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Abstract: Extracorporeal shock wave therapy (ESWT) has been studied and applied extensively in
medical practice for various applications including musculoskeletal, dermal, vascular, and cardiac
indications. These indications have emerged from primary ESWT use in treating urolithiasis and
cholelithiasis. Likewise, dental medicine has had its share of utilizing ESWT in various investigations.
This review aimed to provide an up-to-date summary of ESWT use in preclinical and clinical dental
medicine. There is growing interest in ESWT use stemming from its non-invasiveness, low cost,
and safe qualities in addition to its proven regenerative biostimulating aspects. Targeted tissue and
parameters of ESWT delivery continue to be an integral part of successful ESWT treatment to attain
the clinical value of the anticipated dose’s effect.
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1. Introduction

An extracorporeal shock wave is a low-frequency, high-energy, pulsating sonic wave of
short duration, generated outside the body. It was initially used around 1980 in urology [1].
From then on, a wide range of preclinical and clinical investigations with regenerative
purposes have been reported. The indications of extracorporeal shock wave therapy (ESWT)
evolved to treat bone and other musculoskeletal conditions such as tendinitis, nonunion
fractures, aseptic necrosis of the bone, and myofascial disorders [2].

ESWT gained growing interest from researchers and clinicians in expanding the areas
of potential use. This was fundamentally for its non-invasive, safe, low-cost, and fast
application. A series of studies showed a positive effect of ESWT in different tissues such
as cardiovascular [3], neural [4], and skin [5]. Based on the therapeutic indication and
devices used, there are two types of shock waves, focused and radial, that can be favored
depending on the indicated target depth and surface area. Radial waves reach a larger
surface area and have less penetration depth compared to focused waves [6]. Devices that
generate shock waves have different mechanisms of producing a waveform via electrohy-
draulic, piezoelectric and electromagnetic, and pneumatic stimulation. All methods can
generate focused shock waves, while some electrohydraulic and electromagnetic devices
can emit radial shock waves [6,7]. The shock wave involves a sharp increase in pressure
that results in mechanical pressure and tension forces on the targeted tissue [7,8]. Radial
shock therapy is considered a second-generation shock wave therapy. In addition, because
of its lower energy and more linear pressure with less penetration depth—compared to
focused—it arguably is safer [9,10]. The safety and efficacy of ESWT, regardless of its
propagation pattern and waveform, is primarily based on a dosing recipe of fundamental
factors including the total number of shocks, energy flux density measured in mJ/mm?,
and the rate in Hz (shocks per second) [6,7]. Other variables, such as frequency of treat-
ments (i.e., rounds of exposure) and interval of dose to effect, are vital to ESWT. The
safety—efficacy and dose—effect parameters can metaphorically be simulated to a dose of
a medication that is specifically tailored to treatment [11,12]. ESW travels through the
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tissue to the targeted site, where physical stimulation translates into biological outcomes.
This response is an activation of cellular cascade events. Shock waves cause an increase in
cell permeability and lead to the release of cellular proteins such as transforming growth
factor-betal, bone morphogenetic proteins, and other membrane-bound proteins [13,14]. It
induces microscopic circulation and metabolism at the site [15-17]. It was reported that
the ESW mechanotransduction has a molecular effect, triggering the release of cytokines,
growth factors, and oxygen radicals [18]. These initial responses activate cellular biological
reactions to proliferate, migrate, and differentiate, enhancing healing and promoting re-
generative capability [12,16,19]. The positive regenerative effect of shock wave therapy is
the leading cause for its recent interest and use [17]. It is possible to have an insignificant
effect [20] or no effect using ESWT [21-23]. It is often related to ESWT parameters used
in dose—effect settings. Therefore, it is vital that ESWT be applied to be valid, approved,
and monitored [24,25]. Improper ESWT handling and lack of scientific support could
induce injury or damaging effects with more destructive energy levels to different tissues
of different impedances [26]. For instance, the lungs have low-density tissue mass and
should be out of the wavefield for risk of tears or pneumothorax [26-28].

Other complications that vary in their severity have been reported. For instance,
osteonecrosis of the humeral head [29], fascial ruptures [30,31] and acute myocardial
infarction [32] were described during the course of ESWT.

ESWT is contraindicated in pregnant women [33] and in patients using anticoagulants
(to avoid hemorrhage). ESWT application might pose a risk for bacteremia, and around
tumors (tumor growth), where in either condition, ESWT has also shown an adjunctive
positive effect. Therefore, appropriately trained professionals and internationally standard-
ized care delivery should be followed [34]. The main side effects when using ESWT could
include pain, skin erythema, and superficial hematoma [7].

Moreover, the noise associated with the use of ESWT could potentially be of harm to
the hearing function of individuals treated as well as to the staff. In that aspect, a number of
studies has investigated the effect of ESWT on the cochlear and auditory function of patients
who had ESWT. Some clinical studies showed no hearing impairment was associated with
ESW during lithotripsy [35,36] and plantar fasciitis therapy [37]. On the other hand, a study
showed that ESWT had a collateral potential hazardous effect on hearing function [38],
which is of further importance when considering treatment in the oral and maxillofacial
area due to the proximity of exposure to the ears. Despite the controversy in the effect of
ESWT on hearing function, it is vital for care providers and patients interacting with ESW
to follow precautionary and protective measures. It was shown that the staff who operate
ESWT with frequent exposure had experienced hearing loss [38,39].

In dental medicine, in the oral and maxillofacial areas, ESWT can present itself to
include most indications it was invented and investigated to serve. The complex and
diverse anatomical and histological structures of the oral and maxillofacial area include
glandular, bone/musculoskeletal, soft tissue, and tooth-related conditions. The effect of
ESWT is dose-dependent and site-specific. For that, other applications and doses used
in different parts of the body cannot be applied for another. Thorough experimental and
clinical investigations are essential to determine the appropriate shock wave parameters,
dose—effect, and safety—efficacy guidelines needed for optimal therapeutic results [24,26].

Because of the reported ESWT stimulating, regenerative, anti-bacterial, and anti-
inflammatory possibilities, ESWT’s indications have expanded to dental medicinal uses as
well [40]. Numerous applications that ESWT can be investigated for include sialolithiasis,
bone remodeling/fracture, periodontal therapy, soft tissue defects, and squamous cell
carcinoma. In the present review, ESWT was explored for its up-to-date applications in
dental medicine. The discussed studies are highlighted focusing mainly on the therapeutic
and biological effects of ESWT on the cells/tissues of interest.
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2. Literature Review

The topics discussed in this review include salivary glands, temporomandibular joint
disorder, bone defect healing, orthodontics, periodontics, endodontics, tooth-desensitization,
squamous cell carcinoma, and facial soft tissue (i.e., skin). A summary of findings for the
clinical and preclinical studies is shown in Tables 1 and 2, respectively.

Table 1. Extracorporeal shock wave therapy (ESWT) applications in clinical studies in the oral and

maxillofacial area.

Reference Year Application Area Therapeutic Goal ESW Parameters Outcomes Study Type Adverse Event
Focused .
. . g . . . No side effect or
Mandibular 1000 impulses, No identifi- Comparative L
1 20] 2015 anterior teeth pulp Pulpal blood flow 5Hz, 0.19- able effect clinical trial complications
0.23 mJ/mm? were found
Focused,
Bone marrow cell .
roliferation 1000 impulses, No identifi- Comparative
2 (21] 2016 Mandible Ichl growth 4 Hz, able effect clinical trial Non-reported
. 0.25m]J/ mm?,
factor expression . .
single session
Orthodontic tooth Focused, No side effect or
3 [22] 2014 Mandibular movement 1000 impulses, No signifi- Comparative complications
molar area rate, periodontal 5Hz, 0.19- cant effect clinical trial welrr)e found
profile measures 0.23 mJ/mm?
Pain, obstructive Focused, (:Ilje()cilef;‘;isffzci:{ Retrospective Discomfort, den-
Sialolithiasis in syndrome, salivary 5000 impulses, obstructign ’ clinica{)stu d tal/glandular
4 [41] 2018 parotid and sub- gland infection, 0.15- infection ’ atient re—y, pain, ecchymosis,
mandibular gland need for 0.19 mJ/mm?, and nee d, p orted cutaneous
future surgery 2—4 sessions p P dermabrasion
or surgery
TMJ /muscular Positive effect,
. . decreased pain,
pain, mandibular Radial, 1000- improved
. . movement, joint . p . Comparative
5 [42] 2020 TMD/myofascial pain o 1500 impulses, functional L . Non-reported
noise, joint S Hz 4 . ind £ TM clinical trial
press, and 7, 4 sessions indexes o J
disability index and.mm.lth.
opening limit
40012)Oicmusici’ses Positive effect,
. Mandibular P 2 pain reduction, ~ Comparative
6 [43] 2021 Mandible £ 0.35 mJ/mm?, . . . Non-reported
racture 5 Hz increased clinical trial
. " bone density
single session
Mandibular molar
area (orthodontic Focused, No side effect or
7 [44] 2014 temporar Stability of 1000 impulses, No identifi- Comparative complications
p Y orthodontic TADs 5Hz, 0.19- able effect clinical trial p
anchorage 0.23 m] /mm? were found
devices (TADs)) ’
Mandibular Tooth mobility 1 Oof)iillsicll;es Positive effect, Comparative No side effect or
8 [45] 2015 R post-orthodontic p ! reduced mp . complications
anterior teeth 5Hz, 0.19- . clinical trial
treatment tooth mobility were found

0.23 mJ/mm?
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Table 2. Extracorporeal shock wave therapy (ESWT) applications in preclinical studies related to the

oral and maxillofacial area.

Reference  Year Application Area Therapeutic Goal ESW Parameters Outcomes Study Type
Focused, Positive effect,
Angiogenesis and 1000 impulses, induced dermal In vivo
1 [14] 2020 Skin collagen 4 Hz,0.15 and thickness, neovas- oat model
production 0.45 m]J/ mm?, cularization, and &
single session collagen production
No significant
Radial, effect was found in
. . 500 impulses, the ESWs group vs. .
2 [23] 2019 Mandible olztlzz)ragrtlleos?s 5 Hz, the control in bone rabIbnitVrl:((; del
& 0.19 mJ/mm?, density, formation,
3—-6 sessions maturation, and
vascularization
Positive effect,
downregulation of
Rat-derived Focused, pro-inflammatory
chondrocytes, tem- Temporomandibular 500 impulses, cytokine In vitro/in vivo
3 [46] 2019 ytes, ~emp " 5 Hz, expression,
poromandibular joint osteoarthritis 2 rat model
oint 0.068 mJ/mm~, chondrocytes
J 4 sessions apoptosis, and
TM] tissue
degradation
Radial,
500 impulses
4 Dose-related
. Mandibular bone 1.2/1.6 pressure e In vivo
4 [47] 2020 Mandible defect healing bar, 5 Hz, pos;ﬁzehifafﬁ;t on rabbit model
0.19 mJ/mm?2, 8
3 sessions
Focused, Positive effect on
Distraction 500/1000 im- induced bone In vivo
5 [48] 2018 Mandible . pulses, 5 Hz, mineral density .
osteogenesis 2 rabbit model
0.19 mJ/mm?, and
single session vascularization
No effect in
non-diabetic,
. positive effect in
Radial, . . .
500 impulses diabetic animals
6 [49] 2018 Mandible Mandibular bone 5 Hy ’ for bone density, In vivo
defect healing " 5 new bone rat model
0.19 mJ/mm*, .
. formation,
3 sessions . .
connective tissue,
and
neovascularization
Dose-related effect
on consolidation of
Focused, bone defect,
Distraction 500/1000 im- significant In vivo
7 [50] 2017 Mandible . pulses, 4 Hz, induction of bone .
osteogenesis rabbit model

0.19 mJ/ mm?,
2 sessions

mineral density,
new bone
formation, and
neovascularization
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Table 2. Cont.

Reference  Year Application Area  Therapeutic Goal = ESW Parameters Outcomes Study Type
Positive effect,
Radial induced bone
Distraction 500 impulses, mifrcl);giai’;l:tril(,)n In vivo
8 [51] 2019 Mandible . 0.18 mJ/mm?, . .
osteogenesis 1 Hz mineral density, rat model
. " collagen
single session deposition, and
angiogenesis
Positive effect,
Radial accelerated graft
Grafted (allograft) 200 impulses, bolfeaglgii}tug}r:;re In vivo
9 [52] 2019 Mandible mandibular 5 Hz, o boi’{e b modal
defects healing 0.19 mJ/mm?, NN
3 sessions connective tissue,
and vessels
formation
Radial, Positive effect,
. 1000 impulses, increased rate of .
10 [53] 2022 Maxillary molars Orthodontic tooth 5Hz, tooth movement Invivo
movement rate 2 rat model
0.1 mJ/mm~, and bone
single session remodeling
Radial/Focused, DO.S e}—related
500/1000 im- positive effect,
. .. Orthodontic tooth increased rate of In vivo
11 [54] 2021 Maxillary incisors pulses, 5 Hz, .
movement rate 0.19 m] /mm> tooth movement rabbit model
3 sessions and bor}e
remodeling
Increased bone cell
Focused, activities,
. 500 impulses, imbalanced- .
12 [55] 2018 Maxillary molars Orthodontic tooth 5 Hz, induced In vivo
movement rate 2 : rat model
0.1 mJ/mm~, remodeling,
single session hindered tooth
movement rated
Radial Positive effect,
. . ’ anti-inflammatory
Max1lla‘ry Periodontal 1000 impulses, effect, reduced In vivo
13 [56] 2015 orthodontically . 5 Hz, .
. cytokines levels 2 periodontal rat model
activated molars 0.1 mJ/mm~, cvtokines
single session Y .
expression
Radial,
. 1000 impulses, .
14 [56] 2015 Maxillary molars Perl'odontal 5Hz, . . .NO fnvivo
cytokines levels 0.1 mJ/mm? identifiable effect rat model
single session
Disrupted biofilm
structure,
. Customized signif.ican.t .
15 [57] 2019 Or.al rn.ult.1 ) Periodontitis shock redu.ctlon‘m Invivo
species biofilm multispecies rat model

wave model

biofilm when
accompanied with
antimicrobials
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Table 2. Cont.
Reference  Year Application Area  Therapeutic Goal = ESW Parameters Outcomes Study Type
. Radla'l, 100/300/ Dose-related effect
Periodontal Periodontal 500 impulses, on cvtokine
16 [58] 2016 ligament . 3 Hz, 0.05/0.10/ e In vitro
. cytokines levels 2 expression and
fibroblasts 0.19 mJ/mm~, . L.
single session cell viability
Shock wave - .
Efficiency of smear enhanced Positive 'effect m
Extracted Molars, - removing the .
17 [59] 2021 layer and emission . In vitro
Root Canal : . debris and
debris removal photoacoustic
streaming smear layer
ml;;i)l_ls}elg”:k Positive effect,
Extracted molars Dentinal tubules wave generator reduced dentin
18 [60] 2020 root canal ! seal, desensitizers iezog—elec tric ’ permeability, and In vitro
penetration a}c)tua tor (100 m enhanced dentinal
stroke, 10,000 G) tubule occlusion
Focused,
Clgﬁsmsplulgisz Dose-related effect
Squamous cell 0.14,0.25, (:;lilei"eﬁzft“g’n
Tongue carcinoma 0.35 mJ/mm?. P . In vivo
19 [61] 2021 . . . suppressing cell
squamous cells proliferation and Animals: roliferation. and mouse model
tumor growth 500 impulses, P . ’
005 0.1.03 inducing tumor
0 5 n’1]kr;1n'12, cell apoptosis
4 sessions
Positive effect in
. suppressing the
5001§fr‘1hilllses hypertrophic scar
20 [62] 2018 Skin Hypertrophic 3 Hpo 1 g formation, reduced In vivo
scar formation 02 m] ;mn’@ scar elevation rabbit model
’ 4 sessions ! index, fibroblast
density,
and a-SMA

2.1. Salivary Glands

Sialolithiasis is a benign situation characterized by the development of stones inside

the ductal system of the major salivary glands: the parotid, submandibular, and sublin-
gual glands [63]. It affects 1.2% of the population and is most common in people aged
30-60 years old [64]. Such calculi are reported in the submandibular gland in 80-90% of
known cases [65]. Several diagnostic tools and conservative interventions are used, such as
salivary gland massage, nonsteroidal anti-inflammatory drugs (NSAIDs), and sialagogues.
However, sometimes conservative management fails to control the condition; hence, further
treatment is needed [63]. In a retrospective study on patients with sialolithiasis, it was
stated that “although the use of ESW lithotripsy does not produce outstanding results, it has
very few adverse effects and therefore can be deemed as the first treatment to preserve the
gland instead of total salivary gland removal”. Additionally, observed pain and self-esteem
improved following ESW lithotripsy sessions. Moreover, they reported a decline in the
percentage of patients with obstructive syndrome and noticed that their results were better
in the parotid gland than the submandibular glands because the densities of parotid stones
were less than those of submandibular ones [41]. Similarly, it was suggested that ESW
lithotripsy was a choice for non-palpable lithiasis or those seen endoscopically [63].



Biomedicines 2022, 10, 902

7 of 14

2.2. Treatment of Temporomandibular Joint Disorders (TMDs)

Although several methods are available for the treatment of TMD patients, the proper
selection of treatment methods is crucial for better treatment outcomes [66]. During a clinical
study on patients with myogenic or mixed TMD, comparing the efficiencies of ultrashort
wave (UW) and ESWT in treating TMD, it was found that the visual analog scale (VAS)
scores were reduced in both groups following therapy, with the ESWT group experiencing
a decrease greater than the UW group [42]. Likewise, the painless maximum mouth opening
(MMO) in both groups improved following therapy. This could be attributed to the analgesic
effect of ESWT, which hinders the excitation and propagation of pain signals through non-
invasive stimulation of cellular membrane and nerve endings. The authors reported that the
improvement was greater in the ESWT group than in the UW group, indicating that ESWT
is superior to UW for TMD treatment. Usage of shock waves comes with minimal tears in
non- or sparsely perfused tissues, inducing tissue reperfusion by releasing growth factors
and stem cell mobilization, likely to result in blood flow to the cells [67].

A study on a rat model discussed the protective properties of ESWT on rats’ chon-
drocytes and temporomandibular joint osteoarthritis [46], revealing the down regulation
effects of ESWT on pro-inflammatory cytokine expression of tumor necrosis factor «
(TNFw), interleukin-13 (IL-13), interleukin-6 (IL-6), apoptosis, and tissue degradation.
This explained its effects on the behavior of chondrocytes. As a result, ESWT played a
protective role in temporomandibular joint osteoarthritis cartilage and the subchondral
bone structures in the monosodium iodoacetate (MIA)-stimulated chondrocytes and the
MIA TMD model in rats.

Myofascial pain can be a major symptom associated with TMD. A study concluded
that ESWT outperformed other therapies in aspects of pain intensity and pain threshold
reduction in patients suffering from myofascial pain syndrome in the neck and shoulder
following the intervention [68].

2.3. Fracture/Bone Defect Healing

The mandible is the most commonly injured and fractured bone in the maxillofacial
area (52.9%). Such fractures are primarily managed with either open, closed reduction, or a
combination of both techniques [69].

Fracture healing is a highly complex process affected by various biological and biome-
chanical factors. Post-operative risk of complications remains a significant drawback follow-
ing oral and maxillofacial surgeries. Patients usually experience pain, trismus, edema, and
infection, all of which negatively affect their life quality and psychological well-being [43].
According to the same study, ESWT is a safe and efficient treatment for fracture healing
because it can enhance bone mass density, promote blood flow and metabolic activity in
the adjacent soft tissue, and play a key role in pain relief [43]. In addition, an animal trial
on rabbits was conducted to investigate changes in the quality of osseous regeneration
and composition throughout the reparation of post-operative bone defect [47]. The au-
thors noted that the bone defect regeneration happens due to the diversifying mineral
deposits in the trabecular bone throughout all levels when using ESWT with a constant
maximum wave front pressure. The newly formed bone tissue is structurally identical
to the undamaged bone tissue, as the maximal pressure increases from 1.2 to 1.6 Bar [47].
Direct effect of ESWT on bone healing and acceleration of new bone formation could also
reduce the possible collateral complications. In that context, a pilot study on rats indicated
that combined intermaxillary fixation and ESWT reduces the duration of improvement in
subcondylar mandibular fractures [70] ESWT could reduce the concomitant complications
of lengthy fixation such as ankylosis, fibrosis, and hypomobility [70].

Furthermore, in a distraction osteogenesis (DO) rabbit model, a study proved that
ESWT could stimulate growth factors and enhance the formation of new osteogenesis [48],
but in an experimental study, it was observed that repeated application of low-energy
flux density shock waves did not induce growth factors and angiogenesis, particularly in
diabetic rats [49].
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Additionally, an animal study on rabbits, which investigated the impacts of various
dose levels of ESWT on repairing fractures using quantified stereological strategies, in
addition to a radiological technique, reported that all application types of ESWT had a
favorable impact on osteogenesis [50]. Comparably, in the DO study in a rat model, it
was proved that following the distraction period, ESWT usage improves bone growth,
development, and mineralization during DO. These effects are influenced by regulating
the expression of bone-specific extracellular matrix proteins with no adverse reactions [51].
Furthermore, in a rat model study, repeated doses of ESWT on bony defects grafted with
particulate allograft were investigated [52]. The results of radiographic and stereological
analyses showed a higher bone density and more formation of new bone and connective
tissue and capillaries at 8 weeks. It was concluded that the repeated ESWT induced the
healing of grafted mandibular defects [52].

Osseointegration in dental implants is defined as an immediate, contextual, and
functional relationship between structured viable bone and the surface of a functionally
loaded implant. Therefore, dental implant osseointegration is considered as a natural
system resembling fracture repair [71].

Dental implants have been commonly used in dental practice for the past few decades [72].
Currently, the implant accomplishes osseointegration when there is an accelerated interaction
between both the implant and the bone it directly contacts [73].

The results of a hypothesis indicated that the biostimulator effect on resident hu-
man bone marrow-derived mesenchymal stem cells (HBMMSCs) could aid biological
response to a more favorable outcome to achieve clinical success and limit side effects
in implant integration [71]. The possible mechanism also includes the ESWT capacity to
stimulate neoangiogenesis, mesenchymal stem cells (MSC) recruitment, cell proliferation
and differentiation enhancement, and anti-inflammatory and antimicrobial effects [71].

In his letter to the Editor, Elisetti stated that ESWT, with its anti-inflammatory, os-
teogenesis, and antimicrobial advantages, could be a promising treatment option for
peri-implantitis [74].

2.4. Orthodontics

In an animal study on a rat model, it was stated that novel methodologies to shorten
prolonged procedures (which is considered the most significant drawback of orthodontic
procedures) had been developed over the last few years [53]. ESWT is considered a non-
invasive technology for this goal in addition to being a management protocol appropriate
for clinical efficiency, particularly with the increased number of adult patients who seek
orthodontic treatment and their interest in accelerating teeth movement to shorten the du-
ration of treatment [53]. This study also demonstrated that “when compared to orthodontic
force on its own, ESWT adds to the orthodontic power more than its double-speed of tooth
movement in a rat model and created a considerable reduction in volumetric bone mineral
density at the pressure side” [53].

A study on rabbits reported that ESWT was the origin of osteoclast internal migration
in the maxillary area, with the biostimulative effect on alveolar bone marrow leading to
fewer tartrate-resistant acid phosphatase (TRAP)-positive cells/area from 3 to 21 days [54].
The authors concluded that the usage of shock-wave therapy of focused 1000 impulses at
energy flux density (EFD) 0.19 mJ/mm?, with a frequency of 5 pulses/second once weekly
for a three-week duration, led to a significantly enhanced orthodontic tooth movement.
Moreover, the use of ESW, with focused 500 or 1000 impulses, resulted in significantly
enhanced bone formation, connective tissue, and blood capillaries formation, if applied
once weekly for a three-week duration [54]. In addition, they concluded that implementing
focused shock waves was more efficacious than unfocused shock waves in the growth of
new bone and connective tissue for accelerating orthodontic tooth movement [54].

However, another study on orthodontic tooth movement in rats revealed that a single use
of ESWT of focused 500 impulses at EFD 0.1 mJ/mm?, with a pulse rate of 5 pulses/second,
applied when tooth motion was started, hindered tooth movement [55]. A single application
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of ESWT in the same study showed that, while there were beneficial consequences on
osteoblastic activity in the bone renovation process, ESWT seemed to have no systemic
effects on osteoclasts [55]. It was stated that at day 21, rats given ESWT had a higher rate of
tooth movement, a lower volumetric bone mineral density, and a higher number of TRAP-
positive cells/area on the pressure side [53]. An in vivo study on a rat model investigated
the expression of cytokines (i.e., IL-1b, IL-6, RANKL, and TNF-a) in periodontal tissue of
maxillary molars with a single application of ESWT (1000 pulse x 0.1 mJ/mm?) [56]. The
study showed that the application of ESWT on orthodontically activated teeth induced an
anti-inflammatory effect. Periodontal inflammatory cytokines were significantly reduced
compared to the group that only received an orthodontic treatment without the ESWT [56].

However, a randomized clinical trial explored the effect of a single round of ESWT
on orthodontic molar movement in the posterior-anterior direction, as well as tipping
and rotation movement [22]. It revealed no difference between the treatment and control
groups in terms of accelerating the tooth movement. The only significance the authors
reported, as a minor clinical relevance, was in the buccolingual movement of the molars.
Importantly, the study reported no complications or adverse events associated with ESWT
during the study [22]. In the same controlled clinical trial, a different study reported
the effect of ESWT on the stability of temporary anchorage devices (TADs) utilized for
orthodontic movement. The research team concluded that the ESWT had no positive effect
on improving the stability of TADs compared to placebo participants [44].

2.5. Periodontics

Periodontitis is an infectious disease caused by bacterial biofilm rather than planktonic
pathogens [57]. A randomized clinical trial was conducted to investigate the effect of ESWT
on periodontal parameters in patients” periodontal profile measures of sulcus probing
depth, gingival index, and plaque index [22]. The results showed no clinical difference
in the outcomes of probing depth and gingival index using a single treatment of ESWT
compared to the control group. The plaque index, however, showed significantly reduced
measures in the ESWT group compared to the control group. This lower amount of plaque
formation could be due to the anti-bacterial effect of ESWT on biofilm integrity. Nonetheless,
there was no report of the qualitative effect of ESWT on the bacterial biofilm to exclude other
confounding factors to this outcome. Participants in this study tolerated the ESWT with no
complication or adverse reaction. Teeth and surrounding tissue in the field of the ESWT
was monitored with no side effects or complications throughout the study period [22].
In another randomized controlled trial, the impact of a single treatment of ESWT on
tooth mobility in the anterior mandibular area was investigated [45]. Tooth mobility is
expected after orthodontic treatment due to the fact of ongoing bone remodeling, not a
destructive periodontal disease. Periodontal probing depth and sulcular bleeding were
also assessed. The findings of this clinical study showed a significantly faster reduction in
tooth mobility [45]. The probing depth and bleeding on probing were significantly reduced
in the ESWT group compared to the placebo group. This study’s stimulatory regenerative
effect of ESWT was evident and could be concluded from the clinical findings reported.
Neither complications nor adverse effects were reported in association with ESWT [45].

A literature review paper suggested that the use of ESWT as a non-invasive technique
would be potentially implemented in periodontal treatment [75]. This was supported by its
antimicrobial activity (particularly against periodontal pathogens), anti-inflammatory, anal-
gesic, alveolar osteogenesis, and enhancing periodontal renovations and tissue regenerative
characteristics with negligible or no documented adverse effects. A study on a humanized
rat model discovered that the biofilm structure was disrupted when exposed to ESW, and
its integrity was no longer preserved [57]. It was hypothesized that shock-wave exposure
interrupted the extracellular polymeric substance (EPS), encompassing the biofilm, liberat-
ing bacteria, and potentially providing access to antimicrobial agents [57]. Furthermore,
the authors showed that following the treatment, the animals treated with shock waves or
antimicrobials alone did not recover from the disease significantly. On the other hand, the
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animals treated with a combined application of shock waves and antimicrobials recovered
completely [57]. Periodontal ligament fibroblasts are key cells in periodontal tissue forma-
tion, regeneration, and remodeling. An in vitro study investigated the effect of different
doses and energy flux densities of ESW on the expression of inflammatory mediators of
human periodontal ligament fibroblasts [58]. The findings of this study showed no negative
effect of ESW on cellular viability at 0.19 mJ/mm? and 500 impulses. From a cytokines
point of view, the ESW caused a higher expression in IL-6 and IL-8 and a decreased expres-
sion in TNF-«. Inflammatory cytokines can be expressed in pathological conditions, as
in pro-inflammatory molecules in periodontal diseases as well as in cases of mechanical
stimulation such as orthodontic movement. In relevance to the translational interpretation
of these findings, ESWT could simulate a mechanical stimulation to periodontal ligament
fibroblasts cellular activity and concomitant inflammatory reaction [58]. On the contrary, an
in vivo study on a rat model investigated the expression of cytokines in periodontal tissue
of maxillary molars with a single application of ESWT (1000 pulse, 0.1 mJ/mm?) [56]. The
study showed that there were no differences in the periodontal profiles of cytokines (i.e.,
IL-1b, IL-6, and RANKL) in the ESWT group compared to the untreated group [56]. The
authors indicated that the application of ESWT alone might not be sufficient in inducing
the necessary threshold of periodontal cytokines. It was suggested that the ESWT “should
always” be applied after the inflammatory process has been ignited by the intervention of
concern, such as a surgical exposure, or orthodontic movement [56].

2.6. Endodontics

A randomized clinical trial investigated the effect of ESWT on the tooth pulp blood flow
of mandibular incisors and canines in healthy patients [20]. After a single treatment of ESWT,
pulpal blood flow was assessed (4 times/6 months) using a laser Doppler device. The findings
of this study indicated a transient elevation of pulpal blood flow in the treated group with no
significant difference compared to the control group over the study period of 6 months. No
adverse events or complications were reported during the clinical trial [20]. Parameters of
dose-response must be directed and tuned toward the translational goals in different pulpal
pathological conditions such as pulpitis, pulpotomy, and regenerative endodontics.

Regarding cleaning and irrigation of root canals, an experimental study compared
different irrigation methods and found that shock wave enhanced emission photoacous-
tic streaming (SWEEPS) demonstrated the greatest efficacy in cleaning the apical area in
existence of a fractured instrument, with substantial differences from conventional irri-
gation [59]. While there is no substantial difference between passive ultrasonic irrigation
and SWEEPS, the diagnostic and therapeutic significance of using a SWEEPS tip has the
privilege of not requiring the laser tip to be taken to the apical area. Simply keeping
the SWEEPS tip in the chamber is sufficient in doing its job; thus, it reduces preparatory
missteps such as ledges or ultrasonic transportation [59].

2.7. Desensitization

Teeth desensitization, and, thus, pain reduction, is primarily based on isolating dental
pulp from the external environment by modulating the dentinal tubule permeability. In an
ex vivo study on extracted human molars, the dentinal tubules permeability was assessed
by measuring the dentinal fluid flow (DFF) after applying a desensitizing agent, with
or without ESWT [60]. It was found that the ESWT had a significantly additive effect of
decreasing the DFF. It indicated the beneficial effect of ESWT in reducing the dentinal
permeability by synergistically increasing the desensitizers tubular penetration. Yet, a
clinical pain analysis study is needed to prove the principle and cause—effect relation.

Furthermore, using scanning electron microscopy (SEM), the desensitizer’s efficiency
was compared with or without shock waves. The results confirmed that the dentinal pene-
tration was doubled, and all tubules were occluded when adjunctive ESWT was used [60].
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2.8. Squamous Cell Carcinoma

Squamous cell carcinoma is one of the most common malignant carcinomas of the
head and neck [61]. In a rat study investigating the effect of different doses of ESWT on cells
isolated from squamous cell carcinoma, it was reported that high energy levels of ESWT
(>0.25 mJ /mm?) significantly suppressed cancerous cell proliferation and upregulated tu-
mor cell apoptosis compared to a lower dose of ESWT (<0.12 mJ/mm?). Further synergistic
effects on suppressing the cancerous cells were found when high-energy (0.35 mJ/mm?)
ESWT was combined with 5-FU anti-cancer drug molecules. It was explained that in-
creased cell permeability and induced apoptosis facilitates anti-cancer drugs to tackle
the tumor cells [61]. It was found that there was a more significant reduction in tumor
volume and weight when using the combination of high-dose ESWT and 5-FU therapy than
each one individually [61].

2.9. Facial Soft Tissue

Facial soft tissue must be critically approached in the process of repair after an injury
or constructive interventions in cases such as cleft lip, facial trauma, burns, or tumor.
Due to the fact of esthetic demands and limited skin grafting options, skin regeneration
and scar reduction are of ultimate importance. In a large animal goat model, a study
investigated the effectiveness of ESWT implementation in improving dermal thickness
and vasculature and collagen production of facial skin [14]. They concluded that a single
application of ESWT massively improved dermal thickness, the number and abundance of
microvessels, and the amount of type 1 collagen in facial skin after four days of ESWT [14].
Such changes were not associated with the enhanced release of alpha smooth muscle
actin («-SMA) [14]. Moreover, an animal study on rabbits investigated the effect of ESWT
on ear hypertrophic scar formation [62]. They concluded that both high and low ESWT
could inhibit hypertrophic scar formation in hypertrophic scar tissues during the initial
stages, enhancing scar elevation index and fibroblast density relative to the control group.
They attributed this outcome to the effect of ESWT on inhibition of x-SMA expression of
hypertrophic scar tissues [62].

3. Conclusions

In this narrative review, ESWT in dental medicine was discussed. Despite the limited
number of homogenous studies available, ESWT has shown numerous advantages and
potential benefits. There has not been a report of remarkable complications, substantial
injury, or tissue damage in the studies discussed. It is evident that ESWT demonstrated
regenerative, anti-inflammatory, antibacterial, and analgesic effects. These translational
applications are certainly of great value to dental medicine patients and clinicians, especially
with the increased demand, complexity, and cost of regenerative procedures. From the
studies discussed in this review, it became clear that the type of ESW, dose, energy flux
density, and number of cycles has yet to be optimized. It is crucial for researchers and
clinicians to attempt to initiate and standardize the road map for homogenous predictable
ESWT guidelines in oral and maxillofacial areas. Physical and dose—effect parameters are
the cornerstone of establishing predictable positive biological and regenerative regimens.
Therefore, more clinical studies are needed to determine the ideal amount of energy, dosage,
and number of visits necessary for optimal therapeutic results. In addition, it is of further
benefit to work with the manufacturing parties in designing the appropriate instrumentation
and apparatus that suit the anatomical complexity of the oral and maxillofacial area.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.



Biomedicines 2022, 10, 902 12 of 14

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Cao, L.; Wang, Y.-Q.; Yu, T,; Sun, Y.; He, J.; Zhong, Y.; Li, X.; Sun, X. The Effectiveness and Safety of Extracorporeal Shock Wave
Lithotripsy for the Management of Kidney Stones: A Protocol of Systematic Review and Meta-Analysis. Medicine 2020, 99, e21910.
[CrossRef] [PubMed]

Simplicio, C.L.; Purita, J.; Murrell, W.; Santos, G.S.; Dos Santos, R.G.; Lana, J.ES.D. Extracorporeal Shock Wave Therapy
Mechanisms in Musculoskeletal Regenerative Medicine. . Clin. Orthop. Trauma 2020, 11, S309-5318. [CrossRef] [PubMed]
Kikuchi, Y.; Ito, K.; Shindo, T.; Hao, K.; Shiroto, T.; Matsumoto, Y.; Takahashi, J.; Matsubara, T.; Yamada, A.; Ozaki, Y.; et al.
A Multicenter Trial of Extracorporeal Cardiac Shock Wave Therapy for Refractory Angina Pectoris: Report of the Highly Advanced
Medical Treatment in Japan. Heart Vessel. 2019, 34, 104-113. [CrossRef] [PubMed]

Alavi, S.N.R.; Neishaboori, A.M.; Yousefifard, M. Extracorporeal Shockwave Therapy in Spinal Cord Injury, Early to Advance
to Clinical Trials? A Systematic Review and Meta-Analysis on Animal Studies. Neuroradiol. J. 2021, 34, 552-561. [CrossRef]
[PubMed]

Lee, S.Y.; Joo, S.Y.; Cho, Y.S.; Hur, G.Y.; Seo, C.H. Effect of Extracorporeal Shock Wave Therapy for Burn Scar Regeneration:
A Prospective, Randomized, Double-Blinded Study. Burns 2021, 47, 821-827. [CrossRef] [PubMed]

Cleveland, R.O.; Chitnis, P.V.; McClure, S.R. Acoustic Field of a Ballistic Shock Wave Therapy Device. Ultrasound Med. Biol. 2007,
33, 1327-1335. [CrossRef]

Auersperg, V.,; Trieb, K. Extracorporeal Shock Wave Therapy: An Update. EFORT Open Rev. 2020, 5, 584-592. [CrossRef]
Csaszar, N.B.M.; Angstman, N.B.; Milz, S.; Sprecher, C.M.; Kobel, P.; Farhat, M.; Furia, J.P.; Schmitz, C. Radial Shock Wave Devices
Generate Cavitation. PLoS ONE 2015, 10, €0140541. [CrossRef]

Walewicz, K.; Taradaj, J.; Rajfur, K.; Ptaszkowski, K.; Kuszewski, M.T.; Sopel, M.; Dymarek, R. The Effectiveness of Radial
Extracorporeal Shock Wave Therapy in Patients with Chronic Low Back Pain: A Prospective, Randomized, Single-Blinded Pilot
Study. Clin. Interv. Aging 2019, 14, 1859-1869. [CrossRef]

Tam, K.-F; Cheung, W.-H.; Lee, K.-M.; Qin, L.; Leung, K.-S. Delayed Stimulatory Effect of Low-Intensity Shockwaves on Human
Periosteal Cells. Clin. Orthop. Relat. Res. 2005, 438, 260-265. [CrossRef]

Liao, C.-D.; Xie, G.-M.; Tsauo, J.-Y.; Chen, H.-C.; Liou, T.-H. Efficacy of Extracorporeal Shock Wave Therapy for Knee
Tendinopathies and Other Soft Tissue Disorders: A Meta-Analysis of Randomized Controlled Trials. BMC Musculoskelet.
Disord. 2018, 19, 278. [CrossRef] [PubMed]

Alshihri, A.; Niu, W.; Kdmmerer, PW.; Al-Askar, M.; Yamashita, A.; Kurisawa, M.; Spector, M. The Effects of Shock Wave
Stimulation of Mesenchymal Stem Cells on Proliferation, Migration, and Differentiation in an Injectable Gelatin Matrix for
Osteogenic Regeneration. . Tissue Eng. Regen. Med. 2020, 14, 1630-1640. [CrossRef] [PubMed]

Wang, ES.; Wang, C.J.; Huang, H.J.; Chung, H.; Chen, R.F; Yang, K.D. Physical Shock Wave Mediates Membrane Hyperpolar-
ization and Ras Activation for Osteogenesis in Human Bone Marrow Stromal Cells. Biochem. Biophys. Res. Commun. 2001, 287,
648-655. [CrossRef] [PubMed]

Alshihri, A.; Kimmerer, PW.; Heimes, D.; Niu, W.; Alnassar, T.; Spector, M. Extracorporeal Shock Wave Stimulates Angiogenesis
and Collagen Production in Facial Soft Tissue. J. Surg. Res. 2020, 245, 483-491. [CrossRef] [PubMed]

Heimes, D.; Wiesmann, N.; Eckrich, J.; Brieger, J.; Mattyasovszky, S.; Proff, P.; Weber, M.; Deschner, J.; Al-Nawas, B.; Kdmmerer,
P.W. In Vivo Modulation of Angiogenesis and Immune Response on a Collagen Matrix via Extracorporeal Shockwaves. Int. J.
Mol. Sci. 2020, 21, 7574. [CrossRef] [PubMed]

Kearney, C.J.; Hsu, H.P; Spector, M. The Use of Extracorporeal Shock Wave-Stimulated Periosteal Cells for Orthotopic Bone
Generation. Tissue Eng. Part A 2012, 18, 1500-1508. [CrossRef]

Sung, P-H.; Yin, T.-C.; Chai, H.-T.; Chiang, J.Y.; Chen, C.-H.; Huang, C.-R.; Yip, H.-K. Extracorporeal Shock Wave Therapy
Salvages Critical Limb Ischemia in B6 Mice through Upregulating Cell Proliferation Signaling and Angiogenesis. Biomedicines
2022, 10, 117. [CrossRef]

Chen, Y.-J.; Wurtz, T.; Wang, C.-J.; Kuo, Y.-R.; Yang, K.D.; Huang, H.-C.; Wang, E-S. Recruitment of Mesenchymal Stem Cells and
Expression of TGF-Beta 1 and VEGF in the Early Stage of Shock Wave-Promoted Bone Regeneration of Segmental Defect in Rats.
J. Orthop. Res. 2004, 22, 526-534. [CrossRef]

Chen, R.-F; Lin, Y.-N,; Liu, K.-F,; Wang, C.-T.; Ramachandran, S.; Wang, C.-J.; Kuo, Y.-R. The Acceleration of Diabetic Wound
Healing by Low-Intensity Extracorporeal Shockwave Involves in the GSK-33 Pathway. Biomedicines 2020, 9, 21. [CrossRef]
Falkensammer, F; Schaden, W.; Krall, C.; Freudenthaler, J.; Bantleon, H.-P. Effect of Extracorporeal Shockwave Therapy (ESWT)
on Pulpal Blood Flow after Orthodontic Treatment: A Randomized Clinical Trial. Clin. Oral Investig. 2016, 20, 373-379. [CrossRef]
Pfaff, ].A.; Boelck, B.; Bloch, W.; Nentwig, G.-H. Growth Factors in Bone Marrow Blood of the Mandible With Application of
Extracorporeal Shock Wave Therapy. Implant Dent. 2016, 25, 606-612. [CrossRef] [PubMed]

Falkensammer, F.; Arnhart, C.; Krall, C.; Schaden, W.; Freudenthaler, J.; Bantleon, H.-P. Impact of Extracorporeal Shock Wave
Therapy (ESWT) on Orthodontic Tooth Movement-a Randomized Clinical Trial. Clin. Oral Investig. 2014, 18, 2187-2192. [CrossRef]
[PubMed]

Senel, E.; Ozkan, E.; Bereket, M.C.; Onger, M.E. The Assessment of New Bone Formation Induced by Unfocused Extracorporeal
Shock Wave Therapy Applied on Pre-Surgical Phase of Distraction Osteogenesis. Eur. Oral Res. 2019, 53, 125-131. [CrossRef]
[PubMed]


http://doi.org/10.1097/MD.0000000000021910
http://www.ncbi.nlm.nih.gov/pubmed/32957310
http://doi.org/10.1016/j.jcot.2020.02.004
http://www.ncbi.nlm.nih.gov/pubmed/32523286
http://doi.org/10.1007/s00380-018-1215-4
http://www.ncbi.nlm.nih.gov/pubmed/29942978
http://doi.org/10.1177/19714009211026899
http://www.ncbi.nlm.nih.gov/pubmed/34224252
http://doi.org/10.1016/j.burns.2020.08.009
http://www.ncbi.nlm.nih.gov/pubmed/32917473
http://doi.org/10.1016/j.ultrasmedbio.2007.02.014
http://doi.org/10.1302/2058-5241.5.190067
http://doi.org/10.1371/journal.pone.0140541
http://doi.org/10.2147/CIA.S224001
http://doi.org/10.1097/00003086-200509000-00042
http://doi.org/10.1186/s12891-018-2204-6
http://www.ncbi.nlm.nih.gov/pubmed/30068324
http://doi.org/10.1002/term.3126
http://www.ncbi.nlm.nih.gov/pubmed/32885906
http://doi.org/10.1006/bbrc.2001.5654
http://www.ncbi.nlm.nih.gov/pubmed/11563844
http://doi.org/10.1016/j.jss.2019.06.077
http://www.ncbi.nlm.nih.gov/pubmed/31446190
http://doi.org/10.3390/ijms21207574
http://www.ncbi.nlm.nih.gov/pubmed/33066403
http://doi.org/10.1089/ten.tea.2011.0573
http://doi.org/10.3390/biomedicines10010117
http://doi.org/10.1016/j.orthres.2003.10.005
http://doi.org/10.3390/biomedicines9010021
http://doi.org/10.1007/s00784-015-1525-1
http://doi.org/10.1097/ID.0000000000000452
http://www.ncbi.nlm.nih.gov/pubmed/27504532
http://doi.org/10.1007/s00784-014-1199-0
http://www.ncbi.nlm.nih.gov/pubmed/24549763
http://doi.org/10.26650/eor.20190041
http://www.ncbi.nlm.nih.gov/pubmed/31579893

Biomedicines 2022, 10, 902 13 of 14

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Zhang, Y.-E; Liu, Y,; Chou, S.-W.; Weng, H. Dose-Related Effects of Radial Extracorporeal Shock Wave Therapy for Knee
Osteoarthritis: A Randomized Controlled Trial. J. Rehabil. Med. 2021, 53, 2742. [CrossRef]

Zhang, X.; Yan, X.; Wang, C.; Tang, T.; Chai, Y. The Dose-Effect Relationship in Extracorporeal Shock Wave Therapy: The Optimal
Parameter for Extracorporeal Shock Wave Therapy. J. Surg. Res. 2014, 186, 484-492. [CrossRef]

Senyucel, M.F,; Boybeyi, O.; Ayva, S.; Aslan, M.K,; Soyer, T.; Demet, A.IL; Kisa, U.; Basar, M.; Cakmak, M.A. Evaluation of
Contralateral Kidney, Liver and Lung after Extracorporeal Shock Wave Lithotripsy in Rabbits. Urolithiasis 2013, 41, 431-436.
[CrossRef]

Delius, M.; Enders, G.; Heine, G,; Stark, J.; Remberger, K.; Brendel, W. Biological Effects of Shock Waves: Lung Hemorrhage by
Shock Waves in Dogs—Pressure Dependence. Ultrasound Med. Biol. 1987, 13, 61-67. [CrossRef]

Eroglu, M.; Cimentepe, E.; Demirag, F.; Unsal, E.; Unsal, A. The Effects of Shock Waves on Lung Tissue in Acute Period: An in
Vivo Study. Urol. Res. 2007, 35, 155-160. [CrossRef]

Liu, H.-M.; Chao, C.-M.; Hsieh, ].-Y.; Jiang, C.-C. Humeral Head Osteonecrosis after Extracorporeal Shock-Wave Treatment for
Rotator Cuff Tendinopathy. A Case Report. J. Bone Jt. Surg. Am. 2006, 88, 1353-1356. [CrossRef]

Durst, H.B.; Blatter, G.; Kuster, M.S. Osteonecrosis of the Humeral Head after Extracorporeal Shock-Wave Lithotripsy. J. Bone Jt.
Surg. Br. 2002, 84, 744-746. [CrossRef]

Roerdink, R.L.; Dietvorst, M.; van der Zwaard, B.; van der Worp, H.; Zwerver, ]. Complications of Extracorporeal Shockwave
Therapy in Plantar Fasciitis: Systematic Review. Int. . Surg. 2017, 46, 133-145. [CrossRef] [PubMed]

Perouansky, M.; Pizov, R. Acute Myocardial Infarction after Extracorporeal Shock-Wave Lithotripsy: A Dilemma of Management.
Isr. J. Med. Sci. 1997, 33, 71-74. [PubMed]

Kiessling, M.C.; Milz, S.; Frank, H.-G.; Korbel, R.; Schmitz, C. Radial Extracorporeal Shock Wave Treatment Harms Developing
Chicken Embryos. Sci. Rep. 2015, 5, 8281. [CrossRef] [PubMed]

Reynolds, L.E; Kroczak, T.; Pace, K.T. Indications and Contraindications for Shock Wave Lithotripsy and How to Improve
Outcomes. Asian J. Urol. 2018, 5, 256-263. [CrossRef]

Terlecki, R.P; Triest, J.A. A Contemporary Evaluation of the Auditory Hazard of Extracorporeal Shock Wave Lithotripsy. Urology
2007, 70, 898-899. [CrossRef]

Tuncer, M.; Erdogan, B.A.; Yazici, O.; Sahin, C.; Altin, G.; Faydaci, G.; Eryildirim, B.; Sarica, K. Does Extracorporeal Shock Wave
Lithotripsy Cause Hearing Impairment? Urology 2014, 84, 12-15. [CrossRef]

Cobden, S.B.; Cobden, A.; Camurcu, Y.; Duman, S.; Ucpunar, H.; Dagistan, H. Does Radial Extracorporeal Shockwave Therapy
Impair Hearing Function in Patients with Plantar Fasciitis? Noise Health 2019, 21, 169-172. [CrossRef]

Naguib, M.B.; Badr-El Din, M.; Madian, Y.T.; Iskander, N.M. Identification of the Auditory Hazards of Extracorporeal Shock Wave
Lithotripsy. J. Laryngol. Otol. 2002, 116, 1-5. [CrossRef]

Kraus, S.; Weidner, W. Prolonged Exposure to Extracorporeal Shock Wave Lithotripsy and Noise Induced Hearing Damage.
J. Urol. 2001, 165, 1984. [CrossRef]

Ozkan, E.; Ozkan, T.H. Effects of Extracorporeal Shock Wave Therapy in The Maxillofacial Surgery Practice—A Systematic
Review. Int. |. Hum. Health Sci. IJTHHS 2019, 3, 186. [CrossRef]

Lafont, J.; Graillon, N.; Hadj Said, M.; Tardivo, D.; Foletti, ].M.; Chossegros, C. Extracorporeal Lithotripsy of Salivary Gland Stone:
A 55 Patients Study. J. Stomatol. Oral Maxillofac. Surg. 2018, 119, 375-378. [CrossRef] [PubMed]

Li, W.; Wu, J. Treatment of Temporomandibular Joint Disorders by Ultrashort Wave and Extracorporeal Shock Wave:
A Comparative Study. Med. Sci. Monit. 2020, 26, €923461-1-€923461-5. [CrossRef] [PubMed]

Ahmed, E.A E,; Eldibany, M.M.; Melek, L.E;; Abdel-Naby, H.M. Effect of Shockwave Therapy Versus Low-Intensity Pulsed
Ultrasound on Bone Healing Of Mandibular Fractures; (A Randomized Clinical Trial). Alex. Dent. J. 2021, 46, 50-58. [CrossRef]
Falkensammer, F.; Rausch-Fan, X.; Arnhart, C.; Krall, C.; Schaden, W.; Freudenthaler, J. Impact of Extracorporeal Shock-Wave
Therapy on the Stability of Temporary Anchorage Devices in Adults: A Single-Center, Randomized, Placebo-Controlled Clinical
Trial. Am. ]. Orthod. Dentofacial Orthop. 2014, 146, 413-422. [CrossRef]

Falkensammer, F.; Rausch-Fan, X.; Schaden, W.; Kivaranovic, D.; Freudenthaler, J. Impact of Extracorporeal Shockwave Therapy
on Tooth Mobility in Adult Orthodontic Patients: A Randomized Single-Center Placebo-Controlled Clinical Trial. J. Clin.
Periodontol 2015, 42, 294-301. [CrossRef]

Kim, Y.H.; Bang, J.I; Son, H].; Kim, Y.; Kim, ].H.; Bae, H.; Han, S.J.; Yoon, H.J.; Kim, B.S. Protective Effects of Extracorporeal
Shockwave on Rat Chondrocytes and Temporomandibular Joint Osteoarthritis; Preclinical Evaluation with in Vivo 99m Te-HDP
SPECT and Ex Vivo Micro-CT. Osteoarthr. Cartil. 2019, 27, 1692-1701. [CrossRef] [PubMed]

Vares, Y.E.; Shtybel, N.V.; Dudash, A.P. Does Extracorporeal Shock Wave Therapy Lead to Restitution of Postoperative Bone
Defects On The Mandible? An Experimental Study. Int. J. Med. Dent. 2020, 24, 84-87.

Bereket, C.; Cakir-Ozkan, N.; Onger, M.E.; Arici, S. The Effect of Different Doses of Extracorporeal Shock Waves on Experimental
Model Mandibular Distraction. J. Craniofacial Surg. 2018, 29, 1666-1670. [CrossRef] [PubMed]

Ozkan, E.; Bereket, M.C.; Onger, M.E,; Polat, A.V. The Effect of Unfocused Extracorporeal Shock Wave Therapy on Bone Defect
Healing in Diabetics. J. Craniofacial Surg. 2018, 29, 1081-1086. [CrossRef] [PubMed]

Onger, MLE.; Bereket, C.; Sener, I.; Ozkan, N.; Senel, E.; Polat, A.V. Is It Possible to Change of the Duration of Consolidation Period
in the Distraction Osteogenesis with the Repetition of Extracorporeal Shock Waves? Med. Oral Patol. Oral Cir. Bucal 2017, 22,
e251-e257. [CrossRef]


http://doi.org/10.2340/16501977-2782
http://doi.org/10.1016/j.jss.2013.08.013
http://doi.org/10.1007/s00240-013-0574-7
http://doi.org/10.1016/0301-5629(87)90075-5
http://doi.org/10.1007/s00240-007-0092-6
http://doi.org/10.2106/JBJS.E.00868
http://doi.org/10.1302/0301-620X.84B5.0840744
http://doi.org/10.1016/j.ijsu.2017.08.587
http://www.ncbi.nlm.nih.gov/pubmed/28890412
http://www.ncbi.nlm.nih.gov/pubmed/9203523
http://doi.org/10.1038/srep08281
http://www.ncbi.nlm.nih.gov/pubmed/25655309
http://doi.org/10.1016/j.ajur.2018.08.006
http://doi.org/10.1016/j.urology.2007.06.1151
http://doi.org/10.1016/j.urology.2013.12.056
http://doi.org/10.4103/nah.NAH_6_19
http://doi.org/10.1258/0022215021910087
http://doi.org/10.1016/S0022-5347(05)66259-3
http://doi.org/10.31344/ijhhs.v3i4.101
http://doi.org/10.1016/j.jormas.2018.03.006
http://www.ncbi.nlm.nih.gov/pubmed/29571815
http://doi.org/10.12659/MSM.923461
http://www.ncbi.nlm.nih.gov/pubmed/32564051
http://doi.org/10.21608/adjalexu.2020.37130.1089
http://doi.org/10.1016/j.ajodo.2014.06.008
http://doi.org/10.1111/jcpe.12373
http://doi.org/10.1016/j.joca.2019.07.008
http://www.ncbi.nlm.nih.gov/pubmed/31323297
http://doi.org/10.1097/SCS.0000000000004571
http://www.ncbi.nlm.nih.gov/pubmed/29742568
http://doi.org/10.1097/SCS.0000000000004303
http://www.ncbi.nlm.nih.gov/pubmed/29461364
http://doi.org/10.4317/medoral.21556

Biomedicines 2022, 10, 902 14 of 14

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.
64.

65.

66.
67.

68.

69.

70.

71.

72.

73.

74.

75.

Ginini, J.G.; Emodi, O.; Sabo, E.; Maor, G.; Shilo, D.; Rachmiel, A. Effects of Timing of Extracorporeal Shock Wave Therapy on
Mandibular Distraction Osteogenesis: An Experimental Study in a Rat Model. J. Oral Maxillofac. Surg. Off. ]. Am. Assoc. Oral
Maxillofac. Surg. 2019, 77, 629-638. [CrossRef] [PubMed]

Ozkan, E.; Bereket, M.C,; Senel, E.; Onger, M.E. Effect of Electrohydraulic Extracorporeal Shockwave Therapy on the Repair of
Bone Defects Grafted With Particulate Allografts. |. Craniofacial Surg. 2019, 30, 1298-1302. [CrossRef] [PubMed]

Hazan-Molina, H.; Gabet, Y.; Aizenbud, I.; Aizenbud, N.; Aizenbud, D. Orthodontic Force and Extracorporeal Shock Wave
Therapy: Assessment of Orthodontic Tooth Movement and Bone Morphometry in a Rat Model. Arch. Oral Biol. 2022, 134, 105327.
[CrossRef] [PubMed]

Demir, O.; Arici, N. Dose-Related Effects of Extracorporeal Shock Waves on Orthodontic Tooth Movement in Rabbits. Sci. Rep.
2021, 11, 3405. [CrossRef] [PubMed]

Atsawasuwan, P.; Chen, Y.; Ganjawalla, K.; Kelling, A.L.; Evans, C.A. Extracorporeal Shockwave Treatment Impedes Tooth
Movement in Rats. Head Face Med. 2018, 14, 24. [CrossRef]

Hazan-Molina, H.; Reznick, A.Z.; Kaufman, H.; Aizenbud, D. Periodontal Cytokines Profile under Orthodontic Force and
Extracorporeal Shock Wave Stimuli in a Rat Model. J. Periodontal Res. 2015, 50, 389-396. [CrossRef]

Datey, A.; Thaha, C.S.A.; Patil, S.R.; Gopalan, ].; Chakravortty, D. Shockwave Therapy Efficiently Cures Multispecies Chronic
Periodontitis in a Humanized Rat Model. Front. Bioeng. Biotechnol. 2019, 7, 382. [CrossRef]

Cai, Z.; Falkensammer, E; Andrukhov, O.; Chen, J.; Mittermayr, R.; Rausch-Fan, X. Effects of Shock Waves on Expression of IL-6,
IL-8, MCP-1, and TNF-« Expression by Human Periodontal Ligament Fibroblasts: An In Vitro Study. Med. Sci. Monit. 2016, 22,
914-921. [CrossRef]

Vatanpour, M.; Toursavadkoubhi, S.; Sajjad, S. Comparison of Three Irrigation Methods: SWEEPS, Ultrasonic, and Traditional
Irrigation, in Smear Layer and Debris Removal Abilities in the Root Canal, beyond the Fractured Instrument. Photodiagn. Photodyn.
Ther. 2021, 37, 102707. [CrossRef]

ha Lee, C.; Jo, S.A.; Kang, K.; Dhont, J.; Ferracane, J.; Lee, I.B. Shockwave Application Enhances the Effect of Dentin Desensitizer.
Dent. Mater. Off. Publ. Acad. Dent. Mater. 2021, 37, 113-119. [CrossRef]

Chang, C.-L.; Chen, K.-H.; Sung, P-H.; Chiang, ].Y.; Huang, C.-R.; Chen, H.-H.; Yip, H.-K. Combined High Energy of Extracorpo-
real Shock Wave and 5-FU Effectively Suppressed the Proliferation and Growth of Tongue Squamous Cell Carcinoma. Biomed.
Pharm. 2021, 142, 112036. [CrossRef] [PubMed]

Zhao, ].C.; Zhang, B.R.; Hong, L.; Shi, K.; Wu, W.W.; Yu, J.A. Extracorporeal Shock Wave Therapy with Low-Energy Flux Density
Inhibits Hypertrophic Scar Formation in an Animal Model. Int. ]. Mol. Med. 2018, 41, 1931-1938. [CrossRef]

Hammett, ].T.; Walker, C. Sialolithiasis; StatPearls Publishing: Treasure Island, FL, USA; SAUSHEC: San Antonio, TX, USA, 2021.
Faizal, B.; Gangadharan, S.; Thankappan, K. Comparison between Sialendoscopy and Conventional Methods in the Treatment of
Sialolithiasis. Malays. J. Med. Sci. MJMS 2017, 24, 94-100. [CrossRef]

Shi, H.; Zhao, J.; Hze-Khoong, E.P;; Liu, S.; Yin, X.; Hu, Y. A Gland-Sparing, Intraoral Sialolithotomy Approach for Hilar and
Intraparenchymal Multiple Stones in the Submandibular Gland. Sci. Rep. 2020, 10, 8495. [CrossRef] [PubMed]

Gauer, R.L.; Semidey, M.]J. Diagnosis and Treatment of Temporomandibular Disorders. Am. Fam. Physician 2015, 91, 378-386.
Lin, S.E; Chen, YJ.; Tu, HP; Lee, C.L.; Hsieh, C.L.; Wu, W.L.; Chen, C.H. The Effects of Extracorporeal Shock Wave Therapy in
Patients with Coccydynia: A Randomized Controlled Trial. PLoS ONE 2015, 10, e0142475. [CrossRef] [PubMed]

Jun, . H,; Park, G.Y,; Chae, C.S.; Suh, D.C. The Effect of Extracorporeal Shock Wave Therapy on Pain Intensity and Neck Disability
for Patients With Myofascial Pain Syndrome in the Neck and Shoulder: A Meta-Analysis of Randomized Controlled Trials. Am. J.
Phys. Med. Rehabil. 2021, 100, 120-129. [CrossRef] [PubMed]

Sikora, M.; Chlubek, M.; Grochans, E.; Jurczak, A.; Safranow, K.; Chlubek, D. Analysis of Factors Affecting Quality of Life in
Patients Treated for Maxillofacial Fractures. Int. J. Environ. Res. Public Health 2019, 17, 4. [CrossRef] [PubMed]

Altuntas, E.E.; Oztemur, Z.; Ozer, H.; Muderris, S. Effect of Extracorporeal Shock Waves on Subcondylar Mandibular Fractures.
J. Craniofacial Surg. 2012, 23, 1645-1648. [CrossRef]

Amengual-Penafiel, L.; Jara-Sepulveda, M.; Parada-Pozas, L.; Marchesani-Carrasco, F; Cartes-Velasquez, R.; Galdames-Gutiérrez, B.
Immunomodulation of Osseointegration Through Extracorporeal Shock Wave Therapy. Dent. Hypotheses 2018, 9, 45. [CrossRef]
Song, W.P,; Ma, X.H.; Sun, Y.X.; Zhang, L.; Yao, Y.; Hao, X.Y.; Zeng, ].Y. Extracorporeal Shock Wave Therapy (ESWT) May Be
Helpful in the Osseointegration of Dental Implants: A Hypothesis. Med. Hypotheses 2020, 145, 110294. [CrossRef] [PubMed]
Guglielmotti, M.B.; Olmedo, D.G.; Cabrini, R.L. Research on Implants and Osseointegration. Periodontology 2000 2019, 79, 178-189.
[CrossRef] [PubMed]

Elisetti, N. Extracorporeal Shock Wave Therapy (ESWT): An Emerging Treatment for Peri-Implantitis. Med. Hypotheses 2021, 150, 110565.
[CrossRef] [PubMed]

Prabhuji, M.L.V.; Khaleelahmed, S.; Vasudevalu, S.; Vinodhini, K. Extracorporeal Shock Wave Therapy in Periodontics: A New
Paradigm. J. Indian Soc. Periodontol. 2014, 18, 412-415. [CrossRef]


http://doi.org/10.1016/j.joms.2018.07.018
http://www.ncbi.nlm.nih.gov/pubmed/30121246
http://doi.org/10.1097/SCS.0000000000005213
http://www.ncbi.nlm.nih.gov/pubmed/31166268
http://doi.org/10.1016/j.archoralbio.2021.105327
http://www.ncbi.nlm.nih.gov/pubmed/34891101
http://doi.org/10.1038/s41598-021-82997-5
http://www.ncbi.nlm.nih.gov/pubmed/33564049
http://doi.org/10.1186/s13005-018-0181-5
http://doi.org/10.1111/jre.12218
http://doi.org/10.3389/fbioe.2019.00382
http://doi.org/10.12659/MSM.897507
http://doi.org/10.1016/j.pdpdt.2021.102707
http://doi.org/10.1016/J.DENTAL.2020.10.027
http://doi.org/10.1016/j.biopha.2021.112036
http://www.ncbi.nlm.nih.gov/pubmed/34411913
http://doi.org/10.3892/ijmm.2018.3434
http://doi.org/10.21315/mjms2017.24.5.10
http://doi.org/10.1038/s41598-020-65519-7
http://www.ncbi.nlm.nih.gov/pubmed/32444816
http://doi.org/10.1371/journal.pone.0142475
http://www.ncbi.nlm.nih.gov/pubmed/26556601
http://doi.org/10.1097/PHM.0000000000001493
http://www.ncbi.nlm.nih.gov/pubmed/32520797
http://doi.org/10.3390/ijerph17010004
http://www.ncbi.nlm.nih.gov/pubmed/31861285
http://doi.org/10.1097/SCS.0b013e31825e38a2
http://doi.org/10.4103/denthyp.denthyp_4_18
http://doi.org/10.1016/j.mehy.2020.110294
http://www.ncbi.nlm.nih.gov/pubmed/33032172
http://doi.org/10.1111/prd.12254
http://www.ncbi.nlm.nih.gov/pubmed/30892769
http://doi.org/10.1016/j.mehy.2021.110565
http://www.ncbi.nlm.nih.gov/pubmed/33799162
http://doi.org/10.4103/0972-124X.134597

	Introduction 
	Literature Review 
	Salivary Glands 
	Treatment of Temporomandibular Joint Disorders (TMDs) 
	Fracture/Bone Defect Healing 
	Orthodontics 
	Periodontics 
	Endodontics 
	Desensitization 
	Squamous Cell Carcinoma 
	Facial Soft Tissue 

	Conclusions 
	References

