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Context: Sport massage is often used to help prepare for
exercise, expedite recovery from muscle soreness, and en-
hance athletic performance. However, the effect of sport mas-
sage on recovery from delayed-onset muscle soreness is un-
known.

Objective: To determine the effect of a short sport massage
treatment on intramuscular swelling and pain in response to
eccentric exercise.

Design: We used a 2 3 8 (treatment 3 time) repeated-mea-
sures design to compare triceps surae muscle girth and pain
ratings over the 72 hours after eccentric exercise.

Setting: University research laboratory.
Patients or Other Participants: Nineteen healthy, college-

aged subjects.
Intervention(s): Delayed-onset muscle soreness was in-

duced with several sets of eccentric triceps surae contractions
at 90% of the estimated concentric, 1-repetition maximum
weight. Subjects returned on 3 consecutive days after eccentric
exercise with a cycle ergometer for active rest treatments. In
addition, 1 leg received the sport massage.

Main Outcome Measure(s): Girth measurements were tak-
en at 5.08 cm (2 in), 10.16 cm (4 in), 15.24 cm (6 in), and 20.32
cm (8 in) below the knee joint line, and pain was assessed with
a visual analog scale before and after all 4 sessions.

Results: No interaction was noted between treatment and
time for any girth or pain measurements, and no main effect
was seen for treatment.

Conclusions: Sport massage did not reduce girth or pain in
the lower leg after eccentric exercise within 72 hours.

Key Words: delayed-onset muscle soreness, active rest, re-
habilitation, treatment

Clinicians continue to seek the most expedient treatment
for relieving the signs and symptoms of delayed-onset
muscle soreness (DOMS). Eccentric exercise has been

reported to significantly contribute to the onset of DOMS.1–4

Delayed-onset muscle soreness is the feeling of soreness after
large-force, eccentric exercise5–7 and usually peaks at 24 to 48
hours postexercise,2,6–8 with resolution at 5 to 7 days.6,7 It is
associated with muscle pain, swelling, and decreased muscle
endurance and force production, which can be detrimental to
athletic performance.1 The findings from investigations eval-
uating treatments for DOMS have been inconclusive and con-
flicting.9–13

Active rest, which involves repetitive, low-intensity, con-
centric muscle contractions, appears to facilitate the clearance
of postexercise intramuscular swelling, adhesions, and there-
fore soreness associated with DOMS.3 However, the external
forces provided by sport massage may further accelerate mus-
cle healing and return to activity. Sport massage is similar to
conventional massage and is often used as an aid in preparing
for exercise, expediting recovery from muscle soreness, and
enhancing athletic performance.9–11,14 Protocols and tech-
niques differ among those providing massage, but all share
similar goals. Effleurage (stroking) and petrissage (kneading)

are commonly used sport massage techniques.15 The goal of
these massage techniques is to augment treatments for post-
exercise intramuscular edema resolution by facilitating fluid
movement and increasing circulation.16

Conflicting research findings are noted regarding the effi-
cacy of sport massage in the recovery from the signs and
symptoms of DOMS. Although benefits of sport massage dur-
ing the recovery from eccentric exercise have been reported,
lengthy treatment sessions of 1510, 2011, or 309 minutes along
with a complex sequence of techniques make these results dif-
ficult to effectively reproduce in some clinics and athletic
training rooms. However, a simple, 5-minute sport massage
treatment performed immediately after eccentric exercise and
24 hours later had no benefit on DOMS when compared with,
and not supplemented by, other modalities.13

The most effective treatment for DOMS may vary among
patients. If a short, easily reproducible sport massage treatment
adds to the success of existing DOMS treatment programs, the
recovery process for athletes and patients may be expedited.
Our purpose was to determine the additional influence of a
short sport massage treatment on intramuscular swelling and
pain in response to bilateral eccentric exercise to the triceps
surae muscles.
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Figure 1. Subjects’ legs were marked at the joint line and at 5.08
cm (2 in), 10.16 cm (4 in), 15.24 cm (6 in), and 20.32 cm (8 in) below
the joint line. This girth measurement is at 15.24 cm (6 in) below
the joint line. Marks were made with permanent marker so they
would not wash off between days.

METHODS

Design

We used a 2 3 8 repeated-measures design. Treatment
(sport massage 1 active rest, active rest alone) and time (base-
line and postexercise on day 1, pretreatment and postexercise
on days 1–4) were the independent variables. Girth measure-
ments at 5.08 cm (2 in), 10.16 cm (4 in), 15.24 cm (6 in), and
20.32 cm (8 in) below the knee joint line and pain ratings
assessed with a visual analog scale were the dependent vari-
ables. Each subject served as his or her own control.

Subjects

Nineteen healthy, college-aged individuals (10 men, 9 wom-
en) volunteered to participate in this study (age 5 20.6 6 1.2
years, height 5 172.1 6 8.5 cm, mass 5 70.8 6 13.7 kg).
Subjects had no history of recent orthopaedic injury to either
lower extremity or any other disability or medical condition
that would prevent them from completing the exercise protocol
or receiving clinical treatment. Subjects read and signed an
informed consent agreement before participating. A university
institutional review board approved this study.

Procedure

Baseline girth measurements of the lower leg were recorded
at the 4 sites below the knee joint line. Subjects then per-
formed an adequate warm-up and stretch for the lower extrem-
ity before exercising the triceps surae muscle group. To induce
DOMS to both legs, subjects performed 20 submaximal, con-
centric, plantar-flexion contractions, followed by 4 or 5 sets of
35 eccentric triceps surae contractions at 90% of their esti-
mated concentric, 1-repetition maximum weight.9 All plantar-
flexion exercises were performed on a standing calf-raise ma-
chine (Cybex Eagle Fitness Systems, Medway, MA). Subjects
did not pursue treatment for their calf muscle discomfort while
participating in this study.

Treatments

After the exercise regimen intended to induce DOMS, sub-
jects returned daily for 3 treatment sessions (at 24, 48, and 72
hours). During each of these sessions, girth and discomfort
measurements were recorded first. Then all subjects rode a
stationary bicycle for 5 minutes and immediately afterward
received 5 minutes of sport massage to the experimental limb.
The bicycle (Cybex cycle ergometer, Cybex Eagle Fitness Sys-
tems), set at a constant resistance of 908/s, was used for active
rest treatments. The seat was set at a comfortable height, and
each subject pedaled at a self-selected moderate pace. The re-
sistance was set so subjects could ride comfortably during ac-
tive rest treatments. Sport massage was randomly assigned to
1 of each subject’s legs by flipping a coin. All subjects and
both lower extremities were treated with active rest, but only
1 leg received the sport massage, and this remained the ex-
perimental leg throughout data collection. Sport massage treat-
ments consisted of repeating cycles of petrissage (kneading)
and effleurage (broad stroking).15 Seventy-five seconds of pe-
trissage was followed by 75 seconds of effleurage and repeated
once for a total of 5 minutes of sport massage therapy. A
certified athletic trainer (J.M.H.) performed all sport massage
treatments. Each petrissage stroke and effleurage stroke was

timed with the second hand of a clock to maintain a pace of
about 1 stroke per second. Friction between the subject’s skin
and the researcher’s hands was reduced with liberal amounts
of hypoallergenic moisturizing lotion. This sport massage pro-
tocol is not an established protocol. It was designed to be
easily reproduced by any certified athletic trainer in an athletic
training room or clinical setting in which extended treatment
durations may not be practical.

Data Collection

Girth measurements (centimeters) were assessed with a
standard flexible tape measure. Subjects’ lower legs were
marked with permanent marker at the 4 sites below the knee
joint line (Figure 1). The flexible tape measure was approxi-
mated in the coronal plane at each level on the lower leg and
pulled with a force that was snug on the leg but did not cause
the skin to deform. Measurements were assessed to the nearest
0.1 cm. All girth measurements were determined by the same
researcher and with the same tape measure. Pain measure-
ments were assessed with a visual analog scale with 2 extreme
polar descriptors: no pain and worst possible pain. Subjects
were asked to place a vertical mark intersecting with the 10-
cm horizontal line at a distance between the 2 extreme de-
scriptors that represented their current level of pain. Both girth
measurements and pain level were assessed before and after
all 4 sessions for a total of 8 levels of time. The investigator
collecting data was not blinded to treatment leg or time of
measurement (ie, pretreatment versus posttreatment).

Before data collection, we conducted a single-blinded test-
retest reliability study to determine the intersession and intra-
tester reliability of girth measurements taken by 1 investigator
with the same tape measure. A university institutional review
board approved this research, and all subjects read and signed
an informed consent. Circumferential lower leg girth measure-
ments were taken by the same investigator and at the same
measurement sites used in the current study. Ten subjects (age
5 23.7 6 3.8 years, height 5 171.5 6 8.05 cm, mass 5 68.4
6 14.4 kg) lay supine on a plinth with their bodies concealed
behind a curtain while 1 researcher performed initial girth
measurements on both legs. A second researcher recorded all
data for the first session and then rearranged the subjects for
a second session of measurements. The variance between the
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Table 1. Mean (SD) for Girth (Centimeters) and Pain Measurements (12-mm Visual Analog Scale) Across Days*

Girth Measurement
Below Knee
Joint Line

Day 1

Baseline Postexercise

Day 2

Pretreatment Posttreatment

Day 3

Pretreatment Posttreatment

Day 4

Pretreatment Posttreatment

5.08 cm (2 in)

Experimental†
Control‡

35.05 (3.4)
35.24 (3.3)

36.05 (3.4)
36.23 (3.2)

35.45 (3.4)
35.38 (3.2)

35.23 (3.3)
35.31 (3.2)

35.70 (3.5)
35.70 (3.4)

35.58 (3.4)
35.59 (3.4)

35.72 (3.5)
35.78 (3.4)

35.54 (3.4)
35.68 (3.5)

10.16 cm (4 in)

Experimental
Control

36.7 (3.2)
37.23 (3.2)

37.91 (3.3)
38.28 (3.1)

37.04 (3.2)
37.21 (3.2)

36.74 (3.2)
37.10 (3.1)

37.32 (3.5)
37.59 (3.3)

37.07 (3.4)
37.43 (3.3)

37.36 (3.5)
37.67 (3.4)

37.08 (3.4)
37.55 (3.4)

15.24 cm (6 in)

Experimental
Control

35.04 (3.1)
35.19 (3.3)

35.92 (3.2)
36.22 (3.4)

35.14 (3.2)
35.28 (3.6)

34.94 (3.2)
35.16 (3.5)

35.43 (3.3)
35.70 (3.5)

35.25 (3.3)
35.46 (3.5)

35.45 (3.3)
35.76 (3.6)

35.18 (3.3)
35.51 (3.6)

20.32 cm (8 in)

Experimental
Control

30.05 (2.9)
30.04 (3.1)

30.64 (3.0)
30.66 (3.3)

30.43 (3.1)
30.08 (3.3)

30.11 (3.2)
30.06 (3.2)

30.68 (3.1)
30.41 (3.3)

30.14 (3.3)
30.19 (3.2)

30.70 (3.3)
30.21 (3.3)

30.53 (3.3)
30.09 (3.3)

Pain

Experimental
Control

0 (0)
0 (0)

1.16 (1.5)
1.13 (1.5)

1.67 (1.4)
2.15 (1.5)

1.48 (1.1)
2.04 (1.7)

4.36 (2.9)
4.68 (2.7)

4.08 (2.8)
4.58 (2.8)

4.04 (2.9)
4.69 (2.9)

3.51 (3.0)
4.34 (3.2)

*Girth: Multiple analysis of variance for group 3 time, F7,252 5 0.18, P 5 .99, h2 5 .001, 1-b 5 0.01. Multiple analysis of variance for group, F1,36

5 0.02, P 5 0.90, h2 , .001, 1-b 5 0.05. Multiple analysis of variance for time, F7,252 5 9.33, P , .001, h2 5 0.21. Pain: analysis of variance for
group 3 time, F7,252 5 0.31, P 5 .95, h2 5 0.01, 1-b 5 0.14. Analysis of variance for group, F1,36 5 0.65, P 5 .43, h2 5 0.02, 1-b 5 0.12. Analysis
of variance for time, F7,252 5 41.59, P , .001, h2 5 0.54.
†Active rest and massage.
‡Active rest alone.

2 trials was 0.021, 0.0001, 0.443, and 0.491 cm for measures
taken at 5.08 cm, 10.16 cm, 15.24 cm, and 20.32 cm below
the medial joint line, respectively, and showed high reliability
with repeated measurement (intraclass correlation coefficient
[3,1] range 5 0.993–0.997). We also calculated the SEM for
the girth measurements taken during the sport massage study
(range 5 0.29–0.36 cm) for all measurement sites at all 8
levels of time (pretreatment and posttreatment 3 4 days). Girth
measurement sensitivity may have been affected because the
values of the SEM were similar to the girth changes measured
in subjects.

Statistical Analysis

We used a 2 3 8 (treatment 3 time) repeated-measures
multiple analysis of variance to assess girth differences among
treatments over time at the 4 measurement sites. Follow-up
analysis of variance and t tests with Bonferroni correction
were performed when appropriate. A 2 3 8 analysis of vari-
ance with repeated measures was calculated to assess subjec-
tive pain differences between treatments over time. The alpha
level was set a priori at P # .05. We used SPSS (version 11.0;
SPSS Inc, Chicago, IL) for all analyses.

RESULTS

Means and SDs for girth and pain measurements over time
are presented in Table 1. For girth, a significant main effect
was noted only for time. The follow-up univariate analyses
showed statistically significant girth differences over time at
5.08 cm (F7,252 5 20.12, P , .001, h2 5 0.36), 15.24 cm
(F7,252 5 15.86, P , .001, h2 5 0.31), and 20.32 cm (F7,252
5 2.25, P 5 .016, h2 5 0.06) but not at 10.16 cm (F7,252 5
1.63, P 5 .126, h2 5 0.04, 1-b 5 0.7). Post hoc t tests for
girth measurements over time are presented in Table 2. Re-
garding pain, a significant main effect was noted only for time

(see Table 1). Post hoc t test results for pain over time are also
presented in Table 2.

DISCUSSION

The eccentric exercise protocol induced DOMS effectively
because both pain and girth measures significantly increased
at 24 hours over baseline (see Table 1). Pain measurements
remained elevated during the 3 days after DOMS induction
(Figure 2), but the girth measurements did not (Figure 3). Ta-
ble 1 compares the 7 postbaseline girth measures over 4 days.
Girth was significantly different from baseline for pretreatment
measures but not posttreatment measures (see Table 1). Fur-
thermore, within-session reduction of pain and girth was evi-
dent in all sessions, but not all values achieved statistical sig-
nificance. The treatment protocol used in this experiment
mostly affected girth measures at 15.24 cm below the knee
joint line (see Table 2), which is approximately the level of
the muscle bellies of the triceps surae. Because the treatment
groups did not differ according to whether they had sport mas-
sage or not, active rest may have contributed more to the ob-
served within-session reduction in girth and pain. However,
we cannot discount the possibility that the girth and pain re-
ductions were a natural result of the passage of time or another
factor that was not controlled in the design of this study. In
addition, the changes may also be attributed to measurement
error because the SEM values were similar to the observed
girth changes. Still, our results provide no scientific evidence
that a short sport massage treatment including effleurage and
petrissage expedites recovery from DOMS over the effects of
active rest alone.

Previous authors9–11,13 have used massage protocols of var-
ious durations and timings. Weber et al13 reported no differ-
ences in pain or force production of the elbow flexors between
sport massage and control groups when sport massage was
applied immediately after and at 24 hours after eccentric ex-
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Table 2. Post Hoc t Tests for Within-Day Repeated Comparisons at 4 Girth Measurement Sites and Pain Across 3 Treatment Days for
Combined Groups

Day Measurement t P

Mean Difference
(cm)

Posttreatment-
Pretreatment Effect Size (Partial h2)

2 Girth*
5.08 cm (2 in)

10.16 cm (4 in)
15.24 cm (6 in)
20.32 cm (8 in)

Pain rating

6.52
0.161
6.49
0.79
0.532

.015

.691

.16

.38

.470

20.14
20.21
20.16
20.18
20.14

0.15
0.004
0.15
0.02
0.01

3 Girth*
5.08 cm (2 in)

10.16 cm (4 in)
15.24 cm (6 in)
20.32 cm (8 in)

Pain rating

9.01
0.155

19.98
2.947
1.60

.005†

.696
,.001†

.095

.214

20.11
20.21
20.20
20.38
20.19

0.20
0.004
0.36
0.08
0.04

4 Girth*
5.08 cm (2 in)

10.16 cm (4 in)
15.24 cm (6 in)
20.32 cm (8 in)

Pain rating

11.07
0.127

43.31
0.247
9.489

.002†

.724
,.001†

.604

.004*

20.13
20.20
20.26
20.14
20.44

0.23
0.004
0.55
0.008
0.21

*Measurement below knee joint line.
†Statistically significant at P , .01 (Bonferroni correction 5 0.05/5 comparisons).

Figure 2. Pain ratings for control and experimental groups. Pain
data were collected 7 times after baseline and were significantly
higher than baseline (0) throughout the experiment. BSL indicates
baseline; D1post, day 1, postexercise; D2pre, day 2, pre-exercise,
etc.

Figure 3. Girth measurements at 15.24 cm (6 in) below the knee
joint line for control (active rest only) and experimental (active rest
and sport massage) sides are presented as percentage change
from baseline. The first intervention (active rest and randomly as-
signed sport massage) took place once pretreatment measure-
ments were taken at 24 hours after eccentric exercise (D2pre). The
same treatments were applied to the control and experimental legs
at the same time at 48 hours (D3) and 72 hours (D4). Treatments
were all followed by posttest girth and pain measurements. BSL
indicates baseline; D1post, day 1, postexercise; D2pre, day 2, pre-
exercise, etc.

ercise. Sport massage has also provided pain relief when ap-
plied 2 hours after9,11 and immediately after10 eccentric ex-
ercise. We chose the timing of the initial sport massage
treatment (ie, 24 hours postexercise) to resemble the timing of
an athlete’s initial complaint of DOMS after intense exercise.
Furthermore, the duration of the sport massage treatment we
used is reasonable for an athletic training room accommodat-
ing several athletes and several sports teams. Unfortunately,
the brevity of the intervention may account for the observed
effect, as is illustrated by small effect sizes (see Table 2). It is
difficult to determine the meaningfulness of the small treat-
ment effects on daily function because we did not measure
any functional outcomes other than girth and pain.

Although several theories on the underlying mechanism of
DOMS after eccentric exercise have been suggested,1–3,6 the
development of DOMS may resemble the sequence of events
observed in the acute inflammatory cycle.2,17,18 Within a few
hours after muscle damage, biochemical infiltrates begin to

collect in the area of muscle injury.2,3 Sport massage may
mitigate the accumulation of white blood cells along vessel
walls after muscle damage.9 Macrophage accumulation, which
depends on this initial white blood cell migration to the injury
site, contributes considerably to activation of nociceptors
through prostaglandin production and edema accumulation.3

Increased blood flow resulting from the mechanical action of
sport massage may interfere with this early event in the acute
inflammatory cascade by possibly shearing marginated white
blood cells from vessel walls. White blood cells may be pre-
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vented from migrating to the injury site, macrophage accu-
mulation is reduced, and the intensity of DOMS is lessened.9

If this is the case, the timing of the sport massage intervention
used in this study (24 hours after eccentric exercise) may have
been too late to provide relief of signs or symptoms. The in-
duction of DOMS was used as a model to study a method of
reducing muscular discomfort and edema after eccentric ex-
ercise that may involve a series of events resembling those
occurring during the acute phase of inflammation.

Massage may have systemic psychological19 and biochem-
ical9 effects on the signs and symptoms of DOMS. MacDon-
ald19 reported that massage reduced self-reported perceived
ratings of emotional and physical stress and physical pain in
primary caregivers. We did not assess subjects’ psychological
and biochemical influences, but these factors may have af-
fected both legs equally. In addition, the external forces pro-
vided by massage may be interpreted as a stressor by the body,
resulting in the release of the anti-inflammatory hormone cor-
tisol.9 This release could also produce effects that would
equally influence each leg. Further controlled laboratory re-
search is needed to develop this theory.

CONCLUSIONS
The eccentric exercise protocol we used effectively induced

pain and swelling over time. A 5-minute sport massage pro-
tocol did not provide relief from eccentric exercise-induced
DOMS, and the sport massage provided did not reduce the
within-session discomfort or swelling after eccentric exercise.
Five minutes of sport massage performed at 24, 48, and 72
hours after exercise did not alter the time course of DOMS
over the time frame we studied. Although many clinicians may
have anecdotal success with sport massage treatments, the na-
ture of their effectiveness should be investigated with further
controlled scientific research aimed at practical application in
sports medicine clinics and athletic training rooms.
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