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We aimed to investigate change the instrument-assisted soft tissue 
mobilization (IASTM) rehabilitation exercise on range of motion (ROM), 
isokinetic ankle strength, and balance. We included 20 elite taekwondo 
players (chronic ankle instability) in Korea. They were divided into the 
IASTM group (n= 10), control group (n= 10). IASTM group were exer-
cised with IASTM rehabilitation exercise four times per week for  
8 weeks. The remaining control group did not receive exercise inter-
vention between tests and served as the control. A goniometer was 
used to measure dorsi-flexion (D/F), plantar-flexion (P/F), a dynamome-
ter was used to measure ankle isokinetic strength, and plantar foot 
pressure was used to measure static balance. The data were analyzed 
using repeated-measures analysis of variance. Significant differences 

were observed between the two groups in IASTM group and control 
group: ROM (right P/F, P< 0.001; right D/F, P< 0.01; left P/F, P< 0.000; left 
D/F, P< 0.000), isokinetic strength (right P/F 60°, P< 0.000; right D/F 60°, 
P< 0.000; left P/F 60°, P< 0.000; left D/F 60°, P< 0.000; right P/F 180°, 
P< 0.000; right D/F 180°, P< 0.000; left: P/F 180°, P< 0.000, left D/F 180°, 
P< 0.000), and balance test (static eye open, P< 0.000; static eye close, 
P< 0.000; postural stability, P< 0.041). These results suggest that IASTM 
rehabilitation exercise improves ankle stability, muscle power, and body 
balance in chronic ankle instability taekwondo players.

Keywords: Instrument-assisted soft mobilization, Range of motion, Stat-
ic balance, Isokinetic strength

INTRODUCTION

Taekwondo is a sport where the outcome of the match is deter-
mined by using the limbs of the body to strike the opposing play-
er and earn points (Jeong et al., 2019). The attacking techniques 
of taekwondo are categorized into those either using the hands or 
feet. In particular, the movements of the lower limbs during com-
petitive matches are repetitive and complex in a short span of time 
(Slimani et al., 2007). The complex movements in taekwondo con-
sist of many functional forms such as the double kick, direction- 
change, footwork, and roundhouse kick, and these movements are 
mostly adjusted and controlled by the feet. As a result, there are 
several cases of injuries in the lower limbs of the athletes. Repeti-

tive injuries can lead to chronic ankle instability, causing a decrease 
in flexibility, strength, balance, and proprioceptive sensibility.

The foot movement from the taekwondo athletes requires sup-
port from the standing foot, footwork-skill from the kicking foot, 
and stability and balance to maintain posture (Son et al., 2018). 
These movements are centered around the ankle and as a result, 
they can lead to restrictions in the joint’s range of motion (ROM), 
muscle weakness, and decrease in proprioception sensibility, even-
tually leading to ankle instability (Sekir et al., 2007). Additional-
ly, the unique footwork, jumps, and landing in taekwondo cause 
repetitive supination and pronation, leading to shortening of the 
Achilles heel and weakness in the tibialis anterior and peroneus 
muscles, thus hindering the balance of the feet. The chronic ankle 
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instability comprises 40%–50% of the lower limb injuries (Bridge 
et al., 2014; Fong and Ng, 2011).

Chronic ankle instability has a clear impact on the muscular 
strength of the ankle, therefore, training regimes focus on the 
strengthening of these muscles around the ankle. However, recent 
research has shown that if the ROM and flexibility in the ankle 
are not recovered first, then it is difficult to strengthen the muscles 
around the ankle and the reoccurrence rate of the same injury also 
increases (Flores et al., 2011). Additionally, the recovery of the an-
kle’s ROM helps to stimulate the proprioception and muscle con-
traction of the ankle, accelerates the rotational speed, and increases 
the muscular strength of the ankle (Schwesig et al., 2016). As a 
result, the recovery of a healthy ankle ROM has a correlative rela-
tionship with the muscular strength of the ankle (McKean and 
Burkett, 2009).

The application of instrument-assisted soft tissue mobilization 
(IASTM) on an ankle affected by the chronic ankle instability, stim-
ulates cellular reconstruction of the infection, tendon, muscles, and 
other tissue structures in the area (Ikeda et al., 2019). Additionally, 
IASTM can alleviate pain associated with the muscle and ligament, 
promote regular ROM, and structurally and functionally treat the 
damaged area (Cheatham et al., 2016). Overall, IASTM has a pos-
itive effect on the nervous system and body function of the specific 
area (Seffrin et al., 2019). However, in the current state of scientific 
research, inadequate research has been done on the use of IASTM.

Thus, we investigated the effects in ROM, isokinetic strength, 
balance by applying IASTM rehabilitation exercise. We providing 
data for precise and appropriate chronic ankle instability rehabili-
tation exercise.

MATERIALS AND METHODS

Subjects
The subjects were 20 male chronic ankle instability taekwondo 

plyers from Bucheon city. This study was approved by the Institu-

tional Review Board of Catholic Kwandong University (approval 
number: CKU-20-02-0210). They were classified into the 
IASTM rehabilitation exercise group (IASTM, n=10), and the 
control group (CON, n=10). All subjects were informed of the 
experimental purpose and procedures and signed a consent form. 
The physical characteristics of the subjects are shown in Table 1.

IASTM rehabilitation exercise protocol
IASTM rehabilitation exercise protocol in this study is shown 

in Table 2. The IASTM rehabilitation program (used Graston 
Technique: Strum, Brush, Fan, Sweep) was adjusted and based on 
the precedent study done by Stanek et al. (2018) and Ikeda et al. 
(2019). In the protocol, between each workout, there was a 1-min 
rest period with a total of 70 min of exercise done daily, thrice a 
week for a span of 8 weeks.

Measurement of ankle joint ROM
This study used the goniometer (Sammons Preston, Boling-

brook, IL, USA) to measure the overall ROM of the ankle by 
measuring the dorsi-flexion (D/F) and plantar-flexion (P/F) of the 
ankle. The D/F was measured by placing the axis of the goniome-
ter at the lateral malleus bone while the stationary arm was placed 
parallel at the outer line of the fibula and movement arm parallel 
at the outer side of the 5th metatarsal. Then, the dorsum of the 
foot was pulled towards the fibula to measure the degree of D/F. 
The P/F was measured by placing the axis of the goniometer at 
the lateral malleus bone while the stationary arm was placed par-
allel at the outer line of the fibula and movement arm parallel to 
the outer side of the 5th metatarsal. Then, the sole of the foot was 
pushed away from the fibula to measure the degree of P/F.

Measurement of isokinetic strength
This study used an isokinetic equipment to measure the D/F 

and P/F of the ankle (Isoforce, SungDo MC Co., Seoul, Korea). 
The participants were placed in a supine position on the isokinetic 

Table 1. Subject characteristics (male, N= 20)

Characteristic IASTME (n= 10) CON (n= 10)

Age (yr) 17.80± 0.78 17.80± 0.63
Weight (kg) 69.34± 5.73 70.18± 3.99
Height (cm) 174.12± 4.11 168.68± 6.07
Body fat (%) 13.03± 8.04 12.22± 6.68
Body mass 20.99± 1.81 22.09± 2.57

Values are presented as mean± standard deviation.
IASTM, instrument-assisted soft tissue mobilization group; CON, control group.

Table 2. IASTM rehabilitation exercise protocol

Position Type Technique Time (min)

Warm-up (IASTM) Gastrocnemius, Soleus, Achilles 
tendon

Strum/Brush 10

Ankle exercise 
(IASTM)

Ankle (D/F, P/F, IV, EV) Strum/Fan 40
Ankle circles Strum/Sweep

Cool-down (walking) Back walking Treadmill 20

IASTM, instrument-assisted soft tissue mobilization; D/F, dorsi-flexion; P/F, plan-
tar-flexion; IV, inversion; EV, eversion.
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measuring chair. Following this, the lateral malleus bone was 
placed at the rotation of the measuring device by adjusting the 
slope and height of the chair. When the flexion was being mea-
sured, the femoral and precordial regions were fixed to prevent 
any additional effort being exerted through these areas. To prevent 
any adverse reaction to the isokinetic device, the participants were 
informed and trained for the specific motion. The applied proto-
col in the examination was eight repetitions at the angular speed 
of 60°/sec and 20 repetitions at 180°/sec.

Measurement of balance
This study measured static balance using a plantar foot pressure 

measuring device. The static balance was measured in a static 
state with the eyes opened (static eye open, SEO), the eyes closed 
(static eye close, SEC) and with the postural stability (PS). The 
SEO and SEC were measured with the participants having their 
feet at shoulder width, in a standing position with both arms 
placed on the side of the thighs and facing forward. The PS was 
calculated using the measured values of the SEO and SEC.

Statistical analyses
All data are expressed as mean and standard deviation using 

IBM SPSS Statistics ver. 22.0 (IBM Co., Armonk, NY, USA). The 
one sample Kolmogorov–Smirnov test was conducted to examine 
normality. The equal variance test was conducted using Levene’s 
equal variance F-test. ROM, isokinetic ankle strength, and bal-
ance were measured in the 20 subjects, and repeated-measures 
analysis of variance was to examine the relationships between the 
groups and the measured variables. Statistical significance was ac-
cepted for P-values <0.05.

RESULTS

Measurement of ankle joint ROM
Table 3 shows the changes in ankle ROM. The ROM at ankle 

joint D/F and P/F in the two groups. Significant differences were 
observed between the IASTM and CON groups during D/F of 
right and left feet (F=6.974, P<0.01; F=36.481, P<0.000, re-
spectively) before and after the experiment. Significant differences 
were observed between the IASTM and CON groups during P/F 
of right and left feet (F=16.200, P<0.001; F=36.922, P<0.000, 
respectively) before and after the experiment.

Measurement of isokinetic strength
Tables 4 and 5 show the result of isokinetic ankle strength mea-

Table 3. Results of the range of motion analysis (unit: °)

Trial Group Pretest Posttest
Interaction (group× time)

F P-value

Right P/F IASTM 45.10± 1.37 41.70± 2.31 16.200 0.001***
CON 42.60± 4.64 41.90± 4.30

D/F IASTM 15.30± 3.19 23.00± 2.35 6.974 0.01*
CON 16.20± 2.85 18.60± 2.45

Left P/F IASTM 44.90± 2.46 41.80± 1.68 36.922 0.000***
CON 41.70± 3.46 41.50± 3.50

D/F IASTM 17.20± 2.48 22.60± 1.89 36.481 0.000***
CON 15.90± 2.64 16.00± 2.40

Values are presented as mean± standard deviation.
P/F, plantar-flexion; D/F, dorsi-flexion; IASTM, instrument-assisted soft tissue mobi-
lization group; CON, control group.
*P< 0.05. ***P< 0.001.

Table 4. Results of the isokinetic strength (60°/sec)

Trial Group Pretest Posttest
Interaction

(group× time)

F P-value

Right P/F 60°/sec IASTM 33.81± 12.74 90.31± 15.85 28.479 0.000***
CON 30.91± 11.12 53.60± 10.16

D/F 60°/sec IASTM 32.33± 6.47 73.57± 6.74 38.800 0.000***
CON 31.86± 8.59 51.52± 10.05

Left P/F 60°/sec IASTM 26.29± 7.44 115.09± 31.00 66.568 0.000***
CON 36.92± 11.47 58.84± 12.30

D/F 60°/sec IASTM 28.37± 5.54 92.46± 14.21 39.533 0.000***
CON 25.58± 7.17 54.01± 9.62

Values are presented as mean± standard deviation.
P/F, plantar-flexion; D/F, dorsi-flexion; IASTM, instrument-assisted soft tissue mobi-
lization group; CON, control group.
***P< 0.001.

Table 5. Results of the isokinetic strength (180°/sec)

Trial Group Pretest Posttest
Interaction 

(group× time)

F P-value

Right P/F 180°/sec IASTM 23.04± 6.18 90.59± 8.85 42.635 0.000***
CON 29.02± 11.47 61.76± 8.05

D/F 180°/sec IASTM 27.13± 4.88 87.66± 12.56 55.462 0.000***
CON 26.31± 6.72 46.66± 13.24

Left P/F 180°/sec IASTM 34.79± 18.08 101.01± 16.78 58.744 0.000***
CON 34.03± 14.65 50.08± 5.66

D/F 180°/sec IASTM 26.38± 8.19 84.31± 8.14 27.927 0.000***
CON 26.06± 6.32 54.32± 9.39

Values are presented as mean± standard deviation.
P/F, plantar-flexion; D/F, dorsi-flexion; IASTM, instrument-assisted soft tissue mobi-
lization group; CON, control group.
***P< 0.001.
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surement. Significant differences were showed in peak torque% 
body before and after the experiment at 60°/sec of right angular 
speed in D/F (F=38.800, P<0.000) and P/F (F=28.479, P<0.000) 
and at 180°/sec of right angular speed in D/F (F=39.533, P< 
0.000) and P/F (F=55.462, P<0.000). Significant differences were 
showed in peak torque% body before and after the experiment at 
60°/sec of left angular speed in D/F (F=39.533, P<0.000) and  
P/F (F=66.568, P<0.000) and at 180°/sec of left angular speed 
in D/F (F=27.927, P<0.000) and P/F (F=58.744, P<0.000).

Measurement of balance
Table 6 shows the changes in static balance ability. Significant 

differences were observed in the SEO (F=22.983, P<0.000), SEC 
(F=39.663, P<0.000), and PS (F=4.847, P<0.041) test between 
the IASTM and CON groups before and after the experiment.

DISCUSSION

Excellent performance of taekwondo requires balance, flexibility, 
and muscle power of the body. Flexibility among those factors has 
a lot of connections to performance (Dupont et al., 2004). How-
ever, excessive flexibility of the ankle increases the injury of the 
ankle (Jovanovic et al., 2011). In particular, chronic instability of 
ankles showed D/F reduction and P/F increase (Simone et al., 2019). 
There was a significant difference in the dorsal and plantar-flexion 
of the taekwondo athletes between the control and rehabilitation 
groups after the IASTM rehabilitation (right P/F, F=16.200, P< 
0.001; right DF, F=6.974, P<0.01; left P/F, F=36.922, P<0.000; 
left D/F, F=36.481, P<0.000). Similar results have also been re-
ported by Terada et al. (2013), who reported that the use of the 
muscle relaxation technique helped stimulate the conglutinated 
area of the ankle, improve the ROM, and alleviate pain by releas-

ing the structural pressure of the affected area in individuals with 
feet pain and a restricted ROM in the ankles (Imai et al., 2015). 
Additionally, this technique created microinjuries in the congluti-
nated area to stimulate the recovery of the area and positively af-
fected the ROM in the ankles. Another study conducted by Schae-
fer and Sandrey (2012) distributed chronic ankle instability par-
ticipants into three groups (Graston Tech. group, dynamic stretch-
ing group, and control group) for a total of 3 weeks. In this regard, 
results of this study reported that compared to the dynamic stretch-
ing group, the Graston group and dynamic stretching group had 
improvements in balance and ankle function through the restim-
ulation of the ligament where the fibroblast recovery phase was 
halted. In addition, these improvements of ankle function provide 
ankle stability for chronic ankle instability players (Simone et al., 
2019). As a result, the precedent studies corroborate the findings 
in this study and the following results show that IASTM can be 
effectively used to improve the ROM of the ankles through the 
stimulative recovery of injured ligaments and muscles causing 
chronic ankle instability in taekwondo players.

Isokinetic muscular strength is generated from a constant speed 
and specific motion and is a fundamental muscular strength re-
quired by every athlete (Dauty et al., 2016). It also interacts through 
movement to represent stability. In taekwondo athletes, the center 
of gravity is placed in the forefoot of both feet and the excessive 
use and exhaustion of the soleus, gastrocnemius, tibialis anterior, 
and long peroneal muscles can cause muscle tension and an im-
pairment in the ROM, thereby leading to a decrease in muscular 
strength (Giulio et al., 2009). Hertel (2002) showed that the se-
verity of chronic instability can increase due to repetitive injury; 
however, constant stimulation of ankle joint muscles can lead to 
an increase in muscular strength and improvement in mobility. 
Thereby, increasing the stability of the ankle. In this study showed 
that there is a significant difference in the isokinetic ankle joint 
muscular strength between the IASTM rehabilitation and control 
groups (in plantar-flexion, at the right and left-foot angular veloc-
ities of 60°/sec, F=28.479, P<0.0001, F=66.568, P<0.0001; 
180°/sec, F=42.635, P<0.0001, F=58.744, P<0.0001; in dorsi- 
flexion, 60°/sec, F=38.800, P<0.0001, F=39.533, P<0.0001; 
180°/sec, F=55.462, P<0.0001, F=27.927, P<0.0001). A prec-
edent study conducted by Van den Tillaar and Ettema (2009) re-
ported that there is a correlative relationship between the angular 
speed of rotation, muscular strength, and ROM in the ankle. These 
results are consistent with those of the present study, and as a re-
sult, a muscle relaxation technique can improve the ROM and 
muscular strength of the ankle, and stimulate the movement in 

Table 6. Results of the static balance analysis

Trial Group Pretest Posttest
Interaction (group× time)

F P-value

SEO (mm) IASTM 80.80± 8.62 53.10± 5.72 22.983 0.000***
CON 81.40± 7.87 75.30± 8.19

SEC (mm) IASTM 91.30± 3.71 59.00± 12.90 39.663 0.000***
CON 90.60± 4.03 89.10± 3.81

PS (sec) IASTM 6.18± 1.59 2.79± 0.65 4.847 0.041*
CON 5.02± 2.58 4.38± 2.06

Values are presented as mean± standard deviation.
SEO, static eye open; SEC, static eye close, PS: posture stability; IASTM, instru-
ment-assisted soft tissue mobilization group; CON, control group.
*P< 0.05. ***P< 0.001.
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the ankle to improve muscular mobilization. Thus, it was assumed 
in this study that the constant stimulation and improvement in 
the ROM played a role in the improvement of the isokinetic mus-
cular strength in the ankle.

For taekwondo athletes, balance is established through mini-
mizing the standing posture and base surface and maintaining a 
high center of gravity (Brachman et al., 2017). When a kick is 
performed, the proprioceptive senses are required to control the 
movement of the body (Fong and Ng, 2011; Han et al., 2015). 
This study showed that there was a statistically significant differ-
ence in the ability to balance between the rehabilitation and con-
trol groups. According to precedent studies, an impairment in the 
sensory capability can also impair balance (Pasma et al., 2015). A 
study by Mecagni et al. (2000) investigated the relationship be-
tween the ROM in the ankles and ability to balance and showed 
that ankle exercises improving its ROM also influenced the abili-
ty to balance and prevent further injuries. Additionally, a study 
investigated the relationship between the ROM in the ankles and 
lower muscular strength with static eye open balance and found 
that static balance is determined by stability of the ankles, which 
is affected by the muscular strength and ROM of the ankles (Kim 
and Kim, 2018). These results correspond to those of a previous 
study that reported that the balance of SEO and SEC has higher 
and PS increase, which improves body balance. Balance ability in 
the body of the IASTM group participants significantly improved 
as follow: in SEO (F=22.983, P<0.0001), SEC (F=39.663, P< 
0.0001), and PS (F=4.847, P<0.05). It is believed that the sig-
nificant difference found in the rehabilitation group in this study 
can be explained by the indirect improvement of balance through 
the improvement in the ROM and proprioceptive senses of the 
ankles. Based on these results, an IASTM rehabilitation exercise 
program can improve ankle balance, and to maintain this improve, 
it would be necessary to using the IASTM exercise program con-
tinually during the training in chronic ankle instability taekwondo 
players.

In this study, the IASTM rehabilitation exercise improved the 
ROM of ankle joint, isokinetic muscle strength, and balance of 
the chronic ankle instability taekwondo players. Thus, sustained 
use of an IASTM rehabilitation exercise is determined necessary 
for improving ankle instability and effective athletics care in not 
only young taekwondo players but also other age in chronic ankle 
instability athletes. As with any study, there are minor two lim-
itations in this study. First, because the subjects were recruited 
from one high school in South Korea, they do not represent the 
entire Korean taekwondo players. In addition, the subjects com-

prised a limited number of high school students (N=20). Second, 
because various training methods and rehabilitation techniques 
are applied to each person through IASTM it is difficult to con-
clude that exactly the same treatment exercise has been applied to 
all the taekwondo players.
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