely affect stand-
ing balance control and that this may underpin commonly 
reported (Mok et  al. 2011a, b) balance deficits in people 
with chronic low back pain (LBP).

Spinal movement as a component of postural adjust-
ments, although small in amplitude, has been measured 
in quiet standing and in association with voluntary arm 

Abstract  Repeated measures design. This study exam-
ined recovery of postural equilibrium (centre of pressure 
(COP) excursion, time to recover balance, and the number 
of postural adjustments) following unexpected support sur-
face perturbation in healthy participants with and without 
a rigid lumbar corset to reduce lumbar motion. Lumbar 
spine movement is thought to aid postural stability, espe-
cially when a “hip” (lumbopelvic) strategy is required, 
such as in response to large and fast perturbations. Delayed 
onset of lumbar spine movement in association with pro-
longed postural recovery in chronic low back pain implies 
reduced spinal motion could underpin balance deficits 
in this group. However, other explanations such as poor 
proprioception cannot be excluded, and the relationship 
between lumbar movement and postural stability remains 
unclear. We hypothesized restricted lumbar spine move-
ment would impair control of postural recovery following 
support surface perturbation. Participants regained postural 
stability following unexpected support surface perturba-
tions in different directions (forward and backward), with 
different amplitudes (small, medium, and large), with and 
without restriction of spine motion by a hard lumbar cor-
set. Although the latency of the postural adjustment was 
unaffected by the corset, the quality of postural recovery 
was compromised (increased COP range, time taken for 
postural recovery, and number of postural adjustments) 
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movements in healthy individuals (Hodges et  al. 1999, 
2002; Mok et  al. 2007). When people with LBP perform 
voluntary arm movements or are unexpectedly perturbed 
by an external load, the onset of lumbar spine movement 
is delayed and the time to postural recovery is prolonged, 
with more postural adjustments (Hodges et al. 1999, 2002; 
Mok et  al. 2007, 2011a, b). This is particularly evident 
when standing on a short base, which limits the potential 
to use an ankle strategy forcing the participant to use a “hip 
strategy”. Preliminary data suggest that delayed movement 
of the lumbar spine could explain the longer time to regain 
postural stability and greater number of postural adjust-
ments during the recovery period in that context (Mok et al. 
2011a). These data imply an association between move-
ment of the lumbar spine and the quality of postural con-
trol, especially when a hip strategy is required. Although 
it is plausible that reduced spinal motion may underpin the 
balance deficit in this group, it is not possible to conclude 
whether this relationship is explained by increased stiff-
ness of the lumbar spine [potentially as a result of a pro-
tective response of the trunk muscles (Hodges et al. 2013)] 
or changes in control secondary to compromised proprio-
ception, which is a common finding in LBP (Sheeran et al. 
2012; Willigenburg et al. 2012).

Two studies that restricted spine movement with external 
braces provide further evidence that compromised lumbar 
motion may underpin the balance deficit in LBP, but cannot 
resolve the question. First, Gruneberg et al. (2004) examined 
postural reaction to support surface perturbation with a cor-
set that either blocked movement of the hip–pelvis–lumbar 
spine complex (half corset) or hip–pelvis–thoracolumbar 
spine complex (full corset). Although the data showed 
increased likelihood of a loss of balance when wearing a cor-
set (consistent with the multi-link pendulum model of bal-
ance control involving movement/moment of hip and trunk) 
(Gruneberg et al. 2004), the corset restricted hip motion, and 
the potential-specific contribution of lumbar spine motion 
to postural stability remains unknown. This is important 
as other work shows that hip motion can increase to com-
pensate for changes in lumbar motion (Smith et  al. 2005).  
Second, application of a lumbar brace (to maintain lumbar 
lordosis) in individuals with LBP and degenerative lumbar 
disc pathology increased the frequency of postural correc-
tion, but did not affect COP excursion during quiet standing. 
As the brace may have restricted lumbar motion in a group 
with already reduced motion, the data cannot resolve the 
effect of increased spine stiffness on postural control.

This study aimed to investigate the effect of specific 
restriction of lumbar spine mobility on postural steadiness 
and recovery in response to unexpected support surface 
perturbation. The quality of postural recovery was quan-
tified by the latency to the onset of the postural response, 
the time taken to regain balance, the number of postural 

adjustments during postural recovery, and the excursion of 
centre of pressure (COP) (postural steadiness) during pos-
tural recovery (Mackey and Robinovitch 2005).

Methods

Participants

Twenty (11 male and 9 female) participants with a mean 
(SD) age of 20 (1) years were included if they had no 
recent history of significant LBP or neck pain (defined as 
episodes that required treatment or sick leave) in the past 
6  months and body mass index (BMI) between 18.5 and 
25  kg/m2 (WHO Expert Consultation 2004). Participants 
were excluded if they had history of spinal surgery, any sig-
nificant structural abnormality, deformity or mal-alignment 
of the spine, unresolved lower limb musculoskeletal pathol-
ogy, any known sensory or neurologic disorders, or any 
condition or medication that could affect balance. Partici-
pants completed a Habitual Physical Activity Questionnaire 
(HPA) (Baecke et al. 1982). Participant characteristics are 
presented in Table  1. All procedures were approved by 
Institutional Medical Research Ethics Committee and were 
conducted in accordance with the Declaration of Helsinki.

Ground reaction forces

A dynamic 18″  ×  18″ strain gauge dual force platform 
system embedded in the SMART EquiTest system (Neu-
roCom, USA) was used to detect ground reaction forces. 
Data were acquired at 500 Hz.

Procedure

A rigid (thermoplastic—Eco Nat 3.2  mm, Orfit Indus-
tries, Belgium) thoracolumbar corset was tailor-made by 
an orthotist to fit each participant prior to testing with the 

Table 1   Characteristics of participants

Participants (n = 20)
Mean (SD)

Age (years) 20.6 (1.1)

Gender 9 female, 11 male

Height (m) 1.64 (0.07)

Weight (kg) 54.7 (5.4)

Body mass index 20.3 (1.7)

Habitual physical activity

 Work (scale 1–5) 2.3 (0.3)

 Sports (scale 1–5) 2.4 (0.7)

 Leisure (scale 1–5) 2.7 (0.6)
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intention to restrict lumbar motion without affecting hip 
motion or breathing. The corset was custom moulded as a 
two-piece (anterior and posterior) bivalve thoracolumbar 
orthosis and secured with three Velcro straps on each side. 
The posterior piece spanned between S2 inferiorly to T10 
superiorly, and the anterior piece spanned from the supe-
rior edge of the pelvis to within 4 fingers width below the 
xyphoid process (Fig. 1). Participants were tested with and 
without the corset in random order with group allocation in 
a sealed envelope.

Support surface translation was provided using a 
SMART EquiTest system (NeuroCom, USA). Participants 
were instructed to regain upright posture as soon as pos-
sible after the perturbation. The “Motor Control Test” 
protocol (a standard measurement method of the EquiT-
est system, version 8.4, NeuroCom. USA) was used to 
measure the postural response to antero-posterior support 
surface translations in two directions (backward or for-
ward) at three amplitudes (large, medium, and small). The 
amplitude of the translations was scaled according to the 
individual’s height. Small, medium, and large translations 
were designed by the apparatus manufacturer to produce an 
angular displacement of the centre of gravity (based on a 
single-pendulum model) of 0.7° in 250 ms, 1.8° in 300 ms, 
and 3.2° in 400 ms, respectively. Each translation occurred 
at a constant velocity and transferred constant forward or 
backward angular momentum to the participant’s body. 
Three trials for each translation condition (2 directions × 3 
amplitude) were tested for 18 trials, with and without the 
corset (i.e. 36 trials in total) with a randomized translation 
condition sequence.

The test was conducted in a quiet environment, and ear-
plugs reduced audio cues from the system. Participants 
stood relaxed with bare feet on the force plate with the 

distance between the lateral malleoli determined by the 
participant’s height. Participants were attached to a safety 
harness, and a trial was considered as “fail” if the partici-
pant took a step or grabbed an object to maintain balance. 
Participants rested for >10 s between trials.

Data processing

COP displacement and the velocity of COP (COPV, calcu-
lated by differentiation of the COP position data) were ana-
lysed using Matlab 6.0 software (The Mathworks, USA). 
Data were only analysed in the antero-posterior plane (i.e. 
COPap and COPapV) as postural perturbation induced by 
the system occurred primarily in this direction. COPapV 
data were rectified, and the mean amplitude from 100 to 
400 ms before the onset of perturbation was calculated as a 
measure of baseline postural stability (Fig. 2).

The time between the onset of the platform translation 
and onset of postural response (“Postural reaction latency”) 
was calculated. The onset of platform translation was 
determined as the instant the shear force (recorded from 
the EquiTest system) deviated from baseline. The onset of 
the postural response was identified as the point at which 
COPapV increased by >2SD above amplitude of baseline 
(mean-rectified COPapV from 100 to 400 ms before onset 
of perturbation (Brauer et al. 2001) (Fig. 2a).

The “time to postural stabilization” was defined as the 
time between the onset of platform translation and the 
time at which COPapV returned to a pre-perturbation level 
(Brauer et  al. 2001), i.e. when COPapV remains below a 
threshold velocity (mean baseline velocity plus 2 SD) for 
30 ms following postural perturbation (Fig. 2a).

The “number of postural adjustments” was recorded as 
the number of times the unrectified COPapV crossed zero 

Fig. 1   The rigid lumbar 
corset—two-piece (anterior and 
posterior) bivalve thoracolum-
bar orthosis, and secured with 
three Velcro straps on each side. 
The posterior piece spanned 
between S2 inferiorly to T10 
superiorly, and the anterior 
piece spanned from the superior 
edge of the pelvis to within 4 
fingers width below the xyphoid 
process
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(which represents major direction change of the COPap 
trajectory) in the period from platform translation until the 
time to stabilization as described above (Fig. 2b).

The COP range in antero-posterior direction (COPEap) 
was defined as the difference between the maximum and 
minimum antero-posterior position of COP during the 
period of postural recovery.

Statistical analysis

Data from “fail” trials were not analysed. Distribution of 
the data was tested with Shapiro–Wilk test. All measures 
were compared between lumbar corset conditions (with 
vs. without corset), directions (forward vs. backward), 
and amplitudes (small, medium and large) using a linear 
mixed model. Significance was tested using F statistics of 
the analysis of variance table (ANOVA). Differences in the 

number of successful trials and postural adjustments were 
analysed using chi-square and Wilcoxon’s ranked sum test, 
respectively. Post hoc testing involved paired tests with 
Bonferroni correction for multiple comparisons. SPSS 
v16.0 (SPSS Inc, Chicago, IL) was used for all analysis, 
and the significance was set at P ≤ 0.05. Data are presented 
as mean [SD] values throughout the text and figures.

Results

Number of “fail” trials

Participants were more likely to lose balance and grab for 
an object (“fail”) in trials with lumbar corset than without 
(χ2 = 4.52, P = 0.03; Table 2). Individual platform transla-
tion conditions were not analysed separately because of the 
small number of fail trials in this healthy participant group.

Baseline COPapV

There was no difference in the baseline-rectified COPapV 
between trials with (3.2 [0.3]  mm/s) and without (3.4 
[0.2] mm/s, P = 0.93; Table 3) a corset. This suggests the 
corset had no effect on balance in quiet stance.

Postural reaction latency

The mean postural reaction latency did not differ between 
conditions with (132 [16] ms) and without (136 [12] ms) 
lumbar corset (P  =  0.34; Table  4). Postural latency was 
significantly increased (P  =  0.03) during forward (143 
[11]  ms) translation than backward (125 [74]  ms). There 
was no difference in postural latency between amplitudes 
(P = 0.07).

a

b

Fig. 2   a Quantification of the temporal parameters for postural 
recovery. The onset of platform movement is derived from the 
shear force data. Postural reaction latency: the time period between 
the onset of platform movement and the onset of postural reaction 
(dash line). Length of time for postural stabilization: the time period 
between onset of platform movement and point of stabilization.  
b Quantification of the number of postural adjustments from onset of 
postural reaction to the time of postural stabilization. Times at which 
the COPapV crossed zero are marked with circles. Five crossings 
before postural stabilization are identified in this trial

Table 2   The number of fail trials in different support surface transla-
tion conditions

A total of 720 trials (2 directions × 3 amplitude × 3 trials with and 
without corset) were tested for 20 subjects. There was a significant 
increase in the total number of failed trials with corset

Corset (360 trials) No corset (360 trials)

Forward

 Small 2 0

 Medium 1 0

 Large 2 2

Backward

 Small 1 0

 Medium 2 0

 Large 1 0

 Total 9 2
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Time to postural stabilization

In response to sudden support surface translation, the 
time taken to regain postural stability was longer when 
motion of the lumbar spine was restricted with the corset 
(952 [182] ms) than trials without a corset (832 [125] ms; 
P < 0.001). Time to postural stabilization was longer with 
large (main effect: amplitude—P  <  0.001; post hoc—
P  <  0.01) and medium (post hoc—P  =  0.01) translation 
than small-amplitude translation, but no difference between 
the large and medium translation (P  =  0.76). There was 
no difference in time to postural stabilization between 
directions (P =  0.26). The absence of a significant inter-
action between corset condition ×  direction ×  amplitude 
(P  =  0.47) indicates that restriction of movement of the 
lumbar spine consistently prolongs the time to regain pos-
tural equilibrium, irrespective of the direction and ampli-
tude of the support surface translation (Fig. 3a).

Number of postural adjustments

The number of postural adjustments was greater during the 
time to stabilization when the corset was worn (3.4 [1.2]) 

than without the corset (2.6 [0.8]; P  <  0.001). More pos-
tural adjustments were also required during large (main 
effect P < 0.001, post hoc P < 0.001) and medium trans-
lation (P = 0.02) than with small translation, with no dif-
ference between large and medium translation (P = 0.14). 
There was no interaction between corset condition, ampli-
tude, and direction (P = 0.14) (Fig. 3b).

Range of COP

The range of the COP excursion in antero-posterior direc-
tion during postural stabilization was greater with the cor-
set (6.7 [3.10]  cm) than without the corset (5.5 [2.5]  cm; 
P < 0.001). The COP excursion was greater with the large 
(main effect P < 0.001, post hoc P < 0.001) and medium 
(P  <  0.001) translations than the small-amplitude transla-
tion. There was no interaction between corset condition and 
amplitude or direction (all: P = 0.43) (Fig. 3c).

Discussion

The results of this study indicate that restriction of lumbar 
motion leads to compromised quality of postural recovery 
after unexpected support surface translations. This finding 
supports the hypothesis that movement of the lumbar spine 
is important for maintenance of standing balance and that 
compromised spine motion in LBP is likely to contribute to 
the balance deficits consistently reported in this group.

Limitation to lumbar movement is associated  
with poor balance

This study is the first to specifically investigate the effect 
of restricted lumbar spine movement on maintenance of 
postural equilibrium following support surface translation. 
The data extend the previous observation that the pos-
tural response to perturbation in the roll or pitch planes is 
compromised by limitation of motion over multiple seg-
ments including either the hip and lumbopelvic region or 
the entire region extending between the hip and thorax 
(Gruneberg et  al. 2004). In that study, the authors con-
cluded that extensive limitation of movement of the trunk 
and hip complex adversely affects postural reaction as evi-
denced by increased compensatory head and arm move-
ments and reduced leg muscle activity. The present data 
extend this finding to suggest that restriction of the lumbar 
spine alone is sufficient to compromise balance recovery, 
and the availability of other segments, such as the hip, can-
not compensate for this restriction.

Although most argue that balance in quiet stance and the 
response to small postural perturbations are maintained pre-
dominately by movement and moments at the ankle joint 

Table 3   Group data of the baseline-rectified COPapV (mm/s)

No significant effect was found in corset, direction, or amplitude  
condition

Corset [mean (SD)] No corset [mean (SD)]

Forward

 Small 3.0 (0.4) 3.2 (0.5)

 Medium 3.1 (0.4) 3.3 (0.5)

 Large 3.7 (0.6) 3.9 (0.4)

Backward

 Small 3.0 (0.4) 3.3 (0.5)

 Medium 3.1 (0.4) 3.4 (0.5)

 Large 3.5 (0.3) 3.4 (0.3)

Table 4   Group data of the postural reaction onset timing (ms)

No significant effect was found in corset, direction, or amplitude  
condition

Corset [mean (SD)] No corset [mean (SD)]

Forward

 Small 148.1 (7.1) 149.7 (10.8)

 Medium 143.5 (12.2) 143.3 (14.2)

 Large 136.8 (19.4) 139.2 (18.2)

Backward

 Small 133.6 (27.9) 141.5 (19.4)

 Medium 126.1 (38.2) 128.3 (39.5)

 Large 104.1 (49.3) 115.3 (46.7)
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(ankle strategy) (Horak and Nashner 1986), others argue 
that moments and movements at the trunk contribute even 
during quiet standing. Evidence for this has come from 
studies of respiration (Gurfinkel et  al. 1971; Hodges et  al. 
2002). In those studies, small movements of the spine and 
pelvis have been reported in phase with breathing and are 
thought to counteract the perturbation to balance from the 
displacement of centre of mass with breathing. The results 
of the present study provide further evidence for a role 
of the trunk in tasks with minor disturbance to balance. 

Although the corset did not lead to increase COPapV in 
quiet standing prior to the perturbation, postural recovery 
was compromised following the small perturbation ampli-
tude by the restriction of spine movement. Previous work 
has shown that small-amplitude flexion (~3°) at the lumbar 
spine was adequate to contribute to balance in response to a 
perturbation induced by a 1 kg weight dropping into a hand-
held box (Mok et al. 2011a) and motion of the spine of less 
than 1° in anticipation of the perturbation to the trunk from 
arm movement (Hodges et al. 1999). Taken together, these 

a

b

c

Fig. 3   Group COP data during postural recovery. Data for trials in 
forward and backward direction are displayed in the left and right 
panel, respectively. a Time to postural stabilization. The time taken to 
restore postural equilibrium and the number of postural adjustments 
were significantly greater with lumbar corset application in the large 
translation condition for both forward and backward perturbations. 

b The number of postural adjustments was significantly greater with 
lumbar corset application in the large translation condition for both 
forward and backward. c COPap excursion during postural recov-
ery was significantly greater with lumbar corset application in the 
medium and large translation conditions with both forward and back-
ward perturbations. Mean and SD are shown
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observations indicate that lumbar spine movement, although 
small in amplitude, plays a critical role in postural control 
and contributes even when perturbations are small.

Several studies have highlighted the direction-specific 
control of trunk muscles to maintain balance in standing in 
response to support surface translations (Henry et al. 1998; 
Jones et al. 2012). These data clearly show that motion of 
the spine and tightly controlled trunk muscle activation, 
rather than simple trunk stiffening, are involved in control 
of balance in standing. Other work has shown that when 
trunk muscle activity is increased (Reeves et al. 2006), the 
quality of postural control in sitting is impaired. Besides 
muscle activation, suboptimal control of lumbar movement 
and impaired postural sway during seated balancing task 
has been evident in people with LBP (Radebold et al. 2001; 
van Dieen et al. 2010; Willigenburg et al. 2013). The result 
suggested that either restricted (Radebold et al. 2001; van 
Dieen et al. 2010) or increased (Willigenburg et al. 2013) 
lumbar movement is associated with poor balance while 
sitting on an unstable base, although differentiation of pas-
sive versus active involvement of the spine is not feasible 
with the seated balancing paradigm (van Dieen et al. 2010; 
Willigenburg et al. 2013). However, that work excludes the 
contribution of the legs and the current work indicates that 
restriction of spine in standing, without impact on the legs, 
compromises balance quality.

Previous studies have investigated the effect of soft lum-
bar corset to sitting on an unstable base in healthy indi-
viduals (Reeves et  al. 2006; Cholewicki et  al. 2007). The 
results indicate reduced activity of the lumbar erector spi-
nae muscles, but no change in the COPV from trials with 
no brace (Reeves et al. 2006; Cholewicki et al. 2007). The 
latter finding concurs with our finding that baseline COPV 
was not changed by the application of lumbar corset. The 
effect of a lumbar brace that maintains the lumbar spine 
in a fixed lordotic position in patients with chronic disco-
genic LBP was recently reported (Munoz et al. 2010). Dur-
ing quiet standing in that study, the application of the brace 
induced a significant backward displacement of CoP and a 
more frequent change in CoP direction. Although it is not 
possible to determine whether the latter effect is the result 
of changes in stiffness (faster oscillation of a stiffer struc-
ture) or compromised active control (less accurate coordi-
nation of COP displacement), it does infer a more complex 
control problem akin to the greater number of postural cor-
rections in the present study after the perturbation. While 
the authors deduced this to imply improved balance perfor-
mance with lumbar brace, the results of the present study 
provide an alternative interpretation. Increased frequency 
of postural corrections has been suggested as a manifesta-
tion of compromised accuracy of the postural correction 
mechanisms (Rougier and Garin 2006). Further, in the 
present study, greater number of postural corrections was 

associated with a longer time to postural recovery. Taken 
together, we argued the findings of Munoz et  al. (2010) 
might indicate that during quiet standing, reduced lumbar 
movement compromised the quality of postural control. 
Although increased frequency of postural correction was 
evident, postural steadiness (COP sway area) remained 
unchanged with the application of the brace in the LBP 
group (Munoz et  al. 2010). However, this difference to 
the present study is not surprising as postural steadiness in 
quiet stance does not correlate with postural recovery from 
perturbation and should be treated as a separate measure of 
postural control (Mackey and Robinovitch 2005).

Application of a lumbar corset did not change postural 
reaction latency

Postural latency represents the time required for initiation 
of the postural recovery action. Accurate and rapid onset is 
important for maintenance of upright balance (Shumway-
Cook and Woollacott 2007). Postural latency is a sensi-
tive indicator of balance performance. Postural latency is 
increased in elderly participants with poor balance (Wool-
lacott et  al. 1986) and in healthy individuals during jaw 
clenching (Hosoda et  al. 2007). Postural latency did not 
change with application of a rigid lumbar corset in the pre-
sent study. This implies that a response could be initiated 
with a similar latency, but this is likely to involve moments 
generated at segments other than the spine, such as hip 
and ankle. Despite the preservation of response latency, 
the organization of the postural response was sufficiently 
compromised to reduce the quality of balance recovery. 
Although balance is controlled by coordination of the mul-
tiple segments in the kinetic chain from feet to head, the 
reduced contribution of the lumbar spine could not be com-
pletely compensated by motion at adjacent segments.

There may be differences in the ability of people with 
and without LBP to redistribute motion between segments 
to compensate for reduced spinal motion. Although greater 
displacement of CoP associated with breathing has been 
shown in people with LBP in association with reduced 
lumbopelvic movement (Grimstone and Hodges 2003), this 
is not observed when healthy individuals are given LBP 
experimentally (Smith et al. 2005). The authors argued that 
people with no history of LBP were able to use movement 
from other joints (such as hip and knee) to compensate for 
the reduced lumbar spine movement and maintain postural 
stability. Although participants in the present study may 
have adopted a similar strategy when wearing a brace, this 
was insufficient to completely compensate for the reduced 
spinal motion. If so, the present data would underestimate 
the effect that may be apparent if no compensation was 
used. The effect of a brace in people with LBP may have 
a greater impact on balance than for a group of pain-free 
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control participants. This warrants further investigation 
with measurement of joint kinematics in addition to force 
plate measures.

Methodological considerations

There are some methodological issues to consider. First, the 
movement of the lumbar spine is unlikely to be completely 
restricted by the corset used here. Although the corsets 
were tailor-made and individually moulded to each partic-
ipant, small movement at the lumbar spine might still be 
possible. This could not be measured as the tight fitting of 
the corset meant placement of sensors on the lumbar spine 
for movement detection was not feasible. Nevertheless, the 
present results show that restriction of the lumbar spine 
movement, even if not completely eliminated, impairs pos-
tural recovery. Second, compensatory movements at adja-
cent segments were not recorded but would be worthy of 
consideration in future work.

Previous work has highlighted the important role of spi-
nal and lower limb movement in postural compensation for 
the perturbation to balance caused by breathing (Gurfinkel 
et  al. 1971; Kantor et  al. 2001; Hodges et  al. 2002). The 
corset used in the present study will have modified breath-
ing as a result of reduced abdominal displacement and 
spinal motion. Although this may have had a subtle effect 
on the postural strategy, we do not believe this affects our 
results as there was no difference in variables at baseline 
prior to the perturbation, despite the application of the 
corset. This could be further investigated in future work, 
particularly for corsets that extend to the rib cage and that 
would have a greater impact on breathing (Puckree et  al. 
2005).

Conclusion

The results of this study suggest that movement of the lum-
bar spine plays a critical role in postural recovery follow-
ing unexpected support surface translation. Time of onset 
of postural reaction was not affected by the brace, which 
suggests the response remains triggered as quickly in this 
condition as trials without the brace. However, despite the 
maintained onset of response, the reduced contribution of 
lumbar movement to the postural adjustment compromised 
its quality. Poor balance control in people with LBP could 
be explained by reduced lumbar movement.
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