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cramps and spasms in upper 
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Background: Muscle cramps are typically regarded as benign muscle overactivity 
in healthy individuals, whereas spasms are linked to spasticity resulting from 
central motor lesions. However, their striking similarities made us hypothesize 
that cramping is an under-recognized and potentially misidentified aspect of 
spasticity.

Methods: A systematic search on spasms and cramps in patients with Upper 
Motor Neuron Disorder (spinal cord injury, cerebral palsy, traumatic brain 
injury, and stroke) was carried out in Embase/Medline, aiming to describe the 
definitions, characteristics, and measures of spasms and cramps that are used 
in the scientific literature.

Results: The search identified 4,202 studies, of which 253 were reviewed: 217 
studies documented only muscle spasms, 7 studies reported only cramps, and 
29 encompassed both. Most studies (n  =  216) lacked explicit definitions for 
either term. One-half omitted any description and when present, the clinical 
resemblance was significant. Various methods quantified cramp/spasm 
frequency, with self-reports being the most common approach.

Conclusion: Muscle cramps and spasms probably represent related symptoms 
with a shared pathophysiological component. When considering future 
treatment strategies, it is important to recognize that part of the patient’s spasms 
may be attributed to cramps.
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New and noteworthy

A systematic review of the literature underscores the challenges associated with 
distinguishing between muscle spasms and cramps in upper motor neuron disorder (UMND) 
due to current measurement methodologies and a limited understanding of their underlying 
pathophysiology. Clinicians should exercise caution, considering the possibility that specific 
spastic symptoms noted in neurological patients may be attributable to muscle cramps. This 
recognition prompts a reconsideration of current treatment strategies.
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Introduction

Muscle cramps and spasms – two words that resonate with most 
people – yet their distinguishing boundaries are unclear. Muscle 
cramps in healthy individuals are commonly characterized as 
sudden, involuntary muscle contractions, accompanied by visible or 
palpable knotting of muscle, self-limiting within minutes, and 
relieved by stretching (1). Muscle spasms refer to involuntary muscle 
contractions and may encompass muscle cramps (2), but in a 
different setting denote a specific symptom associated with 
spasticity (3).

Muscle cramps are common in the general population, with a 
reported incidence ranging from 36 to 95% (4–6), and they are even 
more pronounced in particular subpopulations (e.g., lower motor 
neuron disease (7), neuropathies (8), metabolic disorders, pregnancy, 
elderly people (4) and during strenuous physical exercise (9, 10)). 
Likely, the etiology is multifactorial and depends on the subgroup in 
question (8, 9). Though many factors (e.g., older age, increased 
exercise load, pain, dehydration, electrolyte imbalance, and eventually 
muscle fatigue) are suggested to increase the susceptibility, cramps 
ultimately appear to have a neurogenic origin (11, 12). Therefore, it is 
all the more surprising that muscle cramps are rarely reported in 
patients with upper motor neuron disorder (UMND) (1) when 
considering that this population group is expected to be at high risk 
of muscle cramps due to an altered neuromuscular function and 
multiple risk factors, i.e., older age, perceived fatigue, and strenuous 
exercise after periods of inactivity (9, 13). Instead, involuntary muscle 
contractions. muscle spasms. are frequently reported to impact the 
function and the daily life of patients with UMND (14). Importantly, 
muscle spasms are treated with CNS depressing medication (15, 16), 
whereas cramps are foremost approached with non-pharmaceutical 
therapies that are unexplored in individuals with neurological disease 
(17, 18). Thus, considering that current treatment approaches differ, 
it becomes imperative to investigate the potential underreporting of 
cramps in UMND.

We raise three explanations: (1) muscle cramps occur less 
frequently in UMND than in the rest of the population, (2) muscle 
cramps occur in UMND but are an unobserved, negligible symptom, 
or (3) muscle cramps are present in UMND, but are described using 
different terminology, e.g., muscle spasms (Supplementary Figure S1). 
In the following, we  argue that muscle cramps and spasms may 
be conflated and represent partially overlapping phenomena, and if 
so, this could have significant therapeutic implications.

Methods

We used the PRISMA-ScR (PRISMA extension for Scoping 
Reviews (19) as a framework for this scoping review and its 
accompanying protocol is provided by the communicating author on 
request. Figure 1 illustrates the PRISMA flow diagram.

This review intends to answer the following questions, based on 
the existing scientific literature:

 • How frequently do scientific studies investigate muscle spasms 
and cramps in patients with UMND?

 • How are muscle spasms and cramps defined, classified in relation 
to spasticity, characterized, and measured?

The responses to these questions create a foundation that 
contributes to addressing our central question: Is it possible that 
muscle cramps and spasms may be  interchanged individuals with 
UMND–at least in the scientific literature?

Eligibility criteria

Studies were considered relevant for the review if they (1) 
addressed either muscle cramps or skeletal muscle spasms and (2) 
specifically reported cramps and/or spasms in patients with upper 
motor neuron disease, and (3) were published, full-text available. 
Studies were excluded if they referred to muscle spasms of the 
internal organs or facial muscles, reported cramps/spasms as an 
adverse effect to other treatment, referred to patients with 
concurrent non-neurological pathology, or were non-English 
language. Case reports, abstracts, and poster presentations were 
excluded, whereas all other study types (cohort, cross-sectional, 
retrospective, RCT, qualitative, review) were included in the 
scoping review.

Search strategy

MEDLINE and EMBASE databases were searched in April 2022 
for relevant studies, and the search strategy and final search string 
were reviewed and consulted with an experienced librarian. 
Suspecting that “muscle cramps” and “spasms” are used 
interchangeably, we conducted a specific search for these keywords 
combining MESH-terms, abbreviations, and alternative wording:

((“Spasm”[Mesh]) OR (“Muscle Cramp”[Mesh]) OR muscle cramp* 
OR leg cramp* OR muscle spasm* OR “exercise associated muscle 
cramp*” OR EAMC*)

AND
((spinal cord injury) OR “multiple sclerosis” OR UMN OR 

(upper motor neuron*) OR (traumatic brain injury) OR 
(cerebral palsy) OR (cerebral stroke*) OR (“Motor Neuron 
Disease”[Mesh]) OR (“Cerebral Palsy”[Mesh]) OR 
(“Stroke”[Mesh]) OR (“Spinal Cord Injuries”[Mesh]) OR (“Brain 
Injuries, Traumatic”[Mesh]))

The patient population was limited to individuals diagnosed 
with damage to the upper motor neurons due to either stroke, 
traumatic brain damage, multiple sclerosis, cerebral palsy, spinal 
cord injury. The appearance of both UMND and muscle cramps/
spasms in the same citation was ensured using the Boolean operator 
“AND.” Both search strings for MEDLINE and EMBASE are attached 
in the Appendix.

Data extraction and reporting of results

All results (n = 5,391) were exported to Covidence. After 
removing duplicates (n = 1,189), the remaining results (n = 4,202) 
underwent abstract screening. This screening process was performed 
by two independent assessors with expertise in the field. In case of 
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disagreement during the abstract screening, the full text of the study 
in question was read, and consensus was reached through discussion. 
Subsequently, all included studies (n = 435) underwent full-text 
review by one of the assessors. Data were extracted from studies that 
met the eligibility criteria (n = 247). Additionally, six additional 
relevant articles were identified and added to the scoping review 
through reference list exploration, giving a total of 253 
included studies.

In Covidence, a data charting form was utilized, which was 
developed based on the protocol. The form was refined through an 
iterative pilot extraction process and thoroughly discussed by both 
assessors to ensure collection of reliable data. Cases of doubt were 
reviewed together to reach a common understanding of how to 
extract data. Extracted information from the studies included main 

characteristics (title, publication year, study design, patient group), 
study conclusion, and specific data on spasms/cramps (e.g., use of the 
term, relation to ‘spasticity’, definition, clinical characteristics, 
measurement methods, patient’s perceptions, relation to muscle pain, 
EMG characteristics, and triggering techniques).

Reckoning that ‘muscle cramps’ rarely are described in the 
literature on UMND, we chose, prior to the extraction process, 12 
well-known features (involuntary, painful, measurable by EMG, 
visible, localized to specific muscles, sudden onset, duration of 
seconds to minutes, relief through stretching or voluntary 
antagonist activation, and correlation with exercise, fatigue, sleep, 
or a shortened state of the muscle) that are associated with cramping 
in healthy individuals in highly-cited reviews (1, 20). In the 
following, we refer to these as ‘preselected cramp features’ and use 

FIGURE 1

PRISMA flow diagram, showing the process of identification, screening, assessment for eligibility and inclusion of studies in the scoping review.
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these as a basis for comparison with the descriptions of spasms in 
the literature on UMND. In addition, the categories “No 
description” and “Others” were added to the extraction template, 
and after the extraction process, all “Other” descriptions were 
analyzed and subgrouped if occurring more than once. All data 
were exported to Excel (.csv format) for data processing (i.e., 
grouping and summarizing in tables). For most of the extraction 
process, there was no room for interpretation, but occasionally, it 
was difficult to assess the relationship between spasms/cramps and 
spasticity. In these cases, the study was categorized as ‘others’, and 
we  subsequently evaluated whether new subcategories could 
be defined. Also, errors were corrected before summarizing data, 
primarily due to misspellings, mistakes, or inaccurate categorization.

Results

The systemic search in Embase and Medline provided 5,391 
studies, of which 435 were full-text reviewed, ultimately yielding 253 
relevant studies that were included. We  found that most studies 
(n = 217) used the term spasm; 7 studies used the term cramp, whereas 
29 studies used both terms (Figure 2). Approximately 10 % (n = 24) of 
all studies explicitly defined either the term “spasm” or “cramp.” Of the 
29 studies employing both terms, only two studies made a clear 
distinction between the terms (Summarized in Supplementary  
Table S2).

The relationship between spasms/cramps and concept of spasticity 
was interpreted with variability across the scientific literature; 
however, most studies (n = 188) established a connection between the 
two terms (Supplementary Table S1). Fifty-seven (n = 57) studies 
explicitly delineated ‘spasms/cramps’ from ‘spasticity’ as distinct 
symptoms, and 10 (n = 10) studies addressed the necessity of clearly 
defining spasticity and its relation to spasms.

Characteristics

Half of the 253 studies (n = 129) included for full-text reading 
had no description of cramps nor spasms. The remaining half 
provided only sparse descriptions, of which most could be assigned 
to one of the predefined cramp feature categories (Figure  3). 
However, as several studies on cramps (n = 8) and spasms (n = 61) 
highlighted that the contractions could interfere with everyday 
activities, this subcategory was added to the bar chart (Figure 3). 
The category “others” covered the remaining descriptions (n = 62) 
that did not fall within the predefined groupings. These mainly 
included the classification of spasms as reflexes (n = 23) with a 
subdivision of spasms into clonus, flexor, and extensor spasms, and 
the triggering by various stimuli (n = 28; electrical, cold, touch, or 
passive movement).

Special attention was given to the relation between the 
involuntary muscle contractions and pain: We found that 76 (out of 
216) studies referred to spasms as ‘painful’, and equivalently 4 (out 
of 7) studies on cramps. Very often, spasms (n = 47) and cramps 
(n = 6) occurred more frequently in a specific setting, such as during 
sleep, exercise, or fatigue. Supplementary Table S3 (Appendix) 
provides an overview of the different ways in which cramps/spasms 
qualitatively are described in relation to exercise, and fatigue.

Measures of spasms/cramps

Thirty studies used patient questionnaires to evaluate the 
prevalence of spasms/cramps in UMND, and the self-reported 
frequency varied significantly among these surveys (15 to 99%). 
Various methods (>25 different measures) were used to measure 
spasms/cramps in UMND (Figure 4). Most measures (n = 212; 
70%) rely on patients’ perception of muscle spasms, e.g., through 
Penn Spasms Frequency Scale (PSFS), Spasm Frequency Score 
(SFS), Numerical Rating Scale (NRS), spasm count, or a self-
made scale etc. In 5 % of these studies, in which self-reporting 
was used as a measure, did the participants receive brief 
information on the presentation/meaning of cramps/spasms 
prior to self-reporting.

A measurement tool designated for evaluating spasms was used 
in 108 studies, of which the PSFS was the most frequently used 
(n = 72). Forty-five studies (n = 45) applied a tool, such as Ashworth 
Scale (AS), H-reflex size, or NRS, that was nor invented for measuring 
spasms, and 38 studies (n = 38) applied electromyography to measure 
spasms. The remaining studies (n = 113) either did not report anything 
regarding how they measured spasms (n = 24) or used a very unspecific 
measure, e.g., undefined spasm count, scale, or subjective 
improvement. Figure  4 provides an overview of the numerous 
methods that are used to quantify spasms/cramps in the literature 
on UMND.

In 32 of the included studies, spasms/cramps were deliberately 
triggered, primarily electrically/magnetically (n = 17), or via triggers, 
such as warm, cold, tickling (n = 17), or stretch (n = 6). 
Electromyography was, in addition to verifying the presence of 
spasms, used to determine the stretch reflex (n = 16), H/M-ratio 
(n = 15), H-reflex (n = 13), cutaneomuscular reflex (n = 10), clonus 
(n = 8) etc., and in several studies spasms were correlated to the size of 
these muscular reflexes.

FIGURE 2

Illustration of the distribution of studies mentioning either spasms, 
cramps, or both. Grey-shaded areas (~9%) indicate the number of 
studies in which spasms (n  =  22) or cramps (n  =  5) were clearly 
defined.
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Discussion

In search of an under-recognized symptom

We conducted a systematic literature search, which aimed to 
explore the definition, prevalence characterization and measurement 
of cramps and spasms in the literature on UMND. Based on these 
findings, we evaluated if current clinical and laboratory measures can 
distinguish muscle cramps from spasms while considering shared 
pathophysiological mechanisms that could be  inferred from 
the studies.

To investigate an under-recognized phenomenon poses a puzzle. 
Thus, reckoning that ‘muscle cramps’ rarely are described in the 
literature on UMND, we  used 12 pre-defined, widely-recognized 
features associated with cramping in healthy individuals as a 
benchmark for comparing the descriptions of spasms in the literature 
on UMND.

In Upper Motor Neuron Disease, muscle cramps “disappear”, and 
spasms develop.

The systematic search confirmed our initial hypothesis that 
‘cramping’ is confined to specific patient groups other than UMND  
(1, 2, 21, 22), as illustrated in Figure 2. In addition, less than 10 % of 
the studies defined either cramps or spasms, and among those 
covering both terms (n = 29 studies), only two differentiated between 
them. Thus, the literature displays a lack of consensus regarding the 
semantics, and definition of these.

Critics will argue that this demonstrates a mere case of semantic 
nitpicking. However, we argue that unclear definitions along with the 
recognition that only half of the studies describe the muscle 
contraction in question (Figure 3) contribute to confounding and 
misleading use of terms.

Can muscle cramps be distinguished from muscle spasms based on 
clinical characteristics in the literature?

We find that currently, there is no reliable way for clinicians to 
differentiate between muscle cramps and spasms based on 
available clinical data in the scientific literature. They share 
many clinical similarities, including onset, duration, 
electromyography, susceptibility factors (nighttime, fatigue, and 
exercise), pain and response to stretching according to patients’ 
reports.

Half of all studies (n = 129, 51%) lacked explicit descriptions of 
cramps or spasms, and the remaining studies, while predominantly 
using the term ‘spasms’, predominately aligned with preselected 
cramp features. This underscores the significant convergence in 
characterizing cramps and spasms (Figure  3), reaffirming their 
clinical resemblance.

Spasms typically persist for a few seconds to minutes, occur 
spontaneously as verified by EMG (23, 24), or in relation to specific 
triggers (e.g., touch, movement). Although we find no records on 
whether patients can voluntarily terminate their spasms (e.g., using 

FIGURE 3

Clinical characteristics that are used to describe either muscle spasms or cramps. Well-recognized features, known from studies in healthy, exercising 
individuals, were selected prior to the review process. During the subsequent extraction process, we specifically addressed whether similar 
characteristics were used for muscle spasms. In addition, the categories “No description” and “Others” were added to the extraction template. For 
spasms. other” comprised the classification of spasms as reflexes, the subdivision of spasms into clonus, flexor, and extensor spasms, and the triggering 
by specific stimuli (electrical, cold, touch, or passive movement).
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stretch or activation of the antagonist), many patients report 
subjective improvement in spasms (25)/spasticity (26) when doing 
stretch. Also, spasms often develop under similar circumstances as 
cramps, such as during the night ‘similar to nocturnal leg cramps’ 
(27, 28), when subjects are fatigued, or in relation to exercise 
(Supplementary Table S3).

Notably, the self-reported spasm frequency varies considerably 
across surveys, potentially due to differing patient interpretations 
of ‘cramps’ and ‘spasms’, and lack of objective measures. Reviews 
on cramps propose a differentiation criterion based on the 
presence of pain in cramps (1, 2, 22). In contrast, a cross-sectional 
study on 61 patients with spasticity challenges this notion by 
remarking that the general concept of “painful” spasms is inaccurate 
since about two-thirds of the involuntary movements were painless 
(29). We find that every third study (n = 76) describe spasms as 
painful, underscoring a possible disagreement across the 
literature. This discrepancy introduces ambiguity in both 
scientific literature and patient accounts  - and suggests the 
potential existence of a partially distinct, yet co-occurring, 
phenomenon such as cramps.

As the association to exercise is a core feature in muscle cramping 
in healthy individuals (30), we specifically addressed exercise and 
fatigue in relation to spasms in UMND (Supplementary Table S3).

Following a neurological insult, individuals tend to become less 
physically active, potentially leading to more fatigable muscles during 
everyday activities and physiological testing (31).

This perspective aligns with some patients’ perception that too 
much activity is associated with fatigue and a further increase in 
spasticity (25) and that spasms are linked with physical overexertion 
(29), extreme fatigue (32), uncustomary exertional efforts (33), fatigue, 
overuse, and inflammation (34). Similarly, cramps in healthy 
individuals are associated with exercise, especially with beginning of a 
new exercise program (22) or particularly after periods of 
inactivity (13).

The escalation of sensory inputs induced by physical exercise 
likely plays a role in this correlation, yet specific exercise interventions 
have demonstrated an immediate exacerbation of spasms with 
heightened physical exertion (32, 33). Does this imply that individuals 
with upper motor neuron disease (UMND) should abstain from 
physical exercise to mitigate the risk of spasms?

FIGURE 4

Overview of the different methods used to measure muscle spasms/cramps with indication of the absolute number of studies using each method. 
Only 108 times (green color), a measurement tool designated for evaluating spasms was used. Forty-five times (n  =  45, yellow) a tool, not invented for 
measuring spasms, was used. Thirty-eight times (n  =  38, blue) electromyography confirmed spasms. The remaining (n  =  113, grey) either did not report 
or used a very unspecific measure. Solid color fill indicates that the measure relies on patient perception of “spasms. as opposed to hatched color fill 
indicating measuring by another examiner. Abbreviations: Penn Spasms Frequency Scale (PSFS), Spasm Frequency Score (SFS), Spinal Cord Assessment 
Tool for Spastic Reflexes (SCATS), Spinal cord injury Secondary Conditions Scale (SCI-SCS), Numerical Rating Scale (NRS), Ashworth Scale (AS), Modified 
Ashworth Scale (MAS).
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In contrast, we posit that individuals with UMND will adapt over 
time to a consistent training regimen, experiencing reduced muscle 
fatigue and fewer spasms during daily activities. Addressing this 
potential impediment is crucial for clinicians recommending exercise 
to UMND patients. The prospect of a positive, long-term impact of 
FES-assisted exercise on muscle spasms is suggested by the 
experiences of individuals with spinal cord injuries (35). Nonetheless, 
dedicated interventions examining the effect of training on muscle 
spasms are warranted (33, 34).

Why is it problematic that the terms ‘spasms’ and ‘cramps’ are 
used interchangeably?

More than twenty-five different methods are used to measure 
spasms or cramps in UMND, but most rely on self-reported 
observations, and no measure distinguishes between the cramps and 
spasms. Thus, misinterpretation may occur due to a lack of reporting 
guidance, differing perceptions of spasms, cramps, and spasticity 
between clinicians and patients, and the absence of clinically 
applicable, objective measures.

Confusing muscle cramps with spasms may ultimately lead to 
different treatments, as muscle spasms are often considered part of 
spasticity that arises following CNS damage. Many clinicians use a 
broad definition of spasticity (36) which places greater demands on 
specifying the individual spasticity-symptoms, as hypertonia, clonus, 
hyperreflexia, and spasms can exist independently and do not 
necessarily share common pathophysiology (37).

Unfortunately, we find that a clear distinction between spasms 
and spasticity is not made in the studies on UMND, among which 
only one-fifth (n = 57) explicitly demarcate ‘spasms/cramps’ from 
‘spasticity’ as distinct symptoms. Research has explored the 
ambiguity between spasms and spasticity, revealing conflicting 
expert views on their distinction (38), as well as incongruence 
between clinicians’ and patients’ vocabulary and understanding of 
the terms (25).

We speculate that spasms and spasticity, which often go hand 
in hand, are treated as if it is one and the same. This may explain 
why clinicians seem more likely to resort to antispastic 
pharmaceuticals when treating muscle spasms than when treating 
muscle cramps.

In brief, conceptual ambiguity is a slippery slope whereby muscle 
cramps are interpreted as spasms that are interpreted as spasticity.

The consequence of miscommunication is potentially significant, 
as the prevalence of cramps and spasms foremost (~50%) are 
quantified with different variations of self-reported spasm frequency 
tools (PSFS, SFS, NRS etc.) without aligning interpretations of 
cramps/spasms before the assessment. We find that there is a need to 
develop a better way to quantify spasms seeing that one-fifth of the 
studies do not report how they measure spasms, whereas the 
remaining use more than 25 different methods, many of these 
unvalidated (17, 39) and with poor correlation between self-reported 
spasms and (semi)objective measures (e.g., EMG (23, 40, 41), Spinal 
Cord Assessment Tool for Spastic Reflexes (SCATS) (14, 42), plantar 
stimulation response (43), H-reflex depression (44)).

Evidently, similar methodological challenges pertain to the 
measurement of muscle cramps and spasms, facing that both are 
challenging to predict and examine. Therefore, spasms/cramps are 
deliberately elicited through electric/magnetic stimulation or physical 
manipulations in 32 of the included studies. We  highlight those 
comparable procedures (voluntary activation (45), fatigue (31), 
nociceptive stimulation, tendon vibration, and electrical stimulation with 
increasing frequency (46)) are used to provoke both spasms and cramps. 
Interestingly, the EMG firing response to the external stimulation shows 
similarities during spasms in UMND (47, 48) and cramps in healthy 
individuals (49, 50). This suggests a potential mechanistic overlap.

Ultimately, miscommunication and lack of objective measures 
may lead to false conclusions, as exemplified by studies, which make 
conclusions on ‘muscle spasms’ but measure another part of spasticity, 
such as increased muscle tone or reflex excitability [e.g., using 
Modified Ashworth Scale (MAS) or H-reflex size].

Therefore, we stress that experts and patients have very different 
perceptions of muscle cramps, spasms, spasticity, and their 
interrelatedness, and we  raise the concern that the incidence of 
misdiagnosis of spasms/cramps in UMND is considerable.

Recognizing that part of the patient’s spasticity may be attributed 
to muscle cramps necessitates a critical reconsideration of current 
treatment strategies, seeing that muscle spasms usually are treated 
with CNS depressing medication (15, 16), whereas cramps primarily 
are addressed with non-pharmaceutical therapies that are largely 
unexplored in individuals with neurological disease (17, 18).

Thus, this recognition also emphasizes the future perspective for 
investigating if part of the involuntary contractions in spasticity may 
be mitigated using treatment strategies typically employed for muscle 
cramps. If so, this approach may reduce the reliance on antispastic 
medication and improve motor rehabilitation efforts that could 
otherwise be compromised by CNS-depressing medications.

The discussion of this scoping review is constrained by the fact 
that a search examines how the scientific literature describes muscle 
cramps and spasms in UMND, and thus it is possible that clinicians 
in practice have more nuanced understanding of these phenomena. 
However, it is most likely that the literature and clinical practice reflect 
each other.

Conclusion

The systematic literature search reveals a paucity of scientific 
documentation pertaining to muscle cramps in individuals with upper 
motor neuron disease (UMND). This observation is significant, 
especially considering that cramps are notably common among 
individuals with other neurological impairments and in contexts often 
experienced by UMND patients. As such, we propose that cramps 
may indeed be manifest in individuals with UMND but are often 
misclassified as spasms at least in the scientific literature.

Author contributions

ET: Conceptualization, Data curation, Formal analysis, 
Investigation, Methodology, Validation, Visualization, Writing – 
original draft, Writing – review & editing. PK: Data curation, 
Investigation, Validation, Writing – original draft, Writing – review & 

https://doi.org/10.3389/fneur.2024.1360521
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Therkildsen et al. 10.3389/fneur.2024.1360521

Frontiers in Neurology 08 frontiersin.org

editing. JN: Conceptualization, Supervision, Writing – original draft, 
Writing – review & editing, Investigation, Methodology.

Funding

The author(s) declare that no financial support was received for 
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fneur.2024.1360521/
full#supplementary-material

References
 1. Jansen PHP, Gabreëls FJM, van Engelen BGM. Diagnosis and differential diagnosis 

of muscle cramps: a clinical approach. J Clin Neuromuscul Dis. (2002) 4:89–94. doi: 
10.1097/00131402-200212000-00008

 2. Parisi L, Pierelli F, Amabile G, Valente G, Calandriello E, Fattapposta F, et al. 
Muscular cramps: proposals for a new classification. Acta Neurol Scand. (2003) 
107:176–86. doi: 10.1034/j.1600-0404.2003.01289.x

 3. Biering-Sørensen F, Nielsen JB, Klinge K. Spasticity-assessment: a review. Spinal 
Cord. (2006) 44:708–22. doi: 10.1038/sj.sc.3101928

 4. Naylor JR, Young JB. A general population survey of rest cramps. Age Ageing. (1994) 
23:418–20. doi: 10.1093/ageing/23.5.418

 5. Norris FH, Gasteiger EL, Chatfield PO. An electromyographic study of induced and 
spontaneous muscle cramps. Electroencephalogr Clin Neurophysiol. (1957) 9:139–47. doi: 
10.1016/0013-4694(57)90118-9

 6. Jansen PH, Joosten EM, Van Dijck J, Verbeek AL, Durian FW. The incidence of muscle 
cramp. J Neurol Neurosurg Psychiatry. (1991) 54:1124–5. doi: 10.1136/jnnp.54.12.1124

 7. Ganzini L, Johnston WS, Hoffman WF. Correlates of suffering in amyotrophic 
lateral sclerosis. Neurology. (1999) 52:1434. doi: 10.1212/WNL.52.7.1434

 8. Maxwell SK, Kokokyi S, Breiner A, Ebadi H, Bril V, Katzberg HD. Characteristics 
of muscle cramps in patients with polyneuropathy. Neuromuscul Disord. (2014) 
24:671–6. doi: 10.1016/j.nmd.2014.04.008

 9. Schwellnus MP. Muscle cramping in the marathon: aetiology and risk factors. Sports 
Med. (2007) 37:364–7. doi: 10.2165/00007256-200737040-00023

 10. Schwellnus MP, Derman EW, Noakes TD. Aetiology of skeletal muscle ‘cramps’ 
during exercise: a novel hypothesis. J Sports Sci. (1997) 15:277–85. doi: 10.1080/0264 
04197367281

 11. Nakagawa K, Miyamoto N, Kanosue K. Neural mechanisms of muscle cramp. 
Tokyo: WASEDA University, pp. 79–90. (2015).

 12. Miller KC, McDermott BP, Yeargin SW, Fiol A, Schwellnus MP. An evidence-based 
review of the pathophysiology, treatment, and prevention of exercise-associated muscle 
cramps. J Athl Train. (2022) 57:5–15. doi: 10.4085/1062-6050-0696.20

 13. Katzberg HD. Neurogenic muscle cramps. J Neurol. (2015) 262:1814–21. doi: 
10.1007/s00415-015-7659-x

 14. Bravo-Esteban E, Taylor J, Abián-Vicén J, Albu S, Simón-Martínez C, Torricelli D, 
et al. Impact of specific symptoms of spasticity on voluntary lower limb muscle function, 
gait and daily activities during subacute and chronic spinal cord injury. 
NeuroRehabilitation. (2013) 33:531–43. doi: 10.3233/NRE-131000

 15. Gupta S, McColl MA, Smith K, McColl A. Prescribing patterns for treating 
common complications of spinal cord injury. J Spinal Cord Med. (2021) 46:237–45. doi: 
10.1080/10790268.2021.1920786

 16. Collongues N, Vermersch P. Multiple sclerosis spasticity: ‘state-of-the-art’ 
questionnaire survey of specialized healthcare professionals. Expert Rev Neurother. 
(2013) 13:21–5. doi: 10.1586/ern.13.10

 17. Hawke F, Sadler SG, Katzberg HD, Pourkazemi F, Chuter V, Burns J. Non-drug 
therapies for the secondary prevention of lower limb muscle cramps. Cochrane Database 
Syst Rev. (2021) 2021:CD008496. doi: 10.1002/14651858.CD008496.pub3

 18. Fat MJL, Kokokyi S, Katzberg HD. Neurologist practice patterns in treatment of 
muscle cramps in Canada. J Foot Ankle Res. (2013) 6:2. doi: 10.1186/1757-1146-6-2

 19. Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al. PRISMA 
extension for scoping reviews (PRISMA-ScR): checklist and explanation. Ann Intern 
Med. (2018) 169:467–73. doi: 10.7326/M18-0850

 20. Swash M, Czesnik D, De Carvalho M. Muscular cramp: causes and management. 
Eur J Neurol. (2019) 26:214–21. doi: 10.1111/ene.13799

 21. Katzberg HD, Bril V, Riaz S, Barnett C. Qualitative, patient-centered assessment 
of muscle cramp impact and severity. Can J Neurol Sci. (2019) 46:735–41. doi: 10.1017/
cjn.2019.286

 22. Miller TM, Layzer RB. Muscle cramps. Muscle Nerve. (2005) 32:431–42. doi: 
10.1002/mus.20341

 23. Winslow J, Martinez A, Thomas CK. Automatic identification and classification of 
muscle spasms in long-term EMG recordings. IEEE J Biomed Health Inform. (2015) 
19:464–70. doi: 10.1109/JBHI.2014.2320633

 24. Aguiar SA, Baker SN, Gant K, Bohorquez J, Thomas CK. Spasms after spinal cord 
injury show low-frequency intermuscular coherence. J Neurophysiol. (2018) 
120:1765–71. doi: 10.1152/jn.00112.2018

 25. Bhimani RH, McAlpine CP, Henly SJ. Understanding spasticity from patients’ 
perspectives over time. J Adv Nurs. (2012) 68:2504–14. doi: 10.1111/j.1365-2648. 
2012.05949.x

 26. Little JW, Micklesen P, Umlauf R, Britell C. Lower extremity manifestations of 
spasticity in chronic spinal cord injury. Am J Phys Med Rehabil. (1989) 68:32–6. doi: 
10.1097/00002060-198902000-00009

 27. Gulich M, Heil P, Zeitler H-P. Epidemiology and determinants of nocturnal calf 
cramps. Eur J Gen Pract. (1998) 4:109–13. doi: 10.3109/13814789809160361

 28. Abdulla AJ, Jones PW, Pearce VR. Leg cramps in the elderly: prevalence, drug and 
disease associations. Int J Clin Pract. (1999) 53:494–6. doi: 10.1111/j.1742-1241.1999.
tb11786.x

 29. Abboud H, Macaron G, Yu XX, Knusel K, Fernandez HH, Bethoux F. Defining the 
spectrum of spasticity-associated involuntary movements. Parkinsonism Relat Disord. 
(2019) 65:79–85. doi: 10.1016/j.parkreldis.2019.05.007

 30. Schwellnus MP, Drew N, Collins M. Muscle cramping in athletes--risk factors, 
clinical assessment, and management. Clin Sports Med. (2008) 27:183–94. doi: 10.1016/j.
csm.2007.09.006

 31. Thomas CK. Fatigue in human thenar muscles paralysed by spinal cord injury. J 
Electromyogr Kinesiol. (1997) 7:15–26. doi: 10.1016/s1050-6411(96)00020-x

 32. Mardaniyan Ghahfarrokhi M, Banitalebi E, Faramarzi M, Motl R. Feasibility and 
efficacy of home-based neurofunctional exercise vs. resistance exercise programs for 
ambulatory disability of multiple sclerosis patients with cognitive impairment. Mult Scler 
Relat Disord. (2022) 58:103400. doi: 10.1016/j.msard.2021.103400

 33. Adams MM, Hicks AL. Comparison of the effects of body-weight-supported 
treadmill training and tilt-table standing on spasticity in individuals with chronic 
spinal cord injury. J Spinal Cord Med. (2011) 34:488–94. doi: 10.1179/2045772311Y. 
0000000028

 34. Vinkel MN, Rackauskaite G, Finnerup NB. Classification of pain in children with 
cerebral palsy. Dev Med Child Neurol. (2022) 64:447–52. doi: 10.1111/dmcn.15102

 35. Agarwal S, Triolo RJ, Kobetic R, Miller M, Bieri C, Kukke S, et al. Long-term user 
perceptions of an implanted neuroprosthesis for exercise, standing, and transfers after 
spinal cord injury. J Rehabil Res Dev. (2003) 40:241–52.

 36. Pandyan AD, Gregoric M, Barnes MP, Wood D, Wijck FV, Burridge J, et al. 
Spasticity: clinical perceptions, neurological realities and meaningful measurement. 
Disabil Rehabil. (2005) 27:2–6. doi: 10.1080/09638280400014576

 37. Nielsen JB, Crone C, Hultborn H. The spinal pathophysiology of spasticity - from 
a basic science point of view. Acta Physiol. (2007) 189:171–80. doi: 10.1111/j.1748-1716. 
2006.01652.x

https://doi.org/10.3389/fneur.2024.1360521
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fneur.2024.1360521/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2024.1360521/full#supplementary-material
https://doi.org/10.1097/00131402-200212000-00008
https://doi.org/10.1034/j.1600-0404.2003.01289.x
https://doi.org/10.1038/sj.sc.3101928
https://doi.org/10.1093/ageing/23.5.418
https://doi.org/10.1016/0013-4694(57)90118-9
https://doi.org/10.1136/jnnp.54.12.1124
https://doi.org/10.1212/WNL.52.7.1434
https://doi.org/10.1016/j.nmd.2014.04.008
https://doi.org/10.2165/00007256-200737040-00023
https://doi.org/10.1080/026404197367281
https://doi.org/10.1080/026404197367281
https://doi.org/10.4085/1062-6050-0696.20
https://doi.org/10.1007/s00415-015-7659-x
https://doi.org/10.3233/NRE-131000
https://doi.org/10.1080/10790268.2021.1920786
https://doi.org/10.1586/ern.13.10
https://doi.org/10.1002/14651858.CD008496.pub3
https://doi.org/10.1186/1757-1146-6-2
https://doi.org/10.7326/M18-0850
https://doi.org/10.1111/ene.13799
https://doi.org/10.1017/cjn.2019.286
https://doi.org/10.1017/cjn.2019.286
https://doi.org/10.1002/mus.20341
https://doi.org/10.1109/JBHI.2014.2320633
https://doi.org/10.1152/jn.00112.2018
https://doi.org/10.1111/j.1365-2648.2012.05949.x
https://doi.org/10.1111/j.1365-2648.2012.05949.x
https://doi.org/10.1097/00002060-198902000-00009
https://doi.org/10.3109/13814789809160361
https://doi.org/10.1111/j.1742-1241.1999.tb11786.x
https://doi.org/10.1111/j.1742-1241.1999.tb11786.x
https://doi.org/10.1016/j.parkreldis.2019.05.007
https://doi.org/10.1016/j.csm.2007.09.006
https://doi.org/10.1016/j.csm.2007.09.006
https://doi.org/10.1016/s1050-6411(96)00020-x
https://doi.org/10.1016/j.msard.2021.103400
https://doi.org/10.1179/2045772311Y.0000000028
https://doi.org/10.1179/2045772311Y.0000000028
https://doi.org/10.1111/dmcn.15102
https://doi.org/10.1080/09638280400014576
https://doi.org/10.1111/j.1748-1716.2006.01652.x
https://doi.org/10.1111/j.1748-1716.2006.01652.x


Therkildsen et al. 10.3389/fneur.2024.1360521

Frontiers in Neurology 09 frontiersin.org

 38. Matza LS, Stewart KD, Phillips G, Delio P, Naismith RT. Development of a brief 
clinician-reported outcome measure of multiple sclerosis signs and symptoms: the 
clinician rating of multiple sclerosis (CRoMS). Mult Scler Relat Disord. (2019) 35:253–61. 
doi: 10.1016/j.msard.2019.06.024

 39. Hsieh JTC, Wolfe DL, Miller WC, Curt A. Spasticity outcome measures in spinal 
cord injury: psychometric properties and clinical utility. Spinal Cord. (2008) 46:86–95. 
doi: 10.1038/sj.sc.3102125

 40. Thomas CK, Dididze M, Martinez A, Morris RW. Identification and classification 
of involuntary leg muscle contractions in electromyographic records from individuals 
with spinal cord injury. J Electromyogr Kinesiol. (2014) 24:747–54. doi: 10.1016/j.
jelekin.2014.05.013

 41. Biering-Sørensen F, Laeessøe L, Sønksen J, Bagi P, Nielsen JB, Kristensen JK. The 
effect of penile vibratory stimulation on male fertility potential, spasticity and 
neurogenic detrusor overactivity in spinal cord lesioned individuals. Acta Neurochir 
Suppl. (2005) 93:159–63. doi: 10.1007/3-211-27577-0_28

 42. Carty A, McCormack K, Coughlan GF, Crowe L, Caulfield B. Alterations in body 
composition and spasticity following subtetanic neuromuscular electrical stimulation 
training in spinal cord injury. J Rehabil Res Dev. (2013) 50:193–202. doi: 10.1682/
JRRD.2011.11.0220

 43. Priebe MM, Sherwood AM, Thornby JI, Kharas NF, Markowski J. Clinical 
assessment of spasticity in spinal cord injury: a multidimensional problem. Arch Phys 
Med Rehabil. (1996) 77:713–6. doi: 10.1016/s0003-9993(96)90014-3

 44. Mayo M, DeForest BA, Castellanos M, Thomas CK. Characterization of 
involuntary contractions after spinal cord injury reveals associations between 
physiological and self-reported measures of spasticity. Front Integr Neurosci. (2017) 11:2. 
doi: 10.3389/fnint.2017.00002

 45. Murray KC, Stephens MJ, Ballou EW, Heckman CJ, Bennett DJ. Motoneuron 
excitability and muscle spasms are regulated by 5-HT2B and 5-HT2C receptor activity. 
J Neurophysiol. (2011) 105:731–48. doi: 10.1152/jn.00774.2010

 46. Mela P, Veltink PH, Huijing PA. Excessive reflexes in spinal cord injury triggered 
by electrical stimulation. Arch Physiol Biochem. (2001) 109:309–15. doi: 10.1076/
apab.109.4.309.4243

 47. Zijdewind I, Bakels R, Thomas CK. Motor unit firing rates during spasms in thenar 
muscles of spinal cord injured subjects. Front Hum Neurosci. (2014) 8:1–8. doi: 10.3389/
fnhum.2014.00922

 48. Nickolls P, Collins DF, Gorman RB, Burke D, Gandevia SC. Forces consistent with 
plateau-like behaviour of spinal neurons evoked in patients with spinal cord injuries. 
Brain. (2004) 127:660–70. doi: 10.1093/brain/awh073

 49. Ross BH, Thomas CK. Human motor unit activity during induced muscle cramp. 
(1995). Available at: https://academic.oup.com/brain/article/118/4/983/279972.

 50. Collins DF, Burke D, Gandevia SC. Large involuntary forces consistent with 
plateau-like behavior of human Motoneurons. J Neurosci. (2001) 21:4059–65. doi: 
10.1523/JNEUROSCI.21-11-04059.2001

https://doi.org/10.3389/fneur.2024.1360521
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1016/j.msard.2019.06.024
https://doi.org/10.1038/sj.sc.3102125
https://doi.org/10.1016/j.jelekin.2014.05.013
https://doi.org/10.1016/j.jelekin.2014.05.013
https://doi.org/10.1007/3-211-27577-0_28
https://doi.org/10.1682/JRRD.2011.11.0220
https://doi.org/10.1682/JRRD.2011.11.0220
https://doi.org/10.1016/s0003-9993(96)90014-3
https://doi.org/10.3389/fnint.2017.00002
https://doi.org/10.1152/jn.00774.2010
https://doi.org/10.1076/apab.109.4.309.4243
https://doi.org/10.1076/apab.109.4.309.4243
https://doi.org/10.3389/fnhum.2014.00922
https://doi.org/10.3389/fnhum.2014.00922
https://doi.org/10.1093/brain/awh073
https://academic.oup.com/brain/article/118/4/983/279972
https://doi.org/10.1523/JNEUROSCI.21-11-04059.2001

	A scoping review on muscle cramps and spasms in upper motor neuron disorder–two sides of the same coin?
	New and noteworthy
	Introduction
	Methods
	Eligibility criteria
	Search strategy
	Data extraction and reporting of results

	Results
	Characteristics
	Measures of spasms/cramps

	Discussion
	In search of an under-recognized symptom

	Conclusion
	Author contributions

	References

