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Abstract

Background: Structural impairment of the lumbar multifidus muscle, such as reduced cross-sectional area,
is evident among individuals with chronic low back pain. Real-time ultrasound imaging (RUSI) biofeedback has
been reported to improve preferential activation of as well as retention in the ability to activate the lumbar
multifidus muscle during lumbar stabilization exercises (LSE). However, evidence of the effectiveness of this
treatment approach in individuals with non-specific chronic low back pain (NCLBP) is still limited. The purpose of
this study is, therefore, to determine the effectiveness of LSE with RUSI biofeedback on lumbar multifidus muscle
cross-sectional area in individuals with NCLBP.

Methods/Design: This study is a prospective, single-center, assessor-blind, three-arm, parallel randomized
controlled trial to be conducted at National Orthopedic Hospital, Kano State, Nigeria. Ninety individuals with NCLBP
will be randomized in a 1:1:1: ratio to receive LSE, LSE with RUSI biofeedback, or minimal intervention. All
participants will receive treatment twice weekly for 8 weeks. The primary outcome will be the lumbar multifidus
muscle cross-sectional area. The secondary outcomes will include pain (Numerical Pain Rating Scale), functional
disability (Roland–Morris Disability Questionnaire), and quality of life (12-Item Short-Form Health Survey). All
outcomes will be assessed at baseline, 8 weeks post-intervention, and 3 months follow-up.
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Discussion: To our knowledge, this study will be the first powered randomized controlled trial to compare the
effectiveness of LSE training with and without RUSI biofeedback in individuals with NCLBP. The outcome of the
study may provide evidence for the effectiveness of LSE with RUSI biofeedback on enhancing the recovery of the
lumbar multifidus muscle in individuals with NCLBP.

Trial registration: Pan African Clinical Trials Registry (PACTR201801002980602). Registered on January 16, 2018.

Keywords: Chronic low back pain, Lumbar stabilization exercise, Lumbar multifidus muscle, Cross-sectional area,
Pain, Functional disability, Real-time ultrasound imaging biofeedback, Quality of life

Background
Low back pain (LBP) is a common musculoskeletal dis-
order causing years lived with disability than any other
condition around the world [1]. It is a major public
health issue owing to its multifactorial impact includ-
ing pain, activity limitations, participation restrictions,
career burden, healthcare utilization, and huge eco-
nomic costs [2, 3]. Moreover, the burden of LBP is pro-
jected to increase over the coming decades due to
population increase and aging [3]. Hence, there is a need
to prioritize LBP and identify effective intervention strat-
egies to reduce the consequences of the current and pro-
jected future burden 3.
Although many sp inal structures could be claimed re-

sponsible for the origin of LBP, for up to 9 5% of cases,
the specific cause of the pain cannot be reliably identi-
fied [4]. However, prior biome chanical studies suggest
that impairments in the key stabilizing muscles of the
spine could be attributed to the development or recur-
rence of subacute and non-specific chronic back com-
plaints [5]. For example, it has been documented that
structural impairments of the lumbar multifidus muscles
(LMM), such as reduced cross-sectional area (CSA) [6–
9], thickness [10–12], and increased fat infiltrations [7, 9,
13–15], are evident among individuals with chronic LBP.
One treatment approach believed to be able to im-

prove these LMM dege nerative changes is lumbar
stabilization exercise (LSE) program. This specific exer-
cise approach is commonly applied by physiotherapists
to rehabilitate individuals with chronic low back disor-
ders [16–20]. Importantly, there is evidence to support
its efficacy in improving pain, functional disabil ity, and
quality of life (QOL) among sufferers of chronic LBP
even though it may not be superior to other types of ex-
ercise programs [21, 22].
The focus of LSE is to train the skilled activation of

the deep trunk muscles particularly the LMM and trans-
versus abdominis (TrA) muscle [23]. Improving the acti-
vation capacity of the LMM is believed to enhance its
function (i.e., providing segmental stability and control-
ling intervertebral motion [24]) by reversing the degen-
erative changes commonly seen in the muscle [5].
However, to improve the precision of muscle

contraction while performing LSE, it is crucial to provide
accurate feedback during the training. This may involve
any of the senses including tactile (palpation), auditory
(electr omyography), and visual ultrasound imaging in-
formation [25]. Though the use of palpatory feedback is
commonly practiced, v isual feedback using real-time
ultrasound imaging (RUSI) has been shown to be prom-
ising in providing preferential activation of the deep
trunk musculature during LSE in asymptomatic individ-
uals [26, 27]. More specifically, Van et al. [27]
asserted that the use of RUSI biofeedback may improve
not only LMM activation performance but also retention
in the ability to activate the muscle, which is crucial for
individuals with LBP as reoccurrences are common [18].
Consequently, the use of this bio feedback approach
may reduce the number of trials required to consistently
perform isometric contraction to activate the deep sta-
bilizing trunk muscles [26].
Most trials examining the effectiveness of LSE on

LMM CSA or thickness did not provide RUSI as bio-
feedback to improve LMM preferential activation or
contraction quality. Although previous but small trials
found LSE with RUSI to be effective at improving LMM
CSA [28–30], pain, and disability [28, 29] in patients
with non-specific LBP, evidence of the effectiveness of
this treatment approach among patients with non-
specific chronic LBP (NCLBP) is still limited due to lack
of rigorous trials in the way of randomized controlled
trials (RCTs). Of the four trials examining the effective-
ness of LSE with RUSI on LMM CSA [28–30] or thick-
ness [31] in patients with non-specific acute LBP [28] or
NCLBP [29–31], all suffered a small sample size (n =
10–41) without a priori power calculation, and two were
non-RCT [29, 30] of which one included elite cricketers
[30].
According to the latest systematic review [32] to

summarize the evidence regarding the effectiveness of
LSE on LMM morphology, very low- to low-quality evi-
dence exists that LSE improves LMM CSA post-
intervention or compared to medication, general exer-
cise, or general physiotherapy in patients with non-
specific LBP. However, only one RCT [28] (conducted
among acute LBP patients) of the five included RCTs
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[28, 33–36] used RUSI as biofeedback. Furthermore, on
the basis of two small trials [28, 37] in which one in-
cluded patients with acute LBP [28] and the other in-
cluded patients with chronic LBP [37], the review [32]
found no evidence to support the correlation between
changes in LMM CSA and changes in pain or disability.
Thus, it is imperative to explore if the addition of RUSI
biofeedback in LSE training would provide more favor-
able effect on LMM CSA compared to LSE training
without RUSI biofeedback, and to examine the correl-
ation between changes in LMM CSA and LBP or LBP-
related disability among individuals with NCLBP.
Our recent pilot study [29], even though was limited

to being a single-group pretest-posttest design, suggests
the feasibility of conducting a large-scale RCT to deter-
mine the efficacy of LSE with RUSI biofeedback in indi-
viduals with NCLBP. The use of LSE with RUSI
biofeedback resulted in significant improvement in
LMM CSA by 1.7 points, pain by 3.9 points, and disabil-
ity by 4.5 points. However, no significant improvement
in physical and mental health was observed after the
intervention, which could be attributed to the shorter

treatment (12 sessions) provided [29]. Thus, the purpose
of this study is to determine the effectiveness of LSE
with RUSI biofeedback in individuals with NCLBP. The
primary outcome will be LMM CSA whereas the sec-
ondary outcomes include pain, functional disability, and
QOL.

Methods/Design
Hypothesis
We hypothesized that patients receiving LSE with RUSI
biofeedback will demonstrate significant improvement in
LMM CSA, pain, functional disability, and QOL com-
pared to those receiving LSE without RUSI biofeedback
or minimal intervention (control).

Primary objective
To determine the effectiveness of LSE with RUSI bio-
feedback on LMM CSA in individuals with NCLBP.

Secondary objectives
To determine the effec tiveness of LSE with RUSI bio-
feedback on pain, functional disability, and QOL in

Fig. 1 Flow of participants through the study
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individuals with NCLBP. Additionally, we will determine
the association between post-treatment scores in LMM
CSA and post-treatment scores in pain and functional
disability.

Study design
This study will be a prospective, single-center, assessor-
blind, three-arm, parallel RCT and will be conducted at
the Physiotherapy Department, National Orthopedic
Hospital, Dala, Kano State, Nigeria. The outline of the
study is presented in Fig. 1. The protocol for this study
is reported in accordance with the Standard Protocol
Items: Recommendations for Interventional Trials
(SPIRIT) 2013 Checklist (Additional file 1).

Physiotherapists/research assistants
The principal investigator (RS) and two physiotherapists
(with about 4 to 6 years of working experience in mus-
culoskeletal physiotherapy) will be responsible for pa-
tients’ screening, appointment, and treatment. A
consultant radiologist (with over 10 years of experience)
blinded to group allocation in diagnostic ultrasound im-
aging will be responsible for ultrasound imaging and
measurements. Another physiotherapist (with about 3
years of working experience in musculoskeletal physio-
therapy) blinded to group allocation will be responsible
for the assessment of self-report questionnaires. All the
physiotherapists will receive a training session and writ-
ten instructions for the study protocols.

Participants and recruitment
Patients with LBP attending outpatient physiotherapy
and those referred for physiotherapy by orthopedists will
be screened for their suitability to participate in the
study. Participants’ eligibility will be ensured through
history taking and physical examinations. The partici-
pants will be included if they (1) are male or female be-
tween the age of 18 and 60 years, (2) have a primary
complaint of non-specific LBP with or without leg pain
for 12 weeks or more, and (3) are able to read and
understand Hausa or English language or both. Part ici-
pants will be excluded if they (1) have a history of spine
surgery; (2) have obvious deformities affecting the trunk
or upper and lower extremities; (3) have serious spinal
pathology such as infection, fracture, metastases, and
cauda equine syndrome; (4) have a history of medical or
surgical conditions that might hinder exercise perform-
ance; and (5) are pregnant or lactating women. Partici-
pants meeting the eligibility criteria and who accept
willingly to participate will be given oral and written in-
formation about the study procedures. They will also be
informed about their rights to withdraw from participa-
tion at any time without prejudice. Informed consent
will be obtained via signature or thumbprint.

Participants’ baseline demographic and clinical variables,
such as age, gender, marital status, education level, em-
ployment status, pain duration, height, weight, and body
mass index will be collected and recorded after group al-
location. The participants will be identified only by their
initials using research notes.

Rando mization and blinding
A record clerk who will not be involved in the assess-
ment and treatment of participa nts will be responsible
for the random allocation of participants into different
intervention groups. The participants will be randomly
assigned into LSE group, LSE with RUSI biofeedback
(LSER) group, or minimal in tervention (control) group
in a 1:1:1 ratio (i.e., 30 participants per group) (Fig. 1).
Consecu tively numbered (1 to 90) sealed opaque enve-
lopes will be prepared using a computer-generated
randomization sequence with permuted blocks of vary-
ing sizes (i.e., 3 and 6) by an independent statistician.
Once a participant fulfilled the inclusion criteria and
give consent for the study, the record clerk will perform
the randomization by picking a sequential envelope and
assign the participant to the group written in the enve-
lope. All assessors will be blinded to participants’ group
allocation. However, because of the nature of the inter-
ventions, it will be difficult to blind the participants and
investigators (physiotherapists) to treatment allocation.
Unbinding conditions will not occur but maybe only
permissible when there is a medical emergency.

Outcome assessment
Primary outcome will be LMM CSA assessed with RUSI
whereas secondary outcomes will include pain, func-
tional disability, and QOL to be assessed using self-
report questionnaires. All outcomes will be assessed at
baseline (−t1), 8 weeks post-intervention (t2), and 3
months follow-up (t3) (Table 1).

Lumbar multifidus muscle cross-sectional area
The procedure for the LMM CSA will be identical to
that described in previous studies [30, 38]. We found a
within-day assessor intra-rater reliability during our pilot
trial (n = 10) [29] to be excellent (intraclass correlation
coefficients = 0.96) similar to findings of previous studies
[39, 40]. Also, LMM CSA measurements obtained using
RUSI have been validated by comparison with magnetic
resonance imaging measurements [40]. The imaging of
the LMM CSA will be measured at the L5 level using
real-time ultrasound apparatus (Edan D3 version 1.6,
China) with a 5-MHz curvilinear transducer. Participants
will be placed on prone lying, on a plinth with arms by
their sides and head turned to a preferred side. To keep
the lumbar spine in a neutral position, a pillow will be
placed under the hips to make the lower lumbar spine
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flat. The L5 spinous process will be identified by palpa-
tion, and the skin will be marked using a pen for refer-
ence. An acoustic coupling gel will be applied to the
skin and the transducer head. Thereafter, the transducer
head will be placed longitudinally along the midline of
the lumbar spine to confirm the L5 level. The transducer
head will be then placed transversely over the spinous
process of L5 to obtain imaging of the spinous process
and laminae along with the LMM on both sides of the
spine. Transverse images of the LMM will be obtained
bilaterally with the small side (thinner) being considered

as the LMM CSA of the patient. Measurements will be
taken during maximal voluntary isometric contraction.
To ensure accuracy, average measures of three images of
the LMM will be taken. The L5 level is chosen in this
study because previous studies indicate that decreased
LMM CSA and increased side-to-side asymmetry are
common at this level [30, 41].

Pain
The level of pain intensity of the participants will be
assessed by administering the Numerical Pain Rating

Table 1 SPIRIT figure: time points for en rollment, interventions, and assessment
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Scale (NPRS). The NPRS consists of an 11-point Likert
scale, with 0 representing “no pain” and 10 representing
“worst imaginable pain". The participants will be asked
to indicate the best point that represents the greatest
pain they experienced at the time of assessment. Both
the Hausa [42] and English [43] versions of the NPRS
will be used in the present study. The NPRS has been re-
ported to be a valid, reliable, and responsive measure of
pain intensity in patients with LBP [42–44].

Functional disability
The levels of functional disability of the participants will
be assessed by administering the Roland–Morris Disabil-
ity Questionnaire (RMDQ). It is a 24-item questionnaire,
with scores ranging from 0 (no disability) to 24 (max-
imum disability). The participants will be asked to
tick on any of the 24 items that describe their current
disability level. To obtain the RMDQ total score, the
items checked are summed up. Both the Hausa [45]
and English [46] versions of the RMDQ will be used
in the present study. The questionnaire has been re-
ported to be a reliable and valid measure of LBP-
related disability [45, 46].

Quality of life
The QOL (physical and mental health) of the participants
will be assessed by administering the 12-item Short-Form
Health Survey (SF-12) questionnaire. The SF-12 is a
shorter alternative to the SF-36 Health Survey. The ques-
tionnaire measures two health constructs— physical com-
ponent scores (PCS-12) and mental component scores
(MCS-12). A Web-based scoring tool (www.orthotoolkit.
com/sf-12/) will be used to calculate the PCS-12 and
MCS-12 scores, with higher scores indicating better health
status. Both the Hausa [47] and English [48] versions of
the SF-12 will be used in the present study. The question-
naire has been reported to be reliable and valid for meas-
uring health-related quality of life [47, 48].

Interventions
All interventions will be provided twice a week for 8
weeks and under the supervision of the physiotherapists.
Participants in the LSE and LSER groups will also carry
out the same intervention as for the control group (min-
imal intervention). All participants will be advised not to
partake in any exercise-related interventions during the
study. To enhance retention, participants will be contacted
by the research coordinator via text messages, WhatsApp
messenger, and phone calls on a regular basis to remind
them of their treatment appointments and post-
treatment follow-up.

Lumbar stabilization exercise (LSE)
Participants allocated to this group will be taught LSE
based on the approach of Richardson and colleagues
[23] and procedures explained in previous studies [29,
30, 40]. Prior to the training, the participants will be ed-
ucated with aid of video and pictures on the anatomical
location and function of the lumbar spine and the key
deep stabilizing muscles with a focus on LMM. They will
be asked to assume a prone lying on a treatment table
with a pillow placed under the hips to ensure neutral po-
sitioning of the spine. Participants will be taught an ac-
tive isometric contraction of the LMM (with a focus on
L2–L5 vertebral level by drawing up the anterior aspect
of the pelvic floor or lifting the coccyx to ceiling) in syn-
ergy with other deep stabilizing muscles such as TrA
(abdominal draw-in maneuver) [30]. Contractions will
be held for 10 s and repeated 10 times, with a period of
30- to 60-s rest between repetitions.

Lumbar stabilization exercise with real-time ultrasound
imaging biofeedback (LSER)
Herein, the intervention will be similar to that described
in the LSE group except for the addition of RUSI bio-
feedback to enhance the precision of contraction and ac-
tivation performance of the LMM. While maintaining a
neutral spine in prone lying, the transducer head of the
ultrasound will be placed transversely over the L2–L5
levels and then the participants will be instructed to per-
form isometric contraction of the LMM and other deep
stability muscles as described above. Specifically, they
will be instructed to focus on the monitor to see the
changes in the thickness of the LMM as they contract
the muscles and put in their best effort to increase the
thickness with successive contractions. Contractions will
be held for 10 s and repeated 10 times, with a period of
30- to 60-s rest between repetitions.

Minimal intervention (control)
Participants allocated to this group will receive three ex-
ercises as described by van Dieën et al. [49]. These exer-
cises are commonly prescribed for patients with chronic
low back disorders. The exercises are knee to chest, lum-
bar rotation, and bridging. The description and dosage
of the exercise are provided in Table 2.

Adverse events and safety
Serious adverse events (AEs) are generally rare with
therapeutic exercise interventions. All participants will
be informed before enrollment about the possibility of
experiencing some common AEs associated with exer-
cises such as mild muscle or joint pain and muscle pull,
which are often self-limiting. AEs will be recorded dur-
ing each treatment session as part of the data collection.
However, in case of any serious adverse experience (e.g.,
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exacerbating joint pain, marked joint swelling, light-
headedness, angina, and shortness of breath or dizzi-
ness), it will be promptly reported to the clinical author-
ities for physician evaluation and further action.
Additionally, reports will be sent to the Health Research
Ethics Committee of National Orthopedic Hospital,
Dala, Kano State, Nigeria. The participants will be
allowed or be asked to withdraw from the study if they
make such a request or develop serious AEs.

Sample size calculations
Considering the minimum detectable change of 1.0 cm
or 100 mm reported for LMM CSA [50], the sample size
was estimated a priori to detect a minimum difference
of 1.0 point in LMM CSA between LSER and LSE, or
2.0 points between LSER and minimal intervention, as-
suming a common standard deviation (SD) of 2.5 points
based on our pilot study [29], a medium effect size of
0.32, an alpha of 0.05, statistical power of 85%, and a cor-
relation of 0.5 among repeated measures, for between–
within repeated measures analysis of variance (ANOVA).
The calculations revealed that a sample size of 75 is re-
quired. However, while anticipating a 20% dropout rate
(n = 15), a total sample size of 90 (30 per group) will be
finally required. The sample size was calculated using G
Power 3.1.9.2 software [51].

Data processing and statistical analyses
All data will be carefully recorded in a logbook and elec-
tronically using Microsoft Excel sheets. Data values will
be double-checked for missing values and errors before
transfer into SPSS for reporting and statistical analysis.
Intention to treat (ITT) analysis will be applied with all
randomized participants who have any outcome data
available for analysis, included in the trial regardless of
the presence or absence of follow-up. All statistical ana-
lyses will be conducted on IBM SPSS Statistics version
23.0 (IBM Co., Armonk, NY, USA) with a P-value < 0.05
to be considered significant for all tests.
A normality test for the dependent variables will be

examined using the Kol mogorov–Smirnov and Sha-
piro–Wilk test. Descriptive analysis will be used to
summarize the data with the use of mean (SD), frequen-
cies, and percentages. One-way ANOVA (for normally
distributed data) or Kruskal–Wallis (for skewed data)

test will be used to compare baseline continuous vari-
ables whereas the chi-square test will be used to com-
pare baseline categorical variables among the three
groups. Mixed between–within subject ANOVA will be
applied to evaluate time effect, group effect, and group by
time interaction effect in all outcomes if the data is nor-
mally distributed. Otherwise, Friedman’s ANOVA and
Kruskal–Wallis test will be applied to evaluate within-
group and between-group differences, respectively, when
the data is skewed. Post hoc analysis will be applied for
any significant within- or between-group differences de-
tected. The effect size will be computed to evaluate the
magnitude of change in all the outcomes. To examine
the relationship between changes in LMM CSA and pain
or disability, correlation and regression analyses will be
performed for all the intervention groups.

Trial steering committee
The trial steering committee is formed by the Research
Ethics Committee of National Orthopedic Hospital,
Dala, Kano State, Nigeria. The committee by liaising
with the principal investigator is responsible for the con-
tinuation or discontinuation of the trial, ensuring that
the study protocol is adhered to, and for study protocol
amendments, if necessary. The steering committee will
meet at least once a month to discuss the study
progress.

Trial audit
The trial steering and ethics committees will meet twice
per month to review the conduct of the study through-
out the trial period.

Dissemination
The results of this study will be disseminated through
publications in peer-reviewed journals and also pre-
sented at national or international conferences, regard-
less of whether the results are positive, negative, or
inconclusive.

Trial amendments
Any amendment to the study protocol will be reported
to the Health Research Ethics Committee of National
Orthopedic Hospital, Dala, Kano State, Nigeria, as well
as updated in the Pan African Clinical Trials Registry.

Table 2 Minimal intervention

Exercise type Description Dosage

1. Knee to chest In crook lying position, pull both knees to the chest with interlocked fingers until a
comfortable stretch is felt in the hip and lower back. Maintain the highest position

5–10 s hold, 10 reps

2. Lumbar rotation In crook lying position, slowly rock knees from side to side as far away as possible
and maintain each position

5–10 s hold, 10 reps

3. Bridging In crook lying position, lift the pelvis in a straight line as far up as possible and
maintain the highest position

5–10 s hold, 10 reps
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Discussion
Previous small RCT (n = 41) suggests that a 4-week LSE
training with RUSI biofeedback may improve LMM CSA
in patients with non-specific acute LBP compared to anal-
gesics alone [28]. In contrast, in an RCT by Partner and
colleagues [31] to compare LMM thickness in patients
with NCLBP before and after a single session of LSE with
and without biofeedback including the use of RUSI, no
significant inter-group difference was detected for LMM
thickness. Their study [31] however is underpowered, suf-
fered a small sample size (n = 22), and included a single
exercise session which may not be adequate to induce a
significant change in the outcome observed. Taking into
account methodological limitations of these trials [28,
31], a powered RCT will be conducted to determine
the effectiveness of 8-week LSE training with RUSI
biofeedback compared to LSE training without bio-
feedback, or minimal intervention in individuals with
NCLBP. After the intervention, outcomes will be also
evaluated at the 3-month follow-up and possibly at
the 6-month or 12-month follow-up. If our hypothesis
is correct, this study has the potential to inform the
decision to change practice by providing evidence for
the clinical effectiveness of LSE with RUSI biofeed-
back on enhancing recovery of LMM size, which is
commonly implicated in LBP and reoccurrence [5].
As a secondary objective, the present study will seek to

examine the relationship between p ost-treatment
change in LMM CSA and pain as well as disability. This
may help to establish causality effect regarding LSE
training with RUSI biofeedback on LM M morphology
(i.e., CSA) and LBP and LBP-related disability.
This study however is without some limitations. The

measurement of LMM CSA will be only performed at the
L5 level even though aberrations in LMM morphology are
commonly observed at this level [30, 41], besides evidence
of recovery following specific rehabilitation [28, 30]. There-
fore, any changes in the LMM CSA in other levels of the
lumbar spine following rehabilitation could not be detected.
Furthermore, other important LMM morphological-
related outcomes such as fat infiltration, volume, and per-
centage thickness will not be evaluated due to limited re-
sources. Nevertheless, the planned powered, single
(assessor) blind, three-arm (including comparator and ac-
tive control groups), parallel RCT design is the strength of
our study.

Trial status
The initial version of the study protocol (version 1.2)
was approved on J anuary 16, 2018. The current version
of the study protocol (version 1.4) was approved on Oc-
tober 4, 2021. The first enrollment was on August 01,
2019. Follow-up is expected to be completed by Septem-
ber 30, 2021.

Trial registration
The study trial was registered prospectively at the
Pan African Clinical Trials Registry (https://pactr.
samrc.ac.za/) on January 16, 2018 (registration num-
ber: PACTR201801002980602).

Abbreviations
AEs: Adverse events; ANOVA: Analysis of variance; CSA: Cross-sectional area;
ITT: Intention to treat; LBP: Low back pain; LMM: Lumbar multifidus muscles;
LSE: Lumbar stabilization exercises; LSER: Lumbar stabilization exercises with
real-time ultrasound imaging biofeedback; NCLBP: Non-specific chronic low
back pain; NPRS: Numerical pain rating scale; MCS-12: Mental component
scores; PCS-12: Physical component scores; QOL: Quality of life;
RCT: Randomized controlled trial; RMDQ: Roland–Morris disability
questionnaire; RUSI: Real-time ultrasound imaging; SD: Standard deviation;
SPIRIT: Standard protocol items: recommendations for interventional trials;
TrA: Transversus abdominis

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13063-021-05952-9.

Additional file 1. SPIRIT 2013 Checklist.

Acknowledgements
We would like to thank all the participants willing to participate in this study
and the physiotherapists involved in the study recruitment, treatment, and
data collection.

Authors’ contributions
RS, SOG, and AS conceived the study. RS and AIA developed the first draft of
the study protocol. MKO and AIA reviewed and edited the study protocol.
SOG and AI supervised the study protocol. AWA proposed the statistical
analyses. All authors contributed to the trial design. All authors have read,
contributed to, and approved the final manuscript.

Funding
This research received no grant from any funding agency.

Availability of data and materials
After the study is completed, the data will be made available on request
from the corresponding author.

Declarations

Ethics approval and consent to participate
This study was approved by the Health Research Ethics Committee of
National Orthopedic Hospital, Dala, Kano State, Nigeria (Ref: NOHD/RET/
ETHIC/60). Written, informed consent will be obtained from all participants
before being included in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Physiotherapy, Faculty of Allied Health Sciences, College of
Health Sciences, Bayero University, Kano, Kano State P.M.B 3011, Nigeria.
2Department of Physiotherapy, National Orthopedic Hospital, Dala, Kano,
Kano State P.M.B 3087, Nigeria. 3Department of Physiotherapy, Muhammad
Abdullahi Wase Teaching Hospital, Hospitals Management Board, Kano, Kano
State P.M.B 3160, Nigeria. 4Department of Radiology, Aminu Kano Teaching
Hospital, Kano, Kano State P.M.B 3452, Nigeria.

Sarafadeen et al. Trials           (2022) 23:20 Page 8 of 10

https://pactr.samrc.ac.za/
https://pactr.samrc.ac.za/
https://doi.org/10.1186/s13063-021-05952-9
https://doi.org/10.1186/s13063-021-05952-9


Received: 3 September 2020 Accepted: 20 December 2021

References
1. GBD 2016 Disease and Injury Incidence and Prevalence Collaborators.

Global, regional, and national incidence, prevalence, and years lived with
disability for 328 diseases and injuries for 195 countries, 1990-2016: a
systematic analysis for the Global Burden of Disease Study 2016. Lancet.
2017;390(10100):1211–59.

2. Hoy D, Brooks P, Blyth F, Buchbinder R. The epidemiology of low back pain.
Best Pract Res Clin Rheumatol. 2010;24(6):769–81. https://doi.org/10.1016/j.
berh.2010.10.002.

3. Hartvigsen J, Hancock MJ, Kongsted A, Louw Q, Ferreira ML, Genevay S,
et al. What low back pain is and why we need to pay attention. Lancet.
2018;391(10137):2356–67. https://doi.org/10.1016/S0140-6736(18)30480-X.

4. Bardin LD, King P, Maher CG. Diagnostic triage for low back pain: a practical
approach for primary care. Med J Aust. 2017;206(6):268–73. https://doi.org/1
0.5694/mja16.00828.

5. Danneels L, Dickx N, Cagnie B. The lumbar multifidus: from anatomy to
rehabilitation. In: Low Back and Pelvic Pain, 7th Interdisciplinary world
congress, Proceedings. 2010. p. 186–95.

6. Danneels LA, Vanderstraeten GG, Cambier DC, Witvrouw EE, De Cuyper HJ.
CT imaging of trunk muscles in chronic low back pain patients and healthy
control subjects. Eur Spine J. 2000;9(4):266–72. https://doi.org/10.1007/
s005860000190.

7. Hides J, Gilmore C, Stanton W, Bohlscheid E. Multifidus size and symmetry
among chronic LBP and healthy asymptomatic subjects. Man Ther. 2008;
13(1):43–9. https://doi.org/10.1016/j.math.2006.07.017.

8. Kamaz M, Kiresi D, Oguz H, Emlik D, Levendoglu F. CT measurement of
trunk muscle areas in patients with chronic low back pain. Diagn Interv
Radiol. 2007;13(3):144–8.

9. Parkkola R, Rytokoski U, Kormano M. Magnetic resonance imaging of the
discs and trunk muscles in patients with chronic low back pain and healthy
control subjects. Spine. 1993;18(7):830–6. https://doi.org/10.1097/00007632-1
99306000-00004.

10. Zhang S, Xu Y, Han X, Wu W, Tang Y, Wang C. Functional and
morphological changes in the deep lumbar multifidus using
electromyography and ultrasound. Sci Rep. 2018;8(1):6539. https://doi.org/1
0.1038/s41598-018-24550-5.

11. Songjaroen S, Sungnak P, Piriyaprasarth P, Wang H-K, Laskin JJ, Wattananon
P. Combined neuromuscular electrical stimulation with motor control
exercise can improve lumbar multifidus activation in individuals with
recurrent low back pain. Sci Rep. 2021;11(1):14815. https://doi.org/10.1038/
s41598-021-94402-2.

12. Sweeney N, O'Sullivan C, Kelly G. Multifidus muscle size and percentage
thickness changes among patients with unilateral chronic low back pain
(CLBP) and healthy controls in prone and standing. Man Ther. 2014;19(5):
433–9. https://doi.org/10.1016/j.math.2014.04.009.

13. Alaranta H, Tallroth K, Soukka A, Heliövaara M. Fat content of lumbar
extensor muscles and low back disability: a radiographic and clinical
comparison. J Spinal Disord. 1993;6(2):137–40. https://doi.org/10.1097/00002
517-199304000-00007.

14. Mengiardi B, Schmid MR, Boos N, Pfirrmann CW, Brunner F, Elfering A, et al.
Fat content of lumbar paraspinal muscles in patients with chronic low back
pain and in asymptomatic volunteers: quantification with MR spectroscopy.
Radiology. 2006;240(3):786–92. https://doi.org/10.1148/radiol.2403050820.

15. Kjaer P, Bendix T, Sorensen JS, Korsholm L, Leboeuf-Yde C. Are MRI-defined
fat infiltrations in the multifidus muscles associated with low back pain?
BMC Med. 2007;5(1):2. https://doi.org/10.1186/1741-7015-5-2.

16. Cairns MC, Foster NE, Wright C. Randomized controlled trial of specific
spinal stabilization exercises and conventional physiotherapy for recurrent
low back pain. Spine. 2006;31(19):E670–81. https://doi.org/10.1097/01.brs.
0000232787.71938.5d.

17. Goldby LJ, Moore AP, Doust J, Trew ME. A randomized controlled trial
investigating the efficiency of musculoskeletal physiotherapy on chronic
low back disorder. Spine. 2006;31(10):1083–93. https://doi.org/10.1097/01.
brs.0000216464.37504.64.

18. Hides JA, Jull GA, Richardson CA. Long-term effects of specific stabilizing
exercises for first-episode low back pain. Spine. 2001;26(11):E243–8. https://
doi.org/10.1097/00007632-200106010-00004.

19. Ibrahim AA, Akindele MO, Ganiyu SO. Motor control exercise and patient
education for low resource rural community dwellers with chronic low back
pain: a pilot randomized clinical trial. J Exer Rehabil. 2018;14(5):1–11. https://
doi.org/10.12965/jer.1836348.174.

20. Ganiyu SO, Gujba KF. Effects of acupuncture, core-stability exercises, and
treadmill walking exercises in treating a patient with postsurgical lumbar
disc herniation: a clinical case report. J Acupunct Meridian Stud. 2015;8(1):
48–52. https://doi.org/10.1016/j.jams.2014.08.002.

21. Saragiotto BT, Maher CG, Yamato TP, Costa LO, Costa LC, Ostelo RW, et al.
Motor control exercise for nonspecific low back pain: a Cochrane review.
Spine. 2016;41(16):1284–95. https://doi.org/10.1097/BRS.0000000000001645.

22. Gomes-Neto M, Lopes JM, Conceicao CS, Araujo A, Brasileiro A, Sousa C,
et al. Stabilization exercise compared to general exercises or manual
therapy for the management of low back pain: a systematic review and
meta-analysis. Phys Ther Sport. 2017;23:136–42. https://doi.org/10.1016/j.
ptsp.2016.08.004.

23. Richardson CA, Hodges P, Hides J. Therapeutic exercise for lumbopelvic
stabilization: a motor control approach for the treatment and prevention of
low back pain. 2nd ed. London: Churchill Livingstone; 2004.

24. Bergmark A. Stability of the lumbar spine: a study in mechanical
engineering. Acta Orthop Scand Suppl. 1989;230(sup230):1–54. https://doi.
org/10.3109/17453678909154177.

25. Hauggaard A, Persson AL. Specific spinal stabilisation exercises in patients
with low back pain–a systematic review. Phys Ther Rev. 2007;12(3):233–48.
https://doi.org/10.1179/108331907X222949.

26. Henry SM, Westervelt KC. The use of real-time ultrasound feedback in
teaching abdominal hollowing exercises to healthy subjects. J Orthop
Sports Phys Ther. 2005;35(6):338–45. https://doi.org/10.2519/jospt.2005.35.
6.338.

27. Van K, Hides JA, Richardson CA. The use of real-time ultrasound imaging for
biofeedback of lumbar multifidus muscle contraction in healthy subjects. J
Orthop Sports Phys Ther. 2006;36(12):920–5. https://doi.org/10.2519/jospt.2
006.2304.

28. Hides J, Richardson C, Jull GA. Multifidus muscle recovery is not automatic
after resolution of acute, first-episode low back pain. Spine. 1996;21(23):
2763–9. https://doi.org/10.1097/00007632-199612010-00011.

29. Sarafadeen R, Ganiyu SO, Ibrahim AA. Effects of spinal stabilization exercise
with real-time ultrasound imaging biofeedback in individuals with chronic
nonspecific low back pain: a pilot study. J Exerc Rehabil. 2020;16(3):293–9.
https://doi.org/10.12965/jer.2040380.190.

30. Hides J, Stanton W, McMahon S, Sims K, Richardson C. Effect of stabilization
training on multifidus muscle cross-sectional area among young elite
cricketers with low back pain. J Orthop Sports Phys Ther. 2008;38(3):101–8.
https://doi.org/10.2519/jospt.2008.2658.

31. Partner SL, Sutherlin MA, Acocello S, Saliba SA, Magrum EM, Hart JM.
Changes in muscle thickness after exercise and biofeedback in people with
low back pain. J Sport Rehabil. 2014;23(4):307–18. https://doi.org/10.1123/
JSR.2013-0057.

32. Pinto SM, Boghra SB, Macedo LG, Zheng Y-P, Pang MYC, Cheung JPY, et al.
Does motor control exercise restore normal morphology of lumbar
multifidus muscle in people with low back pain? - a systematic review. J
Pain Res. 2021;14:2543–62. https://doi.org/10.2147/JPR.S314971.

33. Nabavi N, Mohseni Bandpei MA, Mosallanezhad Z, Rahgozar M, Jaberzadeh
S. The effect of 2 different exercise programs on pain intensity and muscle
dimensions in patients with chronic low back pain: a randomized controlled
trial. J Manipulative Physiol Ther. 2018;41(2):102–10. https://doi.org/10.1016/j.
jmpt.2017.03.011.

34. Kim G-Y, Kim S-H. Effects of push-ups plus sling exercise on muscle
activation and cross-sectional area of the multifidus muscle in patients with
low back pain. J Phys Ther Sci. 2013;25(12):1575–8. https://doi.org/10.1589/
jpts.25.1575.

35. Lee W, Lee Y, Gong W. The effect of lumbar strengthening exercise on pain
and the cross-sectional area change of lumbar muscles. J Phys Ther Sci.
2011;23(2):209–12. https://doi.org/10.1589/jpts.23.209.

36. Tagliaferri SD, Miller CT, Ford JJ, Hahne AJ, Main LC, Rantalainen T,
et al. Randomized trial of general strength and conditioning versus
motor control and manual therapy for chronic low back pain on
physical and self-report outcomes. J Clin Med. 2020;9(6):1726. https://
doi.org/10.3390/jcm9061726.

37. Berglund L, Aasa B, Michaelson P, Aasa U. Effects of low-load motor control
exercises and a high-load lifting exercise on lumbar multifidus thickness: a

Sarafadeen et al. Trials           (2022) 23:20 Page 9 of 10

https://doi.org/10.1016/j.berh.2010.10.002
https://doi.org/10.1016/j.berh.2010.10.002
https://doi.org/10.1016/S0140-6736(18)30480-X
https://doi.org/10.5694/mja16.00828
https://doi.org/10.5694/mja16.00828
https://doi.org/10.1007/s005860000190
https://doi.org/10.1007/s005860000190
https://doi.org/10.1016/j.math.2006.07.017
https://doi.org/10.1097/00007632-199306000-00004
https://doi.org/10.1097/00007632-199306000-00004
https://doi.org/10.1038/s41598-018-24550-5
https://doi.org/10.1038/s41598-018-24550-5
https://doi.org/10.1038/s41598-021-94402-2
https://doi.org/10.1038/s41598-021-94402-2
https://doi.org/10.1016/j.math.2014.04.009
https://doi.org/10.1097/00002517-199304000-00007
https://doi.org/10.1097/00002517-199304000-00007
https://doi.org/10.1148/radiol.2403050820
https://doi.org/10.1186/1741-7015-5-2
https://doi.org/10.1097/01.brs.0000232787.71938.5d
https://doi.org/10.1097/01.brs.0000232787.71938.5d
https://doi.org/10.1097/01.brs.0000216464.37504.64
https://doi.org/10.1097/01.brs.0000216464.37504.64
https://doi.org/10.1097/00007632-200106010-00004
https://doi.org/10.1097/00007632-200106010-00004
https://doi.org/10.12965/jer.1836348.174
https://doi.org/10.12965/jer.1836348.174
https://doi.org/10.1016/j.jams.2014.08.002
https://doi.org/10.1097/BRS.0000000000001645
https://doi.org/10.1016/j.ptsp.2016.08.004
https://doi.org/10.1016/j.ptsp.2016.08.004
https://doi.org/10.3109/17453678909154177
https://doi.org/10.3109/17453678909154177
https://doi.org/10.1179/108331907X222949
https://doi.org/10.2519/jospt.2005.35.6.338
https://doi.org/10.2519/jospt.2005.35.6.338
https://doi.org/10.2519/jospt.2006.2304
https://doi.org/10.2519/jospt.2006.2304
https://doi.org/10.1097/00007632-199612010-00011
https://doi.org/10.12965/jer.2040380.190
https://doi.org/10.2519/jospt.2008.2658
https://doi.org/10.1123/JSR.2013-0057
https://doi.org/10.1123/JSR.2013-0057
https://doi.org/10.2147/JPR.S314971
https://doi.org/10.1016/j.jmpt.2017.03.011
https://doi.org/10.1016/j.jmpt.2017.03.011
https://doi.org/10.1589/jpts.25.1575
https://doi.org/10.1589/jpts.25.1575
https://doi.org/10.1589/jpts.23.209
https://doi.org/10.3390/jcm9061726
https://doi.org/10.3390/jcm9061726


randomized controlled trial. Spine. 2017;42(15):E876–82. https://doi.org/10.1
097/BRS.0000000000001989.

38. Nandlall N, Rivaz H, Rizk A, Frenette S, Boily M, Fortin M. The effect of low
back pain and lower limb injury on lumbar multifidus muscle morphology
and function in university soccer players. BMC Musculoskelet Disord. 2020;
21(1):96. https://doi.org/10.1186/s12891-020-3119-6.

39. Hides JA, Cooper DH, Stokes MJ. Diagnostic ultrasound imaging for
measurement of the lumbar multifidus muscle in normal young adults.
Physiother Theory Pract. 1992;8(1):19–26. https://doi.org/10.3109/095939892
09108076.

40. Hides JA, Richardson CA, Jull GA. Magnetic resonance imaging and
ultrasonography of the lumbar multifidus muscle. Comparison of two
different modalities. Spine. 1995;20(1):54–8. https://doi.org/10.1097/
00007632-199501000-00010.

41. Hides JA, Stanton WR, Mendis MD, Franettovich Smith MM, Sexton MJ.
Small multifidus muscle size predicts football injuries. Orthop J Sports Med.
2014;2(6):2325967114537588. https://doi.org/10.1177/2325967114537588.

42. Ibrahim AA, Akindele MO, Bello B, Kaka B. Translation, cross-cultural
adaptation, and psychometric properties of the Hausa versions of the
numerical pain rating scale and global rating of change scale in a low-
literate population with chronic low back pain. Spine. 2020;45(8):E439–47.
https://doi.org/10.1097/BRS.0000000000003306.

43. Childs JD, Piva SR, Fritz JM. Responsiveness of the numeric pain rating scale
in patients with low back pain. Spine. 2005;30(11):1331–4. https://doi.org/1
0.1097/01.brs.0000164099.92112.29.

44. Gallasch CH, Alexandre NM. The measurement of musculoskeletal pain
intensity: a comparison of four methods. Rev Gaucha Enferm. 2007;28(2):
260–5.

45. Raheem S, Ibrahim AA, Ganiyu SO, Faruk AU, Akindele MO. Translation,
cross-cultural adaptation and psychometric evaluation of the Hausa Roland-
Morris disability questionnaire in mixed rural and urban Nigerian
populations with low back pain. Spine. 2021;46(11):E639–47. https://doi.
org/10.1097/BRS.0000000000003867.

46. Roland M, Fairbank J. The Roland-Morris disability questionnaire and the
Oswestry disability questionnaire. Spine. 2000;25(24):3115–24. https://doi.
org/10.1097/00007632-200012150-00006.

47. Ibrahim AA, Akindele MO, Ganiyu SO, Kaka B, Abdullahi BB, Sulaiman SK,
et al. The Hausa 12-item short-form health survey (SF-12): translation, cross-
cultural adaptation and validation in mixed urban and rural Nigerian
populations with chronic low back pain. PloS One. 2020;15(5):e0232223.
https://doi.org/10.1371/journal.pone.0232223.

48. Ware J Jr, Kosinski M, Keller SD. A 12-Item Short-Form Health Survey:
construction of scales and preliminary tests of reliability and validity. Med
Care. 1996;34(3):220–33. https://doi.org/10.1097/00005650-199603000-00003.

49. van Dieën JH, Selen LP, Cholewicki J. Trunk muscle activation in low-back
pain patients, an analysis of the literature. J Electromyogr Kinesiol. 2003;
13(4):333–51. https://doi.org/10.1016/S1050-6411(03)00041-5.

50. Wilson A, Hides JA, Blizzard L, Callisaya M, Cooper A, Srikanth VK, et al.
Measuring ultrasound images of abdominal and lumbar multifidus muscles
in older adults: a reliability study. Man Ther. 2016;23:114–9. https://doi.org/1
0.1016/j.math.2016.01.004.

51. Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible statistical
power analysis program for the social, behavioral, and biomedical sciences.
Behav Res Methods. 2007;39(2):175–91. https://doi.org/10.3758/BF03193146.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Sarafadeen et al. Trials           (2022) 23:20 Page 10 of 10

https://doi.org/10.1097/BRS.0000000000001989
https://doi.org/10.1097/BRS.0000000000001989
https://doi.org/10.1186/s12891-020-3119-6
https://doi.org/10.3109/09593989209108076
https://doi.org/10.3109/09593989209108076
https://doi.org/10.1097/00007632-199501000-00010
https://doi.org/10.1097/00007632-199501000-00010
https://doi.org/10.1177/2325967114537588
https://doi.org/10.1097/BRS.0000000000003306
https://doi.org/10.1097/01.brs.0000164099.92112.29
https://doi.org/10.1097/01.brs.0000164099.92112.29
https://doi.org/10.1097/BRS.0000000000003867
https://doi.org/10.1097/BRS.0000000000003867
https://doi.org/10.1097/00007632-200012150-00006
https://doi.org/10.1097/00007632-200012150-00006
https://doi.org/10.1371/journal.pone.0232223
https://doi.org/10.1097/00005650-199603000-00003
https://doi.org/10.1016/S1050-6411(03)00041-5
https://doi.org/10.1016/j.math.2016.01.004
https://doi.org/10.1016/j.math.2016.01.004
https://doi.org/10.3758/BF03193146

	Abstract
	Background
	Methods/Design
	Discussion
	Trial registration

	Background
	Methods/Design
	Hypothesis 
	Primary objective
	Secondary objectives 
	Study design  
	Physiotherapists/research assistants
	Participants and recruitment
	Rando mization and blinding
	Outcome assessment
	Lumbar multifidus muscle cross-sectional area
	Pain
	Functional disability
	Quality of life

	Interventions
	Lumbar stabilization exercise (LSE)
	Lumbar stabilization exercise with real-time ultrasound imaging biofeedback (LSER)
	Minimal intervention (control)

	Adverse events and safety
	Sample size calculations
	Data processing and statistical analyses
	Trial steering committee
	Trial audit
	Dissemination
	Trial amendments

	Discussion
	Trial status  
	Trial registration
	Abbreviations

	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

