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Abstract

Objectives—This placebo-controlled randomized double-blinded clinical study assessed the
analgesic efficacy of intramuscular morphine in TMD patients with myofascial pain and sex
dependent responses of the morphine treatment.

Subjects and Methods—Men and women with TMD were treated with morphine (1.5 or 5
mg), lidocaine or saline in the masseter muscle. VAS of pain intensity, PPT and PPtol were
compared between treatment groups and gender. An additional group was treated with morphine in
the trapezius muscle to evaluate the systemic effect of morphine that may reduce pain in the
masseter muscle.

RESULTS—There was a significant difference in VAS scores between the morphine 5 mg group
and the saline group favoring morphine, but not between the morphine 5 mg and lidocaine.
Morphine 1.5 mg and 5 mg treatments led to consistently and significantly elevated PPT and PPtol
measures in men, but not in women. Morphine administered in the trapezius muscle did not affect
the outcome measures.

Conclusion—A single dose intramuscular morphine produced analgesic effects up to 48 hrs in
patients with myofascial pain. Intramuscular morphine elevated mechanical pain threshold and
tolerance in the masseter only in male patients, suggesting sex differences in local morphine
effects. No systemic effect of intramuscular morphine was detected.
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Introduction

Despite strong analgesic effects, the use of conventional systemic opioids in the
management of non-malignant pain has been marred by serious side effects including
addiction, overdose, abuse, respiratory depression, and cognitive impairment (Stein, 2013).
As an alternative, peripherally localized opioid receptor has been targeted to effectively
attenuate pain and hyperalgesia, and an overwhelming amount of preclinical and clinical
data supporting the role of peripheral opioid receptors in various pain models has been
accumulated (Smith, 2008, Sehgal et al., 2011, Vadivelu et al., 2011, Spetea, 2013). More
recent clinical studies continue to report effective analgesia with opioids delivered to local
sites in various post-operative pain conditions (Faktorovich & Basbaum, 2010, Yari et al.,
2013, Binning et al., 2011). Intra-articular morphine in the knee joint produces significant
analgesia in patients with osteoarthritis (Beyaz, 2012, Gazi et al., 2008, Stein et al., 1999).
The analgesic efficacy of intra-articular morphine in the temporomandibular joint (TMJ) has
been also demonstrated in patients with temporomandibular disorders (TMD) (List et al.,
2001, Ziegler et al., 2010). These studies indicate that intra-articular morphine at a dose as
high as 10 mg produce analgesic efficiency lasting up to a week without obvious adverse
effects. To our knowledge, the analgesic efficacy of intramuscular morphine in TMD
patients has not been studied.

The basic premises of treating patients with either peripherally restricted opioids or
systemically low doses of opioid agonists at the injured site are that opioid receptors are
expressed in nociceptor terminals (Coggeshall et al., 1997, Wenk & Honda, 1999) and that
the activation of those receptors results in the attenuation of pain under various pathological
pain conditions (Stein, 2013). It is presumed that opioid receptors are also expressed in
muscle nociceptors (Coggeshall et al., 1997, Lee et al., 2016). Preclinical studies provide
compelling evidence that morphine treatment in the rat masseter muscle attenuates
nocifensive responses under acute myositis conditions (Han et al., 2008, Sanchez et al.,
2010, Nunez et al., 2007). Furthermore, direct injections of DAMGO ([D-Ala2, N-MePhe4,
Gly-ol]-enkephalin), a specific agonist for p-opioid receptor (MOR), in the masseter muscle
effectively reversed complete Freund’s adjuvant (CFA)-induced persistent inflammatory
mechanical hyperalgesia (Zhang et al., 2014). In an experimental muscle pain model in
healthy human subjects, intravenous infusion of a low dose of morphine-6-p-glucuronide
significantly reduced muscle hyperalgesia induced by a series of concentric and eccentric
muscle contractions (Tegeder et al., 2003). However, the functional contribution of
peripherally applied opioid agonists in patients with ongoing muscle pain has not been
demonstrated.

Sex-differences in systemic opioid analgesia have been extensively studied (Craft, 2003,
Fillingim & Gear, 2004). In contrast, there is only limited information on sex differences in
peripherally mediated opioid analgesia. Morphine injection into the TMJ of male, but not
female rats, significantly reduces glutamate-evoked jaw muscle activity in a dose-dependent
manner (Cai et al., 2001). Consistent with this finding, DAMGO treatment in the masseter
muscle significantly reverses inflammatory mechanical hyperalgesia in male, but not in
female rats (Zhang et al., 2014). These preclinical data suggest that the peripheral
application of opioids may lead to a greater pain relief in men than women with muscle pain
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conditions. The primary objective of the present study was to demonstrate the short-term
analgesic efficacy of intramuscular morphine compared to saline and lidocaine in TMD
patients with myofascial pain. The secondary objective was to investigate sex differences in
intramuscular morphine treatments in TMD patients.

Materials and methods

Participants

TMD patients who participated in this study were referred to the Department of Orofacial
Pain & Oral Medicine at the Kyung Hee University Dental Hospital. This pilot was
conducted in accordance with the protocol approved by the Institutional Review Board at the
Kyung Hee University Dental School, Seoul, Korea, and followed the guidelines of the
Helsinki Declaration (2013). Written informed consent was obtained from all participants.
The patient inclusion criteria were: a diagnosis of myalgia pain according to the Diagnostic
Criteria for Temporomandibular Disorders (DC/TMD) (Schiffman et al., 2014), pain upon
palpation of the masseter muscle, and the age between 20-59 years old. The exclusion
criteria were: diagnoses of systemic muscle pain disorders (e.g. fibromyalgia), systemic joint
disease (e.g. rheumatoid arthritis), pain of dental origin, pregnancy, and high blood pressure.
Patients who have been taking antidepressant, anticonvulsant, antianxiety agents, NSAIDs,
opioids, or muscle relaxants for 3 months or more were excluded from the study.

Study groups and injection of test substances

The study used a randomized, double-blind and placebo-controlled design. All participants
were randomly allocated using a computer program to generate numbers. The allocation was
made by one of the researcher who examined the participants. The participants of each sex
were randomly assigned to receive one of the following treatments: saline (NaCl 9 g/ 1000
ml, JW Pharmaceutical, Korea), morphine sulfate (BCworld, Korea) at 1.5 mg or 5 mg, or
lidocaine HCI (2%/20 ml, Huons, Korea). The test substances and the doses were selected
from previous studies with TMJ treatments. (List et al., 2001, Ziegler et al., 2010). The dose
of morphine used for TMJ treatments ranges from 0.1 mg to 10 mg. We determined the two
doses of morphine to assess dose-related effects within that range. For all participants, a
single bolus injection of test substance was made into the most painful site of the superficial
masseter muscle as determined by digital palpation. In order to determine whether
intramuscular morphine produces analgesic responses via the systemic effect, we
administered the higher dose of morphine (5 mg) in the trapezius muscle contralateral to the
painful masseter in another group of patients. The injection was made over a 10-second
period with a 27-gauge needle and a disposable syringe. All injections were made by the
same investigator to ensure the stability of injection procedures. Neither the investigator who
administered test substances nor the participants were aware of the contents of the injections.
The contents of the treatment were revealed to the participants after the completion of the
study for each subject. All injections were made in a 0.3 ml volume. No pain medication
was allowed during the study period.
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Pain Assessment

Thirty minutes prior to the injection, the participants were instructed to rate the intensity of
the ongoing pain in the masseter muscle on a 0-100 mm visual analog scale (VAS) with end-
points marked by 0 = “No pain’ and 100 = “Worst pain imaginable’. VAS scores were then
assessed 10, 30 and 60 min following injection on the same day. The participants were
brought back to the same clinic and were asked to rate the pain intensity on the same VAS
24 hr and 48 hr after injection.

Pressure Pain Threshold (PPT) and Pressure Pain Tolerance (PPtol)

PPT, defined as the minimum force (or pressure, kPa) which is first perceived as painful, and
PPtol, defined as the amount of force which is perceived as intolerably painful (Svensson et
al., 1995), were measured with a pressure algometer (Wagner Pain Test ™ - Model FPK/FPN
Mechanical Algometer, CT, USA). Pressure was applied with a 1 cm diameter probe to the
injection site of the masseter muscle at a constant speed. During assessment, the participants
were instructed to keep their jaws at rest and raise their hand once their PPT or PPtol was
reached. The PPT and PPtol measures were obtained before, 10, 30, 60 min, and 24 hrs and
48 hrs after injection. The PPT was always assessed before PPtol and the two assessments
were separated by at least 3 min. The PPT and PPtol measures were always obtained after
the assessment of the VAS score. Thus, the patients were tested in three sessions, i.e., the
day of treatment, and 24 hrs and 48hrs later. Each session lasted no more than 2 hours
including the preparation time. Another investigator who is unaware of test substances that
the subjects received assessed VAS, PPT and PPtol measures.

Adverse Effects

On the first visit, the participants were monitored up to 2 hr following injection. The
participants were monitored for any signs of adverse effects such as nausea, vomiting, and
dizziness. We also monitored respiratory difficulties, allergic reactions, sedation and
palpitations. The occurrence of any adverse effects at 24 hr and 48 hr after injection were
determined from the participants’ verbal reports.

Statistical Analyses

Baseline VAS scores and PPT and PPtol measures between treatment groups were compared
with a one-way analysis of variance (ANOVA) or the Kruskal-Walis one-way ANOVA,
depending on the outcome of the normality test. For each dependent measure, time
dependent changes following the treatment were normalized to baseline values. To assess the
effects of intramuscular morphine treatment, mean percent changes for each treatment
condition were analyzed with a two-way ANOVA with repeated measures with treatment
and time as the main effects. The effects of intramuscular lidocaine and trapezius morphine
treatments were analyzed with a one-way ANOVA with repeated measures. For comparisons
between men and women, mean percent changes in each dependent measure for each
treatment condition were analyzed with a two-way ANOVA with repeated measures with sex
and time as the main effects. Holm-Sidak method was used as a post-hoc analysis. The
significance level of all statistical analyses was set at p < 0.05. The data are described as
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mean + standard deviation (SD) in the text and tables and mean + standard error of the mean
(SEM) for graphic presentations.

Fifty one TMD patients (27 men and 24 women, mean + SD age 29 + 6.3 and 28 + 8.5
years, respectively, were divided into the following control and experimental groups: saline
masseter (n=11, 6 men and 5 women), morphine 1.5 mg masseter (n=13, 8 men and 5
women), morphine 5 mg masseter (=11, 5 men and 6 women), lidocaine masseter (n=11, 6
men and 5 women) and morphine 5 mg trapezius (n=5, 2men and 3 women). None of the
participants showed any obvious signs of adverse effects due to treatment on the day of
treatment. The participants reported no complaints throughout the duration of the study.

Intramuscular morphine effects

Mean VAS scores and mean PPT and PPtol measures for all patients under each condition
during the observation period are described in Table 1. Mean baseline VAS scores were not
significantly different amongst treatment groups. We therefore normalized the VVAS scores
following treatment to pre-treatment scores and analyzed percent changes in the VVAS scores
overtime with a two-way ANOVA with repeated measures. As shown in Fig 1A, there was a
significant treatment effect (F=4.36, p<0.05) as well as a significant time effect (F=12.4,
p<0.001). The post-hoc analysis further revealed that there was a significant difference in
VAS scores between the patients treated with morphine 5 mg and those treated with saline.
Significantly lower VAS scores at 30 min, 60 min, 24 hrs and 48 hrs were primarily derived
from the patients treated with morphine 5 mg.

Mean baseline PPT and PPtol measures were not significantly different amongst all groups.
As with VAS scores, we normalized the PPT measures at each time point following
treatment to pre-treatment scores and analyzed percent changes in the PPT measures
overtime. There was an overall increase in PPT measures throughout the observation period
(F=10.8, p<0.001, Fig 1B). Both morphine treated groups tended to show greater increases
in PPT measures compared to those of saline treated group, but no significant treatment
effect was observed (F=0.25, £~>0.05).

PPtol measures also gradually increased overtime following morphine treatments, but the
differences were not statistically significant compared to those of saline group (F=0.7,
p>0.05, Fig 1C). There was significant time effect with significant changes occurring at
30min, 60min, 24hr and 48hr (F=6.9, p<0.001).

Lidocaine injection in the masseter muscle gradually decreased VAS scores to the extent
similar to that produced by morphine treatments (Fig 2A). However, the decrease in VAS
scores by lidocaine did not reach a statistical significance. Lidocaine treatment lead to
significant elevation of PPT measures (Fig 2B, F=5.1, p < 0.01), but PPtol measures were
unaffected (Fig 2C). In Fig 2, the effects of morphine 5 mg were added for comparison with
lidocaine effects. Although morphine treatment produced a greater decrease in VAS scores
than that of lidocaine, the difference did not reach a statistical significance (F=2.6, p> 0.5).
PPT and PPtol measures were not significantly different between morphine 5 mg and
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lidocaine treated groups (F=0.2, p> 0.5, F=0.98, p> 0.5, respectively). Intramuscular
injection of morphine 5 mg to the trapezius muscle, a muscle distant from the painful
masseter muscle, did not lead to significant changes in VAS, PPT and PPtol scores arising
from the masseter muscle (Fig 2D-F).

Sex differences in intramuscular morphine effects

Under saline treatment condition, there was neither a significant sex effect (F= 0.06, p=0.8)
nor a time effect (F=2.1, p=0.08; Fig 3A). Morphine at both 1.5 mg and 5 mg doses
significantly attenuated the mean percent VVAS scores (F=4.4, p<0.01 and F=9.7, p<0.001,
respectively). Post-hoc analyses revealed that morphine 1.5 mg significantly reduced the
mean percent VAS scores only at 48hrs whereas morphine 5 mg lead to an immediate
reduction of the mean percent VVAS scores that persisted for the entire observation duration
(Fig 3B, C). Morphine 5 mg tended to produce greater effect in women, but no statistically
significant sex difference was observed in either morphine 1.5 mg or 5 mg group (F=0.08,
p=0.79 and F=3.4, p=0.1, respectively).

No significant sex effect on PPT measure was detected following saline treatment (F= 1.39,
p=0.27). Saline treatment moderately, but significantly, increased the mean percent PPT
measures (F=2.5, p<0.05), which was contributed primarily by women (Fig 3D). The
treatment with morphine at 1.5 mg led to significant sex (F=8.6, p< 0.05) and time (F=5.89,
p<0.001) effects. There was a gradual and significant increase in the mean percent PPT
measures only in men (Fig 3E). There was a similar trend of responses with the higher dose
(5 mg) of morphine. Sex difference was expected, but did not reach a statistical significance
(F=4.9, p=0.055). At this dose, morphine tended to induce antihyperalgesic in both men and
women. However, a significant interaction between sex and time were observed (F=2.83,
p<0.05) as a gradual increase in the mean percent PPT measures was observed only in men
(Fig 3F).

No significant sex (F=0.3, p>0.05) and time (F=1.2, p>0.05) effects on PPtol measures were
detected following saline treatment (Fig 3G). Morphine treatment at 1.5 mg dose led to
significant sex (F=6.3, p<0.05) and time (F=3.77, p<0.01) effects. A gradual and significant
increase in the mean percent PPtol measures was observed only in men (Fig 3H). Morphine
treatment at 5 mg also significantly increased the mean percent PPtol measures (F=2.8,
p<0.05). There was no significant sex effect (F=0.6, p=0.45). However, there was a
significant interaction between sex and time (F=2.9, p<0.05) as a significant increase in the
mean percent PPtol measures compared to the baseline measure was observed at 24 and 48
hr time points only in men (Fig 3I).

Discussion

In the present study, we evaluated the effects of intramuscular administration of morphine in
TMD patients diagnosed with myalgia on ongoing pain as measured by changes in the VAS
scores. We found that direct intramuscular treatments with morphine led to a gradual and
significant short-term reduction in the intensity of ongoing pain in both men and women.
Control injection with saline did not significantly alter the VVAS scores in either men or
women. The significant analgesic effects could be observed as early as 30 minutes after the
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treatment and lasted for 48 hours. Our study was initially designed with the assumption that
single intramuscular morphine treatment would produce relatively sustained effects that
could last up to 48 hrs. It is possible that single injection of morphine may result in even
more prolonged analgesic effects than we had anticipated. Despite high variability in VAS
scores amongst women the analgesic effects were most pronounced with the higher dose of
morphine (5 mg) for both men and women. It is possible that morphine at this dose may
involve more than opioid receptor-mediated effects at the local injection site. However, it is
unlikely that the dose of morphine used in our study produced its effects primarily via the
opioid receptors in the CNS since none of our patients reported adverse effects. Intra-
articular administration of morphine to TMD patients even at the 10 mg dose appears to
produce no noticeable side effects (Ziegler et al., 2010). Furthermore, the higher dose of
morphine (5 mg) used in this study did not produce any changes in masseter pain and
sensitivity responses when administered into the distant muscle, ruling out the possibility of
systemic effects. Thus, our results suggest that targeting local opioid receptors with
intramuscular morphine has significant treatment effects on TMD patients with ongoing
muscle pain.

Current therapy for pain related to TMD involves both non-pharmacological and
pharmacological means. The major classes of drugs used to treat the TMD pain are NSAIDs,
anti-depressants, anti-convulsants, muscle relaxants and opioids (Fricton, 2007, Kucuk,
2014). Unfortunately, many of these drugs are associated with unwanted side effects and do
not offer reliable and persistent analgesia in patients. (Gallardo et al., 1975, Kimos et al.,
2007, Rizzatti-Barbosa et al., 2003, Sharav et al., 1987, Singer & Dionne, 1997). Despite the
strong analgesic effects provided by opioids, there are many unwanted side effects, such as
nausea, vomiting, constipation, dependence, respiratory depression and opioid-induced
hyperalgesia that often lead to poor compliance and rejection of therapy. Systemic opioids
has no major effect on relieving chronic orofacial pain conditions and is better preserved for
acute pain conditions and cancer/cancer therapy related pain The present findings add to the
accruing clinical evidence that peripheral morphine provides effective analgesia in many
pain conditions, including TMD (List et al., 2001, Ziegler et al., 2010). Our observation that
a single treatment of low dose of morphine produced lasting analgesic effects up to 48hrs,
effects that are not observed with intramuscular lidocaine treatment, presented a need for a
larger scale study with a longer follow-up period to more conclusively determine the dosing
and treatment paradigms for intramuscular morphine injections.

To our knowledge, there are no clinical or preclinical studies that directly compared sex
differences in the effects of intramuscular morphine on spontaneous or non-evoked ongoing
pain. Few pre-clinical studies that report sex differences in the effects of peripheral opioids
in orofacial injury models assessed mechanical hyperalgesia, but not on-going pain, as the
outcome measure (Bai et al., 2015, Zhang et al., 2014). The present study provided novel
information that activation of peripheral opioid receptors in the masseter muscle in TMD
patients with myalgia does not yield obvious sex differences. These results do not
necessarily mean that there are no sex differences in peripheral opioid receptor mechanisms.
It is possible that multiple factors beyond the nociceptor level contribute to verbal reports of
ongoing muscle pain, which represent a composite sensory experience.
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Major symptoms of TMD are characterized by localized myalgia, tenderness upon manual
palpation, reduced force output and limited range of motion(Hedenberg-Magnusson et al.,
1997, Lund et al., 1991, Molin, 1972), all of which could result from sensitization of
nociceptors (Mense, 1993). Thus, a prominent feature of persistent muscle pain conditions is
a change in the mechanical sensitivity of muscle tissue. Our data showed that the
intramuscular morphine treatment consistently led to more pronounced anti-hyperalgesic
effects over saline. These observations suggest that locally administered morphine increases
mechanical thresholds of muscle nociceptors via the opioid receptors expressed in masseter
afferents, which could serve as important knowledge base for designing effective treatment
strategies for mechanically evoked muscle pain conditions.

Interestingly, the profound morphine effects on masseter sensitivity observed in men were
not present in women. These data are consistent with a recent animal study that
demonstrated sex differences in the effects of intramuscular DAMGO on evoked pain or
mechanical hyperalgesia (Zhang et al., 2014). Available studies indicate that sex differences
in peripheral opioid analgesia involve multiple mechanisms (Holtman & Wala, 2006,
Saloman et al., 2011). Inflammation in the masseter muscle significantly upregulates MOR
in trigeminal ganglia of male, but not female, rats (Zhang et al., 2014). The MOR regulation
in trigeminal ganglia is testosterone dependent: the inflammation-induced upregulation of
MOR could not be observed in gonadectomized male rats and a testosterone replacement in
these rats restored peripheral DAMGO effects (Zhang et al., 2014). Since androgen receptors
function as a transcription factor that directly regulates cannabinoid receptors in trigeminal
sensory neurons (Lee et al., 2013), it is possible that the testosterone-androgen receptor
mediated regulation of MOR in sensory neurons contributes to the common mechanisms of
sex differences in peripheral analgesia, which we propose as the underlying cellular basis for
our findings.

Despite our observation that single intramuscular morphine treatment did not result in
obvious adverse effects, any future studies should take into consideration that the exposure
to repeated intramuscular injections over time might increase the risk of unwanted side
effects. We also acknowledge that the small sample size of our study with limited power
does not allow us to make firm conclusions. However, here we report the first clinical
evidence on sex differences in peripheral intramuscular morphine effects that are consistent
with recent animal studies, which offer clear mechanistic bases for sex differences in
peripheral analgesia. Therefore, our findings should have potentially important clinical
implications for the design of treatment strategies targeting peripheral opioid receptors that
should take sex differences into account when considering TMD patient populations.
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Figure 1.
Effects of intramuscular treatments on (A) VAS scores, (B) PPT and (C) PPtol measures.

Data were normalized to the baseline scores for each participant. Mean percent changes in
the VAS scores, PPT and PPtol measures were plotted against time and compared between
saline and morphine treatment conditions. * denotes significant treatment effect between
morphine 5 mg and saline groups. # denotes significant changes compared to the baseline
values for all three treatment groups over time. The data are represented as mean + SEM.
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Effects of intra-masseter lidocaine on VAS scores (A), PPT (B) and PPtol (C) measures.
Effects of morphine 5 mg shown in Fig 1 were re-plotted here for comparison. Mean percent

represented as mean £ SEM. Trpz, trapezius

Oral Dis. Author manuscript; available in PMC 2019 November 01.

changes in the VVAS scores, PPT and PPtol measures assessed from the masseter muscle
were plotted against time. # denotes significant changes compared to the baseline values
only for lidocaine group. Effects of intra-trapezius morphine 5 mg on changes in the VAS
scores (D), PPT(E) and PPtol (F) measures assessed from the masseter muscle. The data are
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Figure 3.
Mean percent changes in VAS scores (A—C), PPT measures (D-F), and PPtol measures (G-

1) were plotted against time and compared between men and women for saline, morphine 1.5
mg, and morphine 5 mg treatment condition. # denotes significant changes in VAS scores
compared to the baseline values. * denotes significant difference between men and women.
The data are represented as mean + SEM.
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