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The effect of treadmill walk with abdominal 
bracing versus usual care on functional 
limitation and fear‑avoidance behaviours 
in the management of non‑specific low back 
pain—a randomized control study
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Abstract 

Background:  The use of a combined abdominal bracing technique concurrently with treadmill walking exercise 
seems not to have been widely investigated, The use of either abdominal bracing and treadmill walk as a single 
individual method of treatment has proven to be of immense benefit in athletic training and amelioration of pain and 
functional limitation among different age groups suffering from chronic low back pain. Thus, the need to investigate 
whether the combination of abdominal bracing and treadmill walking would produce greater benefits than when the 
exercises are carried out in isolation in the management of chronic low back pain patients.

Study design:  The study was a randomized control.
Participants:  Thirty-three participants who met the inclusion criteria with age from 18 to 65 participated in the 
study.

Aim:  This study aimed to compare the effects of treadmill walk with and without abdominal bracing versus usual 
care on pain, functional limitation and fear-avoidance behaviours among patients with non-specific chronic low back 
pain.

Methods:  Thirty-three non-specific chronic low back pain (NSCLBP) patients were randomized into three groups 
treadmill walk without abdominal bracing (TWW), treadmill walk with abdominal bracing (TWAB) and usual care (UC). 
Interventions were carried out for 6 weeks.

Outcome measure:  Pre and post-intervention scores of pain intensity, functional limitation, and fear-avoidance 
belief were assessed with box numerical pain rating scales, Oswestry disability index and Fear-Avoidance Belief Ques-
tionnaire, respectively.

Results:  Pre-intervention scores of pain intensity functional disability and fear-avoidance belief did not show signifi-
cant differences among the groups (P >0.05). Within-group analysis with paired t-test showed that pain intensity and 
functional limitation were significantly reduced after 6 weeks of intervention among the 3 groups. Fear-avoidance 
belief recorded statistical reduction among the 2 treadmill procedures (TWAB and TWW) groups (P<0.05) but not in 
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Introduction
Back pain is now the most common musculoskeletal 
complaint being reported among almost all age groups, 
the episodic experience is expected once in every indi-
vidual during their lifetime [1]. Low back pain (LBP) is 
a very broad musculoskeletal disorder affecting several 
age groups in different communities irrespective of the 
level of education [2]. Up till this present time, it was said 
to have mostly resisted pharmaco-therapeutic advances 
provided by modern medicine, thereby failing categoriza-
tion and its effective management leading to recurrence 
and eventual chronicity. Prevailing knowledge puts the 
incidence and impact of LBP at a very substantial spread 
since the advent of organized medicine [3]. It has also 
been found out to be an enormous problem that con-
tinues to pose a major health challenge associated with 
functional disability, while its global burden in terms of 
economic loss among other musculoskeletal conditions 
such as Hip and knee arthritis for individuals and soci-
ety comes at a great cost [4, 5]. Africa has been the major 
hit of this musculoskeletal burden, while a lifetime preva-
lence rate of 70% for developing countries was widely 
reported by [6]. Clinically, LBP is a multifactorial condi-
tion with a wide variety of associated physical dysfunc-
tions which includes hypomobility around the lumbar 
region, reduced lumber function and performance as well 
as recalcitrant pain and functional disability [7].

Impairments such as pain and functional disability usu-
ally experienced by low back pain sufferers have been 
attributed to the weakness of core muscles among other 
factors that provide stability to the low back [8]. The core 
is comprised of passive and active structures and a neural 
control unit [9]. The core comprises the local and global 
group of muscles, The local core muscles (local stabilizer) 
include the transverse abdominis, multifidus, internal 
obliques, transversospinalis, and pelvic floor muscles; the 
global core muscles include the erector spinae, external 
obliques, rectus abdominis, and quadratus lumborum 
[10].

Exercises remain the intervention with the highest 
level of evidence in terms of conservative management 

of CLBP with positive impacts on pain reduction, pain 
recurrence, functional limitation as well as the qual-
ity of life including mental health [11]. However, there 
have been raging controversies about which type of 
exercise treatment works best for the management of 
non-specific chronic low back pain, especially its asso-
ciated functional limitation, pain and fear-avoidance 
behaviours. Current trends in terms of findings from 
RCT and systematic reviews appeared to be in favour 
of trunk stabilization exercises, abdominal bracing and 
general trunk endurance exercises [12–15].

Core training for effective functional movement via 
the use of facilitated core stabilization training such 
as abdominal bracing has become a useful exercise 
in the rehabilitation of spinal disorders and athletic 
sports [16]. Abdominal bracing is subtle in drawing of 
the lower abdominal muscles. It is a form of core mus-
cle activation exercise where the muscles surrounding 
the trunk are gently activated, it requires the engage-
ment of the entire trunk, diaphragm and lumbo-pelvic 
floor muscles [17]. Some researchers have shown that 
gentle abdominal bracing can lead to improvement in 
trunk muscle functions such as co-contraction of deep 
stabilizing muscles, which facilitates the attainment of 
neutral spine posture, recovery from injury and relief of 
chronic lower back pain [17–19].

Treadmill walk appears to be gaining more accept-
ance as a mode of exercise in the rehabilitation of func-
tion and recovery among patients with spinal disorders 
[20, 21]. This might be partly due to its demonstrative 
effects on improving muscular function in both upper 
and lower limbs as well as activation of global back 
and abdominal muscles during prolonged trunk exten-
sion with associated cardiovascular endurance benefits 
[22, 23]. However, both exercise contributes differently 
in core strengthening development and trunk mus-
cle endurance facilitation, therefore this present study 
aimed to investigate the effects of combined abdominal 
bracing with treadmill walk and treadmill walk alone on 
functional limitation, Fear-avoidance behaviours and 
pain in adults with chronic non-specific low back pain.

the usual care groups (P>0.05). Participants in the TWW group showed greater improvement than those in TWAB in 
terms of reduction in pain intensity (24.17±16.49), functional limitation (7.00±5.97, P = 0.001) and fear- avoidance 
(30.83±17.90, P = 0.003)

Conclusion:  Treadmill walk with and without abdominal bracing as well as usual care could be effective in reducing 
pain. However, treadmill walk without abdominal bracing was more effective in improving back function in terms 
of reduction in pain intensity, functional limitation (as reported by the Oswestry scale) and reducing fear-avoidance 
behaviour (as reported by fear-avoidance belief scores).

Trial registration:  PACTR, PACTR​20191​06916​45076. Registered on 22 October 2019.

Keywords:  Treadmill walk, Core stability muscle, Facilitation, Abdominal bracing, NSCLBP

http://www.pactr.org/%20PACTR201910691645076
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Materials and methods
The methodology used in the recruitment, assessment 
and treatment procedures in this study followed the 
CONSORT statement guidelines for the conduct of 
randomized control trials

Study design
A pre and post-test randomized control pilot study 
among patients with NSCLBP. The pilot is being carried 
out in preparation for a large randomized controlled 
trial in which treadmill walk and abdominal bracing 
core muscle activation will be the main intervention.

Participants

Recruitment and sample size estimation  Non-specific 
low back pain aged between 18 and 65 years referred 
from the orthopaedics and spinal surgeons of the 
National Orthopaedic Hospital Dala who willingly give 
their consent were recruited to participate in the study.

A sample size of 33 participants was involved in this 
study, this sample size was based on the pilot study sam-
ple size estimation rule of thumb for RCT involving con-
tinuous variables; n = 2 (Za + Z1 − β)2σ2/Δ2, Where n 
= sample size, a two-sided significance of P < 0.05 with 
0.80 power [24]. Zα = 1.96 (two-tailed) and Z1-β = 0.84, 
studies that adopted similar sample size estimation, have 
been reported [24–29]. Thus, the sample size for the pre-
sent study was calculated to be 2 (0.84) (0.36)/0.64, = 
8.82. An attrition rate of 20% was added, thus, a total of 
33 were consecutively recruited.

Inclusion criteria
The main inclusion criteria were patients with NSLBP 
of mechanical origin with no radicular symptoms, and 
aged 18 to 65 years old. The patients were eligible irre-
spective of their educational status, in as much as they 
could read in either Hausa or English languages and 
consented to participate in the study.

Exclusion criteria
Participants with a history of previous surgery to the 
spine and/or lower extremity and musculoskeletal 
conditions associated with pain and reduced mobility 
affecting the spine and /or extremities were excluded. 
Participants with medical conditions that might affect 

the use and correct performance of the treadmill proto-
col exercises were also excluded.

Procedure

Ethical consideration  Ethical clearance was sought and 
obtained from the Research and Ethical Committee of 
National Orthopedic Hospital, Dala, Kano State (Ref: 
NOHD/RET/ETHIC/60), before the commencement of 
the study. Informed consent was sought and obtained 
before participants started the intervention. Participants 
were given enough time to consult with their doctors and 
make informed decisions of their suitability to participate 
in the trial.

Screening for inclusion criteria  Before randomization, 
prospective participants were screened for inclusion 
criteria and for safe use of treadmill by a research assis-
tant, For safety to use of treadmill exercises Participants 
were screened for any cardiovascular abnormality such 
as elevated blood pressure and all acute musculoskeletal 
injuries or symptoms of physical limitations and cardio-
vascular complications that might affect the safety of car-
rying out treadmill based exercises using self-adminis-
tered physical activity readiness questionnaire ( PAR-Q) 
as described in the previous study [30, 31].

Randomization
The individuals that met the eligibility criteria were ran-
domized by an assistant who did not have the knowledge 
of treatment procedures in groups A, B, and C. A sim-
ple randomization procedure was followed by the use of 
a computer-generated random number to determine the 
allocation sequence before the allocation of participants 
to the study group as described by [32]. The participants 
in group A carried out abdominal bracing while walk-
ing on the treadmill together with usual care, while the 
Participants in Group B carried out treadmill walk with 
usual care but without abdominal bracing and partici-
pants in Group C will only have usual physiotherapy care.

Assessments and outcome measures

Demographic variables  Social-demographic demo-
graphic variables of the participants such as age, gender 
history of the recent injury to the spine and or extremi-
ties using the researcher-developed data collection form. 
The weight and height of the participants were measured 
using a bathroom weighing scale ( Secca Germany) and a 
height meter (A Charder HM200P Portstad Portable Sta-
diometer (Charder Medical, Taiwan, ROC, 2007) to the 
nearest 0.1 kg and 0.1 m, respectively.
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Outcome measures
Oswestry Disability Index scores of functional limitation 
were the primary outcome measure in this pilot study 
while other outcome measures will be secondary. Thus, 
changes in ODI after the intervention will provide data 
that will be used for sample size estimation in large RCT. 
Assessment of outcome measures will be carried out pre 
and post 6-week exercise intervention.

Pain intensity  Pain intensity was measured with box 
numerical pain rating scale (BNPRS): The Box-21 is iden-
tical to the Box-11, but presents 21 boxes in a row, with 
numbers labelled from 0 to 100 in increments of 5 [33]. 
A scale with 21 levels has been shown to provide a suf-
ficient level of discrimination for chronic pain patients to 
describe their pain based on both psychometric proper-
ties and preference, it was thus proposed by [33] that the 
Box-21 is the instrument of the first choice in a mixed or 
heterogeneous population of patients such as low back 
pain. Reliability has been demonstrated even in some 
other musculoskeletal conditions (r = 0.96 and 0.95, 
respectively) with a validity of r= 0.86 to 0.95 when com-
pared to VAS [34].

Functional disability  Functional Disability was meas-
ured with the modified Oswestry Disability Index (ODI), 
The modified Oswestry Disability Index which is also 
known as the Oswestry Low Back Pain Disability Ques-
tionnaire is an important tool that researchers and dis-
ability evaluators use to measure a patient’s permanent 
functional disability. ODI is the most commonly used 
and cited tool for this purpose, followed by the Roland 
Morris disability questionnaire (RMDQ) This test is con-
sidered the gold standard of low back functional outcome 
tools. This will be used to assess the level of disability 
among the participants. It has an internal consistency of 
0.75 and test-retest reliability of 0.91 as reported by [35]

Interventions

Abdominal bracing  Before walking on the treadmill, 
participants were shown the location of the core stabil-
ity muscles as described by [36]. In crook lying position, 
they were trained on how to carry out abdominal brac-
ing manoeuvres to activate core muscles as described 
by [37]. Only those who can brace abdominal muscles 
effectively in crook lying, standing and walking positions 
were allowed to progress to treadmill walk combined 
with abdominal bracing exercises. Abdominal bracing 
for the activation of the core muscle was confirmed with 
palpation of the transversus abdominis muscles. Effective 

abdominal bracing for activation of core muscles in 
this study is described as the ability to achieve at least 
10mmHg deflection on the scale of pressure biofeedback 
unit (PBU) in crook lying position while it was inflated 
to 70 mmHg initial pressure, the participants must be 
able to sustain abdominal bracing for 10 s in 10 succes-
sive attempts [37, 38]. Participants were asked to main-
tain abdominal bracing while walking on the treadmill 
by very gently contracting or tensing the abdominal wall, 
especially in the area below the belly button, keeping the 
inward curve in their lower back (avoid rounding their 
lower back), breathing normally throughout and not to 
hold their shoulders in elevated positions [39, 40].

Treadmill walk  Participants in this group carried out 
treadmill exercises using the modified Bruce protocol as 
previously reported in previous chronic low back pain 
intervention studies [21, 41–45]. The detail of the proto-
col is as listed below;

Warm-up: Speed: 3.3 miles per hour (mph), 0% incli-
nation and duration of 5 min
Speed: 3.3 miles per hour (mph), 0% inclination and 
duration of 5 min
Weeks 1: Speed: 3.3–5.0 mph (increase 0.5mph/ 
minute for 10 min), at 1 % inclination
Week 2: Speed: 3.3–5.0 mph (increase 0.5mph/ min-
ute for 15 min), at 2 % inclination and total duration 
of 20 min
Week 3–6: Speed: 3.3–5.0 mph (increase 0.5mph/ 
minute for 20 min), 3 % inclination with subsequent 
1% increase till 6 weeks

Usual care  The patients received Infra-red radia-
tion for 15 min before performing lumbar conventional 
physiotherapy exercises such as Flexibility exercise which 
involves single and double knee to the chest for stretch-
ing and flexibility of the back extensor and strengthening 
of the rectus-oblique muscles. In prone lying with pillow 
support with one leg sliding for strengthening the back 
extensor muscles, cycling in supine for strengthening the 
abdominal muscles and coordinating anterior and pos-
terior lumbar muscles. Bridging exercises was also done 
for strengthening back extensor muscles as described by 
[46].

Exercise groups

GROUP A: treadmill walking combined with abdominal 
bracing and usual care (TWAB)  Participants in this 
group were taught how to carry out abdominal bracing 
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before they were asked to combine it with walking on the 
treadmill as described above.

Group B: treadmill walk without abdominal bracing 
and usual physiotherapy care (TWW)  Participants in 
this group performed treadmill walk using the modified 
Bruce protocol as described by [47] with usual care as 
described above, twice a week for 6 weeks.

Group C: usual physiotherapy care group (UC)  Some of 
the best evidence in conventional or usual care physio-
therapy as described by some scholars which were based 
on meta-analysis and systematic reviews as described 
above was applied to participants in this group [25, 47, 
48].

Blinding
The physiotherapist evaluating the outcome measures 
was blinded to the participants’ assigned intervention 
groups. The therapists providing the intervention were 
blinded to pre-treatment and post-treatment assessment 
scores before the analysis of the results.

Statistical analysis
The data analysis procedure was carried out using the 
SPSS 20th version software ((IBM Co., Armonk, NY, 
USA). Shapiro-Wilk test showed that all the data gener-
ated from the independent variables were normally dis-
tributed (P>0.05). Means and standard deviations were 
used to summarize the data such as age, height, weight, 
BMI and duration of back pain.

One-way analysis of variance (ANOVA) was used 
to analyse the difference between the scores obtained 
BPNRS, ODI, and FABQ pre and post-intervention. 
Paired t test was used to analyse pre-intervention and 
post-intervention differences between the independent 
variables within the individual groups.

Post hoc analysis was carried out to ascertain the 
clinical significance of the statistical difference observed 
between the independent variables. The level of signifi-
cance was set at 0.05.

Results
Thirty-three participants met the inclusion criteria and 
were randomized into the 3 groups of interventions that 
comprises 11 participants each. However, a total number 
of 5 participants dropped out while 28 participants com-
pleted the study and underwent post-intervention assess-
ments as presented in the flow chart (Fig. 1).

The mean age of participants in years ranges from 43.4 
0 (±11.72), 36.00 (±17.80) and 43.0 (±14.81) in groups 
A, B and C, respectively. The BMI average scores were 

23.32 (5.4) kg/m2, 25.48 (5.37) kg/m2 and 22.08 (4.81) 
kg/m2. Age, weight, body mass index and height did not 
show significant differences among the groups at baseline 
(Table 1) (P> 0.05).

Table 2 shows the pre and post-intervention scores in 
pain intensity functional disability and fear-avoidance 
belief.

The pre-intervention scores of pain intensity. Func-
tional disability and fear-avoidance did not differ sig-
nificantly among the 3 groups (P > 0.05). Reduction in 
post-intervention pain intensity functional limitation 
was recorded by the 3 groups. The usual care group did 
not show improvements in the Fear-avoidance behaviour 
(58.16±17.26, p = 0.425) scores which were recorded by 
the TWW and TWAB groups The greatest improvement 
in terms of reduction in pain intensity (24.17±16.49), 
functional limitation (7.00±5.97) and fear-avoidance 
(30.83±17.90) were recorded by TWW group while the 
least improvements in pain functional limitation and 
fear-avoidance were recorded by the usual care group. 
The post -hoc analysis was significant in the domain 
of functional limitation in Groups A and B (TWAB 
13.9±6.61, TWW 7.00±5.97, p = 0.001.) while the post-
intervention score for Fear-avoidance belief was only 
significant in Group B (TWW 30.83±17.90, p =0.001) 
the least significant effect was in the usual care group 
(Table 3).

Discussion
Clinical guidelines from different parts of the world are 
unequivocal in their recommendations of exercises for 
the management of NSCLBP. However, these guide-
lines do not recommend a particular exercise; hence, 
the choice of exercise for chronic LBP largely depends 
on the preferences and the experiences of the clinicians 
It is important for the choice of exercise therapy to be 
easy to perform and effective in terms of reduction in 
pain, functional limitation and fear-avoidance. Thus, the 
objective of this study was to compare among the effects 
of treadmill walk with core muscle activation, treadmill 
walk alone and usual care in terms of functional limita-
tion, fear of movement and pain intensity on patients 
with NSCLBP.

Findings from this study showed that treadmill walk 
with and without abdominal bracing as well as usual 
care when used as a separate intervention could be 
effective in reducing pain and functional limitation. 
The results of this study support previous studies that 
reported that treadmill exercises and motor control 
exercise in form of core muscle activation is effective in 
decreasng pain and activity limitation in patients with 
chronic LBP [41, 42, 48–50]. The 2 treadmill groups 
showed better results than usual care in the reduction 
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of fear-avoidance behaviour. Treadmill walk alone 
group recorded a better improvement average score 
but there was no statistically significant difference 
between t treadmill alone and treadmill with abdomi-
nal bracing in terms of all the study variables. Given 
these considerations, treadmill walks alone appear to 
be most appropriate. This result is in tandem with the 
results of a previous study carried out to compare the 
effects of general endurance exercises and stabilization 
exercises and found that the general exercise as walk-
ing reduces disability and pain in the short term better 

than a stabilization [50]. This result could also bag a 
question of whether or not every patient with NSCLBP 
should undergo stabilization exercises or whether it is 
only those patients with features of spinal instability 
and clinical prediction rules for improvement with spi-
nal instability that should undergo core spinal muscles 
activation training?

Effectiveness of walking in the management of 
NSCLBP has been reported by previous studies [41, 42, 
50]. Two of these studies were carried out among chronic 
low back pain patients with failed surgical operations 

Fig. 1  Consort flow diagram

Table 1  Participants’ socio-demographic characteristics at baseline

TWAB treadmill with abdominal bracing, TWW​ treadmill without abdominal bracing, UC usual care, DOBP duration of back pain, SD standard deviation

Variables value GRP A (TWAB) GRP B (TWW) GRP C (UC) F value P value
Mean ±SD Mean ±SD Mean ±SD

Age (years) 43.40±11.72 36.00±17.80 43.0±14.81 0.907 0.414

Height (m) 1.6± 0.11 1.64±0.10 1.60±0.74 0.18 0.221

Weight (kg) 62.58±12.6 70.0±16.48 57.50±11.29 1.27 0.106

BMI (kg/m2) 23.32±5.4 25.48±5.37 22.0± 4.81 0.64 0.212

DOBP (months) 23.85±8.21 29.13±33.91 57.20±43.47 2.178 0.132
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[41, 42]. However, it could be possible the pain generat-
ing mechanisms in failed surficial low back patients will 
not be the same in patients with NSCLBP; thus, findings 
from this study lack generalizability to the population of 
NSCLBP. The other study compares the effects of core 
muscle activation exercise alone with general endurance 
exercise in the form of treadmill walk and reported a bet-
ter effect for treadmill walks [50]. In both studies, each of 
the treadmill walk and core muscle exercises was carried 
out as a single and stand-alone exercise. In the present 
study, we compare among the effects of each of treadmill 
walk alone, treadmill walk with abdominal bracing and 
usual care

It seems that there is a dearth of studies that have 
employed the use of combined core activation tech-
nique with treadmill walk carried out concurrently as a 
single intervention, a previous study that demonstrated 
the feasibility of carrying out core abdominal bracing 
and treadmill walk as a combined intervention among 
apparently healthy individuals [51] we anticipated 
better reduction in pain. functional limitation and 
fear-avoidance in the group that carried out treadmill 
walk with abdominal bracing as a combined interven-
tion partly due to the reinforcement of effects of core 
muscle activation and treadmill walk as opined in one 
of the previous studies [41, 42] and partly due to an 
anticipation that core muscle activation incorporated 

Table 2  Pre- and post-intervention scores of pain intensity. Functional limitation and fear-avoidance behaviours among the 
participants

*Significant below

The pre-intervention scores of pain intensity. Functional disability and fear-avoidance did not differ significantly among the 3 groups (P > 0.05). Reduction in post-
intervention pain intensity functional limitation was recorded by the 3 groups. The usual care group did not show improvements in the Fear-avoidance behaviour 
(58.16±17.26, p = 0.425) scores which were recorded by the TWW and TWAB groups The greatest improvement in terms of reduction in pain intensity (24.17±16.49), 
functional limitation (7.00±5.97) and fear-avoidance (30.83±17.90) were recorded by TWW group while the least improvements in pain functional limitation and fear-
avoidance were recorded by the usual care group (Table 2) (P < 0.05)

Groups TWAB TWW​ Usual care F value P value
Mean (±SD) Mean (±SD) Mean (±SD)

Pain intensity scores (s)

  Pre-intervention 58.8±20.46 52.08±22.4 63.75±16.01 1.224 0.307

  Post-intervention 35.00±25.49 24.17±16.49 47.5± 23.40 3.340 0.048*

  t value 6.250 4.185 2.751

  p value 0.0001* 0.002* 0.019*

Functional limitation scores (s)

  Pre-intervention 24.0±10.03 20.83±10.38) 31.6±10.17 3.235 0.52

  Post-intervention 13.9±6.61 7.00±5.97 27.3±13.72 4.369 0.001*

  t value 3.921 3.802 0.889

  P value 0.002* 0.003* 0.393

Fear-avoidance belief scores (s)

  Pre-intervention 61.08±13.04 54.00±25.07 60.75±18.53 0.503 0.609

  Post-intervention 45.42±18.81 30.83±17.90 58.16±17.26 6.923 .003*

  t value 3.389 3.767 0.829

  p value 0.006* 0.003* 0.425

Table 3  Post hoc analysis of the effects of intervention on 
pain intensity, functional limitation and fear-avoidance among 
participants (LSD)

GRP A treadmill walk with abdominal bracing, GRP B treadmill walk without 
abdominal bracing, GRP C usual care, SD standard deviation

*Significant

Post-intervention pain intensity

Groups TWAB TWW​ UC

(Mean±SD) 35.0±25.49 24.17±16.49 47.50±23.40

TWAB 35.0±25.49 – P=0.017*

TWW​ 24.17±16.49 P = 0.239 –

UC 47.50±23.40 P=0.014* –

Post-intervention functional limitation

Groups TWAB TWW​ UC

(Mean±SD) 13.9±6.61 7.00±5.97 27.3±13.72

TWAB 13.9±6.61 – P=0.001*

TWW​ 7.00±5.97 P=0.82 –

UC 27.3±13.72 P=0.001* –

Post-intervention fear-avoidance

Groups TWAB TWW​ UC

(Mean±SD) 45.42±18.81 30.83±17.90 58.16±17.26

TWAB 45.42±18.81 – P=0.009*

TWW​ 30.83±17.90 P=0.056* –

UC 58.16 (17.26) P=0.001* –
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into treadmill walk, i.e. activation and control of trunk 
muscles while carrying out walking and other func-
tional activities will lead to a better postural control 
and reduced activity limitation. However, the lack of 
superior effects in the treadmill walk with abdomi-
nal bracing might be due to the demands of activating 
core muscles and maintaining correct posture while 
doing a treadmill walk. Core muscle activation involves 
a higher level of motivation and thus, it could be that 
if the participants were further educated verbally and 
perhaps with the use of audiovisuals on how to cor-
rectly activate and maintain abdominal and bracing 
while undergoing treadmill walk and if the intervention 
were carried out for a longer period than 6-week. The 
findings from the core muscle activation with the tread-
mill walk group might be different.

Reported benefits of Walking among patients with LBP 
include improvement in the strength of the back muscles 
and flexıbılıty of movement as well as improved counter-
rotation between the thorax and pelvis. The improve-
ment recorded by the treadmill walk and abdominal 
bracing could be attributed to the reported effects of core 
muscle activation which include an improved pattern of 
activation in the core muscles of the spine [42].

It could thus be concluded that treadmill walk with 
and without abdominal bracing as well as usual care is 
effective in the rehabilitation of patients with NSCLBP. 
The use of a treadmill walk combined with abdominal 
bracing did not produce a better effect than the tread-
mill without abdominal bracing.

Limitation
The outcome measure used in this study could have 
been better reported using standardized instrumented 
outcome measures such as electromyography or real-
time ultrasound to monitor abdominal muscle contrac-
tion during abdominal bracing, this could not be done 
due to non-availability and affordability.

Conclusion
Based on the findings of this study, it can be concluded 
that facilitated core activation using the abdominal 
bracing technique with treadmill walk is effective in 
reducing pain intensity, fear –avoidance and improving 
the functional status of patients with low back pain.

Author contributions
Olowe Olajide O: Concept; Design; Definition of Intellectual content: Literature 
search; Clinical studies; Experimental studies; Data Acquisitions: Data analysis; 
Statistical analysis; Manuscript Preparation; Manuscript Editing; Manuscript 
Review; Guarantor, Sokunbi Ganiyu O: Concept; Design; Definition of Intel-
lectual content; Literature search; Data Acquisitions; Data analysis; Statistical 
analysis; Manuscript Preparation; Manuscript Editing; Manuscript Review; 
Guarantor; Salisu Abdulrafiq; Concept; Design; Definition of Intellectual 

content; Manuscript Preparation; Manuscript Editing; Manuscript Review; 
Guarantor; Okafor Anita: Concept; Design; Definition of Intellectual content; 
Data Acquisitions; Data analysis. The author(s) read and approved the final 
manuscript.

Declarations

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

Author details
1 National Orthopaedic Hospital Dala-Kano, Kano, Nigeria. 2 Bayero University 
Kano, Kano, Nigeria. 3 Redeemers University Ede Osun State Nigeria,  Ede, 
Nigeria. 

Received: 17 January 2022   Accepted: 23 April 2022

References
	1.	 Yong RJ, Nguyen M, Nelson E, Urman RD, editors. Pain medicine: an 

essential review. Springer; 2017.
	2.	 Helena M, De CS, Palma R, De VA, et al. Fisioterapia em Movimento. 

2017;30(June):367–77.
	3.	 Gatchel RJ. The continuing and growing epidemic of chronic low back 

pain. Healthcare. 2015;3:838–45.
	4.	 Ehrlich GE. Low back pain. Bull World Health Organ. 2003;81(9):671–6.
	5.	 Hoy DG, Smith E, Cross M, Sanchez-riera L, Blyth FM, Buchbinder R, et al. 

Reflecting on the global burden of musculoskeletal conditions : lessons 
learnt from the Global Burden of Disease 2010 Study and the next steps 
forward. Ann Rheum Dis. 2015;74:4–7.

	6.	 Deyo RA, Williams R. Philips. 腰痛 Primary Care Challenge.Pdf. Spine (Phila 
Pa 1976). 1996;21(24):2826–32.

	7.	 Wong JJ, Côté P, Sutton DA, Randhawa K, Yu H, Varatharajan S, et al. 
Clinical practice guidelines for the noninvasive management of low 
back pain: a systematic review by the Ontario Protocol for Traffic Injury 
Management (OPTIMa) Collaboration. Eur J Pain (United Kingdom). 
2017;21:201–16.

	8.	 Panjabi MM. Clinical spinal instability and low back pain. J Electromyogr 
Kinesiol. 2003;13(4):371–9.

	9.	 Panjabi MM. A new hypothesis, based upon the concept that sub failure 
injuries of ligaments ( spinal ligaments, disc annulus and facet capsules 
) may cause chronic back pain due to muscle control. Eur Spine J. 
2016;15(5):668–76.

	10.	 Akuthota V, Ferreiro A, Moore T, Fredericson M. Core Stability Exercise 
Principles. Curr Sports Med Rep. 2008;80309:39–44.

	11.	 Akodu AK, Tella BAOOD. Effect of Stabilization Exercise on Pain and Qual-
ity of Life of Patients with Non-specific Chronic Low Back Pain. African J 
Physiother Rehabil Sci. 2015;7(2):7–11.

	12.	 Karlsson M, Bergenheim A, Larsson MEH, et al. Effects of exercise therapy 
in patients with acute low back pain: a systematic review of systematic 
reviews. Syst Rev. 2020;9:182.

	13.	 Akhtar MW, Karimi H, Gilani SA. Effectiveness of core stabilization exer-
cises and routine exercise therapy in the management of pain in chronic 
nonspecific low back pain: A randomized controlled clinical trial. Pakistan 
J Med Sci. 2017;33(4):1002–6.

	14.	 Kasai R. Current trends in exercise management for chronic low back 
pain: comparison between strengthening exercise and spinal segmental 
stabilization exercise. J Phys Ther Sci. 2006;18(1):97–105.

	15.	 Gujba FK, Lambo N, Sokunbi G, M. A Matsa M. U. Effectiveness of core 
stability exercises in patients with chronic non- specific low back pain: a 
review of randomized controlled trials. Exp Clin Biosci. 2019;7:55–62.

	16.	 Grenier SG, McGill SM. Quantification of lumbar stability by using 2 
different abdominal activation strategies. Arch Phys Med Rehabil. 
2007;88(1):54–62.

	17.	 Maeo S, Takahashi T, Kanehisa H. Trunk muscle activities during 
abdominal bracing : comparison among muscles and exercises methods 
subjects. J Sport Sport Sci Med. 2012;12:467–74.



Page 9 of 9Olowe et al. Bulletin of Faculty of Physical Therapy           (2022) 27:35 	

	18.	 Chung SH, Lee JS, Yoon JS. Effects of stabilization exercise using a ball on 
multifidus cross-sectional area in patients with chronic low back pain. J 
Sports Sci Med. 2013;12(3):533–41.

	19.	 Kline JB, Krauss JR, Maher SF, Qu X. Core strength training using a combi-
nation of home exercises and a dynamic sling system for the manage-
ment of low back pain in pre-professional ballet dancers: a case series. J 
Danc Med Sci. 2013;17(1):24–33.

	20.	 Cho I, Jeon C, Lee S, Lee D, Hwangbo G. Effects of lumbar stabilization 
exercise on functional disability and lumbar lordosis angle in patients 
with chronic low back pain. J Phys Ther Sci. 2015;27(6):1983–5.

	21.	 Cho YK, Kim DY, Jung SY, Seong JH. Synergistic effect of a rehabilitation 
program and treadmill exercise on pain and dysfunction in patients with 
chronic low back pain. J Phys Ther Sci. 2015;27(4):1187–90.

	22.	 Karadeniz M, Dandinoğlu T, Yazıcıoğlu K, Tan AK. Assessment and com-
paring of effectiveness of over ground and treadmill walking in chronic 
low back patients. Int J Phys Med Rehabil. 2014;2(1):1–5.

	23.	 Lawford BJ, Walters J, Ferrar K. Does walking improve disability status, 
function, or quality of life in adults with chronic low back pain ? A system-
atic review. Clin Rehabil. 2015;30(6):523–36.

	24.	 Gupta KK, Attri JP, Singh A, Kaur H, Kaur G. Basic concepts for sample 
size calculation: critical step for any clinical trials! Saudi J Anaesth. 
2016;10:328–31.

	25.	 Kothari PH, Palekar TJ, M R. Shah SM. Original article effects of conven-
tional physiotherapy treatment on kinesiophobia, pain, and disability in 
patients with mechanical low back pain. J Dent Res Rev. 2019;6(3):69–71.

	26.	 Mishra P. Original research paper sample size estimation for clinical 
research. Int J Sci research. 2017;6(9):587–9.

	27.	 Suresh K, Chandrashekara S. Sample size estimation and power analysis 
for clinical research studies. J Hum Reprod Sci. 2012;5(1):7–13.

	28.	 Glueck DH. Sample Size Calculations in Clinical Research 2nd edition by 
Chow, S.-C., Shao, J., And Wang, H. Biometrics. 2008;64(4):1307–8.

	29.	 Cohen J. Statistical Power Analysis for the Behavioural Sciences. second. 
New York: Lawrence Erlbaum Associates; 1988.

	30.	 Goodman J, Thomas S, Burr JF. Physical activity series: cardiovascular risks 
of physical activity in apparently healthy individuals: risk evaluation for 
exercise clearance and prescription. Can Fam Physician. 2013;59(1):46–9 
e6–10.

	31.	 Jamnik VK, Warburton DER, Makarski J, McKenzie DC, Shephard RJ, Stone 
JA, et al. Enhancing the effectiveness of clearance for physical activity 
participation: background and overall process 1 This paper is one of a 
selection of papers published in the Special Issue entitled Evidence-
based risk assessment and recommendations for physi. Appl Physiol Nutr 
Metab. 2011;36(S1):S3–13.

	32.	 Schulz KF, Grimes DA. Epidemiology series Allocation concealment in ran-
domised trials : defending against deciphering. Lancet. 2002;359:614–8.

	33.	 Peters ML, Patijn J, Lamé I. Pain assessment in younger and older pain 
patients : psychometric properties and patient preference of five com-
monly used measures of pain intensity. Pain Med. 2007;8(7):601–10.

	34.	 Hjermstad MJ, Fayers PM, Haugen DF, Caraceni A, Hanks GW, Med D, et al. 
Studies comparing numerical rating scales, verbal rating scales, and visual 
analogue scales for assessment of pain intensity in adults : a systematic 
literature review. J Pain Symptom Manage. 2011;41(6):1073–93.

	35.	 Clement RC, Welander A, Stowell C, Cha TD, John L, Davies M, et al. A 
proposed set of metrics for standardized outcome reporting in the 
management of low back pain a proposed set of metrics for standardized 
outcome reporting in the management of low back pain. Acta Orthop. 
2015;86(5):523–33.

	36.	 Waldhelm A, Li L. Endurance tests are the most reliable core stability 
related measurements. J Sport Heal Sci. 2012;1(2):121–8.

	37.	 D J Park SKL. What is a suitable pressure for the abdominal drawing-in 
maneuver in the supine position using a pressure biofeedback unit ? 
J.phys.ther sci. 2013;25(5):527–30.

	38.	 Park S-D, Yu S-H. The effects of abdominal draw-in manoeuvre and core 
exercise on abdominal muscle thickness and Oswestry disability index in 
subjects with chronic low back pain. J Exerc Rehabil. 2013;9(2):286–91.

	39.	 Lee SH, Kim H, Lee H. The Effect of abdominal bracing in combination with 
low extremity movements on changes in thickness of abdominal muscles 
and lumbar strength for low back pain. J Phys Ther Sci. 2014;26:157–60.

	40.	 Manshadi FD, Parnianpour M, Sarrafzadeh J, Azghani M, reza, Kazemnejad 
A. Abdominal hollowing and lateral abdominal wall muscles’ activity in 

both healthy men & women: an ultrasonic assessment in supine and 
standing positions. J Body Mov Ther. 2011;15(1):108–13.

	41.	 Sumaila FGGS. Effect of core stability and treadmill walk exercises on the 
functional status of postlumbar - surgical patients with low back pain: a 
pilot study. Niger J Exp Clin Biosci. 2019;7(1):22–9.

	42.	 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. JAMS J Acupunct Meridian Stud. 
2015;8(1):48–52.

	43.	 Zohman LR, Young JL, Kattus AA. Treadmill walking protocol for the 
diagnostic evaluation and exercise programming of cardiac patients. Am 
J Cardiol. 1983;51(7):1081–6.

	44.	 Whitman JM, Flynn TW, Childs JD, Wainner RS, Gill HE, Ryder MG, et al. 
A comparison between two physical therapy treatment programs for 
patients with lumbar spinal stenosis: a randomized clinical trial. Spine 
(Phila Pa 1976). 2006;31(22):2541–9.

	45.	 Bello B, Adeniyi AF. Effects of lumbar stabilisation and treadmill exercise 
on function in patients with chronic mechanical low back pain. Int J Ther 
Rehabil. 2018;25(9):493–9.

	46.	 Ghorbanpour A, Azghani MR. Effects of McGill stabilization exercises and 
conventional physiotherapy on pain, functional disability and active back 
range of motion in patients with chronic non-specific low back pain. J 
Phys Ther Sci. 2018;30(4):481–5.

	47.	 Tønnessen E, Hisdal J, Ronnestad BR. Influence of interval training 
frequency on time-trial performance in elite endurance athletes. Int J 
Environ Res Public Health. 2020;17(9):1–12.

	48.	 Ojeniweh ON, Ezema CI, Anekwu EM, Amaeze AA, Olowe OO, Okoye GC. 
Efficacy of six weeks infrared radiation therapy on chronic low back pain 
and functional disability in National Orthopaedic Hospital, Enugu, South 
East, Nigeria. Nigerian Health J. 2015;15(4):155–60.

	49.	 Ibrahim AA, Akindele MO. Combined Effects of Postural Education, 
Therapeutic massage, segmental stretching, and motor control exercise 
in a 19-year-old male with chronic back pain and kypholordotic posture : 
a case report. Middle East J Rehabil Heal Stud. 2018;5(3):4–8.

	50.	 Koumantakis GA, Watson PJ, Oldham JA. Trunk muscle stabilization 
training plus general exercise versus general exercise only: randomized 
controlled trial of patients with recurrent low back pain. Phys Ther. 
2005;85(3):209–25.

	51.	 Olowe OO, Sokunbi GO, Okafor UAC, Amusa MA. Effects of combining 
core muscle activation with treadmill walk on endurance of trunk mus-
cles: a pilot study. Niger J Exp Clin Bio Sci. 2021;9(1):37–46.

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


	The effect of treadmill walk with abdominal bracing versus usual care on functional limitation and fear-avoidance behaviours in the management of non-specific low back pain—a randomized control study
	Abstract 
	Background: 
	Study design: 
	Participants: 
	Aim: 
	Methods: 
	Outcome measure: 
	Results: 
	Conclusion: 
	Trial registration: 

	Introduction
	Materials and methods
	Study design
	Participants
	Inclusion criteria
	Exclusion criteria
	Procedure
	Randomization
	Assessments and outcome measures
	Outcome measures
	Interventions
	Exercise groups
	Blinding

	Statistical analysis

	Results
	Discussion
	Limitation

	Conclusion
	References


