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STUDY SYNOPSIS 
 

Title 
Effects of myofascial massage and patient-therapist communication on 
shoulder muscle properties in breast cancer survivors with myofascial 
pain 

Methodology Longitudinal 

Study Duration 1 year 

Study Location School of Kinesiology Building, University of Michigan 

Objectives To assess how myofascial massage and patient-therapist interaction alter 
the stiffness and microvascular perfusion of shoulder muscles 

Number of Subjects 30 participants 

Inclusion Criteria 

• Female sex 
• Age 18 years or older 
• Previous unilateral breast cancer diagnosis 
• Treatment for primary breast cancer was completed 3 months to 2 

years prior to enrollment (defined as completion of all treatments 
except oral maintenance therapies) 

• Myofascial pain in upper quadrant of the chest 
• Ability to understand and willingness to sign a written informed 

consent. 
 

Exclusion Criteria 

• Chronic neuromuscular or orthopedic injury currently affecting upper 
extremity function that is unrelated to their cancer diagnosis 

• Currently undergoing physical therapy, occupational therapy or other 
treatment for side effects related to their cancer diagnosis or other 
injury to the upper extremity  

• History of fibromyalgia 
• Broken or bruised skin in the chest/shoulder area 
• Diagnosed with metastatic breast cancer 
• Currently receiving treatment for other forms of cancer 
 

Study Product(s) 

Participants will be randomized 1:1 to receive one 30-minute myofascial 
massage either with patient-therapist communication permitted or 
restricted. Stiffness and microvascular perfusion of shoulder muscles will 
be measured non-invasively before the intervention, immediately 
afterward, and 60 minutes afterward. Muscle stiffness will be measured 
using ultrasound shear wave elastography, and microvascular perfusion 
will be measured with ultrasound-Doppler techniques. Participants will 
complete a questionnaire to assess the satisfaction with their treatment. 

Statistical Methodology 

A repeated-measures analysis of variance will be used to compare 
muscle stiffness and microvascular perfusion between intervention 
groups and their interaction. A two-sided independent t-test will be used 
to test for differences in treatment satisfaction between the groups. 

 
 

  



  

1) Study Objectives:  
 
The objective of the proposed study is to assess how myofascial massage alters stiffness and 
microvascular perfusion of shoulder muscles and how these changes are influenced by patient-
therapist communication. Specifically, we will examine superficial shoulder muscles in breast 
cancer survivors before and after they receive one session of myofascial massage. Participants 
will be randomized 1:1 to receive massage where communication with the massage therapist is 
permitted or restricted. Our primary hypothesis is that stiffness of shoulder muscles will be 
decreased, and microvascular perfusion will be increased after a 30-minute myofascial 
massage, and that the addition of patient-therapist communication will result in greater changes 
than massage alone with patient-therapist communication restricted. Our secondary hypothesis 
is that treatment satisfaction will be higher when communication is permitted compared to when 
communication is restricted. 

 
2)  Specific Aims 
 
Specific Aim 1: To assess how myofascial massage and patient-therapist communication alter 
stiffness and microvascular perfusion of shoulder muscles. We will determine stiffness and 
microvascular perfusion of superficial shoulder muscles non-invasively in breast cancer 
survivors with upper quadrant myofascial pain before a 30-minute myofascial massage, 
immediately afterwards and 60 minutes afterwards. We will additionally investigate the 
interaction between the massage treatment and the communication environment. A total of 30 
female breast cancer survivors will be randomized 1:1 to receive either myofascial massage of 
the chest and shoulder with patient-therapist communication permitted or restricted. 

The following hypotheses will be examined: 

Hypothesis 1: Shoulder muscle stiffness will be decreased, and microvascular perfusion 
will be increased after myofascial massage and these effects will be enhanced when 
patient-therapist communication is permitted. 

Hypothesis 2: Participants in the communication-permitted group will be more satisfied 
with the treatment than participants in the communication-restricted group. 

 

3) Background  
 
Upper quadrant myofascial pain affects nearly half of all breast cancer survivors. Most local 
breast cancer treatments are risk factors for this pain as they directly or indirectly affect the 
major shoulder muscles (1–3). Treatment-induced scarring and fibrosis of the pectoralis major 
leads to muscle shortening and stiffening (4,5), which can cause a forward depressed shoulder 
girdle, contributing to shoulder co-morbidities and pain (6). Side effects can also include 
myofascial trigger points in shoulder muscles (7). Myofascial massage can effectively reduce 
pain, increase shoulder range of motion and improve quality of life in breast cancer survivors 
with upper quadrant myofascial pain (8–10). However, the underlying mechanisms that cause 
these positive effects are unclear. Massage likely breaks up fibrotic muscle tissue and increases 
blood flow to the area. Prior studies in non-clinical populations showed that myofascial massage 
can reduce soft tissue stiffness (11–13) and increase arterial blood flow (14,15), but these 
effects have not been shown in the shoulder muscles of breast cancer survivors. 
 



  

Furthermore, contextual factors like patient-therapist communication can have a therapeutic 
effect (16,17) and may result in further improvement of these outcomes. Prior work showed that 
massage with warm, empathic therapist-patient communication significantly improves irritable 
bowel syndrome compared to massage with neutral communication (18). Placebo treatment with 
positive communication was almost as effective at relieving tension-type headaches as 
ultrasound treatment with positive communication (17). There is no prior research on how 
positive therapist-patient communication during massage influences the response of the treated 
soft tissues. 
 
The purpose of the proposed study is to establish the effect of myofascial massage on shoulder 
muscle properties and the interaction with patient-therapist communication in breast cancer 
survivors with upper quadrant myofascial pain. We will determine muscle stiffness using 
ultrasound shear wave elastography, a recent development that allows the non-invasive 
measurement of tissue stiffness in vivo (19). It has been shown that changes in muscle stiffness 
due to muscle length changes and muscle contraction can be detected with this method (20). 
Work from our laboratory showed increases in muscle stiffness of the pectoralis major after 
breast cancer treatment (21,22). Furthermore, we will determine blood flow to the treated 
muscles with ultrasound Doppler imaging techniques. The color pixels representing 
microvascular flow Doppler signals will be counted after deleting soft tissue gray-scale 
background in single frames of an ultrasound video (23). These techniques can non-invasively 
provide information about microvascular perfusion. 
 
 
4) Research Methodology:  
  
Participants:  
 
We will recruit 30 female breast cancer survivors from the Ann Arbor area. 
 
Inclusion Criteria: 
• Female sex 
• Age 18 years or older 
• Previous unilateral breast cancer diagnosis 
• Treatment for primary breast cancer was completed 3 months to 2 years prior to enrollment 

(defined as completion of all treatments except oral maintenance therapies) 
• Myofascial pain in upper quadrant of the chest 
• Ability to understand and willingness to sign a written informed consent. 
 
Exclusion Criteria: 
• Chronic neuromuscular or orthopedic injury currently affecting upper extremity function that is 

unrelated to their cancer diagnosis 
• Currently undergoing physical therapy, occupational therapy or other treatment for side 

effects related to their cancer diagnosis or other injury to the upper extremity  
• Broken or bruised skin in the chest/shoulder area 
• History of fibromyalgia 
• Diagnosed with metastatic breast cancer 
• Allergy or skin sensitivity to massage oils 
• Currently receiving treatment for other forms of cancer 
 
 



  

Experimental Design: 
 
Participants will be recruited from the Ann Arbor area via an advertisement on 
UMHealthResearch.org. This advertisement will provide contact information (a phone number 
and email address) for additional information if an individual is interested in participating. On 
UMHealthResearch.org, potential participants will be asked if they meet specific inclusion and 
exclusion criteria. Their eligibility will be contingent upon the answers they give for these 
questions. To be eligible, participants must answer ‘Yes’ to all questions related to inclusion 
criteria (except when asked for a date, which must be more than 3 months prior) and ‘No’ to all 
questions related to exclusion criteria. If ineligible, participants will be notified immediately 
through a message on UMHealthResearch.org and all information collected (including 
identifiable information) will be destroyed. If eligible, participants will be messaged on 
UMHealthResearch.org to inform them of their eligibility. They will then be sent a digital consent 
form, which they can review, and they will have the opportunity to ask questions about the study 
procedures. Participants will sign this document through the secure online platform SignNow. 
An e-signature of the participant will be collected on SignNow after they have read the 
document in its entirety either by typing their name and either (1) checking an accompanying 
checkbox with a statement noting an intent to affix a legal signature (e.g., “By checking this box 
and typing my name below, I am electronically signing this consent form”) or (2) signing inside a 
designated box with a mouse, stylus, or touch screen. After providing consent, participants will 
have the opportunity to download a copy of the consent form for their records. 
 
After signing of the consent form, participants will be sent screening questionnaires via email. If 
a participant becomes ineligible after completing these screening questionnaires, they will be 
informed immediately via email, all information collected will be destroyed, and they will be 
taken off the study. Participants eligible after completing the screening questionnaires, will be 
informed of their eligibility and contacted via email to schedule an appointment for their study 
visit. The screening questionnaires will confirm the location of pain and ask for experiences 
related to pain severity and interference in the indicated area. To be eligible, participants must 
indicate on the Michigan Body Map that pain is present in the upper quadrant of the upper body. 
For inclusion, at least one of the following criteria must be met: 1) Score of at least 5 in first 
question about pain at its worst in the BPI Pain Severity questionnaire, 2) Score of at least 3 in 
the third question about average pain in the BPI Pain Severity questionnaire, and 3) score of at 
least 3 in the third question about pain interference in the PEG questionnaire. 
 
*** Begin Ame00163783 *** 
To be eligible, participants must indicate on the Michigan Body Map that pain is present in the 
upper quadrant of the upper body. For inclusion, at least one of the following criteria must be 
met: 1) Score of at least 5 in first question about pain at its worst in the BPI Pain Severity 
questionnaire, 2) Score of at least 3 in the third question about average pain in the BPI Pain 
Severity questionnaire,  3) score of at least 3 in the third question about pain interference in the 
PEG questionnaire, 4) score of at least 3 in first question about pain on average in the past 
week in the PEG questionnaire.  
*** End Ame00163783 *** 
 
 
For their appointment, participants will come to the Musculoskeletal Biomechanics and Imaging 
Laboratory located in the School of Kinesiology Building at the University of Michigan for one 
testing session lasting approximately 2 hours. All participants will be compensated for any 
parking expenses. Upon arrival, participants will be informed about the study procedures and 

have the opportunity to ask the research team questions before the start of the experiment.  



  

 
Demographic data will be collected about the participant, including age, height and weight, and 
participants will complete a short questionnaire asking about their cancer diagnosis and 
treatment history. Participants will then be asked to change into a tank top. Baseline 
measurements of muscle stiffness and microvascular perfusion will be made with the participant 
sitting in a chair with the arm 90° abducted. Ultrasound shear wave elastography images will be 
obtained from 9 regions of the pectoralis major, one location on the serratus anterior and one 
location on the middle trapezius. Three images will be recorded from each location, resulting in 
33 images. Ultrasound Doppler images will be obtained as a video clip as the muscle is swept 
top to bottom with the ultrasound transducer. The length of this video clip will vary but will be no 
longer than 90 seconds long and much shorter (<30 seconds) for most. 
 
After baseline measurements are completed, participants will be taken to the massage room 
where they will meet the massage therapist. Participants will be asked to remove all upper body 
clothing before lying down face up on the massage bed. They will be asked to cover their 
bodies, including chest and shoulders, with a sheet and woolen blanket. The massage therapist 
will leave the room while the participants get ready. Once the participant is ready, the massage 
therapist will re-enter the room and begin the myofascial massage. The treatment will last 30 
minutes and focus on the chest and shoulder of the side that received the cancer treatment. 
Techniques applied during the intervention will include skin glide (variable time), stroking (2-3 
minutes), scar tissue rolling (2-3 minutes), strumming (2-3 minutes), fascial stretch (3-5 
minutes), circular friction (1-2 minutes), deep fascial release (3-5 minutes) and arm pull (60 
seconds). The timing and order of each element will be varied based on tissue response and 
patient feedback. The massage therapist will carefully expose areas of the chest and/or 
shoulder to perform the treatment. A massage oil may be applied to the participant’s skin if 
necessary. After the conclusion of the massage treatment, the massage therapist will leave the 
room so that the participant can get dressed again. No research personnel will be present in the 
massage room during the entire time. 
 
Immediately afterward, participants will return to the examination room, where the 
measurements conducted at baseline will be repeated. Participants will then remain in the 
clinical suite (or an adjacent waiting room) for 60 minutes, after which all measurements will be 
repeated a second time. During their 60-minute wait period, participants will be asked to fill in 
the treatment satisfaction questionnaire. Additionally, participants will be allowed to keep 
themselves occupied (e.g., reading), and they will be allowed to use the TV entertainment 
system provided in the examination room. 
 
Participants will be randomized into two groups. One group will receive the massage treatment 
while the massage therapist will be permitted to more readily communicate with the participant, 
and one group will receive the same massage treatment while the massage therapist will restrict 
communication with the participant to only essential exchanges. When communication is 
permitted, the therapist will have a short consultation with the participant, explaining the 
massage techniques used and asking for specific areas of shoulder/chest discomfort/pain to 
focus the treatment on. During the treatment, the therapist and the participant will be allowed to 
converse freely. The therapist will ask for feedback regarding the massage technique applied 
and will adjust the technique (duration, intensity) accordingly. When communication is restricted, 
the massage therapist will only provide essential information about the treatment (how to get 
ready, when treatment will start and finish) to the participant. The participant will not be 
instructed to limit conversation (e.g. to alert the therapist if the intensity is too much), but the 
therapist will limit their responses. 
 



  

We will withhold information about grouping and randomization from the participants until they 
complete the study visit to avoid a possible confounding effect of having this knowledge. We do 
not expect any adverse effects from withholding this information from the participants as all 
participants will receive the same standardized massage treatment. All participants will be 
handed a sealed envelope after the study which includes a letter informing them of the 
restricted/unrestricted communication component of the research study as well as the group for 
which they had been assigned.  
 
Randomization will be done using covariate adaptive randomization controlling for the 
covariates of age and body mass index. A study coordinator will randomize participants and 
print each participant’s group membership on a piece of paper, which will be placed in a sealed 
envelope. The envelope will be given to the massage therapist before meeting with the 
participant. Only the study coordinator and the massage therapist will have knowledge of each 
participant’s group membership. All other research personnel involved in data collection 
(including those actively collecting ultrasound images) and analysis will be blinded to group 
membership until data analysis is complete for all participants. 
 
This experiment carries a small ($30) nominal payment that is not contingent upon successful 
completion of the study. Compensation will be in the form of a gift card. This study provides a 
small direct benefit to the participants resulting from the massage treatment. Risks associated 
with the treatment intervention are no more than minimal and include mild soft tissue discomfort 
during the massage treatment and possible muscle soreness the next day. To avoid/minimize 
discomfort during the treatment, the massage therapist will adjust the treatment accordingly. For 
participants that withdraw early, we will prorate this payment at $15 per hour, rounded to the 
nearest 20-minute interval, up to a maximum payment of $30. 
 
All data will be stored by randomized study ID for each participant. All data collected during the 
appointment will be kept in a secure U-M database. There will be one document linking the ID 
numbers to the identifiers, which will be kept in a locked cabinet within a card-locked laboratory 
or key-locked office. Only members of the study team will have access to the document. This 
will be kept for 12 months after the study is completed, as it may be needed during the analysis 
of the data. Twelve months after the conclusion of the study, all identifiable information will be 
destroyed.  
 
*** Begin Ame00163783 *** 
All data will be stored by randomized study ID for each participant. All data collected during the 
appointment will be maintained in REDCap, which is password-protected, with only the study 
team members able to access identifiable information. There will be one document linking the ID 
numbers to the identifiers, which will be kept in a locked cabinet within a card-locked laboratory 
or key-locked office. Only members of the study team will have access to the document. This 
will be kept for 12 months after the study is completed, as it may be needed during the analysis 
of the data. Twelve months after the conclusion of the study, all identifiable information will be 
destroyed.  
 
*** End Ame00163783 *** 
 
All data collected during the research, including self-reported information from breast cancer 
survivors about their diagnosis and treatment, will be saved only under their randomized study 
ID. Data will be stored on password-protected devices inside a card-locked laboratory and 
separate from any documents containing any personally identifiable information. 
 



  

There are some potential risks to this experiment. There may be some discomfort from the 
ultrasound transducer indenting the skin. We expect the risk probability of this to be infrequent 
and the risk severity to be minor. To mitigate this risk, researchers will inform the participant 
prior to applying the transducer to skin and consistently ask participant if they are comfortable. 
There is also a small risk of an allergic reaction to the massage oil, if applied. We will minimize 
this risk by only using massage oil if necessary and asking the participants about known 
allergies before doing so. If an allergy may exist, we will not use massage oil. Finally, there is a 
minor risk of soreness and discomfort in the massaged regions which will subside within two 
days of treatment. 
 
Loss of confidentiality is expected to be rare but is of major seriousness. To minimize the risk of 
loss of confidentiality, only authorized research personnel will have access to the data. Coded 
identifiers will be used, with a list housed within a locked cabinet inside of a secure office. This 
list includes name, subject ID, height, weight, and ethnicity as this information may be 
necessary covariates to include within our data analysis. PHI will not be written on paperwork 
and will be saved on separate from devices where research data is collected and stored. 
Paperwork will be shredded, and devices will be permanently destroyed or securely wiped 12 
months after study completion. 
 
5)  Statistical Design: 	
 
The objective of this study is to assess muscle stiffness and microvascular perfusion before and 
after a 30-minute myofascial massage and to investigate the additional effect of patient-therapist 
communication. Our primary hypothesis (H1) is that muscle stiffness will be decreased and 
microvascular perfusion will be increased and that these effects will be enhanced when patient-
therapist communication is permitted. We will test this hypothesis with a repeated-measures 
ANOVA. The outcome variables will be shear wave velocity as representative measure of 
muscle stiffness and color pixel density indicating microvascular blood flow. Time (before, 
immediately after, and 60 minutes after massage) will be the within-subjects factor, and 
communication (permitted or restricted) will be the between-subjects factor. Interaction between 
time and type of communication will also be assessed. Our secondary hypothesis (H2) is that 
scores on the Global Satisfaction with Treatment questionnaire will be higher when patient-
therapist communication is permitted during the massage treatment compared to 
communication restricted. We will test this hypothesis with a two-sided independent t-test. 
 
The proposed study is a pilot investigation with shear wave velocity of the pectoralis major as 
primary outcome. Changes in shear wave velocity after myofascial massage have not been 
investigated previously. Thus, a formal power analysis was not completed. We estimate that if a 
moderate-to-large effect size is observed (f = 0.25-0.4), our analysis plan can detect a 
significant within-between interaction (e.g., time by type of communication) with 8-18 
participants (assuming alpha = 0.05, power = 80%, 2 groups, 3 repeated measures and 
correlation = 0.7). Accounting for data loss and study dropouts, we request to recruit 30 
participants to complete this work.  
 
6) Objectives and Endpoints:	
 
 

OBJECTIVES ENDPOINTS JUSTIFICATION FOR ENDPOINTS 

Primary   



  

OBJECTIVES ENDPOINTS JUSTIFICATION FOR ENDPOINTS 

1. To quantify changes in 
muscle stiffness in response to 
myofascial massage. 
 

Change in muscle 
stiffness of the 
pectoralis major will be 
assessed by ultrasound 
shear wave 
elastography before 
and after myofascial 
massage 

Muscle stiffness is hypothesized to 
decrease after myofascial massage 
is completed compared to baseline. 

Secondary   
1. To quantify changes in 
muscle perfusion in response to 
myofascial massage. 
 

Change in muscle 
perfusion of the 
pectoralis major and 
upper trapezius weill be 
assessed by Doppler 
imaging and superb 
microvascular imaging 
before and after 
myofascial massage  

Perfusion to muscle tissue 
undergoing massage is hypothesized 
to increase after myofascial massage 
is complete compared to baseline.   

2. To evaluate the effect of 
patient-therapist communication on 
changes in muscle stiffness in 
response to myofascial massage. 
 

Change in muscle 
stiffness of the 
pectoralis major will be 
assessed by ultrasound 
shear wave 
elastography and 
compared between 
patients randomized to 
a group with restricted 
or unrestricted 
communication with the 
massage therapist. 

Effects of myofascial massage on 
muscle stiffness is hypothesized to 
be enhaced in patients without 
restricted communication with their 
massage therapist. 

3. To evaluate the effect of 
patient-therapist communication on 
satisfaction with treatment 
 

Responses to the 
Global Satisfaction with 
Treatment 
questionnaire will be 
compared between 
patients randomized to 
a group with restricted 
or unrestricted 
communication with the 
massage therapist. 

Satisfaction with treatment is 
hypothesized to be enhanced in 
patients without restricted 
communication with their massage 
therapist. 

 
AME00156146: 
 



  

We are required by the study funder (NCCIH) to screen for adverse events after the 
intervention. An adverse event questionnaire has been added to Section 29 of the IRB 
application to help our team identify adverse events (AE) and severe adverse events (SAE). 
This screener will be performed 7 – 10 days following the intervention. This can be delivered 
digitally, with a follow-up phone call if our team requires additional information from the 
participant or if the participant is unresponsive. Pain assessments taken at intake will also be 
reassessed during the screener. 
 
The PI will maintain an adverse event log to grade the severity, study intervention relationship, 
action taken regarding study participation, outcome of the AE, expectedness, and SAE grading, 
along with the participant ID# and investigators initials and date of logging.  
 
The potential risks of this project are anticipated to be no more than minimal risk with essential 
safeguards to protect the welfare of study participants. Only Adverse Events related to the study 
procedures (e.g., ultrasound imaging, myofascial massage) will be assessed for 
grade/attribution and recorded in the study database. These adverse events will be reported in 
aggregate form in conjunction with the completion of an annual continuing review application 
with the University of Michigan IRB board. 
 
*** Begin Ame00163783 *** 
 
The potential risks of this project are anticipated to be no more than minimal risk with essential 
safeguards to protect the welfare of study participants. Only Adverse Events related to the study 
procedures (e.g., ultrasound imaging, myofascial massage) will be assessed for 
grade/attribution and recorded in the study database. These adverse events will be reported per 
the standard IRB-HSBS reporting guidance.  
 
*** End Ame00163783 *** 
 
Per current institutional guidelines, the research team must report any serious adverse events 
resulting in death, life-threatening outcomes, hospitalization, or significant disability/permanent 
damage to the local IRB within seven calendar days of becoming aware of the event. Serious 
adverse events unrelated to the study procedures will be reported in aggregate form in 
conjunction with the completion of an annual continuing review application. 
 
 
 
 
7) References: 
 
1. Andersen KG, Duriaud HM, Jensen HE, Kroman N, Kehlet H. Predictive factors for the 

development of persistent pain after breast cancer surgery. Pain. 2015 Dec 
1;156(12):2413–22.  

2. Cooke AL, Diaz-Abele J, Hayakawa T, Buchel E, Dalke K, Lambert P. Radiation Therapy 
Versus No Radiation Therapy to the Neo-breast Following Skin-Sparing Mastectomy and 
Immediate Autologous Free Flap Reconstruction for Breast Cancer: Patient-Reported and 
Surgical Outcomes at 1 Year—A Mastectomy Reconstruction Outcomes Consortium 
(MROC) Substudy. Int J Radiat Oncol. 2017 Sep 1;99(1):165–72.  



  

3. Hack TF, Kwan WB, Thomas-Maclean RL, Towers A, Miedema B, Tilley A, et al. Predictors 
of arm morbidity following breast cancer surgery. Psychooncology. 2010 Nov 
1;19(11):1205–12.  

4. Nesvold IL, Reinertsen KV, Fosså SD, Dahl AA. The relation between arm/shoulder 
problems and quality of life in breast cancer survivors: A cross-sectional and longitudinal 
study. J Cancer Surviv. 2011;5(1):62–72.  

5. Peuckmann V, Ekholm O, Rasmussen NK, Groenvold M, Christiansen P, Møller S, et al. 
Chronic pain and other sequelae in long-term breast cancer survivors: Nationwide survey in 
Denmark. Eur J Pain. 2009 May 1;13(5):478–85.  

6. Ebaugh D, Spinelli B, Schmitz KH. Shoulder impairments and their association with 
symptomatic rotator cuff disease in breast cancer survivors. Med Hypotheses. 
2011;77(4):481–7.  

7. Chang PJ, Asher A, Smith SR. A Targeted Approach to Post-Mastectomy Pain and 
Persistent Pain following Breast Cancer Treatment. Cancers 2021 Vol 13 Page 5191. 2021 
Oct 16;13(20):5191.  

8. Castro-Martín E, Ortiz-Comino L, Gallart-Aragón T, Esteban-Moreno B, Arroyo-Morales M, 
Galiano-Castillo N. Myofascial Induction Effects on Neck-Shoulder Pain in Breast Cancer 
Survivors: Randomized, Single-Blind, Placebo-Controlled Crossover Design. Arch Phys 
Med Rehabil. 2017 May 1;98(5):832–40.  

9. Massingill J, Jorgensen C, Dolata J, Sehgal AR. Myofascial Massage for Chronic Pain and 
Decreased Upper Extremity Mobility After Breast Cancer Surgery. Int J Ther Massage 
Bodyw. 2018 Sep 1;11(3):4.  

10. Serra-Añó P, Inglés M, Bou-Catalá C, Iraola-Lliso A, Espí-López GV. Effectiveness of 
myofascial release after breast cancer surgery in women undergoing conservative surgery 
and radiotherapy: a randomized controlled trial. Support Care Cancer. 2019 Jul 
1;27(7):2633–41.  

11. Bethers AH, Swanson DC, Sponbeck JK, Mitchell UH, Draper DO, Feland JB, et al. 
Positional release therapy and therapeutic massage reduce muscle trigger and tender 
points. J Bodyw Mov Ther. 2021 Oct 1;28:264–70.  

12. Eriksson Crommert M, Lacourpaille L, Heales LJ, Tucker K, Hug F. Massage induces an 
immediate, albeit short-term, reduction in muscle stiffness. Scand J Med Sci Sports. 2015 
Oct 1;25(5):e490–6.  

13. Kisilewicz A, Janusiak M, Szafraniec R, Smoter M, Ciszek B, Madeleine P, et al. Changes in 
Muscle Stiffness of the Trapezius Muscle After Application of Ischemic Compression into 
Myofascial Trigger Points in Professional Basketball Players. J Hum Kinet. 2018;64(1):35.  

14. Hotfiel T, Swoboda B, Krinner S, Grim C, Engelhardt M, Uder M, et al. Acute Effects of 
Lateral Thigh Foam Rolling on Arterial Tissue Perfusion Determined by Spectral Doppler 
and Power Doppler Ultrasound. J Strength Cond Res. 2017 Apr 1;31(4):893–900.  



  

15. Rodrigues LM, Rocha C, Ferreira HT, Silva HN. Lower limb massage in humans increases 
local perfusion and impacts systemic hemodynamics. J Appl Physiol. 2020 May 
1;128(5):1217–26.  

16. Moraska AF, Stenerson L, Butryn N, Krutsch JP, Schmiege SJ, Mann JD. Myofascial trigger 
point-focused head and neck massage for recurrent tension-type headache: A randomized, 
placebo-controlled clinical trial. Clin J Pain. 2015 Feb 21;31(2):159.  

17. Oliveira VC, Refshauge KM, Ferreira ML, Pinto RZ, Beckenkamp PR, Negrao Filho RF, et 
al. Communication that values patient autonomy is associated with satisfaction with care: a 
systematic review. J Physiother. 2012 Dec 1;58(4):215–29.  

18. Kelley JM, Lembo AJ, Ablon JS, Villanueva JJ, Conboy LA, Levy R, et al. Patient and 
Practitioner Influences on the Placebo Effect in Irritable Bowel Syndrome. Psychosom Med. 
2009;71(7):789.  

19. Bercoff J, Tanter M, Fink M. Supersonic shear imaging: A new technique for soft tissue 
elasticity mapping. IEEE Trans Ultrason Ferroelectr Freq Control. 2004;51(4):396–409.  

20. Chernak LA, Dewall RJ, Lee KS, Thelen DG. Length and activation dependent variations in 
muscle shear wave speed. Physiol Meas. 2013;34(6):713–21.  

21. Leonardis JM, Lyons DA, Giladi AM, Momoh AO, Lipps DB. Functional integrity of the 
shoulder joint and pectoralis major following subpectoral implant breast reconstruction. J 
Orthop Res. 2019;37(7):1610–9.  

22. Lipps DB, Leonardis JM, Dess RT, McGinnis GJ, Marsh RB, Strauss JB, et al. Mechanical 
properties of the shoulder and pectoralis major in breast cancer patients undergoing breast-
conserving surgery with axillary surgery and radiotherapy. Sci Rep. 2019;9(1):1–9.  

23. Lecarpentier GL, Roubidoux MA, Fowlkes JB, Krücker JF, Hunt KA, Paramagul C, et al. 
Suspicious breast lesions: Assessment of 3D doppler US indexes for classification in a test 
population and fourfold cross-validation scheme. Radiology. 2008 Nov 1;249(2):463–70.  

 


