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ABSTRACT

Purpose: Rate dependence, where the initial value of a variable plays a crucial role in

Article info: determining the extent and/or direction of change following an intervention, is a known factor
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Accepted: 08 Sep 2023 :is not known if there is a rate-dependent effect on outcomes following a massage therapy
Available Online: 01 Oct 2023 :  intervention. We assessed whether there is a rate-dependent effect on forward shoulder posture

(FSP), pectoralis major length (PECL), and muscle excitation of the upper (UT), middle (MT),
and lower trapezius (LT), and pectoralis major (PEC) following 4 minutes of myofascial release
(MFR) to the pectoral fascia.

Methods: Fifty-nine right-handed participants (27+9 years, 30 females) with FSP, but otherwise
asymptomatic shoulders with one MFR treatment administered by a registered massage therapist
were recruited. FSP, PECL, and muscle excitation during a reaching task were measured before
(PRE) and after the treatment (POST). Correlations were conducted on the difference between
PRE and POST values and the sum of PRE and POST values divided by two for all variables.

Results: There were no significant correlations between change scores and the average PRE and
POST scores for any variable.

Keywords: . Conclusion: There is no rate-dependent effect on FSP, PECL, and muscle excitation following
Myofascial release :  a4-minute MFR intervention. These results are the first to suggest that baseline characteristics
therapy, Pectoralis : do not influence individual responses to a massage intervention. Future work should aim
muscles, Massage, Fascia, :  to determine whether speed dependence varies with different doses and types of massage
Posture, Range of motion, . interventions and patient-reported outcomes (pain, anxiety, function, etc.) and muscle/tissue
Electromyography i characteristics (stiffness, etc.).
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Highlights
¢ No rate-dependent effect on forward shoulder posture with myofascial release.
* No rate-dependent effect on pectoralis major length with myofascial release.

* No rate-dependent effect on shoulder muscle excitation with myofascial release.

Plain Language Summary

The value of something before a treatment or intervention (i.e. baseline) often influences how much and in what direction
it will change following a treatment or intervention. While massage therapy is a widely used therapeutic intervention, it
is not known if baseline values of variables before a massage influence how much they will change following a massage.
It is important to understand this to assess the impact of massage interventions more accurately, which will allow for the
design of effective treatment strategies to achieve desired outcomes. This study aimed to investigate whether baseline
levels of forward shoulder posture, shoulder range of motion, and muscle activity influence how they each change after
receiving a type of massage called myofascial release. We recruited 59 participants with forward shoulder posture who
received a 4-minute myofascial release treatment to the tissue overlying their chest muscles (pectoral fascia). Forward
shoulder posture, shoulder range of motion, and muscle activity were measured before and after the treatment. We found
no significant relationship between the baseline values of forward shoulder posture, shoulder range of motion, and
muscle activity and how each changed after treatment. This suggests that the baseline values of forward shoulder posture,
shoulder range of motion, and muscle activity did not impact the effect of the treatment. Further research is needed to
explore if baseline values influence responses to different types and amounts of massage and how this may affect patient-
reported outcomes, such as pain and muscle and tissue characteristics, such as stiffness.

in the same outcome variable post-treatment [2]. Thus,
it is plausible that the massage therapy intervention we
employed was effective at improving FSP, PECL, and/
or muscle excitation for a particular subgroup within our
study population.

1. Introduction

ystematic clinical investigations (i.e. ran-
domized controlled trials) aim to establish
if patients report outcomes or disease sta-
tus changes following a given interven-
tion by testing for mean differences in
outcomes before and after treatment. If

It is well established that the magnitude and direction of
response or change in an outcome variable following an

no difference is observed between groups or time points,
investigators often conclude that an intervention was in-
effective. For example, recently a massage therapy in-
tervention did not alter pectoralis major length (PECL)
and muscle excitation in individuals with forward shoul-
der posture (FSP) due to a lack of difference in group
means [1]. However, when our data was examined on
an individual basis, a range of responses was present for
all variables, where some individuals experienced larger
responses and others experienced little or no response
(e.g. mean range: -1% (-9 to 10) change in PECL). The
heterogeneity in our group data suggests that some in-
dividuals experienced substantial, potentially clinically
important effects from the massage therapy treatment
that were concealed by analyses of the mean values of
the groups. While a variety of factors contribute to an in-
dividual’s response to an intervention, individual partici-
pants’ baseline values are known to influence changes

intervention is affected by the baseline level of that vari-
able [2, 3]. This phenomenon, often referred to as rate
dependence, has been observed in many investigations
and contexts, including drug and non-drug interventions
[1]. While many previous reports have correlated pre-
intervention to change scores to explore if baseline level
impacts individual response [4], the correlation between
these variables induces mathematical coupling and re-
gression to the mean [1, 5]. An alternative approach,
the Oldham method, determines the rate dependence of
treatment effects without mathematical coupling and re-
gression to the mean [6].

Thus, the current study determined whether there is a
rate-dependent effect on FSP, PECL (as measured via
shoulder horizontal abduction range of motion (ROM)),
and muscle excitation of the upper (UT), middle (MT),
and lower trapezius (LT), and pectoralis major (PEC)
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following 4 minutes of myofascial release (MFR) to the
pectoral fascia. Given that restricted pectoral soft tissues
are associated with FSP [7], which increases scapular
protractor excitation [8] and is hypothesized to decrease
scapular retractor excitation, therapists often use manual
techniques, like MFR to lengthen pectoral soft tissues,
reduce FSP, and correct alterations in muscle excita-
tion. Thus, while the results of our preliminary between-
group analyses indicated that MFR reduced FSP but did
not affect PECL or the excitability of UT, MT, LT, and
PEC, it is plausible that there were unobserved rate-de-
pendent effects on these outcomes. For example, those
with greater FSP at baseline might have experienced a
larger change in FSP, while those with lesser FSP expe-
rience a smaller or no change in FSP following MFR.
Therefore, we hypothesized that a rate-dependant effect
will be observed for all variables examined. The results
of this study may identify subpopulations that benefited
from the MFR intervention, which will inform the meth-
odological design of future massage therapy research
regarding participant demographics and baseline charac-
teristics. Further, to determine the rate-dependent effect
on FSP, PECL, and muscle excitation following MFR,
the first attempt is to define whether a patient’s baseline
characteristics affect individual responses to a massage
intervention.

2. Materials and Methods
Research design

A within-subjects, repeated-measures single-blinded
crossover study was conducted where participants at-
tended two 1-hour sessions (MFR and control [CON])
in random order (Research Randomizer 4.0, Social Psy-
chology Network, USA). Only data from the MFR ses-
sion were used. The University of Manitoba Education/
Nursing Research Ethics Board approved all experimen-
tal procedures that were conducted in compliance with
the Declaration of Helsinki [9]. Informed consent was
given by participants following written and verbal de-
tails of the experimental procedures.

Before (PRE) and after (POST) the MFR interven-
tion, FSP, PECL, and excitation of the UT, MT, LT, and
PEC during a reaching task were measured. A researcher
took all measurements on the right side and all treat-
ments were performed by a registered massage therapist
(RMT). The current study was a retrospective analysis
of data from a previous study exploring the effect of 4
minutes of MFR or soft-touch control treatment on FSP,
PECL, and excitation of the UT, MT, LT, and PEC dur-
ing a reaching task [1].

October 2023. Volume 13. Number 4

Participants

Sixty-six individuals were recruited from the Univer-
sity of Manitoba and neighboring communities via con-
venience sampling. Potential participants were screened
for eligibility using the following inclusion criteria: The
age of 18-60 years, right-hand dominant cases, no expe-
rience of recent (<6 months) pain, injury, or orthopedic
disorders to the shoulders, upper back, or neck (e.g. rota-
tor cuff tear and whiplash), and no previous diagnosis
of any neurological or musculoskeletal disorders (e.g.
muscular dystrophy). A minimum of 1 cm of anterior
deviation of the acromion process from the lateral plum
line was additionally required for participants to be con-
sidered to have FSP [10]. After attrition, 59 participants
(2749 years old, 30 females) were eligible and included
in the current analysis. Participants were instructed to
abstain from intense physical activity of the upper body
for 48 hours leading up to each session.

FSP measurement

The double-square method was used to measure FSP.
Participants stood in a relaxed position against a wall
where a modified combination square (Swanson Tool
Company 12-in Combo Square, Frankfurt, IL, United
States) was used to measure the distance from the wall
to their anterior acromion [11]. The mean of three mea-
surements was used for analysis, and participants were
instructed to step forward and shake their arms in order
to reset their posture before returning to the wall for each
measurement.

PECL

Since there is no standardized way to measure pecto-
ralis major length, it was found by measuring horizon-
tal abduction ROM (i.e. the pectoral stretch position).
Participants laid supine on a plinth and horizontally ab-
ducted their right shoulder with their elbow and shoul-
der flexed at 90°. A meter stick was used to measure the
distance between the participant’s olecranon process and
the ground. The mean of three separate measurements
was used for analysis. Participants horizontally adducted
their arms between each measurement to the starting po-
sition.

Muscle excitation: Surface electromyography

During a goal-directed reaching task, bipolar surface
electromyography (SEMG) was collected from the UT,
MT, LT, and sternal fibers of PEC (Figure 1). Electrode
locations were landmarked, and the skin was prepared
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Figure 1. Surface electromyography setup for pectoralis major, upper, middle, and lower trapezius

Four sets of bipolar electrodes were placed on the right pectoralis major, upper trapezius, middle trapezius, and lower tra-
pezius muscles, aligned parallel to the muscle fibers. Electrodes for the pectoralis major (A) were applied to the sternal head
between the right edge of the sternum and costal cartilages of ribs 1-6 and the greater tubercle (GT) of the right humerus. A
grounding electrode was placed at C7 (E) with electrodes for the upper trapezius (B) placed between C7 and the right acromion
(AC). Middle trapezius (C) electrodes were placed half of the distance between the medial border of the scapula and T3. Lower
trapezius (D) electrodes were placed 2/3 of the distance from the superior angle (SA) of the scapula and T8.

by shaving (if necessary), buffing with an abrasive paste
(Nuprep, Weaver and Company, Aurora, CO, USA), and
cleaning with a 70% isopropyl alcohol swab. Bipolar
electrodes (CDE-C, OT Bioelettronica, Torino, Italy)
were applied running approximately parallel to the di-
rection of the muscle fibers in accordance with the sur-
face EMG for non-invasive assessment of muscles (SE-
NIAM) recommendations [12]. A grounding electrode
was placed on the participant’s C7 spinous process, and
a grounding strap was placed around their left wrist.

Maximal voluntary contractions (MVCs)

Participants performed one familiarization maximal
voluntary contraction (MVC), followed by three MVCs
for the trapezius, and then the PEC to use as a reference
contraction for excitation during the reaching task.

For the trapezius MVC, participants assumed an LT-
MVC prone position on a plinth with their shoulder
abducted to 120°. Participants were instructed to extend
their arms, pulling up on an inextensible handle towards
the ceiling. Compared to individual test positions for the
UT and MT, the LT MVC position provides the great-
est excitation for all three regions of the trapezius and
was therefore used for the trapezius MVC. For the PEC
MVC, participants attempted to horizontally adduct
the handle while lying supine on the plinth with their

shoulder abducted at 90° [13]. For all MVCs, a 5-second
countdown was provided, and participants were directed
to contract as hard as possible for 5 seconds using the tar-
geted muscles. Two minutes of rest were given between
each repetition.

Reaching task

Surface electromyography of the UT, MT, LT, and PEC
was collected during a reaching task where participants
sat at a height-adjustable workstation with a touchscreen
monitor (NEC EX241UN-PT-H, Sharp NEC Display
Solutions Ltd., USA). The workstation was configured
to their height and reach, where the table height allowed
their elbows to be flexed to ~80° with their hands flat on
the table. The monitor was set at a distance where the
elbows were flexed to ~20° degrees to touch the center of
the screen. This reaching task aimed to simulate a func-
tional activity that is common in everyday activities and
occupational settings, involving tasks, such as computer
operation and grasping for small objects.

A custom-written E-Prime program (v3.0 Psychology

Software Tools Inc., Pittsburgh, PA, United States) was
used for the reaching task. Participants reached from a
“home” button (a consistent starting position located on
the tabletop) to one of five targets displayed on the moni-
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tor. Each target appeared as a black square and was pre-
sented in a pseudorandomized order. Each target, located
in the center or any of the four corners of the monitor,
appeared 12 times, for a total of 60 targets per testing
block. The reaching task took approximately 4 minutes
to complete.

Participants completed a short familiarization block that
demonstrated the location of all five targets. The home
key, consisting of a microswitch (Submini Snap Ac-
tion Switch, Philmore Manufacturing, Rockford, USA),
was embedded on the table surface in front of the par-
ticipants. Participants were instructed to press and hold
the home button, which triggered a “fixation” screen for
a short, random period (2000 to 2500 ms). One of the
five targets appeared randomly, and participants released
the home button, reached the center of the target, and
pressed the center of the target as quickly and accurately
as possible using their right arm. Participants returned to
the home position once the target was pressed. E-Prime
recorded participant reactions and movement times via
the microswitch and touchscreen. Only movements to
the top-right target position were analyzed to account for
the variance in muscle excitation patterns between target
locations. To prevent repetitive and anticipated move-
ments, additional target locations were included.

Interventions

Both treatments were administered by an RMT (18 years
of experience) with training in MFR to the right pectoral
fascia; however, only the MFR treatment was examined
for this analysis. In order to maintain consistent place-
ment and reduce impedance between measurements,
electrode locations were outlined after the PRE interven-
tion measurements and removed to allow for treatment.
Researchers were blinded to the treatment condition and
left the laboratory prior to treatment initiation.

Participants lay supine on a plinth with their arms rest-
ing by their sides and a bolster under their knees. The
intervention given during both sessions was unknown to
the participants. The RMT instructed participants to no-
tify them to change the pressure if they felt seven out of
ten or more discomfort or a burning sensation; however,
no participant reported this.

The MFR intervention lasted 4 minutes, given previ-
ous reports that 3.3 minutes of MFR modifies fascial
fibrosis [14]. The RMT applied a cross-hand technique
to the superficial right pectoral fascia, where one hand
(anchoring hand) was placed on the right edge of the
sternum (ribs 3-6), and the other hand (mobilizing hand)

October 2023. Volume 13. Number 4

was placed over the anterior aspect of the humerus at the
PEC insertion point. They applied gentle posterior pres-
sure to the anchoring hand to “hold” the fascia in place
and moderate posterolateral pressure to the mobilizing
hand to take up the slack within the fascial tissue. This
allowed for a mechanical stretch of the pectoral fascia
without gliding. After 4 minutes, the therapist gradually
released any pressure exerted by the mobilizing hand
followed by the anchoring hand after each intervention.
The PEC electrodes were reapplied to the outline on the
participant’s chest. A modified t-shirt was provided to vi-
sually conceal the treatment area but could allow access
to the electrode wiring.

Surface electromyography data processing

Data processing was performed by a blinded investi-
gator. Also, SEMG signals were recorded and processed
using OT BioLab+(v1.3.2, OT Bioelettronica, Torino,
Italy). Data were sampled at 2,048 in a bipolar configu-
ration with a gain of 500, band-pass filtered (-3 dB band-
width, 10-500 Hz), and digitally converted by a 16-bit
A/D converter (Quattrocento, OT Bioelettronica, Torino,
Italy). Signals were digitally band-pass Butterworth fil-
tered at 30-500 Hz post-collection to remove electrocar-
diogram contamination from the EMG signal [15]. The
root-mean-square (RMS) was calculated for each pair
of bipolar electrodes. Data were exported from OT Bio-
Lab+ as a .csv file in 0.001 epochs.

Each muscle’s peak excitation was identified, and a
one-second period (0.5 s before/after) surrounding the
peak was used as a reference. The movement time of
each top-right target was used to assess muscle excita-
tion during the reaching task (i.e. release of the micro-
switch to touch of target), as movement onset for each
target was timestamped on the SEMG recording. The
mean RMS of the 12 movement times was divided by
the respective muscle’s MVC to yield a percentage of
excitation for each muscle, which was used for analysis.

Statistical analysis

Statistical analysis was performed using Jamovi 2.3.
Normality was assessed using the Shapiro-Wilk test,
where P>0.05 indicated that the data were normally
distributed. Using the Oldham method [6], correlations
were conducted on the difference between PRE and
POST values (PRE — POST; A) and the sum of PRE
and POST values divided by 2 ([PRE+POST]/2; X) for
each of the following variables: FSP, PECL, and muscle
excitation (UT, MT, LT, and PEC). Pearson correlations
were conducted on normally distributed data, and Spear-
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Table 1. Descriptive statistics of change scores (A) and the average PRE and POST scores (X) of FSP, PECL, UT, MT, LT, and

PEC (n=57)
AFSP _ APECL XPECL AUT _ AMT xMT ALT _ APEC XPEC
Value ) XFSP (mm) () () %) XUT (%) %) %) %) XLT (%) (%) %)
MeantSD  4.6+54 126.0+19.1 8.5+24.8 595.0t46.4 -0.2#43 13.6£15.0 -0.2+2.0 6.7¢59 0.242.2 10.245.2 -0.74¢5.9 12.549.6

PHYSICAL TREATMENTS
T

A=PRE-POST; x=([PRE+POST]/2; FSP: Forward shoulder posture; LT: Lower trapezius; MT: Middle trapezius; PEC: Pecto-
ralis major; PECL: Pectoralis major length; r: Pearson’s r; Rs: Spearman’s rho; UT: Upper trapezius; %: Percentage of maximal

voluntary contraction.

man rank correlations were conducted on abnormally
distributed data. Statistical significance was accepted at
P<0.05, and correlation coefficients (r/rs) were interpret-
ed as low <0.3, moderate 0.3-0.49, and high >0.5.

3. Results

FSP and PECL Data were normally distributed, while
UT, MT, LT, and PEC data were not normally distrib-
uted (P<0.05); thus, the Pearson’s and Spearman’s Rank
correlations were conducted, respectively. Descriptive
statistics for all variables are presented in Table 1. There
were no significant correlations between the changes in
scores and the average PRE and POST scores for any
variable (Table 2).

4. Discussion

The current study determined whether there is a rate-
dependent effect on FSP, PECL, and muscle excitation
of the upper, middle, and lower trapezius, and pectoralis
major following 4 minutes of myofascial release to the
pectoral fascia. Contrary to our hypothesis, there was no
significant correlation between the variables and, there-
fore, there was no rate-dependent effect on treatment
outcomes, whereby the magnitude and direction of the
response after the MFR intervention were influenced by
the baseline level of that variable.

Rate dependence is essential to improving our understand-
ing of variability in individual responses when implement-

ing interventions. Several authors support that considering
the baseline level of a variable is essential to accurately as-
sess the impact of interventions, design effective strategies
to achieve desired outcomes and identify individuals most
likely to respond to a particular treatment [2, 3]. While no
investigation to date has explored rate dependence follow-
ing a massage therapy intervention, several reports have
indicated substantial variability, as demonstrated by large
standard deviations, in participant responses to MFR in-
terventions. For example, variability in head posture [16],
head, shoulder, and spine alignment [17], muscle tension
[17], shoulder range of motion, and forward scapular po-
sition [18]have been demonstrated in response to MFR
treatments. Given this large variability, it is surprising that
little work has aimed to determine factors affecting some
patients experience larger, potentially clinically significant,
changes in outcomes following an MFR treatment, while
others experience little or no change.

To our knowledge, our results are the first to demon-
strate that rate dependence does not influence patient
responses to a 4-minute MFR treatment. The results of
our previous between-group analyses demonstrated that
MEFR reduced FSP, but not PECL or excitation of the UT,
MT, LT, and PEC [1]. Thus, while 4 minutes of MFR
reduced FSP at a group level, the magnitude of change
following treatment does not differ if a patient has more
(or less) severe FSP. Further, while no group effect was
observed in PECL or excitation of the UT, MT, LT, and
PEC [1], treatment response was also not impacted by
pre-treatment levels of these variables.

Table 2. Pearson and Spearman rank correlations between change scores and the average PRE and POST scores of FSP, PECL,

UT, MT, LT, and PEC (n=57)

Value FSP PECL uT MT LT PEC
P 0.361 0.187 0.717 0.719 0.533 0.290
r/rs 0.123 -0.177 -0.049 -0.049 0.084 -0.143

PHYSICAL TREATMENTS

Pearson correlations were conducted on FSP and PECL and Spearman rank correlations were conducted on UT, MT, LT, and
PEC. FSP: Forward shoulder posture; LT: Lower trapezius; MT: Middle trapezius; PEC: Pectoralis major; PECL: Pectoralis
major length; r: Pearson’s 1; Rs: Spearman’s rho; UT: Upper trapezius.
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Given that there are no known studies that have exam-
ined the speed dependence of the response to massage,
it is challenging to compare our results with the relevant
existing literature. One study exploring the impact of
two different stretching interventions reported that base-
line flexibility does not affect hip ROM in elite gym-
nasts [19]. While these results appear to support our ob-
servations that baseline PECL (measured via horizontal
abduction range of motion) does not affect changes in
PECL following the MFR intervention, it is important to
note that a systematic evaluation of the impact of base-
line flexibility on hip ROM was not performed in this
investigation [19]. Instead, the authors concluded that
because baseline flexibility differed between the groups
at baseline and their responses to the two different inter-
ventions differed, this baseline flexibility did not affect
the hip range of motion after stretching.

5. Conclusion

There were no rate-dependent effects on FSP, PECL,
and muscle activation of the upper, middle, and lower
trapezius and pectoralis major after 4 minutes of myofas-
cial release to the pectoral fascia. Thus, patients receiv-
ing MFR may experience improvements following treat-
ment that are not dependent on the level of that variable
prior to treatment.

Limitations and future directions

There are certain limitations regarding the present
study that should be taken into consideration when in-
terpreting our findings. First, it is important to acknowl-
edge that the generalizability of the results is limited to
younger individuals with asymptomatic shoulders and
FSP. Future work should determine if rate-dependence
is present in response to MFR treatments in patients
with symptomatic shoulders as it is plausible that this
population may have different factors contributing to
MER responsiveness than asymptomatic shoulders. Ad-
ditionally, it should be noted that the MFR treatments
were administered by an experienced RMT who aimed
to employ the same intensity of treatment for all partici-
pants. However, given that it was not possible to mea-
sure the pressure applied by the therapist to each patient,
it remains uncertain to what extent the pressure applied
during the treatments was consistent across different ses-
sions. Future research should quantify and standardize
the applied pressure during various manual treatments.
This would enable a more precise evaluation of the ef-
fects of different pressure levels on outcomes following
MEFR and other massage techniques. It is also uncertain
whether rate dependence would contribute to individual
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responses to longer MFR treatments or several treat-
ments over days or weeks. Future research should eval-
uate rate dependence in response to different doses of
MFR treatments.

The potential impact of random sampling on the range
of baseline values observed in the study sample must
also be considered. Because the sample was chosen ran-
domly, it may not include all possible baseline values
needed to see the full range of the inverse rate-depen-
dent relationship. However, it is important to note that a
complete inverse relationship is not a prerequisite for the
presence of rate dependence.

Furthermore, because muscle excitation data are pre-
sented and interpreted as a percentage change relative to
MVC, the score cannot be less than zero and the percent
cannot be greater than 100, which limits the range of
variability available for change to occur.

While our results suggest there is no rate-dependent
effect on treatment outcomes following a 4-minute
MEFR treatment, it is not known whether all types of
dependent variables and populations may operate in a
rate-dependent manner. Thus, future work should inves-
tigate whether other outcome variables and populations
respond in a rate-dependent way following MFR treat-
ments.
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