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ABSTRACT-
Background: Even though standard physiotherapy is widely used, chronic low back pain still drives up
costs borne by patients and the health system and remains one of the biggest disabilities in the world.
While exercise is always strongly recommended as first-line management in clinical guidelines, none of
them clearly indicates what kind of exercise will be most beneficial, and the additional value of resistance
band training, if combined with regular physiotherapy treatment, is not well known.
Objective: The objective is to compare the effects of resistance band exercises performed in addition to
conventional physiotherapy on the intensity of pain, the level of functional disability and quality of life
for those who suffer from chronic low back pain versus conventional physiotherapy alone.
Methods: The study was of prospective, random, parallel-assessor blinded, controlled type and was
performed in the Physiotherapy Out-Patient Department of a tertiary care Teaching Hospital. Thirty
individuals suffering from chronic non specific low back pain (LBP) who had had at least 3 months of
persistent pain were randomly allocated in a 1:1 ratio based on a computer-generated list of sequentially
opaque, sealed envelopes. A total of 30 adults did have chronic non specific low back pain (LBP) of at
least three months duration and were randomly allocated in a 1:1 ratio based on a computer-generated list
of sequentially opaque, sealed envelopes. Group A (n = 15) was group that received conventional
physiotherapy - Heat therapy, Electrotherapy, Stretching and lumbar stabilisation exercises. Group B (n =
15) received the same conventional programme, along with a supervised, progressive exercise programme
utilising elastic resistance bands focusing on the trunk, hip and lower limb musculature three times a
week for 4–6 weeks. A blinded rater collected outcomes at baseline and at the end of the intervention,
which were the Visual Analogue Scale for pain, the Modified Oswestry Disability Index for disability and
the WHOQOL BREF for quality of life. Paired t test and independent t tests were for group comparisons
and Cohen's d was the effect size measure for between group t tests.
Results: Significant improvements, between p<0.001, occurred from baseline with both groups on all
outcomes. Pain reduction was greater in Group B than Group A (mean change 3.55 versus 1.57 cm, p <
0.001, d = 3.80). Disability improved more in Group B than Group A (mean MODI reduction 16.27%
versus 10.13%, p < 0.001, d = 2.19). The improvement in all four WHOQOL BREF domains was found
to be significantly larger in Group B, and the highest in the two domains of physical health and social
relationships, with d around 2.2. There was moderate but negative correlation between baseline BMI and
the amount of pain and disability improvement.
Conclusion: The addition of a structured and progressive resistance band exercise programme to
conventional physiotherapy resulted in significantly better outcomes for those patients with chronic low
back pain in regard to pain, disability, and quality of life compared to conventional physiotherapy alone.
Portable restuvian training is now available where resistance bands can be incorporated into basic rehab
interventions for this condition at low cost, portably, and easily at home, thus making it a viable and
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clinically beneficial option. Further larger multicentre trials with longer follow-up are required to confirm
these data, and to test their long-term duration.

Keywords – Chronic low back pain (CLBP), Non-specific low back pain, Resistance band exercise,
Elastic resistance training, Conventional physiotherapy, Therapeutic exercise.

Introduction
Lowback pain is one of themost frequent musculoskeletal problems encountered in clinical practice and is a major
cause of disability worldwide. In general terms, it is pain, muscle tension or stiffness in the area below the costal
marginandabove the inferiorgluteal fold,eitherwithorwithoutpainspreadingdowntheoneorboth lower limbsand
lasting for more than a day [1]. It is found in almost all ages, professions and geographical areas and has been
increasingin the last30years,althoughmedical scienceandrehabilitationhavebeenprogressing.

TheGlobal Burden of Disease study estimated that in 2020 there were an estimated 619million people affected by
lowback pain,with this number expected to increase to nearly 843million in 2050with the ageing of the population
and the increase in sedentary lifestyles [1]. Low back pain has been consistently in the top spot for years lived with
disability (YLD) among the 204 countries and territories analysed in this study since 1990 [1]. The International
Association for theStudyofPainalso reports a pointprevalenceof approximately7.5percentof theglobal population
in 2017 (or approximately 577million people at any point in time) [2]. These statistics illustrate that lowback pain is
not something to ignore or take lightly, but a significant public health problem in terms of quality of health service
provisionaswellas incomestatus.

The economic and occupational burden of low back pain is also impressive. The condition costs nearly 149million
workingdaysannually,and therearesignificant lossesofproductivityforbothpeopleandcountries [3]. In thoseunder
theageof45,a lowbackpainvisit to aphysician is thesecondmost commoncauseafter thecommoncoldand isone
of the more common causes for surgical interventions and hospital admission. [3] Thirty years later, in 2021, the
number of working age low back pain cases jumped to 452.8 million, up by over fifty percent from 1990 [4]. The
numberof people affectedhas also increasedover this time, though the rates have gone downwhenage-standardised
[4].Theburden is alsounevenlydistributedwithpost-menopausalwomenbeingat an increased riskof lowbackpain
comparedtoagematchedmen[5]andtherapidurbanisationandchangingoccupationalpatternsarealsoexacerbating
thisprobleminmanymiddle incomecountries [6].

Lowbackpain isgenerally classifiedbydurationasacute, subacuteandchronic, andchronic lowbackpain isdefined
aspain lastingfor12weeksormore,oftenwithremissionsandrelapses[3].Thevastmajorityofacuteepisodesdonot
becomechronicpain,but these fewdo lead to thebulkof thedisability,healthcareutilizationandcostof thecondition
[3]. It is alsoclassifiedaccording to thepresumedcauses into specific andnonspecific forms, the latter being themost
common form encountered in primary care and physiotherapy practice as no structural or pathological abnormality
can be identified [3]. The population studied in the present study is the case of chronic non specific low back pain,
which is a diagnosis of exclusion, implyingan interactionbetween altered spinal biomechanics, deconditioningof the
trunkmusculatureandpsychosocialcontributors rather thana singleanatomical lesion.

A shift in understanding in the last 20 years has occurred from a biomedical model to a biopsychosocial model, in
which biological, psychological and social factors all play a role in the way chronic LBP is experienced and the
amount of disability that ensues [7]. At a biological level, chronic back pain often has a component of
"deconditioning" of the paraspinal and abdominal muscles, meaning that the deep stabilising muscles (such as the
transversus abdominis andmultifidus) are not functioning aswell as theyoncewere; or they are not firingwhen they
aresupposedtofire; and/or there iscompensatoryoveractivityof themoresuperficialmuscles (suchaserector spinae).
This changed recruitment pattern can also continue abnormal loading of the spinewell after the initial "incident" has
passed and the strengthening and timing of the activation of thesemuscles is now one of themain goals of exercise
based rehabilitation. Fear avoidance beliefs, catastrophising and low self efficacy in managing pain are also all
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consistently related to greater disability and less good treatment results, which is why purely passive or purely
biomechanical interventionsonlyprovidemoderateandtemporarybenefits.

Chronic low back pain is more than a localized pain and has a profound impact on activities like bending, lifting,
sitting and lying for long durations, standing and walking, and eventually on work participation, household duties,
sleepand social interaction [12].This is also true for health relatedquality of life,wherepatients haveoften reported a
decrease in vitality, physical functioning and a decrease in general health perception [15]. Due to the interdependent
yet different nature of disability and quality of life, integrated clinical studies are now examining both aspects
simultaneously to gain a more holistic understanding of the impact of an intervention on the patient's life with the
condition.

There has been a shift in the current management of chronic low back pain from the use of pharmacological and
passive treatmentmodalities towards an activemanagement, exercise andmultidisciplinary approach. TheAmerican
College of Physicians (ACP) recommends that non drug therapies (such as exercise, multidisciplinary rehabilitation,
motor control exercise and cognitive behavioural therapy) be tried first, before giving a choice to pharmacological
treatments for individuals who are not responding sufficiently [8]. The National Institute for Health and Care
Excellence (NICE) provides similar recommendations and the results of a comparative reviewof 22 clinical practice
guidelines fromaroundtheworldshowed that therewasa strongoverallconsensus that therapeuticexerciseshouldbe
akeypartof care, though theseguidelineswerenotspecific aboutoneparticular exercisemodalityoveranotherdue to
a lack of evidence supporting one over the other [9,10]. This non-specificity allows physiotherapists to have many
options in choosing which exercises to use, both aerobic, motor control, core stabilisation, stretching, and resistance
training,andrarelywithmuchguidanceonwhichtocompare.
There is a traditional, or conservative, approach tophysiotherapy for chronic lowbackpain,whichgenerally involves
patient education, manual therapy, general therapeutic exercise and postural corrective exercises, and sometimes
includes some formof electrotherapymodalities like transcutaneous electrical nerve stimulation. It canbe a beneficial
treatment that improves pain and function in many patients, but may not be as effective on strength, especially the
deep trunk stabilising muscles unless an exercise protocol is specifically designed to provide progressive resistance
[16]. Sessions are alsooften limited inwhat they cando, in how longand in the availability of equipment at the gym,
andpatients are expected tomaintain a homeexercise programmeafter just a couple ofweeks of supervisedexercise.
Gentle stretchingandmobility exercisesarehelpful for improvingflexibility, butmaynothavea progressiveoverload
mechanism built in, which can lead to a plateau once initial gains have been made. This practical constraint has
fostered a renewed interest in resistance based methods which are a simple and relatively inexpensive method of
incorporatingmeasurableandprogressiveresistanceintophysiotherapy.

The benefits of resistance training for chronic low back pain have been thought to occur through several
interconnected mechanisms: increased motor unit recruitment, hypertrophy of the trunk muscles, increased
proprioception and postural control, and psychological benefits, such as increased self-efficacy and decreased fear
avoidance behaviour [21]. A systematic review andmeta analysiswhich pooled data from10 randomized controlled
trials (RCTs) of resistance training and chronic non specific low back pain (cNSLBP) showed that there was
significant reduction inpain intensity,qualityof life anddisability in the resistance traininggroupcompared tovarious
comparisongroups(pooledstandardisedmeandifference (SMD)fordisabilitywasnegative2.76[18]).

In the spectrumof resistance training options, elastic resistance bands have gained considerable popularity as they are
both practical and economical and are versatile in use. Whereas free weights or resistance machines offer constant
resistance, elastic bands offer progressive resistance based on the amount of stretch applied to them, enabling a
‘loading curve' tomatch the strength curve of themuscle being trained and allowing for fine gradations of resistance
byvarying the colour and lengthof the elastic bands.Theyare lowweight and lowcost,which is important for home
based programmes as long-term adherence is critical for maintaining benefit in chronic pain management and a
patient'shomeiswhere theywillbeadheringin the longterm.Elasticbandtraininghasbeenshowntohavebenefits in
healthy adults, older adults with poor muscle strength and balance, and in patients with sarcopenia [21,22,24]. A
randomizedcontrolled trialwithdesk jobworkerswithchronicneckpaindemonstratedagreater improvement inpain,
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disability and quality of life from the addition of a resistance component to typical care than from typical care alone,
which is consistent with the general idea that a structured resistance program can improve outcomes in chronic
musculoskeletalpain[25].

Evidence is still more limited when applied to chronic low back pain, specifically. A trial that has been often cited
compared the two groups of adults with moderate to severe non specific low back pain, both of whom had
multidisciplinary rehabilitation, and one had general exercise, the other did progressive resistance trainingwith elastic
bands,andbothgroupswerefollowedupover12months[16].Another trial recentlycomparedelastic resistanceband
exercise with conventional weight based resistance training in 60 participants over 6 weeks, and found that both
exercisemodalities resulted in similar improvements in disability and pain, with greater adherence rates in the elastic
band group (92.2 percent vs. 83.9 percent) [17]. This is clinically relevant as people often fail to adhere to exercise
programsprovidedtoreducechronicpain.

Although positive findings have been obtained, there are still some gaps in the literature. Themajority of studies that
have looked at resistance band training compared it to other forms of exercise that have also used resistance, such as
general exerciseor conventionalweighted resistance training,but not to resistancebandsasanadjunct toconventional
physiotherapy.While thenumberof trials isstill fairlysmall, thedurationof follow-upishighlyvariable,andrelatively
few trials have compared disability, measured with a validated instrument like the Oswestry Disability Index, with
other measures of quality of life such as the WHOQOL BREF, both within the same trial population. This
combination of gaps suggests a compelling need for additional controlled research to determine if resistance band
exercise in combinationwith traditional physiotherapy is an effective intervention for improved disability and quality
of life inpatientswithchronicLBP.

Therefore, thepresent studywasundertaken toassess the effect of resistanceband training in addition toconventional
physiotherapy on pain, disability and quality of life in patients with chronic low back pain to provide practical,
clinically relevant data for physiotherapists and patientswho consider using simple, low cost resistance band training
asanaddition toconventionalphysiotherapy.

2.MaterialsandMethods:
2.1Studydesign
This study was designed as a prospective, randomized, parallel group, assessor blinded, two arm controlled clinical
trial, according toConsolidatedStandardsofReportingTrials (CONSORT)2010guidelines fornonpharmacological
interventions.Chronic lowbackpainpatientswere randomlyallocated tooneof twoparallel treatmentgroups:Group
A–conventionalphysiotherapyversusGroupB–conventionalphysiotherapyplusa structuredprogressive resistance
bandexerciseprogrammeasanadjunct.Aparallelgroupdesignwithconcurrent control armwasselectedfor this trial
because it offered the most compelling evidence for causal inference of the additional benefit of resistance band
trainingcomparedwithconventionalphysiotherapy,andassessorblinding reduceddetectionbiaswhenmeasuring the
largelyself reportedoutcomesof this trial.

2.2Settingandduration
The study was done in the Department of Physiotherapy and Orthopaedics, Prakash Hospital, Sector Omega 1,
GreaterNoida,UttarPradesh, Indiawhich is a tertiarycare teachinghospital andwhere thephysiotherapy services are
provided to themixed urban and semi urban people. The six-month study period encompassed the development of
the intervention protocol and ethics approval, recruitment, an intervention phase of four to sixweeks per participant,
baselineassessment,anddataanalysisandwriteupforeachparticipant inaphysiotherapyoutpatientdepartment.

2.3Ethicalconsiderations
The study protocolwas approved by the Institutional EthicsCommittee of PrakashHospital before enrolment of any
subject and was registered with the Clinical Trials Registry of India (CTRI) Registration number
CTRI/2026/06/112857, prior to the recruitment of any subjects, as per the requirements of the International Clinical
Trials Registry Platform of theWorld Health Organization and ICMJE policy on Trial Registration. The study was
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conducted inaccordancewith the ethical principlesof theDeclarationofHelsinki and theNationalEthicalGuidelines
for Biomedical and Health Research Involving Human Participants (ICMR) guidelines. Informed consent was
obtained from all participants, with the purpose, procedures, risks and benefits of the study fully explained to the
participants in a language theparticipant understood.Participantswere informedof their right towithdrawat any time
without affecting their current clinical care and all datawere coded using a unique identifier for each participantwith
identifying information kept separately and only accessible to the principal investigator. The resistance band
programme was offered to the control group at no cost following the post intervention assessment and an adverse
eventduringthestudywasdocumentedonastructured logandreported to theethicscommitteeasnecessary.

2.4Participants
Adults suffering from chronic non specific low back pain, pain that lasted for 12 weeks or more and which had no
definite pathoanatomical origin (fracture,malignancy, infection, ormajor structural deformity).Accessible population
comprised of a series of consecutive patients of physiotherapy and orthopaedics outpatient departments of the study
hospitalduringtherecruitmentperiod.

Eligible patients had the following characteristics: age between 30 and 55 years, either sex, clinically diagnosed
NSCLBP of at least 3 months duration, pain score of 4 cm or more on a 10 cm VAS, had to be able to read or
understand the study language and provide written informed consent, and be prepared to follow the intervention
schedule(4-6weeks)andfollowupassessments.

Exclusion criteriawere a specific identifiable causeof lowbackpain suchas vertebral fracture, spondylolisthesiswith
instability, malignancy, infection or inflammatory spondyloarthropathy; prior lumbar spine surgery; neurological
deficit suggestive of significant nerve root or cord compromise; uncontrolled cardiovascular, respiratory ormetabolic
disease contraindicating resistance exercise; pregnancy; body mass index above 35 kg per square metre; receipt of
spinal injection, manipulation or any other physiotherapy intervention for low back pain within the preceding four
weeks;andcognitive impairmentprecludingreliableself reportofoutcomemeasures.

2.5Samplesize
A priori sample size was calculated in the same manner as for comparison of two independent means, using the
means and pooled standarddeviations for pain reduction in similar published trials of resistance or core strengthening
exercise in addition to conventional physiotherapy for chronic LBP.The pooledSDwas~ 1.0 cmand theminimum
clinically importantdifference (MCID)betweengroupswas~1.0cmontheVAS,andusingalphaof0.05andpower
of0.8, the requirednumberofparticipantspergroupwas~16.The targetnumberofparticipantspergroupwas15-18,
with an allowance for the expected drop out rate of about 10 per cent. The final case analysis data reported here
included 30 participants, with 15 participants in each of the two groups. Sample size calculation was carried out by
usingGPowerversion3.1.

2.6Randomisationandallocationconcealment
A computer-generated, one-to-one random allocation sequence, generated using block randomisation scheme with
blocksof fourandsix, randomlyvaried,wasusedtoensureapproximatebalanceof thegroups throughout recruitment,
and patients were randomly allocated to either Group A or Group B. The sequentially numbered, opaque, sealed
envelope techniquewasusedtoensureallocationconcealment.A statisticiannot involved inparticipant recruitmentor
assessment generated the sequence of allocations, put them into consecutively numbered opaque envelopes, sealed
them and opened them immediately after a participant's baseline assessment and eligibility determination was
completedbythetreatingphysiotherapist.

2.7Blinding
Considering the physical nature of the intervention, it was not possible to blind the participants and treating therapists
to group allocation. To minimize detection and assessment bias, the study included the use of assessor blinding
wherein at the post intervention timepoint an independent assessor who was not involved in delivering either
intervention recorded the outcome measures, without knowing the group each participant was allocated to. The
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participants were advised not to talk to the outcome assessor about what they are going to do during their exercise
sessions.

2.8Interventions
Both groups were treated with their allocated intervention for 4–6 weeks, with the treatment provided on site,
supervisedbya trainedphysiotherapist.

GroupAwasacontrolgroup,whichwasgivena standardisedprogrammeofconventional physiotherapy, three times
per week for four to six weeks (12 to 18 sessions) of about 30 to 40 minutes duration each. Sessions involved hot
moist pack or superficial heat therapy to the lumbar region for 10 – 15minutes, TENS or interferential therapy as a
conventional electrotherapeutic modality, lumbar stabilization and stretching exercises (pelvic tilts, knee to chest
stretch, cat camelmobility exercise, hamstrings stretch, hip flexors stretch, and lowload abdominalbracing; 2 – 3 sets
of 10 repetitions without resistance at home, home exercise advice including the same stretching and mobility
exercisesperformedoncedailyonnonsuperviseddays,andposturalcorrectionadviceandergonomiceducation.

Theexperimentalgroup(GroupB)wasgiventhe sameconventionalphysiotherapyprogrammeasGroupA,with the
samedurationand frequency, supplementedwitha structured, supervised, progressive elastic resistanceband exercise
programme at the end of each conventional exercise programme, focusing on themusculature of the trunk, hips and
lower limbs.This includeda5minutewarmupof lightaerobicexercise; resistedhipextensionwithband inproneand
standing positions, 2-3 sets of 10-12 reps each side, targeting gluteusmaximus, erector spinae; resisted trunk rotation
in standing and seated positions, 2-3 sets of 10-12 reps each side, targeting obliques and transversus abdominis;
banded bird dog, 2-3 sets of 8-10 reps each side, with light band resistance, targeting the multifidus and deep spinal
stabilisers; resisted hip abduction with band in standing position, 2-3 sets of 10-12 reps each side, targeting gluteus
medius and lateral trunk stabilisers; and a cool down of static stretching, 30 seconds per muscle group. Resistance
levelswereprogressedbasedona colour codedelasticbandsystemwhereprogression to thenext resistancewasonly
made when the participant could successfully complete two consecutive sessions with a self reported Borg CR ten
exertion ratingof5or6or lessandcorrect form.All resistancebandsessions conducteddirectly supervised forproper
technique & to monitor adverse response (pain flare, dizziness or excessive fatigue). Group B participants also
receiveda takehomeresistancebandandapictorial exercises sheet, and instructed tocomplete a lowintensityversion
of theprogrammeonnonsuperviseddays.

Each supervised session was recorded on a standardised log and adherence to the sessions was expressed as a
percentageofprescribedsupervisedsessions.Theadherence to theprotocolwaspre specifiedat80percentormoreof
supervised sessions, and those participantswho did notmeet the adherence criterionwere included in the intention to
treat analysis butweremarked for a sensitivity analysisbyper protocol.Consistencyof deliveryof the resistanceband
programmewas ensured by periodically reviewing the exercise delivery technique against a standardised technique
checklist.

2.9Outcomemeasures
Theblindedoutcomeassessormeasuredalloutcomemeasuresatbaseline,48hoursprior to the first treatmentsession,
and48hoursafter the last treatment session(post intervention).

The main outcome was pain intensity measured on a 10 cm horizontal Visual Analogue Scale ranging from 0 (no
pain) to 10 (the worst pain imaginable), with participants indicating the point on the scale that best represented their
average intensityof their lowbackpainover theprevious 24–48hours.TheMCDfor thismeasure inchronicLBP is
generallyreported tobearound1.5–2.0cm.

ThesecondaryoutcomewasFunctionaldisabilitymeasuredbytheModifiedOswestryDisabilityIndex,a10itemself
report questionnaire of disability, ranging from 0 (no disability) to 5 (maximum disability) on each of the following
categories: Pain intensity, Personal care, Lifting, Walking, Sitting, Standing, Sleeping, Social life, Travelling and
Homemaking orwork. The total score is a percentage, calculated as follows:MODI total percent is equal to the sum
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of scores on the ten sections divided by 50 multiplied by 100. The interpretation of scores is based on the standard
severity bands of 0–20 percent (minimal disability), 21–40 percent (moderate disability), 41–60 percent (severe
disability), 61–80 percent (crippled), and 81–100 percent (bed bound or possible exaggeration of symptoms). The
normalMCIDfor this instrument liesbetween6%and10%.

The other secondary outcomewas health related quality of life byWHOQOLBREF, an abbreviated version of 26
items of the World Health Organization Quality of Life, which comprises four domain scores, including physical
health, psychological wellbeing, social relationships and environment, in addition to two standalone items on overall
quality of life and satisfactionwith health. TheWHOQOLBREF scoringmanual applied to the raw domain scores
resulted ina scaleof 0 to100,withhigher scores signifyinga higher level ofqualityof life, except for the itemswhere
reversescoringwasusedbeforecalculating thedomainscores.

At baseline, these additional factorswere recorded for descriptive and covariate adjustment: age, sex, and occupation
category,bodymass indexanddurationofsymptoms.

2.10Datamanagement
The personally identifying information was stored with each participant having a unique numeric identifier at
enrolment and none of this information was entered into the analysis dataset. The outcome assessor's data was
collectedonpaper case report formsand thenentered intoa structuredworkbook fordata entrywithpredefinedvalue
coding andmissing value conventions.A 10percent random check of records enteredwas conducted independently
to assure accuracy of transcription and range checkswere performed at the time of data entry to highlight values that
felloutsideof therangefor theappropriatedata itemandsubject toverificationagainst thesourcedata.

2.11Statisticalanalysis
All datawere coded, entered, cleaned and analysed using IBMSPSSStatistics version 26.0. A two tailed p value of
less than 0.05 was considered statistically significant for all analyses. Continuous variables were expressed as mean
and standard deviation, and categorical variables as frequencies and percentages. Normality of continuous data was
assessed using the Shapiro Wilk test given the relatively small sample size, and homogeneity of variance was
evaluatedusingLevene's test.Baseline characteristicswere comparedbetweengroupsusing the independent samples
t test for continuous variables and the chi square test for categorical variables.Within group comparisons betweenpre
and post intervention scores were analysed using the paired samples t test, and between group comparisons of post
intervention outcomes and change scoreswere analysed using the independent samples t test.Where the assumption
of normality was violated, corresponding non parametric tests, the Wilcoxon signed rank test for within group
comparisons and the Mann Whitney U test for between group comparisons, were applied. Treatment effect
magnitude was estimated using Cohen's d, with values of 0.2, 0.5 and 0.8 representing small, medium and large
effects respectively.Allanalysesfollowedthe intentionto treatprinciple.

3.Results
3.1Baselinecharacteristics
Table 1 summarizes the demographic and clinical characteristics of the subjects of both groups at baseline. Both
groups were similar in terms of symptom duration (p>0.05), sex distribution (p>0.05) and category of occupation
(p>0.05). Themean age and bodymass index (BMI)were significantly different between the groups, withGroupB
participants being older with a lower mean body mass index (BMI) than Group A. This baseline imbalance is
declared and the analysis of a larger data set from this design in the futurewould need to take into account the effects
of age and BMI on rehabilitation outcomes as well as use a between group t test, for both variables may plausibly
affect rehabilitationoutcomes,separatelyfromtreatmentallocation.
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Variable

Group A

(n=15)

Mean±SD

Group B

(n=15)Mean±

SD

TestStatistic p-value

Age(years) 37.40±6.63 44.53±7.07 t=-2.85 0.008

BMI(kg/m2) 26.94±1.80 24.42±2.06 t=3.56 0.001

Duration of

symptoms

(months)

11.25±4.86 12.39±4.64 t=-0.66 0.514

Gender (chi-

square)
- - chi2=0.56 0.456

Occupation

(chi-square)
- - chi2=1.85 0.396

3.2Normalityofchangescores
Shapiro Wilk testing of the pre to post change score for each outcome, computed separately within each group,
showed that eleven of the twelve group by outcome distributions did not deviate significantly from normality,
supportinguse of thepaired t test forwithin group comparisons (Table 2). The single exceptionwas theVASchange
score inGroupA,which showedmilddeviation fromnormality; aWilcoxon signed rank testwas run as a sensitivity
check for this comparison and confirmed the same conclusion of a highly significant within group reduction, so the
parametricresult is reportedforconsistencyacrossoutcomes.

Outcome (Change
Score) Group Shapiro-Wilk

W p-value Normally
Distributed?

VASchange Group
A 0.850 0.017 No

VASchange Group
B 0.922 0.209 Yes

MODIchange Group
A 0.910 0.134 Yes

MODIchange Group
B 0.929 0.261 Yes

WHOQOL
Physical
change

Group
A 0.933 0.304 Yes
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Outcome (Change
Score) Group Shapiro-Wilk

W p-value Normally
Distributed?

WHOQOL
Physical
change

Group
B 0.932 0.289 Yes

WHOQOL
Psychological
change

Group
A 0.944 0.434 Yes

WHOQOL
Psychological
change

Group
B 0.883 0.052 Yes

WHOQOL
Socialchange

Group
A 0.975 0.929 Yes

WHOQOL
Socialchange

Group
B 0.945 0.453 Yes

WHOQOL
Environmental
change

Group
A 0.918 0.179 Yes

WHOQOL
Environmental
change

Group
B 0.951 0.537 Yes

3.3Pain intensity
Both groups showed a statistically significant within group reduction in VAS pain score from baseline to post
intervention, but themagnitude of improvement was substantially greater in GroupB (Table 3). The between group
comparison of change scores confirmed that resistance band training produced significantly greater pain reduction
thanconventionalphysiotherapyalone,withavery largeeffect size (Table4).

Group

Pre-

Intervention

(Mean±SD)

Post-

Intervention

(Mean±SD)

Within-Group

p-value

Within-

Group

Cohen'sd

Group A

(Conventional

PT)

5.17

±

0.66

3.60

±

0.78

<0.001 3.40

Group B

(Conventional

PT +

5.41

±

0.54

1.86

±

0.71

<0.001 6.13



International Journal for Research in Biology & Pharmacy
(ISSN: 2208- 2093)
Vol. 12, Issue 02, 2026
DOI:10.65327/bp.v12i2.2525

27

Group

Pre-

Intervention

(Mean±SD)

Post-

Intervention

(Mean±SD)

Within-Group

p-value

Within-

Group

Cohen'sd

Resistance

Band)

Table4.Betweengroupcomparisonofmeanpainreduction.

Comparison

Group A

Mean

Change±SD

Group B

Mean

Change±SD

Between-Group

p-value

Between-

Group

Cohen'sd

VAS

pain

reduction

1.57

±

0.46

3.55

±

0.58

<0.001 3.80

Group B achieved more than double the mean pain reduction observed in Group A, confirming that conventional
physiotherapy alone is an effective analgesic interventionwhile showing that the addition of resistance band training
doesnotcompromise, andinfact substantiallyaugments, this effect.

3.4Functionaldisability
Bothgroupsshowedstatisticallysignificant reductions inMODIdisability score frombaseline,witha larger reduction
againobserved inGroupB (Table 5). The betweengroup comparisonof change scores favouredGroupB (Table 6).
Using standardMODIseveritybands, theGroupBsamplemovedonaverage from the severedisabilityband toward
the upper end of the moderate disability band more decisively than Group A, consistent with the biomechanical
rationale that progressive resistance training of the trunk and hip musculature produces greater gains in functional
capacity, reflected indomainssuchas lifting,standingandwalking, thanconventionalphysiotherapyalone.

Table5.WithingroupchangeinMODIdisabilityscore,percent.

Group

Pre-

Intervention

(Mean±SD)

Post-

Intervention

(Mean±SD)

Within-Group

p-value

Within-

Group

Cohen'sd

Group A

(Conventional

60.67

±

50.53

±
<0.001 4.36
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Group

Pre-

Intervention

(Mean±SD)

Post-

Intervention

(Mean±SD)

Within-Group

p-value

Within-

Group

Cohen'sd

PT) 7.00 7.19

Group B

(Conventional

PT +

Resistance

Band)

68.40

±

10.29

52.13

±

11.33

<0.001 5.09

Table6.BetweengroupcomparisonofmeanMODIdisabilityreduction.

Comparison

Group A

Mean Change

±SD

Group B

Mean Change

±SD

Between-Group

p-value

Between-

Group

Cohen'sd

MODI

disability

reduction

(%)

10.13

±

2.33

16.27

±

3.20

<0.001 2.19

3.5Qualityof life
All fourWHOQOLBREF domains improved significantly from baseline in both groups, indicating that structured
physiotherapy of either type was associated with meaningful gains in perceived quality of life over the intervention
period (Table 7). Themagnitude of improvementwas consistently and significantly larger inGroupB across all four
domains (Table 8), with the largest between group effect sizes seen in the physical health and social relationships
domainsandthesmallest, thoughstill large,effect seenin theenvironmentaldomain.Thegreater relativebenefit in the
physical health domain is biologically plausible, since this domainmost directly capturesmobility, activities of daily
living and pain or discomfort, the constructs most proximally targeted by a strengthening intervention. The
comparatively smaller, though still significant, gain in the environmental domain is also plausible, since this domain
reflects factors such as financial resources and home environment that a physiotherapy intervention would not be
expected to influenceasdirectly.

Table7.WHOQOLBREFdomainscores,preversuspost,bygroup.
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Domain GrpAPre GrpAPost GrpAp GrpBPre GrpBPost GrpBp

Physical

45.
22
±
5.2
1

51.
35
±
4.6
2

<0.0
01

47.
83
±
5.2
2

59.
91
±
5.3
7

<0.0
01

Psychologic
al

50.
86
±
5.1
8

57.
17
±
5.4
8

<0.0
01

47.
53
±
4.6
4

59.
11
±
4.4
2

<0.0
01

Social

51.
92
±
6.8
7

55.
63
±
7.0
0

<0.0
01

49.
71
±
5.5
0

56.
73
±
5.4
7

<0.0
01

Environme
ntal

50.
63
±
4.9
2

53.
82
±
4.3
8

<0.0
01

50.
13
±
4.8
4

55.
67
±
4.7
0

<0.0
01

Table8.BetweengroupcomparisonofmeanWHOQOLBREFdomainchangescores.

Domain

Group A

Mean

Change

Group B

MeanChange

Between-Group

p-value

Between-

Group

Cohen'sd

Physical

6.13

±

2.30

12.07

±

3.00

<0.001 2.22

Psychological

6.31

±

2.63

11.58

±

2.63

<0.001 2.00

Social

3.71

±

1.40

7.02

±

1.58

<0.001 2.22
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Domain

Group A

Mean

Change

Group B

MeanChange

Between-Group

p-value

Between-

Group

Cohen'sd

Environmental

3.19

±

1.54

5.55

±

1.67

<0.001 1.47

Table9.Summaryofbetweengroupstatisticalcomparisonsacrossalloutcomemeasures.

OutcomeMeasure
Between-Group

p-value

Between-Group

Cohen'sd
DirectionofBenefit

VAS(pain) <0.001 3.80 GroupB>GroupA

MODI(disability) <0.001 2.19 GroupB>GroupA

WHOQOL-Physical <0.001 2.22 GroupB>GroupA

WHOQOL -

Psychological
<0.001 2.00 GroupB>GroupA

WHOQOL-Social <0.001 2.22 GroupB>GroupA

WHOQOL -

Environmental
<0.001 1.47 GroupB>GroupA

3.6Distributionofchangescoresandindividual levelresponse
Boxplots of individual within patient change scores for VAS and MODI showed minimal overlap between the
interquartile ranges of the twogroups, consistentwith the large between group effect sizes reported above. Individual
patient trajectories for VAS pain score showed a consistent downward, improving, slope for nearly every participant
inbothgroups,withGroupB trajectories convergingona lowerpost interventionpain scoreand showing less spread
between patients at follow up than Group A, suggesting a more uniform treatment response when resistance band
trainingwasadded.

3.7Exploratorycorrelationanalysis
Pearson correlations were computed between baseline demographic variables and the two primary change scores
across the pooled sample of 30 participants, to explore potential predictors of treatment response (Table 10). Baseline
BMIshowedamoderate negative correlationwith bothVAS reduction (r =−0.53) andMODIreduction (r= −0.52),
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suggesting thatparticipantswithhigherbaselineBMItended toshowsmaller improvements, aplausible findinggiven
the biomechanical load that bodymass places on the lumbar spine during rehabilitation. VAS reduction andMODI
reductionwere strongly positively correlatedwith each other (r = 0.71), indicating that participants who experienced
greater pain relief also tended to experience greater functional improvement. Age and symptom duration showed
weak, non significant correlationswith outcome change. Because BMI also differed significantly between groups at
baseline, this correlation reinforces the recommendation that ananalysis adjusting forbaselineBMIandageshouldbe
consideredas theprimarybetweengroupanalysis inany largerconfirmatory trial.

Table10.Pearsoncorrelationmatrix,baselinevariablesandprimaryoutcomechangescores,N=30,pooled.

Variable Age BMI
Duration

(months)
VASchange

MODI

change

Age 1.00 -0.17 0.01 0.38 0.17

BMI
-

0.17
1.00 0.01 -0.53 -0.52

Duration

(months)
0.01 0.01 1.00 0.07 0.08

VAS

change
0.38 -0.53 0.07 1.00 0.71

MODI

change
0.17 -0.52 0.08 0.71 1.00

Discussion
Chronic lowbackpain (cLBP) is oneof themost commoncausesof disability in theworld, and is still amajor public
health concern, due to its multifactorial etiology, reoccurrence and its heavy burden on physical, psychological and
socialhealth.Pain relief, functionandqualityof life improvements are important treatmentgoals thatmustbemet that
can still be targeted by intervention, and thismust be done in a sustainedmanner.While conventional physiotherapy
continues tobe themainstayof conservativecare, theuseof progressive resistanceexercise is emergingas ameansof
achieving potentially better results as it is thought to help correct muscle weakness, motor control issues and spinal
instability. The current trial was designed to evaluate the effects of conventional physiotherapy in comparison to
conventionalphysiotherapyplus resistancebandexercisesonadultswithchronic lowbackpain.Theparticipantswho
did the progressive resistance training with resistance bands in addition to conventional physiotherapy had a greater
decrease in pain intensity, a lowerdisability score, andmore significant improvements inqualityof life than thegroup
who did only conventional physiotherapy, suggesting that exercise training with resistance bands is more beneficial
thanconventionalexercise trainingwhentreatingOCD.

Groups were broadly comparable in the distribution of sex and occupational profile, and there were no significant
differences in the duration of symptoms between groups, with the groups being broadly comparable in overall
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numbers, but statistically significant differences in age and body mass index between the two groups were seen.
Although thesedifferenceswere relatively small, theyarenot necessarily theonly reasons for theobserved superiority
of the experimental intervention; similar baseline imbalances have been reported in otherRCTswith smaller samples
despite proper randomisation. The overall improvements in all primaryoutcomemeasures of the experimental group
are therefore more likely to be due to the therapeutic effect of resistance band exercise than to differences in
demographic factors alone, although larger trials with stratified randomisation would help to account for the
demographicdifferences in thegroupsand improvetheinternalvalidityof thefindings.

Theprimaryaimof this investigationwas toevaluate theeffectsofpainreduction,a keyfactor in thechoiceofpatients
to seek care for chronic LBP, as it is the most frequent cause of reduced mobility, decreased participation in
occupational and recreational activities and disruption of sleep and psychological distress. The difference in VAS
score was statistically significant in both groups, but the VAS score difference was significantly higher in the group
training with resistance band in addition to the conventional physiotherapy. This means that conventional
physiotherapy is effective at reducing pain but adding progressive resistance training can have additional analgesic
effects thatare likely tohaveclinical relevance tofunctionalactivities.

There are a number of physiological mechanisms that could account for this decrease in painwhen using resistance
bands. Progressive resistance exercise boosts the activation of the deep stabilising muscles of the lumbar spine
(transversus abdominis, multifidus, erector spinae and gluteal muscles). These muscles act better allowing for better
segmental spinal stability, which decreases abnormalmechanical loading on structures like intervertebral discs, facet
joints, ligaments and paraspinal tissues. Resistance exercise additionally induces a neuromuscular adaptation that
enhances postural control andmovement efficiency, thereby decreasing compensatorymovement patterns frequently
observed in chronic low back pain, and increases the release of endogenous pain inhibitory pathways (endorphins)
and activation of descending inhibitory pathways, both ofwhich likely explain the higher degree of pain reduction in
theexperimentalgroup.

This study corroborates an increasing amount of literature that highlights the importance of enhancing exercise in
chronicLBP rehabilitation.Hayden et al. found that structured exercise therapywasmost effective in decreasingpain
and disability compared with minimal intervention or usual care, and that exercise is one of the most promising
conservative treatment options that is available [29]. In a separate systematic review, Delitto and colleagues also
suggested exercise therapy as a first line treatment, stating that strengthening and stabilisation exercises have been
shown to improvepainand function inpatientswith chronic lowbackpain [26].While the recommendations include
different modalities of exercise, it is the current findings that demonstrate that resistance band exercise alone can
furtherstrengthentheeffectsof traditionalphysiotherapy.

Similar results have been reported in recent trials.Amuscle strengthening programmewas found to improve lumbar
muscle endurance and decrease pain intensity when compared to an aerobic walking programme [33] and
individualisedresistancetrainingprogrammeshavebeenshowntoresult ingreater improvements inpainandphysical
performanceamongadultswithchronic lowbackpain; this ispartlyduetoprogressive loading,whichrestoresmuscle
strengthandincreasesconfidence inmovement.Thepresentstudycorroborates these findingsandsuggests thatelastic
band progressive resistance is a convenient and cost-effective method for providing a progressive strengthening
programintheclinical setting.

Elastic resistancebandsoffer severalbenefitsover traditionalweight trainingtools.Theyofferprogressiveresistanceto
stretch as the band action extends further,meaning that patients canmove as their comfort level allowingmovement
whileminimizing excess joint loadingandminimizing fear ofmovement.They are lowcost, easy to transport, donot
need extensive clinical facilities and are suitable for home-based programs, promoting adherence to treatment,
especially in chronicmusculoskeletal conditions inwhich physical activity is a key factor to reduce recurrence of the
disease. This may, however, be a demonstration of the combined effect of adherence to the resistance band based
programme,whichwas simpleandconvenient, aswell as thephysiological effects of resistance training, andmaynot
beequal to that seen inother trials.



International Journal for Research in Biology & Pharmacy
(ISSN: 2208- 2093)
Vol. 12, Issue 02, 2026
DOI:10.65327/bp.v12i2.2525

33

Also, differences in psychological factors are likely to have played a role in what is observed. Chronic pain often
results in fear ofmovement, loss of confidence, anxiety and avoidance behaviour that contributes to the development
of disability. Progressive resistance training slowly introduces patients to functional movement within a safe
environment so they can gain confidence and decrease fear of physical activity. This behaviour change adaptation
partly accounted for the enhanced global outcomes of the resistance band exercise group compared to the
conventional physiotherapy group alone, and is supported by the contemporary pain neuroscience frameworkwhich
focuseson the importanceofaddressingboth impairmentandmaladaptivebeliefsaboutmovement.

This trial, along with the results of other trials, suggests that progressive resistance exercise can be incorporated into
standard physiotherapy treatment of chronic LBP. Traditional physio was effective and clinically relevant but the
resistance band exercise was better in all outcome measures, suggesting that progressive muscular exercise is
beneficial.

Limitations
The findings in this trial are limited by several factors that should be considered when interpreting its findings. The
sample sizewas reasonable for the primary comparison calculated a priori, but is small and larger multi-centre trials
would yield more accurate estimates of the effects and would be more generalisable. Physical nature of the
interventionmadeblindingof participants and/or treating therapists impossible, but theuseof assessorblinding for the
outcome measurement may have reduced the risk of performance bias. Follow up was only conducted at the
immediate post intervention time point, and more long-term follow up is required to establish whether the benefits
were sustained after supervised sessions were completed. There were some modest differences between groups in
terms of age and BMI, but these should be accounted for statistically in future analyses of larger datasets with this
design.Lastly, the trialwasperformed inone centre and ina patient group thatmaynot be ideal for generalisability to
otherclinical settingsandpatients.

5.Conclusion
In people with chronic low back pain, both conventional physiotherapy and conventional physiotherapy with
resistance band exercises proved to be effective in reducing pain, improving functional ability and enhancing quality
of life.Thenumberof resistancebandexercises added led toa significantlygreater improvement in all of theoutcome
measures assessed (pain intensity, functional disability and quality of life) than standard physiotherapy. The results
indicate that the use of resistance band exercise as a simple, low-cost clinically effective adjunct to conventional
physiotherapy and a progressive resistance band training programme as a complementary component of a routine
rehabilitation programmemay improve recovery and functional independence and play a role in patients' quality of
life in chronic low back pain. These findings should be confirmed by larger multicentre trials with longer follow up
periods todeterminethedurabilityof thebenefitsobserved.
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