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ABSTRACT

Background and Objective 
The instrument-assisted soft tissue mobilization (IASTM) is a form of mechanical stimulation. This 
treatment is known to provide an effective way to improve muscle function and attenuate muscle pain. 
However, limited study showed the effect of the IASTM on acute condition such as exercise-induced 
muscle damage. This study aimed to examine the effects of IASTM on exercise-induced muscle dam-
age and fibrotic factor.

Material and Methods 
Sixteen healthy male college students were randomly assigned to IASTM (n=8) and control (n=8). 
After performing two sets of 25 eccentric contractions of elbow flexors, IASTM was applied for 8 min 
immediately and 48 h after exercise. Maximal isometric strength (MIS), muscle soreness, and creatine 
kinase (CK) activity were measured as indicators of muscle damage. Transforming growth factor-β1 
(TGF-β1) levels were assessed as a fibrotic factor.

Results 
The recovery of MIS was faster (control vs. IASTM: 96 h: 60.7% ± 7.9% vs. 89.1% ± 10.4%, P<0.001), 
and TGF-β1 level was lower (control vs. IASTM: 48 h: 5.5 ± 1.9 vs. 2.4 ± 0.6, P<0.01; 72 h: 5.6 ± 1.7 vs. 
2.6 ± 0.5, 96 h: 5.2 ± 1.6 vs. 1.9 ± 0.5 ng/mL, P<0.001) in the IASTM group than in the control group. 
However, no significant differences in muscle soreness or CK activity were found between groups 
(P>0.05).
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Conclusion 
IASTM may be an effective method for reducing scar tissue and restoring muscle function quickly 
after exercise-induced muscle damage.

Key Words: eccentric exercise, fibrosis, instrument-assisted soft tissue mobilization, muscle damage, 
transforming growth factor-β1

INTRODUCTION
Repeated high-force eccentric exercise can 

elicit muscle damage.1 Muscle damage is charac-
terized by declining muscle function, such as 
maximal isometric strength (MIS), delayed-onset 
muscle soreness (DOMS), and increased plasma 
creatine kinase (CK) activity.2 In addition, Matrix 
Metalloproteinase-induced tissue degradation 
decreases force transmission, and there is recruit-
ment of inflammatory cells to the site of muscle 
damage.1,3,4 Transforming growth factor-β1 
(TGF-β1) is one of the several cytokines released 
from immune cells into the damaged muscles.5 It 
is capable of regulating the balance between mus-
cle fibrosis and regeneration.6 However, TGF-β1 
also triggers fibrosis when overexpressed and 
hence scar tissue formation, which in turn inter-
feres with the muscle recovery process and even-
tually reduces muscle function.7–9 Several 
interventions including drugs, hyperbaric oxygen 
therapy, low-level laser therapy, mechanical stim-
ulation, nutrition supplements, and ultrasound 
have been used to reduce fibrosis in damaged 
muscles and to promote recovery.10–16

Mechanical stimulation, in particular, is known 
to be a simple and effective way to promote 
 recovery in damaged muscles.12,17,18 Mechanically 
stimulated cells modify their micromechanical 
environment through cytoskeletal rearrangement, 
initiating a molecular response that subsequently 
induces extracellular matrix synthesis. Thus, the 
altered mechanical properties of cells can help in 
regaining normal muscle function.18 Huang et al.19 
asserted that mechanical stimulation is required in 
reversing scar tissue formation. Cezar et al.12 also 
reported that mechanical stimulation effectively 

reduced inflammation and fibrosis in damaged 
muscles and boosted muscle regeneration, lead-
ing to an increase in maximum contractile 
force.  Several other studies have also reported 
that mechanical stimulation delivered through 
massages or physical manipulation exerts posi-
tive effects on the functions of  damaged 
muscles.9,11,20–22

Recently, instrument-assisted soft tissue mobi-
lization (IASTM) has gained increasing atten-
tion, as it provides a form of mechanical 
stimulation. IASTM is designed to both treat-
ment of soft tissue injuries and promotion of 
recovery, and is increasingly used in sport rehabil-
itation and athletic training settings.23–25 Davidson 
et al.26 reported that IASTM was particularly 
useful in the early recovery of limb function 
by  increasing fibroblast recruitment and activa-
tion in Achilles tendon injuries. Loghmani and 
Warden27 also reported faster recovery from an 
injured knee medial collateral ligament following 
IASTM application and noted poor alignment of 
collagen along with substantial scar tissue forma-
tion around the injured ligament in the absence 
of IASTM intervention. In addition, IASTM 
was reportedly found to be effective in improving 
grip strength in patients with elbow tendinopathy 
and the lower extremity functional scale 
in  patients with Achilles tendinopathy.28–30 In 
summary, IASTM can be an effective method for 
improving functional recovery after soft tissue 
injury.

Although most available studies on IASTM 
have addressed chronic ligament and tendon 
 injuries,26–29 only few studies have investigated 
acute functional changes in skeletal muscle injury 
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following IASTM application. In a recent study 
by Kivlan et al.,24 muscle strength significantly 
improved immediately after IASTM intervention 
in patients with lower extremity musculoskeletal 
injuries. However, the authors did not use an 
acute injury protocol.

IASTM is able to deliver mechanical force 
deeper into the site of muscle injury compared 
with conventional massages,31,32 and practitioners 
can perform IASTM without fatigue as its appli-
cation only requires a short amount of time.33,34 
Therefore, the purpose of the study was to exam-
ine the effects of IASTM on eccentric exercise- 
induced muscle damage and TGF-β1. It was 
hypothesized that applying IASTM subsequent 
to eccentric exercise would reduce muscle sore-
ness and CK and TGF-β1, and improve MIS.

METHODS

Subjects
In total, 16 healthy male college students par-

ticipated in this study. Subjects were nonsmokers, 
did not participate in strength training in the past 
6 months, had no musculoskeletal diseases, and 
did not take any medications or dietary supple-
ments. One week prior to the experiment, each 
subject completed a health screening question-
naire that reviews the eligibility for the study. All 
subjects provided written informed consent 
approved by the University Institutional Review 
Board (KMU-201705-HR-147). The subjects 
were randomly assigned to either IASTM group 
(n=8) or control group (n=8). The characteristics 
of the subjects in each group are summarized in 
Table 1.

Exercise-induced muscle damage protocol
The exercise protocol used in this study was a 

single bout of eccentric contractions of the elbow 
flexor muscle on a modified preacher curl machine 
as described by Clarkson et al.’s study.35 This exer-
cise model has been previously used in muscle 
damage studies.35,36 Before starting the eccentric 

exercise, the subject’s nondominant arm was 
placed on the pad of a modified preacher curl 
machine (ECC-MC, Kookmin University, Seoul, 
Korea) and the elbow joint was set at 90°. The 
eccentric contraction was induced by each subject 
pulling the pad toward them, while the researcher 
lowered the lever attached to the curl machine until 
the subject’s arm was fully extended. The exercise 
was conducted for 3 s followed by 12 s of rest. A 
total of two sets consisting of 25 repetitions were 
performed; rest time between the sets was 5 min.

Instrument-assisted soft tissue mobilization
IASTM was applied immediately and 48 h 

after the exercise by a certified practitioner suffi-
ciently trained with IASTM. For the IASTM 
group, while each subject sat down on a chair, 
emollient was applied to the subject’s elbow flexor 
area to prevent skin irritation and to help facili-
tate movement of the instrument over the skin. 
Then, a single concave-shaped stainless-steel 
instrument (Prestm, Dispis, Seoul, Korea) was 
placed on the subject’s skin at an angle of approx-
imately 45°, and continuous pressure was applied. 
IASTM was applied for 8 min,25,29,37 while the 
researcher made sure not to induce any discom-
fort by communicating with the subject. Figure 1 
shows the application of IASTM.

Maximal isometric strength
MIS was measured by a strain gauge (Jackson 

Strength Evaluation System Model 32628CTL, 

TABLE 1 Subject Characteristics and Baseline 
Measurements (Mean ± SD)

Control (n=8) IASTM (n=8)
Age (years) 22.6 ± 3.2 23.5 ± 2.0
Height (cm) 175.1 ± 5.5 178.1 ± 3.3
Weight (kg) 66.3 ± 18.7 76.8 ± 5.1
CK (U/L) 198 ± 177.8 288 ± 229.7
TGF-β1 (ng/mL) 2.05 ± 0.7 1.68 ± 0.4

IASTM, instrument-assisted soft tissue mobilization; CK, 
creatine kinase; TGF-β1, transforming growth factor-β1.
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Lafayette Instrument Co., Lafayette, IN, USA) 
attached to a modified preacher curl machine. 
Each subject was asked to sit on the machine, 
place their arm on the pad, bend the elbow joint 
to 90°, and pull the pad toward themselves as 
hard as possible when told by the researcher. MIS 
was measured before and immediately after, and 
24, 48, 72, and 96 h after exercise. Measurements 
were performed three times at each time point, 
and the mean value was recorded.

Muscle soreness
The visual analogue scale (VAS) was used to 

measure muscle soreness and was conducted on 
the elbow flexor muscle that performed the eccen-
tric exercise. After each subject repeated flexion 
and extension of their exercised arm in a standing 
position, a perpendicular line was drawn on VAS, 
indicating the perceived pain at each measure-
ment. VAS was measured before, and 24, 48, 72, 
and 96 h after exercise.

Creatine kinase
Serum was collected through blood samples to 

measure CK activity. The baseline blood collection 
was conducted between 8 and 9 a.m.by visiting 
the  laboratory after 8 h of fasting. The blood 
 sample was allowed to clot for at least 30 min, 
 centrifuged at 2500–3000 rpm, transferred to a 

microtube(MCT-150-C, Axygen, Inc., Union City, 
CA, USA), and stored at −80°until analysis. CK 
analysis was conducted using a kit (AceChem CK 
kit, YD-Diagnostics Corp., Yongin-si, Korea) and 
automated clinical chemistry analyzers (Miura 
One, I.S.E. S.r.l, Rome, Italy).

Transforming growth factor-β1
Plasma TGF-β1 was analyzed using a 

kit  (ProcartaPlex® Multiplex Immunoassay, 
Thermo Fisher Scientific, Waltham, MA, USA) 
according to the manufacturer’s guidelines. 1N 
HCL (100 mL) and 1.2N NaOH/0.5M HEPES 
(100  mL) were prepared for plasma TGF-β1 
analysis. The reagents were mixed well, and 
11.9  g of  HEPES was added and the solution 
was mixed again well. The final volume was made 
up to a 100 mL by adding deionized water. 
Plasma activation was analyzed as follows: 10 µL 
of 1N HCL was added to the plasma, mixed well, 
and incubated for 10 min at room temperature. 
The  sample was neutralized by adding 8 µL of 
1.2N NaOH/0.5M HEPES. All samples were 
analyzed using clinical diagnostics instruments 
(Luminex® 200 System, Luminex Corporation, 
Austin, TX, USA).

Statistical analysis
Statistical analysis software (SPSS ver. 21.0, 

IBM Corp., Armonk, NY, USA) was used for the 
analysis of study results. Values are presented as 
mean ± standard deviation. Repeated-measure 
analysis of variance was used to analyze the 
group-by-time interactions followed by a post 
hoc test using Tukey’s method when a significant 
main effect was found. Statistical significance was 
set at P<0.05.

RESULTS

Changes in MIS in response to IASTM after 
eccentric exercise

Significant effects of time (F=57.997, P<0.001), 
group (F=5.035, P<0.05), and group-by-time 
interaction (F=4.212, P<0.05) were observed for 

FIG. 1 IASTM application.
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MIS. The IASTM group demonstrated a faster 
recovery of MIS after eccentric exercise than the 
control group, and the difference between the two 
groups was highest at 96 h after exercise (P<0.001; 
Figure 2).

Changes in muscle soreness in response to IASTM 
after eccentric exercise

A significant effect of time (F=21.656, P<0.001) 
was observed for muscle soreness. However, 
 neither effects of group (F=0.066, P>0.05) nor 
group-by-time interaction (F=0.075, P>0.05) were 
significant. Changes in muscle soreness were noted 
to be similar between the two groups during the 
recovery period (Figure 3).

Changes in CK activity in response to IASTM after 
eccentric exercise

A significant effect of  time (F=15.495, 
P<0.001) was observed for CK activity. However, 
no significant effects on group (F=0.023, 
P>0.05) and group-by-time interaction (F=0.561, 
P>0.05) were found. CK activity increased for 
96 h after eccentric exercise in both groups 
(Figure 4).

Changes in TGF-β1 level in response to IASTM 
after eccentric exercise

Significant effects of time (F=16.000, 
P<0.001), group (F=14.789, P<0.001), and 
group-by-time interaction (F=11.954, P<0.001) 
were observed for TGF-β1 response. TGF-β1 
level was lower in the IASTM group than in the 
control group during the recovery period, and the 

FIG. 2 Changes in MIS in response to IASTM 
after eccentric exercise.
*Significant difference between groups (P<0.001). Values are 
expressed as means ± SD.

FIG. 3 Changes in muscle soreness in response 
to IASTM after eccentric exercise.
Values are expressed as means ± SD.

FIG. 4 Changes in CK activity in response to 
IASTM after eccentric exercise.
Values are expressed as means ± SD.
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difference between two groups was significant at 
48, 72, and 96 h after exercise (P<0.05; Figure 5).

DISCUSSION

The aim of this study was to investigate the 
effects of IASTM following eccentric exercise on 
changes in muscle damage and fibrotic factor. 
So  far, IASTM has been studied primarily for 
chronic musculoskeletal injuries, but there is a 
lack of studies on how it affects acute muscle 
injury. To our knowledge, this is the first study to 
address the effects of IASTM on acute muscle 
injury caused by repeated eccentric exercise. The 
results in this study showed that IASTM follow-
ing eccentric exercise reduced TGF-β1 levels and 
improved strength recovery.

Scar tissue formation occurs when there is an 
excessive increase in the level of fibrotic factors, 
such as TGF-β1, and it is well known to interfere 
with strength recovery.38,39 Gumucio et al.40 
reported that when a TGF-β1-inhibiting drug was 
injected after eccentric muscle contraction, signif-
icant differences in strength recovery compared 

with the control group were seen on days 3 and 7 
after injury. In particular, when the injured tissues 
were analyzed at 3 days after injury, cellular infil-
tration by type 1 collagen was lower in the TGF-
β1-inhibited group than in the control group. Such 
results can be interpreted as TGF-β1 inhibition 
reducing scar tissue formation by preventing 
excessive accumulation of type 1 collagen in the 
injured muscles, which may result in faster strength 
recovery.

This study also showed a similar increase in 
TGF-β1 levels in both groups up to 24 h after 
exercise, but beyond that time-point, TGF-β1 
was reduced in the IASTM group only. In partic-
ular, TGF-β1 levels were significantly decreased 
in the IASTM group compared with the control 
group after 48 h until 96 h after exercise, and 
changes during this period ultimately had a pos-
itive impact on strength recovery. In other words, 
it is believed that IASTM following an acute 
muscle injury might help reduce TGF-β1 levels 
leading to scar tissue formation. However, the 
main difference between the research study con-
ducted by Gumucio et al.40 and this study is that 
his was an animal study and that the animals 
were treated with a drug to inhibit TGF-β1 
 activity and ultimately prevent scar tissue forma-
tion after acute muscle injury. Another potential 
mechanism for rapid strength recovery after 
IASTM is considered to be a general massage. A 
massage is defined as providing mechanical 
manipulation to body tissues with rhythmic 
pressure and stroking.41 This is similar to the 
manipulation provided by IASTM. Potential 
mechanisms to increase muscle strength recov-
ery by massaging include psychological changes, 
rearrangement of  muscle fibers, and increased 
oxygen and nutrient supplies to damaged 
 muscles.42 However, studies supporting these 
potential mechanisms are still limited.

A notable finding in this study was that 
despite IASTM being applied immediately after 
and 48 h after eccentric exercise, TGF-β1 level 

FIG. 5 Changes in TGF-β1 level in response to 
IASTM after eccentric exercise.
*Significant difference between groups (P<0.01); **significant 
difference between groups (P<0.001). Values are expressed as 
means ± SD.
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showed a significant difference between the two 
groups starting from 48 h after exercise. In addi-
tion, MIS showed a significant difference between 
the two groups only at 96 h after the exercise. 
These results suggest that IASTM at 48 h after 
exercise may be more effective in reducing scar 
tissue formation in injured muscle tissues than 
IASTM immediately after eccentric exercise. 
However, these explanations on such hypothesis 
based on the findings in this study alone are inad-
equate, and the effects based on intervention 
times are also unclear. Therefore, additional dis-
cussions on the appropriate timing of IASTM 
intervention for acute muscle injuries in future 
studies are essential.

In this study, IASTM following eccentric 
exercise did not have any impact on changes in 
muscle soreness. Contrary to the results of  this 
study, Cheatham et al.43 recently reported that 
IASTM after strenuous exercise had a positive 
effect on perceived pain reduction. However, 
there are several differences between the current 
study and Cheatham et al.,43 such as the muscle 
type, protocol, and characteristics of  the 
study  subjects as well as exercise types that 
induced muscle soreness. In the investigation by 
Cheatham et al.,43 muscle soreness was induced 
by 100 drop jumps from a box with a height of 
0.5 m, and rectus femoris muscle area was the 
lesion to which IASTM was applied to with light 
pressure for 90 s. Also, Cheatham et al.’s study43 
included subjects with recreational fitness activ-
ities, both men and women. Several studies on 
the differences between males and females have 
reported that sex steroids such as estrogen, 
which is high in females, can act as a natural 
pain relief  system.44,45 In summary, multiple fac-
tors that are presented above may be considered 
as reasons for the differences seen between the 
present study and the Cheatham et al.’s study.43 
Several studies have reported pain attenuation 
after applying IASTM, but these studies were 
performed on individuals with subacromial pain 

syndrome or chronic lower back pain rather 
than acute injury.46,47 These differences make it 
difficult to explain the changes in muscle sore-
ness in this study.

Meanwhile, CK is one of the blood markers, 
indicating cell membrane permeability after mus-
cle damage is inflicted by eccentric exercise.48 
Although there was a steady increase in CK after 
eccentric exercise in this study, there was no sig-
nificant difference between the IASTM and con-
trol groups. These results indicate that IASTM 
may not be an effective tool for reducing cell 
membrane damage.

This study has some limitations. We specu-
lated that TGF-β1 is an indicator of scar tissue 
formation leading to fibrotic response. Thus, 
reduction of TGF-β1 following IASTM applica-
tion may be related to blunted formation of scar 
tissue and faster recovery of strength. However, 
as we did not observe scar tissue formation in 
injured muscles by histological examination, it 
was difficult to determine whether IASTM 
reduced scar tissue formation. In this study, we 
made an estimation only with changes in muscle 
strength and TGF-β1. These limitations should 
be addressed in future studies.

CONCLUSION

The results of this study showed that applica-
tion of IASTM to muscles at a 45° angle for 8 
min immediately after and 48 h after eccentric 
exercise reduced TGF-β1 level and accelerated 
strength recovery. Such findings demonstrate that 
IASTM is an effective method for reducing 
fibrous scar tissue and restoring muscle function 
quickly after exercise-induced muscle damage. In 
future, additional studies on muscle function and 
metabolic responses to IASTM applied in combi-
nation with other treatments (e.g., icing and 
Kinesio taping) or nutritional supplements may 
be able to propose a more effective IASTM 
method for recovery from exercise-induced mus-
cle damage.
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