Stephenson, S.J., et al. (2021). J Rehab Pract Res 2(1): 116
https://doi.org/10.33790/jrpr1100116

Journal of Rehabilitation Practices and Research

Subluxed Shoulders Need “TLC”: A Pilot Study of T-L-C Elastic Taping
to Address Hemiplegic Shoulder Pain, Passive Range of Motion, and Sub-

luxation

Sara J. Stephenson, OTD, OTR/L, BCPR, CBIS, CSRS'?, Steven M. Frey, OTR/L, CKTP!, Mark P. Stumpf, OTD,
OTR/L, CKTP?, Jacob D. Wright, OTD, OTR/L, CKTP?, Lauren B. Loges, OTD, OTR/L?, John L. Wong, OTD, OTR/L?
!Department of Rehabilitation Services, Barrow Neurological Institute, St. Joseph’s Hospital and Medical Center, Phoenix,
Arizona, United States

’Department of Occupational Therapy, Northern Arizona University, Phoenix Biomedical Campus, Phoenix, Arizona, United
States

(Article Details )
Article Type: Research Article
Received date: 11""March, 2021
Accepted date: 19" March, 2021
Published date: 21" March, 2021

*Corresponding Author: Sara J. Stephenson, OTD, OTR/L, BCPR, CBIS, CSRS, Department of Rehabilitation Services,
Barrow Neurological Institute, St. Joseph’s Hospital and Medical Center, 350 W. Thomas Rd., Phoenix, AZ 85013, United
States. E-mail: Neuropub@barrowneuro.org
Citation: Stephenson, S.J., Frey, S.M., Stumpf, M.P., Wright, J.D., Loges, L.B., & Wong, J.L. (2021). Subluxed Shoulders
Need “TLC”: A Pilot Study of T-L-C Elastic Taping to Address Hemiplegic Shoulder Pain, Passive Range of Motion, and
Subluxation. J Rehab Pract Res, 2(1):116. https://doi.org/10.33790/jrpr1100116
Copyright: ©2021, This is an open-access article distributed under the terms of the Creative Commons Attribution License
4.0, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are

Qedited.

J

Abstracts

Shoulder subluxation, abnormal tone, and hemiplegic shoulder
pain are common sequelae for patients with neurological conditions.
Therapists have used elastic taping to treat these consequential
conditions in rehabilitation settings with inconsistent techniques
and results. The use of elastic tape to treat shoulder subluxation,
abnormal tone, and hemiplegic shoulder pain may result in increased
participation in activities of daily living and functional activities;
however, evidence-based approaches to guide taping are still
emerging. An elastic taping method called the "T-L-C" method has
been developed to establish a consistent approach for the assessment
and taping to ensure patients are being treated with evidence-based
techniques.

Running Title: Elastic taping for hemiplegic shoulder pain

Keywords: Activities of daily living; biomechanical; elastic tape;
hemiplegia; hypertonic; hypotonic; muscle tone; occupational
therapy; tension
Abbreviations

ADL, activities of daily living; HSP, hemiplegic shoulder pain; PI,
primary investigator; PROM, passive range of motion; ROM, range
of motion; VAS, visual analog scale

The onset of a neurological condition that induces hemiplegia may
result in various impairments that occupational and physical therapists
frequently evaluate and address in a therapy or rehabilitation setting.
In particular, reduced range of motion (ROM), shoulder subluxation,
and neuromuscular-associated hemiplegic shoulder pain (HSP) are
prevalent sequelae following a neurological event that results in
hemiplegia. ROM limitations may co-occur with subluxation and
HSP and interfere with functional use of the upper extremity in
activities such as bathing and dressing [1, 2]. Khan and colleagues|3]
found the incidence of shoulder subluxation after a neurological event
(stroke) of 17-81%. A study in the American Journal of Physical
Medicine & Rehabilitation reported that the incidence of shoulder
pain is approximately 55% in patients with hemiplegia following the

onset of a neurological event such as stroke [4]. Pain is a barrier
to rehabilitation efforts and is associated with increased length of
hospital stay, reduced quality of life scores, and poor outcomes [5, 6].
HSP, coupled with subluxation, reduces arm mobility and ROM and
results in reduced independence in activities of daily living (ADLs)
such as bathing, dressing, and hygiene and can negatively impact a
patient’s quality of life [7, 8].

Therapists use various techniques and tools to address HSP and
subluxation, including elastic taping. Currently, gaps and inadequacies
exist in clinical practice guidelines, evidence-based assessments, and
protocols for elastic taping to reduce shoulder symptoms resulting
from HSP and subluxation, often due to imbalanced tone. Overall,
the literature on elastic taping is ambiguous regarding tension and
technique and is inconsistent regarding effectiveness overall. Some
clinical efficacy studies and systematic reviews do not support elastic
taping for HSP and subluxation [9, 10]. In contrast, some efficacy
studies and systematic reviews support the use of elastic taping [11-
14]. The inconsistent and conflicting literature presents a challenge
for OTs to navigate, and therapists must blend the available literature
with clinical practice knowledge and experience and apply clinical
reasoning to their taping practices.

The available literature to guide elastic taping, which is a
combination of direction and tension, includes numerous studies of
tape approaches focusing on the mechanical correction of shoulder
deficiencies. Although a biomechanical approach to mechanical
correction is a key component of elastic taping, overall muscle
tone is a key consideration [11, 15]. The subject of muscle tone
management, which is part of hemiplegia interventions and is a
frequently discussed topic in neurological rehabilitation, is not
formally addressed in taping research [16-19]. Whether elastic taping
is effective is a challenging topic for researchers to study because
many factors influence its effectiveness. Tone imbalance as a basis
for subluxation and HSP are important foci for therapists to address
and can be managed using elastic taping [20, 21].
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The T-L-C method of tone correction was developed by the primary
investigator (S. M. Frey) to address tone management in shoulder
subluxation and HSP using elastic taping. The T-L-C method is unique
because it combines a biomechanical correction with directional
taping that applies tension to manage shoulder tone [21]. The first
premise of the T-L-C method is to tape the “T” (tight or hypertonic)
shoulder muscles to inhibit their tone; the second is to tape the “L”
(loose or hypotonic) shoulder muscles to facilitate their tone. Finally,
with the tone addressed, the tape is applied to provide a mechanical
correction (“C”) of the subluxation. The basis of taping is that tape
applied on the skin along the length of the muscle stretches the skin
and fascia, which could affect the muscle fibers below to respond
by either inhibiting or facilitating muscle tone [21]. Researchers
posit that this effect may be achieved through directional taping with
tension on the skin along muscle lengths to provide sensory feedback
to the proprioception systems that interact with the skin, fascia, and
muscle spindles to facilitate balanced muscle tone. We surmise that
taping from insertion to origin along hypertonic muscles provides
a reduction in tone. We surmise that taping from origin to insertion
along hypotonic muscles facilitates an increase in tone. In this pilot
study, we sought to determine if short-term tone management via
directional elastic taping and mechanical correction taping impacted
HSP, subluxation, and ROM.

Methods
Research Design

This pilot study is a quasi-experimental, AB design with 10
participants. Each participant served as his or her control. Baseline (A)
was the control period. During this phase, the amount of subluxation,
passive range of motion (PROM) end range due to pain, active range
of motion (AROM), and self-reported pain at rest with PROM and
AROM were measured within 30 minutes of the implementation
of the T-L-C intervention. Clinical observations regarding scapula
placement, scapula symmetry, posture, and scapula-humeral rhythm
were recorded. The intervention (B) consisted of applying elastic
tape to the shoulder musculature based on an assessment of shoulder
tone (Table 1) and subluxation. The elastic tape was worn for a total
of 3 days as part of the study. Measurements for subluxation, PROM,
AROM, and pain were collected immediately after taping, 1 day after
taping, and 3 days after taping.

The study was approved by the institutional review board of the
primary investigator’s institution. The primary author’s secondary
institution ceded approval to the primary institution. The study
followed the protocol and standards set forth by the boards.

Participant Selection

Participants were recruited over an 18-month period by occu-
pational therapists who identified potential participants with the
onset of symptoms <3 months before the study start. The primary
investigator (PI) completed the screening to determine eligibility.
The participants were screened via electronic health record review
and clinical observation by the PI to determine if she or he met the
inclusion criteria. The inclusion criteria were (1) current shoulder
pain and/or shoulder subluxation, of any amount, as a result of a
neurological diagnosis, (2) 18 or more years of age, (3) currently a
patient in the rehabilitation unit, and (4) the ability to appropriately
communicate pain levels on a visual analog scale (VAS). Exclusion
criteria included (1) prior history of allergy to adhesives including
elastic tape, (2) bilateral shoulder subluxation, (3) active cancer in
the taping area, (4) poor skin integrity, (5) loose or sagging skin,
(6) inability to communicate pain levels, (7) current deep vein
thrombosis in the taping area, (8) congestive heart failure, and (9)
renal insufficiency. Participants were patients in the rehabilitation
unit and were receiving concurrent therapy services as part of the
routine standard of care. No data were collected to specify the type or

amount of therapy services provided. Eligible participants were
provided written and verbal information as part of the consent
process requirements before enrollment and were provided copies of
signed consent forms when they enrolled in the study.

Instruments and Outcome Measures

Before the assessment, participants were positioned upright with
their feet on the floor and their arms symmetrically on their laps.
The shoulder assessment protocol included measurements for
shoulder subluxation, pain, PROM, AROM, observation of scapular
placement, and tone (hypertonic, hypotonic, or normal) for the
shoulder musculature, including the pectoralis, biceps, triceps, upper
trapezius, levator scapulae, rhomboids, teres major, latissimus dorsi,
infraspinatus, and deltoids.

Shoulder Subluxation

Anthropometric measurements were used to determine shoulder
subluxation (in centimeters) and range of motion (in degrees).
Shoulder subluxation was evaluated using a caliper to measure the
distance from the inferior aspect of the acromion to the superior
aspect of the humeral head, with the hemiparetic extremity hanging
unsupported at the participant’s side. This measurement was selected
to ensure consistency between potential raters should the PI be
unable to continue in the study. Although radiographic imaging is the
more commonly used assessment tool for measuring subluxation, its
cost was prohibitive [22]. Finger-breadth palpation has demonstrated
some reliability; however, this method was not selected in order to
establish a consistent clinical measurement in the unlikely event that
another researcher would have to assume measurements if the PI
became unable to complete the study [23].

Pain

Using the rehabilitation unit's established visual analog scale
(VAS), data on self-reported pain at rest, PROM, and AROM were
collected four times: (1) before taping; (2) immediately after taping,
at the pretaping PROM end-range score due to pain; (3) 1 day after
taping, at the pretaping PROM end-range score due to pain; and (4)
3 days after taping, at the pretaping PROM end-range score due to
pain. With the VAS, participants indicate their pain level on a scale of
zero (left side of the scale), indicating no pain, to 10 (right side of the
scale), indicating severe pain [24].

Range of Motion

PROM of shoulder flexion was assessed using goniometric
measurement [25]. The PI moved the upper extremity through PROM
of shoulder flexion to the end range on the basis of the participant’s
pain tolerance. Data were collected four times, as indicated above.
AROM was assessed using goniometric measurement for shoulder
flexion [26].

Scapular Placement

The position of the scapula on the affected side was compared
to that of the unaffected side and was recorded as normal, winging,
abducted, or adducted, and an assessment of scapulohumeral rhythm
was completed concurrently with ROM. These data were collected
for analysis before taping only.

Tone

The PI recorded tone as hypotonic, hypertonic, or normal for
the following musculature: pectoralis, biceps, triceps, upper
trapezius, levator scapulae, rhomboids, teres major, latissimus dorsi,
infraspinatus, and deltoids. The PI used checkmarks to record the
tone for the musculature, and pretaping tone data are presented in
Table 1. Data were collected for analysis before taping only.

Intervention

Interventions were completed by the PI, and intervention fide-
lity was established by having the PI perform all of the pretape
assessments; perform reassessments immediately after taping, at day
1, and at day 3; and complete all taping intervention. Participants
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were seated in an upright and midline sitting position either in
a wheelchair or on a firm surface with bilateral upper extremities
initially in the participant’s lap symmetrically or unsupported at
his/her side temporarily for the assessment portion. Following the
assessment and before taping, the participant’s skin was cleaned with
an alcohol wipe to remove oils for good tape adherence. Hypertonic
muscles were taped first from the muscle’s insertion point to origin
using tension range for inhibition [27-29]. Next, hypotonic muscles
were taped from origin to insertion using tension range for facilitation
[27-29]. Finally, mechanical corrective taping was performed to
provide enough force from stretch to adequately correct scapular
alignment and approximate the humeral head into the glenohumeral
fossa using tension range for mechanical correction [27, 29]. The tape
was applied following the initial shoulder assessment and remained
on the participant for 3 consecutive days.

Data Collection

Measurements were taken by the PI, who was not blinded to
the study participants or purpose. Measurements were taken four
times for pain, PROM, AROM, and subluxation, before taping,
immediately after taping, 1 day after taping, and 3 days after taping.
After 3 days of taping, no further measurements were taken. Day 3
ended the study, and the participants could continue with shoulder
taping at the discretion of their primary OT.

Data are presented as mean (standard deviation) or median
(interquartile range [IQR]). Charts are based on the medians of the
measurements due to the skewness of the data. Wilcoxon signed-
rank tests were used to compare the changes in PROM, pain, and
subluxation between before and after taping to assess immediate
relief and then from before taping to day 3 after taping to assess
reversion. An alpha of 0.05 (two-tailed) was used as the criterion for
statistical significance. SPSS ver 26 (IBM Corp, Armonk, NY) was
used for data analysis.

Results
Participant Demographics

Eleven participants were enrolled in the study, three men and
eight women. One participant had the shoulder tape inadvertently
removed during a shower and was removed from the study. The 10
participants ranged in age from 27-73 years (mean = 51.8 years, SD
= 18.8 years). Six right and four left upper extremities were taped.
All participants had an onset of symptoms less than 3 months before
the study start. The broad diagnosis categories included stroke (5),
brain tumor (2), spinal cord injury (2), and central nervous system
lymphoma (1). Participants received concurrent interventions from
an occupational therapist and other rehabilitation team members
during the study. Table 1 includes highlights of participants’ upper
extremity characteristics.

~

~

Participant Characteristics (n=10)

Musculature Hypotonic, n (%) Hypertonic, n (%)
Pectoralis 1 (10) 4 (40)

Biceps 1(10) 2 (20)

Triceps 1(10) 2 (20)

Upper trapezius 0(0) 9 (90)

Levator scapula 0(0) 9 (90)

Rhomboids 1(10) 4 (40)

Teres major 0(0) 1(10)

Latissimus dorsi 1(10) 5(50)

Infraspinatus 4 (40) 0(0)

Deltoid 10 (100) 0(0)

Quantitative variables | Before taping | After taping | Day 1 | Day 3
Pain (mean) VAS, 0-10 scale

At rest 1.7 0.1 0 0
PROM 5.5 0.3 0.3 0.1
AROM 33 0.3 0 0
Subluxation (mean) 1.5 0.1 0.1 0.3
cm

PROM (range) 0-82 0-116 0-121 0-123
degrees

Abbreviations: AROM, active range of motion; PROM, passive range of motion;
VAS, visual analog scale.

K Table 1. Participant upper extremity characteristics )

Active Range of Motion Shoulder Flexion

Participants’ mean (SD) end-range AROM before taping was 1.6
(2.7) degrees, and immediately after taping, it was 3.9 (4.0) degrees.
The day 1 mean was 4.4 (4.4) degrees, and the day 3 mean was 5.4
(4.9) degrees (Table 1). The differences between measurements
before and after taping were not significant (all p>0.05).

Passive Range of Motion Shoulder Flexion

Participants’ median end-range PROM before taping was 75 (IQR:
65, 100) degrees. PROM increased to 105 (IQR: 100, 122.5) degrees

immediately after taping (p=0.005). The day 3 median of 125 (IQR:

107.5, 132.5) degrees remained significantly greater than the pre-

taping measurement, p=0.005 (Figure 1).

Pain Level During Passive Range of Motion of Shoulder Flexion
Participants’ median pain before taping was 5.5 (IQR: 4.0, 8.25),

and immediately after taping, it was 0.0 (IQR: 0.0, 0.0) (p=0.07). The

day 3 median was 0.0 (IQR: 0.0, 0.0) (p=0.07) (Figure 2).
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Figure 1. Median end-range passive range of motion (PROM)
increased significantly with taping (p=0.005). Used with permission
from Barrow Neurological Institute, Phoenix, Arizona.
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Figure 2. Median pain level at end-range passive range of motion
(PROM) on visual analog scale (VAS) (p=0.07). Used with permission
from Barrow Neurological Institute, Phoenix, Arizona.
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(PROM) increased significantly with taping (p=0.005). Used with
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Subluxation

The median pretaping subluxation score was 1.1 (IQR: 0.5, 3.0)
cm. This score decreased to 0.0 (IQR: 0.0, 0.0) immediately after
taping (p=0.005) and remained at 0.0 (IQR: 0.0, 0.25) at day 3,
p=0.005 (Figure 3). Participants 2 and 5 had a slight increase in
subluxation on day 3. However, their scores remained better than
their pretaping subluxation scores. These participants presented with
dense hemiplegia, and the investigators surmised that the weight of
the upper extremity could have overcome the effects of the tape.

Discussion

This pilot study indicates that the clinician-developed T-L-C elastic
taping method demonstrated significantly reduced subluxation and
increased shoulder flexion PROM in the participants tested. The
median end-range PROM pretape to posttape scores and subluxation
median pretape to posttape scores differed significantly. Participants
2 and 5 had a slight increase in subluxation on day 3 but nowhere
near the pretaping subluxation scores. These participants presented
with significant hemiplegia and large upper extremities. This slight
increase in subluxation could be due to the weight of the extremity
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overcoming the effects of the tape. This information is useful for
informing clinical practice, indicating that the tape should be changed
sooner than 3 days for patients with significant hemiplegia and a large
upper extremity. Given the small sample size, the T-L-C method did
not reach statistical significance for improving AROM. We did not
identify any clinical significance from the data for AROM.

Although changes in participant’s VAS pain scores did not meet the
threshold of statistical significance, we regard these changes to be
highly clinically significant because a reduction in pain score has a
positive and measurable effect on client well-being and engagement
in the rehabilitation process. This information suggests that following
the T-L-C method of shoulder assessment and taping evaluation for
patients with neurological issues can provide an effective intervention
that impacts symptoms and positively influences the client’s ability
to actively participate in future occupational therapy sessions.

Limitations

Limitations include small sample size, limited effect size, no
control group, participants not being blinded to the intervention,
and the use of a convenience sample. Although the study lends
itself to practice-oriented implementation and interventions, it poses
issues with external validity. We are unable to generalize to a larger
population and are unable to compare intervention groups. Potential
sampling bias could have occurred because other occupational
therapists referred clients to the PI for consideration in the study.
Observer bias cannot be ruled out because the outcome measurements
were all performed by the PI, although a strict study protocol was
followed. The use of the VAS with responses given verbally rather
than marking pain levels on a line impacts the VAS scoring. Marking
the VAS was considered for the study protocol, but we elected to
use a verbal indication instead. The VAS is consistently used in the
rehabilitation unit with a verbal report, and participants were familiar
with this process.

Future studies should include a larger sample size and comparison
of T-L-C to other techniques. The content validity and interrater
reliability should be established for the T-L-C method to ensure the
reliability of the results.

Implications for Practice

e Therapists with experience using elastic tape can use this
method to assess the neurologically impaired shoulder and to
guide taping

*  Using the T-L-C method and taping technique could extend
the treatment impact depending on client reaction and staff
adherence

* A focus on the proximal stability of the shoulder in neurology-
based rehabilitation is important, and the T-L-C method serves
as an adjunct that can be applied in conjunction with other
interventions

*  Participant subluxation was decreased along with an increase
in PROM, allowing continued participation in neuromuscular
shoulder re-education when using the T-L-C method

*  Patient-reported decreased pain and reduced hypertonicity could
reduce the use of analgesics and potentially lead to improved
participation in the therapy process

*  Improved posture and proper shoulder alignment (scapular
symmetry and humeral head alignment) reduces the risk of
future microtrauma

Researchers have highlighted that this method can begin to close
the gap between knowledge and evidence-based practice. This pilot
study suggests that T-L-C is a promising method for an adjunctive
therapy to address HSP, PROM limitations, and subluxation.
Exploring methods of evaluating current intervention practices such
as T-L-C is important to give clinicians evidence-based tools that
can be easily applied to practice. Although clinic-based research
poses numerous challenges, therapists need to continue exploring

translational rehabilitation research such as the T-L-C method
and incorporating it into clinical care practices to improve patient
outcomes.
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