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Original article

Purpose: Cerebral palsy (CP) is a permanent, non-progressive disorder of the developing brain. Ti-
zanidine is an effective treatment for spastic CP; however, insufficient evidence exists regarding 
its effect on motor function and side-effect profile. This review explored the effects and safety of 
tizanidine in treating spasticity among pediatric patients with CP. 
Methods: Two reviewers conducted a literature search. The Cochrane risk of bias tool and the 14-
item National Institutes of Health Quality Assessment Tool were used to evaluate the risk of bias. 
A systematic review was performed for relevant studies. 
Results: Five studies were included: three randomized controlled trials (RCTs) and two observa-
tional studies. The control group received a placebo in two RCTs, while baclofen was used in the 
remaining studies. Tizanidine dosage and duration varied across reports, except for the two ob-
servational studies. Excepting one observational study, tizanidine was associated with a greater 
improvement on the modified Ashworth scale. Pain reduction was also greater with tizanidine 
treatment compared to the placebo, as evidenced by one RCT. Three studies evaluating gross mo-
tor function reported superior results with tizanidine compared to baclofen. Two RCTs indicated 
similar safety profiles between tizanidine and the placebo. The remaining studies reported a more 
favorable safety profile for tizanidine than baclofen. 
Conclusion: The studies examined in this review reported beneficial effects of tizanidine on spas-
ticity, pain, and gross motor function. Tizanidine usage was associated with no serious adverse 
events, reflecting a better safety profile than baclofen. Nevertheless, high-quality RCTs are rec-
ommended to support tizanidine administration in pediatric patients. 

Keywords: Tizanidine; Muscle spasticity; Cerebral palsy; Pediatrics; Child  

Introduction  

1. Description of the condition 
Cerebral palsy (CP) is a group of disorders that affect the develop-
ment of movement and posture, limiting activity. These disorders 
are linked to non-progressive disturbances in the developing fetal 
or infant brain [1]. Frequently, these disturbances also affect cogni-

tion, sensation, communication, and behavior. These conditions 
can potentially result in seizure disorders and secondary musculo-
skeletal complications such as contractures [1,2]. CP is categorized 
based on resting tone and the limbs affected. Spastic CP is the 
most common type, accounting for approximately 80% of cases 
[3]. Extrapyramidal or dyskinetic CP accounts for 10% to 15%, 
while ataxic CP makes up less than 5% of cases. 
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CP is acknowledged as the leading cause of childhood disability, 
impacting both function and development. Global popula-
tion-based studies estimate its prevalence at 1.5 to over 4 cases per 
1,000 live births [4-6]. In developing nations such as the Philip-
pines, the prevalence of CP is not definitively known, but it is esti-
mated to range from 1.5 to 5.6 cases per 1,000 live births [7]. 

The morbidity and mortality associated with CP are related to 
the severity of the condition and concomitant medical complica-
tions, including epilepsy, intellectual disability, and respiratory and 
gastrointestinal difficulties [8]. Approximately 25% of children 
with CP experience mild involvement, resulting in little to no func-
tional limitation in ambulation, self-care, and other activities. 
About half are moderately impaired to the extent that complete in-
dependence is unlikely, but functionality remains satisfactory. Only 
around 25% of children are so severely disabled that they require 
extensive care and are non-ambulatory [9]. 

CP is managed through a multidisciplinary approach that en-
compasses physical, occupational, and nutritional therapy. This 
comprehensive approach is designed to enhance the academic and 
social integration of patients. However, in cases of spastic CP, spas-
ticity may prove resistant, even with orthopedic and rehabilitative 
intervention. This often necessitates adjuvant pharmacologic treat-
ment. The pharmacologic management of spasticity associated 
with CP includes treatments such as botulinum toxin injections, 
benzodiazepines, oral baclofen, tizanidine, dantrolene, and gab-
apentin [10,11]. Baclofen and tizanidine are particularly promising 
treatments for spasticity in CP due to their ease of administration 
and cost-effectiveness. While insufficient data currently exist to de-
finitively support or refute the use of oral baclofen, it is widely used 
in a clinical context to treat spasticity in patients with CP. 

2. Description of the intervention 
Tizanidine, a centrally-acting alpha-adrenergic agonist, resembles 
diazepam and baclofen in its capacity to reduce muscle tone [12]. 
Its anti-nociceptive properties may further contribute to this 
tone-reducing effect, as pain is known to increase spasticity. While 
tizanidine may be effective [11], insufficient data exist regarding its 
impact on motor function improvement and its side-effect profile. 
A systematic review of tizanidine would be beneficial in consolidat-
ing available data on its effects and safety for pediatric patients with 
CP. Moreover, a systematic review can mitigate small sample sizes, 
a well-known limitation of many individual clinical studies. 

3. Importance of this review 
Any additional interventions to manage spasticity in pediatric pa-
tients with CP may enhance their quality of life. The present study 
could also benefit the caregivers and/or parents of these patients 

by addressing issues related to spasticity, such as difficulties chang-
ing diapers and moving the patient. Furthermore, clinicians who 
are constantly seeking methods to better assist their patients could 
gain valuable insights from a comprehensive review of the existing 
literature on this topic.  

4. Objective  
This review was conducted to evaluate the efficacy and safety of ti-
zanidine in treating spasticity in pediatric patients with CP. 

Materials and Methods 

1. Research design 
The authors carried out a systematic review to qualitatively synthe-
size relevant studies, in accordance with the 2020 Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses guide-
lines. This study was undertaken from August 29 to September 29, 
2022. 

2. Study selection criteria for this review 

1) Types of studies 
To evaluate the impact and safety of tizanidine in pediatric patients, 
the authors incorporated all relevant observational and experimen-
tal studies. Articles that were excluded from this evaluation were 
(1) post hoc or secondary analyses of clinical trials; (2) case reports 
and case series; (3) editorials; (4) systematic reviews and/or me-
ta-analyses; (5) review articles; and (6) abstracts for which the full-
text articles were not accessible. 

2) Types of participants 
The participants in this study were pediatric patients, ranging in 
age from 6 months to 18 years, who had been diagnosed with CP 
and any degree of spasticity. No exclusions were implemented 
based on sex or ethnicity. 

3) Types of interventions 
For this review, the use of tizanidine was considered the interven-
tion. No restrictions were in place regarding the dosage adminis-
tered or the duration of treatment. Studies lacking a control or 
comparison group were excluded from the review. 

3. Search methods for study identification 
Two independent researchers, ADPC and MAAMV, performed a 
literature search for relevant studies using various electronic data-
bases. These included PubMed, the Cochrane Central Register of 
Controlled Trials, the World Health Organization International 
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Clinical Trials Registry Platform, Clinicaltrials.gov, the Latin 
American and Caribbean Health Sciences Literature, the Health 
Research and Development Information Network, Google Schol-
ar (first 500 articles), and ResearchGate (first 100 articles) (Fig. 1). 
Additionally, the references of each study, including prior systemat-
ic reviews and meta-analyses, were examined to discover additional 
articles. The search utilized specific keywords and Medical Subject 
Headings terms, and Boolean operators were employed to broaden 
the search. These terms included “tizanidine,” “Zanaflex,” “sirda-
lud,” “child,” “pedia,” “cerebral palsy,” “spasticity,” “spastic,” and 
“spasm.” No restrictions were applied with regard to the publica-
tion date or language. Studies published up to August 29, 2022 
were included. 

4. Study selection 
Duplicate studies were identified and excluded from the review us-
ing the Mendeley desktop application (Elsevier, Amsterdam, The 
Netherlands). Initially, two independent researchers (ADPC and 
MAAMV) screened the selected titles and abstracts for eligibility. 
Subsequently, these two authors independently evaluated the full-

text articles of the chosen studies. Any discrepancies were ad-
dressed through discussion until a final decision was reached.  

5. Risk of bias assessment of the included studies  
One researcher (MAAMV), an experienced epidemiologist, uti-
lized the Cochrane risk of bias tool integrated into Review Manag-
er software (RevMan version 5.4, The Cochrane Collaboration, 
London, UK), to independently evaluate the risk of bias for each 
eligible randomized controlled trial (RCT). The assessment in-
cluded the following areas, each of which was classified as having a 
low, unclear, or high risk of bias: random sequence generation, al-
location concealment, blinding of participants and personnel, 
blinding of outcome assessment, incomplete outcome data, selec-
tive reporting, and other biases. Furthermore, the overall bias of 
each study was categorized as low if all key areas were deemed low 
risk, high if at least one key area was deemed high risk, and unclear 
if the study failed to meet any of the specified criteria. 

For observational studies, the 14-item National Institutes of 
Health Quality Assessment Tool, specifically designed for observa-
tional cohort and cross-sectional studies, was used to evaluate the 
risk of bias in each included study. This tool is designed to assess 
the internal validity of each study by examining the potential risks 
of selection bias, confounding bias, measurement bias, and infor-
mation bias. The quality ratings were defined as poor (<50%), fair 
(50% to 80%), and good (>80%). 

6. Data collection process 
Data extraction was performed by two independent reviewers 
(ADPC and MAAMV). The following information was obtained 
from each study and encoded in a standardized Excel (Microsoft 
Corp., Redmond, WA, USA) file: authors, year of publication, 
country, study design, sample size, and study outcomes. If available, 
demographic and clinical characteristics were also noted, such as 
age, sex, severity of spasticity, dosage of tizanidine, and duration of 
treatment. 

7. Outcome variables and definitions 

1) Primary outcome 
The primary outcome was the proportion of participants who ex-
perienced a reduction in spasticity, as measured by the modified 
Ashworth scale (MAS). This was defined as a decrease of at least 1 
point from the baseline score. 

2) Secondary outcomes 
• Mean MAS score 
• Pain reduction after treatment 

Records identified from:
PubMed (n=42)
CENTRAL (n=15) 
WHO-ICTRP (n=1) 
ClinicalTrials.gov (n=1)
LILACS (n=0) HERDIN (n=0)
Google Scholar (n=500) 
ResearchGate (n=34)

524 Records screened

5 Reports sought for retrieval

5 Full-text articles assessed 
for eligibility

5 Full-text articles reviewed

Records removed before screening:
69 duplicate records removed

519 Records excluded 
-Irrelevant (n=441) 
-Wrong design (n=7) 
-Wrong population (n=11) 
-Editorial/review (n=50)
-Systematic review/meta (n=3) 
-No outcome of interest (n=2) 
-Terminated study (n=1) 
-Cannot access abstract (n=3)

Reports not retrieved (n=0)

Reports excluded (n=0)
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Identification of studies via databases and registers

Fig. 1. Study flow diagram. CENTRAL, Cochrane Central Register 
of Controlled Trials; WHO-ICTRP, World Health Organization In-
ternational Clinical Trials Registry Platform; LILACS, Latin Amer-
ican and Carribean Health Sciences Literature; HERDIN, Health 
Research and Development Information Network.
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• Gross motor function after treatment 
• Adverse events 

8. Data analysis 
A systematic review was conducted to qualitatively synthesize the 
data. The results were organized into tables. Due to the limited 
number of studies available, a meta-analysis was not performed. 

9. Ethical considerations 
The study utilized data from the findings of previously published 
research. Therefore, neither ethical approval nor patient consent 
was required.  

Results 

A total of 524 unique studies were reviewed based on their titles 
and abstracts. Three studies were excluded due to the unavailabil-
ity of either an abstract or the full-text. From the reviewed ab-
stracts, five full-text articles were selected and further scrutinized 
based on the eligibility criteria. All five articles met the criteria and 
were included in this systematic review. Fig. 1 (below) illustrates 
the process of study selection, along with the reasons for exclu-
sion. 

Table 1 outlines the characteristics of the studies included in this 
review, all of which were published between 2006 and 2020. These 
studies were conducted in various countries, namely Turkey (n=2), 
Mexico (n=1), Iran (n=1), and Bangladesh (n=1). Among the five 

studies, two were retrospective cohorts [12,13], while the rest were 
RCTs [14-16]. The sample size for each study varied from 30 to 70 
participants, for a total sample size of 264. The mean age of partici-
pants ranged from 2.39 to 7.3 years. Male participants made up be-
tween 30% and 64% of the treatment group and between 35% and 
69% of the control group. The mean baseline MAS and Gross Mo-
tor Function Measurement (GMFM) score were only reported in 
the studies conducted by Dai et al. [12,13] in 2008 and 2015. 
None of the studies provided information on the severity of spas-
ticity. The dosage of tizanidine differed across the studies, with the 
exception of the two reports by Dai et al. [12,13] in 2008 and 
2015. Two studies used a placebo for the control group [14,15], 
while the rest used baclofen [12,13,16]. The duration of treatment 
ranged from 2 to 24 weeks. 

Table 2 provides a summary of the five studies reviewed. 

1. Reduction in spasticity 
In this review, the MAS was employed to evaluate the effects of ti-
zanidine in alleviating spasticity in children with CP. Two RCTs 
were conducted, both utilizing a placebo as the control group 
[14,15]. Nikkhah et al. [15] noted a significantly larger percentage 
of patients exhibiting reduced spasticity in the treatment group 
(50%) compared to the control group (6.7%) (P<0.0001) follow-
ing a 2-week follow-up period. Vasquez-Briceno et al. [14] found 
that the average improvement in MAS scores at the 24-week mark 
was greater in the treatment group than in the control group 
(78.85% vs. 7.644%, P=0.0001). Furthermore, score improve-

Table 1. Characteristics of patients and included studies 

Study/Country Design/sample size Mean age (yr)/ 
% male

Mean baseline 
MAS

Mean baseline 
GMFM Tizanidine dose Treatment  

duration (wk)
Outcomes  
reported

Vasquez-Briceno 
et al. (2006) 
[14]/Mexico

RCT; n=40 (tizanidine, 
10; control, 30) 
Control: placebo

4.1 
T: 30% 
C: 35%

NR NR 0.05 mg/kg/day 24 MAS, adverse 
events

Dai et al. (2008) 
[13]/Turkey

Retrospective cohort; 
n=30 (tizanidine, 
13; control, 17) 
Control: baclofen

5.6 
T: 64% 
C: 69%

T: 3.69 
C: 3.65

T: 47.40 
C: 46.04

0.3–0.5 mg/kg/day 12 MAS, GMFM, ad-
verse events

Nikkhah et al. 
(2011) [15]/Iran

RCT; n=60 (tizanidine, 
30; control, 30) 
Control: placebo

7.3 
52%

NR NR <7 years old: 2 mg/
day 

>7 years old: 4 mg/
day

2 MAS, pain reduc-
tion

Dai et al. (2016) 
[12]/Turkey

Retrospective cohort; 
n=64 (tizanidine, 
33; control, 31) 
Control: baclofen

4.9 
T: 63% 
C: 64%

T: 3.79 
C: 3.61

T: 45.18 
C: 44.14

0.3–0.5 mg/kg/day 12 MAS, GMFM, ad-
verse events

Haque et al. 
(2020) [16]/
Bangladesh

RCT; n=70 (tizanidine, 
35; control, 35) 
Control: baclofen

2.39 
% Male: NR

NR NR Starting dose 
<10 years old: 2 mg 
≥10 years old: 4 mg 
Maintenance dose 

after 1 week: 0.3 
mg/kg/day

24 MAS, GMF classi-
fication system, 
adverse events

MAS, modified Ashworth scale; GMFM, Gross Motor Function Measurement; RCT, randomized controlled trial; T, treatment; C, control; NR, not reported; 
GMF, Gross Motor Function.
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Table 2. Summary of the five studies reviewed 

Study Reduction in spasticity Reduction in pain Gross motor function after 
treatment Adverse events

Vasquez-Briceno et al. (2006) 
[14]a Control: placebo

Mean improvement in MAS 
score was greater in the 
treatment group (78.85% 
vs. 7.644%, P=0.0001).

NR NR No adverse events.

Detailed % improvement per 
site:

All liver function tests were 
normal.

- Shoulder flexors: 93.9% vs. 
8.8%

- Elbow flexors: 88% vs. 8.3%
- Hand flexors: 87% vs. 5.7%
- Hip abduction: 59.2% vs. 

8.9%
- Hip flexors: 91.1% vs. 7.2%
- Knee flexors: 83% vs. 6.8%
- Foot dorsiflexion: 48.3% vs. 

7.6%
Dai et al. (2008) [13]b Control: 

baclofen
MAS at 12 weeks was signifi-

cantly lower in the treat-
ment group (1.77 vs. 2.24, 
P=0.03).

NR Mean GMFMd at 12 weeks 
was significantly higher in 
the treatment group (74.45 
vs. 68.23, P<0.001).

Tizanidine: better safety pro-
file than baclofen, exact 
values not provided

- In both groups, increases in 
GMFM from baseline were 
significant (P<0.001 for 
both).

Baclofen: higher incidence of 
anorexia and abdominal 
pain

Nikkhah et al. (2011) [15] 
Control: placebo

A higher proportion of pa-
tients with reduced spastic-
ity was found in the treat-
ment group relative to the 
control (50% vs. 6.7%, 
P<0.0001).

Higher proportion of pain re-
duction in spastic extremi-
ties in treatment than con-
trol group (66.7% vs. 
13.3%, P<0.0001)

NR No serious side effects were 
reported.

Dai et al. (2016) [12]b Control: 
baclofen

MAS at 12 weeks exhibited 
no significant difference 
between groups (1.94 vs. 
2.68, P=0.596).

NR Mean GMFMd at 12 weeks 
was significantly higher in 
the treatment group (76.63 
vs. 68.17, P<0.001).

Both groups: constipation, 
anorexia, lethargy, and fa-
tigue, but suppressed with 
botulinum toxin A

- In the treatment group, the 
decline of MAS from base-
line to week 12 was signifi-
cant (3.79 vs. 1.94, 
P=0.048); however, it was 
not significant in the con-
trol group.

- In both groups, the increase 
in GMFM from baseline was 
significant (P<0.001 for 
both).

Baclofen: seizure and nasal 
congestion

Haque et al. (2020) [16]c Con-
trol: baclofen

Faster MAS score reduction 
was observed in the treat-
ment group.

NR Utilized GMF Classification 
Scalee. After 6 mo, most pa-
tients in the treatment 
group were levels 2 and 3 
(76%), while >50% in con-
trol group were level 4.

Adverse events were higher in 
the baclofen group vs. the 
treatment group, but no 
other details were provided.

At the end of month 6, those 
with MAS score 1 constitut-
ed 46% of the treatment 
group vs. <20% in the con-
trol group.

MAS, modified Ashworth scale; NR, not reported; GMFM, Gross Motor Functional Measurement; GMF, Gross Motor Function.
aAll patients underwent rehabilitation; bAll patients received rehabilitation and local injections of botulinum toxin A; cAll patients underwent supervised 
physiotherapy; dIn GMFM, higher scores denote a greater improvement in gross motor function; eIn the GMF Classification Scale, a higher level denotes a 
more severe limitation in mobility.
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ments associated with tizanidine were superior for shoulder flex-
ors, elbow flexors, hand flexors, hip abduction, hip flexors, knee 
flexors, and foot dorsiflexion [14]. A detailed breakdown of im-
provements by site can be found in Table 2. 

In the remaining RCT, baclofen was utilized as a control group, 
and the findings similarly indicated that tizanidine outperformed 
this control in terms of MAS improvement. In this particular study 
conducted by Haque et al. [16], the rate of MAS score reduction 
was more rapid in the tizanidine group compared to the baclofen 
group. By the conclusion of month 6, 46% of patients who received 
tizanidine treatment had a MAS score of 1, in contrast to fewer 
than 20% in the baclofen group [16]. 

The two observational studies [12,13] incorporated baclofen as 
the control group, with all patients receiving rehabilitation and lo-
cal injections of botulinum toxin A, regardless of group assign-
ment. By week 12, the MAS was lower in the treatment group 
compared to the control group. One study did not find a statistical-
ly significant difference between the two groups [12]. In the other, 
however, Dai et al. [12,13] presented evidence that the MAS sig-
nificantly improved after administering botulinum toxin A in the 
tizanidine group, but not in the baclofen group. 

2. Pain reduction after treatment 
Only one study made a comparison between the pain reduction 
following treatment with tizanidine and a placebo. In the RCT 
conducted by Nikkhah et al. [15], a larger percentage of patients in 
the tizanidine group experienced pain reduction in their spastic 
upper or lower limbs compared to the control group (66.7% vs. 
13.3%, P<0.0001).  

3. Gross motor function after treatment  
Three studies reported gross motor function after treatment, all of 
which utilized baclofen as the control group [12,13,16]. In the 
RCT conducted by Haque et al. [16], the researchers reported the 
proportion of patients across the five levels of the Gross Motor 
Function Classification Scale from the beginning of the study to 
the 6-month mark. A higher level indicated a greater degree of mo-
bility limitation. By the end of the 6-month period, the majority of 
patients in the tizanidine group were categorized as levels 2 and 3 
(76%). In contrast, more than half of the patients in the baclofen 
group remained at level 4 after 6 months [16]. 

Meanwhile, the two observational studies [12,13] employed the 
GMFM, with higher scores denoting a greater improvement in 
gross motor function. Both the tizanidine group and the control 
group (baclofen) demonstrated a significant increase in GMFM 
score at the 12-week mark compared to their baseline scores. How-
ever, the score of the tizanidine group at week 12 was significantly 

higher than that of the control group [12,13]. 

4. Adverse events 
Two of the RCTs revealed no side effects in either the tizanidine or 
placebo groups [14,15]. In contrast, the RCT conducted by Haque 
et al. [16] reported a higher incidence of adverse effects in the ba-
clofen group compared to the tizanidine group. However, the study 
did not provide further details about the specific adverse effects. 

Similarly, in their retrospective cohort study, Dai et al. [13] re-
ported that tizanidine had a superior safety profile compared to ba-
clofen, although they did not provide specific percentages. Instead, 
they simply noted that the incidence rates of anorexia and abdomi-
nal pain were higher among patients in the baclofen group than in 
the tizanidine group [13]. 

The 2015 study by Dai et al. [12] was the sole study that detailed 
the adverse events experienced by the patients involved. Both the 
tizanidine and baclofen groups had reported instances of constipa-
tion, anorexia, lethargy, and fatigue. However, all of these symp-
toms were mitigated by the administration of botulinum toxin A. 
Participants in the baclofen group also reported dizziness, seizures, 
and nasal congestion. Given the higher frequency of adverse events 
in the baclofen group, the authors concluded that tizanidine 
demonstrated a marginally superior safety profile compared to ba-
clofen [12]. 

5. Bias assessment 
Of the three RCTs, only the 2011 study by Nikkhah et al. [15] 
demonstrated a low risk of bias across all evaluated parameters. 
Two of the three studies [14,16] presented an unclear risk of selec-
tion bias, as they did not provide details on random sequence gen-
eration and allocation concealment. However, all studies exhibited 
a low risk of performance bias, as patients were not aware of their 
treatment allocation. They also showed low risks of attrition and 
reporting bias. In contrast, the study by Haque et al. [16] posed a 
high risk of detection bias, as the outcome assessors were not 
blinded. It also presented a high risk of other biases due to the 
non-comparability of baseline characteristics such as age, potential-
ly leading to confounding bias. The two retrospective cohort stud-
ies [12,13], however, were assessed as being of fair quality. 

Discussion 

The aim of this study was to evaluate the efficacy and safety of tiza-
nidine in treating spasticity among pediatric patients with CP. Ti-
zanidine is a Food and Drug Association-approved medication for 
managing spasticity, but its application in pediatric patients with 
CP is currently limited due to a lack of sufficient clinical evidence 
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[17]. A systematic review conducted in 2010 investigated the phar-
macological treatments available for pediatric patients with CP 
[18]. The authors of that review concluded that the evidence sup-
porting the use of tizanidine was insufficient, as only one RCT was 
available at the time. However, the American Academy of Neurol-
ogy has recognized that tizanidine may be beneficial in treating 
spasticity in children, but that more robust evidence is required to 
endorse its use [18]. In 2013, another systematic review examined 
the pharmacological treatments available for children with CP. 
Based on this review, the evidence supporting the use of tizanidine 
remained weak, as the authors referenced only a 2010 study by 
Delgado et al. [19]. Additionally, a review published in 2020, 
which discussed various interventions for CP, concluded that tiza-
nidine is likely effective in reducing spasticity in children [11]. 
However, no further details about this conclusion were provided. 

In this systematic review, the authors compiled the findings of 
published RCTs and observational studies that specifically em-
ployed tizanidine to treat children with CP. Although it was intro-
duced in the 1990s as an anti-spastic agent, studies of tizanidine in 
children remain rare. These authors found only three RCTs, of 
which just one was deemed high-quality, along with two observa-
tional studies [14-16]. One potential explanation for its limited use 
in the pediatric population is that tizanidine is only commercially 
available in tablet form. A liquid formulation of the drug, which 
would be more suitable for children, is currently under develop-
ment and investigation [20,21]. 

Except for an observational study by Dai et al. [12] in 2015, all 
of the studies included in this review consistently demonstrated 
that tizanidine was more effective than the control—either place-
bo or baclofen—in reducing muscle tone as measured by the MAS 
score. Even with as little as 2 weeks of treatment, a significant im-
provement in spasticity has been noted [15]. However, the varia-
tions in the endpoint for measuring the MAS score prevented the 
execution of a meta-analysis in this review. Some studies reported 
the difference in the MAS score before and after treatment [12,13], 
while others reported the proportion of participants with a re-
duced score [14-16]. Nevertheless, all studies provided valid end-
points that could serve as a foundation for future research. 

Tizanidine, an adrenergic agonist and muscle relaxant, inhibits 
the presynaptic release of norepinephrine and exerts an inhibitory 
effect on alpha motor neurons [17,22]. Additionally, its activity at 
the postsynaptic amino acid and imidazoline receptors leads to a 
reduction in the facilitation of spinal motor neurons [12]. These 
mechanisms may account for the positive effect of tizanidine in re-
ducing spasticity in patients with CP. 

Researchers have also hypothesized that the antinociceptive ef-
fect of tizanidine, which is mediated through the release of sub-

stance P in the spinal cord, contributes to its ability to reduce mus-
cle tone [12]. Pain is positively correlated with spasticity in CP cas-
es [23], which lends support to this hypothesis. This review also 
revealed that the tizanidine group experienced a greater reduction 
in pain than the placebo group. However, this has only been shown 
in one study involving a pediatric population [15]. 

Two studies included in this systematic review combined oral 
medications for CP with botulinum toxin A [12,13]. Combining 
treatments for CP is quite common, as this approach can increase 
the clinical effect while minimizing side effects [24]. Botulinum 
toxin A is a well-researched treatment for CP, even among pediatric 
patients [11,25]. However, the need for frequent injections makes 
it less convenient than oral medications, particularly for children. 
The two observational studies concluded that, despite both groups 
receiving botulinum toxin A, tizanidine was more effective in im-
proving spasticity and gross motor function, and it had fewer ad-
verse events compared to baclofen [12,13]. 

In this systematic review, three studies investigated the impact of 
tizanidine on gross motor function in addition to its effect on spas-
ticity. While both baclofen and tizanidine were found to enhance 
gross motor function, all authors concluded that tizanidine was 
more effective than baclofen. The significant reduction in spastici-
ty brought about by tizanidine could account for the observed im-
provement in gross motor function in children with CP. This con-
clusion is supported by previous studies that have established a 
correlation between these two measures [26,27]. 

A primary concern associated with tizanidine usage is its poten-
tial for adverse hepatic events, which is why liver function monitor-
ing is often recommended [14]. However, in the present study, no 
serious adverse events were reported in patients who received tiza-
nidine. In the RCT conducted by Vasquez-Briceno et al. [14], no 
changes in liver function tests were found at the conclusion of the 
study period. The 2015 study by Dai et al. [12] offered insights 
into the side-effect profiles of both baclofen and tizanidine. They 
found that lethargy, fatigue, constipation, and anorexia occurred 
more frequently in patients treated with baclofen than in those 
treated with tizanidine [12]. In a previous study by the same au-
thors, the combination of botulinum toxin A and tizanidine result-
ed in greater effectiveness and fewer side effects than the combina-
tion of botulinum toxin A and baclofen [13]. The authors hypoth-
esized that botulinum toxin A could reduce these adverse effects 
by allowing for a decreased dosage of oral anti-spasticity medica-
tions [12]. 

Despite the good safety profile of tizanidine, proper dosing is 
still warranted, especially in children. An overdose of this medica-
tion can be life-threatening. For instance, a case report document-
ed a 2-year-old child with CP experiencing liver, kidney, and car-
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diovascular failure due to a tizanidine overdose. However, that re-
port involved a dose of 1.6 mg/kg/day, which is higher than the 
dosage used in the studies included in this systematic review [28]. 

1. Limitations 
Due to the limited evidence, tizanidine remains an off-label drug 
for pediatric patients with CP. The present systematic review un-
derscores the fact that, despite being available for over two decades, 
only a handful of high-quality studies have been published examin-
ing the effects of tizanidine on children with CP. Furthermore, the 
quality of evidence provided by this study remains low, as only 
three RCTs have been conducted to date. Among these RCTs, only 
one demonstrated a low risk of bias. 

The heterogeneity in dosage, follow-up, control groups, and 
endpoints in the available research hindered the execution of a me-
ta-analysis. Despite the availability of two observational studies, the 
evidence produced in these investigations cannot be combined 
with that of RCTs. 

2. Conclusion 
Despite the positive outcomes observed for tizanidine, it is import-
ant to note that the evidence supporting these results remains 
low-quality, as indicated by the present systematic review. The data 
suggest that tizanidine outperforms both placebo and baclofen in 
reducing spasticity, relieving pain, and improving gross motor 
function in children with CP. Furthermore, tizanidine demonstrat-
ed a favorable safety profile with no reported serious adverse 
events, surpassing the safety of baclofen. However, it remains pru-
dent to carry out high-quality RCTs to gather more solid evidence 
concerning the use of tizanidine in children with CP. 

3. Recommendations 
1.  High-quality RCTs with standardized doses, treatment dura-

tions, and endpoints are still required to support the use of tizan-
idine in the pediatric population. 

2.  Long-term follow-up periods and examinations of other relevant 
endpoints, such as quality of life and gait, are recommended to 
further clarify the benefits of tizanidine use. 

3.  Future studies should also explore the use of the liquid formula-
tion of tizanidine, specifically developed for children. 
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