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ABSTRACT

Question: This study aimed to develop and assess a protocol for evaluating upper limb strength and
its association with functional abilities in children and adolescents diagnosed with Duchenne muscular
dystrophy (DMD).

Design: A cross-sectional study.

Participants: Eleven male individuals diagnosed with DMD (aged 11 to 18 years).

Intervention: A systematic protocol for assessing the maximum voluntary isometric contraction (MVIC)
of the upper limbs using grip and pull dynamometers was developed and conducted in conjunction
with the Performance of Upper Limb (PUL) scale.

Outcome measures: Feasibility was evaluated by appraising the number of participants capable of
successfully executing the strength test protocol. Correlations were conducted to examine the relation-
ship between upper limb strength and PUL scores.

Results: The grip strength assessment was feasible for all participants, while the complete strength
testing protocol was feasible for nine, excluding two individuals with non-ambulatory mobility.
Significant correlations were found between overall upper limb strength and total PUL scores (ry =
0.742, p=0.022), grip strength and distal PUL scores (r;=0.733, p =0.010), shoulder abduction strength
and PUL shoulder scores (r,=0.905, p=0.005), and grip strength and overall PUL scores (rs=0.794,
p=0.004). The middle-level correlation was not statistically significant (r;=0.590, p = 0.094).
Conclusion: The established strength test protocol demonstrated feasibility among ambulatory partici-
pants. However, alternative approaches are essential for those with limited ambulation. The study
identified a robust correlation between upper limb strength and functional abilities. Further extensive
studies are required to validate these findings.

Trial registration: The present study is a part of a longitudinal intervention study registered at the
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Introduction

Duchenne muscular dystrophy (DMD) is a severe progressive
neurodegenerative disease, mainly affecting boys from age
2-3years. The loss of dystrophin degenerates the muscle
fibres and leads to progressive muscle weakness [1].
Typically, muscle weakness progresses in the proximal before
the distal musculature, and in the lower before the upper
limbs (UL). The disease progresses fast, commonly leading to
wheelchair dependency from age 12 [2]. There is no curative
treatment, but glucocorticoid drug therapy has shown bene-
fits regarding muscle strength, motor- and pulmonary func-
tion for individuals with DMD [3]. Today, survival up to the
age of 30-40years is not uncommon [2].

There is an increasing interest to evaluate the benefit of
physical activity and training regimes to maintain and/or

slow down the progressive loss of function, well-being and
muscle strength in individuals with DMD [4]. This addresses
the urgent need for standardised assessment tools to meas-
ure both strength and function in disease management and
monitor disease advancements. There are several assessment
tools used in children with DMD, such as the Six Minute
Walk Test, North Star Ambulatory Assessment, and the
Performance of Upper Limb, all measuring general function
(PUL) [5]. As progressive muscle weakness is a part of the
natural course of DMD, change in muscle strength can be
used to monitore progression and the efficacy of therapeutic
approaches. Measurements of elbow flexion- and grip
strength have been recommended [5].

Individuals with DMD are easily fatigued [6] and physical
testing should therefore be minimised. Given an association
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between UL strength and physical function, muscle strength
testing could in some cases replace more comprehensive
functional testing. Demir et al. [7] found a moderate to
strong correlation between UL muscle strength and
Performance of Upper Limb (PUL) score. This however, was
not the case for grip strength [7,8].

In order to gain insights into the impact of muscle
strength on functional performance in this specific patient
population, and to explore whether these measures could
serve as an acceptable substitute for more comprehensive
functional assessments the following aims were formulated;
to evaluate the feasibility of a newly developed standardised
testing protocol designed to assess UL muscle strength
within the paediatric and adolescent DMD population, and
secondly to explore the correlation between UL strength and
UL function.

Material and methods
Study design

This cross-sectional study assessed a regional population of
individuals with DMD in March/April 2021. All participants
provided written informed consents. The study was part of a
longitudinal intervention study registered under
ClinicalTrials.gov Identifier: NCT03963453 and approved by
The Western-Norway Regional Committee of Medical
Research Ethics (2019/00260).

Subjects

All (n=12) individuals with DMD followed up at the paediat-
ric rehabilitation clinic at a Norwegian hospital, were invited
to participate in the study. Inclusion criteria were: DMD diag-
nosis, 6-18years, and ability to give informed consent, per-
form physical exercises, and to understand instructions.
Exclusion criteria were being too weak to perform the stand-
ardised test protocol correctly, language barriers, cognitive
dysfunction, or inability to understand instructions.

Materials and procedure

Demographic and clinical variables

Descriptive characteristics regarding the participants age,
weight, height, body mass index (BMI), DMD stage, Brooke
scale, Vignos scale and use of glucocorticoids, were gathered
from the medical journals.

Maximum voluntary isometric contraction (MVIC)
The strength test protocol (Tables 1 and 2) was developed in
collaboration with a multidisciplinary team and with feed-
back from international DMD scientists, and user representa-
tives in the present study. The protocol was pilot tested on
healthy children and children with DMD to make appropriate
adjustments regarding physical impairments and contrac-
tures, and to increase reproducibility.

A grip dynamometer (KFORCE grip by KINVENT,
Montpellier, France) was used to measure grip strength. A

force transducer (pull dynamometer) (KFORCE Link by
KINVENT, Montpellier, France) was used for investigating
maximum voluntary isometric contraction (MVIC) of shoulder
abduction, elbow flexion and -extension. The equipment was
connected to a mobile application (KFORCE by KINVENT,
Montpellier, France) displaying a curve of strength develop-
ment (Kg/s) and peak torque (Kg). The participants were
tested on an adjustable treatment table in supine position.
Three attempts were performed on both right and left side,
with three seconds MVIC for each test, and 20s rest between
the attempts. If the participant was unable to perform a test
in standardised position, a deviation was noted. If the partici-
pant deviated from the protocol, the attempt was regarded
as invalid, and a new attempt was offered. Challenges
observed during the testing were registered. The test proto-
col took approximately 20-30 min to complete. The strength
test protocol is not evaluated for reliability or validity.

The feasibility of the strength test protocol was defined as
the ability to complete the tests according to the protocol.
Minor deviations in positioning due to contractures, were still
regarded as valid. Attempts were considered invalid and
excluded from analysis, if the participant had a peak torque
less than the weight of the equipment (1.2 kg). Test trials not
following the standardised test protocol were also excluded.

For the participants safety, pain and perceived exertion
were registered.

The Numeric Rating Scale (NRS) ranging from Oto 10
(where 0 is no discomfort and 10 worst possible discomfort)
was used to report perception of pain during testing. NRS
has been found acceptable for self-reported acute pain in
children [10].

A Norwegian version of the ‘Children’s OMNI scale of per-
ceived exertion’ was used to evaluate the participants per-
ceived exertion after completion of the strength protocol.
The scale is validated for use in children performing resist-
ance exercise [9].

Performance of upper limb (PUL)

The study employed version 2.0 of the Performance of Upper
Limb (PUL) assessment tool to quantify UL function [11]. PUL
2.0 represents a streamlined iteration of its predecessor, PUL
1.2, which possesses established credibility in the evaluation
of UL function across both ambulant and non-ambulant indi-
viduals with DMD [12]. Notably, both versions have demon-
strated a high degree of sensitivity in detecting changes
across all tiers of assessment [13]. This evaluative protocol
encompasses three distinct domains: 1) Shoulder, 2) Middle,
and 3) Wrist and fingers (distal). Scoring was conducted
exclusively using the dominant or preferred side of the indi-
vidual. Shoulder-level tasks encompassed lifting the arm with
and without weights, whereas middle-level tasks encom-
passed the manipulation of weights ranging from 0,1 to 1kg,
bringing the hand to the mouth, stacking cans, and opening
containers. Distal-level tasks encompassed activities such as
tearing paper, exerting force on a light switch, employing a
pencil, lifting a 10g weight, collecting coins, and executing
arm supination. The protocol was meticulously adhered to,
yielding a total possible score of 42. Moreover, sub-scores
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Table 1. Equipment for the strength test protocol for children and adolescents with DMD.

Materials Quantity Description

Treatment table 1 For positioning the participants and adjusting
height to achieve a horizontal force output.

Wall pars 1 For fastening the end of the rope and/or the
adjustable rigid strap.

Grip dynamometer (KFORCE Grip by KINVENT, 1 Measures hand grip strength.

Montpellier, France)
Pull dynamometer (KFORCE Link by KINVENT, 1 Measures isometric strength.
Montpellier, France)
Smartphone with the KFORCE application (by 1 The dynamometers connect to a mobile
KINVENT, Montpellier, France) application by Bluetooth, containing the tests
and registers test results.

Adjustable rigid strap 1 Attaches to the wall bars and the pull
dynamometer to adjust the strap to the
appropriate length.

Loop fastening accessory 1 Attaches the pull dynamometer to the participants.

Carabiner hook 2 Fastens the adjustable rigid strap and the loop
fastening accessory to the pull dynamometer.

Rope 1 Elongates the adjustable rigid strap.

Positioning bolster 2 Placed under the knees and ankles for comfort.

Traction/fixation belt 2 To fixate the participants to the treatment table to

Towel
Pillow

prevent movement in the longitudinal and

lateral direction. One belt placed between the

legs, the other horizontally above their waist.
Placed underneath the fixation belts for comfort.
Supporting the participant’s head.

were determined, allocating a maximum of 12 to the shoul-
der domain, 17 to the middle domain, and 13 to the distal
domain [13]. Qualified physiotherapists, endowed with sub-
stantial experience in PUL administration, conducted video
recorded PUL assessments. Instances of score disagreement
were addressed through collaborative consultation with
another physiotherapist. The testing duration approximated
between 15 to 30 min.

Statistical analysis

Statistical analyses were conducted using SPSS v27.0 (IBM,
Armonk, USA). Descriptive analyses were used to describe
the study sample. Data are presented as means with stand-
ard deviations (SD), or frequencies (n) and percentages (%),
as appropriate. Invalid results and missing data were
excluded from analyses with a listwise deletion for the spe-
cific test. Association analyses were performed for total
scores in strength and PUL, and for each subtest in PUL and
muscle groups at the corresponding extremity level. The dis-
tributions of data were visually inspected through histograms
and Q-Q plots for normality. Spearman’s rho correlation coef-
ficient (r;) was used to examine the association between UL
strength and PUL. The strength of the correlations was deter-
mined as used by Bulut et al. [8] and Demir et al. [7] accord-
ingly: Very weak r=0.00-0.30; Weak r=0.30-0.50; Moderate
r=0.50-0.70; Strong r=0.70-0.90; Very strong 0.9-1.00. P-
values were two-sided and significance level was set
below 0.05.

Results
Participants

Initially, the study included 12 participants. One of the partic-
ipants was excluded as his physical strength was poorer than
required according to the strength test protocol, leaving 11

participants for further analyses. The participants were boys
from 11 to 18years. The majority were in DMD stage 1 or 4,
and five participants were non-ambulatory (wheelchair
bound). All but one had received glucocorticoid treatment
for more than six months (Table 3).

Feasibility

The strength test protocol was considered feasible for nine
of the 11 participants. Both participants that were unable to
complete the protocol were non-ambulant. One was too
weak to perform MVIC elbow flexion, and the other too
weak to perform MVIC elbow extension. All participants were
able to perform the grip strength test regardless of the dis-
ease stage.

Challenges related to the strength testing were observed
(Table 4). The elbow tests were found to be impossible to
complete for some of the weaker individuals as the weight
of the equipment was too heavy. The standardised test pos-
ition for shoulder abduction was not ideal for participants
who were overweight, as the force transducer would cause
friction against their chest, despite adjusting to increased
shoulder flexion (from the standard 45°to 60°). Most partici-
pants performed the test with internal rotation in the shoul-
der, due to contractures. There were no identifiable
difficulties with the equipment regarding technological func-
tioning, including the pairing with- and operating through
the mobile application.

Association between UL strength and PUL

There was a moderate to strong-, positive linear association
between strength tests and PUL for the different subtests
(Figure 1). There were no clear outliers. Each scatter plot
reveals a high plateau where PUL reaches maximum score
values as MVIC values continue to increase. There were
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Table 2. Descriptions and instructions for the strength test protocol for children and adolescents with DMD.

Testers

Two testers were responsible for conducting the protocol and to encourage the test subject. The participants’ dominant side were registered prior to testing

Pre-instructions

You will execute a sample of strength tests and be tested respectively on the right and left side. There will be three attempts on each side. A fourth attempt
will be executed if your third attempt is your best. Try to perform the test with maximum strength for the duration of three seconds. There will be a 20s rest
between attempts. Start and stop cues will be given by the testers. Report any perception of pain or discomfort during the tests, using a scale from 0 to 10,

where 0 is no discomfort and 10 worst possible discomfort.

Grip strength

Lying supine. The upper arm resting on the treatment table. Elbow 90°
flexion. Forearm and wrist in neutral position.

Instruction

Squeeze as tight as you can. 3-2-1-start!

Elbow flexion

Lying supine. The upper arm resting on the treatment table. Elbow 90°
flexion. Forearm and wrist in neutral position. Loop fastening accessory
just proximal to the wrist.

Instruction

Bend your elbow as hard as you can. 3-2-1-start!

Elbow extension

Lying supine. Elbow 90° flexion. Upper arm resting on the treatment table.
Forearm and wrist in neutral position. Loop fastening accessory just
proximal to the wrist.

Instruction

Extend your elbow as hard as you can. 3-2-1-start!

Shoulder abduction

Lying supine. 45° shoulder flexion and 10° shoulder abduction. Loop
fastening accessory just proximal to the elbow.

Instruction

Pull your arm sideways as hard as you can. 3-2-1-start!

Registration of perceived exertion

After the completion of the test protocol, a Norwegian version of the ‘Children’s OMNI scale of perceived exertion’ was used to evaluate the participants
perceived exertion [9]. They were explained that 0 is perceived as not tired at all and 10 is very, very tired, before being asked to report their level of

exhaustion.

The four pictures in the table illustrate the test positions for each subtest as described in the table text.

moderate to high statistically significant correlations between
total UL strength and total PUL (r,=0.742, p=0.022), grip
strength and PUL distal (r,=0.733, p=0.010), shoulder
abduction strength and PUL shoulder (r,=0.905, p=0.005),
and grip strength and total PUL (r,=0.794, p=0.004). The
correlation at middle level was not statistically significant
(rs=0.590, p =0.094).

Discussion

The study demonstrates the feasibility of grip strength test-
ing in individuals with DMD, alongside feasible pull

dynamometer strength testing primarily among ambulatory
boys. Strong, significant associations were observed between
various UL strength tests and UL function.

Development of the strength protocol

Various measures were taken to increase the measurement
quality and minimise error, including collaboration with a
multidisciplinary team, international collaborators and user
representatives. Since high intensity- and eccentric strength
training are not recommended for individuals with DMD due
to the potential risk of muscle damage [2], maximum



Table 3. Participant characteristics (n=11).

Mean (SD)
Age (years) 14.5 (2.63)
Weight (kg) 52 (32.91)
Height (cm) 134 (14.17)
BMI 244 (9.41)
DMD stage (1-4) 2.4 (1.43)
Brooke scale 1.9 (1.14)
Vignos scale 5.8 (3.13)

BMI=Body Mass Index; DMD stage: 1= Early ambulatory; 2= Late ambula-
tory; 3= Early non-ambulatory; 4= Late non-ambulatory. Vignos scale for
lower extremities (1-10); Brook scale for upper extremities (1-6) [14].

Table 4. Observations from strength testing.
Subtest
Grip strength <

Observations

All participants were able to execute the
test according to the test battery.
All participants were able to attain the
standardised positions
— Unattainable for two of the participants
due to their limitation in strength.
Shoulder abduction —  Not ideal for overweight participants
—  Most participants were unable to attain
the standardised position of 0°
shoulder rotation.

Elbow flexion and -extension  +

voluntary isometric contraction (MVIC) strength testing was
selected. Muscle groups were selected based on recommen-
dations for the DMD population [5] and previous studies
[7,15-17]. Grip strength was included as it is feasible in DMD
[5], is indicated to reflect overall muscle strength, and to
have clinical and prognostic value [18].

Both the handheld dynamometer (HHD) and the pull
dynamometer were under consideration for the strength test
protocol. While the HHD has been utilised for assessing UL
strength in children with DMD in previous studies [16,19],
the decision to employ the pull dynamometer was driven by
concerns related to the HHD's substantial tester influence
[20] and its inclination to overestimate muscle weakness in
individuals with neuromuscular disorders [21]. The selection
of the pull dynamometer was reinforced by the findings of
preliminary testing, which indicated reduced outcome vari-
ability compared to the HHD. The determination of optimal
test positions was informed by the insights gained from pre-
liminary testing, taking into account considerations of phys-
ical function and impairments. Comprehensive descriptions
of these positions were provided to mitigate potential sour-
ces of measurement error.

Feasibility

Grip strength proved feasible for all participants, aligning
with its ease, fast and non-invasive nature, rendering it
suitable regardless of DMD stage. These findings concur
with Birnkrant et al's [5] recommendation that grip
strength assessment is feasible in DMD. The pull dyna-
mometer exhibited feasibility in assessing UL strength
among ambulant DMD participants, except in two non-
ambulant individuals. Similar outcomes were seen in
Elsheikh et al. [22], who studied ambulant adults having
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spinal muscular atrophy, where pull dynamometer testing
was feasible. Conversely, our PUL results unveiled a ceil-
ing effect in stronger ambulant participants, supporting
earlier indications that PUL is most relevant for non-
ambulant DMD individuals [5].

Insights gained during testing unveiled challenges
within the strength test protocol. Elbow tests were
unfeasible for weaker non-ambulant participants due to
the equipment weight and alternative methods are
needed. The shoulder abduction strength assessment was
suboptimal for overweight participants due to friction
from the force transducer, accentuating its unsuitability
for the overweight DMD population, compounded by
weight gain risk [1]. An internal rotation pattern in the
shoulder was common, reflecting the impact of contrac-
tures [1], necessitating their consideration in future tests.
Most of the participants executed this test with internal
rotation in the shoulder due to contractures limiting their
ability to perform the test with 0° rotation. Contractures
are a normal part of the disease progression [1] and must
be regarded when developing future tests.

Association between strength and function

Our study’s UL strength-function association mirrors the
results of Demir et al. [7], showing a moderate- to strong
correlation between UL strength and total PUL in non-
ambulant individuals. However, the robust grip strength
total PUL association uncovered in the present study has
not been noted in non-ambulant DMD individuals before
[7,8]. A potential explanation is that the proximal domain
subtests within PUL were significantly compromised for
most participants [8]. Subtests in other domains, unlinked
to grip function, were less demanding and could there-
fore be performed without excessive effort. In the present
study, both ambulant and non-ambulant individuals par-
ticipated, and the majority was still able to perform sev-
eral PUL shoulder level subtests. This may indicate that
the correlation of grip strength with overall UL physical is
comparatively less robust in DMD than in other popula-
tions. Notably, the grip strength-function correlation
might be weaker in non-ambulant individuals, due to ear-
lier proximal musculature weakening relative to distal
muscles, and progressive contractures’ influence [2]. This
substantiates the suitability of grip strength solely for the
ambulant subgroup in function and progression screening.
However, the appropriateness of UL strength measures as
UL function proxies remains uncertain.

Limitations

The UL strength test protocol lacks evaluation for reproduci-
bility, raising uncertainty about the validity and reliability of
findings. The present study was conducted at the beginning
of a longitudinal one-year training intervention implying that
the participants went through an extensive amount of test-
ing procedures. Therefore, we considered that adding
repeated reliability testing could negatively affect the
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Figure 1. Scatter plots of associations between upper limb (UL) strength and performance of upper limb (PUL). *p < 0.05; **p < 0.01; r,=Spearman’s rho.

participants motivation and capacity. Moreover, in DMD,
there is a risk of reproducibility bias resulting from exhaus-
tion, or even fatigue, further raising an ethical concern due

to potentially harming the muscles [5].

Reliability assessments necessitate a separate study.
However, Elsheikh et al. [22] found excellent test-retest reliabil-
ity using a pull dynamometer in ambulant adults with spinal
muscular atrophy, suggesting reliability for other muscle weak-
ness disorders. Further, the protocol bears time consumption
and equipment adjustments, affecting motivation, especially in
paediatric testing. Pull dynamometry limitations entail equip-
ment adjustments and access to a fixed frame.

Furthermore, the researchers were neither independent
nor blinded. They participated in the development of the
strength test protocol and conducted the testing procedure.

Yet, the testers strived to be neutral and objective to minim-
ise potential impact on the results.

The small convenience sample is another limitation of this
study. DMD is a rare disease with totally ~100 individuals in
Norway [23], making it challenging to recruit a larger sample
more representative to the heterogeneous population of
DMD individuals [24]. However, all the individuals who met
the inclusion criteria participated with no dropouts. Small
sample size led to near-normal data distribution, necessitat-
ing to use low-powered Spearman’s rho correlation coeffi-
cient [25]. Further research is needed, and ideally, such
studies should include large groups of participants with vari-
ation in disease severity. Due to the rarity and nature of
DMD, this will require international multicentre studies to
include sufficient numbers.



Implications for physiotherapy practice

From a physiotherapeutic perspective, the main goal in treat-
ment of individuals with DMD is to improve or maintain
function [5]. Due to the nature of the disease, measures for
minimal muscles changes are required. Muscle strength test-
ing might replace comprehensive functional testing, crucial
for fatigue-prone individuals. The present study provides a
feasible UL muscle strength test protocol, notably in ambula-
tory individuals, necessitating alternative positions for weaker
non-ambulant cases.

This study furthers understanding of UL strength- and
function interplay in DMD. Differing functioning/activity lev-
els in ambulant and non-ambulant DMD necessitate distinct
measurement tools. The strength test protocol captures
more score variations than PUL in better-functioning individ-
uals, aiding physiotherapists in targeted treatment decisions
based on disease stage.

Conclusion

Grip strength was feasible for all participants and the pull
dynamometer was feasible in all ambulant participants with
DMD. Due to the small study sample size, in addition to the
strength test protocol not being evaluated for reliability, the
results must be interpreted with caution and cannot be gen-
eralised to all individuals with DMD. The present study has
investigated appropriate  methods for assessing muscle
strength using a pull dynamometer in individuals with DMD,
and our findings may provide insight for developing future
studies.
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