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Background: Degenerative cervical myelopathy (DCM) is a common progressive neurological disorder which
may affect one’s activities of daily living or even result in paraplegia/tetraplegia if left untreated. Currently, there
is lack of consensus of the gait assessment tools for DCM. This systematic review aims to (I) provide an appraisal
of the psychometric properties of the available gait assessment tools for DCM, (II) to assess their methodological
quality according to The Consensus-based Standards for the selection of health Measurement COSMIN risk of
bias checklist and (I1I) to assess each measurement property result against externally validated criteria.

Methods: Six electronic full-text databases [PubMed (via NLM® database], Medline (via OvidSP),
CINAHL (via Ebsco), EMBASE (via Ovid), PsycINFO (via CSA) and Web of Science (via Thomson
Reuters)] were systematically searched from inception to June 2020. The methodological quality of each
study was analysed using the COSMIN risk of bias checklist. The measurement property result and
methodological quality of each study were evaluated.

Results: Twenty studies were included from 3,339 citations retrieved. Twelve assessment tools for assessing
gait in DCM were identified. According to COSMIN criteria, only five studies (25%) included in this review
were found to have “very good” methodological quality. For construct validity, five tools had “sufficient”
quality. For reliability, two assessment tools [the Total modified Japanese Orthopaedic Association
Score (Italian Translation) (mJOA-ITTotal) and the modified Japanese Orthopaedic Association (Italian
Translation) Motor dysfunction of the Lower Extremity (mJOA-ITMDLE)] were rated as “sufficient” for
interobserver reliability while six assessment tools (the 10 second step test (10 sec ST), 30 minute walk test
BOMWT), foot tapping test, mJOA-IT Total, mJOA-ITMDLE and the Japanese Orthopaedic Association
Cervical Myelopathy Evaluation Questionnaire) were rated as “sufficient” for test-retest reliability. The
JOA (6 scores) received a “sufficient” rating for internal consistency. No assessment was available for
responsiveness, as only the effect size was available.

Discussion: Based upon current evidence, the mJOA in combination with an objective functional test
(i.e., 30MWT) is recommended for clinicians assessing gait in DCM, although this may change with an
increase in the number of studies completed. Given the importance of assessment tools possessing adequate

measurement properties, a focus on studies in this area is warranted.
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Introduction

Degenerative cervical myelopathy (DCM) is a common
progressive neurological disorder in adults over 65 years
of age with a prevalence of surgical treatment for DCM
estimated to be 1.6 in 100,000 (1,2). Patients suffering
from DCM can present with varied symptoms, including:
sensorimotor deficits, reduced manual dexterity and balance,
lower extremity spasticity, neuropathic pain, and bowel/
bladder dysfunction (3). Reduced walking ability is also a
common sign of DCM, occurring even in the early stages of
the condition (4). In DCM the rubrospinal, reticulospinal
and vestibulospinal tracts within the spinal cord are thought
to be affected (5). As these tracts are mainly involved in the
control of postural stability and gait; compression can lead
to impaired walking ability (6,7). If left untreated, patients
with DCM may suffer from progressive neurological
paraplegia/tetraplegia, functional decline, and significantly
reduced quality of life (8).

The diagnosis of DCM requires careful history and
clinical examination to identify the signs of myelopathy
and their correlation with radiological findings. To
date, the detection of DCM and monitoring for clinical
progression relies upon a clinician’s judgement and
experience (8). Management of DCM also depends
on clinical judgement, and the perceived severity of
symptoms (8). In most cases, non-operative management is
provided for patients with mild DCM [i.e., >15/17 Modified
Japanese Orthopaedic (mJOA) score (9)], however, some
spinal surgeons may operate in the earlier stages of the
disease, based upon concern for a rapid progression of
symptoms (10). The aim of surgical decompression is to
prevent progression of symptoms, as pre-surgical damage
to the spinal cord can be irreversible (11). Asymptomatic
patients on the other hand, with signal changes on an MRI
but no to minumum DCM symptoms, can be reviewed
regularly and monitored for any functional decline
associated with myelopathy. Assessment of DCM and its
impairments are therefore, key for decision-making and
appropriate treatment planning.

Currently multiple gait/walking assessment tools are
available to grade mobility of patients suffering from DCM.
The JOA (Japanese Orthopaedic Association), mJOA
and Nurick Grade are common tools used by clinicians
to assess function in people with DCM (12). Although,
these tools provide an overall numerical scoring based on
individual questionnaire responses, they do not provide
specific information on parameters of gait (i.e., velocity,
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cadence, step length, range of motion of joints) (13). Given
gait analysis was found in one study to be associated with
increased cord-signal intensity changes on MRI, focused
assessments should be considered (14). However, accurate
gait analysis has required specialised equipment and training,
which is not feasible in most clinical settings. For example,
accurate gait and postural analysis can require expensive
3-dimensional cameras, multiple sensors placed across the
body, and a specialised analyst, all of which are barriers
in measuring DCM patients who attend to a clinic (15).
Before new or existing gait assessment tools can be used by
clinicians to assess DCM, the assessment tools need to be
assessed for their measurement properties.

Understanding a gait assessment tool’s measurement
properties (i.e., validity, reliability, responsiveness) allows
the assessor to be confident in the results obtained (16).
Validity refers to the degree to which an assessment
instrument measures the construct its purports to
measure (16). Reliability refers to the degree to which
the measurement is free from measurement errors and
therefore, inform if a tool is reproducible between
clinicians as well as between trials. Responsiveness refers
to the ability of a tool to detect changes over time in the
construct measured (17). The Consensus-based Standards
for the selection of health Measurement (COSMIN) has
developed criteria on how the measurement properties of
tools should be evaluated to determine the confidence in
both the results and the measurement instruments (18).
The COSMIN tool can help guide clinicians’ decision in
choosing an appropriate assessment tool. The aim of this
review was to systematically review the literature to identify
the measurement properties of all existing gait assessment
tools for DCM using (I) the COSMIN criteria for assessing
methodology and (II) externally validated criteria for
assessing measurement properties results (18). We present
the following article in accordance with the PRISMA
reporting checklist (available at https://jss.amegroups.com/
article/view/10.21037/jss-21-109/rc).

Methods

The protocol for this review was prospectively registered
with the International Prospective Register of Systematic
Reviews (PROSPERO, Identifier CRD42020198208) and
published on the 11" of July 2020. This review followed
The Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) (19).
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Study selection criteria

Studies were included in this systematic review if they
met the following criteria: (I) study design: randomised
controlled trials and observational studies (e.g., cohort,
cross-sectional, case-control studies) published in English
were included. Conference proceedings and trials with no
full text available were excluded; (II) participants: studies
whose participants were adults (age over 40 years) with a
diagnosis of DCM of any duration were included. DCM
was defined as compression of the spinal cord at the level
of the cervical spine, caused by degenerative changes (i.e.,
osteophytes, disc degeneration). (III) outcome measures:
studies that assessed at least one measurement property of
a walking outcome measure for patients with DCM were
included. Outcome measures could be either assessed by a
clinician or self-reported.

Search strategy

The search strategy was developed and informed
by previous systematic reviews of walking tests for
spinal conditions and measurement properties, and in
consultation with a librarian (12,20,21). Permutations of
the following keywords were used for this search: Spinal
cord compression, Atraumatic spinal cord injury, Cervical
myelopathy, Cervical canal stenosis, Central cord syndrome,
Gait, Walking, Assessment, Measurement, Reproducibility
of results. We searched six electronic databases: PubMed
(via NLM® database), Medline (via OvidSP), CINAHL
(via Ebsco), EMBASE (via Ovid), PsycINFO (via CSA) and
Web of Science (via Thomson Reuters) from inception to
June 2020.

Study titles and abstracts were screened against
the inclusion and exclusion criteria by two reviewers
independently. Full texts of relevant studies were retrieved,
and their reference lists were screened to identify further
studies of relevance. Disagreement between reviewers were
resolved by consensus, with a third reviewer consulted if
agreement could not be reached.

Data extraction

We used a standardised data extraction form for each
included article, the following information was extracted:
study characteristics (year, authors, study type, sample size),
participants (age, gender), outcomes, and data completeness
(missing data). Measurement properties, defined according
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to the COSMIN (18), and their results were also extracted,
including validity (content, construct, criterion, cross-
cultural), reliability (test re-test, intrarater, interrater),
responsiveness, floor and ceiling effects.

Methodological quality of each study

The COSMIN Risk of Bias Checklist (box 1., Patient-
Reported Outcome Measures (PROMs) development) was
completed by two independent assessors, to determine
the methodology of individual studies. Each study’s
‘very good”, “adequate”,
“doubtful” or “inadequate”. The “worst score counts”

¢

methodology were rates as

principle was used in this analysis, as per COSMIN
guidelines (22).

Evaluation of the measurement property

Each measurement property was assessed using adapted
criteria from Terwee et a/. (18). For each measurement
property, a score of either sufficient (positive), insufficient
(negative), or indeterminate was awarded by two separate
authors during data extraction, based upon the criteria. A
third reviewer resolved any disagreements that occurred
between the first two reviewers.

Data syntbesis

The extracted data from the included studies were collected,
presented in tables, and summarised in the manuscript.
Data was presented on the assessment tools assessed in
each study, the methods of diagnosis, and the measurement
properties of each assessment tool (18).

Results
Search results

A total of 3,339 citations were retrieved across six
databases and manual search. After duplicate removal and
screening, 20 studies (5,23-41) were included (Figure 1).
Assessment tools evaluated in the included studies were
physical examination of functional impairment (n=7),
clinician- administered (n=3) and self-administered patient-
reported outcome measures (n=2) (Zable 1). Sixteen studies
analysed construct validity, through correlating the walking
assessment tools with other gait assessment tools (7able 2).
Nine studies analysed either inter- observer or test-retest
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Identification of studies via databases and registers

Records identified from:
Databases (n=3,334)
Manual search (n=5)

Identification

Records removed before screening:

Y

Records screened
(n=2,498)

Y

Reports sought for retrieval
(n=2,498)

Screening

Y

Duplicate records removed
(n=841)

Reports not retrieved

Y

Reports assessed for eligibility
(n=124)

Y

(n=2,374)

Reports excluded:

Y

Studies included in review
(n=20)

Included

Y

(n=104)

Figure 1 Flow chart outlining the process in this systematic review. Based upon the PRISMA preferred reporting for Systematic reviews.

reliability (7uble 3). Internal consistency was measured
in three studies, using Cronbach’s alpha (7Table 4). Three
studies measured responsiveness through effect size (Zable
5).

Our search revealed twelve different types of gait
assessments, for which 7zble I gives a comprehensive
overview of each assessment tool. The most frequently
reported assessment tools were the JOA score (n=4) with
a total of 253 participants and the mJOA score (n=4) with
547 participants across studies. Other assessment tools were
the 30-metre walk test GOMWT) (n=3) with a total of 743
participants, the 10-second step test (10 sec ST) (n=2, 1,468
participants), and the Nurick scale (n=2, 380 participants).

Methodological quality of studies
According to the COSMIN risk of bias tool, five studies

1

were rated as “very good” (23,29-32), seven were rated
as “adequate” (24,26,27,34,37,38,40), three were rated as
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“doubtful” (5,28,41) and five were rated as “inadequate”
(25,33,35,36,39). These results are presented in the last
column of Tables 2-5. Studies that employed the 30MWT
(n=2) (31,32), 10 sec ST (n=2) (23,31), mJOA score (n=1)
(29) and the JOACMEQ (Japanese Orthopaedic Association
Cervical Myelopathy Evaluation Questionnaire) (n=1) (30)
were rated as “very good”.

Construct validity

Of the ten assessment tools, eight studies were rated as
“sufficient” in terms of correlation with other assessment
tools (23-28,37,39). Both studies correlating the foot tapping
test (FT'T) to other assessment tools had a mixed rating
of “sufficient” and “insufficient” (34,38). Mixed ratings
of “sufficient” and “insufficient” were also given to two
separate studies that correlated the enhanced gait variability
index and the mJOA score to other assessment tools (5,29).
One study that correlated the 30MW'T to the Nurick
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Table 4 Internal consistency by Cronbach’s Alpha
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Studies first author

Assessment tool
(year)

Cronbach’s Alpha

Measurement
property quality

Methodological
quality (COSMIN)

mJOA Kopjar [2015] (29) Total score =0.63 - Very good
mJOA Longo [2016] (27) Total score =0.6 - Adequate
JOA Singh [2001] (37) 6 scores: [0.72 (pre-operative), 0.73 (post-operative)]; +; - Adequate

4 categories [0.66 (pre-operative), 0.65 [post-
operative)]

Measurement property quality was rated based on Terwee et al.’s quality criteria assessment. Cronbach’s alpha =0.70 was rated as

“_»own

“+” whereas Cronbach’s alpha <0.70 was rated as

= insufficient; “+” = sufficient. COSMIN, Consensus-based Standards for

the selection of health Measurement Instruments; mJOA, modified Japanese Orthopaedic Association; JOA, Japanese Orthopaedic
Association; mJOA-IT, modified Japanese Orthopaedic Association (ltalian Translation).

Table 5 Responsiveness represented through effect size

Studies first author

Measurement tool
(year)

Responsiveness (Cohen’s d)

Measurement
property quality

Methodological
quality (COSMIN)

30MWT Bohm [2017] (32)

Test performed at baseline level score =0.30; for NA

patients who had a baseline SOMWT time above the
median value =0.45

mJOA-IT score Longo [2016] (27)

mJOA Kopijar [2015] (29)

Very good
0.87 NA Adequate
NA Very good

NA, not applicable; COSMIN, Consensus-based Standards for the selection of health Measurement Instruments; 3S0MWT, 30 metre walk
test; mJOA-IT, modified Japanese Orthopaedic Association (ltalian Translation); mJOA, modified Japanese Orthopaedic Association.

grade and mJOAy,, score was rated as “insufficient” (32).
We were unable to rate three studies [two studies used
linear regression for correlation with other assessment
tools (31,41) and one study did not provide a correlation
score (40)]. Tuable 2 summarises the correlations between
different assessment tools. The 10 sec ST test had a
correlation (r=0.84) with the JOA pur JOA Lower
Extremity Motor Function) sub score in a group of 163
DCM patients from a single study (23). In a separate study,
the 6-month follow-up PROMIS-PF (Patient-Reported
Outcomes Measurement Information System-Physical
Function) score adequately correlated (r=0.61, 0.72) with
the mJOAy,, score in a group of 60 DCM patients (24).
The JOA; gy and mJOAp; ;. (mJOA Motor dysfunction of
the lower extremity) scores adequately correlated (r=0.93) in
a group of 92 participants in another study (25). Lastly, the
mJOAg,, score had an adequate correlation with the Nurick
grade (r=-0.73) in another study with 103 DCM patients (26).

Notably, multiple assessments across three studies had
adequate correlations (r=0.60-0.69) with the Nurick grade,
including the 30MWT (preoperatively and postoperatively,

© Journal of Spine Surgery. All rights reserved.

r=0.61, 0.69), the mJOA-IT (mJOA Italian Translation)
(total and MDLE scores, r=-0.62, -0.65) and the mJOA
Score (total and MDLE scores, r=-0.63, -0.68) (27-29).

Reliability

Nine studies assessed the reliability of various walking tools
in DCM populations and are shown in 7able 3 (23,27,30-36).
Two studies reported on interobserver reliability (27,35).
The mJOA-ITy,,, and mJOA-ITp ; were rated as having
“sufficient” interobserver reliability a weighted kappa
coefficient of 0.80 and 0.73 respectively (27). The JOA was
also found to have adequate interobserver reliability, with
a correlation of 0.81, but the methodological quality of the
study was ‘inadequate’ (35).

Nine studies reported on test-retest reliability and
intraobserver reliability (23,27,30-36). The JOACMEQ was
rated “sufficient” (30). The JOA, gait parameters via three-
dimensional gait analysis and wearable electromyography
(EMG) all had adequate reliability, but the methodological
quality of the studies was inadequate, according to

7 Spine Surg 2022;8(1):149-162 | https://dx.doi.org/10.21037/jss-21-109
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COSMIN, due to the small sample size of less than 50
participants (33,35,36). The 10 sec ST, 30MWT, FTT,
mJOA-IT g, and mJOA-ITyp; ¢ all reported adequate
reliability, with a correlation coefficient >0.80 (23,27,32,34).
One study that assessed the 30MW'T had very good
methodological quality, but presented an r’, which although
high (range, 0.89 to 0.95) (31), could not be assessed with
the externally validated quality criteria employed in this
review (18).

Internal consistency

Three studies reported on internal consistency and are
shown in Tible 4. The JOA score (37) received a “sufficient”
rating when participants performed the six questions,
with a Cronbach’s alpha of 0.72 preoperatively and 0.73
postoperatively. The mJOA (29) and mJOA-IT (27) scores
were both rated as “insufficient” due to a Cronbach’s Alpha
value <0.70.

Responsiveness

The three studies that reported on responsiveness measured
it using effect sizes, which is not a method recognised by the
validated quality criteria employed in this review (18). Thus,
we could not analyse responsiveness as a measurement
property based on these guidelines.

As outlined in Tible 5, the mJOA-IT (27) and mJOA (29)
recorded large effect sizes (0.87, 1 respectively), while the
30MWT demonstrated a small effect size of 0.26 (32).

Discussion

This review included twenty studies that assessed the
measurement properties of walking tests for DCM. Twelve
tools were evaluated to assess walking in people with DCM,
with three (25.0%) being clinician-administered assessments,
two (16.7%) being self-administered patient-reported
outcomes and seven (58.3%) being physical examination of
functional impairments. The most commonly assessed tests
were JOA and mJOA scores across four studies each.

The clinician-administered outcome measures identified
in our study included the commonly used JOA and mJOA
scoring systems, and the Nurick grade (8). The main
difference between the JOA and mJOA scores is that the
mJOA does not measure sensory function (25). Each of
these tools have a lower limb subscore for classifying a

© Journal of Spine Surgery. All rights reserved.
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patient’s walking ability. The reliability of the JOA score
was inadequate due to the small sample sizes, while the
reliability of the mJOA score has not yet been assessed. This
leads to the lack of knowledge on the measurement errors
and potential inaccuracy when monitoring changes overtime
in the same patient and when measuring differences
between patients. The JOA,,, score demonstrated adequate
internal consistency across six points both pre- and post-
operatively, while the mJOA’s internal consistency was
inadequate. The mJOA-IT score demonstrated adequate
interobserver reliability. Despite the uncertainty of the
measurement properties of these tools, they remain
useful in classifying the severity of the patient’s functional
impairments.

Similar to the lower limb subscore of the mJOA and
the mJOA scoring system, the Nurick grade measures
ambulatory status. The Nurick grade correlated sufficiently
with both the lower limb subscores of the mJOA and the
overall mJOA scores (27,29). Thus, it has been argued that
this tool may be redundant if it correlates sufficiently with
the lower limb subscore of the mJOA (13). Despite this, its
overall validity quality was downgraded due to a lack of pre-
defined hypotheses in the study (27).

Self-administered PROMs are important in identifying
an individual’s perception of their own health, function
and walking ability. Two PROMs, the Patient-Reported
Outcomes Information System (PROMIS) Physical
Function (PF) and the JOACMEQ were identified in our
literature search. Both are used to assess self-reported
functional ability in DCM and contain walking items (24,30).
The PROMIS-PF measures self-reported function, with
eight of the total one hundred twenty items being specific
to walking ability. Validity was the only measurement
property collected for this tool with a sufficient
measurement property quality. However, individual
items of the questionnaire were not assessed in the DCM
population (24). Therefore, caution should be taken
when employing solely the PROMIS-PF to assess
walking function in patients with DCM. Compared to the
PROMIS-PE, the JOACMEQ targets symptoms specific to
DCM, making it more relevant to patients with DCM. The
JOACMEQ is a seventy-seven-item questionnaire, however
only twenty-four items had their measurement properties
assessed and of these, only two items address walking
ability (30). Although both items have adequate test-retest
reliability, we were unable to conclude if these items provide
an accurate measurement of a patient’s walking ability.

7 Spine Surg 2022;8(1):149-162 | https://dx.doi.org/10.21037/jss-21-109
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The last group of tools identified in our search
were quantitative physical measures. Enoki er /. (38),
recommended the use of the 30MWT to assess walking in
this population. However, based on Terwee et 4l’s quality
criteria assessment (18), the 30MW'T had inadequate
validity (31,32) and responsiveness (32). Furthermore, this
test has been criticised by Nakashima, ez 4/. for its use in
patients with severe myelopathy, where an individual may
not be able to mobilise for thirty metres (31). Other tools
such as the 10 sec ST, FT'T and triangle step test were all
developed to address the concern that the 30MW'T cannot
be used in patients with severe myelopathy (23,31,34,38,40).
Despite this criticism, this test is a cost-effective and feasible
test for clinicians to use as it requires minimal training and
equipment.

3D gait analysis was used to measure walking function
in three studies. The reliability of gait parameters, assessed
by McDermott et al., seemed favourable, however was
deemed inadequate due to the study’s small sample size (33).
Extension of the knee during the stance phase was a specific
gait parameter measured by Maezawa et 4/., with adequate
validity (39). The enhanced Gait Variability Index (eGVI)
assesses the quality of gait with accuracy, through measuring
spatiotemporal parameters of gait (5). Siasios et al. found
that patients with DCM exhibit reduced cadence and gait
speed (4), thus gait analysis may be useful in identifying
these impairments precisely. However, these tools are not
always clinically available due to the cost of the equipment,
training required, and time taken to perform a full gait
analysis. Other tools such as the 10 sec ST, the FT'T and
the triangle step test can be alternatives to the 3D gait
analysis. Although requiring less space and time to perform
compared to 30MWT, limitation in study methodology
and evidence hinder their use in clinical practice. Another
quantitative tool found was wearable EMG, which assesses
muscle activity during a patient’s gait cycle (36). EMG
on the tibialis anterior muscle demonstrated the highest
test-retest reliability, but due to the small sample size, the
quality of the reliability was downgraded. Due to costs,
technical factors and complexity of EMG, barriers remain
for its clinical adoption.

Strengths & limitations

There were some limitations present in this review.
Primarily, the review only included studies that calculated
a measurement property result for a gait assessment,
impacting the generalisability of the results to these study

© Journal of Spine Surgery. All rights reserved.
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types. Due to the study design being a systematic review,
it would not be feasible to review every trial conducted
on DCM to calculate a measurement property. Another
limitation was the lack of studies available that had assessed
a gait assessment tool for DCM, limiting the ability to make
a recommendation on the most rigorous gait assessment
tool for DCM.

A strength of this review was that it included the
validated COSMIN risk of bias tool, and established criteria
for assessing the measurement property result. Both the
risk of bias tool and measurement property result criteria
have also been used in previous reviews of the measurement
properties for gait (16).

Clinical implications and future directions

Only five studies included in this review were found to
have ‘very good’ methodological quality according to the
COSMIN tool (23,29-32). We identified that the main
reasons for lower methodological quality was a lack of pre-
defined hypotheses, small sample sizes, and inappropriate
analysis e.g., utilising spearman’s correlation instead of the
ICC to define reliability or using effect size rather than the
area under the curve (AUC) to define responsiveness.

Until an increased number of high-quality studies have
been completed, we recommend that clinicians should
utilise a combined approach of the mJOA score with
another objective test, such as the 30MWT, as they are
both cost-effective and easy to administer. Although the
measurement properties of the 30MW'T were just below
an adequate level for construct validity, it had very good
evidence for adequate reliability. Furthermore, the 30MW'T
provides a functional, objective walking score, which is
applicable to walking distance and provides a functional
result. We additionally recognise the emerging 10 second
ST, which demonstrates practicality, especially for patients
with more severe DCM. This test should be further
researched to determine its benefit in clinical practice.
Finally, research on objective assessment tools, such as
wearable and body tracking technologies, that are capable of
tracking kinematics of gait and posture should be a priority.
Gait analytical tools are likely to provide high levels of validity,
reliability, and responsiveness in the near future, replacing self-
reported and clinician assessed gait tools (42-44).

Conclusions

Twelve assessment tools of gait in DCM were identified.
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The mJOA in combination with an objective functional
test (i.e., 30MWT) is the recommended tool for clinicians
assessing gait in DCM, although this may change with an
increase in the number of studies completed.
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