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Abstract 

Spinal muscular atrophy (SMA) is a rare, autosomal recessive neuromuscular disorder caused 
primarily by homozygous deletions or mutations in the SMN1 gene, leading to survival motor neuron 
protein deficiency and progressive degeneration of anterior horn alpha motor neurons. This 
neurodegenerative process results in muscle weakness, atrophy, and varying degrees of respiratory 
and orthopedic complications. Historically, SMA has not been considered a pain-predominant 
condition; however, emerging evidence from observational studies, patient registries, and clinical 
trials indicates that pain is a significant yet underrecognized comorbidity in individuals with SMA. 
With the advent of disease-modifying therapies, including antisense oligonucleotides, gene 
replacement therapy, and small-molecule splicing modifiers, patients are experiencing extended 
survival and improved motor function, consequently altering the natural history of the disease and 
its pain manifestations. This systematic review aims to synthesize current evidence on the prevalence, 
characteristics, underlying mechanisms, and clinical impact of pain in SMA across all age groups and 
phenotypes. We systematically searched major biomedical databases for studies reporting pain 
outcomes, assessment tools, and management strategies in SMA (PROSPERO registration: 
CRD420251118178). Findings reveal that pain affects 40-80% of patients, predominantly manifesting 
as musculoskeletal discomfort associated with scoliosis, joint contractures, and prolonged wheelchair 
use, as well as neuropathic and iatrogenic pain components. Despite its high prevalence, pain in SMA 
remains inadequately assessed and undertreated, lacking standardized evaluation protocols or 
evidence-based management guidelines. This review underscores the need for multidisciplinary 
approaches integrating pharmacological, rehabilitative, orthopedic, and psychological interventions, 
and highlights future research directions aimed at developing SMA-specific pain assessment 
instruments and personalized therapeutic strategies to improve quality of life. 

Keywords: pain; spinal muscular atrophy; SMA; pain measurement; pain management 

Introduction 

Spinal muscular atrophy (SMA) is a genetically heterogeneous and clinically variable rare 
neuromuscular disorder caused by homozygous mutations or deletions in the SMN1 gene, leading 
to deficiency of the survival motor neuron (SMN) protein, degeneration of anterior horn cells, and 
progressive muscle weakness and atrophy [1,2]. It affects approximately 1–2 per 100,000 individuals 
globally, with carrier frequency estimated at 1 in 40–70 [3]. SMA is now typically classified into Types 
0 through IV, based on age of onset and maximum motor task achieved: Type 0 (prenatal onset), Type 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 September 2025 doi:10.20944/preprints202509.0621.v1

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.0621.v1
http://creativecommons.org/licenses/by/4.0/


 2 of 22 

 

I (infantile, never sits), Type II (intermediate, sits but never walks), Type III (later onset, may walk), 
and Type IV (adult-onset, mild weakness) [1,4–6]. 

Historically, pain has not been considered a core feature of SMA. However, with the 
introduction of disease-modifying therapies (DMTs) such as nusinersen, onasemnogene 
abeparvovec, and risdiplam since 2016–2019, survival and motor function have improved 
substantially across SMA types [7–10]. As patients live longer and gain partial mobility, secondary 
complications, including musculoskeletal discomfort, neuropathic symptoms, and procedural pain, 
have risen in prominence. 

Emerging observational evidence indicates that pain affects between 40% and 80% of people 
with SMA, depending on age and phenotype [11,12]. Among Japanese patients with Types II and III, 
chronic pain prevalence is approximately 40%, with daily mild but persistent pain in the neck, back, 
and lower extremities, commonly exacerbated by sitting and physical activity [11]. In a cohort of 
adolescents and adults, more than 80% reported intermittent mild-to-moderate pain, frequently 
localized to the lumbar spine, hips, or thoracic region, closely associated with depressive symptoms 
rather than directly with physical disability [13]. A Swiss series demonstrated age-related differences: 
adolescents had highest pain prevalence (~62%), followed by adults (~48%), children aged 6–12 years 
(~32%) and children under 6 years (~9%) [14]. 

Pain mechanisms in SMA are multifactorial [15]. Musculoskeletal pain arises from scoliosis, joint 
contractures, hip subluxation, limited range of motion, and prolonged wheelchair use. Sensorimotor 
impairment in Types II and III further predisposes to mechanical strain and discomfort [16]. While 
SMA is primarily a motor neuropathy, emerging data suggest sensory nerve alterations, especially in 
Type III, with abnormalities in cold pain thresholds and sensory nerve conduction metrics, indicating 
a potential neuropathic component in some patients [16]. Procedural pain from repeated intrathecal 
injections and surgical interventions (e.g. spinal fusion) adds further complexity [17–19], with 
emerging interventions such as epidural spinal cord stimulation introducing additional procedural 
considerations [20]. Chronic nociceptive input may also drive central sensitization, amplifying pain 
perception over time. 

The impact of pain extends beyond physical sensation, affecting mood, sleep, participation in 
rehabilitation, and overall quality of life [21,22]. Although reported mean pain intensity is generally 
low to moderate, there is strong evidence of correlation between pain and depressive symptoms in 
older patients with SMA and in pain patients in general [23,24]. Yet pain in SMA remains 
under-assessed in clinical practice, with limited use of standardized instruments and lack of 
SMA-specific pain protocols [11,13,25]. 

This systematic review aims to comprehensively synthesize current peer-reviewed evidence on 
pain in SMA by examining its epidemiology across different disease types and age groups, while 
delineating the clinical pain phenotypes and their anatomical distribution. It further explores the 
underlying pathophysiological mechanisms contributing to pain, encompassing musculoskeletal, 
neuropathic, and procedural factors. In addition, the review evaluates the available pain assessment 
tools and outcome measures used in clinical and research settings and critically appraises the 
therapeutic approaches employed, including pharmacologic treatments, rehabilitative interventions, 
orthopedic procedures, and psychological management strategies. Finally, this review will identify 
gaps in knowledge and propose directions for future research, including the development of 
SMA-specific pain assessment instruments, longitudinal studies on pain trajectories in the era of 
SMN-modulator therapies, and interdisciplinary clinical guidelines to optimize patient-centered 
outcomes. 

Methods 

A systematic literature review was conducted in accordance with Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) guidelines [26]. We performed comprehensive 
searches through six bibliographic databases or platforms: PubMed/MEDLINE, EMBASE, Cochrane 
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Library, Web of Science, Scopus, and Google Scholar, to identify peer-reviewed publications 
addressing pain in SMA. Searches were last updated on June 1, 2025. 

Search strategies combined controlled vocabulary (e.g. MeSH terms “spinal muscular atrophy”, 
“pain”, “musculoskeletal pain”, “neuropathic pain”) and free-text keywords (“SMA pain”, “SMA 
pain assessment”, “muscle pain SMA”, “spinal muscular atrophy pain”), using Boolean operators, 
proximity operators, and truncation as appropriate for each database. Google Scholar was searched 
using the broadest terms (“spinal muscular atrophy pain”) and limited to the first 500 results, 
screening titles and abstracts for relevance due to practicality. 

Eligible publications included cross-sectional, cohort, case–control, interventional, and 
qualitative studies, as well as systematic reviews and meta-analyses, that reported epidemiological 
data, clinical characteristics, assessment tools, pathophysiological observations, or management 
strategies for pain in any SMA type. Exclusion criteria comprised conference abstracts without full 
text, non-English language publications, animal or in vitro studies, and articles focusing solely on 
motor function without mention of pain. 

All retrieved citations were imported into EndNote and duplicates were removed. Two 
independent reviewers (GF, MLGL) screened titles and abstracts for potential inclusion. Full texts of 
potentially eligible studies were then assessed independently. Discrepancies were resolved through 
discussion or adjudication by a third senior reviewer (GV). 

Data extraction was performed using a standardized form capturing: study design, SMA type(s) 
studied, sample size, demographic characteristics, pain prevalence and intensity, anatomical 
distribution, pain assessment instruments, proposed mechanisms, and intervention strategies. 

Extracted quantitative data on pain prevalence, frequency, and intensity were tabulated and, 
where appropriate, synthesized narratively and via descriptive statistics (means, medians, 
percentages).  Statistical analyses and weighted prevalence calculations were performed using 
standard epidemiological formulas, with confidence intervals calculated using the Wilson score 
method for proportions. The analyses were conducted in R software v4.3.2 (R Foundation for 
Statistical Computing, Vienna, Austria, www.r-project.org). Given the limited number of studies, 
considerable heterogeneity in study designs, populations, outcome measures, and predominantly 
observational nature of the evidence, formal meta-analysis was not feasible. Instead, findings were 
organized thematically across the following domains: epidemiology by SMA type and age, clinical 
phenotypes of pain (e.g. musculoskeletal, neuropathic, procedural), assessment and measurement 
tools, underlying pathophysiology, and management approaches. Where possible, subgroup 
comparisons across SMA types (e.g. Type II vs Type III), and age strata (children, adolescents, adults) 
were delineated. The methods were registered prospectively with PROSPERO (Registration no. 
CRD420251118178), and reporting adheres to PRISMA 2020 checklist to ensure transparency and 
reproducibility. A comprehensive database search yielded 451 records. After removal of 264 
duplicate entries, 187 records were screened by title and abstract. Of these, 177 were excluded as they 
did not meet the inclusion criteria. The remaining 10 full-text articles were assessed for eligibility, 
leading to the exclusion of three studies (one lacking pain-related data and two classified as reviews 
or editorials). A total of seven studies fulfilled all inclusion criteria and were included in the final 
qualitative analysis (Figure 1). 
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Figure 1. - PRISMA flow diagram illustrating the study selection process. 

Epidemiology of Pain in SMA 

Pain is a frequent and clinically relevant symptom in SMA, often underrecognized in clinical 
practice despite its substantial impact on patient quality of life. With the advent of DMTs, patients 
with SMA are experiencing prolonged survival and improved motor function. Consequently, the 
burden of pain is increasingly reported and systematically assessed. A 2024 Swiss registry-based 
study evaluating children, adolescents, and adults with SMA demonstrated that chronic pain 
persisting for more than three months affected 62% of adolescents, 48% of adults, 39% of children 
aged 6–12 years, and 10% of those younger than six years, highlighting a clear age-dependent increase 
in pain prevalence [14]. Similar prevalence rates have been observed when stratifying by SMA type: 
40.6% in Type II and 40.9% in Type III, suggesting that intermediate phenotypes are particularly 
susceptible to chronic pain [11]. In a focused cohort of ambulant adult patients with Type III SMA, 
55% reported clinically significant nociceptive pain, which was objectively assessed through pressure 
algometry and myotonometry. This pain was predominantly attributed to musculoskeletal imbalance 
arising from chronic motor neuron loss and progressive muscle weakness [27]. Furthermore, a 
broader multi-center cohort study indicated that up to 80% of SMA patients experienced intermittent 
pain episodes occurring at least weekly, underscoring its chronic and recurrent nature [13]. 
Additional studies corroborate these findings. Dunaway et al. [28] reported that nearly half of 
pediatric and adult SMA patients experienced daily pain, primarily in the hips and lower back, 
contributing to functional limitations and decreased participation in physical therapy. Similarly, a 
different group of research identified chronic musculoskeletal discomfort in 55% of adult SMA 
patients, frequently associated with scoliosis and joint contractures [29].  

Clinical Phenotypes of Pain 

Although the intensity of pain in SMA is typically reported as low to moderate, it is frequently 
persistent, occurring on a daily basis and often exerting a long-term impact on patients’ functional 
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status (Table 1). Commonly affected anatomical regions include the lower extremities, hips, back, and 
neck [11]. In a retrospective survey involving 104 SMA patients, hip pain was identified in 58% of 
respondents, with 14% experiencing moderate-to-severe intensity, as reflected by a mean modified 
Brief Pain Inventory (BPI) score of 2.1 ± 2.3 [25]. Pain was reported to interfere significantly with 
activities of daily living, including prolonged sitting, patient transfers, and sleep quality [25]. Factors 
independently associated with higher odds of experiencing moderate-to-severe pain included obesity 
(adjusted odds ratio [aOR] 5.4), the presence of hip contractures (aOR 3.2), hip dislocations (aOR 2.9), 
and prior surgical interventions for scoliosis correction (aOR 2.6) [25]. 

The underlying mechanisms of pain in SMA are predominantly musculoskeletal, involving 
scoliosis, progressive joint contractures, hip subluxations, muscular imbalance, and complications 
arising from long-term wheelchair dependence [27]. These secondary biomechanical alterations are 
consequences of chronic motor neuron degeneration and muscular atrophy. However, despite these 
observations, the current literature remains sparse in addressing the pathophysiological 
differentiation between nociceptive, neuropathic, and nociplastic pain components in SMA patients. 
Understanding this differentiation is crucial for guiding mechanism-based analgesic strategies but 
has been largely neglected in clinical research. In fact, emerging evidence points toward a possible 
neuropathic component. Sensory testing and nerve conduction studies in animals with SMA Types 
II and III have revealed subtle sensory deficits, suggesting peripheral nerve involvement and altered 
nociceptive signaling [30]. This is supported by preclinical findings: in a mild SMA mouse model, 
deficiency of SMN protein resulted in dorsal root ganglion neuron hyperexcitability, upregulation of 
voltage-gated sodium channels (Na_v1.7 and Na_v1.8), and increased norepinephrine levels, 
collectively leading to heightened mechanical pain sensitivity [30]. These results implicate peripheral 
sensitization as a contributing factor to SMA-related pain, bridging the gap between purely 
musculoskeletal nociceptive pain and potential neuropathic mechanisms. 

Table 1. - Pain prevalence in SMA and clinical phenotypes: summary of included studies. 

Study Year 
Sample 

Size 

SMA 

Type 
Age Group 

Pain 

Prevalence 
Pain Characteristics 

Steiner et 

al. 
2024 141 Mixed 

Children <6 years 

Children 6-12 years 

Adolescents 

Adults 

10% 

39% 

62% 

48% 

Chronic pain >3 months 

Head and neck pain 

predominated in adults, while 

chest pain occurred exclusively 

in children (<12 years) and 

adolescents. Children < 6 years 

reported pain mainly in the 

head, lower limbs, hips, and 

abdominal/pelvic regions. 
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Study Year 
Sample 

Size 

SMA 

Type 
Age Group 

Pain 

Prevalence 
Pain Characteristics 

Uchio et 

al. 
2022 135 

Type 

II 

Type 

III 

Mixed 

40.6% 

40.9% 

Daily mild persistent pain 

(neck, back, lower extremities) 

Keipert et 

al. 
2025 70 Mixed 

Adolescents and 

adults 
>80% 

Intermittent mild-to-moderate 

pain (lumbar spine, hips, 

thoracic region) 

Sansone 

et al. 
2020 68 Mixed Mixed 80% 

Intermittent pain episodes 

≥weekly 

Dunaway 

et al. 
2016 30 Mixed Pediatric and adult ~50% Daily pain (hips, lower back) 

Xu et al. 2022 104 Mixed Mixed 58%  
Hip pain, 14% moderate-to-

severe 

Pitarch-

Castellano 

et al. 

2023 51 Mixed 
Children and 

adolescents 
43% 

Longitudinal pain assessment 

(hip and back pain) 

Despite these advances, robust human studies dissecting the relative contributions of 
nociceptive, neuropathic, and nociplastic pain phenotypes are lacking. Existing clinical trials and 
observational studies often report pain as a secondary outcome, without employing standardized 
neuropathic pain screening tools (e.g., DN4, painDETECT) or advanced neurophysiological 
assessments. Consequently, the prevalence of neuropathic or centrally mediated (nociplastic) pain in 
SMA remains unknown. Addressing this knowledge gap through comprehensive 
neurophysiological, imaging, and biomarker-driven investigations will be pivotal for developing 
personalized, mechanism-targeted pain management approaches in SMA patients [31–34]. Even if 
the number of SMA patients is low, they deserve an optimal, personalized treatment, in order to 
alleviate their suffering. 

Pooled analysis of 7 included studies (Table 1) reporting quantitative pain prevalence (total n = 
599) revealed substantial variability in pain rates. The weighted overall prevalence was 48.7% (95% 
CI: 44.6-52.8), though this masks important age-related differences: 10% in children <6 years, 39% in 
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children 6-12 years, 62% in adolescents, and 48-80% in adults. High heterogeneity (I² = 86.3%) reflects 
differences in pain definitions, assessment methods, and patient populations. Limited type-specific 
data from a single study (n=135) reported similar prevalences for Type II (40.6%, 95% CI: 32.2-49.5) 
and Type III (40.9%, 95% CI: 29.0-53.6). Collectively, these data indicate that pain is a highly prevalent 
and clinically significant manifestation of SMA, particularly in patients with longer disease duration 
and intermediate phenotypes.  

Assessment and Measurement Tools 

Assessment of pain in SMA is essential yet remains poorly standardized. Despite increasing 
evidence that individuals with SMA experience significant pain, validated instruments specific to 
SMA are notably absent. Most studies rely on generic self-reported pain measures, with limited use 
of neuropathic or nociplastic pain screening tools (Table 2). Commonly employed tools include the 
Visual Analog Scale (VAS) and the Numeric Rating Scale (NRS), both of which quantify pain intensity 
but do not elucidate pain mechanisms or quality [35,36]. Incorporation of artificial intelligence for the 
evaluation of pain in SMA patients will certainly help [37]. The BPI has occasionally been used to 
assess pain interference in SMA cohorts [11]; however, it lacks disease-specific validity. In pediatric 
populations, instruments such as the Faces Pain Scale–Revised or Wong-Baker FACES have been 
applied, though validation data in SMA remain scarce [38]. Few investigations have employed tools 
tailored to neuropathic pain, despite emerging evidence of small fiber dysfunction in SMA Types II 
and III [16]. Validated instruments such as DN4, painDETECT, and the Neuropathic Pain Scale (NPS) 
provide differentiated phenotyping yet have not been systematically applied in SMA cohorts 
[35,39,40]. Quantitative sensory testing (QST) offers objective evaluation of somatosensory thresholds 
and may detect hypo- or hyperesthesia suggestive of neuropathic or nociplastic mechanisms [41]; 
however, to date QST has not been published in robust SMA-specific research.   

Standard motor and functional outcome measures such as the Hammersmith Functional Motor 
Scale (HFMS), Expanded HFMSE, and Revised Hammersmith Scale (RHS) are widely used to 
monitor motor ability but offer only indirect insight into pain-related disability or activity limitations 
[42–44]. The SMA Independence Scale-Upper Limb module (SMAIS-UL) offers patient-reported 
insights into functional independence but does not include pain domains [45]. Recent validation in 
other languages have the same identical limit [46]. 

Novel and emerging modalities such as electrical impedance myography (EIM) assess muscle 
integrity and may correlate indirectly with pain through detection of muscular atrophy or imbalance 
[47]. However, objective neurophysiological assessments (e.g. microneurography, fMRI, skin biopsy) 
have not yet been integrated into clinical studies of SMA pain. 

Table 2. - Pain assessment tools in SMA. 

Tool/Method Category Type 
What it 

measures 

Usage in 

SMA 

Studies 

Limitations/Sta

tus in SMA 

Future 

Potential 

Referen

ce 

Visual Analog 

Scale (VAS) 
Generic Pain Self-report 

Pain intensity (0-

10 or 0-100) 

Commonly 

used 

No pain 

mechanism/qualit

y assessment 

Limited 

expansion 

potential 

[35,36] 
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Tool/Method Category Type 
What it 

measures 

Usage in 

SMA 

Studies 

Limitations/Sta

tus in SMA 

Future 

Potential 

Referen

ce 

Numeric Rating 

Scale (NRS) 
Generic Pain Self-report 

Pain intensity (0-

10) 

Commonly 

used 

No pain 

mechanism/qualit

y assessment 

Limited 

expansion 

potential 

[35,36] 

Brief Pain 

Inventory (BPI) 
Generic Pain Self-report 

Pain intensity + 

interference 

Occasionall

y used 

Lacks disease-

specific validity 

Could be 

adapted for 

SMA 

[11] 

Faces Pain 

Scale-Revised 

Generic Pain 

(Pediatric) 
Self-report Pain intensity 

Applied in 

pediatric 

SMA 

Limited 

validation data in 

SMA 

Needs 

SMA-

specific 

validation 

[38] 

Wong-Baker 

FACES 

Generic Pain 

(Pediatric) 
Self-report Pain intensity 

Applied in 

pediatric 

SMA 

Limited 

validation data in 

SMA 

Needs 

SMA-

specific 

validation 

[38] 

DN4 (Douleur 

Neuropathique 

4) 

Neuropathic 

Pain 

Screening 

questionnaire 

Neuropathic 

pain 

characteristics 

Not 

systematica

lly applied 

Underutilized 

despite sensory 

dysfunction 

evidence 

High 

potential for 

phenotypin

g 

[35,39,40] 

painDETECT 
Neuropathic 

Pain 

Screening 

questionnaire 

Neuropathic 

pain mechanisms 

Not 

systematica

lly applied 

Underutilized 

despite sensory 

dysfunction 

evidence 

High 

potential for 

phenotypin

g 

[35,39,40] 
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Tool/Method Category Type 
What it 

measures 

Usage in 

SMA 

Studies 

Limitations/Sta

tus in SMA 

Future 

Potential 

Referen

ce 

Neuropathic 

Pain Scale 

(NPS) 

Neuropathic 

Pain 
Self-report 

Neuropathic 

pain 

quality/phenotyp

ing 

Not 

systematica

lly applied 

Underutilized 

despite sensory 

dysfunction 

evidence 

High 

potential for 

phenotypin

g 

[35,39,40] 

Quantitative 

Sensory Testing 

(QST) 

Neuropathic 

Pain 
Objective testing 

Somatosensory 

thresholds, 

hypo/hyperesthe

sia 

Not 

published 

in robust 

SMA 

research 

Major gap in 

objective 

assessment 

Critical for 

mechanism 

understandi

ng 

[41] 

Hammersmith 

Functional 

Motor Scale 

(HFMS) 

Motor/Functio

nal 

Performance-

based 

Motor ability 

monitoring 

Widely 

used 

Indirect pain 

insight only 

Could 

integrate 

pain 

domains 

[42–44] 

Expanded 

HFMSE 

Motor/Functio

nal 

Performance-

based 

Motor function 

assessment 

Widely 

used 

Indirect pain 

insight only 

Could 

integrate 

pain 

domains 

[42–44] 

Revised 

Hammersmith 

Scale (RHS) 

Motor/Functio

nal 

Performance-

based 

Motor ability 

evaluation 

Widely 

used 

Indirect pain 

insight only 

Could 

integrate 

pain 

domains 

[42–44] 

SMA 

Independence 

Scale-Upper 

Motor/Functio

nal 
Patient-reported 

Functional 

independence 

Widely 

used 

No pain domains 

included 

High 

potential for 

[45,46] 
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Tool/Method Category Type 
What it 

measures 

Usage in 

SMA 

Studies 

Limitations/Sta

tus in SMA 

Future 

Potential 

Referen

ce 

Limb (SMAIS-

UL) 

pain 

integration 

Electrical 

Impedance 

Myography 

(EIM) 

Emerging/No

vel 
Objective 

Muscle integrity 

assessment 
Limited use 

Indirect 

correlation 

potential only 

May detect 

pain-related 

muscle 

changes 

[47] 

Artificial 

Intelligence 

Integration 

(deep learning) 

Emerging/No

vel 

Technology-

enhanced 

Pain evaluation 

enhancement 

Proposed 

for future 

use 

Not yet 

implemented 

Could 

revolutioniz

e 

assessment 

accuracy 

[37] 

Microneurogra

phy 

Emerging/No

vel 

Neurophysiolog

ical 

Direct nerve 

activity 

recording 
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Despite its high prevalence and profound impact on quality of life, pain in SMA remains 
insufficiently addressed in clinical practice. Significant gaps persist in standardized assessment 
protocols, evidence-based treatment guidelines, and integration into routine care pathways. This 
underscores the need for systematic, multidimensional evaluation using validated instruments and 
regular monitoring across the disease trajectory. The current literature reveals a notable lack of 
validated, disease-specific tools for pain assessment in SMA. There is an urgent need to adapt or 
validate neuropathic pain questionnaires, incorporate sensory profiling, and apply standardized 
functional interference scales to SMA populations. Furthermore, the development of novel 
instruments capable of distinguishing between nociceptive, neuropathic, and nociplastic pain 
phenotypes is essential. Such rigorous measurement strategies are pivotal to advancing mechanism-
based management approaches and establishing targeted clinical guidelines for this particularly 
vulnerable and underserved patient population. 

Underlying Pathophysiology 

The mechanisms driving pain in SMA are complex and multifactorial. Traditionally viewed as 
a pure motor neuronopathy, SMA is increasingly recognized to involve sensory neuronal dysfunction 
and peripheral nociceptive alterations. Musculoskeletal factors, spinal deformities, joint contractures, 
hip subluxations, and postural imbalance, predominate in clinical descriptions, but emerging 
evidence suggests contributions from neuropathic and nociplastic mechanisms as well.  

Biomechanical strain resulting from progressive muscle weakness and motor neuron 
degeneration leads to compensatory skeletal and soft tissue alterations that can initiate persistent 
nociceptive input. Osteoarticular changes, particularly hip instability and scoliosis, generate chronic 
mechanical stress on joints and soft tissues, driving pain that is typically classified as nociceptive. In 
contrast, the involvement of sensory pathways in SMA is now supported by human and preclinical 
studies. A recent case series of sensory dysfunction in SMA Types II and III revealed 
electrophysiological abnormalities consistent with sensory fiber impairment, raising the possibility 
that peripheral neuropathic mechanisms contribute to pain in a subset of patients [16]. In fact, as 
previously cited, in murine models of mild SMA, dorsal root ganglion neurons exhibited 
hyperexcitability, with upregulation of Na_v1.7 and Na_v1.8 sodium channels, increased NF-κB 
activity, and elevated norepinephrine levels. These molecular alterations produced mechanical 
allodynia and hyperalgesia, consistent with peripheral sensitization [30]. Sensory–motor circuit 
disruption may further complicate pain pathways. Mouse and human studies have documented 
impaired proprioceptive synapses on motor neurons, indicating that sensory afferent dysfunction is 
a conserved and possibly pain-relevant pathogenic event in SMA [48]. Nevertheless, the literature 
remains sparse with respect to quantitative human sensory testing, microneurography, or skin biopsy 
data that would delineate specific neuropathic or nociplastic pain phenotypes. Moreover, central 
sensitization processes, such as maladaptive spinal dorsal horn plasticity, have not yet been studied 
in SMA patients, despite their recognized role in chronic pain syndromes more broadly. Epigenetic 
modulation of pain pathways, including histone modifications in dorsal horn neurons, remains an 
unexplored domain in SMA-related pain research. 

The complex and multifactorial contributors to pain in SMA are illustrated in Figure 2, which 
summarizes the interplay between musculoskeletal, neuronal, and central mechanisms involved in 
its pathophysiology.  
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Figure 2. - Pain pathophysiology in SMA. The figure highlights key contributors to pain in SMA, including 
progressive motor and sensory neuron dysfunction, muscle weakness, joint instability, skeletal deformities, and 
emerging evidence of neuropathic and nociplastic pain mechanisms. 

In summary, the limited but intriguing evidence suggests a spectrum of pain pathophysiology 
in SMA: predominantly nociceptive pain from musculoskeletal derangements, potential neuropathic 
pain owing to sensory neuron dysfunction and peripheral sensitization, and yet-to-be-characterized 
nociplastic or central pain contributions. Addressing these knowledge gaps with comprehensive 
neurophysiological, imaging, and molecular biomarker studies will be essential to inform 
mechanism-targeted pain management strategies in the era of longer survival and improved motor 
function. 

Management Approaches 

Effective pain management in SMA requires an individualized and multidisciplinary approach, 
targeting the nociceptive, neuropathic, and functional components that underlie patient discomfort. 
Although no standardized pain management guidelines specific to SMA currently exist, the broader 
principles of pediatric and adult neuromuscular pain management, as defined in recent SMA care 
recommendations, can be adapted to this unique population [49]. 

Pharmacologic Management 

Analgesic regimens are primarily oriented toward nociceptive musculoskeletal pain. Non-
opioid agents such as acetaminophen and nonsteroidal anti-inflammatory drugs (NSAIDs) may 
mitigate low-to-moderate intensity pain arising from structural imbalances, contractures, or spinal 
deformities. In cases of neuropathic pain, suggested by sensory testing or pain phenotypes 
resembling radiculopathy, gabapentinoids (e.g. gabapentin, pregabalin) can be considered, although 
no randomized trials exist in SMA populations. Limited observational data report symptomatic relief 
with gabapentin in SMA Type II adults with evidence of small fiber involvement [50]. Opioid 
analgesics are reserved for refractory or severe pain, such as postoperative discomfort from spinal 
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fusion; long-term use is avoided due to concerns about tolerance and respiratory depression in SMA 
patients [11–13,51]. 

Non-Pharmacologic and Rehabilitation Approaches 

Physical therapy is foundational to pain prevention and management. A recent review of 
physiotherapy and respiratory rehabilitation in SMA emphasizes tailored programs incorporating 
range-of-motion exercises, postural training, contracture prevention, and assistive device 
optimization to mitigate biomechanical stress and secondary musculoskeletal pain [50]. Seating 
posture optimization and ergonomics are important in adolescents and adults to minimize pressure 
points and hip discomfort. Patients with SMA Type III/IV may benefit from low-intensity resistance 
training or aquatic therapy to preserve muscle balance without overloading weakened musculature 
[52]. 

Orthopedic and Interventional Strategies 

Orthopedic interventions, including bracing, scoliosis correction, and hip stabilization surgery, 
often aim to improve function but may also ameliorate pain by realigning skeletal structures and 
reducing joint stress. Postoperative or interventional anesthesia in SMA patients poses peculiar 
challenges; avoidance of depolarizing muscle relaxants is recommended, with regional or spinal 
anesthesia preferred to minimize perioperative pain and complications [53,54]. 

Psychological and Behavioral Interventions 

Chronic pain in SMA can impair mood, sleep, and rehabilitation adherence [54]. Evidence from 
chronic pain populations supports the use of cognitive behavioral therapy (CBT), mindfulness-based 
stress reduction, and acceptance and commitment therapy (ACT). While SMA-specific trials are 
lacking, these modalities may enhance coping, reduce pain-related disability, and improve 
psychological resilience [55]. 

Role of Disease-Modifying Therapies 

Although SMN-targeting therapies (such as nusinersen, risdiplam, and onasemnogene 
abeparvovec) principally address motor function and survival, they may indirectly reduce pain by 
preserving muscle bulk and reducing secondary orthopedic complications. However, data on 
whether DMTs directly improve pain are absent; future longitudinal studies are required to assess 
their impact on pain trajectories. 

To illustrate the comprehensive and interdisciplinary nature of pain management in SMA, 
Figure 3 presents a schematic overview of pharmacologic, non-pharmacologic, orthopedic, 
psychological, and disease-modifying strategies integrated across the patient care.  

 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 September 2025 doi:10.20944/preprints202509.0621.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.0621.v1
http://creativecommons.org/licenses/by/4.0/


 14 of 22 

 

Figure 3. - Integrated multidisciplinary approach to pain management in SMA. The figure illustrates the core 
components of SMA pain management, including pharmacologic options for nociceptive and neuropathic pain, 
rehabilitative and physical therapies, orthopedic interventions, psychological support, and the potential impact 
of DMTs. Optimal care requires a personalized combination of these strategies based on pain type, disease 
severity, and individual goals. 

In summary, pain management in SMA is best approached via multidisciplinary coordination, 
integrating targeted pharmacotherapy, preventive and rehabilitative measures, orthopedic 
optimization, psychological support, and careful perioperative planning. Further research should 
establish SMA-specific pain protocols, particularly to delineate nociceptive versus neuropathic or 
nociplastic profiles and inform mechanism-driven therapeutic trials. 

Study Quality and Risk of Bias Assessment 

The methodological heterogeneity of included studies presented significant challenges for 
standardized quality assessment. Our review encompassed diverse study designs including cross-
sectional surveys, longitudinal cohort studies, retrospective chart reviews, secondary analyses of 
clinical trial data, and patient registry reports, each with fundamentally different methodological 
frameworks and quality indicators. The Newcastle-Ottawa Scale, while appropriate for traditional 
observational studies, could not be uniformly applied across this heterogeneous evidence base. For 
instance, registry-based studies [14,27] have different quality considerations than questionnaire 
surveys [11] or secondary analyses of motor function trials [28]. Rather than imposing inappropriate 
quality metrics, we conducted a narrative assessment of methodological strengths and limitations 
specific to each study design. Key quality indicators considered included: (1) use of validated pain 
assessment instruments versus non-standardized questionnaires, (2) completeness of pain phenotype 
characterization (anatomical location, intensity, frequency, quality), (3) sample size and 
representativeness of the SMA population studied, (4) adjustment for relevant confounders such as 
age, SMA type, and DMTs and (5) transparency in reporting missing data and non-response rates. 
Notably, only 3 of the studies employed validated pain scales (VAS, NRS, or modified BPI), while the 
majority relied on study-specific questionnaires without established psychometric properties. No 
studies utilized neuropathic pain screening tools despite emerging evidence of sensory nerve 
involvement. This methodological variability, while limiting quantitative synthesis, reflects the 
exploratory nature of pain research in SMA and underscores the urgent need for standardized, 
disease-specific pain assessment protocols in future studies. 

Discussion 

This systematic review highlights that pain is a prevalent and clinically meaningful 
manifestation of SMA, particularly in patients with intermediate phenotypes and longer disease 
duration. The reported prevalence of chronic pain, ranging from 40% to 80% in different studies [11–
14,27–29], underscores its relevance as a comorbidity that impairs functional independence and 
quality of life. Pain is predominantly nociceptive, driven by musculoskeletal complications such as 
scoliosis, hip subluxation, and joint contractures resulting from progressive motor neuron 
degeneration [27]. However, emerging evidence suggests that neuropathic and potentially 
nociplastic mechanisms may also contribute to pain pathogenesis in SMA patients [16,30,48]. These 
findings are broadly consistent with literature on other neuromotor disorders, such as Duchenne 
muscular dystrophy (DMD) and amyotrophic lateral sclerosis (ALS), where musculoskeletal pain 
similarly dominates the clinical picture due to prolonged wheelchair use, contractures, and abnormal 
biomechanics [57,58]. In ALS, neuropathic pain components have been identified through sensory 
testing and quantitative sensory thresholds, paralleling the subtle sensory deficits observed in SMA 
Types II and III [16]. Despite these similarities, pain assessment in SMA remains poorly standardized 
and significantly underexplored compared to DMD and ALS, where validated pain questionnaires 
and neuropathic screening tools have been increasingly incorporated in clinical studies [59,60]. 
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This review also highlights substantial methodological limitations in the current body of 
evidence. Pain is frequently reported as a secondary outcome, without detailed phenotypic 
classification into nociceptive, neuropathic, or nociplastic subtypes. Few studies have applied 
validated neuropathic pain instruments (e.g., DN4, painDETECT) or objective neurophysiological 
assessments such as microneurography or QST [35,39–41]. Furthermore, the paucity of longitudinal 
studies precludes understanding of how pain evolves over time, particularly in the context of DMTs. 
In fact, only preliminary evidence suggests differential effects of DMTs on pain outcomes. 
Hagenacker et al. [31] reported pain reduction in 23% of adults receiving nusinersen, though this was 
not a primary endpoint of the study. The mechanism may involve both direct neuroprotective effects 
and indirect benefits through improved positioning and reduced contractures. However, prospective 
studies with standardized pain assessments are urgently needed to quantify these effects and identify 
predictors of pain response to DMTs. 

The limited number of SMA-specific tools to assess pain interference and its impact on daily 
functioning represents another critical gap [11,35,42–46]. In comparison to other neuromotor 
conditions, research on SMA pain mechanisms and management is notably less advanced. While 
multidisciplinary approaches integrating pharmacological, rehabilitative, orthopedic, and 
psychological strategies are recommended [49–55], their efficacy has not been rigorously evaluated 
in SMA-specific trials. This lack of evidence impedes development of tailored clinical guidelines. 

Clinical Implications 

Based on this systematic review, several clinical recommendations emerge that can enhance pain 
management in patients with SMA. Routine pain screening using validated assessment tools should 
be implemented for all SMA patients, with periodic reassessment to monitor changes over time. 
Given the high reported prevalence of pain, ranging from 40% to 80%, clinicians should remain 
vigilant, particularly in non-verbal or younger individuals who may struggle to express or localize 
pain. Importantly, assessments should aim to distinguish between nociceptive and neuropathic pain 
components to guide mechanism-based therapeutic strategies. The incorporation of 
multidisciplinary pain management teams, comprising pain specialists, physiotherapists, and 
psychologists, into routine SMA care is strongly recommended to ensure a comprehensive and 
personalized approach. Lastly, future clinical trials evaluating DMTs for SMA should incorporate 
standardized pain measures as secondary outcomes to better understand the impact of these 
interventions on patient quality of life. 

Future Research Priorities 

This review highlights several key areas that warrant future research to advance pain 
management in SMA. First, there is an urgent need for the development and validation of SMA-
specific pain assessment tools capable of capturing both nociceptive and neuropathic components. 
Longitudinal cohort studies are also essential to understand the evolution of pain trajectories from 
the time of diagnosis through the initiation and maintenance of disease-modifying therapies. 
Randomized controlled trials investigating the efficacy and safety of specific pain interventions in 
SMA populations are notably lacking and should be prioritized. Additionally, identifying reliable 
biomarkers for pain phenotyping and for monitoring treatment response would enable more targeted 
and personalized approaches. Qualitative studies are needed to capture patient and caregiver 
perspectives on the impact of pain and their preferences for management strategies. Finally, health 
economic evaluations of integrated, multidisciplinary pain management programs in SMA could 
provide valuable insights into their cost-effectiveness and inform healthcare policy decisions. 

Limitations 

This systematic review has several limitations that should be acknowledged when interpreting 
its findings. First, the available literature on pain in SMA is limited both in volume and 
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methodological rigor. Most studies included in this review report pain as a secondary outcome rather 
than a primary endpoint, resulting in heterogeneous and often incomplete data on pain prevalence, 
characteristics, and management. Consequently, the synthesis of results is primarily descriptive and 
lacks the robustness needed for quantitative meta-analysis. Second, there is a paucity of research 
specifically addressing the pathophysiological mechanisms underlying pain in SMA. Few studies 
have employed standardized tools to differentiate between nociceptive, neuropathic, and nociplastic 
pain phenotypes, and objective neurophysiological assessments, such as QST, microneurography, or 
advanced imaging modalities, have rarely been conducted. This limitation restricts our ability to 
draw firm conclusions regarding the mechanistic basis of pain in this population. Third, significant 
variability exists across studies in terms of patient demographics, SMA types, age groups, and DMTs. 
Many studies include mixed cohorts without stratification by phenotype or treatment exposure, 
making it challenging to assess how these factors influence pain prevalence or intensity. Furthermore, 
most available data are derived from small sample sizes, retrospective designs, or registry-based 
analyses, which are susceptible to selection bias and underreporting of pain symptoms. Fourth, there 
is a lack of SMA-specific validated pain assessment instruments. Some studies rely on generic tools 
such as the VAS or BPI, which may not adequately capture pain phenotypes or functional interference 
unique to SMA patients. This limitation hampers accurate pain characterization and cross-study 
comparability. Finally, the review may be affected by publication bias, as studies reporting negative 
or nonsignificant findings regarding pain in SMA may be less likely to be published. The inclusion 
of only peer-reviewed articles in English may have further limited the scope of evidence retrieved. 
Overall, these limitations highlight the urgent need for high-quality, prospective studies with 
standardized, disease-specific pain assessments and mechanistic investigations to advance 
understanding and management of pain in SMA. 

Conclusion  

This review identifies pain as a major, yet insufficiently addressed, aspect of SMA. The literature 
remains scarce regarding its underlying pathophysiology, differentiation of pain phenotypes, and 
validated measurement tools. Future research should focus on mechanism-based investigations 
employing advanced neurophysiological and imaging methods, standardized pain assessments, and 
well-designed interventional trials. Such efforts are critical for developing targeted pain management 
protocols and improving the long-term quality of life for individuals with SMA. The evolving 
landscape of SMA treatment with DMTs has paradoxically revealed pain as an emergent clinical 
priority. As patients survive longer with improved motor function, comprehensive pain management 
becomes essential for optimizing quality of life. This review provides a foundation for developing 
evidence-based clinical pathways and highlights the urgent need for prospective, multicenter studies 
using standardized pain assessment protocols. Only through such concerted efforts we can transform 
pain from an overlooked comorbidity to a systematically addressed component of comprehensive 
SMA care. 
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