Extracorporeal Shockwave Therapy (ESWT)—A Novel Method
for Transferring Oral Implant Primary Failures to Final Clinical
Success: A Test Case Report Followed up for More Than 6 Years
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Purpose: To evaluate the feasibility of reversing a primary failure through therapeutic mechanical stimulation induced
by transcutaneous application of acoustic waves (extracorporeal shockwave therapy [ESWT]) in the peri-implant tissues.
Materials and Methods: This clinical report evaluates the outcome of a new protocol proposed to treat a primary
failure (loosened oral implant): application of three cycles of ESWT (one session per week for 3 consecutive weeks) with
an equivalent positive energy of 0.18 mJ/mm? (therapeutic dose: 2,000 pulses, 8 Hz, 4.0 bar). Standardized intraoral
radiographs and CBCT scans were taken, the implant stability quetient (ISQ) was determined, and clinical evaluations were
performed. Results: It was possible to verify a progressive increase in ISQ values after the ESWT protocol: 17 initially, 46
at 2 months, and 68 at 4 months. This led to successful implant prosthetic rehabilitation (35 Ncm). Follow-up evaluations
at 6 years confirm that the new bone-implant interface is preserved and that ESWT is a safe, noninvasive treatment.
Conclusions: In the context of the new dynamic model of osseointegration (the foreign body equilibrium), this represents
the first report of a host-implant equilibrium reestablished after an early implant failure process. However, more studies
are needed to determine both the medical device and the most effective therapeutic range for clinical applications of this

technology in oral implantology. Int J Oral Maxillofac Implants 2024;39:922-930. doi: 10.11607/jomi.10820
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An early or a primary implant failure is a clinical sce-
nario that arises from a lack of osseointegration and
when osseointegration is assumed to never have been
reached. It is commonly diagnosed when an implant is
spinning while attempting to place the definitive pros-
thesis. The frequency of this scenario is low, reported in
the range of 0% to 2% in most clinical reports.! Early im-
plant failure may be linked to immunologic or genetic
variables or be associated to surgical trauma or differ-
ent types of patient disease.? However, clinically, early
failures are not related to infection,® as the possible
diagnosis of peri-implantitis applies after the implant’s
first year in service.* The majority of histologic findings
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indicate that primarily failed implants are surrounded
by a connective tissue capsule.®

Scientifically documented reasons for such primary
failures are currently lacking.”® In this sense, the early
failure is an anomaly that represents a challenging
puzzle to be solved. Today, a new immunologic theory
of osseointegration,” based on the new field of osteo-
immunology, not only provides an alternative cellular
and molecular explanation to primary failures,® but also
opens up the possibility of developing new therapeutic
strategies focused on the peri-implant osteoimmunolo-
gy of the host,’ such as the possible immunomodulation
of osseointegration through extracorporeal shockwave
therapy (ESWT),’® developed from a noninvasive form
of treatment for musculoskeletal disorders, developed
from extracorporeal shockwave lithotripsy.!!

Orthopedic surgeons have used ESWT treatment
to refixate orthopedic implants over a long period of
time.'213 Additionally, ESWT has been used as an effec-
tive strategy to promote quality of healing in patients
with delayed fractures and non-unions.'* Inspired by
their findings in orthopedics, two orthopedic surgeons
(M.B.and L.P) were invited attempt to investigate wheth-
er ESWT would be a suitable treatment for primarily loose
oral implants. The ESWT technique has been applied in
dentistry before, in extracorporeal lithotripsy of salivary
stones,'? in painful myogelosis of the masseter muscle,®
and in orthodontics,'”'8 and all cases achieved positive
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results. Further, because shockwaves are also known to
have a bactericidal effect on periodontal pathogens and
have potential for biofilm disruption, ESWT has been
proposed as an emerging treatment for peri-implantitis
and periodontal-associated diseases.'%°

ESWT works by rapidly emitting acoustic waves
(shockwaves) in a very short period, generating tran-
sient pressure changes that propagate through the tis-
sues where they are applied. ESWT are subdivided into
two types: focused shockwave therapy (FSWT), charac-
terized by generating a pressure field that converges
to reach maximal energy deeper in body tissues, and
radial shockwave therapy (RSWT), described by the
diverging pressure field and a more superficial aspect.
Recent studies have shown that the mechanisms of ac-
tion for ESWT could be related to a polarity shift in the
macrophage phenotype from the pro-inflammatory
M1-macrophage to the anti-inflammatory and pro-
regenerative M2-macrophage, especially for low-energy
ESWT.'021.22 |n fact, shockwave-induced immuno-
modulation has been proposed to have potential as a
noninvasive physical therapy to regulate macrophage
functions related to wound healing.??

The aim of the present study is to investigate wheth-
er ESWT could be used safely to stabilize primarily loos-
ened oral implants. The present investigation is related
only to one patient who was followed up for more than
6 years to investigate whether the possible initially
formed repair bone was maintained over time.

MATERIALS AND METHODS

This case report examined the outcomes of an ESWT
protocol on a loose implant treated at the Oral Surgery
and Implant Dentistry Centre (Marchesani Oral Surgery
and Implant Dentistry Center, Concepcién, Chile) in July
2017. This study is based on an ethical approval for the
“use of ESWT in patients with oral implant failure” that
was obtained from the|University of Concepcion, Chile
(protocol C.LY.B, no. 01/17). Planning was carried out in
accordance with CARE guidelines,?* and data were col-
lected from patient files according to the World Health
Organization.

For the ESWT protocol, the patient was instructed
to fill out a standardized questionnaire with impor-
tant aspects of her systemic condition, medications,
and oral history. After being instructed carefully and
in detail about the ESWT protocol, the patient signed
an informed consent. This patient met the following
criteria for ESWT application: absence of contraindica-
tions such as acute infection and malignant tumor in
the treatment area, pregnancy, and severe coagulopa-
thy.2> The patient was then clinically and radiographi-
cally examined following a standardized protocol. Any

Fig 1

Panoramic radiograph taken immediately after surgery and
provisionalization.

ESTW application complaints were immediately noted.
In addition, the patient was instructed to attend close
follow-up examinations at regular intervals and/or in
the occurrence of any complication. In all follow-up vis-
its, the implant stability quotient (ISQ) was measured,
and standardized intraoral radiographs, panoramic ra-
diographs, and CBCT images were taken following the
standardized protocol.

The patient came to the present authors’ center
for emergency dental prosthetic rehabilitation after a
complicated anterior crown fracture, which had an ex-
tensive restoration, on the maxillary right canine. She
was 45 years old, allergic to penicillin, nonsmoker, and
without any known secondary disease. The patient suf-
fered from periodontal disease, calculus, and ill-fitting
restorations. Because she was in a lot of pain and the
tooth could not be saved (vital tooth with a palatal sub-
crestal crown fracture projection to the root), and there
was no infection or inflammation of the local tissues,
an atraumatic extraction and immediate implant place-
ment in the fresh extraction socket was performed by
an experienced surgeon (F.M.). The implant insertion
torque progressed as follows: 20, 25, 30, 35, and 40, fi-
nally reaching an excellent primary stability (45 Ncm)
along the palatal socket wall, anchoring the implant
apex (Tapered Internal Plus, 4.6 X 15 mm, BioHorizons)
close to the cortical aspect of the maxillary palatine
process, in the triangle of bone. Bicortical stabilization
and a subcrestal position were achieved, with an ISQ of
65 (ISQ SmartPeg Type 32, Osstell). In addition, a bone
graft (Puros Cortical Particulate Allograft, 0.5 cc, Zim-
Vie) and a resorbable collagen membrane (CollaGuide,
Riemser) were placed into the residual gap around the
immediate fresh socket as a complementary guided tis-
sue regeneration procedure in a Type | defect, which is
a routine procedure recommended on pristine tooth
sockets to overcome the distance between the implant
and the surrounding bone in the coronal area.?® Finally,
an immediate restoration/provisionalization was per-
formed (Fig 1); it was placed within 48 hours after im-
plant placement but not in occlusion with the opposing

The International Journal of Oral & Maxillofacial Implants 923

© 2024 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
SDUCED OR TRANSMITTES IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.


User
螢光標示

User
文字注釋
分裂性的，破裂的

User
螢光標示

Tony Hsieh
文字注釋
散發，放射；發出

Tony Hsieh
文字注釋
聽覺的
2. 音響的
3. 聲學的

Tony Hsieh
文字注釋
【物】傳播，傳導

Tony Hsieh
螢光標示

Tony Hsieh
螢光標示

Tony Hsieh
螢光標示

Tony Hsieh
螢光標示

Tony Hsieh
文字注釋
瀰漫性血管內凝血

Tony Hsieh
螢光標示

Tony Hsieh
螢光標示

Tony Hsieh
螢光標示

Tony Hsieh
螢光標示

Tony Hsieh
螢光標示

Tony Hsieh
螢光標示

Tony Hsieh
螢光標示

Tony Hsieh
螢光標示

Tony Hsieh
螢光標示

Tony Hsieh
螢光標示

Tony Hsieh
螢光標示

Tony Hsieh
文字注釋
原始的
2. 清新的；純樸的；未受污染的

Tony Hsieh
螢光標示


Amengual et al

dentition?” (PEEK Temporary Cylinder, Hexed, 4.5 mm,
BioHorizons). At the same time, the patient was referred
to a periodontist and a prosthodontist to treat her gen-
eral oral condition.

About 5 months after surgery and before the reha-
bilitation stage, implant loosening was confirmed (Fig
2). Discernible mobility of the implant-temporary crown
was noted when applying pressure with the ends of two
metal instruments (see Fig 2a). Pain at the apical implant
region was also related, but no infectious-inflammatory
alteration (such as edema, pus, or bleeding) was ob-
served around the implant. Further, no deeper probing
depths were detected around the implant, and there
were no visible graft remnants. As a first measure, the ab-
sence of occlusal contacts with the opposing dentition
was verified (nonfunctional provisional). In addition, the

924 Volume 39, Number 6, 2024

Fig 2 Primary failure assess-
ment about 5 months after sur-
gery, before the rehabilitation
stage. (a) Two metal instruments
applied pressure, and mobility
of the implant-temporary crown
was noted. (b) The integrity of the
implant-abutment  connection
was confirmed. (c) A CBCT exami-
nation did not reveal any signs
of complications, and bone loss
was not seen around the implant.
(d) The 1SQ value was very low
(17/32), which was directly cor-
related with the clinical implant
movement.

Fig 3 Endodontic treatment of
the maxillary right first premolar.
(a) The tooth presented irrevers-
ible pulpitis (without any signs of
infection) related to a fractured
restoration (blue arrow). (b) Ab-
sence of periapical lesion.

integrity of the implant-abutment connection was con-
firmed (see Fig 2b). A CBCT examination was performed
to complement the clinical evaluation, and neither re-
vealed any signs of complication; in fact, an absence of
bone loss around the implant was reported by the oral
and maxillofacial radiologist (see Fig 2c). Additionally,
endodontic treatment of the adjacent maxillary right
first premolar was indicated, as it presented irreversible
pulpitis (without any signs of infection) related to an
old and deep fracture of a direct mesio-occlusal com-
posite resin restoration (Fig 3). As a precaution, the en-
dodontists prescribed prophylactic antibiotic coverage
(azithromycin 500 mg, once daily for 3 days). The clinical
situation was explained to the patient, and ESWT was
proposed to avoid removing the implant. The patient
agreed and signed an informed consent.
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Fig4 (a) For ESWT application, it is necessary to locate the target (bone triangle) precisely, for which the skin area was demarcated with a col-
ored mark. A conductive gel is placed for intimate contact with the device. (b) Skin remains intact after ESWT application. Three cycles of ESWT
were performed in total. Cycles were performed by L.A.

One month later and after studying the case, an
RSWT protocol was proposed by orthopedic surgeons
(L.P. and M.B.) due to its effectiveness and safety in the
treatment of fractured non-unions of superficial bones.
In turn, the ESWT device was provided by a local com-
pany (Leoni Medical). Because ISQ is a quantitative
method to evaluate osseointegration and at the risk of
removing/unscrewing the implant, the primary failure
was assessed by measuring the 1SQ value.?8 The ISQ val-
ue was very low (17/32), which was directly correlated
with the clinical implant movement (see Fig 2d). The
patient felt pain when spinning the implant, reporting
a pain level of 8 on a visual analogue scale (VAS), within
a range from 1 = no pain, to 10 = worst pain. Therefore,
under local anesthesia (infraorbital nerve block) and
after removing the provisional, the patient received
ESWT on her peri-implant-affected tissues. A healing
abutment was subsequently placed to avoid hitting
the provisional with the ESWT device (Swiss DolorClast
Master, EVO BLUE handpiece, 15-mm applicator, EMS)
in the therapeutic sessions.

Three ESWT cycles were applied in total, focused on
the triangle of bone, with one session per week for 3
consecutive weeks (Fig 4). For each treatment session,
ESWT therapeutic settings comprised 2,000 shock-
waves at a frequency of 8 Hz and 4.0 bar of pressure. In
addition, a previous analgesic dose was applied in the
same sessions: 1,000 shockwaves at a frequency of 13
Hz and 1.5 bar of pressure, for the patient’s tolerance to
the therapeutic micro-impacts of the device. According
to the ESWT device manufacturer, the equivalent posi-
tive energy (ED+) for 1.5 bar and 4.0 bar is 0.02 mJ/mm?
and 0.18 mJ/mm?, respectively.

This dual modality was proposed because the effect
of shockwaves is predominantly analgesic at a low en-
ergy (bar, mJ/mm?2) with a high application frequency,
and is more osteogenic with higher energy and lower
application frequency (Hz). The chosen setting for
ESWT was based on experience in adult orthodontic

patients (energy flux density of 0.19 to 0.23 mJ/
mm?),718 and the amount of 2,000 shocks per session
was also proposed in accordance with previous experi-
ence and protocols suggested by most manufacturing
companies.?? In turn, the rationale for using ESWT at a
certain cycle for a certain time is that multiple-session
RSWT treatments have been shown to result in a cu-
mulative clinical effect, especially one RSWT session
per week for 3 consecutive weeks.3° It should be noted
that the radial pressure wave equipment has a slight
disadvantage: Because the wave is generated pneu-
matically, there may be an annoying vibration for the
patient. Currently, the use of piezoelectric generation
focal shockwaves is much more comfortable for the
patient.!”:18

Interestingly, in the following weeks of treatment,
the pain level when manipulating the implant de-
creased, with VAS scores of 3 and 0 in the second and
last ESWT sessions, respectively. The provisional was
later repositioned after completing all ESWT cycles at
the patient’s request.

RESULTS

Eight weeks after ESWT, the implant stability had pro-
gressed, and the implant no longer seemed loose. In
fact, the measurement showed an increased 1SQ value
(46/59). Therefore, a standardized intraoral radiograph
was taken to compare with one taken 2 months prior,
and a slight increase was seen in the peri-implant ra-
diopacity at the interproximal bone crest level (Figs 5).
Sixteen weeks after ESWT, a high 1SQ value (68) was
measured, exceeding the measurement obtained at
implant placement and indicating treatment success
(Fig 6a). Although radiography cannot be used to prove
osseointegration, the high ISQ value acted as confirma-
tion of osseointegration, and L.A. proceeded with the
rehabilitation stage (Figs 6b and 6c). New CBCT scans
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Fig5 (a)Astandardized
intraoral radiograph was
taken using the parallel
technique. (b) Initial ra-
diograph. (c) The radio-
graph taken 2 months
later shows a subtle in-
crease in radiopacity at
the mesial bone crest
(blue arrow).

Fig 6 Sixteen weeks after ESWT. (a) Clinical follow-up. A high ISQ value was measured, indicating treatment success. (b and c¢) The rehabilita-
tion stage proceeded after the high ISQ value. (d and e) CBCT scans were taken. Compared to the original CBCT scan (d), the follow-up scan
(e) shows that an overgrowth of the buccal and palatal cortical aspect occurred (blue arrows).

were performed to complement the clinical evalua-
tion at 4 months, showing remodeling. Interestingly, an
overgrowth of the buccal and palatal cortical aspects
appears to have occurred when compared to the previ-
ous CBCT (Figs 6d and 6e). A bone reaction to shock-
wave trauma described by orthopedic researchers is an
intense apposition of new bone at the lesion site, with a
considerably thickened cortical layer.3

At the final, 6-year follow-up, CBCT showed that the
buccal cortical plate was maintained (Fig 7a), and there
was soft tissue stability around the implant (Fig 7b).
Even more, there were no complications.

926 Volume 39, Number 6, 2024

DISCUSSION

To the present authors'knowledge, this case report rep-
resents the first report of a host-implant equilibrium
reestablished through the use of ESWT after an early
failure process of an immediate implant with provi-
sionalization and nonfunctional loading, as confirmed
by ISQ measurement and CBCT more than 6 years after
treatment. Although some failing implants may have
been rescued by unloading and allowing a period of
healing, these cases are associated with 1SQ values of
49 to 58 and failure risk of 18.2%.32 In a follow-up study

© 2024 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO FART MAY BE REPRGDUCED OR TRANSMITTES IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.


Tony Hsieh
螢光標示

Tony Hsieh
螢光標示


Amengual et al

Fig 7 Six years after ESWT.
(a) CBCT showed that the buc-
cal cortical plate was main-
tained. (b) Soft tissue stability
was seen around the implant.
No complications occurred.

on implants placed in extraction sockets subjected to
immediate/early loading, one implant rescue was dem-
onstrated through ISQ measurements: During the first
6 weeks, the 1SQ value dropped significantly from 67
to 53, but after implant unloading, the ISQ recovered
to a value of 72 after 6 months.32 However, it is known
that ISQ measurements < 45 are indicative of implant
failure,3® and oral implants with an 1SQ < 40 in the ear-
ly healing stages after primary stability, or after initial
bone remodeling and new bone growth have occurred,
are irretrievably lost, and it is not possible to save them.
In fact, a histologic study showed that these clinically
mobile implants do not have bone present in close con-
tact, and instead there is dense connective tissue with
few cells.?®

Therefore, to disrupt the fibrous tissue encapsulation
and to renew the healing process, a shockwave treat-
ment protocol was adapted for this type of condition.
Shockwave therapy has the potential to induce osteo-
genic differentiation of mesenchymal cells, which is also
reflected in clinical reports on its positive effects in situ-
ations such as delayed fracture healing (non-union)343>
and the refixation of loosening orthopedic titanium
implants.’>'3 Recent histologic studies in animals have
shown that this anabolic bone response through ESWT
could be beneficial in bone defects reconstructed with
a titanium scaffold and to improve screw fixation and
osseointegration.36-38 How was it possible to increase
the 1SQ in the present case report? Biophysical stimu-
lation through ESWT can stimulate the positive regu-
lation of proangiogenic growth factors and thus the
process of vascularization, osteogenesis, and bone for-
mation. In particular, the highly vascularized perioste-
um represents a vital prerequisite for successful fracture
repair by providing cortical blood supply and serving
as a source of osteogenic cells.3® This could be related
to the implant refixation and the maintenance of the
buccal cortical plate at the 6-year follow-up in the pres-
ent study, a critical finding considering that alveolar
ridge remodeling occurs after tooth extraction and im-
plant placement.® Nevertheless, there is evidence that

|

a

vascularization is only one piece of the puzzle in the
much more complex process of bone regeneration.3®
In fact, favorable osteogenesis, angiogenesis, and os-
teoimmunology around implants play a critical role in
desirable osseointegration.*!

In this context, a new line of research has proposed
that osseointegration is regarded as a foreign body
reaction equilibrium that is achieved after a dynamic
osteoimmunomodulatory event. In this regard, it is un-
derstood that an efficient and timely switch from M1
to M2 macrophage phenotype (a nomenclature that
described polar-opposite proinflammatory and repair
activities, reflecting Th1/Th2-type responses that are
independence from T cells) is the basis for the concept
of osteoimmunomodulation. Therefore, the study of
osseointegration today is challenging, as the under-
standing of the osteoimmunology of the host must
be unified with the ability of the titanium surface to
continue serving as an immunomodulator, promot-
ing the M2-macrophage polarization.*>*> In support
of this, recent quantitative polymerase chain reaction
and histologic animal model studies have shown that
the osteoimmune cellular components are constantly
adapting to the changing environment. Therefore, the
immune and healing responses are not only transient
one-time reactions.® Furthermore, breakthrough tech-
nologies (such as flow cytometry) and high-throughput
single-cell RNA sequencing studies have provided a
complete picture of the alveolar bone’s immunomodu-
latory microenvironment, its diverse cellular hetero-
geneity, and the characterization of the osteoimmune
responses modulated by titanium properties at an
unprecedented level of detail; these create a compre-
hensive landscape that facilitates new insights into the
complex cell environment involved in maintaining the
tissue-implant interface in the long term 846-48

On the other hand, the prolonged presence of in-
flammatory M1 macrophages can exacerbate tissue
damage (local imbalance) and prevent biomaterial inte-
gration, resulting in a fibrous encapsulation.? Interest-
ingly, histologic characteristics of primary failures range
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from implants surrounded by a connective tissue cap-
sule with a great number of inflammatory cells to a het-
erogeneous interface, representing time stages of the
failure process.” Similarities to the histologic stages of
an ongoing foreign body reaction (FBR) to a biomaterial
(including chronic inflammation, excessive granulation,
collagen fiber deposition, and fibrous tissue formation)
are a product of a persisting inflammatory microenvi-
ronment.*® A prolonged presence of M1 proinflamma-
tory polarization can be induced by the collection of
both pathogen- and damage-associated molecular pat-
terns (PAMPs and DAMPs, respectively). Therefore, the
inflammatory potential can be multiplied due to the
synergistic activation of proinflammatory pathways of
septic and aseptic nature, and thus implant failure does
not always need to have a septic background.®

In the present case report, it is not clear whether an
infection or aseptic loosening occurred, or a combina-
tion of both. Although the patient did not present signs
of infection, an initial subclinical infection cannot be
ruled out. Indeed, the potential for bacteria to cause
clinical problems before osseointegration is complete
has been described in cases of oral implants placed
without simultaneous antibiotic coverage, increasing
implant failure rates. In the present case report, the
endodontists indicated prophylactic antibiotic cover-
age (azithromycin 500 mg, once daily for 3 days), which
is a common practice of more than one-third (39.3%)
of clinicians trying to resolve symptomatic irreversible
pulpitis in a permanent tooth without any signs of sys-
temic infection.”® Nevertheless, the effects of antibiotic
prophylaxis on osteoimmune processes are unknown.
In fact, recent contradictory findings in mice suggest
that antibiotic prophylaxis could deregulate osteoim-
mune wound healing induced by implant placement
and attenuate the alveolar bone-implant interface.”’
In this sense, a bactericidal effect of ESWT on the even-
tual presence of periodontal pathogens also cannot
be ruled out,’®2° and with this the decrease of a pro-
inflammatory M1 environment through the induction
of PAMPs.

Aseptic mechanisms could be related to the clini-
cal handling from the surgeon and prosthodontist.?
Although the present case was performed by an ex-
perienced surgeon (F.M.) under a strict protocol, which
minimizes this risk factor, it is necessary to address un-
derlying molecular aspects. Surgery can damage the
tissue and lead to sterile inflammation. Additionally,
pattern recognition receptors (PRRs) can be activated
by nonmicrobial signals associated with recognizing
intracellular contents released from damaged and ne-
crotic cells,”? which increases the levels of DAMPs and
can lead to the increasing levels of PAMPs. In turn,
cell-free DNA levels could be increased because of the
accumulation of DAMPs and PAMPs, a key promoter
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in the progress of alveolar bone inflammation.>® Mac-
rophages, which are primarily localized in the tissue,
play a pivotal role in sensing DAMPs through PRRs and
can also detect and respond to resolution-associated
molecular patterns (RAMPs) and specific proresolving
mediators during sterile inflammation, which regu-
late the balance between inflammatory and resolving
processes. However, even if the importance of sterile
inflammation is considerable, most studies on inflam-
mation focus primarily on pathogen responses.>* In
fact, it seems that DAMPs/PRRs pathways are essential
components in the dynamic titanium osseointegration
process in mice. In a recent study in mice, inhibition of
HMGB1 proteins or RAGE receptors impaired osseoin-
tegration, leading to an FBR.>> DAMPs can also be the
product of implant/prosthetic remains, with several po-
tential sources of ions and particles in dental implantol-
ogy. Additionally, the presence of organic and inorganic
contaminants on some surfaces and the possible expo-
sure of less stable elements after surface modification
procedures can also trigger an aseptic inflammatory re-
sponse.? Although the patient reported herein does not
present systemic pathologies, local conditions could
coexist. Studies have identified senescent cells and the
senescence-associated secretory phenotype (SASP) as
critical in the regenerative process after injury. A key
function of SASP is the recruitment of immune cells to
the injury site and the subsequent clearance of senes-
cent cells, among which are macrophages.”®

During recent years, a growing number of stud-
ies are pointing to the immunomodulation capacity
of shockwaves, specifically their potential as a nonin-
vasive physical therapy to exert direct modulation on
macrophage functions related to wound healing.?* M1
macrophages are closely related to inflammation, and
reduced M1 presence has been observed to attenuate
FBR.>7 Stimulation of human monocyte-derived macro-
phages with ESWT has been shown to cause significant
inhibition of some M1 marker genes (CD80, COX2, and
CCL5) in M1 macrophages and a significant synergistic
effect for some M2 marker genes (ALOX15, MRC1, and
CCL18) in M2 macrophages.®® Further, a recent study in
rats highlighted the beneficial properties of ESWT to
causally intervene in the fibrotic process related to a
FBR. After inserting silicone devices, the results showed
a significant decrease in the genetic expression of CD68
(expressed on the surface of macrophages) and CCL2
(cytokine secreted by monocytes and T cells), which are
associated with an inflammatory reaction, as well as a
significant decrease in TGFb-1 expression, a well-known
profibrotic protein. Interestingly, it was observed that
a single ESWT application was capable of decelerating
capsule formation when compared to multiple ESWT,
which degrades fibrotic tissue.”® This last point sup-
ports the indication of orthopedic surgeons (M.B. and
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L.P) for the present case and the application of three
ESWT cycles, once a week for 3 consecutive weeks.

After this clinical experience, the present authors
believe that the opportunity to transmit mechanical
energy through shockwaves gives rise to a new dental
application with many advantages (such as its noninva-
siveness, safety, and cost-effectiveness) over traditional
treatments for such cases, such as surgical implant re-
moval and possible reimplantation. Specifically, the
possibility that the transition between the M1 inflam-
matory phase and the M2 anti-inflammatory phase
can be guided through mechanotransduction makes
ESWT a promising therapeutic alternative to improve
clinical success in oral implants.®? ESWT is a therapeutic
approach based on the new understanding of osseoin-
tegration as a “foreign body reaction where interfacial
bone is formed as a defense reaction to shield off the
implant from the tissues”®" In light of this case report,
it is believed that an immune-driven process was re-
established, leading to new bone formation around
the implant surface rather than a pure anabolic bone
response®?—that is, it may have been an immunomod-
ulation of osseointegration through extracorporeal
shockwave therapy.'®

CONCLUSIONS

The use of ESWT in oral implantology could be a novel
immunomodulatory strategy focused on the osteo-
immunology of the host to treat primary failures and
maintain a foreign body equilibrium in the long term. In
the future, it is necessary to carry out animal studies to
understand the relationship between these externally
applied signals and oral peri-implant cellular function.
Furthermore, it is vital to determine the most effective
amount of energy to apply and its frequency through
clinical trials. So far, no side or adverse effects have
been observed from this treatment.
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