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Effect of extracorporeal shock wave therapy on fracture healing in rat
femural fractures with intact and excised periosteum

Ekstrakorporeal sok dalga tedavisinin periostu saglam olan ve periostu eksize edilmig
sican femurlarinda kirik iyilesmesine etkisi
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Objectives: The aim of this study is to compare the effect of
extracorporeal shock wave therapy (ESWT) on fractures with
intact periosteum and excised periosteum.

Materials and methods: Thirty-seven Wistar albino rats were
randomized into four groups. Osteotomy and intramedullary
Kirschner wire fixation were performed on all right femurs
under ketamin anesthesia. The first group (n=10) was identified
as control group. In the second group (n=10), periosteum located
at the osteotomy site was excised circumferentially during
surgery. In the third group (n=9), periosteum was left intact and
ESWT was applied. In the forth group (n=_8), periosteums of all
rats were excised and ESWT was applied. All fracture lines were
evaluated radiographically each two weeks and histologically at
the sixth week. Results were evaluated statistically.

Results: In periosteum excised group which represents
a model of open fractures with soft tissue defect, ESWT
application had a significantly positive histologic effect on
bone healing. However, radiological evaluation did not reveal
any statistically significant difference between groups with
intact and excised periosteums.

Conclusion: According to our findings, ESWT can be used
to improve fracture healing and prevent pseudoarthrosis in
the treatment of open fractures with accompanying soft tissue
and periosteum damage. However, further clinical studies are
required to include ESWT in routine practice.
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There are several factors identified as having negative
or positive consequences on fracture healing.™ The
configuration and status of the bone, periosteum
and surrounding soft tissues also may have a role

Amag: Bu calismada ekstrakorporeal sok dalga tedavisinin
(ESWT) periostu saglam olan ve periostu eksize edilmis olan
kiriklar tizerine etkisi kargilagtirildi.

Gerec ve yontemler: Otuz yedi Wistar albino sican dort
gruba randomize edildi. Ketamin anestezisi altinda tum
sag femurlara osteotomi ve intramedilller olarak Kirschner-
teli tespiti uygulandi. Ilk grup (n=10) kontrol grubu olarak
tanimlandi. Ikinci grupta (n=10), osteotomi hattindaki periost
cerrahi sirasinda cevresel olarak eksize edildi. Uctincti grupta
(n=9), periost saglam birakilarak ESWT uygulandi. Dordiinc
grupta (n=8), tim sicanlarin periostlar1 eksize edildi ve
ESWT uygulandi. Tum kirik hatlar: iki haftada bir radyolojik
olarak ve altinci haftada histolojik olarak degerlendirildi.
Sonuglar istatistiksel olarak degerlendirildi.

Bulgular: Yumusak doku defektli agik kirik modelini temsil
eden, periostu eksize edilen grupta, ESWT uygulamasi kirik
iyilesmesi tizerinde anlamli sekilde olumlu bir histolojik etki-
ye sahipti. Ancak radyolojik degerlendirme periostu saglam
olan ve eksize edilen gruplar arasinda istatistiksel olarak
anlaml bir fark gostermedi.

Sonug: Bulgularimiza gore, yumusak doku ve periost hasa-
rinin eslik ettigi acik kirik tedavisinde, kirik iyilesmesini
hizlandirmak ve psodoartroz olusumunu engellemek amaciyla
ESWT kullanilabilir. Ancak ESWT’nin rutin uygulamaya
dahil edilebilmesi icin daha fazla klinik caligsma gereklidir.

Anahtar sozciikler: Ekstrakorporeal sok dalga tedavisi; kirik
iyilesmesi; litotripsi; kaynamama; agik kirik; periost.

in fracture healing. Open fractures are under risk
of infection and delayed healing due to loss of
periosteum and soft tissue coverage. In recent years,
extracorporeal shock wave therapy (ESWT) is being
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used in the treatment of nonunions and delayed
unions as well as humeral epicondylitis, plantar
fasciitis and calcifying tendinitis.” The effect of ESWT
in non- and delayed union of fractures is reported in
many studies.’® None of these studies evaluates the
primary fracture with regard to fracture hematoma
and periosteum loss. In this study, we aimed to
compare the effect of ESWT on fractures with intact
periosteum and excised periosteum.

MATERIALS AND METHODS

This study was performed with the approval of Animal
Care Committee of our institution. Thirty-seven Wistar
albino rats of the same generation were randomized
into four groups. In all groups, transverse osteotomy
was performed on diaphysis of femurs under general
anesthesia using 50 mg/kg Ketamin HCl (Ketalar®)
to simulate a fracture. All fractures were stabilized
with a retrograde intramedullary 0.6 mm Kirschner
wire (Figure 1). In the control group (group 1)
(n=10), the periosteum was incised meticulously and
conserved during osteotomy. No additional treatment
was applied. In group 2 (n=10), the periosteum was
excised circumferentially at the osteotomy site and
no additional treatment was applied. In group 3 (n=9),
the periosteum was left intact and ESWT was applied
after the fracture fixation. In group 4 (n=8), ESWT
was applied after circumferential excision of the
periosteum and fracture formation and stabilization.

Extracorporeal shock wave therapy was applied after
the closure of incision with Stonelith PCK® lithotripter
(Turkey, Ankara) under general anesthesia (Figure 2).
During ESWT, 500 impulses of shock wave at 15 kV
were applied in group 3 and 4. The fractures were
evaluated blindly by a radiologist on anteroposterior
and lateral radiographs of femora at 0, 2, 4 and 6™
weeks postoperatively and graded according to scale
of Lane and Sandh” Bone formation, union and
remodeling were scored on this scale.

At postoperative sixth week, all rats were sacrificed
and the fracture sites were evaluated blindly by a
pathologist according to the scale of Allen et al.l®
In this scale, the union site is graded according to
fibrous, cartilaginous or bony union.

Data from the radiographic evaluation were
divided into two major groups. First group included
rats having 0-3 points, and second group included
rats having 4-12 points. These major groups were
compared according to ESWT application and
periosteum existence. P values lower than 0.05 were
considered significant.

Data from histological evaluation were also
divided into two major groups according to occlusion
of the fracture line. First group included rats having
less than 2 points, and second group included rats
having more than 2 points. These major groups
were also compared according to ESWT application

Figure 1. Direct radiography of rat femurs at the end of therapy. (a) Group 1 (P+, E-); (b) group 2 (P-, E-); (c)
group 3 (P+, E+); (d) group 4 (P-, E+).
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Figure 2. Stonelith PCK® lithotripter.

and periosteum existence. We used Fisher’s exact
importance test. P values lower than 0.05 were
accepted as statistically significant.

RESULTS

Mean histological and radiological scores for each
group were calculated and total scores were obtained
(Table I).

Radiological scores in group 1 and 2 were
statistically lower than group 3 and 4 (p<0.05).
There was no statistically significant difference
in radiological scores between groups 3 and 4.
Histological score in group 2 was statistically
lower than the other groups (p<0.05). There was
no statistically significant difference between other
groups.

DISCUSSION

In recent years, many biochemical factors like
misoprostol,”! melatonin,! strontium ranelate, !
leptin and mesenchymal stem cells!¥ are shown
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to improve fracture healing. Low-intensity pulsed
ultrasound,™ electromagnetic and electric fields!™
have been also shown to accelerate fracture healing as
mechanical factors. According to the literature, ESWT
is also used in musculoskeletal system for fracture
healing and nonunion treatment, as well as calcific
tendinitis and pseudoarthrosis.?®

In our study, we aimed to show the effect of
ESWT on fracture healing in periosteum deficient
open fractures. Fractures with deficient periosteum
and surrounding soft tissues are under risk of
nonunion or delayed union. Highest scores in our
study were obtained in ESWT applied fractures with
intact periosteum. In the literature, positive effects of
ESWT have been shown in many clinical studies.!'6?”!
However, its mechanism is still controversial. Wang
et al.’®® searched bone healing effect of ESWT
on rabbit femur fracture model. The shockwave
group showed significantly higher numbers of neo-
vessels and immunopositive cells including vessel
endothelial growth factor, endothelial nitric oxide
synthase, proliferating cell nuclear antigen, and
bone morphological protein-2 than the control.l¥! In
recent studies, differentiation of mesenchymal stem
cells and promotion of angiogenesis via increased
expression of several growth factors have been
suggested also as bone forming effects of shock-
waves.[1921

Statistically significant difference was detected
between group 2 and 4. Our radiological and
histological comparisons of the effect of ESWT
application on periosteum deficient fractures revealed
that periosteum is significant in callus formation
and bone healing (p<0.05). Many studies related
to the periosteum showed that periosteum serves
as a niche for progenitor cells and supplies a rich
vascularization to the bone which it envelops.?? In
our study, ESWT applied groups (group 3 and 4) had
statistically similar results. Instead of periosteum,
ESWT may play a role for releasing local growth
factors and the recruitment of appropriate stem cells
leading to improved tissue healing.”® Another theory

TABLE |

Histological and radiological scores in all rat groups

Groups Periosteum  ESWT Number of rats  Histological mean score Radiological mean score  Total scores
1 (+) - 10 2.3 3.9 6.2
2 - - 10 1.5 2.3 3.8
3 (+) (+ 9 34 6.8 10.2
4 - (+) 8 3.4 6.4 9.8

Total 37
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for its mechanism is that it causes micro fractures
in the cortex by stimulating the interaction of gas
bubbles, which is also called cavitation effect.2’

Shock waves are also used in the treatment of
pseudoarthrosis and delayed union.™?! Union is
achieved in most cases with a single ESWT session
coupled with standard fracture immobilization
techniques in nonunions. Bulut et al.?! showed an
accelerated bone union in a defective nonunion
model in rabbits. Atrophic nonunions seem to have a
poorer outcome in comparison with the hypertrophic
nonunions in shock wave therapy.” Notarnicola et al.””
compared ESWT and standard surgery in scaphoid
nonunion at 350 patients. They showed no significant
difference between two groups at the 2, 6" and
12" months follow-up according to radiographic
consolidation or the Mayo Wrist Score. They suggest
that shock wave therapy should be considered as the
second choice of treatment in the cases which show
clinical and radiographic healing delay after surgical
stabilization.®

In conclusion, ESWT has been studied as a
nonsurgical way to achieve fracture healing. Thanks
to its advantages such as noninvasiveness, ease to
apply and low complication rate, ESWT has been
widely used in the treatment of nonunions in various
experimental and clinical studies. In our study,
ESWT application accelerated fracture healing in the
periosteum excised fractures similar to fractures with
intact periosteum. In the future, ESWT may be applied
as an adjuvant treatment for open long bone fractures
which are under the risk of nonunion. On the other
hand, rat studies do not show the same correlation
with human applications. Therefore, further clinical
studies are required to confirm our results.
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