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Application potential of therapeutic ultrasound in oral diseases
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ABSTRACT: Purpose: To review the literature on the application potential of ultrasound in the treatment of various oral
and dental diseases. Methods: Two reviewers carried out a computer-based literature search using PubMed and Web of
Science to identify papers published up to February 2025. The keywords used in the investigation were “therapeutic
ultrasound”, “low-intensity pulsed ultrasound”, and various words related to oral and dental disease (oral submucosal
fibrosis, burning mouth syndrome, periodontitis, orthodontic tooth movement, and tooth trauma or caries). Results:
Therapeutic ultrasound, particularly low-intensity pulsed ultrasound (LIPUS), showed beneficial effects in interfering
with pathological fibrosis, suppressing inflammatory responses, promoting periodontal tissue regeneration, and
facilitating the repair of dentin-pulp complex injuries in oral and dental diseases. (4m J Dent 2025;38:263-266).

CLINICAL SIGNIFICANCE: Therapeutic ultrasound, particularly low-intensity pulsed ultrasound (LIPUS), showed
beneficial effects in interfering with oral and dental diseases and may become an important adjunctive treatment
modality in oral and dental medicine in the future.
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Introduction

Oral and dental health are crucial components of the overall
human well-being. Oral diseases affect many people world-
wide, causing discomfort, pain, and functional impairments.
Traditional treatment methods often have limitations in
restoring oral tissue function and structure. Therefore, the
exploration of novel therapeutic approaches is essential. Ultra-
sound has been widely applied in the clinical treatment of frac-
tures and soft-tissue injuries.! It provides a safe and non-
invasive mechanical stimulus. Initially, research focused on its
thermal effects, but recently, the non-thermal effects, including
cavitation and acoustic microstreaming, have attracted increas-
ing attention.> These effects can trigger a series of biochemical
reactions in target tissues, showing potential in promoting tissue
regeneration, reducing inflammation, and modulating neural
function.? This review comprehensively assessed the appli-
cation potential of ultrasound in the treatment of various oral
and dental diseases.

Oral submucosal fibrosis

Oral submucosal fibrosis (OSF) is a chronic, progressive,
and potentially malignant disorder mainly caused by the
habitual chewing of areca nuts. It is characterized by extensive
submucosal fibrosis, a leathery texture of the oral mucosa, and
restricted mouth opening.* The pathogenesis of OSF involves
abnormal excessive collagen deposition and reduced collagen
degradation, leading to fibrosis.* Additionally, there are
significant changes in the immune microenvironment, with the
activation of inflammatory mediators and growth factors.?

Clinical studies showed that ultrasound improved mouth
opening in OSF patients when combined with conventional
treatments. For example, Shil et al® conducted a comparative
study, equally dividing OSF patients into three groups: Group 1
received oral colchicine + intralesional hyaluronidase; Group 2,
oral colchicine + intralesional hyaluronidase + therapeutic
ultrasound; and Group 3, intralesional dexamethasone +
hyaluronidase. For the group receiving therapeutic ultrasound, a
MEDGEARS Therapeutic Ultrasound Machine (MG-68) was

used. The treatment parameters were set as follows: frequency
of 3 MHz, pulsed mode with a 1:1 duty cycle, and intensity
ranging from 1 to 2.5 Watt/cm® . The therapy was administered
for 10 minutes per session, over a 15-day period, with 1
allowable rest day per week. At 2nd-, 3rd-, and 6th-month
follow-ups, the ultrasound group had significantly greater
maximum mouth opening (P = 0.009, P = 0.001, P = 0.000),
and tongue protrusion (P = 0.000, P = 0.000, P = 0.000). Dani
& Patel” reported that OSF patients who received ultrasound
treatment at an intensity of 0.7 Watt/cm? for 7 minutes with a
frequency of 3 MHz, combined with jaw-opening exercises,
had a greater improvement in mouth opening (0.22 cm more)
compared to the control group that only performed jaw-opening
exercises. Raj et al® treated OSF patients with three interventions:
standalone ultrasound therapy, standalone active physiotherapy,
or their combination. Therapeutic ultrasound (Physiotrack
machine) used parameters: 1.5 Watt/cm® intensity, continuous
mode, 3 MHz frequency, and 6 minutes per session. The com-
bined therapy group showed the most substantial improvements
in mouth opening (baseline: 22.63 + 4.47 mm; 2 months: 24.39 +
4.65 mm; P =0.001) and cheek flexibility (baseline: 5.25 + 2.36;
2 months: 6.85 = 2.20; P = 0.001). Above all, the thermal effect
of continuous-mode ultrasound plays a role in improving mouth
opening. It can increase the temperature of the oral mucosa,
separate collagen fibers, loosen and soften fibrous tissues, and
reduce the stiffness of the oral mucosa.

Low-intensity pulsed ultrasound (LIPUS), with frequencies
of 1-3 MHz and output in pulsed mode at intensities of 0.02-1
Watt/cm?, had minimal thermal effects.! It mainly induces non-
thermal physical effects such as cavitation and acoustic
microstreaming, which can modulate signal-transduction path-
ways related to inflammation and fibrosis.! For instance, in
vitro studies”!® showed that LIPUS inhibited the gene expres-
sion of fibrosis-related factors (e.g., CTGF) and inflammatory
mediators (e.g., IL-6, TNF-0). In animal models of fibrosis,'!"!3
LIPUS suppressed the activation of the TGF-B1 signaling
pathway and the transformation of fibroblasts into myofibro-
blasts. These findings suggest that LIPUS may be effective in
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attenuating the fibrotic process of OSF. However, more in-
depth clinical studies are needed to confirm their long-term
efficacy and safety.

Burning mouth syndrome

Burning mouth syndrome (BMS) is a chronic oral pain
syndrome characterized by idiopathic orofacial pain and
intraoral burning or dysesthesia. Its etiology is complex,
involving peripheral and central neuropathies.'* Peripheral
neuropathology is associated with a lower density of epithelial
and subepithelial nerve fibers and the upregulation of certain
ion channels in surviving nerve fibers.'*!® Trigeminal
neuropathy is also considered a possible cause, with the
hyperactivity of somatosensory fibers in the trigeminal nerve
hypothesized to result from damage to taste fibers.'*!°

The treatment of BMS remains challenging, and current
therapies, including topical and systemic drugs and non-phar-
macological treatments, often yield variable and unsatisfactory
results.!” Therapeutic ultrasound has shown potential in
reducing pain. Savernini et al'® demonstrated in an experimen-
tal rat model of trigeminal neuropathic pain that three pulsed
ultrasound applications with a 2-hour interval between each
significantly reduced ipsilateral thermal hyperalgesia. The
maximal effect occurred 24 hours after the first application, and
the thermonociceptive threshold returned to the initial level 48
hours after the third application. The device parameters used
were a frequency of 1 MHz, a pulse frequency of 100 Hz, a
pulse 1/5, and intensities of 0.3 and 0.4 Watt/cm? for 2 minutes;
a stronger wave intensity led to a greater effect. Chen et al'
applied therapeutic ultrasound at a frequency of 1 MHz and
intensities of 0.25, 0.5, or 1 Watt/cm? (100% on-off cycle) to a
peripheral mono-neuropathic model for 5 minutes a day for 22
days. They found that neuropathic pain was attenuated only at
the highest intensity, along with the inhibition of the expression
of neurokinin-1 receptor, substance P, TNF-q0, and IL-6 at the
affected site. The analgesic effect of therapeutic ultrasound is
thought to be related to its ability to suppress the expression of
pro-inflammatory cytokines and neurotransmitter or neuro-
modulator factors involved in pain.'®?* However, the applica-
tion of ultrasound in BMS treatment is still in the experimental
stage, and more clinical trials are required to determine its
optimal treatment parameters and efficacy.

Periodontal tissue reconstruction - Periodontitis

Periodontitis is a common oral disease characterized by the
progressive inflammation and destruction of periodontal
tissues, including the gingiva, alveolar bone, and periodontal
ligament, which can ultimately lead to tooth loss.? The global
burden of periodontitis has been increasing, with a prevalence
reaching up to 99% from 1990 to 2019.%!

Bone remodeling is a continuous process that requires
appropriate biochemical and mechanical stimulations.? In perio-
dontitis, the chronic inflammation disrupts the balance between
bone formation and bone resorption in the alveolar bone.?
Guided tissue regeneration (GTR) technology is commonly
used to treat periodontitis-related bone loss, but its clinical
outcomes are limited by factors such as oral hygiene and the
operator’s skills.?* LIPUS has shown potential in the treatment
of periodontitis. Wang et al** conducted experiments on beagle
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dogs with buccal alveolar bone defects. The results showed that
the combined application of LIPUS (using parameters recom-
mended by the FDA: a pulse frequency of 1.5 MHz, a pulse
width of 200 ps, a repetition of 1 kHz, an intensity of 30
mWatt/cm?, 20 minutes a day) and GTR led to higher
regenerated bone volume, bone surface, trabecular number, and
trabecular thickness compared to GTR alone or no treatment. In
another study® on periodontal disease models with Class II
furcation involvement, LIPUS also showed a synergistic effect
with GTR or periodontal flap surgery.

The regenerative potential of periodontal bone tissue comes
from periodontal ligament cells (PDLCs), which contain
osteogenic progenitor cells and mesenchymal stem cells
(MSCs), and gingival mesenchymal stem cells (GMSCs), a
subset of gingival fibroblasts (GFs).? In vitro studies>?
revealed that different intensities of LIPUS can regulate the
behaviors of PDLCs and periodontal ligament stem cells
(PDLSCs) through various signaling pathways. Wang et al*’
found that LIPUS treatment promoted the homing of PDLSCs
by upregulating the expression of TWIST1 and SDF-I.
TWIST1 may act as a mechanical stress sensor during LIPUS-
induced mechanotransduction. Human PDLCs can perceive
mechanical signals from LIPUS and translate them into
signaling molecules that regulate osteogenic differentiation,
such as MAPK pathway, FOXO1, and BMP pathway.?!
LIPUS-exposed GFs can also undergo osteogenic differen-
tiation and contribute to periodontal bone regeneration.’? In
addition, LIPUS can inhibit the expression of LPS-induced
inflammatory cytokines in macrophages, protect alveolar bone
from oxidative stress and endoplasmic reticulum stress, and
regulate the anti-inflammatory mechanism of autophagy in
PDLCs.?33¢ These effects create a favorable microenvironment
for periodontal regeneration. However, further large-scale clini-
cal trials are needed to optimize the treatment protocol and
evaluate the long-term stability of the treatment effect.

Tooth movement and root resorption during orthodontic
treatment

Orthodontic tooth movement (OTM) involves the remo-
deling of alveolar bone and periodontal ligament in response to
applied forces.”” LIPUS has the potential to modulate the out-
comes of orthodontic force application and accelerate OTM. A
retrospective clinical study®® showed that the use of a LIPUS
device (with FDA-recommended parameters) significantly
reduced the number of days per tray worn and the overall
treatment duration compared to appliance treatment alone. The
mean rate of tooth movement in the LIPUS-treated side was
also significantly higher than that in the control side in a pro-
spective randomized controlled trial.*® However, a split-mouth
study®® applying LIPUS at 3-week intervals found no signifi-
cant difference in the rate of tooth movement between the
experimental and placebo groups. The regulatory mechanisms
of LIPUS for accelerating OTM have been explored. In an ex-
vivo mandible slice organ culture model,*® LIPUS treatment
improved bone remodeling and enhanced the reparative ability
of the cementum. Arai et al*! reported that LIPUS exposure
increased the intermolar width and compensatory bone for-
mation in a rat OTM model. Xue et al*> found that LIPUS
significantly increased the OTM distance by stimulating the
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HGF/Runx2/BMP-2 signaling pathway and RANKL expres-
sion in an orthodontic rat model.

Orthodontically-induced inflammatory root resorption
(OIIRR) is a common complication during OTM, with a
prevalence of 73%-80%.* LIPUS reduced OIIRR by altering
OPG/RANKL ratio.** Al-Dboush et al* reported that patients
using clear aligner therapy and LIPUS had less volumetric root
loss in teeth compared to those using clear aligner therapy
alone. Other studies*’* also found that LIPUS-exposed teeth
had decreased resorption areas and resorption lacunae counts,
with histologic evidence of hypercementosis on the resorbed
root surface. These results suggest that LIPUS can optimize
orthodontic treatment outcomes. However, the optimal
application frequency and duration of LIPUS in orthodontic
treatment still need to be further studied.

Tooth repair

The dentin-pulp complex has an endogenous repair
mechanism. When it is damaged by severe tooth trauma or
decay, the tertiary dentin is formed to protect the dental
pulp.®®! The formation of tertiary dentin involves the
activation and recruitment of MSCs in the dental pulp, which
then differentiate into odontoblast-like cells to regulate dentin
production and mineralization.”® Bioactive growth factors such
as TGF-B1 and VEGF play important roles in this process.*%-*?
Studies using in vitro®! and in vivo® models showed that
LIPUS can promote dentin formation. Exposure of the dentin-
pulp complex to LIPUS upregulates the expression of TGF-B1
and calcium ion transport-related proteins, which are involved
in stimulating the secretion of extracellular matrix by odonto-
blasts and dentin mineralization. However, the long-term
effects of LIPUS on the structure and function of the repaired
dentin-pulp complex need to be further investigated.

Discussion

There are some limitations with LIPUS. The existing
research on the application of ultrasound in oral diseases is
relatively limited, and most of the evidence comes from in vitro
and animal studies. The number of large-scale, high-quality
randomized double-blinded clinical trials is insufficient, which
makes it difficult to accurately evaluate the long-term efficacy
and safety of ultrasound treatment. Moreover, the study designs
and parameters used in different studies vary greatly, leading to
inconsistent results. For example, in the study of orthodontic
tooth movement, different application frequencies and
intensities of LIPUS resulted in different effects on tooth
movement and root resorption. The lack of a unified standard
for ultrasound application parameters also makes it difficult to
compare and generalize the research results.

Future research directions should address these limitations;
they should also focus on conducting more large-scale,
randomized double-blind clinical trials. These trials should be
designed to compare the efficacy of ultrasound treatment with
traditional treatment methods and to determine the optimal
treatment parameters for different oral and dental diseases. In
addition, more in-depth basic research is needed to further
clarify the biophysical mechanisms underlying the effects of
ultrasound on oral tissues. Comparative studies can be carried
out to explore the differences in the responses of different cell
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types and tissues to ultrasound, which will help to optimize the
treatment protocol and improve the treatment effect.

In conclusion, therapeutic ultrasound, particularly LIPUS,
has shown beneficial effects in interfering with pathological
fibrosis, suppressing inflammatory responses, promoting
periodontal tissue regeneration, and facilitating the repair of
dentin-pulp complex injuries in oral and dental diseases.
However, its clinical application in these fields is still in the
initial stage. To fully use ultrasound in oral and dental
treatments, more high-quality research is required. This
includes well-designed clinical trials to provide solid evidence-
based support and in-depth basic research to understand the
underlying mechanisms better. By addressing the current
limitations, ultrasound may become an important adjunctive
treatment modality in oral and dental medicine in the future.
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