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Background: Patients with low back pain (LBP) have poorly coordinated neuromuscular
control, which may alter the normal postural stability of the spine. Altered movement control
may occur at any stage of LBP.

Purpose: (1) To identify differences in balance control and proprioceptive sense between
subacute non-specific LBP (NSLBP) patients with and without lumbar instability (LI) and
healthy subjects and (2) to investigate the correlation between factors of motor control
deficits and balance.

Patients and Methods: Thirty-six participants matched by gender, age, and body mass
index (BMI) were allocated into three groups of 12: subacute NSLBP patients with LI,
subacute NSLBP patients without LI, and healthy subjects. Balance, proprioceptive sense,
pain, functional disability, and fear of movement were evaluated.

Results: Subacute NSLBP patients with LI exhibited greater impairments in balance control,
proprioceptive sense, and functional ability than patients without LI (p<0.05). Subacute
NSLBP patients showed more impairments in balance control, proprioceptive sense, and
fear of movement than healthy subjects (p<0.001), with the following effect sizes (partial n°)
for static balance on stable and unstable surface: 0.597 and 0.560, anticipatory balance:
0.417, and dynamic balance: 0.536; proprioceptive sense: 0.676; and fear of movement:
0.379. Significant fair correlations were found between (1) static balance and proprioceptive
sense, functional disability, and fear of movement; (2) functional reach test (FRT) and pain;
and (3) the five times sit to stand test (FTSTS) and functional disability.

Conclusion: Subacute NSLBP patients with LI showed greater impairment in balance
control than patients without LI. Reduced proprioceptive sense, increased pain, functional
disability, and fear of movement were fairly related to impaired balance.

Keywords: motor control, joint repositioning error, non-specific low back pain, instability

Introduction

Low back pain (LBP) is one of the most common musculoskeletal disorders and
a leading cause of activity limitation that can eventually result in disability, decreased
quality of life, and work absenteeism.' > Approximately 85-95% of LBP cases have no
identifiable cause or pathology and are thus categorized as non-specific LBP
(NSLBP).*” A previous systematic review estimated the worldwide prevalence of
chronic LBP to be 20.1%, increasing linearly from the third decade of a lifetime.® In
Myanmar, LBP is the most prevalent musculoskeletal disorder and approximately 30%
of patients who attend physiotherapy departments suffer from LBP. Candotti and
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coworkers (2015) conducted an epidemiological study in
Brazil and determined that 27.7% of back pain patients
suffered from a functional disability, with postural changes
of the spine present in 22.7% of subjects.’

Optimal postural control is critical for performing daily
functional activities. In patients with NSLBP, the underlying
mechanism of impaired postural control is unclear and may
be affected by many factors.®® For example, pain may cause
a reduction in joint position sense.” "' Further, key stabiliza-
tion muscles of the trunk, the lumbar multifidus (LM) mus-
cles, can atrophy within 24 hours of LBP onset, leading to
impaired proprioception and spinal stability.'>'*  Sub-
optimal motor control may increase the compressive load
on the spine, leading to further injury and pain.'®'?

Previous commentary reviews have proposed that adap-
tation to pain leads to the redistribution of activity within and
between muscles in patients with LBP, causing patients to
move differently and altering their motor control.'®!"”
Adaptations in motor control arising from LBP have shown
an inconsistent, large degree of individual variation and are
classified into two types: tight control and loose control. Such
motor behavior adaptations are only beneficial in the short
term and may lead to long-term consequences that compro-
mise the quality of movement and increase trunk stiffness
with decreased damping (velocity control)."” Further,
decreased quality of postural recovery and greater perturba-
tion to the spine may occur due to less frequently used
preparatory motion, which may impair spinal stability.'®

Patients with NSLBP who adapt with the loose type of
control demonstrate reduced spinal motor control, which
may be related to the inconsistent rapid and larger amplitude
movements when repeating the same task. Spinal motor
control failure causes larger degrees of tissue strain, leading
to lumbar instability (LI). LI is defined as the inability of the
stabilizing system of the spine to retain the spinal neutral
zones within physiological limits.'” The neutral zone is the
area in which spinal flexibility is high and spinal motion is
produced against minimal internal resistance. Spinal stability
is delivered by three systems: the passive, active, and neural
control subsystems.'? Dysfunction in any one of these stabi-
lization systems results in lumbar spine instability.

Altered movement control may occur at any stage of LBP,
and abnormally large intervertebral motions in patients with LI
may cause tissue strain and pain and affect the segmental
stability of the spine.'” Sung et al explored the dysfunction
of motor control in patients with acute and subacute LBP.?
However, their study results could not be generalized to
patients with subacute LBP because they only studied

a subgroup of patients with trunk movement coordination
impairment. To date, there remains a lack of knowledge con-
cerning differences in trunk motor control deficits between
subacute NSLBP patients with LI and those without LI

If balance impairment is identified early in the onset of
LBBP, it can provide useful clinical information that could be
incorporated into rehabilitation programs. This could help to
reduce the recurrence rate of NSLBP and prevent transition
to a chronic stage. The present study aimed to examine
balance control in subacute NSLBP patients with and without
LI and determine factors associated with impaired balance.

Methods

Participants

This cross-sectional study involved both participants with
subacute NSLBP and healthy subjects. Participants with
sub-acute NSLBP referred by medical doctors for phy-
siotherapy treatment were recruited as outpatients from
the Department of Physiotherapy at the Spine Center of
Yangon Orthopedic Hospital (Myanmar). Twelve partici-
pants who had not had LBP in the prior three months were
recruited as healthy, asymptomatic subjects through invita-
tions distributed via social media and flyers.

The inclusion criteria required that each NSLBP partici-
pant be 2050 years old, have subacute NSLBP of a duration
between 6 and 12 weeks, be without radiating pain below the
knee, experience a moderate level of pain as measured by the
visual analog scale (VAS; 3-7), and experience functional
disability as indicated by a modified Oswestry Disability
Questionnaires (MODQ) score of 19% or greater.

The exclusion criteria for all study participants were as
follows: serious spinal pathologies and deformities, sen-
sory and neurological deficits, changes in reflex or abnor-
mal sensations of the lower extremities related to spinal
nerve root involvement, congenital abnormalities, spondy-
lolisthesis, osteoarthritis, rheumatoid arthritis, ankylosing
spondylitis, and visual and vestibular disorders. Subjects
with lower extremity injuries that had occurred within the
prior six months, brain injuries, pregnancies, body mass
indexes (BMI) >30 kg/m? and conditions affecting bal-
ance (eg, drug or alcohol consumption) were excluded.

Screening Procedure

Screening tests were used to determine eligibility to parti-
cipate in the study, and demographic data were collected
through direct interviews. All participants were screened
with dizziness handicap inventory questionnaires to
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exclude vestibular disorders. Participants with subacute
NSLBP were categorized into two groups (with LI and
without LI) through clinical testing for LL?°** Subacute
NSLBP patients who presented with at least five signs
from 14 clinical tests of LI were classified as having LI.
These 14 tests were as follows: sit to stand, lumbar flexion
>53 degrees, total extension >26 degrees, interspinous gap
change during flexion-extension, an aberrant movement
pattern test, Beighton’s hypermobility scale >2 points,
painful catch sign test, passive lumbar extension test,
passive accessory intervertebral movements test, passive
physiological intervertebral movements test in flexion and
extension, posterior shear test, prone instability test, and
average straight leg raising >91 degrees.

The inter-rater reliabilities of the 14 clinical tests for LI
were determined before the onset of the study through the
assessment of 10 participants by two different researchers,
each having many years of experience in assessing LI. The
agreement percentages between the researchers ranged
from 70% to 100% with kappa values ranging from 0.35
to 1.00. The sensitivity and specificity of the 14 clinical
tests for LI are described in Appendix 1.

Thirty-six subjects were matched by gender, age (+ 5
years), and BMI (£2 kg/m?).?° Subjects were allocated into
one of three groups of 12 (1:1:1): subacute NSLBP patients
with LI, subacute NSLBP patients without LI, and healthy
subjects. A flow diagram shows the steps followed by parti-
cipants throughout the course of the study (Figure 1).

Assessment Procedure

At first, participants were assessed subjectively: pain was
measured using the VAS, functional disability was deter-
mined using the MODQ, and the Tampa Scale for
Kinesiophobia (TSK) was used to evaluate fear of move-
ment. Next, proprioceptive sense was measured with par-
ticipants in the sitting position. Finally, balance (static,
anticipatory, and dynamic) was assessed. Each of the
tests was performed three times with one-minute rest inter-
vals, and the average values of the measurements were
considered for analysis. The testing procedures for pro-
prioception and balance were performed as follows.

Proprioceptive Sense

Joint repositioning error was used to assess proprioceptive
sense. Each participant was asked to sit with their feet sup-
ported and their arms placed on their thighs, and the examiner
guided the lumbar spine to a neutral position (hips 90° and
knees 90°). A 10-cm tape measure with mm markings was

placed on the lumbosacral region, with the central marking
(5 cm) on sacral segment 1 (S1) as the starting point of the
measurement. A laser pointer was placed on a stable base and
adjusted to be level and positioned directly on the starting
point. The participant was instructed to remember the target
position (neutral); move from the maximum anterior tilt to the
maximum posterior tilt twice, maintaining each position for 5
seconds; and then return to the neutral target position. The
deviation from the starting point was measured in cm using the
laser line on the tape measure.”>*® The participants practiced
the repositioning test twice before the assessment started.

Balance
Static, anticipatory, and dynamic balance were assessed with
Romberg’s test, the FRT, and the FTSTS, respectively.

Romberg’s test was used to investigate static balance
control. The participants were tested in a single-leg stance
with their eyes open, first on a stable surface (SS) and then on
an unstable surface (SUS).?”® For the starting position, each
participant stood on their dominant leg (determined by the
football kicking test),”® with the unsupported leg in the neu-
tral hip and 90° knee flexion position and their arms crossed
at chest level; the examiner observed this position for 60
seconds.’®>? In each test condition (SS and SUS), each
participant was asked to hold the position and the amount
of time for which they held the position was recorded.

A functional reach test was used to measure anticipatory
balance control. Each participant stood beside a wall and was
instructed to reach forward, perpendicular to a wall, with
their shoulders flexed at 90 degrees and with their elbows
extended. The distance from the starting point to the reach
point was measured with a measuring tape from the location
of the third metacarpal along the horizontal axis.>***

The five times sit to stand test (FTSTS) was used to
measure dynamic balance control and functional alteration
of transitional movement. Each subject sat on a standard
chair (height = 43 cm, depth = 47.5 cm) with their arms
crossed over their chest. The timer started when the asses-
sor said “go” and stopped when the subject’s buttocks
touched the chair after the fifth repetition.*”

Inter-rater reliability tests for the balance and proprio-
ceptive sense tests were performed on 10 patients with
subacute NSLBP. These tests showed excellent reliability
(intraclass correlation coefficient (ICC): 0.92—1).%°

Sample Size
Sample size was calculated by detecting the mean difference
of percentage changes of dynamic balance (FTSTS test)
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Subacute NSLBP with
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lumbar instability (n = 12) subjects (n = 12)

A 4 \4

Gender, age (+ 5 years) and BMI (+ 2 kg/m2)
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Balance
Proprioceptive sense
Pain intensity
Functional disability

Fear of movement

Assessment
- Static, dynamic and anticipatory
- Joint repositioning error
- Visual Analog Scale
- Modified Oswestry Disability Questionnaires

- Tampa Scale for Kinesiophobia

A 4

Statistical analysis (n= 36)

Figure | Flow diagram of the participant pathway through the study.

between the groups (A*=10.56) and by using a pooled var-
jance estimation (6°=1.08) from the pilot study. The sample
size was calculated with a test power of 0.80 and a=0.05. At
least 11 subjects from each group were needed for this
calculation. In the present study, there were 12 subjects in

each group, totaling 36 subjects across all groups.

Statistical Analysis

The STATA version 10.1 (StataCorp, 4905 Lakeway Drive
College Station, Texas 77845, USA) was used to analyze all
data. Demographic characteristics among the three groups,
including age, weight, height, and BMI, were calculated. The

Shapiro—Wilk test was used to test for the normality distribu-
tion of all data. One-way analysis of variance (ANOVAs) was
used to explore significant differences between the participant
groups. Bonferroni post-hoc tests were used to identify the
locations of significant differences within each analysis.
Bivariate Pearson correlations were used to determine existing
relationships between balance and factors of motor control
deficits. The significance level was set at p<0.05.

Results
The demographic data and clinical characteristics of all par-
ticipants are shown in Table 1. There were no significant
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differences in demographic data or clinical characteristics
between the three groups (p>0.05).

Significant differences among the three groups on mea-
sures of balance control, proprioception, and fear of move-
ment (p<0.001) are presented in Table 2. The effect sizes
were as follows: static balance on stable and unstable
surface: partial 1°=0.597 and partial 12 =0.560, anticipa-
tory balance: partial 1°=0.417, and dynamic balance: par-
tial n°=0.536; proprioception: partial 1°=0.676, and fear of
movement: partial n° =0.379.

As shown in Table 3, among the two groups of sub-
acute NSLBP patients with and without LI, the LI subjects
exhibited more impairment than the subjects without LI in
standing balance on both stable (p=0.004) and unstable
surfaces (p=0.002), in FTSTS (p=0.005), in joint reposi-
tioning error (p=0.009), and in functional disability
(p=0.007). No significant differences were found between
subacute NSLBP patients with LI and subacute NSLBP
patients without LI for the FRT (p=0.090), pain (p=0.330),
or fear of movement (p=1.000).

The correlation results regarding balance and factors of
motor control deficits in patients with subacute NSLBP are
listed in Table 4. Significant negative correlation was
found between standing on a stable surface with functional
disability (r= —0.367, p=0.039), standing on an unstable
surface with joint repositioning error (r=—0.349, p=0.047),
functional disability (= —0.526, p=0.004), fear of move-
ment (r=—0.350, p=0.047), and pain with the FRT (r=
—0.423, p=0.020). In contrast, FTSTS was significantly,
positively correlated with functional disability (r=0.460,
p=0.012) and fear of movement (r=0.349, p=0.047).

There was a significant fair correlation between balance
and factors of motor control deficits.

Discussion
Impairment in the static and dynamic balance of patients
with LI may result from a loss of spinal motion stiffness
due to reduced excitability of the trunk muscles.'” This
may lead to increasingly abnormal segmental spine mobi-
lity, which may trigger a significant alteration in the
major stabilizing structure of the spine.' In the present
study, LBP patients with LI exhibited more impairment in
static balance control than LBP patients without LI.
Changes in somatosensory input and motor organization
also affect the stability of the spine, resulting in impaired
balance control.”” Further, sustained end-range move-
ment causes tissue strain, pain, and degeneration of the
spine.’” Chronic LBP patients with LI have reduced
strength, reduced endurance, and delayed onset time
with limited feed-forward activation of the LM muscle
compared to healthy controls and chronic LBP patients
without LI.*%37

Subacute NSLBP patients with and without LI had more
impairment in balance control, proprioception, and fear of
movement than healthy subjects (p < 0.001). These findings
are in line with those of previous studies that concluded that
patients with chronic LBP had more motor control impair-
ments in the standing position when compared to healthy
control subjects.***' A recent systematic review by Koch
and Hansel (2019) also concluded that there were differences
in certain parameters of postural control in quiet standing
between patients with NSLBP and healthy subjects.*

Table | Demographic and Clinical Characteristics of the Participants (n= 12 in Each Group)

Characteristics Subacute NSLBP Without LI | Subacute NSLBP with LI | Healthy p-value
Age (years), Mean+SD 34.5+8.35 34.41£9.95 34.8317.6 1.000
Gender, n (%),

Male 5 (41.67) 5 (41.67) 5 (41.67)

Female 7 (58.33) 7 (58.33) 7 (58.33)
Weight (kg), Mean+SD 59.29+10.33 61.76+12.08 59.57%13.69 | 1.000
Height (cm), Mean+SD 158.96+6.86 161.21+8.36 160.33+9.81 | 1.000
Body mass index (kg/m?), Mean+SD 23.35+2.83 23.58+2.72 23.02+3.13 1.000
Duration of current pain (weeks) Mean+SD | 8.42+1.56 8.58+1.78 NA 0.810
Episodes of pain, n (%)

| | (8.33) 3 (25) NA

2 3 (25) 2 (16.67) NA

23 8 (66.67) 7 (58.33) NA

Abbreviations: SD, standard deviation, LI, lumbar instability, NA, not applicable.
Journal of Pain Research 2020:13 submit your manuscript 799
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Table 2 Comparison of Outcome Variables in Healthy Subjects, Subacute NSLBP Patients Without

and with Lumbar Instability

Outcome Healthy, Subacute NSLBP Without LI, Subacute NSLBP with LI, p-value Effect Size (Partial %)
MeantSD (95% CI) MeaniSD (95% CI) MeaniSD (95% CI)
(n=12) (n=12) (n=12)
SS (sec) 53.7618.72 (48.22-59.31) 39.07+9.02 (33.34-44.81) 23.91£13.06 (15.61-32.21) <0.001 0.597
SUS (sec) 35.75+£14.13 22.58+14.61 (13.30-31.86) 4.41£3.29 (2.31-6.50) <0.001 0.560
(26.77-44.73)
FRT (cm) 31.54+3.28 (29.46-33.62) 27.46%1.65 (26.41-28.51) 23.8815.61 (20.31-27.44) <0.001 0.417
FTSTS (sec) 6.21+0.85 (5.67-6.75) 7.83+0.98 (7.20-8.46) 9.8612.16 (8.49-11.23) <0.001 0.536
JRE (cm) 0.16+0.09 (0.11-0.22) 0.45+0.14 (0.37-0.54) 0.64+0.18 (0.52-0.75) <0.001 0.676
VAS (cm) 0 3.67+0.78 (3.17-4.16) 4.17£1.03 (3.51-4.82) <0.001 NA
MODQ (Scores) 0 32+10.89 (25.08-38.92) 42.5+7.82 (37.53-47.47) <0.001 NA
TSK (Scores) 35.5+4.54 (32.61-38.39) 42.42+4.62 (39.48-45.35) 42.5£3.97 (39.98-45.02) <0.001 0.379

Note: Significance level was set as p < 0.05.
Abbreviations: SS, SUS, single-leg standing on stable surface and unstable surface; FRT, functional reach test; FTSTS, five times sit to stand test; JRE, joint repositioning
error; VAS, visual analog scale; MODQ, modified Oswestry Disability Questionnaires; TSK, Tampa Scale for Kinesiophobia; LI, lumbar instability; SD, standard deviation; Cl,
confidence interval; nz, eta squared; NA, not applicable.

Table 3 Comparison of Balance, Proprioceptive Sense, Pain, Functional Disability and Fear of Movement Between Groups

Outcome Healthy vs Subacute NSLBP Without LI Healthy vs Subacute NSLBP with LI Subacute NSLBP with LI vs Without LI

(n=12) (n=12) (n=12)

Mean Difference (95% CI) p-value Mean Difference (95% CI) p-value Mean Difference (95% CI) p-value
SS (sec) 14.69+4.27 (3.92-25.46) 0.005 29.86+4.27 (19.09—40.62) <0.001 15.17+4.27 (4.40-25.93) 0.004
SUS (sec) 13.17+4.85 (0.93-25.41) 0.031 31.34£4.85 (19.11-43.58) <0.001 18.17+4.85 (5.93-30.41) 0.002
FRT (cm) 4.08+1.58 (0.97-8.07) 0.043 7.67+1.58 (3.68-11.65) <0.001 3.58+1.58 (-0.40-7.57) 0.090
FTSTS (sec) —1.62£0.59 (-3.12—0.13) 0.030 —3.65+0.59 (-5.15--2.16) <0.001 —2.03£0.59 (-3.53—-0.53) 0.005
JRE (cm) —0.29+0.06 (15-0.44) <0.001 —0.47+0.06 (—0.62—0.33) <0.001 —0.18+0.06 (—0.33—-0.04) 0.009
VAS (cm) —3.6710.3 (—4.43—2.90) <0.001 —4.1740.3 (-4.93—3.40) <0.001 —-0.5+0.3 (~1.27-0.27) 0.330
MODQ (Scores) | —32+3.16 (—39.97—24.03) <0.001 —42.5+ 3.16(-50.47—34.53) <0.001 —10.543.16 (—18.47—2.53) 0.007
TSK (Scores) —6.92£1.79 (—11.43—2.40) 0.001 ~7+1.79 (—11.52—2.48) 0.001 —0.08+1.79 (—4.60—4.43) 1.000

Note: Significance level was set as p < 0.05.

Abbreviations: SS, SUS, single leg standing on stable surface and unstable surface; FRT, functional reach test; FTSTS, five times sit to stand test; JRE, joint repositioning
error; VAS, visual analog scale; MODQ, modified Oswestry Disability Questionnaires; TSK, Tampa Scale for Kinesiophobia; LI, lumbar instability; SD, standard deviation; Cl,

confidence interval.

A previous study by Sung et al evaluated the lumbar
stability index, relative standstill time, of patients with and
without LBP and found that the stability index signifi-
cantly decreased, particularly when visual feedback was
blocked, for patients with LBP.*> In the present study,
patients with subacute NSLBP demonstrated a shorter sin-
gle-leg standing time than healthy control subjects, even
with their eyes open. This finding supports the previous
work of Mok et al, which concluded that balance control
quality is compromised in patients with LBP and is asso-
ciated with poor use of spinal motion.**

Comparing proprioceptive sense between the three parti-
cipant groups of the current study — that is, subacute NSLBP
patients with and without LI and healthy control subjects —
healthy subjects displayed minimum joint reposition error,
whereas subacute NSLBP patients with LI presented

maximum joint reposition error. This may have been because
patients with LI have disordered segmental stability with
reduced proprioceptive acuity due to disrupted afferent
input from the injured muscle spindles. The results of
a previous study by Brumagne et al revealed that propriocep-
tion was altered in patients with LBP, whereas Asell et al
found no difference in joint repositioning error between
NSLBP patients and healthy control subjects; this inconsis-
tence finding may have been due to the heterogeneity of
assessment methods and familiarization processes used in
these studies.*>*¢

Although pain intensity did not differ significantly
between the two groups of subacute NSLBP, the patients
with LI showed more functional disability than the sub-
acute NSLBP patients without LI. This difference may
have arisen from segmental instability due to disorders in
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Table 4 Pearson Correlation Between Balance and Motor Control Deficit Factors in Subacute Nonspecific Low Back Pain

(n= 24)
Balance JRE VAS MODQ TSK
ss r (p-value) ~0.025 (0.455) ~0.190 (0.187) ~0.367%(0.039) 0.097 (0.327)
suUs r (p-value) ~0.349* (0.047) ~0.175 (0.206) ~0.526%* (0.004) ~0.350* (0.047)
FRT r (p-value) 0.152 (0.238) —0.423* (0.020) ~0.177 (0.204) 0.140 (0.257)
FTSTS r (p-value) 0.263 (0.107) 0.041 (0.425) 0.460% (0.012) 0.349* (0.047)

Notes: *Statistically significant at p < 0.05, **statistically significant at p < 0.01.
Abbreviations: SS, SUS, single-leg standing on stable surface and unstable surface; FRT, functional reach test; FTSTS, five times sit to stand test; JRE, joint

repositioning error; VAS, visual analog scale; MODQ, modified Oswestry Disability Questionnaires; TSK, Tampa Scale for Kinesiophobia.

the spinal control systems. Recent commentary articles by
van Dieén et al proposed that patients with LI may use
a loose type of control arising from decreased postural
control variability and increased compressive load and
degeneration of the spine, which could lead to disability
and recurrent pain.'” This idea seems to support our find-
ing that subacute NSLBP patients with LI have greater
functional impairment than subacute LBP patients with-
out LI.

The greater level of fear of movement found in sub-
acute NSLBP patients may have been due to patients
relying less on fine-tuning motor control and exhibiting
spine stiffening strategies to enhance spinal stability.
Excessive spinal movements and sustained end-range
alignment result in excessive tissue strain and pain.’’
Muscle splinting, stiffening a segment to prevent move-
ment, and planning to splint the painful area may occur as
an adaptation to acute pain/injury and lead to further
problems. Karayannis and coworkers (2013) reported that
fear of movement was positively associated with trunk
stiffness in patients with LBP.*’ Although our study exam-
ined patients with subacute NSLBP, almost 70% of
patients had more than three episodes of previous pain.
This could have influenced our findings due to residual
motor control deficits.

The negative fair correlation found between standing
balance on an unstable surface and joint repositioning
error, functional disability, and fear of movement may
have arisen from a deficit in the functioning of key stabi-
lization muscles of the trunk triggered by changes in
sensory signals that cause alterations in sensory-motor
control. Additionally, deep LM muscles in patients with
subacute NSLBP perform an extensor function instead of
a nondirectional recruitment pattern and exhibit
a stiffening strategy that may adversely affect postural
stability and balance.* Decreased proprioceptive acuity
in patients with subacute NSLBP may reduce their ability

to retain a neutral spinal posture, reduce coordinated mus-
cle activation, decrease spinal segmental movement, and
reduce reliance on fine-tuning motor control, possibly
leading to disability and recurrent pain.

The significant, negative fair correlation between the
functional reach test and pain, and the positive fair corre-
lation between the five times sit to stand test and func-
tional disability may have occurred because patients with
subacute NSLBP used a stiffening strategy for motor con-
trol, which corresponded to their pain levels. Thus,
patients with severe pain have minimal forward reach,
and more disabled patients require more time to perform
the five times sit to stand test.

Limitations

There were some limitations to the present study. The pre-
sent study used 14 clinical tests of LI to categorize patients
with and without LI; these tests are commonly used by
physiotherapists in the clinic. Functional flexion-extension
radiography must be performed to confirm the clinical
categorization of the LBP patients into two groups (having
LI and not having LI); however, this method is high-tech
and costly. The sample size recruited for this study was only
adequate for the first objective; future research should con-
sider whether the sample size is adequate to address all the
study objectives. Unfortunately, the findings of previous
studies could not have been used to make calculations
based on the magnitude of the differences found or effect
sizes as no similar study has reported on the subacute stage
of NSLBP. Finally, future studies should utilize electromyo-
graphy (EMG) to detect the activity of the trunk muscles in
subacute NSLBP patients with and without LI.

Conclusion

The present study revealed that subacute NSLBP patients
with LI showed greater impairment than NSLBP patients
without LI across multiple tests of static and dynamic
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balance, proprioceptive sense, and functional disability.
Patients with subacute NSLBP displayed significantly
impaired balance control and proprioceptive sense com-
pared to matched healthy subjects. Clinically, this suggests
that treatment of LBP should focus not only on pain and
disability but also on the resolution of motor control
changes.
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