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ABSTRACT

Background

Motor control exercise (MCE) is used by healthcare professionals worldwide as a common treatment for low back pain (LBP). However, the
effectiveness of this intervention for acute LBP remains unclear.

Objectives

To evaluate the effectiveness of MCE for patients with acute non-specific LBP.

Search methods

We searched MEDLINE, EMBASE, the Cochrane Central Register of Controlled Trials (CENTRAL), four other databases and two trial registers
from their inception to April 2015, tracked citations and searched reference lists. We placed no limitations on language nor on publication
status.

Selection criteria

We included only randomised controlled trials (RCTs) examining the effectiveness of MCE for patients with acute non-specific LBP. We
considered trials comparing MCE versus no treatment, versus another type of treatment or added as a supplement to other interventions.
Primary outcomes were pain intensity and disability. Secondary outcomes were function, quality of life and recurrence.

Data collection and analysis

Two review authors screened for potentially eligible studies, assessed risk of bias and extracted data. A third independent review author
resolved disagreements. We examined MCE in the following comparisons: (1) MCE versus spinal manipulative therapy; (2) MCE versus
other exercises; and (3) MCE as a supplement to medical management. We used the GRADE (Grades of Recommendation, Assessment,
Development and Evaluation) approach to assess the quality of evidence. For missing or unclear information, we contacted study authors.
We considered the following follow-up intervals: short term (less than three months after randomisation); intermediate term (at least three
months but within 12 months after randomisation); and long term (12 months or longer after randomisation).
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Main results

We included three trials in this review (n = 197 participants). Study sample sizes ranged from 33 to 123 participants. Low-quality evidence
indicates no clinically important differences between MCE and spinal manipulative therapy for pain at short term and for disability at short
term and long term. Low-quality evidence also suggests no clinically important differences between MCE and other forms of exercise for
pain at short or intermediate term and for disability at intermediate term or long term follow-up. Moderate-quality evidence shows no
clinically important differences between MCE and other forms of exercise for disability at short term follow-up. Finally, very low-quality
evidence indicates that addition of MCE to medical management does not provide clinically important improvement for pain or disability
at short term follow-up. For recurrence at one year, very low-quality evidence suggests that MCE and medical management decrease the
risk of recurrence by 64% compared with medical management alone.

Authors' conclusions

We identified only three small trials that also evaluated different comparisons; therefore, no firm conclusions can be drawn on the
effectiveness of MCE for acute LBP. Evidence of very low to moderate quality indicates that MCE showed no benefit over spinal manipulative
therapy, other forms of exercise or medical treatment in decreasing pain and disability among patients with acute and subacute low back
pain. Whether MCE can prevent recurrences of LBP remains uncertain.

PLAIN LANGUAGE SUMMARY

Motor control exercise for acute non-specific low back pain

Review question

To evaluate the effectiveness of motor control exercise (MCE) for patients with acute non-specific low back pain (LBP).
Background

LBP is a common disorder that is often associated with pain and disability. One common intervention for patients with LBP is exercise
therapy, and MCE is widely used for these patients. However, its effectiveness for patients with acute LBP remains unclear.

Search date
Evidence is current to April 2015.
Study characteristics

We included in this review three trials evaluating acute or subacute pain in patients with LBP (n = 197 participants). Most participants were
middle-aged and were recruited from primary or tertiary care centres. Duration of treatment programmes ranged from four weeks to six
weeks.

Key results

MCE showed no benefit over spinal manipulative therapy, other forms of exercise or medical treatment for reducing pain or disability
among patients with acute and subacute LBP. Whether MCE can prevent recurrences of LBP remains unclear.

Quality of the evidence

Results of this review include evidence of very low to moderate quality. We downgraded all comparisons for imprecision due to small study
sample sizes.
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SUMMARY OF FINDINGS

Summary of findings for the main comparison.

Motor control exercise vs spinal manipulative therapy for acute low back pain

Patient or population: patients with acute low back pain

Settings: primary or tertiary care
Intervention: motor control exercise

Comparison: spinal manipulative therapy

Outcomes Illustrative comparative risks* (95% Cl) Number of partici- Quality of the evi-
pants dence

Assumed risk Corresponding risk (studies) (GRADE)
Spinal manipulative ther- Motor control exercise
apy

Pain Mean pain in the control Mean pain in the intervention group was 58 participants BDOO
group was Low a,b

VAS (0 to 100) 9 points higher (1 study)
15 points

Follow-up: short term (< 3 months from ran- (1.56 lower to 19.56 higher)

domisation)

Disability Mean disability in the con- Mean disability in the intervention group 85 participants PO
trol group was was (1 study) Low a,b

Oswestry Disability Index (0 to 100)
17.9 points 4 points higher

Follow-up: short term (< 3 months from ran-

domisation) (3.38 lower to 11.38 higher)

Disability Mean disability in the con- Mean disability in the intervention group 85 participants BPOO
trol group was was (1 study) Low a,b

Oswestry Disability Index (0 to 100)

16.8 points 3.7 points higher
Follow-up: intermediate term (> 3 months, <
12 months) (4.10 lower to 11.50 higher)
Adverse events Not reported Not reported

None of the included studies evaluated ad-
verse events
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*The basis for the assumed risk (e.g. median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based

on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl)

Cl: Confidence interval

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate
Very low quality: We are very uncertain about the estimate

aDowngraded for imprecision
bbowngraded for inconsistency

Summary of findings 2.

Motor control exercise vs other exercises for acute low back pain

Patient or population: patients with acute low back pain

Settings: primary or tertiary care
Intervention: motor control exercise

Comparison: other exercises

Outcomes Illustrative comparative risks* (95% Cl) Number of partici- Quality of the evi-
pants dence

Assumed risk Corresponding risk (studies) (GRADE)
Other exercises Motor control exercise

Pain Mean pain ranged across Mean pain in the intervention groups 89 participants SO00
control groups from was (2 studies) Moderate @

VAS (0 to 100) 18 to 26.7 points

5.74 points higher

Follow-up: short term (< 3 months from ran-

domisation) (3.34 lower to 14.82 higher)

Pain Mean pain in the control Mean pain in the intervention groups 33 participants SDOO
group was was (1 study) Low a,b

VAS (0 to 100) 27.1 points

Follow-up: intermediate term (> 3 months, <
12 months)

1.2 points lower

(18.24 lower to 15.84 higher)
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Disability Mean disability ranged Mean disability in the intervention 116 participants &350
across control groups from groups was (2 studies) Moderate @

Multiple scales (transformed 0 to 100) 20.6 to 39.2 points

0.84 points lower

Follow-up: short term (< 3 months from ran-

domisation) (8.72 lower to 7.04 higher)

Disability Mean disability in the con- Mean disability in the intervention 33 participants PO
trol group was groups was (1 study) Low a,b

Roland Morris Disability Questionnaire 28.3 points

(transformed 0 to 100) 6.70 points lower

Follow-up: intermediate term (> 3 months, < (22.80 lower to 9.40 higher)

12 months)

Disability Mean disability in the con- Mean disability in the intervention 83 participants P00
trol group was groups was (1 study) Low a.b

Oswestry Disability Index (0 to 100)

5.70 points higher

20.5
Follow-up: long term (< 3 months after ran- (1.38 lower to 12.78 higher]
domisation)
Adverse events Not reported not reported

None of the included studies evaluated ad-
verse events

*The basis for the assumed risk (e.g. median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based
on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl)

Cl: Confidence interval

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate
Very low quality: We are very uncertain about the estimate

aDowngraded for imprecision
bbowngraded for inconsistency

Summary of findings 3.

Motor control exercise as a supplement to medical management for patients with acute low back pain

Patient or population: patients with acute LBP
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Settings: primary or tertiary care
Intervention: motor control exercise

Comparison: medical management

Outcomes Illustrative comparative risks* (95% Cl) Relative effect Number of partici- Quality of the evi-
(95% CI) pants dence
Assumed risk Corresponding risk (studies) (GRADE)
Medical manage- Motor control exercise
ment
Pain Mean pain in the con-  Mean pain in the intervention 41 participants ®BOO
trol group was group was (1 study) Very low a,b.c
VAS (0 to 100) 10.4
9.30 points lower
Follow-up: short term (< 3 months from ran-
domisation) (20.41 lower to 1.81 higher)
Disability Mean disability in the  Mean disability in the interven- 41 participants SPOO
control group was tion group was (1 study) Very low a,b.c
Roland Morris Disability Questionnaire 2.40 points lower
(transformed 0 to 100) 2.4
(4.87 lower to 0.07 higher)
Follow-up: short term (< 3 months from ran-
domisation)
Recurrence 16 of 19 6 of 20 RR0.36 39 participants ®DOO
Very low a,b.c
Follow-up: long term (1 year) (0.18t0 0.72) (1 study)
Adverse events Not reported Not reported

None of the included studies evaluated ad-
verse events

*The basis for the assumed risk (e.g. median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based
on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl)

Cl: Confidence interval

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate

Very low quality: We are very uncertain about the estimate

feaqny £1
aueiyds’o) =

‘yyeay 19199
*SUOISII3P pawioju]
*32UBPINS pashiL

SM3IADY J13BWSISAS JO seqeleq auelyd0)



: Cochrane Trusted evidence.
= _l. c Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews
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bbowngraded for inconsistency
¢Downgraded for high risk of bias
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BACKGROUND

Low back pain (LBP) continues to be the leading cause of
disability and work loss in industrialised countries (Stephens 2007).
According to the Global Burden of Disease study, LBP ranks first
among the leading causes of disability globally (Murray 2012).
Exercise therapy is endorsed in clinical guidelines (Koes 2010) as
an effective treatment for chronic non-specific LBP, and is also
suggested by some systematic reviews (Hayden 2005; Hayden
2005b; Macedo 2010). However, current clinical guidelines suggest
that supervised exercises programmes are not indicated for those
with acute LBP (Koes 2010). Instead, the recommendation is to
begin treatment of acute LBP with simple analgesics and to
stay active (Hancock 2007; Machado 2010). Regardless of current
recommendations, evidence on effects of exercise in acute and
subacute populations is of moderate quality (Hayden 2005), and
exercise is commonly prescribed for patients with acute pain in
many countries (Williams 2010).

An intervention commonly used for patients with LBP is motor
control exercise (MCE). MCE was developed to restore co-
ordination, control and capacity of trunk muscles (Hodges 2003).
This intervention involves training isolated contraction of deep
trunk muscles and further integrating the activation of these
muscles into more complex static, dynamic and functional tasks
(Ferreira 2007; O'Sullivan 1997). The treatment also provides co-
ordination and optimal control of global trunk muscles (Costa 2009;
Macedo 2012). Two previous systematic reviews have evaluated
the evidence on MCE for acute LBP (Ferreira 2006; Rackwitz 2006).
However, each of these reviews included only one trial, and both
were published in 2006. Therefore, a Cochrane systematic review
on this topic was conducted to provide updated estimates of
treatment effects of MCE for patients with acute LBP.

Description of the condition

Low back pain (LBP) is considered a major health and
socioeconomic problem that is highly associated with work
absenteeism, disability and high costs for patients and for society
(Airaksinen 2006). LBP could be defined as pain and discomfort
located below theribs and above the gluteal crease, with or without
referred leg pain (Airaksinen 2006; van Tulder 2006). The term 'non-
specific LBP' has often been used in research, as the source of pain
could not be established in most cases (Hancock 2007; Niemisto
2004; Niemisto 2005). Thus, non-specific LBP is defined as LBP
that cannot be attributed to a recognisable or specific pathology
such as nerve root compromise or serious spinal pathology (i.e.
fracture, cancer and inflammatory disease) (Airaksinen 2006; van
Tulder 2006). 'Acute LBP' describes episodes lasting less than six
weeks, and 'subacute LBP' refers to episodes between six and 12
weeks in duration (Furlan 2009).

Description of the intervention

Motor control exercise (MCE) applies principles of motor learning
to integrate control and co-ordination of the spine muscles for
functional activities. Exercise is individualised and tailored upon
initial assessment of each patient’s individual posture, muscle
activation and co-ordination. MCE is designed to train muscles
that are identified as having poor control (often deep trunk
muscles such as multifidus and transversus abdominis) and to
reduce the activity of muscles that are overactive (often large
external trunk muscles such as rectus abdominis and erector

spinae muscles) (Hodges 1996; O'Sullivan 1997). This intervention
progresses from static isolated contraction of deep trunk muscles
towards integration of these muscles into simple static activities,
then to dynamic tasks and finally functional activities (Costa 2009;
Macedo 2012).

Protocols implemented in randomised controlled trials do not
always completely match the previous description because of
the complexity of this intervention (Macedo 2009). Often after
undergoing assessment, patients are instructed to contract the
deep trunk muscles, then integrate them into other activities
without considering the principles of motor learning and without
focusing on the need to progress to more functional activities
(Macedo 2012; Menezes Costa 2009). For this reason, the
intervention is often described as specific stabilisation exercises,
not necessarily as exercises for motor control.

How the intervention might work

Motor control exercise (MCE) was developed on the basis of results
of cross-sectional laboratory studies reporting that individuals
with LBP have impaired control of the deep trunk muscles (e.g.
transversus abdominis, transversus multifidus) responsible for
maintaining stability of the spine (Hodges 1997; Hodges 1998;
Moseley 2002). For instance, these cross-sectional studies have
shown that people with LBP have delayed activity of transversus
abdominis (Hodges 1996) and multifidus muscles (Macdonald
2011). Furthermore, paraspinal muscles of people with LBP have
been found to have decreased cross-sectional area (Hides 1994),
increased fatigability (Roy 1989) and increased intramuscular fat
(Alaranta 1993).

Studies have found that individuals with LBP have impaired control
of superficial trunk muscles (e.g. rectus abdominis, latissimus
dorsi, external and internal obliques) (Cholewicki 2005; Radebold
2000; van Dieen 2003). These impairments have been identified
during tasks of trunk perturbance whereby patients with LBP have
demonstrated increased co-contraction of flexors and extensors
of the trunk, delayed offset of agonists and delayed onset of
antagonists (Radebold 2000). Delayed muscle response during the
same task was found to be associated with development of future
LBP (Cholewicki 2005). Position sense of the extensors of the trunk
has been found to be altered in patients with LBP (Newcomer
2000). Thus, MCE was developed to target these differences
and potentially restore the individual’s muscle co-ordination and
control.

Why it is important to do this review

Over the past two decades, MCE has become one of the popular
exercise therapies provided for back pain, and the number
of studies evaluating the effectiveness of this intervention has
increased significantly. Consequently, systematic reviews have
been published to summarise this evidence (Brumit 2013; Bystrom
2013; Ferreira 2006; Macedo 2009); however, a great majority of
these reviews have focused on effects of the intervention on
individuals with chronic LBP (Bystrom 2013; Macedo 2009) without
including studies evaluating acute back pain (Hauggaard 2007).
Onlytworeviewsincluded and analysed acute LBP trials separately,
but these reviews were published in 2006 and included only one
trial (Ferreira 2006; Rackwitz 2006).

Motor control exercise for acute non-specific low back pain (Review)
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OBJECTIVES

To evaluate the effectiveness of MCE for patients with acute non-
specific LBP.

METHODS

Criteria for considering studies for this review
Types of studies

We included only randomised controlled trials (RCTs). We did
not consider trials with a quasi-random allocation procedure for
inclusion in this review, to avoid biased estimates of treatment
effects across included studies (Higgins 2011), and to comply with
recommendations provided in current guidelines of the Cochrane
Back and Neck Review Group (CBN) (Furlan 2015).

Types of participants

We included trials that explicitly reported that a criterion for
entry was acute or subacute non-specific LBP (with or without
leg pain). We excluded trials including individuals with specific
conditions such as disc herniation with nerve root compromise,
spinal stenosis, cancer, etc., and we included trials evaluating
adults of either gender. We included trials with a mixed population
in relation to type and duration of back pain only if separate data
were provided for each group, or if the acute/subacute population
corresponded to the majority of included participants (> 75%).
However, we did not identify any trials with mixed populations
for consideration for inclusion. When manuscripts did not include
enough information to classify participants as having non-specific
LBP or to specify the duration of pain, we contacted study
authors for clarification. If we received no response within one
month, following bi-weekly emails, we excluded and adequately
referenced the study.

Types of interventions

We included trials comparing MCE versus no treatment or another
treatment and trials in which MCE was added as a supplement
to other interventions. When MCE was used in addition to other
treatments, it had to represent at least 50% of the total treatment
programme for the study to be included.

We considered trials to have evaluated MCE if investigators
described exercise treatment as motor control or specific
stabilisation exercise, and/or if they described exercise aimed to
activate, train or restore stabilisation function or co-ordination of
specific muscles of the spine, such as multifidus and transversus
abdominis. We considered specific stabilisation exercises and
exercises aiming to activate, train or restore stabilisation or co-
ordination of specific deep muscles because these principles
characterise the MCE intervention. As reports of trials do not always
consider the principles of motor learning, study authors often
describe the intervention as specific stabilisation exercise rather
than as MCE.

Because a Cochrane review on Pilates is being conducted (Costa
2012), we excluded from this review trials evaluating Pilates,
although principles of Pilates may overlap with principles of a
motor control intervention (Herrington 2005).

Types of outcome measures

Primary outcomes were pain intensity and disability. Secondary
outcomes were function, quality of life, adverse events and
recurrence.

Search methods for identification of studies
Electronic searches

We searched the following electronic databases from their
inception to 2 April 2015.

« MEDLINE (Ovid SP, 1946 to Week 5 March 2015).

« MEDLINE In-Process & Other Non-Indexed Citations (Ovid SP, 1
April 2015).

« EMBASE (Ovid SP, 1980 to Week 13 2015).

« Cochrane Central Register of Controlled Trials (CENTRAL) (March
2015; Issue 3).

« Cumulative Index to Nursing and Allied Health Literature
(CINAHL) (EBSCO, 1981 to April 2015).

« Allied and Complementary Medicine (AMED) (Ovid, 1985 to
March 2015).

« SportDiscus (EBSCO, 1800 to April 2015).
« Physiotherapy Evidence Database (PEDro).

« Latin American and Caribbean Health Sciences Literature
(LILACS).

« ClinicalTrials.gov.

» World Health Organization International Clinical Trials Registry
Platform (WHO ICTRP).

« PubMed.

We conducted searches in 2012 and 2014. For the 2015 update,
we added a search of MEDLINE In-Process & Other Non-Indexed
Citations and PubMed, using the strategy applied by Duffy 2014, to
capture studies not yet available in MEDLINE.

We used the search strategies developed by the Cochrane Back
and Neck Review Group. We did not restrict searches or inclusion
criteria to any specific language. See Appendix 1.

Searching other resources

We performed citation tracking by using Web of Science (Thomson
Reuters) and by conducting a manual search of the reference lists
of previous reviews and eligible trials.

Data collection and analysis
Selection of studies

Two review authors (LGM and LC or BTS and TPY) screened all
search results for potentially eligible studies, assessed risk of
bias and extracted study data. A third independent review author
(RWJGO or CGM) resolved disagreements on inclusion of trials,
quality assessment and data extraction. For non-English language
manuscripts, we identified a native speaker within local universities
to assist with translation. Pilot testing of assessment of risk of
bias and extraction of data were performed for two studies, as
recommended by the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2011).

Motor control exercise for acute non-specific low back pain (Review)
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Data extraction and management

We extracted data from each included study using a standardised
data extraction form. Two review authors extracted the data (BTS
and TPY) and resolved disagreements through discussion with
or arbitration of a third review author (CGM). We extracted from
the trial reports mean scores, standard deviations and sample
sizes for continuous outcomes, and sample sizes and numbers
of events for dichotomous outcomes. When this information was
not provided in the trial report, we calculated or estimated the
values using methods recommended in the Cochrane Handbook
for Systematic Reviews of Interventions (Higgins 2011). We also
extracted from the studies information about characteristics of
participants, treatments and co-interventions provided, duration
of treatment and outcome measures and risk of bias criteria.

Assessment of risk of bias in included studies

We assessed risk of bias using the Cochrane Back and Neck Review
Group expanded criteria (12 items) (Furlan 2009; Higgins 2011)
described in Appendix 2. We labelled the risk of bias for a trial as
‘low risk' (at least six of the 12 criteria met) or as 'high risk' (fewer
than six criteria met).

Measures of treatment effect

We expressed treatment effects of continuous variables as mean
differences and 95% confidence intervals (Cls). We used risk
ratios and odds ratios with 95% Cls to calculate treatment
effects of dichotomous variables. We converted ordinal variables if
present to dichotomous variables for the purpose of the analysis.
We expressed pooled effects of continuous variables as mean
differences if the same outcomes were used. If continuous outcome
measures were different between studies, we expressed pooled
effects with mean differences but first converted the different
outcome measures to a common 0 to 100 scale. Although use of
standardised mean differences is recommended when studies with
different outcomes measures are pooled, we chose to use mean
differences in this study because they are easier to interpret, and
because included outcomes can be used interchangeably (Roland
2000). Finally, we preferred to used intention-to-treat analysis
over per-protocol or per-treated analysis (in the case that a trial
presented both analyses).

Unit of analysis issues

If trials were sufficiently homogenous, we conducted a meta-
analysis for these follow-up time points: short (within three months
after randomisation), intermediate (at least three months but
within 12 months after randomisation) and long term (12 months or
longer after randomisation). When multiple time points fell within
the same category, we used the one that was closer to the end of
treatment - 6 months or 12 months.

Dealing with missing data

When information provided by trial authors was insufficient
to allow evaluation of treatment effects, we contacted these
authors to request the required information. We estimated data
from graphs when not reported in tables or text. If information
regarding standard deviations (SDs) was missing, we calculated SDs
from confidence intervals or standard errors (if available), or we
estimated them from the range provided in the same study. Finally,
if no measure of variability was presented anywhere in the report,

we adopted the standard deviation from the most similar trialin the
review.

Assessment of heterogeneity

We performed visual inspection of the forest plot and of the overlap
of confidence intervals to evaluate heterogeneity. Furthermore,
we calculated Chi2 and 12 statistics as recommended by the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2011). We defined substantial heterogeneity as 12 > 50%, and
we described results in the text qualitatively. When 12 values
were slightly higher than 50% but no clear heterogeneity was
identified by visual inspection, we combined results into a meta-
analysis using the random-effects model and downgraded the
quality of evidence assessment for inconsistency (Grading of
Recommendations Assessment, Development and Evaluation -
GRADE).

Data synthesis

Regardless of whether sufficient data were available to perform
quantitative analyses to summarise the data, we assessed the
overall quality of the evidence for each outcome. To accomplish
this, we used the GRADE approach, as recommended in the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2011) and adapted in the updated CBN method guidelines (Furlan
2015). We based the quality of the evidence upon five main
domains, and for each domain that was not met, we reduced
the quality by one level from high quality to moderate, low or
very low quality. We used the following five domains: (1) study
design and risk of bias (downgraded if > 25% of participants were
included in studies with high risk of bias); (2) inconsistency of
results (downgraded if significant heterogeneity was presented
upon visualinspection or 1*>50%); (3) indirectness (generalisability
of findings; downgraded if > 50% of participants were outside
the target group) and indirectness of outcome measurements;
(4) imprecision (downgraded if fewer than 400 participants were
included in the comparison for continuous data and fewer than
300 events for dichotomous data (Mueller 2007)); and (5) other
bias (e.g. publication bias). We considered single studies with fewer
than 400 participants for continuous outcomes (or fewer than
300 participants for dichotomous outcomes) to be inconsistent
and imprecise, providing 'low-quality evidence', which could
be downgraded to 'very low-quality evidence' if we identified
limitations on the quality of evidence (Rubinstein 2012). We
described the quality of the evidence (Balshem 2011) as follows.

« High-quality evidence: consistent findings among at least 75% of
RCTs with no limitations in study design; consistent, direct and
precise data; and no known or suspected publication bias. We
are very confident that the true effect lies close to that of the
estimate of the effect.

» Moderate-quality evidence: one of the domains not met. We are
moderately confident in the effect estimate: The true effect is
likely to be close to the estimate of the effect, but it may be
substantially different.

« Low-quality evidence: two domains not met. Our confidence
in the effect estimate is limited: The true effect may be
substantially different from the estimate of the effect.

« Verylow-quality evidence: three domains not met. We have very
little confidence in the effect estimate: The true effect is likely to
be substantially different from the estimate of effect.
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« No evidence: no RCTs identified that addressed this outcome.

Finally, we evaluated the quality of the evidence by considering the
size of effects identified in the review. A clinically important effect
was considered when the magnitude of the effect size was at least
medium (>10% of the scale).

Sensitivity analysis

We did not plan to perform any sensitivity analysis, as we expected
the number of included trials to be low.

RESULTS

Description of studies

See Characteristics of included studies and Characteristics of
excluded studies.

Results of the search

The search retrieved 2055 records of trials, of which we selected 181
for full text assessment; three trials fulfilled the inclusion criteria
(total sample = 197). Figure 1 shows the flowchart of the inclusion
process for studies in this review.
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Figure 1. Study flow diagram.
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Searches for ongoing and unpublished trials in registries yielded (ACTRN12609000343202; ACTRN12611000971932; Magalhaes

17 registered trials and 2 published protocols. Two records 2013; NCT01362049; NCT02112760; NCT02170753; NCT02221609;
described the same trial (ISRCTN80064281; Saner 2011). One NCT02374970; NCT02398760; NCT02200913; NCT00201513;
registered trial was ineligible, as both groups received MCE NCT00555802; NCT01124201).

(NCT01061632), three were not considered to provide MCE

(ACTRN12609000293268; NCT00624533; ISRCTN80064281) and Included studies

one included a mix of MCE and manual therapy in the intervention  \ya included three trials in this review (197 participants) (Aluko
group (ACTRN12609000334202).The remaining registered 2013; Brennan 2006; Hides 1996). Study sample sizes ranged

trials did not enrol patients with acute LBP and were ineligible
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from 33 to 123 participants (median (interquartile range (IQR))
= 41 (65.5)). We included in the review data from three trials
with four publications, as two records reported data from the
same participants (Hides 1996). Trials included in this review were
conducted in Australia (Hides 1996), United Kingdom (Aluko 2013)
and United States (Brennan 2006). Data in the Brennan 2006
publication were presented to test unmatched versus matched
treatment, but when contacted, study authors provided data
indexed by randomised treatment assignment.

Types of studies

Two trials compared MCE versus other types of exercise including
general exercise (Aluko 2013) and specific exercise (i.e. the direction
that reduced symptoms) (Brennan 2006). One trial compared
MCE versus spinal manipulative therapy (Brennan 2006), and the
other trial (Hides 1996) included MCE as a supplement to medical
management. In this trial, medical management comprised advice
on bed rest, absence from work, prescription of medication
and advice to resume normal activity as tolerated. For one trial
(Brennan 2006), we included two comparison groups used for
different comparisons.

Study population

Most participants were middle-aged (median (IQR) =36 (4.75) years;
range 31 to 38.4 years) patients recruited from primary or tertiary
care centres. All included participants reported acute or subacute
LBP. One trial (Aluko 2013) included patients referred for treatment
of acute non-specific LPB with a maximum duration of six weeks,
and another trial (Hides 1996) included patients experiencing their
first episode of mechanical LBP for less than three weeks. One trial
(Brennan 2006) included patients with a primary complaint of LBP
lasting less than 90 days, with or without leg pain.

Technique: number and duration of treatments

The duration of treatment programmes ranged from four to six
weeks. Brennan 2006 and Hides 1996 included a twice-weekly
programme provided for four weeks for a maximum of eight
sessions, and Aluko 2013 reported an exercise programme lasting
six weeks.

Primary outcomes

Pain intensity: All included trials measured pain intensity by using
avisual analogue scale (VAS).

Disability: Two trials (Aluko 2013; Hides 1996) measured disability
using the Roland Morris Disability Questionnaire, and one trial
(Brennan 2006) used the Oswestry Disability Index.

Secondary outcomes

Recurrence: One trial (Hides 1996) reported recurrence outcomes
using a questionnaire developed by the authors of the trial.

Included trials provided no data on the other secondary outcomes
(function, quality of life, adverse events).

Follow-up

All trials measured short-term follow-up; two at four weeks
(Brennan 2006; Hides 1996), and one at six weeks (Aluko 2013). Only

one trial included intermediate-term follow-up of three months
(Aluko 2013), and two trials (Brennan 2006; Hides 1996) measured
long-term follow-up, disability at one year and recurrence at one
year, respectively.

Excluded studies

We excluded a total of 177 studies during the full text analysis stage.
We considered 71 studies as not providing MCE or as providing a
mix of interventions (Aasa 2015; Ali 2006; Ammar 2011; Andrusaitis
2011; Bentsen 1997; Bi 2013; Bronfort 1996; Bronfort 2011; Brooks
2012; Brox 2003; Byuon 2012; Cairns 2003; Chan 2011; Cho 2014;
Chung2013; Descarreaux 2002; Donzelli 2006; Dufour 2010; Durante
2010; Dvorak 2011; Faas 1993; Faas 1995; Freitas 2008; Gagnon
2005; Gatti 2011; Hagen 2010; Hansen 1993; Harkapaa 1989; Harts
2008; Helewa 1999; Helmhout 2004; Henchoz 2010; Hunter 2012;
Hwang 2013; Jang 2013; Johannsen 1995; Johnson 2007; Jones
2007; Kaapa 2006; Kline 2013; Kofotolis 2008; Koldas 2008; Kumar
2011; Lie 1999; Long 2004; Mannion 1999; Mannion 2009; Mannion
2012 Marshall 2008; Mohseni-Bandpei 2011; Moseley 2002; Nelson
1995; Niemisto 2003; Niemisto 2004; Niemisto 2005; Oguzhan 2011;
Riipinen 2005; Rydeard 2006; Saner 2015; Shnayderman 2013;
Smith 2011; Suni 2006; Torstensen 1998; Wang 2012; Willemink
2012; Williamson 2008; Xueqiang 2012; Yelland 2004; Yoo 2012; You
2014;Zhang2015), 33 examined chronic LBP (Akbari 2008; Alp 2014;
Areeudomwong 2012; Cairns 2006; Costa 2009; Critchley 2007;
Ferreira 2007; Franca 2010; Franca 2012; Goldby 2006; Hemmati
2011; Hosseinifar 2013; Inani 2013; Javadian 2012; Kachanathu
2012; Koumantakis 2005; Kumar 2009; Kumar 2010; Lomond 2015;
Macedo 2012; Miller 2005; Moon 2013; Puntumetakul 2013; Rabin
2014; Rasmussen-Barr 2003; Rasmussen-Barr 2009; Rhee 2012;
Shaughnessy 2004; Stankovic 2012; Tsauo 2009; Unsgaard-Tondel
2010; Vasseljen 2010; Vasseljen 2012), 27 were not RCTs (Allison
2012; Appling 2009; Barbosa 2013; Buchbinder 2002; Croft 1999;
Dehner 2009; Gustafsson 2008; Harringe 2007; Hides 2008; Hurwitz
2005; Karimi 2009; Kumar 2012; Kuukkanen 1996; Magnusson 2008;
Mannion 2009; Mannion 2012; Monteiro 2009; Moussouli 2014;
Navalgund 2009; Nelson-Wong 2009; Norris 2008; Ota 2011; Pereira
2010; Smeets 2009; Sokunbi 2008; Streicher 2014; Yang 2010), 17
did not include participants with non-specific LBP (Aggarwal 2010;
Belcher 1998; Bilgin 2013; Bordiak 2012; Childs 2009; Childs 2010;
Ewert 2009; George 2011; Guven 2003; Kladny 2003; Lee 2015;
Monticone 2004; O'Sullivan 1997; Shakeri 2013; Shnayderman 2013;
Stuge 2004; Teyhen 2010), four described MCE provided to all
groups (Ahmed 2014; Lewis 2005; Moseley 2003; Trampas 2014) and
four were presented as conference abstracts but enrolled chronic
LBP patients only (Alp 2011; Bayraktar 2013; Carmo 2013; Meira
2013). Finally, 17 were registered trials and 2 were protocols already
discussed, and 2 did not include any relevant outcome for this
review (Earde 2014; Javadian 2015).

Risk of bias in included studies

We considered two trials in this review as having low risk of bias
(Aluko 2013; Brennan 2006) and one trial as having high risk of bias
(Hides 1996). Figure 2 shows results of the risk of bias analysis for
individual studies.
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Figure 2. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

All included studies met the criteria for adequate randomisation
and allocation concealment, except for one study that provided
insufficient information about the allocation process (Brennan
2006).

Blinding

Two trials reported blinding of outcome assessors (Brennan 2006;
Hides 1996); however, as outcomes were self reported in these
trials, we did not consider the assessor to be blinded. One trial
blinded participants (Aluko 2013), and we assumed that blinding
of therapists was not possible because of the nature of the
intervention.

Incomplete outcome data

One trial provided adequate information about missing data and
reported acceptable rates (Hides 1996). In one trial, information
about missing data was unclear (Aluko 2013), and investigators in

another trial could not keep the dropout rate below 20% for short-
term and intermediate-term, and 30% for long-term, outcomes
(Brennan 2006).

Selective reporting

It was not possible to find any registry or published protocol for
the included trials. However, according to the study reports, we
considered it likely that all expected outcomes were included.
Therefore, all trials fulfilled this criterion and were considered at
low risk of reporting bias.

Other potential sources of bias

Publication bias: It was not possible to assess publication bias by
using funnel plots, as this review included only three trials with a
maximum of two trials per comparison.
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Effects of interventions

See: Summary of findings for the main comparison; Summary of
findings 2; Summary of findings 3

See Summary of findings for the main comparison; Summary of
findings 2; and Summary of findings 3.

Effect of motor control exercise versus spinal manipulative
therapy

Onetrial included in this comparison (Brennan 2006) provided low-
quality evidence (downgraded for imprecision and inconsistency)
that there is no clinically important difference between MCE and
spinal manipulative therapy for pain relief at short-term follow-up
(mean difference (MD) 9.00, 95% confidence interval (Cl) -1.56 to
19.56; one trial; n=58) nor forimproved disability at short-term (MD

4.00, 95% CI -3.38 to 11.38; one trial; n = 95) and long-term follow-
up (MD 3.70, 95% Cl -4.10 to 11.50; one trial; n = 95). We cannot
discard an important effect for pain and disability as the confidence
interval includes a clinically important effect.

Effect of motor control exercise versus other exercise

We included two trials for this comparison (Aluko 2013; Brennan
2006), both with low risk of bias. For pain, we noted no clinically
important differences between MCE and other exercise at short-
term follow-up, with moderate-quality evidence (downgraded for
imprecision) (MD 5.74, 95% Cl -3.34 to 14.82; two trials; n = 89),
and at intermediate-term follow-up, with low-quality evidence
(downgraded for imprecision and inconsistency) (MD -1.20, 95% ClI
-18.24 to 15.84; one trial; n = 33) (Figure 3). However, we cannot
discard an important effect for pain as the confidence interval
includes a clinically important effect.

Figure 3. Forest plot of comparison: 2 Motor control exercise vs other exercises, outcome: 2.1 Pain.

Motor Control Other Exercises Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight I, Random, 95% CIl IV, Random, 95% CI
2.1.1 Short term
Aluka 2013 31.8 236 16 267 26 17 28.8% 510[11.83,22.03] —
Brennan 2006 24 32 32 18 14 24 T71.2% 6.00[-4.76, 16.76] —il—
Subtotal (95% CI) 48 41 100.0%  5.74[-3.34, 14.82] B

Heterageneity: Tau®=0.00; Chi*=0.01, df=1 (P =083 F=0%
Testfor overall effect Z=1.24 (P=0.22)

2.1.2 Intermediate term

Aluko 2013 2549 232 16 271 267 17 100.0%
Subtotal (95% CI) 16 17 100.0%

Heterageneity: Mot applicable
Testfor overall effect Z=0.14 {F = 0.89)

For disability, moderate-quality evidence (downgraded for
imprecision) indicated no clinically important differences in
outcomes with MCE compared to other exercise at short-term
follow-up (MD -0.84, 95% Cl -8.72 to 7.04; two trials; n = 116). Low-
quality evidence (downgraded for imprecision and inconsistency)
showed no clinically important differences between MCE and other

120 -18.24, 15.84]
-1.20 [-18.24, 15.84]

-

-t
=

-100 - 50 100
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exercise at intermediate-term (MD -6.70, 95% Cl -22.80 to 9.40; one
trial; n = 33) and long-term follow-up (MD 5.70, 95% Cl -1.38 to
12.78; one trial; n = 83) (Figure 4). We cannot discard an important
effect for disability at long term as the confidence interval includes
a clinically important effect.
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Figure 4. Forest plot of comparison: 2 Motor control exercise vs other exercises, outcome: 2.2 Disability.

Motor Control Other Exercises Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD  Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.2.1 Short term
Aluko 2013 308 225 16 392 242 17 221% -5.40[24.33,7.53]
Brennan 2006 219 17 45 206 164 38 Y% 1.30[-5.80, 8.50]
Subtotal (95% CI) 61 55 100.0%  -0.84 [-8.72, 7.04]

Heterageneity: Tau?= 7248, Chi*=1.18, df=1 (P =028} F=15%
Testfor overall effect Z=021{P =083

2.2.2 Intermediate term

Aluko 2013 283 213 16 35 258 17 100.0%
Subtotal (95% CI) 16 17 100.0%

Heterageneity: Mot applicable
Testfor overall effect Z=0582 (P =0.41)

2.2.3 Long term

Brennan 2006 205 181 45 148 1438 38 100.0%
Subtotal (95% CI) 45 38 100.0%

Heterogeneity Mot applicable
Testfor overall effect Z=1.88 {(F =0.11)

Effect of motor control exercise as a supplement to medical
management

We included in this comparison data from one trial (Hides 1996),
which provided very low-quality evidence (downgraded for risk of
bias, imprecision and inconsistency) showing that MCE added to
medical management does not provide any clinically important
difference for pain (MD -9.30; 95% Cl -20.41 to 1.81; one trial;
n = 42) nor for disability (MD -0.90, 95% Cl -4.77 to 2.97; one
trial; n = 41) at short-term follow-up. However, we cannot discard
an important effect for pain as the confidence interval includes
a clinically important effect. For recurrence at one year, very
low-quality evidence (downgraded for risk of bias, imprecision
and inconsistency) suggests that MCE and medical management
decrease the risk of recurrence by 64% compared with medical
management alone (risk ratio (RR) 0.36, 95% confidence interval
(CI)0.18 t0 0.72; P value = 0.004; one trial; n =39).

DISCUSSION

Summary of main results

This review provides evidence of very low to moderate quality
indicating no clinically important differences in outcome with
motor control exercise (MCE) compared to other forms of treatment
for patients with acute low back pain (LBP). Specifically, low-quality
evidence when MCE is compared to spinal manipulative therapy for
pain at short-term follow-up and for disability at short-term and
long-term follow-up. Low-quality evidence also indicates that MCE
is not better than other forms of exercise for pain at short-term and
intermediate-term follow-up, and for disability at intermediate-
term and long-term follow-up. Moderate-quality evidence reveals
no clinically important differences between MCE and other forms of
exercise for disability at short-term follow-up. Evidence of very low
quality suggests that addition of MCE does not improve outcomes
of medical management in terms of pain and disability at short
term. Finally, evidence of very low quality indicates that MCE
and medical management decrease risk of recurrence by 64%
compared with medical management alone.
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Overall completeness and applicability of evidence

This review is based on data from three small randomised
controlled trials (RCTs) that enrolled a total of 197 participants from
three different countries: Australia, United Kingdom and United
States. Two trials included primarily patients with acute LBP (< six
weeks) (Aluko 2013; Hides 1996), and one study included patients
with acute and subacute LBP (< 90 days) (Brennan 2006). Hides
1996 included patients recruited from accident and emergency
care, who can be different from those recruited from outpatient
rehabilitation centres; this needs to be considered when results
of this trial are evaluated. Hides 1996 reported a lower recurrence
rate in the MCE group at one year. Given that most patients with
acute LBP recover (Henschke 2008), and that motor control has
been linked to the prognosis of LBP (Cholewicki 2005), evaluation
of recurrence by future trials is needed.

Quality of the evidence

We considered two trials in this review to have low risk of
bias (Aluko 2013; Brennan 2006), and one trial to have high
risk of bias (Hides 1996). Two studies (Aluko 2013; Brennan
2006) provided inadequate information about incomplete data,
and none of the included studies blinded outcome assessors.
Additionally, given the small sample sizes among the included
studies, we downgraded all conclusions about the strength of
evidence according to the GRADE (Grades of Recommendation,
Assessment, Development and Evaluation) method on the basis of
imprecision and inconsistency. Thus, the small sample sizes and
the small number of included studies limited the strength of our
review conclusions.

Potential biases in the review process

We did not assess publication bias in this review because we
included only three trials. Further, we followed a strict review
process in accordance with Cochrane guidelines and a pre-
established protocol to avoid potential sources of bias. We
minimised the potential for language bias by including trials
reported in any language. A limitation of this review is that we
included trials for which study authors described the intervention
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as MCE, and we acknowledge that this term may be interpreted
differently by different researchers. The distinction between MCE,
specific spinal stabilisation exercise and stabilisation exercise is
subtle, and development and adoption of consensus terms and
operational definitions for these forms of therapeutic exercise
could facilitate improved understanding among care providers in
this field.

Agreements and disagreements with other studies or
reviews

Results of this review are consistent with current clinical guidelines
that do not recommend structured exercises for acute LBP (van
Tulder 2006). Moreover, other trials evaluating different exercise
modalities for patients with acute LBP have not found clinically
important differences (Machado 2010), and researchers have not
provided a review of conservative treatment for acute LBP (van
Tulder 1997). Also, the Cochrane review on exercise therapy for
non-specific LBP (Hayden 2005) showed no evidence for the
effectiveness of exercise therapy in acute LBP, including MCE, as
review authors included only one trial (Hides 1996).

For recurrence at one year, we found that MCE added to medical
management decreases the risk of recurrence by 64% compared
with medical management alone. Although we found evidence of
very low quality, this finding is consistent with those of a previous
review, which concluded that post-treatment exercise programmes
can prevent recurrence of LBP (Choi 2010).

AUTHORS' CONCLUSIONS

Implications for practice

Evidence of very low to moderate quality shows that motor control
exercise provides no benefit over spinal manipulative therapy,

other forms of exercise or medical treatment in decreasing pain and
disability among patients with acute and subacute low back pain.
It remains uncertain whether motor control exercise can prevent
recurrences of low back pain. These results are consistent with
current clinical practice guidelines and the findings of previous
systematic reviews.

Implications for research

Results of this review are based on evidence of very low to moderate
quality but are consistent with the findings of other reviews and
with clinical practice guidelines in concluding that exercise is not
recommended for those with acute or subacute low back pain. It
is unclear whether motor control exercise can prevent recurrences
of low back pain because available evidence is of very low quality.
Future studies should use adequate sample sizes and methods
to focus on the role of exercise in preventing recurrence of acute
back pain, and should discern ideal timing for these preventive
interventions.
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Methods Randomised controlled trial

Participants

33 participants were recruited between July 2008 and June 2010 from within a primary care muscu-

loskeletal physiotherapy service in the London borough of Hillingdon

Participants were excluded if they demonstrated evidence of any of the following: degenerative condi-
tions affecting the spine, diabetes, pregnancy, underlying neurological conditions, active treatment of
an ongoing spinal condition, active legal/compensation procedures, a history of depression, a history
of multiple recurrent episodes of LBP and involvement in other research studies. Participants for whom
English was not their primary language were also excluded

Interventions

All patients referred for treatment of non-specific low back pain within physiotherapy service providers
were assessed and subsequently offered a place in a “core stability” class consisting of both specific
and global trunk exercises. Participants in both groups received this protocol as minimum interven-
tion. The intervention group received further instruction on 8 specific exercises for stabilisation of mus-
cles involving the transversus abdominis (TrA) and the lumbar multifidus (LM)

Core stability exercises (CSEs): Selection of exercises used in this study therefore relied on current be-
lief systems, suggesting that isolation of TrA and LM is important for trunk stability. These exercises in-
cluded the following: abdominal hollowing in prone lying, alternate straight-leg raise in supine, abdom-
inal hollowing in sitting, Crook lying-alternate heel slide, 4-point kneeling pelvic shift (side to side),
trunk curlin crook lying, pelvic tilt in sitting and alternate knee raise in sitting. Exercises met suggest-
ed criteria for safety, including avoidance of active hip flexion with fixed positioning of feet and pulling
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with the hands behind the head, while ensuring knee and hip flexion during all upper body exercises.
Intervention group participants were required to perform 10 repetitions of each of the above exercises
3 times a day. To facilitate compliance, participants were required to complete a compliance diary. The
diary method was chosen to avoid adding to participants' perceived barriers to exercise by impinging
on available time to do the exercise routine

Outcomes Pain: assessed by a VAS comprising a 100-mm line with no numbers
Disability: assessed by the Roland Morris Disability Questionnaire
Both outcomes were measured at the start of the study and at 3, 6 and 12 weeks subsequently

Notes No funding sources or conflicts of interest were reported for this study

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk "The randomization was done by a colleague independent and blind to the

tion (selection bias) study using concealed envelopes within which the group description was ran-
domly placed within them. The envelopes were numbered sequentially and
chosen by the participants in the order in which they were recruited"

Allocation concealment Low risk "The randomization was done by a colleague independent and blind to the

(selection bias) study using concealed envelopes within which the group description was ran-
domly placed within them. The envelopes were numbered sequentially and
chosen by the participants in the order in which they were recruited"

Blinding of participants Low risk "Although the participants were randomly allocated as they were recruited

and personnel (perfor- and blinded to the study, it was not possible to blind the assessment process"

mance bias)

All outcomes

Blinding of personnal/care  High risk Care provider was not blinded

provider (performance

bias)

All outcomes

Blinding of outcome as- High risk "Data were collected by the researcher who was therefore not blinded to the

sessment (detection bias) grouping of any of the participants"

All outcomes

Incomplete outcome data  Unclear risk Not described

(attrition bias)

All outcomes

Intention-to-treat analysis ~ High risk Not considered. "An intention-to-treat analysis was used with missing data re-
placed with the Last Observation Carried Forward for incomplete data sets".

Selective reporting (re- Low risk Published report clearly included all expected outcomes

porting bias)

Group similarity of base- Low risk Participants did not differ in baseline characteristics, as shown in Table 2

line (selection bias)

Co-interventions (perfor- Unclear risk Not described

mance bias)
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Compliance (performance  Unclear risk Not described

bias)

Timing of outcome assess-  Low risk Allimportant outcomes assessments for both groups were measured at the
ment (detection bias) same time

Brennan 2006

Methods

Randomised controlled trial

Participants

123 participants. Primary recruitment occurred at a single clinic between January 1, 2000, and July 1,
2003. Additional recruitment occurred at 2 other clinics between January 1, 2002, and September 1,
2002. Each clinic was located in Utah and was affiliated with Intermountain Health Care System

Inclusion criteria: Patients between 18 and 65 years of age with a primary complaint of LBP of less than
90 days' duration, with or without referral into the lower extremity, and an Oswestry Disability score of
25% were eligible

Exclusion criteria: visible lateral shift or acute kyphotic deformity, signs of nerve root compression
(positive straight-leg raise test and reflex or strength deficits), any red flags indicating serious pathol-
ogy such as spinal neoplasm, infection or fracture, inability to reproduce any symptoms with lumbar
spine active range of motion (AROM) or palpation, current pregnancy, prior surgery to the lumbar and/
or sacral region

Interventions

All participants were scheduled for treatment twice weekly for 4 weeks for a maximum of 8 sessions

Manipulation treatment group: Participants randomly assigned to the manipulation group were treat-
ed via manual therapy techniques, which could include thrust manipulation, or by low-amplitude mo-
bilisation procedures directed to the lumbosacral region, and were given instruction on a lumbar ac-
tive range of motion exercise. The therapist providing treatment was permitted to reexamine the par-
ticipant and could choose 1 of 2 manual therapy techniques. The decision on which technique to use
was left to the therapist's discretion, but 1 of the 2 techniques had to be used. With the first technique,
the participant was supine, with the lumbar spine placed into side-bending and rotation to the oppo-
site direction. The therapist delivered a force through the participant's pelvis in a posterior and inferior
direction. For the second technique, the participant was side-lying. The lumbar spine was positioned in
flexion or extension followed by rotation in an attempt to isolate forces to a particular spinal level. The
therapist delivered the force through the participant's pelvis and trunk. Selection of technique was left
to the discretion of the therapist. AROM exercise was performed by instructing the participant to alter-
nately flex and extend the lumbar spine while in a quadruped position.

Specific exercise treatment group: Participants in the specific exercise group received instruction on re-
peated range of motion (ROM) exercises into lumbar flexion or extension. All participants in this group
had to be treated using directional exercises; however, the direction of the exercise was determined by
the treating therapist on the basis of reassessment of the participant's response to movement testing
and symptom response to the position of sitting, standing or walking. Flexion exercises were used for
participants who centralised with or had a preference for flexion movements or positions (i.e. sitting),
whereas extension exercises were used for participants who centralised or had a preference for exten-
sion (i.e. standing or walking). Flexion or extension exercises were used, but not both. Flexion exercises
were performed with the participant sitting, supine or quadruped. Extension exercises were performed
in prone, while using prone on elbows or prone press-up activities

Stabilisation treatment group: Participants in the stabilisation group were treated with a programme
of trunk strengthening and stabilisation exercises. Participants were instructed to perform abdominal
bracing exercises in supine and quadruped positions, progressing to more functional positions and ac-
tivities as described by Richardson and Jull. Participants were also instructed on alternating arm and
leg extension exercises in quadruped to strengthen the lumbar extensor muscles. Strengthening for the
oblique abdominals included curl-up and side support exercises
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Brennan 2006 (Continued)

Outcomes Pain: 11-point rating scale (0 no pain to 10 worst imaginable pain) to assess current pain intensity
Disability: Modified Oswestry Questionnaire (OSW) to assess disability related to LBP
Notes Supported by a research grant from the Deseret Foundation. Foundation funds were received in sup-
port of this work. No benefits in any form have been or will be received from a commercial party related
directly or indirectly to the topic of this study
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk "A random number generator was used to generate a randomization list before
tion (selection bias) initiation of the study. The list was maintained by the secretarial staff of the
participating clinics"
Allocation concealment Unclear risk Sequence generation procedure or method of allocation was not mentioned
(selection bias)
Blinding of participants High risk No mention of any attempts to blind participants
and personnel (perfor-
mance bias)
All outcomes
Blinding of personnal/care  High risk No mention of any attempts to blind care provider
provider (performance
bias)
All outcomes
Blinding of outcome as- High risk "Baseline and follow-up examinations were conducted by a physical therapist
sessment (detection bias) who remained blind to the treatment group assignment"; outcome measures
All outcomes were self reported, thus, assessor was not considered blinded
Incomplete outcome data  High risk "Eighty one patients (66%) completed the long-term follow-up, with no differ-
(attrition bias) ences in the median number of days between baseline and follow-up or the
All outcomes proportions of patients with completed follow-up between patients receiving
matched or unmatched treatments"
Intention-to-treat analysis ~ Low risk "Analysis was performed using intention-to-treat principles, with the last avail-
able OSW score carried forward for any missing data"
Selective reporting (re- Low risk Published report clearly included all expected outcomes
porting bias)
Group similarity of base- Low risk Participants did not differ in baseline characteristics, as presented in Table 1,
line (selection bias) and no differences were found in additional data provided by study authors
Co-interventions (perfor- Unclear risk Not described
mance bias)
Compliance (performance  Low risk Compliance was acceptable on the basis of reported intensity/dosage, dura-
bias) tion, number and frequency for all 3 groups
Timing of outcome assess-  Low risk Allimportant outcomes assessments for both groups were measured at the
ment (detection bias) same time
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Hides 1996

Methods

Randomised controlled trial

Participants

41 patients recruited from an accident and emergency department at a hospital over a 6-month period

Inclusion criteria: Men and women were eligible for the study in the first instance if they were 18 to
45 years of age and were experiencing their first episode of unilateral, mechanical LBP for less than 3
weeks

Exclusion criteria: previous history of LBP or injury, previous lumbar surgery, spinal abnormalities indi-
cated on radiographs, neuromuscular or joint disease, reflex and/or motor signs of nerve root compres-
sion or cauda equina compression, evidence of systemic disease, carcinoma or organ disease, pregnan-
cy, any sports or fitness training involving the low back muscles done in the past 3 months

Interventions

Medical management group: advice on bed rest and absence from work and prescription of medica-
tion. Minimal bed rest (1 to 3 days) and only minor analgesics were prescribed. These analgesics includ-
ed aspirin, paracetamol, combinations of low doses of codeine and aspirin, non-steroidal anti-inflam-
matory agents, Digestics and Capadex. Prescription of Valium was also allowable

Exercise therapy: Therapeutic exercises were designed to re-educate the multifidus muscle in its stabil-
ising role. They involved facilitating an active, isometric multifidus contraction in co-contraction with
deep abdominal muscles. Participants performed the contraction in the standing position with the
lumbar spine in a neutral position. Contraction of the multifidus was confirmed by real-time ultrasound
imaging

Outcomes Pain: McGill Pain Questionnaire and visual analogue scales
Disability: Roland Morris Disability Index

Notes Financial support from The Menzies Foundation, The JP Kelly Mater Research Foundation, The Wenkart
Foundation, The Physiotherapy Research Foundation and the Manual Therapy Special Group (Aus-
tralia)

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk "Random assignment to the control or treatment group was achieved by se-

tion (selection bias) lecting the group number from sealed, shuffled envelopes"

Allocation concealment Low risk "Random assignment to the control or treatment group was achieved by se-

(selection bias) lecting the group number from sealed, shuffled envelopes"

Blinding of participants High risk No mention of any attempts to blind participants

and personnel (perfor-

mance bias)

All outcomes

Blinding of personnal/care  High risk No mention of any attempts to blind care provider

provider (performance

bias)

All outcomes

Blinding of outcome as- High risk "Assessments were performed by two independent examiners, who were

sessment (detection bias) blinded to group allocation and patient presentation"; outcome measures

All outcomes were self reported, thus, assessor was not considered blinded

Incomplete outcome data  Low risk Percentages of withdrawals and dropouts were within the acceptable rate

(attrition bias)

All outcomes
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Intention-to-treat analysis  Unclear risk Not described

Selective reporting (re- Low risk Published report clearly included all expected outcomes
porting bias)

Group similarity of base- High risk Groups were not similar at baseline regarding outcome disability
line (selection bias)

Co-interventions (perfor- Unclear risk Not described

mance bias)

Compliance (performance  Unclear risk Not described

bias)

Timing of outcome assess-  Low risk Allimportant outcomes assessments for both groups were measured at the
ment (detection bias) same time

AROM: active range of motion.

CSE: core stability exercise.

LBP: low back pain.

LM: lumbar multifidus.

OSW: Modified Oswestry Questionnaire.
ROM: range of motion.

TrA: transversus abdominis

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Aasa 2015 No MCE and no mixed intervention

ACTRN12609000293268 No MCE and no mixed intervention

ACTRN12609000334202 No MCE and no mixed intervention

ACTRN12609000343202 Chronic LBP

ACTRN12611000971932 Chronic LBP

Aggarwal 2010 No patients with non-specific LBP

Ahmed 2014 All groups given MCE

Akbari 2008 Chronic LBP

Ali 2006 No MCE and no mixed intervention

Allison 2012 Not an RCT

Alp 2011 Chronic LBP

Alp 2014 Chronic LBP

Ammar 2011 No MCE and no mixed intervention
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Reason for exclusion

Andrusaitis 2011

No MCE and no mixed intervention

Appling 2009 Not an RCT
Areeudomwong 2012 Chronic LBP
Barbosa 2013 Not an RCT
Bayraktar 2013 Chronic LBP

Belcher 1998

No patients with non-specific LBP

Bentsen 1997

No MCE and no mixed intervention

Bi 2013

No MCE and no mixed intervention

Bilgin 2013

No patients with non-specific LBP

Bordiak 2012

No patients with non-specific LBP

Bronfort 1996

No MCE and no mixed intervention

Bronfort 2011

No MCE and no mixed intervention

Brooks 2012

No MCE and no mixed intervention

Brox 2003

No MCE and no mixed intervention

Buchbinder 2002

Not an RCT

Byuon 2012 No MCE and no mixed intervention
Cairns 2003 No MCE and no mixed intervention
Cairns 2006 Chronic LBP

Carmo 2013 Chronic LBP

Chan 2011 No MCE and no mixed intervention
Childs 2009 No patients with non-specific LBP
Childs 2010 No patients with non-specific LBP
Cho 2014 No MCE and no mixed intervention
Chung 2013 No MCE and no mixed intervention
Costa 2009 Chronic LBP

Critchley 2007 Chronic LBP

Croft 1999 Not an RCT

Dehner 2009 Not an RCT
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Reason for exclusion

Descarreaux 2002

No MCE and no mixed intervention

Donzelli 2006 No MCE and no mixed intervention
Dufour 2010 No MCE and no mixed intervention
Durante 2010 No MCE and no mixed intervention
Dvorak 2011 No MCE and no mixed intervention
Earde 2014 No evaluation of relevant outcomes for this review
Ewert 2009 No patients with non-specific LBP
Faas 1993 No MCE and no mixed intervention
Faas 1995 No MCE and no mixed intervention
Ferreira 2007 Chronic LBP

Franca 2010 Chronic LBP

Franca 2012 Chronic LBP

Freitas 2008

No MCE and no mixed intervention

Gagnon 2005

No MCE and no mixed intervention

Gatti 2011 No MCE and no mixed intervention
George 2011 No patients with non-specific LBP
Goldby 2006 Chronic LBP

Gustafsson 2008 Not an RCT

Guven 2003

No patients with non-specific LBP

Hagen 2010

No MCE and no mixed intervention

Hansen 1993

No MCE and no mixed intervention

Harkapaa 1989

No MCE and no mixed intervention

Harringe 2007

Notan RCT

Harts 2008

No MCE and no mixed intervention

Helewa 1999

No MCE and no mixed intervention

Helmhout 2004

No MCE and no mixed intervention

Hemmati 2011

Chronic LBP

Henchoz 2010

No MCE and no mixed intervention
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Hides 2008 Not an RCT
Hosseinifar 2013 Chronic LBP

Hunter 2012

No MCE and no mixed intervention

Hurwitz 2005

Notan RCT

Hwang 2013 No MCE and no mixed intervention
Inani 2013 Chronic LBP

ISRCTN80064281 No MCE and no mixed intervention
Jang 2013 No MCE and no mixed intervention

Javadian 2012

Chronic LBP

Javadian 2015

No evaluation of relevant outcomes for this review

Johannsen 1995

No MCE and no mixed intervention

Johnson 2007

No MCE and no mixed intervention

Jones 2007 No MCE and no mixed intervention
Kaapa 2006 No MCE and no mixed intervention
Kachanathu 2012 Chronic LBP

Karimi 2009 Not an RCT

Kladny 2003 No patients with non-specific LBP
Kline 2013 No MCE and no mixed intervention

Kofotolis 2008

No MCE and no mixed intervention

Koldas 2008 No MCE and no mixed intervention
Koumantakis 2005 Chronic LBP

Kumar 2009 Chronic LBP

Kumar 2010 Chronic LBP

Kumar 2011 No MCE and no mixed intervention
Kumar 2012 Not an RCT

Kuukkanen 1996 Not an RCT

Lee 2015

No patients with non-specific LBP

Lewis 2005

All groups given MCE
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Lie 1999 No MCE and no mixed intervention

Lomond 2015

Chronic LBP

Long 2004 No MCE and no mixed intervention
Macedo 2008 Chronic LBP

Macedo 2012 Chronic LBP

Magalhaes 2013 Protocol

Magnusson 2008 Not an RCT

Maher 2005 Chronic LBP

Mannion 1999

No MCE and no mixed intervention

Mannion 2009

Notan RCT

Mannion 2012

Not an RCT

Marshall 2008

No MCE and no mixed intervention

Meira 2013

Chronic LBP

Miller 2005

Chronic LBP

Mohseni-Bandpei 2011

No MCE and no mixed intervention

Monteiro 2009

Not an RCT

Monticone 2004

No patients with non-specific LBP

Moon 2013

Chronic LBP

Moseley 2002

No MCE and no mixed intervention

Moseley 2003

All groups given MCE

Moussouli 2014 Not an RCT

Navalgund 2009 Not an RCT

NCT00201513 Chronic LBP

NCT00555802 Chronic LBP

NCT00624533 No MCE and no mixed intervention
NCT01061632 All groups given MCE
NCT01124201 Chronic LBP

NCT01362049 Chronic LBP
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NCT02112760 Chronic LBP

NCT02170753 Chronic LBP

NCT02200913 Chronic LBP

NCT02221609 Chronic LBP

NCT02374970 Chronic LBP

NCT02398760 Chronic LBP

Nelson 1995 No MCE and no mixed intervention

Nelson-Wong 2009

Not an RCT

Niemisto 2003

No MCE and no mixed intervention

Niemisto 2004

No MCE and no mixed intervention

Niemisto 2005

No MCE and no mixed intervention

Norris 2008

Not an RCT

O'Sullivan 1997

No patients with non-specific LBP

Oguzhan 2011 No MCE and no mixed intervention
Ota 2011 Not an RCT

Pereira 2010 Not an RCT

Puntumetakul 2013 Chronic LBP

Rabin 2014 Chronic LBP

Rasmussen-Barr 2003 Chronic LBP

Rasmussen-Barr 2009 Chronic LBP

Rhee 2012 Chronic LBP

Riipinen 2005 No MCE and no mixed intervention
Rydeard 2006 No MCE and no mixed intervention
Saner 2011 No MCE and no mixed intervention
Saner 2015 No MCE and no mixed intervention

Shakeri 2013

No patients with non-specific LBP

Shaughnessy 2004

Chronic LBP

Shnayderman 2013

No MCE and no mixed intervention
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Study Reason for exclusion

Smeets 2009 Not an RCT

Smith 2011 No MCE and no mixed intervention
Sokunbi 2008 Not an RCT

Stankovic 2012 Chronic LBP

Streicher 2014 Not an RCT

Stuge 2004

No patients with non-specific LBP

Suni 2006

No MCE and no mixed intervention

Teyhen 2010

No patients with non-specific LBP

Torstensen 1998

No MCE and no mixed intervention

Trampas 2014 All groups given MCE
Tsauo 2009 Chronic LBP
Unsgaard-Tondel 2010 Chronic LBP
Vasseljen 2010 Chronic LBP
Vasseljen 2012 Chronic LBP

Wang 2012

No MCE and no mixed intervention

Willemink 2012

No MCE and no mixed intervention

Williamson 2008

No MCE and no mixed intervention

Xuegiang 2012

No MCE and no mixed intervention

Yang 2010 Not an RCT

Yelland 2004 No MCE and no mixed intervention
Y00 2012 No MCE and no mixed intervention
You 2014 No MCE and no mixed intervention
Zhang 2015 No MCE and no mixed intervention

LBP: low back pain.

MCE: motor control exercise.
RCT: randomised controlled trial.
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Comparison 1. Motor control exercise vs spinal manipulative therapy

Outcome or sub- No. of studies No. of partici- Statistical method Effect size
group title pants

1 Pain 1 Mean Difference (IV, Random, 95% Cl) Subtotals only
1.1 Short term 1 58 Mean Difference (IV, Random, 95% Cl) 9.0[-1.56, 19.56]
2 Disability 1 Mean Difference (IV, Random, 95% Cl) Subtotals only
2.1 Short term 1 85 Mean Difference (IV, Random, 95% Cl) 4.0 [-3.38,11.38]
2.2 Long term 1 85 Mean Difference (IV, Random, 95% Cl) 3.70 [-4.10, 11.50]

Analysis 1.1. Comparison 1 Motor control exercise vs spinal manipulative therapy, Outcome 1 Pain.

Study or subgroup Motor Control Spinal Manipu- Mean Difference Weight Mean Difference
lative Therapy
N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
1.1.1 Short term
Brennan 2006 32 24(22) 26 15 (19) 100% 9[-1.56,19.56]
Subtotal *** 32 26 100% 9[-1.56,19.56]

Heterogeneity: Not applicable
Test for overall effect: Z=1.67(P=0.09)

Favours [motor control]

-100 -50

100 Favours [spinal manipulative thera-
pyl

Analysis 1.2. Comparison 1 Motor control exercise vs spinal manipulative therapy, Outcome 2 Disability.

Study or subgroup Motor Control Spinal Manipu- Mean Difference Weight Mean Difference
lative Therapy

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
1.2.1 Short term ‘
Brennan 2006 45 21.9(17) 40 17.9 (17.6) -.— 100% 4[-3.38,11.38]
Subtotal *** 45 40 ‘ 100% 4[-3.38,11.38]
Heterogeneity: Not applicable
Test for overall effect: Z=1.06(P=0.29)
1.2.2 Long term
Brennan 2006 45 20.5(18.1) 40 16.8 (18.5) -.— 100% 3.7[-4.1,11.5]
Subtotal *** 45 40 ‘ 100% 3.7[-4.1,11.5]

Heterogeneity: Not applicable
Test for overall effect: Z=0.93(P=0.35)

Favours [motor control]

50 Favours [spinal manipulative thera-
pyl
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Comparison 2. Motor control exercise vs other exercises

Outcome or sub- No. of studies No. of partici- Statistical method Effect size

group title pants

1 Pain 2 Mean Difference (IV, Random, 95% Cl) Subtotals only

1.1 Short term 2 89 Mean Difference (IV, Random, 95% Cl) 5.74 [-3.34, 14.82]
1.2 Intermediate 1 33 Mean Difference (IV, Random, 95% Cl) -1.20[-18.24, 15.84]
term

2 Disability 2 Mean Difference (IV, Random, 95% Cl) Subtotals only

2.1 Short term 2 116 Mean Difference (IV, Random, 95% Cl) -0.84 [-8.72, 7.04]
2.2 Intermediate 1 33 Mean Difference (IV, Random, 95% Cl) -6.70[-22.80, 9.40]
term

2.3 Long term 1 83 Mean Difference (IV, Random, 95% Cl) 5.70 [-1.38,12.78]

Analysis 2.1. Comparison 2 Motor control exercise vs other exercises, Outcome 1 Pain.

Study or subgroup Motor Control Other Exercises Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
2.1.1 Short term
Aluko 2013 16 31.8(23.6) 17 26.7 (26) —TE— 28.8% 5.1[-11.83,22.03]
Brennan 2006 32 24 (22) 24 18(19) -.- 71.2% 6[-4.76,16.76]
Subtotal *** 48 41 b 100% 5.74[-3.34,14.82]
Heterogeneity: Tau?=0; Chi?=0.01, df=1(P=0.93); 1>=0%
Test for overall effect: Z=1.24(P=0.22)
2.1.2 Intermediate term
Aluko 2013 16 25.9(23.2) 17 27.1(26.7) —.— 100% -1.2[-18.24,15.84]
Subtotal *** 16 17 ‘ 100% -1.2[-18.24,15.84]
Heterogeneity: Not applicable
Test for overall effect: Z=0.14(P=0.89)

Favours [motor control] ~ -100 -50 0 50 100 Favours [other exercises]

Analysis 2.2. Comparison 2 Motor control exercise vs other exercises, Outcome 2 Disability.

Study or subgroup Motor Control Other Exercises Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
2.2.1 Short term
Aluko 2013 16 30.8(22.5) 17 39.2(24.2) — 22.05% -8.4[-24.33,7.53]
Brennan 2006 45 21.9(17) 38 20.6 (16.4) . 77.95% 1.3[-5.9,8.5]
Subtotal *** 61 55 TS 100% -0.84[-8.72,7.04]
Heterogeneity: Tau?=7.25; Chi*=1.18, df=1(P=0.28); 1>=15.41%
Test for overall effect: Z=0.21(P=0.83)

Favours [motor control] -100 -50 0 50 100 Favours [other exercises]
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Study or subgroup Motor Control Other Exercises Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
2.2.2 Intermediate term ‘
Aluko 2013 16 283013 17 35(58) - 100% 6.70-22.89.4]
Subtotal *** 16 17 - 100% -6.7[-22.8,9.4]
Heterogeneity: Not applicable
Test for overall effect: Z=0.82(P=0.41)
2.2.3 Long term
Brennan 2006 45 205(181) 38 148(148) -+ 100% 5.70-138,12.78]
Subtotal *** 45 38 | g 100% 5.7[-1.38,12.78]
Heterogeneity: Not applicable
Test for overall effect: Z=1.58(P=0.11)
Favours [motor control] -100 -50 0 50 100 Favours [other exercises]
Comparison 3. Motor control exercise as a supplement to medical management
Outcome or sub- No. of studies No. of partici- Statistical method Effect size
group title pants
1 Pain 1 Mean Difference (IV, Random, 95% Cl) Subtotals only
1.1 Short term 1 41 Mean Difference (IV, Random, 95% Cl) -9.3[-20.41, 1.81]
2 Disability 1 Mean Difference (IV, Random, 95% Cl) Subtotals only
2.1 Short term 1 41 Mean Difference (IV, Random, 95% Cl) -2.4[-4.87,0.07]
3 Recurrence 1 Risk Ratio (M-H, Random, 95% Cl) Subtotals only
3.1Longterm 1 39 Risk Ratio (M-H, Random, 95% Cl) 0.36[0.18,0.72]

Analysis 3.1. Comparison 3 Motor control exercise as a supplement to medical management, Outcome 1 Pain.

Study or subgroup Motor Control Medical Man- Mean Difference Weight Mean Difference
agement

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% Cl
3.1.1 Short term
Hides 1996 21 1.1(3.5) 20 10.4 (25.1) -." 100% -9.3[-20.41,1.81]
Subtotal *** 21 20 - 100% -9.3[-20.41,1.81]
Heterogeneity: Not applicable
Test for overall effect: Z=1.64(P=0.1) ‘ ‘ ‘ ‘

Favours [motor control] 500 25 0 25 50 Favours [medical management]
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Analysis 3.2. Comparison 3 Motor control exercise as a supplement to medical management, Outcome 2 Disability.

Study or subgroup Motor Control Medical Man- Mean Difference Weight Mean Difference
agement

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% Cl

3.2.1 Short term
Hides 1996 21 0(0) 20 2.4(5.6) 100% -2.4[-4.87,0.07]

Heterogeneity: Not applicable
Test for overall effect: Z=1.9(P=0.06)

|
B

Subtotal *** 21 20 ’{ 100% -2.4[-4.87,0.07]
0

Favours [motor control] -20 -10 10 20 Favours [medical management]

Analysis 3.3. Comparison 3 Motor control exercise as a
supplement to medical management, Outcome 3 Recurrence.

Study or subgroup Motor Control Medical Man- Risk Ratio Weight Risk Ratio
agement

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

3.3.1Long term
Hides 1996 6/20 16/19 —.— 100% 0.36[0.18,0.72]
Subtotal (95% CI) 20 19 - 100% 0.36[0.18,0.72]
Total events: 6 (Motor Control), 16 (Medical Management)
Heterogeneity: Not applicable

Test for overall effect: Z=2.9(P=0)

Favours [Motor Control] 0.02 01 1 10 50 Favours [Medical Management]

APPENDICES

Appendix 1. Database Search Strategies
MEDLINE
Last searched 2 April 2015

randomized controlled trial.pt.

controlled clinical trial.pt.

clinical trial.pt.

exp clinical trial/

Random Allocation/

. Double-Blind Method/

Single-Blind Method/

Comparative Study/

evaluation studies/

10.Follow-Up Studies/

11.cross-over studies/

12.Research Design/

13.Placebos/

14.(clinic$ adj25 trial$).tw.

15.((single$ or double$ or treble$ or triple$) adj (mask$ or blind$)).tw.
16.(control$ or prospective$ or volunteer$).tw.
17.(latin adj square).tw.

NGO R WM
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18.placebos.tw.
19.random$.tw.

20.0r/1-19

21.(animals not (humans and animals)).sh.
22.20 not 21
23.dorsalgia.ti,ab.

24.exp Back Pain/
25.backache.ti,ab.
26.(lumbar adj pain).ti,ab.
27.coccyx.ti,ab.
28.coccydynia.ti,ab.
29.sciatica.ti,ab.

30.exp sciatic neuropathy/
31.spondylosis.ti,ab.
32.lumbago.ti,ab.

33.low back pain.mp.
34.0r/23-33

35.22 and 34

36.exp Exercise/
37.exercise$.mp.
38.train$.mp.
39.360r370r38
40.specific.mp.
41.stabili$.mp.
42.segment$.mp.
43.multifidus.mp.
44.transversus.mp.
45.motor control.mp.
46.0r/40-45

47.39 and 46

48.35 and 47

49.limit 48 to yr=2014-2015
50.limit 48 to ed=20140516-20150402
51.49 or 50

MEDLINE In-Process & Other Non-Indexed Citations
Searched 2 April 2015

1. randomized controlled trial.pt.
2. controlled clinical trial.pt.
3. clinical trial.pt.

4. exp clinical trial/

5. Random Allocation/
6. Double-Blind Method/

7. Single-Blind Method/

8. Comparative Study/

9. evaluation studies/

10.Follow-Up Studies/

11.cross-over studies/

12.Research Design/

13.Placebos/

14.(clinic$ adj25 trial$).tw.

15.((single$ or doubles$ or treble$ or triple$) adj (mask$ or blind$)).tw.
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16.(control$ or prospective$ or volunteer$).tw.
17.(latin adj square).tw.
18.placebos.tw.
19.randomS.tw.
20.0r/1-19

21.(animals not (humans and animals)).sh.
22.20 not 21
23.dorsalgia.ti,ab.

24.exp Back Pain/
25.backache.ti,ab.
26.(lumbar adj pain).ti,ab.
27.coccyx.ti,ab.
28.coccydynia.ti,ab.
29.sciatica.ti,ab.

30.exp sciatic neuropathy/
31.spondylosis.ti,ab.
32.lumbago.ti,ab.

33.low back pain.mp.
34.0r/23-33

35.22 and 34

36.exp Exercise/
37.exercise$.mp.
38.train$.mp.
39.360r370r38
40.specific.mp.
41.stabili$.mp.
42.segment$.mp.
43.multifidus.mp.
44.transversus.mp.
45.motor control.mp.
46.0r/40-45

47.39 and 46

48.35 and 47

EMBASE
Last searched 2 April 2015

1. randomit#ed controlled trial.mp.
2. clinical trial/

3. double blind.mp.

4. single blind.mp.

5. placebo/

6. Controlled Study/

7. Randomized Controlled Trial/

8. Double Blind Procedure/

9. Single Blind Procedure/
10.crossover procedure/
11.randomS$.mp.

12.((singl$ or doubls$ or trebl$ or tripl$) adj25 (blind$ or mask$)).mp.
13.(versus or vs).mp.

14.(clinic$ adj2 trial$).tw.
15.0r/1-14

16.limit 15 to human
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17.dorsalgia.mp.
18.back pain.mp.

19.exp BACKACHE/
20.(lumbar adj pain).mp.
21.coccyx.mp.

22.coccydynia.mp.
23.sciatica.mp.
24.exp ISCHIALGIA/
25.spondylosis.mp.
26.lumbago.mp.
27.low back pain.mp.
28.0r/17-27

29.16 and 28

30.exp exercise/
31.exercise$.mp.
32.train$.mp.
33.300r31o0r32
34.motor control.mp.
35.stabilis.mp.
36.segmentS$.mp.
37.multifidus.mp.
38.transversus.mp.
39.0r/34-38
40.33and 39

41.29 and 40

42.limit 41 to yr=2014-2015
43.limit 41 to em=201419-201513
44.42 or43

CENTRAL
Last searched 2 April 2015

#1 MeSH descriptor: [Back Pain] explode all trees

#2 dorsalgia

#3 backache

#4 MeSH descriptor: [Low Back Pain] explode all trees

#5 lumbar next pain OR coccyx OR coccydynia OR sciatica OR spondylosis
#6 MeSH descriptor: [Sciatica] explode all trees

#7 MeSH descriptor: [Spine] explode all trees

#8 MeSH descriptor: [Spinal Diseases] explode all trees

#9 lumbago OR discitis OR disc near degeneration OR disc near prolapse OR disc near herniation
#10 spinal fusion

#11 spinal neoplasms

#12 facet near joints

#13 MeSH descriptor: [Intervertebral Disk] explode all trees

#14 postlaminectomy

Motor control exercise for acute non-specific low back pain (Review) a7
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#15 arachnoiditis

#16 failed near back

#17 MeSH descriptor: [Cauda Equina] explode all trees
#18 lumbar near vertebra*

#19 spinal near stenosis

#20 slipped near (disc* or disk*)

#21 degenerat* near (disc* or disk*)

#22 stenosis near (spine or root or spinal)

#23 displace* near (disc* or disk*)

#24 prolap* near (disc* or disk*)

#25 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21
or #22 or #23 or #24

#26 MeSH descriptor: [Exercise] explode all trees
#27 exercis*

#28 train*

#29 #26 or #27 or #28

#30 motor control

#31 transversus

#32 multifidus

#33 segment™®

#34 stabili*

#35#31 or #32 or #33 or #34

#36 #25 and #29 and #35 Publication Year from 2014 to 2015, in Trials

CINAHL

Last searched 2 April 2015

S62 S61 Limiters - Published Date: 20130501-20150431
S61 S49 AND S56 AND S60

S60 S57 OR S58 OR S59

S59 "train*"
S58 "exercise*"

S57 (MH "Exercise+")

S$56 S50 OR S51 OR S52 OR S53 OR S54 OR S55
S55 specific W2 stabili?ation

S54 "stabili?ation"

S53 "multifidus"
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S52 (MH "Multifidus Muscles")

S51 "transversus"

S50 "motor control"

S49 S28 and S48

S48 S35 or S43 or S47

S47 S44 or S45 or S46

S46 "lumbago" 33

S45 (MH "Spondylolisthesis") OR (MH "Spondylolysis")
S44 (MH "Thoracic Vertebrae")

S43 S36 or S37 or S38 or S39 or S40 or S41 or S42
S42 lumbar N2 vertebra

S41 (MH "Lumbar Vertebrae")

S40 "coccydynia"

S39 "coccyx"

S38 "sciatica"

S37 (MH "Sciatica")

S36 (MH "Coccyx")

S35 529 or S30 or S31 or S32 or S33 or S34
S34 lumbar N5 pain

S33 lumbar W1 pain 282

S32 "backache"

S31 (MH "Low Back Pain")

S30 (MH "Back Pain+")

S29 "dorsalgia"

528 S26 NOT S27

S27 (MH "Animals")

526 S7 or S12 or S19 or S25

$25 520 or S21 or S22 or S23 or S24

S24 volunteer*®

S23 prospectiv*

S22 control*

S21 followup stud*

S20 follow-up stud*

S$19S13 orS14 or S150r S16 or S17 or S18

$18 (MH "Prospective Studies+")
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S17 (MH "Evaluation Research+")

$16 (MH "Comparative Studies")
S15 latin square

S14 (MH "Study Design+")

S$13 (MH "Random Sample")

S$12 S8 or S9 or S10 or S11
S11random*

S10 placebo*

S9 (MH "Placebos")

S8 (MH "Placebo Effect")
S7S1orS2orS3orS4orS5orS6
S6 triple-blind 94

S5 single-blind 6,829

S4 double-blind 24,437
S3clinical W3 trial 14,324

S2 "randomi?ed controlled trial*"
S1 (MH "Clinical Trials+")

AMED
Last searched 2 April 2015

1. randomized controlled trial.pt.
2. controlled clinical trial.pt.
3. clinical trial.pt.

4. exp clinical trials/
5. random allocation/
6. double blind method/

7. single blind method/

8. comparative study/

9. follow up studies/

10.research design/

11.placebos/

12.(clinic$ adj25 trial$).tw.

13.((single$ or double$ or treble$ or triple$) adj (mask$ or blind$)).tw.
14.(control$ or prospective$ or volunteer$).tw.

15.(latin adj square).tw.

16.placeboS.tw.

17.randomS.tw.

18.0r/1-17

19.(animals not (humans and animals)).sh.

20.18 not 19

21.dorsalgia.mp.

22.exp backache/

23.sciatica/

24.(lumbar adj pain).ti,ab.
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25.sciatica.mp.
26.spondylosis.mp.
27.coccyx.mp.
28.lumbago.mp.
29.low back pain.mp.
30.0r/21-29
31.20and 30
32.exercise/
33.exercise$.mp.
34.train$.mp.
35.0r/32-34
36.specific.mp.
37.stabili$.mp. [mp=abstract, heading words, title]
38.segment$.mp.
39.multifidus.mp.
40.transversus.mp.
41.motor control.mp.
42.0r/36-41
43.35and 42
44.31and 43

45.limit 44 to yr=2014-2015

SportDiscus

Last searched 2 April 2015

$28 S27 Limiters - Published Date: 20140501-20150431
S27 S16 AND S20 AND S26

$26 S21 OR S22 OR S23 OR S24 OR S25

S25 specific W2 stabili?ation

S24 stabili?ation

$23 multifidus

S22 transversus

S21 motor control

$20S17 OR S18 OR S19

$19 train*

S18 exercise*

S17 DE "EXERCISE" or DE "BACK exercises" or DE "EXERCISE therapy" or DE "PHYSICAL education & training" or DE "PHYSICAL fitness"
S16 S10 AND S15

S15S11 ORS12 OR S13 OR S14

S14 DE "LUMBAR vertebrae" or DE "LUMBOSACRAL region"
S13 DE "SCIATICA"

S12 low back pain

S11 DE "BACKACHE"

S10 S1ORS2 ORS3 ORS4ORS50R S6 ORS7 OR S8 OR S9
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S9 single blind

S8 random allocation

S7 SU randomized controlled trial
S6 SU clinical trials

S5 clinical trials

S4 placebo

S3 controlled clinical trial

S2 double blind

S1randomi?ed controlled trial

PEDro
Last searched 2 April 2015

Abstract & Title: Exercise

AND

Problem: pain

AND

Body Part: lumbar spine, sacro-iliac joint or pelvis
AND

Method: clinical trial

New records added since: 15/05/2014

LILACS
Last searched 2 April 2015

back pain AND exercise, all indexes on the homepage
Filter: Type of study: clinical Trial OR guidelines

dor lombar AND exercicio, all indexes on the homepage
Filter: Type of study: clinical trial OR guidelines

ClinicalTrials.gov

Last searched 2 April 2015
Condition: back pain
Intervention: exercise

received on or after 05/15/2014

WHO ICTRP
Last searched 2 April 2015

Condition: back pain
Intervention: exercise

Date of registration is between 15/05/2014-02/04/2015
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PubMed

Searched 2 April 2015

((dorsalgia OR back pain OR backache OR lumbar pain OR coccydynia OR sciatica OR lumbago OR spondylosis) AND ((exercise* OR train*)
AND (specific* OR stabili* OR segment* OR multifidus OR transverses OR motor control)) AND (pubstatusaheadofprint OR publisher[sb] or
pubmednotmedline[sb]))

From 2014/05/01 to 2015/12/31

Appendix 2. Risk of bias criteria
Random sequence generation (selection bias)

Selection bias (biased allocation to interventions) due to inadequate generation of a randomized sequence

Risk of selection bias is low if investigators describe a random component in the sequence generation process such as referring to arandom
number table, using a computer random number generator, tossing a coin, shuffling cards or envelopes, throwing dice, drawing lots and
minimisation (minimisation may be implemented without a random element; this is considered equivalent to being random).

Risk of selection bias is high if investigators describe a non-random component in the sequence generation process such as sequence
generation by odd or even date of birth, date (or day) of admission or hospital or clinic record number; or allocation by judgement of the
clinician, preference of the participant, results of a laboratory test or a series of tests or availability of the intervention.

Allocation concealment (selection bias)

Selection bias (biased allocation to interventions) due to inadequate concealment of allocations before assignment

Risk of selection bias is low if participants and investigators enrolling participants could not foresee assignment because one of the
following, or an equivalent method, was used to conceal allocation: central allocation (including telephone, Web-based and pharmacy-
controlled randomisation); sequentially numbered drug containers of identical appearance; or sequentially numbered, opaque, sealed
envelopes.

Risk of bias is high if participants or investigators enrolling participants could possibly foresee assignments and thus introduce selection
bias such as allocation based on using an open random allocation schedule (e.g. a list of random numbers); using assignment envelopes
without appropriate safeguards (e.g. envelopes were unsealed or non-opaque or were not sequentially numbered), alternation or rotation,
date of birth, case record number or other explicitly unconcealed procedures.

Blinding of participants
Performance bias due to knowledge of allocated interventions by participants during the study

Risk of performance bias is low if blinding of participants was ensured and it was unlikely that blinding could have been broken; or if no
blinding or incomplete blinding was provided but review authors judged that the outcome is not likely to be influenced by lack of blinding.

Blinding of personnel/care providers (performance bias)

Performance bias due to knowledge of allocated interventions by personnel/care providers during the study

Risk of performance bias is low if blinding of personnel was ensured and it was unlikely that blinding could have been broken; or if no
blinding orincomplete blinding was provided but review authors judged that the outcome is not likely to be influenced by lack of blinding.

Blinding of outcome assessors (detection bias)

Detection bias due to knowledge of allocated interventions by outcome assessors

Risk of detection bias is low if blinding of the outcome assessment was ensured and it was unlikely that blinding could have been broken;
or if no blinding or incomplete blinding was provided but review authors judged that the outcome is not likely to be influenced by lack
of blinding, or:

« for patient-reported outcomes in which the patient was the outcome assessor (e.g. pain, disability): low risk of bias for outcome
assessors if low risk of bias for participant blinding (Boutron 2005);

« for outcome criteria that are clinical or therapeutic events that will be determined by the interaction between patients and care
providers (e.g. co-interventions, length of hospitalisation, treatment failure), in which the care provider is the outcome assessor: low
risk of bias for outcome assessors if low risk of bias for care providers (Boutron 2005); and

« for outcome criteria that are assessed from data from medical forms: low risk of bias if treatment or adverse effects of treatment could
not be noticed in the extracted data (Boutron 2005).
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Incomplete outcome data (attrition bias)

Attrition bias due to amount, nature or handling of incomplete outcome data

Risk of attrition bias is low if no outcome data were missing; reasons for missing outcome data were unlikely to be related to the true
outcome (for survival data, censoring unlikely to be introducing bias); missing outcome data were balanced in numbers, with similar
reasons for missing data across groups; for dichotomous outcome data, the proportion of missing outcomes compared with the observed
event risk was not enough to have a clinically relevant impact on the intervention effect estimate; for continuous outcome data, the
plausible effect size (difference in means or standardised difference in means) among missing outcomes was not enough to have a clinically
relevant impact on observed effect size or missing data were imputed using appropriate methods (if dropouts were very large, imputation
using even 'acceptable' methods may still suggest high risk of bias) (van Tulder 2003). Percentages of withdrawals and dropouts should
not exceed 20% for short-term follow-up and 30% for long-term follow-up, and should not lead to substantial bias (these percentages are
commonly used but arbitrary and are not supported by the literature) (van Tulder 2003).

Selective reporting (reporting bias)

Reporting bias due to selective outcome reporting

Risk of reporting bias is low if the study protocolis available and all of the study's prespecified (primary and secondary) outcomes that are
of interest in the review have been reported in the prespecified way, or if the study protocol is not available but published reports clearly
include all expected outcomes, including those that were prespecified (convincing text of this nature may be uncommon).

Risk of reporting bias is high if not all of the study's prespecified primary outcomes have been reported; one or more primary outcomes was
reported using measurements, analysis methods or subsets of the data (e.g. subscales) that were not prespecified; one or more reported
primary outcomes were not prespecified (unless clear justification for their reporting is provided, such as an unexpected adverse effect);
one or more outcomes of interest in the review are reported incompletely so that they cannot be entered in a meta-analysis; or the study
report fails to include results for a key outcome that would be expected to have been reported for such a study.

Group similarity at baseline (selection bias)

Bias due to dissimilarity at baseline for the most important prognostic indicators

Risk of bias is low if groups are similar at baseline for demographic factors, values of main outcome measure(s) and important prognostic
factors (examples in the field of back and neck pain include duration and severity of complaints, vocational status, percentage of patients
with neurological symptoms) (van Tulder 2003).

Co-interventions (performance bias)

Bias due to differences in co-interventions across groups
Risk of bias is low if no co-interventions were provided, or if interventions were similar between index and control groups (van Tulder 2003).

Compliance (performance bias)

Bias due to inappropriate compliance with interventions across groups

Risk of bias is low if compliance with the interventions was acceptable on the basis of reported intensity/dosage, duration, number and
frequency for both index and controlintervention(s). For single-session interventions (e.g. surgery), thisitem s irrelevant (van Tulder 2003).

Intention-to-treat analysis

Risk of bias is low if all randomly assigned participants were reported/analysed in the groups to which they were allocated by
randomisation.

Timing of outcome assessments (detection bias)

Bias due to different timing of important outcomes measurements across groups
Risk of bias is low if all important outcome assessments for all intervention groups were measured at the same time (van Tulder 2003).

Other bias

Bias due to problems not covered elsewhere in the table

Risk of bias is low if the study appears to be free of other sources of bias not addressed elsewhere (e.g. study funding).
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