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Abstract: Background/Objectives: Bruxism has been associated with dysregulation of the autonomic
nervous system (ANS). Visceral manual therapy (VMT) has demonstrated beneficial effects on vagal
tone and modulation of the ANS, although its potential impact in adults with bruxism has not yet
been examined. This study aimed to evaluate the immediate and short-term effects of VMT in
individuals with bruxism. Methods: A single-blind randomized controlled trial was conducted
including 24 individuals diagnosed with “probable bruxism.” Participants received two sessions of
either VMT or a sham placebo technique. Outcome measures included heart rate variability (HRV),
both normal-to-normal intervals (HRV-SDNN) and the root mean square of successive normal-to-
normal intervals (HRV-RMSSD), as well as muscle tone and stiffness of the masseter muscles, and
pressure pain thresholds (PPTs) at C4, masseter, and temporalis muscles. Measurements were made
at: T1 (baseline), T2 (post- first intervention), T3 (pre- second intervention; week 2), T4 (post- second
intervention; week 2), and T5 (4-week follow-up). Results: A significant time*group interaction was
observed for HRV-SDNN (p = 0.04, )2 = 0.12). No significant changes were found for muscle tone or
stiffness, whereas PPTs significantly improved at C4 after the second intervention (p = 0.049, 1?2 =
0.16) and at the left temporalis muscle after the first session (p = 0.01, n? = 0.07). Conclusion: The
findings suggest that two sessions of VMT may help to modulate the ANS, as assessed with the HRV.
However, no changes were observed for masticatory muscles viscoelastic properties or pressure pain
sensitivity. Further research with larger sample sizes and long-term follow-up is needed to clarify the
clinical relevance of VMT in the management of bruxism.

Keywords: Bruxism; autonomic nervous system; physical therapy modalities; diaphragm;
musculoskeletal manipulations

1. Introduction

Bruxism is defined as repetitive masticatory muscle activity characterized by clenching or
grinding of the teeth and/or by bracing or thrusting of the mandible [1]. Bruxism is not considered a
disorder in healthy individuals, but rather a risk factor for adverse oral health outcomes[2],
particularly when the magnitude and direction of the clenching forces exceeds the adaptive capacity
of the stomatognathic system [3].

Bruxism affects between 8% and 31.4% of the general population [4] and it is considered to have
a multifactorial nature. Etiological factors may include peripheral (e.g., occlusal imbalances),
psychosocial (e.g., stress, anxiety), and central nervous system components, including impairments
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of brain neurotransmitters and dysfunction of the basal ganglia [5-7]. Individuals with bruxism often
exhibit other accompanying symptoms such as high levels of hostility, increased sensitivity, and
frustration [8,9]. These emotional responses involve the activation of the amygdala, which influences
the mandibular motor nucleus and increases activity of jaw-closing muscles. This cascade generates
hormonal stimuli in the mandibular bone, ultimately resulting in increased activity of the
sympathetic nervous system [10,11].

Heart rate variability (HRV) is a non-invasive and objective electrophysiological measure used
to assess the stress level, the autonomic nervous system (ANS) status, and general health. HRV is
defined as the analysis of fluctuations in the intervals between heartbeats [12] and serves as a proxy
for the ANS balance through the vagal parasympathetic activity at the cardiac level [13]. Lower HRV
values suggest sympathetic dominance and amygdala hyperactivation and have been associated with
a strong negativity bias and impaired regulatory and homeostatic function. On the contrary, a high
HRV reflects increased parasympathetic (vagal) activity and reduced fear responses [12,14]. Previous
evidence suggests that, in individuals with bruxism, HRV assessments often shows a predominance
of sympathetic activity [15], possibly explaining micro-arousals during the night in those with sleep
bruxism [16]. This sympathetic hyperactivity is likely due to parasympathetic inhibition, which may
be mediated by afferent inputs from the abdominal viscera to the vagal sensory nucleus [17,18].

Several conservative treatment approaches have been proposed for managing bruxism,
including occlusal splints [19], behavioral therapy [20], pharmacological treatment [21], and
physiotherapy. Among physiotherapeutic approaches, manual therapy (MT) has emerged as a useful
non-invasive option [22]. MT can have beneficial effects on HRV, resulting in a decreased sympathetic
nervous system activity, together with pain reduction [23]. Visceral manual therapy (VMT), a specific
form of MT, has proven effective in various conditions, for example, to regulate the lower esophageal
sphincter in patients with gastroesophageal reflux disease [24-26]. To date, there is no evidence about
the impact of VMT in patients with bruxism. The present study aims to investigate the immediate
and short-term effects of two sessions of VMT on HRYV, as well as on the viscoelastic properties and
pressure pain sensitivity of the masticatory muscles in adults with bruxism.

2. Materials and Methods
2.1. Study Design

An experimental, parallel, single-blind, randomized controlled trial was conducted. The study
adhered to the CONSORT guidelines for reporting clinical trials [27] and complied with the ethical
principles of the Declaration of Helsinki. The research protocol was approved by the Institutional
Ethics Committee (Approval Code: 1818-N-22) and was prospectively registered at ClinicalTrials.gov
(NCT05751694).

2.2. Participants

Using a convenience sampling method, consecutive individuals diagnosed with bruxism by a
dentist were recruited from November 2023 to January 2025 at a private medical center in Southern
Spain. Eligible participants were between 18 and 65 years and met the criteria for “probable bruxism”,
according to the diagnostic guidelines proposed by Lobbezoo et al. [1]. The diagnosis was based on
a positive self-report combined with the presence of one or more clinical signs including: a) visible
tooth wear, chipping, or fractures; b) dental impressions on the tongue and/or cheeks; c) masseter
muscle hyperthropy; and d) tenderness upon palpation of the masticatory muscles [2]. Exclusion
criteria included: a) recent trauma or fractures in the craniofacial, mandibular, or cervical regions; b)
previous temporomandibular joint surgery; c) acute dental pain due to caries or root inflammation;
d) ongoing orthodontic treatment; e) history of abdominal surgery, gastric ulcers, gastritis, or
current/past gastric neoplasia; f) diagnosed with neurological, rheumatic, or systemic diseases; g)
pregnancy or breastfeeding; h) being under chemotherapy or radiotherapy treatment; i) cognitive or
psychiatric disorders; j) cardiac conditions, including arrhythmias or implanted electronic devices; k)
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drug or alcohol abuse; 1) use of analgesics or drugs affecting the central nervous system; and m) prior
experience with VMT directed to the gastric region. All participants received both oral and written
information about the study and signed an informed consent form before being enrolled.

2.3. Randomization and Blinding

An external staff member used Microsoft Excel to generate a random number sequence with 1:1
allocation ratio. Group assignment was concealed using opaque, sealed, and consecutively numbered
envelopes. The outcome assessor remained blinded to participants allocation group.

2.4. Interventions

A physiotherapist with over 10 years of experience in MT was responsible for the interventions
in both study groups. Interventions took place in a private physiotherapy clinic in separate rooms for
evaluation and treatment. A treatment table and a bolster were used during sessions. The
experimental group underwent a VMT technique derived from the “Ralph Failor Osteopathic
Technique” [28]. Participants were in a supine position with hips, knees, and ankles flexion, with the
bolster under the knees to relax the abdominal region. The technique was applied in two stages. In
the first stage, the therapist placed both hands over the epigastric area, just below the xiphoid process,
and advanced towards the upper border of the stomach’s greater curvature. A skin fold was lifted to
reduce superficial tension and direct the contact to the underlying visceral tissue (Figure 1).

Figure 1. Hand placement during the first stage of the visceral manual therapy technique.

Participants were instructed to breathe deeply. During exhalation, the therapist applied a zigzag
motion with vibratory hand movements while exerting a caudal traction on the tissue. The whole
procedure lasted approximately 3 minutes. In the second stage, the therapist’s left hand made contact
over the epigastric area, with the ulnar edge of the hand placed under the lower border of the left
costal margin (Figure 2). The right hand was used to reinforce this contact. In this position, the
participant was again instructed to breathe deeply, and during exhalation the therapist applied a
caudal traction to the tissue for approximately 2 minutes.
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Figure 2. Hand placement during the second stage of the visceral manual therapy technique.

In the control group, participants maintained the same comfortable supine position and received
a sham placebo technique. The therapist placed both hands at the lower costal margin (Figure 3) and
instructed the patient to breathe deeply, as in the experimental group. No pressure, tension or traction
was applied to the soft tissues [24,25,29]. Both hands remained with same contact for approximately
5 minutes to mimic the VMT intervention. In both groups, participants underwent two treatment
sessions with 1-week between them.

Figure 3. Hand placement during the placebo technique.
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2.5. Outcome Measures

An experienced physiotherapist, who remained blinded to the study aims and participants
allocation group, was responsible for all assessments. Outcome measures were collected at baseline
(T1), immediately after the first treatment session (T2), before the second intervention at week 2 (T3),
immediately after the second intervention at week 2 (T4), and at a 4-week follow-up (T5) [24].

2.5.1. Primary Outcome — HRV

HRV was measured using a Polar H10 chest strap (Polar Electro Oy., Kempele, Finland) [30,31]
and the Elite HRV smartphone app (Elite HRV Inc., Asheville, NC, USA) [32,33]. The patient was in
supine with the head on a pillow. After a 5-minute resting period, HRV was recorded for 5 minutes.
Data were then transferred and analyzed using the Kubios HRV software (Kubios Oy., Kuopio,
Finland) [34]. Two HRV parameters were extracted: root mean square of the successive differences
(HRV-RMSSD) and standard deviation of the normal-to-normal interbeat intervals (HRV-
SDNN) [35]. HRV-RMSSD reflects vagal activity [36], while HRV-SDNN assesses overall HRV,
showing the balance between the sympathetic and parasympathetic activity [37].

2.5.2. Secondary Measures

Pressure pain sensitivity was measured using pressure pain thresholds (PPTs), as the minimum
necessary pressure to evoke pain or discomfort. Using a digital algometer (Wagner Force Ten™,
model FPX 100 (Wagner Instruments, Riverside, Connecticut, USA), measurements were made at the
spinous process of C4, and both masseter and temporalis muscles [38]. For the evaluation of the
masticatory muscles, the patient was placed in a contralateral side-lying position, with the head on a
pillow and the lower limb flexed. The masseter muscle point was located 1 cm superior and 2 cm
anterior to the mandibular angle, and the temporalis muscle point was located over the anterior fibers
of the temporalis muscle, 2 cm above the zygomatic arch, midway between the lateral edge of the eye
and the anterior portion of the helix [39]. For evaluation at C4, participants remained seated, and
pressure was applied perpendicular to the spinous process. At all locations, the assessor gradually
increased the pressure and instructed the individuals to indicate when the pressure began to feel
unpleasant or painful [24]. Two measurements were taken with a 30-second interval between them,
and the average of the two was used for further analysis.

Muscle viscoelastic properties were assessed using the Myoton PRO device (MYOTON AS,
Tallinn, Estonia) [40]. Two parameters were evaluated [41]: natural oscillation frequency (F), which
reflects the muscle tone or state of tension; and dynamic stiffness (S), which indicates the muscle
resistance to deformation. With the participant in a contralateral side-lying position, with the head
on a pillow and the lower limb in flexion, assessments were made on the masseter muscle, using the
same location as for the PPT. Two measurements were taken with a 30-second interval rest, and the
average of the two was recorded for analysis.

2.6. Sample Size

The sample size was estimated for a two-group design with five measurements. Parameters
included an alpha level of 0.05, a study power of 95%, a correlation of 0.4 between repeated measures,
and a medium effect size (n? = 0.12) for differences between groups in the HRYV, as assessed with the
HRV-SDNN (G*Power software, version 3.1.9.7, University of Kiel, Kiel, Germany). To account for a
potential 10% dropout rate, a total of 24 participants were required to complete the study.

2.7. Statistical Analysis

Statistical processing was performed using IBM Statistics Package for Social Science®, version
29 (IBM Corp., New York, USA), following an intention-to-treat analysis. The normality of the data
distribution was assessed using the Shapiro-Wilk test. The Mann-Whitney U test was used to explore
the differences between-groups. A repeated-measures analysis of variance (ANOVA) was conducted
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to examine the impact of the intervention in the study measures, using groups (experimental or
control) as the between-subjects factor and time: baseline (T1), immediately after the first session (T2),
before the second session (T3), immediately after the second session (T4), and at a 4-week follow-up
(T5) as the within-subjects factor. The effect size was estimated using partial eta squared (n?). The
level of significance was set at a P value < 0.05.

3. Results

A total of 24 participants (11 females, 45.83%), with a mean age of 38 +10.60 years and a clinical
diagnosis of probable bruxism participated in the study. No participants were lost to follow-up
(Figure 4). There were no modifications to the intervention protocol and no adverse effects were
reported during the course of the study. Table 1 lists the clinical and demographic characteristics of
the sample. At baseline, there were no statistically significant differences between groups for any

measure (all, p > 0.05).

Participants diagnosed with bruxism
(n=25)

ENROLMENT
ERASE Excluded (n=1)

Meets exclusion criteria, n=1

[ Recruited patients who underwent randomization (n=24) ]

l ALLOCATION l

Allocated to Experimental Group Allocated to Control Group
Received intervention, n=12 Received intervention. n=12
Did not receive intervention, n=0 Did not receive intervent,ion n=0

[ Lost to post-intervention, n=0 ]

I

[ Lost to post-intervention, n=0 ]

o Experimental Group Control Group
'§ .Received inte‘rvention,.n=12 Received intervention, n=12
g & Did not receive intervention, n=0 Did not receive intervention, n=0
[ Lost to post-intervention, n=0 ] [ Lost to post-intervention, n=0 ]

[ Lost to post-intervention, n=0 ] [ Lost to post-intervention, n=0 ]

Analyzed after interventions, n=12 Analyzed after interventions, n=12
Excluded from analysis, n=0

Excluded from analysis, n=0

TIME 3
(1month)

Figure 4. Flow chart diagram of participants.
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Table 1. Baseline Demographic Charactetisticas of Participants in the Study Groups.

Experimental Group n=12

Control Group n=12

Age, y, mean (SD) [Range]

38.5 (9.64) [21-55]

38.5 (11.92) [25-64]

Sex, reported as famale, n (%)

5 (41.66%)

6 (50%)

Heigh, cm, mean (SD) [Range]

168.25 (8.42) [154-178]

170.00 (10.89 [156-187]

Weight, Kg, mean (SD) [Range]

75.89 (19.42) [46.30-104.10]

89.97 (22.27) [55-133]

Body mass index, Kg/cm?, mean

26.40 (4.67) [19.52-33.23]

30.96 (6.55) [22.60-43.96]

(SD) [Range]

3.1. Primary Outcome — HRV

The ANOVA showed a significant time*group interaction for HRV-SDNN, with a medium effect
size (F =2.90; p = 0.04; n2 = 0.12), but not for HRV-RMSSD. Post-hoc pairwise comparisons revealed
significant differences between groups with a large effect size when comparing T1 to T2 for both
HRV-SDNN and HRV-RMSSD. Similarly, significant changes were observed when comparing T3 to
T4 (Table 2).

Table 2. Changes in heart rate variability over time.

Within group differences Between group | Effect Size
differences
Experimental Group | Control Group
HRV - SDNN
Baseline (T1) 39.64 (12.01) 38.76 (23.26)
Post- first intervention (T2) 58.25 (24.00) 38.34 (21.79)
Pre- second intervention (T3) 41.21 (21.14) 32.50 (9.97)
Post- second intervention (T4) 48.21 (14.75) 32.51(15.49)
4-week follow-up (T5) 41.21(21.14) 32.50 (9.97)
Change T1 to T2 -18.61(15.96) 0.42 (4.23) 0.001 (-15.43 to -2.76) 0.42 (0.10-
0.62)
Change T3 to T4 -11.61 (18.16) -3.42 (8.58) 0.172 (-13.64 to -1.39) 0.08 (0.00-
0.32)
HRV - RMSSD
Baseline (T1) 36.15 (14.73) 40.63 (36.37)
Post- first intervention (T2) 54.41 (25.86) 40.59 (35.91)
Pre- second intervention (T3) 33.56 (8.46) 28.15 (14.60)
Post- second intervention (T4) 45.93 (16.20) 31.30 (19.16)
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4-week follow-up (T5) 39.74 (24.00) 34.09 (17.65)
Change T1 to T2 -18.26 (-29.02 to - 0.04 (-2.03 to 0.001 (-15.51 to -2.70) 0.38 (0.07-
7.49) 2.10) 0.59)
Change T3 to T4 -12.37 (-22.46 to - -3.15 (-7.80 to 0.08 (-13.24 to -2.28) 0.13 (0.00-
2.29) 1.50) 0.38)

Data are reported as mean (standard deviation) or mean (95% confidence interval). Bold data indicates statistical

significance (95% CI does not cross zero; p-value < 0.05).

3.2. Secondary Measures

No significant time*group interaction was observed for PPT scores or the viscoelastic properties
of the masseter muscle (all, p > 0.05) (Supplementary Material 1 and 2). Post-hoc pairwise
comparisons only showed a significant increase in the PPT at C4 when comparing T3 and T4 (p =
0.049), with a large effect size (n? = 0.16; 95% CI: 0.00-0.40), and in the left temporalis muscle when
comparing T1 and T2 (p = 0.01), with a medium effect size (n? = 0.07; 95% CI: 0.00-0.32).

4. Discussion

The present randomized controlled trial examined the immediate and short-term effects of using
VMT to modulate the ANS activity in individuals with bruxism, and whether these effects were
accompanied by changes on masticatory muscles viscoelastic properties and pressure pain
sensitivity. Our findings demonstrated a significant increase in HRV-SDNN over time in those who
underwent VMT compared to the sham placebo, which suggests that VMT may positively modulate
sympathovagal balance. On the contrary, VMT was no better than placebo to evoke changes in muscle
tone, stiffness, and pressure pain sensitivity of the masticatory muscles.

To the best of our knowledge, this is the first randomized clinical trial to explore the efficacy of
VMT in the context of dentistry problems, such as bruxism. Previous evidence has concluded that
MT applied to the diaphragm may elicit immediate changes in HRV in patients with respiratory
conditions [42]. Other studies used VMT targeting the epigastric region in individuals with
gastroesophageal reflux disease, with beneficial effects to regulate the lower esophageal sphincter
tone [24,25]. However, no prior research has specifically assessed the impact of VMT on the ANS.
Although the present findings are promising and support the role of VMT in modulating autonomic
function, these results need to be confirmed in further research before making solid clinical
recommendations for individuals with bruxism.

Contrary to what was expected, changes in pressure pain sensitivity were minimal and only
achieved statistical significance in post-hoc pairwise comparisons at C4 spinous process and the left
temporalis muscle. Mc Cross et al. [43] concluded that MT applied to the epigastric region may evoke
a neuromodulatory response via afferent stimulation of the phrenic nerve, an effect described as
“regional interdependent inhibition”. Similarly, it has been hypothesized that VMT may induce a
hypoalgesic response through vagal activation and the trigeminovagal connection that converges at
the level of the spinal trigeminal nucleus [44]. Despite these purported theoretical mechanisms, the
present results do not fully support this hypothesis and provide only limited rationale for such
effects. There are studies that have demonstrated the effectiveness of MT in reducing pressure pain
on myofascial trigger points in patients with temporomandibular disorders (TMDs) [45]. However,
studies specifically focused on individuals diagnosed with bruxism are scarce. In line with our
findings, Machado et al. [46], reported no significant changes in PPT scores of the masticatory muscles
in a follow-up study in a cohort of adults with bruxism undergoing orthodontic treatment. In
contrast, Kadioglu et al. (2024) [47] found that combining MT (including stretching, mobilizations,
and ischemic compression) and home exercises over 8 weeks was effective to reduce pain intensity
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in patients with bruxism. This study also involved activation of the parasympathetic nervous system
through stretching of the suboccipital muscles and cervical fascia. The differences between studies in
the intervention protocols may explain the discrepancies with our results.

Regarding masseter muscles viscoelastic properties, no significant changes were observed in
muscle tone or stiffness. Microtraumas induced by bruxism are among the contributing factors to
TMDs [48]. Although patients with mild TMDs show similar masticatory muscles stiffness than those
without dysfunction [41], individuals diagnosed with a moderate-to-severe TMD exhibit significant
deviations across all myotonometry parameters, including increased muscle tone and stiffness of the
masseter muscles compared to healthy individuals, with differences ranging from 12.5% to 16.5%,
respectively [49]. In line with this, women with muscular or mixed (muscular and articular) TMD
show altered viscoelastic properties of the masticatory muscles when compared to asymptomatic
controls [50]. The discrepancy between these findings and our results may be due to the fact that
participants in our clinical trial were referred by dentists with a diagnosis of “probable bruxism,”
without confirming the presence of a TMD.

Study Limitations

Several limitations should be acknowledged when interpreting the present results. First,
although the sample size was suitable for the study purpose and estimated power, it remains
relatively small, which may limit the generalizability of the findings. Second, our eligibility criteria
were established for a clinical diagnosis of “probable bruxism”, following previous literature on the
topic, rather than a confirmed diagnosis of a TMD. This may have influenced the absence of
significant changes in PPT and myotonometry scores. Further, the current lack of standardized
diagnostic criteria for bruxism, including defined thresholds for muscle tone and stiffness, and
pressure pain sensitivity, poses challenges for both clinical assessment of bruxism and interpretation
of outcomes. Further studies should aim consistent and objective diagnostic and classification criteria
for bruxism to improve comparability across studies and enhance the validity of clinical research in
this field.

5. Conclusions

Our findings suggest that two sessions of VMT may lead to a short-term modulation of the ANS,
as reflected by changes in HRV. However, VMT did not demonstrate better effects than placebo on
pressure pain sensitivity or the viscoelastic properties of masticatory muscles. Further research
involving larger populations, longer follow-up periods, and comprehensive diagnostic criteria is
warranted to clarify the clinical relevance and applicability of VMT in the management of bruxism.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org. Table S1: Pressure pain threshold scores: mean values over time and comparison
of variations between consecutive time points. Table 52: Muscle viscoelastic properties of the masseter muscle

(muscle tone, F; and Stiffness, S): mean values over time and comparison between consecutive time points.
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Abbreviations

The following abbreviations are used in this manuscript:

ANS Autonomic nervous system

VMT Visceral manual therapy

HRV Heart rate variability

HRV-RMSSD  Root mean square of the successive differences

HRV-SDNN Standard deviation of the normal-to-normal interbeat intervals

PPT Pressure pain threshold

MT Manual therapy

ANOVA Analysis of variance
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