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Abstract: Background: Sleep bruxism (SB) management aims to reduce the number and magnitude of
bruxism episodes per hour of a patient’s sleep and, therefore, reduce the potentially negative clinical
consequences. Opipramol belongs to the group of tricyclic antidepressants (TCAs) and is considered
as an atypical TCA, as it acts primarily as a sigma receptor agonist. This study aimed to preliminarily
determine the effectiveness of opipramol in the management of severe SB. Methods: A total of
19 otherwise healthy participants with severe SB diagnosed during stage I video polysomnography
(VPSG) were subjected to an 8-week pharmacotherapy trial with a 100 mg bedtime daily dose of
opipramol and were then analyzed by control stage II vPSG. Results: The participants included
14 females and 5 males, aged 2047 years (mean = standard deviation: 32.32 + 8.12). A comparison
of stage I and II vPSG recordings showed a decrease in all the studied SB parameters in 78.85% of
participants. Only in a small group of participants (15.53%) was a non-significant increase of SB
parameters observed. Conclusions: A single 100 mg dose of opipramol at bedtime seems to positively
affect the reduction of SB in otherwise healthy individuals diagnosed with severe SB. However, the
subject requires further research on a larger population including a control group.

Keywords: sleep bruxism; polysomnography; opipramol; tricyclic antidepressants

1. Introduction

In accordance with the 2018 International Consensus, sleep bruxism (SB) and awake
bruxism are considered as two separate phenomena [1]. Currently, SB is defined as a
masticatory muscle activity that can be either phasic (thythmic) or tonic (non-rhythmic)
and is not a movement disorder or a sleep disorder in otherwise healthy individuals [1]. It
is recommended that bruxism can be classified as a behavior, a protective factor, or a risk
factor [1,2]. However, in some individuals, for example, those with obstructive sleep apnea
(OSA), epilepsy, rapid eye movement (REM) sleep behavior disorder, or gastroesophageal
reflux disease, SB can be considered as a sign of a disorder [1-5]. Furthermore, as a
masticatory muscle activity, SB can lead to numerous negative clinical consequences,
including damage to the dental hard tissues such as tooth wear or cracked teeth, damage
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to the oral mucosa, prosthodontic complications, fatigue and pain in masticatory muscles,
and headache [1-5].

SB is a common behavior, and its prevalence is estimated in 13% of the general
population [3]. Due to the occurrence in sleep, the diagnosis of SB is quite challenging [5].
Most commonly, patients report pain in masticatory muscles or tooth wear [1-5]. Possible
bruxism can be diagnosed on the basis of positive self-reporting, while probable bruxism
can be diagnosed from a positive clinical examination (with or without positive self-
reporting). On the other hand, definite bruxism can only be diagnosed using instrumental
diagnostic methods. Video polysomnography (vPSG) seems to be the best among the
methods available for SB diagnosis [1]. VPSG allows for the assessment of SB both in
terms of quantity (bruxism episodes and burst indexes) and qualitative (number of phasic,
tonic and mixed episodes). SB is believed to have a multifactorial and complex origin,
and to be caused by biological, psychological, and exogenous factors. In addition, genetic
factors seem to play a crucial role in its occurrence, but the neurophysiology of SB is
still unclear [1-5].

Due to the fact that SB is not considered a disorder, management should be imple-
mented only when patients experience the negative consequences. SB management aims to
reduce the number and magnitude of bruxism episodes per hour of a patient’s sleep and,
therefore, reduce the risk of occurrence of the negative clinical consequences [4]. Due to
the complexity and multifactorial origin of SB and the difficulty in its diagnosis, proper
management often requires multi-specialist collaboration and is, therefore, a major clinical
challenge [1-5]. Until now, SB has been managed only according to the symptoms using oral
appliances [6-9] and physical therapy [10-12]. Among the methods of causal management,
sleep hygiene [13,14], botulinum toxin injections [15,16], and pharmacotherapy [17,18] are
often described. Several therapeutic agents, such as benzodiazepines, anticonvulsants,
beta-blockers, dopamine agents, antidepressants, and muscle relaxants have been tested for
the management of SB [18]; in particular, the use of amitriptyline, bromocriptine, clonidine,
propranolol, tryptophan, levodopa, and pramipexole were analyzed [17,19]. However,
none of these drugs have been introduced to the standard targeted SB management.

Opipramol is a dibenzazepine derivative developed in the 1960s. It belongs to the
group of tricyclic antidepressants (TCAs) [20-22]. TCAs are currently used for treating a
number of disorders such as mood disorders, anxiety disorders, eating disorders, personal-
ity disorders, Parkinson’s disease, chronic pain, and insomnia [23,24]. Although opipramol
belongs to this group of drugs, it is atypical because most of the TCAs act as monoamine
reuptake inhibitors, but opipramol acts primarily as a strong sigma 1 and 2 receptor ago-
nist. It acts also as moderate dopamine D2, serotonin 5-HT2 and histamine H1 receptors
antagonist and shows low anticholinergic activity. Opipramol has an anxiolytic, sedative
and mood-improving effect, while it has less antidepressant properties [20-22]. When
applied in the evening, it has sleep-improving effect [25,26]. Gerlach et al. reported that
evening opipramol significantly improved sleep quality, and in particular the frequency of
awakening at night was reduced. Although the minimal recommended dosage starts at
50 mg, these effects could be observed predominantly after 100 mg opipramol [25]. Side
effects of low-dose opipramol intake are rather rare [20-22]. Although other TCAs such
as amitriptyline [17] have been investigated for their effectiveness in reducing bruxism
episodes, no studies have examined the effectiveness of opipramol in this issue. As SB is
often reported to be associated with awakening [1,2], opipramol seems to perfectly meet
the criteria of a potentially effective and multifaceted drug.

The high prevalence and complexity of SB and the multitude of its clinical mani-
festations have increased the need to search for an effective drug that would reduce the
number of bruxism episodes, while not adversely affecting the sleep parameters and the
overall well-being of the patients. Therefore, the purpose of this study was to preliminarily
determine the effectiveness of low-dose opipramol in the management of severe SB. It has
been hypothesized that opipramol may be a possible effective drug in reducing severe SB.
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2. Materials and Methods

This prospective consecutive controlled case series was prepared in accordance to
the preferred reporting of case series in surgery (PROCESS) guidelines (https://www.
processguideline.com/).

2.1. Participants

The participants of this prospective consecutive controlled case series were adult
patients of the Outpatient Clinic for Temporomandibular Disorders operating at the Depart-
ment of Experimental Dentistry of the Wroclaw Medical University in Poland. The study
was conducted from October 2017 until December 2019. All the participants provided writ-
ten informed consent before inclusion. The study was approved by the Ethical Committee
of the Wroclaw Medical University (ID KB-195/2017) and conducted in accordance with
the Declaration of Helsinki. The information regarding clinical trial registration is available
at www.ClinicalTrials.gov (identifier NCT03083405).

2.2. Recruitment

The patients attending the Outpatient Clinic for Temporomandibular Disorders were
subjected to a thorough medical interview, and an intra- and extraoral clinical exami-
nation based on the Diagnostic Criteria for Temporomandibular Disorders focusing on
self-reporting (including bed partner reporting) and the signs and symptoms of bruxism.
The procedures were performed by experienced dentists. Patients diagnosed with prob-
able SB in accordance with the Third Edition of the International Classification of Sleep
Disorders (ICSD-3) published by the American Academy of Sleep Medicine (AASM) [5]
were subjected to single-night vPSG. None of the included patients used oral devices or
get any other treatment which could potentially affect intensity of sleep bruxism. Patients
diagnosed with severe definitive SB after the stage I vPSG (the number of bruxism episodes
per hour of sleep—bruxism episode index (BEI) > 4) were included in the study. The
patients were recruited from October 2017 to December 2019. No psychiatric evaluation
was carried out.

2.3. Inclusion Criteria

The general inclusion criteria were as follows: age > 18, willingness to participate in
the study, and diagnosis of definitive severe SB confirmed in stage I vPSG.

2.4. Exclusion Criteria

The general exclusion criteria were as follows: presence of neurological disorders
and/or neuropathic pain, active inflammation, OSA, active malignancy, severe mental
disorders, or cognitive disability; treatment with or addiction to any analgesic and/or
drugs affecting muscle functions and breathing; history of pharyngeal surgery for the
treatment of OSA; and contraindications for opipramol pharmacotherapy.

2.5. Stage I Video Polysomnography (vPSG)

Patients diagnosed with probable SB in accordance to clinical examination underwent
a single-night vPSG with NoxA1l (Nox Medical, Reykjavik, Iceland) in the Sleep Laboratory
operating at the Department and Clinic of Internal Medicine, Occupational Diseases,
Hypertension and Clinical Oncology of the Wroclaw Medical University. Recordings
were carried out between 10.00 p.m. and 6.00 a.m., taking into account the preferences
and sleeping habits of the patients. The electrodes were arranged in a standard manner
including international 10-20 system and following the manufacturer’s recommendations.
The only modification relative to the standard distribution of electrodes was the placement
of bipolar leads for electromyographic recording from both sides of the origin and insertion
of masseter muscles to allow recognizing and recording the SB episodes.

The following standard elements of vPSG were examined: electroencephalographic,
electrocardiographic, electrooculographic, and electromyographic recordings from the
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chin area and bilaterally from the masseter muscles; recording of abdominal and thoracic
breathing activity; body position; and audio as well as video recording. To record the
level of saturation, pulse, and plethysmographic data, a NONIN WristOx2 3150 pulse
oximeter (Nonin Medical Inc., Plymouth, MN, USA) was used. Use of Noxturnal software
(Nox Medical, Reykjavik, Iceland) allowed restoring the full vPSG record. A qualified and
experienced physician scored and analyzed the vPSG recordings adhering to the AASM
guidelines [27].

Polysomnograms were assessed in 30-s epochs in accordance with the 2013 AASM
standard criteria for sleep scoring [27].

2.5.1. Sleep Bruxism (SB) Parameters

SB was assessed using bilateral masseter electromyography (EMG) and by evaluation
of the audio—video recordings. The following indexes were included in the assessment: BEI,
bruxism burst index (BBI), phasic bruxism (more than three cyclic phasic EMG increases lasting
0.25-2 s), tonic bruxism (episodes lasting >2 s), mixed bruxism, apnea to bruxism, and arousal
to bruxism. The new SB episodes were scored after at least 3 s of stable electromyography and
when the activity was at least twice the amplitude of the background electromyography [5,27].
On the basis of BEI (number of bruxism episodes per hour of sleep), SB was qualified as
irrelevant (BEI < 2), mild to moderate (BEI 2—4), or severe (BEI > 4) [5].

2.5.2. Respiratory Event Parameters

Abnormal respiratory events were scored by evaluating the pressure airflow signal in
accordance with the standard criteria of the AASM Task Force [27]. Apnea was defined as
the absence of airflow for >10's, while hypopnea was defined as a reduction in the breathing
amplitude by >30% for >10 s accompanied by a >3% decline in blood oxygen saturation
or arousal [5]. The following indexes were included in the assessment: apnea/hypopnea
index (AHI); oxygen desaturation index (ODI); snore index; average, minimal, and maximal
SpOy; SpO;, < 90%; and average desaturation drop.

2.5.3. Sleep Parameters

Sleep parameters were assessed using the 2013 AASM standard criteria for sleep
scoring. The following indexes were included in the assessment: total sleep time (TST),
sleep latency (SL), rapid eye movement (REM) latency (REML), wake after sleep onset
(WASO), sleep efficiency (SE), non-REM 1 sleep stage (N1), non-REM 2 sleep stage (IN2),
non-REM 3 sleep stage (N3), and arousals.

2.6. Opipramol Pharmacotherapy

Based on the results of stage I vPSG, otherwise healthy patients diagnosed with severe
SB (BEI > 4) and having no contraindications were qualified to receive oral opipramol
treatment. The patients were prescribed to take a single daily dose of 100 mg opipramol
dihydrochloride (Pramolan, Polpharma SA, Poland) at bedtime for the next 8 weeks. We
decided on the use of a 100 mg dose because it was previously reported as having a sleep-
improving effect [25]. After 4 weeks, the patients underwent a clinical reevaluation to
observe for possible side effects of pharmacotherapy and were referred to stage II vPSG.

2.7. Stage 11 vPSG

Stage II vPSG was performed as a control, after 8§ weeks of pharmacotherapy, in the
same manner and assessing the same parameters as stage [ vPSG.

2.8. Statistical Methods

Statistical analysis focusing on a comparison of stage I and II vPSG parameters using
paired data was performed using the Statistica version 13 software (Dell Inc., Round Rock,
TX, USA). A Shapiro-Wilk test was performed to test the normal distribution of the data.
Student’s t-test for parametric data and the Mann-Whitney U-test for nonparametric data
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were carried out to examine the significance of differences in the mean values between the
study stages. A correlation analysis was performed to determine the relationship between
the studied variables. Statistical significance was set at p < 0.05 in all the analyses.

3. Results

Thirty otherwise healthy adult participants diagnosed with severe SB during stage I
vPSG (BEI > 4) were included in the study. They were subjected to a clinical reevaluation
after 4 weeks of the opipramol pharmacotherapy to observe for side effects caused by the
drug intake. None of them reported any severe side effects, while 5 reported transient
sleepiness within the first few days of opipramol oral administration. All the participants
were directed to stage II vPSG, but only 19 completed the examination and, therefore,
constituted the study group. The remaining 11 participants did not report to stage 1l vPSG
possibly due to a lack of further willingness to participate in the study. These patients were
not taken into consideration in the analysis and presentation of the results.

The study group included 14 females and 5 males, aged 2047 years (mean =+ standard
deviation: 32.32 + 8.12).

The descriptive statistics of all the studied stage I and stage II vPSG parameters are
presented in Table 1; Table 2, respectively. Table 3 shows the changes in these parameters
after pharmacotherapy.

Table 1. Descriptive statistics of stage I video polysomnography (vPSG) parameters (N = 19).

Parameter Mean Median Minimum Maximum 5th Percentile 95th . Star}da}rd

Percentile Deviation
BEI (/h) 6.64 6.60 4.30 10.20 4,30 10.20 1.75
BBI (/h) 6.74 5.70 2.00 15.80 2.00 15.80 3.77
Apnea to bruxism (/h) 0.98 0.80 0.00 3.70 0.00 3.70 0.97
Arousal to bruxism (/h) 2.28 2.10 0.20 5.50 0.20 5.50 1.44
Phasic bruxism (/h) 4.23 4.50 0.10 8.00 0.10 8.00 2.12
Tonic bruxism (/h) 1.55 1.20 0.00 4.10 0.00 4.10 1.15
Mixed bruxism (/h) 0.96 0.90 0.10 1.90 0.10 1.90 0.54
AHI (/h) 2.45 2.20 0.50 6.60 0.50 6.60 1.63
ODI (/h) 2.58 2.10 0.10 6.90 0.10 6.90 1.90
Snore (%) 4.95 0.20 0.00 46.80 0.00 46.80 11.86
TST (m) 446.63 449.00 374.50 541.50 374.50 541.50 37.96
SL (m) 22.35 17.80 0.90 66.90 0.90 66.90 18.74
REML (m) 93.16 68.50 5.00 232.50 5.00 232.50 56.96
WASO (m) 23.18 15.50 0.00 84.30 0.00 84.30 22.39
SE (%) 88.72 90.30 73.60 99.00 73.60 99.00 6.89
N1 (%) 3.00 2.80 0.70 8.40 0.70 8.40 2.02
N2 (%) 45.16 47.20 23.30 61.30 23.30 61.30 10.07
N3 (%) 24.82 22.80 10.70 39.90 10.70 39.90 8.05
REM (%) 27.05 26.80 19.80 36.60 19.80 36.60 441
Arousals (/h) 4.77 4.10 0.40 12.60 0.40 12.60 3.55
Average SpO; (%) 95.33 95.80 92.20 96.60 92.20 96.60 1.27
Minimal SpO, (%) 88.47 91.00 64.00 96.00 64.00 96.00 7.51
SpOs < 90% (%) 0.92 0.00 0.00 11.30 0.00 11.30 2.61
Average desaturation drop (%) 3.35 3.30 2.60 4.00 2.60 4.00 0.33
Average pulse (bpm) 61.41 58.90 50.90 78.10 50.90 78.10 8.26
Maximal pulse (bpm) 100.16 99.00 78.00 180.00 78.00 180.00 21.53
Minimal pulse (bpm) 49.42 47.00 38.00 68.00 38.00 68.00 7.81

BEI—bruxism episode index, BBI—bruxism burst index, AHI—apnea/hypopnea index, ODI—oxygen desaturation index, TST—total
sleep time, SL—sleep latency, REML—rapid eye movement latency, WASO—wake after sleep onset, SE—sleep efficiency, N1—non-rapid
eye movement 1, N2—non-rapid eye movement 2, N3—non-rapid eye movement 3, REM—rapid eye movement, /h—per hour of sleep,
m—minutes, bpm—beats per minute.
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Table 2. Descriptive statistics of stage II vPSG parameters (N = 19).
Parameter Mean Median Minimum Maximum Percsgll tile Pergcsetnltcile gt;ri‘:;;i

BEI 4.32 3.70 1.50 9.40 1.50 9.40 2.15

BBI 5.49 3.80 1.20 14.70 1.20 14.70 391

Apnea to bruxism 0.52 0.20 0.00 2.30 0.00 2.30 0.69
Arousal to bruxism 1.43 0.90 0.00 3.50 0.00 3.50 1.06
Phasic bruxism 2.54 2.10 0.00 7.70 0.00 7.70 1.97
Tonic bruxism 0.91 0.90 0.10 3.20 0.10 3.20 0.76
Mixed bruxism 0.79 0.70 0.00 3.80 0.00 3.80 0.78
AHI 2.36 2.00 0.00 7.40 0.00 7.40 2.06

ODI 3.14 2.00 0.00 8.00 0.00 8.00 2.44

Snore 5.64 0.20 0.00 52.10 0.00 52.10 14.84

TST 448.34 461.80 281.40 525.60 281.40 525.60 60.52

SL 22.81 11.60 0.40 130.50 0.40 130.50 30.85

REML 82.52 66.50 14.50 256.00 14.50 256.00 53.39
WASO 13.73 11.00 3.00 34.50 3.00 34.50 10.17

SE 89.76 93.40 58.40 98.40 58.40 98.40 10.28

N1 2.67 2.30 0.60 7.22 0.60 7.22 1.86

N2 46.95 48.10 27.60 70.50 27.60 70.50 10.80

N3 25.41 2410 6.10 54.90 6.10 54.90 11.00

REM 2497 25.70 15.30 34.30 15.30 34.30 5.81
Arousals 443 3.00 1.00 19.30 1.00 19.30 4.21
Average SpO, 95.15 95.50 93.20 96.70 93.20 96.70 0.96
Minimal SpO, 89.16 91.00 72.00 95.00 72.00 95.00 5.78
SpO, < 90% 0.05 0.00 0.00 0.50 0.00 0.50 0.12
desatﬁ‘r’ifoie drop 3.03 3.10 0.00 3.80 0.00 3.80 0.77
Average pulse 61.93 59.30 48.90 75.70 71.00 155.00 8.82
Maximal pulse 94.89 93.00 71.00 155.00 48.90 75.70 17.11
Minimal pulse 49.84 47.00 38.00 64.00 38.00 64.00 7.68

BEI—bruxism episode index, BBI—bruxism burst index, AHI—apnea/hypopnea index, ODI—oxygen desaturation index, TST—total sleep
time, SL—sleep latency, REML—rapid eye movement latency, WASO—wake after sleep onset, SE—sleep efficiency, N1—non-rapid eye

movement 1, N2—non-rapid eye movement 2, N3—non-rapid eye movement 3, REM—rapid eye movement.
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Table 3. Change in the studied parameters after pharmacotherapy (N = 19).

Parameter Mean Median Minimum Maximum Peritelrlltile Per9csetnhtile S:::/ril:tzz(:\ p
BEI change —2.33 —2.80 —5.80 2.90 —5.80 2.90 241 0.00
BBI change -1.25 —1.80 —12.50 8.20 —12.50 8.20 4.88 0.28
Apnea to bruxism change -0.46 -0.20 -3.70 0.70 —3.70 0.70 0.99 0.06
Arousal to bruxism change -0.85 -0.50 —4.60 3.00 —4.60 3.00 1.72 0.04
Phasic bruxism change -1.68 -2.20 -3.70 3.20 —3.70 3.20 1.79 0.00
Tonic bruxism change -0.64 -0.60 -2.70 1.30 —2.70 1.30 1.15 0.03
Mixed bruxism change -0.17 -0.20 -1.40 2.30 —1.40 2.30 0.87 041
AHI change -0.09 -0.30 -3.60 4.60 —3.60 4.60 1.71 0.82
ODI change 0.56 0.80 —4.40 6.40 —4.40 6.40 2.18 0.28
Snore change 0.69 0.00 -10.90 26.80 —10.90 26.80 6.99 0.67
TST change 171 11.90 -196.90 136.90 —196.90 136.90 77.64 0.92
SL change 0.46 -0.80 —66.50 81.10 —66.50 81.10 29.63 0.95
REML change -10.64 -2.50 -152.00 108.50 —152.00 108.50 59.66 0.45
WASOQO change -9.46 -8.50 -59.00 22.50 —59.00 22.50 20.84 0.06
SE change 1.04 3.10 -28.50 23.40 —28.50 23.40 10.26 0.66
N1 change -0.33 -0.50 -3.80 4.90 —3.80 4.90 2.52 0.58
N2 change 1.79 0.20 -10.90 12.70 —10.90 12.70 6.90 0.27
N3 change 0.59 0.90 -16.10 20.90 —16.10 20.9 8.11 0.76
REM change -2.07 -0.40 -12.10 8.00 —12.10 8.00 5.33 0.11
Arousals change -0.35 -0.10 -9.70 14.20 -9.70 14.20 4.97 0.76
Average SpO; change -0.18 -0.50 —2.00 2.20 —2.00 2.20 1.10 0.49
Minimal SpO, change 0.68 1.00 -17.00 12.00 —17.00 12.00 7.09 0.68
SpO; < 90% change -0.86 0.00 -11.30 0.50 —11.30 0.50 2.63 0.17
Average desaturation drop change -0.32 -0.30 —3.40 0.70 —3.40 0.70 0.85 0.12
Average pulse 0.52 -1.10 —3.40 15.20 —3.40 15.20 5.20 0.67
Maximal pulse —5.26 —-3.00 —28.00 8.00 —28.00 8.00 9.16 0.02
Minimal pulse 0.42 0.00 —6.00 14.00 —6.00 14.00 524 0.73

Student’s t-test was used for normally distributed variables. In the case of variables with a distribution other than normal, the Mann—
Whitney U-test was used. BEI—bruxism episode index, BBI—bruxism burst index, AHI—apnea/hypopnea index, ODI—oxygen desatu-
ration index, TST—total sleep time, SL—sleep latency, REML—rapid eye movement latency, WASO—wake after sleep onset, SE—sleep
efficiency, N1—non-rapid eye movement 1, N2—non-rapid eye movement 2, N3—non-rapid eye movement 3, REM—rapid eye movement.

3.1. Influence of Opipramol on SB

The participants were classified into three groups in which (1) SB decreased, (2) SB
remained on the same level and (3) SB increased. When considering the decrease of SB also
a level difference was reported: from severe (BEI > 4) to mild-moderate (BEI 2-4) and from
severe to irrelevant (BEI < 2).

A decrease of BEI was reported in 15 (78.95%) participants (group 1), while in
2 (15.53%) participants BEI remained at almost the same level (group 2) and an increase
was reported by 2 (15.53%) participants (group 3). An improvement of BEI from severe to
irrelevant was reported by 4 (21.05%) participants and from severe to mild-moderate by
5 (26.32%) participants, while in 6 (31.58%) participants BEI remained at the severe level.

The analysis of SB parameters performed between stage I and stage II vPSGs showed a
decrease in the mean value of all the studied SB parameters in all the participants (Table 3).
Furthermore, a comparison of SB parameters before and after opipramol treatment showed
a statistically significant decrease in BEI (p = 0.00), phasic bruxism (p = 0.00), tonic bruxism
(p = 0.03), and arousal to bruxism (p = 0.04) after pharmacotherapy. The BEI decrease after
pharmacotherapy was statistically significantly higher in those who had a higher initial BEL
Participants with a BEI of >6.6 presented a statistically significantly higher decrease in the index
and phasic bruxism after the pharmacotherapy than others (p = 0.01 for both comparisons).

The analyses on participant groups showing a decrease (group 1), no change (group 2),
and an increase (group 3) in BEI after pharmacotherapy revealed an average decrease of
3.35 in the BEI score in group 1 and an average increase of 2.80 in group 3. The detailed
comparative analysis of groups 1 and 3 showed statistically significant differences between
them in BEI, BBI, and phasic and mixed bruxism. A statistically significantly higher BEI
and a decrease of phasic bruxism (p = 0.00 and p = 0.00, respectively) were observed in
group 1, while a statistically significantly higher BBI and an increase of mixed bruxism
were observed in group 3 (Table 4).
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Table 4. Comparison of change in studied parameters between group 1 (SB improvement) and group 3 (SB aggravation).

Group 1 Group 3
Parameter 5th 95th 5th 95th P
Mean Percentile Percentile SD Mean Percentile Percentile SD

BEI change —3.35 —5.80 —1.60 1.29 2.80 2.70 2.90 0.14 0.00
BBI change —2.84 —12.50 1.60 3.68 7.50 6.80 8.20 0.99 0.00
Apnea to bruxism change —0.50 -3.70 0.70 1.04 —0.05 —0.20 0.10 0.21 0.56
Arousal to bruxism change —0.92 —4.60 3.00 1.87 0.00 —0.50 0.50 0.71 0.51
Phasic bruxism change —2.25 -3.70 0.50 0.97 1.15 —0.90 3.20 2.90 0.00
Tonic bruxism change —-0.76 —2.70 1.30 1.07 —0.10 —1.40 1.20 1.84 0.45
Mixed bruxism change —0.35 —1.40 1.10 0.69 1.15 0.00 2.30 1.63 0.02
AHI change 0.12 —3.60 4.60 1.88 —0.95 —1.00 —0.90 0.07 0.45
ODI change 0.51 —4.40 6.40 2.46 0.90 0.80 1.00 0.14 0.83
Snore change 0.71 —10.90 26.80 7.90 —0.20 —0.20 —0.20 0.00 0.88
TST change 15.33 —111.90 136.90 63.02 —88.85 —196.90 19.20 15281  0.08
SL change 7.09 —25.40 81.10 27.02  —-39.15 —66.50 —11.80 38.68 0.04
REML change —5.63 —152.00 108.50 64.84 —18.80 —25.10 —12.50 8.91 0.78
WASO change —14.00 —59.00 15.00 20.18 5.50 —11.50 22.50 24.04 0.22
SE change 2.67 —11.10 23.40 826  —11.85 —28.50 4.80 23.55 0.07
N1 change —0.72 —3.80 3.72 2.46 2.20 —0.50 4.90 3.82 0.15
N2 change 171 —10.90 12.70 7.15 7.05 2.80 11.30 6.01 0.33
N3 change -0.13 —-16.10 20.90 8.52 —0.40 —-3.00 2.20 3.68 0.97
REM change —0.87 —12.10 8.00 5.04 —8.90 -9.90 -7.90 141 0.05
Arousals change —0.37 —9.70 14.20 5.55 1.30 0.30 2.30 1.41 0.69
Average SpO, change 0.05 -1.20 2.20 1.08 -1.25 —2.00 —0.50 1.06 0.13
Minimal SpO, change 1.40 —17.00 12.00 7.81 —1.00 —2.00 0.00 1.41 0.68
SpO, < 90% change -1.13 —11.30 0.10 2.92 0.00 0.00 0.00 0.00 0.60
Average desaturation drop change —0.48 —3.40 0.10 0.87 0.10 —-0.30 0.50 0.57 0.38
Average pulse change 1.03 —3.40 15.20 5.74 —0.40 -1.70 0.90 1.84 0.74
Maximal pulse change —5.33 —28.00 8.00 10.02 —2.50 —7.00 2.00 6.36 0.71
Minimal pulse change 0.73 —6.00 14.00 5.74 1.50 0.00 3.00 2.12 0.86

Student’s ¢-test was used for normally distributed variables. In the case of variables with a distribution other than normal, the Mann—
Whitney U-test was used. SD—standard deviation, BEI—bruxism episode index, BBI—bruxism burst index, AHI—apnea/hypopnea index,
ODI—oxygen desaturation index, TST—total sleep time, SL—sleep latency, REML—rapid eye movement latency, WASO—wake after
sleep onset, SE—sleep efficiency, N1—non-rapid eye movement 1, N2—non-rapid eye movement 2, N3—non-rapid eye movement 3,

REM—rapid eye movement.

3.2. Influence of Opipramol on Other Sleep Parameters

No statistically significant differences were found in the following: AHI; ODI; snore;
TST; SL; REML; WASO; SE; N1, N2, and N2; REM; arousals; average, minimal, and maximal
SpOy; SpO, <90%; average desaturation drop; and average and minimal pulse (p > 0.05 for
all comparisons). Maximal pulse was found to be statistically significantly lower after the
pharmacotherapy (p = 0.02) (Tables 1-3).

3.3. Influence of Age and Gender on Studied Parameters during Opipramol Treatment

As mentioned before the study, participants were divided into three groups presenting
SB decrease (group 1), SB no change (group 2) and SB increase (group 3). Group 1 consisted
of 15 participants (aged 20-47; 11 females and 4 males). Group 2 consisted of 2 participants
(2 females aged 34 and 24). Group 3 consisted of 2 participants (1 female aged 30 and
1 male aged 28).

The opipramol pharmacotherapy was associated with statistically significant differ-
ences between the genders in AHI, ODI, and N3. The studied males presented a statistically
significant increase in AHI and ODI (p = 0.02 and p = 0.04, respectively) and a decrease in
N3 after pharmacotherapy compared to females (Table 5).
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Table 5. Comparison of the change in the studied parameters between genders.

Female (N =14) Male (N =5)
Parameter 5th 95th 5th 95th P
Mean Percentile Percentile SD Mean Percentile Percentile SD

BEI change —2.36 —5.80 2.70 2.27 —2.24 —5.00 2.90 3.05 0.93
BBI change -221 —12.50 6.80 4.93 1.42 —2.00 8.20 4.01 0.16
Apnea to bruxism change —0.58 -3.70 0.70 1.10 —0.14 —0.60 0.70 0.55 0.41
Arousal to bruxism change -1.11 —4.60 3.00 1.92 —0.14 —1.10 0.50 0.67 0.29
Phasic bruxism change -1.76 —3.50 2.10 1.48 —1.46 -3.70 3.20 2.68 0.75
Tonic bruxism change —0.44 —2.70 1.30 1.27 -1.20 -1.90 —0.60 0.49 0.22
Mixed bruxism change —0.28 —1.40 2.30 0.93 0.14 —0.60 1.10 0.67 0.37
AHI change —0.61 —3.60 2.40 1.30 1.38 —0.90 4.60 2.00 0.02
ODI change —0.04 —4.40 2.70 1.84 2.24 1.00 6.40 2.34 0.04
Snore change 1.46 —10.90 26.80 7.97 —1.44 —4.10 1.10 243 0.44
TST change —11.39 —196.90 92.00 78.67 38.40 —35.20 136.90 68.75 0.23
SL change 4.42 —66.50 81.20 32.27 —10.64 —25.40 22.00 18.89 0.34
REML change —16.19 —152.00 108.50 68.24 4.90 —16.00 32.50 21.70 0.51
WASO change -9.91 —59.00 22.50 23.60 —8.20 —25.50 6.50 11.96 0.88
SE change —0.67 —28.50 8.40 9.89 5.82 —4.40 23.40 10.79 0.23
N1 change —0.56 —3.80 4.90 2.83 0.32 -1.10 2.10 1.36 0.52
N2 change 0.56 —10.90 9.90 6.33 5.22 —4.90 12.70 8.02 0.20
N3 change 2.84 —6.20 20.90 7.32 —5.72 —16.10 1.60 7.38 0.04
REM change —2.86 -12.20 8.00 544 0.12 —7.90 4.30 4.87 0.30
Arousals change —-0.79 —9.70 14.20 5.76 0.90 0.10 2.20 0.86 0.53
Average SpO, change —0.16 —2.00 2.20 1.19 —0.24 —1.20 1.00 0.88 0.89
Minimal SpO, change 0.64 —17.00 12.00 7.49 0.80 —7.00 11.00 6.61 0.97
SpO, < 90% change -0.92 —11.30 0.50 3.02 —0.70 —2.90 0.00 1.26 0.88
Average desaturation drop change ~ —0.41 —3.40 0.70 0.98 —0.06 —0.30 0.10 0.17 0.44
Average pulse change 0.98 —3.40 15.20 598 —0.76 —2.10 1.10 1.61 0.54
Maximal pulse change —6.71 —28.00 8.00 10.16 -1.20 —7.00 2.00 3.83 0.26
Minimal pulse change 0.50 —6.00 14.00 5.97 0.20 —3.00 3.00 2.77 0.92

Student’s ¢-test was used for normally distributed variables. In the case of variables with a distribution other than normal, the Mann—
Whitney U-test was used. SD—standard deviation, BEI—bruxism episode index, BBI—bruxism burst index, AHI—apnea/hypopnea index,
ODI—oxygen desaturation index, TST—total sleep time, SL—sleep latency, REML—rapid eye movement latency, WASO—wake after
sleep onset, SE—sleep efficiency, N1—non-rapid eye movement 1, N2—non-rapid eye movement 2, N3—non-rapid eye movement 3,

REM—rapid eye movement.

However, the increase in AHI and ODI had a subclinical meaning in the male partic-
ipants. On the other hand, the age of the participants seemed to significantly influence
the decrease of BBI and maximal pulse during pharmacotherapy. In the case of older
participants, the decrease of BBI was higher, while the decrease of maximal pulse was
lower (p < 0.05 for both comparisons).

4. Discussion

This study is the first to assess the effectiveness of opipramol in the management of
severe SB and this medication has not been previously studied for this condition. Due to
this fact, this section begins with a comparison of the effectiveness of opipramol with other
medications previously studied for the reduction of SB.

Opipramol is a dibenzazepine derivative. It is primarily an anxiolytic and antidepres-
sant and belongs to the group of TCAs [20-22]. TCAs are currently used for treating a
number of disorders including mood disorders, anxiety disorders, eating disorders, per-
sonality disorders, Parkinson’s disease, chronic pain, and insomnia [23,24]. Their main
mechanism of action is blocking the reuptake of serotonin and norepinephrine [23]. In
addition, they exert an anticholinergic effect and often act as blockers of dopamine and his-
tamine receptors [23]. The effectiveness of TCAs, such as amitriptyline, was also assessed
in the reduction of bruxism [17,28-31]. The mechanism of action of amitriptyline is the
inhibition of norepinephrine and serotonin reuptake, where it exerts a balanced effect. It
also exhibits a strong anticholinergic effect both in the central and peripheral nervous sys-
tems [28-31]. In a study performed in a group of 10 participants, in which electromyography
was recorded for 7 consecutive nights during amitriptyline intake, Mohamed et al. reported
that no statistically significant differences were found between amitriptyline-administrated
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(low dose of 25 mg) and control (placebo) groups in the masticatory muscle activity [28].
Raigrodski et al. also reported similar findings in their study [29]. The effectiveness of
amitriptyline in reducing SB was reported only in a study focusing on duloxetine-induced
SB in fibromyalgia treatment, but the study did not involve any instrumental analysis of
masticatory muscle activity [29]. Moreover, other medications (clonidine [32], bromocrip-
tine [33], propranolol [34], tryptophan [35], levodopa [36,37], and pramipexole [19]) were
not reported to be effective in reducing the masticatory muscle activity.

It is worth emphasizing that although opipramol belongs to the TCAs group, in
some way it is atypical because most of the TCAs act as monoamine reuptake inhibitors,
while opipramol acts primarily as sigma receptor agonist and histamine receptors antag-
onist. [20-22]. It is possible that this unique mechanism of action of opipramol might
contribute to its effectiveness in reducing SB.

The results of this study indicate the effectiveness of opipramol in reducing all the
parameters associated with SB, including BEI, BBI, phasic bruxism, tonic bruxism, mixed
bruxism, apnea to bruxism, and arousal to bruxism. In the major group of participants
presenting SB reduction (78.95%), the mean decrease was 3.35 for BEI and 2.85 for BBI. In
the minor group of participants presenting SB aggravation (15.53%) the mean increase was
2.8 for BEI and 7.5 for BBI. As the risk of SB serious clinical consequences increases with
the number of episodes, the recommended management of this phenomenon focuses on
reducing BEI [1]. For 78.95% of the participants of this study BEI was significantly reduced
after therapy, which directly translates into a decrease in the risk of SB negative clinical
consequences development, even if SB was not completely eliminated.

In addition, opipramol did not influence other studied sleep parameters or even de-
creased the maximal pulse. It should also be emphasized that none of the study participants
reported any severe side effects during the opipramol pharmacotherapy. Rarely reported
transient sleepiness can be the effect of opipramol’s histamine receptors blocking action.
However, given the reported sleep-improving effects of opipramol [25,26], the sleep quality
of participants could even improve after longer use or the effect was not visible because of
the small study sample.

Although the exact mechanism of action is not yet clear, this study’s results gave
rise to the hypothesis that the effectiveness of opipramol in SB could be associated with
the fact that it is a sigma receptor agonist and blocks the dopamine receptors at the same
time. The mechanism of action of sigma receptors is not clear, but these can be involved in
pain transition, anxiety, and modulation of muscle activity [38-41]. It is interesting to note
that sigma receptors can also be involved in Parkinson’s disease [42]. In addition, these
receptors were reported to exhibit anticonvulsant activity [43]. Taking into account the
sigma receptors, previously studied amitriptyline is also a sigma-1 receptor agonist [44], but
with a lower affinity than opipramol [45]. This may suggest that the efficacy of treatment
with opipramol in the present study may be due to a higher global effect on sigma-1
receptor when compared to the Mohamed et al. study where the low doses of amitriptyline
with low affinity to sigma-1 receptors were not reported effective [29]. Furthermore, the
affinity of amitriptyline to sigma-2 receptors is not well known [42], while opipramol shows
significant affinity to sigma-2 receptors [46]. It leads to the hypothesis that the specific role
of sigma receptors in SB can be speculated upon.

Blocking the presynaptic D2 dopamine receptors leads to increased dopamine re-
lease, especially in the subcortical nuclei that regulate motor functions, including muscle
tonus [47,48]. Studies have also indicated the correlation between dopaminergic mech-
anisms and SB [49,50]. In addition, a previous study suggested that rs686 within the
dopamine receptor (DRD1) encoding gene may potentially affect predisposition to SB [51].
It is worth emphasizing that an activity similar to SB is one of the extrapyramidal symp-
toms of Parkinson’s disease and can be characterized by the reduced release of presynaptic
dopamine [52,53]. The previously reported effects of dopaminergic agents on oral behav-
iors and the involvement of striatal D2 receptors in SB also support the potential role of
the central dopaminergic system in bruxism [54,55]. Furthermore, Gomez et al. reported
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that haloperidol (D2, D3, D4 receptors inverse agonist and high affinity sigma-1 receptors
antagonist) does not seem to modify bruxism on rat model [56]. Taking into account
rather low presynaptic D2 receptor affinity of opipramol [20-22] and the fact that antipsy-
chotics (in most cases D2 receptors antagonists) at standard clinical doses are reported to
increase SB [54], it can be hypothesized that opipramol’s efficacy may be also related to
presynaptic modulation.

It should be also emphasized that the fact that opipramol acts as a histamine H1
antagonist could also be considered significant in reducing SB. Histamine H1 receptors
were reported to be potentially involved in masticatory muscles” activity. Yoneda et al.
in an experimental study reported that histamine H1 receptor antagonists may be effec-
tive in preventing prolonged masticatory muscles” activity (also SB) [57]. There are also
studies evaluating effect of blocking histamine H1 receptors on reducing SB in children.
Ghanizadeh et al. reported that hydroxyzine intake decreased parent-reported SB in chil-
dren [58]. Although, no instrumental methods of SB assessment were used in this study;
this potentially relevant effect should also be further studied.

It should be also mentioned that bruxism is reported to be possibly associated with
serotoninergic modulation [54]. Selective serotonin reuptake inhibitors (SSRI) in particular
are reported to increase bruxism [59]. Desensitization of postsynaptic serotonin 2A (5HT74)
receptors mainly accompanies the intake of these drugs [60]. What is more, the serotonin
1A (5HTj p) receptors partial agonists such as buspirone have been reported to resolve the
symptoms [59]. Opipramol acts as lower than SSRI affinity antagonist of 5SHT4 recep-
tors [61], what can be also potentially contribute to its reported SB non-increasing effect.

Despite showing very promising but preliminary results confirming the effectiveness
of opipramol in the management of severe SB, the present study has the following major
limitations: it involved a small study group, as some participants did not attend the
control vPSG examination; there was a lack of a control group and there was no non-
active medication (placebo) use for second recording assessments; only a one-night vPSG
examination was conducted because of the restrictions of the Polish health care system;
there was a lack of possibility to perform an adaptive night; in a small group of patients
the increase of BEI and BBI was observed. It should also be noted that, like any drug,
opipramol may have long-term side effects and can be used only after excluding all of the
contraindications. A longitudinal study is needed to clarify the possibility of developing
side effects, and the maintenance of the observed results.

However, the preliminary results obtained seem to show potential clinical relevance.
In the future, these observations may contribute to finding an effective drug that could be
used in the management of severe SB.

5. Conclusions

A single 100 mg dose of opipramol at bedtime seems to positively affect reduction of
SB in otherwise healthy individuals diagnosed with severe SB. Therefore the hypothesis that
opipramol may be a possible drug in reducing severe SB could be accepted. However, the
subject requires further research on a larger population including a control group. Further
research should also focus on identifying the exact mechanism behind the opipramol-
induced reduction of SB. Further studies should be focused on the clinical significance
of SB parameters’ reduction and the meaning of this reduction for each type of muscular
activity (phasic, tonic and mixed).
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