Spinal Stabilization Exercises on Dynamic Balance in Adults with Chronic Low Back
Pain. [/SPT. 2023;18(1):173-187.

I S I? I Alshehre YM, Alkhathami K, Brizzolara K, Weber M, Wang-Price S. Effectiveness of
UJ_ Lm.—.,
SRR

Original Research
Effectiveness of Spinal Stabilization Exercises on Dynamic Balance

in Adults with Chronic Low Back Pain

Yousef M. Alshehre' @ ° Khalid Alkhathami® @, Kelli Brizzolara®, Mark Weber?, Sharon Wang-Price’

T Physical Therapy Department, Faculty of Applied Medical Sciences, University of Tabuk, Saudi Arabia, 2 Department of Health Rehabilitation, Shagra
University, Saudi Arabia, 3 School of Physical Therapy, Texas Woman's University, Dallas, Texas, USA.

Keywords: Instability, Lumbar spine, Movement impairment, Postural stability, Supervised exercises

https://doi.org/10.26603/001¢.68075

International Journal of Sports Physical Therapy
Vol. 18, Issue 1, 2023

Background

Dynamic balance is a vital aspect of everyday life. It is important to incorporate an
exercise program that is useful for maintaining and improving balance in patients with
chronic low back pain (CLBP). However, there is a lack of evidence supporting the
effectiveness of spinal stabilization exercises (SSEs) on improving dynamic balance.

Purpose

To determine the effectiveness of SSEs on dynamic balance in adults with CLBP.

Study Design

A double-blind randomized clinical trial.

Methods

Forty participants with CLBP were assigned randomly into either an SSE group or a
general exercise (GE) group, which consisted of flexibility and range-of-motion exercises.
Participants attended a total of four to eight supervised physical therapy (PT) sessions
and performed their assigned exercises at home in the first four weeks of the eight-week
intervention. In the last four weeks, the participants performed their exercises at home
with no supervised PT sessions. Participants’ dynamic balance was measured using the
Y-Balance Test (YBT) and the normalized composite scores, Numeric Pain Rating Scale
and Modified Oswestry Low Back Pain Disability Questionnaire scores were collected at
baseline, two weeks, four weeks, and eight weeks.

Results

A significant difference between groups from two weeks to four weeks (p = 0.002) was
found, with the SSE group demonstrating higher YBT composite scores than the GE
group. However, there were no significant between-group differences from baseline to
two weeks (p =0.098), and from four weeks to eight weeks (p = 0.413).

Conclusions

Supervised SSEs were superior to GEs in improving dynamic balance for the first four
weeks after initiating intervention in adults with CLBP. However, GEs appeared to have
an effect equivalent to that of SSEs after 8-week intervention.
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Levels of Evidence
1b.

INTRODUCTION

Low back pain (LBP) is the leading cause of disability and
a primary contributor to work absenteeism and loss of pro-
ductivity globally.1=4 Over 50% of individuals with chronic
LBP (CLBP) may not recover until one year later.2 Impair-
ments from LBP include mobility deficits,> physical disabil-
ities,® and balance disturbances.”"10 Several studies have
identified alterations in muscle recruitment and movement
patterns as potential pathomechanisms which further lead
to spinal instability.6=911 Recently, evidence revealed that
dynamic balance is reduced in individuals with CLBP and
in individuals with a history of LBP as compared to asymp-
tomatic controls.”® The reduced use of the lumbopelvic
movement to maintain balance has been reported to be
due to the reduced motion of the lumbar spine and hip.!2
Furthermore, once individuals with LBP lose their balance,
they have more difficulty regaining it, and balance deficits
can persist even after their LBP has subsided.8 Although
pain is a major factor in CLBP, pain is not the only impair-
ment present in CLBP populations. Balance abnormalities
and pain-avoiding compensations could further contribute
to an individual’s increased re-injury risk and chronic-
ity.z)&9 Moreover, individuals with LBP can be fearful of
performing dynamic tasks because of a fear of additional
pain and injury in response to the movement.2-8,?

Uncertainty remains regarding the best treatment ap-
proach for LBP. Evidence suggests that exercise therapy is
a moderately effective intervention for treating LBP.6:13 A
systematic review found that therapeutic exercises were as-
sociated with small-to-moderate effects on pain and with
an increased likelihood of return-to-work for patients with
LBP.13 Spinal stabilization exercise (SSE) programs are
widely used by physical therapists for rehabilitation of pa-
tients with LBP.14-17 Evidence has shown that recruitment
of spinal stabilization muscles (e.g., transversus abdominis
and lumbar multifidi) may be altered in patients with LBP
as compared to healthy controls. It has been proposed that
SSEs are used to retrain proper activation and coordination
of the trunk musculature to increase spinal stability and re-
duce pain.14-18 SSEs also have been shown to be effective
for improving pain, disability, and physical performance
in patients with LBP.416-18 Systematic reviews have in-
dicated that SSEs were more effective than general exer-
cises for decreasing pain and improving disability in pa-
tients with LBP.4:16,18 Furthermore, recent research reports
showed that some forms of SSEs have promising outcomes
on postural control in patients with LBP.19,20

Although balance has been used as an outcome measure
to examine the effects of SSEs on patients with LBP, the bal-
ance measures commonly used in the literature consist of
only static postural control assessments and lack dynamic
component assessments.21-22 For instance, force plates and
the NeuroCom Balance Master® measure ground reaction
forces and center of pressure (CoP) displacement, and both
provide quantified measures of static or semi-dynamic pos-

tural control, but do not measure an individual’s ability to
maintain balance while performing a purposeful maneu-
ver.8,21,22 Moreover, these static balance tests usually are
used in a laboratory setting, are expensive and time-con-
suming, and often are impractical for use in clinical set-
tings.8:21

In recent years, several tests have been used to investi-
gate dynamic balance in LBP populations, such as the Star
Excursion Balance Test (SEBT),’10,23,24 the Y-Balance Test
(YBT),%25 and the functional reach test.26:27 Of these dy-
namic tests, the reliability and validity of the YBT has been
established specifically for the CLBP population. In addi-
tion, the YBT is a shorter version of the SEBT, and is more
feasible for clinical practice. The YBT evaluates single-leg-
balance, dynamic neuromuscular control, proprioception,
and strength of an individual while simultaneously mov-
ing the non-stance limb in anterior (ANT), posteromedial
(PM), and posterolateral (PL) directions.21,28:29 The YBT is
portable and easy to administer, and it requires little train-
ing, making it practical to use in multiple settings.82528,29
Recently, a relaiblity and validity study aimed to determine
the inter-rater reliability of the YBT and to compare dy-
namic balance between young adults with CLBP and an
asymptomatic group found that the YBT had an excellent
inter-rater reliability, with intraclss correlation coefficients
ranging from 0.99 to 1.0. In addition, the CLBP group had a
significantly lower composite score (p < 0.001) and shorter
reach distances in the ANT (p = 0.023), PM (p < 0.001), and
PL (p = 0.001) directions than the asymptomatic group.25

Initial evidence regarding the effect of SSEs on postural
control in patients with LBP has been encouraging; how-
ever, balance measures used in these studies primarily as-
sessed static postural control and did not have dynamic
components, which are imperative for performing daily
functional activities. Additionally, these static balance tests
are impractical for use in clinical settings. Given that dy-
namic balance is a vital aspect of everyday life and that di-
minished balance is a well-recognized impairment in indi-
viduals with LBP, including athletic patients with CLBP who
are physically active, it is important to routinely include a
relatively quick and cost-effective balance test in physical
therapy (PT) practice, and to incorporate an exercise pro-
gram that is useful for maintaining and improving balance
in LBP populations. However, there is a lack of evidence
supporting the effectiveness of SSEs on improving dynamic
balance. To date, no randomized clinical trials have been
conducted to assess the effectiveness of SSEs on dynamic
balance in adults with CLBP using the YBT. Therefore, the
primary purpose of this study was to determine the effec-
tiveness of SSEs on dynamic balance in adults with CLBP.
The secondary purpose of this study was to examine
whether or not the participants who received an SSE pro-
gram (treatment group) would have greater improvement in
pain intensity and disability level than those who received a
general exercise (GE) program (placebo group). The GE pro-
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gram consisted of general range-of-motion (ROM) and flex-
ibility exercises.

METHODS
STUDY DESIGN

This study was a double-blinded randomized clinical trial,
to compare two exercise programs: SSE vs. GE on dynamic
balance, pain intensity, and disability level in adults with
CLBP. The two independent variables were group, which
was a between-subject factor, and time, which was a
within-subject factor. The independent variable of group
had two levels: (1) the treatment group which received
SSEs, and (2) the placebo group, which received general
ROM and flexibility exercises. The independent variable
of time had four levels: baseline, and 2 weeks, 4 weeks,
and 8 weeks after intervention. The three dependent vari-
ables were: (1) dynamic balance measured by the YBT, (2)
pain intensity measured by the Numeric Pain Rating Scale
(NPRS), and (3) disability level measured by the Modified
Oswestry Low Back Pain Disability Questionnaire (OSW).

PARTICIPANTS

The sample size for this study was determined based on a
priori power analysis using G*Power version 3.1.9 using a
small-to-medium effect size of 0.20 and an alpha level of
0.05.30 Based on the analysis, 40 participants were needed
to ensure an adequate power level of 0.80 for a mixed-
model analysis of variance (ANOVA) test. Participants were
recruited regardless of ethnicity, sex, or race through flyers,
word of mouth marketing, and emails. Approval from the
Texas Woman’s University institutional review board was
obtained for the study, and it was registered with Clinical-
Trials.gov (NCT03597191). Once the participant agreed to
participate in the study, the participant signed a written
informed consent form. Consenting participants were
screened for their eligibility, and those who qualified were
assigned randomly to one of the two groups. Eligible par-
ticipants were individuals who had CLBP (back pain for a
duration of more than 12 weeks).2 Additional inclusion cri-
teria included: (1) age of 18 to 65 years; (2) ability to under-
stand, speak, and follow verbal instructions in English; and
(3) a minimum pain intensity score of 2/10 using the NPRS
in the past week.

Participants were excluded from the study if they have
had or reported any of the following: (1) serious spinal con-
ditions, such as fracture, infection, or tumor; (2) signs of
nerve root compression; (3) a history of lower extremity or
lumbar spine surgery; (4) a history of hip, knee, or ankle
pain in the previous two years; (5) current pregnancy; (6)
systemic disease (e.g., rheumatologic or neurological dis-
orders); (7) vestibular or other balance disorders; (8) ongo-
ing treatment for inner ear, sinus, or upper respiratory in-
fection; (9) a concussion within the previous three months;
(10) a history of falls or fear of falling; and (11) a need for
any form of walking aids (cane, walker). Participants were
screened with neurological tests, which included reflexes,
sensation, strength, and the straight-leg-raise (SLR) test for

the lower extremities to further assess their eligibility for
the study. The SLR test was considered positive when pain
referred below the knee was present during passive SLR
testing and was used to rule out participants with lumbar
radiculopathy. These neurological tests are parts of a stan-
dard PT examination used in clinics for assessing neurolog-
ical signs and symptoms. In addition, a physical examina-
tion was performed based on the test procedures described
by Hicks et al.14

INSTRUMENTATION AND OUTCOME MEASURES

The Y-Balance Test Kit (Functional Movement Systems, Inc.
Chatham, VA) was used to assess dynamic balance in this
study. This kit contains a single central stance platform
with three moveable reach indicators arranged in the ANT,
PM, and PL directions. Dynamic balance of an individual is
quantified by measuring how far the individual places the
reach indicator relative to the stance platform while main-
taining a unilateral stance. A farther reach distance is in-
dicative of a greater dynamic balance.28 The YBT has been
shown to be a reliable measure of dynamic balance, with
intraclass correlation coefficients (ICCs) ranging from 0.85
to 0.91 for intra-tester reliability, and from 0.99 to 1.00 for
inter-tester reliability.28 The reliability of composite reach
scores has been reported to be good-to-excellent, with the
ICCs being 0.91 for intra-tester and 0.99 for inter-tester re-
liability. The YBT has a minimal detectable change of 8.62
centimeters.28 The reach distances were measured in cen-
timeters and were averaged and normalized to the partici-
pant’s leg length. Leg length was measured twice for each
leg, and the two measurements were averaged. In partic-
ular, participants’ leg length was measured to the nearest
millimeter using a tape measure from the inferior tip of the
anterior superior iliac spine to the distal border of the ip-
silateral medial malleolus with the participant lying supine
on an examination table.2> The composite score was cal-
culated by taking the average between the right and the
left reach distances for all three directions and then sum-
ming the averages of the three reach directions. The score
was then divided by three times the average leg length and
multiplied by 100.3! The YBT composite scores were used
for statistical analysis and collected at baseline, two weeks,
four weeks, and eight weeks after intervention was initi-
ated.

EXAMINERS

Two investigators participated in this study. Investigator
#1, the primary investigator (PI) was blinded to partici-
pants’ group assignment and intervention and performed
the eligibility screening and standard PT examination for
all participants. In addition, the PI collected the pre- and
post-intervention measurements of dynamic balance using
the YBT, pain scores using the NPRS, and disability level
using the OSW. Investigator #2 was blinded to participants’
pre- and post-intervention measurements and was respon-
sible for group allocation and administering the interven-
tion, either an SSE program or a GE program, to partici-
pants in both groups.
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PROCEDURES

Eligible participants filled out an intake form, including
questions about demographic data (age, sex, height,
weight, occupation, limb dominance), duration of symp-
toms, painful side of the LBP, and physical activity level
(minutes per week). The leg dominance was determined by
asking the participants to report their preferred leg used
when kicking a ball.32 In addition, participants completed
the Fear-Avoidance Beliefs Questionnaire (FABQ) and Pa-
tient-Reported Outcomes Measurement Information Sys-
tem®-29 (PROMIS-29), which were used to describe the
participants of this study. All participants were asked to
rate their average pain intensity in the low back in the past
week and to rate their current pain level using NPRS. Next,
participants were asked to complete the OSW. The FABQ,
PROMIS-29, NPRS, and OSW have been reliable and valid
tools for assessing LBP-related fear-avoidance beliefs, par-
ticipants’ traits, pain intensity, and perceived disability, re-
spectively.33-38

Next, the YBT was used to assess participants’ dynamic
balance. Each participant’s leg length was measured bilat-
erally in centimeters and was used to normalize reach dis-
tances because leg length has been shown to be a factor
affecting YBT performance.3® Next, each participant was
asked to slide a reach indicator along a pipe in the three
testing directions: ANT, PM, and PL on both legs as de-
scribed in details by Alshehre et al.25 The PI was responsi-
ble for giving verbal instructions and visual demonstrations
of the YBT, as well as recording the YBT measures. The trial
was discarded and retried when the participant (1) moved
the foot of the stance leg from the platform or crossed the
marked line, (2) kicked, pushed, or stepped on the reach in-
dicator, (3) touched the floor with the reaching leg, or (4)
lost balance before returning to the standing position. To
reduce fatigue, participants were given a rest of a minimum
10 seconds between each reach and 30 seconds between
each direction of testing.40 The reach distance was mea-
sured to the nearest centimeters by reading the line at the
proximal edge of the reach indicator. Three successful test
trials in each direction (ANT, PM, and PL) on each leg were
recorded and normalized to the leg length and the compos-
ite score was used for data analysis.

INTERVENTIONS

Participants in the treatment group were instructed in the
SSEs, modeled after the SSE program designed by Hicks et
al.14 Each participant was instructed to perform four exer-
cises in total, one exercise from each of the following four
categories: (a) abdominal bracing, (b) quadruped, (c) prone
plank, and (d) side plank exercises. Each exercise was pro-
gressed and advanced in difficulty by increasing repetitions,
hold times, and/or extremity movements. For the SSEs, the
progression of exercises was based on the participants’ per-
formance at each supervised PT session based on pre-es-
tablished criteria by Hicks et al.14 The SSE program and cri-
teria for progression are listed in Appendix A.

The placebo group performed a GE program, consisting
of ROM and flexibility exercises for the low back and lower

extremities. Each participant was instructed to perform
four exercises in total, one exercise from each of the fol-
lowing four categories: (a) knee to chest, (b) lower trunk
rotation, (c) prone press-ups, and (d) hamstring stretch
exercises. These exercises were progressed by increasing
repetitions and pain-free ROM. The exercise programs and
criteria for progression are listed in Appendix B.

On the first visit, the participants in both groups were
instructed in the exercises at a level that they could perform
without pain. All participants were provided exercise hand-
outs and also were asked to fill out an exercise log form to
track the frequency of their home exercise sessions and to
determine their compliance. In both groups, Investigator #2
instructed and corrected performance when necessary, and
progressed the exercise program for each participant. As
such, when participants performed the exercise with proper
technique and without any rest breaks, they were instructed
to progress to the next level of the exercise and were asked
to discontinue the previous level of that exercise from their
program. The proper technique was achieved by instructing
the participants to tighten their abdominal muscles while
breathing normally and maintaining a steady continuous
muscle contraction with no recruitment of accessory mus-
cles.4! Participants were instructed to perform the most up-
dated exercises at home once a day at least five times a
week.

The participants were asked to attend a total of four to
eight supervised PT sessions and one follow-up session af-
ter the four-week intervention was completed for exercise
progression and to ensure that they performed the exer-
cises properly. Each session took about 30 to 45 minutes
for exercise progression or an hour for collection of out-
come measures and exercise progression. The intervention
frequency and duration were chosen to reflect common PT
practice. Each participant also was asked to perform their
assigned exercise program at least five times per week, and
the on-site visits were counted toward the required exer-
cise frequency. After the 4-week intervention, each partici-
pant was asked to continue their exercise program at home
five times a week for another four weeks. On their follow-up
visit at week eight, the participants were instructed on how
to progress their exercises.

All participants were instructed to bring the exercise
log to each visit and to submit it to the investigators at
the eight-week follow-up in order to determine compliance
with the program. The average compliance was calculated
using the completed exercise sessions divided by the pre-
scribed exercise sessions. This equals to the number of ex-
ercise sessions completed out of the total possible exercise
sessions. For this study, the average compliance for com-
pleting the prescribed home exercise program for the first
four weeks (supervised PT sessions), the last four weeks
(unsupervised PT sessions), and the total compliance for
the duration of the study for both groups was calculated.

DATA ANALYSIS

All statistical analyses were performed using SPSS Statis-
tics, Version 25 (IBM Corp., Armonk, NY, USA). Descriptive
statistics, including frequencies, means, and standard de-
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viations, were calculated for the demographic data of the
participants and the outcome measures (YBT composite
score, NPRS, and OSW). Independent t-tests were used for
ratio data to determine if there was a difference between
groups at baseline, including demographic data, such as
age, weight, height, body mass index, and duration of
symptoms, and baseline outcome measures. Chi-square
analysis was used for non-ratio data to determine between-
group differences for non-parametric baseline data, such as
sex, onset of symptoms, pain distribution. Three separate
2 (group) X 4 (time) analyses of variance (ANOVAs) with
repeated measures were used to determine any differences
in the three outcome measures between groups. Follow-up
analysis was performed if there was a significant interac-
tion. The alpha level was set at 0.05 for all statistical analy-
ses.

RESULTS

Fifty-three participants were recruited for the study and
were also assessed for other outcomes. The CONSORT di-
agram in Figure 1 summarizes the screening, enrollment,
randomization, and analysis of participants for this study.
The 40 participants who completed this study were gener-
ally young with an average age of 39.9 £ 12.5 years and a
range of 21 to 64 years. Both groups had lower physical ac-
tivity levels (99.7 # 145.1) than the recommended weekly
minutes by the 2008 guidelines for adults, which is a mini-
mum of 150 minutes per week.42 All participants had CLBP
without signs of lumbar radiculopathy, with symptoms av-
eraging for 95.2 * 87.5 months. In addition, the participants
had an average NPRS score of 3.5 * 1.6 and an average OSW
score of 18.1 £ 9.1, indicating that participants, in general,
had relatively low pain intensity and a mild disability level.
Table 1 describes the characteristics of the participants who
completed the study.

OUTCOME MEASUREMENTS

Table 2 displays the means and the standard deviations
for the YBT, NPRS, and OSW at each time point. All three
outcome measurements showed no significant differences
between groups at baseline, except in the YBT composite
scores. There was a significant difference in the dynamic
balance between groups (t = -2.575, p = 0.014), with a lower
YBT composite score in the GE group (72.9 £ 14.0) than in
the SSE group (82.1 * 7.7). Therefore, 2 x 4 ANCOVA with
repeated measures was performed with the baseline YBT
composite scores of all participants were used as covariates.
The ANCOVA results revealed a statistically significant in-
teraction of group by time for dynamic balance (F = 7.146, p
<0.001, partial n? = 0.162), which indicates that there was a
difference between the GE and SSE groups in dynamic bal-
ance over eight weeks as presented in Figure 2. Six sepa-
rate 2 x 2 ANCOVAs with repeated measures were used to
test for between-group differences in dynamic balance. A
significant difference was found between groups from four
weeks (p < 0.001) and eight weeks (p = 0.007) compared to
baseline, and from two weeks to four weeks (p = 0.002), with

the SSE group demonstrating higher YBT composite scores
than the GE group. However, there were no statistically sig-
nificant differences from baseline to two weeks (p = 0.098),
two weeks to eight weeks (p = 0.107), and four weeks to
eight weeks (p = 0.413) between groups. In addition, a sig-
nificant main effect of time on the dynamic balance was
found. Both groups demonstrated a significant improve-
ment in dynamic balance from baseline to two weeks (p <
0.001), 2 weeks to 4 weeks (p = 0.023), and two weeks to
eight weeks (p = 0.004), but there was no statistically signif-
icant difference from four weeks to eight weeks (p = 0.144)
(Figure 2).

The ANOVA with repeated measures for the NPRS and
OSW scores revealed no statistically significant interaction
of group by time (F = 1.185, p = 0.319, partial n? = 0.030), (F
=0.538, p =0.605, partial n? = 0.014), respectively. However,
there was a significant main effect of time (p < 0.001) for
both the NPRS and OSW scores. However, a significant main
effect of time (p < 0.001) for both the NPRS and OSW scores
was found. Post-hoc pair-wise comparisons showed signif-
icantly lower NPRS scores from baseline to two weeks (p =
0.007), from two weeks to four weeks (p < 0.001), but there
was no statistically significant difference from four weeks
to eight weeks (p = 0.818) (Figure 3). Similarly, post-hoc
pair-wise reveled that both groups demonstrated a signifi-
cant reduction in disability level from baseline to two weeks
(p = 0.017), from two weeks to four weeks (p = 0.047), but
there was no statistically significant difference from four
weeks to eight weeks (p = 0.117) (Figure 4).

HOME EXERCISE COMPLIANCE

Table 3 lists the means, the standard deviations, and the
compliance rates for home exercise compliance for both
groups. No significant differences in compliance between
the two groups for the duration of the study. However,
paired t-tests for within-group differences revealed that the
home exercise compliance was significantly higher during
the first four weeks after initiating the intervention as com-
pared to the last four weeks of intervention for both groups
(t = 2.456, p = 0.024 for GE group, t = 2.163, p = 0.044
for SSE group). This indicates that all participants regard-
less of group performed their home exercises more often in
the first four weeks, which included supervised PT sessions
than they did in the last four weeks, which had no super-
vised PT sessions.

DISCUSSION

The results of this study show that four-week supervised
SSEs were superior to GEs in improving dynamic balance
in adults with CLBP after eight weeks of intervention. This
implies that the SSE group was able to demonstrate better
dynamic balance than the GE group for the first four weeks
after initiating intervention, which included home exer-
cises and supervised PT sessions. Then, the SSE group
maintained the improvement of the first four weeks but
showed no improvement in dynamic balance during the last
four weeks, which included the participants performing ex-
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Assessed for Eligibility (n = 53)

Excluded (2= 9)

Acute LBP (n=1)
Neurological signs and symptoms (n = 1)
Older than 65 years (n = 3)
Lumbar surgery (7= 2)
Scheduling conflict (n =2)

Randomized (n = 44)

Allocated to General Exercise

Group (n =22)

Lost after the first session (# = 2)

Motor vehicle accident (77= 1)
Could not be reached (= 1)

Analyzed (n=20)

Allocated to Spinal Stabilization

Exercise Group (n = 22)

Lost after the first session (7 =2)

Traveling out of state (17 =2)

Analyzed (n=20)

Figure 1. Consort diagram of participants’ screening, enrollment, randomization, and analysis.

ercises at home with no supervised PT sessions. However,
there was no difference between the GE and the SSE groups
in dynamic balance during the last four weeks of the inter-
vention. These results support previous studies, %20 which
have shown that those with LBP who received SSEs for four
weeks had significantly improved balance as compared to
a control group. However, these two studies utilized dif-
ferent methods than the method used in the current study
to assess balance, as Kim et al.1? and Rhee et al.20 used a
pressure platform and force plates, respectively, to measure
CoP excursions for balance ability. The authors of the prior
studies hypothesized that SSEs might have improved neu-
romuscular responses to compensate for postural control
deficits in patients with LBP.19,20

Given that balance is a motor control process which reg-
ulates movement quality and creates stability; improved
neuromuscular control in this patient population can be
achieved in part through strength from the lumbar spinal
stabilizer muscles.43 Previous evidence has shown a delay
in the firing of the deep abdominal muscles and decreased
recruitment of the transversus abdominus and lumbar mul-
tifidus muscles in patients with CLBP as compared to
asymptomatic individuals.14-17 Evidence also suggests that

altered lumbar proprioception in those with LBP may cause
reweighting of visual and vestibular sensory inputs to com-
pensate for impaired proprioception in order to maintain
an individual’s balance.#* An SSE program is a motor con-
trol intervention which has been used to retrain proper ac-
tivation and coordination of the trunk musculature to in-
crease spinal stability and reduce pain.!418 In particular,
spinal stabilization muscles, such as transversus abdominis
and lumbar multifidi have been reported to play a major
role in maintaining postural stability. Proper activation of
these muscles in a feedforward mechanism reduces dis-
placement of the body’s center of gravity.!5 Based on these
findings, it is speculated that SSEs may minimize faulty
movement strategies and compensatory muscle contrac-
tions by properly coordinating abdominal and back muscu-
lature during functional tasks in the SSE group, which pos-
sibly led to better dynamic balance performance following
the SSE program.

In contrast, a previous study reported that four weeks of
SSEs combined with usual PT care (hot pack, ultrasound,
and transcutaneous electric nerve stimulation) compared
to usual PT care alone did not show greater improvement
in postural control in patients with CLBP.45 However, bal-
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Table 1. Participants Characteristics at Baseline (Mean * Standard Deviation)

All Participants GE Group SSE Group p-value
(n=40) (n=20) (n=20)
Age (years) 39.9+125 41.0+13.3 38.8+118 0.583
Sex 0.337
Males 23(57.5%) 10 (50%) 13(65%)
Females 17 (42.5%) 10 (50%) 7 (35%)
Weight (kg) 79.8+15.7 81.1+158 78.6+16.0 0.625
Height (cm) 169.7 £ 10.1 172.3+10.0 167.2+9.8 0.112
BMI (kg/m?2) 28.0+6.6 27.5+55 28.6+7.7 0.612
Leg dominance 0.292
Right 36 (90%) 19 (95%) 17 (85%)
Left 4(10%) 1(5%) 3(15%)
Physical activity (min/wk.) 99.7+145.1 1135+ 127.8 86.0+162.9 0.556
Duration of LBP (months) 95.2+87.5 111.9+86.3 78.6 +87.7 0.234
Onset of LBP 1.000
Gradual 36 (90%) 18 (90%) 18 (90%)
Traumatic 4 (10%) 2(10%) 2 (10%)
Painful side of LBP 0.803
Bilateral (Central) 14 (35%) 8 (40%) 6 (30%)
Unilateral 26 (65%)
Right LBP 13(32.5%) 6(30%) 7 (35%)
Left LBP 13(32.5%) 6(30%) 7 (35%)
Pain distribution 0.705
LBP Only 30 (75%) 15(75%) 15(75%)
Above the knee 1(2.5%) 1(5%) 0
Below the knee 9(22.5%) 4(20%) 5(25%)
FABQ
Physical activity scale 10.1+6.5 10.1+£5.6 10.1+74 1.000
Work scale 84+74 7.2+81 9.5+6.7 0.344
PROMIS-292
Physical functionP 434+24 434+24 434+24 0.512
AnxietyP 51.2+3.1 51.2+3.1 53.7+28 0.795
Depression® 49032 49.0+£3.2 490+£3.2 0.815
FatigueP 551+24 53.1+24 57.0+23 0.229
Sleep disturbanceP 524+34 524+34 524+34 0.695
Social rolesP 51.9+22 53.7+23 51.9+22 0.487
Pain interference® 57.1+1.9 57.1+19 55.6+1.9 0.558
Pain intensity (0-10) 43+18 44+23 41+1.2 0.549
Impact score (8-50)¢ 20.1+6.6 20.3+6.5 19.9+6.9 0.852
NPRS (0-10)
Current 35+1.6 3519 34+13 0.846
Average, past wk. 47+18 50+£22 45+14 0.397
OSW (%) 18.1+9.1 18.1+9.4 182+9.1 0.973
YBT composite score (%LL) 775+12.1 729+ 140 821+7.7 0.014*

GE = general exercise program, SSE = spinal stabilization exercise program, Kg = kilogram, cm = centimeter, m = meter, BMI = body mass index, min= minute, wk. = week, FABQ =
Fear-Avoidance Beliefs Questionnaire, PROMIS-29 = Patient Reported Outcomes Measurement Information System, NPRS = Numeric Pain Rating Scale, OSW = Modified Oswestry
Low Back Pain Disability Questionnaire, YBT = Y-Balance Test, %LL = Composite score normalized to leg length expressed as a percentage.

* indicates statistically significant, p < 0.05.2 = p-values were computed using the raw scores, ® = T-scores (population mean 50, standard deviation 10) available at the Assessment
Centers™ website: http://assessmentcenter.net., ¢ Impact score= Calculated as the sum of the reversed raw physical function score plus the raw pain interference score plus the pain

intensity score.
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Table 2. Outcome Measurements (Mean * Standard Deviation) at Baseline, 2 Weeks, 4 Weeks, and 8 Weeks after

initiating intervention

All Participants GE Group SSE Group p-value
(n=40) (n=20) (n=20)
Dynamic balance (YBT, %LL)
Baseline 775121 72.9+14.0 821+7.7 0.014*
2 weeks 83.2+11.8 79.6+13.3 86.8+9.0
4 weeks 84.8+9.9 80.7+11.8 88.8+5.5
8 weeks 86.0+10.8 83.3+12.0 88.7+8.9
Pain intensity (NPRS, 1-10)
Baseline 35+16 35+19 34+13 0.846
2 weeks 29+15 32+18 25+1.1
4 weeks 19+£17 22+21 16+1.1
8 weeks 2019 19+19 2019
Disability level (OSW, 0-100%)
Baseline 18.1+9.1 18.1+94 182+9.1 0.973
2 weeks 15.7+9.1 16.3+9.1 15.1+94
4 weeks 14098 15496 12.7+9.9
8 weeks 12.3+10.9 126+9.1 120+12.6

GE = general exercise program, SSE = spinal stabilization exercise program, p-values for between-group differences were determined by independent t-tests. YBT = Y-Balance Test,
%LL = Composite score normalized to leg length expressed as a percentage, NPRS = Numeric Pain Rating Scale, OSW = Modified Oswestry Low Back Pain Disability Questionnaire.

* indicates statistically significant, p < 0.05.

90.0

88.0

86.0 il

Group

— Gk
T m— SSE

82.0

Dynamic balance (YBT, %LL)
¥
(=]

80.0 —

78.0

Baseline 2 weeks 4 weeks 8 weeks

Time

Figure 2. Dynamic balance as measured by the Y-Balance Test (YBT) at baseline, and 2 weeks, 4 weeks, and 8
weeks after intervention was initiated, for both the general exercise (GE) group and the spinal-stabilization

exercise (SSE) group.

ance was assessed differently between the studies. Salavati
et al.45 assessed postural control using a Biodex Balance
System®. In the current study, balance was measured using
the YBT, which could be considered a more challenging bal-

ance task. It also could be argued that the two studies mea-
sured different constructs related to balance.

After the four-week supervised intervention, there was
a trend that the GE group improved in dynamic balance
during the last four weeks of the study. The GEs were de-
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Figure 3. Pain intensity as measured by the Numeric Pain Rating Scale (NPRS) at baseline, and 2 weeks, 4 weeks,
and 8 weeks after intervention was initiated, for both the general exercise (GE) group and the spinal-
stabilization exercise (SSE) group.
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Figure 4. Disability level as measured by the Modified Oswestry Low Back Pain Disability Questionnaire (OSW) at
baseline, and 2 weeks, 4 weeks, and 8 weeks after intervention was initiated, for both the general exercise (GE)
group and the spinal-stabilization exercise (SSE) group.

signed to be similar to the SSEs in terms of frequency, du- could be learned more easily and performed independently
ration, and number of one-on-one supervised PT sessions at home by the participants, whereas SSEs may require su-
as well as contact time with the treating physical thera- pervised PT training. The SSEs could be considered a more
pist. It is likely that the GEs, which consisted of ROM and complex exercise regimen and may require higher cogni-
flexibility exercises for the low back and lower extremities, tive skills to be learned and performed as compared to the
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Table 3. Home Exercise Compliance (Mean * Standard Deviation)

All Participants GE Group SSE Group Between-group
(n=40) (n=20) (n=20) p-value
0-4 weeks (%) 85.9+14.8 88.0+15.6 83.7+13.9 0.369
5-8 weeks (%) 76.1+22.7 77.5+25.4 747 £20.4 0.707
Total (%) 81.0+16.7 82.7+18.8 79.2+14.8 0.516
Within-group p-value 0.002* 0.024* 0.044*

GE = general exercise program, SSE = spinal stabilization exercise program, p-values were determined by independent t-tests for between-group differences and paired t-tests for
within-group differences. The within-group difference for both groups was determined by comparing the compliance of the first four weeks with the last four weeks.* indicates statis-

tically significant, p < 0.05.

GEs. In addition, in terms of exercises intensity, it could be
argued that level three of the GEs could be easier to per-
form, whereas level three of the SSEs could be considered
more difficult, requiring more effort and PT supervision
to perform correctly. Therefore, it is possible that the SSE
group did not show continued improvements on dynamic
balance because the effort needed to perform the SSEs was
not to the same level of intensity it was for the first four
weeks, which included PT supervision. However, it is also
not certain whether the SSE group used proper exercise
form during the unsupervised portion of the intervention.
In addition, evidence has demonstrated that lower-extrem-
ity flexibility could affect YBT performance in healthy pop-
ulations.#6:47 Therefore, the GE group could have poten-
tially increased lower-extremity flexibility after eight weeks
of intervention and therefore could have been able to reach
farther distances during the YBT. However, lower-extremity
ROM was not assessed after implementing the intervention
in this study, so it was not certain whether the improve-
ment on the YBT performance is the result of increased
lower-extremity flexibility.

The results of this study also indicate that all partic-
ipants, regardless of intervention, made significant im-
provement in dynamic balance after eight weeks. A point of
discussion here is that it is apparent that YBT performance
may require both spinal stability and ROM/lower-extremity
flexibility since both exercise programs seemed to help im-
prove dynamic balance performance after eight weeks. It is
also important to note that the small magnitude of change
observed in dynamic balance in this study during the last
four weeks may be due to the unsupervised nature of the
exercises. In this study, home exercise compliance was sig-
nificantly higher during the first four weeks after initiating
the intervention as compared to the last four weeks for both
groups. This indicates that all participants performed their
home exercises more often in the first four weeks, which
included supervised PT sessions, than they did in the last
four weeks, which had no supervised PT sessions. Evidence
has shown that PT supervised SSEs were shown to be more
effective than the unsupervised PT SSEs in patients with
LBP.41

All participants regardless of the intervention they re-
ceived showed significant improvements in pain intensity
and disability level over eight weeks. However, the decrease
in pain intensity and disability level did not exceed the
MCID or MDC, which is 2 points for the NPRS and 10 points
for the OSW in patients with CLBP.36:48 This finding agrees

with a pooled analysis that reported no significant bene-
fits for pain or disability between SSEs versus other forms
of active exercises. The authors indicated that improve-
ments were minimal and not regarded as clinically sig-
nificant.4% In addition, Salavati et al.4> reported that four
weeks of SSEs combined with usual PT care as compared to
usual PT care alone resulted in no significant improvement
in pain and disability ratings in patients with CLBP. The
trend toward better results in pain intensity and disabil-
ity level suggests that significant changes may take longer
than eight weeks to become detectable.

The current study is unique because it is the first to as-
sess the effectiveness of SSEs on dynamic balance in adults
with CLBP using the YBT. This study evaluated dynamic
balance in a multi-planar manner while performing dy-
namic tasks that considerably challenged the stability of
the spine. This study also demonstrates that the YBT is able
to detect change in dynamic balance over time, suggesting
that the YBT may be a useful tool for clinicians to assess
dynamic balance deficits in patients with CLBP and monitor
treatment progression. A better understanding of impair-
ments associated with LBP would assist clinicians in de-
veloping personalized intervention programs and individu-
alizing exercise prescription to address those identified at
high risk for recurrent LBP.

STRENGTHS AND LIMITATIONS OF THE STUDY

Strengths of this study include the implementation of a
double blinded, concealed allocation randomized clinical
trial design in which the participants and the investigators
were blinded. Specifically, one investigator was fully
blinded to the participants’ group allocation and interven-
tion while the other investigator was blinded to the partic-
ipants’ pre- and post-intervention measurements. All par-
ticipants were not informed whether they were assigned to
the placebo or to the treatment group. Therefore, the de-
sign of the study provided control over potentially impor-
tant sources of bias, so that the observed effects of the
implemented interventions were less likely to be due to
chance. However, there are limitations in this study. First,
participants were recruited by means of advertisements;
therefore, it is possible that individuals seeking medical
care for their LBP are different from those responding to
an advertisement, thus limiting the generalizability of the
study results. In addition, only individuals with CLBP were
enrolled in the study. Therefore, the findings are not ap-
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plicable for individuals with acute or subacute LBP. Another
possible limitation is that participants reported low pain
intensity, mild disability level, and low physical activity
level which limits the generalizability of findings to non-
athlete individuals with mild pain and disability levels.
Lastly, although efforts were made to control the potential
influence of confounding factors that may affect YBT per-
formance, factors such as knee and ankle strength and joint
ROM were not investigated.

RECOMMENDATIONS FOR FUTURE RESEARCH

Future studies are warranted with supervised SSEs and
long-term follow-up to examine the effectiveness of these
exercises on dynamic balance in individuals with LBP. In
addition, future studies should consider measuring partic-
ipants’ lower-extremity ROM across the study. Lastly, fu-
ture research is needed to determine which directions of
the YBT are the most sensitive to dynamic balance changes
in LBP populations.

CONCLUSION

The results of this study show SSEs to be more effective
than GEs in improving dynamic balance, but not pain in-
tensity nor disability level in adults with CLBP. Specifically,
four weeks of supervised SSEs along with a home exercise

program is more effective in improving dynamic balance
than GEs in participants with CLBP in four weeks. However,
GEs appeared to have an effect equivalent to that of SSEs
after four weeks of supervised intervention and another
four weeks of unsupervised intervention. In addition, all
participants had reduction in pain intensity and disability
level over eight weeks after the intervention. However, no
differences were found between groups, and the decrease in
pain intensity and disability level did not exceed the MCID
or MDC. The results of the study provide evidence for clini-
cians to include SSEs for improving dynamic balance in the
management of patients with CLBP.
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