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Abstract

Pain represents a common symptom of several diseases and is often associated with a reduction
in rehabilitation outcomes and recovery. The effectiveness of pain alleviation by botulinum toxin
has been recently demonstrated. We searched in PubMed the papers about this topic published in
the last ten years, and we selected clinical trials, guidelines, meta-analyses, reviews, and systematic
reviews. We used different approaches: multiperspective presentation, lexical evaluation, and
systematic review. The systematic review was only performed for the randomized controlled trials.
We predominantly found reviews and trials about the rehabilitation of stroke/brain injury and
epicondylitis. The most common outcome measures were pain, function, and spasticity. Among
the common words, pain was the most frequent and the terms were grouped into different families,
especially concerning the outcomes. Rehabilitation showed a relatively low frequency. Finally,
the systematic review showed moderate-low levels of bias which confirms the effectiveness of
botulinum toxin for pain treatment. The current literature about botulinum toxin is wide and
globally diffuse but with some limitations in study strategies and clearness in the formal
presentation. The evidence justifies the use of botulinum toxin in treating pain in different diseases.
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Pain is one of the main symptoms associated with
several diseases and is frequently complained about
by patients.! Under the name of pain, numerous
conditions are recognizable, based on symptom features,
localization, intensity, and duration. Different
classifications are possible based on these features, and
the classifications are fundamental for diagnosis and
therapy decisions. Generally, pain is currently defined by
the International Association for the Study of Pain as “an
unpleasant sensory and emotional experience associated
with, or resembling that associated with actual or
potential tissue damage”.? The experience of pain is
however not merely a perceptual phenomenon; instead,
it represents a complex interaction among various
components of a person and the relationships with the

EurJ

S124-

Transl Myol 34 (2) 12509, 2024 doi: 10.4081/ejtm.2024.12509

own body and the environment.? Even if an initial injury
that disturbs the body’s natural homeostatic systems may
be known, the level of disability experienced by an
individual and the actual evolution of pain can vary on a
case-by-case basis. Indeed, pain affects the whole person
with critical effects in different systems and can even
lead to mental health problems, such as anxiety and
depression.* Furthermore, pain can also reduce
rehabilitation outcomes and recovery, further delaying
the restoration of function.’ This symptom may
negatively influence physical performance,
psychological mood, and, in general, adherence to
treatment.® Therefore, successful rehabilitation has to
take into consideration a comprehensive approach to
addressing and treating the pain.
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Because of its relevant clinical problems and its significant
impact on daily life, pain management is an essential com-
ponent of the patient’s care. Pain control strategies include
several approaches: drugs, exercises, physical agents,
remedies from traditional medicines, and behavioral and
cognitive interventions.”®

In recent years, treatment with Botulinum toxin (BTX) has
been proposed for pain treatment.” BTX is usually used to
treat focal spasticity and glandular hyperactivity.'* But, dif-
ferent studies have shown the molecule can modify the pain
sensory feedback loop in the central nervous system." Even
if the pain management process is complex, BTX treatment
can act in two main ways: by directly abolishing the con-
tractile activity of the muscle, and by preventing the release
of neurotransmitters other than acetylcholine, including
substance P, calcitonin gene-related peptide, somatostatin,
serotonin, ATP, and bradykinin, which can lead to inhi-
bition/enhancement of ascending/descending signals in
chronic cases."?

Starting from this background, we aim to clarify the current
literature on the role of BTX in pain management and re-
habilitation, using different approaches with peculiar meth-
odologies: 1) a multiperspective presentation to visualize
the features of the papers and an understanding of the dis-
tribution of the variables of scientific production;'® ii) a lex-
ical analysis of the abstracts, to show the main words used
in them and how they connect with the papers;' iii) a sys-
tematic review of the randomized controlled trials (RCTs).!

Materials and Methods

To study the literature about BTX and pain, we searched in
PubMed the papers using the following command: “botu-
linum toxin AND pain AND rehabilitation”. We used the
following filters: article types (Clinical Trial, Guideline,
Meta-Analysis, Review, Systematic Review), and publica-
tion date (the last 10 years). The research was performed
during the year 2023. The results were exported as a text
file containing complete information about the authors, the
title, the editorial data, and the abstracts. Based on the ab-
stracts, we excluded the non-pertinent works (Figure 1).

Graphical multiperspective literature analysis

We collected the editorial data of each paper, considering
the category of the journal in which the paper was pub-
lished, the publication year, the affiliation of the first author
of the paper, considering the country and the university/hos-
pital department. For the journal category, we referred to
the Web of Science system. In cases of journals belonging
to more categories, we considered the category in which the
impact factor of the journal was positioned in the highest
percentile. Concerning the department of the first author, in
cases of multiple departments, we considered the first af-
filiation. The departments were categorized, to obtain a re-
stricted number of modalities of the variable. The
departments just appearing less than three times were col-
lected under the modality “Other”. The study type of each
paper was evaluated, classifying each paper as trial, meta-
analysis, systematic review, review, guideline, and other. If
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a paper was identified as a systematic review and meta-
analysis, only the latter type was considered. We classified
each paper based on the language in a dichotomic way:
English or not. Regarding the clinical topics of the manu-
scripts, we collected data about the main disease assessed
in the study.!* Additionally, we identified the evaluated out-
comes, considering seven major categories: pain, QoL,
physical function, spasticity, psychological condition, im-
aging, and others.'®!” Finally, we extracted information
about the lexicon used in titles and abstracts and we identi-
fied the most used words in each paper, among a selected
list of words (see section below for better explanation).'®
The data were summarized into multiple charts.!?

Lexical analysis

To conduct a lexical analysis, we employed the method
LENGTH (lexical network based on graph theory) method,
previously published in other revisions.!*!* This approach
allows for the exploration of relationships between research
papers and a specific set of words.'® The data found by Pub-
Med were imported into the freeware software TXM 0.8.0,
to determine the frequency of word occurrence within the
titles and abstracts of research papers. We selected the 30
most frequently cited words (substantives and adjectives),
focusing on words relevant to the research topic. Sub-
sequently, we assessed the occurrence of these selected
words in both the titles and abstracts of the papers, gener-
ating a matrix containing binary values of "1" (presence of
a specific word in a given paper) or "0" (absence of the
word in a paper). To analyze the relationships between the
selected words and papers, we employed the freeware soft-
ware Gephi 0.9.2. In the created network graph, the nodes
represent both the words and the papers, and the edges rep-
resent the connections between them. The node dimensions
in the graph indicate the frequency of a word or the number
of times a paper contains the selected words. Additionally,
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Figure 1. PRISMA flow chart of the literature search and
systematic review.
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the software is capable of calculating various measures de-
scribing the centrality and impact of individual nodes within
the network and the grouping. Specifically, we focused on
the degree, which represents the total number of connec-
tions originating from a node, reflecting the frequency of
occurrence of a particular word. We also considered the
closeness centrality and betweenness centrality, which are
related to the distance between nodes and the presence of
intermediary nodes between the others. These measure-
ments highlight the importance of specific nodes within the
graph. Finally, the modularity class of the nodes was cal-
culated, showing families of mostly interconnected ele-
ments (words and papers).'>!®

Systematic review of RCTs

To conduct the systematic review of the RCTs, we pro-
ceeded to a further selection. We critically evaluated the
manuscripts, only considering the RCTs, written in the Eng-
lish language, and we assessed their full texts. We con-
ducted a systematic review to understand if BTX can be
effective in ameliorating pain and other consequences of
diseases of rehabilitation interest. We selected the studies
about the effectiveness of BTX in comparison with one or
more controls, where pain was one of the evaluated out-
comes. For each paper, we collected the name of the first
author, the publication year, the disease assessed, and the
total number of enrolled patients in the study. Then, we
evaluated the features of the experimental and control
groups, considering the used intervention, the way of ad-
ministration, and BTX dosage and molecules. We assessed
the Cochrane Collaboration risk of bias (RoB) of the papers,
considering the bias of randomization, allocation, the blind-
ness of participants and personnel, the blindness of the as-
sessor, the completeness of outcome data, and the selection
of reported outcomes. Each RoB was judged high, unclear,
and low based on the information presented in the full text.”

Results

We initially found a total of 199 papers, with the research
on PubMed. We excluded 10 papers for the following rea-
sons: 6 papers were not focused on the topic of our study, 2
papers did not have an abstract, 1 study was a presentation
of single cases, and 1 paper was a guide for future studies.

Graphical multiperspective literature analysis

The majority of data from the scientific journals belonged
to two main categories: rehabilitation in 22% and neurology
in 16%. The third biggest category was represented by gen-
eral medicine, with a percentage of 12%. The other journal
categories were present in less than 10% for each one and
comprised basic science, surgical, medical, and health serv-
ices categories.?*?! The year distribution showed a generally
stable presence of an absolute number of papers in the sec-
ond decade of the 2020s (from 2014 to 2019). After 2020,
we saw an increased number with a lower peak in 2021.
The department origin of the papers showed a clear pre-
dominance of Rehabilitation with a percentage of 42%, fol-
lowed by general medicine with 16% and neurology with
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15%.2>% The other departments were present in no more
than 5% of the papers, with the lowest representation be-
longing to the surgical ones, pediatrics, and radiology. Con-
cerning geographical origin, the United States of America
was the most common country, with 22% of frequency. The
other countries were represented with a percentage less than
10%. All continents were present in our search, with the
major representation being Europe (35% and 14 countries)
and the lowest representation being Africa (1% with the
only presence of Egypt). Articles were mostly clinical trials
and reviews, respectively with 29% and 31% of
frequencies. A relatively high number of systematic reviews
and meta-analyses were found, while only 2% were guide-
lines. Furthermore, in 97% of cases, the papers were pub-
lished in the English language. The most common diseases
assessed in the papers were stroke/brain injury, followed by
epicondylitis and pelvic dysfunction.?*?¢ Only a few papers
(about 1%) assessed complex regional pain syndrome, club-
foot, postherpetic neuralgia, and spinal stenosis. Besides
the pain, the evaluation of specific functions represented
the most commonly assessed outcome measures, followed
by spasticity and QoL. A few papers investigated psycho-
logical outcomes, while only 2 showed imaging techniques
as outcome measures. Regarding the most frequent words
in all titles and abstracts, the most frequent was “pain” (in
34% of papers), followed by “treatment” in 16%, and “pa-
tient” and “injection” in 9% (Figure 2).

The selection of specific variables and categories revealed
peculiar features of the papers. In the journal category of
rehabilitation, the papers were predominantly trials and
mainly dealt with stroke/brain injury and epicondylitis. In
comparison, in the category of neurology, we mainly found
reviews, especially about stroke/brain injury. The most
common musculoskeletal conditions were epicondylitis, os-
teoarthritis, and myofascial pain syndrome. The papers
about these diseases were mainly trials and mainly pub-
lished in rehabilitation and orthopedics categories from the
rehabilitation department. The most common outcome
measures of these studies were pain and function. The meta-
analyses were more common for stroke/brain injury and
mostly came from China.”” In the last two years, the most
common articles were reviews and meta-analyses with dif-
ferent conditions explored: mainly stroke/brain injury, pel-
vic dysfunction, cerebral palsy, osteoarthritis, and
neuropathic pain.

Lexical analysis

The word “pain” presented the most prominent frequency,
followed by the term “treatment”. These two words were
respectively present 662 and 456 times. A second group of
frequent terms comprised the words “toxin”, “injection”,
“patient”, “effect®” and “botulinum” and they were present
more than 300 times. The term “muscle”, representing one
of the most important targets for the BTX treatment was
mentioned 131 times. The most common word indicating
disease and included in the list was “stroke”, while the most
common anatomical body part was “shoulder”.

Besides the frequencies of the words indicated with the de-
gree and the dimension of the nodes, the LENGTH method
showed a high level of the centrality of “botulinum” and
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“toxin”, even higher than other more common words like
“injection”. Because of its relatively low frequency, the
term “rehabilitation”, did not show a high level of centrality,
but its values were even inferior to the term “scale”, a word
with higher frequency (Figure 3).

Concerning the modularity class, we found 8 groups. The
most populated was the group indicating the outcomes, in-
cluding terms like “evidence”, “quality”, “adverse” and
“outcome” itself.?® The term “rehabilitation” was well con-
nected with the term “function”, but was outside the group
containing the words “physical” and “therapy”. The words
referring to BTX were well connected with “upper” and
“stroke”, while the word “pain” was related to “chronic”.?
Finally, spasticity was linked with the two words “muscle”
and “scale”.

Systematic review of RCTs

For the systematic review, 33 studies were included with
several patients from a minimum of 8 to a maximum of
413,362 The diseases mostly assessed were stroke/brain in-
jury in about 21% of the trials, epicondylitis in 12%, and
cerebral palsy and osteoarthritis in 9%. The BTX was com-

pared, alone or in addiction with other drugs or exercises,
with placebo or saline solution in 21 studies, with different
BTX dosages in 1 study, and with other drugs in 8 studies.
In the remaining studies, the comparison occurred with
physical agents, dry needling, and education. Concerning
the way of administration, BTX was mainly injected into
the muscle (24 studies), and into the joint (4 studies). Other
ways of administration included peri- and intra-tendon,
intra-fascia, intradermal and subcutaneous. Besides the
listed ways, the other drugs could be administered at the
nerve root level, transforaminal, or in an oral way. The BTX
molecules used in the RCTs were: Abobotulinum toxin A
in eight studies; Incobotulinum toxin A, Lanbotulinum
toxin A, and Rimabotulinum toxin B in two; Neuronox in
three; Prabotulinum toxin A in one; Onabotulinum toxin A
was the most represented with 13 studies. In two studies the
molecule was not indicated. Pain intensity was assessed
with a visual analogic scale in 55% of the RCTs and with a
numerical rating scale in 39%. Two studies assessed pain
as the domain of other questionnaires: Goal Attainment
Scale and Disability Assessments Scale.** In the RCTs,
besides pain, other outcomes were evaluated with their spe-
cific measures: spasticity, by the Modified Ashworth Scale;
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QoL, mainly by short-form questionnaire; and disease-re- were found between the groups, but in two of these, the
lated condition with the proper scales. Only considering number of patients was less than ten.*>%¢

pain, in 22 studies BTX or higher doses of BTX were more Concerning the RoB of the studies, we found a low level
effective than control. In three studies BTX revealed less of bias in 15 studies for the randomization and 18 studies
effectiveness: in plantar fasciitis against extracorporeal for the allocation, while a high level of bias in zero studies
shock wave therapy (ESWT);* in myofascial pain syn- for both domains. The RoB for blindness of participants
drome in temporomandibular joint against dry needling;* was high in 5 studies and low in 25 studies, the risk for
and intramuscular BTX in epicondylitis against peritendon blindness of outcome was high in 3 studies and low in 20
steroid.” In the other 8 studies, no statistical differences studies. Regarding the outcome data, the RoB was high in
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Figure 3. Results of the LENGTH approach. In the upper left, the graph shows the papers (small black circles) and the
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paper contains the selected words. In the right, the same graph, but with the modularity classes, is indicated by different
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1 study and low in 26 studies. Finally, the RoB in reporting
data was low in 9 studies and high in zero (Supplementary
Table 1).

Discussion

BTX in pain treatment is an argument of constant interest,
especially among rehabilitation, neurological, and general
medicine fields, as shown by the journal categories and
the departments of the authors. Particular conditions, like
pelvic dysfunction or temporomandibular joint abnormal-
ities, present other predominant journal categories or de-
partments.®>% Interestingly, the journal category of health
services is not highly represented, although the relevant
impacts of the BTX in the medical and economic man-
agement. These impacts concern the drug cost and the
critical socio-economic effects of the disabilities due to
the conditions related to BTX.%¢ These situations rep-
resent an alert for the global health system and specific
attention on these topics should be paid. These reflections
should be further kept in mind, considering the geograph-
ical distribution of the papers. The evaluation of the coun-
tries shows some usual findings of the worldwide
research activity, with a low representation of many low-
income countries or regions with a low number of spe-
cialized medical centers.”” However, some peculiarities
are visible, like the relatively high involvement of many
Eurasian countries, but the absence of Japan (one single
paper presented Japanese authors but not in the first or
last position). Being the diseases included in our revisions
globally spread, a large diffusion of the scientific results
and especially a translation in medical routine globally
should be guaranteed. The impact of the health conditions
is demonstrated by the diseases assessed in at least 5% of
the papers. They can be divided into three main cate-
gories: brain diseases (stroke and cerebral palsy), mus-
culoskeletal diseases (epicondylitis, osteoarthritis, and
musculoskeletal pain syndrome), and pelvic disorders.
Considering the first two categories, a relative balance of
trials and systematic reviews or meta-analyses is present.
This probably underlines, in our research, a relatively
high level of evidence for these conditions. In compari-
son, for pelvic disorders, the most common article type
was the review with a low number of trials in the last ten
years.®® Another source of reasoning is related to the out-
come measures used in the papers. Indeed, the pain and
the function are the most common, with a robust presence
of spasticity, as also shown by the most frequent words.
However, the QoL and psychological outcomes are rel-
atively infrequent, considering their involvement in each
condition assessed in the included papers.®®” The scarcity
of imaging as an outcome measure deserves further and
specific consideration. The application of imaging should
be always considered for the assessment of evolution
after treatment, but, in the current literature, this was not
largely contemplated.””?

The LENGTH approach confirms the focus on the pain,
with an interesting association with the adjective “chronic”.
This is informative because the most common pain assessed
in the found papers presents the chronic feature.™ This un-
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derlines the importance of BTX-based treatment of pain for
QoL improvement and rehabilitation. Interestingly, the term
“rehabilitation” is very infrequent, in titles and abstracts.
This finding confirms previous results and it is possibly
linked to the use of this term in other parts of the papers or
to the use of alternative words to indicate the same
meaning.” The analysis of the term “rehabilitation”, sup-
ported by the low values of the centrality measures, des-
ignates the lexicon about rehabilitation and its related terms
that should be revised in the studies. To obtain clear infor-
mation from the text, we should use the same significance
for the same significance. Many common terms indicate the
outcomes, including the evidence and the adverse event.
The lexical analysis again confirms the prevalence of stroke
in the literature about BTX and rehabilitation, with a strong
connection with the term “upper”, which includes the ref-
erence to the upper limb, an important target for spasticity
after stroke and aimed at the improvement of QoL.”

In the majority of the included RCTs, a comparison of BTX
with the placebo is visible. This represents an important
limitation and implies a necessary effort in the realization
of large studies able to better determine the effects of BTX
on pain. However, in general, based on the results from the
RCTs, BTX can be considered a useful approach for the re-
habilitation of different painful disorders. Pain is present in
most of the diseases of rehabilitation interest and it reduces
the QoL and even the adherence to the rehabilitation treat-
ment. Having a powerful alternative to treat the pain is rel-
evant because it can positively impact the patient’s
wellness.**

Based on the literature, we can speculate about the asso-
ciation between pain and other disorders. In cases of spas-
ticity, pain is usually a consequence of abnormal muscle
tone.”” Hence, the main effect of BTX, aimed at spasticity
reduction, provides pain reduction. Considering the data
of the animal models, an additional effect of the direct
modulation of the pain pathway has to be considered. This
latter sensory effect is probably the key factor for the ef-
fectiveness of BTX in clinical conditions where spasticity
is absent, like osteoarthritis or epicondylitis.”® However,
these considerations are probably extremely humble, and
a higher level of interaction of the two ways, muscular and
sensory, should be thought of. In particular, in cases of
musculoskeletal diseases, like epicondylitis, the pain, and
the dysfunction may cause a vicious circuit in which the
anomalous muscle activity may increase the impairment
and the painfulness.” In addition to the sensory mod-
ulation, BTX could intervene in this circuit, decreasing
muscle abnormal activity and restoring function. This may
support the effectiveness of intramuscular BTX in tendi-
nopathy. Future studies should focus on the definition of
the most proper injection sites and on the association with
other treatments to obtain the best effects.®” On the other
hand, even in predominantly spastic conditions, BT X can
ameliorate pain sensation with a direct effect on the sen-
sory way. In a few words, the complex ways of action of
BTX should not be strictly separated. In the paper found
in our research, the utilization of proper measures for mus-
cle tone in the most studied musculoskeletal conditions
was not explored, limiting the reasoning about this point.
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Future studies should include specific outcome measures
in this direction.?! Finally, the overall quality of the RCTs
was high, with a generally low level of RoB for the var-
ious domains. The most important critical points concern
the blindness of some papers.

Our literature review presents some limitations. The main
one of the graphical perspective presentations concerns
the selection of the variables. In particular, only the first
authors for the affiliation were considered. Furthermore,
for simplicity, the diseases and outcomes were grouped,
thus removing the differentiation. For example, we did not
distinguish between lateral and medial epicondylitis or be-
tween ischemic and hemorrhagic stroke. We also did not
separate the various outcome measures for the func-
tion.8?83 The strength of this approach is related to the re-
producible quantification of the analysis, the data
connection, and their clear visualization. The lexical anal-
ysis presents the major limitation of the word selection.
Only the most common 30 words are included in the
LENGTH approach and they are selected by the per-
formers of the reviewers. However, the selection is based
on the quantification of the frequency and the further anal-
ysis is objective. Finally, it shows, from a particular point
of view, the literature and provides information about
word importance and paper connections. The systematic
review of RCTs in our study only analyses the general ef-
fects of BTX on pain, without the distinction of different
pains and without focusing on other outcomes.3*35 Ho-
wever, it indicates the current evidence and the possible
usefulness of BTX for pain treatment.

Conclusions

In conclusion, our analysis supports the application of BTX
in the rehabilitation of painful conditions, with favorable
outcomes in terms of pain relief. The results are supported
by numerous RCTs and papers of different levels of ev-
idence. However, the assessed diseases are several but with
limited outcome measures used. In particular, quantitative
evaluations, including imaging, and assessment of bio-psy-
cho-social elements should be desirable. Additionally, it is
essential to ensure a clearer reference to rehabilitation and
the widespread dissemination of knowledge about these
topics worldwide. Finally, the effectiveness of BTX in pain
treatment in many diseases is promising but more investi-
gations have to be performed, in particular, to understand
the various effects on pain.
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Supplementary Table 1. Result of the systematic review. Risk of bias is shown for randomization (RANDOM.), allocation
(ALLOC.), blinding of participants (B PART.) and outcome (B OUTC.), completeness of outcome data (OUTCOME) and
selective reporting (REPORT) and indicated as low (L), unclear (U) and high (H). BTX (botulinum toxin), SCI (spinal
cord injury). When available, the molecule of BTX is reported: Abobotulinum toxin A (ABO), Incobotulinum toxin A
(INC), Lanbotulinum toxin A (LAN), Neuronox (NEU), Onabotulinum toxin A (ONA), Prabotulinum toxin A (PRA), Ri-
mabotulinum toxin B (RIM).





