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Abstract: Although nusinersen has been demonstrated to improve motor function in patients with
spinal muscular atrophy (SMA), no studies have investigated its effect on fine manual dexterity. The
present study aimed to investigate the ability of nusinersen to improve fine manual dexterity in
patients with SMA type 2. A total of five patients with SMA type 2 were included. The Hammersmith
Functional Motor Scale (expanded version) (HFMSE) and Purdue Pegboard (PP) tests were used to
evaluate gross motor function and fine manual dexterity, respectively, until 18 months after nusin-
ersen administration. HFMSE scores improved by 3-10 points (+13-53%) in all patients following
nusinersen administration. PP scores also improved in all patients, from 4 to 9 points (+80-225%)
in the preferred hand and from 3 to 7 points (+60-500%) in the non-preferred hand. These results
suggest that nusinersen treatment improved both gross motor function and fine manual dexterity in
children with SMA type 2. Addition of the PP test may aid in evaluating the fine manual dexterity

check for
updates essential for activities of daily living in these patients.
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Children 2021, 8,1039. https:// 1. Introduction

dot.org/10.3390/ children8111039 Spinal muscular atrophy (SMA) is an autosomal recessive disorder that affects the
motor neurons in the anterior horn of the spinal cord, resulting in muscle atrophy and loss
of muscle strength [1]. SMA is caused by insufficient production of SMN protein due to
deletion or mutation of the survival motor neuron 1 (SMN 1) gene [2,3].

Recently, nusinersen targeting the SMN gene has been used as a treatment for SMA.
Previous research has consistently demonstrated that nusinersen treatment improves
both gross motor function as measured using the Hammersmith Functional Motor Scale
(expanded version) (HFMSE) and upper extremity motor function as measured using the
Revised Upper Limb Module (RULM) in patients with later-onset SMA [4].

Although the RULM also includes some items related to hand dexterity, such as
picking up coins and tearing a piece of paper, it is difficult to assess quantitative changes
in dexterity because the tool utilizes a three-point scale (0, 1, 2). Previous studies only
addressed changes in the total RULM score following administration of nusinersen, without
performing subgroup analysis for specific items [4,5]. Therefore, while such studies were
able to confirm improvements in general upper limb motor function following nusinersen
administration, they were unable to confirm whether patients exhibited improvements in
fine manual dexterity. The present study is the first to investigate and demonstrate the
effect of nusinersen on fine manual dexterity in patients with SMA type 2.
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received neither permanent ventilator support nor enteral feeding. Between May 2019 and
December 2019, the patients were referred to the Department of Rehabilitation Medicine to
evaluate functional changes before and after nusinersen administration.

Nusinersen was administered intrathecally at a dose of 12 mg on days 0 (1st), 14 (2nd),
28 (3rd), and 63 (4th) according to the protocol, following which, it was administered once
every 4 months for maintenance. Functional evaluations were performed before starting
nusinersen treatment, between the 3rd and 4th doses, and before administration during
the maintenance period. Patients underwent follow-up for a total of 18 months.

This study was approved by the Institutional Review Board of Chungbuk National
University (CBNUH 2021-08-011), who waived the requirement for informed consent due
to the retrospective nature of the study.

2.2. Functional Assessments

The 33-item HFMSE was developed to evaluate gross motor function related to daily
living in patients with SMA type 2 or 3. Each item is scored from 0 (no response) to 2 (full
response), with total scores ranging from 0 to 66 [6,7].

The Purdue Pegboard (PP) test is a standardized assessment of fine manual dexterity
that is mainly used to evaluate functional abnormalities in patients with neurological
impairment or developmental delay. There are normative data for most age groups, as well
as reference data for preschool children over the age of 2 years, 6 months [8].

The PP test was used to evaluate fine manual dexterity in each hand. The PP test
assesses the patient’s ability to pick up pegs one at a time from a cup on top of the pegboard
and insert them into the holes as quickly as possible. The test was first performed using
the preferred hand followed by the non-preferred hand, and the number of pegs inserted
within 30 s was measured [8].

The assessments were performed by one trained clinical evaluator, and training was
conducted to establish reliability before data collection began.

3. Results
3.1. Baseline Characteristics

Baseline characteristics for the five patients included in the study are summarized in
Table 1. All five patients were female and had SMA type 2. Genetic sequencing analysis
indicated that the SMN2 gene copy number was 3 in all 5 patients. The age at the onset of
SMA symptoms ranged from 12 to 14 months, while the age at SMA diagnosis ranged from
2 to 24 months. The age at initiation of nusinersen treatment ranged from 12 to 14 months
(Table 1).

Table 1. Baseline characteristics of the study patients.

Patient SMA SMN2 Age at Symptom {\ge at' .Age at
Number Sex Type Copy Onset (Month) Diagnosis  First Dose
Number (Month) (Month)
1 Female 2 3 12 2 58
2 Female 2 3 13 24 82
3 Female 2 3 14 23 40
4 Female 2 3 12 21 38
5 Female 2 3 13 21 65

SMA—spinal muscular atrophy; SMN—survival motor neuron.

3.2. Efficacy Results
3.2.1. Hammersmith Functional Motor Scale (Expanded Version)
Baseline HFMSE scores before nusinersen administration ranged from 10 to 40 points.

At 18 months after nusinersen administration, HFMSE scores had improved in all patients,
ranging from a minimum of +3 points to a maximum of +10 points (+13-53%). Although
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there were variations among patients, gross motor functions related to trunk control such as
lying, rolling, sitting, crawling, and kneeling [9] tended to improve (Table 2 and Figure 1).

Table 2. Change in HFMSE scores from baseline after nusinersen injection.

Baseline A Lying A Walking, HFMSE

Patient HFMSE and A Sitting A CI‘anll‘.lg A Standing Running, and  Score after A HFM%,E
Number . and Kneeling - Score (A%)
Score Rolling Jumping 7th Dose
1 10 +2 +3 0 0 0 15 +5 (+50%)
2 19 +5 +1 +4 0 0 29 +10 (+53%)
3 40 +3 0 +1 +1 +1 46 +6 (+15%)
4 13 0 +3 0 0 0 16 +3 (+23%)
5 30 +3 0 +1 0 0 34 +4 (+13%)

HFMSE—Hammersmith Functional Motor Scale (expanded version); A—amount of change.
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Figure 1. Change in HFMSE score from baseline to 18 months after nusinersen injection. HFMSE—Hammersmith Functional
Motor Scale (expanded version).

3.2.2. Purdue Pegboard Test

In the preferred hand, PP scores before and 18 months after the initiation of nusinersen
administration ranged from 2 to 7 and from 6 to 14, respectively. The PP score of the
preferred hand improved in all patients, ranging from +4 to +9 (+80-225%) when compared
with the baseline score (Table 3 and Figure 2a).

In the non-preferred hand, PP scores before and 18 months after the initiation of
nusinersen administration ranged from 1 to 6 and from 6 to 13, respectively. The PP score
of the non-preferred hand also improved in all patients, ranging from +3 to +7 (+60-500%)
when compared with the baseline score (Table 3 and Figure 2b).

Shown in Figure 3, most subjects—except for patient 3—had lower PP scores than
normative data of the same age and sex before nusinersen administration; however, the PP
scores in both hands of patients 2, 3, and 5 after nusinersen administration (at 18 months)
improved to the normal range.
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Figure 2. Change in Purdue Pegboard score from baseline to 18 months. (a) Preferred hand; (b) non-preferred hand.
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Figure 3. Comparison of Purdue Pegboard score changes in patients versus normative data. (a) Pre-
ferred hand; (b) non-preferred hand.
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Table 3. Change in Purdue Pegboard scores from baseline.

A HFMSE Score Preferred Hand PP Score Non-Preferred Hand PP Score
Patient Number o
(A%) Baseline After 7th Dose Baseline After 7th Dose

1 +5 (+50%) 6 11 4 8
A PP score (A%) +5 (+83%) +4 (+100%)

2 +10 (+53%) 7 14 6 13
A PP score (A%) +7 (+100%) +7 (+117%)

3 +6 (+15%) 5 9 5 8
A PP score (A%) +4 (+80%) +3 (+60%)

4 +3 (+23%) 2 6 1 6
A PP score (A%) +4 (+200%) +5 (+500%)

5 +4 (+13%) 4 13 5 11
A PP score (A%) +9 (+225%) +6 (+120%)

HFMSE—Hammersmith Functional Motor Scale (expanded version); PP—Purdue Pegboard; A—amount of change.

4. Discussion

In this study, we investigated the effects of nusinersen in five patients with SMA
type 2. Gross motor function as measured using the HFMSE improved in all patients
after 18 months of treatment, and the functional improvements were mainly related to
trunk control. Moreover, fine manual dexterity, as evaluated using the PP test, significantly
improved in all patients following nusinersen treatment, and there was no difference
between the preferred and non-preferred hands.

In the present study, we observed little or no improvements in standing, walking,
running, or jumping ability as measured using the HFMSE; however, scores for items
related to trunk control, such as lying, rolling, sitting, crawling, and kneeling improved
following treatment [9]. In a previous study by Rosenblum et al., development of trunk
control was identified as a prerequisite for upper extremity function and manual dexterity
in healthy children [10]. Wang et al. also noted that development of trunk control in
preterm infants improved fine motor skills [11]. This is because trunk stability plays an
important role in upper limb motor function [12]. In accordance with previous findings,
the improvements in PP score observed in this study are presumed to include the effect of
improved trunk control, as measured using the HFMSE.

In addition, a recent study by Bram et al. showed significant improvements in hand
grip strength and hand motor function in adult patients with SMA type 3 and 4 treated
with nusinersen [5]. Similarly, administration of nusinersen may have improved fine motor
function of the hand itself in our patients with SMA type 2.

In comparing the fine manual dexterity of SMA type 2 patients treated with nusin-
ersen versus normal children, most SMA patients before receiving nusinersen had lower
PP test scores than normal children of the same age and sex. However, the scores im-
proved to the normal range observed from healthy children in most patients treated for
18 months (Figure 3) [8,13]. In a previous study, it was reported that when nusinersen was
administered to infants during the pre-symptomatic stage, most patients achieved the
motor milestone within the window for healthy children [14]. Similar to the results of
the previous study;, it is postulated that nusinersen administration rapidly improved fine
manual dexterity in SMA patients; thus, they were able to reduce the gap with the normal
fine motor milestone.

Previous studies have demonstrated that patients with SMA treated with nusinersen
exhibit improvements not only in HFMSE scores but also in upper arm skill, as assessed
using the RULM [4]. The RULM is designed to evaluate upper limb functions closely related
to activities of daily living [15]. Although the RULM has the advantage of evaluating the
overall function of the upper extremities, it has limitations in quantitatively measuring fine
manual dexterity. Considering that most patients with SMA type 2 cannot stand alone or
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walk with assistance, even if they receive nusinersen treatment, fine manual dexterity is
important for activities of daily living in these patients. Simply adding the PP test to the
battery of existing evaluation tools may aid in providing a more detailed assessment of
fine manual dexterity in patients with SMA.

Since this study was conducted only on patients with SMA type 2, the effect of
nusinersen on fine manual dexterity in patients with other subtypes of SMA could not
be identified. In a previous study, comparing the effects of nusinersen on SMA types 2
and 3, the change in the HFMSE score was greater in SMA type 2 than in SMA type 3
(+10.8 points versus +1.8 points) while the change in the upper limb module (ULM) score
was also greater in SMA type 2 [16]. Considering the results of this previous study; it is
presumed that the benefits of nusinersen on fine manual dexterity will also be greater in
type 2 SMA than in other later-onset SMA types; however, this remains to be confirmed
through further studies.

The present study had some limitations. Although nusinersen improved fine manual
dexterity in a small number of subjects with SMA, this effect may not be statistically
significant in large-scale studies. The statistical significance of the results of this study will
be confirmed through a large multicenter study. Additionally, only the PP test was used to
evaluate fine manual dexterity. Use of other tools to evaluate fine manual dexterity may
have yielded more robust findings. Despite these limitations, this study is meaningful
in that it is the first to report improvements in fine manual dexterity after nusinersen
administration in patients with SMA type 2. Nonetheless, further studies including larger
numbers of patients are required to verify our findings.

5. Conclusions

Changes in PP scores from baseline to 18 months confirmed that nusinersen treatment
improved fine manual dexterity in patients with SMA type 2. Simply adding the PP test to
the existing battery of evaluation tools may help to provide a more thorough assessment of
the fine manual dexterity essential for daily living activities in patients with SMA type 2.

Author Contributions: Conceptualization, M.G. and H.-H K.; methodology, H.-H.K; software, M.G.;
formal analysis, M.G. and H.-H.K.; investigation, H.-H.K.; resources, H.-H.K,; data curation, M.G.;
writing—original draft preparation, M.G.; writing—review and editing, H.-H.K ; visualization, M.G.;
supervision, H.-H.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was approved by the Institutional Review Board
of the Chungbuk National University (IRB number: CBNUH 2021-08-011, date of approval: 18
August 2021).

Informed Consent Statement: Patient consent was waived due to the type of study (retrospective,
based on existing data).

Conflicts of Interest: The authors declare no conflict of interest.

1. Prasad, A.N.; Prasad, C.J.B. The floppy infant: Contribution of genetic and metabolic disorders. Brain Dev. 2003, 25, 457-476.

[CrossRef]

2. Lefebvre, S.; Burglen, L.; Reboullet, S.; Clermont, O.; Burlet, P; Viollet, L.; Benichou, B.; Cruaud, C.; Millasseau, P;
Zeviani, M; et al. Identification and characterization of a spinal muscular atrophy-determining gene. Cell 1995, 80, 155-165.

[CrossRef]

3. Iyer, C.C;; McGovern, V.L.; Murray, ].D.; Gombash, S.E.; Zaworski, P.G.; Foust, K.D.; Janssen, PM.L.; Burghes, A.H.M. Low levels
of Survival Motor Neuron protein are sufficient for normal muscle function in the SMNDelta7 mouse model of SMA. Hum. Mol.
Genet. 2015, 24, 6160-6173. [CrossRef] [PubMed]

Mercuri, E.; Darras, B.T.; Chiriboga, C.A.; Day, ].W.; Campbell, C.; Connolly, A.M.; Iannaccone, S.T.; Kirschner, J.; Kuntz, N.;

Saito, K.; et al. Nusinersen versus sham control in later-onset spinal muscular atrophy. N. Engl. J. Med. 2018, 378, 625-635.

[CrossRef] [PubMed]


http://doi.org/10.1016/S0387-7604(03)00066-4
http://doi.org/10.1016/0092-8674(95)90460-3
http://doi.org/10.1093/hmg/ddv332
http://www.ncbi.nlm.nih.gov/pubmed/26276812
http://doi.org/10.1056/NEJMoa1710504
http://www.ncbi.nlm.nih.gov/pubmed/29443664

Children 2021, 8, 1039 70f7

10.

11.

12.

13.

14.

15.

16.

De Wel, B.; Goosens, V.; Sobota, A.; Camp, E.V.; Geukens, E.; Van Kerschaver, G.; Jagut, M.; Claes, K.; Claeys, K.G. Nusinersen
treatment significantly improves hand grip strength, hand motor function and MRC sum scores in adult patients with spinal
muscular atrophy types 3 and 4. J. Neurol. 2021, 268, 923-935. [CrossRef]

O’Hagen, ].M.; Glanzman, A.M.; McDermott, M.P,; Ryan, P.A.; Flickinger, J.; Quigely, J.; Riley, S.; Saborn, E.; Irvine, C.;
Martens, W.B.; et al. An expanded version of the Hammersmith Functional Motor Scale for SMA II and III patients. Neuromusc.
Disord. 2007, 17, 693-697. [CrossRef]

Glanzman, A.M.; O’'Hagen, ].M.; McDermott, M.P.; Martens, W.B.; Flickinger, J.; Riley, S.; Quigely, ].; Montes, J.; Dunaway, S.;
Deng, L.; et al. Validation of the Expanded Hammersmith Functional Motor Scale in spinal muscular atrophy type Il and III. J.
Child Neurol. 2011, 26, 1499-1507. [CrossRef] [PubMed]

Wilson, B.C.; Wilson, ].J.; Iacoviello, J.M.; Risucci, D. Purdue Pegboard performance of normal preschool children. J. Clin.
Neuropsychol. 1982, 4, 19-26. [CrossRef] [PubMed]

Pin, TW.; Butler, P.B.; Cheung, H.-M.; Shum, S.L.E. Relationship between segmental trunk control and gross motor development
in typically developing infants aged from 4 to 12 months: A pilot study. BMC Pediatr. 2019, 19, 425. [CrossRef] [PubMed]
Rosenblum, S.; Josman, N.J.P. The relationship between postural control and fine manual dexterity. Phys. Occup. Ther. Pediatr.
2003, 23, 47-60. [CrossRef] [PubMed]

Wang, T.-N.; Howe, T.-H.; Hinojosa, J.; Weinberg, S.L. Relationship between postural control and fine motor skills in preterm
infants at 6 and 12 months adjusted age. Am. J. Occup. Ther. 2011, 65, 695-701. [CrossRef] [PubMed]

Miyake, Y.; Kobayashi, R.; Kelepecz, D.; Nakajima, M. Core exercises elevate trunk stability to facilitate skilled motor behavior of
the upper extremities. J. Bodyw. Mov. Ther. 2013, 17, 259-265. [CrossRef] [PubMed]

Gardner, R.A.; Broman, M. The Purdue Pegboard: Normative data on 1334 school children. . Clin. Child Psychol. 1979, 8, 156-162.
[CrossRef]

De Vivo, D.C.; Bertini, E.; Swoboda, K.J.; Hwu, W.L.; Crawford, T.O.; Finkel, R.S.; Kirschner, J.; Kuntz, N.L.; Parsons, J.A.;
Ryan, M.M,; et al. Nusinersen initiated in infants during the presymptomatic stage of spinal muscular atrophy: Interim efficacy
and safety results from the Phase 2 NURTURE study. Neuromuscul. Disord. 2019, 29, 842-856. [CrossRef] [PubMed]

Mazzone, E.S.; Mayhew, A.; Montes, J.; Ramsey, D.; Fanelli, L.; Dunaway Young, S.; Salazar, R.; De Sanctis, R.; Pasternak, A.;
Glanzman, A.; et al. Revised upper limb module for spinal muscular atrophy: Development of a new module. Muscle Nerve.
2017, 55, 869-874. [CrossRef] [PubMed]

Darras, B.T.; Chiriboga, C.A.; lannaccone, S.T.; Swoboda, K.J.; Montes, J.; Mignon, L.; Xia, S.; Bennett, C.F; Bishop, K.M.;
Shefner, ].M.; et al. Nusinersen in later-onset spinal muscular atrophy: Long-term results from the phase 1/2 studies. Neurology.
2019, 92, €2492-2506. [CrossRef] [PubMed]


http://doi.org/10.1007/s00415-020-10223-9
http://doi.org/10.1016/j.nmd.2007.05.009
http://doi.org/10.1177/0883073811420294
http://www.ncbi.nlm.nih.gov/pubmed/21940700
http://doi.org/10.1080/01688638208401113
http://www.ncbi.nlm.nih.gov/pubmed/7096583
http://doi.org/10.1186/s12887-019-1791-1
http://www.ncbi.nlm.nih.gov/pubmed/31711441
http://doi.org/10.1080/J006v23n04_04
http://www.ncbi.nlm.nih.gov/pubmed/14750308
http://doi.org/10.5014/ajot.2011.001503
http://www.ncbi.nlm.nih.gov/pubmed/22214114
http://doi.org/10.1016/j.jbmt.2012.06.003
http://www.ncbi.nlm.nih.gov/pubmed/23561876
http://doi.org/10.1080/15374417909532912
http://doi.org/10.1016/j.nmd.2019.09.007
http://www.ncbi.nlm.nih.gov/pubmed/31704158
http://doi.org/10.1002/mus.25430
http://www.ncbi.nlm.nih.gov/pubmed/27701745
http://doi.org/10.1212/WNL.0000000000007527
http://www.ncbi.nlm.nih.gov/pubmed/31019106

	Introduction 
	Materials and Methods 
	Patients 
	Functional Assessments 

	Results 
	Baseline Characteristics 
	Efficacy Results 
	Hammersmith Functional Motor Scale (Expanded Version) 
	Purdue Pegboard Test 


	Discussion 
	Conclusions 
	References

