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including weakness, fatigue, and reduced 
activation of lumbar muscles32 have no 
superiority over one another.25 A lack of 
clinically important differences between 

exercise interventions may be related to 
poor associations between physical im-
pairments and CLBP-related disability 
or function, and the positive impact of 

exercise on multiple factors such as fear-
avoidance beliefs and muscle strength12,55 
associated with CLBP-related disability.

Neuromuscular deficits of the trunk 
muscles have been described in the CLBP 
literature for over 30 years.26 Like other 
interventions focusing on physical im-
pairments, interventions targeting neu-
romuscular deficits have not yielded 
superior results to other exercise in-
terventions.47 A criticism of the neuro-
muscular deficits investigated to date is 
that they lack translation to functional 
impairments in people with CLBP. A newly 
identified impairment in lumbar exten-
sion neuromuscular control (ie, ability 
to control the force produced into lum-
bar extension) has demonstrated a rela-
tionship with self-reported disability in 
people with CLBP.43 A cross-sectional 
study reported a relationship between 
CLBP-related lifting dysfunction and 
lumbar extensor neuromuscular control 
deficits.44 It may be important to estab-
lish whether retraining lumbar extensor 
neuromuscular control in combination 
with resistance exercises yields greater 
improvements in CLBP-related disabil-
ity compared to previously investigated 
strengthening exercises alone. Therefore, 
the primary research question was as 
follows:
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C
hronic low back pain (CLBP) is a complex multifactorial 
condition32 reducing the quality of life of millions of people 
around the world.21,24 In addition to pain, patients are physically 
limited46 and psychologically impacted.28,38 Exercise interventions, 

such as resistance training, are effective for treating CLBP.49,56 However 
various exercise interventions focusing on physical impairments
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Pain Self-Efficacy Questionnaire, and the International 
Physical Activity Questionnaire. Outcomes were 
measured at baseline, 6 weeks, and 12 weeks.

	U RESULTS: Forty-three participants (22 control, 
21 intervention) completed all outcome measures 
at 6 and 12 weeks. Fourteen participants were lost 
to follow-up, and 12 participants discontinued due 
to COVID-19 restrictions. Both groups demon-
strated clinically important changes in disability, 
pain intensity, and kinesiophobia. The difference 
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imprecise and not clinically meaningful (mean dif-
ference, −4.4; 95% CI: −10.2, 1.4) at 12 weeks. Dif-
ferences in secondary outcomes at 6 or 12 weeks 
were also small with wide confidence intervals.
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Is the addition of lumbar neuro-
muscular control retraining exercises 
to a 12-week program of strengthening 
exercises more efficacious for improv-
ing disability compared with 12 weeks of 
strengthening exercises alone in people 
with CLBP? It was hypothesized that 
CLBP participants receiving neuro-
muscular control exercise targeted at im-
proving lumbar extensor neuromuscular 
control in addition to resistance exercise 
would demonstrate a greater reduction 
in self-reported disability compared to 
those only receiving resistance exercises 
at 12 weeks.

METHODS

Study Design
We conducted a 2-arm, parallel group, 
participant- and assessor-blinded, compar-
ative randomized controlled trial (RCT). 

The protocol has been published.17 The 
trial was prospectively registered with 
the Australian New Zealand Clinical Tri-
als Registry (ACTRN12618000894291) 
and was approved by The University 
of Melbourne’s Behavioural and Social 
Sciences Human Ethics Sub-Committee 
(reference number 1749845).

Participants were randomly assigned 
to groups (neuromuscular [NM] group 
or the strengthening [ST] group) in 
permuted blocks of 6 to 12 stratified by 
baseline Oswestry Disability Index (ODI) 
level (moderate or severe/greater) (FIGURE). 
The randomization schedule was pre-
pared by an independent researcher. The 
schedule was stored on a password-
protected website (REDCap, Vanderbilt 
University) and maintained by an off-site 
researcher not involved in enrolment or 
outcome assessment. Participants com-
pleted primary, secondary, and additional 

outcomes at baseline, 6 weeks, and 12 weeks. 
Participants and assessors were blinded 
to group allocation during collection and 
analysis of all outcome measures. The 
interventions were designed to use iden-
tical exercise equipment to make it more 
difficult for participants to determine 
which group they were in. Participants 
recorded which group they believed they 
were allocated to and were able to indi-
cate if they were unsure (after the 12-week 
assessment or after withdrawing from the 
trial); they were also asked whether the 
therapist revealed their allocation at any 
time throughout the trial. The James 
Blinding Index was used to assess the 
success of blinding.29 The assessor was 
not involved in the randomization or in-
tervention and was therefore blinded to 
participant group allocation. In addition, 
the biostatistician involved in statistical 
analysis of the data was blinded. The 

FIGURE. Study flow diagram. Abbreviations: LBP, low back pain, NSCLBP, nonspecific chronic low back pain; ODI, Oswestry Disability Index.
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Consolidated Standards of Reporting 
Trials (CONSORT) statement48 was used 
in the reporting of this RCT.

Participants
We recruited 69 participants with CLBP 
from a physiotherapy clinic in Melbourne, 
Australia from July 2018 until March 
2020. Informed consent was obtained 
from all participants and the rights of the 
participants were protected. The study 
was terminated prematurely in March 
2020 due to COVID-19 restrictions im-
posed by the Victorian State Government. 
Male and female participants were in-
cluded if they were aged between 18 and 
65 years, had LBP (with or without lower 
limb pain) for at least 3 months, and 
demonstrated moderate or higher dis-
ability on the ODI (ie, 21% or higher).16 
Exclusion criteria were previous spinal or 
lower-limb surgery, spinal osteoporosis 
or osteopenia, spondylolisthesis or spon-
dylosis, medication-managed psychologi-
cal illness, neurological or developmental 
disorder, overt neurological sign, signifi-
cant medical condition (eg, cancerous 
pathology), use of medication that affected 
balance, abdo-pelvic organ prolapse, fund-
ing by a compensable body, pregnant or 
up to 6 months postpartum, and an 
inability to understand English.

Intervention
Participants from both groups undertook 
24 exercise sessions over 12 weeks (2 per 
week) supervised by physiotherapists 
with 1 to 10 years of clinical experience. 
Each exercise session lasted ~30 minutes. 
All physiotherapists were trained to deliver 
the protocol by the primary researcher 
who developed the protocol. During each 
session, all participants (both groups) 
completed resistance training involving a 
lumbar extension resistance exercise as 
well as at least one other resistance exer-
cise of either leg press, trunk flexion, or 
hip extension; the decision as to which 
other exercise(s) were completed was 
made by the physiotherapist based on 
their clinical recommendation for each 
participant. Participants completed a 

maximum voluntary isometric contraction 
(MVIC) for each exercise used in the study. 
The starting weight for each resistance 
exercise was set at 85% of the MVIC. 
Each exercise was performed repetitively 
over a 2-minute period or until fatigue.17 
This resistance training protocol con-
forms to the current American College of 
Sports Medicine guidelines.20

In addition to the aforementioned 
resistance exercises, the intervention group 
completed a lumbar extension neuro-
muscular control retraining exercise at 
the beginning of each training session. 
Participants were seated in a MedX dyna-
mometer (MedX, Ocala, FL), and with 
visual feedback, isometrically pressed their 
back against the backrest attempting to 
match a sinusoidal target force varying 
between 20% to 50% of their lumbar 
extension MVIC. This exercise was com-
pleted 3 times each session at 3 different 
frequencies (0.05 Hz, 0.08 Hz, and 0.14 Hz). 
The progression of this exercise is out-
lined in SUPPLEMENTAL APPENDIX 1. To con-
trol for the additional work performed 
by the intervention group, participants in 
the control group completed additional 
time on the lumbar extension resistance 
exercise at 50% of their MVIC. This was 
equivalent to the time participants in the 
experimental group spent on the neuro-
muscular exercise. The exercise interven-
tions detailed in the protocol study were 
reported using the Template for Inter-
vention Description and Replication 
(TIDieR) checklist.27

Outcome Measures
The primary outcome of disability was 
measured via the ODI, which is valid and 
reliable in a CLBP population.14 Patient-
reported outcomes were all completed 
electronically.

The secondary outcome measures were 
all valid and reliable for the measures of 
pain intensity,30,41 kinesiophobia,22,45 pain 
self-efficacy,6,33 and physical activity.10 
Outcomes were measured via an 11-point 
Numeric Rating Scale (NRS),7 17-item 
Tampa Scale for Kinesiophobia (TSK-17),34 
Pain Self-Efficacy Questionnaire (PSEQ),36 

and the International Physical Activity 
Questionnaire - Short Form (IPAQ-SF)2 
as detailed in the protocol.17 Patient-
reported outcome measures were admin-
istered via an online database (REDCap). 
Additional outcome measures were used 
to investigate potential neuromuscular 
changes. These measures included lumbar 
extension strength; lumbar extensor force-
matching error; average lifting time; 
maximum range of motion of the knee, 
hip, and lumbar spine during lifting; 
symmetry of weight-bearing during 
lifting; and lumbar multifidus thickness. 
Detailed descriptions of these outcome 
measures and how the measures were 
performed are reported in the pub-
lished protocol.17

Adverse events of treatment were 
recorded electronically by the treating 
therapist. Cointerventions were recorded at 
12 weeks by the assessor. Fidelity check-
ing to review adherence to the protocol 
was assessed every 3 months by an inde-
pendent and blinded clinician, who was 
not involved in assessment or treatment 
of the participants in the study.

Data Analysis
Analyses were performed by a blinded 
biostatistician using Stata version 16 
(StataCorp, College Station, TX). An 
intention-to-treat analysis was used where 
the outcomes of participants were ana-
lyzed according to their randomized group. 
Baseline characteristics in each group 
were described using means and standard 
deviations, medians, and interquartile 
ranges, or numbers and percentages as 
appropriate. Cointervention use in each 
group over the course of the trial were 
described using numbers and percentages 
and compared using chi-squared tests.

Missing values were imputed using 
chained equations with predictive mean 
matching and 5 nearest neighbors.57 Data 
were imputed for each randomized group 
separately. All primary and secondary 
outcomes were imputed together in the 
same model that included all baseline 
variables. The additional outcomes were 
each imputed in separate models that 
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groups with only manual therapy being 
used significantly more by participants in 
the strength group (TABLE 2). Seventeen 
participants did not provide information 
about cointervention use as they were 
lost to follow-up and did not complete 
the 12-week assessment. There was no 
significant difference in the use of manual 
therapy between responders (participants 
whose ODI improved greater than or 
equal to 20%) and nonresponders (par-
ticipants whose ODI improved less than 
20%) for either group (SUPPLEMENTAL 

APPENDIX 3). No adverse events occurred 
throughout the trial in either group. Most 
participants (83%) were unsure of their 
group allocation and of the 11 partici-
pants who indicated which group they 
believed they were in, eight were incorrect 
(SUPPLEMENTAL APPENDIX 4). A James Blind-
ing Index of 0.95 (95% CI: 0.91, 0.99) 

estimated in this analysis can be thought 
of as that which would describe the effect 
of the treatment had the COVID-19 pan-
demic not occurred;11 hence, we have an 
effective sample size of 30 per group.

Treatment groups were similar at 
baseline (TABLE 1). Prior to the 6-week as-
sessment, 7 participants (NM group = 3, 
ST group = 4) were lost to follow-up and 
between the 6- and 12-week assessment, 
a further 10 participants (NM group = 6, 
ST group = 4) respectively did not complete 
the primary outcome measure (FIGURE); 
three of the participants who did not 
complete the primary outcome at 12 weeks 
(NM group = 2, ST group = 1) were dis-
continued due to the COVID-19 restrictions 
after providing outcome data at 6 weeks.

All 60 participants analyzed received 
the intervention they were allocated to. 
Cointervention use was similar between 

also included all baseline variables and 
the outcome at both timepoints, but no 
other imputed variables. Estimates from 
30 imputed datasets were combined us-
ing Rubin’s rules.4 An additional analysis 
was conducted in which data from all 
participants, including those who could 
not provide any follow-up data due to 
cessation of the trial, was imputed in the 
same manner as described above.

For all outcomes, mean differences in 
change (follow-up minus baseline) be-
tween groups were estimated at each 
timepoint using longitudinal linear mixed-
effects models. These models included all 
data from 6 and 12 weeks as outcomes for 
each participant. They had an interaction 
between week and randomized group 
included as fixed effects, and random 
intercepts included for participants. All 
models were adjusted for baseline values 
of the outcome and the stratification vari-
able of ODI score, dichotomized into 
moderate (21% to 40%) and severe dis-
ability (≥41%). Model assumptions and 
validity of imputed datasets were as-
sessed using standard diagnostic plots.

The aim was to detect a 20% differ-
ence in ODI scores, which corresponds to 
the minimal clinically important difference 
(MCID).39 With a standard deviation (SD) 
of 15, this difference corresponds to an 
effect size of 0.67, and the between-group 
ODI MCID can be detected with 80% 
power and a significance level of 0.05 
with 37 participants per group. Allowing 
for 20% drop out, our aim was to recruit 
47 participants to each group.

RESULTS

S
ixty-nine participants were enrolled. 
Nine participants were unable to 
provide any follow-up measurements 

because of early cessation of the trial due 
to the COVID-19 pandemic. Baseline 
characteristics of these 9 participants 
were compared to the others in the trial, 
and given there were no clinically mean-
ingful differences, they were not included 
in the primary analysis (SUPPLEMENTAL 

APPENDIX 2). The treatment effect being 

TABLE 1
Baseline Characteristics of Participants by 

Group, Reported as Number (Percentage) Unless 
Otherwise Stated

Abbreviations: BMI, body mass index; IQR, interquartile range; NM, neuromuscular; SD, standard 
deviation; ST, strengthening; TENS, transcutaneous electrical nerve stimulation.

Characteristics ST Group (n = 30) NM Group (n = 30)

Sex

Female 14 (47%) 17 (57%)

Male 16 (53%) 13 (43%)

Age (years), median (IQR) 46.5 (40-57) 51.5 (40-56)

Height (cm), mean (SD) 174.8 (10.8) 173.2 (9.4)

Mass (kg), median (IQR) 78.0 (66.1-96.0) 80.5 (68.9-84.9)

BMI (kg/m2), median (IQR) 25.1 (22.3-29.2) 25.3 (22.9-28.7)

Duration of low back pain (months), median (IQR) 28.0 (11-110) 25.0 (9.0-60.0)

Manual therapy (ie, massage, manipulation) 23 (77%) 28 (93%)

Acupuncture or dry needling 9 (30%) 12 (40%)

Shock wave therapy 0 (0%) 0 (0%)

Ultrasound or TENS therapy 1 (3%) 2 (7%)

Cortisone injection 1 (3%) 4 (13%)

Nonsteroidal anti-inflammatories (eg, ibuprofen, meloxicam, celecoxib, 
diclofenac, acetylsalicylic acid, etc)

25 (83%) 24 (80%)

Corticosteroids (eg, prednisone, prednisolone, hydrocortisone, corti-
sone, dexamethasone, methylprednisolone)

4 (13%) 2 (7%)

Paracetamol 21 (70%) 24 (80%)

Tramadol 1 (3%) 1 (3%)

Oxycodone-based medications (eg, oxycodone with naloxone, oxyco-
done hydrochloride)

3 (10%) 1 (3%)

Codeine-based medications (eg, ibuprofen with codeine) 6 (20%) 6 (20%)
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Given the novelty of the neuromus-

cular retraining intervention used in this 
study, there is no previous research to 
compare our findings. While there is evi-
dence comparing isolated neuromuscular 
interventions to numerous other exer-
cises and therapies, to our knowledge, no 
prior study has combined neuromuscular 
and resistance training as an intervention 
for people with CLBP. Previous research 
investigating lumbar extension neuro-
muscular control deficits that used a 
similar assessment protocol to this study 
identified a statistically significant differ-
ence between healthy controls and those 
with CLBP.43

Deficits in lumbar extensor neuro-
muscular control were associated with 
self-reported disability in people with 
CLBP.43 Significantly, superior improve-
ments in lumbar extension force-matching 
at 6 weeks favored the intervention group, 
although no greater improvements in any 
other outcome were observed. At 12 weeks, 
improvements in force-matching were 
similar between groups, suggesting that 
resistance training can augment similar 
improvements over a greater time period. 
In light of the findings of the aforemen-
tioned cross-sectional study,43 it is unclear 
why the lumbar extension neuromuscular 
control retraining did not translate to im-
provements in disability over the control 
intervention. Potentially, CLBP-related dis-
ability may not be as significantly influ-
enced by neuromuscular-biomechanical 
factors as the literature suggests.

Participant numbers did not allow 
within-group analysis of outcome measures, 
and as such, within-group comparisons 
were observational and not statistical. 
Both neuromuscular control retraining 
and resistance training resulted in large 
improvements in self-reported disability 
that exceeded the MCID of 10 units 
(20%) on the ODI,39 resulting in a 22.3% 
and 25.9% reduction in disability at 
12 weeks, respectively. Pain reductions, 
improvements in kinesiophobia and pain 
self-efficacy were also clinically relevant, 
surpassing the MCIDs of 2,52 6,35 and 5.5 
points,8 respectively. At 12 weeks, large 

difference in force-matching error at 
12 weeks was small. There was no clini-
cally meaningful between-group differ-
ence for any other additional outcome 
at any time.

DISCUSSION

B
oth 12-week exercise interventions 
resulted in clinically meaningful 
improvements in CLBP-related dis-

ability, pain intensity, and kinesiophobia. 
However, adding lumbar neuromuscular 
exercises to a program of strengthening 
exercises failed to improve self-reported 
disability more than strengthening exer-
cises alone. As per the protocol paper,17 
the secondary objective of this study was 
to investigate the neuromuscular, bio-
mechanical, and psychosocial mechanisms 
in which neuromuscular control retrain-
ing and resistance training may influence 
CLBP-related disability. Unfortunately, 
due to the COVID-19 pandemic, this 
study had to be prematurely ceased, and 
as such, we were not sufficiently powered 
to conduct analyses relating to the influ-
ence of neuromuscular or biomechanical 
factors on CLBP-related disability.

indicates successful participant blinding. 
Furthermore, no participants indicated 
they were unblinded by the therapist.

TABLE  3 summarizes continuous out-
comes across time by groups. Differences 
in change between groups are shown in 
TABLE 4. For the primary outcome at 6 and 
12 weeks, the estimate of the effect of be-
tween groups was consistent with no ad-
ditional benefit in self-reported disability, 
it was also consistent with an additional 
benefit (mean change at 6 weeks: −2.25 
units [95% CI: −7.19, 2.69] and mean 
change at 12 weeks: −4.39 units [95% CI: 
−10.19, 1.41], respectively). The sensitiv-
ity analysis, in which data were imputed 
from all participants, including the nine 
that could not provide any follow-up data 
due to the cessation of the trial, yielded 
similar results (SUPPLEMENTAL APPENDIX 5).

Between-group differences were small 
for secondary outcomes at both time 
points (TABLE 4). The sensitivity analysis 
yielded similar results (SUPPLEMENTAL 

APPENDIX  5). Although the estimate of 
the difference in force-matching error 
was in favor of the intervention group 
at the 6-week assessment, with a narrow 
confidence interval, the between-group 

TABLE 2
Cointervention Use of Participants Over the 

Course of the Trial, by Group, Reported as  
Number (Percentage)

Abbreviations: NM, neuromuscular; ST, strengthening; TENS, transcutaneous electrical  
nerve stimulation.

Cointervention ST Group (n = 30) NM Group (n = 30) P Value

Manual therapy (ie, massage, mobilization, manipulation) 19 (86%) 11 (52%) 0.02

Acupuncture or dry needling 4 (18%) 1 (5%) 0.17

Shock wave therapy 0 (0%) 0 (0%)

Ultrasound or TENS therapy 1 (5%) 2 (10%) 0.52

Cortisone injection 1 (5%) 0 (0%) 0.32

Nonsteroidal anti-inflammatories (eg, ibuprofen,  
meloxicam, celecoxib, diclofenac, acetylsalicylic acid, etc)

14 (64%) 12 (57%) 0.66

Corticosteroids (eg, prednisone, prednisolone, hydrocortisone, 
cortisone, dexamethasone, methylprednisolone)

0 (0%) 0 (0%)

Paracetamol 9 (41%) 12 (57%) 0.29

Tramadol 0 (0%) 0 (0%)

Oxycodone-based medications (eg, oxycodone with  
naloxone, oxycodone hydrochloride)

0 (0%) 1 (5%) 0.30

Codeine-based medications (eg, ibuprofen with codeine) 3 (14%) 4 (19%) 0.63
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Greater use of manual therapy by par-
ticipants in the strengthening group may 
have impacted disability and pain-related 
outcomes and contributed to the non-
significant difference between groups. 
The lack of statistical power precluded 
further between-group (strengthening 
and neuromuscular groups) analysis to 
explore this notion. However, the propor-
tion of responders and nonresponders who 
received manual therapy was similar within 
each treatment group (ie, ST responders: 
86%; ST nonresponders: 88%; NM re-
sponders: 50%; NM nonresponders: 56%). 
It is unlikely that manual therapy is required 
as an adjunct to exercise-based interven-
tions aimed at improving CLBP-related 
disability. Placebo effects are likely respon-
sible for some of the symptomatic bene-
fits observed in both groups, as there is a 
placebo effect associated with exercise.12

ated with self-reported disability.18,23 
Thus, changes in nonbiomechanical out-
comes may have influenced the decrease 
in ODI scores across both groups. However, 
the interrelationships between multiple 
mechanisms and how these contribute 
to CLBP-related disability is unclear.

Improvements in physical outcomes 
(eg, strength) may have contributed to 
improvements in self-confidence around 
the ability to move and cope with pain,53 
and vice versa. Exercise has analgesic 
effects for people with chronic pain. While 
a single bout of exercise can increase 
pain,13 regular exercise can result in sys-
temic hypoalgesia31 via effects to the 
immune and central nervous systems.42,51 
Considering the close relationship be-
tween pain and disability in CLBP,32 it is 
possible that hypoalgesia contributed to 
improvements in disability.

improvements in lumbar extension strength 
and reductions in force matching error were 
apparent for both groups, as well as de-
creases in average lifting time. However, there 
is no existing evidence from which to cal-
culate an MCID for these outcomes. We 
are unable to determine the clinical signifi-
cance of these improvements. Natural recov-
ery is unlikely to explain our findings, given 
the participants’ long-standing symptoms.

Underlying Mechanisms of 
Intervention Effects
A decline in disability levels for both 
exercise-based interventions may be related 
to both biomechanical and nonbio-
mechanical mechanisms. The benefits of 
exercise are multifactorial.12,55 Participants 
from both groups displayed positive 
changes in kinesiophobia and pain self-
efficacy, both of which have been associ-

TABLE 3 Continuous Outcomes Across Time, by Group, Reported as Mean (SD)

Abbreviations: CI, confidence interval; LM, lumbar multifidus; METs, metabolic equivalents; NM, neuromuscular; NRS, Numeric Rating Scale; ROM, range 
of motion; SD, standard deviation; ST, strengthening; WB, weight-bearing.
an = 26.
bn = 27.
cn = 22.
dn = 21 before imputation.

Baseline 6 weeks 12 weeks

ST Group NM Group ST Groupa NM Groupb ST Groupc NM Groupd

Primary Outcome

Oswestry Disability Index (ODI %) 36.9 (12.7) 38.1 (8.8) 17.6 (11.4) 20.3 (9.6) 11.0 (6.2) 15.8 (12.1)

Secondary Outcomes

Pain intensity (NRS) 5.1 (1.8) 5.8 (1.6) 3.7 (2.1) 4.1 (2.1) 2.5 (1.8) 2.7 (2.2)

Tampa Scale for Kinesiophobia (TSK-17) 38.0 (6.6) 38.0 (8.3) 33.2 (6.0) 33.7 (10.0) 29.7 (6.4) 31.1 (9.7)

Pain Self-Efficacy Questionnaire (PSEQ) 45.3 (9.4) 42.6 (11.2) 49.7 (8.0) 47.6 (10.8) 53.3 (6.7) 49.9 (10.1)

International Physical Activity Questionnaire 
- Short Form (IPAQ-SF) (METs)

3381 (4797) 2897 (1945) 4805 (7085) 2841 (2083) 3295 (1947) 3650 (3409)

Additional Outcomes

Lumbar extension strength (N⋅m) 130.7 (64.5) 92.5 (52.8) 153.1 (92.0) 115.8 (67.8) 200.8 (113.6) 155.3 (81.5)

Force matching error 9.1 (9.0) 7.6 (5.1) 7.0 (5.0) 3.9 (1.2) 3.9 (1.3) 3.3 (1.6)

Average lifting time (s) 4.2 (0.8) 4.4 (1.3) 4.2 (1.5) 3.8 (0.8) 3.4 (0.6) 3.2 (0.6)

Max knee ROM during lifting (°) 76.8 (29.0) 67.8 (30.8) 79.5 (25.1) 68.7 (29.2) 79.2 (27.2) 66.1 (26.0)

Max hip ROM during lifting (°) 101.7 (14.8) 102.1 (17.9) 104.0 (11.6) 101.8 (16.6) 105.7 (11.4) 107.8 (10.2)

Max lumbar ROM during lifting (°) 43.3 (11.1) 40.4 (13.6) 42.1 (9.5) 42.0 (12.2) 40.4 (10.2) 37.2 (11.0)

Asymmetric WB mean during lifting (kg) −0.5 (4.3) −0.7 (4.7) −0.8 (4.5) −1.9 (3.9) −1.2 (4.5) −3.2 (3.8)

Asymmetric WB SD during lifting (kg) 7.2 (2.5) 7.8 (2.8) 8.5 (4.2) 8.5 (2.9) 8.2 (2.7) 9.0 (3.4)

LM thickness (cm) 2.5 (0.4) 2.6 (0.5) 2.7 (0.3) 2.7 (0.4) 2.8 (0.4) 2.9 (0.5)
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treatment effects on subgroups, given 
it is well understood that people with 
CLBP are not homogenous.40,54 We did 
not include a placebo group. However, 
neuromuscular control exercise is supe-
rior to placebo treatment for people 
with CLBP.9

Future Research
Future studies are required to determine 
the mechanisms involved with reduced 
disability from exercise in people with 
CLBP. Studies should aim to subgroup 
participants based on clinically identifia-
ble characteristics (eg, disability level, 
specific to one’s functional deficits, move-
ment patterns during functional tasks). 
Studies with extended follow-up times are 
needed to evaluate outcomes post cessation 
of treatment and the likelihood of continued 
self-management. Future research could 
also investigate the efficacy of applying the 

CLBP. No adverse events were reported 
by therapists in this study.

Strengths and Limitations
Strengths of this RCT include a low risk 
of bias. Specifically, the blinding of 
participants and assessors reduces the risk 
of overestimation of treatment effects on 
patient-reported outcomes.58 while details 
pertaining to the intervention (ie, specific 
exercises and dosages) enable accurate re-
producibility by researchers and clinicians.

We recruited low overall participant 
numbers and had missing follow-up data 
given early cessation of the RCT second-
ary to government-imposed COVID-19 
restrictions. However, we applied mul-
tiple imputation to help limit the impact 
of this early cessation for those partici-
pants who provided follow-up data. No 
subcategorization of participants with 
CLBP limits the understanding of the 

Clinical Implications
Albeit not demonstrated statistically, our 
study is meaningful because it demonstrates 
that trunk and lower-limb resistance 
exercises produce clinically important 
improvements in disability and pain in a 
highly disabled CLBP cohort. People with 
disabling CLBP are commonly managed 
with opioid medication50 that is ineffective 
in the long term and can have serious 
adverse effects.5 Furthermore, surgical 
interventions where there is an absence of 
nerve root compression is also ineffective,1 
costly, and potentially harmful.3,15,19 Clini-
cal guidelines emphasize nonmedicated 
and nonsurgical treatment options in-
volving exercise.37 We found that progres-
sive overload training that complies with 
the American College of Sports Medicine 
guidelines20 is effective at improving symp-
tomatic outcomes, as well as strength and 
neuromuscular control in people with 

TABLE 4
Difference in Mean Change (Baseline Minus Follow-up) Between Groups Over Time 

(NM Group Minus ST Group) for All Outcomes

Abbreviations: CI, confidence interval; LM, lumbar multifidus; METs, metabolic equivalents; NM, neuromuscular; NRS, Numeric Rating Scale; ROM, range of 
motion; SD, standard deviation; ST, strengthening; WB, weight-bearing.

Baseline to 6 weeks Baseline to 12 weeks

Difference in Mean Change From Baseline 
Between Groups (NM Group - ST Group) (95% CI) P Value

Difference in Mean Change From Baseline 
Between Groups (NM group - ST Group) (95% CI) P Value

Primary Outcome

Oswestry Disability Index (ODI %) −2.25 (−7.19, 2.69) 0.37 −4.39 (−10.19, 1.41) 0.14

Secondary Outcomes

Pain intensity (NRS) −0.09 (−1.18, 1.00) 0.87 0.10 (−1.15, 1.36) 0.87

Tampa Scale for Kinesiophobia (TSK-17) −0.38 (−4.06, 3.30) 0.84 −1.33 (−5.46, 2.81) 0.53

Pain Self-Efficacy Questionnaire (PSEQ) 0.56 (−3.35, 4.47) 0.78 1.80 (−2.50, 6.09) 0.41

International Physical Activity Questionnaire - Short 
Form (IPAQ-SF) (METs)

1758 (−434, 3951) 0.12 −559 (−2750, 1631) 0.62

Additional Outcomes

Lumbar extension strength (N⋅m) −2.86 (−39.90, 34.18) 0.88 5.37 (−38.06, 48.80) 0.81

Force matching error 2.99 (1.52, 4.46) <0.01 0.54 (−0.95, 2.04) 0.48

Average lifting time (s) 0.47 (−0.04, 0.98) 0.07 0.27 (−0.23, 0.77) 0.29

Max knee ROM during lifting (°) 6.10 (−6.33, 18.53) 0.34 8.42 (−5.30, 22.14) 0.23

Max hip ROM during lifting (°) 2.24 (−3.67, 8.14) 0.46 −2.19 (−8.18, 3.80) 0.47

Max lumbar ROM during lifting (°) −0.75 (−5.98, 4.49) 0.78 2.39 (−3.14, 7.91) 0.40

Asymmetric WB mean during lifting (kg) 1.02 (−1.01, 3.06) 0.32 1.99 (−0.29, 4.27) 0.09

Asymmetric WB SD during lifting (kg) 0.20 (−1.51, 1.92) 0.81 −0.55 (−2.49, 1.38) 0.57

LM thickness (cm) 0.00 (−0.19, 0.20) 0.97 −0.04 (−0.26, 0.19) 0.74
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