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ABSTRACT

ARTICLE HISTORY

It is believed that sport massage after intensive exercise might improve power and perceptual recovery in
athletes. However, few studies have been done in this area. This study aimed to examine the effect of
massage on the performance of bodybuilders. Thirty experienced male bodybuilders were randomly
assigned to either a massage group (n = 15) or a control group (n = 15). Both groups performed five
repetition sets at 75–77% of 1RM of knee extensor and flexor muscle groups. The massage group then
received a 30-min massage after the exercise protocol while the control group maintained their normal
passive recovery. Criteria under investigation included: plasma creatine kinase (CK) level, agility test, vertical
jump test, isometric torque test, and perception of soreness. All variables were measured over 6 time
periods: baseline, immediately after the DOMS inducing protocol, right after the massage, and 24, 48, and
72 h after the massage. Both groups showed significant (P < .001) decreases in jumping, agility performance,
and isometric torque, but significant (P < .001) increases in CK and muscle soreness levels. The massage
group in general demonstrated a better recovery rate. As such, a post-exercise massage session can improve
the exercise performance and recovery rate in male bodybuilders after intensive exercise.
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Introduction
Individuals usually experience muscle soreness during intensive physical exercise training routines (Shaw, Shaw, & Brown,
2009). This is more noticeable during a sudden increase in
exercise volume (Ali, Koushkie, Asadmanesh, & Salesi, 2012;
Barros Galvão, Borba Costa dos Santos, Borba dos Santos,
Cabral, & Monte-Silva, 2014; Best, Hunter, Wilcox, & Haq,
2008; Delextrat, Calleja-González, Hippocrate, & Clarke, 2013).
This type of muscle soreness is always termed as delayed
onset muscle soreness (DOMS) and often has a negative
impact on the execution of physical activities. Furthermore, it
may hinder an athlete’s performance during the competitive
season (MacDonald et al., 2013; Pinar, Kaya, Bicer, Erzeybek, &
Cotuk, 2012; Proske & Morgan, 2001; Sandesara et al., 2014).
Muscle soreness often follows intensive exercise bouts with a
delay of 12–24 h, peaking at 48–72 h, and can affect athletic
performance for several days (Jay et al., 2014; Pournot et al.,
2011). Although the exact reason for the development of
DOMS is unclear, damaged tissues (myofibrils and connective
tissues) are believed to be the primary cause (Huang et al.,
2010; Jay et al., 2014; Pournot et al., 2011). Previous research
demonstrated that DOMS can reduce muscle movement and
power by 50% (Andersen et al., 2013; Barros Galvão et al.,
2014; Best et al., 2008). Methods such as tension exercises,
performing light activities, warm-up vibration, consuming
non-steroidal anti-inflammatory drugs, high doses of vitamins
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E and C, cold water immersion and/or compression, and ultrasound have been used in an attempt to decrease DOMS. More
recently, researchers and athletes alike have begun to consider using massage as an attempt to decrease DOMS
(Andersen et al., 2013; Delextrat et al., 2013). Massage has
been proposed to remove accumulated extracellular fluid
from affected muscles, thus reducing swelling and pain via
increased blood and lymph circulation. As such, massage may
facilitate recovery after intense exercise and could improve
physical performance (Delextrat et al., 2013; Filipa, Byrnes,
Paterno, Myer, & Hewett, 2010; Paulsen, Ramer Mikkelsen,
Raastad, & Peake, 2012).
To date, limited information exists regarding the effects of
massage on limiting or decreasing DOMS severity while simultaneously increasing athletic performance and more specifically in male bodybuilders – a population that frequently
experiences DOMS. Therefore, this study aimed to examine
the effects of massage on muscle soreness, perceived recovery, physiological restoration, and physical performance in
male bodybuilders.

Method
Participants
Based on the a priori sample size calculation, an anticipated
effect size (Cohen’s d) of .95 and a desired statistical power of
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Table 1. Descriptive statistics of the participants.
Group
Experimental
(n = 15)
Control
(n = 15)
Grand Total
(N = 30)

Age (year) Mean ± SD

Height (cm) Mean ± SD

Weight (kg) Mean ± SD

Body mass index Mean ± SD

Repetition maximum Mean ± SD

29.47 ± 3.72

175.93 ± 9.15

86.67 ± 13.31

27.9 ± 2.73

90.47 ± 17.74

28.07 ± 3.33

173.8 ± 8.21

79.33 ± 10.80

26.18 ± 1.99

94.47 ± 11.76

28.77 ± 3.54

174.87 ± 8.61

83.00 ± 12.48

27.04 ± 2.51

92.47 ± 14.93

.80 (P = .05) required a sample size of 15 per group. The participants (N = 30) were apparently healthy males (28.77 ± 3.54 years)
free of any supplement and steroid use, with at least 2 years’
experience in bodybuilding (Table 1). The participants were randomly assigned using the permuted block randomisation
method to either a massage (n = 15) or a control (n = 15) group.
Participants were excluded if they had any relative or absolute contraindications to exercise or exercise testing. Each participant had to have had to be participating in a club
bodybuilding training programme to ensure that all participants
were taking part in an official monitoring phase with the club
team, and thus ensured their eating and physical activity patterns were accurately controlled during the testing period. Prior
to participation, participants completed a medical history and
signed an informed consent form in accordance with the ethical
guidelines of the Helsinki Declaration pertaining to the use of
human participants in medical research. This study was
approved by the Institutional Review Board of the University of
Isfahan. Tests were performed 1 week prior to the commencement of the treatment protocols and were conducted during an
8-week preseason training period in order to limit the training
effect. Participants’ diets and medications were recorded and
remained constant throughout the experimental period (Shariat,
Kargarfard, Danaee, & Bahri Mohd Tamrin, 2015). Descriptive
statistics of the participants are listed in Table 1.

Anthropometric measures
Body mass (BM) was determined using a mechanical calibrated scale (SECA700; Chino, California, USA) to the nearest
100 g and stature to the nearest 0.1 cm while participants
were wearing minimal clothing and no shoes. Body mass
index (BMI) was calculated by dividing BM (kg) by height
(m2). Body fat percentage (BF%) was estimated using the
skinfold (chest, triceps, and subscapular) thickness method
and the Jackson and Pollock (1985) equation using a Lange
skinfold calliper. Fat mass (FM) was calculated by multiplying
BM by BF%, and divided by 100 to obtain a percentage, while
lean body mass (LBM) was calculated by subtracting BM from
FM (Shariat et al., 2015; Shaw, Shaw, & Mamen, 2010).

Serum creatine kinase (CK) measures
Serum CK samples were obtained as a marker of muscle
damage after the exercise treatment. A 5 ml venous blood
sample was drawn by two qualified, registered nurses from
the antecubital vein using a standard venipuncture technique
with a heparinised tube. The samples were centrifuged at 4 g
at a speed of 2000 revolutions per minute (RPM) for 10 min to
obtain plasma and serum CK properties. The cellular damage

indices were determined by a commercial kit (Sigma Chemical
Co.) with automatic analysers (RA-1000; American Technicom
Co.) (Stupka, Tarnopolsky, Yardley, & Phillips, 2001).

Agility
The agility test required that the participants: sprint as fast as
possible from the starting line to a cone 9 meters (m) away,
immediately side-shuffled as fast as possible to the left (without crossing the feet) towards a cone placed 4.5 m away (Ortiz,
Olsen, Roddey, & Morales, 2005), after touching the cone,
executed a side-shuffled as fast as possible to the right
towards a cone placed 9 m away, returned to a centrally
located cone using a side-shuffle, and run with maximal effort
to the starting line to complete the test. Each participant
performed the test twice with the fastest time recorded
being utilised in the final analysis.

Vertical jump displacement
Vertical jump displacement was assessed by a Vertec (MF Athletic
Co.; Cranston, Rhode Island, USA). First, vertical reach was measured. Then the participants had to jump as high as possible from
a standing position. Unrestricted countermovement and free
arm swing could be used preceding the jump (Caplan,
Rogers, Parr, & Hayes, 2009; Heller et al., 1998; Kirmizigil,
Ozcaldiran, & Colakoglu, 2014). The difference between vertical
reach and jump height was used to represent vertical jump
performance. Each participant was familiarised with the test
procedure, and strong verbal encouragement was provided for
each attempt. Three trials were performed for each participant,
and the highest vertical jump displacement was utilised in the
final data analysis.

Maximum isometric torque (MIT) test
Participants were positioned with 90º of hip and knee flexion
on an isokinetic dynamometer (Kin Com; Chattanooga,
Tennessee, USA) with stabilisation straps positioned firmly
across the thigh, pelvis, and trunk. After a brief familiarisation
with the apparatus and a 5-min rest, participants performed
three 5-s maximal isometric knee extensions. Participants
received visual feedback of the exerted force and loud verbal
encouragement. A 2-min rest separated each trial, and the
greatest effort was utilised for the final data analysis.

Muscle soreness rating
A visual analogue scale (VAS) was used to determine the
participants’ muscle soreness (MacDonald et al., 2013).
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Soreness was assessed after a single-leg, unsupported,
unweighted squat. The VAS is a 10-cm linear scale with labels
that read “No pain” from one end, and “Pain as bad as can be”
at the other end. Participants were required to mark their pain
rating on the scale, and the distance (closest to mm) between
the marked point and the “no pain” point was determined as
the muscle soreness score.

Muscle soreness inducing exercise protocol
For their second visit, participants reported to the testing
facility in the morning after a 12-h fast and a 48-h rest after
exercise. During this visit, a 10-min dynamic warm-up involving cycling, squatting, and leg press with a light load was
undertaken. Following this, one-repetition maximum (1RM)
was determined for the squat and leg press. Participants
were then asked to perform squats to 90º knee flexion for
five sets at 75% 1RM until exhaustion (but not less than 10
repetitions); then they had to perform leg press to 90º knee
flexion for five sets at 75–77% 1RM until exhaustion (but not
less than 10 repetitions). One-minute rest intervals were given
between sets. If a participant could not complete 10 repetitions without assistance from the spotters, the initial intensity
was reduced until at least 10 repetitions could be achieved.
This was followed by a 5-min rest and an isometric protocol to
induce DOMS in the right quadriceps muscle (Hedayatpour &
Falla, 2014). Participants were positioned on an isokinetic
dynamometer (Kin Com; Chattanooga Tennessee USA) using
the same position as they did in the MIT testing. After a 2-min
rest, participants performed an isometric holding task in the
same position, using their right quadriceps and visual force
feedback to hold 50% of the previously recorded maximal
effort. Participants held this effort until task failure, defined
as a greater than 5-s decrease in force despite strong verbal
encouragement, and the time to task failure (TTF) was
recorded. Participants were verbally encouraged during the
entire training session.

Massage protocol
A 30-min standardised supine massage was performed by a
licensed massage therapist with 3 years of experience on the
exercised/right thigh of participants in the massage group
after 2 h following the muscle soreness inducing exercise
protocol. To maintain consistency and reproducibility for the
entire massage procedure, tape-recorded messages were
announced to remind the therapist when to change the massage strokes being performed. Western massage techniques of
effleurage, petrissage, and vibration were used (Tappan &
Benjamin, 1998).
Each massage began with 4 min of effleurage consisting of
2 min of light stroking with the palm around the knee, and
2 min of light stroking over the medial thigh. Effleurage was
followed by petrissage, which consisted of 2 min of twohanded palm kneading of the anterior thigh muscles, 2 min
of two-handed thumb kneading over the medial thigh, 2 min
of circular two-handed lifting of the anterior thigh, 1 min of
pressing and spreading the tissues perpendicular to the long
axis of the thigh, and 1 min of rolling the fingertips over the
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anterior thigh muscles. Two minutes of vibration was added
between the petrissage techniques of circular lifting of the
anterior thigh muscles and pressing and spreading the tissues
(Bakowski, Musielak, Sip, & Biegański, 2007; Han, Kim, Yang,
Lee, & Sung, 2014; Hilbert, Sforzo, & Swensen, 2003). The
massage was then concluded with 3 min of effleurage over
the anterior and medial thigh. While massages were performed on the experimental group, participants of the control
group were asked to remain seated and to maintain their
normal passive recovery regime as well as to refrain from
performing any additional exercises or stretches.

Statistical analyses
The data were first assessed for normality using a Kolmogorov
Smirnov Test. To examine the differences across six different
time periods (baseline, immediately after the DOMS inducing
protocol, right after the massage, and 24, 48 as well as 72 h
after the massage) between the massage and control groups,
and for the interaction between time and group, a mixed
factor 2 × 6 ANOVA was used for each of the outcome measures. Mauchly’s Test of Sphericity was used, with any violations adjusted by use of the Greenhouse–Geisser correction. In
the presence of a statistically significant F ratio, post hoc
analyses were carried out using paired-samples t-tests for
time, or independent t-tests for groups, adjusted using the
Bonferroni correction. Statistical analyses were performed
using SPSS (Version 20). Statistical significance was set at
P < .05. Values are presented as mean ± standard deviation
unless otherwise specified.

Results
Serum CK
A 2 (group)×6 (CK) mixed-design ANOVA was used to examine
the effects of massage on the CK levels of the experimental
and control groups. The results indicated that the interaction
(group×CK) was significant (F5, 140 = 22.26, P < .001) with an
observed power = 1.000 and a medium effect size (partial eta
squared = .443). In addition, the main effect for CK was significant (F5, 140 = 175.25, P < .001) with an observed
power = 1.000 and a large effect size (partial eta
squared = .862). However, the main effect for the group was
not significant (F1, 28 = 1.90, P = .179). When compared to the
baseline (111.51 ± 31.47 U/L), the control group demonstrated
significantly increased CK levels right after (266.88 ± 75.65 U/L;
t = 12.06, P < .001) and 24 h after the massage
(300.45 ± 68.93 U/L; t = 16.19, P < .001). Likewise, the massage
group also demonstrated significantly elevated CK levels from
baseline (119.84 ± 27.91 U/L) right after (276.17 ± 49.40 U/L;
t = 14.97, P < .001) and at 24 h after the massage
(294.65 ± 54.27 U/L; t = 17.15, P = .001).
While the control group continued to show significant high CK
level 48 h (329.56 ± 58.49 U/L; t = 23.14, P < .001) and 72 h after
the massage (370.12 ± 42.41 U/L; t = 27.20, P = .001), no significant (P > .05) difference was found in the experimental group
in these periods. In fact, post hoc analyses revealed that the CK
levels of the massage group were significantly lower than the
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Figure 1. Creatine kinase levels between the experimental and control groups.

control group 48 h (264.70 ± 43.62 U/L versus 329.56 ± 58.49 U/L,
respectively, t = 3.44, P = .002) and 72 h after the massage
(260.19 ± 37.26 U/L versus 370.12 ± 42.41 U/L, respectively,
t = 7.54, P < .001). This clearly demonstrated the effectiveness
of the massage on the experimental group, which showed a
much better recovery rate than the control group (Figure 1).

Agility
To compare the agility between the experimental and control groups across the different time settings, a 2 (group)×6
(agility) mixed-design ANOVA was employed. The results
indicated that the interaction (group×agility) was not significant (F5, 140 = .26, P = .933). However, the main effect for
agility was significant (F5, 140 = 16.34, P < .001) with an
observed power = 1.000 and a medium effect size (partial
eta squared = .369). Nevertheless, the main effect for group
was not significant (F1, 28 = 1.18, P = .287). After examination of the data, it was found that the control group
demonstrated significant increases in agility testing time
(i.e., slower) compared to their baseline (8.65 ± 1.08 sec),
immediately after the DOMS-inducing exercise protocol
(9.63 ± 0.89 sec; t = 3.20, P = .006), right after the massage
(9.73 ± 0.86 sec; t = 3.47, P = .004) and 24 h after the
massage (9.19 ± 1.06 sec; t = 2.43, P = .029). The same
was also true for the experimental group, which showed
significant increases in agility testing time immediately after
the DOMS inducing exercise protocol (9.25 ± 1.21 sec;
t = 9.13, P < .001), right after the massage
(9.15 ± 1.23 sec; t = 7.29, P < .001), and 24 h after the
massage (8.85 ± 1.17 sec; t = 3.27, P = .006) when compared
to their baseline (8.31 ± 1.31 sec). Nevertheless, both experimental and control groups showed no significant (P > .05)
differences in agility time when compared to their baseline
scores 48 h and 72 h after the massage (Figure 2).

Figure 2. A comparison of agility time between the experimental and control
groups.

the interaction (group×vertical jump) was significant (F5,
140 = 6.18, P < .001) with an observed power = 1.000 and a
small effect size (partial eta squared = .181). In addition, the
main effect for vertical jump was also significant (F5,
140 = 25.55, P < .001) with an observed power = .995.
However, the main effect for group was not significant (F1,
28 = 1.78, P = .193). Upon examination of the data, both
groups demonstrated a decline in performance compared to
their baseline immediately after the massage (Figure 3).
Furthermore, the control group showed significantly lower
vertical jump scores 24 h (47.13 ± 5.37 cm, t = 4.78,
P < .001) and 48 h (46.93 ± 5.57 cm, t = 4.39, P = .001) after
the massage when compared to the baseline score
(49.80 ± 6.71 cm). Although the outcome was also true for
the experimental group 24 h (50.13 ± 6.99 cm, t = 4.00,
P = .001) and 48 h (50.67 ± 6.83 cm, t = 2.78, P = .015) after
the massage, the differences between their scores and the
baseline score (51.73 ± 6.86 cm) were not as large as the
control group. The critical moment appeared 72 h after the
massage. While the participants in the control group continued to show significantly poorer performance at 72 h
(46.80 ± 6.26 cm, t = 6.87, P < .001) than their baseline
score, there were no significant (t = .17, P = .865) differences

Vertical jump displacement
A 2 (group)×6 (vertical jump) mixed-design ANOVA was used
to examine the effects of massage on the performance of the
experimental and control groups. The results indicated that

Figure 3. The effect of massage on vertical jump displacement between the
experimental and control groups.
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in the experimental group (i.e., 51.80 ± 6.77 cm versus
51.73 ± 6.86 cm). In other words, while the functionality of
the control group continued to deteriorate, the performance
of the experimental group returned to “normal” level 72 h
after the massage (Figure 3).

MIT
In terms of MIT, a 2 (group)×6 (torque) mixed-design ANOVA
was employed to investigate the performance of the experimental and control groups. Results of the ANOVA
indicated that the interaction (group×torque) was significant
(F5, 140 = 9.70, P < .001) with an observed power = 1.000 and a
small effect size (partial eta squared = .257). The main effect
for torque was also significant (F5, 140 = 132.90, P < .001) with
an observed power = 1.000 and a large effect size (partial eta
squared = .826). Likewise, the main effect for group was significant (F1, 28 = 6.10, P = .020) with an observed power = .665
and a small effect size (partial eta squared = .179). Although
the results indicated that both the experimental and control
groups demonstrated significant (P < .001) decreases in MIT
performance across all the time periods under investigation
when compared to their baseline levels, the interaction
(Figure 4) reflected that the recovery rate was different
between the two groups. Post hoc analyses showed that the
MIT of the experimental group 72 h after the massage was
significantly higher than the control group (115.49 ± 12.93 n.m
versus 85.84 ± 10.30 n.m, respectively; t = 6.95, P < .001). This
demonstrated the benefits of massage on regaining power
after the DOMS inducing exercise protocol.

Muscle soreness rating
A comparison of the muscle soreness rating between the
experimental and control groups was assessed by a 2
(group)×6 (soreness) mixed-design ANOVA. Results indicated that the interaction (group×soreness) was significant
(F5, 140 = 7.94, P < .001) with an observed power = .999 and a
small effect size (partial eta squared = .221). The main effect
for soreness was also significant (F5, 140 = 135.06, P < .001)

Figure 4. Differences in the maximal isometric torque between the experimental and control groups.

Figure 5. Visual analogue scale examining muscle soreness rating between the
experimental and control groups.

with an observed power = 1.000 and a large effect size
(partial eta squared = .828). Likewise, significant main
group effect was found (F1, 28 = 54.64, P < .001) with an
observed power = 1.000 and a large effect size (partial eta
squared = .661). Similar to the MIT condition in the previous
section, both the experimental and control groups demonstrated significant increases in the muscle soreness rating
over all the time periods under investigation when compared to their baseline levels (Figure 5). Post hoc analyses
revealed that the muscle soreness rating scores of the massage groups were significantly lower than the control group
24 h (8.07 ± 0.80 cm versus 8.93 ± 0.70 cm, respectively;
t = 3.15, P = .004), 48 h (6.13 ± 0.64 versus 8.27 ± 0.80,
respectively; t = 8.07, P < .001), and 72 h (4.93 ± 0.59 versus
7.00 ± 0.85, respectively; t = 7.75, P < .001) after their
respective protocols. The effectiveness of massage was
obvious as it significantly reduced the feeling of soreness
among the participants in the experimental group.

Discussion
The purpose of this study was to examine the effect of
massage on plasma CK, perceived soreness levels, agility,
torque, and vertical jump performance of male bodybuilders. Apart from the agility test, all the results indicated
a significant interaction between the two measuring variables. In general, the participants in the experimental group
had lower perceived soreness scores and performed better
than the control group in less than 72 h after the massage.
The appearance of CK in blood has generally been considered as an indirect marker of muscle damage and inflammation in the skeletal muscles which could affect
performance and recovery. As such, the decrease in CK levels
in the massage group at 48 and 72 h demonstrates that
massage can assist in the recovery of athletes and improve
performance as demonstrated by the improved vertical
jump displacement and maximal isometric torque 48 h
after the massage. While some studies indicated that
reduced muscle strength as a result of exercise may take
up to a month to recover completely (e.g., Behm & Colado,
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2012; Best et al., 2008) and that massage has no effect on
muscular performance following 8 weeks of exercise (e.g.,
Filipa et al., 2010), this study showed that massage can
effectively enhance performance. The findings of this study
are consistent with those of Delextrat et al. (2013), who
showed that 6–15 min of petrissage massage can enhance
muscular power and capabilities.
One of the advantages of massage is the reduction of
muscle soreness and perceived recovery (Delextrat et al.,
2013). In this regard, the experimental group experienced a
reduction in physical pain 24 h after the massage. The findings
of this study are in accordance with some previous studies,
which report similar post-massage intervention changes in
selected individuals. Tiidus and Shoemaker (1995) concluded
that the perceived level of DOMS was reduced in the massaged
leg 48–96 h post-exercise, whereas Hemmings, Smith, Graydon,
and Dyson (2000) revealed that the massage intervention significantly increased the perception of recovery compared with
the passive rest intervention.
In conclusion, some athletes have the tendency to overexert themselves while training even when they are still
recovering, leading to burnout, overreaching, and/or poor
performance. This is since athletes fail to acknowledge the
significance of recovery in their physical conditioning programmes (Hemmings, 2001). It is not uncommon for an
athlete to experience severe problems due to a lack of the
required recovery interventions. In order for athletes to perform consistently in training or competitions, attempts to
shorten the time needed for a full recovery have been frequently emphasised. Massage is among the most common
techniques used to assist in recovery following physical
training (Best et al., 2008) since many fitness professionals
and athletes believe that massage can assist in the recovery
and facilitation of later performance due to biochemical,
physiological, neurological, and psychological mechanisms
(Delextrat et al., 2013). In spite of its popularity as a modality
for recovery and numerous anecdotal reports from coaches,
medical personnel, and athletes to ascertain its effectiveness, research on the effect of massage is very limited. The
findings in this study fill the void by providing new information on the benefits of massage.
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