ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/309099222

Revised upper limb module for spinal muscular atrophy: Development of a
new module: RULM in SMA

Article in Muscle & Nerve - October 2016

DOI: 10.1002/mus.25430

CITATIONS READS
190 11,983

26 authors, including:

Anna Mayhew Jacqueline Montes
¥ Newcastle University S Columbia University

205 PUBLICATIONS 3,431 CITATIONS 168 PUBLICATIONS 10,330 CITATIONS
SEE PROFILE SEE PROFILE
( Danielle Ramsey Lavinia Fanelli
[ University College London Policlinico Universitario Agostino Gemelli
29 PUBLICATIONS 689 CITATIONS 51 PUBLICATIONS 1,366 CITATIONS
SEE PROFILE SEE PROFILE

All content following this page was uploaded by Maria Carmela Pera on 01 December 2017.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/309099222_Revised_upper_limb_module_for_spinal_muscular_atrophy_Development_of_a_new_module_RULM_in_SMA?enrichId=rgreq-6260603062414107d782be109c00f77d-XXX&enrichSource=Y292ZXJQYWdlOzMwOTA5OTIyMjtBUzo1NjY2ODM2NjU0NzM1MzZAMTUxMjExOTMyMjM3OQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/309099222_Revised_upper_limb_module_for_spinal_muscular_atrophy_Development_of_a_new_module_RULM_in_SMA?enrichId=rgreq-6260603062414107d782be109c00f77d-XXX&enrichSource=Y292ZXJQYWdlOzMwOTA5OTIyMjtBUzo1NjY2ODM2NjU0NzM1MzZAMTUxMjExOTMyMjM3OQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-6260603062414107d782be109c00f77d-XXX&enrichSource=Y292ZXJQYWdlOzMwOTA5OTIyMjtBUzo1NjY2ODM2NjU0NzM1MzZAMTUxMjExOTMyMjM3OQ%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Anna-Mayhew-2?enrichId=rgreq-6260603062414107d782be109c00f77d-XXX&enrichSource=Y292ZXJQYWdlOzMwOTA5OTIyMjtBUzo1NjY2ODM2NjU0NzM1MzZAMTUxMjExOTMyMjM3OQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Anna-Mayhew-2?enrichId=rgreq-6260603062414107d782be109c00f77d-XXX&enrichSource=Y292ZXJQYWdlOzMwOTA5OTIyMjtBUzo1NjY2ODM2NjU0NzM1MzZAMTUxMjExOTMyMjM3OQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Newcastle-University?enrichId=rgreq-6260603062414107d782be109c00f77d-XXX&enrichSource=Y292ZXJQYWdlOzMwOTA5OTIyMjtBUzo1NjY2ODM2NjU0NzM1MzZAMTUxMjExOTMyMjM3OQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Anna-Mayhew-2?enrichId=rgreq-6260603062414107d782be109c00f77d-XXX&enrichSource=Y292ZXJQYWdlOzMwOTA5OTIyMjtBUzo1NjY2ODM2NjU0NzM1MzZAMTUxMjExOTMyMjM3OQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jacqueline-Montes?enrichId=rgreq-6260603062414107d782be109c00f77d-XXX&enrichSource=Y292ZXJQYWdlOzMwOTA5OTIyMjtBUzo1NjY2ODM2NjU0NzM1MzZAMTUxMjExOTMyMjM3OQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jacqueline-Montes?enrichId=rgreq-6260603062414107d782be109c00f77d-XXX&enrichSource=Y292ZXJQYWdlOzMwOTA5OTIyMjtBUzo1NjY2ODM2NjU0NzM1MzZAMTUxMjExOTMyMjM3OQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Columbia-University?enrichId=rgreq-6260603062414107d782be109c00f77d-XXX&enrichSource=Y292ZXJQYWdlOzMwOTA5OTIyMjtBUzo1NjY2ODM2NjU0NzM1MzZAMTUxMjExOTMyMjM3OQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jacqueline-Montes?enrichId=rgreq-6260603062414107d782be109c00f77d-XXX&enrichSource=Y292ZXJQYWdlOzMwOTA5OTIyMjtBUzo1NjY2ODM2NjU0NzM1MzZAMTUxMjExOTMyMjM3OQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Danielle-Ramsey-2?enrichId=rgreq-6260603062414107d782be109c00f77d-XXX&enrichSource=Y292ZXJQYWdlOzMwOTA5OTIyMjtBUzo1NjY2ODM2NjU0NzM1MzZAMTUxMjExOTMyMjM3OQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Danielle-Ramsey-2?enrichId=rgreq-6260603062414107d782be109c00f77d-XXX&enrichSource=Y292ZXJQYWdlOzMwOTA5OTIyMjtBUzo1NjY2ODM2NjU0NzM1MzZAMTUxMjExOTMyMjM3OQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University-College-London?enrichId=rgreq-6260603062414107d782be109c00f77d-XXX&enrichSource=Y292ZXJQYWdlOzMwOTA5OTIyMjtBUzo1NjY2ODM2NjU0NzM1MzZAMTUxMjExOTMyMjM3OQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Danielle-Ramsey-2?enrichId=rgreq-6260603062414107d782be109c00f77d-XXX&enrichSource=Y292ZXJQYWdlOzMwOTA5OTIyMjtBUzo1NjY2ODM2NjU0NzM1MzZAMTUxMjExOTMyMjM3OQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Lavinia-Fanelli?enrichId=rgreq-6260603062414107d782be109c00f77d-XXX&enrichSource=Y292ZXJQYWdlOzMwOTA5OTIyMjtBUzo1NjY2ODM2NjU0NzM1MzZAMTUxMjExOTMyMjM3OQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Lavinia-Fanelli?enrichId=rgreq-6260603062414107d782be109c00f77d-XXX&enrichSource=Y292ZXJQYWdlOzMwOTA5OTIyMjtBUzo1NjY2ODM2NjU0NzM1MzZAMTUxMjExOTMyMjM3OQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Policlinico_Universitario_Agostino_Gemelli?enrichId=rgreq-6260603062414107d782be109c00f77d-XXX&enrichSource=Y292ZXJQYWdlOzMwOTA5OTIyMjtBUzo1NjY2ODM2NjU0NzM1MzZAMTUxMjExOTMyMjM3OQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Lavinia-Fanelli?enrichId=rgreq-6260603062414107d782be109c00f77d-XXX&enrichSource=Y292ZXJQYWdlOzMwOTA5OTIyMjtBUzo1NjY2ODM2NjU0NzM1MzZAMTUxMjExOTMyMjM3OQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Maria-Pera?enrichId=rgreq-6260603062414107d782be109c00f77d-XXX&enrichSource=Y292ZXJQYWdlOzMwOTA5OTIyMjtBUzo1NjY2ODM2NjU0NzM1MzZAMTUxMjExOTMyMjM3OQ%3D%3D&el=1_x_10&_esc=publicationCoverPdf

REVISED UPPER LIMB MODULE FOR SPINAL MUSCULAR ATROPHY:
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ABSTRACT: Introduction: There is a growing need for a robust
clinical measure to assess upper limb motor function in spinal
muscular atrophy (SMA), as the available scales lack sensitivity
at the extremes of the clinical spectrum. We report the develop-
ment of the Revised Upper Limb Module (RULM), an assess-
ment specifically designed for upper limb function in SMA
patients. Methods: An international panel with specific neuro-
muscular expertise performed a thorough review of scales cur-
rently available to assess upper limb function in SMA. This
review facilitated a revision of the existing upper limb function
scales to make a more robust clinical scale. Results: Multiple
revisions of the scale included statistical analysis and captured
clinically relevant changes to fulfill requirements by regulators
and advocacy groups. Conclusions: The resulting RULM scale
shows good reliability and validity, making it a suitable tool to
assess upper extremity function in the SMA population for
multi-center clinical research.
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RULM in SMA

Over the last few years there has been increasing
attention to identification of suitable outcome mea-
sures for clinical trials in spinal muscular atrophy
(SMA)."™* Several measures of gross motor perfor-
mance have been identified®* but none of the exist-
ing scales effectively capture the progressive muscle
weakness representing the entire spectrum of the
disease. This was particularly evident when assessing
patients at the weak end of the spectrum with low
gross motor function scores. Furthermore, there
was a need to identify measures that were useful in
young children, as existing scales often were validat-
ed above age 6 years and included items for which
performance was age-dependent.

The original Upper Limb Module (ULM)’ was
developed as an international effort by clinicians,
physical therapists (PTs), researchers, and patient
advocacy groups in an attempt to address these
shortcomings. The original module was designed
specifically to assess upper limb function in nonam-
bulatory SMA patients, mainly targeting young chil-
dren. The module used items from existing scales
and newer items suitable for a wide age range, from
30 months to adults. The ULM was validated in a
multicenter setting” and has been used in SMA nat-
ural history studies®” and in ongoing clinical trials.
It has proven very successful in assessing the origi-
nally targeted population, i.e., nonambulatory
young children and weaker patients who have a
floor effect or very low score on the Hammersmith
Functional Motor Scale,” significant lower limb con-
tractures, and limited upper limb activities.

Nevertheless, critical analysis of the results indi-
cated that a ceiling effect was present when assess-
ing cohorts that include both weak and strong
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nonambulatory and ambulatory patients, both in
natural history studies and in clinical trials.®”

To address the ceiling effect and make the
module more useful in a wider SMA population,
we undertook a revision process and now report
the steps leading to the development of the revised
version of the ULM, called RULM.

MATERIALS AND METHODS

This study was performed as part of the collabo-
ration between 3 networks based in the United
States (US, the Pediatric Neuromuscular Clinical
Research Network for SMA), the United Kingdom
(UK, SMA Reach) and Italy (Italian SMA Network).
The study was approved by the Ethics Committee
or institutional research board at each center.

The development of the RULM followed sever-
al steps, including a review of upper limb clinical
scales currently used in neuromuscular disorders
(NMDs) as well as using clinical expertise and
modern psychometric methods. Rasch analysis,
already used in SMA® can identify the strengths
and weaknesses of rating scales” while at the same
time ensuring that scales fulfill current traditional
psychometric criteria.'’ This will provide data that
are more clinically meaningful and provide
detailed recommendations for scale modification.
Further details on this methodology are described
elsewhere.'!

Critical Review and Rasch Analysis of the Original
ULM and Identification of Possible Additional
Items. An expert panel consisting of clinicians
and physical therapists (PTs) with specific neuro-
muscular knowledge and expertise in outcome
measures and in SMA met to develop a conceptual
framework reflecting the progression of weakness
and natural history of functional decline in the
upper limbs of both nonambulatory and ambulato-
ry individuals with SMA.

The original version of the ULM® was reviewed
critically. Clinical expertise, natural history stud-
ies,%7 and its use in clinical trials suggested that
some items did not fully reflect the potential for
change in more able patients and that the scoring
system might benefit from some degree of adapta-
tion. For these items, instead of 0-1-2 scores, we
tried to add more categories that would indicate
disease progression and better define scoring
options.

To address the ceiling effect, new items were
identified through a systematic and critical review
of the existing upper limb scales in other NMDs,'*
and in particular the performance of upper limb
(PUL) scale for Duchenne muscular dystrophy
(DMD),"* a module that assesses a wider array of
upper limb performance in DMD. A small suitabili-
ty study was performed as part of an international

2 RULM in SMA

multicenter effort (Rome, London, Newcastle)
using the PUL in 53 consecutive ambulatory and
nonambulatory SMA patients (34 type 2; 19 type 3;
age range, 2.3-23.4 years; mean, 9.5 years) to iden-
tify possible additional items that could also be
suitable to assess the patterns of weakness observed
in SMA. A new pilot version, ULM version 2
(ULM2), was developed taking into account the
critical review and Rasch analysis of the original
module (ULM), with the selection of the new
items.

Revision of the ULM2 and Development of the
RULM. The ULM2 was piloted in a multicenter
setting (Rome, London, Newcastle) on 42 nonam-
bulatory and ambulatory SMA patients of age
between 3 and 71 years of age (median, 10 years)
and compared with the original ULM using Rasch
analysis. The results were further reviewed by an
expert panel, highlighting possible difficulties in
using the adapted wording of item instructions
and scoring system in the new items. Rasch analysis
showed generally good item fit, and improved tar-
geting of patients when using the RULM com-
pared with the ULM, although a small ceiling
effect was still noted and there were some issues of
disordered thresholds. This is related to response
option ordering and indicates that scoring options
were potentially too complex. Additional, more dif-
ficult items were added, and existing items were
adapted to further reduce the ceiling effect. We
also decided to simplify some of the scoring, as the
widening of the scoring options introduced in the
ULM2 did not always appear to work better than
the original 0-2 scoring system. Minor modifica-
tions of wording and test equipment were also per-
formed to facilitate standardization and clarity for
better use in a multicenter setting.

The resulting RULM reflects these changes
(Table 1). The RULM now has a total of 20 items
with an entry item that serves as functional class
identification and does not contribute to the total
score. The remaining 19 scorable items reflect dif-
ferent functional domains and are graded on a 3-
point system with a score of 0 (unable), 1 (able,
with modification), and a maximum of 2 (able, no
difficulty). There is only 1 item (item I) that is
scored as a can/cannot score, with 1 as the highest
score. The maximum total score is 37 (Supplemen-
tary Fig. S1, available online). A scoring sheet and
manual with detailed graphics that provide better,
standardized administration procedures related to
general testing guidelines, patient positioning,
equipment, item instructions, start and stop posi-
tions, and detailed scoring options were a part of
the RULM revision. Assessments were performed
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Table 1. Details of the items included in the final version of the
Revised Upper Limb Module

Entry item

Bring hands from lap to table

Complete the path bringing the car to the finish line without stop-
ping or taking pencil off of paper?

Pick up coins/tokens

Place coin/token into cup : On table: horizontal At shoulder
height: vertical

Reach to the side and touch the coin/token: Bring hand at shoul-
der height and above

Push button light with one hand

Tearing paper

Open Ziploc container

Raise 200-g cup to mouth

Lift 200-g weight and bring it from 1 circle to the other (midline
to outer circle on tested side) without sliding

Lift 500-g weight and bring it from 1 circle to the other (midline
to outer circle on tested side) without sliding

Lift 200-g weight and bring it from one circle to the other (inner
to outer circle on opposite side) without sliding across midline

Bring 500-g sand weight from lap to table or eye level

Bring both arms above head - Shoulder abduction

Bring 500-g weight above shoulder height - Shoulder abduction

Bring 1-kg weight above shoulder height - Shoulder abduction

Bring hand above shoulder height - Shoulder flexion

Bring 500-g weight above shoulder height - Shoulder flexion

Bring 1-kg weight above shoulder height - Shoulder flexion

unilaterally on the preferred arm chosen by the
individual.

Refining the RULM. The final RULM version was
used for wider circulation with training sessions
among the 3 networks participating in the develop-
ment of the revised module. An inter-network
training session was performed for all participating
therapists during a face-to-face meeting followed
by video review to establish inter-rater reliability.
Three (3) video assessments of the RULM were
evaluated by 17 PTs across the 3 International
Clinical Networks. Intra-class correlation coeffi-
cients (ICC) and 95% confidence intervals (CI)
using a 2-way random effects, single measures,
analysis of variance model to determine inter-rater
reliability. The ICC (2,1) was 0.928 (95% CI,
0.761-0.998) for all 17 PT evaluators, (0.933 in the
UK [rn=3], 0920 [n=11] in the US, and 0.947
(n=3) in Italy). Following the training sessions
and implementation of assessments with the 3 net-
works, additional Rasch analysis was performed on
a prospective international dataset including 134
ambulatory and nonambulatory patients ages 2 to
52 years (median, 9 years).

RESULTS

Overall, the RULM performed well against the
battery of psychometric tests with minimal issues.
The key findings from these analyses were as
follows:

RULM in SMA

Fit. The item locations ranged from -5.19
to+6.11, indicating that the RULM defines a
good continuum with little overlap (very few items
measure the same level of ability). The overall
item—trait interaction Chi® value was 183.99 (44
degrees of freedom). None of the 20 items had a
fit residual outside the recommended range (-2.50
to + 2.50). Three items had a significant Chi® prob-
ability (P= 0.001; Table 2).

Targeting. The range of the upper histogram hori-
zontally that does not extend outside the range of
the lower histogram suggests no floor or ceiling
effect of the current items unless individuals on
the extreme ends of the spectrum are included
where a small ceiling is noted (Fig. 1). The spread
of items suggests a small amount of redundancy,
with minimal gaps in measurement accuracy.

Response Categories. The individual item scoring
threshold map in Figure 2 demonstrates no disor-
dered items (0/20) even for the entry item A.

Reliability. RULM reliability was supported by a
high Person Separation Index (PSI) (0.954).

Dependency. Only 2 pairs of items (shoulder
abduction and flexion, and shoulder flexion and
abduction with 500 g) had residuals that were high-
ly correlated (>0.40) when excluding the entry
item (not part of the total score), suggesting that a
response to 1 influenced the response to the oth-
er. When 2 of these items were removed (shoulder
abduction items) reliability (PSI) was not impacted
(0.949) suggesting reliability was not artificially
inflated.

Stability. There was no uniform or nonuniform
differential item functioning for gender, indicating
that gender did not influence performance on this
scale.

The results of this analysis (Figs. 1 and 2) con-
firmed the robustness of the scale. The Rasch
results were discussed, with feedback provided, by
the evaluating clinicians. The scale was safely and
easily administered with no refusals noted even in
younger children. Key to this is that test duration
never exceeded 20 min (range, 5-20 min).

The RULM was well-tolerated, and no muscle
or joint injury occurred. A manual and a scoring
sheet (Supplementary Fig. S1) provided clear
instructions and scoring options for clinicians to
follow, and, given training, it has been demonstrat-
ed that inter-rater reliability can be achieved (ICC
always > 0.9) Equipment was well sourced and stan-
dardized across all centers internationally. There
was a reduced ceiling effect compared with the
ULM, and each item could be associated with
meaningful activities of daily living by patients.
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Table 2. Individual item fit for the Revised Upper Limb Module in item location order (i.e., order of difficulty, easiest to most difficult)

Item N. Item name Location SE FitResid ChiSq P-value
2 Hands lap to table —5.193 0.374 —0.207 1.081 0.582457
5 Pick up tokens —3.702 0.285 0.189 14.527 0.000701*
1 Entry item —2.905 0.121 —0.028 5.554 0.062239
3 Path —2.882 0.246 0.341 12.642 0.001799*
19 Lift 200g —2.264 0.211 —0.369 4.894 0.086546
17 Cup to mouth —2.216 0.209 -0.333 2.37 0.305737
6 Token in cup —2.058 0.204 —0.491 0.858 0.651123
21 Lift 200 g diagonally —1.335 0.183 —0.879 9.761 0.007593*
9 Reach to side -0.515 0.171 -0.637 2.829 0.243071
20 Lift 500 g —0.443 0.166 -0.23 1.102 0.576348
22 Lift weight from lap —-0.107 0.195 —0.889 3.436 0.179469
13 Tear paper 1.035 0.185 0.922 6.725 0.034658
24 Shoulder abduction 1.075 0.178 —0.256 1.075 0.584255
11 Push on light 1.19 0.193 1.558 9.017 0.011016
27 Shoulder flexion 1.219 0.186 —0.662 0.793 0.6726

14 Open ziploc 1.6 0.278 0.757 7.043 0.029549
25 Shoulder abduction 500g 2.979 0.246 —0.634 4.642 0.098157
28 Shoulder flexion 5009 3.555 0.258 —0.569 5.042 0.080396
26 Shoulder abduction 1 kg 4.857 0.312 —0.381 3.263 0.195599
29 Shoulder flexion 1kg 6.108 0.381 -0.22 0.782 0.6763

“Items that have a significant chi° probability (P = 0.001).

There was full consensus from the expert clinicians
that the RULM is the final most robust scale for
assessment of upper limb function in SMA.

An illustration of the relationship of the origi-
nal ULM to the RULM is included (Fig. 3), which
also illustrates how a score on 1 scale can be pre-
dicted on another.

DISCUSSION
The development of the RULM described here

continues to evolve. In the past, most outcome
measures were developed by adapting clinical tools
that originated in a clinical setting, but these mea-
sures were not always suitable for research pur-
poses.®  Other contrast, were
developed using appropriate statistical methods
but did not always capture the whole spectrum of
the disease course or clinically relevant changes.
More recently, regulators and advocacy groups
have highlighted the need to have tools with items

measures, in

reflects how the field of outcome measures that reflect activities of daily living and are
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FIGURE 1. Person-item location distribution RULM (excludes extremes). Targeting of the patient sample (top) to the items (bottom).
The figure shows good targeting between the distribution of person measurements (upper histogram) and the distribution of item loca-
tions (lower histogram). The are no ceiling/floor effects, as the range of the person measurements (upper histogram “blocks”) fits within

the item locations (lower histogram “blocks”).
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FIGURE 2. Threshold map for RULM items in ranked order of difficulty according to Rasch analysis. RULM has no disordered thresh-
olds. 1= Score of 0, unable; 2 = Score of 1, with modification; 3 =score 2, able, no difficulty. ltem scoring 1-7 equivalent to entry

item, 0-6.

“clinically meaningful” to patients and caregivers.*'*
The revision process addressed these bottlenecks by
integrating all the different approaches.

We used a stepwise approach, starting from the
original ULM, a module that was devised specifi-
cally for SMA and focused on activities observed in
younger and weaker SMA patients. The RULM fits
the conceptual framework for SMA with an

increased number of items and captures a wider
spectrum of functional abilities across ambulatory
and nonambulatory individuals with SMA. The new
items include activities such as shoulder abduction
and flexion using weights that can be lifted by
stronger patients. Other functional items included
the ability to bring hands from lap to table and
hand dexterity and manipulation items (picking

ForLocn = 2.2672: ULM = 14.952 RULM = 26,250 LEGEND
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FIGURE 3. Equating of the 2 scales: RULM and ULM. The vertical axis denotes the raw score, thus a raw score on the ULM of 15 is
equivalent to a raw score of 26 on the RULM. Entry item excluded from total score on RULM.
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up coins and tearing a piece of paper) that further
explore limited distal upper limb function.

The choice of items reflects what experienced
clinicians and patients believed were clinically rele-
vant. Patients with SMA and their caregivers were
involved iteratively throughout the process to
establish clinical meaningfulness and relevance of
individual RULM items to activities of daily living.
To ascertain whether the activities in the test were
developmentally appropriate, they were piloted in
the original version of the ULM in a cohort of typi-
cally developing children and could be successfully
completed in all children, including the youngest
ones, assessed at 30 months.’

The use of repeated Rasch analysis helped to
improve the new scale robustness by highlighting
possible issues that impact scale validity such as
item fit, disordered thresholds or item redundan-
cy. These issues were vetted by an expert panel of
clinicians, and changes were made regarding the
clinical relevance of the individual items and their
scoring options. Plans for the future include col-
lecting prospective data in a larger sample with the
intent to undertake longitudinal analysis to review
change scores over time as well as create a lineari-
zation of the RULM that would better ensure
change across the breadth of the scale to mean
the same regardless of patient ability. It is also pos-
sible to establish raw scores on the ULM that relate
to RULM raw scores by means of a logit transfor-
mation as reported in Figure 3. This is a dynamic
figure and is updated as more data are included to
ensure greater precision and prediction.

We also plan to assess the impact of age, con-
tractures, and gender on individual scores on this
scale once a larger sample size is available.

Our preliminary findings, obtained as part of
the training in the 3 networks, also suggest excel-
lent inter-observer reliability. Ongoing studies are
also in progress to establish different aspects of val-
idation and cross correlation with other measures
(myometry and grip) that are particularly relevant
in weaker subjects. The RULM also is currently
being used by all the participating centers as part
of their natural history studies, which will allow
better understanding of its sensitivity to detect
change over time.

There was consensus among the clinical evalua-
tors that the module is easy to perform and score,
as categories are consistent. It was tolerated by par-
ticipants, even younger children, allowing us to
capture upper limb activities across a wide spec-
trum of both ambulatory and nonambulatory indi-
viduals with SMA across a range of functional

6 RULM in SMA

abilities. Analysis of the data clearly indicated that
the scale proved to be a more suitable test for indi-
viduals with SMA and suitable for use in a multi-
center setting because it fulfilled many key
requirements.

The RULM can continue to identify change in
motor function after an ambulatory individual
becomes nonambulatory. These results together with
the statistical robustness suggest that the RULM is a
valuable addition to the existing scales that are cur-
rently being used in clinical trials in SMA.

Professor Giulio De Belvis, Statistician at the Catholic University of
Rome, is acknowledged for his support for statistical analysis.
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