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ABSTRACT 

International Journal of Exercise Science 16(3): 855-865, 2023. Tissue flossing (TF) is a novel device that 

has been shown to cause peripheral compression and concurrent change in joint range of motion, perception of 
mobility and muscular performance. However, the effect of tissue flossing on pain, perception of mobility and 
function at the elbow joint has not been thoroughly investigated. The purpose of this pilot study was to examine 
the acute effect of TF on pain and upper extremity functional performance in subjects with musculoskeletal-related 
complaints of pain surrounding the elbow joint. We utilized a randomized crossover design. Nine resistance trained 
participants (8 men/1 woman) mean age 35.6 ± 10.7 took part in this study. We measured the following outcome 
measures; Pain Visual Analog Scale, Short Form McGill Pain Questionnaire II, pain-pressure threshold and hand 
grip dynamometry (HHD) pre and post and a Likert scale for movement ability questionnaire, posttest only, 
following a TF and placebo condition for each participant.TF resulted in significant improvement in all test 
measures, except HHD, pre to post (p ≤ 0.05). All pre to post changes were associated with large effect sizes for TF 
compared to the placebo condition applied to the elbow improves pain quality and intensity, perception of mobility 
and pain-pressure threshold in resistance trained individuals with a history of musculoskeletal pain for greater 
than 1 month. The results of this pilot study suggest that TF may function as an adjunct to treatment in the 
management of musculoskeletal pathologies at the elbow joint.  
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INTRODUCTION 
 
Musculoskeletal pain at the elbow joint is a common ailment affecting a range of populations. 
Tendinopathy is one of the more common pathologies observed at the elbow (11, 12). Individuals 
affected by tendinopathy report local pain, edema, decreased strength, power and range of 
motion (ROM), as well as neuromuscular deficits (5, 8). Physical therapy (PT) is a non-surgical 
option for treatment employed during various stages of tendinopathy progression. Physical 
therapists may opt to provide manual therapy, compression modalities, amongst others, to 
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manage symptoms and address the pathophysiological mechanisms of tendinopathy. Following 
treatment, patients have reported improved pain quality and intensity, mobility and functional 
performance (5, 21). 
 
Tissue-flossing (TF) is the use of an elastic band to provide focal compression on soft tissue and 
joints, popularized by Starrett and Cordoza, the intervention requires active and/ or passive 
ROM while the affected structure is under compression exerted by the band (40). Mounting 
anecdote and emerging research has led to strong consideration of this simple, cost-effective tool 
for clinical application (14, 15, 43). TF was utilized as an adjunct to treatment following a 6-week 
course of traditional PT which failed to produce clinical improvements in ankle pain and 
function (6). The subject in this case study significantly improved following the 6-weeks of TF 
treatment. Similarly, another case study reported on the clinical application of TF in a patient 
afflicted by Keinböck’s disease, an idiopathic avascular necrosis of the lunate bone (7). The 
subject presented with pain and concurrent loss of wrist and hand function. The subject reported 
improvements in both pain and function following 6-weeks of treatment. 
 
Additional evidence supporting TF in the management of musculoskeletal pain was 
investigated in response to exercise-induced delayed-onset muscle soreness (EDOMS) (36). 
Frequently, EDOMS results in peak symptoms up to 72 hours post-exercise and is characterized 
by muscle pain, edema, decreased strength, power and ROM, with concurrent neuromuscular 
deficits. They reported significant improvement in the outcome measures throughout the 
follow-up period. 
 
Along with clinical utility, TF has shown to enhance muscular performance in athletic 
populations (14, 15, 43). Driller et al. utilized a TF technique at the ankle and examined the acute 
effects on performance metrics including the weight-bearing lunge test (WBLT), dorsiflexion 
(DF) and plantar-flexion ROM and single-leg vertical jump test for both height and velocity (14). 
The results revealed significant improvements across all performance variables. Additionally, 
Driller et al. investigated the time-course of the TF effect; performance metrics included the 
WBLT, countermovement jump and 15m sprint test (15). Significant improvements were found 
in WBLT at all time-points, up to 45-minutes following application. The effect of an acute bout 
of TF versus static stretch and a control condition was also investigated (20). Outcomes were 
collected for several physiological measures including rate of force development (RFD) and DF 
ROM. Significance was achieved in DF ROM for TF vs. control and RFD for TF vs. static stretch. 
 
Given the relative novelty of this modality and limited research regarding its application, the 
mechanism to change remains poorly understood. The current body of literature postulates the 
observed effect relative to local therapeutic compression, myofascial manipulation and/or 
reperfusion. Recent advances in the understanding of pain and its manifestations reveal a more 
complex relationship than previously concluded, relying on many domains including 
perception (29, 41). This has allowed an increased understanding of physical modalities and 
their role in the management of musculoskeletal pain (9, 38, 39). It has been reported that the 
mechanical force from manual therapy initiates a cascade of neurophysiological responses from 
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the peripheral and central nervous system which are then responsible for the improved clinical 
outcomes (4). Kiefer et al. (22), to the authors’ knowledge, is the only investigation to link 
performance metrics and perception of mobility to a TF intervention. They reported a significant 
improvement in the perception of mobility of the glenohumeral joint in the TF group in 
comparison to a control group, However, the subjects utilized did not have any previous 
shoulder pain or limitations in ROM or function. It is well understood that perceptions of 
treatment and self-efficacy confer enhanced patient compliance and relative therapeutic 
outcomes (22, 34, 42). An investigation regarding the utility of TF on perception of mobility with 
subjects who have musculoskeletal deficits is warranted. There is also a gap in the knowledge  
investigating the effects of TF on subjects with elbow tendinopathy Thus, the purpose of the 
current investigation was to examine the acute effect of TF on pain and upper extremity 
functional performance in subjects with musculoskeletal-related complaints of pain 
surrounding the elbow joint.  
 

METHODS 
 
Participants 
Nine resistance trained participants (8 men/1 woman) mean age 35.6 ± 10 volunteered to 
participate in this study. Participants were recruited through a privately-owned athletic 
performance facility (Gaglione Strength, Farmingdale, NY, United States) and college campus 
New York Institute of Technology (NYIT) Old Westbury, NY, United States. To be eligible for 
the study, participants had to be actively engaged in a consistent resistance training program, 
with at least 6 months of experience, in generally good health and have had pain in the elbow 
area for greater than 1 month with a pain visual analog score (VAS) of 3 or greater out of a 0-10 
scale. Inclusion and exclusion criteria are presented in Table 1. The study was approved by NYIT 
Institutional Review Board (BHS # 1444) and the study was registered at www.ClinicalTrail.gov 
(NCT04899375) In addition, this manuscript adheres to the ethical policies of the Editorial board 
of the International Journal of Exercise Science and guidelines outlined by Navalta et. al. (30). 
The participants were informed of the methods, procedures, risks and were asked to sign the 
approved consent form prior to starting the study. 
 
Table 1. Inclusion/Exclusion Criteria 

Exclusion Inclusion 

Evidence of acute injury (i.e. edema, erythema or 
petechiae) 

Pain Visual Analog Scale (VAS) ≥ 3/10 

History of disease or condition to contraindicate 
peripheral compression 

Tenderness to palpation (TTP) within 7cm above or 
below the olecranon process 

History of elbow instability or recent surgical 
intervention 

Painful passive range of motion in one or more the 
osteokinematic motions at the elbow complex 

 
Recent corticosteroid or platelet rich plasma 

injection 
 

 
The study utilized a randomized crossover design, in which participants performed a battery of 
tests pre and posttest outcome measures in the following order: Visual Analog Scale for pain 
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(VAS), Short-form McGill Pain Questionnaire II (SF-MPQII), Likert Scale (LS) post-test only, 
Pain-pressure Threshold (PPT), and Handgrip Dynamometry (HGD). Both the experimental 
and placebo conditions consisted of an active ROM protocol immediately following the 
application of either a tissue floss band (TF) (MobilityWOD, Wilmington, DE) or generic, non-
compressive bandage (NCB). Participants were blinded by a partition effectively blocking the 
view of the affected extremity throughout the intervention. Additionally, both bands were of 
similar color, length and width making them difficult to distinguish. Participants reported to 
the research site on two separate occasions. On the first visit, all were randomized, via 
computerized random list generator, in a crossover design to either TF or NCB. There was a 
minimum washout period of 1 week to reduce both order and carry-over effects. Prior to each 
trial, participants were instructed to refrain from the use of analgesic medication (i.e. non-
steroidal anti-inflammatory drugs) for a minimum of 24 hours before reporting to the testing 
site. 
 
A standardized wrapping technique was employed by applying the TF and NCB accordingly: 
distance measurements were taken extending a minimum of 7cm, and a maximum of 10cm, 
proximal and distal from the olecranon process. The FB, or NCB, was then applied (50% stretch 
for the FB and 0% stretch for NCB) beginning proximally and extending distally with 
approximately 50% overlap of the previous wrap. To complete the application, the remaining 
end was secured under the final wrap (Fig. 1). 
 
Figure 1. Floss band application  

 
 
Protocol 
Immediately following the application of either condition, all participants completed a 
standardized AROM exercise protocol. The protocol was a total of 2 minutes, executed 
accordingly: 10 to 15 repetitions of elbow flexion and extension, beginning in extension and 
supination, ending in flexion and pronation (Fig. 2). Next, 10 to 15 repetitions beginning in 
extension and pronation, ending in flexion and supination (Fig. 2). Last, 10 to 15 repetitions of 
wrist flexion and extension in a neutral forearm position (Fig. 3). 
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Figure 2. AROM Protocol: Elbow  

 
 
Figure 3. AROM Protocol: Wrist 

 
 
 
Pain data were collected via paper form utilizing the VAS, prior to and immediately upon 
completion TF or NCB condition. Participants were provided a copy of the instrument and 
instructed to honestly assess their pain experience. VAS is a commonly employed self-
completed scale for the assessment of pain in adults (17). The instrument is scored using a 
numerical scale from 0 to 10, whereas 0 indicates no pain and 10 indicates maximal pain. 
  
Data relative to pain perception and affect were collected via paper form SF-MPQII. Prior to and 
immediately upon completion of either condition, participants were provided a copy of the 
instrument and instructed to honestly assess their pain experience. The SF-MPQII is a shorter 
version of the original McGill Pain Questionnaire. It is a multidimensional measure of pain. The 
SF-MPQII has been shown to be a valid and reliable tool to measure pain in adults (1, 17). 
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Perception of movement capacity was examined via LS, adapted from Kiefer et al. (22). The LS 
(Fig. 4) was employed during post-test data collection only and was administered in a pen and 
paper format. The typical LS is a 5- or 7-point ordinal scale used by respondents to rate the 
degree to which they agree or disagree with a statement (19). 
 

 
Figure 4. Likert Scale  

 
PPT measurements were collected upon the completion of the preceding tests and were 
evaluated via algometry. Algometry is the assessment of load-dependent tenderness at a specific 
anatomical site. The Force TenTM FDX Pressure Algometer (Wagner Instruments, Greenwich, 
CT) was used to quantify PPT and has been shown to be reliable and valid (23, 32). The 
procedure for algometric measurement was adapted from Park et al. (31) and was standardized 
according to the following: the algometer was applied to the subject-indicated, point-of-greatest-
pain (Table 2.) Pressure was increased at a rate approximately 1 kg/cm2/s. The participant 
indicated increased pain by saying the word “ouch,” the test was then concluded, and the 
measurement recorded. The procedure was repeated for a total of 3 trials; average scores were 
calculated and recorded. 
 
Table 2. Point of Greatest Pain 

Point-Of-Greatest-Pain Descriptor 

Distal Biceps Brachii Tendon 2cm proximal to the antecubital fossa 

Common Extensor Tendon 3cm distal to the lateral epicondyle 

Common Flexor Tendon 3cm distal to the medial epicondyle 

Pronator Teres Muscle Belly 5cm distal to the antecubital fossa 

Distal Triceps Brachii Tendon 3cm distal to the olecranon process 

 
HGD was evaluated by The Jamar hydraulic hand dynamometer (JLW Instruments, Chicago, 
IL), which has been shown to be reliable and valid when measuring strength in adults with 
injuries to the upper limb (16, 33). The HGD measurements were standardized according to the 
following: participants performed a measure of pain-free grip strength, followed by max grip 
strength regardless of pain in 90 degrees of elbow flexion, 0 degrees of shoulder extension, 
neutral wrist and hand position. Two trials were performed, separated by 60 seconds rest; 
average scores for both pain-free and maximal grip strength were calculated and recorded.  
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Statistical Analysis 
All values are reported as mean ± standard deviation. Statistical analyses were performed using 
the Statistical Package for Social Science (V.25.0, SPSS Ins., Chicago, IL). A priori power analysis 
for a crossover design specified that a sample size of 9 subjects would provide sufficient power 
(80%) to observe differences assuming a moderate effect size. Differences between the pre and 
post test scores were utilized as change scores for the following dependent variables; VAS, SF-
MPQ II, algometry, and handgrip strength scores for subsequent data analysis utilizing paired 
t–tests. The perception of movement ability as measured by the movement questionnaire was 

also analyzed utilizing a paired t–test. Data were considered significant at the p  0.05 level. In 
addition, for all t-tests, Cohen’s d effect sizes were calculated with small, medium, and large 
effects interpreted as greater than 0.2, 0.5, and 0.8, respectively (35). 
 
RESULTS 
 
The physiological characteristics of the nine participants (8 men and 1 woman) are presented in 
Table 3. Table 4 presents the results of the paired t-tests for the outcome measures. There were 

significant differences (p  0.05) between TF and the placebo on improving VAS, SF-MPQ II, and 
algometry with large effect sizes. Table 4 also contains the results of the Likert Scale movement 
ability questionnaire. There was significant improvement with the subjects’ perception of 
movement ability following TF (p = 0.04) with a large effect. There were no significant 
improvements in handgrip or pain free handgrip strength.  
 
Table 3. Physiological Characteristics (n = 9) 

Age (yrs) 35.6 ± 10.7 

Height (cm) 172.4 ± 6.89 

Weight (kg) 94.9 ± 17.7 

 
Table 4. Results of Paired t-Tests for Outcome Measures 

Outcome measure Mean Difference P value Effect Size 

VAS 1.11 ± 1.17 0.02* 1.33 

SF-MPQ II 17.67 ± 29.18 0.05* 0.85 

Algometry (kg) .45 ±.69 0.04* 0.92 

Likert Scale .98 ± 1.52 0.04* 0.90 

Handgrip (kg) 1.47 ± 5.84 0.47  

Handgrip Pain Free (kg) .42 ± 1.69 0.048  

VAS- Visual Analog Scale for Pain 0-10, SF-MPQ II- Short Form McGill Pain Questionnaire 

*Denotes significance P  0.05 
 

DISCUSSION 
 
This is the first study to our knowledge, to examine the effects of TF on measures of pain and 
function in subjects with a history of musculoskeletal pain at the elbow joint. The results 
demonstrated significant improvement in pain quality and intensity, PPT and perceived 
capacity for movement. The SF-MPQII, VAS, PPT and LS were all associated with a large effect 
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sizes, in favor of TF versus the placebo. Results for HGD were not significant. Our findings 
suggest TF may function as an effective means to alter pain and perception of mobility in a 
clinical setting. 
 
The results of this pilot study are contrary to evidence presented by a similar investigation (43). 
Their study presented data on pain and function assessed via numeric rating scale, disabilities 
of the arm, shoulder and hand and ROM. Their results demonstrated improvement in all 
domains following an acute bout of TF; however, there was no significant difference between 
TF and a control condition. Additionally, they reported adverse effects including increased pain, 
skin changes and dyspnea in select subjects. It is important to note, the current investigation did 
not record any adverse events. Conversely, our results are in agreement with research 
performed on clinical populations (6, 7). They described positive effects following multiple 
treatments utilizing TF on functional capacity and markers of pain in their respective case 
studies. Our results are also in accord with Prill et al. (36) who demonstrated efficacy to reduce 
pain following a single application of TF in subjects affected by EDOMS . Our results are also in 
agreement with a study who investigated the perception of mobility in healthy subjects with 
normal shoulder ROM (22). The reported there was no effect on true glenohumeral joint ROM, 
however, noted significant effects in the subject’s perception of glenohumeral mobility, which 
was a similar result of this investigation.  
 
Recently, there has been a shift in health care models to focus on patient-centered care (2, 10, 27, 
28). Among the tenants of patient-centered care lies self-efficacy and patient beliefs and both 
have shown to be predictors of patient compliance and ultimately therapeutic outcome (13, 34, 
37, 42). Due to the acute effects observed on clinical markers of pathology, it is possible that TF 
may serve as an adjunct in the management of musculoskeletal pathologies at the elbow (i.e. 
tendinopathy), through enhanced face validly of treatment and resultant patient compliance. 
 
The physiological mechanisms by which pain and perception were altered remains to be fully 
understood. Previous research has presented several theories regarding myofascial 
manipulation, peripheral mechanoreceptor stimulation, vascular occlusion, reperfusion and 
local hormonal response (3, 14, 15, 36, 43). Pressure measurements between the floss band and 
subjects’ skin; pressures of 182 ± 38 mmHg have been measured (15). This pressure is significant 
enough to cause a high percentage of vascular and arterial occlusion (26). Being that the floss 
band, in this study, was applied in a similar manner, it is reasonable to suggest a comparable 
magnitude of pressure and resultant occlusion. Previous research has indicated that exercise 
under a state of partial vascular and arterial occlusion, known as blood flow restriction training, 
may produce favorable effects on pain and functional performance in clinical populations (18, 
24, 25). Furthermore, it has been suggested compression garments, worn at the elbow joint, may 
serve to alter somatosensory feedback and nervous system excitability with concurrent 
improvements in proprioceptive precision and sensitivity (3). 
 
Further research is recommended relative to the mechanisms discussed and their direct role in 
affecting change following a bout of TF. Additional investigations are also recommended 
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regarding HGD as a measure of upper extremity function. A limitation in the current study is 
acknowledged relative to the HGD measures. Data were collected at only a single position, 90 
degrees of elbow flexion and 0 degrees of shoulder extension. Future research should aim to 
collect data at a variety of shoulder and elbow positions to better capture changes in functional 
capacity. The authors also suggest including an outcome measure (i.e. DASH, Upper Extremity 
Functional Index) to more effectively quantify change. An additional limitation was noted for 
limited generalizability to other joints and soft tissues. Future investigations may consider the 
application at functionally similar joints (i.e. knee, wrist and ankle) due to ease and consistency 
of application. 
 
Conclusion: The current pilot study is the first to describe the acute effects of TF in subjects with 
a history of elbow pain. The results of this pilot study may carry implications for the future 
management of patients affected by musculoskeletal related pain and concurrent loss of function 
at the elbow. As the medical field continues to evolve, incorporating patient centered care; 
increasing pressures are placed upon clinicians to provide effective means for improved patient 
compliance and related therapeutic outcomes. TF presents as a potential cost-effective and user-
friendly modality with a capacity to yield immediate benefits for pain and perceived mobility, 
possibly boosting the face validity of treatment and resultant compliance. 
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