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Does extracorporeal shockwave therapy treat @
leg length discrepancy? an experimental
animal study
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Abstract

Background Extracorporeal shockwave therapy (ESWT) is widely used to treat musculoskeletal diseases, but its
impact on adolescents with unhealed epiphyseal plates is concerning. It remains unclear whether ESWT applied to
growth plates promotes or inhibits bone growth. Low energy ESWT does not cause damage of articular cartilage and
promotes the growth of articular cartilage. Therefore, the application of ESWT to treat the leg length discrepancy is a
possibleoption.

Methods Here, the 96 adolescent rats were used to demonstrate that different levels of ESWT developed different
effects on the epiphyseal plate and bone growth. The effects and safety of ESWT on the epiphyseal plate were
measured at different energy levels of 0.1, 0.25, and 0.5 mJ/mm? with 800 impulses, 4 Hz at the 7, 13, and 25 weeks.

Results Additionally, the treatments promoted the growth and length of the tibia bone as the ESWT application by
compared with Sham group. Notably, ESWT stimulated the expression of IL-13 at the 7 week, which then decreased
by the 25 week. However, no apoptosis signals and cell death were detected, and there was no tissue damage to the
epiphyseal plate. The expression of SOX9, BMP2, and BMP4 was observed in the epiphyseal plate following ESWT,
suggesting a role in promoting bone growth.

Conclusion Our results suggest that ESWT is a safe therapeutic modality for stimulating bone growth at the
epiphyseal plate in adolescents, leading to increased bone length. This approach holds potential for future treatment
of patients with leg length discrepancies.
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Background

Physeal injury is a common musculoskeletal disorder
in pediatric patients, encompassing conditions such as
apophysitis, transphyseal fractures, and physeal arrests,
often leading to joint angular deformities and leg length
discrepancies [1]. Apophysitis, commonly associated
with sports activities, is a self-limited condition resulting
from repeated mechanical stress at the apophysis, lead-
ing to chronic inflammation at the affected sites. It can
present as conditions such as Osgood-Schlatter disease,
little league shoulder, little league elbow, Sever’s disease,
or Iselin’s disease [2]. In the acute phase, treatment typi-
cally focuses on conservative approaches, including pain
control, rehabilitation, and rest [3]. However, managing
chronic apophysitis remains challenging, with no univer-
sally effective treatment identified [4]. Physeal fractures
are another concern, as the structure of the physis rep-
resents a relatively weak point in long bones, making it
susceptible to trauma. The force of the injury often passes
through the physis, leading to fractures that typically
require surgical internal fixation [5]. During the healing
process, complications such as angular deformities may
arise due to overgrowth, undergrowth, or physeal arrest.
Physeal arrest, often a consequence of trauma or infec-
tion, can result in significant joint deformities and leg
length discrepancies. Treatment options for such defor-
mities vary based on patient age and the severity of the
condition. For younger patients, corrective orthoses are
initially considered, while more advanced deformities
necessitate surgical interventions, such as corrective
osteotomy [6]. For patients with leg length discrepan-
cies (LLD), treatment methods consist of physeal bar
removal, chondrodiastasis, epiphysiodesis, and the use of
circular fixation for limb lengthening or deformity cor-
rection [1, 7]. Early management is crucial in these cases
to prevent further complications and to improve patient
outcomes.

In light of this, extracorporeal shockwave therapy
(ESWT) has emerged as a promising non-surgical alter-
native in musculoskeletal treatments [8]. Although tra-
ditionally used for conditions like chronic tendinitis and
fracture nonunion, ESWT offers potential advantages in
the treatment of conditions affecting the epiphyseal plate,
despite some caution in pediatric cases. It provides the
physicians various effective and non-surgical alterna-
tive in treating the recalcitrant situations such as chronic
tendinitis and fasciitis, calcified tendinitis and fracture
nonunion [8]. However, the 2016 International Society
for Medial Shockwave Treatment (ISMST) guideline lists
that high energy focused ESWT is contraindicated in the
treatment of area around the epiphysis, which restrict
the application of ESWT in the population of pediatrics
and adolescents. Almost all of the studies from the lit-
erature concerning ESWT at the epiphysis are based on
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animal models. Dr. Yeaman suggests that high energy
ESWT causes extensive dysplastic lesion in the growth
plate with shortening of the limb in a rat model [9]. Bussy
reports the use of ESWT at the convex side of the angular
deformity for the treatment of carpal joint valgus defor-
mities in young foals [10].

Contrary to previous concerns, histological examina-
tions have shown no damage to the rabbit epiphysis fol-
lowing ESWT treatment [11]. Additionally, high-energy
ESWT has been reported to stimulate growth in the rab-
bit epiphysis, with overgrowth observed in the femur
shaft of immature rabbits [12, 13]. Long-term studies
have indicated increased cellularity and basophilia of
the extracellular matrix in the adolescent rat epiphy-
sis without negative effects on extremity measurements
[14]. Further research has demonstrated dose-dependent
effects of ESWT in promoting new bone formation in
the femur, while other studies have shown accelerated
healing of osteochondritis dissecans in rabbit models
[15, 16]. These findings collectively support the potential
of ESWT as a beneficial therapeutic approach for bone
growth and repair.

Previous studies have demonstrated the chondropro-
tective effects of ESWT in the treatment of knee osteoar-
thritis, showing promising results in preserving cartilage
[17-19]. In addition to these therapeutic benefits, his-
tological examinations revealed thickening of the phy-
seal plate and hypercellularity of the epiphysis following
ESWT. This study further highlights the dose-dependent
effects of ESWT on the epiphyseal plate, with varying
energy flux densities producing distinct outcomes on
bone growth. The ESWT induced undergrowth might be
utilized as a technique for epiphysiodesis in patients with
leg length discrepancies or angular deformities.

Materials and methods

Animals

All rats (96 rats, aged 4 weeks) were handled with care
and in compliance with the ethical standards following
the Guide for the Care and Use of Laboratory Animals,
as published by the National Institutes of Health. All
animals were housed and two rats in a cage under stan-
dard conditions which was room temperture at 23+1 °C,
humidity at 50+20%, and with a 12-h light and dark
cycle. The Center for Laboratory Animals at Hospital,
administered veterinary care to the rats. In this study,
adolescent rats were included based on their age and
health status to ensure uniformity in the development of
their epiphyseal plates. Animals exhibiting signs of illness
or abnormal growth patterns prior to the experiment
were excluded to avoid skewing the results. The study
was performed following the ARRIVE guidelines [20] and
received approval from the Institutional Animal Care and
Use Committee (IACUC) at the hospital.
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Study design

The experiments were performed with 96 Sprague-
Dawley rats (4 weeks old). The sample size was deter-
mined using G*Power statistical analysis (version 3.1.9.7),
which indicated that eight rats per group would provide
sufficient statistical power (0.8) to detect a 10% differ-
ence in the experiment as the reference from the previ-
ous study [14]. All rats were randomly divided into four
groups with different time points (8 rats for each group

A.

Sham group: Sham (no treatment, zero energy)
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and each time point): Sham, 0.1, 0.25, and 0.5 mJ/mm?
groups (Fig. 1A). The rats in the Sham group (zero
energy) did not receive surgery or treatment (0 mJ/mm?).
In the 0.1 mJ/mm? group, the epiphyseal plate of left rat
knee received ESWT with 0.1 mJ/mm? 800 impulses,
4 Hz. In the 0.25 mJ/mm? group, rats received ESWT
with 0.25 mJ/mm?, 800 impulses, 4 Hz. In the 0.5 mJ/
mm? group, rats received ESWT with 0.5 mJ/mm? 800
impulses, 4 Hz. All rats were treatment at the first week

Week 0 7/ 13 25
[ 1 1 1
1 1 1 T
n=24 Sacrifice Sacrifice Sacrifice
0.1 mJ/mm? group: 0.1 mJ/mm? , 800 impulses, 4 Hz.
Week 0 1 7 13 25
[ [l 1 1 1
1 1 1 1 1
n=24 ESWT Sacrifice Sacrifice Sacrifice
0.25 mJ/mm? group: 0.25 mJ/mm? , 800 impulses, 4 Hz.
Week 0 1 7 13 25
| 1 1 1 1
T 1 1 1 1
n=24 ESWT Sacrifice Sacrifice Sacrifice
0.5 mJ/mm? group: 0.5 mJ/mm? , 800 impulses, 4 Hz.
Week 0 1 7 13 25
[ 1 1 1 1
1 T 1 1 1
n=24 ESWT Sacrifice Sacrifice Sacrifice
= ' Medial view Front view

Sham
(0 mJ/mm?3)

Fig. 1 (A) The experimental design. (B) The application of ESWT on epiphyseal plate of left knee of rat. The red circle is indicated the epiphyseal plate of
rat and focused ESWT application by different energy. (C) The measurement of the length of tibia after ESWT on epiphyseal plate of rats in Sham (0), 0.1,
0.25 and 0.5 mJ/mm? groups. N=8. ESWT = extracorporeal shockwave therapy
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and postoperative care included administering prophy-
lactic antibiotics, specifically ampicillin at 25 mg/kg, and
ketorolac at 1 mg/kg/day for pain relief, both given for
five days following the surgery. The rats were sacrificed at
7, 13 and 25 weeks for the experiments.

ESWT application

Shockwaves were generated using the DUOLITHR SD1
ultra shockwave machine (Storz Medical AG, Tager-
wilen, Switzerland). The shockwaves were focused on
the epiphyseal plate of the left tibial knee in rats, posi-
tioned 0.5 cm below the joint line and 0.5 cm from the
medial skin surface. Three experimental groups received
800 shockwave impulses with energy flux densities of
0.1, 0.25, and 0.5 mJ/mm?, at a frequency of 4 Hz, in a
single treatment session. Following ESWT, the animals
were returned to their housing cages for routine care and
monitoring.

Specimen processing

The animals were euthanized at 7, 13, and 25 weeks for
each group, and rat knees were harvested for histologi-
cal and immunohistochemical analysis. The samples were
then subjected to decalcification using a 10% PBS-buft-
ered EDTA solution for a duration of 4 weeks at 4 °C,
with the decalcification solution replaced every 3 days.
After decalcification, the tissues were embedded in paraf-
fin. Longitudinal sections of 5 um thickness were cut and
placed on slides (Thermo Fisher Scientific, USA) for sub-
sequent analysis.

Histological analysis

The specimens were stained using both the traditional
haematoxylin-eosin (H&E) method and safranin O. To
quantify the results, five random areas from three sec-
tions of each specimen were analyzed with a Zeiss Axios-
kop 2 Plus microscope (Carl Zeiss, Germany). Images
from each specimen were captured using a cool CCD
camera (Media Cybernetics, USA). Manual counting
was performed for image analysis, with results verified
through the use of Image-Pro Plus Image Analysis soft-
ware (Media Cybernetics). The histological evaluation
was used a modified version of the guidelines for the
growth plate established by Quintana [21].

TUNEL assay

Apoptosis in the specimens from poly-lysine-coated
slides was assessed using the terminal deoxynucleoti-
dyl transferase dUTP nick end labeling (TUNEL) assay,
following the procedure presented in the study [22].
TUNEL activity was performed using in situ cell death
detection kits (Merck KGaA, USA) to identify apoptotic
cells in the epiphyseal plate. The specimens were treated
with a peroxidase-conjugated anti-digoxigenin antibody
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(R&D Systems, USA). After staining, a peroxidase sub-
strate (Sigma-Aldrich, USA) was applied to visualize the
TUNEL reaction by developing its color.

Immunohistochemistry

The IL-1p, SOX9, BMP2 and BMP4 antibodies were pur-
chased. The specimens mounted on poly-lysine-coated
slides were initially deparaffinized using Pro-Par Clear-
ant (Anatech Ltd., USA), a xylene substitute, followed by
ethanol treatment before being rehydrated in water. After
rinsing with PBS, the sections were incubated with a
blocking solution containing 0.1% Tween 20 and 3% nor-
mal goat serum for 30 min at room temperature. Primary
antibodies of IL-1p (1:50; ab9787, Abcam, USA), SOX9
(1:50; ab26414, Abcam, USA) BMP2 (1:50; PA5-85956,
Invitrogen, USA) and BMP4 (1:100; ab39973, Abcam,
USA) were applied and incubated overnight at 4 °C. The
immunoreactivity of the specimens was assessed using
a horseradish peroxidase (HRP)-3’,3'-diaminobenzidine
(DAB) staining kit for cells and tissues (R&D Systems,
USA), following the procedures outlined in the study
[22]. Positive immunolabeled cells were counted in five
regions across three sections of each specimen using a
Zeiss Axioskop 2 plus microscope (Carl Zeiss, Germany).
Image analysis was performed with Image-Pro® Plus soft-
ware (Media Cybernetics, USA) to process all images and
data.

Statistical analysis

Statistical analysis was used SPSS version 17.0 (SPSS Inc.,
Chicago, IL, USA). Data were presented as mean * stan-
dard deviation (SD). To assess normality, the Kol-
mogorov-Smirnov test was applied to each variable. For
variables following a normal distribution, comparisons
were made using the paired Student’s t-test. In cases
where the data were nonparametric, the Wilcoxon Signed
Ranks test was utilized for within-group analysis, while
the Mann-Whitney U test was employed to compare
differences between groups. Statistical significance was
defined at p-values of less than 0.05, 0.01, and 0.001.

Results

ESWT on the epiphyseal plate promotes bone growth

The treatment groups of ESWT was applied at 0.1 m]J/
mm?, 0.25 mJ/mm? and 0.5 mJ/mm? with 800 impulses,
4 Hz, on the epiphyseal plate of left tibia (Fig. 1A and
B). After sacrifice of rats, the right and left lower limbs
were measured the length first. The length of tibia was
measured as indication of the red arrow in the Fig. 1C.
The data analysis and results showed no statistically sig-
nificant changes in the length of the left tibia (ESWT
applied) at the 7, 13, and 25 weeks (Fig. 2A and suppel-
mental Table 1). However, there was an improvement in
the length of the left tibia treated with ESWT (0.1, 0.25,
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Fig. 2 The length of both tibias after ESWT on the epiphyseal plate of left tibia. (A) The length of left tibia after ESWT at 7, 13 and 25 weeks. (B) The increas-
ing length of left tibia after ESWT as comapred with Sham group at 7, 13 and 25 weeks. (C) The increasing length of right tibia without ESWT as comapred
with Sham group at 7, 13 and 25 weeks. (D) the length ratio of left tibia over right tibia at 7, 13, and 25 weeks. ESWT =extracorporeal shockwave therapy.
R=right tibia and L=left tibia. N=8

Table 1 The markers of the Sham, 0.1 mJ/mm?, 0.25 mJ/mm? and 0.5 mJ/mm? groups on epiphyseal growth plate of left rat knee

IL-1B8 7 week P-value* 13 week P-value 25 week P-value
Sham 11.053 8.403 1141

0.1 19.19979 <0.001 1245667 <0.001 14.95063 <0.05
0.25 18.44438 <0.001 12.28875 <0.001 1546125 <0.001
0.5 16.07979 <0.001 12.38521 <0.05 14.3775 <0.001
TUNEL 7 week P-value 13 week P-value 25 week P-value
Sham undetectable None undetectable None undetectable None
0.1 undetectable None undetectable None undetectable None
0.25 undetectable None undetectable None undetectable None
0.5 undetectable None undetectable None undetectable None
SOX9 7 week P-value 13 week P-value 25 week P-value
Sham 14.537 14.589 11.144

0.1 17.38083 <0.01 18.32188 <0.001 14.25625 >0.05
0.25 18.70688 <0.001 1946354 <0.001 14.74688 <0.05
0.5 17.32229 <0.05 13.84354 >0.05 1543042 <0.001
BMP2 7 week P-value 13 week P-value 25 week P-value
Sham 41325 15.5535 11.2075

0.1 5955 <0.05 20.99 <0.05 16.62333 <0.001
0.25 6.854375 <0.001 1717 >0.05 1748125 <0.001
0.5 12.29313 <0.001 18.748 >0.05 16.80833 <0.001
BMP4 7 week P-value 13 week P-value 25 week P-value
Sham 11.6065 13.6295 84745

0.1 16.26 <0.01 17.15429 <0.001 1148813 <0.05
0.25 18.22625 <0.001 17.32521 <0.001 12.18938 <0.05
0.5 17.52792 <0.001 16.16729 >0.05 10.25229 >0.05

*The P value of 0.1, 0.25 and 0.5 mJ/mm? groups are compared with Sham group
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and 0.5 mJ/mm?) compared to the Sham group (Fig. 2B
and suppelmental Table 1). The length of the right tibia
(no ESWT) did not improve compared to the Sham
group (Fig. 2C and suppelmental Table 1). Additionally,
the ratio of the length of the left to the right tibia showed
that the ratio for the 0.25 mJ/mm? group at the 25 week
was higher than that of the other treatment groups
(Fig. 2D and suppelmental Table 1). These results indi-
cate that ESWT could promote bone regeneration when
applied to the epiphyseal plate.

Pathological analysis of epiphyseal plate after ESWT

Next, the pathological analysis of epiphyseal plate was
surveyed by hematoxylin and eosin (HE) as well as Safa-
rine O staining. In the HE staining, the epiphyseal plate
and structure of the primary spongiosum were no differ-
ence after different level of ESWT at 7, 13 and 25 weeks
as compared with Sham group (Fig. 3A). In the Safarine
O staining, the organization of chondrocytes of epiphy-
seal plate was further observation and there was no any
damage in the reserve zone, proliferative zone, hyper-
trophic zone and primary spongiosum in the 0.1, 0.25
and 0.5 mJ/mm? groups as compared with Sham group
(Fig. 3B).

A. HE staining
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The short term microinflammation and safety of ESWT on
epiphyseal plate of rats

The expression of pro-inflammatory and apoptosis mark-
ers were measured on epiphyseal plate after ESWT at
different levels with 800 impulses, 4 Hz. The expression
of pro-inflammatory cytokine, IL1-B, was measured and
there were significant difference after ESWT at 0.1, 0.25
and 0.5 mJ/mm? with 800 impulses, 4 Hz on epiphyseal
plate of left tibia (Fig. 4A; Table 1). In addition, the apop-
tosis marker, TUNEL activity, was also measured and no
signals were detected in the Sham and treatment groups
(Fig. 4B; Table 1). The results indicated that ESWT at 0.1,
0.25 and 0.5 mJ/mm? with 800 impulses, 4 Hz increased
the low level expression of IL1- but no cell apopto-
sis was observed. The levels of ESWT on the epiphyseal
plate are safety in this experiments.

ESWT promotes the expression of SOX9, BMP2, and BMP4
on epiphyseal plate

The expression of SOX9 can prevent epiphyseal plate clo-
sure and keeps the epiphyseal plate healthy. The immu-
nohistochemistry was performed to detect the expression
of SOX9 after ESWT at 0.1, 0.25 and 0.5 mJ/mm? with
800 impulses, 4 Hz at 7, 13 and 25 weeks on epiphyseal
plate (Fig. 5A; Table 1). The results indicated that the
expression of SOX9 was significant higher at 0.25 m]/

B. Safarine-O staining
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50 fold
magnification

200 fold
magnification

25 weeks

0.1 mJ/mm?

0.25 mJ/mm? 0.5 mJ/mm?

50 fold
magnification

200 fold
magnificatio

Fig. 3 The hematoxylin and eosin stain (A) as well as safranin O staining (B) of epiphyseal plate of rats. The figures displayed the 50 x and 200 xmagni-

fication pictures
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B. TUNEL activity
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Fig. 4 The immunohistochemistry stainings of IL1-f (A) and TUNEL activity (B) on epiphyseal plate of rats after different levels of ESWT. The figures dis-

played the 50 x and 200 xmagnification pictures
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Fig. 5 The immunohistochemistry stainings of SOX9 (A), BMP2 (B) and BMP4 (C) on epiphyseal plate of rats after different levels of ESWT. The figures

displayed the 50 x and 200 xmagnification pictures

mm? group than 0.1 mJ/mm? and 0.5 mJ/mm? groups at
different time points.

In addition, the growth factors, BMP2 and BMP4 were
measured after ESWT treatments. BMP2 was signifi-
cantly stimulated at 7 week and continues to 25 week in

the epiphyseal plate (Fig. 5B; Table 1). BMP4 was signifi-
cantly stimulated in all treatment groups at 7 week and
continous significantly expressed in 0.1 and 0.25 mJ/mm?
groups at 13 and 25 weeks but not in 0.5 mJ/mm? group
in the epiphyseal plate (Fig. 5C; Table 1). The results
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indicated that ESWT stimulated BMP2 and BMP4 path-
way to promote bone growth after application on epiphy-
seal plate and low-energy ESWT (<0.25 mJ/mm? 800
impulses) was more suitable for use on the epiphyseal
plate.

Discussion

In the study, the results demonstrated that different
energy flux density of ESWT developed different effects
on the epiphyseal plate. ESWT was safe for the epiphy-
seal plate at energy levels of 0.1, 0.25, and 0.5 mJ/mm?
with 800 impulses, 4 Hz and it promoted the growth and
lengthening of the tibia bone post-treatment. Although
short term microinflammation may occur, no cell apop-
tosis or tissue damage was observed following ESWT.
In addition, ESWT stimulated the expression of SOX9,
BMP2 and BMP4 on the epiphyseal plate to promote
bone growth by BMP pathway. The ESWT-induced
undergrowth observed in this study suggests potential
applicability as a technique for epiphysiodesis, which
could be further explored in the context of managing leg
length discrepancy or angular deformity in future.

Over the past decade, Overuse and throwing injuries in
young athletes with developing skeletons have risen due
to greater competition intensity and more frequent play-
ing opportunities [23]. The treatment options for those
overuse injuries included medication, physical therapy,
and cessation of throwing. Extracorporeal shockwave had
been proved effective in tendinitis. It has been reported
that shockwave therapy induces neovascularization into
the tendon-bone junction in rabbits [24]. ESWT has the
potential to increase the formation of neo-vessels and the
expression of angiogenesis-related markers in tendon-
bone junction tissue. The neovascularization may play a
role in tissue regeneration at the tendon-bone junction.

To date, there are still many concerns regarding the
application of extracorporeal shockwave on the epiphy-
seal plate. The high-energy extracorporeal shock waves
had no damage to the epiphysis in rabbits under histo-
logical examination [11]. In addition, the long-term
effects of different dosage extracorporeal shockwaves on
epiphysis of adolescent rat. After eight months follow-up,
they found there was no significant difference in femoral
length, tibial length and femoral supracondylar mediolat-
eral width between different shockwaves dosage groups
and control group [14]. Further, high-energy extracorpo-
real shockwaves stimulated the growth of immature rab-
bit epiphysis. The epiphyseal plaque thickness of tibia in
higher dosage shockwave groups (14 kW, 0.6 mJ/mm?,
3000 shots three times) was significantly higher than
those in lower dosage group(14 kW, 0.6 mJ/mm? 1500
shots three times) and control group [13]. In current
study, different levels of ESWT (0.1, 0.25, and 0.5 m]/
mm” with 800 impulses at 4 Hz) enhanced bone growth
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and lengthened the tibia without causing tissue damage
(Figs. 3 and 4; Table 1). ESWT showed no negative effects
on the epiphyseal plate of adolescent rats.

ESWT could increase bone growth by chondrogenesis
in cultured fetal rat metatarsals [25]. Furthermore, radial
shockwave treatment effects on cultured human growth
plate and in vivo rabbit models. The results demon-
strated that ESWT exposure upregulated SOX9 and col-
lagen type II compared to control. In the rabbit models,
increased the length of tibial was observed after appli-
cation of high-energy ESWT. The results showed that
ESWT is a non-invasive and safe therapy to stimulate
bone growth [26]. The radial extracorporeal shock wave
was ever used to treatment Osgood-Schlatter disease in
adolescent patients. There were no side effects or long-
term complications reported after 5.6 years follow up
[27].

Microinflammation is an low-grade, chronic inflam-
matory condition that occurs at a microscopic level. It is
characterized by the presence of low levels of inflamma-
tory markers and immune cells in tissues, which can per-
sist over long periods without causing overt symptoms.
This type of inflammation is often associated with vari-
ous chronic conditions, such as cardiovascular diseases,
chronic kidney disease, diabetes, and obesity, and can
contribute to the progression of these diseases by caus-
ing subtle but continuous damage to tissues and organs
[28-30]. In the study, various levels of ESWT (0.1, 0.25,
and 0.5 mJ/mm?® with 800 impulses at 4 Hz) stimulated
the expression of low-level IL-1f, detected at the 7, 13,
and 25 weeks (Figs. 3 and 4; Table 1). The increased lev-
els of IL-1f might induce short-term microinflammation,
but no tissue damage was observed following ESWT. This
short-term microinflammation may play a role in the tis-
sue repair process by inducing the expression of BMP
proteins, such as BMP2 and BMP4, which are involved
in bone regeneration (Fig. 5; Table 1) [31]. However, the
effects and mechanisms by which ESWT induces short-
term microinflammation to promote tissue repair remain
unclear and require further investigation.

There are several limitations to this study. Firstly, this
is an in vivo study performed on small rodents, and
the results may not directly translate to large animal or
human clinical trials. The histological changes observed
in the rat epiphyseal plate may differ from those in larger
animals or humans, necessitating further investigation.
The short-term microinflammatory effects induced by
ESWT on the epiphyseal plate are still not well under-
stood, and further investigation is needed to clarify this.
Additionally, it is unclear whether ESWT would cause
microinflammation in humans. Furthermore, the dosages
of ESWT were optimized for this animal study and may
vary when applied to the human epiphyseal plate. Lastly,
there are various types of shockwave devices available on
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the market, and their effects on the epiphyseal plate may
differ.

Conclusion

The current animal study demonstrated the ESWT is
safety and promote the growth and length of tibia bone.
In addition, ESWT stimulates the expression of SOX9,
BMP2 and BMP4 on the epiphyseal plate and may pro-
mote bone growth by BMP pathway. The results indicate
that ESWT is a safe therapeutic modality in adoles-
cents with open epiphyseal plate and may be applied to
improve leg length discrepancy in rat model.

Abbreviations
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I-1B Interleukin-13
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