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Abstract  
It is commonly believed that massage can reduce muscle stiffness 
and is desirable for recovery from exercise. However, the effect 
massage on muscle stiffness following eccentric exercises is cur-
rently unknown. This study aimed to examine the effect of post-
exercise massage on passive muscle stiffness over a five-day pe-
riod. A randomised cross-over study design was adopted. After 
40 minutes of downhill running, 18 male recreational runners had 
one leg received a 16-minute massage and the contralateral leg 
received a 16-minute sham ultrasound treatment. Passive stiffness 
for four leg muscles (rectus femoris, biceps femoris, tibialis ante-
rior, and gastrocnemius) was assessed using myotonometry at 
baseline, immediately post-run, post-treatment, 24, 48, 72, and 96 
hours post-run. A 2 (treatment) × 7 (time) mixed ANOVA was 
conducted with a robust procedure on the myotonometry data of 
each leg muscle to examine the effect of treatment on stiffness. 
Passive stiffness for all muscles changed over time but no treat-
ment effect was found. Stiffness increased at 24 hours post-run 
and remained elevated from baseline levels for up to 96 hours 
across all four muscles. Significant treatment × time interaction 
was only found in the tibialis anterior but no post-hoc differences 
were identified. Passive stiffness of major leg muscles increased 
after a bout of unaccustomed eccentric exercise and remained el-
evated for up to four days post-exercise. Compared with the pla-
cebo treatment, post-exercise massage had no beneficial effect in 
alleviating altered muscle stiffness in major leg muscles. 
 
Key words: Eccentric, running, Myoton, soreness, pain, Swe-
dish.  

 

 
Introduction 

 
Massage is a common form of treatment practiced to help 
athletes recover from training- and competition-induced 
symptoms of delayed-onset muscle soreness (DOMS) and 
to enhance their subsequent sporting performance (Barnett, 
2006; Galloway and Watt, 2004; Weerapong et al., 2005). 
It is estimated that massage contributes to approximately 
45% of all treatments provided to elite athletes during 
sporting competitions (Galloway and Watt, 2004). Many 
coaches and athletes believe that massage can reduce mus-
cle stiffness and is desirable for recovery and injury pre-
vention. In the literature, elevated muscle stiffness has been 
shown to relate to injury incidence in elite athletes (Rodri-
geuz et al., 2017) but only three studies have investigated 
the effect of massage on muscle stiffness in human partic-
ipants (Eriksson Crommert et al., 2015; Ogai et al., 2008; 
Thomson et al., 2015). Following supramaximal cycling, a 
10-minute petrissage massage improved the recovery of 
muscle  stiffness  in  the  quadriceps  and  enhanced subse- 

quent cycling performance (Ogai et al., 2008). In contrast, 
no changes were found in passive calf muscle stiffness with 
or without a bout of 10-minute deep tissue massage (Thom-
son et al., 2015). Another study demonstrated that a 7-mi-
nute massage provided an immediate reduction in muscle 
stiffness of the medial gastrocnemius but this effect did not 
persist after a short 3-minute rest period (Eriksson Crom-
mert et al., 2015). The authors hypothesized that massage 
breaks the stable cross-bridges between the myosin and ac-
tin filaments and that gradual reattachment of the filaments 
occur immediately after massage has ceased, accounting 
for the short-term reduction in muscle stiffness. These 
mixed results from previous studies urge the need to further 
examine the response in muscle stiffness following mas-
sage treatment. 

It should be noted that previous investigations on 
muscle stiffness administered massage treatments either 
without any exercise protocol  (Eriksson Crommert et al., 
2015;  Thomson et al., 2015) or involved only concentric 
muscle contraction (cycling) (Ogai et al., 2008). No studies 
have examined the effect of massage on muscle stiffness 
following eccentric exercises, which induces greater mus-
cle soreness than concentric exercises (Clarkson et al., 
1986). Also, previous studies only examined the immediate 
or short-term (i.e., up to 30 minutes) effects of massage and 
did not use a placebo treatment  (Eriksson Crommert et al., 
2015; Ogai et al., 2008; Thomson et al., 2015). Given the 
positive psychological effect of massage (Weerapong et 
al., 2005) and that exercise-induced symptoms of DOMS 
usually last for one to five days post-exercise (Armstrong, 
1984; Clarkson, 1986), it is necessary to include a placebo 
treatment and to adopt a longer study duration to better un-
derstand the effects of massage on muscle stiffness.  

Thus, the aim of this study was to examine the effect 
of post-exercise massage on passive muscle stiffness over 
a five-day period. It was hypothesized that massage would 
be more effective than a placebo treatment in alleviating 
altered muscle stiffness induced by an eccentric bout of ex-
ercise. 
 
Methods 
 
Participants 
This study was approved by the Nanyang Technological 
Institutional Review Board (IRB-2014-10-054). The inclu-
sion criteria were male, aged 18 to 35 years, and ran at least 
three times per week covering a weekly distance of at least 
9 km for the past two months. The exclusion criteria in-
cluded any history of surgery to the back or leg, serious 
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injuries to the back or legs in the last six months, discom-
fort or pain in the back or legs, use of pain and anti-inflam-
matory medications, or any contraindications to massage 
treatment (allergy to oil or cream, skin infection, diabetes, 
or deep vein thrombosis). Eighteen healthy male recrea-
tional runners [mean (SD), age 24.9 (3.4) years, height 1.71 
(0.05) m, body mass 63.5 (7.5) kg; 2.4 km run time, 8.96 
(0.85) min] provided written informed consent to partici-
pate in the present study. This sample size was calculated 
based on a previous study (Eriksson Crommert et al., 
2015), which showed a decrease in muscle stiffness follow-
ing massage (moderate effect size = 0.25 for F tests,  = 
.05,  = .20). 

 
Study design 
A double-blind, within-participant study design was 
adopted. Participants had one leg randomly assigned to 
massage and the contralateral leg to a placebo treatment 
(Hilbert et al., 2003; Smith et al., 1994; Zainuddin et al., 
2005). The study trials spanned over five consecutive days, 
including a main trial (exercise and treatment) and four fol-
low-up tests (24, 48, 72, and 96 hours post-exercise). Par-
ticipants had one familiarisation session which comprised 
a multi-stage treadmill test of level running at increasing 
speeds, and all muscle assessment procedures. To mini-
mise bias towards the massage protocol, participants were 
given the impression that both limbs had undergone thera-
peutic treatments (massage or ultrasound).  

 
The main trial commenced at least 48 hours after the famil-
iarisation session. Participants were asked not to partake in 
any exercises or engage in any recovery aids 48 hours prior 
to main trial and throughout the five-day study period. Par-
ticipants reported at 0800 h to the laboratory to have their 
muscle stiffness, perceived muscle soreness, and plasma 
creatine kinase (CK) measured (baseline).  To induce mus-
cle soreness, participants ran downhill for 40 minutes on a 
treadmill (Lode Katana Sports XL, Groningen, The Neth-
erlands) at a gradient of -10°. This eccentric exercise pro-
tocol has been shown to successfully induce muscle sore-
ness (Byrnes et al., 1985; Farr et al., 2002). The mean (SD) 
downhill running speed of 11.2 (1.4) km/h, corresponding 
to 80% of each participant’s maximal heart rate during 
level running, was pre-determined through the multi-stage 
treadmill run test conducted during the familiarisation ses-
sion. The downhill run was followed by a 30-minute tran-
sition period to shower and get changed before a second set 
of stiffness and soreness measurements were taken (post-
run). One-and-a-half hours after the run, participants re-
ceived massage and placebo treatments for 32 minutes (16 
minutes per leg) in a randomised order. Immediately after 
the treatments, muscle stiffness and soreness were assessed 
(post-treatment). Following main trial, participants re-
turned for the next four consecutive mornings for follow-
up measurements of muscle stiffness, perceived muscle 
soreness, and plasma CK (24, 48, 72, and 96 hours post-
run).  

 
Massage and placebo treatments 
One qualified physiotherapist with 11 years of experience, 
who regularly performed massage in her clinical practice, 

delivered both the massage and placebo treatments 
throughout the study to ensure good consistency. One ran-
domly selected leg of each participant received a 16-minute 
standardised massage routine targeting four areas: quadri-
ceps, hamstrings, tibialis anterior, and gastrocnemius. Us-
ing unscented massage oil, each area was massaged for 4 
minutes using typical Swedish techniques (2-min ef-
fleurage, 40-s wringing, 40-s kneading, and 40-s ta-
potement). The contralateral leg received a matching 16-
minute (4 minutes for each targeted area) sham therapeutic 
ultrasound treatment with an inactive probe (0 MHz) and 
water-soluble ultrasound transmission gel (Aquasonic 100, 
New Jersey, USA), which had no therapeutic effect. The 
treatment orders were randomised and counter-balanced, 
with the same series of soothing music played during both 
treatments. For blinding purpose, the treatments were con-
ducted in an enclosed room without the presence of the 
tester. At the end of the treatments, massage oil was applied 
to the leg which received sham treatment. With both limbs 
having the presence of oil, the assignment of treatments 
would not be apparent to the tester. Participants were re-
minded not to reveal their treatments (e.g., which leg re-
ceived massage) to the tester throughout the five-day study 
period. 

 
Muscle stiffness measurements 
Passive muscle stiffness was measured in a relaxed state 
using a hand-held myotonometry device, the MyotonPRO 
(Myoton AS, Tallinn, Estonia), which applies a brief (15 
ms) mechanical impulse to elicit damped oscillations of the 
muscle (Figure 1). Stiffness was determined from the os-
cillation response of the muscle registered by an in-built 
accelerometer (Frohick-Zwahlen et al., 2014; Janecki et al., 
2011; Pruyn et al. 2016). Good construct, concurrent, and 
predictive validity of myotonometric measurements have 
been demonstrated in the literature (Chuang et al 2012; 
Gubler-Hanna et al., 2007; Pruyn et al. 2016). Excellent 
relative and absolute reliabilities have also been reported 
(Bizzini and Mannion, 2003; Chuang et al., 2013; Lam et 
al., 2015). When applied in sport, this method has been 
shown to successfully monitor changes in stiffness follow-
ing eccentric exercises for up to five days (Janecki et al., 
2011). Four muscle sites were selected for stiffness meas-
urement: rectus femoris, biceps femoris, tibialis anterior, 
and medial gastrocnemius (Figure 1). At each site, the 
mean value of two sets of five consecutive measurements 
was used for analysis. To maintain good consistency across 
five days, the measurement points were marked on the skin 
with a permanent marker. The same tester took all stiffness 
measurements throughout; intra-rater reliability was excel-
lent (intra-class correlation = 0.852 to 0.993 across four 
muscle sites). 

 
Perceived muscle soreness 
Perceived muscle soreness was assessed using an 11-point 
numerical rating scale (NRS), where 0 represents “no sore-
ness at all” and 10 indicates “the worst imaginable sore-
ness” (Hjermstad et al., 2011). For each muscle site, par-
ticipants were asked to rate their perceived soreness after 
stepping up and down from a 40-cm high box (Chen et al., 
2007). To  assess muscle soreness on the left side, partici- 
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pants stepped up using the left leg and back down using the 
same leg, with the process reversed for the right leg. This 
step-up-and-down protocol was done to induce sensations 
of soreness caused by DOMS (Lau et al., 2013), allowing 
the participants to have a better gauge of pain. The assess-
ment orders of the muscle sites were randomly assigned for 
every trial to avoid any effect of anticipation. 

 
Plasma Creatine Kinase (CK) 
Plasma CK was determined through fingertip blood sam-
pling to provide a biochemical marker of muscle damage. 
Capillary blood (approximately 100 μL) was drawn using 
a lancet (ACCU-CHEK Safe-T-Pro Plus, Indiana, USA) 
and collected through a microvette (Sarstedt Microvette 
100 LH, Nümbrecht, Germany), of which 32 μL was pipet-
ted onto a CK test strip (Reflotron CK, Mannheim, Ger-
many). Analysis was done using a dry chemistry analyzer 
(Roche Reflotron Plus, Rotkreuz, Switzerland). 

 
Statistical analysis 
One-way repeated measures analysis of variance 
(ANOVA) was used to examine the change in CK across 
five days. A 2 (treatment) × 7 (time) mixed ANOVA using 
the R package of WRS2 (Mair and Wilcox, 2015) was con-
ducted for each muscle site to examine the effects of treat-
ments on muscle stiffness and perceived muscle soreness 
across the seven measurement time points. This is a robust 
method for conducting two-way mixed ANOVA, which 
can be considered non-parametric equivalence of mixed 
ANOVA (Field et al., 2012). In the analyses, significance 
for the main effect was set at p < 0.050. Post-hoc pairwise 

comparisons were applied using Bonferroni adjusted alpha 
levels where appropriate. 
 

 

 
 

Figure 2. Plasma creatine kinase levels across five days. * indi-
cates post-hoc difference from baseline with Bonferroni adjustments (p < 
0.013 [.050/4]). 

 
Results 

 
There was a significant main effect of time for CK, indi-
cating that the downhill running protocol was effective in 
inducing muscle damage (Figure 2). Compared with the 
baseline value (216.7 [95% confidence intervals, 133,6, 
299.9] L, CK level peaked 24 hours ( = 583.2 [434.5, 
731.9] L, p < 0.013 [.050/4]] after the eccentric downhill 
run and remained significantly elevated at 48 hours ( = 
221.1 [133.8, 308.3] L, p < 0.013), and gradually returned 
towards baseline value at 72 hours ( = 93.8 [16.5, 171.2] 
L] and 96 hours ( = 63.3 [14.2, 112.4] L). 

 

 
 

 
 
 

Figure 1. Muscle stiffness was measured using the MyotonPRO device on four muscle sites: (a) rectus femoris (mid-
point between anterior superior iliac spine and top of patella), (b) biceps femoris (mid-point between ischial tuberosity 
and head of fibula), (c) tibialis anterior (one-third from head of fibula to medial malleolus, 2 cm away laterally from 
tibia), and (d) gastrocnemius (middle of the most prominent muscle bulge when participant tip-toed on one foot). 
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Figure 3. Muscle stiffness measured using myotonometry across 5 days. * indicates post-hoc difference from baseline with Bonferroni 
adjustments (p < 0.008 [(.050/6]). 

 
 

 
 

Figure 4. Perceived muscle soreness measured using numerical rating scale (NRS) across five days. * indicates post-hoc difference 
from baseline with Bonferroni adjustments (p < 0.008 [(.050/6]). 

 
For the stiffness of all four muscles, there was a sig-

nificant main effect of time (p < 0.001) but no treatment 
effect of treatment (Figure 3). Post-hoc analyses revealed 
similar patterns across all muscles that stiffness increased 
from baseline at 24 hours post-run and remained elevated 
from baseline levels for up to 96 hours after the eccentric 
downhill run (p < 0.008 [.050/6]). Significant treatment × 
time interaction was only found in the tibialis anterior (p < 
0.001) but not the other three muscles. Post-hoc analyses, 
however, did not reveal any pairwise statistical difference 
between the massage and placebo conditions at any time 

point. It is notable from Figure 3 that at post-treatment, 
stiffness of the tibialis anterior that received massage was 
lower (396.8 [378.9, 414.7] N/m) than the placebo condi-
tion (412.3 [390.5, 434.0] N/m) but this difference (-15.5 
[-32.9, 1.9] N/m, p = 0.071) did not reach statistical signif-
icance. 

For perceived muscle soreness, there was a signifi-
cant main effect of time (p < 0.001) for all muscles (Figure 
4). Post-hoc pairwise comparisons with baseline indicated 
that muscle soreness for both legs increased after the down-
hill run and peaked at 24 hours post-run in all four muscles 
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(p < 0.008[.050/6]). Soreness values were gradually re-
duced 48 hours post-run but remained significantly ele-
vated against baseline values for all 96 hours post-run (p < 
0.008). Significant treatment effect was observed only in 
the biceps femoris (p = 0.01), with a very small overall dif-
ference between the legs across five days (massage = 2.06 
[1.33, 2.78], placebo = 2.17 [1.48, 2.87], mean difference 
= -0.12 [-0.26, 0.02] in a scale of 0 to10). No interaction 
effects were found in any muscles.  
 
Discussion 
 
The present study examined the effect of post-exercise 
massage on passive muscle stiffness measured using myo-
tonometry. With a placebo treatment and follow-up meas-
urements over five days, this study allowed a better under-
standing of the long-term effect of massage on muscle stiff-
ness after eccentric exercise. The main findings were that 
muscle stiffness increased after a bout of downhill run and 
remained elevated for up to four days post-exercise, but 
there was no difference between massage and placebo 
treatments in three out of four tested muscles. While there 
may be some beneficial effect for the tibialis anterior, over-
all there were no clear evidence to support our hypothesis 
that massage was more effective than the placebo treatment 
in alleviating altered muscle stiffness induced by a bout of 
unaccustomed eccentric exercise. 

 
Change in muscle stiffness 
Muscle stiffness measurements can offer insightful infor-
mation for injury risk monitoring and prevention strategies, 
as a prospective study on elite netball players found higher 
stiffness in the soleus and Achilles tendon of injured com-
pared with non-injured athletes (Rodrigeuz et al., 2017). In 
the present study, passive stiffness in all tested muscles 
consistently increased after a bout of downhill run and re-
mained elevated for up to 4 days post-exercise. Our obser-
vation supports a previous study which measured the stiff-
ness of an upper limb muscle following eccentric exercises 
using myotonometry (Janecki et al., 2011). In this earlier 
study, stiffness of the biceps brachii increased from 223 
(19) N/m to 254 (22) N/m immediately after a protocol of 
repeatedly lowering a dumbbell, and high stiffness values 
lasted for up to five days. One notable difference from their 
findings is that in our study, muscle stiffness did not in-
crease immediately after the exercise but only 24 hours 
later and this pattern was consistent among all four tested 
muscles (Figure 3). The discrepancy in the onset of in-
creased stiffness may be related to participant characteris-
tics and/or the muscle groups tested. Participants in the 
study by Janceki et al. (2011) were untrained individuals 
whose upper limb muscles were likely less exposed to ec-
centric contraction compared with the regular runners in 
our study whose lower limb muscles were more accus-
tomed to absorb impact shock eccentrically during the 
ground contact phase of running. Other factors such as 
muscle thickness and subcutaneous thickness may also af-
fect myotonometric readings (Frohick-Zwahlen et al., 
2014).  For the purpose of longitudinal tracking of an indi-
vidual over time, it is evident that passive muscle stiffness 

measured using myotonometry is sensitive to changes in-
duced by intense, eccentric exercises. Thus, monitoring 
passive muscle stiffness may provide useful information 
for coaches and clinicians on the recovery status of ath-
letes.  

 
Effects of massage 
We originally hypothesised that massage would be more 
effective than the placebo in alleviating the altered muscle 
stiffness induced by eccentric exercises but our results did 
not provide clear evidence to support this hypothesis. Post-
exercise massage did not provide a beneficial effect on 
muscle stiffness recovery over the placebo treatment in ma-
jor leg muscles including the quadriceps, hamstring, and 
calf. Although no clear post-hoc differences can be found, 
massage may have some subtle effect on the tibialis ante-
rior (Figure 3), a muscle that plays a primary role in con-
trolling the foot motion during locomotion (Louwerens et 
al., 1995). One previous study found that massage reduced 
calf muscle stiffness immediately but the effect did not last 
after a 3-min rest (Eriksson Crommert et al., 2015). The 
authors postulated that massage induces some short-lived 
effect on the myosin and actin cross-bridges that is able to 
mitigate the immediate increase in stiffness seen post-ex-
ercise. With one bout of post-exercise massage, findings 
from the present study showed no difference in passive 
muscle stiffness between the massage and placebo condi-
tions over 96 hours. Considering the potential short-term 
benefit of massage (Eriksson Crommert et al., 2015), it is 
worth exploring if there exists a cumulative effect of mul-
tiple massage treatments on muscle stiffness during recov-
ery from exercises.  

Previous studies on massage have found contrasting 
results of improved recovery of stiffness in the quadriceps 
(Ogai et al., 2008), no change (Thomson et al., 2015) or 
reduced muscle stiffness in the calf (Eriksson Crommert et 
al., 2015). Since these earlier studies only examined rela-
tively short-term effects of massage (Eriksson Crommert et 
al., 2015; Ogai et al., 2008; Thomson et al., 2015), the pre-
sent study provides new insight on how muscle stiffness 
responds to massage for up to four days post-exercise. 
From our findings, it is clear that there is no long-term ben-
efit of a single session of post-exercise massage, when 
compared with placebo, on the recovery of elevated muscle 
stiffness in major leg muscles. We acknowledge that the 
Swedish massage techniques administered in the present 
study, though commonly practiced (Farr et al., 2002; We-
erapong et al., 2005), may be too gentle to induce sufficient 
therapeutic effects. Using more intense technique which 
can be painful, one study showed that applying roller mas-
sage for a short duration (five sets of 20 to 60 s) could in-
crease knee-joint range of motion and neuromuscular effi-
ciency during a lunge (Bradbury-Squires et al., 2015). Fu-
ture studies can investigate the effects of different massage 
techniques on muscle stiffness.  

In parallel with the lack of long-term effect of mas-
sage on muscle stiffness, massage did not improve per-
ceived muscle soreness as reflected by the lack of treatment 
by time interaction in NRS for all muscles (Figure 4). Alt-
hough it is generally perceived that massage provides pos-
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itive psychological effects (Cafarelli and Flint, 1992; Gal-
loway and Watt, 2004; Weber et al., 1994), our findings 
support previous studies which have shown that massage 
was not effective in improving perceived muscle soreness 
(Dawson et al., 2011; Farr et al., 2002; Weber et al., 1994).  
The present study adopted a within-subject design in which 
one leg received massage and the other leg received a pla-
cebo treatment, expecting that the effects on massage on 
muscle stiffness are localised to the muscles that are being 
manipulated. For pain perception, however, rolling mas-
sage has been shown to demonstrate non-localized effect 
on the contralateral limb (Aboodarda et al., 2015). This 
suggests that central pain-modulatory system may play a 
role in the mediation of perceived pain following massage 
(Aboodarda et al., 2015) and hence explaining the lack of 
differences in perceived soreness between the massage and 
placebo limbs in the present study. 

It is worth noting the different patterns of response 
for muscle stiffness and perceived muscle soreness during 
the recovery period. For all muscles, stiffness increased at 
24 hours post-run and remained elevated from baseline 
levels until the end of the five-day trial. Perceived muscle 
soreness increased immediately after the run, peaked at 24 
hours post-exercise, and gradually reduced in subsequent 
days. The lack of correspondence in the two patterns sug-
gests different underlying mechanisms for post-exercise 
changes in muscle stiffness and perceived muscle soreness. 
Based on the present findings, post-exercise massage is un-
likely to play a strong role in attenuating these responses. 

 
Limitations 
There are several limitations to the present study. First, we 
used an intensive eccentric protocol to induce substantial 
muscle damage in the participants. Massage may have dif-
ferent effects on muscle stiffness and perceived muscle 
soreness with exercise that is less damaging. Next, we did 
not measure how participants felt about the massage and 
placebo treatments. They might perceive both treatments 
positively, which might have influenced their perceived 
muscle soreness. In future studies, participant’s perception 
of different treatments should be measured and statistically 
controlled. Finally, we only examined lower limb muscles 
and recruited male participants who ran regularly. Caution 
should be taken when interpreting the results to other mus-
cle groups and population.  

 
Conclusion 
 
Passive muscle stiffness measured using myotonometry in-
creased after a bout of unaccustomed eccentric exercise 
and remained elevated for up to four days post-exercise in 
major leg muscles. Monitoring passive muscle stiffness us-
ing myotonometry may provide useful information for 
coaches and clinicians on the recovery status of athletes. 
During recovery, post-exercise massage was not more ef-
fective than the placebo treatment in alleviating the altered 
muscle stiffness in the quadriceps, hamstrings, and calf. 
For the tibialis anterior, there may be subtle beneficial ef-
fect of massage in attenuating the increase in muscle stiff-
ness. When considering massage as a recovery strategy af-
ter training and competitions, coaches and athletes should 

be aware that massage is generally not effective in enhanc-
ing the recovery of stiffened muscles in the quadriceps, 
hamstrings, and calf. 
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Key points 
 
 Passive stiffness of major leg muscles increased after 

a bout of unaccustomed eccentric exercise and re-
mained elevated for up to four days post-exercise. 

 Compared with the placebo treatment, post-exercise 
massage has no beneficial effect in alleviating altered 
muscle stiffness in major leg muscles. 

 Monitoring passive muscle stiffness using myoto-
nometry may provide useful information for coaches 
and clinicians on the recovery status of athletes. 
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