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Aims: To determine the effects of botulinum toxin type A (BoNT-A) on the 
psychosocial features of patients with masticatory myofascial pain (MFP). 
Methods: A total of 100 female subjects diagnosed with MFP were randomly 
assigned into five groups (n = 20 each): oral appliance (OA); saline solution (SS); 
and three groups with different doses of BoNT-A. Chronic pain-related disability 
and depressive and somatic symptoms were evaluated with the Research 
Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD) Axis II 
instruments at baseline and after 6 months of treatment. Differences in treatment 
effects within and between groups were compared using chi-square test, and 
Characteristic Pain Intensity (CPI) was compared using two-way ANOVA. A 5% 
probability level was considered significant in all tests. Results: Most patients 
presented low pain-related disability (58%), and 6% presented severely limiting, 
high pain-related disability. Severe depressive and somatic symptoms were 
found in 61% and 65% of patients, respectively. In the within-group comparison, 
BoNT-A and OA significantly improved (P < .001) scores of pain-related disability 
and depressive and somatic symptoms after 6 months. Only the scores for pain-
related disability changed significantly over time in the SS group. In the between-
group comparison, BoNT-A and OA significantly improved (P < .05) scores of all 
variables at the final follow-up when compared to the SS group. No significant 
difference was found between the BoNT-A and OA groups (P > .05) for all 
assessed variables over time. Conclusion: BoNT-A was at least as effective as 
OA in improving pain-related disability and depressive and somatic symptoms in 
patients with masticatory MFP. J Oral Facial Pain Headache 2021;35:288–296. 
doi: 10.11607/ofph.2917

Keywords: botulinum toxin, depression, myofascial pain, psychosocial 
impairment, temporomandibular disorders

Temporomandibular disorders (TMDs) are a group of musculoskel-
etal disorders that affect the stomatognathic system,1 with pain 
being one of the most common complaints in TMD patients.2 

Currently, pain is defined as “an unpleasant sensory and emotional ex-
perience associated with, or resembling that associated with, actual or 
potential tissue damage.”3 This definition is based on the biopsychoso-
cial model of pain and shows the importance of considering the inter-
actions of biologic, social, environmental, and psychologic factors for a 
better understanding of pain.4 Such factors are especially important for 
TMD patients who are commonly under psychosocial distress and have 
a high prevalence of psychologic disorders5–7; in fact, a psychologic 
evaluation can even predict the first onset of a TMD.8

The main instruments used for TMD diagnosis, such as the Research 
Diagnostic Criteria for TMD (RDC/TMD) and the updated Diagnostic 
Criteria for TMD (DC/TMD), are based on a dual-axis system: Axis I, 
which focuses on clinical conditions, and Axis II, which focuses on psy-
chosocial status and pain-related disability.1,9,10 The Axis II instruments 
include measures for depressive and somatic symptoms, pain-related 
disability, and pain intensity.10 Although Axis I diagnoses and Axis II 
findings are not correlated,11 the psychosocial profile obtained by Axis 
II is emerging as a fundamental factor for understanding and predicting 
treatment outcomes.12
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Pain-related disorders, such as arthralgia and 
myofascial pain (MFP), are the most common sub-
types of TMDs.12 MFP accounts for about 45% of 
TMD diagnoses and is defined as a regional mus-
cle pain associated with tenderness on palpation.1,2 
Due to its multifactorial etiology, a wide range of 
conservative and multidisciplinary therapies, such as 
behavioral approaches, oral appliances (OAs), and 
needling techniques, are used to control symptoms.13 
In addition, a systematic review demonstrated the 
clinical effectiveness of OAs for pain, making it the 
most popular treatment for MFP due to its cost-ef-
fectiveness and noninvasive and reversible char-
acteristics.14 However, OA effects on psychosocial 
symptoms, despite being positive (lowering anxiety, 
catastrophizing thoughts, and depressive and somat-
ic symptoms), have been less explored.15,16 However, 
MFP treatment is usually challenging, especially in 
cases refractory to conservative treatment and in pa-
tients with psychosocial distress.17,18

The US Food and Drug Administration (FDA) 
approved botulinum toxin type A (BoNT-A) for the 
treatment of several muscle disorders based on its 
ability to inhibit synaptic exocytosis of neurotransmit-
ters, disabling neural transmission.19 A recent study 
showed that low doses of BoNT-A are an effective 
treatment option for cases of masticatory MFP.20 
In addition, several studies have suggested that 
BoNT-A injection can significantly improve anxiety, 
depression, and psychosocial distress symptoms, 
resulting in increased quality of life in patients with 
varied painful conditions.21–24 However, no study has 
evaluated the impact of BoNT-A on the psychoso-
cial aspects of patients with masticatory MFP, which 
could allow for a deeper understanding of the clinical 
role of BoNT-A.

Therefore, the present randomized controlled 
clinical trial assessed the effects of BoNT-A on the 
psychosocial aspects of patients with masticatory 
MFP and compared them to an OA and saline solu-
tion (SS) treatments. The null hypothesis tested was 
that BoNT-A is as effective as OA and SS for improv-
ing the psychosocial aspects of patients with masti-
catory MFP over time.

Materials and Methods

The present study was approved by the Research 
Ethics Committee of Piracicaba Dental School (CAAE 
#22953113.8.0000.5418-Date: 04/02/2014) and 
the Brazilian Registry of Clinical Trials (ReBEC RBR-
2d4vvv). All subjects provided a written informed 
consent before being included in the trial. This man-
uscript was based on secondary data analysis of a 
previous publication by De la Torre Canales et al.20

The sample size was based on the average treat-
ment effect on pain scores from a previous study, con-
sidering mean = 1.0 and SD = 1.7 for the BoNT-A 
group, and mean = 3.8 and SD = 2.0 for the placebo 
group (effect size: 1.5).25 A sample of 8 subjects per 
group was found to provide 80% power when α = 
.05. This study included 100 consecutive female sub-
jects who were diagnosed with MFP according to the 
Brazilian Portuguese version of the RDC/TMD26 at the 
TMD Clinic of Piracicaba Dental School, University of 
Campinas, São Paulo, Brazil, from June 2014 up to May 
2017. The subjects were assessed by two calibrated re-
searchers not involved in any other process of the study 
(kappa coefficient = 0.80 for RDC/TMD interexaminer 
assessment). As inclusion criteria, subjects must have 
undergone MFP treatment with no significant pain relief 
for at least 3 months and have a score of at least 50 
on a 0–100 visual analog scale (VAS) for pain intensity 
at baseline. Subjects with concomitant TMD diagno-
ses besides MFP were also included. Exclusion criteria 
were a history of trauma in the face and neck area and 
dental pain in the last 6 months, systemic diseases (ar-
thritis and arthrosis), major psychiatric disorders, cur-
rent use of drugs acting on neuromuscular junctions, 
contraindication or hypersensitivity to BoNT-A, and hav-
ing had an anti-tetanus vaccine in the 3 months before 
the start of the clinical trial.

Subjects (n = 100) were randomly assigned into 
one of five treatment groups (n = 20 each): 

• Oral appliance (OA group)
• Saline solution 0.9% (SS; placebo control 

group): 0.4 mL in the temporalis and 0.6 mL in 
the masseter

• BoNT-A low (BoNTA-L): 10 U in the temporalis 
and 30 U in the masseter

• BoNT-A medium (BoNTA-M): 20 U in the 
temporalis and 50 U in the masseter

• BoNT-A high (BoNTA-H): 25 U in the temporalis 
and 75 U in the masseter

For this allocation, a computer software (https://
random-allocation-software.software.informer.
com/2.0/) was used by a technician not involved in 
any other procedures in the study. 

Treatments
All participants attended a counseling session by a 
single trained clinician (Y.N.A.P.) at the first appoint-
ment in which they were informed about the structur-
al characteristics of the stomatognathic system, the 
causes and prognosis of MFP, and self-care strate-
gies to control pain and parafunctional habits. 

The OA was a flat intraoral device made of trans-
parent heat-cured acrylic resin that covered all max-
illary teeth. Subjects were instructed to use the OA 
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during sleep throughout the study. Adjustments for 
canine and anterior guidance were performed when 
required. 

BoNT-A (100 U; Botox, Allergan) was reconsti-
tuted using nonpreserved 0.9% sterile SS. Doses 
of BoNT-A were based on a previous report.20 
Bilateral intramuscular injections were performed on 
the masseter and anterior temporalis muscles using 
a 1-mL syringe with a 30-gauge needle. Subjects 
were asked to clench their teeth to delimit the mus-
cles, and a total of five injections per muscle, 5 mm 
apart, were applied. Injections of BoNT-A or SS were 
done during a single appointment and performed by 
the same trained clinician. Participants and the clini-
cian were masked to BoNT-A and SS assignments, 
while the investigators assessing the outcomes were 
masked to all treatment assignments. 

The psychosocial aspects of the patients were 
evaluated using the RDC/TMD Axis II instruments 
before and after 6 months of treatment. 

Axis II Outcome Measures
The Graded Chronic Pain Scale (GCPS) assess-
es pain-related disability through 7 items rated on a 
10-point scale, with the exception of 1 item regarding 
the number of days kept from usual activities due to 
facial pain. The GCPS provides hierarchical crite-
ria to grade pain dysfunction into ordinal categories 
based on degrees of severity, as follows: 0 = no TMD 
pain in the prior 6 months; 1 = low disability, low 
intensity; 2 = low disability, high intensity; 3 = high 
disability, moderately limiting; and 4 = high disability, 
severely limiting.1

Characteristic Pain Intensity (CPI) was assessed 
by using numeric rating scales included in the fol-
lowing questions of the GCPS: “How would you rate 
your facial pain on a 0 to 10 scale at the present time, 
that is, right now?”; “In the past 6 months, how in-
tense was your worst facial pain?”; and “In the past 
6 months, on average, how intense was your facial 
pain (that is, your usual pain)?” The scales comprise 
a horizontal line numbered from 0 (left) to 10 (right), 

anchored by the words “no pain” and “worst pain 
imaginable,” respectively. Participants were instruct-
ed to mark the number that best represented the av-
erage pain. The mean value of the three questions 
was used for data analysis.

The Symptoms Checklist-90R (SCL-90R) was 
used to measure the severity of depression (SCL-
DEP) and somatic (SCL-SOM) symptoms. The 
SCL-DEP includes 20 items that classify levels of 
depressive symptoms into three categories: normal 
(< 0.535), moderate (0.535 to 1.105), and severe 
(> 1.105). The SCL-SOM evaluates the presence of 
nonspecific physical symptoms, including 12 items 
regarding pain and 7 items that are not pain relat-
ed. Scores lower than 0.5 are considered normal, 
between 0.5 and 1.0 indicate moderate somatic 
symptoms, and above 1.0 indicate severe somatic 
symptoms.1

Subjects were evaluated more than twice during 
the 6-month study period (Fig 1), but for this study, 
only the data of Axis II tools applied at baseline and 6 
mo after treatments are reported.

Statistical Analysis
SPSS Statistics software (version 25, IBM) was used, 
and all statistical comparisons were performed with 
two-tailed operations assuming a significance lev-
el of 5%. Normality assumption was verified using 
Shapiro-Wilk test and skewness and kurtosis values. 
The sphericity criterion was not assumed, considering 
Greenhouse-Geisser epsilon correction. Chi-square 
test was conducted to test the association of the 
GCPS data with experimental groups at baseline and 
after 180 days. To compare groups, chi-square test was 
adjusted for all pairwise comparisons using Bonferroni 
correction. Two-way repeated measures analysis of 
variance (ANOVA) was conducted to compare the 
SCL-DEP and SCL-SOM scores of experimental 
groups at baseline and after 180 days. Pairwise com-
parisons of estimated marginal means were performed 
using Bonferroni adjustment of 95% CI to determine 
the differences among factors. The difference between 

Fig 1 Flowchart showing time points and variables assessed in the study. VAS = visual analog scale (0 to 100); PPT = pressure pain 
threshold; EMG = electromyography; MP = masticatory performance; OA = oral appliance; BoNT-A = botulinum toxin type A; SS = 
saline solution; UI = ultrasound imaging; CBCT = cone beam computed tomography; CSL = counseling.

• RDC/TMD Axis I, II
• UI
• VAS
• PPT
• EMG
• CBCT
• CSL

• VAS
• PPT
• EMG
• MP
• OA delivery
• BoNT-A injection
• SS injection
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• PPT
• MP
• OA adjustment

• VAS
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• OA adjustment
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• PPT
• MP
• OA adjustment

• VAS
• PPT
• EMG
• MP
• UI
• OA adjustment

• VAS
• PPT
• EMG
• MP
• UI
• CBCT

• VAS
• PPT
• EMG
• MP
• RDC/TMD Axis I, II

Baseline 0 7 d 14 d 21 d 28 d 3 mo 6 mo

(7 d)
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Considering the GCPS categories of the total 
population, most participants (58%) were grade II 
(low disability, high intensity) and grade III (26%; high 
disability, moderately limiting). Conversely, only 8% 
showed severely limiting, high disability (grade IV; 
Table 2). In the within-group comparisons, levels of 
chronic pain-related disability improved over time in 
all groups (P < .0001). In the between-group com-
parisons, no differences were found at the baseline 
assessment. The BoNT-A and OA groups had a 
higher proportion of subjects presenting with lower 
GCPS categories (P < .0001) when compared to the 
SS group after 6 months of follow-up. No differences 

were found between the BoNT-A groups or between 
the BoNT-A and OA groups at the final assessment 
(P > .05; Table 2).

Interactions between group and time factors for 
CPI are shown in Table 3. In the within-group com-
parisons, a significant decrease in CPI scores was 
found in all groups at the final follow-up (P < .05). In 
the between-group comparisons, no significant dif-
ferences were found at baseline (P > .217); however, 
the scores of the BoNT-A and OA groups were sig-
nificantly lower at the 6-month follow-up (P < .05) 
compared to the SS group (Table 4). No differences 
were found between the BoNT-A groups or between 

Table 2  RDC/TMD Axis II Graded Chronic Pain Scale (GCPS) Scores in Each Group for Different 
Treatment Phases

Chi-square = 
12.175
P = .432

Group

OA SS BoNTA-L BoNTA-M BoNTA-H Total

GCPS at baseline n % n % n % n % n % n %
0 – – – – – – – – – – – –
I 1 5.0 1 5.0 3 15.0 2 10.0 1 5.0 8 8.0
II 14 70.0 12 60.0 10 50.0 13 65.0 9 45.0 58 58.0
III 3 15.0 5 25.0 7 35.0 5 25.0 6 30.0 26 26.0
IV 2 10.0 2 10.0 0# 0.0 0# 0.0 4 20.0 8 8.0
Total 20 100.0 20 100.0 20 100.0 20 100.0 20 100.0 100 100.0

Chi-square = 
59.944
P < .0001 OA SS BoNTA-L BoNTA-M BoNTA-H Total

GCPS at 6 mo n % n % n % n % n % n %
0 14a 70.0 2b 10.0 4b 20.0 15a 75.0 10ab 50.0 45 45.0
I 2a 10.0 4a 20.0 15b 75.0 3a 15.0 6a 30.0 30 30.0
II 4ab 20.0 12a 60.0 1b 5.0 1bc 5.0 2bd 10.0 20 20.0
III 0# 0.0 1a 5.0 0# 0.0 1a 5.0 1a 5.0 3 3.0
IV 0# 0.0 1a 5.0 0# 0.0 0# 0.0 1a 5.0 2 2.0
Total 20 100.0 20 100.0 20 100.0 20 100.0 20 100.0 100 100.0
GCPS = Graded Chronic Pain Scale; OA = oral appliance; SS = saline solution; BoNT-A = botulinum toxin type A; L = low (dose); M = medium (dose); H = high (dose).
Values in the same row with different superscript letters are significantly different at P < .05 according to two-sided test of equality for column proportions. 
#This category was not used in the comparisons because its column proportion was equal to 0 or 1.

Table 1  RDC/TMD Diagnoses, Pain Duration, and 
Age of the Included Subjects

Mean ± SD age, y 36.8 ± 5.6
Pain duration n
 6 to 12 mo 41
 12 < 36 mo 37

 ≥ 36 mo 22

 FL RDC/TMD diagnosis
 Myofascial pain alone 53

 Myofascial pain/arthralgia 12

 Myofascial pain/disc displacement with reduction 27

 Myofascial pain/disc displacement without reduction 8

groups regarding CPI before and after treatments 
was compared using ANOVA on ranks and multi-
ple pairwise comparisons.

Results

A total of 540 volunteers were screened, and 
after the inclusion and exclusion criteria as-
sessment, 100 participants were included in 
the study. Study sample characteristics are 
presented in Table 1.
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the BoNT-A and OA groups at the final 
assessment (P > .05; Table 4).

Regarding SCL-DEP scores, 64% of 
participants presented abnormal values, 
showing either severe (58%) or moderate 
(8%) depression symptom levels, while 
36% presented normal scores. In the 
within-group comparisons, the SCL-DEP 
scores in the BoNT-A and OA groups im-
proved significantly over time (P < .0001). 
In the between-group comparisons, no 
significant differences were found at 
the baseline assessment. The BoNT-A 
and OA groups showed significantly im-
proved depressive symptom scores when 
compared to the SS group at the final fol-
low-up (P < .0001). No significant differ-
ences were found between the BoNT-A 
groups or between the BoNT-A and OA 
groups over time (P > .05; Table 5).

Data analysis for the SCL-SOM val-
ues included pain items. Abnormal scores 
were found in 87% of the total population. 
Severe and moderate levels were found 
in 65% and 22% of the subjects, respec-
tively, while only 13% reported normal 
scores (Table 6). In the within-group com-
parisons, SCL-SOM scores were signifi-
cantly improved in the BoNT-A and OA 
groups over time (P < .0001). In the be-
tween-group comparisons, no significant 
differences were found at the baseline 
assessment. The BoNT-A and OA groups 
showed significantly improved somatic 
symptom scores when compared to the 
SS group (P < .0001) at the 6-month as-
sessment (P < .0001). There were no sig-
nificant differences between the BoNT-A 
groups or between the BoNT-A and OA 
treatments over time (P > .05; Table 6).

Discussion

To the best of the present authors’ knowl-
edge, this is the first study to demon-
strate the positive effects of BoNT-A on 
the psychosocial aspects of patients with 
masticatory MFP. The results showed 
that most patients had low pain-related 
disability (GCPS grade II, 58%), followed 
by 26% presenting high disability with 
moderately limiting pain, and a minority 
(6%) presenting high disability with se-
verely limiting pain. Likewise, 61% and 
65% of patients presented severe levels 

Table 3  Two-way Analysis of Variance Results for the 
Comparison of Characteristic Pain Intensity 
According to Group and Time Factors

Source
Type III sum  
of squares df

Mean 
square F P

Observed 
power

Within-group effects
Time 90,312.500 1 90,312.500 306.719 .000 1.000
Time*Group 4,098.333 4 1,024.583 3.480 .011 0.845
Error (time) 27,972.500 95 294.447 – – –

Between-group effects
Intercept 519,180.500 1 519,180.500 1,133.517 .000 1.000
Group 3,868.111 4 967.028 2.111 .085 0.607
Error 43,512.500 95 458.026 – – –

Table 4  Descriptive Statistics for Characteristic Pain 
Intensity in Each Group at Baseline and Final Time 
Point

Time

Group

OA SS BoNTA-L BoNTA-M BoNTA-H

Baseline
73.50a 
(14.73)

71.33a 
(15.91)

71.67a 
(16.56)

69.17a 
(14.34)

75.33a 
(15.35)

6 mo
25.171,b 
(12.95)

46.832,b 
(28.0)

25.831,b 
(16.54)

23.171,b 
(20.96)

27.501,b 
(30.20)

Δ
48.33A 
(19.24)

24.50B 
(26.32)

45.83A 
(15.74)

46.00A 
(23.71)

47.83A  
(32.74)

Data are reported as mean (SD) score on a 0 to 100 VAS for pain intensity. OA = oral 
appliance; SS = saline solution; BoNT-A = botulinum toxin type A; L = low (dose);  
M = medium (dose); H = high (dose).
Values in the same row with different superscript numbers indicate significant differences 
between groups at the same time point (P < .05). Values in the same column with different 
lowercase superscript letters indicate significant within-group differences between time 
points (P < .05).  
Different uppercase superscript letters describe differences between groups at P < .05. 

Table 5  RDC/TMD Axis II 
Depressive Symptoms 
Scale (SCL-DEP) 
Scores for Each Group 
at Baseline and Final 
Time Point

Group Baseline 6 mo
OA 0.90A,a 

(0.85)
0.25B,b 
(0.44)

SS 1.20A,a  

(1.01)
1.40A,a 
(0.94)

BoNTA-L 1.30A,a 

(0.98)
0.50B,b 
(0.83)

BoNTA-M 1.05A,a  

(1.00)
0.50B,b 
(0.89)

BoNTA-H 1.55A,a 

(0.83)
0.30B,b 
(0.73)

Table 6  RDC/TMD Axis II 
Somatic Symptoms 
Scale (SCL-SOM) 
Scores for Each 
Group at Baseline 
and Final Time Point

Group Baseline 6 mo
OA 1.35A,a 

(0.75)
0.20B,b 
(0.41)

SS 1.60A,a 
(0.75)

1.40A,a 
(0.75)

BoNTA-L 1.60A,a 
(0.60)

0.65B,b 
(0.75)

BoNTA-M 1.30A,a 
(0.86)

0.30B,b 
(0.57)

BoNTA-H 1.75A,a 
(0.55)

0.45B,b 
(0.69)

Data are reported as mean (SD). OA = oral appliance; SS = saline solution; BoNT-A = botulinum 
toxin type A; L = low (dose); M = medium (dose); H = high (dose).
Values with different uppercase superscript letters indicate significant within-group  
differences between time points (P < .05). Values with different lowercase superscript 
letters indicate significant between-group differences at each time point (P < .05). 
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of depressive and somatic symptoms, respectively. 
BoNT-A and OA improved scores for pain-related 
disability, CPI, and depressive and somatic symp-
toms after 6 months. While there were no significant 
differences between the BoNT-A and OA approach-
es at the final follow-up, both treatments were signifi-
cantly better than placebo (ie, SS injection) over time 
for all Axis II outcomes.

Epidemiologic studies on the GCPS show a 6% 
to 12% frequency of high disability with moderately 
limiting pain, and a 3% to 6% frequency of high dis-
ability with severely limiting pain.10,11,27–29 Such data 
are not exactly in line with those from the present 
study population, which showed a higher proportion 
of grade III and IV scores. Different methods of pa-
tient recruitment, as well as treatment-seeking be-
havior strategies, could explain the differences from 
other studies in different countries.11 In particular, the 
present study was restricted to a refractory chronic 
pain population (persistent masticatory MFP) prone 
to experiencing higher pain intensity and perceived 
disability.30–33 Notwithstanding, only a few patients 
presented high pain-related disability negatively af-
fecting their daily activities. As for the SCL-90R 
scores, moderate and severe levels of depressive 
and somatic symptoms were detected in 65% and 
87% of the population, respectively, while the stud-
ies of Yap et al,34 Manfredini et al,35 Canales et al,29 
and De la Torre Canales et al11 presented lower rates. 
Although ethnic background and socioeconomic is-
sues could explain these differences, a systematic 
review5 showed that TMD patients with the highest 
pain-related disability presented the highest levels of 
depressive and somatic symptoms, as demonstrated 
in the present study.

The present randomized clinical trial is one of the 
few investigations focusing on the effects of MFP 
treatments on the entire spectrum of symptoms in-
cluded in the Axis II evaluation. In addition, to the 
knowledge of the present authors, this is the first 
study to assess the effects of BoNT-A on the psycho-
social aspects of TMD patients and to compare this 
treatment to active (OA) and placebo (SS) control 
groups. Regardless of dose, BoNT-A improved pain 
disability (GCPS) over time. While all groups showed 
an improvement after 6 months, BoNT-A and OA 
were superior compared to the SS group. BoNT-A 
has shown peripheral and central analgesic effects in 
in vivo, in vitro, and clinical studies,20,25,36,37 a finding 
that was corroborated by the present study with the 
significant decrease of CPI values after 6 months, as 
expected. On the other hand, in a crossover study,38 
GCPS scores were not different between BoNT-A 
and placebo groups after 3 months of follow-up, and 
treatments had no effect on pain-related disability. 
The small sample size, the use of a different protocol 

to inject the BoNT-A, and the short evaluation period 
compared to the present study may explain the differ-
ent results.

As for the SCL-90R scores, the BoNT-A groups 
showed lower depressive and somatic symptom 
levels over time, with results comparable to the OA 
group. In addition, BoNT-A and OA treatments were 
significantly better than the SS treatment when it 
came to decreasing severe SCL-DEP and SCL-SOM 
scores. The present results differ from those of the 
studies by Ernberg et al38 and Kurtoglu et al,39 in 
which no treatment effects were found on depres-
sive and somatic symptom scores. BoNT-A has been 
shown to decrease depressive symptoms in some 
chronic pain conditions like trigeminal neuralgia, in-
dicating that this treatment improves depression by 
relieving pain.40 These findings and the present re-
sults support the hypothesis that pain reduction can 
improve psychologic symptoms. However, a study 
assessing depression in chronic migraine patients41 
showed that BoNT-A diminished depression scores 
even in patients who did not have a meaningful re-
duction in headache after treatment. The study sug-
gested that BoNT-A may have a secondary effect by 
modulating the central nuclei of the limbic system 
or by improving the patient’s self-esteem through a 
social feedback mechanism as a result of improved 
appearance after relaxation of muscles in the glabel-
lar region. Interestingly, recent clinical studies have 
shown that a single BoNT-A treatment in the glabel-
lar region may lead to sustained alleviation of major 
depressive symptoms that did not improve sufficient-
ly with previous antidepressant medication.42–45 
Although the mechanisms underlying this clinical 
effect are unknown, a disruption of proprioceptive 
facial feedback reinforcing negative emotions is sup-
ported by these studies. A retrospective study that 
analyzed postmarketing safety reports of the FDA 
Adverse Event Reporting System concluded that the 
antidepressant effects of BoNT-A are significant and 
observed for a broad range of injection sites.46

The OA group showed the same effects as 
BoNT-A on the GCPS, CPI, and the SCL-DEP and 
SCL-SOM scores. Although studies assessing OA ef-
fects on psychosocial features are few, oral applianc-
es have been shown to diminish depression, anxiety, 
and catastrophizing symptoms.15 Costa et al15 found 
that OA effects are more related to a behavioral factor 
than to purely mechanical factors. Even though the ex-
act mechanism for the positive effects of OA in the as-
sessed psychosocial features is not well understood, 
studies evaluating the brain activity of patients using 
an OA showed significantly increased brain activation 
in the supplementary motor cortex (SMA) regions, 
temporal association area (TAA), prefrontal area 
(PFA), and the insular cortex, which control motor co-
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ordination, memory, cognition, and emotions, respec-
tively.47–50 However, it should be considered that the 
pain reduction due to the OA could also have an im-
portant role in improving psychologic features. Since 
BoNT-A injections could cause severe adverse effects 
in muscle and bone tissues51,52 and no adverse effects 
have been reported from OA treatment,53 the present 
authors recommend that reversible conservative treat-
ments like OA should be the first treatment option for 
this kind of patient. 

As a final remark, it is important to mention the 
validity of the Axis II instruments to assess psycho-
social changes over time. The main strength of the 
RDC/TMD Axis II lies in the importance given to the 
assessment of pain-related disability as well as of 
depressive and somatic symptom levels, with good 
psychometric properties.54 Even though the useful-
ness of Axis II has been shown in the clinical set-
ting,55 a recent systematic review reported that most 
studies have been based on specific populations re-
cruited in health care centers, not allowing a deeper 
insight into the psychosocial features that negatively 
influence TMD patients.5 In addition, due to the few 
clinical trials on the subject,15,16 the assessment of 
psychosocial features on TMD treatment in clinical 
studies is recommended in order to establish individ-
ualized approaches in the clinical setting. Finally, the 
low number of subjects presenting with combined 
myofascial TMD pain and arthralgia in the present 
study is related to the RDC/TMD protocol method, 
as this method diagnoses myofascial TMD pain with 
an acceptable validity but does not present desirable 
levels for the sensitivity and specificity for arthralgia, 
underestimating its rates.56

As limitations, the psychosocial aspects of par-
ticipants were assessed by using validated question-
naires, but no clinical evaluation was performed. The 
study sample was very specific (patients unresponsive 
to previous treatments, no sex-matched controls), pre-
venting the generalization of findings to other popula-
tions. Future studies should confirm these results and 
assess the effects of BoNT-A on other psychosocial 
aspects, such as anxiety and catastrophizing.

Conclusions

Regardless of dose, a single injection of BoNT-A was 
as effective as OA in improving pain-related disabil-
ity, CPI, and depressive and somatic symptoms in 
participants with persistent masticatory MFP.

Clinical Implications

BoNT-A treatment can improve psychosocial factors 
in patients with masticatory MFP, but did not differ 
from treatment with an OA.
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