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Abstract

Objectives: Low back pain is the most prevalent musculo-
skeletal condition, and causes activity limitations which result
in reduced work productivity and high medical expenditure.
Themanagementof this conditionhasbeenchallenging toboth
clinicians and researchers. While the use of Muscle Energy
Technique (MET) as a potentially effective treatment strategy
seems promising, studies examining MET combined with ex-
ercise therapy are scarce and studies with strong methodology
are lacking. Therefore, this study aims to determine the effects
of a combination of Dynamic Stabilization Exercises (DSE) and
MET on selected biopsychosocial outcomes compared to DSE
alone or conventional physiotherapy in the management of
chronic non-specific low back pain (NSLBP).
Methods: A total of 125 (80 male and 45 female) patients
with chronic NSLBP were involved in this study, they were
recruited from Rasheed Shekoni Teaching hospital and
Federal Medical centre Birnin-Kudu, Jigawa State, Nigeria.

A random number generator method was used to allocate
patients to either DSE + MET (n=41), DSE alone (n=39) or
conventional physiotherapy (n=45). Interventions were
administered twice a week over 12 weeks. Outcome mea-
sures included pain intensity, lumbar (flexion and exten-
sion) range of motion, functional-disability, self-perceived
health status, limitations in activities and participation
restrictions. These were assessed at baseline, mid-
intervention at six weeks, post-intervention at 12 weeks
and long term follow-up at 24 weeks. Data was analyzed
using repeated-measures ANOVA to determine signifi-
cance difference within groups and between groups.
Results: All intervention groups showed within-groups
changes of the study outcomes over time (p<0.001). How-
ever, between-group comparisons showed greater im-
provements in pain intensity (F=7.91, p<0.001), lumbar
ROM (flexion F=1.51, p<0.001; extension F=3.25, p<0.001),
activity limitations/participation restrictions (F=3.7,
p<0.001) and health status (F=10.9, p<0.001) for the
intervention in which MET and DSE were combined. The
MET plus DSE interventions were superior to DSE and
convention physiotherapy for all outcome measures,
except for functional disability (F=0.53, p=0.590).
Conclusions: The data from this study showed MET com-
bined with DSE had greater therapeutic benefits compared
to DSE or conventional physiotherapy on selected bio-
psychosocial outcomes in patients with chronic NSLBP.
The findings from the study show that the combination of
MET with DSE is safe and has beneficial effects in the
management of patients with chronic NSLBP.
Clinical trial registration: The study protocol has been
registered with www.ClinicalTrial.gov with the registration
number NCT3449810.
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Introduction

Low Back Pain (LBP) has a high global prevalence, with
estimations ranging between 30 and 80% among the
general population [1]. It is the most prevalent musculo-
skeletal condition in both developed and developing na-
tions. The condition is associated with a high disease
burden and has been listed by the Global Burden of Disease
(GBD) on the 6th place out of 291 conditions [2]. This results
in significant activity limitations, reductions in work pro-
ductivity and a highmedical expenditure incurring billions
of dollars annually [2, 3]. The prevalence of the condition
has been associated with lower socioeconomic status and
lower education levels [4–6], and therefore it has been
postulated that the burden of LBP is greater in lower and
middle-income countries like Africa [7, 8]. The prognosis
after an acute episode of LBP is not favourable, as 60–80%
of the patients will experience recurrence or persistence of
their LBP complaints [6, 9].

Currently, the management of LBP is challenging
because of its complexity, high cost and unpredictable
outcomes [10, 11]. Single model interventions for LBP have
demonstrated little or no effect [12, 13]. Little is known
about the precise causes of LBP, and a clear patho-
anatomic diagnosis cannot be identified in 85% of the
patients labelling themwith non-specific LBP (NSLBP) [14].
There is evidence that biopsychosocial factors play a role in
the development of chronic NSLBP, and the bio-
psychosocial model of chronic pain is gaining widespread
acceptance as the appropriate framework for understand-
ing and managing chronic NSLBP [5, 13].

From a biophysical perspective, structural and func-
tional alterations of the back muscles have been demon-
strated in NSLBP [14–17]. Muscle functional alterations
seem to play a crucial contributing factor to the persistence
of NSLBP, as an optimal function of the back muscles is a
prerequisite for static and dynamic control of spinal flexi-
bility and movement. From a psychological perspective,
NSLBP patients are known to suffer from higher levers of
fear-avoidance, depression, and anxiety, and reduced self-
efficacy [12, 18]. Psychological factors have been shown to
play an important role in the chronification process of
NSLBP [18–20] and the treatment prognosis of chronic
NSLBP [21, 22]. As previously mentioned, factors like eco-
nomic and social status contribute to the societal compo-
nent of NSLBP, but other factors such as cultural traditions,
social support, and availability of medical care can also
contribute to the pain disability [23]. The use of therapeutic
interventions that address musculoskeletal dysfunctions
within a combined treatment approach can be justified

within the biopsychosocial model of chronic pain. Psy-
chosocial factors like stress can increase muscle tension,
which exacerbates pain [5, 13, 24]. Other psychosocial
factors like anxiety and fear have been linked to dysfunc-
tional back muscle contractions and decreased lumbar
flexion in patients with chronic NSLBP [5, 24]. Based on
these interactions Geisser et al. [24, 25], suggested a suc-
cessful management programs of chronic NSLBP should
address both psychosocial factors and musculoskeletal
dysfunction that contribute to pain.

Dynamic stabilization exercises (DSE) are used as a
treatment approach to improve neuromuscular functions
of muscles that are central in maintaining dynamic spinal
and trunk stability [26–28]. While anecdotal reports in the
literature suggest that DSE may also lead to improvement
of biopsychosocial outcomes in patients with NSLBP, no
studies have documented this assumption [26]. While there
is evidence for the presence of musculofascial deficits in
chronic NSLBP, which can arise from injuries or repetitive
negative motor patterns reflected by compensatory mech-
anisms, accumulation of muscular tension, motor limita-
tions, stress and functional disorders [29–31], the treatment
of the musculofascial system is not addressed during DSE.
A way to approach this is to combine DSE with muscle
energy techniques (MET) as the latter can be used to
address musculofascial drivers of pain. While MET is often
used for the treatment of NSLBP, there is a lack of empirical
evidence on its effectiveness in this population due to the
lack of studies with a robust methodology [32, 33]. MET
might potentiate the therapeutic effects of DSE, by relaxing
and stretching contracted musculature, strengthening
weakmuscles, reducing muscular tension, improving joint
mobility and normalizing motor function [31, 32, 34, 35].

This study aimed to determine the effectiveness of the
combination of DSE intervention with MET and to compare
the therapeutic outcomes of the intervention with DSE as a
standalone treatment or with conventional physiotherapy
in patients with chronic NSLBP. The study evaluates the
treatment effects on biopsychosocial outcomes of pain in-
tensity, lumbar range of motion, functional disability,
health status, limitations in activities and participation
restrictions by evaluating changes in time (i.e. baseline,
mid intervention at the 6th week, post-intervention at the
12th week and long term follow up at the 24th week) and
between intervention groups (i.e. DSE + MET, DSE alone
and conventional physiotherapy), and finally the interac-
tion between the time and groups effects. Therefore, we
hypothesized that the combined therapeutic effects of DSE
and MET would result in concomitant positive effects for
the biopsychosocial outcomes associated with chronic
NSLBP as compared to the effects of a single model regime
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which could be expressed by greater changes in magni-
tudes of the outcome measures and longer retention of the
treatment effects following interventions.

Methods

Participants

This is a two-centred parallel-group randomized control trial recruited
137 (male=85 and female=52) patients who were diagnosed with
chronic NSLBP by a physician and referred for physiotherapy treat-
ment. Patients were recruited from the Rasheed Shekoni Specialist
Hospital and Birnin–Kudu Federal Medical Centre, both located in the
Jigawa State of Nigeria. An advert calling for volunteers to participate
in the study was posted on all the notice boards of the two hospitals.
All interested volunteers were requested to notify examiner (the study
physician) via email, text message or self-reporting. The examiner
screened them using the inclusion criteria to determine whether par-
ticipants were eligible for study participation.

Eligibility criteria for participants were: age range of 20–55 years;
NSLBP with a duration of minimum 24 weeks or longer and with
associated pain in the lower extremity and lumbopelvic area; lumbar
hypomobility andmobility deficits of the thorax andhip regions [36] as
confirmed by a physiotherapist with expertise in manual therapy;
decreased muscle power of the trunk and pelvis; movement re-
strictions during recreational and/or occupational activities. Partici-
pants were excluded if they had: LBP of a specific nature (e.g. due to
fractures, malignant tumours, ankyloses, infections, or pregnancy);
LBP with radiating pain due to nerve root involvement; been on
immunosuppression or steroid medication; spinal deformities; a his-
tory of severe rheumatic, orthopaedic, cardiovascular or neurologic
disorders in the last three months before study participation.
Furthermore, eligible patients were also re-evaluated (prescreening)
using the central sensitization inventory (CSI) [37] to screen for central
sensitization pain and using the Tampa scale for kinesiophobia (TSK)
[38] to screening for fear of (re)injury due to movement or activities.
Scores of 29 for CSI and less than 37 for TSK respectivelywere used as a
cut-off and patients obtaining higher scoreswere not eligible for study
inclusion. This was done to make the sample more homogenous.

Patients were requested to notify the researchers if they had
alternate therapies or changed their medication during participation
to the study, but none reported receiving alternate therapy or changed
medications.

The flow of the participants throughout the study is depicted in
Figure 1. The study protocol was approved by the University of
KwaZulu-Natal Biomedical Research Ethics Committee (Ethics Num-
ber: BFC198/18). Data was collected from January 2018 to December
2019. Confidentiality of patient-related personal and clinical infor-
mation was strictly protected.

Sample size

The sample size was estimated using G*Power 3.1.9.2. The following
parameters were used: the power of the study=85%, level of signifi-
cance=0.05, number of groups=3 (DSE, DSE +MET), and conventional
physiotherapy), number of repeated measurements=4, expected

medium effect size=0.25 [39], anticipated dropout rate=30%. The
initial calculated sample size 147 (i.e. 49 participants for each inter-
vention group).

Measurements

Three physiotherapistswere trained to perform the study assessments.
All outcome measures were assessed at baseline, week 6 (mid-treat-
ment), week 12 (post-treatment), and week 24 (post-treatment).

Outcome measures

– Pain: The 11-point Numeric Pain Rating Scale (NPRS) was used
for assessing pain intensity. This scale is commonly used in the
scientific literature and clinical practice, as it is reliable and
responsive in LBP (r=0.61) and has aminimal clinically important
difference of 1.99 points [40]. Participants rated their present,
lowest and worst level of pain during the preceding 24 h [40]. The
average of these three ratings was used to represent the partici-
pants’ overall pain intensity.

– Lumbar range of motion: An inclinometer was used for
measuring lumbar range of flexion and extension. The body
landmarkswere the thoracolumbar junction (lower edge of the T12
vertebral bone) and the upper edge of the sacrum [41]. The
inclinometer was placed at the junction of the thoracolumbar and
sacrum with the patient in a neutral position. The patient was
instructed to flex maximally and the difference in motion repre-
sented the lumbar flexion range after which the patient extended
maximally and the difference in motion was recorded and re-
flected the lumbar extension range [41]. Petra et al. [41] reported
high reliability and validity for inclinometer by comparing this
assessment procedure with the radiological determination of the
range of motion (ROM) (r=0.93). The estimated lumbar flexion
and extension under clinical conditions being 40.9° and 11.8°
respectively.

– Functional disability: The Oswestry Disability Index (ODI) is a
commonly used questionnaire to determine the level of func-
tional disability in patients with LBP, as it has been recognized as
an acceptable standard with established reliability, validity and
responsiveness [42]. The ODI consist of 10 items, of which eight
relate to activities of daily living and two relate to pain. Each item
is scored from0‒5 and the total score is expressed as a percentage
with high scores corresponding to greater disability [43]. The
minimum clinically important difference on the ODI, which in-
terventions should reach to have an effective impact on LBP
related functional disability, is estimated to be 11% [42]. Adamu
et al. [44] reported that the Hausa version of the ODI, which was
used in this study, has adequate psychometric properties equiv-
alent to the English version (r=0.937, 0.75).

– Activity limitations andparticipation restrictions: TheOrebro
Musculoskeletal Pain Screening Questionnaire (OMPSQ) consists
of 25 items, with items 1–4 are used to collect sociodemographic
information, and the remaining 21 being scored. 21 items are
scored, covering pain experience (five items), physical func-
tioning (five items), coping (one item), job satisfaction (one item),
anxiety/stress (one item), depression (one item), fear-avoidance
beliefs (three items), recovery expectations (two items), heavy or
monotonous work (one item), and sick leave (one item).
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Miscellaneous items relating to age, sex, and nationality [45, 46].
Each item is scored from 0 to 10 [45]. The scored items were
summed to obtain a total score ranging from 0 to 210; a higher
score indicates a higher disability. A score of <105 points indicates
low disability, as a score between 105 and 130 points moderate
disability, and a score of >130 points high disability [45, 47]. The
ÖMPSQ can also be used to identify LBP patients at risk for
chronicity and prolonged disability, therefore a score of <90 in-
dicates low risk, a score of 90–105 moderate risk, and a score of
>105 high risks [48]. Gabel et al. [49] reported that the ÖMPSQ has
high reliability (0.975) and was strongly correlated with recovery
time (Spearman’s r=0.71). Also, Ahmed et al. [50] reported that

the Hausa version of the ÖMPSQ, which was used in this study,
has adequate psychometric properties which are equivalent to
these of the English version (reliability r=0.80, internal consis-
tency α=0.72).

– Measurement of self-perceived changes in health status: The
Global Rating of Change (GROC) scale was used to determine the
participants’ overall perceived treatment effect. Scores ranged
from −7 (being a great deal worse) to 0 (was about the same) to +7
(being a great deal better). Jaeschke et al. [51] reported that scores
of ±1 to ±3 represent small changes, scores of ±4 to ±5 represent
moderate changes, and scores of±6 to ±7 represent large changes
perceived due to the treatment. The GROC has adequate test–

Figure 1: Outline of the study CONSORT flowdiagram fromenrolment to analysis. After baseline assessments, six participantswerewithdrawn
from the study because they could not avail themselves after baseline assessments in the groups and thus withdrawn. Additionally, five
participantswere lost to follow-up assessment due to challengeswith transportation and/orwork-related responsibilities and one participant
in the DSE group had incomplete data, therefore they were excluded from the analysis.
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retest reliability (ICC 0.90) and is sensitive to change (standard-
ized response mean 0.5–2.714, 7-point), with a minimal detect-
able change of 0.45 points on seven points and a minimal
clinically important change of two points on seven points) [52].

Study interventions

Before each intervention, patients were given a 10-min lecture
providing information and advice on NSLBP, describing self-help
strategies and the benefits of spinal and abdominal exercises.
Patients were encouraged to stay active because inactivity could
worse their pain. All the study interventions were administered
and/or supervised by physiotherapists with a postgraduate quali-
fication in musculoskeletal physiotherapy, who received addi-
tional training in regards to execution and standardization of the
study interventions. Each session of the interventions were per-
formed twice a week in the hospital and supplemented with home
strengthening exercises for the spinal and abdominal muscles (i.e.
prone trunk extensions and planks for 5 min, bridging exercises for
5 min and sides bridging exercises for 5 min) [31] which were per-
formed on days when not attending the hospital. The total inter-
vention period was 12 weeks.
– Dynamic Stabilization Exercise (DSE) intervention: Patients

in this group received DSE as a standalone intervention, which
comprised seven exercises at each session as prescribed by Moon
et al. [26]. The exercises are (1) Bridging, (2) Supine twist stretch,
(3) Double leg knee to chest, (4) Plank heel raised, (5) Ball squat,
(6) Leg press on the Swiss ball, (7) Hip lifts, most of the exercises
had 12 repetitions performed with 5 s rest interval, except for two
(Ball squat and Leg press on Swiss ball) which had 25 repetitions
with 5 s rest interval as indicated below.

The primary aim of these exercises was to improve neuromuscular
control, strength and endurance of the lumbar core stabilizers, i.e.
TrA, multifidus, rectus abdominus, erector spinae, quadratus lum-
borum, and the internal and external obliquemuscles. The duration of
aDSE sessionwas 35min,which included 3min ofwarm-up stretching
exercises (front and side lunges) and 2 min of cool-down exercise
which consisted of cycling on an ergometer [26]. See Figure 2 for the
picture demonstration of the DSE exercises.
– Dynamic Stabilization Exercise combined with Muscle En-

ergy Technique (DSE +MET) intervention: The MET procedure
was adopted from the work of Szulc et al. [31]. MET is a post-
isometric relaxation technique dependent on the direction of
movement limitation in the thoracolumbar region. The procedure
is based on the following specific parameters: (1) the duration of
the isometric voluntary contractions in 30 s with 5 s of rest
in-between consecutive contractions; (2) the intensity of the con-
tractions corresponds to 20–35% of maximum isometric voluntary
contraction (MIVC); (3) begins in the intermediate extent of
movement restriction for a given patient; (4) loss on movement
restrictions pushed to next restrictive barriers, segments when the
participant was completely relaxed; (5) this was followed by
contraction of the antagonist muscle at the end phase of the con-
tractions; (6) passive return to the rest position. The protocol of
these exercises requires the relaxation of erector spinae muscle
group and is performed with the patient seated on a stool or the
edge of a treatment bed. The therapist stands to the left and pos-
terior to the patient who has the right hand placed on the left

shoulder with the therapist’s left hand grasping the patient’s right
shoulder. The therapist identifies the area and extent ofmovement
restrictions and performs left rotation, right side bending, trunk
flexion and extension until the movement restriction is slowly
released. This is repeated for the opposite side to balance the
muscular tension of the erector spinae and to resolve the disorder
of the musculofascial system in the thoracolumbar region [25, 31].

This MET procedure was combined with the previous described DSE.
MET was performed by a physiotherapist with MET certification and
exercises were performed under supervision. The total treatment
duration of this group was 45 min per session (MET 10 min and DES
35 min), the MET procedure was demonstrated in Figure 3.
– Conventional physiotherapy intervention: Patients in this

group received conventional physiotherapy treatment for chronic
NSLBP in Nigeria [53–55]. This involves the use of therapeutic
massage (comprising of effleurages, petrissages, stripping, fric-
tions and tapping) using methyl salicylate as a coupling medium,
and a combination (COMBO) of interferential electrotherapy
(treatment dose frequency: 4,000 Hz, base frequency: 90 Hz,
sweep frequency: 40 Hz, polarity: bipolar (two electrodes), dura-
tion: 6 min) and therapeutic ultrasound (treatment dose fre-
quency: 1 MHz, intensity: 0.8 W/cm2, mode: continuous mode,
duration: 4 min) using the Sonicator Plus 920® apparatus (Mettler
Electronics Corp., Anaheim, CA, USA), which were applied bilat-
erally on the lumbosacral region. Additionally, patients performed
general exercises from the prone, supine and lateral position in
order to improve muscle endurance and strength of the spinal and
abdominal muscles, relaxation capacity of the lumbopelvic mus-
cles and flexibility of the lumbopelvic joint.

Massage and interferential therapy combined with ultrasound were
applied for 10 min each by a physiotherapist, and general exercises
were performed for 15 min under supervision. The total treatment
duration of this group was 45 min per session.

Randomization and blinding

After the participants were selected an independent researcher used a
random number generator method to allocate the participants to one
of the three intervention groups. Two study assessors took measure-
ments of all outcomes at baseline andwere blinded to groupallocation
and the participants were instructed not to disclose their study allo-
cation to the assessors. The group allocation per participant was
preserved in a sealed opaque envelope, which was opened after the
baseline assessments were performed. The study assessors repeat the
assessments at 6th week, 12th week and 24th-week post-intervention
(follow-up). Additionally, participantswere expected to be unaware of
their group procedure/intervention including those in Conventional
physiotherapy group. Therefore, the physiotherapists who adminis-
tered the interventions were instructed not to disclose the name of the
group procedures to the participants. To ensure the internal validity of
the findings, the blinding procedure was designed to achieve double-
blinding of both study participants and the assessors. Besides, to
guarantee a treatment allocation balance within the groups, stratified
permuted blocks were used to randomly allocate different treat-
ments within the groups at every intervention session of the
study. The double-blinding is the gold standard for evidence-based
medicine [56, 57].
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Figure 2: Dynamic stabilization exercises (illustrated by the first author).

Figure 3: Muscles energy techniques (permission has been obtained from the subject).
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Statistical analyses

Statistical analyseswere performed in SPSS statistics version 24.0. The
p-value was set at <0.05. Sociodemographic data, i.e. age, gender,
current medication use, marital status, educational level, occupation/
employment status, and place of residence (urban/rural), and
anthropometric data, i.e. height and weight (to calculate the body
mass index [BMI]) and supra iliac skinfold thickness,were divided into
continue and categorical variables for ease of analysis as depicted in
Table 1. Baseline differences regarding these data were examined
using one-way ANOVA testing in case of a continuous variable and
chi-square tests in the case of categorical variables.

Repeated-measures ANOVA was used to compare mean scores
for each outcome measure variables between assessment points in
time and between groups. Multiple pairwise comparisons were con-
ducted to identify the significant pairs between groups and when
necessary two-way ANCOVAwas used to remove the effect of baseline
differences post-intervention. Post-hoc analyses were conducted us-
ing multiple pairwise comparisons after Bonferroni adjustment to
reveal significant mean difference at a 95% confidence interval.

Results

A total of 137 chronic NSLBP patients underwent the base-
line assessments (DSE + MET=47, DSE=45, conventional

physiotherapy=45), of which 125 completed the full study
protocol including the 24-weeks (follow-up) (DS + MET=41
[32.8%], DSE=39 [31.2%], Conventional physiotherapy=45
[36.0%]). This implies that therewas a dropout rate of 8.76%
(n=12).Analyseswereperformedondata of participantswho
completed the full study protocol. The sociodemographic
characteristics of the included study sample are depicted in
Table 1. In summary, the sample consisted of 80 (64.0%)
males and 45 (36.0%) females, with a mean age 39.8 years
(SD=8.97), ameanBMI of 29.9 (SD=9.56) (kg/m2) and amean
pain duration of 7.62 (SD=4.93) months. Patients were
employed either in the public or private sector, with 111
(88.80%) of them being employed full-time and 14 (11.20%)
being employed part-time. The patients were mainly
farmers, nurses, traders, administrative professionals, arti-
sans and teachers with 105 (84.0%) of them living in urban
areas.

No significant mean difference was found between the
groups on any of the outcomes (p-value>0.05) at baseline,
except for lumbar flexion ROM (p=0.002) (Table 2). More
specifically, the lumbar flexion ROM was significantly
lower (p=0.002) in the DSE + MET compared to the DSE or
conventional physiotherapy group. Therefore, based on

Table : Socio-demographic and anthropometric characteristics.

Variables All participants
(n=)
M ± SD

MET + DSE
group (n=)

M ± SD

DSE group
(n=)
M ± SD

Control group
(n=)
M ± SD

p-Value*

Continuous
Age, years . ± . . ± . . ± . . ± . .
Height, m . ± . . ± . . ± . . ± . .
Weight, kg . ± . . ± . . ± . . ± . .
BMI, kg/m

. ± . . ± . . ± . . ± . .
Skin fold thickness, mm . ± . . ± . . ± . . ± . .
Pain duration, months . ± . . ± . . ± . . ± . .

Categorical p-value**

Gender Female  (.%)  (.%)  (.%)  (.%) .
Male  (.%)  (.%)  (.%)  (.%)

Medication Nil  (.%)  (.%)  (.%)  (.%) .
Yes  (.%)  (.%)  (.%)  (.%)

Marital status Single  (.%)  (.%)  (.%)  (.%) .
Married  (.%)  (.%)  (.%)  (.%)

Educational level Primary  (.%)  (.%)  (.%)  (.%) .
Secondary  (.%)  (.%)  (.%)  (.%)
Post-secondary  (.%)  (.%)  (.%)  (.%)
Masters  (.%)  (.)  (.)  (.%)
PhD  (.%)  (.%)  (.%)  (.%)

Employment status Part-time  (.%)  (.%)  (.%)  (.%) .
Full-time  (.%)  (.%)  (.%)  (.%)

Place of residence Rural  (.%)  (.%)  (.%)  (.%) .
Urban  (%)  (.%)  (.%)  (.%)

M, mean; SD, standard deviation; p-value*, p value of between groups from ANOVA test; p-value**, p-value from chi-square between groups
test; n (%), number and percentage.
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the analysis of the baseline data patients from all groups
were homogenous and comparable, except for lumbar
flexion ROM, before commencing the interventions.

The results showed significant time × intervention
interaction effects, suggesting the implemented therapeu-
tic interventions exerted variable time-dependent effects
on NPRS scores, lumbar ROM (flexion and extension)
scores, ODI scores, OMPSQ scores and GROCS scores
(Table 3).

Data on NPRS show the significant within-group dif-
ference (i.e. at baseline, 6, 12, and 24 weeks) (p<0.001), and
between-group (i.e. conventional physiotherapy, DSE, and
DSE + MET) (p<0.001). The post-hoc analysis following
Bonferroni adjustment revealed that the DSE + MET inter-
vention resulted in a significant (p<0.001) better outcome
expressed as a larger NPRS reduction compared to the
other interventions (DSE or conventional physiotherapy).
The effects on NPRS in the DSE + MET group and the DSE
group showed no significant differenceswhen compared at
12 weeks (post-treatment) and 24 weeks (follow-up) (Ta-
ble 3), indicating that the achieved treatment effects of
these interventions were retained at 24 weeks follow-up
which was not the case for the conventional physiotherapy
group.

ROM for lumbar flexion scores showed significant
within-group changes (i.e. baseline, 6-weeks, 12-weeks,
and 24 weeks) (p<0.001), and between-groups differences
(DSE + MET, DSE, and conventional physiotherapy)
(p=0.001). The post-hoc analysis following Bonferroni
adjustment revealed a better outcome for the DSE + MET
intervention compared to the other interventions (DSE and
conventional physiotherapy) (p<0.001) (Table 3). Because
there was a between-group difference in lumbar flexion
ROM at baseline, ANCOVA analysis was conducted to
remove this baseline effect when analyzing and comparing
between-group effects. The results show significantwithin-
group changes (i.e. baseline, 6, 12, and 24 weeks) (p<0.001)

and between-groups differences (DSE + MET, DSE, and
conventional physiotherapy) (p<0.001). The post-hoc
analysis revealed a significant interaction effect
(time × group) (p<0.001) (Table 3). ROM for lumbar
extension scores showed similar effects and the ROM for
lumbar flexion scores, with significant difference within-
group changes (i.e. at baseline, 6, 12, and 24 weeks)
(p<0.001), and between-group differences (DSE + MET,
DSE, and conventional physiotherapy) (p<0.001). The post-
hoc analysis following Bonferroni adjustment revealed a
significantly better outcome in lumbar extension ROM for
the DSE + MET intervention compared to the DSE and
conventional physiotherapy intervention p=0.001 Table 3.
In conclusion, the results show that DSE + MET demon-
strated better treatment effect thanDSE or the conventional
physiotherapy intervention on measures of lumbar ROM.
The highest improvement in lumbarmobility was observed
in the DSE + MET group with a mean value of 46.34°, or
47.99° after baseline adjustment, for lumbar flexion and
29.63° for extension (Table 3).

ODI scores showed significant within-group changes
(i.e. at baseline, 6, 12, and 24 weeks) (p<0.001), with ODI
scores decreasing in time in all groups irrelevant of the type
of intervention which was received (Table 4). Hence,
between-group comparisons did not reveal any significant
differences (DSE + MET, DSE, and conventional physio-
therapy) (partial eta squared = 0.009). The post-hoc anal-
ysis following Bonferroni adjustment revealed no
significant interaction effects (time × group).

ÖMPSQ scores showed significant within-group
changes (i.e. baseline, 6, 12, and 24 weeks) (p<0.001)
decreasing over time. Furthermore, there was a significant
difference in between-group change (DSE + MET, DSE &
conventional physiotherapy) (p<0.001). The post-hoc
analysis following Bonferroni adjustment revealed that
DSE +MET had a significantly lower score than the DSE or
conventional group (p<0.001) (Table 4). Furthermore,

Table : Participants’ baseline mean scores of study outcomes.

Variables All participants (n=)
M ± SD

MET + DSE group (n=) M ± SD DSE group (n=)
M ± SD

Control group (n=)
M ± SD

F-value p-Value

PNRS . ± . . ± . . ± . . ± . . .
LfxROM . ± . . ± . . ± . . ± . . .
LexROM . ± . . ± . . ± . . ± . . .
ODI . ± . . ± . . ± . . ± . . .
OMPSQ . ± . . ± . . ± . . ± . . .
GROCS . ± . . ± . . ± . . ± . . .

M,mean; SD, standard deviation; PNRS, pain numeric rating scale; LfxROM, lumbar flexion range ofmotion; LexROM, lumbar extension range of
motion; ODI, Oswestry Disability Scale; ÖMPSQ, ÖrebroMusculoskeletal Pain ScreeningQuestionnaire; GROCS, Global Rating of Change Scale.
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significant interaction effects between the groups
(time × group) were revealed. Pairwise comparisons
showed that ÖMPSQ scores at 12 weeks (post-treatment)
and 24 weeks (follow-up) did not significantly differ,
evidencing that the effects were retained at 24 weeks
follow-up, which was observed in all groups. In contrast,
DSE +MET intervention had the highest pronounced effect
on the ÖMPSQ score p<0.001.

GROCS scores showed significant within-group
changes (i.e. baseline, 6, 12, and 24 weeks) p<0.001 in-
crease over time. Between-group comparisons show sig-
nificant difference p<0.001 with DSE + MET dem-
onstrating better outcome compared to DSE or conven-
tional group. Significant interaction effects (time ×
group) showed that the DSE + MET group reported the
greatest change of GROCS score over time compared to
the other groups, with a change of 5.19 at 12th week and
5.27 at 24th week as against 1.84 baseline score, this in-
dicates a score of quite a bit better on the questionnaire
grading (p<0.001) (Table 4).

Discussion

Studies reporting on the effectiveness of MET as a stand-
alone treatment intervention or MET in combination with
other therapeutic exercises (particularly trunk stabilization
exercises) for NSLBP are limited [32, 33]. A Cochrane review
showed that MET in combination with other therapeutic
modalities shows potential and can be regarded as safe for
treating chronic NSLBP [32]. However, it was suggested
that further research using a robustmethodology is needed
to enhance treatment effects for the management of
chronic NSLBP and to examine whether these effects can
bemaintained on the long-term [32]. Also, a recent scoping
review we performed indicated that most existing studies
which have examined the effects of MET in chronic NSLBP
lack methodological rigour which resulted in the inability
to establish the effectiveness of MET in combination with
other therapeutic modalities for the treatment of chronic
NSLBP [33]. Therefore, based on the identified shortcom-
ings and previously made recommendations the method-
ological quality of the present study was significantly
improved compared to the previously reviewed studies
[33]. Specific improvements included the use of appro-
priate sample size, a double-blind design, explanation of
sampling and randomization procedures, increasing the
number and the duration of the intervention sessions, and
reassessment of the outcome measures at 24-week follow-
up to examine whether treatment effects were retained in
the long term.Ta
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Table : Estimate of the effects of the study interventions on the psychosocial and health status outcomes.

Variable Intervention     Two-way ANOVA

M SE M SE M SE M SE Arm

ODI
A . . . . . . . . – p<.

– p<.
– p<.
– p<.
– p<.
– p=.

Main effect “within group”: F(., )
=; p<.; η=.
Main effect “between group”: F(, )
=.; p<.;η=.
Interaction effect (time × interventions):
F(., )=.; p<.; η=.

B . . . . . . . . – p<.
– p<.
– p<.
– p<.
– p<.
– p=.

C . . . . . . . . – p<.
– p<.
– p<.
– p<.
– p=.
– p=.

R A–B p=.
A–C p=.
B–C p=.

A–B p=.
A–C p=.
B–C p=.

A–B
p=.
A–C
p=.
B–C
p=.

A–B
p<.
A–C
p=.
B–C
p=.

Post-hoc
Bonferroni
adjustment

OMPSQ
A . . . . . . . . – p=.

– p<.
– p<.
– p<.
– p<.
– p=.

Main effect “within group”: F(., )
=; p<.; η=.
Main effect “between group”: F(, )
=.; p<..; η=.
Interaction effect (time × interventions):
F(., )=.; p<.; η=.

B . . . . . . . . – p<.
– p<.
– p<.
– p<.
– p<.
– p=

C . . . . . . . . – p=.
– p<.
– p<.
– p<.
– p=.
– p=.

R A–B p=.
A–C p=.
B–C p=.

A–B p=.
A–C p=.
B–C p=.

A–B
p<.
A–C
p<.
B–C
p=.

A–B
p<.
A–C
p<.
B–C
p=.

Post-hoc
Bonferroni
adjustment
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Based on the available literature, this study is the first
to use the ÖMPSQ in an RCT design examining the com-
bined effect of manual therapy and stabilization exercises
on limitation in daily activities and participation re-
strictions or on the risk to develop disabling chronic
NSLBP. The advantage of this tool is that it provides
important information that it contains constructs which
provide insight on psychosocial factors explaining the
patient’s experience of the condition which can be used to
identify the risk of chronicity, which might be difficult to
assess using other standard medical examination tools.
The finding of this study reveals better post-intervention
ÖMPSQ scores in DSE combined with MET compared to
DSE as a standalone intervention or to conventional
physiotherapy.

The overwhelming majority of studies on chronic
NSLBP use heterogeneous samples to test the effectiveness
of therapeutic interventions [58], this might be the reason
why some interventions have not yielded satisfactory re-
sults asmany of these studies could not establishwhether a

specific subgroup of patients may be more responsive to a
particular intervention. Thus, the sample of this present
study was homogeneous as only chronic NSLBP with hip/
thoracic stiffness and lumbar hypomobility were included
and patients with central sensitization and fear of move-
ment were excluded.

The approach of a combination of stabilization exer-
cises (DSE) and manual therapy (MET) proved more
beneficial in relieving pain and improving lumbar mobility
deficits and demonstrated the greatest satisfaction based
on improved health status than DSE alone or conventional
therapy. This finding is supported by studies which re-
ported that multimodal treatments involving manual
therapy and therapeutic exercises have the greatest impact
on pain levels, lumbar mobility and general health status
in patients with chronic NSLBP [10, 59–63]. Niemistö et al.
[64] further noted that the increase inmobility could be due
to the effect of MET, as it is used to correct any biome-
chanical dysfunctions in the lumbar or pelvic segments.
Any muscular tension producing pain was treated by

Table : (continued)

Variable Intervention     Two-way ANOVA

M SE M SE M SE M SE Arm

GROCS
A . . . . . . . . – p<.

– p<.
– p<.
– p<.
– p<.
– p=.

Main effect “within group”: F(., )
=; p<.; η=.
Main effect “between group”: F(, )
=.; p<.; η=.
Interaction effect (time × interventions):
F(., ):.; p<.; η=.

B . . . . . . . . – p<.
– p<.
– p<.
– p<.
– p<.
– p=.

C . . . . . . . . – p=.
– p<.
– p<.
– p<.
– p=.
– p=.

R A–B p=.
A–C p=.
B–C p=.

A–B p=.
A–C p=.
B–C p=.

A–B
p<.
A–C
p<.
B–C
p=.

A–B
p<.
A–C
p<.
B–C
p=.

Post-hoc
Bonferroni
adjustment

=Baseline assessment, =th-week assessment, =th-week assessment, =th-week assessment, A=DSE plus MET intervention group,
B=DSE alone intervention group, C=control group, Arm=Intragroup difference between stages of the study, R=between-group difference, M,
mean; SE, standard error; ODI, Oswestry Disability Index; OMPSQ, OrebroMusculoskeletal Pain ScreenQuestionnaire; GROCS, Global Rating of
Change Scale.
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passively stretching the muscles and teaching auto
stretching techniques, thus resulting in better changes on
health status and treatment satisfaction. Additionally,
Balthazard and Goumoens [63] demonstrated that MET,
when combined with therapeutic exercises, provide im-
mediate and long-term analgesic effects for patients with
chronic NSLBP.

As far as we are aware, this is the first RCT aimed at
examining the effectiveness of the combination of MET as a
manual therapy technique with DSE as motor control ex-
ercises for the treatment of chronic NSLBP, which was
based on the idea that the treatment objectives of each
treatment strategy would complement each other and re-
sults in concomitant positive effects for biopsychosocial
outcomes (pain, trunk range of motion, functional
disability, health status, activity limitations and partici-
pation restrictions) of greater magnitude than the effects of
a single model regime. This study shows that the thera-
peutic effects were obtained within the 12 weeks of the
study and were retained at the 24 weeks follow-up period,
this was more often retained for DSE + MET group.

In regards of functional disability, this study showed a
reduction of the ODI score across all groups, and although
DSE in combinationwithMET led to the greatest reductions
in disability which were of clinical importance [42] no
significant between-group differences could be estab-
lished. This finding was corroborated by other studies
which have reported that MET combined with therapeutic
exercises is not superior to a standalone MET intervention
or to conventional physiotherapy for improving chronic
NSLBP related disability [25, 31, 35, 60–62, 64]. Addition-
ally, Franca et al. [59] even reported that MET alone, in the
form of selected lumbar muscle stretching, was less effec-
tive than segmental stabilization exercises in reducing
functional disability in chronic NSLBP. In contrast, some
studies reported manual therapy and therapeutic exercise
interventions in chronic NSLBP to significantly reduce
functional disability and the combination of both resulting
in better outcomes than standalone interventions or con-
ventional physiotherapy [62, 63, 66]. Hence, there was no
consistent finding in the literature on the effectiveness of
the combination of motor control exercises like DSE and
manual therapy in the form of MET compared to stand-
alone interventions or conventional physiotherapy for the
management of patients with chronic NSLBP. The current
study findings also could not establish the better thera-
peutic effect of the combination of MET with DSE as
compared to DSE alone or conventional physiotherapy in
improving functional disability. But there was a significant
increase of clinical importance in the DSE +MET group and

that the therapeutic effects were retained at least 24 weeks
post-intervention in patients with chronic NSLBP.

In summary, based on the findings of this study, it
was concluded that DSE combined with MET can be
administered to patients with chronic NSLBP with lumbar
hypomobility to reduce pain intensity, functional
disability, limitations in activities and restrictions in
participation, and to improve lumbar ROM and self-
perceived health status in patients with chronic NSLBP.
This procedure can, therefore, serve as a valid additional
alternative therapeutic intervention to clinicians for the
management of chronic NSLBP as it shows greater effects
on pain intensity, trunk ROM, activity limitations/partic-
ipation restrictions and changes in health status than DSE
alone or conventional physiotherapy and the treatment
effects were better retained on the long term. An addi-
tional benefit is that the use of medication which has
many side effects and surgical intervention costs could
potentially be reduced or avoided.

The researchers concede limitations to this study. First,
the study locationwas urban and in Nigeria, there is a large
difference in sociodemographic characteristics between
urban and rural dwellers so the research findings need
caution as they may not be representative for the general
population of patients with chronic NSLBP. Second,
moderate-intensity DSE was used in both treatment in-
terventions because cardiorespiratory parameters were not
of interest in this study and this intensity was sufficient to
provide the desired effects on the outcome variables in
patients with chronic NSLBP. Third, the results of this
study should only be generalized to patients with chronic
NSLBP tested and classified into a movement coordination
impairment subgroup and displaying signs of hip/thoracic
stiffness and lumbar hypomobility. To allow generaliz-
ability of the study findings, further research is recom-
mended to provide evidence on the clinical importance of
the combination of DSEandMET in chronicNSLBPpatients
with other clinical presentations.

Harms

The research did not potentially involve any serious risk or
harms. The MET procedure was generally described as safe
[32, 62]. However, patients in the DSE + MET and the other
groups may experience mild discomfort due to the exer-
cises. This may include temporary muscle soreness and
dizziness and increases in heart rate, blood pressure, and
sweating. However, every precaution was taken to prevent
injuries.
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Conclusion

Based on the findings of this study, it was concluded that
DSE in combination with MET leads to greater therapeutic
benefits than DSE alone or conventional physiotherapy on
selected biopsychosocial outcomes, including pain in-
tensity, lumbar ROM, functional disability, limitation in
activities, restrictions in participation and self-perceived
health status, in patients with chronic NSLBP. This
conclusion was based on the methodological strengths of
this studywhich include adequate sample size, elimination
of selection bias (through randomization) and interpreta-
tion bias (through double blinding). Additionally, the
therapeutic intervention is safe and can elicit beneficial
effects which can serve as a valid additional alternative
therapy to physiotherapists in the management of patients
with chronic NSLBP.
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