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Using ultrasound shear wave elastography, the aims of this
study were: (a) to evaluate the effect of massage on stiffness
of the medial gastrocnemius (MG) muscle and (b) to deter-
mine whether this effect (if any) persists over a short
period of rest. A 7-min massage protocol was performed
unilaterally on MG in 18 healthy volunteers. Measure-
ments of muscle shear elastic modulus (stiffness) were
performed bilaterally (control and massaged leg)
in a moderately stretched position at three time points:
before massage (baseline), directly after massage
(follow-up 1), and following 3 min of rest (follow-up 2).
Directly after massage, participants rated pain

experienced during the massage. MG shear elastic
modulus of the massaged leg decreased significantly at
follow-up 1 (−5.2 ± 8.8%, P = 0.019, d = −0.66). There was
no difference between follow-up 2 and baseline for the
massaged leg (P = 0.83) indicating that muscle stiffness
returned to baseline values. Shear elastic modulus was not
different between time points in the control leg. There was
no association between perceived pain during the massage
and stiffness reduction (r = 0.035; P = 0.89). This is the first
study to provide evidence that massage reduces muscle
stiffness. However, this effect is short lived and returns to
baseline values quickly after cessation of the massage.

Massage is a widely used form of therapy (Goats, 1994).
During major sporting events, physiotherapists spend
almost half of their time delivering massage (Galloway &
Watt, 2004) with the aim of achieving enhanced perfor-
mance (Rinder & Sutherland, 1995), muscle recovery
(Ogai et al., 2008), and prevention of injury (Moraska,
2005). The mechanisms through which these goals are
obtained are proposed to be biomechanical [e.g.,
increased range of motion (ROM), decreased muscle
stiffness], physiological (e.g., increased blood flow and
muscle temperature, reduced spinal reflex excitability),
and/or psychological (e.g., increased relaxation,
decreased anxiety) (Weerapong et al., 2005). However,
there is little compelling evidence for efficacy of this
treatment modality (Weerapong et al., 2005). Further, a
review on the biomechanical effects of massage reports
inconsistent results between studies (Weerapong et al.,
2005). This inconsistency may be due in part to the
various types of massage and the duration of application.
Alternatively, there may be little biomechanical effect of
performing massage.

The effectiveness of massage to reduce passive muscle
stiffness has been postulated (Hopper et al., 2005;

Arabaci, 2008; Huang et al., 2010) but has not been
verified in humans using direct methods. There is,
however, a potential for massage to reduce passive
muscle stiffness. Weak but “long-lasting” cross-bridges
between myosin heads and actin are spontaneously
formed under resting states (Hill, 1968), contributing to
increased passive muscle tension (Proske & Morgan,
1999). Mobilizing and/or stretching the muscle can
decrease this resting stiffness (Axelson & Hagbarth,
2001). It is therefore possible that certain massage tech-
niques may break these cross-bridges in a similar way,
and thus be partly responsible for the increase in ROM
that has been reported following massage in some
studies (McKechnie et al., 2007; Arabaci, 2008).
However, assessment of ROM cannot provide conclusive
evidence of altered muscle stiffness. Besides the close
relationship with passive muscle stiffness (Proske &
Morgan, 1999; Guissard & Duchateau, 2006), ROM is
also related to stretch tolerance (Magnusson et al., 1996)
and neural factors [e.g., decreased spinal reflex excitabil-
ity (Guissard & Duchateau, 2006)] that could also be
altered by massage (Behm et al., 2013). To definitively
determine if massage does reduce muscle stiffness, a
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direct assessment of muscle mechanical properties is
required.

Supersonic shear imaging (SSI) is a shear wave
elastography technique that quantifies the shear elastic
modulus (stiffness) of a localized area of tissue (Bercoff
et al., 2004). SSI provides a reliable measure of muscle
shear elastic modulus (Lacourpaille et al., 2012), with a
linear relationship between muscle shear elastic modulus
and muscle stress during passive stretching. This has
been demonstrated both in vivo (Maisetti et al., 2012;
Chernak et al., 2013; Hug et al., 2013) and ex vivo (Koo
et al., 2013). Taking advantage of this technique, muscle
slack length has also been determined on medial gastroc-
nemius [MG (Maisetti et al., 2012)] and on each head of
biceps brachii (Lacourpaille et al., 2013). Therefore, this
technique provides a unique opportunity to quantify the
effect of massage on muscle stiffness.

The aims of this study were twofold: (a) to evaluate
the effect of 7 min of massage (a standardized combina-
tion of effleurage, petrissage, and deep circular frictions)
on stiffness of the MG muscle measured at a moderately
stretched position; and (b) to determine whether this
effect (if any) persists over a short period of rest. We
hypothesized that massage would reduce muscle stiff-
ness but that the effect would not persist over time.

Methods
Participants

Eighteen healthy volunteers (6 female; age: 28.0 ± 6.4 years;
height: 176 ± 8.1 cm; weight: 71.8 ± 10.0 kg) participated in the
experiment. Participants were excluded if they had any current
pain in the lower extremities, chronic ankle instability, or neuro-
logic condition. Participants provided written informed consent
prior the start of the experiment. The Institutional Medical
Research Ethics Committee (The University of Queensland)
approved the study, and the experiments were conducted in accor-
dance with the Helsinki Declaration (2001).

Measurements

An Aixplorer ultrasound scanner (version 8.2; Supersonic
Imagine, Aix-en-Provence, France) coupled with a linear trans-
ducer array (4–15 MHz; SuperLinear 15-4, Vermon, Tours,
France) was used in shear wave elastography mode (musculo-
skeletal preset). The method used to obtain the shear wave speed

(Vs) is described in detail elsewhere (Bercoff et al., 2004). Assum-
ing a linear elastic behavior (Bercoff et al., 2004; Catheline et al.,
2004), the muscle shear elastic modulus (μ) was calculated as
follows:

μ ρ= Vs
2 [1]

where ρ is the density of muscle (1000 kg/m3). Maps of the shear
elastic modulus were obtained at 1 sample per second with a
spatial resolution of 1 × 1 mm.

The SSI measurements were performed at a midpoint of the
length of the MG muscle belly, ~ 3–4 cm medial of the division
between medial and lateral gastrocnemius. B-mode images were
used to determine the MG fiber orientation. When several fascicles
could be observed without interruption across the image (Blazevich
et al., 2006), the probe location was traced on the skin and was kept
the same for all the measurements within each participant. Mea-
surements of MG shear elastic modulus (stiffness) were performed
before massage (baseline), immediately after massage (follow-up
1), and after 3 min of rest following the last measurement of
follow-up 1 (follow-up 2) on both the massaged and non-massaged
(control) leg (Fig. 1). No precondition of the limbs was performed
before the investigation began. During the experimental period,
participants laid prone on a padded treatment plinth with legs
supported to ∼ 5 cm above the ankles and their feet overhanging the
end of the plinth. For each SSI measurement, the ankle of the
participant was passively supported at 10° of plantarflexion
(0° = foot perpendicular to the leg) by moving the plinth such that
both feet were gently pressed against the wall. This ankle angle was
chosen such that the MG was moderately stretched and thus devel-
oped passive tension (note that muscle stress is null if the muscle-
tendon unit is slack). The slack length of the MG occurs at about
−25° of plantarflexion (Maisetti et al., 2012; Hug et al., 2013).
Therefore, 10° of plantarflexion ensured that the muscle-tendon
unit was moderately stretched for all the individuals. Between each
measurement, the ankles were released to their resting position,
which was more plantar flexed than the measurement position.

The muscle shear elastic modulus was measured for 10 s (10
values were recorded at 1 sample per second) and this was
repeated three times for each leg and each time point (i.e., base-
line, follow-up 1, follow-up 2). During the massage and the mea-
surements, participants were instructed to remain “as relaxed as
possible.” Muscle shear elastic modulus was measured from both
legs in a randomized order, except immediately after massage
where the massaged leg was always measured before the non-
massaged leg. This was done because previous research (Behm
et al., 2013) and pilot data provided some evidence that the effect
of massage disappears rapidly upon cessation of the massage.

Immediately after the massage intervention, the participant
rated the level of pain experienced during the massage on a
numerical rating scale. The scale was anchored with “no pain” at
0 and “worst imaginable pain” at 10.

Fig. 1. Protocol of the study with the three time points for measurements. Baseline was measured before massage, follow-up 1 was
measured immediately after massage, and follow-up 2 was measured after 3 min of rest following the last measurement of
follow-up 1.
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Intervention

The massage intervention lasted for 7 min and was delivered to
one lower leg (counterbalanced order) by an Australian registered
physiotherapist with 3 years of experience (L. H.). It consisted of
four phases in the following order: 2 min of effleurage, 2 min of
petrissage, 2 min of deep circular friction, and 1 min of effleurage.
Effleurage consisted of deep stroking movements over the skin
with a smooth continuous motion (Cassar, 1999; Lowe, 2009).
Petrissage consisted of compressing the tissues between the
fingers of one hand and the thumb of another while lifting the soft
tissues off the underlying structures (Cassar, 1999). Deep circular
friction was applied using the fingertips and thumb to mobilize the
superficial structures (e.g., MG) in relation to the deep structures
(e.g., soleus, tibialis posterior) (Lowe, 2009). During effleurage
the whole calf was treated, and during the deep friction and petris-
sage phases the massage focused on the area of measurement.
Each phase of the massage was timed and efforts were made to
keep the pressure similar between participants, and comparable to
what would be used in a sports setting post exercise. During the
massage, the ankle angle was in resting position (feet overhanging
the foot of the plinth, as described above). After the SSI measure-
ments at follow-up 1, the participants lay prone with their ankles in
resting position during 3 min before follow-up 2.

Data analysis

The data processing was blinded (the experimenter was not aware
of the condition/side when viewing the images) and performed
using Matlab (The Mathworks, Natick, Massachusetts, USA). SSI
recordings were exported from the Aixplorer’s software in “avi”
format and sequenced in “jpeg.” Image processing converted the
colored map into shear elastic modulus values. First, a rectangular
region of interest (ROI) was selected over the largest muscular
region available on the shear elastic modulus map, excluding apo-
neurosis. The mean area of the ROI was ∼ 2.5 cm2. Then the ROI
within each map was inspected for artifacts or loss of shear wave
data (black spots in the image). If artifacts were present in any of
the images to be analyzed within a measurement (i.e., 10-s movie),
the ROI was reduced in size to remove the area of artifact from all
images within that measurement. Then, the shear elastic modulus
was averaged over the middle 8 s (eight values) so that one repre-
sentative value was obtained for each collection point. Note that
the variability over these eight values was low (coefficient of
variation ranged from 1.6 ± 0.9 to 2.2 ± 1.5% depending on the
leg/time point).

Statistics

One participant was unable to fully relax during the measurement
of the non-massaged leg during the baseline condition (about 50%
stiffer than values measured during follow-ups 1 and 2). There-
fore, this participant was excluded from data analysis. All statis-
tical analyses were performed using Statistica (StatSoft, Tulsa,
Oklahoma, USA). Data distributions consistently passed the
Kolmogorov–Smirnov normality test and thus all data were
reported as mean ± SD.

First, the intra-session repeatability of the shear elastic modulus
measurements was assessed for each leg over the three baseline
(before massage) measurements by calculating the intraclass cor-
relation coefficient (ICC) and standard error of measurement
(SEM). The potential of time-dependent change in shear elastic
modulus over the three consecutive measurements performed
within each time point (i.e., baseline, follow-up 1, and follow-up
2) for each leg (i.e., control and massaged leg) was also tested
using separate repeated measures analyses of variance (ANOVAs)
(i.e., six ANOVAs, with measurements 1, 2, 3 as the dependent

variable). Then a two-way repeated measures ANOVA was per-
formed, with leg (control and massaged leg) and time (baseline,
follow-up 1, and follow-up 2) as within-subject factors. Post-hoc
analyses were performed using the least significant difference
(LSD) test. P values < 0.05 were considered significant. The rela-
tionship between pain ratings or depth of the ROI (respectively)
and change in stiffness was tested at follow-up 1 using Pearson’s
correlation coefficient. Finally, Cohen’s d values (standard devia-
tion of the difference used as the standardizer) are reported as
measures of effect size, with 0.2, 0.5, and 0.8 as small, moderate,
and large effects, respectively (Cohen, 1988).

Results
Muscle shear elastic modulus

Excellent intra-session reliability was found over the
three measurements performed during baseline for both
the control (ICC = 0.98, SEM = 0.14 kPa) and massaged
(ICC = 0.96, SEM = 0.22 kPa) legs. In addition, there
was no effect of time on the three measurements for
either leg and any time point considered (P values
ranged from 0.15 to 0.89). Consequently, data were aver-
aged over the three measurements.

Figure 2 depicts a typical example of the shear elastic
modulus map measured during baseline, follow-up 1,
and follow-up 2. A significant leg × time interaction

Fig. 2. Individual example of shear elastic modulus maps
obtained at baseline, follow-up 1, and follow-up 2. The map of
shear elastic modulus is superposed onto the B-mode image,
with the color scale depicting graduation of shear elastic
modulus (scale in kPa). To obtain a representative value, the
shear elastic modulus (in kPa) was averaged over the region of
interest (in white).
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(P = 0.037) was found on the MG shear elastic modulus.
There was no significant difference between legs at base-
line (P = 0.47). MG shear elastic modulus of the mas-
saged leg was significantly lower immediately after
massage (follow-up 1: 10.3 ± 2.6 kPa) compared with
both baseline (11.0 ± 3.1 kPa, P = 0.019) and following
rest (follow-up 2: 10.9 ± 2.8 kPa; P = 0.031) (Fig. 3).
Individual data, including baseline values, are depicted
in Fig. 4. This decrease in muscle shear elastic modulus
compared with baseline (−5.2 ± 8.8 %) is considered a
“moderate” effect (d = −0.66). No significant difference
was found between baseline and follow-up 2 (P = 0.83,

d = −0.06). No significant difference was found for any
time points in the control leg (baseline: 10.5 ± 3.1 kPa,
follow-up 1: 10.8 ± 3.2 kPa, follow-up 2: 10.6 ±
3.2 kPa; P values ranged from 0.16 to 0.27). There was
no relationship between the depth of the measurement
(i.e., ROI) and the amount of decrease in muscle stiff-
ness (r = 0.13; P = 0.62).

Pain ratings

The mean level of pain experienced during the massage
as rated by the participants immediately after massage
was 1.3 ± 1.6/10. There was no correlation between
rated pain level and reduction in shear elastic modulus
for the massaged leg at follow-up 1 (r = 0.035, P = 0.89).

Discussion

Taking advantage of a shear wave elastography tech-
nique (SSI), this is the first study to quantify the effect of
massage on muscle stiffness in humans. Consistent with
our hypothesis, 7 min of massage decreased muscle stiff-
ness. This effect did not persist after a short rest period.

Possible mechanisms to explain decrease in
muscle stiffness

There can be several explanations for the observed short-
term reduction in muscle stiffness following massage.
First, there might be a decrease in motoneuron excitabil-
ity as the result of a greater general sense of relaxation
(Fujisawa et al., 2011) and/or a local reflex inhibition
within the massaged limb (Morelli et al., 1990; Goldberg
et al., 1992; Dishman & Bulbulian, 2001; Behm et al.,
2013). However, the participants were instructed to
remain “as relaxed as possible” throughout the testing
period, and therefore the massaged muscle (and the con-
tralateral non-massaged muscle) was likely to be myo-
electrically silent and insensitive to a decrease in spinal/
cortical excitability. Consequently, it is unlikely that
even a local decrease in motoneuron excitability may
explain the observed decrease in muscle stiffness.

Second, mechanical effects might explain the reduc-
tion in stiffness after massage. By applying pressure and
stretching to the underlying muscle tissue, it is possible
that massage breaks the stable cross-bridges between the
actin and myosin filaments that are spontaneously
formed when muscles are at rest (Hill, 1968; Proske &
Morgan, 1999). This is in line with a previous study
showing a decrease in passive torque resistance during
wrist dorsiflexion after mechanical agitation [i.e., 10- to
15-s massage, vibration, rapid flapping of the hand
(Axelson & Hagbarth, 2001)]. The gradual reattaching
of the filaments that occur after breakage (Morgan et al.,
1984) is likely to start immediately after massage has
ceased, accounting for the short duration of stiffness
reduction.

Fig. 3. Change in muscle stiffness (shear elastic modulus).
Changes observed for both the massaged leg and the control leg
are expressed in percentage of their baseline values. Error bars
denote the 95% confidence interval; box denotes the 25th–75th
percentiles with the median. The dot indicates an outlier. The
asterisk indicates that the change to baseline is significant based
on the statistical analysis performed on raw data and presented in
the Results section.

Fig. 4. Individual data of change in muscle stiffness. The shear
elastic modulus (kPa) measured during baseline and two
follow-up periods are shown for both the control (left) and mas-
saged (right) legs. Note that the variability between the three
time points is higher for the control leg of one participant
(between follow-ups 1 and 2). Statistics were performed with
(data reported in the article) and without this participant (data
not reported) and the results were the same.
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Third, it is possible that muscle stiffness decreased as
a result of increased intramuscular temperature. Indeed,
5 minutes of massage of the vastus lateralis has been
shown to increase intramuscular temperature by 2 °C at
1.5 cm depth (Drust et al., 2003). As ex vivo studies
suggested that muscle shear elastic modulus is depen-
dant on muscle temperature, with a decrease rate of
about −2% °C−1 (Sapin-de Brosses et al., 2010), this
could account for, at least in part, the reduction in muscle
stiffness observed in the present study. Although pos-
sible, we postulate that this cannot be the main explana-
tion for the findings in the present study. This is because
there was no relationship between the depth of the
measurement (i.e., ROI), which influences the rate of
increased temperature (Drust et al., 2003), and the
amount of decrease in muscle stiffness (r = 0.13).

Finally, it is likely that neither of the proposed mecha-
nisms (i.e., breaking of resting cross-bridges and
increase in intramuscular temperature) work in isolation,
but instead their combined effect is responsible for the
observed decrease in muscle stiffness at a moderately
stretched position.

Methodological considerations

The experimenter taking the SSI measurement was
aware which leg was massaged (this was unavoidable
due to the potential for a slight increase in temperature/
redness of the region massaged). However, it is unlikely
that this influenced the measurements. In fact, because
SSI uses ultrasonic focused beams to generate mechani-
cal vibration sources inside the tissues without external
mechanical vibration, the measurement is theoretically
not affected by small changes of the pressure between
the probe and the skin. This awareness would have been
more problematic for the processing where the experi-
menter had to choose the ROI. However, as mentioned in
the Methods section, the data processing was blinded.

The intra-session reliability of the three baseline mea-
surements was very high and very close to values
reported previously for the same muscle (Lacourpaille
et al., 2012). Consequently, the effect of massage (clas-
sified as “moderate”) is much greater than the variability
of the measurements making us confident that this effect
is real.

It was not possible within the current protocol to
objectively confirm that the test muscle was electrically
silent. This is because surface electromyography elec-
trodes would have needed to be placed immediately
above the region to be massaged and measured.
However, it is well accepted that resting muscles are
electrically silent in healthy participants. It is thus a
reasonable assumption of this study that the muscles
were electrically silent during the measurement periods.

Pain could be argued to be one factor that may influ-
ence the effect of massage. If a massage is experienced
as painful, the participant may have difficulties relaxing,

and therefore may voluntarily or involuntarily increase
the activity in their muscles. Muscle activation (whether
voluntary or spinally mediated) is associated with active
bindings between myosin and actin filaments. Therefore,
it is possible that the presence of pain could reduce the
effectiveness of massage at decreasing muscle stiffness.
However, pain induced by the massage in the present
study was low, and there was no relationship between
pain and the reduction in stiffness observed in the mas-
saged leg. Thus, we do not believe that the presence of
moderate pain in some individuals influenced the results.

We have demonstrated that massage decreases muscle
stiffness in healthy participants. This finding cannot be
generalized to individuals with muscle pathology/injury,
and is limited to the massage protocol used. However,
we argue that it is likely that the effect of massage would
be greater if applied to a muscle with abnormally
increased stiffness (e.g., after eccentric exercise or in
painful or spastic muscles). Experimental evidence from
animal studies suggests that mechanical stimulation, rep-
licating deep effleurage, can restore the viscoelastic
properties of muscles after exercised muscle injuries to a
greater extent than merely rest (Haas et al., 2012). This
possibly indicates a more profound and/or a persistent
effect of massage on injured tissue. Regarding the
massage technique used, the level of pressure applied
during massage (petrissage) of the calf can affect the
amplitude of local reflex inhibition within the massaged
limb (with increased pressure having a larger effect)
(Goldberg et al., 1992). However, tapotement (percus-
sive hacking) and petrissage (kneading) of calf muscles
increase ankle ROM to a similar degree (McKechnie
et al., 2007). We contend that the impact of massage
techniques on the efficacy of massage is likely to be
dependent on the measured outcome. Thus, future inves-
tigations are needed to determine which massage tech-
nique, or combination of techniques, is the most
effective at reducing muscle stiffness. Finally, the results
from this study may not be immediately inferred to other
muscles, as within-muscle transmission of the mechani-
cal load associated with massage may depend on muscle
architecture. Therefore, the effect of massage may differ
between muscles.

Perspectives

SSI is a valid and reliable technique to quantify muscle
stiffness (Lacourpaille et al., 2012). Given that it is a
noninvasive and easy to use technique, it may provide a
suitable assessment of the effectiveness of massage in
reducing muscle stiffness in multiple settings. There is,
however, a need to couple the findings from the present
study on a mechanical effect of significant muscle stiff-
ness reduction to a more functional outcome such as
ROM or torque during passive stretching. Our study
demonstrates that the functional consequence of the
decrease in stiffness following massage is likely to be
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limited considering the very short time span of the
mechanical effect. Further research is now required to
investigate the effect of massage on muscle stiffness, and
its functional consequence, in a context of abnormal
increase stiffness (e.g., following a bout of eccentric
exercise or with pain).

Key words: Shear elastic modulus, tension, calf,
elastography.
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