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Objective: Orofacial pain (OFP) are the conditions that affect quality of life, psychological and socioeconomic 
status. The treatment goal is to reduce pain and function. The aim of this systematic review and meta-analysis 
was to determine the efficacy of botulinum toxin (BTX) for reduce pain and restore normal function that compared 
with placebo, standard treatment, and/or active treatment in orofacial pain (OFP) patients.
Material and Methods: Electronic search for randomized controlled trial (RCT) was made until March 2017. 
Search strategies and study selection was conducted following PRISMA guideline. Publications were assessed for 
risk-of-bias using the Cochrane Handbook. The outcomes were VAS score, MOA (mouth opening assessment), 
HD (headache day), and NDI (number of drug pills ingest). STATA was utilized to conduct direct meta-analysis.
Results: Eighteen RCT (946 patients) met the inclusion were divided into three groups for pooled outcomes.  
In group 1, BTX-A subjects had a significantly lower VAS score when compared to the NSS group (pooled WMD= -1.81, 
95% CI: -3.23 to - 0.39). In group 2, the BTX-A subjects had significantly lower HD than the NSS subjects (pooled 
WMD = -1.66 95% CI: -2.64 to -0.69), and a significantly lower NDI than the NSS subjects (pooled WMD = -2.51 
95% CI: -4.42 to -0.60). In group 3, we could not analyze the outcome because there were only 2 studies in this group.
Discussion: BTX-A subjects showed significant pain relief in group 1, and the BTX-A subjects had significantly 
lower HD and significantly lower NDI than the NSS subjects in group 2. 
Conclusion: More rigorous design of trials should be carried out in future study to help the clinicians decisions.
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Introduction

	 Orofacial pain (OFP) is the pain associated 
with the hard and soft tissues of the head, face, 
and neck that affect motor and sensory transmission in 
the trigeminal nerve system [1]. Orofacial pain and 
dysfunction (OFD) can be subdivided into several 
subgroups. Our research classified OFD into three 
categories, first, musculoskeletal pain disorders (MSD), 
e.g., myofascial pain (MFP), temporomandibular 
disorders (TMDs), second, neurovascular pain 

disorders (NVD), e.g., tension-type headache (TTH), 
chronic daily headache (CDH), chronic migraine (CM), 
and third, neuropathic pain disorders (NPD), e.g., 
trigeminal neuralgia (TN), post-herpetic neuralgia 
(PHN). 
	 OFD are common and present in many areas 
of the world. The prevalence of OFP in the 
population in United Kingdom was 26% [2].  
The prevalence of migraine was 20.4-22.1% [3,4]. 
In Austria 56.5% had episodic headache, 38.3% 
had chronic headache [5]. Headache disorders 
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were common in females [6,7] In summary, OFD, 
(especially migraine) is likely to be more prevalent 
in females than males [3,4,7-12]. The study showed 
that subjects living in Thailand are 1.5 – 4.5 times 
more likely to suffer from OFP symptoms compared 
to Finnish subjects [13]. Headache had negative 
impacts on different aspects of life: education, 
career and earnings, family, and social life.  
Each person with headache had lost on average 
2.3 days from paid work, and 2.4 days from 
household work, and missed 1.2 days of social 
occasions, in the preceding 3 months [14]. 
	 The treatment goal is to reduce pain and 
restore normal function. The most common ways 
to manage pain included self-education and  
self-management program. Other treatment is 
occlusal stabilization [15-17]. Drugs for management 
OFD are analgesics, nonsteroidal anti-inflammatory 
drugs (NSAIDs), corticosteroids, benzodiazepines, 
muscle relaxants, and low-dose antidepressants 
[18]. Carbamazepine is the most effective drug  
for TN, although its initial response is good but its 
effectiveness drops dramatically after 5 to 16 years 
of use [19]. Neurectomy, cryotherapy, and alcohol 
injection are peripheral surgical procedures. 
Gamma knife surgery are central surgical procedures. 
Many OFD patients who did not respond to conventional 
and surgical treatments may try to find alternative 
medicine approaches which can provide additional 
relief. These may include acupuncture, meditation, 
massage therapies, or botulinum toxin (BTX) injection. 
	 In the last ten years, botulinum toxin type A 
(BTX-A) was the choice for preventive treatment of 
migraine [20-23]. Although BTX are quite expensive 
and its effects only last 3-6 months, but some 
studies indicated that BTX can relieve pain and 
reduce muscle stiffness, which improve the 
patients’ quality of life. At present, BTX are widely 
used for treatment OFD but no research has been 
undertaken to determine the efficacy of BTX for 
OFD. At present, there are three studies about  
the efficacy of BTX for prophylactic treatment of 
migraine and TTH [24], efficacy of BTX-A for the 

prophylaxis of episodic migraine headaches [25], 
and the efficacy of BTX for the treatment of trigeminal 
and post-herpetic neuralgia [26]. Still, there is no 
study on the efficacy of BTX for OFD and/ or MFP 
of the face. 
	 Our study was conducted to find out the 
treatment efficacy of BTX compare to placebo in OFD 
patients in adult aged 18-80 years. The outcomes 
measure at baseline and at the end of the study 
included visual analogue scale (VAS), mouth opening 
assessment (MOA), headache day (HD), number of 
drug pills ingest (NDI). The study utilized meta-analysis 
to benefit those who are still undecided whether to 
use BTX to treat OFP in the future.

Materials and methods

Search strategies and study selection
	 This study was conducted following PRISMA 
Guideline [27], and the protocol was registered at 
PROSPERO (CRD42017056954). PubMed and 
Scopus databases were used to identify previous 
meta-analysis studies and randomized controlled trial 
(RCT) of BTX for OFD, searched up to 17 March 2017. 
The search terms and strategies were constructed 
based on the following PICO terms; Patient (P), 
intervention (I), comparator (C), and outcome (O). 
(See Appendix 1)

Inclusion and exclusion criteria
	 Any RCTs studied in adult human was 
included if it met the following criteria: (1) adult 
patients aged 18-80 years who were diagnosed 
with MFP, myalgia, arthralgia, disc displacement, 
TTH, cluster headache, paroxysmal hemicranias, 
PHN or TN without surgical treatment (the criteria 
for diagnosis of OFD were defined according to 
those original studies, which mostly used clinical 
sign/symptoms recommended by International 
Headache Society (IHS). (2) comparing any pair of 
systematic administrations of BTX with active 
treatment (e.g., TCA, NSAIDs, low-level laser 
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(LLL), etc.), placebo (e.g., normal saline solution 
(NSS), and local anesthesia (LA), or standard 
treatment (routine care, fascial manipulation, 
traditional method, etc.). Studies were excluded  

if there was insufficient data for pooling after  
3 attempts in contacting authors without the  
data being provided, or if the data is not published 
in English

Appendix 1	 Search terms and results
Search results from PubMed (Cutoff date 17 March 2017)

PICO Search # Search terms #Results

P #1 myofascial pain 3047

#2 myalgia 6345

#3 arthralgia 14527

#4 “disc displacement” 17844

#5 migraine 32941

#6 headache 75141

#7 “paroxysmal hemicrania” 403

#8 “post herpetic neuralgia” 720

#9 “trigeminal neuralgia” 7411

#10 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 136380

I #11 “botulinum toxin” 11429

#12 botox 2437

#13 dysport 614

#14 myobloc 572

#15 onabotulinumtoxin 93

#16 #11 OR #12 OR #13 OR #14 OR #15 12823

O #17 pain 681389

#18 “range of motion” 54160

#19 “muscle tenderness” 420

#20 “jaw function” 404

#6 headache 75141

#21 #17 OR #18 OR #19 OR #20 OR #6 753217

P AND I #23 #10 AND #16 880

P AND I AND O #24 #22 AND #21 806

Limit AND (English[lang]) 732

Pubmed ((((myofascial pain) OR (myalgia) OR (arthralgia) OR (“disc displacement”) OR (migraine) OR 
(headache) OR (“paroxysmal hemicrania”) OR (“post herpetic neuralgia”) OR (“trigeminal neuralgia”))  
AND ((“botulinum toxin”) OR (botox) OR (dysport) OR (myobloc) OR (onabotulinumtoxin)))  
AND (((pain) OR (“range of motion”) OR (“muscle tenderness”) OR (“jaw function”) OR (headache)))) 
AND (English[lang])
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Search results from Scopus (Cutoff date 17 March 2017)

PICO Search # Search terms #Results

P #1 myofascial pain 19,489

#2 myalgia 45,751

#3 arthralgia 47,900

#4 “disc displacement” 20,340

#5 migraine 93,089

#6 headache 269,821

#7 “paroxysmal hemicrania” 1,401

#8 “post herpetic neuralgia” 5,315

#9 “trigeminal neuralgia” 16,075

#10 #1 OR #2 OR #3 OR #4 OR #5 207,485

#11 #6 OR #7 OR #8 OR #9 285,396

#12 #10 OR #11 412,097

I #13 “botulinum toxin” 46,766

#14 botox 8,912

#15 dysport 3,262

#16 myobloc 870

#17 onabotulinumtoxin 587

#18 #13 OR #14 OR #15 OR #16 OR #17 47,762

O #19 pain 1,549,727

#20 “range of motion” 85,101

#21 “muscle tenderness” 2,634

#22 “jaw function” 777

#23 headache 269,821

#24 #19 OR #20 OR #21 OR #22 OR #23 1,747,667

P AND I #25 #12 AND #18 6.594

P AND I AND O #26 #25 AND #24 6,196

Limit AND (English[lang]) 4,933

Scopus ((((myofascial pain) OR (myalgia) OR (arthralgia) OR (“disc displacement”) OR (migraine) OR 
(headache) OR (“paroxysmal hemicrania”) OR (“post herpetic neuralgia”) OR (“trigeminal 
neuralgia”)) AND ((“botulinum toxin”) OR (botox) OR (dysport) OR (myobloc) OR 
(onabotulinumtoxin))) AND (((pain) OR (“range of motion”) OR (“muscle tenderness”) OR  
(“jaw function”) OR (headache)))) AND ( LIMITTO ( SUBJAREA , "MEDI" ) OR LIMIT-TO 
(SUBJAREA, "DENT" ) ) AND ( LIMITTO ( LANGUAGE , "English" ) )
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Interventions
	 The interventions were BTX-A such as Dysport, 
Allergan, etc. The comparators could be active 
treatment, placebo, or standard treatment.

Outcomes of interest
	 The outcome measures included 1.) VAS score 
(0-10 cm or 0-100 mm) with the endpoints “no pain” 
and “worse imaginable pain” Each treatment and 
control group measured pain intensity on a 
continuous scale by using the mean scores at 
baseline compared at the end of study.; and 2.) 
MOA (measured when patients open their mouth 
by using a ruler between the upper and lower 
central incisors or measured by original studies 
recorded. Secondary outcomes measure included 
1.) HD (number of days with headache per month); 
and 2.) NDI (number of symptomatic pain 
medications used). These outcomes could be 
measured at any time before and after receiving 
the treatment, for example measured at 1 or 2 weeks, 
every 1-8 months, or at the end of the study.

Data extraction
	 Data extractions were performed independently 
by the two reviewers (S.S. and T.I.). Characteristics of 
studies and patients extracted include demographic 
data e.g., percentage of female subject, mean 
age of total subject, types of OFD, total number of 
injected muscle, type and dose of intervention, 
type and dose of comparators, setting center, 
country, and follow up weeks of each study. The 
outcomes such as VAS score, MOA, HD, and NDI 
were recorded by mean and standard deviation 
(SD). Data were pooled with continuous outcomes. 
Any disagreement was resolved by discussion 
among the reviewers. We divided RCT into three 
groups for pooled outcomes. Group 1 was MSD group 
that represented MFP, group 2 was NVD group 
that represented TTH, CDH, and CM, and group 3 
was NPD group that represented PHN and TN.

Risk of biased assessment
	 The quality of the included studies was 
assessed independently by the two reviewers 
(S.S. and T.I.) as recommended by the Cochrane 
Collaboration's risk of bias tool [28]. Six domains 
were assessed including select ion bias, 
performance bias, detection bias, attrition bias, 
reporting bias, and other bias. Each domain was 
graded as ‘high risk’ and ‘low risk’ if there was 
evidence of high and low risk of bias, respectively. 
If there was insufficient information to judge, it was 
classified as ‘unclear risk’. Disagreements were 
resolved by consensus and discussion with a third 
party (S.M.).

Statistical analysis
	 STATA was utilized to conduct direct meta-
analysis. First, we chose the number of participants 
(N) in each treatment and control groups, mean 
differences and SD differences from continuous 
outcome of interested such as VAS, MOA, HD, and 
NDI. Next step, unstandardized mean differences 
(USMD) was used to assessed for differences in 
efficacy of each outcome, because the outcomes 
were measured in the same scale. Random-effect 
model was used if heterogeneity was present.  
If there are homogeneity in all outcomes, mean 
difference of the outcomes will be estimated and 
pooled using the fixed-effect model. To check for 
heterogeneity, we used the Cochran Q test and 
quantified the degree of heterogeneity. A meta-
regression analysis was done to explore the 
source of heterogeneity by adding the co-variables 
(e.g., dose of BTX, and number of muscle) into the 
model one by one, if the studies reported the  
co-variables needed. If adding the variable could 
decrease the between-study variation, or the I2 

decreased, this would indicate that added variable 
may be a source of heterogeneity. A subgroup 
analysis by this variable was done next. Publication 
bias was assessed using the Egger’s test and 
funnel plot [29].
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Results

Identifying studies
	 A total of 732 and 4,933 studies were 
respectively located from Pubmed and Scopus. 
After 498 duplicates were removed, 5,167 studies 
were screened on titles or abstracts, and 21 studies 
were eligible. After reading the full text of those 
studies, 18 studies remain due to duplicated studies 
and insufficient data (see Figure 1).

Figure 1	 Flow Chart of the Study Selection

Characteristics of included studies
	 The characteristics of these 18 studies [30-47] 
are described in Table 1.
	 In MSD group, we divided the number of 
injected muscles into 2 groups as (≤ 1 muscles 
versus >1 muscles), and divided the number of 
injected doses into 2 groups as (< 100 Mu versus 
≥ 100 Mu). In NVD group, we divided the number 
of injected muscles into 2 groups as (≤ 3 muscles 
versus > 3 muscles), and divided the number of 
injected doses into 2 groups as (< 100 Mu versus 
≥ 100 Mu), respectively.Risk of bias assessment 
The quality of the included studies was assessed 
by the Cochrane Collaboration's risk of bias tool 
shown in Table 2.

Scopus (N = 4,933) Pubmed (N = 732)

Duplicates (N = 498)

Screen abstract and title 
(N = 5.167)

Included studies (N = 21)

Included studies (N = 18)

Myofascial pain (MSD) (N = 7) Nexovascular pain disorder (NVD) (N = 9) Neuropathic pain disorder (NPD) (N = 2)

Duplicates (N = 1) 
Insufficient data (N = 2)

Reason for excluded (N = 5.146)

- Non RCT (n = 5,116)

- Surgical procedure (n = 4)

- Non ordacial pain (n = 6)

- Prophylaxis treatment (n = 3)

- Neas we occlusal force (n = 1)

- Neas ve ENG (n = 2)

- Secondary daz (n = 1)

- Study protocal (n = 1)

- No placebo or active treatment group (n = 12)

HD HFD (N = 7)

NDI (N = 4)

VAS (N = 3)

TTS (N = 2)

DHA (N = 2)

VAS (N = 2)

HD (N = 2)

NDI (N = 2)

MIDAS (N = 2)

ANTN (N = 1)

AMN (N = 1)

VAS (N = 7)

MOA (N = 5)

Protrusion (N = 2)

Right laterotrusion (N = 2)

Left latertrusion (N = 2)
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Synthesis of the results 
	 MSD group
	 Evaluate VAS outcome. There were 7 studies 
in MSD group. We classified the studies into  
2 subgroups. First, there were 4 studies that used 
NSS in control groups [32, 34, 37, 47]. A forest plot 
showed that the point-estimated Weight Mean 
Difference (WMD) of all trials were lower than 0. 
The pooled WMD was -1.81 (95% CI: -3.23 to -0.39), 
with a highly heterogeneous (I2 = 89.7%),  
Chi-square = 29.20, d.f. = 3, P = 0.000, as presented 
in figure 2(a). From these findings, it could be 
interpreted that BTX subjects had a significantly 
lower VAS score than NSS group. Subgroup 
analysis in co-variables has been done. For the 
number of injected muscle (≤ 1 muscle versus > 1 
muscle) in the meta-regression model reduces  
the tau2 from 1.47 to 0, and reduces the degree  
of heterogeneity (I2 from 89.7% to 0 %). Coefficients 
of the variables were statistically significant  
(p = 0.03). Sensitivity analysis was done by 
excluding 1 study in group ≤ 1 muscle [32], which 
resulted in the decrease of the degree of 
heterogeneity from 89.7% to 0%, with pooled 
WMD of –2.73 (95% CI: -3.21 to –2.24). This result 
suggested that the number of injected muscles 

were the source of heterogeneity of this group in 
meta-regression model. For injection dose of BTX 
(< 100 Mu versus ≥ 100 Mu) in the meta-regression 
model reduces the tau2 from 1.47 to 0, and reduces 
the degree of heterogeneity (I2 from 89.7% to 0 %). 
Coefficients of the variables were statistically 
significant (p = 0.03). A subgroup analysis was 
performed according to the number of injection 
doses. The degree of heterogeneity was 0% in 
both groups (< 100 Mu versus ≥ 100 Mu). This result 
suggested that the injection dose was source of 
heterogeneity of this group. Publication bias was 
assessed by funnel plot and Egger’s test. These 
results agreed with the Egger’s tests, which 
indicated no evidence of asymmetry of funnels. 
The coefficients of asymmetry was -0.10 (SE = 3.35, 
P = 0.98). Contour-enhanced funnel plots were 
further constructed. The graph shows the missing 
studies in both significant and non-significant 
areas of the funnels, an asymmetry might be more 
likely caused by heterogeneity (I2 = 89.7%) than 
publication bias (see figure 2(b)). Second, there 
were 3 studies that used active and standard 
treatment [30, 31, 34] (LLL with GaAlAs active 
medium, fascial manipulation, and traditional method)  
in control groups. A forest plot presented in figure 3(a). 

Figure 2	 Forest plot of the mean difference of VAS score in MSD patients (a) and contour-enhanced funnel plot of 
pooling VAS score at the end of study minus baseline of BTX group compare to NSS group in MSD patients (b).
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	 It could be interpreted that BTX subjects 
had lower VAS score compared at the end of study 
minus at baseline than active treatment subjects 
but not significantly (Z = 0.47, p= 0.64). After the forest 
plot had been interpreted, sensitivity analysis was 
then conducted. One study was excluded [35] 
due to point estimated WMD being greater than 0, 
this result showed the decrease in the degree of 
heterogeneity from 88.0% to 42.4% (moderately 
heterogeneity), with pooled WMD of -1.18 (95% CI: 
-1.94 to –0.42). It is concluded that this study may 
contribute to heterogeneity. Publication bias was 
assessed but there was no evidence of correlation 
between the effect sizes and variances. These 
results agreed with the Egger’s tests, which 
indicated no evidence of asymmetry of funnels. 
The coefficients of asymmetry was 3.68 (SE= 2.11, 
P = 0.33). Contour-enhanced funnel plots were 
further constructed. The graph shows the missing 
studies in both significant and non-significant 
areas of the funnels, an asymmetry might be more 
likely caused by heterogeneity (I2 = 88.0%) than 
publication bias (see figure 3 (b)).
	 Evaluate MOA outcome. There were 5 studies 
in MSD group that presented MOA outcomes. Due to 
differentiation of substance in control group, only  
3 studies that use NSS could be analyzed in the 

meta-analyses. A forest plot showed in figure 4(a) 
could be interpreted that NSS subjects had greater 
MOA than BTX subjects but not significantly (Z = 0.54, 
p= 0.59). Sensitivity analysis was done by excluding 
one study due to point-estimated WMD being 
lower than 0 [37], this result showed that the 
degree of heterogeneity decreased from 59.0% to 
0% (no heterogeneity), with pooled WMD of 1.52 
(95% CI: -3.85 to 6.90). It is concluded that this 
study may contribute to heterogeneity. Publication 
bias indicated no evidence of asymmetry of 
funnels. The coefficients of asymmetry was -12.89 
(SE = 9.89, P = 0.42). The graph of contour-
enhanced funnel plots shows the missing studies 
in both significant and non-significant areas of the 
funnels, an asymmetry might be more likely caused 
by heterogeneity (I2 = 59.0%) thanpublication bias.
	 NVD group
	 Evaluate HD outcome. There were 9 studies 
in this group [33, 36, 38-44], with only 7 studies that 
assessed HD. We analyzed 6 studies that use BTX 
in treatment group and use NSS in control groups. 
A forest plot presented in figure 4(b) could be 
interpreted that BTX subjects had a significantly 
lower HD than NSS subjects. The result of the 
sensitivity analysis of duration of treatments of 
4-12 weeks (excluded one study that showed 

Figure 3	 Forest plot of the mean difference of VAS score in MSD patients (a) and contour-enhanced funnel plot of 
pooling VAS score at the end of study minus baseline of BTX group compare to active  standard treatment 
group in MSD patients (b).
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Figure 4	 Forest plot of the mean difference of MOA in MSD patients (a) and forest plot of the mean difference of HD 
in NVD patients (b).
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week 16 at the end of study [33] showed increasing 
of the degree of heterogeneity from 89.7% to 
91.6%, with pooled WMD of 1.55 (95% CI: -2.78 to 
-0.33). It is concluded that the duration of 
treatments of 4-12 weeks may not contribute to 
heterogeneity. Subgroup analysis in co-variables 
such as number of injected muscles and injection 
dose of BTX has also been conducted. Adding 
number of injected muscles (≤ 3 muscles versus  
> 3 muscles) in the meta-regression model increased 
the tau2 from 1.08 to 1.12, and reduce the degree 
of heterogeneity (I2 from 89.7% to 87.27 %). 
Coefficients of the variables were not statistically 
significant (p = 0.57). A subgroup analysis was 
performed according to number of injected 
muscles. The degree of heterogeneity (I2) were 0% 
in group ≤ 3 muscles, and 90.2% in group > 3 
muscles). This result suggested that the number of 
injected muscle in group ≤ 3 muscles may be the 
source of heterogeneity. Adding number of 
injected dose (< 100 Mu versus ≥ 100 Mu) in the 
meta-regression model increases the tau2 from 
1.08 to 1.10, and increase the degree of heterogeneity 
(I2 from 89.7% to 91.75%). Coefficients of the 
variables was not statistically significant (p = 0.68). 
A sensitivity analysis was performed by excluding 
one study that use injection dose < 100 Mu [41], 

the result showed increasing degree of heterogeneity 
from 89.7% to 91.8%, with pooled WMD of -1.71 
(95% CI: -2.71 to -0.71). It is concluded that 
injected dose may not contribute to heterogeneity 
in this group. There was no evidence of correlation 
between the effect sizes and variances. These 
results agreed with the Egger’s tests, which 
indicated no evidence of asymmetry of funnels. 
The coefficient of asymmetry was -1.66 (SE = 0.96, 
P = 0.16). Contour-enhanced funnel plots were further 
constructed. The graph shows the missing studies 
in both significant and non-significant areas of the 
funnels, an asymmetry might be more likely caused 
by heterogeneity (I2 = 89.7%) than publication bias.
	 Evaluate NDI outcome. There were 5 studies 
in NVD group that presented outcome in NDI but 
only 4 studies could be analyzed in meta-analyses 
due to differentiation of substance in control 
group. These studies use BTX in treatment group 
and use NSS in control groups [33, 39, 41, 44].  
A forest plot presented in figure 5(a) could be 
interpreted that BTX subjects had a significantly 
lower NDI than NSS subjects. 
	 Sensitivity analysis of duration of treatments 
of 4-12 weeks (excluded one study that showed 
week 16 at the end of study [33] showed an 
increase in the degree of heterogeneity from 97% 
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to 97.3%, with pooled WMD of -3.29 (95% CI: -6.31 
to –0.26). It is concluded that duration of treatments 
of 4-12 weeks may not contribute to heterogeneity. 
Adding number of injected muscles (≤ 3 muscles 
versus > 3 muscles) in the meta-regression model 
increased the tau2 from 2.85 to 2.87, and increase 
the degree of heterogeneity (I2 from 97% to 98%). 
Coefficients of the variables were not statistically 
significant (p = 0.78). A sensitivity analysis was 
performed by excluding one study that had 
number of injected muscles ≤ 3 muscles [41], 
result presented increasing of the degree of 
heterogeneity from 97% to 98%, with pooled WMD 
of -2.45 (95% CI: -4.39 to -0.51). It is concluded 
that number of injected muscles may not contribute 
to heterogeneity in this group. Adding number of 
injected dose (< 100 Mu versus ≥ 100 Mu) in the 
meta-regression model increases the tau2 from 
2.85 to 2.87, and increase the degree of 
heterogeneity (I2 from 97% to 98%). Coefficients of 
the variables were not statistically significant  
(p = 0.78). A sensitivity analysis was performed  
by excluding one study that use injection dose < 
100 Mu [41], with the result showing an increasing 
in the degree of heterogeneity from 97% to 98%, 
with pooled WMD of -2.45 (95% CI: -4.39 to -0.51). 
It is concluded that injection dose may not contribute  
to heterogeneity in this group. There was no evidence  

of correlation between the effect sizes and variances. 
These results agreed with the Egger’s tests, which 
indicated no evidence of asymmetry of funnels. 
The coefficients of asymmetry was -1.28 (SE = 1.76, 
P = 0.54). Contour-enhanced funnel plots were 
further constructed. The graph shows the missing 
studies in both significant and non-significant 
areas of the funnels, an asymmetry might be more 
likely caused by heterogeneity (I2 = 97%) than 
publication bias.
	 Evaluate VAS outcome. There were only 
three studies in NVD group that assessed effect  
of pain intensity as VAS score that compared  
VAS between BTX group and NSS group [39-41]. 
A forest plot in figure 5(b) could be interpreted that 
BTX subjects had greater VAS score than NSS 
subjects but not significantly greater (Z = 0.59,  
p = 0.56). Publication bias was assessed by funnel 
plot and Egger’s test. There was no evidence of 
correlation between the effect sizes and variances. 
These results agreed with the Egger’s tests, which 
indicated no evidence of asymmetry of funnels. 
The coefficients of asymmetry was -0.37 (SE = 1.41, 
P = 0.84). Contour-enhanced funnel plots were 
further constructed. The graph shows the missing 
studies in non-significant area of the funnels, 
asymmetry may be due to publication bias.

Figure 5	 Forest plot of the mean difference of NDI in NVD patients (a) and forest plot of the mean difference of VAS 
in NVD patients (b).
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Discussion

Summary of findings
	 Our results found that BTX-A subjects 
experienced significantly less pain than NSS 
subjects in MSD patients (pooled WMD= -1.81, 
95% CI: -3.23 to -0.39), and had clinically significant 
change in pain intensity at VAS score 18.1 mm 
(the minimum clinically significant change over  
a VAS is 9 mm [48]). This is consistent with the 
current hypothesis that BTX can inhibit the 
secretion of neurotransmitters that caused pain in 
MSD condition. MSD is related to inappropriate 
activity of ACh at the neuromuscular junction, 
which produces a sustained contraction of the 
sarcomere called “taut band”, and the nociceptive 
neurotransmitters initiate the cascade of pain 
neurotransmission that causes local pain and 
referred pain. In MSDgroup, BTX-A subjects had 
lower VAS score than standard active treatment 
subjects but not significantly lower (pooled  
WMD = -0.37, 95% CI: -1.89 to 1.16). As OFD  
can be caused by various etiology and needs 
multidisciplinary approach in the treatment such 
as self-education and self-management program 
combined with pharmacotherapy for reduced 
muscular tension and pain, it is difficult to find the 
obvious result from a single treatment. The result 
showed BTX-A subjects had less MOA than  
NSS group but not significantly lower (pooled 
WMD = -1.98, 95% CI: -9.19 to 5.23) than in MSD 
patients. These results may be caused by adverse 
effects of BTX such as difficulty chewing or opening  
the mouth, which results from local muscle weakness 
and is usually dose dependent.
	 In NVD group, 9 studies with difference 
methodology were included. In order to differentiate 
the outcomes, this study divides selected studies 
into three groups; HD, NDI, and VAS. 3 studies 
were analyzed for VAS outcomes [39, 40, 41]. 
BTX-A subjects had greater VAS score than NSS 
subjects but not significantly greater (pooled 

WMD = 0.22, 95% CI: -0.51 to 0.94), with no 
heterogeneity (I2 = 0%). Publication bias was 
assessed, with contour-enhanced funnel plots 
showing the missing studies in non-significant 
area of the funnels, while asymmetry may be due 
to publication bias. For the significance of results, 
in the future, we need more RCT studies with more 
rigorous design. 6 studies were analyzed for HD 
outcomes [33,38,39,41,42,44]. BTX-A subjects 
had significantly lower HD than NSS subjects 
(pooled WMD = -1.66, 95% CI: -2.64 to -0.69). This 
is consistent with mechanism of action of BTX that 
can inhibit the release of several pain-related 
neurotransmitters including substance P, glutamate, 
and calcitonin gene-related peptide. These properties 
had been tested in Phase Research Evaluating 
Migraine Prophylaxis Therapy (PREEMPT) trials [20].
	 4 studies were analyzed for NDI outcomes 
[33, 39, 41, 44]. BTX-A subjects had significantly 
lower NDI than NSS subjects (pooled WMD = -2.51, 
95% CI: -4.42 to -0.60) corresponding to 
mechanism of action of BTX that can inhibit the 
release of several pain-related neurotransmitters 
as mentioned above.
	 Our study attempted to extract the data  
and pool the outcomes that represent pain intensity 
such as VAS, HD, and NDI, outcome that represents 
range of motion such as MOA from RCT. VAS is 
the most commonly used measures of pain intensity  
in clinical and research settings with high validity. 
In addition, there is no study about the treatment 
efficacy of BTX in OFD patients before. Our study 
was designed to collect the data from all samples 
that represent OFD. However, our study also has 
some limitations. First, we could not control for 
study design, methodology, confounding factors 
because we worked on primary data. For example, 
dose of BTX and number of injected muscles were 
not consistent across all of the included studies. 
Although our strategy was to divide the studies 
into three groups e.g., number of injected muscles 
in MSD group (≤ 1 muscle versus > 1 muscle), 
number of injected muscles in NVD group (≤ 3 
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muscle versus > 3 muscle), number of injected 
doses in MSD and NVD groups (< 100 Mu versus 
≥ 100 Mu), second, there were only 2 studies in 
NPD group, we could not pool the outcome in 
meta-analysis, and third, there were not many 
studies in this trial, hence some groups that 
exhibited heterogeneity could not be properly 
analyzed in subgroup analysis. From our study, 
we can imply that BTX-A might be an alternative 
treatment to those patients who are either unable 
to manage their pain medically or would like 
adjunct therapy.

Conclusions

	 There are not many RCT that study the efficacy  
of BTX compared with placebo, the standard treatment, 
and/or active treatment in OFD patients. Each trial 
used different methodological design, different 
characteristics of sample e.g., number of samples, 
age, duration of disease, duration of treatment, 
follow up period, etc. The results showed moderate 
to high heterogeneity, so more rigorous design of 
trials should be carried out in future studies.

Acknowledgements

	 The authors would like to express the grateful 
and sincere appreciation for Assoc. Prof.  
Tassanee Tengrungsun, Prof. Ammarin Thakkinstian, 
Assoc. Prof. Somsak Mitrirattanakul, and Assist. Prof. 
Sasivimol Rattanasiri, for their guidance and 
suggestion. Dr.Theeralaksna Suddhasthira for 
supported research grants. The authors would like  
to acknowledge Department of Advanced General 
Dentistry, Department of Masticatory Science, 
Faculty of Dentistry, Mahidol University, and Section  
for Clinical Epidemiology and Biostatistics, Faculty of 
Medicine, Ramathibodi Hospital, Mahidol University.

Funding : Mahidol research grants
Competing interests: None declared
Ethical approval: Not required

References

1.	 Reny DL, Gary DK, ditors. Orofacial Pain Guidelines 
for Assessment, Diagnosis, and Management Fifth 
Edition. 5th ed. Quintessence Publishing Co, Inc2013.

2.	 Macfarlane TV, Blinkhorn AS, Davies RM, Kincey J, 
Worthington HV. Oro-facial pain in the community: 
prevalence and associated impact. Community Dent 
Oral Epidemiol2002; 30: 52-60.

3.	 Lucchetti G, Peres MF. The prevalence of migraine 
and probable migraine in a Brazilian favela: results of 
a community survey. Headache2011; 51: 971-9.

4.	 Queiroz LP, Barea LM, Blank N. An epidemiological 
study of headache in Florianopolis, Brazil. Cephalalgia 
2006; 26: 122-7.

5.	 Zebenholzer K, Andree C, Lechner A, Broessner G, 
Lampl C, Luthringshausen G, et al. Prevalence, 
management and burden of episodic and chronic 
headaches--a cross-sectional multicentre study in 
eight Austrian headache centres. J Headache Pain 
2015; 16: 531.

6.	 Zebenigus M, Tekle-Haimanot R, Worku DK, Thomas 
H, Steiner TJ. The prevalence of primary headache 
disorders in Ethiopia. J Headache Pain 2016 ;17: 110.

7.	 Manandhar K, Risal A, Steiner TJ, Holen A, Linde M. 
The prevalence of primary headache disorders  
in Nepal: a nationwide population-based study.  
J Headache Pain 2015; 16: 95.

8.	 Domingues RB, Cezar PB, Schmidt Filho J, de 
Moraes Filho MN, Pinheiro MN, Marchiori JG, et al. 
Prevalence and impact of headache and migraine 
among Brazilian Tupiniquim natives. Arq Neuropsiquiatr 
2009; 67: 413-5.

9.	 Felicio AC, Bichuetti DB, Santos WA, Godeiro Junior 
Cde O, Marin LF, Carvalho Dde S. Epidemiology of 
primary and secondary headaches in a Brazilian 
tertiary-care center. Arq Neuropsiquiatr 2006; 64: 41-4.

10.	 Herekar AA, Ahmad A, Uqaili UL, Ahmed B, Effendi J, 
Alvi SZ, et al. Primary headache disorders in the adult 
general population of Pakistan - a cross sectional 
nationwide prevalence survey. J Headache Pain 
2017; 18: 28.



Efficacy of botulinum toxin for the management of orofacial pain and dysfunction : A Systematic review and Meta-analysis

http://www.dt.mahidol.ac.th/division/th_Academic_Journal_Unit   135

11.	 Lipton RB, Stewart WF, Diamond S, Diamond ML, 
Reed M. Prevalence and Burden of Migraine in the 
United States: Data From the American Migraine 
Study II. Headache2001; 41: 646-57.

12.	 Mbewe E, Zairemthiama P, Yeh HH, Paul R, Birbeck GL, 
Steiner TJ. The epidemiology of primary headache 
disorders in Zambia: a population-based door-to-
door survey. J Headache Pain2015;16: 515.

13.	 Sipila K, Tolvanen M, Mitrirattanakul S, Sitthisomwong P, 
Jarvelin MR, Taanila A, et al. Orofacial pain and 
symptoms of temporomandibular disorders in Finnish 
and Thai populations. Acta Odontol Scand 2015; 73: 
330-5.

14.	 Allena M, Steiner TJ, Sances G, Carugno B, Balsamo 
F, Nappi G, et al. Impact of headache disorders in 
Italy and the public-health and policy implications:  
a population-based study within the Eurolight Project. 
J Headache Pain 2015; 16: 100.

15.	 Dao TT, Lavigne GJ, Charbonneau A, Feine JS, Lund 
JP. The efficacy of oral splints in the treatment of 
myofascial pain of the jaw muscles: a controlled 
clinical trial. Pain 1994; 56: 85-94.

16.	 van Grootel RJ, Buchner R, Wismeijer D, van der  
Glas HW. Towards an optimal therapy strategy for 
myogenous TMD, physiotherapy compared with 
occlusal splint therapy in an RCT with therapy-and-
patient-specific treatment durations. BMC musculoskelet 
disord 2017; 18: 76.

17.	 Ekberg EC, Vallon D, Nilner M. Occlusal appliance 
therapy in patients with temporomandibular disorders. 
A double-blind controlled study in a short-term 
perspective. Acta Odontol Scand 1998; 56: 122-8.

18.	 Bendtsen L, Evers S, Linde M, Mitsikostas DD, 
Sandrini G, Schoenen J. EFNS guideline on the treatment  
of tension-type headache - Report of an EFNS task force. 
Eur J Neurol 2010; 17: 1318-25.

19.	 Taylor JC, Brauer S, Espir ML. Long-term treatment of 
trigeminal neuralgia with carbamazepine. Postgrad 
Med J 1981; 57: 16-8.

20.	 Dodick DW, Turkel CC, Degryse RE, Aurora SK, 
Silberstein SD, Lipton RB, et al. OnabotulinumtoxinA 
for treatment of chronic migraine: Pooled results from 
the double-blind, randomized, placebo-controlled 
phases of the PREEMPT clinical program. Headache 
2010; 50: 921-36.

21.	 Diener HC, Dodick DW, Aurora SK, Turkel CC, 
DeGryse RE, Lipton RB, et al. OnabotulinumtoxinA  
for treatment of chronic migraine: results from the 
double-blind, randomized, placebo-controlled phase 

of the PREEMPT 2 trial. Cephalalgia2010; 30: 804-14.
22.	 Aurora SK, Winner P, Freeman MC, Spierings EL, 

Heiring JO, Degryse RE, et al. 	OnabotulinumtoxinA 
for treatment of chronic migraine: Pooled analyses  
of the 56-week PREEMPT clinical program. Headache 
2011; 51: 1358-73.

23.	 Aurora SK, Dodick DW, Turkel CC, DeGryse RE, 
Silberstein SD, Lipton RB, et al. OnabotulinumtoxinA 
for treatment of chronic migraine: results from the 
double-blind, randomized, placebo-controlled phase 
of the PREEMPT 1 trial. Cephalalgia2010; 30: 793-803.

24.	 Jackson JL, Kuriyama A, Hayashino Y. Botulinum 
toxin A for prophylactic treatment of migraine and 
tension headaches in adults: a meta-analysis. Jama 
2012; 307: 1736-45.

25.	 Shuhendler AJ, Lee S, Siu M, Ondovcik S, Lam K, 
Alabdullatif A, et al. Efficacy of botulinum toxin type A 
for the prophylaxis of episodic migraine headaches: 
a meta-analysis of randomized, double-blind, 
placebo-controlled trials. Pharmacotherapy 2009; 29: 
784-91.

26.	 Shackleton T, Ram S, Black M, Ryder J, Clark GT, 
Enciso R. The efficacy of botulinum toxin for the 
treatment of trigeminal and postherpetic neuralgia:  
a systematic review with meta-analyses. Oral Surg 
Oral Med Oral Pathol Oral Radiol 2016; 122: 61-71.

27.	 Hutton B, Salanti G, Caldwell DM, Chaimani A, 
Schmid CH, Cameron C, et al. The PRISMA extension 
statement for reporting of systematic reviews incorporating 
network meta-analyses of health care interventions: 
checklist and explanations. Ann Intern Med 2015; 
162: 777-84.

28.	 Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher 
D, Oxman AD, et al. The Cochrane Collaboration's 
tool for assessing risk of bias in randomised trials. 
BMJ2011; 343: d5928.

29.	 Egger M, Davey Smith G, Schneider M, Minder C. 
Bias in meta-analysis detected by a simple, graphical 
test. BMJ1997; 315: 629-34.

30.	 Al-Wayli H. Treatment of chronic pain associated with 
nocturnal bruxism with botulinum toxin. A prospective 
and randomized clinical study. J Clin Exp Dent 2017; 9: 
e112-e7.

31.	 De Carli BM, Magro AK, Souza-Silva BN, Matos Fde S, 
De Carli JP, Paranhos LR, et al. The effect of laser 
and botulinum toxin in the treatment of myofascial 
pain and mouth opening: A randomized clinical trial. 
J Photochem Photobiol B 2016; 159: 120-3.



136   M Dent J 2020 August; 40 (2): 121-136

Suphanthaka Sairat, et al

32.	 Ernberg M, Hedenberg-Magnusson B, List T, 
Svensson P. Efficacy of botulinum toxin type A for 
treatment of persistent myofascial TMD pain:  
a randomized, controlled, double-blind multicenter 
study. Pain2011; 152: 1988-96.

33.	 Freitag FG, Diamond S, Diamond M, Urban G. 
Botulinum Toxin Type A in the treatment of chronic 
migraine without medication overuse. Headache 
2008; 48: 201-9.

34.	 Guarda-Nardini L, Manfredini D, Salamone M, 
Salmaso L, Tonello S, Ferronato G. Efficacy of botulinum 
toxin in treating myofascial pain in bruxers: a controlled 
placebo pilot study. Cranio 2008; 26: 126-35.

35.	 Guarda-Nardini L, Stecco A, Stecco C, Masiero S, 
Manfredini D. Myofascial pain of the jaw muscles: 
comparison of short-term effectiveness of botulinum 
toxin injections and fascial manipulation technique. 
Cranio 2012; 30: 95-102.

36.	 Magalhaes E, Menezes C, Cardeal M, Melo A. 
Botulinum toxin type A versus amitriptyline for the 
treatment of chronic daily migraine. Clin Neurol Neurosurg 
2010; 112: 463-6.

37.	 Nixdorf DR, Heo G, Major PW. Randomized controlled 
trial of botulinum toxin A for chronic myogenous 
orofacial pain. Pain 2002; 99: 465-73.

38.	 Ondo WG, Vuong KD, Derman HS. Botulinum toxin A 
for chronic daily headache: a randomized, placebo-
controlled, parallel design study. Cephalalgia 2004; 24: 
60-5.

39.	 Padberg M, de Bruijn SF, de Haan RJ, Tavy DL. 
Treatment of chronic tension-type headache with 
botulinum toxin: a double-blind, placebo-controlled 
clinical trial. Cephalalgia 2004; 24: 675-80.

40.	 Rollnik JD, Tanneberger O, Schubert M, Schneider U, 
Dengler R. Treatment of tension-type headache  
with botulinum toxin type A: a double-blind, placebo-
controlled study. Headache 2000; 40: 300-5.

41.	 Schmitt WJ, Slowey E, Fravi N, Weber S, Burgunder JM. 
Effect of botulinum toxin A injections in the treatment 
of chronic tension-type headache: a double-blind, 
placebo-controlled trial. Headache 2001; 41: 658-64.

42.	 Schulte-Mattler WJ, Krack P. Treatment of chronic 
tension-type headache with botulinum toxin A:  
a randomized, double-blind, placebo-controlled 
multicenter study. Pain 2004; 109: 110-4.

43.	 Song JH, Zhang GB, Ding XD, Huang L, Hong Y, 
Chen HX. Efficacy of type a botulinum toxin injections 
and infrared polarized light on treating chronic migraine. 
Eur Rev Med Pharmacol Sci 2015; 19: 1976-82.

44.	 Straube A, Empl M, Ceballos-Baumann A, Tolle T, 
Stefenelli U, Pfaffenrath V. Pericranial injection of 
botulinum toxin type A (Dysport) for tension-type 
headache - a multicentre, double-blind, randomized, 
placebo-controlled study. Eur J Neurol 2008; 15:  
205-13.

45.	 Wu CJ, Lian YJ, Zheng YK, Zhang HF, Chen Y, Xie NC, 
et al. Botulinum toxin type A for the treatment of 
trigeminal neuralgia: results from a randomized, 
double-blind, placebo-controlled trial. Cephalalgia 
2012; 32: 443-50.

46.	 Xiao L, Mackey S, Hui H, Xong D, Zhang Q, Zhang D. 
Subcutaneous injection of botulinum toxin a is 
beneficial in postherpetic neuralgia. Pain Med 2010; 11: 
1827-33.

47.	 von Lindern JJ, Niederhagen B, Berge S, Appel T. 
Type A botulinum toxin in the treatment of chronic 
facial pain associated with masticatory hyperactivity. 
J Oral Maxillofac Surg 2003; 61: 774-8.

48.	 Kelly AM. Does the clinically significant difference in 
visual analog scale pain scores vary with gender, age, 
or cause of pain? Acad Emerg Med 1998; 5: 1086-90.


