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ostural Control of the Lumbar Spine in Unstable Sitting

ichard A. Preuss, PT, MSc, Sylvain G. Grenier, PhD, Stuart M. McGill, PhD
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ABSTRACT. Preuss RA, Grenier SG, McGill SM. Postural
ontrol of the lumbar spine in unstable sitting. Arch Phys Med
ehabil 2005;86:2309-15.

Objective: To evaluate the neuromuscular strategy adopted
uring sitting balance on an unstable surface in the frontal
lane.
Design: Electromyographic evaluation of trunk muscles.
Setting: University spine biomechanics laboratory.
Participants: Seventy asymptomatic men (mean age, 34.5y).
Interventions: Not applicable.
Main Outcome Measures: “Balancers” and “nonbalancers”

ere identified by principal component analysis of their lumbar
pine side flexion angle during sitting balance. Average elec-
romyographic levels were used as a measure of muscle acti-
ation. Pearson correlations were used to identify coactivation
ersus asymmetrical muscle activation of opposite muscle
roups.
Results: External oblique, internal oblique, and thoracic

rector spinae (TES) were most active, and most likely to be
sed asymmetrically, with other muscles showing low levels of
oactivation. Between groups, the average electromyographic
evels in the balancers was lower than in the nonbalancers
P�.05), with further differences in the symmetry of external
blique, internal oblique, and TES activation between groups.

Conclusions: Sitting balance in the frontal plane appears to
nvolve a combined feedforward-feedback strategy of muscle
ctivation. Successful balance was characterized by low levels
f muscle coactivity, along with higher levels of asymmetric
ctivation in the global trunk muscles, specifically external
blique, internal oblique, and TES.
Key Words: Electromyography; Equilibrium; Lumbosacral

egion; Motor activity; Rehabilitation.
© 2005 by the American Congress of Rehabilitation Medi-

ine and the American Acadmey of Physical Medicine and
ehabilitation

HE STABILIZING SYSTEM of the spine, as described by
Panjabi,1 is divided into 3 subsystems: a passive (osteoli-

amentous) system, an active (musculotendinous) system, and
neural control system. In the absence of the latter 2 systems,

he lumbar spine will buckle at compressive loads of less than
00N.2-4 The addition of neuromuscular activity (representing
he combined action of the neural and musculotendinous sys-
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ems), however, allows the spine to remain stable under loads
f several thousand newtons.4,5 Two potential neuromuscular
trategies have been suggested to achieve this goal.6 The first
nvolves the use of feedforward levels of muscle stiffness,
dequate to maintain the stability of the spine like a Euler
olumn (a spine-stiffening strategy). The second involves a
ombined feedforward-feedback approach in which low levels
f spine stiffness, sufficient only to thwart immediate spine
uckling, are maintained by feedforward commands (aided by
he mechanical properties of the muscles themselves) but with
eedback control required to maintain spine stability in the
vent of a perturbation.

In standing, with a stable base of support (BOS), a strategy
f spine-stiffening through muscle coactivation has been ob-
erved in response to changes in static spine stability.7 Under
ynamic conditions, however, such as when the subject’s BOS
s not stable, such a strategy of spine stiffening is unlikely to be
ffective if the trunk musculature is to be involved in the
aintenance of postural control and balance as well as spine

tability. Under such conditions, the combined feedforward-
eedback strategy would appear to be more effective. One
eans to test this would be through an evaluation of sitting

alance, which can challenge both the postural control and
tability of the trunk and spine, and in particular of the lumbar
pine, by limiting the role of the lower extremities in the mainte-
ance of postural control.8 In a recent study, Radebold et al9 found
hat poor trunk postural control while sitting on an unstable
urface correlated with delayed muscle response to sudden
oading of the trunk. These authors hypothesized that these
eficits may be the result of decreased spine proprioception,
otentially impairing the dynamic postural control and stability
f the spine and placing these subjects at greater risk for injury.
his previous study did not, however, address any differences

n the neuromuscular strategies adopted during the balance task
tself by those subjects who were more and less adept at the
ask.

The purpose of this study, therefore, was to evaluate the
euromuscular strategy adopted in the lumbar spine during
itting balance on an unstable surface and to compare the
trategies used by subjects who were more or less adept at
aintaining balance and trunk postural control under this dy-

amically unstable condition. We hypothesized that, during
uccessful sitting balance, a combined feedforward-feedback
trategy would be observed, characterized by low-level muscle
ocontraction, and higher asymmetric activations in response
o the postural challenges of the task.

METHODS

articipants
Sitting balance was tested in 70 men (mean age, 34.5y;

ange, 20–51y) employed in manual labor positions at the time
f testing. Subjects were included if they had no low back pain
t the time of testing and had no contraindications to partici-
ation in a variety of physical fitness and back fitness tests that
ere run in conjunction with this study.10,11 The study received

thics approval from the Office of Research Ethics at the
niversity of Waterloo. All subjects gave informed consent

efore testing.

Arch Phys Med Rehabil Vol 86, December 2005
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A

ata Collection
Sitting balance was tested in high sitting on a 1 degree of

reedom (df) rocker board,a with the subject’s feet unsupported.
he board was aligned with its axis in the anteroposterior
irection, free to rotate in the frontal plane. Lumbar spine
rientation was measured by using a 3SPACE electromagnetic,
df tracking instrument,b sampled at 30Hz. Two sensors were
xed to the subject’s skin over the S1 and T12 vertebrae by
sing SkinBond adhesive.c The transmitter was fixed to a
tationary wooden mount nearby. The orientation of the T12
ensor relative to the S1 sensor was determined, following
rthopedic convention (flexion-extension, lateral bending or
ide flexion, and axial rotation calculated in this order12), by
sing a matrix rotation algorithm based on the orientation of
ach sensor relative to the transmitter.

Surface electromyographic recordings were taken bilaterally
rom 7 trunk muscles: the rectus abdominis, external oblique,
nternal oblique, latissimus dorsi, thoracic (TES) and lumbar
rector spinae (LES), and lumbar multifidus. Surface electro-
yographic data were acquired by using Ag-AgCl electrodes

n a bipolar configuration. Electrodes were positioned less than
cm apart and parallel to the muscle fibers after careful skin
reparation. Electrode placement for each channel is given in
able 1. Electromyographic data were gathered and amplified
y using a 10 to 500Hz bandwidth electromyographic amplifier
ith common mode rejection ratio of 80dB at 60Hz, digitally

ampled at 1024Hz, and stored along with the 3SPACE record-
ngs, for further analysis.

Subjects underwent 2 balance trials, beginning with them
esting on one side of the rocker board, with their arms crossed
n their shoulders. At the “go” command, the subjects were
nstructed to bring the board to the upright position, so that they
ere sitting as straight as possible, and to maintain this position

or 30 seconds.

ata Processing and Analysis
Histograms of the individual subject lumbar spine side flex-

on angles were generated over the 30-second trial duration,
ith 41 bins ranging from �20° to 20° of side flexion. Prin-

ipal component analysis (PCA) was performed on the result-
ng histograms, by using singular value decomposition,13 to
dentify common balance patterns over the sample population.
rincipal components were selected for each trial from the
esulting factor loading matrices, explaining a cumulative per-
entage total variation within the data of 80% or more (factors
elow this cutoff each explained �2% of the overall data
ariance). Sitting balance, for each trial, was also quantified by
sing 2 other measures: the mean absolute lumbar spine side

Table 1: Electrode Placement for Electromyographic Recording of
the Trunk Musculature

Muscle Surface Electrode Placement

Rectus abdominis 3cm lateral to the umbilicus (caudal bead of
rectus abdominis)

External oblique 15cm lateral to the umbilicus
Internal oblique 1cm medial and caudal to the ASIS
Latissimus dorsi Lateral to T9, slightly medial to the axillary line
TES 3cm lateral to T9
LES 3cm lateral to L3
Lumbar multifidus Immediately lateral to L5

bbreviation: ASIS, anterior superior iliac spine.
exion angle over the 30-second duration of the trial (MSF) n

rch Phys Med Rehabil Vol 86, December 2005
nd the standard deviation (SD) of the lumbar spine side
exion angle over the 30-second balance trial (SDSF).
To compare those subjects who were more or less adept with

he balance task, subjects were classified as “balancers” or
nonbalancers” based on their factor loadings from the first,
novel” trial PCA. A comparison of MSF between the 2
roups, performed by using a paired sample t test, was then
sed as a means to validate the subject groupings.
Raw electromyographic data were full wave rectified and

ow-pass filtered at a cutoff frequency of 2.5Hz by using a
econd-order digital Butterworth filter. The resulting linear-
nveloped electromyographic (LEMG) data for each muscle
as then normalized to a similarly processed maximum vol-
ntary contraction (MVC) for each muscle taken before testing
this procedure has been described in detail by McGill14). The
ormalized LEMG was used for all subsequent analysis. The
verage level of muscle activation (AEMG�integrated LEMG
ivided by the duration of the trial) for each trial was taken to
e representative of the level of muscle activity during that
rial. The SD of the LEMG (SDEMG) was used as a measure
f the steadiness of the muscle contraction throughout the
alance trial.
A between-group comparison of the balancers and nonbal-

ncers was conducted for each muscle (both AEMG and
DEMG) by using paired samples t tests. Further, a compari-
on between the 2 balance trials, for the entire subject popu-
ation, was conducted. The quantitative measures of sitting
alance (MSF, SDSF) were compared by using paired samples
tests. Pearson correlations were conducted on the MSF and
DSF values from trials 1 and 2 for the entire subject popula-

ion to determine if any changes between trials were consistent
cross the population. Analysis of variance (ANOVA), with
ukey post hoc analysis, was used to compare the AEMG of

he trunk muscles tested during balance to determine which
uscles were most active during the balance trials. Pearson

orrelations of the LEMG of opposite muscle groups were
erformed to determine if the right and left trunk muscles were
oactivated or asymmetrically activated during balance. Paired
ample t tests were used to compare AEMG and SDEMG for
ndividual muscles between the first and second balance trial.
efore the parametric analyses of the AEMG described previ-
usly (t tests, ANOVA), a log transformation of these data was
onducted; a Kolmogorov-Smirnov test indicated that these
ata were not normally distributed. All other data were found
o satisfy the criterion of normality for parametric statistical
nalysis.

Finally, ANOVA, with Tukey post hoc analysis, was used to
ompare the age, height, and weight of the balancers, the
onbalancers, and the unclassified subjects. For all statistical
nalyses, an � level of .05 was used.

RESULTS
PCA revealed 4 common balance patterns for the first bal-

nce trial. Three of these patterns were identified as unimodal,
ased on the presence of a single major peak. The remaining
attern was identified as bimodal, based on the presence of 2
istinct peaks. Subjects with 60% or more of their factor
oading falling into 1 of the 3 patterns classified as unimodal
ere grouped as balancers (n�37), whereas subjects with 60%
r more of their factor loading falling into the pattern classified
imodal were grouped as nonbalancers (n�20). Comparison
etween groups, for the first trial, revealed a significantly larger
SF for the nonbalancers than for the balancers (7.9° vs 4.3°,
�.001). For the second balance trial, although no distinct
imodal pattern of balance was identified, the MSF for the

onbalancers identified in the first trial remained significantly
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2311LUMBAR POSTURAL CONTROL, Preuss
arger than that of the balancers (6.7° vs 3.3°, P�.001). The
emaining subjects (n�13) could not be clearly grouped based
n their factor loadings (no single factor loading �60%) and
ere not considered in the between-group comparison. The

ommon balance patterns for both trials, derived from PCA, are
resented in figure 1. The results of 2 individual balance trials,
epresenting examples of unimodal and bimodal balance pat-
erns, are shown in figure 2.

Comparison of individual muscle activity between balancers
nd nonbalancers revealed significantly higher (P�.05) levels
f muscle activation (AEMG) for the nonbalancers in 12 of 14
uscles tested for trial 1 and in 11 of 14 for trial 2. A similar

rend was observed for the measure of muscle steadiness
SDEMG), with the nonbalancers tending to have a greater
DEMG than the balancers. This difference proved significant,
owever, for only 4 of 14 muscles in the first trial and 8 of 14
n the second. The results of these analyses are presented in
able 2.

The between-trial comparison for the entire subject popula-
ion revealed a significant improvement (P�.001) in both
uantitative measures of balance (MSF, SDSF) from the first to
he second trial, supported by the absence of a bimodal balance
attern in the PCA of trial 2. In addition, a relatively good
orrelation was found between the balance scores from the 2
rials (MSF r�.805, SDSF r�.823), indicating a general trend
oward improvement in balance across the entire sample pop-
lation. The distribution of sitting balance scores (MSF, SDSF)
or both trials is shown in figure 3. Further, a significant

ig 1. Common balance patterns for (A) trial 1 and (B) trial 2 derived
rom PCA.
ecrease in AEMG (P�.05) was found bilaterally in all mus-
b
p

les tested, with a similar decrease in SDEMG (P�.05) ob-
erved bilaterally in the external oblique, internal oblique, TES,
umbar multifidus, and the right LES.

Tukey post hoc analysis of the ANOVA results revealed the
ES, external oblique, and internal oblique bilaterally to have

he highest activation levels (AEMG) during both trials (fig 4).
earson correlations between LEMG of opposite muscle
roups (right vs left) also revealed the largest number of
egative correlations in these 3 muscles (as well as in the LES),
hereas the rectus abdominis, latissimus dorsi, and lumbar
ultifidus had both low AEMG and positive correlations be-

ween right and left sides (table 3). Balancers, however,
howed a tendency toward greater asymmetric activation of the
xternal oblique, whereas nonbalancers had greater asymmetric
ctivation of the internal oblique and TES. This trend was
resent in both trials, becoming somewhat more pronounced in
rial 2 (see table 3).

No significant differences in height or weight (P�.26,
�.45, respectively) were found between the balancers (mean,
.78m; mean, 83.9kg), the nonbalancers (mean, 1.82m; mean,
8.4kg), and the unclassified subjects (mean, 1.81m; mean,
6.9kg). The ANOVA did, however, reveal a significant main
ffect of age between the 3 groups (P�.03), with the Tukey
ost hoc analysis revealing the largest difference between the
alancers (mean, 32.7y; range, 20–49y) and the nonbalancers
mean, 39.3y; range 21–51y). The mean age of the unclassified
ubjects was the same as the mean age of the entire subject
opulation (mean, 34.5y; range, 23–46y).

DISCUSSION
The purpose of our study was to evaluate the neuromuscular

trategy used during sitting balance on an unstable surface: a
ask that challenges both the postural control and stability of
he trunk and lumbar spine. We had hypothesized that, al-
hough a spine-stiffening strategy might be used in response to
hallenges to static spine stability, a combined feedforward-
eedback strategy in the lumbar musculature would be required
n response to the dynamic challenge of sitting balance.

Our results appear to support this hypothesis. Three muscles,
he external oblique, internal oblique, and TES, were identified
s having the highest levels of activation during the balance
ask. These 3 muscles were also most likely to be active in an
symmetric manner, suggesting a degree of feedback control in
esponse to the postural challenges of the task. In contrast, the
ectus abdominis, latissimus dorsi, and lumbar multifidus
howed lower levels of overall activity, with an activation

15

10

5

0-10-20 10 20
Lumbar Spine Side Flexion Angle

)s(
e

mi
T

Uni-Modal Pattern
MSF 1.4
SDSF 2.3

0

0

Bi-Modal Pattern
MSF 13.3
SDSF 12.3

0

0

ig 2. Distributions of lumbar spine side-flexion angle during sitting

alance for 2 subjects, representing unimodal and bimodal balance
atterns.
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A

attern indicative of low-level cocontraction, likely modulated
y feedforward commands. LES, on the other hand, tended
oward lower levels of activation but was still found to be
ctive in an asymmetric manner in several subjects. These
ndings are in keeping with the architecture of the lumbar
pine, given the balance task in the frontal plane.

Thirty-seven of the 70 subjects were classified as balancers,
hile 20 were classified as nonbalancers, based on PCA anal-
sis of spine kinematics during the first balance trial (the
emaining 13 subjects did not fall clearly into 1 group or the
ther). A comparison of the neuromuscular activity during the
alance task revealed important between-group differences.
he balancers tended to have lower levels of muscle activation

AEMG) during the balance task, including the 3 muscles
dentified as being most active in the task (external oblique,
nternal oblique, TES), with an overall trend toward more
table muscle activation (SDEMG), particularly in the second
rial (see table 2). Further, a general trend toward lower levels
f trunk muscle activation (AEMG) was noted for the entire
ample population, from the first to the second trial, which

Table 2: Comparison of Individual Muscle

Trial 1

Mean AEMG Mean SDEMG

Muscle Balancers Nonbalancers Balancers Nonbala

Right
RA 3.05 3.22 1.22 0.92
EO 5.66* 8.80* 3.15* 3.99
IO 6.93* 9.29* 4.65 5.13
LT 3.06* 4.49* 1.26 1.53
TES 6.39* 8.10* 2.29* 2.88
LES 2.68* 4.39* 1.42* 2.23
MF 3.21* 5.59* 1.91 2.35

Left
RA 2.88* 3.81* 1.23 1.07
EO 5.74* 9.01* 3.21 3.72
IO 7.26* 9.20* 4.72 5.84
LT 3.80* 4.90* 1.69 1.98
TES 7.22 8.17 2.68 3.31
LES 2.95* 5.56* 1.81 2.35
MF 4.09* 5.62* 1.73* 3.15

bbreviations: EO, external oblique; IO, internal oblique; LT, latissim
Indicates a significant between-group difference (P�.05).
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oincided with a general improvement in balance as the sub-
ects became more familiar with the task. This suggests that
igher levels of muscle activation, as have been observed in
esponse to challenges to static spine stability,7 do not occur
nder dynamically unstable conditions. On the contrary, in-
reased success during the sitting balance task was accompa-
ied by lower levels of muscle activation, suggesting an in-
reased reliance on feedback control to maintain spine stability
nd postural equilibrium.

Differences were also noted in the patterns of activation of
he external oblique, internal oblique, and TES between the
alancers and the nonbalancers, with the former tending toward
ore asymmetric activation of the external oblique and less of

he internal oblique and TES, and the latter showing the oppo-
ite tendency (see table 3). Because all 3 of these muscle
roups are important stabilizers, and movers, of the lumbar
pine, a conclusive explanation for this difference in neuro-
uscular strategy between the 2 groups is not immediately

pparent. Our recent work has suggested that additional stiff-
ess and stability is achieved through a binding effect when the

ity Between Balancers and Nonbalancers

Trial 2

Mean AEMG Mean SDEMG

Balancers Nonbalancers Balancers Nonbalancers

3.24 2.82 1.28 0.90
5.05* 7.95* 2.63* 3.60*
5.81* 7.90* 3.53 4.17
2.88* 4.79* 1.01* 1.57*
5.78* 8.18* 1.93* 2.67*
2.46* 4.59* 1.15* 1.87*
2.66* 5.41* 1.46 2.20

2.89 3.37 1.13 1.04
5.04* 8.20* 2.68* 3.54*
6.33* 8.38* 3.84 5.05
3.67 4.20 1.63 1.72
6.38* 8.37* 2.15* 2.99*
2.55* 4.90* 1.36* 2.17*
3.16* 5.72* 1.26* 2.11*

orsi; MF, lumbar multifidus; RA, rectus abdominis.

Trial 1
Trial 2

6 8 10 12 14 Fig 3. Binned histograms of bal-
ance data showing the distribu-
Activ

ncers

*

*
*

*

4

SDSF tion of quantitative sitting bal-
ance scores for the 2 trials.
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layers of the abdominal wall are activated together.15 The
euromuscular strategy used by the balancers may therefore
eflect a similar synergistic pattern of muscle activation, pro-
iding a more efficient mix between postural adjustments and
he maintenance of spine stability. It has also been suggested
hat the internal oblique may assist in the stabilizing action of
he transversus abdominis (tensioning the thoracolumbar fas-

Trial 1

RA EO

RA EO

20

10

0

Trial 2

20

10

0

C
V

M
%

C
V

M
%

ig 4. Average levels of electromyographic
ctivity during the 2 balance trials, in the 14
runk muscles tested. Abbreviations: EO,
xternal oblique; IO, internal oblique; LE,
umbar erector; LT, latissimus dorsi; MF,
umbar multifidus; RA, rectus abdominis;
E, thoracic erector.

Table 3: Asymmetric Activation of Muscles as Indicat

Trial RA EO IO

1 All Subjects 0.0 (.883) 51.4 (.036) 40.0 (.
Balancers 0.0 (.893) 59.5 (�.069) 35.1 (.
Nonbalancers 0.0 (.862) 35.0 (.264) 50.0 (�

2 All Subjects 0.0 (.897) 59.4 (�.055) 39.1 (.
Balancers 0.0 (.912) 70.3 (�.132) 24.3 (.
Nonbalancers 0.0 (.850) 35.0 (.150) 55.0 (�
OTE. Values are percentage of subjects with negative correlations (mea
ia), particularly at the lower lumbar levels.16 Similarly, the
ES has a very close relation with the LES and to a lesser
xtent the lumbar multifidus, both of which can act as local
tabilizers of the lumbar spine6 because of their direct attach-
ents to the lumbar vertebrae. Given the potential synergic

ctions of the internal oblique and TES with local stabilizers of the
umbar spine, the neuromuscular strategy preferred by the bal-

Right Left
X1X1X1

LT TE LE MF RA EO IO LT TE LE MF

LT TE LE MF RA EO IO LT TE LE MF

ight Left
X1 X1X1 X1

Median Value
50% of Values

Range of Values
Outlying Values

Negative Correlation for Bilateral Muscle Activation

Muscle

LT TES LES MF

2.9 (.641) 50.0 (�.056) 47.1 (�.016) 27.1 (.390)
0.0 (.726) 43.2 (�.014) 43.2 (�.018) 21.6 (.505)

) 0.0 (.577) 50.0 (�.017) 40.0 (.036) 30.0 (.285)
4.3 (.630) 40.6 (.038) 37.7 (.076) 15.9 (.525)
2.7 (.717) 29.7 (.153) 37.8 (.097) 5.4 (.671)

) 0.0 (.537) 55.0 (�.078) 30.0 (.112) 25.0 (.384)
IO

IO

R

ed by

134)
238)
.027

179)
333)
.019
n r value).
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A

ncers—that of asymmetric activation of the external oblique
ore than the internal oblique and TES—may be more bene-
cial for maintaining both spine stability and postural equilib-
ium in unstable sitting.

Our findings support a strategy in which a certain level of
pine stiffness is maintained to prevent outright and immediate
pine buckling but with feedback control responsible for the
aintenance of global postural control and spine stability. The

resence of asymmetrical activation patterns in the external
blique, internal oblique, and TES, the 3 most active muscles
uring sitting balance, indicates that these muscles must be
requently used to meet the postural perturbations that occur in
his unstable sitting condition and must therefore be largely
odulated by feedback control. The more stable, symmetric

ctivation patterns of the other trunk muscles recorded, how-
ver, indicate that a certain level of trunk stiffness is likely
aintained throughout the balance task. This is further appar-

nt in the decrease in SDEMG between trials, implying a more
table level of muscle activation (along with the general de-
rease in AEMG) as the subjects became more familiar with
he task.

These data also indicate that, although a combination of
pine stiffness and feedback modulated postural responses are
sed during unstable sitting, certain muscle activation patterns
ay be more appropriate or successful than others. In partic-

lar, the balancers were more likely to use the external oblique,
ather than the internal oblique or TES, in an asymmetric
anner, likely to meet the perturbations to posture and balance

hat occurred during the trials. The nonbalancers, on the other
and, were more prone to using the internal oblique and TES in
n asymmetrical manner for balance, limiting the possible
ynergic spine stabilizing action at the local level of these
uscles.
Unlike previous studies,8 the present study found no signif-

cant link between sitting balance and subject height or weight,
lthough a statistically significant difference was found be-
ween the age of the balancers and nonbalancers. It is possible
hat the nonbalancers, who were on average slightly older,
eveloped less efficient balance strategies over time, possibly
s a result of age-related decreases in spine proprioception, as
ave been shown in the peripheral joints.17 It is questionable,
owever, whether the small difference in age (6.6y) between
he balancers and nonbalancers should have any important
iologic significance. As such, this difference may simply
epresent an anomaly resulting from the study design, which
as not intended to test for the effects of aging on sitting
alance. This difference in age between the 2 groups does,
owever, warrant further study.18

As with all studies, certain limitations must be addressed.
revious studies of sitting balance8,9 used the path of the center
f pressure (COP) to analyze the success of the balance task, as
s typical of studies of standing balance. We chose to use the
inematics of the lumbar spine as our measure of task success
ecause we were interested primarily in sitting balance as a
easure of postural control in the lumbar spine. As such, we

elieved it to be more relevant to these data to monitor the
inematics of the spine itself, rather than the movement of the
OP, even though this latter measure may provide a more
ccurate representation of balance. Second, these previous
tudies have evaluated sitting balance in 2 df, rather than
imiting the balance task to the frontal plane, as was done in
his study. Although the spine is free to rotate with 3 df,
ardner-Morse et al5 have identified “lateral bending, with a

mall amount of torsional twisting” as a primary buckling
ode of the lumbar spine. This suggests that sitting balance in
he frontal plane provides a reasonable challenge to the postural

rch Phys Med Rehabil Vol 86, December 2005
ontrol and stability of the lumbar spine. Further, limiting the
alance task to the frontal plane has the advantage that, in
pright sitting, with the thighs supported, the subject’s weight
s relatively evenly distributed in this plane, eliminating the
eed for significant isometric contraction to maintain a static
osition, which may have complicated analysis of these find-
ngs if movement had also been allowed in the sagittal plane, in
hich weight distribution is uneven, relative to the spine, in the

itting position. This study also made use of surface electrodes
o acquire electromyographic data, providing a “global” view
f muscle activation. Because of the proximity and overlap of
any trunk muscles, electrode sites were named for conve-

ience and cannot be said to preclude crosstalk from adjacent
uscles. For example, the signal collected at the lumbar mul-

ifidus site, medial at the level of the L5 vertebra, may include
ome background signal from muscles such as the longissimus.
urther, the use of electromyographic data normalized to MVC
as several assets and liabilities—one of the liabilities being
he motivation to achieve an MVC. It is possible, although
nlikely, that the nonbalancers possessed different motiva-
ional factors. If this was the case, it would introduce a poten-
ial confounding factor in the quantitative comparison of
EMG between groups. Finally, it should be noted that those

ubjects classified as nonbalancers were more likely than the
alancers to contact the sides of the rocker board with the
upport surface. It is possible that any external contacts may
ave had some influence on the neuromuscular strategy used by
he subjects in the time around the contact and may therefore be
eflected in our global measures of neuromuscular activity.

CONCLUSIONS
Our findings support the hypothesis that a strategy of feed-

orward spine stiffening does not accompany successful pos-
ural control in unstable sitting—a dynamic challenge to sitting
alance. Rather, a combined feedforward-feedback strategy
ppears to be used. This implies that dynamic spine stability
ust rely on feedback control of the trunk musculature, from

roprioceptive and other sources of afferent feedback, rather
han exclusively relying on feedforward mechanisms to main-
ain spine stiffness. As such, it may be inadvisable for clinicians
o limit treatment of lumbar spine instabilities to stabilization
xercises designed to maintain isometric muscle contractions in
static, neutral spine posture. We recommend that treatment

rograms be progressed to include dynamic exercises in which
uscles are trained to respond to perturbations to spine posture

nd stability, rather than simply trying to anticipate them.

Acknowledgment: We thank Amy Karpowicz for her help with
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