
1Althobaiti S, et al. BMJ Open 2021;11:e041499. doi:10.1136/bmjopen-2020-041499

Open access�

Measures of trunk muscle strength and 
their measurement properties: a protocol 
for a systematic review and narrative 
synthesis of clinical measures

Shouq Althobaiti,1 Alison Rushton  ‍ ‍ ,1,2 Deborah Falla  ‍ ‍ ,1 
Nicola R Heneghan  ‍ ‍ 1

To cite: Althobaiti S, Rushton A, 
Falla D, et al.  Measures of 
trunk muscle strength and 
their measurement properties: 
a protocol for a systematic 
review and narrative synthesis 
of clinical measures. BMJ Open 
2021;11:e041499. doi:10.1136/
bmjopen-2020-041499

►► Prepublication history and 
additional material for this 
paper are available online. To 
view these files, please visit 
the journal online (http://​dx.​doi.​
org/​10.​1136/​bmjopen-​2020-​
041499).

Received 10 June 2020
Revised 26 November 2020
Accepted 18 December 2020

1Centre of Precision 
Rehabilitation for Spinal Pain 
(CPR Spine), School of Sport, 
Exercise and Rehabilitation 
Sciences, University of 
Birmingham, Birmingham, UK
2School of Physical Therapy, 
Elbourn College, Western 
University, London, Ontario, 
Canada

Correspondence to
Dr Nicola R Heneghan;  
​n.​heneghan@​bham.​ac.​uk

Protocol

© Author(s) (or their 
employer(s)) 2021. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Introduction  Spinal musculoskeletal conditions, 
including low back and neck pain, are leading causes of 
disability globally. The trunk muscles, which comprise 
muscles in the thoracic and lumbar regions, are essential 
for functional activities, necessitating mobility, motor 
control and strength. To investigate the effectiveness of 
interventions directed at improving trunk muscle strength, 
it is essential to have valid, reliable and responsive 
performance-based outcome measures (PBOM). While 
isokinetic dynamometry is considered the gold-standard 
PBOM, the associated costs, size/weight and operational 
complexity of this equipment preclude its use in a 
clinical setting. There is, therefore, a need to evaluate 
the measurement properties of alternative accessible 
measures of trunk strength. This systematic review 
therefore aims to investigate the measurement properties 
of PBOM of trunk muscle strength measures appropriate 
for use in a clinical setting.
Methods and analysis  This protocol has been designed 
using the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses Protocols. CINAHL, Web of 
Science, Pedro, MEDLINE, EMBASE, SPORTDiscuss will 
be searched systematically from the database start date 
up to 16 April 2020, along with reference checking and 
the grey literature searching. Eligibility criteria include 
studies investigating measurement properties of PROM for 
trunk muscle strength for use in a clinical setting in adults 
with and without spinal musculoskeletal complaints. Two 
independent reviewers will determine the eligibility of the 
studies through screening process of titles, abstract and 
the full text. Both reviewers will assess the risk of bias 
using COnsensus-based Standards for the selection of 
health status Measurement Instruments risk-of-bias tool 
and then extract the data from included studies. The overall 
quality of the included studies will be evaluated using the 
Grading of Recommendations Assessment, Development 
and Evaluation approach. A narrative synthesis will be 
carried out if meta-analysis is not applicable. Findings from 
this systematic review will aid clinicians and practitioners 
working in the field for example, sport, in using the most 
appropriate PBOM to measure trunk muscle strength.
Ethics and dissemination  No research ethics application 
is needed as there are no patient data in this study. The 
results of this study will be submitted to a peer reviewed 
journal and presented at conferences.

PROSPERO registration number  CRD42020167464.

INTRODUCTION
Musculoskeletal (MSK) conditions are 
common, not only among elderly but among 
children, teenagers and adults’.1 Back pain, 
neck pain, osteoarthritis and rheumatoid 
arthritis are considered among the most 
disabling MSK conditions that affect both 
physical and psychological capacities of indi-
viduals.2 MSK disorders are considered the 
second highest contributor to years lived with 
disability.3 Low back pain (LBP) is the single-
leading cause of disability worldwide3 and 
neck pain ranked as the fourth highest cause 
of years lived with disability.4 Therefore, 
spinal pain remains the main contributor of 
global disability.1 Recent data suggest that the 
lifetime prevalence of spinal pain is 20%–70% 
for neck pain,4 3.7%–77% for thoracic spine 
pain5 and 58%–84% for LBP,6 which place 
great economic burden on health services 
globally. In the UK, for instance, the esti-
mated cost of managing chronic LBP alone is 
around £1.8–£2.3 billion.7

Strengths and limitations of this study

►► This is the first systematic review that will evalu-
ate measurement properties of performance-based 
outcome measures, which will inform the selection 
of most reliable, valid and responsive tool to asses 
trunk muscle strength in a clinical setting.

►► This study will use the consensus-based standards 
for the selection of health measurement instrument 
checklist, which therefore will improve the selection 
of trunk strength outcome measures in research and 
clinical practice.

►► The term trunk is an umbrella term to reflect all 
muscles in the thoracic and lumbar spine, which 
may limit applicability of findings to specific clinical 
complaints in a specific spinal region.
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Muscles of the trunk which includes those with attach-
ments to both the thoracic and lumbar spines, are central 
to providing mobility and stability of the spine during 
functional activities, including, gait and daily life activi-
ties.8 Research has identified that weak trunk muscles are 
associated with exaggerated spinal curves,9 10 and are a 
risk factor for spinal disorders11 12 and risk of falling.13 
Several studies have suggested that patients with spinal 
MSK conditions may benefit from trunk strength training 
as essential part of the rehabilitation programmes.14 As a 
result, performance-based outcome measures (PBOM) of 
trunk muscle strength are important to evaluate patient 
clinical progression15 and to determine the effectiveness 
of therapeutic rehabilitation programmes.16

To evaluate trunk muscle strength, manual muscle 
testing,17 hand-held dynamometer,18 strain gauge tests,19 
isostation20 and isokinetic test21 have been described as 
available methods. However, the PROM need to obtain 
good level of measurement properties to be clinically 
and scientifically useful to help guide clinical decision 
making and treatment monitoring.22 23 A measurement 
property is the quality aspect of an instrument and due 
to variations in the terminology and definitions of these 
measurement properties, the Consensus-based Stan-
dards for the Selection of Health Measurement Instru-
ments (COSMIN) initiative developed a consensus-based 
taxonomy of measurement properties.24 The aforemen-
tioned taxonomy covers the three main domain (reli-
ability, validity and responsiveness).25

Several literature reviews have been published 
summarising and critically appraising the trunk muscle 
strength PBOM.26–31 However, few have assessed their 
measurement properties. Two reviews have evaluated 
the measurement properties of trunk muscle strength 
using isomachines (isokinetic and isostation).28 29 Accept-
able levels of reliability were reported for flexion and 
extension up to 120°/s, with limited and conflicting 
evidence regarding the reliability of trunk lateral 
bending strength.29 However, conflicting evidence also 
exists regarding the validity of Iso-machines across both 
reviews.28 29

Other reviews have reported some measurement prop-
erties of trunk muscle strength measures in neurological 
conditions.30 31 However, the reliability of the PBOM with 
one group does not necessarily generalise to another32 
and the value of these measures for use in a spinal MSK 
population is questionable.33 Establishing measurement 
properties of any PBOM within a defined population is 
important to eliminate any potential bias and to have 
confidence in findings.25 To the best of the author’s knowl-
edge, no systematic review has been published targeting 
the psychometric properties of the trunk muscle strength 
PBOM for use in a clinical setting. Therefore, a systematic 
review is needed to comprehensively evaluate the psycho-
metric properties of the different clinical trunk strength 
outcome measures in healthy participants and patients 
with spinal MSK complaints. This systematic review aims 
to assess the measurement properties (validity, reliability 

and responsiveness) of trunk muscle strength PBOM for 
use in a clinical setting.

Aim
To evaluate the measurement properties (validity, reli-
ability and responsiveness) of the trunk muscle strength 
outcome measures appropriate for use in routine clinical 
practice.

METHODS
The systematic review protocol is designed using The 
Cochrane Handbook for Diagnostic Test Accuracy studies 
and the Centre for Reviews and Dissemination34 and 
reported in line with The Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) Proto-
cols guidelines checklist,35 (see online supplemental file 
1). TheCOSMIN group developed guidelines and prac-
tical tools for conducting studies on measurement prop-
erties or selecting the high-quality studies for systematic 
reviews on measurement properties.36 37 Hence, COSMIN 
risk-of-bias checklist will be used to improve the selec-
tion of the available trunk strength outcome measures 
available.

ELIGIBILITY CRITERIA
Inclusion criteria
Eligibility criteria will include adult participants aged ≥18 
years who are either healthy or experiencing any spinal 
MSK condition. For the purpose of this review, spinal MSK 
conditions will be defined based on the International 
Classification of Diseases as any condition that affects the 
spine bones, joints, muscles and associated tissues such as 
ligaments and tendons.38 (eg, arthritis, neck pain, thoracic 
pain, osteoporosis, scoliosis, LBP, etc). Including healthy 
participants will help to identify the cut-off points in trunk 
strength measures between healthy individuals and those 
with spinal MSK complaints. We will include studies which 
have investigated any PBOM of trunk muscle strength 
performed in a clinical or field-based setting, including 
manual, functional and mechanical methods. Eligible 
studies must have evaluated one or more aspect of the 
main three domains of the COSMIN Taxonomy (validity, 
reliability and responsiveness) of measurement proper-
ties will be included.25 More details on the three domains 
of the COSMIN Taxonomy for measurement properties 
can be found in online supplemental file 2. Studies must 
report on the evaluation of the measurement properties 
of PBOM of trunk muscle strength which can be done in 
a clinical or field-based setting.

Exclusion criteria
Any study written in a language other than English will be 
excluded. Studies reporting measurement properties of 
PBOM which involve expensive, technical equipment or 
computerised instruments namely; isokinetic and isosta-
tion machines27 and are not practical,15 39 that is, relevant 
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for clinicians working in home-based, community-based 
or field-based settings who need portable, easy to use 
devices40 will be excluded.

Information sources
A comprehensive search strategy will be developed using 
both medical subject headings and free text, relevant 
keywords identified during the scanning search. Following 
the Cochrane collaboration recommendations, multiple 
electronic databases and a subject-specific database will 
be searched systematically, to cover the broadest available 
literature. These include CINAHL and SPORTDiscuss via 
(EBSCO interface), MEDLINE and EMBASE through 
(Ovid interface), Web of Science and Pedro. The search 
was from the database start date up to April 16, 2020, with 
no restrictions to the publication time frame although 
only articles published in English was included in this 
review. Handsearching through checking reference lists 
and grey literature searching through the main sources 
such as British National bibliography for report literature 
and open Grey will be conducted as well.

Search strategy
The search strategy was developed in discussion with the 
supervisory team (NRH, AR and DF) and a specialist 
librarian. Initially, the search strategy will be developed 
in the MEDLINE database, and then it will be adapted 
for each database. Specific key terms will include terms 
related to psychometric properties e.g. reliability, validity 
and responsiveness as well as terms describing the popu-
lation of interest will be used. Additional search filters 
designed by COSMIN for retrieving studies on measure-
ment properties will be applied where appropriate.41 See 
example of search strategy in online supplemental file 
3. Relevant studies will be identified and selected by two 
independent reviewers SA and AA with specialist training 
and knowledge in MSK rehabilitation and research 
methods.

Study records
Data management
Comprehensive search on the after mentioned databases 
will be carried out by the main author SA. All search 
results will be exported and stored on EndNote V. X9 
(Clarivate analytics) software programme. This will allow 
any duplicates to be identified and subsequently removed 
as well as storing of abstract and full texts.

Selection process
Secondary to searching process, two reviewers SA and 
AA will independently screen titles and abstract based on 
preidentified eligibility criteria and will subcategorise the 
identified studies into include/exclude/unsure.42 The 
second step comprises retrieving and reading the full text 
of potentially relevant articles which will then be inde-
pendently examined by each reviewer against the eligi-
bility criteria. If further information needed, authors will 
be contacted via email. Agreement between both reviewers 
is required for the study to be included in the review. 

Therefore, agreement will be assess using Cohen’s kappa 
(k) statistic disagreement will be resolved by consensus or 
by the decision of a third reviewer NRH.43 Information 
regarding the excluded studies and the reason for exclu-
sion will be reported using PRISMA flow chart.

Data collection process
For each included study, a standard form will be used 
to extract the data. To ensure all the relevant informa-
tion is captured, piloting the data collection form will be 
conducted. Both reviewers SA and AA will independently 
extract the data using the standardised form, the authors 
will be contacted for more clarification or if there is any 
missing data. In case of disagreement about extracted 
data between reviewers, discussion and/or involving a 
third reviewer (NRH) will be carried out until consensus 
reached.

Data items
Table 1 summarise the relevant data to be extracted from 
included studies.

Risk of bias in individual studies
The COSMIN Risk of Bias checklist for systematic reviews 
will be used to evaluate the risk of bias of included 
studies in this review.44 The COSMIN Risk of Bias Check-
list considered to have adequate reliability as it is devel-
oped from the original COSMIN tool which show high 
percentage inter-rater agreement.45 The COSMIN Risk 
of Bias checklist includes standards for both design and 
the preferred statistical methods for each measurement 
property. The checklist covers nine different dimensions 
of reliability, validity and responsiveness. The COSMIN 
checklist was originally designed to evaluate patient-
reported outcome measures (PROM). However, the 
COSMIN group have recommended adaptation of the 
tool for use with other types of measures such as clinician-
reported outcome measures or PBOM.41 As with the 

Table 1  Summary of data to be extracted from included 
studies

Content Data items

Bibliographic data Authors, year of publication

Study 
characteristics

Study design, sample size

Setting Country, setting of measurement

Participants 
characteristics

Age, gender, healthy or with spinal 
musculoskeletal condition.

Outcome measures Trunk muscle strength measures.
Type of muscle contraction measured.
Measurement procedure: warm-up, 
participants’ position, fixation, examiner 
position (if any), line of force (resistance), 
cool down.

Measurement 
properties

Measurement properties (reliability, validity 
and responsiveness), statistical methods 
used and results.

https://dx.doi.org/10.1136/bmjopen-2020-041499
https://dx.doi.org/10.1136/bmjopen-2020-041499


4 Althobaiti S, et al. BMJ Open 2021;11:e041499. doi:10.1136/bmjopen-2020-041499

Open access�

study selection process, two raters SA and AA will inde-
pendently score each outcome measure as either ‘very 
good’, ‘adequate’, ‘doubtful’ or ‘inadequate’ quality.44 
Any disagreement between the reviewers will be resolved 
through discussion, if no consensus can be reached, a 
third reviewer will be consulted.

Data synthesis
Depending on the heterogeneity of included studies, 
either a meta-analysis or narrative synthesis will be 
conducted to synthesise the results which will follow the 
COSMIN guidelines for systematic reviews.44 The results 
from different studies on single measurement property 
will be quantitatively pooled in meta-analysis if sufficient 
number of studies share the same reference standard, 
designs, population and measure the same movement. To 
find the estimate of test–retest reliability, standard generic 
inverse variance random effects model will be imple-
mented to calculate the weighted mean intraclass correla-
tion coefficients and 95% CIs. For construct validity, all 
correlations of PBOM with other PBOM that measure the 
same construct will be pooled.44 Following the assessment 
of scoping searches of the currently available literature, 
pooling of data might not be possible due to an antici-
pated lack of homogeneity. Hence, a narrative synthesis 
will be conducted in line with the narrative synthesis 
in systematic reviews recommendation.46 Synthesis will 
bring together evidence of measures of trunk strength, 
summary table will be generated to illustrates the pooled 
results per each measurement property per outcome 
measure per movement and rated against the updated 
criteria for good measurement properties as; sufficient 
(+), insufficient (−), inconsistent (+) or indeterminate 
(?).44 Further analysis of the results will be presented in 
the discussion section in line with the quality of evidence.

Meta-bias
To eliminate any chance of publication bias, grey litera-
ture and conference papers will be searched.

Confidence in cumulative evidence
The overall quality of evidence regarding the measure-
ment properties will then be assessed using a modified 
Grading of Recommendations Assessment, Development 
and Evaluation (GRADE) approach. As recommended 
by COSMIN guidelines for systematic review, a modified 
GRADE approach will be used to assess how the pooled 
results from included studies are trustworthy.36 The 
quality of evidence will be determined using four factors 
from the GRADE approach: risk of bias, inconsistency, 
imprecision and indirectness. Following the COSMIN 
recommendation, the fifth factor, that is, publication bias 
will not be used due to lack of registry data on measure-
ment properties studies.

Patient and public involvement
The study question and systematic review protocol were 
informed following many years of working with patients 
and clinical experiences of managing patients with spinal 

dysfunction. The question was informed following discus-
sions with patient and public involvement meeting at 
the Centre of Precision Rehabilitation for Spinal Pain 
and specifically in light our earlier research investigating 
measurement properties of PBOM for spinal mobility. The 
group consist individuals with different MSK and spinal 
complaints. Since no patient data is needed, patients will 
not be involved in data collection or analysis. However, 
the results of the study will be shared with this group and 
other public engagement events.

Clinical implications of this study
By accurately measuring the trunk muscles strength, 
diagnosis of dysfunction as well as improvement can be 
monitored. Also, with the current assessment methods 
available to measure trunk strength, finding a valid, reli-
able and responsive tool as well as cost-effective for clin-
ical use is a priority. Noteworthy, with the vast range of 
different test procedures and positions used, this review 
will summarise data regarding the measurement proper-
ties of different assessment methods and highlight the 
method which is superior in terms of psychometric prop-
erties, cost-effectiveness and time-saving. In doing so, 
healthcare professionals will be aware of the valid method 
to use within the clinical setting to assess the effectiveness 
of interventions directed to improve muscular function. 
Using accurate and objective muscle strength measures 
will facilitate the monitoring of rehabilitation programme 
efficacy and effectiveness of targeted interventions to 
improve trunk muscle strength.

ETHICS AND DISSEMINATION
No patient data will be collected, hence no ethical 
approval is needed for this systematic review. The results 
of this review will help to inform current healthcare prac-
tice and research on the most valid, reliable and respon-
sive tool for measuring trunk muscle strength. Results of 
this review will be submitted to be published in a peer-
review journal and presented at relevant conferences.
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