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BACKGROUND

Improving single leg squat (SLS) movement symmetry may benefit rehabilitation
protocols. The Total Motion Release® (TMR®) protocol has been theorized to evaluate
and improve patient-perceived movement asymmetries.

HYPOTHESIS/PURPOSE

The purpose of this study was to evaluate whether perceived asymmetries identified by a
TMR® scoring protocol were related to biomechanical asymmetries and whether
improving perceived asymmetries influenced movement mechanics. It was hypothesized
that participants with perceived asymmetries would also present with biomechanical
asymmetries. A secondary hypothesis was that participants would reduce their perceived
asymmetries after performing the TMR® protocol and subsequently have greater
biomechanical symmetry.

STUDY DESIGN
Descriptive Cohort (Laboratory Study).

METHODS

Twenty participants (10 female, 10 male) with self-identified bilateral differences of 10
points or greater on the TMR® scoring scale were recruited for the study. The
non-preferred side was defined as the side that scored higher. 3Dimensional motion
capture was used to bilaterally assess baseline SLS depth as well as hip, knee, and ankle
kinematics and kinetics. For the TMR® protocol, sets of 10 SLSs were performed on the
preferred leg until their perceived asymmetries were resolved (i.e., both sides scored
equally), or four sets had been completed. Kinematics and kinetics were collected
immediately after the intervention and after a 10-minute rest period.

RESULTS

Participants had biomechanical asymmetries at baseline for knee flexion, ankle flexion,
and knee moments. Following the intervention, participants had reduced TMR® scores
on the non-preferred leg, and this coincided with increased knee joint moments on that
side. Although perceived asymmetries were resolved after the intervention, kinematic
and kinetic asymmetries at the knee and ankle were still present.

CONCLUSIONS

A TMR® intervention could benefit rehabilitation protocols by reducing factors of
dysfunction and increasing the ability of patients to load the non-preferred knee. Further
investigations are necessary to elucidate the importance of asymmetrical movement
patterns.
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LEVEL OF EVIDENCE
3b

INTRODUCTION

Lower extremity movement symmetry is often established
as a goal of return to sport protocols when unilateral mus-
culoskeletal injuries impair movement on one side. The sin-
gle leg squat (SLS) can be utilized as both an examination
tool and a therapeutic exercise due to its potential to iden-
tify movement asymmetries! as well as rehabilitate lower
extremity injury.? Similarities in joint kinematics between
the SLS and high-velocity sports maneuvers like jogging
and jumping have been also been demonstrated.3# Improv-
ing biomechanics during the SLS may therefore facilitate
rehabilitative goals for movements during athletic tasks.
Various injuries have been found to disrupt SLS biomechan-
ics, eliciting decreased measures in overall squat depth,
knee flexion angle, and hip flexion angle.>¢ However, little
is known about how patient reported symptoms that are of-
ten related to injury (i.e., pain, tightness, weakness) influ-
ence SLS mechanics and movement symmetry.

Total Motion Release® (TMR®) is a rehabilitation pro-
tocol theorized to reduce symptoms of dysfunction such as
pain, tightness, and limited range of motion (ROM) by per-
forming movements on the side contralateral to the symp-
tomatic 1imb.”"? When using TMR®, a baseline series of
six upper (arm raise, trunk twist, arm press) and lower ex-
tremity motions (single leg squat, straight leg raise, sin-
gle leg sit-to-stand), are first performed and each motion is
then rated by the patient on both sides using a scale from
0-100.8-10 The higher the rating, the greater the patient’s
symptoms, which may be related to subjective measures of
stability, range of motion, pain, tightness, etc.” As the pro-
tocol aims to identify imbalances based on patient-reported
symptoms during the movements, it may have utility for
identifying dysfunction related to a variety of underlying
injury mechanisms. After an imbalance or imbalances are
identified (i.e., a difference in scores between sides), the pa-
tient will self-treat by using the movement with the great-
est imbalance and performing that motion on the side that
scored lower (i.e., the preferred side).8!1 Performing the
exercises on the preferred side is thought to improve symp-
toms on the non-preferred side (i.e., the side that scored
higher); thus, practitioners can reduce the risk of exacer-
bating symptoms in the early phases return to sport proto-
cols.

The TMR® protocol is theorized to work from a model
of regional interdependence that infers a connectedness
across body segments.’ This theory is supported by studies
that have found increased internal and external shoulder
ROM by performing movements such as the trunk twist and
arm raise!®:11; and a TMR® protocol® using a trunk twist
and straight leg raise has demonstrated the ability to in-
crease hip internal rotation. In addition to TMR® protocols,
researchers!2 have found increased reach during a star ex-
cursion balance test (SEBT) on the unstable leg of partic-
ipants with chronic ankle instability, as well as improve-
ments in participant reported functional activities of daily

living on the unstable leg after exclusive training on the
stable leg. Prior studies provide evidence that both a me-
chanical and cognitive change related to the untrained side
may occur following unilateral training protocols.

Of the six primary TMR® movements, the SLS requires
the most strength and coordination to perform and may
be most applicable when gauging readiness for return to
sport. Therefore, the purpose of this study was to evaluate
whether perceived asymmetries identified by a TMR® scor-
ing protocol were related to biomechanical asymmetries
during a SLS and whether improving perceived asymmetries
influenced movement mechanics. The hypothesis for the
study was that participants with perceived asymmetries
would also present with biomechanical asymmetries. A sec-
ondary hypothesis was that participants would reduce their
perceived asymmetries after performing the TMR® protocol
and subsequently have greater biomechanical symmetry.

METHODS
PARTICIPANTS

Twenty-seven participants were recruited from a conve-
nience sample for the current study. Individuals with a
history of musculoskeletal conditions (e.g., anterior knee
pain, hamstring strain, hip impingement) or prior ortho-
pedic surgery were eligible for inclusion. Exclusion criteria
included not having at least a 10-point difference between
legs on the single leg squat (SLS) test, inability to perform
the SLS within a self-selected pain tolerance on the non-
preferred side, bilateral pain during SLS screening, or use
of medications affecting proprioception. Although partici-
pants may have experienced symptoms potentially related
to musculoskeletal issues, researchers did not clinically di-
agnose or confirm any specific injuries or pathologies. All
participants provided informed consent approved by the
University’s institutional review board prior to participa-
tion.

INSTRUMENTATION

Three-dimensional kinematic data were captured with an
eight-camera motion capture system at 200 Hz (VICON,
Oxford Metric Ltd., Oxford, UK). Forty-five retro-reflective
markers were used to create a custom cluster-based model
for the pelvis and lower extremities. Markers were attached
to the participants using double sided and elastic tapes. The
markers defined segments for the trunk and pelvis, as well
as the thigh, shank, and foot bilaterally. All markers used to
create joint centers (i.e., pelvis, knee joint, and ankle joint)
were placed by a single member of the research team to
maintain consistency across participants and between the
participant’s legs. Kinetic data were captured at 1000 Hz
by a force plate (ORG-6, AMTI Inc., Watertown, MA, USA)
temporally synchronized with the motion capture system.
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Figure 1. Flow chart of procedures from intake to the end of the data collection.

TMR® PRE-POST PROCEDURES

The following procedures expand upon the flow chart
(Figure 1). Prior to motion capture, participants performed
the SLS, and identified preferred and non-preferred sides
using the TMR® protocol. The participants were first shown
the TMR® rating scale which considers pain, tightness,
range of motion (ROM), strength, tension, nervousness,
quality, etc. (Figure 2). Participants were asked to rate their
SLS on the 0-100-point scale

using the above criteria. The SLS began in a position
with hip of the non-stance limb in a partially flexed po-
sition and the knee extended, with their hands on their
waists. Hand position was to be maintained for the duration
of the squat. Participants were then asked to squat down
as far as they could without pausing at the bottom of the
squat and without allowing the heel of their non-stance
limb to touch the ground. This was performed a maximum
of three times on each leg to identify their scores on each
leg as well as the location of their symptoms. The leg that
scored higher was defined as the non-preferred leg and the
leg that scored lower was defined as the preferred leg. A
difference score was calculated between the two limbs by
subtracting the lowest from the largest self-reported score.
Participants who reported a bilateral difference score of 10
or greater were invited to continue through the remainder
of the study. Participants with a reported difference of less
than 10 were excluded from further study participation. To
limit response bias, participants were not informed that ei-
ther symmetry or asymmetry during the screen was part
of the inclusion criteria for continued participation in the
study.

Following marker placement, participants performed
one SLS on each limb (starting with the non-preferred side)

TMR #(1-100)

Remember: this includes: PAIN, TIGHTNESS, RANGE OF MOTION,
STRENGTH, TENSION, NERVOUSNESS, QUALITY, ETC.

100 The WORST
90 High
Huge
80 Alot
Much
70 Very Noticeable
Worse is higher 60
Moderate
Kind of
50
Somewhat
Medium
. 40
Better is lower
30 Low
Mild
20 Smidge
Tiny
10 Tad
0 NO PROBLEMS
AT ALL!

Figure 2. Image of the scoring sheet used to assess
each limb before and after the intervention.
Participants verbally rated their score and were
instructed that they could provide values between
those displayed.

and rated each leg again on the 0-100 scale. This was per-
formed to account for the potential of the attachments of
the retro-reflective markers and clusters to affect the par-
ticipants perception of the movement. This was the base-
line score that was used for subsequent analyses. Partic-
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ipants then performed SLSs on the force plate in the 3D
capture space. Motion capture data were collected on each
leg (starting with the non-preferred) to achieve eight ‘good’
trials to be used as their baseline data prior to the inter-
vention. Due to the TMR® protocol using the preferred leg
to perform the treatment, the non-preferred side was col-
lected first to remove the potential of a treatment effect by
continuing to perform repetitions of the SLS on the pre-
ferred leg. A trial was deemed as ‘not good’ and recollected
if the participant performed the trial in a non-continuous
manner (i.e., pausing at the bottom), or lost balance as de-
termined by the stance foot moving out of its original po-
sition, or their hands came off their waist. The number of
trials was based on prior statistical models that determined
a minimum of seven trials was necessary to reach a statisti-
cal power of 0.8 for kinematic data during a Statistical Para-
metric Mapping (SPM) analysis.!3 Trials were performed at
a participant selected rate to limit fatigue and squat veloc-
ity was not controlled for.

Following the collection of baseline data, participants
performed the SLS TMR® intervention. This consisted of
performing the SLS in sets of ten repetitions only on the
preferred side. Participants were allowed to perform these
squats at their own pace as long as they were able to com-
plete them within 90 seconds. Symmetry of TMR® scores
between the two legs was reassessed with one SLS on each
leg (starting on the non-preferred side) after each set. Fol-
lowing the completion of the ten repetitions and reassess-
ment of the TMR® scores, a rest period of 30 seconds was
given between sets. If the self-reported score imbalances
were resolved (i.e., the difference between sides was equal
to zero) the intervention was completed, and participants
moved on to perform the first post treatment assessment.
The intervention was also stopped if the maximum number
of four sets were performed without a symmetrical score
being achieved. Participants were not informed that achiev-
ing a symmetrical score between legs was necessary to com-
plete the intervention. After the TMR® intervention, the
participants were reassessed bilaterally using the same mo-
tion capture procedures. Participants performed eight good
trials on each leg, starting with eight on the non-preferred
side. These SLSs were performed in the same manner as the
baseline testing which allowed them to be performed at a
self-selected rate. Following the first set of post-treatment
SLSs, participants were asked to sit on a treatment table
for 10-minutes to observe the potential of immediate treat-
ment effects to dissipate. After 10-minutes had elapsed,
participants reassessed their score by performing one SLS
on each leg. Then, eight more single leg squats were col-
lected bilaterally, starting on the non-preferred side, fol-
lowing the same instructions as the baseline and first post-
treatment protocol.

DATA ANALYSIS

Angular kinematics and kinetics were computed using a
Cardan (X-Y-Z) rotation sequence with Visual 3D software
(v6, C-Motion Inc., Germantown, MD, USA). Marker trajec-
tories were filtered using a low-pass, fourth-order Butter-
worth filter at 6 Hz.14!5 Ground reaction force data were

filtered using a low-pass, fourth order Butterworth filter
with a cutoff frequency of 10 Hz.16 Kinematic marker posi-
tions and ground reaction force data were used to calculate
internal joint moments from an inverse dynamics model
within the Visual 3D software. Moments were normalized
to body mass and calculated so that internal flexion mo-
ments for the hip, knee, and ankle were represented by pos-
itive values.

The SPM analyses were used to assess joint angles and
moments. The kinematic and kinetic time-series were in-
terpolated to 101 data points (100% of cycle) using a cus-
tom MATLAB script (MathWorks, Natick, MA, USA). During
the first second of each task, participants were asked to
hold their position to achieve a quiet stance period. During
this period, the standard deviation of hip flexion for the
stance limb was calculated. The beginning of the task was
identified when hip flexion of the stance limb exceeded a
change at least 3 standard deviations from the waveform
during the quiet stance period.1® The end of the task was
defined as the point when hip flexion angle returned to that
starting value. Center of mass (COM) vertical displacement
was used to determine squat depth.l” This was calculated
by normalizing each participants data to the highest verti-
cal point of their COM within a given trial and resulted in a
net vertical displacement in cm.

STATISTICAL ANALYSIS

A 2x3 repeated measures ANOVA was used to assess differ-
ences of TMR® scores between the preferred and non-pre-
ferred legs at Baseline, post-treatment (Post1), and 10-min-
utes post-treatment (Post2) in R (The R Foundation for
Statistical Computing Platform, 2021). The significance
level for statistical analyses of TMR® scores was set a priori
to a < 0.05. Significant main effects were followed up with
post hoc t-tests and Bonferroni alpha corrections. Interac-
tions were followed up with separate one-way ANOVAs for
time on each leg and followed up with t-tests and Bonfer-
roni corrections when the ANOVA indicated a difference.
Additionally, the effect of leg at each time point was as-
sessed with follow up paired t-tests and alpha corrections.
Effect sizes were calculated for TMR® scores using partial
eta squared values that were interpreted as small (1712) =
0.01), medium (n; = 0.06), and large (77;2;= 0.14), and Cohen’s
d values were calculated for pairwise comparisons and in-
terpreted as small (d = 0.2), medium (d = 0.5), and large (d =
0.8).18

Separate 2x3 repeated measures ANOVAs were also used
to compare kinetic and kinematic waveforms for the pre-
ferred and non-preferred limbs at each of the three time
points using an open-source software package spmlD
0.4.19 Significant results from the repeated measures
ANOVAs were followed up with post hoc t-tests as well as
with single subject (SS) analyses. The significance level for
all SPM tests was set a priori to a < 0.05. For the SPM analy-
ses, an alpha correction was not deemed appropriate be-
cause the procedure requires independence across the tests
which is not the case with time-series data.20 Additionally,
SPM analyses have been shown to reduce type I error as-
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sociated with kinematic data.2%2! For group data, the par-
ticipant’s mean values of the eight trials, for both the pre-
ferred and non-preferred legs, were calculated for each task
and used for analysis. For the SS analyses, the eight trials
were compared between the two legs for each task. When
the participant’s statistical difference between legs crossed
the critical threshold, the timing of this cross from 0-100%
of the movement was recorded. If a cumulative 10% or more
of the task reached statistical difference, the participant
was classified as containing an asymmetry and reported as
a percentage of the population. As some participants were
found to have significant differences only during the first
or last five percent of the trial, and these findings may lack
clinical implications, the cutoff percentage of 10% was used
to limit inflation for number of participants with significant
differences between legs.

RESULTS

Of the 27 participants who were screened, 20 qualified for
the study (10 female, 10 male; age = 24.1 % 3.5 years; height
= 173.8 = 10.8 cm; mass = 72.0 = 14.4 kg) with TMR®
score imbalances > 10 (non-preferred side scores = 50.2 *
15.6, preferred side scores = 29.5 + 17.2) during the SLS.
When examining the frequency of self-reported symptoms
and locations, 50% identified stability deficits, 40% of par-
ticipants reported reduced ROM, 35% described tightness,
15% reported pain as an issue, and 10% noted weakness. In
terms of location, the ankle was indicated as problematic
by 45% of participants, the hip by 40%, the knee by 35%,
and the thigh by 25%. Importantly, these percentages re-
flect the frequency of each symptom and region reported,
but do not total 100% given that individual participants of-
ten reported multiple problematic symptoms across various
regions (Table 1).

An interaction of leg and time (p < 0.01, n, = 0.05) was
found for TMR® scores. The one-way ANOVA for the pre-
ferred leg found no effect of time on score (p = 0.91, n; =
0.00). A significant effect of time was found for the non-
preferred leg (p < 0.01, n; = 0.19). Post hoc t-tests indicated
that bilateral differences were present at baseline and Post1
for TMR® scores but not at Post2 (Table 2). Scores on the
non-preferred leg were reduced after treatment and re-
mained below baseline levels at Post2 (Table 2, Figure 3).

Significant main effects from the SPM analyses for kine-
matic and kinetic variables are reported in Table 3. Post hoc
tests for time and leg are displayed in Table 4, and Table 5.
The SPM statistical package does not report p-values that
do not reach statistical significance. Increased knee flexion
moments were found after the treatment at the group level
as well as in 40% of individual participants (Figure 4). Bi-
lateral differences were found for knee and ankle flexion,
as well as knee flexion moments before and after the treat-
ment at both the group and single subjects level (Figure 5).

DISCUSSION

This study included participants with bilateral TMR® score
differences between preferred and non-preferred legs (A
20.7). Increased values were observed on the preferred leg
for knee flexion, ankle flexion, and knee flexion moments
(Figure 5) Overall, 75% of the sample had an asymmetry for
at least one of the aforementioned variables. On the pre-
ferred leg, 83% percent of participants with a bilateral dif-
ference had increased knee flexion and 90% had increased
ankle flexion and knee flexion moments. The current find-
ings provide initial evidence that self-identified asymme-
tries with the TMR® scale for a SLS are related to deficits in
knee flexion, ankle flexion, and knee flexion moments dur-
ing a SLS. This is an important finding as bilateral differ-
ences can often be masked at the group level due to intra-
participant variability or defining limb dominance based on
the leg used to kick a ball.22:23 Thus, the TMR® scale could
be used as an effective instrument for identifying preferred
and non-preferred legs during movement screen scenarios,
or when assessing single leg weightbearing movement prior
to developing return to sport protocols.

Following the intervention, the group analysis demon-
strated statistically greater internal knee flexion moments
on the non-preferred leg. However, this finding was largely
driven by only 40% of participants who demonstrated in-
creased knee flexion moments between Baseline and Post1
(Figure 4). Of those eight responders, seven also had re-
duced perceptions of dysfunction (average A Baseline-Post1
= 16.5), suggesting that improved TMR® scores are sensi-
tive to changes in loading the knee during the SLS. Par-
ticipants maintained this gain after the 10-minute rest pe-
riod as there was no effect of time between Post1 and Post2
for internal knee flexion moments, and only 10% of partic-
ipants were found to have a difference after the rest period
(Figure 4). Clinicians should be cognizant of the potential
for patients to not respond in this manner as less than half
of the current sample demonstrated increased moments at
the knee. However, as this protocol requires limited con-
tribution from the non-preferred leg, mitigating the risk
of exacerbating symptoms, TMR® could still be considered
during rehabilitation protocols where patients are reluctant
to perform SLSs on one side due to factors such as pain,
tightness, limited ROM, etc.

The current findings are the first to indicate that per-
forming one of the primary TMR® motions on the preferred
leg can improve TMR® scores on the non-preferred leg
(Figure 3). Prior studies®-11 have not reported these mea-
sures but have demonstrated the potential effectiveness of
a TMR® intervention to increase ROM. The current study
also found a statistically significant change in hip flexion
following the SLS intervention (p = 0.03, 7-17% of SLS).
However, this finding may not be clinically significant as
there was only a 0.2° average increase in hip flexion. Addi-
tionally, of the six participants who had a bilateral differ-
ence (30% of the population), three increased hip flexion,
and three had decreased hip flexion on the non-preferred
leg immediately after the intervention. Although increased
knee moments were observed and 55% of the participants
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Table 1. Description of symptoms and their locations for each participant.

Participant ID Symptom Region
1 ROM, Instability Ankle
2 Weakness, ROM Thigh
3 Pain, Instability Knee
4 Tightness, ROM, Instability Ankle, Hip, Knee
5 Tightness, Instability Thigh
6 Tightness, Instability Knee
7 Pain Knee
8 ROM Ankle, Hip, Knee
9 Pain Knee
10 Instability Ankle
11 ROM Hip
12 Instability Hip, Knee
13 Instability Ankle,Hip
14 ROM, Instability Ankle
15 Tightness Ankle, Knee
16 Tightness Thigh
17 Weakness, ROM, Instability Thigh, Hip
18 Tightness Thigh
19 ROM Ankle, Knee, Hip
20 Pain, Tightness Ankle, Knee, Hip

ROM indicates that the participant felt they had limited range of motion.

Table 2. Results of pairwise comparisons for TMR® scores.

Comparison Mean Diff. p-value Cohen'sd
Post-hoc tests for Non-Pref. leg between time points Baseline - Post1 -15.0 <0.01 0.85
Baseline - Post2 -19.4 <0.01 1.17
Post1 - Post2 -4.4 0.06 0.23
Post-hoc tests between legs at each time point Baseline 20.7 <0.01 1.25
Post1 5.9 0.04 0.31
Post2 34 0.26 0.20

had resolved TMR® scores following the intervention, squat
depth did not increase, and bilateral differences were still
present (Figure 4). Thus, improvements in TMR® scores
may coincide with biomechanical changes at the knee but
do not necessarily result in visually observable changes for
clinical measures of movement.

The current findings are partially corroborated by a case-
series?4 that found a TMR® intervention resulted in clini-
cally important differences in pain scores for patients ex-
periencing AKP. The case-series?? also found that the
functional measures of single leg weightbearing were un-
changed after a TMR® intervention. A reduction in self-
identified factors of dysfunction with no visually observable
changes for SLS mechanics has not been limited to the
TMR® paradigm. For example, investigations into different
taping techniques?%2¢ intended to improve AKP have
found that symptoms were reduced following the tape ap-

plication but did not impact SLS kinematics. A reduction
of pain during the SLS has been attributed to changes in
quadriceps muscle activationZ®; however, pain effects be-
yond biomechanical explanations (i.e., placebos) should
also be considered as an explanation. The potential of in-
terventions such as TMR® or taping to improve symptoms
during a SLS could be useful during rehabilitation but clin-
icians may want to supplement these interventions with
longer-term training protocols that have been found to im-
prove kinematic variables.!2:27 For example Hale et al.l2
found four weeks of balance training performed solely on
the uninjured ankle improved motor control in the injured
ankle of those with chronic ankle instability.

Although bilateral differences were identified by using
the TMR® scale, the importance of the biomechanical bi-
lateral differences during a SLS is disputed.25 A longitudi-
nal study found that practitioner rated bilateral differences
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Figure 3. Boxplots comparing TMR® scores between
Preferred and NonPreferred legs at Baseline,
immediately after the intervention (Post1), and 10
minutes after Post1l (Post2).

in the frontal plane at 90° of knee flexion did not pre-
dict future non-contact anterior cruciate ligament injury.28
However, by not including potential differences for sagit-
tal plane asymmetries of the lower extremity, longitudinal
studies may limit potential findings as it relates to injury
risk. Longitudinal studies for bilateral differences have also
neglected to include a SS approach for the identification of
asymmetries25 or focused on the leg used to kick a ball.26
As leg dominance has been found to be task specific,26:27
and bilateral kinematic differences can be masked at the
group level,27 the inclusion of a SS approach is necessary to
fully understand the importance of injury risk as it relates
to movement symmetry. Additionally, investigators should
consider the potential of the bilateral movement imbal-
ances found in the current study to coincide with more
functional movements such as walking and running, sub-
sequently identifying whether these potential imbalances
elicit chronic lower extremity injuries due to a decreased
ability to load the non-preferred leg. As the TMR® screen
for the SLS can be performed in a few minutes, its use as an
instrument to track injury risk from bilateral asymmetries
may be warranted.

The current study has limitations. First, the current
study assessed participants with a heterogeneous symptom
profile (i.e., stability, tightness, pain, etc.) at various points
of the lower extremity (i.e., ankle, knee, thigh, and hip)
that could have produced distinct compensatory movement
strategies during the SLS. However, the inclusion of a single
subject analysis provides more detailed insight into indi-
vidual responses that helps compensate for the lack of a
homogeneous sample. Next, only one movement from the
six primary TMR® motions for movement assessment was
included. As TMR® is often thought to identify regional
imbalances throughout the body that may be connected,’
only assessing one of these movements may have missed
the root cause of the dysfunction and limited the effec-
tiveness of the treatment. However, as the core foundation
of the treatment is to use movement on one side of the
body to improve movement on the other, it is essential to
establish the efficacy of this fundamental concept for the
paradigm. The current study’s protocol also differed from
the TMR® protocol in the number of sets and repetitions
(2x15-20) that are typically performed prior to reassess-
ing the TMR® score.”8 Per the TMR® protocol, if an ob-
served improvement (score decreased by > 10) is not found
after the first reassessment, a change is made to the treat-
ment that could increase the intensity (e.g., performing the
repetitions faster).” Thus, a lack of treatment dosage and
omitting changes to the treatment protocol may have in-
fluenced the outcomes of this study, and is a factor that
could be considered in future studies examining the effects
of TMR®. Self-reported scores are also a potential source
of bias that could have influenced the results for perceived
asymmetry. Specifically, a response bias could have led par-
ticipants to unconsciously minimize or downplay dysfunc-
tion in order to appear more symmetrical, which they may
have believed was more desirable or expected by the re-
searchers. The methods were designed to limit this bias by
not informing participants about the proposed mechanism
of the treatment until after the completion of the study.
Lastly, the observed decrease in TMR® scores is less than
what has been reported as a minimal detectable change
(MDC) of 26.1 pints using the TMR® scale for the SLS.” This
may not directly translate to the current results though, as
the reliability study that established the MDC did not assess
scores before and after a TMR® treatment.

Table 3. Results of main effects from repeated measures ANOVAs.

Time Leg
Variable p-value % of Task p-value % of Task

Hip Flexion 0.02,<0.01 3-23,55-83 - -

Knee Flexion <0.01 48-67 <0.01 7-45

Ankle Flexion - - <0.01 11-36

Hip Moment - - - -

Knee Moment 0.03 46-53 <0.01 7-50
Ankle Moment 0.02,0.03 41-55,88-100 - -
COM Displacement <0.01 53-66 - -

% of Task indicates timing of the significant difference, a dash indicates a lack of significant difference
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Table 4. Results of post hoc tests for significant main effect of time.

Non-Preferred Leg

Preferred Leg

Variable

Comparisons

p-
value

% of
Task

% of p-value % of Task % of
SSs SSs

Hip Flexion

Baseline vs. Post
1

0.04

8-15

30 0.03 7-17 50

Post 1 vs. Post 2

<0.01

32-66

Baseline vs. Post
2

<0.01

7-23

60 0.03 62-70 65

Knee Flexion

Baseline vs. Post
1

Post 1 vs. Post 2

<0.01

48-63 30 - - -

Baseline vs. Post
2

Knee Moment

Baseline vs. Post
1

<0.01

45-59 45 - - -

Post 1 vs. Post 2

Baseline vs. Post
2

Ankle Moment

Baseline vs. Post
1

0.02

85-99 15

0.02,
0.03

44-51, 15
93-97

Post 1 vs. Post 2

Baseline vs. Post
2

0.04

89-92 30 - - -

COM
Displacement

Baseline vs. Post
1

Post 1 vs. Post 2

p<0.01

27-65 55 - - -

Baseline vs. Post
2

COM = center of mass, % of Task indicates timing of the significant difference, % of SSs indicates the percentage of Single Subjects with a significant difference, a dash indicates a

lack of a significant difference

Table 5. Results of post hoc tests comparing legs at each time point.

Variable Time p-value % of Task % of SSs
Knee Flexion Baseline <0.01 4-43 60

Post 1 <0.01 11-42 65

Post 2 <0.01 13-44 70
Ankle Flexion Baseline <0.01 5-27 50

Post 1 0.04 18-21 55

Post 2 <0.01 18-40 60
Knee Moment Baseline <0.01 8-27 50

Post 1 <0.01,<0.01 12-39,90-97 55

Post 2 <0.01,0.03 12-34,35-39 60

% of Task indicates timing of the significant difference, % of SSs indicates the percentage of Single Subjects with a significant difference.

CONCLUSION

The results of this study indicate that participants with bi-
lateral differences of 10 points or greater per the TMR® as-
sessment for the SLS were also found to have biomechani-
cal asymmetries at the knee and ankle. Performing sets of
the SLS on the preferred leg was found to reduce percep-
tions of symptoms related to pain, tightness, and stability

on the contralateral leg and enable small but statistically
increased knee flexion moments. However, reducing the
perception of symptoms did not resolve movement symme-
try. Clinicians should be cautious about relying solely on
improvements in patient perception when applying TMR®
and consider supplementing this method with targeted in-
terventions to address observable movement deficits.
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percentage of participants with a significant difference at each percentage of the task. Horizontal blue line
indicates the total percentage of participants with a significant difference.
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