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Aims: (1) To determine the dose-response relationship of therapeutic ultrasound 
for TMD-related pain in the masseter muscle among four doses comprised of two 
intensities (0.4 W/cm2 and 0.8 W/cm2) and two duty cycles (50% and 100%); 
and (2) to determine if therapeutic ultrasound applied to the masseter muscle 
would elicit a segmental effect on the ipsilateral temporalis muscle. Methods: A 
total of 28 adult women with bilateral myalgia were randomly allocated to one of 
the four intervention doses. Therapeutic ultrasound was applied on each side of 
the masseter sequentially for 5 minutes. The following outcomes were measured 
before and immediately after each intervention: self-reported pain score, 
pressure pain thresholds for the masseter and temporalis muscles, and intraoral 
temperature adjacent to the treated masseter. Results: Self-reported pain 
scores showed neither significant main effects nor significant interaction among 
the intensity or duty cycle doses (all P > .05). The change in the pressure pain 
threshold of the masseter showed a significant interaction (P = .02) attributed to 
the 0.4 W/cm2 and 100% duty cycle dose. Intraoral temperature was significantly 
increased and associated with the duty cycle (P = .01). A significant segmental 
effect of the pressure pain threshold of the temporalis was found for intensity  
(P = .01). Conclusion: There was an increase in the pressure pain threshold 
of the painful masticatory muscles and an increase in intraoral temperature 
adjacent to the treated area immediately after the use of ultrasound at 0.4 W/
cm2 with a 100% duty cycle. J Oral Facial Pain Headache 2022;36:263–271. 
doi: 10.11607/ofph.2836

Keywords: dose response, masseter myalgia, pressure pain threshold, 
randomized clinical trial, temporomandibular disorders, ultrasound therapy

Definition and Pathophysiology of TMD

Temporomandibular disorders (TMD) are a group of musculoskel-
etal and neuromuscular conditions that involve the temporoman-
dibular joints (TMJs), the masticatory muscles, and all associated 

tissues.1 These disorders are characterized by regional pain and lim-
itation of mandibular range of motion2 and affect approximately 5% 
to 12% of the population, with an 83.8% female prevalence.3 A dual- 
axis diagnostic instrument (Diagnostic Criteria for TMD [DC/TMD]) 
has been developed for categorizing TMD conditions and provides 
simple, reliable, and valid operational definitions for diagnosis using  
evidence-based criteria.4

One of the commonly diagnosed pain disorders associated with masti-
catory muscles is “myalgia,” defined as “pain of muscle origin that is affect-
ed by jaw movements, function, or parafunction, and replication of this pain 
occurs with provocation testing of the masticatory muscles.”4 While the 
pathophysiology of this pain is poorly understood, multiple risk factors have 
been identified.3,5 A risk factor model describing the contribution of envi-
ronmental, as well as some known genetic predisposing factors, to a state 
of high psychologic distress was identified.6 Because of the multifactorial 
nature of these disorders, a multimodal conservative treatment approach is 
recommended that includes patient education, behavioral and psychologic 
management, physical therapy, pharmacotherapy, and occlusal splints.7
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Reviews of Ultrasound for Muscle Pain

Ultrasound has been reported since 19538 and has 
been applied to the jaw.9 There have been many re-
views of ultrasound, and all agree its use is wide-
spread.10–13 However, these reviews report a lack 
of evidence supporting ultrasound as a therapeutic 
modality,11,14–19 and unfortunately these reviews rare-
ly report on the effect immediately after treatment or 
what measure of pain was used. In contrast, one re-
cent systematic review and meta-analysis20 reported 
the immediate effects of ultrasound via the use of a 
visual analog scale to measure pain and  pressure 
pain threshold (PPT). This review concluded that ul-
trasound reduced pain and increased PPT at the end 
of treatment. In addition, an indirect antinociceptive 
effect has been demonstrated clinically on painful 
trigger points present on segmental muscles that 
are neurologically linked but anatomically distinct.21 
Thus, there is a rationale for the present research.

Animal experiments suggest that ultrasound ap-
pears to reduce nitric oxide synthase–like cells in the 
dorsal horn after injury,22 increase antinociception 
after trigeminal nerve constriction,23 and lower the 
thresholds for head withdrawal reflex after inferior 
alveolar nerve transection.24 Moreover, genetic ma-
nipulation suggests that wild-type reversal behavior 
is preserved without thermosensation, but is absent 
without mechanosensation.25 Together, these studies 
suggest that the mechanisms for ultrasound may in 
part extend beyond heating the tissue. Application 
of these ideas to human subjects will require future 
reports.

The first purpose of this study was to investigate 
the dose-response relationship between duty cy-
cles of 100% and 50% and between intensities of 
0.4 and 0.8 W/cm2 on painful masticatory muscles 
by measuring the following variables for the masseter 
muscle: self-reported verbal pain scale and PPT to 
assess the effect on pain, and intraoral temperature 
to assess the effect of any heating of the tissue. The 
second purpose was to determine if therapeutic ul-
trasound applied to the masseter muscle is capable 
of eliciting segmental effects on the ipsilateral tempo-
ralis muscle by measuring PPTs of the temporalis.21

Materials and Methods

Study Design and Subjects
This study was approved by the University at Buffalo 
Institutional Review Board (UBIRB 030-633338), 
was registered at clinicaltrials.gov (NCT02295644), 
and took place at the University at Buffalo School 
of Dental Medicine. The sample size was estimated 
using an alpha of .05, power of 0.8, and data from 

Srbely and Dickey,26 which led to a size of six; thus, 
seven subjects were recruited per group. The design 
was a parallel-group randomized clinical trial.

A total of 28 women were recruited from the 
Orofacial Pain and TMD Clinic and were identified 
during their initial visit. Subjects who participated in 
previous research conducted in the school and who 
had agreed to be contacted for future research stud-
ies were also invited to participate after confirming 
their eligibility. Written informed consent was ob-
tained from each subject before participation in this 
single-blinded, randomized clinical trial. 

All participants had a diagnosis of myalgia ac-
cording to the DC/TMD,4 specifically bilaterally on 
masseter muscles, as modified for this protocol. At 
the time of recruitment, subjects had a pain intensity 
of 4 or more on a scale from 0 to 10, where 0 repre-
sented no pain and 10 the worst pain ever. Subjects 
who had a history of or who were diagnosed with a 
systemic musculoskeletal disorder or rheumatologic 
diseases (eg, fibromyalgia, muscular atrophy) were 
excluded from this trial. Those who had conditions 
such as neoplasms, fractures, or any neuropathies 
and/or degenerative neurologic disorders were also 
excluded. In addition, those who had undergone any 
form of physical therapy for the jaw area targeting 
muscle or TMJ symptoms within the last 60 days 
were not eligible to participate. Participants who 
were taking muscle relaxants or analgesics that were 
prescribed or over-the-counter were asked to stop 
any intake for at least 48 hours prior to the trial.

Randomization, Blinding, and Study 
Intervention Device
Computer-generated randomization was used. A 
random two-digit number was generated by a com-
puter spreadsheet. The first digit was used to assign 
the treatment group. The second digit was used to 
assign the starting side of treatment. The participants 
were randomly assigned to one of four ultrasound 
intervention groups that included two settings for 
intensity (0.4 and 0.8 W/cm2) and two settings for 
duty cycle (50% and 100%). The treatments were 
assigned in blocks of four. Numbered, sealed enve-
lopes were generated for the total number of sub-
jects and opened after the subject was seated. The 
subject was unaware of the ultrasound dose settings.

Once the research visit was scheduled and par-
ticipants had arrived, the investigators explained the 
study and obtained informed consent. A custom 
template of a clear vinyl sheet was made for each 
subject for each side of the face. The template was 
indexed to the ear and the ala of the nose and then 
attached by tape, remaining in place throughout the 
procedure. The first purpose of this template was to 
demarcate the anatomical borders of the masseter 
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muscle to confine delivery of therapeutic ultrasound 
to the anatomical palpable limits of the masseter. 
The second purpose was to ensure reproducibil-
ity of the predetermined points on the masseter 
and temporalis muscles at which the PPTs were 
obtained. Baseline parameters on each side were 
taken in a particular order: first, self-reported pain 
scale, followed by PPT, then intraoral temperature. 
A single operator (Y.F.) performed the interventions 
at a consistent light pressure to ensure reliable ap-
plication. The transducer head of the ultrasound 
unit was moved within the confines of the template 
cutout. A coupling agent gel was applied to ensure 
proper wave transmission and transfer of energy. 
The gel was warmed by a gel warmer to a level of 
normal body temperature in order to reduce error in 
postapplication muscle temperature measurement. 
Figure 1 shows an overview of the protocol.

Following intervention, the same parameters 
were assessed in the following chronologic order: 
intraoral temperature, self-reported pain, and PPT. 
Therapeutic intervention was then delivered to the 
contralateral masseter through the attached tem-
plate. Parameters were measured again in the same 
order.

At the end of the trial, subjects were given a gift 
card as compensation for their time, travel, and effort. 
Subjects were then dismissed with copies of their 
consent forms and contact information.

The ultrasound settings were selected based 
on the anatomical location and previously conduct-
ed studies.11,17 The therapeutic ultrasound interven-
tion device (Sonicator 740, Mettler Electronics) has 
a transducer head (applicator) of 5 cm2, an effective 
radiating area (ERA) of 5 cm2 ± 20%, and a beam 
nonuniformity ratio (BNR) of 6:1. The frequency was 
set to 1 MHz.  There is uncertainty in the literature 
about the efficacy of 1 vs 3 MHz, but no differences 
were found in human brachial artery dilation27 or in 
pig cadaver legs,28 and the present authors were not 
aware of any evidence in humans. Moveover, a fully 
cross-over design was desired, and so using both 
frequencies would have complicated the statistics 
and doubled the number of subjects. Since 1 MHz 
is reported to penetrate more deeply,29,30 1 MHz was 
used.

The assigned intervention was delivered to the 
assigned starting side. Therapeutic ultrasound was 
delivered for 5 minutes per muscle. The 5-minute 
duration of ultrasound was determined according to 
Grey.31 Planned average local exposure time was 2.5 
minutes, the tissue area of the masseter was 10 cm2, 
and the ERA was 5 cm2. The total treatment time was 
equal to 5 minutes per side. 

The ultrasound dose settings were: intensity of 
0.4 or 0.8 W/cm2, and duty cycle of 50% or 100%.

Outcome Measures and Assessment
The primary outcomes were self-reported pain scale 
and PPT. The secondary outcome was intraoral tem-
perature at the approximate site of the masseter mus-
cle. The measurements were taken as follows:

•	 Self-reported pain scale: This was obtained on a 
verbal scale from 0 to 10, where 0 represented 
no pain and 10 the worst pain ever. Self-reported 
pain was obtained verbally for each side of the 
face separately. 

•	 PPT: The PPT was measured at four sites: 
one on the masseter on each side, and one 
on the temporalis on each side. PPT sites on 

Inclusion (n = 28)

Randomization to dose and starting side

Baseline assessment of both sides: 
•	 Self-reported pain score
•	 PPT-M and PPT-T
•	 Intraoral temperature

Assessment of both sides: 
•	 Intraoral temperature
•	 Self-reported pain score
•	 PPT-M and PPT-T

Assessment of both sides:  
•	 Intraoral temperature
•	 Self-reported pain score
•	 PPT-M and PPT-T

5-min intervention on first side

5-min intervention on second side

Fig 1    Flowchart of experimental protocol.
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the masseter (PPT-M) and temporalis (PPT-T) 
muscles on each side were determined by 
palpating the bulkiest prominent sites of the 
body of the muscles while asking the subjects 
to repeatedly tap their teeth together. At each 
site, measurements were repeated until two 
readings less than 20 units apart were obtained. 
There was a 30-second time interval between 
recordings. A digital algometer (Somedic) was 
used under a constant rate of 0.67 kg/cm2 
per second. The device was equipped with a 
pressure-terminating button that was handed to 
the subject; subjects were instructed to push the 
button as soon as they felt the sensation change 
from pressure to pain. 

•	 Intraoral temperature: The intraoral temperature 
was recorded in degrees Celsius using a digital 
thermometer. The recording metal end was 2 
cm long. The temperature was recorded as two 
digits with one decimal. The metal end of the 
thermometer was placed against the buccal 
mucosa as an approximation of the location of 
the body of the masseter, and the temperature 
was measured as a surrogate of the internal 
masseter muscle temperature at the buccal 
mucosa. Intraoral thermal temperature was 
measured immediately after ultrasound delivery 
to minimize the temperature fade.

Statistical Methods
Changes in the outcome measurements before 
and after therapeutic intervention for all parame-
ters were averaged for both sides (right and left) 
for each subject. The average changes were then 
statistically analyzed (Fig 2). Shapiro-Wilk test27 as 
well as visual inspection of the histograms, normal  
quantile-quantile (Q-Q) plots, and box plots of all 
measured parameters were performed. Fligner-
Killeen test was performed to verify the equality of 
variance among groups.28 No tests showed violation 
of these assumptions. Data were analyzed using the 

“Anova” function in the “car” package in R,32 with 
the alpha set at .05.

Two-way analysis of variance (ANOVA) of ultra-
sound dose settings (intensity [0.4 and 0.8 W/cm2] 
and duty cycle [50% and 100%]) were conduct-
ed to test the dose-response relationship for self- 
reported pain, PPT, and temperature, with ultra-
sound intensity and duty cycle as the between- 
subject factors. 

Results of the segmental effects were obtained 
by conducting two-way ANOVA of ultrasound inten-
sity and duty cycle on the PPTs of the temporalis 
muscle.

Results

Subject Characteristics
A total of 28 adult women with a mean ± SD age of 
37 ± 11.41 years, ranging from 23 to 65 years, were 
recruited in the study in 2014 and 2015. Recruiting 
ended when all 28 were enrolled. Three subjects 
were lost for not meeting the inclusion requirements: 
1 in the 0.8 W/cm2 + 50% duty cycle group, and 2 in 
the 0.8 W/cm2 + 100% duty cycle group. In addition 
to bilateral masseter myalgia, 16 subjects had a diag-
nosis of bilateral arthralgia, 4 had unilateral arthralgia, 
and 4 had no arthralgia. A total of 21 subjects also 
had a diagnosis of headache attributed to TMD, 19 of 
which had a bilateral condition (Table 1).

Dose-Response Relationships
Self-reported pain scale.
Table 2 shows the change in scores, posttreat-
ment minus pretreatment, for the self-reported pain 
score (SRPS). The scores averaged over both sides 
showed negative values, which indicates some re-
duction in pain and therefore an improvement of the 
pain condition. The two groups receiving 0.4 W/cm2 
had 95% CI that did not include 0. Two-way ANOVA 
(Table 3) failed to find significant main effects or  

T1 T1

T2 T2

T3 T3

Intervention

Intervention

Average pre scores

Average post scores

Fig 2    Timing of data collection and analy-
sis. Intervention of the first side is shown on 
the left, and intervention on the second side 
on the right. Pretreatment scores (T1 for first 
side, T2 for second side) and posttreatment 
scores (T2 for first side, T3 for second side) 
were averaged; then, the posttreatment mi-
nus pretreatment scores were computed.  
T1 = before any intervention; T2 = after first-
side intervention; T3 = after second side  
intervention
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interactions (F < 2, P > .2 for all). Mean changes are 
shown in Fig 3.
Pressure pain threshold of the masseter muscle.
The largest increase in PPT-M was shown in the 
group with an intervention of 0.4 W/cm2 + 100% 

duty cycle, resulting in a mean of 15.21 ± 5.8 (Table 
2). The 95% CI for that group did not include 0. An 
increase in PPT is interpreted as an improvement or 
reduction in pain. A decrease in PPT-M was shown 
in the other three groups, which indicates some  

Table 1  Baseline Characteristics of the Intervention Groups

Intervention group

Subjects, n Mean age, y

Range 
baseline pain, 

0–10 VAS

Mean baseline 
pain at time of  
recruitment, 
0–10 VAS

Baseline diagnosis, n/total  
subjects

Intensity 
(W/cm2)

Duty  
cycle (%)

Headache  
attributed to TMD Arthralgia

0.4 50 7 39.1 4 to 6 5.0
Bilateral: 4/7 

Unilateral: 2/7 
None: 1/7

Bilateral: 3/7 
Unilateral: 1/7 

None: 3/7

0.4 100 7 34.7 4 to 6 4.9
Bilateral: 6/7 

None: 1/7

Bilateral: 5/7 
Unilateral: 1/7 

NA: 1/7

0.8 50 6 38.1 4 to 7 5.5
Bilateral: 5/6 

None: 1/6
Bilateral: 5/6 
Unilateral: 1/6

0.8 100 5 29.8 5 to 7 5.6
Bilateral: 4/5 

None: 1/5

Bilateral: 3/5 
Unilateral: 1/5 

None: 1/5

Table 2 � Mean (± SD) and 95% CI of Changes for Self-Reported Pain Scale (Pain), PPT-M, PPT-T, and 
Intraoral Temperature (Temp)

Duty 
cycle

Intensity 0.4 W/cm2

Pain

Intensity 0.8 W/cm2

Pain PPT-M Temp PPT-T PPT-M Temp PPT-T

50%

–0.93 
(± 1.41), 
–2.48 to 
–0.116

–8.8 
(± 30), 

–31 to 14

–0.007 
(± 0.10), 

–0.08 to 0.07

15.4 
(± 23), 

–1.9 to 33

–1.33 
(± 1.2), 

–2.3 to –0.36

–2.0 
(± 11), 

–7.2 to 11

0.083 
(± 0.13), 

–0.02 to 0.19

–2.8 
(± 18) , 

–17 to 12

100%

–2.0 
(± 0.87), 
–2.64 to 
–0.36

15.21 
(± 5.8), 

10.9 to 19.5

0.15 
(± 0.21), 

–0.003, 0.30

16.04 
(± 15.5), 
4.6 to 28

–1.3 
(± 1.35), 
–1.94 to 
0.084

–10.25 
(± 12.04), 
–20.8 to 
0.304

0.42 
(± 0.40), 

0.07 to 0.77

–9.2 
(± 16), 

–23 to 4.6

Table 3 � Two-Way ANOVA for Self-Reported Pain Scale (Pain), PPT-M, PPT-T, and Intraoral 
Temperature (Temp)

Variable Factor df Sum of squares F Sig.
Pain Duty cycle 1 1.65 1.14 .30

Intensity 1 0.134 0.092 .76
Interaction 1 1.87 1.29 .27

Error 21 1.42
PPT-M Duty cycle 1 210 0.64 .43

Intensity 1 332 1.00 .33
Interaction 1 2,010 6.09 .022

Error 21 38.97
Temp Duty cycle 1 0.37 7.63 .01

Intensity 1 0.20 4.07 .06
Interaction 1 0.05 1.01 .33

Error 24 0.045
PPT-T Duty cycle 1 52 0.15 .69

Intensity 1 2,907 8.3 .009
Interaction 1 76 0.22 .65

Error 21 387.46
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increase in pain or no improvement. Mean changes 
are presented in Fig 4. Two-way ANOVA showed a 
significant interaction (P = .022) between the inten-
sity and duty cycle (Table 3). This significant inter-
action of the PPT response suggests that the 0.4 
W/cm2 + 100% duty cycle was the most effective 
dose.
Intraoral temperature.
Intraoral temperature changes from pretreatment 
to posttreatment were positive for the 100% duty 
cycle groups (Table 2), with means of 0.15ºC 
and 0.42ºC (Fig 5). Two-way ANOVA showed no 
significant interaction, but duty cycle showed a 
significant main effect on intraoral temperature in-
crease (P = .01, Table 3). These data suggest that 
ultrasound heats the masseter muscle in a dose- 
dependent relation.
Segmental effects: Pressure pain threshold of the 
temporalis muscle.
PPT-T increased in the two groups utilizing 0.4 
W/cm2 (Table 2), which indicates improvement, 
whereas the two groups with an intervention of 
0.8 W/cm2 showed a decrease in pain threshold, 
which may indicate an exacerbation of the pain 
condition (Fig 6). Only the 0.4 W/cm2 + 100% duty 
cycle had a 95% CI that did not include 0. Two-
way ANOVA showed no significant dose interac-
tion (P = .65); however, a main effect of intensity 
setting was significant (P = .009; Table 3). This 
significant main effect for intensity was interpreted 
as the ultrasound treatment applied to the masse-
ter providing a segmental effect to the untreated 
temporalis muscle.

Discussion

One main finding in this dose-response, single- 
blinded study was the increase in PPT-M utilizing ther-
apeutic ultrasound with settings of 0.4 W/cm2 and 
100% duty cycle. This finding was also observable in 
the interaction plot. The changes in the SRPS were 
consistent with the PPT results but not significant. 

A second main finding was that two of the doses 
led to an increase in PPT in the untreated ipsilater-
al temporalis muscle after the masseter muscle was 
treated with ultrasound. Srbely et al21,26 observed 
similar results in back muscles. In the present study, 
there was an average increase in scores for the in-
tervention groups using 0.4 W/cm2, while the groups 
utilizing the setting of 0.8 W/cm2 showed a decrease 
in PPT scores. Significant main effects were attribut-
ed to the intensity setting. The use of 0.4 W/cm2 was 
more capable of providing an indirect antinociceptive 
effect on the temporalis muscle. These findings are 
consistent with the findings of Srrbely et al and raise 
the possibility of involvement of a central modulatory 
mechanism. Thus, experimental and clinical evidence 
suggest that peripheral application of ultrasound 
waves may have central modulatory effects. 

In animal models, cellular changes have occurred 
in the dorsal horn of the spinal cord, and the num-
ber of neurons with nitric oxide synthase-like enzyme 
(nNOS-L1) involved in the pain-modulating path-
way was reduced.22,33 These findings suggest that 
ultrasound may act on central mechanisms of sen-
sitization, but data from human trials have not been 
established.  
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Fig 3    Mean changes in self-reported pain scores. Scores are 
calculated as posttreatment values minus pretreatment values, so 
negative values represent less reported pain.

Fig 4    Mean changes in PPT-M. Changes are calculated as 
posttreatment minus pretreatment values, so positive numbers 
represent an increase in the pain threshold.
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A third finding in this study was an increase in in-
traoral temperature for the 100% duty cycle doses. 
Therapeutic ultrasound is delivered through the re-
verse piezoelectric phenomenon. Thermal effects are 
thought to be achieved upon the transfer of acous-
tic energy to mechanical vibration, which generates 
frictional heat. The present data provide indirect evi-
dence of heating of the masseter. The increase in in-
traoral temperature is an approximation of the muscle 
temperature.

Limitations
Limitations of this study include that the study was 
short term, from before to immediately after ul-
trasound therapy. In light of the dearth of dose- 
response studies, the present authors believe that 
this variable should be optimized to increase the 
chance of success. Future studies will be needed to 
determine if the successful dose found here provides 
relief for longer times.

Although the sample size was adequate to sug-
gest an optimal dose among the four tested groups 
using PPTs and to suggest a segmental effect, these 
results should be considered as exploratory due to 
the modest sample size. 

This study also did not include a placebo group to 
test whether the results were more efficacious than 
a placebo effect. However, Hussain et al34 reported 
evidence that the most successful dose used in the 
present study was better than placebo.

In general, there are a dearth of dose-response 
studies in therapeutic ultrasound; for example, the 
frequency of 1 MHz is thought to penetrate more 

deeply than 3 MHz, but neither textbooks29,30 nor ex-
periments27,28 provide definitive guidance. Frequency 
and other factors affecting dose response await fu-
ture experiments.

Strengths
This study was the first, to the present authors’ 
knowledge, to investigate a dose-response relation-
ship for the management of TMD-related pain using 
therapeutic ultrasound. It was also the first to examine 
indirect effects of ultrasound on segmentally linked 
masticatory muscles. In addition, it was also the first 
ultrasound paper attempting to measure the intra-
oral temperature approximating the masseter muscle 
temperature to suggest that the ultrasound therapy 
did heat the masseter muscle. Finally, the diagnostic 
criteria for subject selection was based on the DC/
TMD, so the selection was reliable and valid.

Conclusions

The use of ultrasound as a method for immediate 
management of painful masticatory muscles was 
shown to be successful. 

Treatment directed to painful masseter muscles 
with an intensity of 0.4 W/cm2 with a 100% duty cy-
cle increased the PPT of the masseter itself as well 
as the untreated temporalis muscle. 

Changes in PPT of the masseter muscle, as well 
as the temporalis, were dependent on the intensity 
and duty cycle settings. Intraoral temperature rise 
was associated with the duty cycle.
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Fig 5    Mean changes in intraoral temperature. Changes are cal-
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positive numbers suggest an increase in temperature.

Fig 6    Mean PPT-T changes. Changes are calculated as post-
treatment minus pretreatment values, so positive numbers repre-
sent an increase in the pain threshold.
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Highlights

•	 A dose of 0.4 W/cm2 + 100% duty cycle 
appears to be better than other doses tested.

•	 This study was the first, to the authors’ 
knowledge, to investigate a dose-response 
relationship in the management of TMD-related 
pain using ultrasound. 

•	 This study was the first, to the authors’ 
knowledge, to report the indirect effects of 
ultrasound on segmentally linked masticatory 
muscles, as well as the first ultrasound paper 
attempting to measure intraoral temperature 
approximating the masseter muscle to suggest 
that ultrasound did heat the masseter muscle. 

•	 The diagnostic criteria for subject 
characterization were based on the DC/TMD and 
were thus reliable and valid.
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