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ABSTRACT
SHORT-TERM AND LASTING EFFECTS OF INSTRUMENT ASSISTED SOFT TISSUE
MOBILIZATION TECHNIQUE IN SUBJECTS WITH RESTRICTED ANKLE DORSIFLEXION

Allen SI*, Miller SJ*: Athletic Training Research Laboratory, Department of Kinesiology, The
Pennsylvania State University, University Park, PA
Objective: To determine the short-term and long-term effects on performance outcomes of an
Instrument Assisted Soft Tissue Mobilization (IASTM) technique on participants who have squat
limitations. We hypothesized that compared to a control group, the treatment would improve the
performance outcomes both immediately and 1-week after treatment.
Design and Settings: A pre-test-post-test repeated measures true experimental design was
conducted in a laboratory. There were two groups, a treatment group (TG) that received a single
session of eight minutes of IASTM on each calf, and a sham treatment group (SG) that served as
the experimental control and received a single session of eight minutes of a sham IASTM
treatment on each calf. Baseline data was collected before treatment and post measurements were
taken immediately after treatment, and 1-week after treatment for both TG and SG.
Subjects: Twenty (5 men, 15 women) participants were enrolled in this study and were
randomly assigned to one of two groups; TG (21.4  0.55 years, 170.1  10.1 cm, 66.4  9.7 kg),
SG (21.8  0.20 years, 167.2  5.83 cm, 66.1  10.6 kg).
Measurements: Ankle dorsiflexion (DF) range of motion (ROM) was measured using the
Weight Bearing Lunge Test (WBLT). Mobility and dynamic stability of the trunk and lower
extremities were assessed via the anterior reach portion of the Star Excursion Balance Test
(SEBT) and the overhead deep squat test from the Functional Movement Screen (FMS). Order of
testing was randomized to prevent order effects.
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Results: There were no significant differences found between or within group differences for
any comparisons of the dependent variables in this study. No significant three-way interactions
were found between foot, measurement period, and treatment for WBLT (p = 0.910) or SEBT (p
= 0.872). For the dominant foot data, there were no significant two-way interactions regarding
measurement period or treatment for both WBLT (p = 0.752) and SEBT (p = 0.564). Likewise,
there were no significant main effects of the treatment on the WBLT (p = 0.335) or SEBT (p =
0.144) dependent variables for the dominant foot. For the FMS data, there were no significant
immediate or 1-week changes in scores between or within the treatment groups (Immediate p =
0.44; 1-week p = 0.18).
Conclusions: There were no short-term or long-term effects of a single session of IASTM on
weight-bearing ankle dorsiflexion range of motion or performance outcomes in individuals with
squat limitations.
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Chapter 1
Introduction
Significant range of motion (ROM) at the ankle joint is required for many tasks
associated with daily living and exercise performance. Restrictions in the available ROM at the
ankle can cause daily tasks to be difficult and limit an individual’s ability to exercise properly,
increasing their chance of injury37,48,49. In addition, without the development of adequate motor
skill proficiency, young active populations may experience a greater risk of sports-related
injuries during adolescence and into adulthood52.
For complicated daily tasks such as ascending and descending stairs or standing up from
a chair, 26 degrees of ankle dorsiflexion (DF) is required19,45. Many of these daily biomechanical
situations are rooted in the movements of exercise discipline programs, such as the squat.
Significant ankle ROM, specifically DF, is vital in performing a squat to improve muscular
strength and endurance in an effort to improve overall performance47,49,53. A squat is a compound
movement that requires hip, knee, and ankle flexion9,19,48. All joint angles must be coordinated in
order to maintain balance and to keep any axial load in correct position, and ankle DF is a
fundamental individual variable that influences these squat kinematics 53. Specifically, ankle DF
during a squat requires adequate arthrokinematics motion at the talocrural joint as well as
adequate flexibility of the gastrocnemius, soleus, and other posterior myofascial structures21,33.
During a deep squat, the ankle plays an important role in the closed kinematic chain, and
adequate DF ROM supports a balanced, controlled movement48,49. If an individual does not have
the available ankle DF to perform a full squat and they attempt to exercise using a full squat,
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compensations in technique must occur such as flexing the lumbar spine or presenting extreme
knee valgus or varus48,52,53. These compensations will overload tissues and may lead to micro- or
macro-injuries of soft tissues such as muscles, ligaments and tendons 37. These compensations
will also create dysfunctional movement patterns that may make daily tasks difficult. One
purpose of this study is to find an effective intervention that increases ankle DF ROM, and
therefore squat quality, within individuals who have squat limitations to decrease risk of injury.
Functional screenings exist that utilize movements, such as the squat, to subjectively and
objectively assess movement quality21. Poor performance on these tests usually indicate the
presence of a neuromuscular or musculoskeletal impairment affecting an individual’s mobility
and/or stability21,37,39.
The Functional Movement Screen (FMS) is an assessment tool that is used to analyze the
quality of fundamental movement patterns34,37 and is comprised of seven movements that require
balance, mobility, and stability. One movement incorporated into this screening is the overhead
deep squat. The deep squat test challenges an individual’s total body mechanics and assesses
bilateral and symmetrical functional mobility of the thorax, shoulders, hips, knees, and
ankles20,34,37. Inability to complete this task with optimal form results in a lower quality score and
implies the presence of musculoskeletal or neuromuscular impairments 21,39. Impaired mobility
during the overhead squat portion can be a result of ankle DF restriction21,49, knee flexion
restriction, hip flexion restriction, or thoracic spine extension19,48,52. If an individual exhibits
knee valgus, excessive tibial translation over the knees, or movement of foot position, it may be
due to a musculoskeletal impairment to the ankle joint, resulting in restricted ankle DF and
compensations up the kinetic chain49.
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Another commonly used functional test requiring adequate ankle DF mobility for optimal
test performance is the anterior reach portion of the Star Excursion Balance Test (SEBT).
Functional tests such as the overhead deep squat and the SEBT are routinely used by
rehabilitation healthcare providers to quickly identify movement system impairments such as
limited ankle DF ROM21,48,49. A significant correlation exists between decreased anterior reach
distances of SEBT and compromised weight bearing DF50,51. Therefore, in both the FMS and
SEBT, ankle DF may be a limiting factor of performance21,48.
The available ROM at the ankle joint is directly influenced by the length and elasticity of
the gastrocnemius-soleus muscular complex14. Treatment of limited ankle DF mobility typically
focuses on restoring that length and elasticity of the myofascial structures related to the ankle, as
well as arthrokinematic motion of the talocrural and other related joints 2,3. There are many
treatment strategies including self-massage and myofascial release techniques. Self-massage,
foam rollers and the use of tennis balls, applied to the thighs and feet increases performance
during the FMS overhead squat44. Therefore, it was desirable to assess the effects of likely
interventions on the calf muscle. Myofascial release techniques are used as a treatment strategy
to break up the adhesions within and between muscle and fascial structures acting around a joint.
The release of adhesions and scar tissue is thought to restore free and efficient joint motion2,3.
One common myofascial release technique is Instrument-Assisted Soft Tissue Mobilization
(IASTM). IASTM utilizes metal, plastic or stone tools to apply a repetitive shear force to
myofascial structures5,8. In addition to self-massage, the effectiveness of IASTM in improving
myofascial mobility of the posterior structures of the lower leg and ankle DF ROM can be
assessed through the use of functional tests such as the overhead deep squat, the SEBT, and the
WBLT.

4

Mobility limitations at the ankle joint may cause impaired performance of other proximal
joints and increase injury risk21. The primary aim of this research project is to assess the
effectiveness of IASTM applied to the posterior myofascial structures of the lower leg of
individuals with squat limitations in improving ankle DF mobility and performance in functional
tests requiring a significant degree of ankle DF ROM.
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Chapter 2
Materials and Methods
Experimental Design and Setting:
A pre-test-post-test repeated measures true experimental design was used for this
prospective cohort research study. This experimental study was conducted and completed in the
Athletic Training Research Laboratory in the Recreational Building at The Pennsylvania State
University. Potential study participants were recruited from the Penn State University Park
campus using the University’s Institutional Review Board (IRB) approved recruitment materials
(Appendix A and B). An eligibility screening was performed over the phone after potential
participants gave verbal consent to answer questions about their health history. An IRB approved
script and questionnaire (Appendix C) was used during the phone screening. Participants who
were deemed eligible based on the questionnaire reported to the laboratory where they were
asked to read and sign an IRB approved written informed consent form (Appendix D).
Participant demographics and anthropometrics including age, sex, height, weight, and dominant
foot were collected from eligible participants, followed by the overhead squat portion of the
Functional Movement Screen (FMS)37 to determine final eligibility. Participants who scored a 2
or lower on the overhead squat test were accepted into the study. Potential participants scoring a
3 or 0 on the overhead squat test were excluded from further testing. A pre-study power
calculation for repeated measured ANOVA determined that seven participants per group were
required to achieve 80% power to detect significant group differences, however ten participants
per group was used. A computerized random group assignment generator was used to place
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participants into one of two groups: Treatment Group (TG) or Sham Treatment Group (SG). The
SG served as the control independent variable. The TG received eight minutes of IASTM on
each calf while the SG received eight minutes of sham IASTM on each calf. The dependent
variables in this study were scores on the overhead squat portion of the FMS test, normalized
anterior reach distances in the Star Excursion Balance Test (SEBT), and ankle DF ROM as
measured by the Weight Bearing Lunge Test (WBLT). A pre-test, post-test, and 1-week post-test
design was utilized for this study, and comparisons were made between the treatment group (TG)
and the control group (SG) to determine the effectiveness of an IASTM treatment. The pre-test
measurements were taken just prior to the experimental intervention, the first post-test
measurements were taken immediately after the experimental intervention, and the 1-week posttest measurements were taken one week after the experimental intervention. A five-minute
dynamic warm-up walk on a treadmill (Woodway, Germany, PPS 35med, SN 6538/07) at a
speed of 3 km/h with no incline was provided before each testing session. The sequence of
testing was randomized to prevent order effects. Two investigators were involved in this study.
One investigator performed all IASTM interventions while the other investigator performed all
dependent variable testing and was blinded with regard to which participants received real or
sham IASTM interventions.
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Participants
Twenty participants volunteered to be a part of this study (Table 1). The treatment group
and the control group each contained 10 participants.
Table 1: Participant Demographics and Anthropometrics

Participants
Sex
(male/female)
Age (years)
Height (cm)
Mass (kg)

Treatment Group
(TG)
M  SD
10
4/6

Intervention Group
(SG)
M  SD
10
1/9

95% CI

p-value

21.4  0.55
170.1  10.10
66.4  9.73

21.8  0.20
167.2  5.83
66.1  10.61

(-0.04, 0.78)
(-10.82, 5.02)
(-9.81, 9.35)

0.072
0.445
0.960

Values are Mean  Standard Deviation

The inclusion and exclusion criteria to determine eligibility for participation are listed in Table 2.
Table 2: Participant Inclusion and Exclusion Criteria

Inclusion Criteria

Exclusion Criteria

•

•

•
•
•

Male or Female between the
ages of 18-23
Current student at Penn State
(graduate or undergraduate)
Has to have a score of 1 or 2
on the overhead squat FMS
test
English Speaking

•
•
•
•
•
•
•
•

Currently experiencing pain, numbness or paresthesia
in the lower back or lower extremities
Significant self-reported orthopedic injury of the lower
back or lower extremity within the past one year, such
as disc herniation, fracture, ligamentous sprain, etc.
Significant lower back or lower extremity surgery
with in the last year, such as ACL reconstruction, hip
arthroscopy, lumbar laminectomy, etc.
Currently under the care of a physician or seeking
rehabilitation for a lower extremity or lower back
injury or pain
Have had a head trauma, or concussion within the past
six months
Currently experiencing any concussion-like symptoms
such as nausea, dizziness, headache, etc.
Currently experiencing balance problems
Neurological conditions such as multiple sclerosis,
myasthenia gravis, etc.
Score of 3 on the FMS overhead squat test
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Experimental Interventions
Participants were randomly assigned to real (TG) or sham (SG) treatment groups
involving Instrument-Assisted Soft Tissue Mobilization (IASTM) techniques applied to each
calf. One of the two investigators in this study performed all IASTM interventions (real and
sham) in a separate room from the other investigator who performed all dependent variable
measurements.
Instrument-Assisted Soft Tissue Mobilization (IASTM) techniques have been shown to
decrease pain9, and increase dynamic balance4 and ROM8,9,14,15. One IASTM technique that has
proven effectiveness is termed Graston Technique® (GT)9. GT involves a six-inch-long, halfmoon shaped piece of medical grade stainless steel. This instrument is commonly used by
chiropractors, physical therapists, and athletic trainers to treat musculoskeletal conditions. In this
study, a six-inch long, half-moon shaped piece of medical grade stainless steel similar to a GT
tool was used to perform IASTM (Figure 1).
Both real and sham IASTM was performed with the participant standing on a treatment
table in a supported lunge position with the back knee straight and the ankle comfortably
dorsiflexed so the calf was slightly stretched but the heel did not come off the ground (Figure 2).
Eight minutes of distal to proximal repetitive scrapping at an angle between 30º and 60º was
applied to each calf in a fashion similar to previous studies5,9 (Figure 3). Application of IASTM
requires an application time of at least 40-120 seconds for immediate physiological effects5,9,27.
Localized inflammation and redness occurred as a result of applying appropriate pressure that
deforms the tissue in which tissue grating can be felt by the instrument 5. The entire calf was
treated from the insertion of the Achilles into the calcaneus to the proximal aspects of each head
of the gastrocnemius. The sham IASTM involved lightly moving the device over the same areas
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of the calf with light skin contact that did not deform the

skin12.

A small amount of Free-Up

massage cream (PrePak Products, Inc., Oceanside, CA) was applied to the skin to lubricate the
interface between the device and the skin. The investigator was trained by a physical therapist
who uses IASTM in their clinical practice. Two hours were spent instructing the investigator on
the proper application technique.

Figure 1: Half-moon Stainless Steel Tool Used to Apply IASTM

Figure 2: Participants Position During Treatment
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Figure 3: Application of IASTM

Functional Movement Screen – Overhead Squat
The Functional Movement Screen (FMS™) is a battery of functional tests that are useful
in assessing movement dysfunctions. Low FMS scores have been associated with a higher risk
for musculoskeletal injuries6,20. The intra-rater reliability of the FMS and its components as a
whole has been shown to have an ICC ranging from 0.74 to 0.91 when used by a rater with
limited to no experience with FMS to assess faulty movement patterns in athletes 20,34. In this
study, the overhead squat movement of the FMS was utilized to test the participant’s
fundamental movement pattern due to the potential of restricted ankle DF affecting their
performance during this movement. When used in interpreting individual scores and for
screening young active individuals for performance imitations, the overhead squat portion of the
FMS has been reported to have good intrarater agreement (k = 0.69)7. The overhead squat
requires efficient hip and knee flexion, and ankle DF. Each participant was scored on a
categorical scale based upon the quality of their overhead squat performance in accordance to the
scoring criteria by Cook et al.37. A score of 3 indicates optimal squat performance, a score of 2
indicates the optimal squat performance is achieved with the assistance of a lift under the heels, a
score of 1 indicates the inability to achieve optimal squat performance even with assistance, and
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a score of 0 indicates pain with the squat movement. The criteria for achieving a score of 3 are a
parallel upper torso with the tibia, thighs below horizontal, knees aligned over the straight
parallel facing feet, and the dowel aligned over the feet while keeping the arms straight and
shoulders back37. A score of two or less may be related to a limitation of poor closed kinetic
chain DF of the ankle joint37.
Certified FMS™ equipment (PerformBetter!, Tonawanda, New York) was used for each
participant and the testing protocol created by Cook et al.37 was followed. Overhead squat
assessments were made by one investigator who was blinded to the treatment intervention the
participant received. The investigator received one hour of training in FMS overhead squat
assessment by a licensed physical therapist with several years of experience in using FMS
criteria for overhead squat assessment. The rating investigator also reviewed official rating
guidelines37. Each participant placed their feet parallel, facing forward shoulder width apart. The
FMS dowel was then placed atop of the participants’ head, and the participants gripped the
dowel with arms positioned in 90 degrees of shoulder abduction and 90 degrees of elbow flexion.
After gripping the dowel, the participants then extended both arms fully above head. Once the
dowel was positioned above head, each participant was instructed, per the FMS directions 37, to
slowly and controllably squat down as far as they can while maintaining an upright torso with the
feet and dowel maintaining initial position. Each participant was given three trials to obtain this
position. If any participant executed this movement with optimal form they were given a score of
3 as per FMS guidelines37. If any participant was unable to complete the movement with optimal
form they then attempted the same movement with their heels propped up on a 2 x 6 plastic FMS
board. The participant received a score of 2 if they were able to produce the optimal movement
pattern with this heel lift assistance. A score of 1 was given if the participant was unable to
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produce the optimal movement pattern even with the heel lift assistance. If any participant felt
pain during any part of the movement screen they were instructed to stop and were given a score
of 0. Each participant that received a score of a 3 or a 0 was excluded from the study. The
participants were given three trials to receive a score of 3 with 15 seconds rest in between each
trial. If they could not achieve a 3, they were then given 3 trials to receive a score of 2. If they
could not achieve a score of 2 within three trials they were given a score of 1 without further
testing. If a participant successfully achieved the target score on the first trial at any level then no
further trials were conducted. The highest categorical score received was recorded for analysis.
Star Excursion Balance Test – Anterior Reach
The Star Excursion Balance Test (SEBT) is a reliable non-instrumental test for functional
balance and predicting the risk for lower extremity injury22. The SEBT is a series of single-leg
maximal reach attempts along eight designated lines on the ground16,18. High intrarater reliability
of SEBT in entirety has been shown, ranging from 0.78 to 0.9618,30. The anterior reach direction
is one of the eight designated reaching points, and requires significant balance control and ankle
DF ROM10,16. The ICC of the anterior reach portion of the SEBT has also been shown to be high
and range from 0.88 to 0.9218,25.
Each participant performed the anterior reach portion of the SEBT for both legs. The test
was conducted as in Olmstead et al.17. Each participant was asked to stand at one end of a 2-inchwide taped line on the floor with the toes of their stance leg aligned with a perpendicular starting
line. With their hands on their hips and their stance foot flat on the ground throughout the entire
movement, each participant was asked to reach as far as they could anteriorly along the taped
line with their unweighted reach foot (Figure 4). When the participant reached as far as they
could, they tapped the line lightly with the anterior portion of their foot, and then returned to
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starting position. The point at which the toes tapped the line was marked and measured. This
distance represented the distance between the toes of the reach leg and the toes of the stance leg.
Each participant was given three practice trials with 10 seconds of rest between each, and 30
seconds rest before three measured trials were completed. There was 15 seconds rest given
between each measured trial, and 30 seconds of rest for transition to the opposite leg trials. If any
participant did not touch the line with the reach leg, removed their hands from their hips,
transferred weight to the reach leg, or maintained initial and return positions for less than one
second, the trial was discarded and repeated. Each trial was measured in centimeters. Each reach
trial for each leg was normalized by dividing the reach distance by the participant’s height 43 and
multiplied by 100. The three trials were then averaged and used for further analysis.

Figure 4: SEBT - Anterior Reach

Weight Bearing Lunge Test
There are multiple ways to directly measure ankle DF ROM motion in both weightbearing and non-weight-bearing positions. One common test using a weight-bearing position is
the Weight-Bearing Lunge Test (WBLT)31,32. Measuring ankle DF by a weight bearing test has
been shown to be more reliable than measuring ankle DF non-weight bearing with a
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goniometer31,32,35. When

utilized by a novice rater to test ankle DF ROM using a tape measure,

the WBLT has been shown to have excellent levels of intrarater reliability of 0.65 to 0.99 32,36.
Investigators can perform the WBLT using their preferred technique when assessing repeated
measures of ankle DF ROM without compromising the reliability of the test36, therefore the
WBLT was performed per parts of the protocol described in Palmer et al.42. A tape measure was
placed on the floor perpendicular to a wall. Each participant placed the test foot in a position
perpendicular to the wall with contact between the wall and their big toe for three practice trials.
Each participant then flexed both knees in a lunge-type movement in an attempt to contact the
wall softly with the front knee. The great toe of the test foot was then placed at the 10 cm mark42
on the tape measure to begin the measured trials. Each participant had three attempts to touch the
wall at the greatest distance away from the wall as possible. During the movement the rater made
sure the foot stayed straight in reference to the wall and watched for knee contact with the wall
while monitoring heel contact with the ground by manual palpation of the heel-to-floor interface
to feel for heel rise movement (Figures 5 and 6). If needed, each participant was allowed to
maintain stability using two fingers from each hand against the wall42. The greatest distance was
recorded and two more trials of three attempts were repeated starting at the greatest distance
away from the previous trial. When the knee successfully touched the wall, the great toe was
moved back along the tape measure by one-centimeter increments. When the knee was not able
to touch the wall without the heel coming off of the ground, the great toe was progressed forward
in smaller increments of half of one-centimeter and the lunge-type movement was repeated until
correct movement execution. Maximal ankle DF ROM was measured in centimeters and defined
as the maximum distance of the toe from the wall that the participant could reach without lifting
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the heel, moving the foot off of the tape measure, or losing balance. This same protocol was
repeated for both legs and the average of three trials was calculated for further analysis.

Figure 5: WBLT

Figure 6: Manual Palpation Technique to Ensure Heel Contact
Table 3. Contact List for Experiment

First Name

Last Name

Phone Number

Sarah

Allen

(413)-297-1068

Sayers

Miller

(814)-865-1275
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Statistical Analysis
Descriptive statistics, including group means and standard deviations were calculated for
the dependent variables of interest. A mixed-effects model (ANOVA) was calculated to examine
differences among the dependent variable means for the two conditions. Residual analyses were
conducted to ensure the data met the necessary assumptions for ANOVA. An a priori alpha
level of p < 0.05 denoted statistical significance. Tukey’s Honestly Significant Difference (HSD)
post hoc test was calculated to examine pairwise comparisons among the two conditions, foot
dominance and measurement period. Also using Tukey’s HSD, a two-way interaction between
measurement period and treatment, and a three-way interaction between foot dominance,
measurement period, and treatment were examined. A 95% simultaneous confidence interval
was used to denote statistically significant pairwise comparisons. Minitab 18 (Minitab Inc., State
College, PA) was used for the analyses of the SEBT and WBLT data. A penalized likelihood
logistic regression model in R Statistics version 3.5.3 (RStudio, State College, PA) was used for
the analysis of the FMS squat data.
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Chapter 3
Results
Tests of normality and variance demonstrated that the data met assumptions for normal
distribution and exhibited constant variance. Normal probability and versus conditional fits
graphs for dominant foot data are presented in Appendices E and F.
Foot Dominance
No significant differences were detected between scores of the dominant foot and the
non-dominant foot for the SEBT (p = 0.613) or the WBLT (p = 0.910) at any measurement point
(Table 4). Since there was no significant difference between the dominant and non-dominant
feet, only dominant foot analysis is presented.
Table 4: Effect of Foot Dominance on SEBT Anterior Reach Distance and WBLT Measures (N=20)

Intervention Group (TG)
Dominant
Non-Dominant pvalue
M ± (SD)
M ± (SD)
SEBT Ant Reach (% height)
Pre-Test
36.6 ± 4.24 36.2 ± 4.24
1.000
Immediate 37.2 ± 4.65 36.9 ± 4.85
1.000
Post-test
One Week 37.1 ± 2.85 36.5 ± 3.13
1.000
Post-test
WBLT (cm)
Pre-Test
13.4 ± 2.97 12.6 ± 3.21
0.875
Immediate 13.7 ± 2.77 13.0 ± 3.40
0.963
Post-test
One Week 13.6 ± 2.69 13.1 ± 3.21
1.000
Post-test
M ± (SD): Mean ± Standard Deviation
% height: Reach scores as percent of participants height.
A priori significance level: p < 0.05

Control Group (SG)
Dominant
Non-Dominant pvalue
M ± (SD)
M ± (SD)
34.1 ± 3.25
34.5 ± 3.13

34.0 ± 3.05
34.7 ± 3.38

1.000
1.000

35.4 ± 2.78

35.7 ± 3.71

1.000

12.1 ± 1.99
12.7 ± 2.34

11.9 ± 2.03
12.3 ± 2.01

0.991
0.935

12.6 ± 2.24

12.3 ± 2.01

0.986
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SEBT – Anterior Reach
There were no significant interactions found between any test session and treatment
group in SEBT anterior reach scores (p = 0.564) shown in Table 5.
Table 5: Mean Values Among Treatment Groups and Measurement Periods for the Dominant Foot
in the SEBT Anterior Reach (N=20)

Intervention Group (TG)
M ± (SD)
SEBT Anterior Reach
(% height)
Pre-Test
36.6 ± 4.24
Immediate Post-test 37.2 ± 4.65
One Week Post-test 37.1 ± 2.85

Control Group (SG)
M ± (SD)

p-value

34.1 ± 3.25
34.5 ± 3.13
35.4 ± 2.78

0.635
0.554
0.890

Values are Mean ± Standard Error of the Mean
% height: Reach scores as percent of participants height.
A priori significance level: p < 0.05

Tukey post hoc analysis of mean differences between measurement period and treatment groups
are presented in Table 6.
Table 6: Effect of IASTM Intervention on SEBT Anterior Reach for the Dominant Foot (N=20)

Pre –
Immediate Post
(M Diff ±SEM)
SEBT Ant. Reach
(% height)
TG
0.62 ± 0.67
SG
p

0.42 ± 0.67
0.394

Measurement Period
pImmediate Post
value – 1-Week Post
(M Diff ±SEM)

pPre – 1-Week
value Post
(M Diff ±SEM)

pvalue

0.935 0.12 ± 0.67

1.000 0.51 ± 0.67

0.973

0.988 0.85 ± 0.67

0.798 1.27 ± 0.67

0.420

0.859

0.437

TG: Treatment Group SG: Sham Group
Values are exhibited as the Difference of the Means between two measurement periods ± the Standard
Error of the Mean.
% height: Reach scores as percent of participant height.
Vertical p values indicate the significance between treatment groups at each measurement period.
Horizontal p values indicate the significance between measurement period within each treatment group.
A priori significance level: p < 0.05
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WBLT
There were no significant interactions found between any test session and treatment
group in WBLT measurements (p = 0.752) shown in Table 7.
Table 7: Mean Values Among Treatment Groups and Measurement Periods for the Dominant Foot
in the WBLT (N=20)

WBLT (cm)
Pre-Test
Immediate Post-test
One Week Post-test

Intervention Group (TG)
M ± (SD)

Control Group (SG)
M ± (SD)

p-value

13.4 ± 2.97
13.7 ± 2.77
13.6 ± 2.68

12.1 ± 1.98
12.7 ± 2.34
12.6 ± 2.24

0.867
0.945
0.947

Values are Mean ± Standard Deviation
A priori significance level: p < 0.05

Tukey post hoc analysis of mean differences between measurement period and treatment groups
are presented in Table 8.
Table 8: Effect of IASTM Intervention on WBLT for the Dominant Foot (N=20)

Pre – Immediate
Post
(Diff of M±SEM)

Measurement Period
pImmediate Post – pvalue 1-Week Post
value
(Diff of M±SEM)

Pre – 1-Week
pPost
value
(Diff of M±SEM)

WBLT
(cm)
TG

0.26 ± 0.29

0.942

-0.10 ± 0.29

0.999

0.16 ± 0.29

0.993

SG

0.52 ± 0.29

0.467

-0.09 ± 0.29

1.000

0.43 ± 0.29

0.664

p

0.752

0.964

0.800

TG: Treatment Group SG: Sham Group
Values are exhibited as the Difference of the Means between two measurement periods ± the Standard
Error of the Mean.
cm: centimeters
Vertical p values indicate the significance between treatment groups at each measurement period.
Horizontal p values indicate the significance between measurement periods within each treatment group.
A priori significance level: p < 0.05
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FMS Overhead Deep Squat
Table 9: Summary of Treatment and FMS Overhead Squat Change (N=20)

Pre-test to Immediate
Post-test Change

Pre-test to 1-Week
Change

TG

1

0

SG

0

2

SG: Sham group TG: Treatment group

The FMS overhead squat data is categorical, and Table 9 represents the number of participants in
each group who experienced an increase or decrease in their squat score between measurement
periods. Pre-participation screenings excluded any individuals scoring a 3 on this test, therefore
all participants had a score of 1 or 2. No scores decreased or increased by 2. Only three of the
participants had a change in their squat score throughout the measurement periods. One
participant in the SG scored a 1 during the pre-test and immediate post-test, but improved to a
score of 2 during the 1-week post-test. The second participant in the SG scored a 2 during the
pre-test and the immediate post-test, and improved to a score of 3 during the 1-week post-test.
The one participant in the TG scored a 2 during the pre-test, improved to a score of 3 during the
immediate post-test, and reverted back to a score of 2 during the 1-week post-test. A penalized
likelihood logistic regression model showed that there is no significant difference among
treatment levels for a pre-test to immediate post-test (p = 0.44) or a pre-test to a 1-week change
(p = 0.18) effect.

21

Chapter 4
Discussion
In this study we investigated the immediate and long-term effects of a single session of
IASTM on functional tasks that are thought to be affected by ankle DF. To our knowledge, this
is the first study to examine a week-long effect of a single session of IASTM. Our findings
indicate that, in healthy subjects, there were no significant differences, either immediate or
longer term, in ankle DF as measured by WBLT after application of an IASTM intervention to
the myofascial structures of the calf. The IASTM treatment also produced no immediate or
longer-term changes in the SEBT anterior reach scores or the FMS overhead squat scores.
WBLT
The results of this study compliment those of Stanek et al.3 that demonstrated one single
session of IASTM using the Graston Technique® (GT) on the calf muscle did not produce
significant improvements in ankle DF ROM as measured by a weight bearing test compared to a
self-myofascial release (SMR) and control group. Stanek et al.3 treated areas of restriction in the
triceps surae for four minutes. We chose to provide eight minutes of IASTM to the entire calf
without regard for areas of suspected restriction. Despite longer time and more global treatment,
we also did not see a significant improvement in ankle DF ROM immediately or 1-week post
treatment compared with the control group in healthy participants. On the other hand, other
studies using IASTM did show significant gains in DF ROM in healthy and CAI participants14,42.
Specifically measured by the WBLT, Rowlett et al.14 found a 1.81 ± 1.70 improvement in
ankle DF ROM compared to a control group which demonstrated a 1.60 ± 3.52 improvement
after a single session of IASTM, in healthy subjects. Although the changes in ankle DF ROM
compared to a control group reached statistical significance, they did not reach the minimal
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detectable change (MDC) values previously established by Konor et

al.31

for the WBLT using a

digital inclinometer (3.7 - 3.8), bringing into question the clinical relevance of the changes
produced by the intervention.
Our statistical results are also in contrast with Markovic8 who demonstrated a significant
increase in hip and knee ROM following a single session of an IASTM technique very similar to
GT in healthy soccer players. A single two-minute session of IASTM to the quadriceps and
hamstring muscles increased passive hip and knee flexion by 13.1 and 15.2 immediately after
treatment, and by 9 and 10.1 (MDC’s for passive supine hip flexion23 and passive knee
flexion46 are 8.2 and 7.1 respectively). The comparisons to be made between these results and
our results may be limited due to the fact each study measured ROM at different joints.
Two studies involving longer courses of treatment with additional treatment interventions
also demonstrated increases in ankle DF ROM. Schaefer and Sandrey4 utilized a four-week
dynamic balance training program along with multiple sessions of GT to the anterior and
posterior myofascial structures of the lower leg in a group of CAI subjects. They demonstrated a
4.2 increase in ankle DF ROM utilizing a non-weight bearing goniometric technique (MDC
value is 2.0 for non-weight bearing goniometric measurement4). Even though an increase in
ankle DF was present in the group that received the balance training and the GT and the increase
exceeded the MDC value, the increase was found non-significant compared to a sham (2.2) and
control group (2.8) and therefore is in agreement with our results. Since all groups received the
balance training program and demonstrated an increase in DF ROM, it may be apparent that the
balance training was more responsible for the improvements than the IASTM. During a threeweek program of six GT sessions with traditional stretching of the myofascial structures of the
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calf in healthy athletes, Palmer et

al.42

demonstrated a 2.8 ± 2.6 and a 2.7 ± 0.5 cm increase in

ankle DF ROM using a weight-bearing goniometric technique and a simple tape measure
technique. Relative to the tape measure method, the MDC was exceeded (1.1 – 1.5 cm)31,
however the goniometric method did not meet or exceed the established MDC values (5 -7.7)31.
The results of this study suggest that a GT protocol along with traditional stretching has a better
treatment effect particularly on weight bearing ankle DF rather than stretching alone, however, it
may not be more impactful clinically. Again, although these longer-term intervention studies
utilizing combined treatments demonstrated gains in ankle DF ROM, the gains may have not
been significant compared to other groups, or the MDC values required to indicate a meaningful
clinical change in ROM at the ankle were not met.
From a clinical perspective, our findings are consistent with previous studies that indicate
a single session or multiple sessions of IASTM to the calf do not produce clinically meaningful
increases in ankle DF ROM as measured in weight bearing.
SEBT
The FMS overhead squat assesses many dynamic biomechanical factors dealing with
both the upper and lower extremities whereas the SEBT assesses dynamic balance and mobility
of the lower extremities. Both the SEBT and the FMS give distinct information about function,
and was therefore used in supplementation to the WBLT in order to compile a more holistic and
in-depth movement analysis for each individual, as suggested by Harshbarger et al. 41
The results of our study suggest that there were no significant improvements in
performance as measured by the anterior reach portion of the SEBT among the treatment groups.
Our results agree with those of Schaefer and Sandrey4, who demonstrated a four-week dynamic
balance training program and multiple sessions of Graston Technique® (GT) to the anterior and
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posterior myofascial structures of the lower leg in a group of CAI subjects does not significantly
improve both ankle DF ROM and scores in the anterior reach of the SEBT. From pre-test to posttest, the reach scores of the group that received GT in addition to the balance training improved
12.8%. Although the anterior reach scores exceeded the MDC value (4.9%), the improvements
were not significant compared to any other group (sham GT improved 7.9% and control
improved 5.5%). These authors recruited subjects with CAI, used multiple treatment sessions
treating both the anterior and posterior aspects of the lower leg, and used an additional balance
training intervention. In addition, the design of this study was single-blinded, where the tester
was aware of which group each individual was a part of, whereas in our double-blinded design
neither the tester nor the participant knew which individual had been treated or sham treated,
creating less of a chance for bias. Overall, since each group received balance training, it may be
possible that the training intervention had a greater influence on improvements rather than the
GT intervention. Since our study utilized a single session consisting of eight minutes of IASTM
to the calf only in healthy adults, the results of the two studies may not be comparable. To our
knowledge, this is the only investigation on IASTM effects on the anterior reach of the SEBT.
Therefore, further research is required to determine the effects of IASTM on SEBT anterior
reach performance.
FMS Overhead Deep Squat
Prior to this study there was no research on how IASTM applied to the calf muscle in
isolation would directly affect performance on the overhead squat portion of the FMS. Many
studies21,47,49,53 found a correlation between ankle DF and quality of squat movement, and
therefore it was of interest, as well as suggested by Butler et al. 21, to assess how alterations of
ankle joint mobility would affect the performance during the overhead squat. One study done by
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MacDonald et

al.33

investigated the effects of IASTM on the performance of the triceps surae

during a vertical jump. Performance was measured by jump height, peak velocity, and peak
power during the jump. This study showed consistent results with ours, demonstrating there were
no significant improvements in jump height, peak velocity, or peak power of the calf muscle
during the jump immediately after IASTM treatment. Due to the nature of our two studies,
however, comparisons may be limited because different factors were being measured. To the
contrary, our results disagree with those in Monteiro et al.44, in which a form of self-massage
using foam rollers and tennis balls on the entire leg improved overhead squat scores immediately
after treatment. Direct comparison of the two studies is not possible due to the different types of
interventions utilized.
Based on our results, only three of the participants had a change in their squat score
throughout the periods of measurement. One participant in the control group remained at a squat
score of 1 from pre-test to the immediate post-test, however they improved to a squat score of 2
during the 1-week post-test. Another participant remained at a squat score of 2 from pre-test to
immediate post-test, however they improved to a score of 3 during the 1-week post-test. This
may be a result of the learning effect and the subjects may have gotten used to and comfortable
with the movement within a week. The third participant, a part of the treatment group, improved
from a score of 2 to a score of 3 in the immediate post-test measurement but reverted back to a
score of 2 during the 1-week post-intervention measurement period. This may suggest the
IASTM had an immediate effect for this one participant but no long-term effect.
The FMS overhead squat is a test that requires function of multiple upper and lower
extremity joints. An intervention to only one of these involved joints may not be sufficient
enough to improve an individual’s categorical score. Even though visual improvements were
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apparent, the performance gap between each categorical score may have been too large for a
single treatment of IASTM to effect. Further research investigating the effects of IASTM directly
on FMS tests should be conducted.
Limitations and Delimitations
Limitations that were out of the researchers control and compromised the results were
present in this study. One limitation was the rather small sample size compared to previous
studies. Although a power calculation determined that only seven participants were required for
each intervention group, the number of participants enrolled in this study may have been too
small to allow changes to be detected.
Another limitation of this study falls within two of the dependent variables. The FMS
overhead squat and the SEBT anterior reach are dependent on the function of many joints and
also involve neuromuscular control factors. Addressing mobility of the calf muscle and ankle
joint may not be sufficient enough to influence whole movement during either of these tests.
Delimitations were also present in our study. Previous research suggests normalizing the
SEBT anterior reach distances by subjects’ true leg length and presenting the measurements as a
percentage of the leg length. In the present study, the reach distances were normalized by the
subjects’ height rather than leg length. This is still an effective method 16,43; however, it may have
limited direct comparison.
Another delimitation of this study was the absence of a crossover study. Crossover
studies are used for the purpose of yielding a more effectual comparison among treatments.
Therefore, incorporating a crossover design into our study may have produced different results.
It may be beneficial for studies with a low subject pool to incorporate a crossover design to
better control treatment bias.
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Chapter 5
Conclusion
The effects of a single session of IASTM on weight-bearing ankle dorsiflexion (DF)
range of motion (ROM) and performance outcomes in individuals with squat limitations was
investigated in this study. No significant differences in weight-bearing ankle DF ROM, SEBT
anterior reach distances, or overhead squat performance were found immediately after treatment
or 1-week after treatment. In this study, a single session of IASTM to the calf muscles had no
effect on weight-bearing ankle DF ROM, SEBT anterior reach performance, or overhead squat
performance. Further research is required to determine if IASTM is an effective method of
improving ROM and functional performance.

Chapter 6
Literature Review
Functional Tasks Require Dorsiflexion
The movements in this study closely mirror those that take place during many functional
daily activities such as walking, climbing up the stairs, and standing up. Significant ROM during
these activities are required from multiple lower extremity joints such as the hip, knees, and
ankles. Limited ROM of these joints may be due to musculoskeletal injuries and restrictions and
may hinder an individual’s performance during these daily activities 19.
Hyodo et al.19 investigated the kinematics of the ankle during many functional tasks. The
smallest amount of ankle DF was present during the task of picking an object up from the ground
(2°) while the largest amount of ankle DF was shown to be during the task of getting out of the
tub (28°). Hyodo et al.19 also reported that at least 26° of ankle DF is required for walking,
climbing stairs, and standing up. Quantitively, passive dorsiflexion, plantar flexion, and
inversion vary among individuals but generally is 10-20°, 20-50°, and 25-30° respectively4.
Restrictions at the ankle joint may cause imbalances higher in the kinetic chain during these
tasks such as at the knee or the hip, as reported by Macrum et al.47.
IASTM
A prevalent treatment for myofascial restrictions is named Instrument Assisted Soft
Tissue Mobilization (IASTM). IASTM is non-invasive and uses multiple uniquely designed
instruments in order to break down scar tissue and fascial adhesions. Two types of IASTM
include Graston Technique (GT) and Gua Sha. Both instruments facilitate increased blood flow

to a localized area which promotes cell activation to promote muscle recovery2. A systematic
review conducted by Cheatham et al.2 theorized that IASTM treatment stimulates connective
tissue remodeling through resorption of excessive fibrosis, along with inducing repair and
regeneration of collagen secondary to fibroblast recruitment1,2. This will result in the breakdown
and release of scar tissue, adhesions, and fascial restrictions. Foam rollers are also a common
method utilized in exercise to increase joint ROM and flexibility, however research conducted in
2015 by Markovic8 suggests that IASTM may be a more effective method.
The release of scar tissue and adhesions increases the mobility of a joint and many
studies have investigated the effects of IASTM on joint ROM 3,4,8,14,42. There are also multiple
case reports demonstrating the effectiveness of both isolated use of IASTM 3, and IASTM in
combination with other therapeutic and rehabilitative methods such as a balance training
program4 or traditional stretching14.
Stanek et al.3, Schaefer and Sandrey4, Rowlett et al.14, and Palmer et al.42 all had results
suggesting that IASTM may be an effective method for improving pain and ankle joint ROM,
however the improvements may not have clinical significance. Other studies have demonstrated
effects on increased ROM of the upper and lower limbs including lower back9, knee8, hip8 and
shoulder15.
The effects of IASTM on muscular performance was investigated by MacDonald et al. 33
and found no significant immediate improvements in muscle performance measured by a
dynamic power jump when IASTM was applied to the calf muscle in a resting position for three
minutes. The results from MacDonald et al.33 contradict those of Kivlan et al.12 which showed
that an IASTM technique, Astym®, applied to the lower extremities immediately increased

muscular performance significantly as measured by maximal force output during a squat when
compared to a sham treatment group.
A systematic review done by Lambert et al.13 collected seven studies dealing with
IASTM. The outcome of the review revealed that physiological changes may occur such as
increased blood flow, reduced tissue viscosity, myofascial release, and improved flexibility due
to IASTM treatment, and that it is an effective intervention for decreasing pain, and improving
and restoring function. To the contrary, the most recent review investigating the overall effects of
IASTM was done by Nazari et al.38. In this review, 20 randomized control trials investigating
IASTM on improving pain, function, and range of motion in healthy adults or those with upper
and lower extremity pathologies were reviewed. Out of the 20 trials, only three of them proved to
have outcomes that had clinical importance. Overall, the results of this review and those of
Cheatham et al.2 are not in concordance with Lambert et al.13 and suggest that IASTM has yet to
be proven an effective method for improving patient outcomes such as pain, function, and joint
range of motion.
SEBT
The Star Excursion Balance Test is a test that requires balance, postural control, and
ankle mobility. The goal of the test is to have an individual establish a stable base of support
with a stance limb in the middle of a testing grid and maintain it through a maximal reach
progression around the grid16. There are eight prescribed directions in which an individual
reaches: anterior, anteromedial, anterolateral, medial, lateral, posterior, posteromedial, and
posterolateral. The anterior reach direction is commonly used in a clinical setting for assessing
ankle flexibility due to the findings of Gribble and Hertel43 that 28% of the variation in reach
distances in this direction is associated with ankle DF. The utility of this test has been

investigated in many studies due to its prevalence in clinical testing and assessment of lower
extremity function.
High intrarater reliability of SEBT in its entirety has been shown, ranging from 0.78 to
0.9618,30. The anterior reach portion is one of the eight designated reaching points, and requires
significant balance control and ankle DF ROM 16,18,22,24. The Intraclass Correlation Coefficient
(ICC) of the anterior reach portion of the SEBT has been shown to range from 0.88 to 0.92 18,25.
The anterior reach portion of the SEBT is used in many studies as a mode to measure ankle
ROM ability17 and dynamic balance4,22. Recent research conducted by Gribble et al.16,43 showed
that there is a strong correlation between available DF motion and the anterior reaching distance
of the SEBT. More specifically, DF accounted for 16-28% of the variance in the anterior reach
performance11,43. Jaffri et al.35 also reported that SEBT requires approximately 30.96 ± 7.22° of
ankle DF ROM for anterior reach direction of the SEBT.
Normalized measurements of the SEBT excursion distances are proven to be most
accurate when comparing individuals22,43. One way to normalize the measurements is to divide
the reach distance by the leg length of the subject. With this method of normalization, percentage
of leg length is used to compare reach distances. Another method of normalization is to divide
the reach distance by the subjects height16,43. This method of normalization compares reach
distances as a percentage of height rather than limb length. Both methods are effective, however
normalized scores using limb length has been shown to have a stronger correlation with reach
performance16.
Gribble et al.22 indicates that when a single investigator performs the measurements, even
across multiple days and despite the investigators experience, it does not put the reliability of the
test and the accuracy of the results at risk. In addition, using either the maximum reach distance

or the average of three trials both demonstrate strong consistency of measurement. Traditionally,
the average of three trials is used.
FMS
Many healthcare professionals utilize the Functional Movement Screen (FMS) test to
determine crucial information about a client's mobility and stability in the kinetic chain. The
FMS is a testing battery that is used mostly for pre-participation screenings to determine if
athletes or patients have the ability perform essential biomechanical movements. It is critical to
analyze multiple movement patterns to find fundamental weaknesses in order to optimize
rehabilitation or strength training programs, and classify injury risk. The seven screening
sections of the FMS all require flexibility, stability, mobility to complete unilateral and bilateral
movements37. One of the seven movement patterns included in this testing battery is the deep
squat. This movement challenges total body mechanics when done properly. The deep squat
assesses bilateral, symmetrical, and functional mobility of the hips, knees, and ankles, and also
assesses upper extremity and core functionality37. Lower extremity limitations including poor
closed kinetic chain dorsiflexion (DF) of the ankles may cause poor test performance and low
scores37.
This research is supported by Myer et al.49, Macrum et al.47, and Fuglsang et al.53 which
showed that individuals who have reduced mobility in the ankle joint may cause dysfunction
during a squat, such as decreased peak knee flexion and an increased knee valgus angle.
Hemmerich et al.6 and Kim et al.48 reported that the average ankle DF angle required during a
squat is 38.5 ±5.9°.
To investigate intrinsic factors and the role of ankle DF in the deep squatting posture,
Kasuyama et al.40 conducted research using 71 healthy subjects. The subjects were split into two

groups, one group consisting of subjects that were able to assume a squat position (55) and
another group that were not able to assume the squat position (16). Ankle DF was measured in
each subject using the WBLT, and the subjects that reached 11cm or less were deemed to have
limited ankle DF. The subjects in the impossible squatting group all obtained 11 cm or less
during the WBLT. The results of this study conveyed a significant correlation associated
between ankle DF flexibility and the ability to assume the deep squat position, and therefore
proves an objective and useful method for relating a deep squat posture to ankle joint DF
mobility40.
In research conducted by Butler et al.21, the deep squat portion of the FMS was utilized to
assess the different biomechanical factors within the three different categorical groups (1,2, or 3).
The results found that the subjects in group 1 had significantly lower ankle DF ROM than the
subjects in group 2. This suggests that limited ankle DF may be a limiting factor during the deep
squat portion of the FMS.
Additional research done by Choi, H. S et al.39 used the deep squat, the hurdle step and
the in-line lunge screening movements to determine the validity in subjects with ankle instability.
This study looked for correlations between the group with ankle instability and lower scores on
the screening movements compared to a group of healthy individuals. During the deep squat test,
symmetry ratios were measured and compared between the two groups. The results showed that
within the two groups, the symmetry ratios of the group with ankle restrictions were significantly
lower than the healthy group. The low score of the deep squat in terms of asymmetrical weight
bearing and center of pressure distribution could be a result of limited ankle mobility39,40.
Consequences of limited ankle DF ROM during a squat have shown to be a decreased
trunk lean angle, as investigated by Fuglsang et al.53. A decreased trunk angle during a squat puts

more stress on the lower back, and therefore is correlated with back injuries. One purpose of the
present study is to find an effective intervention that increases squat quality through ankle DF,
and ultimately can decrease risk of injury.
To our knowledge, there are no studies investigating the direct effects of IASTM on
improving FMS score. Monteiro et al.44 investigated a warm-up technique Self-Massage (SM)
and its effects on improving the overhead squat score of the FMS using 20 healthy subjects.
Foam rollers and tennis balls were used as the SM and were applied to the lateral torso, the
plantar fascia, and the lateral thigh. At least 90 seconds of this intervention showed to
immediately improve the FMS overhead squat scores.
The intra-rater reliability of the FMS and its components as a whole has been shown to be
excellent, with an ICC ranging from 0.74 to 0.91, when used by a rater with limited to no
experience with FMS to assess faulty movement patterns in athletes 20,34. When used in
interpreting individual scores and for screening young active individuals for performance
imitations, Clifton et al.7 and Teyhen et al.20 reported that the overhead deep squat portion of the
FMS demonstrates good intrarater agreement (k = 0.69 – 0.76).
WBLT
Ankle DF ROM is a natural biomechanical movement a part of everyday activities such
as walking. During this movement, the tibia normally moves forward over the foot and glides
anteriorly on the talas32. This glide can become limited from occurring sprains or myofascial
adhesions, two factors that can lead to chronic ankle instability (CAI) 31. Limited ankle DF-ROM
prevents the ankle joint from achieving an efficient position of bony stability, making it more
vulnerable to internal rotation and other injurious forces about the ankle32.

Multiple ways to measure ankle DF-ROM are utilized in clinical settings to determine
limitations and restrictions in the ankle joint. Weight-bearing measures more accurately reflect
the available ROM during functional activities such as walking, running, and stair climbing, and
may be more reliable in determining the severity of restrictions and measuring ankle DF, even
with a novice rater31,32,37.
The Weight-Bearing Lunge Test (WBLT) is a testing principle that demonstrates an
ankles ability to dorsiflex in a weight-bearing position32. The test requires a participant to lunge
forward in front of a wall to attempt to contact the wall with the knee. Using a tape measure, the
maximal distance (in cm) between the foot and the wall in which the participant is still able to
contact the wall serves as an estimate of the ankle DF ROM 31. Research findings of Terada et
al.51 and Hoch et al.50 reported that there was a significant correlation between decreased anterior
reach distances of SEBT and compromised DF ROM measured by the WBLT. When utilized by
a novice rater to test ankle DF ROM using a tape measure, the WBLT has been shown to have
excellent levels of intrarater reliability of 0.65 to 0.9932,36.
Only one other study in addition to the present research investigates IASTM as a
standalone intervention for improving ankle DF ROM. Rowlett et al14 used sixty healthy subjects
to determine the effects of IASTM on ankle DF ROM measured by the WBLT and a non-weight
bearing test. An intervention group treated with two minutes of IASTM to the gastrocnemiussoleus complex was compared with a traditional stretching and a control group. Post-treatment,
both the IASTM and the stretching group increased in weight bearing ankle DF. The increase,
however, did not meet the minimal detectable change (MDC) values established in previous
literature and therefore has limited clinical significance.
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IRB Approved Recruitment Flyer

Soft Tissue Mobilization Research Study
✓Are you a current Penn State student?
✓Are you between the ages of 18-23?
✓Can you perform a full squat with your heels on the ground?

If you answered YES to these questions, you may be eligible to participate in this
research study for Penn State!
The purpose of this study is to investigate if Graston Technique® can improve functional
performance in squatting mobility. Graston® is an Instrumented Assisted Soft Tissue
Mobilization technique that is used to break up scar tissue and adhesions in muscular
structures. This allows for better joint range of motion.
This study is being conducted in the Athletic Training Laboratory in room 21 in Rec Hall.

If you are interested in participating in this research study, please contact Sarah

sia5410@psu.edu
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Recruitment Powerpoint

Appendix C

IRB Approved Pre-Participation Verbal Phone Screening

CONSENT SCRIPT FOR VERBAL PRE-SCREEINING
The Pennsylvania State University
Title of Project: Short term and lasting effects of Instrumented Assisted Soft Tissue Mobilization technique in
subjects with restricted ankle dorsiflexion
Principal Investigator: Sarah Allen
Address: 412 West College Ave Unit 510 State College, PA 16801
Telephone Number: 413-297-1068
Thank you for your interest in this research study. Before you come in to learn more about the study, it
would be helpful to see if you are likely to qualify to be in the study. In order to this, I would like to ask
you some eligibility questions, which will include questions about your health history. It should take
about 10 minutes to go through these questions.
Some of these questions may make you uncomfortable. You do not have to answer any question that
you would not like to answer. However, without answers to these questions, you will not be eligible to
take part in the study.
Your name or any other information that would identify you will not be recorded on the form until I
know you have qualified for this study. If you do not qualify for this study, any information collected
about you will be destroyed immediately.
Please call the principal investigator, Sarah Allen at 413.297.1068 if you have questions, complaints or
concerns about the study. You may also contact the Office for Research Protections at 814.865.1775 if you
have questions regarding your rights as a person in a research study.
Do you have any questions about the screening questions you will be asked?
Do I have your permission to begin the screening questions?
1. Are you currently experiencing pain, numbness, or paresthesia in the lower
back or lower extremities?

2. Have you had a significant orthopedic injury of the lower back, legs, or feet
within the past 1 year, such as disc herniation, fracture, ligamentous sprain etc.?
3. Is there history of significant low back or lower extremity surgery with in
the last year, such as ACL reconstruction, hip arthroscopy, lumbar laminectomy etc.?
4. Are you currently under the care of a physician or seeking rehabilitation for
a back, leg, or foot injury or pain?
5. Have you experienced head trauma or concussion within the past 6 months?
6. Are you currently experiencing any concussion-like symptoms such as
nausea, dizziness, headache, sensitivity to light or noise, etc.?
7. Are you currently experiencing balance problems?
8. Have you previously been diagnosed with a neurological condition, e.g.
multiple sclerosis, myasthenia gravis, etc.?

Appendix D

Written Consent for Research Form
CONSENT FOR RESEARCH
The Pennsylvania State University
Title of Project: Short term and lasting effects of Instrumented Assisted Soft Tissue Mobilization
technique in subjects with restricted ankle dorsiflexion.
Principal Investigator:
Address:
Telephone Number:

Sarah I Allen
21 Recreation Building
University Park, PA 16802
413-297-1068

Advisor:
Advisor Telephone Number:

Sayers John Miller, III
814-865-6782

Subject’s Printed Name: _____________________________
Instrumented Assisted Soft Tissue Mobilization Study Consent Form
We are asking you to be in a research study. This form gives you information about the research.
Whether or not you take part is up to you. You can choose not to take part. You can agree to take
part and later change your mind. Your decision will not be held against you.
Please ask questions about anything that is unclear to you and take your time to make your choice.

1. Why is this research study being done?
This research study is being done to investigate the effects of an Instrument- Assisted Soft Tissue
Mobilization (IASTM) technique, Graston, on ankle range of motion and squatting mobility. Graston is
a commonly used tool in rehabilitation settings by physical therapists, athletic trainers, and
chiropractors.

2. What will happen in this research study?
If you choose to participate in this study, you will be randomly selected into two groups: a
treatment group and a sham treatment group. You will be asked to perform three functional
movement tests that require ankle dorsiflexion range of motion. These tests will be performed
before and after you receive a Graston soft tissue treatment to your calf muscles, if you are
randomly selected into the treatment group.
This study involves two testing sessions of approximately 30-45 minutes per session. During
the first session, initial data on height, weight, and leg dominance will be acquired. Next, you will be
asked to perform a standing squat three times. The quality of your squat will be measured. If your
score is sufficient, you will be allowed to continue in this study. If you do not score a low enough
score during the screening test of the squat, there is a possibility you will not qualify to finish the
study even though you are completing this consent form.
The next tests you will be asked to perform two different functional tests, a Knee-To-Wall
test, and a single leg balance test. The Knee-To-Wall test involves standing in a runner stretch
position while facing a wall and attempting to touch the wall while bending your knee and ankle
without your heel coming off the ground.
The balance test involves standing on one foot and reaching as far as you can in front of you
with the other foot. When you have reached as far as you can, you will be asked to touch the ground
lightly, and then return to the staring position. You will be asked to perform this test six times for
each leg, which includes practice trials.
After baseline testing, you will either be treated or sham treated for 8 minutes on each calf.
Graston Technique involves sliding a metal instrument along your calf muscle with moderate
pressure for 8 minutes on each calf. Directly after treatment, you will perform the three tests again
as your first post-test. The second session will occur 7 days after the first session. The Knee-To-Wall,
balance test, and squat test will be repeated during this session. Prior to each testing session, you
will be given a 5-minute warm-up on a treadmill.
3. What are the risks and possible discomforts from being in this research study?
There is minimal risk involved in this study. Although possible bruising, redness of the skin, and
soreness can occur 24 hours after Graston technique is applied, these symptoms usually resolve
within four to five days. The Knee-To-Wall, squats, and the balance test, are commonly used clinical
tests that produce mild to moderate strain on the lower extremities. These functional tests may
cause mild muscle soreness; however these symptoms should resolve within four to five days.
There is a risk of loss of confidentiality if your information or your identity is obtained by someone
other than the investigators, but precautions will be taken to prevent this from happening. The
confidentiality of your electronic data created by you or by the researchers will be maintained to the
degree permitted by the technology used. Absolute confidentiality cannot be guaranteed.
4. What are the possible benefits from being in this research study?
4a. What are the possible benefits to you?
You may experience increased ankle range of motion and improved ability to squat with your feet on
the ground.
4b. What are the possible benefits to others?

May provide scientific evidence to support the use of Graston technique to restore soft tissue and
joint mobility.
5. What other options are available instead of being in this research study?
There are no other options available for this study. You do not have to participate in this study.
6. How long will you take part in this research study?
If you agree to take part in this survey, it will consist of two sessions, scheduled to occur over a 7-10
day period, and each session will last about 30-45 minutes.
7. How will your privacy and confidentiality be protected if you decide to take part in this research study?
The research team associated with this project will do everything that is possible to protect confidential
information provided by subjects. Researchers associated with this project will only access and share
subject’s personal information with other members of the research team. No personal information will
be shared with anyone outside of the research team. Subjects will be able to ask questions pertaining to
the type of protection that will be provided for their confidential information. Reassurance will be
provided as needed to those subjects that want further details of their privacy protection. Subjects will
complete testing in the Athletic Training laboratory in Room 21E of Rec Hall. This room will be kept
private to only the investigators subjects during the testing period.
We will do our best to keep your participation in this research study confidential to the extent permitted
by law. However, it is possible that other people may find out about your participation in this research
study. For example, the following people/groups may check and copy records about this research.
i.
ii.
iii.
iv.

The Office for Human Research Protections in the U. S. Department of Health and Human
Services
The U.S. Food and Drug Administration (FDA)
The Institutional Review Board (a committee that reviews and approves research studies)
and
The Office for Research Protections.

Some of these records could contain information that personally identifies you. Reasonable efforts
will be made to keep the personal information in your research record private. However, absolute
confidentiality cannot be guaranteed. The data collected to the point of withdrawal remains part of
the study database and may not be removed.
8. What are the costs of taking part in this research study?
8a. What will you have to pay for if you take part in this research study?
There are no costs associated with participating in this research study.
8b. What happens if you are injured as a result of taking part in this research study?
In the unlikely event you become injured as a result of your participation in this study, medical
care is available. It is the policy of this institution to provide neither financial compensation nor
free medical treatment for research-related injury. By signing this document, you are not waiving
any rights that you have against The Pennsylvania State University for injury resulting from
negligence of the University or its investigators.

9.

What are your rights if you take part in this research study?
Taking part in this research study is voluntary.
▪ You do not have to be in this research.
▪ If you choose to be in this research, you have the right to stop at any time.
▪ If you decide not to be in this research or if you decide to stop at a later date, there will be no
penalty or loss of benefits to which you are entitled.

10. If you have questions or concerns about this research study, whom should you call?
Please call the head of the research study (principal investigator), Sarah Allen, at 413-297-1068, or
Dr. Miller at 814-865-6782 or sjm221@psu.edu if you:
▪
▪

Have questions, complaints or concerns about the research.
Believe you may have been harmed by being in the research study.

You may also contact the Office for Research Protections at (814) 865-1775,
ORProtections@psu.edumailto: if you:
▪ Have questions regarding your rights as a person in a research study.
▪ Have concerns or general questions about the research.
▪ You may also call this number if you cannot reach the research team or wish to talk to someone
else about any concerns related to the research.

INFORMED CONSENT TO TAKE PART IN RESEARCH

Signature of Person Obtaining Informed Consent
Your signature below means that you have explained the research to the subject or subject
representative and have answered any questions he/she has about the research.
______________________________

_________

Signature of person who explained this research

________________

Date

Printed Name

(Only approved investigators for this research may explain the research and obtain informed consent.)
Signature of Person Giving Informed Consent
Before making the decision about being in this research you should have:
•
•
•

Discussed this research study with an investigator,
Read the information in this form, and
Had the opportunity to ask any questions you may have.
Your signature below means that you have received this information, have asked the questions

you currently have about the research and those questions have been answered. You will receive a copy
of the signed and dated form to keep for future reference.
Signature of Subject
By signing this consent form, you indicate that you voluntarily choose to be in this research and agree to
allow your information to be used and shared as described above.
___________________________
Signature of Subject

__________
Date

________________
Printed Name

Appendix E

Normal Distribution Plots for Dominant Foot Data

Normal Probability Plot Demonstrating Normal Distribution for WBLT - Dominant Foot

Normal Probability Plot Demonstrating Normal Distribution for SEBT - Dominant Foot

Appendix F

Constant Variance Graphs for Dominant Foot Data

Versus Conditional Fits Graph Showing Constant Variance for WBLT – Dominant Foot

Versus Conditional Fits Graph Showing Constant Variance for SEBT - Dominant Foot

BIBLIOGRAPHY
1. Howitt S, Jung S, Hammonds N. Conservative Treatment of a Tibialis Posterior Strain in a
Novice Triathlete: A Case Report. J Can Chiropr Assoc. 2009;53(1):23–31.
2. Cheatham, S. W., Lee, M., Cain, M., & Baker, R. The Efficacy of Instrument Assisted Soft
Tissue Mobilization: A Systematic Review. J Can Chiropr Assoc. 2016;60(3), 200–211.
3. Stanek J, Sullivan T, Davis S. Comparison of Compressive Myofascial Release and the
Graston Technique for Improving Ankle-Dorsiflexion Range of Motion. J Athl Train.
2018;53(2):160-167.
4. Schaefer JL, Sandrey MA. Effects of a 4-Week Dynamic-Balance-Training Program
Supplemented with Graston Instrument-Assisted Soft-Tissue Mobilization for Chronic Ankle
Instability. J Sport Rehabil. 2012;21:313–326.
5. Kim J, Sung DJ, Lee J. Therapeutic Effectiveness of Instrument-Assisted Soft Tissue
Mobilization for Soft Tissue Injury: Mechanisms and Practical Application. J Exerc Rehabil.
2017;13(1):12-22. Published 2017 Feb 28. doi:10.12965/jer.1732824.412
6. Hemmerich A, Brown H, Smith S, Marthandam SS, Wyss UP. Hip, Knee, and Ankle
Kinematics of High range of Motion Activities of Daily Living. J Orthop Res. 2006;24:770–
781.
7. Clifton DR, Grooms DR, Onate JA. Overhead Deep Squat Performance Predicts Functional
Movement Screen™ Score. Int J Sports Phys Ther. 2015;10(5):622-7.
8. Markovic, G. Acute Effects of Instrument Assisted Soft Tissue Mobilization vs. Foam
Rolling on Knee and Hip Range of Motion in Soccer Players. J Bodyw Mov
Ther. 2015;19(4):690–696.

9. Lee JH, Lee DK, Oh JS. The Effect of Graston Technique on the Pain and Range of Motion
in Patients with Chronic Low Back Pain. J Phys Ther Sci. 2016;28(6):1852-1855.
10. Basnett CR, Hanish MJ, Wheeler TJ, et al. Ankle dorsiflexion range of motion influences
dynamic balance in individuals with chronic ankle instability. Int J Sports Phys Ther.
2013;8(2):121-8.
11. Gabriner ML, Houston MN, Kirby JL, Hoch MC. Contributing Factors to Star Excursion
Balance Test Performance in Individuals with Chronic Ankle Instability. Gait & Posture.
2015;41(4):912-916.
12. Kivlan BR, Carcia CR, Clemente FR, Phelps AL, Martin RL. The Effect of Astym® Therapy
on Muscle Strength: A Blinded, Randomized, Clinically Controlled Trial. BMC
Musculoskelet Disord. 2015;16:325.
13. Lambert M, Hitchcock R, Lavallee K, Hayford E, Morazzini R, Wallace A, Conroy D,
Cleland J. The Effects of Instrument-Assisted Soft Tissue Mobilization Compared to Other
Interventions on Pain and Function: A Systematic Review. Phys Ther Reviews. 2017;22(12):76-85.
14. Rowlett CA, Hanney WJ, Pabian PS, McArthur JH, Rothschild CE, Kolber MJ. Efficacy of
Instrument-Assisted Soft Tissue Mobilization in Comparison to Gastrocnemius-Soleus
Stretching for Dorsiflexion Range of Motion: A Randomized Controlled Trial. J Bodyw Mov
Ther. 2018;41(4):1-8
15. Laudner K, Compton BD, McLoda TA, Walters CM. Acute Effects of Instrument Assisted
Soft Tissue Mobilization for Improving Posterior Shoulder Range of Motion in Collegiate
Baseball Players. Int J Sports Ther. 2014;9(1), 1–7.

16. Gribble PA, Hertel J, Plisky P. Using the Star Excursion Balance Test to Assess Dynamic
Postural-Control Deficits and Outcomes in Lower Extremity Injury: A Literature and
Systematic Review. J Athl Train. 2012;47(3):339–357.
17. Olmsted LC, Carcia CR, Hertel J, Shultz S.J. Efficacy of the Star Excursion Balance Tests in
Detecting Reach Deficits in Subjects with Chronic Ankle Instability. J Athl
Train. 2002;37:501–506.
18. Hyong IH, Kim JH. Test of Intrarater and Interrater Reliability for the Star Excursion
Balance Test. J Phys Ther Sci. 2014;26(8):1139-1141.
19. Hyodo K, Masuda T, Aizawa J, Jinno T, Morita S. Hip, Knee, and Ankle Kinematics During
Activities of Daily Living: A Cross-Sectional Study. Braz J Phys Ther. 2017;21(3):159-166.
20. Teyhen DS, Shaffer SW, Lorenson CL, Halfpap JP, Donofry DF, Walker MJ. The Functional
Movement Screen: A Reliability Study. J Orthop Sports Phys Ther. 2012;42:530–540.
21. Butler RJ, Plisky PJ, Southers C, Scoma C, Kiesel KB. Biomechanical Analysis of the
Different Classifications of the Functional Movement Screen Deep Squat Test. Sports
Biomech. 2010;9(4):270-279, DOI: 10.1080/14763141.2010.539623
22. Gribble PA, Kelly SE, Refshauge KM, Hiller CE. Interrater Reliability of the Star Excursion
Balance Test. J Athl Train. 2013;48(5):621-6.
23. Pua YH, Wrigley SM, Cowan KL, Bennell KL. Intrarater Test-retest Reliability of Hip
Range of Motion and Hip Muscle Strength Seasurements in Persons with Hip Osteoarthritis.
Arch Phys Med Rehabil. 2008;89(6):1146-1154.
24. Coughlan GF, Fullam K, Delahunt E, Gissane C, Caulfield BM. A Comparison Between
Performance on Selected Directions of the Star Excursion Balance Test and the Y Balance
Test. J Athl Train. 2012;47(4):366-71.

25. Lieshout RV, Reijneveld EA, van den Berg SM. Reproducibility of the Modified Star
Excursion Balance Test Composite and Specific Reach Direction Scores. Int J Sports Phys
Ther. 2016;11(3):356-65.
26. Baker RT, Hansberger BL, Warren L. A Novel Approach for the Reversal of Chronic
Apparent Hamstring Tightness: A Case Report. Int J Sports Phys Ther. 2015;10: 723–733.
27. Lee JJ, Lee JJ, Kim DH. Inhibitory Effects of Instrument-Assisted Neuromobilization on
Hyperactive Gastrocnemius in a Hemiparetic Stroke Patient. Biomed Mater Eng. 2014;24:
2389–2394.
28. White KE. High Hamstring Tendinopathy in 3 Female Long Distance Runners. J Chiropr
Med. 2011;10:93–99.
29. Howitt S, Jung S, Hammonds N. Conservative Treatment of a Tibialis Posterior Strain in a
Novice Triathlete: A Case Report. J Can Chiropr Assoc, 2009;53:23–31.
30. Hertel J, Miller, SJ, Denegar CR. Intratester and Intertester Reliability During the Star
Excursion Balance Tests. J Sport Rehabil. 2000;9(2):104-116.
31. Konor MM, Morton S, Eckerson JM, Grindstaff TL. Reliability of Three Measures of Ankle
Dorsiflexion Range of Motion. Int J Sports Phys Ther. 2012;7(3):279-287.
32. Chisholm MD, Birmingham TB, Brown J, Macdermid J, Chesworth BM. Reliability and
Validity of a Weight-Bearing Measure of Ankle Dorsiflexion Range of Motion. Physiother
Can. 2012;64(4):347-355.
33. MacDonald N, Baker R, Cheatham SW. The Effects of Instrument Assisted Soft Tissue
Mobilization on Lower Extremity Muscle Performance: A Randomized Trial. Int J Sports
Phys Ther. 2016;11(7):1040-1047.

34. Smith CA, Chimera NJ, Wright NJ, Warren M. Interrater and Intrarater Reliability of the
Functional Movement Screen. J Strength Cond Res. 2013;27(4):982–987.
35. Jaffri A, Newman T, Smith B. P27 Dynamic Leap and Balance Test (DLBT): Ability to
Discriminate Balance Deficits in Individuals with Chronic Ankle Instability. Br J Sports
Med. 2017;51:A23.
36. Powden CJ, Hoch JM, Hoch MC. Reliability and Minimal Detectable Change of the WeightBearing Lunge Test: A Systematic Review. Man Ther. 2015;20(4):524-532.
37. Cook G, Burton L, Hoogenboom BJ, Voight M. Functional Movement Screening: The Use
of Fundamental Movements as an Assessment of Function - Part 1. Int J Sports Phys Ther.
2014;9(3):396-409.
38. Nazari G, Bobos P, MacDermid JC, Birmingham T. The Effectiveness of InstrumentAssisted Soft Tissue Mobilization in Athletes, Healthy Participants and Individuals with
Upper/Lower Extremity and Spinal Conditions: A Systematic Review. Arch Phys Med
Rehabil. 2019;(19)30:108.
39. Choi HS, Shin WS. Validity of the Lower Extremity Functional Movement Screen in
Patients with Chronic Ankle Instability. J Phys Ther Sci. 2015;27(6):1923-1927.
40. Kasuyama T, Sakamoto M, Nakazawa R: Ankle Joint Dorsiflexion Measurement Using the
Deep Squatting Posture. J Phys Ther Sci. 2009;21:195–199.
41. Harshbarger ND, Anderson BE, Lam KC. Is There a Relationship Between the Functional
Movement Screen, Star Excursion Balance Test, and Balance Error Scoring System? Clin J
Sport Med. 2018 Jul;28(4):389-394.
42. Palmer TG, Wilson BD, Kohn M, Miko S. The Effect of the Graston Massage Therapy on
Talocrural Range of Motion. Int J Sports Phys Ther. 2015;22(3):66-75.

43. Gribble PA, Hertel J. Considerations for Normalizing Measures of the Star Excursion
Balance Test. Meas Phys Educ Exerc Sci. 2009;7:2,89-100.
44. Monteiro ER, Škarabot J, Vigotsky AD, Brown AF, Gomes TM, Novaes JD. Acute Effects
of Different Self-Massage Volumes on the FMSTM Overhead Deep Squat Performance. Int J
Sports Phys Ther. 2017;12(1):94-104.
45. Andriacchi TP, Andersson GB, Fermier RW, Stern D, Galante JO. A Study of Lower-Limb
Mechanics During Stair-Climbing. J Bone Joint Surg Am. 1980;62(5):749–757.
46. Krause DA, Cloud BA, Forster LA, Schrank JA, Hollman JH. Measurement of Ankle
Dorsiflexion: A Comparison of Active and Passive Techniques in Multiple Positions. Arch
Phys Med Rehabil. 2011;20(3):333-334.
47. Macrum E, Bell DR, Boling M, Lewek M, Padua D. Effect of Limiting Ankle-Dorsiflexion
Range of Motion on Lower Extremity Kinematics and Muscle-Activation Patterns During a
Squat. J Sport Rehabil. 2012;21:144–150.
48. Kim SH, Kwon OY, Park KN, Jeon IC, Weon JH. Lower Extremity Strength and the Range
of Motion in Relation to Squat Depth. J Hum Kinet. 2015;45:59-69. Published 2015 Apr 7.
doi:10.1515/hukin-2015-0007.
49. Myer GD, Kushner AM, Brent JL, et al. The Back Squat: A Proposed Assessment of
Functional Deficits and Technical Factors that Limit Performance. Strength Cond J.
2014;36(6):4-27.
50. Hoch MC, Staton GS, McKeon PO. Dorsiflexion Range of Motion Significantly Influences
Dynamic Balance. J Sci Med Sport. 2011;14(1):90-92.
51. Terada M, Harkey MS, Wells AM, Pietrosimone BG, Gribble PA. The Influence of Ankle

Dorsiflexion and Self-Reported Patient Outcomes on Dynamic Postural Control in
Participants with Chronic Ankle Instability. Gait & Posture. 2014;40(1):193-197.
52. Myer GD, Faigenbaum AD, Chu DA, Falkel J, Ford KR, Best TM, Hewett TE. Integrative
Training for Children and Adolescents: Techniques and Practices for Reducing SportsRelated Injuries and Enhancing Athletic Performance. Phys Sports Med. 2011;39:74–84.
53. Fuglsang EI, Telling AS, Sorensen H. Effect Of Ankle Mobility And Segment Ratios On
Trunk Lean In The Barbell Back Squat. J Strength Cond Res. 2017;31(11):3024-3033.

ACADEMIC VITA
Academic Vita of Sarah Allen
Sia5410@psu.edu
Education: Pennsylvania State University – Schreyer Honors College
Major(s) and Minor(s): Kinesiology
Honors: Kinesiology
Thesis Title: Short Term and Lasting Effects of Instrumented-Assisted Soft Tissue
Mobilization Technique in Subjects with Restricted Ankle Dorsiflexion
Thesis Supervisor: Sayers John Miller III
Work Experience

University of Connecticut Sports Performance Storrs, CT 06084
July – August 2018
Strength and Conditioning Intern:
• Assisted in coaching training sessions for Division I Men’s Hockey, Women’s Soccer,
Women’s Volleyball, and Women’s Basketball
• Assisted with student-athlete performance testing
• Completed research, program design, and book report assignments using excel
• Set-up and break down of workouts, facility maintenance
Institution/Company: University of Connecticut Sports Performance – Storrs, CT
Supervisor’s Name: Joel DeMarco
Phoenix Rehabilitation Services State College, PA 16801
February - May 2018
Student Volunteer Intern:
• Observed Doctor of chiropractic evaluate patients and learned valuable adjustment
techniques
• Assisted and guided patients through daily exercise and rehabilitation programs
• Removed heat and stimulation pads from patients, filed heat and stim pads along with
patients’ chart
Supervisor’s Name: Jeffery Nicastro

Involvement

Service Immersion Trip – New Orleans
May 2017
• Restored damaged areas in communities affected by hurricane Katrina
Alpha Chi Omega
2015-2016
THON fundraising chair
• Coordinated and ran fundraising events for THON on behalf of Alpha Chi Omega in order
to raise money for children with pediatric cancer
• Organized money and advertising fundraising events

Awards
•
•
•

Phi Sigma Delta Scholarship 2015-2019
Lindquist Trustee Scholarship – Schreyer Honors College 2017-2018
PSAA Trustee Scholarship – Schreyer Honors College 2018-2019

Language Proficiency: English

