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Unfamiliar or sudden exercise can induce delayed onset muscle sore-
ness (DOMS) within 12-24 h. So, several researchers have reported 
various interventions to treat DOMS. Massage is generally known to 
eliminate muscle fatigue. However, effect of massage after DOMS is 
still not clear. We investigated whether the massage is effective on pain 
and gait after DOMS. The participants were divided into a control group 
(n= 10) with DOMS and an experimental group (n= 11) with the mas-
sage treated after DOMS. We induced DOMS by taking isotonic exer-
cise with going up and down 20 times in 5-story building. We applied 
the massage and assessment on gastrocnemius of dominant foot. The 
change of gait and pain was assessed using gaitrite and algometer. In 
the present results, the massage on gastrocnemius after DOMS 

showed significant difference in pain (P< 0.05). Also, there was a signif-
icant difference in gait (P< 0.05), especially, spatial parameters (dis-
tance, step length, stride length) and temporal parameters (ambulation, 
heel on off time, stride velocity). Moreover, the pain relief after mas-
sage-treated in DOMS correlated with gait. These results suggest that 
the massage on gastrocnemius after DOMS has influence on pain and 
gait performance. Therefore, massage can be applied as intervention 
for delayed onset muscle soreness.
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INTRODUCTION

As the concept of wellness, the idea that people must live 
healthy as long as they live, received spotlight, not only the young 
generation, even middle and elderly generation started to enjoy 
the sports. But sudden exercises or aggressive exercises that do not 
fit to physical conditions will lead to pain and may even hurt one’s 
health (Kim et al., 2012). Of course, exercises bring several posi-
tive effects, but if executed inappropriately or excessively, one will 
experience muscle pain usually expressed as discomfort or soreness. 
Like this, after performing unfamiliar exercise or excessive muscle 
use, most people express pain, discomfort, or unpleasantness with-
in 12-24 h and these symptoms are called delayed onset muscle 
soreness (DOMS) (Cannavino et al., 2003). DOMS is one of in-
flammatory reaction after microdamage of primary muscle, and it 
is reported that it is more likely to be caused especially by eccen-

tric exercises (Jung et al., 2000).
DOMS has various symptoms such as pain, tenderness, stiffness, 

edema, muscle weakness, and discomfort in gait (Zainuddin et al., 
2005). These facilitate damage of muscle and connective tissue, 
and result in more decrease of muscular strengthening, range of 
motion, performance, and activities of daily living (Peters et al., 
2003). Many researchers investigated various intervention to treat 
DOMS such as low-intensity warm-up before exercise and cool-
down after exercise, cryotherapy, electrotherapy, and massage. 
Cryotherapy controls DOMS by suppressing edema (Kim et al., 
2007), and transcutaneous electrical nerve stimulation which is 
most used clinically for pain treatment, is effective for pain-killing 
and range of motion improvement (Park, 2002). Moreover, mas-
sage controls pain and has biological and psychological advantages 
that help tissue recovery (Sluka and Wright, 2001). It is treatment 
for prevention and recovery of muscle fatigue (Oh et al., 2003). 
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Among these, massage helps recovery of physical performance, 
promotes blood and lymph circulation, and increases joint flexibil-
ity. Especially, muscle imbalance caused by DOMS is recovered 
through massage and rest (Chung et al., 1993; Moraska, 2013). 
These effects of a massage are due to supply necessary oxygen or 
nutrients by eliminating waste, lactic acid (Oh et al., 2003).  

However, although massage has positive effects, effect of mas-
sage related gait alteration after DOMS is still unclear. In fact, 
most people who have DOMS complain about unnatural gait and 
pain at the same time. In this study, we investigated whether mas-
sage is effective to gait and pain in participants with DOMS after 
excessive exercise.

METERIALS AND METHODS

Participants
This research was carried out at K University, located in Gyung-

sangnam-do, to 21 attending college students who agreed to the 
research from 2012, June 23rd to 29th. 

We received informed consent from all participants after ex-
plaining their rights and the experimental process. We selected the 
participants who did not regularly have lower-leg exercise, and not 
had orthopedic disease, operation, open wound or inflammation in 
lower leg. As well as, we excluded participants who have hypersen-
sitivity, or cardiopulmonary disease. General characteristics of par-
ticipants are shown below (Table 1).

Study design
Participants were randomly separated into control group and 

experiment group. In order to cause DOMS to participants, iso-
tonic exercises such as 20 repetitions in 5-story building were per-
formed, and 3 min of break was given after every 5th repetition. 
To experiment group, massage consists of light stroking, milking, 
friction, and skin rolling. It was executed to gastrocnemius for 15 
min. To control group, TENS equipment pad was attached to gas-
trocnemius for 15 min but actual treatment was not performed. 
After all experiments, control group received therapy for reducing 
pain from physiotherapist. Therapeutic mediation for control 

group and experiment group were performed on the same day. 
We chose gastrocnemius of dominant leg to measure effect of 
massage. The dominant leg was chosen as leg to kick the ball in 
front of 3 m.

 
Algometer

Sensitivity of pain on gastrocnemius was measured by Com-
mander Algometer (JTECH Medical, UT, USA). It was measured 
from 2 cm away in the midline of gastrocnemius belly. The posi-
tions were marked with surgical pen to keep constant positions 
for second measurements. The pressure was given until the partic-
ipants complain of pain. The unit of measurement was recorded as 
kg/cm2. The lesser unit showed the more sensitivity to pain. 

Gait 
To analyze the time and spatial variables of gait, Gaitrite Elec-

tronic Walkway (CIR System Inc., USA) was used. The partici-
pants walked fixing 15° higher than normal eyesight with verbal 
cue of tester located in front of 3 m.

Statistical analysis
The results are presented as the mean±standard deviation (SD). 

We used independent t-test for relation between groups. Correla-
tions of gait and pain were analyzed by Spearman’s correlation. All 
statistical analyses used IBM SPSS version 20.0. We considered 
statistically significant differences at P<0.05. All tests executed 3 
time, we chose the average of 3 times.

RESULTS

Changes of pain after massage-treated
We measured pain in muscle belly of the medial and lateral gas-

trocnemius using Algometer. We found that change of pain on 
medial gastrocnemius and lateral gastrocnemius after massage- 
treated was significantly difference (P<0.05) (Table 2). These show 
that massage on gastrocnemius after DOMS may reduce pain at 
gastrocnemius. 

Table 1. General characteristics of the participants

Group Age (yr) Height (cm) Weight (kg)
Sex

Male Female

Experimental (n= 11) 20.6± 1.6 169.6± 8.9 62.2± 8.9 n= 9 n= 2
Control (n= 10 ) 20.9± 1.7 170.3± 7.4 66.0± 10.7 n= 6 n= 4

Values are presented as number or mean± standard deviation.
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Change of gait after massage-treated 
We confirmed change in time and spatial variables of gait using 

gaitrite. In the temporal variables, there was statistically differenc-
es in ambulation, heel on off time, and stride velocity (P<0.05) 
but there were no differences in step time, cycle time, swing time, 
stance time, single support time, double support time. In the spa-
tial variables, there were statistically differences in distance, step 
length, and stride length (P<0.05) (Table 3). These show that 

massage on gastrocnemius after DOMS may have influence on al-
teration of gait pattern.

Correlation of pain and gait
As can be seen in Table 4, presents the correlations between pain 

and gait. In experimental group, pain on lateral gastrocnemius 
correlated with stance time (r=0.61, P<0.01) and double support 
time (r=0.43, P<0.05). In control group, pain on medial gastroc-
nemius has relevance to heel on off time (r=0.53, P<0.05). How-
ever, no significant correlations were found in the parameters be-
tween pain and gait.

DISCUSSION

DOMS induced by irregular or excessive exercise temporally 

Table 2. The change of pain after massage-treated

Control Experimental t P

MG 29.90± 21.27 52.72± 26.33 3.07 0.00
LG 38.85± 10.28 70.95± 38.89 3.58 0.00

Values are presented as number or mean± standard deviation. MG, medial gas-
trocnemius; LG, latreral gastrocnemius.

Table 3. The change of gait after massage-treated

Control Experimental t P

Temporal variables Ambulation (sec) 2.37± 0.38 1.98± 0.38 -3.32 0.00
Step time (sec) 0.51± 0.03 0.52± 0.04 0.50 0.62
Cycle time (sec) 1.03± 0.07 1.03± 0.07 0.14 0.89
Swing time (sec) 0.39± 0.02 0.38± 0.07 0.05 0.78
Stance time (sec) 0.64± 0.05 0.65± 0.08 0.18 0.72
Single support time (sec) 0.39± 0.03 0.38± 0.05 0.58 0.37
Double support time (sec) 0.25± 0.03 0.24± 0.04 -0.87 0.40
Heel on off time (sec) 0.14± 0.04 0.11± 0.02 0.01 0.02
Stride velocity (sec) 122.79± 17.08 138.15± 15.41 3.06 0.00

Spatial variabels Distance (cm) 282.90± 18.61 253.15± 15.41 -4.66 0.00
Step length (cm) 62.33± 7.18 68.08± 2.69 3.50 0.00
Stride length (cm) 124.47± 14.45 137.66± 8.52 3.64 0.00

Values are presented as number or mean± standard deviation.

Table 4. Correlations of pain and gait 

Control Experimental

LG MG LG MG

Temporal parameters Ambulation (sec) -0.15 -0.13 0.17 -0.21
Step time (sec) 0.05 0.25 0.19 0.11
Cycle time (sec) 0.08 0.28 0.31 0.07
Swing time (sec) -0.02 0.39 -0.35 0.37
Stance time (sec) 0.12 0.21 0.61** -0.25
Single support time (sec) 0.06 0.38 -0.41 0.39
Double support time (sec) 0.22 0.07 0.43* -0.25
Heel on off time (sec) -0.18 -0.53* 0.36 0.55*
Stride velocity (sec) 0.07 0.31 -0.14 -0.15

Spatial parameters Distance (cm) 0.00 0.17 -0.35 0.00
Step length (cm) 0.21 0.48* 0.10 0.15
Stride length (cm) 0.21 0.49* -0.20 -0.09

Values are presented as number or mean± standard deviation. MG, medial gastrocnemius; LG, latreral gastrocnemius. *P < 0.05. **P < 0.01. 
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produces immoderate metabolites like lactic acid. These result in 
inappropriate blood supply and lack of oxygen in contracting 
muscle, then cause pain, muscle weakness, decline of ROM, and 
reduction of proprioceptive sense (Cheung et al., 2003; Choi and 
Nam, 2004). Among these, pain is not only the main symptom 
but also important standard to decide the effectiveness of treat-
ment (Kim et al., 2004). Kim (2005) confirmed the change of 
pain after massage-treated to patients with gout. Oh (2006) re-
ported that sports massage program is an effective treatment to 
reduce pain in patients with DOMS. Hilbert et al. (2003) assessed 
pain at 2, 6, 24, and 48 h after DOMS. They also reported that 
massage decreased the intensity of soreness at 48 h after muscle 
insult. Measuring the intensity of pain plays important compo-
nent to decide the therapeutic effect. Most researchers use visual 
analogue scale (VAS) as pain assessment tool. Although VAS is an 
easy tool for self-report of pain, in many cases, it has tendency to 
check in the midline between maximum and minimum. De Jong 
et al. (2005) showed that VAS has a poor intra-rater reliability and 
inter-rater reliability in some target group. So, we used digital al-
gometer to more objectively prove the change of pain. In this 
study, we also showed that massage on gastrocnemius after DOMS 
affects pain reduction. These mean that massage on gastrocnemius 
is valuable as intervention to relieve pain induced by DOMS. 

Gait is one of the most basic movements in performing daily 
tasks. During gait, at the stance time, the support of lower extrem-
ity must be maintained, and at the swing time, the foot must be 
completely off the ground (Den Otter et al., 2007). Gait can be 
checked by many parameters such as step time, cycle time, heel on 
off time, step length, stride velocity, and so on (McDermott et al., 
2010). Especially, the gait velocity is used as an important parame-
ter to assess the motor function or the quality of life after disease 
(Jonsdottir et al., 2009). In our study, we confirmed that massage 
on gastrocnemius after DOMS increases stride velocity, step length, 
stride length, ambulation, heel on off time, distance. It means that 
our intervention has effect on gait problem cause by DOMS. These 
changes may due to location of applied massage. Problems of gas-
trocnemius lead to various abnormal gait pattern (Wang et al., 
2014). Many researches demonstrated that the stimulation of plan-
tar flexor such as gastrocnemius to patients with stroke or cerebral 
palsy improves gait velocity, stride length, and cadence (Damino 
and Abel, 1998; Kim et al., 2007; Teixeira-Salmela et al., 2001). 
We confirmed correlation between pain and gait. Whereas pain 
after DOMS increased the heel on off time, and shortened step 
and stride length, massage on gastrocnemius has influence on 
stance time, double support time, and heel on off time. We can 

suppose that massage on gastrocnemius help recovery of patholog-
ic gait by controlling pain after DOMS.

Massage helps blood and lymph circulation, and eliminates lac-
tate accumulation by inflammation or fatigue. As well as, it reduc-
es edema affecting the exchange of tissue fluid (Sedergreen, 2000; 
Tanaka et al., 2002). Crane et al. (2012) induced DOMS to quad-
riceps and performed biopsy after massage. They reported that the 
production of tumor necrosis factor-α (TNF-α) and interleukin-6 
(IL-6) was reduced by massage. Cytokines such as TNF-α and IL-6 
were increased by inflammation. Many researchers have interest in 
intervention to alleviate inflammation like nonsteroidal anti-in-
flammatory drugs. Massage may have influence on inflammatory 
process like anti-inflammatory medicine. Anti-inflammatory effect 
of massage has relevance to control of pain (Moraska, 2013). We 
also found that massage on gastrocnemius after muscle damage al-
leviate pain. Alteration of pain will be due to anti-inflammatory 
effect of massage.

According to this study, massage on gastrocnemius after DOMS 
may decrease pain caused by fatigue and inflammation, and pain 
reduction may lead to change of gait. Therefore, the massage on 
gastrocnemius after DOMS can be used as effective therapeutic 
mediation facilitating recovery of pain and gait.

Lastly, this research did not confirm central fatigue after DOMS 
and was not able to perform gastrocnemius biopsy obtaining ob-
jective evidence to confirm biochemical effects. Further on, we will 
continue researches not only phenomenological effects following 
approach of massage time, method, and area but also biochemical 
effects. Furthermore, we will study effects of massage on patient 
with nervous system and musculoskeletal problem. 
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