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Abstract 

Background: Lateral epicondylalgia (LE) causes ineffective handgrip due to microtrauma on the elbow's common extensor origin. Objectives: This 
study will determine the differences in the Extensor Digitorum Communis' (EDC) fascia slide, percentage maximum voluntary contraction (%MVC), 
static maximum handgrip strength (SMHGT), muscle activation onset time (MAOT) in LE and non-LE elbows, with and without Biomechanical Tape 
(BMT). The study will determine differences in Visual Analogue Scales (VAS) and Patient Rated Tennis Elbow Evaluation (PRTEE) scores of patients 
with and without BMT. Methods: Nineteen participants' elbows with unilateral LE with and without BMT will be evaluated using musculoskeletal 
ultrasound (MSK) and electromyography (EMG) on Days 1, 3, and 5. A Physiotherapist-Sonographer, a Physiotherapist-EMG user, and a Research 
Assistant using Jamar hydraulic dynamometer will evaluate the participants. The participants will perform Mill's test during MSK and SMHGT using 
the dynamometer during EMG. A Chi-squared test will evaluate the relationship between BMT and fascia slide. Two-way repeated-measures ANOVA 
will compare the fascia slide, %MVC, SMHGT, and MAOT between elbows with and without BMT. It will be blocked according to elbow status (i.e., 
LE, no LE). Dunnett post hoc test will determine the groups whose results differed significantly. Differences in PRTEE scores at Days 1 and 5 will be 
determined. A p-value <0.05 indicates a significant difference in scores. Expected Results: We expect decreased fascial slide measurements on EDC, 
VAS, PRTEE scores, and increased %MVC, MAOT, and SMHGT on taped elbows. Results will determine the underpinning mechanism behind the 
short-term effects of BMT. 
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INTRODUCTION 

Lateral Epicondylalgia (LE) is a condition caused 
by a progressive injury in the elbow manifesting 
as lateral elbow pain.1 It occurs during gripping, 
requiring co-activation of forearm muscles.2 It 
affects individuals between the ages of 30 and 
55. LE prevalence is 1.3% in work-related 
physical load factors such as high handgrip 
forces and repetitive wrist and hand activities.3,4 
The mean number of lost workdays per year for 
LE is 2.3-3.9.5 

LE may present with an impaired fascia slide 
reducing elbow mobility.6 The nature of the 
fascia slide on the Extensor Digitorum Communis 

(EDC) during the Mill test is not described in the 
literature. Fascia slide demonstrates horizontal 
and vertical displacements during a joint 
movement.7 The EDC and the ECRB have a 
common origin and are both surrounded by a 
tight deep fascia where the proximal bellies of 
the EDC are tightly attached, and this plays a role 
in the normal functioning of forceful hand 
gripping activities because repetitive and 
forceful handgrip activities require a level of 
tightness in the elbow. When the relationship 
between the deep fascia and the proximal bellies 
of the EDC is disrupted, this will cause a 
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decreased stiffness on the elbow. As a result, 
there will be an increased slide of the EDC in 
individuals with LE (p=0.06).8 Decreased elbow 
stiffness is assumed to reduce the EDC resistance 
to wrist flexion during the Mill test. It also 
indicates the inability of the elbow to resist 
rapidly changing forces associated with handgrip 
activities.8,9 

Repetitive forearm extensor activity may strain 
the regular dense connective tissue (RDCT) 
associated with lateral elbow pain.10 The forearm 
extensor muscles are attached to the lateral 
epicondyle through this RDCT.10 During a static 
maximum handgrip test (SMHGT), the RDCT 
pulls on the lateral epicondyle transferring 
tensile forces.10 The authors assumed that the 
repetitive contraction of the forearm extensor 
muscles strains the RDCT and the lateral 
epicondyle. Electromyography (EMG), which 
measures upper extremity muscle activity, is still 
not tested during SMHGT of participants with 
unilateral LE. 

Through EMG, muscle imbalance between 
agonist and antagonist muscles (flexors vs. 
extensors) in the shoulder, arm, and forearm 
were investigated in the literature as a possible 
cause for LE.11,12 Percentage maximal voluntary 
contraction (%MVC) and muscle activation onset 
time (MAOT) were reported for forearm and arm 
muscles during tennis play. 11 Due to the 
involvement of shoulder, arm, and forearm 
muscles, upper extremity weakness exists in 
patients with LE.11 

Biomechanical Taping (BMT), an inelastic tape 
put over the painful elbow aiming to elevate and 
tighten the fascia and skin, helped 23 
participants with unilateral LE.13 BMT 
application resulted in a significant reduction of 
lateral elbow pain (p<0.05) and an improvement 
of handgrip strength (p ≤ 0.01).13 BMT is 
assumed to minimize fascial mobility, allow 
more slides for the EDC muscle, and reduce 
elbow stiffness via fascia lift.13 The effects of BMT 
on fascia slide on EDC and EMG activities in the 
shoulder, arm, and forearm muscles will 
determine the underlying physiologic 
mechanism of BMT in pain reduction and 
functional improvement.   

We assume a lesser fascia slide and greater 
%MVC and SMHGT in the taped elbow than non-

taped elbows. This study aims to determine the 
short-term effects of BMT, in particular the 
differences in the measured fascia slide on EDC, 
VAS and PRTEE scores, %MVC, MAOT of EDC, 
FDS, ECR, FCR, and MD during SMHGT in these 
conditions: Non-LE elbows without BMT versus 
LE elbows without BMT; Non-LE elbows with 
BMT versus LE elbows with BMT. 

 

METHODS 

Ethics Approval. This Ethics Review Committee 
of the College of Rehabilitation Sciences of the 
University of Santo Tomas (UST-CRS) approved 
this study. 

Study Design. This study is experimental in 
nature that will use a time series and pretest-
posttest design. The participants will be assessed 
and treated on Days 1, 3, and 5. 

Sample Size Calculation. Using G*Power 3.1.9.2, 
19 participants with unilateral LE are needed to 
determine the PT-Sonographer and PT-EMG 
user's reliability in determining the 
characteristics of the fascia overlying the EDC 
and quantifying the cross-sectional area of EDC 
(Phase 1). The basis of the computation includes 
(a) correlation of 0.60, (b) alpha-value of 0.05, 
(c) power of 0.80. The sample size for the Phase 
2 study will be estimated using the EDC slide 
measurements from Phase 1. No studies are 
reporting the effects of BMT on EDC fascia slides 
during Mill's test. 

Participants. Table 1 shows the eligibility 
criteria that will be used to screen the 
participants. 

Recruitment. Participants with unilateral LE 
will be recruited using the purposive sample 
strategy from these places in Metro Manila, 
Philippines: 

a. Barangay 421 of Pureza, Manila 

b. Barangays 509, 499, 489, and 507 of Sampaloc, 
Manila 

c. Mandaluyong City 

d. Barangay 645 of San Miguel, Manila 

e. Food outlets surrounding UST and in the 
University belt 
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Table 1. Inclusion and Exclusion Criteria. 

Inclusion Criteria Exclusion Criteria 
a. Age 30-55 years 
b. Elbow pain confined on the dorsal 
proximal third of the forearm between 
the elbow crease and 5cm distal to it 
c. Positive to at least one of the 
provocation tests: Cozen, or Mill, or 
Maudsley Test 

a. Malignancy, 
b. Pregnant women, 
c. Bilateral elbow pain, 
d. Systemic diseases known to cause 
general body malaise, 
e. Fracture of the involved extremity 
and neck, 
f. Elbow osteoarthritis, 
g. Recent blunt force trauma, 
h. Motor vehicular accident, 
i. Surgery and treatment in the last six 
months. 

 

The researchers will recruit participants by 
disseminating information on social media, 
sending leaflets and brochures. An experienced 
and licensed physiotherapist will conduct a 
screening process of the potential participants 
using an initial screening checklist. The 
researchers, then, will orient eligible participants 
on the aims and mechanics of the study. 
Participants who agree will sign informed 
consent papers. A licensed physiotherapist will 
evaluate those who meet the criteria using an 
evaluation form for LE. 

Assessors. The three MSK assessors are the PT-
Sonographer and two physiotherapists to read 
the MSK video images using the WMP and 
Tracker. The Case Report Form 1a will account 
for the findings of the MSK assessors. The PT-
Sonographer has 19 years of physiotherapy 
practice with three years of diagnostic 
ultrasound experience. He has trained in MSK, 
general, and vascular imaging techniques. The 
two physiotherapists have over seven years of 
manual physiotherapy experience in treating 
musculoskeletal pain. One of the two 
physiotherapists has training on MSK use. 

A PT-EMG user with three years of EMG 
experience will determine the %MVC and MAOT 
of upper extremity muscles. 

The Research Assistant, a registered 
physiotherapist with over three years of manual 
physiotherapy experience, will use the Jamar 
hydraulic dynamometer in quantifying the 
participant's SMHGT. 

Intervention. Biomechanical Tape will be 
applied on elbows with and without LE following 

the standard BMT application technique. The 
researcher will place a base BMT strip without 
tension over the elbow. With the participant's 
wrist held in extension, the researchers will 
place two strips of BMT to the participant's 
elbow. The researcher will anchor the first strip 
of BMT on the lateral aspect of the base of the 
BMT fascia tape, creating a skin-fascia lift on the 
proximal aspect of the elbow.13 The researcher 
will anchor the second strip of BMT on the 
medial aspect of the base BMT fascia tape. A 
similar BMT approach will be used on the 
proximal forearm with the participant's wrist in 
a neutral then flexed position. While the wrist is 
fully flexed, the researcher will apply a cover-up 
BMT strip over the proximal forearm. 

The participant's elbows will then undergo 
evaluation using MSK and EMG. The directions 
and degree of fascial excursion of EDC with and 
without BMT will be determined through MSK. 
EMG will measure the activity of the forearm 
extensor muscles and detect any possible muscle 
imbalance between the agonist and antagonists. 
The muscles that would be measured for EMG 
activity are the extensor carpi radialis (ECR), 
flexor carpi radialis (FCR), EDC, flexor digitorum 
superficialis (FDS) on the forearm, and middle 
deltoid (MD) on the arm. 

Instruments 

Equipment. The 5–13 MHz linear broadband 
transducer of the HS1 Konica Minolta MSK will 
capture the EDC fascia sliding in the presence 
and absence of BMT in elbows with and without 
the LE.  
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The Delsys 16 channel wireless sEMG system 
with EMGWorks® Software is a surface EMG 
machine that will measure the %MVC and MAOT 
of ECR, EDC, FDS, FCR, and MD during SMHGT. 

Biomechanical Tape, an inelastic tape, is used on 
the elbows of participants. BMTs are 
hypoallergenic, skin-like tapes with high 
adhesive strength 5 cm high and 10 yards long. 

The mechanical test jig is a wrist jointed 
contraption that will position and hold the tested 
elbow in extension, forearm pronation, and wrist 
neutral using Velcro straps. 

Software. Windows Media Player (WMP) is a 
video player and an image viewing application 
by Microsoft for personal computers with a 
Microsoft Windows operating system.16 

Tracker 5.0 © 2018 is a free video analysis and 
modeling tool developed by Douglas Brown and 
Wolfgang Christian on the Open Source Physics 
Java Framework.16 The Tracker shows the fascia 
slide direction and quantifies the fascia slide of 
the right upper trapezius in millimeters (mm). It 
uses normalized cross-correlation to follow 
frame-to-frame in the video, a rectangular area 
known as a template.16 

Outcome Measures. The VAS is a 10cm long 
horizontal line. The extremes of this define the 
minimum and maximum intensity of perceived 
pain. A score of zero is described as 'no pain' 
while ten is described as 'worst possible pain.' 
The VAS is sensitive to measuring the perceived 
pain and is also reliable (measurements between 
groups).17,18,19 

The participant's SMHGT strength is determined 
using the handheld Jamar hydraulic 
dynamometer, which is highly recommended in 
measuring grip strength.20 ICC values of 0.85-
0.98 for an expert's intra-tester and inter-tester 
reliability using the handheld dynamometer are 
clinically acceptable.21 

The PRTEE is 15 questions that quantify the 
average level of pain and function in patients 
with LE (maximum score: 100, minimum score: 
0). PRTEE presents high reliability (r= 0.89) and 
sensitivity (sensitivity=0.96) in evaluating LE 
patients.22,23 

The Motion Tracking Analysis Program is 
software that measures body structures' linear 

displacement in pixels. This program provides 
coordinate values per frame while tracking after 
identifying the structure's location. Also, the 
program tracks an area that is rectangular and, 
using cross-correlation, uses the subsequent 
frames as a reference point. The intra-tester and 
inter-tester reliability were moderate to good, 
with an ICC score of 0.67-1.00 in analyzing MSK 
videos.8 

Procedures. The researchers will evaluate both 
elbows with unilateral LE with and without BMT, 
using MSK and EMG on Days 1, 3, and 5. This 
study will determine the effects of BMT on 
participants with unilateral LE on test days. The 
researcher- in-charge will prepare the test site 
and collect the data using the MSK, EMG, and 
Jamar hydraulic dynamometer. The Research 
Assistant will record participants' responses 
using the Case Report Forms. The three MSK 
assessors will use a Case Report Form in 
determining the direction and quantifying the 
fascia slide on EDC using platforms WMP and 
Tracker. The PT-EMG user will record the results 
of their EMG analysis both on the Case Report 
Form. 

Day 1. This is the MSK procedure. Initially, the 
participant will answer the PRTEE and VAS. 
Afterward, the PT-Sonographer will scan the 
right elbow while the participant does Mill's test. 
The Research Assistant will ask for the 
participant's VAS during Mill's test. The 
procedure is repeated with the right elbow 
taped. Then the PT-Sonographer will scan the 
left elbow using the same MSK procedure. 

This is the EMG procedure. The PT-Sonographer 
will use the MSK to determine the participant's 
forearm muscles' largest cross-sectional area, 
which will guide the placement of EMG markers 
on the EDC, ECR, FDS, FCR, and MD. The PT-EMG 
user will perform crosstalk minimization with 
non-tested muscles. The participant will perform 
the right SMHGT, rate the pain, and rest. This 
evaluation is performed first without BMT and 
subsequently with BMT. The same EMG 
procedure is done on the left side. 

After the MSK and EMG procedures, the 
participants will perform the gentle passive 
stretch on these muscles: (a) MD; (b) triceps; (c) 
biceps; (d) forearm wrist flexors; (e) forearm 
wrist extensors, in both elbows for five times, 
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each held 30 seconds. A pamphlet containing 
instructions and illustrations of the flexibility 
exercises alleviating lateral elbow pain will be 
given to each participant. 

Days 2 and 4. The participants will tape their LE 
elbows for three hours using BMT. 

Day 3. The MSK and EMG procedures from Day 1 
are repeated on Day 3, except for PRTEE. 

Day 5.  This is the MSK procedure. Initially, the 
participants will answer the VAS. The PT-
Sonographer will scan the right and left elbows 
without BMT at first, then with BMT. The 
participant reports their VAS during Mill's test. 

This is the EMG procedure. The PT-Sonographer 
will determine the upper extremities' larges 
cross-sectional area for crosstalk minimization. 
The participant will report the VAS before and 
during the SMHGT. The participant will grip the 
Jamar hydraulic dynamometer without BMT 
then with BMT. The participant will answer the 
VAS during SMHGT. The same EMG procedure is 
repeated on the left upper extremity. 

After the MSK and EMG procedures, the Research 
Assistant will perform the gentle passive stretch 
on the participant's wrist flexors and wrist 
extensors in both elbows five times, each held for 
30 seconds. 

Data analysis 

Phase 1. The ICC will determine the reliability of 
the PT-Sonographer and EMG operator in 
analyzing the fascia slide on EDC and 
electromyographic activities of the bilateral 
upper extremities. The guidelines by Landis will 
be used to interpret the ICC of the examiner.24 

The researchers will consider a minimum score 
of >=0.40 Kappa and ICC to establish the intra-
rater reliability of the examiner.25 

Phase 2. The Chi-squared test will test the 
relationship between BMT and the direction of 
the fascia slide on each test day. A p-value of 
<0.05 indicates a significant relationship 
between BMT and the direction of the fascia 
slide. 

The two-way repeated-measures ANOVA will 
determine differences in fascia slide, %MVC and 
MAOT between elbows with and without LE 
based on BMT application and blocked according 

to elbow status. Dunnett's test will determine the 
groups whose results differed significantly. A p-
value of <0.05 indicates a significant difference. 

Repeated-measures ANOVA will determine 
differences in SMHGT between LE (taped) and 
non-LE elbows (not taped) between three test 
days. Dunnett's test will determine the groups 
whose results differed significantly. A p-value= 
<0.05 indicates a significant difference in scores 
between groups. 

Repeated-measures ANOVA will compare the 
VAS and PRTEE scores between elbows with and 
without LE in three test days. Dunnett's test will 
then determine the groups whose results 
differed significantly. 

The study will use STATA for statistical 
treatments, a statistical software that allows data 
management and presentation developed by 
StataCorp. 

 

EXPECTED RESULTS 

We expect decreased fascial slide on EDC, VAS, 
and PRTEE scores, increased %MVC and MAOT, 
and SMHGT in participants with taped LE 
elbows. The study will benefit patients and 
physical therapists in the academic and clinical 
settings as it provides evidence on the short-
term effects of BMT on pain reduction and 
functional improvement in patients with LE. This 
study can lead to further investigations on BMT 
use in managing pain in other musculoskeletal 
conditions. 
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Glossary of Abbreviations 

The following spell out the meanings of the 
significant standard and nonstandard acronyms 
and initials found in the study: 

BMT: Biomechanical Taping 

ECR: Extensor Carpi Radialis 

EDC: Extensor Digitorum Communis 

EMG: Electromyography 

FCR: Flexor Carpi Radialis 

FDS: Flexor Digitorum Superficialis 

LE: Lateral Epicondylalgia 

MAOT: Muscle Activation Onset Time 

MD: Middle Deltoid 

MSK: Musculoskeletal Ultrasound 

PRTEE: Patient Rated Tennis Elbow Evaluation 

SMHGT: Static Maximum Handgrip Strength 

VAS: Visual Analogue Scale 

WMP: Windows Media Player  

%MVC: Percentage Maximum Voluntary 
Contraction 

 

Supplementary Material 

Supplementary Material A. Assessment Tool. 
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