
1 3

Eur J Appl Physiol (2017) 117:109–117
DOI 10.1007/s00421-016-3503-y

ORIGINAL ARTICLE

An acute session of roller massage prolongs voluntary torque 
development and diminishes evoked pain

Mark Tyler Cavanaugh1 · Alexander Döweling1 · James Douglas Young1 · 
Patrick John Quigley1 · Daniel David Hodgson1 · Joseph H. D. Whitten1 · 
Jonathan C. Reid1 · Saied Jalal Aboodarda1 · David G. Behm1 

Received: 15 June 2016 / Accepted: 9 November 2016 / Published online: 16 November 2016 
© Springer-Verlag Berlin Heidelberg 2016

Keywords  Foam roller · Visual analogue scale · Tetanus · 
Muscle twitch · Massage

Abbreviations
ANOVA	� Analysis of variance
CONTRA-R	� Contralateral plantar flexors rolling 

massage
DOMS	� Delayed onset muscle soreness
ES	� Effect size
F200	� Peak force exerted within 200 ms of the 

maximum voluntary isometric contraction
IPSI-R	� Ipsilateral plantar flexors rolling massage
MVIC	� Maximum voluntary isometric contraction
PF	� Plantar flexors
PPT	� Pain pressure threshold
RM	� Roller massager
VAS	� Visual analogue scale

Introduction

Foam rollers and roller massagers (RM) are popular devices 
used in competitive, recreational, and rehabilitation train-
ing. Prior research has demonstrated that foam rollers and 
RM have increased joint range of motion (MacDonald et al. 
2013; Sullivan et al. 2013; Halperin et al. 2014; Bradbury-
Squires et al. 2015), either increased (Halperin et al. 2014) 
or provided no change (MacDonald et  al. 2013; Sullivan 
et  al. 2013) in subsequent force, improved neuromuscu-
lar efficiency (Bradbury-Squires et al. 2015), and reduced 
pain associated with muscle tender points (Aboodarda et al. 
2015) and exercise-induced muscle damage (MacDonald 
et al. 2014; Pearcey et al. 2015).

Potential analgesic effects of massage-like mechani-
cal pressure on muscle pain pressure threshold (PPT) have 
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Introduction  Roller massage (RM) has been reported to 
reduce pain associated with exercise-induced muscle sore-
ness and increase range of motion without force or activa-
tion impairments. The objective was to examine RM effects 
on evoked pain and contractile properties.
Methods  Twelve men received three sets of 30-s RM at 
a perceived discomfort level of 7/10 on a visual analogue 
scale on the ipsilateral (IPSI-R) stimulated plantar flexors 
(PF), contralateral PF (CONTRA-R), Sham (light rolling 
on stimulated PF), or Control. At pre-test, post-test, and 
5-min post-test, they received evoked maximal twitch, teta-
nus, and 70% maximal tetanic stimulation, and performed 
a maximal voluntary isometric contraction (MVIC). Data 
analysis included perceived pain and contractile properties.
Results  The 70% tetanus illustrated significant 9–10% 
increases in pain perception with Sham and Control at 
post- and 5-min post-test, respectively (p  <  0.01). There 
was no pain augmentation with IPSI-R and CONTRA-R. 
There were no main effects or interactions for most con-
tractile properties. However, MVIC force developed in the 
first 200 ms showed 9.5% (p = 0.1) and 19.1% (p = 0.03) 
decreases with IPSI-R at post-test and 5-min post-test.
Conclusion  Data suggest that RM-induced neural inhi-
bition decreased MVIC F200 and nullified the testing-
induced increase in evoked pain associated with 70% 
tetanic stimulation.
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been attributed to neurological (e.g., mediation of pain-
modulatory system) (Mense 2000; Vaughan 2014; Han and 
Harrison 1997; Lund et al. 2002; Kutner et al. 2008), physi-
ological (e.g., increase blood circulation) (Weerapong et al. 
2005; Okamoto et  al. 2014), and mechanical parameters 
(e.g., release of myofascial restrictions with connective tis-
sue and blood vessels, and thixotropic responses) (Barnes 
1997; Schleip 2003a, b). Vaughan (2014) demonstrated 
that 3 min of foam rollers over the iliotibial band resulted 
in a significant increase in PPT (decreased pain percep-
tion) immediately post-treatment. Both MacDonald et  al. 
(2014) and Pearcey et al. (2015) reported that foam rollers 
reduced pain perception during the 3 days of recovery from 
exercise-induced delayed onset muscle soreness (DOMS). 
Aboodarda et  al. (2015) highlighted the contribution of a 
central pain-modulatory system in enhancement of the PPT 
recorded from plantar flexor muscle tender spots following 
RM. Since pain perception was alleviated following appli-
cation of RM on both ipsilateral (muscles containing ten-
der spots) and contralateral plantar flexors (without even 
touching the tender spots in the testing leg), Aboodarda 
et al. (2015) concluded that the neural component for this 
type of pain modulation would play a more important role 
than peripheral components. While these studies examined 
the effects of foam rollers or RM on chronic (i.e., myofas-
cial tender spots) and prolonged (i.e., DOMS) pain, it is 
unknown if RM would have an effect on acute, short-term 
noxious stimuli (i.e., evoked stimulation).

Mechanical pressure on a muscle can affect voluntary 
activation (Lund et  al. 2002, Morelli et  al. 1999, Pierrot-
Deseilligny and Burke 2005, Schleip 2003a, b). For exam-
ple, H-reflex amplitude was depressed during and after 
a short bout of massage (Behm et al. 2013; Morelli et  al. 
1999). However, there is a little research examining the 
effect of RM on evoked contractile properties. MacDon-
ald et al. (2013) reported no significant effects of an acute 
bout of foam rollers on any voluntary or evoked contrac-
tile force-related properties. They explained that the lack 
of change with knee extension force output, evoked tetanic 
force, rate of twitch development and voluntary activation 
could be attributed to the 2-min time lag between foam roll-
ers and neuromuscular evaluation. In a subsequent experi-
ment, MacDonald et  al. (2014) examined the influence of 
foam rollers for 72 h after exercise-induced muscle damage 
reporting a decreased electromechanical delay (EMD) but 

deficits in twitch and tetanic force-related variables. The 
conflicting findings regarding the effect of FR on evoked 
contractile properties may be related to the examination of 
an acute bout of foam rolling (MacDonald et al. 2013) ver-
sus foam roller effects on exercise-induced muscle damage 
(MacDonald et al. 2014). Furthermore, in both Macdonald 
and colleague studies, subjects placed most or all of their 
body mass on the foam roller, whereas during RM, less 
mechanical pressure is applied to the muscle. Hence further 
research is required to examine the effect of RM on volun-
tary and evoked contractile properties.

Therefore, the aims of this study were to determine the 
immediate effects of RM on pain perception and evoked 
contractile properties of the plantar flexor muscles with 
evoked twitch and tetanic nerve stimulation.

Methods

Participants

Based on prior related studies (MacDonald et  al. 2013, 
2014; Pearcey et  al. 2015; Aboodarda et  al. 2015), a sta-
tistical power analysis indicated that a minimum of 12 par-
ticipants would be needed to attain an alpha of 0.05 with 
a power of 0.8. Due to the pain and discomfort associated 
with maximal tetanic stimulation, recruiting 12 partici-
pants was challenging and we could not exceed the mini-
mum necessary number of participants (Table 1). Inclusion 
factors for participants included no prior musculoskeletal 
or visceral pain, experience with receiving evoked stimu-
lation, and currently resistance training for at least 1 year 
(minimum 2–3 times per week). Whereas one participant 
resistance trained for competition (power lifting), all others 
trained for health and fitness concerns. Participant exclu-
sion criteria included: the presence of widespread visceral 
or musculoskeletal pain and/or other symptom concomitant 
with myofascial pain, taking pain relief medications and 
any neurophysiological and metabolic disease, or general 
health problem that would impair sensory input. The insti-
tution’s Human Research Ethics Board approved the study 
(#15.240).

Research design

In a single group, randomized, crossover study, the acute 
effect of RM interventions on pain perception (i.e., change 
in pain visual analogue scale (VAS) from pre- to post-inter-
vention) and voluntary and evoked contractile properties 
were investigated (Fig.  1). Each participant attended the 
laboratory for four experimental sessions. These sessions 
included (1) heavy RM on the stimulated calf (Ipsilateral 
Rolling: IPSI-R), (2) heavy RM on the contralateral calf 

Table 1   Subject characteristics

N Age  
(years)

Height  
(cm)

Mass  
(kg)

Resistance 
training experi-
ence (years)

12 males 25.1 ± 2.1 180.9 ± 6.1 95.7 ± 15.7 5.1 ± 3.6
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(Contralateral Rolling: CONTRA-R), and (3) light strok-
ing of the skin with RM on the stimulated calf (Sham) and 
Control (no RM). The participants were seated with hips 
and knees at 90°. The dominant lower limb, as identified by 
the leg used to kick a ball, was secured with the ankle fixed 
in an isometric boot apparatus equipped with strain gauges 
(Omega Engineering Inc. LCCA 250, Don Mills, ON, Can-
ada) (Behm et al. 2002b).
Evoked contractile properties The anode (8 × 4-cm carbon 
rubber electrode: Diamond Athletics, Winnipeg, MB, Can-
ada) was placed over the gastrocnemius-soleus intersection 
(Behm and St-Pierre 1997a, b, 1998). The gastrocnemius-
soleus intersection point was identified by the operator’s 
visual/manual inspection. The cathode (8 ×  4  cm carbon 
rubber electrode) was placed in the popliteal space over 
the tibial nerve to obtain the highest twitch torque (Behm 
and St-Pierre 1997b, 1998). Both electrodes were secured 
with an elastic bandage (low compression). Electrodes 
were connected to a high-voltage constant-current stimula-
tor (Stimulator Model DS7AH; Digitimer, Welwyn Garden 
City, Hertfordshire, UK). The amperage (10–1000 mA) and 
voltage (100–200 V) of a single square-wave pulse lasting 
200  µs were progressively increased until the maximum 
twitch torque and M-wave amplitude were achieved. The 
corresponding current intensity was recorded, so that it was 
replicated post-intervention.

For tetanic stimulation at 50 Hz, the voltage was initially 
reduced to 100 V and the amperage decreased to 10  mA 
and then sequentially increased. The duration of the elec-
trical stimulation from the stimulator for the tetanic con-
traction was 400 ms. Amperage and voltage for the tetanus 

were increased until the participant’s maximal tolerable 
level of discomfort was achieved. The current was noted to 
replicate it post-test. The maximum stimulation current was 
then reduced by 30% and a submaximal tetanic stimula-
tion was also evoked with the same procedure for perceived 
pain. Submaximal tetanic stimulation was included to pro-
vide a spectrum of pain/discomfort ranging from mild, 
moderate to extreme. Stimulation current parameters for 
twitch and tetanic stimulation were established during the 
familiarization session. During the experimental sessions, 
a single twitch, maximal, and submaximal (70%) tetanic 
stimulation were elicited at pre-, post-, and 5-min post-
intervention, respectively.
Perceived pain With each stimulation, the participant 
reported the perceived pain on a VAS (Duncan et al. 1989; 
Price et  al. 1983). The VAS was a horizontal line with 
anchors at the ends indicating no pain (0 cm) and intoler-
able pain (10 cm). There were no numbers along the line 
and the score was calculated by measuring the distance 
in centimeters from zero to the position indicated by the 
participant.
Voluntary contractile properties Voluntary contractile 
properties were derived from maximal voluntary isomet-
ric contractions (MVIC). A minimum of two MVICs were 
performed after the evoked contractions, with a third con-
traction if the first two contractions had a greater than 5% 
deviation in torque. Two-minute rest periods were allotted 
between each pre-test MVIC. Participants were informed to 
contract as hard and as fast as possible (explosively). Since 
twitch properties could be affected by prior contractions, 
they were always performed first followed by the maximal 

Fig. 1   Experimental design
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and 70% maximal tetanic contractions and, finally, the 
MVIC.
Intervention After completion of pre-intervention measure-
ments, participants were randomly assigned to one of three 
intervention conditions, including (1) heavy RM on the 
stimulated calf (Ipsilateral Rolling: IPSI-R), (2) heavy RM 
on the contralateral calf (Contralateral Rolling: CONTRA-
R), and (3) light stroking of the skin with RM on the stimu-
lated calf (Sham). The original version of the experiment 
used the Sham condition as the control condition; however, 
our recent study (Aboodarda et al. 2015) demonstrated that 
even light rolling could activate cutaneous receptors result-
ing in greater pain sensitivity. Thus, participants attended 
another testing session to undertake a Control condition 
without RM to determine if the increased pain percep-
tion was due to light RM or the testing procedure. Unfor-
tunately, due to technical difficulties, evoked contractile 
properties could not be measured in the Control session. 
During the Control condition and following the pre-test, 
participants sat and relaxed for a similar intervention dura-
tion as the other three conditions.

The three massage interventions (IPSI-R, CONTRA-R, 
Sham) involved three repetitions of 30-s RM with 30-s rest 
between repetitions. The RM was employed with a Thera-
band® RM (Hygienic Corporation, Akron, OH, USA). The 
RM consisted of a hard rubber material (24  cm in length 
and 14-cm circumference) with low amplitude, longitudi-
nal grooves surrounding a plastic cylinder (Halperin et al. 
2014; Sullivan et al. 2013). The participants were instructed 
to provide feedback on the level of perceived pain dur-
ing the heavy rolling and the intensity of massage would 
be adjusted accordingly to ensure 7/10 on the VAS which 
was maintained. The RM was moved proximal to distal at 
a slow pace (2-s up and 2-s down) over the muscle bellies 
of the medial and lateral heads of gastrocnemius, while the 
participant lays prone on a padded mat with knee extended. 
Participants in the Sham condition received very light pain-
free cutaneous strokes of rolling massage with the same 
pace of rolling as performed for the IPSI-R and CONTRA-
R groups.
Post-testing Thirty seconds (time needed to move from 
RM to boot apparatus) and 5 min after completion of the 
RM interventions, a twitch and two tetanic contractions 
(maximal tolerance and 30% less current) using the same 
parameters used in the pre-test were elicited. Perceived 
pain VAS values were obtained immediately after the 
evoked stimulations. A MVIC was performed within 30 s 
following the tetanic contractions. Parameters for analy-
sis of evoked contractile properties included peak twitch 
torque, time to peak twitch torque, twitch 1/2 relaxa-
tion time, tetanic torque, and tetanic torque produced in 
the first 200  ms (F200). Voluntary contractile property 
parameters include MVIC peak torque and MVIC F200. 

In addition, twitch/MVIC and tetanus/MVIC torque ratios 
were calculated to provide further insight upon the rela-
tive prevalence of central versus peripheral responses to 
the evoked stimulation. Figures 2, 3, 4 provide illustrations 
of how the variables were analyzed and examples of actual 
mechanical recordings.

Statistical analysis

Statistical analyses were computed using the SPSS soft-
ware (Version 16.0, SPSS, Inc, Chicago, IL, USA). The 
assumption of sphericity (Mauchley test) and normality 
(Shapiro–Wilk test) was tested for all dependent variables. 
If the assumption of sphericity was violated, the corrected 
value for non-sphericity with Greenhouse-Geisser epsilon 
was reported. To determine effect of the four interventions 
(IPSI-R, CONTRA-R, Sham and Control) on pain percep-
tion at pre-test, 30-s and 5-min post-intervention a two-way 
repeated measures ANOVA (4 × 3) with Bonferroni post hoc 
test used to identify specific main effects. Since evoked con-
tractile properties could not be collected for the control con-
dition, a two-way repeated measure ANOVA (3 × 3) was uti-
lized. If significant interactions’ effect was revealed, paired 
sample t tests were applied. In addition, Cohen’s d effects 
sizes (ES, Cohen 1988) were also calculated to determine the 
magnitude of the differences between interventions and time. 
The following criteria were used: ES  <  0.2 was classified 

Fig. 2   a Figure illustrates the analysis of twitch contractile property 
measures. PT peak torque, TPT time to peak torque. b Figure illus-
trates examples from a single subject of actual mechanical twitch 
recordings. Sham: ipsilateral rolling at 1/10 on VAS pain scale; IPSI-
R: ipsilateral rolling at 7/10 on VAS pain scale; CONTRA-R: con-
tralateral rolling at 7/10 on VAS pain scale
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as trivial, ES =  0.2–0.49 was considered as “small” effect 
size; ES  =  0.5–0.79 represented a “medium” effect size; 
and ES  >  0.8 represented a “large” effect size. The intra-
class correlation coefficient was calculated for all variables 
recorded at pre-test within the three testing sessions (IPSI-R, 
CONTRA-R, Sham). Significance was defined as p < 0.05.

Results

Reliability Intra-class correlation coefficients were high for 
force-related measures but fair to moderate for pain percep-
tion (Table 2). ANOVAs revealed no significant differences 
between any of the pre-test measures (force or pain).

Pain perception The interventions provided a significantly 
[F(2,22) = 182.38, p < 0.0001] wide spectrum of pain per-
ception with the 70% tetanic stimulation (mean VAS score 
of 6.1 ± 1.3) providing a 28.2% (ES: 2.4) reduction in VAS 
pain scores from the maximum tetanic stimulation (mean 
VAS score of 8.5 ±  0.7). Mean VAS scores with evoked 
twitches (mean VAS score of 1.05 ± 0.6) were 87.6% (ES: 
11.4) lower than maximum tetanus.

There were no main effects or interactions with the pain 
perception associated with maximal tetanic stimulation. A 
significant condition ×  time interaction [F(6,54) = 2.913, 
p =  0.016] for pain perception associated with the 70% 
tetanic stimulation illustrated small magnitude 9.3% 
(p  =  0.002; ES: 0.43) and 9.5% (p  =  0.003; ES: 0.43) 
increases in pain perception with the Sham condition at 
post- and 5-min post-test, respectively (Fig.  5). Simi-
larly, the control condition exhibited significant 10.8% 
(p  =  0.012; ES: 0.47) and 10.5% (p  =  0.04; ES: 0.54) 
small-to-moderate magnitude increases in pain perception 
at post- and 5-min post-test, respectively. These results 
were in contrast to the lack of pain augmentation with the 
IPSI-R and CONTRA-R post-tests for the 70% maximal 
tetanic stimulation (Fig. 5).

Furthermore, a main effect for time was revealed for 
pain perception with evoked twitches [F(2,54)  =  7.373, 

Fig. 3   a Figure illustrates the analysis of tetanic contractile property 
measures. PT peak torque, F200 force produced in the first 200 ms. b 
Figure illustrates examples from a single subject of actual mechani-
cal maximal tetanic (maximal tolerable intensity tetanic stimula-
tion) recordings. Sham: ipsilateral rolling at 1/10 on VAS pain scale; 
IPSI-R: ipsilateral rolling at 7/10 on VAS pain scale; CONTRA-R: 
contralateral rolling at 7/10 on VAS pain scale. c Figure illustrates 
examples from a single subject of actual mechanical 70% of maximal 
tetanic recordings. Sham: ipsilateral rolling at 1/10 on VAS pain scale 
IPSI-R: ipsilateral rolling at 7/10 on VAS pain scale, CONTRA-R: 
contralateral rolling at 7/10 on VAS pain scale

Fig. 4   a Figure illustrates the analysis of maximal voluntary iso-
metric contraction (MVIC) contractile property measures. PT peak 
torque, F200 force produced in the first 200 ms. b Figure illustrates 
examples from a single subject of actual mechanical maximal volun-
tary isometric contraction (MVIC) recordings. Sham: ipsilateral roll-
ing at 1/10 on VAS pain scale; IPSI-R: ipsilateral rolling at 7/10 on 
VAS pain scale; CONTRA-R: contralateral rolling at 7/10 on VAS 
pain scale
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p =  0.005] with large magnitude 38.5% (p =  0.012; ES: 
0.84) and moderate magnitude 26.4% (p = 0.09; ES: 0.57) 
and increases in pain perception at post-test and 5-min 
post-test compared with pre-test (Fig. 6).
Evoked contractile properties There were no significant 
main condition or interaction effects for maximal and 
70% of maximal tetanic F200. A significant interaction 
[F(4,40) = 2.432, p = 0.05] was revealed for MVIC F200 
with 9.5% (p = 0.1; ES: 0.37) and 19.1% (p = 0.03; ES: 
0.73) decreases with the IPSI-R condition at post-test and 
5-min post-test compared with pre-test (Fig. 7).

There were no significant main effects or interactions 
for MVIC and tetanic peak force, time to peak twitch force, 
twitch ½ relaxation time, maximal tetanic pain perception, 
twitch/MVIC, and tetanus/MVC force ratios.

Discussion

The most important findings in this study were that 
three repetitions of 30  s of RM, whether with IPSI-R or 

CONTRA-R diminished the increase in pain perception 
experienced with 70% maximal tetanic stimulation during 
the Sham and Control conditions. Secondly, MVIC F200 
was decreased following IPSI-R.

Table 2   Intra-class correlation coefficients for the reliability of the dependent measures

Maximum voluntary isometric contraction Maximum tetanus 70% maximum tetanus Maximal twitch

Force 0.92 0.91 0.83 0.82

F200 0.80 0.84 0.76 0.79

TPT 0.61

RFD 0.79

½ RT 0.74

Pain perception 0.51 0.45 0.49

Fig. 5   Figure illustrates mean ± standard deviation changes in pain 
perception (visual analogue scale) of the three interventions over 
time with the 70% maximum tetanic stimulation. Asterisk represents 
significant increases for the control (CON) and SHAM interventions 
compared to pre-test. Ipsilateral: IPSI-R condition. Contralateral: 
CONTRA-R condition

Fig. 6   Figure illustrates mean ± standard deviation changes in pain 
perception (visual analogue scale) of the four interventions over time 
with the evoked twitch stimulation. Asterisk and arrow represent sig-
nificant main effect for time. Ipsilateral: IPSI-R condition. Contralat-
eral: CONTRA-R condition

Fig. 7   Figure illustrates significant condition x time interac-
tions for changes in MVIC F200. Asterisk represents a significant 
(p = 0.05) decrease for the Ipsilateral (IPSI-R) intervention at post-
test and 5-min post-test compared with pre-test. Figure illustrates 
mean ± standard deviation
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The testing procedure involving 70% of maximal tetanic 
stimulation increased pain sensitivity pre- to post-testing 
with the Sham (9.3–9.5%) and Control (10.5–10.8%) con-
ditions. The application of RM to the tested (IPSI-R) or 
contralateral (CONTRA-R) limb counteracted the increased 
sensitivity. This is the first study to examine a range of pain 
intensity (mild, moderate, and intense) with acute, short 
duration (400  ms or less), and evoked stimulation. The 
findings of a pain suppression effect are in accordance with 
prior research that demonstrated foam roller reduced pain 
perception during the 2–3  days of recovery from DOMS 
(MacDonald et  al. 2014; Pearcey et  al. 2015). Vaughan 
(2014) demonstrated that 3 min of foam rolling resulted in 
a decrease in pain perception immediately following treat-
ment. Similarly, Aboodarda et al. (2015) reported a dimin-
ished PPT of muscle tender spots when RM was applied 
either to the affected or contralateral plantar flexors. How-
ever, these studies examined either chronic pain (iliotibial 
band or muscle tender spots) or prolonged pain from mus-
cle damage-induced inflammation (DOMS).

While MacDonald et al. (2014) and Pearcey et al. (2015) 
speculated that foam roller might reduce pain perception 
via restoration of soft tissue extensibility; they also sug-
gested the possibility of a central pain-modulatory system. 
The pain inhibition with the IPSI-R could be attributed 
to alteration of the response of free nerve endings (i.e., 
pain receptors) (Schleip 2003a, b), or alterations in blood 
flow, blood pressure, skin temperature, and galvanic skin 
responses, which are indications of a lower level of sym-
pathetic stimulation (Weerapong et  al. 2005). Previous 
massage-related research has demonstrated the analgesic 
effects of intense tissue massage on central pain-modula-
tory systems (Mense 2000; Vaughan 2014; Han and Har-
rison 1997). Decreased pain sensitivity with the CON-
TRA-R supports previous investigations that indicate that 
neurophysiological responses evoked by noxious stimuli 
may produce a generalized non-segmental inhibition of 
pain perception (Aboodarda et  al. 2015, Sigurdsson and 
Maixner 1994).

Sigurdsson and Maixner (1994) state that the pain reliev-
ing effects of noxious counterirritants may produce second-
ary hyperalgesia. The central pain-modulatory systems 
may be linked to the gate control theory of pain (Moayedi 
and Davis 2013; Melzack and Wall 1965), parasympa-
thetic nervous system alterations or diffuse noxious inhibi-
tory control (Mense 2000). With the gate control theory of 
pain, direct activation of percutaneous mechanoreceptor 
and proprioceptor nerve fibers can alter the transmission of 
ascending nociceptors via small diameter Aδ fibers to the 
periaqueductal grey nucleus (Moayedi and Davis 2013). An 
endogenous analgesia can result from descending signals to 
the opioid receptors, which would inhibit pain with seroton-
ergic and noradrenergic neurons (Pud et al. 2009). Massage 

has also been shown to stimulate parasympathetic activa-
tion; characterized by changes in serotonin, cortisol, endor-
phin, and oxytocin contributing to a decrease pain percep-
tion (Weerapong et  al. 2005). Diffuse noxious inhibitory 
control is activated by nociceptive stimuli (i.e., mechanical 
pressure) from a non-local tissue. The non-local receptor 
activity is transmitted to multi-receptive, wide dynamic 
range convergent neurons in the cortical subnucleus reticu-
laris dorsalis where it inhibits pain transmission monoam-
inergically (Mense 2000; Sigurdsson and Maixner 1994; 
Pud et al. 2009), reducing pain perception not only locally 
but also at distant sites (Sigurdsson and Maixner 1994; 
Pud et al. 2009). Since the pain was delivered exogenously 
for 400 ms or less, the pain did not originate from smooth 
muscle strain and thus a global parasympathetic response 
would probably have not provided a substantial contribu-
tion to the pain suppression. Whereas IPSI-R pain sup-
pression might be partially attributed to gate control theory 
mechanisms, CONTRA-R pain modulation would be more 
likely attributed to diffuse noxious inhibitory control.

The RM-induced pain inhibition was evident for the 
70% tetanus but not maximal tetanic stimulation. Falken-
steiner et  al. (2011) reported that massage reduced pain 
in oncology patients in 4/5 studies and was most effective 
with strong pain perceptions. However, in this study, the 
maximal tetanic stimulation was deemed at the limit of tol-
erance and the RM did not have an appreciable effect on 
this extreme level and short duration (400 ms) of discom-
fort. Although, there was an overall increase for twitch pain 
perception (main effect for time), there was no indication 
of RM inhibition for this lower pain threshold. Hence, RM 
whether with IPSI-R or CONTRA-R was only effective in 
the mid-range of evoked pain sensitivity.

A number of foam roller, RM, and massage studies have 
reported no detrimental effects on muscle performance 
(Sullivan et  al. 2013; Halperin et  al. 2014; MacDonald 
et  al. 2013; Zainuddin et  al. 2005). Similarly, this study 
demonstrated no deficits for MVIC, twitch, and tetanic 
force, twitch and tetanic F200, twitch ½ relaxation time, 
twitch/MVIC, and tetanus/MVC force ratios. However, 
MVIC F200 was decreased following IPSI-R.

Since the impairments were only evident for MVIC 
F200 and not for time to peak twitch torque or tetanic 
F200, a central neural component must have played a role. 
Neural factors seem to play a greater role at the onset of 
a rapid voluntary contraction; whereas for longer dura-
tion contractions, the voluntary rate of force development 
becomes more strongly influenced by the speed-related 
properties of the muscle and MVC force per se (Maffiuletti 
et al. 2016). The roller would have induced small repetitive 
passive stretches that could negatively disturb the efficiency 
of Ia afferent pathway to excite α-motoneurons (Avela 
et  al. 1999). Furthermore, free nerve endings innervated 
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by group II and III afferent fibers are also stretch sensi-
tive and can inhibit force during and after muscle stretch 
(Cleland and Rymer 1990). The roller intensity at 7/10 on 
a pain scale was deemed uncomfortable or induced some 
pain with most subjects. The sensation of pain transmitted 
through type III and IV afferents can negatively affect mus-
cle force production (Rutherford et al. 1990). Thus, motor 
neuronal disfacilitation could be mediated by a roller-
induced inhibition from Ia, II, III, and IV afferents.

One of the limitations of this study was the inability to 
monitor evoked contractile property changes with the subse-
quent Control condition due to the lack of strain gauges with 
the alternative boot apparatus. As there were no significant 
changes in contractile properties with the Sham or CON-
TRA-R conditions or with the previous Control conditions 
using evoked stimulation from our laboratory (Behm and 
Sale 1994; Behm and St-Pierre 1997a; Behm et al. 2002a), 
it can be confidently assumed that the present control con-
dition also did not alter evoked contractile properties post-
test. A second limitation was that this boot apparatus had 
greater padding over the knee than the original boot appara-
tus. However, there were no statistically significant pre-test 
pain differences between the conditions for twitch, maximal 
tetanic, or submaximal tetanic stimulation. The Sham and 
Control conditions experienced similar increases (9–11%) 
in pain perception that was in direct contrast to the reduc-
tion in pain with IPSI-R and CONTRA-R. A third limitation 
was the lower reliability scores for pain perception, which 
was unavoidable as perceived pain may vary considerably 
from day-to-day. A final limitation was that since the gas-
trocnemius is not at its optimal length when flexed, it would 
not have produced its greatest force output during testing. 
Thus, the reported changes in temporal characteristics might 
have been more pronounced if tested with an extended knee.

Conclusions

An acute bout of RM (3 sets of 30-s repetitions at 7/10 
VAS) diminished the testing-induced increase in pain per-
ception associated with submaximal (70% of maximal) 
tetanic evoked stimulation. RM did not affect the pain or 
discomfort associated with nearly intolerable (maximal 
50  Hz tetanus) or minor discomforting (maximal twitch) 
evoked pain. Since the pain was suppressed with both 
IPSI-R and CONTRA-R, the mechanisms for this pain 
suppression are likely related to gate control theory and 
diffuse noxious inhibitory control, respectively. Second, 
MVIC F200 was decreased following IPSI-R. Since this 
time-dependent torque decrease was only significant with 
MVIC and not evoked contractions, the mechanisms should 
be neural and possibly related to Ia, II, III, and IV (stretch 
and pain) afferent inhibition. Based on the results of this 

and prior studies (Aboodarda et al. 2015; MacDonald et al. 
2014), roller massage may be recommended as an adjunct 
to manual massage therapy for muscle pain reduction 
(below the maximum tolerable limit).
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