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ABSTRACT

Objective: Osteoporotic individuals suffer from various complications such as spontaneous bone
fractures due to decreased bone strength and failure in bone healing as a result of decreased
bone mineral density and deterioration of bone microstructure. In this study, the effects of
Extracorporeal Shock Wave Therapy (ESWT) in a distraction osteogenesis model in osteoporotic
rabbits were investigated to prevent these failures and improve bone microstructure.
Material and Methods: A total of 28 female New Zealand rabbits underwent mandibular
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distraction osteogenesis and were divided into four groups: non-ovariectomized control (Cont),
ovariectomized control (O-Cont), ovariectomized ESWT1 (O-ESWT1) and ovariectomized ESWT2
(O-ESWT2). ESWT was only applied to the ESWT2 group before the osteotomy, and to both the
ESWT1 and ESWT2 groups after the osteotomy. Dual-energy x-ray absorptiometry was used to
determine bone mineral density on both the 7th and 28th day of the consolidation. Stereological
methods were used to identify new bone formation, connective tissue and neoangiogenesis
volume.

Results: According to the dual-energy x-ray absorptiometry examination both at the 7th and
28th day of the consolidation, lower bone mineral density was seen in the ESWT groups. However,
the stereological examination showed that shock wave therapy significantly increased new bone
formation both ESWT1 and ESWT2 compared with O-Cont, significantly increased neoangiogenesis
in O-ESWT1 compared with O-Cont.

Conclusions: The application of ESWT in these parameters after osteotomy was beneficial for
bone regeneration in mandibular distraction in osteoporotics. However, ESWT has been shown
to be ineffective in improving bone mineral density.

KEY MESSAGES

1. The osteoporotic model can be successfully established in rabbits and the subjects can
tolerate the distraction procedures.

2. Stereology is a useful analysis method that can determine the volume of the new bone
formation and neoangiogenesis.

3. Extracorporeal shock wave therapy has biostimulatory effects on bone tissue.

Introduction

Osteoporosis is a metabolic bone disease characterized
by a decreased bone mass and bone mineral density,
and impaired bone microstructure. It is common, espe-
cially among postmenopausal women [1]. Due to these
changes in bone structure, certain complications are
observed, including susceptibility to bone fractures,
delayed fracture healing, and loss of stabilization [2].
Decreased bone mineral density and increased can-
cellous bone spaces in the jaws of osteoporotic indi-
viduals are risk factors for early and late dental implant

failure [3]. To prevent complications and reduce mor-
tality and morbidity, standard treatments must be
supported by inducing therapies for bone healing [4].
Although research on osteoporotic fractures has
focused on preventing bone fractures and preserving
the bone structure, little emphasis has been placed
on bone healing [5].

Distraction osteogenesis (DO) is a generally accepted
method for treating congenital and acquired deformi-
ties and inadequacies. It is based on gradually sepa-
rating two bone fragments using an osteotomy to
create new bone tissue [6,7]. In addition to being a
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long-drawn-out treatment, which is considered a dis-
advantage, there is a risk of stress-shielding osteopenia
and osteoporosis in the bone due to the excessive
load exerted by the distractors and screws [6]. There
is a %38 possibility of recurrence of a fracture around
the distractor or in the regeneration due to this oste-
oporotic condition [8]. Numerous physical or interven-
tional methods have been analyzed to induce
regeneration, including local application of growth
factors, transplantation of osteoblast cell lines, local
gene therapy, low-level laser therapy, and electrical
and ultrasonic stimulation [6]. None of these
approaches have yet been used in clinical practice.
Therefore, it is critical to investigate effective
non-invasive methods that might shorten the consol-
idation time and reduce stress-protective osteoporosis
by inducing new bone formation in DO, even under
poor osteogenic conditions.

The application of ESWT, which has proven to have
a bio-stimulatory effect on osteogenesis, is a
non-invasive treatment method currently used in treat-
ing many musculoskeletal diseases, including plantar
fasciitis, calcific tendinitis of the shoulder, and delayed
union or non-union. Shock waves used in the treat-
ment are short, high-energy waves that can spread
between tissues [9]. In the last ten years, ESWT has
been proven to increase bone repair and regeneration
by triggering the release of transcription factors, medi-
ators, and growth factors [5,7,10]. Due to these posi-
tive effects, shock waves are thought to have promising
results in the treatment of fracture healing, osteone-
crosis, osteoarthritis, and osteoporosis [7,9]. Until now,
studies of the effect of ESWT on osteoporotic bone
tissue healing have been limited, and the focus of
these has been to accelerate fracture healing [4,5].

The investigators hypothesized that Extracorporeal
Shock Wave Therapy (ESWT) induce the bone healing
and allow the formation of more calcified bone tissue
in osteoporosis. The primary purpose of the study was
to analyze the effects of ESWT on callus formation result-
ing from DO in a well-established osteoporotic rabbit
model and the secondary purpose was to determine the
appropriate application parameters of ESWT for the most
optimal results. The specific aim of the study was to
measure the parameters of interest in healthy and oste-
oporotic subjects and compare it between groups.

Materials and methods
Study design

This study received approval from the Ondokuz
Mayis University Animal Experiments Local Ethics
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Committee. All experiments complied with the
National Research Council’s Guide for the Care and
Use of Laboratory Animals. A total of 28 female
New Zealand rabbits, aged 6-9 months and weigh-
ing an average of 2.75kg were used in the study.
The subjects were kept in separate cages with a
12-h day/night cycles, and were provided with stan-
dard food and water support throughout the study.
The same DO protocol was applied to each subject
with the same custom-made distractor. After the
test animals were selected, they were randomly
divided into four groups, with seven rabbits in
each group:

Cont: Non-ovariectomized control

0-Cont: Ovariectomized control

O-ESWT1: Ovariectomized, ESWT applied after the
osteotomy

O-ESWT2: Ovariectomized, ESWT applied before and
after the osteotomy

Osteoporotic model

The animals to be operated on were not fed the
previous day. Each animal was administered 50 mg/
kg ketamine HCL and 8 mg/kg xylazine HCL intra-
muscularly for general anaesthesia. Before the pro-
cedure, cefazolin sodium 50mg/kg for prophylaxis
and tramadol 1mg/kg for analgesia were given by
intramuscular injection. After shaving the abdomen
of the anaesthetized animals, they were wiped with
a povidone-iodine solution providing antisepsis in
the surgical area. In the experimental groups which
were to have an ovariectomy, the abdominal cavity
was opened with a 4cm laparotomy incision on the
midline of the abdomen. After reaching the ovaries,
the mesovarium and fallopian tube were ligated and
the ovarian tissues on both sides were excised. In
the subjects in the Cont group, the ovarian tissues
were accessed after the abdominal cavity was
opened similarly but were left in situ without being
excised. All animals abdominal wall, subcutaneous,
and skin tissues were sutured in layers and then
closed. The procedure was concluded by applying
antiseptic and antibiotic wound pomade, nitrofura-
zone 0.2%. After surgery, animals were placed in
cages and intramuscular injections of cefazolin
sodium 50mg/kg and tramadol HCl 1mg/kg were
administered for three days in the postoperative
period to prevent infection and provide analgesia.
A period of 12weeks were waited for the develop-
ment of osteoporosis (Figure 1).



1348 (&) E.OZKANETAL.

@ -12thweek Ovariectomy

ESWT application 1

(only for group O-ESWT2) ~ord week o

ESWT application 2
@ -2nd week (only for group O-ESWT2)

ESWT application 3

(only for group O-ESWT2) -Istweek @
) 1 ® OSTEOTOMY
2 .
-] ESWT application 1
= (for all ESWT groups) 5th day ®
8
ki
% @ 12th day ESWT application 2
a (for all ESWT groups)
= 15thday @
ESWT application 3
5 @ 13th day (for all ESWT groups)
;'3 22th day @ DEXAl
o
2
o
(8}

Sacrification 43th day @ DEXA2

Figure 1. Timeline of experiment procedures.

ESWT device and ESWT application protocol
before the osteotomy

The ESWT device with an unfocussed applicator were
used in the study. Before applying ESWT, a lubricating
gel was applied to the skin over the osteotomy site.
The applicator was positioned perpendicular to the
mandible in the submandibular region just below the
osteotomy area (Figure 2). The rabbits in the O-ESWT2
group underwent ESWT at 500 impulses, 5Hz, and
0.19mJ/mm? energy flow density parameters at the
distraction site in the first, second and third weeks
before the osteotomy.

Osteotomy and distraction protocol

The test animals were not fed the day before the pro-
cedure. The subjects to be operated on were randomly
selected without knowing which group they belonged
to. For general anaesthesia, 50 mg/kg ketamine HCL

Figure 2. Unfocussed applicator of ESWT and shock wave
application to distraction area.

Figure 3. The custom-made titanium distractor and osteotomy
line is posterior to the mental foramen. Distractor was posi-
tioned parallel to the lower border of the mandible.

and 8mg/kg xylazine HCL were administered intra-
muscularly to all animals. Local anaesthesia with 0.5ml
of articaine containing 1:200000 epinephrine was
applied to the surgical area. After shaving the left
mandible of the rabbits and providing aseptic condi-
tions with povidone iodine, a 3cm long linear incision
was made at the inferior border of the left mandible.
A full-thickness flap was elevated. The osteotomy line
was performed along the premolar tooth and the men-
tal foramen. Before the osteotomy was performed, a
custom-made titanium distractor that could be length-
ened by 10mm was positioned parallel to the lower
border of the mandible with six titanium mini-screws
(Figure 3). Then, the bone osteotomy was performed
with the help of fissure burs and osteotomes under



sterile saline irrigation and taking care to avoid mental
nerve damage. The incision area was closed in layers
with 4/0 polyglactin 910 sutures. After the latency
period, the distraction protocol was applied for ten
days with a distraction rate of 0.35mm/12h.

Postoperative care

Tramadol 1 mg/kg and cefazolin sodium 50 mg/kg were
administered intramuscularly twice a day for four days
for postoperative pain and infection control. The ani-
mals were fed a soft diet for a week and their weights
and nutritional status were checked daily by a
veterinarian.

ESWT application protocol after the osteotomy

In the O-ESWT1 and O-ESWT2 groups, ESWT with 500
impulses, 5Hz, 0.19mJ/mm? energy flow density was
applied to the distracted area on the 5th, 12th and
19th day after the osteotomy.

On the 43rd day after the osteotomy, all subjects
were sacrificed using high-dose sodium pentobarbi-
tone (Figure 1).

Evaluation methods
Radiological analysis

Computed tomography (CT)

Computed tomography images were obtained from all
the subjects for three-dimensional analysis of the dis-
traction site immediately after sacrificing.
High-resolution computed tomography (HR-CT) images
of the mandibles were obtained using multi-detector
computed tomography with consecutive 16-slice
multi-detector spiral CT according to the screening
procedure used for small animals (Figure 4(B)).
Computed tomography analysis was taken to show
the elongation in 3D as a result of distraction
osteogenesis.

DEXA (dual-energy x-ray absorptiometry). DEXA
measurements were conducted double-blinded on the
first week of consolidation (DEXA1) in high-resolution
mode with the DEXA scanner, after intramuscular
administration of 20mg/kg of ketamine HCL and 5mg/
kg of xylazine HCL. The exact measurements were
repeated (DEXA2) after sacrificing (4th week of
consolidation). DEXA measurements were made at the
center of the distracted area. The Bone Mineral Density
(BMD) values were established using DEXA’s small
subject animal setting (Figure 4(A)).
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Figure 4. (A) DEXA. (B,C) Three-dimensional (CT) images
showed healthly distracted bone and unilateral crossbite.

Stereological analysis

A blinded histologist conducted the preparation and
stereological examination of tissue samples. Soft tis-
sues of the jaws (skin, muscle, fascia, mucosa and
periostium) were removed and were fixed in formal-
dehyde (10%) for one week. Following fixation, sam-
ples were exposed to decalcification in formic acid
(5%) for 21d. After decalcification, the tissues and
gradually dehydrated with alcohol and were embedded
in fresh paraffin. Serial sections of 7-um thickness were
taken from each paraffin block. Paraffin blocks were
sampled at a ratio of 1/10 according to the volumetric
estimation procedure, and the first section was ran-
domly selected. Sections were stained with
hematoxylin-eosin (HE) and photographed with a color
digital camera using a light microscope in a stereology
analysis system.

Cavalieri method was applied to light microscope
images for stereological evaluation of new bone tissue,
connective tissue, and neoangiogenesis. Point-count
test grids were used to establish the area in the sec-
tions. The following formula was applied to prove the
point density, and an appropriate coefficient of error
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and coefficient of variation were established according
to the pilot study [11]. This grid was randomly placed
on the computer screen. The volume of the distracted
area in all mandible sections was set with the follow-
ing formula

Volume=txa/px2p

(‘t, section thickness; ‘a/p, area representing each
point on the point counting scale; '3p; the total num-
ber of points corresponding to the distracted area).

Statistical analysis

The data obtained from the densitometric and stere-
ological evaluations were uploaded into the SPSS (Ver:
13,0, lllinois, USA) statistical program in a computer
environment and compared with an ANOVA test.
Pairwise comparisons between groups were made with
the post hoc Tukey test. p-values less than .05 were
considered statistically significant.

Results
Clinical observations and animal conditions

One subject in the O-ESWT1 group and one in the
O-ESWT2 group died during the experiment due to
infection and excessive weight loss. One rabbit in the
Cont group was excluded from the investigation
because the distractor came off. All other subjects
tolerated the osteotomy and distraction protocol very
well, and the distractor device remained stable until
the end of the distraction.

Radiological examination

In the CT images taken of the subjects, new bone
formation in the distraction area had occurred ideally
in all subjects. After DO, unilateral crossbite and exces-
sive lengthening of the incisors were seen in all rabbits
(Figure 4(B,C)).

In all subjects, bone mineral density (BMD) values
were established with DEXA measurements made at
the end of the 1st and 4th weeks of the consolidation
period (Table 1). According to all measurements made
at both the end of the 1st and the 4th weeks; the
highest BMD value is seen in the Cont group, followed
by the O-Cont, O-ESWT1 and O-ESWT2 groups. There
was a statistically significant difference between the
Cont/O-ESWT1 groups and the Cont/O-ESWT2 groups
in terms of BMD observed on the 1st week, and
between the Cont/O-ESWT2 groups and

Table 1. BMD data obtained from DEXA examinations at 1st
and 4th week of consolidation (g/cm?).

Cont 0-Cont O-ESWT1 0-ESWT2
First week 0.69+0.09 0.56+0.08 0.47+0.11  0.46+0.07
Fourth week 0.76 £0.04 0.69+0.10 0.64+£0.04 0.53%0.14

O-Cont/O-ESWT2 groups in terms of BMD observed
on the 4th week (p <.05).

In the intragroup comparison, only in the O-ESWT1
group was a statistically significant difference between
the BMD results on the 1st and 4th weeks of the con-
solidation period (p<0.05).

Stereological examination

Stereological examination showed new bone tissue,
connective tissue and neoangiogenesis in subjects
sacrificed after the distraction’s completion (Figure 5).
All stereological results are stated in Table 2.

The highest new bone volume among groups was
detected in O-ESWT2 and the lowest in Cont.
Statistically significant differences were observed
between O-Cont/O-ESWT1 groups and O-Cont/O-ESWT2
groups, Cont/O-ESWT2 groups and Cont/O-ESWT1
groups in terms of new bone tissue volume (p<.05).

The highest connective tissue volume among the
groups was detected in the O-ESWT2 and the lowest
in the Cont. The differences between Cont/O-ESWT1
groups and Cont/O-ESWT2 groups, O-Cont/O-ESWT1
groups were statistically significant (p <.05).

The highest neoangiogenesis among the groups
was seen in O-ESWT1 and the lowest in O-Cont. A
statistically significant difference was observed between
the O-Cont/O-ESWT1 groups (p<.05).

Discussion

The clinical success of DO is highly dependent on the
condition of the bone microstructure. In situations
such as osteoporosis, osteopenia and diabetes mellitus
[12], which cause deterioration of bone microstructure,
bone healing may cause some complications.
Osteoporosis is a systemic disease in which the bone
formation-resorption cycle and balance is disrupted in
favor of destruction. In this disease, antiresorptive
drugs (bisphosphonate-denosumab) and anabolic
drugs (teriparatide) are used to prevent spontaneous
bone loss [13]. However, the use of these drugs grad-
ually decreasing because of insensitivity or tolerance
and their serious side effects [14]. Biostimulation tech-
niques such as ESWT, low-intensity ultrasound therapy,
recombinant bone morphogenetic factors, low-level
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New Bone

Cont

O-Cont

O-ESWT1

O-ESWT2

Neoangiogenesis

Figure 5. Histological image showing connective tissue areas of (A,D-F). The connective tissue areas are marked with red star.
New bone areas have been shown in (G,J-L) images. New bone areas are marked with a white star. New vessel areas have
been shown in (M,PR,S) images. New vessel areas are marked with white (=). (original magnification x5, hematoxylin-eosin).

Table 2. Tissue volumes obtained from the stereological exam-
ination (mm?3).

Cont 0-Cont O-ESWT1 O-ESWT2
New bone 0.20+£0.02 0.23+0.03 0.31+£0.03 0.32+0.03
Connective tissue 0.35+0.02 0.41+£0.07 0.59+0.10 0.51+0.07
Neoangiogenesis 0.1£0.02 0.08+0.02 0.11+£0.01 0.09+0.02

laser therapy, are methods is recommended to avoid
complications in bone healing so that treatments can
be successful [15-17]. Our study aim was to induce
callus production and mineralization using ESWT in
the osteoporotic experimental model, and as a result,
accelerate maturation, improve its biomechanical

properties, and shorten the consolidation process. Our
study is the first to examine the effect of ESWT on
the callus formation obtained in DO in osteoporotic
subjects. The fact that all distractions occurred as
planned and there were no cases of early ossification
in any of the subjects in our study shows that the
distraction protocol was successful. However, the lower
bone density observed in the ovariectomized control
group compared to the healthy control group indicates
that the osteoporotic model was successfully
implemented.

ESWT is routinely used in clinics for many muscu-
loskeletal diseases such as plantar fasciitis, calcifying
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tendinitis, delayed unions and non-unions [17].
Moreover many research show that ESWT induces
cell differentiation and neoangiogenesis in bone tis-
sue increases the release of growth factors such as
VEGF and BMP-2, and thus accelerates bone healing
[18,19]. In addition, ESWT has been shown to have
promising effects in osteoporosis, although studies
are still very few. In a clinical study, it was reported
that ESWT could improve markers of bone turnover
in patients with low mineral density [4]. In a recent
study, the therapeutic effect of ESWT on osteoporotic
bone tissue in rabbits was investigated. It has been
reported that ESWT applied to mesenchymal cells
from the femur significantly increases the expression
of osteogenesis markers such as ALP, Ocn,
Osteoprotogerin and Runx2. In addition, it has been
reported that osteoclast differentiation is inhibited
by shock wave therapy. ESWT was applied to osteo-
porotic rabbits at an energy flow density of 0.12-
0.5 mJ/mm? every 3d for 4weeks, and it was reported
that trabecular bone volume and mineral deposition
increased significantly, and bone loss decreased [20].
In another in vivo study, it was observed that low-level
shock waves (0.15mJ/mm?2) had a beneficial effect on
the healing of osteoporotic fractures, leading to
improved biomechanical properties, increased callus
qguantity and quality, and increased expression of
bone-specific transcription factors [21]. In addition,
it has been stated that it can accelerate callus mat-
uration in the consolidation process in the DO model
[15,22]. It is imperative to apply ESWT within proper
parameters for this positive effect. Although necrotic
changes occur at high energy flow density [15,20],
applications with low energy flow density (regardless
of the number of application sessions) have been
shown to have an inducing effect on neoangiogenesis
and bone regeneration [15,19,23]. In our study, we
used ESWT with parameters that analyzed by us sev-
eral times and whose positive results can be found
in the literature [24]. In one of these studies, in which
we examined the effect of ESWT on distraction osteo-
genesis, we determined that ESWT (twice 1000
impulses at 14kV and 0.19 mJ/mm? energy flux inten-
sity) applied on the 1st and 4th days of the consol-
idation phase significantly increased bone mineral
density and new bone tissue [19]. In another study,
we found that ESWT (single dose of 1000 impulses
0.19mJ/mm? energy flux intensity) applied on the
1st day of the consolidation phase induced both new
bone volume and new capillary formation [23]. In a
different study conducted in the rat mandible, it was
observed that a single dose of ESWT performed
during the active distraction period significantly

increased bone mineral density and new bone for-
mation [25]. Guided by these studies, multiple ses-
sions of ESWT application protocol were determined.
Also ESWT parameters previously shown to be useful
were preferred.

Studies have reported that shock waves cause an
increase in cortical and cancellous bone volume, thus
amplifying the mechanical properties of bone in areas
that have not yet undergone surgery [26], inducing
the proliferation of cambium cells in the periosteum,
and increasing the periosteal thickness [27]. Studies
report that the proliferation phase is the most signif-
icant period for bio-stimulatory methods [28]. For
these reasons, ESWT was applied once a week for
three weeks before and after the osteotomy in this
study. With the ESWT application before the osteot-
omy, we aimed to increase the structure and mechan-
ical properties of the bone with impaired
microstructure. We also aimed to induce angiogenesis
and proliferation during regeneration by continuing
the ESWT after the osteotomy. A significantly higher
rate of new bone tissue was observed in both ESWT
groups compared to the O-Cont group. However, no
significant difference was observed in the O-ESWT2
group compared to the O-ESWT1 group. These results
show that shock waves induce callus formation, but
post-osteotomy applications do not have an additional
positive effect on pre-osteotomy applications. In addi-
tion, another study reported that ESWT with the same
parameters, performed in 2 sessions on the 1st and
4th days of consolidation, did not significantly affect
new bone formation [19]. In contrast, it has been
reported that single-session applications at the begin-
ning of the consolidation can have a significant pos-
itive effect [15,23,25]. In a study investigating ESWT
in the treatment of delayed unions, it was observed
that shock wave therapy applied as a single dose and
2weeks later to fracture sites significantly increased
endochondral ossification [17]. These results show that
if ESWT is to be applied during the postoperative
period, it is more efficient to use a single session at
the beginning of the consolidation period. Although
this study showed that the bio-stimulatory effect of
shock waves was due to pre-osteotomy applications,
in our previous study, in which we applied the same
study protocol to healthy rabbits, pre-osteotomy ESWT
application did not have a positive effect on new bone
tissue [24].

Interestingly, neoangiogenesis was not induced
simultaneously in the O-ESWT2 group, which was
observed to cause callus. However, the highest neo-
angiogenesis was observed in the O-ESWT1 group
and significantly differed from the O-Cont group.



This result indicates that ESWT induces more neo-
angiogenesis only after osteotomy. In addition, the
statistically significant difference between DEXA mea-
surements performed on the 1st and 4th weeks in
the O-ESWT1 group suggests that shock wave appli-
cation after the osteotomy is also beneficial. To fully
understand the cause of these effects, it is crucial
to examine the subjects who underwent ESWT only
after osteotomy in addition to these groups and to
study the mediators and signalling mechanisms that
are thought to be effective in osteoporotic bone
healing and neoangiogenesis for more precise
results.

DEXA is a reliable diagnostic method that is com-
monly used to estimate fracture risk by determining
the bone mineral density in osteoporosis patients [15].
According to the results of the DEXA examination,
lower BMD values were detected in the osteoporotic
control group compared to the healthy control group,
as expected. Yet interestingly, although higher new
bone formation was observed in both ESWT groups,
BMD values were observed to be lower in both the
early (DEXA1) and late periods (DEXA2) compared to
the O-Cont group. In our previous study in which we
examined the effect of ESWT on distraction osteogen-
esis in healthy rabbits, we found lower BMD and bone
mineral content values in the ESWT groups compared
to the control groups [24]. One reason may be that
immature bone is seen more frequently in the early
period and the early radiological findings are insuffi-
cient due to the lack of mineralization of this bone
[25]. Another reason is that ESWT may have increased
osteoclastic activity. However, studies have shown that
ESWT increases osteoblastic and osteoclastic gene
markers, but the osteoclastic effect is short-term and
temporary [29]. Therefore, the first reason stated
appears to be more likely.

The strength of this study is the use of doses of
ESWT previously proven to induce bone regeneration
and testing it in an experimental model in which
bone regeneration is actively ongoing. Although
ESWT was applied in 3 different periods after oste-
otomy, it could not be determined in which period
shock wave therapy had a promising effect. In addi-
tion, the lack of a study group that applied ESWT
only before osteotomy can be considered as a weak-
ness of this study. The most critical clinical signifi-
cance of this study was to demonstrate whether the
healing and strength of osteoporotic bone tissue
could be induced by ESWT. It is critical that this effect
has been studied especially in situations where bone
healing and mineralization are important, such as in
distraction osteogenesis.
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Conclusions

It is noteworthy that these positive results were
obtained especially after osteotomy. Therefore, it may
be helpful to study the application of ESWT with one
session only after osteotomy in osteoporotic patients.
In addition, it is necessary to establish the most appro-
priate ESWT parameters for the induction of new bone
formation, bone mineralization and angiogenesis.

In maxillofacial surgery clinics, minor surgical appli-
cations are avoided as well as major surgical applica-
tions in osteoporotic patients. As a matter of fact, this
study was carried out to increase the success of major
surgical procedures such as distraction osteogenesis
in osteoporotic patients. For this, ESWT, which has
been shown to be an osteostimulative method, was
used. In clinical practice, it is thought that ideal bone
healing capacity can be achieved by applying ESWT
to osteoporotic patients.
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