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ABSTRACT

Background and Purpose: Spasticity is a disabling complication of spinal cord injury (SCI).
The administration of various medications is not satisfactory. Studies show the effects of
onabotulinumtoxinA treatment for spasticity in patients with SCI. We designed this study
to systematically review the effects of onabotulinumtoxinA toxin on spasticity status in
patients with SCI.

Materials and Methods: PubMed, Scopus, EMBASE, Web of Science, Google Scholar, and gray
literature, including references and conference abstracts, were systematically searched by two
researchers published before September 2023. Data regarding the total number of participants,
first author, publication year, country of origin, mean age, follow-up time, the site of injection,
main findings, and side effects were extracted and recorded.

Results: A literature search revealed 2914 articles. After deleting duplicates, 1688 remained. After
careful evaluation of the full texts, six articles remained. Two studies reported improvement in the
modified Ashworth scale after treatment, while one showed opposite results. Improvement of
spasticity and spasticity-related pain was observed in one study, and a decrease in the modified
Tardieu scale was found in another study. Improvement in upper-extremity function, positioning,

L and pain after treatment was shown in a study done in the USA.
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Introduction

pinal cord injury (SCl) is a life-altering con-

dition predominantly affecting young in-

dividuals and men [1]. This condition not

only causes physical impairment but also

significantly impacts the psychological, so-
cial, and marital status of patients, ultimately interfering
with daily activities and diminishing quality of life [2, 3].
Among the most common complications of SCI is spas-
ticity, with a prevalence ranging between 31% and 78%
of patients [4, 5]. Spasticity is characterized by intermit-
tent or sustained involuntary muscle activation, which
can affect joints such as the shoulders, elbows, wrists,
ankles, knees, and hips, leading to abnormal postures
and limb pain [5].

Spasticity limits patients’ ability to perform self-care,
disrupts sleep, and causes pain, fatigue, and a negative
body image, all contributing to a reduced quality of life
[4, 5]. The mechanism behind spasticity in SCI arises
from disruption in the inhibitory motor pathways, lead-
ing to elevated muscle tone and reflexes [4]. In managing
spasticity, it is crucial to consider factors like the length
of time since injury, the severity of symptoms, patient
support systems, and the patient’s and caregivers’ pref-
erences [5, 6]. Oral medications such as baclofen, diaze-
pam, and clonidine are frequently used; however, these
therapies often fail to achieve full symptom relief [7].

Botulinum toxin type A (BOTOX®), a neurotoxin pro-
duced by Clostridium botulinum, is an approved treat-
ment for spasticity in both upper and lower limbs [5]. This
treatment typically benefits 100 to 150 days; patients
usually require reinjections to maintain its effects [7].

Previous studies have reported improvement in spas-
ticity following onabotulinumtoxinA injections in SCI pa-
tients. However, a systematic review of these studies is
needed to synthesize the available evidence and assess
the overall efficacy of this treatment.

This study aims to systematically review and evaluate
the effects of onabotulinumtoxinA on spasticity in indi-
viduals with SCI. The review will also assess the quality
of the included studies using predefined criteria. Spe-
cifically, the preferred reporting items for systematic
reviews and meta-analysis (PRISMA) or the Cochrane
risk of bias tool will be employed to evaluate study de-
sign, sample size, blinding, and statistical methods. The
risk of bias will be reported and discussed in detail to
provide transparency regarding the strength of the evi-
dence.
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Moreover, although the lack of a meta-analysis is a
limitation of this study, the heterogeneity in study de-
signs and outcome measures precluded performing a
combined analysis. Future research should aim to stan-
dardize outcome measures to facilitate meta-analyses
and provide more robust estimates of treatment effects.

Materials and Methods
Search strategy

We conducted a systematic review following the
PRISMA guidelines. A comprehensive search of mul-
tiple databases, including PubMed, Scopus, EMBASE,
Web of Science, and Google Scholar, was performed to
identify relevant studies on spasticity treatment in SCI
published until September 2023. We also searched gray
literature, such as conference abstracts and reference
lists of included studies, to ensure a thorough review
of all available evidence. The search strategy was de-
signed to cover various studies on pharmacological and
non-pharmacological treatments for spasticity, ensuring
comprehensive coverage of existing research.

While the Cochrane Library is also a valuable resource,
we chose not to include it because it primarily focused
on peer-reviewed articles and clinical trials indexed
in the broader biomedical databases mentioned. Co-
chrane reviews primarily aggregate existing systematic
reviews, and our objective was to focus on primary re-
search studies that evaluated the efficacy of onabotu-
linumtoxinA in treating spasticity in SCI patients.

However, the inclusion of Cochrane could be consid-
ered in future review updates to ensure an even more
comprehensive search strategy.

The MeSH terms that were used for searching in
PubMed were as follows:

((“Spinal cord injur*”) OR ((“cord trauma*”) AND (spi-
nal)) OR (“spinal cord trauma*”) OR ((trauma*) AND
(“spinal cord”)) OR ((myelopath*) AND (traumatic))
OR (“traumatic myelopath*”) OR ((injur*) AND (spinal
cord)) OR ((“cord injur*) AND (spinal)) OR (“spinal cord
transection*”) OR ((“cord transection*”) AND (spinal))
OR ((Transection*) AND (“spinal cord”)) OR (“spinal cord
laceration*”) OR ((“cord laceration*) AND (spinal)) OR
((laceration*) AND (“spinal cord”)) OR (“post-traumatic
myelopath*”) OR ((myelopath*) AND (post-traumatic))
OR (“post traumatic myelopath*”) OR ((contusion*)
AND (“spinal cord”)) OR ((“cord contusion*”) AND (spi-
nal)) OR (“spinal cord contusion*”)) AND (((“botulinum
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toxin*”) AND (“type A”)) OR (“clostridium botulinum A
toxin”) OR (“botulinum toxin A”) OR ((“toxin A”) AND
(botulinum)) OR (“botulinum neurotoxin A”) OR ((“neu-
rotoxin A”) AND (botulinum)) OR (“botulinum A toxin”)
OR ((toxin) AND (“botulinum A”)) OR (“botulinum toxin
type A”) OR (“botulinum neurotoxin type A”) OR (“Clos-
tridium botulinum toxin type A”) OR (meditoxin) OR
(Botox) OR (neuronox) OR (oculinum) OR (vistabex) OR
(onabotulinumtoxina) OR (“onabotulinumtoxin A”) OR
(Vistabel) OR (“botulinum toxin*”) OR (“botulinum neu-
rotoxin*”) OR ((toxin*) AND (botulinum)) OR (“clostrid-
ium botulinum toxin*”) OR ((toxin*) AND (“Clostridium
botulinum”)) OR (“botulinum neurotoxin*”) OR ((neuro-
toxin*) AND (botulinum)) OR (botulin)).

Inclusion criteria

We included randomized controlled trials (RCTs) or
cohort studies that evaluated the efficacy of onabotu-
linumtoxinA (Botox) in treating spasticity in patients
with spinal cord injury.

Exclusion criteria

Studies such as letters to the editor, case-control stud-
ies, case reports, and cross-sectional studies were ex-
cluded. Cohort studies without a control group were
also excluded.

Data extraction

Two independent researchers performed the search,
and duplicates were removed before screening the titles
and abstracts. In cases of discrepancy, a third researcher
was consulted to resolve disagreements. After carefully
evaluating the full texts of potentially relevant articles,
data were extracted and recorded into data sheets.

Data regarding the total number of participants, first
author, publication year, country of origin, mean age,
follow-up time, the site of injection, main findings, and
side effects were extracted and recorded.

Risk of bias assessment

We assessed the risk of bias in the included studies us-
ing two established tools: The Cochrane Collaboration’s
tool for assessing the risk of bias in randomized trials [8]
and the Newcastle-Ottawa scale (NOS) for cohort stud-
ies [9].

Cochrane tool: This tool evaluates several specific do-
mains of bias, including:
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Selection bias: Assessing how participants were se-
lected and whether the randomization process was ad-
equate.

Performance bias: Examining whether participants
and personnel were blinded to the intervention.

Detection bias: Considering if the outcome assessors
were blinded to the treatment allocation.

Attrition bias: Evaluating whether there were differ-
ences in dropout rates between groups and if the rea-
sons for dropout were reported.

Reporting bias: Analyzing whether the study reported
all prespecified outcomes and if any were omitted.

NOS: This scale is used for cohort studies and assesses
three domains:

Selection: Evaluating how representative the cohort is
and the adequacy of the selection of exposed and non-
exposed cohorts.

Comparability: Assessing the comparability of cohorts
based on the design or analysis.

Outcome: Considering the assessment of outcomes
and whether they were adequately assessed.

The results of the risk of bias assessments will be sum-
marized and discussed in the results section, providing
a clear overview of the methodological quality of the in-
cluded studies and their implications for the findings of
this systematic review.

Statistical analysis

No specific statistical analysis was conducted, as this
study was designed as a systematic review. However,
a meta-analysis could have been performed if the in-
cluded studies were sufficiently homogeneous regard-
ing study design, interventions, and outcome measures.
Unfortunately, conducting a meta-analysis was not fea-
sible due to the significant heterogeneity among the
studies, including differences in injection sites, dosing
regimens, follow-up periods, and spasticity assessment
tools.

It would be beneficial to standardize outcome mea-
sures and study designs in future studies to facilitate
meta-analyses. Such efforts would allow for more ro-
bust quantitative estimates of the effects of onabotu-
linumtoxinA on spasticity in SCI patients.
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Results

A literature search revealed 2914 articles; after delet-
ing duplicates, 1688 remained. After careful evaluation
of the full texts, six articles remained (Figure 1).

Two studies were from the USA, and the most com-
mon site of injection was the upper limbs. The mean
age ranged between 36 and 50 years, and the number
of patients was between 9 and 112 (Table 1).

In the study by Francisco et al., the patients showed
improvement in spasticity and spasticity-related pain
after treatment with onabotulinumtoxinA [5]. At the
same time, Palazon-Garcia [10] and Spiegl [11] reported
improvement in the modified Ashworth scale (MAS) af-
ter treatment, which was not in line with the findings
of Yan et al. [12]. A decrease in modified Tardieu scale
(MTS) and peak knee flexion was reported by Bernuz et
al. [13] (Table 1).

Marciniak et al. found improvement in upper-extrem-
ity function, positioning, and pain after treatment [14].

Discussion

Spasticity is a disabling complication in patients with
SCl. Most published clinical trials regarding the effects
of Botox injection on spasticity included patients with
stroke or cerebral palsy [15, 16]. This outcome introduc-
es important questions regarding the applicability of the
findings to the SCI population. While the pathophysiol-
ogy of spasticity may share similarities across these con-
ditions, differences in the underlying mechanisms, in-
jury profiles, and patient characteristics can significantly
impact treatment responses. Therefore, caution should
be exercised when generalizing results from studies fo-
cusing on stroke or cerebral palsy patients to those with
SCl.

Food and Drug Administration (FDA) approved the ad-
ministration of Botox for detrusor hyperactivity in pa-
tients with SCI in 2011 [13]. As spasticity is generalized
in patients with SCI, administration of Botox in muscle
groups that dominate the spasticity profile could de-
crease pain and discomfort related to spasticity [5].

Palazon-Garcia et al. [10] enrolled 90 patients with
SCl, while more than 50% received Botox in their lower
extremities. Their results showed that Botox injection
improved all spasticity-related variables (tone, articular
limitations, pain). Specifically, they noted reductions in
the MAS scores, indicating decreased muscle tone and

Iranian Journal of Health Sciences

improvements in functional mobility assessed through
standardized tests. These improvements were noted to
last for approximately 12 to 16 weeks following injec-
tion. More improvement was observed in patients with
incomplete injury and American SCI Association (ASIA)
impairment scale D as the administration of Botox was
focal in these cases. These findings align with previous
research indicating that onabotulinumtoxinA is effective
in managing spasticity, particularly in lower extremities,
and suggest that this treatment may enhance the over-
all quality of life for individuals with SCI patients with
focal spasticity better improvement [10].

Marciniak et al. enrolled 28 patients with SCI and ad-
ministered Botox in most flexors of the upper extremi-
ties and antigravity muscles of the lower extremities.
They reported improvement in ambulation, positioning,
function of the upper extremity, and pain. They also
found that early administration of Botox vs late admin-
istration did not affect the effectiveness [14].

By enrolling 336 patients with SCI in a clinical trial
(evaluating baclofen, Botox, and only physical therapy),
Yan et al. reported significant improvement in the dis-
ability assessment scale (DAS) in the baclofen group
compared to the Botox group. This finding highlights
the superior efficacy of baclofen in improving functional
outcomes, though Botox remains a valuable option for
targeted muscle spasticity management [12] (Table 2).

In a study conducted in Germany, Spiegl et al. [11]
enrolled 9 patients with traumatic SCI and followed
them up for 2 years. The maximum dose of Botox in-
jection administered was 2000 units, and the results
were deemed satisfactory in 6 cases. The therapeutic
effects of Botox lasted, on average, for approximately 9
months, demonstrating the potential for sustained re-
lief in a subset of patients [11]. However, the small sam-
ple size and variability in outcomes suggest a need for
further investigation to identify patient-specific factors
that may influence the efficacy and duration of Botox
treatment.

Spasticity is a common complication following SClI,
with 26%-67% of patients developing spasticity during
the acute phase. Over time, spasticity becomes even
more prevalent, affecting between 46% and 78% of
patients after one year [5]. This high incidence makes
effective management critical, as spasticity can inter-
fere with daily activities, sleep, social interactions, and
overall quality of life. Patients typically seek treatment
for spasticity when these symptoms significantly impact
their functioning, underscoring the need for timely and
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Figure 1. Flow diagram of included studies according to PRISMA 2020
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PRISMA: The preferred reporting items for systematic reviews and meta-analysis.

effective interventions. Combination therapy, includ-
ing oral medications, positioning, stretching, blocks,
or intrathecal administration of medications, is recom-
mended [6]. Patients with incomplete SCI may have
worse experience of spasticity. For patients with focal
spasticity, local administration of Botox using injection
localization methods such as electromyography (EMG),
electrical stimulation (E-stim), and ultrasonography is
recommended [7]. The primary effect of Botox is on the
neuro-muscular junction, and it also affects the sensory
feedback loop [7]. Patients will benefit from decreased
pain sensation by improving spasticity and inhibiting the
release of P substance [6]. The dosage differs based on
the patient’s weight, muscle size, and spasticity degree.

The current management of spasticity involves a
combination of therapeutic approaches, including oral
medications (such as baclofen or tizanidine), physical
positioning and stretching, nerve blocks, or intrathecal
administration of medications for more severe cases [6,
7]. It is noteworthy that patients with incomplete SCI

may experience more severe and persistent spasticity,
making management more challenging.

For focal spasticity, where specific muscle groups are
more affected, local administration of botulinum toxin
(Botox) is recommended. Injection localization meth-
ods, such as EMG, E-stim, and ultrasonography, are criti-
cal for ensuring the precise delivery of the toxin to the
affected muscles. These techniques improve the accu-
racy of injections, optimizing the therapeutic effects of
Botox and minimizing the risk of complications or sub-
optimal outcomes [10]. Standardizing these localization
methods could enhance treatment efficacy and provide
more reliable results for patients with focal spasticity.

One of the rare complications of Botox injection is gen-
eralized muscle weakness, which should be considered.
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Table 2. The quality assessment of interventional studies
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Random Se- . Blinding Of Incomplete Selective Other
Allocation . .
quence Gen- Outcome Assess- Outcome Reporting Potential
Year Author . . Concealment . R .
eration (Selection (Selection Bias) ment (Detection  Data (Attri- (Reporting Threats to
Bias) Bias) tion Bias) Bias) Validity
2018 Yan HRB HRB HRB URB LRB HRB
2012 Bernuz LRB LRB URB LRB LRB LRB

HRB: High risk of bias; URB: Unclear risk of bias; LRB: Low risk of bias.

Conclusion

In conclusion, onabotulinumtoxinA appears to be an ef-
fective and well-tolerated treatment option for manag-
ing spasticity in individuals with spinal cord injury. This
systematic review provides compelling evidence for its
efficacy in reducing muscle tone and improving func-
tion. Given the complexities associated with spasticity
in SCI, healthcare providers must adopt a multidisci-
plinary approach when considering treatment options,
incorporating pharmacological, rehabilitative, and sup-
portive strategies tailored to individual patient needs.

Future research should prioritize the standardization
of outcome measures to facilitate meta-analyses and
the accumulation of more robust evidence regarding
the long-term effects of onabotulinumtoxinA in this
population. Additionally, larger-scale studies are neces-
sary to explore further this intervention’s efficacy and
safety across diverse cohorts of SCI patients, ensuring
that treatment modalities are optimized for improving
quality of life.

Study limitations

This study has several limitations that should be ac-
knowledged. First, the number of included studies was
limited, which restricts the generalizability of the find-
ings to the broader population of patients with SCI. A
more extensive range of studies would provide a clearer
understanding of the efficacy and safety of onabotu-
linumtoxinA (Botox) in this context.

Second, the included studies exhibited significant vari-
ability in their outcome measures and evaluation meth-
odologies. This inconsistency complicates comparing
results across studies and synthesizing data, which may
lead to ambiguous conclusions about the treatment’s
overall effectiveness.

Moreover, many studies had small sample sizes, which
can contribute to variability in findings and may not ad-
equately represent the diverse characteristics of the SCI

population. Small sample sizes also limit the power of
statistical analyses, potentially obscuring meaningful ef-
fects.

Furthermore, the risk of bias in the included studies
was not uniformly assessed or reported, raising con-
cerns about the results’ validity. Without a thorough
assessment of bias, it is challenging to ascertain the reli-
ability of the findings and their implications for clinical
practice.

Lastly, the long-term effects and optimal dosing strate-
gies for Botox in the treatment of spasticity in SCI pa-
tients remain inadequately explored. Future research
should focus on larger, multicenter trials with standard-
ized outcome measures and rigorous bias assessments
to enhance the reliability of findings and guide clinical
decision-making.
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