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Introduction/Aims: Current upper limb assessments in pediatric spinal muscular atro-

was to examine the relationship between motor function, strength, and hand/finger
mobility of the upper limb in treatment-naive children with SMA Types 2 and 3 to
assess new methods to supplement current outcomes.

Methods: The Revised Upper Limb Module (RULM), grip and pinch strength, and
hand/finger mobility data were collected from 19 children with SMA Types 2 and
3 aged 5.2-16.9 years over a year.

Results: A median loss between 0.5 and 2.5 points in the RULM was seen across all
SMA subgroups with the biggest median loss recorded between 10 and 14 years of age.
The grip strength loss was —0.06 kg (—4.69 to 3.49; IQR, 1.21); pinch improvement of
0.05 (—0.65 to 1.27; IQR, 0.48); hand/finger mobility test improvement of 4 points (—24
to 14; IQR, 6.75) for the whole cohort. Significant correlations were found between the
RULM and grip strength (p <.001), RULM and pinch strength (p <.001), RULM and
revised Brooke (p < .001), grip strength and pinch strength (p < .001).

Discussion: The combined use of the RULM, dynamometry, and hand mobility pro-

vide insight about correlations between function and strength in children with SMA.

Abbreviations: HFMS, Hammersmith Functional Motor Scale; HFMSE, Hammersmith Functional Motor Scale Extended; IQR, interquartile ranges; MAA, Managed Access Agreement; MFM,
Motor Function Measure; RULM, Revised Upper Limb Function; SMA, spinal muscular atrophy; SMN, survival motor neuron; UK, United Kingdom.

Part of this material was presented in a poster at the World Muscle Society conference in Mendoza, Argentina, 2018.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2024 The Authors. Muscle & Nerve published by Wiley Periodicals LLC.

Muscle & Nerve. 2024;1-9. wileyonlinelibrary.com/journal/mus 1


https://orcid.org/0000-0002-7129-1824
mailto:f.muntoni@ucl.ac.uk
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/mus
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fmus.28041&domain=pdf&date_stamp=2024-01-18

MILEV ET AL.

2 | WILEY &NERVE

KEYWORDS

1 | INTRODUCTION

Upper limb function assessments in children with spinal muscular
atrophy (SMA) have been used by clinicians to monitor changes
caused by disease progression.! The Revised Upper Limb Module
(RULM)?2 was designed to specifically investigate upper limb function
in SMA. However, recent studies have shown that both the RULM
and the Motor Function Measure (MFM),* which also captures infor-
mation on upper limb function, are limited when trying to capture
decline in the stronger, ambulant SMA Type 3 patients.>®

SMA in children is classified into three main disease subtypes,
characterized by the age of onset and highest motor milestone
achieved.>” SMA Type 1 children never achieve independent sitting,
Type 2 achieve sitting but never walk independently, and Type 3 have
a later onset and achieve unaided walking, but often lose ambulation
over time.2? The RULM has been used in numerous longitudinal natu-
ral history studies in combination with other disease-specific outcome
measures to monitor symptom progression in all types of SMA. These
studies demonstrate the upper limb function negative slope of change
starts at 5.8 years for Type 2 and 7.3 years for Type 3.1°712 Muscle
strength also declines with age in SMA.*® Recent studies have shown
a good correlation between the MFM and hand grip, pinch strength,
and hand/finger mobility.61*

Because treatments are changing the natural history trajectories
of patients with SMA,*>"18 there is a need for a more holistic
approach to help clinicians better understand the progression of
upper limb symptoms in this population. This study investigated the
relationship between upper limb function, strength, and finger mobil-
ity in a group of treatment-naive children with SMA Types 2 and 3. We
aimed to provide methods to supplement currently used outcome mea-
sures in the assessment of children with SMA and address some of the

limitations of those scales.

2 | METHODS

Patients were recruited among those attending SMA clinic at Great
Ormond Street Hospital for Children in London, UK, if they had 5q
SMA Types 2 or 3 and were aged between 5 and 18 years. Children
were classified as Type 2 or Type 3 dependant on their motor mile-
stone achievement of independent sitting or walking, respectively.
The assessments took place between July 2016 and April 2021.
Patients treated with any experimental or approved SMN modifying
drugs were excluded. All participants were receiving the recom-
mended standards of clinical care during the study.>*? Ethical

The RULM and grip strength assessments captured a significant decline in upper limb
function, whereas the pinch and finger/hand mobility showed an improvement over

the course of 1 year and these results should be considered for future studies.

SMA, strength, upper limb function

approval was granted by the joint UCL and Great Ormond Street Hos-
pital R&D department (REC# 13/LO/1748). Written informed con-
sent/assent was obtained from parents or legal guardians of all
participants.

21 | Revised Upper Limb Module

This scale evaluates 20 tasks of typical daily life such as raising arms
above the head and lifting weighted objects.® An entry item is used to
establish the functional level and 19 subsequent items assessing distal
to proximal upper limb function are tested. The revised Brooke scale,
used as the entry item on the RULM, was only collected as a guide for
functional status and does not contribute toward the total score. All
items are tested without any orthotic devices. The RULM total score
ranges from O to 37, with higher scores indicating better function. As
per the standard protocol, the same side used for baseline assessment
was also used at the follow-up visit and patients were allowed two
attempts per item. For the purposes of the study, only the total score
and revised Brooke score were used for analysis. The physiotherapists
collecting the data completed face-to-face RULM training and com-
plied with inter- and intra-reliability criteria. An annual refresher train-
ing for the RULM was completed for each evaluator throughout the

study period.

2.2 | Grip and pinch strength assessment

Grip and pinch strength were measured using highly sensitive dyna-
mometers (respectively, MyoGrip and MyoPinch, Ateliers Laumonier,
Nesles-la-Vallée, France).20 The measurements were recorded in kg
units. The MyoGrip device measures forces between 0 and 90 kg with
a resolution of 10 g and an accuracy of 50 g. The handle width is
adjustable. The MyoPinch device measures forces between 0 and
18 kg with a resolution of 1 g and an accuracy of 10 g. Children in the
study performed three trials with each dynamometer using their dom-
inant hand. An average of the three was used for analysis with the

aim of demonstrating a maximal isometric grip and pinch strength.

2.3 | Hand/finger mobility assessment

The MoviPlate (ValoTec, Villejuif, France) was designed to evaluate
hand/finger mobility using repeated back-and-forth movements (tap-
ping two circle platforms with fingers) performed as fast as possible
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for 30 5.2° This test was developed for non-ambulant patients as an
endurance test for upper limbs. It evaluates strength, speed, coordina-
tion, and endurance capacities. Normal values range from 40 to 70 for
children below 12 years and from 60 to over 100 for adolescents and
adults. The MoviPlate test was performed twice, with a minute rest
between, on each participant and only the higher score was used for
the analysis.

All physiotherapists were trained to the use of the MyoTools by
specialist physiotherapists at the Institute of Myology in Paris.

24 | Statistical methods
Motor functional assessments were performed at baseline and
12-month follow-up. To analyze the age factor, three age subcate-
gories were reviewed: “5 to 9 years,” “10 to 14 years,” and “15 years
and above.” All analyses are presented as median, range, and inter-
quartile ranges (IQR). Median values were used due to small sample
size and non-normally distributed data. To interpret a relationship
between two variables, a correlation coefficient was used where
strong or very strong correlations were defined as those with coeffi-
cients of 0.70-1.00, moderate correlations as 0.40-0.69, and weak as
0.10-0.39.2* The relationship between variables were examined using
Spearman's correlation coefficients. Non-parametric correlation analy-
sis between the RULM, revised Brooke score and grip strength, pinch
strength, and hand/finger mobility was performed to look at the rela-
tionship between all upper limb measurements.

Analyses were performed using SPSS Statistics version 25 soft-
ware (IBM, Armonk, NY). The limit of statistical significance was set
to 0.05.

3 | RESULTS

3.1 | Cohort characteristics

Thirty-eight assessments from 19 patients (11 females, 8 males;
median age at baseline 11.2 years, range: 5.2-16.9) were included
(Table 1). Ten patients had a diagnosis of SMA Type 2 and nine of
SMA Type 3 (of which four remained independently ambulant
throughout the study). Six patients (four SMA Type 2 and two SMA
Type 3 non-ambulant) had undergone spinal surgery prior to their
baseline assessment. Fifteen patients were right-handed and four

patients were left-handed.

3.2 | One-year change in functional scales

A median decline of two points in the RULM scale was seen across all
participants (Table 2). The 10-14 years and the 15 years and above
groups recorded the largest median decline on the RULM. The youn-
gest participants, between 5 and 9 years, declined by 1 point (Table 2)
and this was the group with the highest score in RULM at both base-
line and 12-month follow-up.
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Children with SMA Type 2 (median age, 10.2; 5.2-16.6) and
non-ambulant SMA Type 3 demonstrated a decrease in the RULM
scale of two points over 12 months (Table 2). Within the SMA Type
2 group, the 10-14 year-old group declined the most. The RULM for
ambulant SMA 3 children (median age, 9.6; 8.4-10.8) improved
slightly. Within that group, the 5-9 year-old group showed
improved, although the 10-14 year-old group declined. All three
subgroups in the non-ambulant SMA Type 3 showed a decline, with
the largest negative change in score presented in the youngest (5-
9 years) (Table 2).

Grip strength declined in median value over the 12-month period
in this patient cohort (Table 2). The 5-9 and 10-14 year groups
showed reduced grip strength, but the above 15 years group showed
improvement. When different SMA subtypes were compared, all
three showed a decline in median value, with the biggest reduction
recorded in the ambulant Type 3 (Figure 1).

Pinch strength results showed an overall increase (Table 2). An
improvement in score was recorded in the 5-9 years group, while we
detected a decline in pinch strength in the 10-14 years and 15 years
and above age subgroups.

Children with Type 2 SMA demonstrated a small positive percent-
age change in pinch strength over 1 year (Table 2). Both 5-9 years
and 15 years and above showed an improvement, whereas the 10-
14 years group showed a decline. The difference in overall positive
change comes from the bigger range improvement in the 5-9 years
patient group (Table 2).

The Type 3 non-ambulant group showed better pinch strength
result at 12 months compared to baseline (Table 2). The Type 3, 5-9,
and 10-14 year groups showed an improvement in pinch strength,
whereas the 15 years and above showed a decline. The Type 3 ambu-
lant subgroup demonstrated a small gain in percentage change when
comparing pinch strength in this population (Table 2).

The hand/finger mobility assessment showed a median four-point
improvement in 1-year follow-up across the three SMA subtypes. The
largest change was observed in the ambulant Type 3 group, followed
by the Type 3 non-ambulant and Type 2 groups. Only the 10-
14 years SMA Type 2 age subgroup (which scored a median of 55 at
baseline and 50 at 12-months follow-up) showed a decline in score
across all age subgroups in both Types 2 and 3 (Table 2).

The difference in grip strength, pinch strength, and hand/finger
mobility scores between SMA Type 2, SMA 3 ambulant, and SMA
3 non-ambulant were statistically significant (p < .05).

3.3 | Relationship between RULM and muscle
strength and hand/fingers mobility

A strong correlation was found between the RULM and grip
strength, and between RULM and pinch strength (Figure 2). A strong
correlation was also observed between the grip and the pinch
strength but weak correlations between grip strength and hand
mobility score and pinch strength and hand mobility score (Figure 2).
A weak correlation was found between the RULM and the hand
mobility score (Figure 2).
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4 | DISCUSSION

Our study demonstrates that the combined use of the RULM, hand
dynamometers, and hand/finger mobility provides insight about corre-
lation between function and strength in children with SMA and can
help to address the gap where floor and ceiling effect is present in this
population. The results showed changes in both Types 2 and 3 SMA
patients in function, strength, and mobility of the upper limb over a
12-month period. Although these changes are small, the functional
trajectories indicate a decline of upper limb function over time in this
group of treatment-naive patients. Stratification of the SMA Type
3 patients into ambulant and non-ambulant allowed for further con-
siderations. SMA Type 3 ambulant children were the strongest at
baseline and showed the smallest change in function over the
12-month period (median change difference 4+ 0.5 in RULM score).
Both Types 2 and 3 non-ambulant patients showed a decline of 22
points in the RULM assessment.

Our results confirmed previous findings in each of the age catego-
ries.>*® The 5- to 9-year-olds affected by Type 2 and the non-
ambulant Type 3 declined but improvement was observed in the Type
3 ambulant group. Coratti et al. have explored the 24-month change
in RULM in children with SMA Types 2 and 3, which shows similar
changes in upper limb function in our age subgroups.®> Those results
suggest that the most notable negative change in upper limb function
occurs during the early teenage years in both SMA Types 2 and
3. Our results confirms the limitations of the RULM scale for the
ambulant SMA Type 3 children, where most of the patients showed
no change in score over the year. We recognize that a 24-month or
longer follow-up period in a larger cohort would be better suited to
detect changes in this population as also previously suggested by
others.>1022

While the RULM scale provides an indication of the overall motor
function in the upper limbs, high precision dynamometry provides an
additional assessment of hand muscle strength allowing more subtle
changes to be captured in an interval of time during which RULM
changes do not occur. Indeed, in our study, grip strength declined in
all three subgroups. The interpretation of the differences in grip
strength results in the different subgroups of patients could be due to
the timeline of disease progression. The strongest SMA Type 3 cohort
in our study showed the largest decline in distal strength, possibly due
to their being in the earlier stages of their disease progression. In the
more severe SMA Type 2, and non-ambulant Type 3 children, deterio-
ration in these distal muscle groups would already have occurred,
causing lower baseline muscle strength.

The distal muscles involved in key pinch showed an improvement
across the whole cohort. A previous study of non-ambulant children
and adults with SMA found that grip and pinch strength are strongly
correlated with age; children demonstrated an upward trajectory prior
until reaching puberty, and a decline of muscle strength following
this.1* The three subgroups in our study have similar average ages,
but the very small number of patients in the 15 years and above
groups in two of the SMA subgroups and none in the ambulant Type

3 patients did not allow us to capture the effect of puberty on
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strength. We recognize that it would have been ideal to record the
pubertal status, and this should be considered when planning future
studies in different age groups. Another limitation of our data is that
wrist and forearm circumference and hand and palm length can have
an effect on grip strength performance,?® which was not taken into
consideration when our study was designed.

The hand/finger mobility score improved across all three sub-
groups. This indicates that despite progressive weakness SMA
patients adopt functional compensatory strategies. Seferian et al. used
the same methods for hand/finger mobility evaluation and reported
no significant changes over 1-year follow-up or between SMA Types
2 and 3, particularly in the younger (under 14 years) children, suggest-
ing that after the age of 14 years, effects of growth no longer com-
pensate for strength loss.2* Hand/finger mobility assessments could
be subject to a learning effect. This was observed and reported in
studies of children with Duchenne muscular dystrophy when perform-
ing the same assessment.2* Growth and maturation effects are factors
of improvement in such motor tasks. Although the test for hand and
finger mobility combines several aspects of mobility including
strength, speed, coordination, and endurance, more studies are
needed to verify our findings. Research on mobility and dexterity in
the upper limb is needed to address this gap in the literature to better
understand how it affects strength and function in this population.

Although statistical significance in the 12-month follow-up was
not reached, due to small sample sizes of SMA subtypes and age
groups, the 2-point decline may contribute to the understanding of
the natural history of individuals with SMA. The RULM evaluation is
part of the Managed Access Agreement (MAA) assessment for the
use of nusinersen and risdiplam treatments in England and used in
many SMA clinical trials.?> A recent longitudinal study found that
many of the SMA 3 patients reach a ceiling effect on the RULM and
this was deemed a limitation to further explore upper limb changes in
these groups of patients over time.2% In our study, two of the four
ambulant SMA 3 children reached the RULM ceiling. This indicates
the need for additional outcome measures to record subtle changes in
the upper limb, particularly in this stronger cohort. The dynamometry
strength assessments showed that they can detect changes in the
weakest and the strongest SMA patients.

5 | CONCLUSION

High precision dynamometry should be considered as an additional
upper limb outcome measure in future natural history studies and clinical
trials. This is further supported by the strong correlation between the
RULM and the tests for grip and pinch strength we report in our study.
With the emergence of new therapies, the importance of captur-
ing changes in all the cohorts of patients becomes essential to assess
efficacy in the upper limb. Our results can guide clinicians toward a
better interpretation of the changes in the upper limb function and its
correlations with strength and hand/finger mobility, before and after
treatments. Future research in treated patients is needed to explore

our findings.
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