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Abstract

Background
Taekwondo is a very popular sport today. Due to higher training intensity, ankle instability and PTD are
common among Taekwondo athletes which may ruin their careers. However, the risk factors and
mechanisms of the disease, appropriate treatment methods or preventive measures have not been
systematically studied, and this research aims to solve these problems.

Methods
A large number of Taekwondo athletes have undergone long-term specialist examinations, treatments
and postoperative follow-ups. Intraoperative observation and imaging evidence con�rmed that the width
of the peroneal tendon of Taekwondo athletes was signi�cantly higher than that of the general
population, which is one of the cause of PTD.While giving to athletes surgical treatment(multiple reviet
technique), we obtained the extraneous tissue in the thickened part of the peroneal tendon from some
athletes for follow-up experimental research.

Results
We found that the concentration of IL-20 in the matrix is relative higher in the thickened peroneal tendon,
and it is positively correlated with the expression of EGR1 in �broblasts, while the dysregulation of EGR1
will activate STAT3 Pathway, and regulate the thickening of the peroneal tendon in a variety of
ways.Based on the professional characteristics of athletes ,the high incidence of PTD among Taekwondo
athletes makes it more important to prevent it. According to the experience of Chinese orthopedics,
Astragalus polysaccharide is creatively used as a preventive drug to some athletes who have a high risk
of PTD, it was found that the use of APS had a satisfactory effect on delaying the thickening of the
peroneal tendon of athletes and reducing the incidence of dislocation. At the same time, the preventive
effect of APS was con�rmed through several groups of clinical cases, and the mechanism of APS to
prevent PTD was also speculated.

Conclusions
EGR1 regulates the thickning of the peroneal tendon in Taekwondo athletes by activating the STAT3
pathway, the importance of prophylactic useof APS to reduce the thickening of the peroneal tendon.

Introduction
Taekwondo originated on the Korean Peninsula and is one of the o�cial competitions of the modern
Olympic Games[1, 2]. There are between 75 and 120 million practitioners of Taekwondo in more than 140
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countries in the world. Taekwondo athletes attack their opponents using forearm and leg movements; leg
movements account for about 70% of Taekwondo technical movements. Although Taekwondo can
improve physical and psychological conditions, its tendency to cause movement-related injuries cannot
be ignored. Sprains, soft tissue injury and joint damage are the most common types of injury[3]. There are
relatively complete epidemiological data on injuries in Taekwondo competitions; unfortunately, there are
few reports on the acute, chronic and long-term injuries of non-entrant athletes during training. Among
these injuries, ankle instability and dislocation of the peroneal tendon are very common among
Taekwondo athletes. The occurrence of PTD is a fatal blow to Taekwondo athletes and may ruin an
athlete’s career.

However, the risk factors of the disease and appropriate treatment methods have not been systematically
studied.An abnormality of the peroneal tendon may affect the stability of the ankle joint[4, 5]. Injuries of
the superior peroneal retinaculum may lead to dislocation of the peroneal tendon, and injuries of the
anterior tibio�bular ligament may result in chronic ankle instability[6, 7]. At present, the exploration of the
causes of PTD is still in progress. The known injury mechanisms are:  malleolar sulcus dysplasia,
relaxation or absence of the superior �bular retinaculum,  sports injury,  malunion after lateral malleolus
fracture and deformity of dorsi�exion and valgus foot can also cause �bular tendon slippage, 
Neuromuscular diseases (such as poliomyelitis and cerebral palsy) are often accompanied by �bular
tendon dislocation[8]. However, for Taekwondo athletes, the occurrence of PTD is mostly due to sports
injuries. After a large number of long-term specialist examinations and follow-up of Taekwondo athletes,
we found that there are various relationships among athletes with PTD, such as age, sex, training
duration(years) and daily training duration, as well as peroneal tendon width, which we pay special
attention to because of the intraoperative observation and imaging evidence. The thickening of the
peroneal tendon may be related to the athletes' individual training intensity, �xed training technical
movements, etc. Therefore, we have studied whether the thickening of peroneal tendon will increase the
incidence of PTD, and the result is positive. While peroneal tendon thickening is probably one of the most
important causes of PTD in athletes.

To understand the thickening mechanism of the peroneal tendon, it is necessary to understand its internal
structure and function: Tendons are the connective tissue �bers at the end of muscles that help the
muscles attach to bones or other structures. Tendons are tougher and smaller than muscles and are
mainly composed of parallel collagen �ber bundles and have no contraction ability[9]. The tendon is
composed of a large number of collagen �bers and a small amount of matrix and �broblasts between the
collagen �bers[10], so it is obvious that the regulation of �broblasts, cytokines and in�ammatory factors
in the matrix on the thickening of the tendon cannot be ignored. The matrix plays a key role in the power
transmission of tissues and the maintenance of tendons, ligaments, bones and muscles and the structure
of the tissues[11]. High-intensity exercise will signi�cantly affect the renewal of matrix components,
collagen synthesis and metalloproteinase activity. The expression and release of in�ammatory factors in
local tissues are enhanced after exercise [12]. These changes are likely to have a signi�cant impact on
the thickening of the peroneal tendon. Based on this hint, we carried out follow-up experiments to prove
the above speculation.Understanding the cause of the disease is the �rst step for treating it.Currently, the



Page 4/24

clinical treatment of PTD is mostly based on surgical treatment: for example, �bular groove deepening,
�bular osteotomy, tissue graft repair and peroneal tendon re-routing [9]. In view of the fact that
Taekwondo athletes need a highly stable ankle joint, the above methods have inherent limitations, and
surgical treatment has more or less adverse effects on them, such as shortening their careers and
reducing their athletic ability. However, drug therapy and preventive treatment have not yet been
extensively studied.

Drug prevention of PTD may sound like a myth at �rst, but this study shows that it may has many
advantages in extending the career and protecting the athletic ability of taekwondo athletes and other
individuals with a high demand for ankle stability. Although the diagnosis and treatment methods of
western medicine have always been in a dominant position in the treatment of bone injuries, the
Traditional Chinese Medicine Orthopedics has a history of thousands of years in China. It has its own
traditional and incisive manual treatment combined with traditional Chinese medicine. These concepts of
non-surgical treatment of Traditional Chinese Medicine Orthopedics have sometimes been applied to our
clinic, helping us solve many clinical problems. Therefore, we �rstly identi�ed some athletes as being at
high risk for PTD based on their peroneal tendon thickening degree, according to the experience of
Traditional Chinese Osteology, then administered APS as prophylactic drug, and so far, the athletes in the
experimental group got satisfactory results. In the future, more and more attention will be paid to the
preventive treatment of PTD, which will provide protection for more Taekwondo athletes and other similar
groups.

Materials And Methods
Demography: We collaborated with the provincial Taekwondo sports team. During 2012–2017, we
surveyed a total of 178 athletes from the provincial Taekwondo team. We conducted a questionnaire
survey along with annual physical and biomedical imaging examinations on the athletes each year. A
total of 85 athletes at high risk of PTD were selected from 178 athletes, and this group was called the
high-risk group. (high risk group: athletes with a peroneal tendon width greater than 7.00mm
(1.25*normal width) were assumed to be athletes with thickened peroneal tendon and may have a high
risk of dislocation.). At the same time, to measure the normal value of peroneal tendon width in non-
athletes, we investigated MRI results in 220 non-athletes from our patients.

Bone tendon tissue source

Peroneal tendon tissue was collected from 27 patients with PTD from 2012 to 2017 with partial
thickening of the peroneal tendon. Take 3specimens from the high-risk group and 3specimens from the
low-risk group. After obtaining the informed consent of 27 participants, a biopsy was performed. That is,
the protein of tendon �broblasts is extracted and the cytokines and in�ammatory factors in the matrix are
detected.

Isolation and culture of primary �broblasts
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Strictly follow the aseptic operation, soak the surgical specimens in 0.05% chlorhexidine solution for 5
minutes, and rinse with 0.9% sodium chloride solution for 3 times; place in 0.25% pancreatin at 4°C Cold
digest for 18 hours, wash with DMEM, fully cut the tendons, add 0.25% type I collagenase, incubate at
37°C for 1 hour, pipette and cut the tissue, �lter the digestion solution, collect the cell suspension,
centrifuge at 1000 rpm for 5 minutes, discard The supernatant is a cell suspension cultured in DMEM
containing 10% fetal bovine serum, and the cell density is adjusted to 5*105/ml, inoculated into a culture
�ask, and cultured in an incubator at 37°C and 5% CO2. Replace the culture medium once in 2-3 days.
The 4-5th passage cells were used in this study.

Main experimental reagents

DMEM culture medium (Shanghai Tuoyang Biotechnology Co., Ltd.), Fetal Bovine Serum (Zhejiang
Tianhang Biotechnology Co., Ltd.), 0.25% trypsin (Shanghai Gooduo Biotechnology Co., Ltd.), IL-20 (USA
PEPROTECH EC company), IL-20 ELISA test kit, IL-6 ELISA test kit, CSF ELISA test kit, TNF-α ELISA test kit,
EGF ELISA test kit, IFN ELISA test kit, TGF-β ELISA Detection kit (Wuhan Boster Bioengineering Co., Ltd.).
SYBR PreMix ex Taq II kit (Takara). Anti-GAPDH (Cell signaling technology), anti-β-actin (Cell signaling
technology), anti-EGR1 (Cell signaling technology), anti-P-STAT3 (Cell signaling technology), anti-STAT
(Cell signaling technology)), all secondary antibodies (zsgb-Bio) .

In�ammatory cytokine detection in tendon extracellular matrix

Strictly follow aseptic operation, soak the specimens obtained from the operation with 0.05%
chlorhexidine solution for 5 minutes, and rinse with 0.9% sodium chloride solution for 3 times; place in
0.25% pancreatin, Cold digestion at 4°C for 18 hours, wash with DMEM, fully cut the tendons, blow and
cut the tissue with a pipette, centrifuge at 1000 rpm for 5 minutes, take the supernatant, and use an ELISA
test kit to determine IL-20, IL-6, CSF, TNF-α, EGF, IFN, TGF-β, etc.

Real-time reverse transcription polymerase chain reaction (RT-PCR)

Use MiniBEST universal RNA extraction kit (Takara, Shiga, Japan) to extract total RNA for real-time
quantitative PCR detection. Primescript RT master Mix (Takara) was used for reverse transcription. Real-
time PCR was detected using LightCycler 480 real-time PCR system (Roche) and SYBR PreMix ex Taq II
kit (Takara). Under general ampli�cation conditions, the IL-20, EGR1, and STAT3 listed in Table 1 were
ampli�ed. The experimental data uses the 2 − ΔΔCT method to determine the relative multiples of mRNA
expression changes.

Western blot analysis: After treatment, the cells were washed with ice-cold PBS and placed in a lysis
buffer containing a cocktail of protease and phosphorylase inhibitors (50 mM Tris-HCl, 150 mM NaCl, 1%
NP-40, 0.5% deoxycholic acid). Sodium, 0.1% sodium lauryl sulfate). After centrifugation at 12000 g for
30 min at 4°C, the supernatant was used to collect protein containing total protein. The protein
concentration was determined with the BCA protein concentration determination kit (Boster, Hubei,
China). The samples were separated by SDS-PAGE, and then transferred to a polyvinylidene �uoride
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(PVDF) membrane (Millikon, Massachusetts, USA) (210 mA, 30-120 min depending on the molecular
weight of the protein). After blocking the PVDF membrane with 5% skim milk for 2h, incubate overnight at
4°C with a suitable primary antibody (diluted 1:500 or 1:1000). Then, the blot was incubated with anti-
mouse or anti-rabbit IgG conjugated with horseradish peroxidase (1:5000 dilution) at room temperature
for 1 h. An EC3 imaging system (UVP Inc., California, USA) was used to display the immunoreactive
bands, and the optical density of each band was measured with ImageJ software (NIH, USA). In these
experiments, GAPDH and β-actin were used as whole cell protein load controls. The ratio between the
protein of interest and the load control of the same sample is calculated as the relative content and
represented graphically. The results are the average of three independent experiments.

The effect of IL-20 on the expression of EGR1 in �broblasts

According to different risk factors, the cultured �broblasts were divided into H1 high-risk group and L1
low-risk group. Divide the 24-well culture plate into 3 groups, take 8 wells from each group, and add 5*103
cells to each well. Incubate in an incubator at 37°C and 5% CO2 for 12 hours, and then aspirate and
discard the culture solution.. According to the different concentrations of IL-20 added, the L1 group was
marked as F0,1 and 3 groups. Each well was added with 600uL of (IL-20 containing 0U/ml, 1U/ml, 3U/ml)
DMEM culture medium respectively. The expression of EGR1 in each group of cells was detected on 0, 12,
24,48 and 72 hours.

Animal experiment: clean adult male Sprague Dawley (SD) rats, weight: 110-150 g, purchased from
Beijing Huafukang Biotechnology Co., Ltd. The company has been approved by the International Animal
Control Committee (IACUC). We make every effort to minimize the suffering of animals during our
experiments, and we try to reduce the number of animals used as much as possible. A total of 60 rats
were used in our study. And the experimental results obtained include all experimental animals, without
excluding any set of data. Before the start of the experiment, the rats were randomly divided into groups.
The personnel responsible for allocating and conducting the experiment are different from the personnel
evaluating the results. In the experimental group treated with IL-20 (20 in each experimental group, 40 in
total), a 5ml syringe was used to inject 5ml of recombinant rat IL-20 protein into the Achilles tendon of
both hind limbs of the rat, with the concentrations of 0.2U/ml and 0.6U/ ml (De�ned the concentration of
IL-20 in the matrix of the peroneal tendon tissue in the L1 group as 1 unit concentration), the control
group (20 rats) used the same method to inject an equal volume of saline. The rats were injected 3 times
a week for 1 weeks. After 6 weeks, the rats were sacri�ced. The Achilles tendons of the right hind limbs of
the sacri�ced animals were immediately stored in liquid nitrogen or �xed with 4% paraformaldehyde
solution for experimental analysis.

Statistical analysis: All data obtained in the experiment were analyzed using the software program
GraphPad Prism 6.02. The difference between the two groups was statistically signi�cant, and the t test
was used. Quantitative variables are expressed as mean ± standard deviation (SD). One-way analysis of
variance (ANOVA) was used to compare multiple groups. P value<0.05 is considered statistically
signi�cant.
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Result

1 Risk factors of PTD
Based on intraoperative �ndings, clinical follow-up and data analysis, we have launched an exploration
of PTD in Taekwondo athletes.

1.1 General data analysis of athletes
Statistical analysis, based on the distribution of cases by gender, age, affected leg, training year, annual
average training days and daily average training time. The results indicated that most of the patients
were male. However, by considering the gender ratio of the recruited patients, it was found that the
incidence of PTD in females (especially in women with less developed muscles ) was signi�cantly higher
than that in males. The onset time of the injury was concentrated within the �rst year of training or at
over 5 years of training, and the right ankle was the one more commonly affected,and we also found in a
long-term questionnaire survey and inquiries that athletes’ PTD is mainly related to their training intensity
of their preferred foot and muscle strength around the peroneal tendon. (Table 1)
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Table 1
Patient demography and training-related data (mean and standard

deviation).
Patients(n=27)  

Age(years) 18.7(3.9)

Sex(n)  

Female 11

Male 16

Incidence rate by sex(%)  

Female 19.6

Male 13.1

Affected foot(n)  

Right 21

Left 6

Training duration(years)  

<1 8

1-3 2

3-5 5

>5 12

Average number of training days per year(days) 287.4(32.5)

Average daily training hours(h) 8.6(1.8)

1.2 Intraoperative discovery
New technique called multi-rivet technique for peroneal retinaculum reconstruction was used in surgery
and got better result in athletes. As shown in the pictures during the operation(�gure1-A), when 27
athletes were treated with surgery, we found that most athletes had varying degree of thickening of the
peroneal tendon, which resulted in a relatively shallow �bular groove and easily slipped away.This
commonality may indicate that the thickening of the peroneal tendon is an important cause of PTD in
athletes.

1.3 Thickening of the peroneal tendon is a major cause of
PTD
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A normal peroneal tendon is 5.63±0.69mm wide(we performed MRI examination on 220 non-athlete
patients, and measured the width of peroneal tendon to obtain the mean and standard deviation).

The results of the width of the peroneal tendon were obtained from the MRI of all taekwondo athletes
surveyed each year in 2012-2017, (Figure 1-B) shows that the thickened peroneal tendon of athlete in
high-risk group is 7.81mm wide and that in normal peroneal tendon in non-atheles group is 5.77mm
wide,therefore, as a large number of MRI results show, there are varying degrees of thickening of the
peroneal tendon in Taekwondo athletes.

From 2012 to 2017, the annual incidence of PTD among all Taekwondo athletes and the annual
incidence of PTD among athletes with thickened peroneal tendon were shown in (Figure 1-C) .The two
curves show that the dislocation rate of the high-risk group with thickened peroneal tendon was
signi�cantly higher than that of all athletes group,while The reason for the year-over-year decrease in the
incidence of PTD in both groups was that athletes in the high-risk group of PTD mentioned in the
following study used APS as a prophylactic drug in 2014. However, the results do not affect the results of
this group of experiments.

In summary, we speculate that Taekwondo athletes may gradually thicken their peroneal tendons due to
year-round overload training and other reasons like injury. Thickened peroneal tendons and relatively
shallow peroneal grooves are important causes of Taekwondo athletes' PTD. Therefore, in order to control
the thickening peroneal tendon, we conducted the following experiments to explore the related
mechanism of peroneal tendon thickening.

2 The Mechanism Of Peroneal Tendon Thickening
Tendon is composed of a large number of collagen �bers, a small amount of matrix and �broblasts
between collagen �bers. Although the number of collagen �bers is much greater than �broblasts and the
matrix, The regulatory of �broblasts and the cytokines and in�ammatory factors in the matrix cannot be
ignored. Based on the results of the etiological exploration, we predict that the local aseptic in�ammation
caused by the overloaded exercise and sports injury of Taekwondo athletes will inevitably lead to the
participation of In�ammatory cytokines, and then affect the composition and structure of the peroneal
tendon. Based on this speculation, we carried out the follow-up experiments.

During the operation, we obtained the excess resection tissue of the thickened peroneal tendon of 27
athletes, and removed 3 tissues from the high-risk group that were signi�cantly thickened (width is
greater than 7.00mm )and 3 tissues from the low-risk group(less than 7.00mm), and de�ned them as H1-
H3 group tissues, L1-L3 group tissues, isolate matrix for follow-up experiments(H1-H3/L1-L3 group
matrix) and isolate �broblasts in tissues and primary culture for cell lines(H1-H3/L1-L3 cell lines)

2.1 Abnormalities of �broblasts and matrix
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Known from the sample tissues pairs obtained: the differential expression of mRNA and protein in
�broblasts between the high-risk and low-risk groups, and the difference in the concentration of cytokines
and in�ammatory factors in the matrix.

2.1.1 The thickening of peroneal tendon may be related to the expression of EGR1 in tendon.

We performed protein extraction and protein quanti�cation on all the above-mentioned clinically obtained
tissue pairs .Among the many kinds of differentially expressed proteins between high-risk and low-risk
group, We found that the top 7 proteins differentially expressed in the two groups are:EGR1,C-
FOS,PTX3,CCL7 IL-6 NFIL3 SOCS1 (�gure 2-A) .It is well known that EGR1 can promote the proliferation
and differentiation of tendon cells, stimulate collagen protein and EGR1 also closely related to
in�ammation[13]. So EGR1 may play a role in the thickening of the peroneal tendon, which has attracted
our attention..The expression level of EGR1 in the cell lines in the high-risk group was signi�cantly higher
than low-risk group. That means the thickening of the peroneal tendon may be related to the expression
of EGR1 in the tendon. (�gure 2-B)

 

2.1.2 The high expression of EGR1 is mainly may due to its high expression in �broblasts.

In order to explore whether EGR1 is highly expressed in collagen, matrix or �broblasts, we performed WB
and qrtPCR experiments in each H1-H3/L1-L3 cell line and speci�cally test the mRNA and protein levels
of EGR1 in �broblasts. Experiments have con�rmed that in �broblasts isolated from tissues removed
from athletes with PTD, EGR1 is highly expressed in protein(�gure 2-C) and mRNA(�gure 2-E) levels. And
the differential expression in tissues and simple �broblasts is almost the same(�gure 2-D),so we have
reason to believe that the high expression of EGR1 in peroneal tendon is mainly may due to the high
expression in �broblasts. 

2.1.3 In high-risk group:the concentration of some in�ammatory cytokines in the matrix increases
differently

The Elisa kit was used to determine the in�ammatory cytokines in the matrix with increased differently in
the high-risk and lower-risk groups. For the test results of in�ammatory cytokines, the concentration of
IL,IFN,EGF,CSF,TNF-α,TGF-β in the matrix changes signi�cantly(�gure2-F).The in�ammatory cytokines
with different changes in the matrix may have an effect on the thickening of the peroneal tendon. For
example, interferon may affect the redistribution of collagen in the peroneal tendon by changing the
immune microenvironment around the tendon and other complex ways; EGF can regulate cell growth and
other cell functions by binding to speci�c, high-a�nity cell membrane receptors which may also affect
the state of �broblasts and thus the width of the peroneal tendon; IL family may affect the peroneal
tendon thickening by affecting the progression of in�ammation around the peroneal tendon, The role of
IL family in in�ammatory response has been widely reported, so IL has attracted our attention,However,



Page 11/24

the speci�c mechanism is not yet known. Since IL-20 is related to the control of local in�ammation and
�brosis effects[14], we chose IL-20 for targeted research.(�gure 2-F)

In summary, the expression of EGR1 in �broblasts in the high-risk group increased signi�cantly(�gure 2-
E); the concentration of IL-20 in the matrix increased signi�cantly in the high-risk group(�gure 2-F).Based
on the above �ndings, we guessed that there may be a correlation between the two conclusions(IL-20 is
located in the internal environment outside �broblasts, and its concentration changes may cause a
cascade reaction in �broblasts, which in turn leads to �broblast biology behavior changes, resulting in
changes in the width of the peroneal tendon), so we conducted follow-up experiments.

2.2 The concentration of IL-20 in exogenous extracellular matrix is positively correlated with the
expression of EGR1 in �broblasts

Obtain the primary cultured L1group cell line (�broblasts), divide them into 3 equal parts and culture them
for 72h at 0 unit, 1 unit and 3 unit concentration(de�ned them as F0/F1/F3group ) (De�ned the
concentration of IL-20 in the matrix of the peroneal tendon tissue in the L1 group as 1 unit concentration).

The F0/F1/F3 groups of cells obtained were subjected to qRTPCR experiments to speci�cally detect the
expression of EGR1 at the mRNA level. As an example, the expression level of EGR1in F3 group was
measured at 0h, 12h, 24h, 48h, and 72h respectively.We found that within a certain range, the higher the
concentration of IL-20 in the matrix, the more expression of EGR1 in �broblasts in the thickened peroneal
tendon(�gure3-A); and since the only variable is controlled, we can conclude that the exogenous
in�ammatory cytokine IL-20 in the extracellular matrix of �broblasts leads to (or indirectly leads to)the
differentially high expression of EGR1 in �broblasts.(�gure 3-A).

2.3 The high expression of EGR1 regulates the thickening of the peroneal tendon by targeting the
activation of the STAT3 pathway

In order to explore how the overexpression of EGR1 in �broblasts affects the thickening of the peroneal
tendon, which leads to the PTD of Taekwondo athletes, we conducted the following
investigation.According to many previous reports, the activation of the STAT3 pathway is related to the
morphological changes of the tendon. The activation of STAT3 promotes the transition from �broblasts
to myo�broblasts, collagen release and �brosis in vitro and in vivo,which is veri�ed in other diseases such
as systemic sclerosis and tendon injuries.So we speculate that it might be the activation of the STAT3
pathway in the peroneal tendon of athletes that leads to the decrease of �broblasts, the release and
redistribution of collagen, and the �brosis of collagen, which leads to changes in the width of the
peroneal tendon. So we tried to verify whether the high expression of EGR1 can activate the STAT3
pathway, and thus regulate the thickening of the peroneal tendon through the STAT3 pathway. We
conducted a WB experiment and concluded that the high expression of EGR1 activates the STAT3
pathway(�gure3-B), and the up-regulated STAT3 then has the above-mentioned effect on the width of the
peroneal tendon. The above speculation was con�rmed.
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2.4 Retrospective veri�cation in animal experiments

Injecting 5 ml IL-20 of 0, 1 and 3concentration into the Sprague Dawley tendons of 3 mice(de�ne them as
mice 1,2,3).45 days later, the bilateral Achilles tendons of the SD were taken out, and we measured these
Achilles tendons separately:the relative width of EGR1 (�gure3-C) and the relative expression of EGR1
(�gure3-D) of the mRNA level in the Achilles tendons tissues. According to the results, it was found that
after 45 days, within a certain concentration range, the higher the concentration of IL-20 locally injected
into the Achilles tendon, the wider the width of the Achilles tendon, and the higher the expression of EGR1
in the tissues. Both are positively correlated, which is consistent with the previous conclusion. However,
due to the complex mechanism of IL-20 in vivo, this animal experiment is only a retrospective veri�cation.
But satisfactory results were obtained.

To sum up all the exploration of the thickening of the peroneal tendon of Taekwondo athletes: It may be
due to the chronic injury and aseptic in�ammation of the peroneal tendon caused by the professional
characteristics of athletes, which in turn increases the concentration of IL-20 in the matrix of peroneal
tendon. However, it is precisely because of the increase in the concentration of IL-20 around �broblasts
that, through a complex method, the expression of EGR1 in �broblasts is signi�cantly high at the mRNA
level, which in turn activates the STAT3 pathway and promotes the transition from �broblasts to
myo�broblasts, collagen release, and �brosis in vitro and in vivo. The accumulation of collagen and the
increase in �brosis lead to the thickening of the peroneal tendon �nally.

3 Preventive Treatment Of Peroneal Tendon Thickening
3.1 Astragalus polysaccharide as a preventive medication for PTD

Based on the experience of traditional Chinese medicine in the treatment of orthopedic diseases ,since
the beginning of 2014, we have given regular astragalus polysaccharide (APS) as a prophylactic drug to
athletes(85) in the high-risk group of dislocation .We found that the average width of the peroneal tendon
increased at a slower rate in this group.And after 2-3 years of medication, the peroneal tendon of some
athletes stopped thickening and even realized negative growth tending to the low-risk value (Figure 4-
A);the incidence of PTD in this group of athletes decreased year by year. These two results, which were
carried out over a period of 6 years, suggest that APS as a prophylactic drug has a signi�cant effect on
reducing the incidence of PTD in taekwondo athletes.(Figure 4-B).This result proves that in the special
profession of Taekwondo athletes, preventive and targeted use of traditional Chinese
medicine,Astragalus polysaccharides, with low side effects and slow pharmacological effects can
counteract the mechanical damage caused by overload exercise and reduce the incidence of PTD has an
role cannot be ignored.

 

3.2 Several clinical cases as evidence of the effectiveness of preventive use of APS
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In the long-term clinical follow-up, we found that 7 patients in the high-risk group(among 85 athletes) who
had preventively used APS for more than 2 years but undergo the PTD surgery. During the operation, we
obtained the excess resection tissue of the thickened peroneal tendon of 7 athletes, (de�ned them as M1-
7groups)and isolate the �broblasts and matrix from tissues.

It can be concluded that the average width of the peroneal tendon in the M1,2,3,4,5,6,7 group(M group) is
similar to the average of the L1,2,3,4 group(L group),and is also less than 7.00mm(6.93415) (�gure4-C);
the average concentration of IL-20 in the peroneal tendon matrix in the M group is also less than the
average concentration of the L group(�gure4-D); while the average expression of EGR1 in the �broblasts
in M group is similar to the average expression of the L group. (�gure4-E). The above conclusions re�ect
that preventive use of APS in Taekwondo is necessary to delay the increase in the width of the peroneal
tendon and reduce the incidence of PTD.

Discussion
In the current study, the incidence of dislocation of the peroneal tendon in Taekwondo athletes in our
province was as high as 15.2%, in the 178 Taekwondo athletes we surveyed, the incidence of PTD was
17.8% in 2012-2013 (before prophylactic intervention). In the literature, there are reports that Taekwondo
athletes had a higher incidence of dislocation of the tendon did than the general population[1, 3].The
incidence of PTD in female athletes was higher than that in males, suggesting that female athletes are
more prone to ankle injury. This could be due to less advanced Taekwondo skill development in the
females studied compared with the males, or because the ankle ligaments of women are thinner and less
protected than those of men. The high incidence of tendon dislocation among novice trainees again
suggested that the pro�ciency of technical movements affects the incidence of ankle injuries. However, a
high incidence in experienced athletes suggested that long-term high-intensity training could lead to
gradually deteriorating stability of the ankle joint, eventually resulting in injury. In addition, the majority of
patients had right ankle injuries. This could be related to the dominant technical movement of the
Taekwondo side kick using the right leg. But more importantly, intraoperative observation and MRI results
showed that the peroneal tendon of experienced Taekwondo athletes was signi�cantly wider than that of
the general population. We postulate that this is related to the repeated training of professional
movements, including the taekwondo side kick. The side kick is one of the most important movements in
Taekwondo. When the movement is completed, the ankle joint is extremely dorsi�exed, and the peroneus
longus and brevis muscles are in a state of loaded pulling. When performed repeatedly over a long period,
this causes the peroneal tendon to be thickened, which makes the �bular groove relatively shallow and
causes the superior peroneal retinaculum to be under stress. Such conditions in turn lead to relaxation
and rupture of the superior peroneal retinaculum and increase the probability of dislocation of the
peroneal tendon.

The above assumptions may explain the high incidence of dislocation of the thickened peroneal tendon
in Taekwondo athletes. In other words, the thickening of the peroneal tendon is an important risk factor
for PTD, Therefore, in our experimental results, we found that most patients with PTD are mostly patients
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with thickening of the peroneal muscle in the high-risk group. They have severely thickened the peroneal
tendon due to long-term training, which makes the peroneal groove relatively shallow, which eventually
leads to dislocation of the peroneal tendon. This research aim to reveal the related mechanisms of
peroneal tendon thickening and provide a guidance of preventive methods, thereby reducing the incidence
of PTD in this special athletes group.

The exploration of the mechanism began with the in situ resection of excess tissue from 8 athletes with
thickening of the peroneal tendon. Through experiments, we have obtained multiple differentially
expressed genes in �broblasts and in�ammatory cytokines with different concentrations in multiple
substrates between the high-risk and low-risk groups of peroneal tendon thickening. Among the many
differential genes in �broblasts of thickened peroneal tendon, EGR1 has its own role in regulating the
strength, morphology and �brosis degree of the tendon [15], so we have a strong interest in EGR1. IL-20 is
a soluble protein that belongs to the IL-10 cytokine family. And it is secreted by activated keratinocytes
and monocytes, and transmits signals into the cell through two receptors expressed on the surface of
other endothelial cells. It plays an important role in controlling in�ammation, especially in regulating skin
in�ammation and aseptic in�ammation of skeletal muscle[16]. Therefore, the up-regulation of IL-20
concentration in the matrix of the thickened peroneal tendon (also because there is no previous report)
has also attracted our attention.After subsequent experiments, we found that within a certain range, the
higher the concentration of exogenous IL-20 around �broblasts, the higher the expression of EGR1 in
�broblasts. This positive correlation may represent: due to the professional characteristics of athletes,
overloading exercise and fatigue injury lead to chronic aseptic in�ammation of the peroneal tendon,
which in turn leads to an increase in IL-20 concentration. The increase in IL-20 concentration leads to the
high expression of EGR1 in �broblasts and the subsequent cascade reaction, which in turn affects the
width of the peroneal tendon. To explore this issue, we tried to link the EGR1 and STAT3 pathway, and
�nally con�rmed that the high expression of EGR1 activates the STAT3 pathway, which in turn promotes
the transition from �broblasts to myo�broblasts, collagen release, and �brosis in vitro and in vivo[17], this
leads to the increase and redistribution of collagen in the peroneal tendon, as well as the increase of
�brotic material, which eventually causes the athlete’s peroneal tendon to slowly thicken.

As for the treatment, surgical treatment is still the �rst choice after the occurrence of PTD in Taekwondo
athletes. Although we did not describe the related problems of the surgical method in detail in the text, we
have a lot of �ndings and tips in the surgical treatment of these 27 athletes with PTD. So we have a
deeper understanding of this disease because of the process of surgical treatment.There is currently a
range of surgical treatment options available. The objective of �bular groove deepening is to increase the
stability of the peroneal tendon by deepening part of the posterior side of the distal radius of the
�bula[18]. We did not employ this surgical plan. For athletes with thickening of the peroneal tendon,
�bular groove deepening cannot achieve the satisfactory tendon anchoring effect within the limited width
of the peroneal tendon. Moreover, excessive removal of the bone may reduce the strength of the lateral
wall of the �bular groove. This would present a potential risk of stress fracture when bone strength is
reduced and muscle tendon pressure is increased; the remodeled bone structure also has an issue of
lower strength. Although it is possible to con�rm visually that the reconstructed bone covers the tendon
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during surgery, the strength of the reconstructed bone structure is not predictable in post-operative
rehabilitation training, especially for the high-intensity training undertaken by Taekwondo athletes.Jones
et al. described a method of moving the distal end of the Achilles tendon at the tip of the �bula to
strengthen the peroneal retinaculum and thus stabilize the peroneal tendon. The �bularis brevis, the
fascia and the Achilles tendon[19] may also strengthen the retinaculum. In fact, many surgical methods
can be used to reconstruct the tendon[20], although most of them use the calcaneo�bular ligament to
stabilize the peroneal tendon. For injured athletes, we did not adopt the soft tissue graft repair method nor
the peroneal tendon re-routing method. In the case of a de�ned fracture of the superior peroneal
retinaculum, the strength and function of the injured ligament would be limited by the soft tissue graft
repair method. In addition, iatrogenic damage to the patient’s posterior malleolus may result during
harvesting of the soft tissue. This is not advisable for Taekwondo athletes, who require extremely high
stability of the �bula. Similarlyadvisable for Taekwondo athletes, who require extremely high stability of
the �bula. Similarly the tendon re-routing method leads to alteration of the original structure of the
malleolus ligament, and there is a risk of other ankle joint complications following surgery.Cho et al. [21]
reported that the retinaculum reconstruction method used in the clinical treatment of dislocation of the
peroneal tendon had a high success rate. Moreover, the recovery time required for post-operative
rehabilitation following plaster �xation after superior peroneal retinaculum reconstruction was shorter
than that of bone structural changes. The shorter local �xation time contributed to rapid post-operative
recovery and early resumption of normal training. However, for this particular population of athletes,
single-rivet retinaculum reconstruction may not achieve satisfactory function and strength. As shown in
the current study, there were statistically signi�cant differences in the scores between the single-rivet and
the multi-rivet �xation methods for post-operative recurrence rates and post-operative ankle function. In
this study, 21 patients underwent the multiple-rivet peroneal retinaculum reconstruction (for example,
using four rivets to repair the superior peroneal retinaculum). The AOFAS score, VAS score and ankle joint
�exion, internal rotation and external rotation angles before and after surgery showed that our surgical
procedure effectively and stably repaired the loose or fractured superior peroneal retinaculum, and that
the effect of multi-rivet reconstruction was signi�cantly better than that of the single-rivet strategy. All
patients who underwent multi-rivet reconstruction had satisfactory stabilization of the peroneal tendon
without recurrence during the long-term follow-up period. This suggests that it is necessary to use rivets
to reconstruct the superior peroneal retinaculum in Taekwondo athletes and other with requirements for
high stability of the ankle joint. The above-mentioned surgical methods make us realize the complexity of
the surgical methods for PTD,and surgery is still a primary treatment for athletes with PTD, but it will
more or less have an impact on their career after surgical treatment. Some elite taekwondo athletes have
lost their careers because of PTD. Therefore, the prevention of the disease from the source has become
extremely urgent for the special group.

After we found such a high incidence of PTD in taekwondo athletes in our clinical practice and such a
great harm to athletes, we increased our attention to this disease, and also realized the need for
prophylactic medication in this special group. Therefore, according to the experience of Traditional
Chinese Medicine Osteology, we creatively used astragalus polysaccharide as a Chinese medicine
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monomer to prevent PTD for some athletes at the high risk of dislocation, and achieved satisfactory
results in the 4 years of specialized examination and follow-up. Which slowed down the thickening of the
peroneal tendon in athletes and also reduced the incidence of PTD. APS, a preventive medicine, may
guarantees the athlete's health and prolong their career. A series of experimental results and clinical
evidence shows the importance of prophylactic useof APS to reduce the thickening of the peroneal
tendon and thus the incidence of PTD in groups such as taekwondo athletes who have high requirements
for ankle stability and peroneal tendon.

In the future, the focus should be on more minimally invasive surgical procedures and faster post-
operative rehabilitation methods. In addition to this more and more attention will be paid to the preventive
treatment of PTD, which will provide protection for more Taekwondo athletes and other similar groups.
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Figure 1

A: intraoperative observation: obviously thickened peroneal tendon and relatively shallow peroneal groove

B: MRI result shows that the thickened peroneal tendon of athlete in high-risk group and normal peroneal
tendon of non-athlete group in 220 cases.

C, the incidence of PTD in the high-risk group and all athletes group changed year by year from 2012 to
2017. The abscissa in Figure 1-C is the year, and the ordinate is the incidence.
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Figure 2

A:the top 7 proteins differentially expressed between high-risk and low-risk group(mean expression of
high-risk group/mean expression of low-risk group)

B: protein EGR1 extraction and quanti�cation by western blot of tissues from above 6 groups
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C protein EGR1 extraction and quanti�cation by western blot of �broblasts from above 6 groupsD: the
relative mean expression of protein EGR1 in above 4 groups(expression in tissue and �broblast).

F:Some typical in�ammatory cytokines with obvious concentration differences tested by Elisa kit (each
boxes:The histogram on the left represents the high-risk group, and the right-hand represents the low-risk
group )and the concentration of IL-20 between the high-risk and low-risk groups are quanti�ed 
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Figure 3

A:qRTPCR speci�cally quanti�ed the expression of EGR1 in �broblasts cultured for 72 hours at different
concentration of IL-20. (In each box, the histogram on the left represents the expression of EGR1 at 0h,
and the right represents the expression of EGR1 at 72h) and the relative expression of EGR1 at different
times in the F3 group.

B:Activation of STAT3 pathway by cell lines of H1 group (ie the relatively high expression group of EGR1)
and L1 group (ie the relatively low expression group of EGR1)

C:Take out the bilateral Achilles tendons of mice 1, 2 and 3 (45 days after the injection). The visual
diagram is as shown in the �gure,and the average value of the relative width in both Achilles tendons
from mice1, 2, 3 (mice3 is the two on the left)

D:the quanti�cation of the average expression of EGR1 in both Achilles tendons from mice1,2,3
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Figure 4

A, year-on-year changes in the mean peroneal tendon width of athletes in the high-risk group from 2012 to
2017. The abscissa of Figure 4-A is the year, and the ordinate is the width of the peroneal tendon (the unit
is mm)
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B, year-by-year variation in the incidence of PTD in athletes in the high-risk group from 2012 to 2017. The
abscissa of Figure 4-B is the year, and the ordinate is the incidence of PTD in high-risk group

C:the average of width between M group and L group

D:the relative concentration of IL-20 between M group and L group

E:the relative average expression of EGR1between M group and L group


