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Abstract

Background: Lateral epicondylitis (LE) is a condition that impairs daily activities due to pain exacerbated by wrist and hand
movements. The ArmLock sleeve is a novel, nonsurgical intervention to stretch the wrist extensor muscles by maintaining the
elbow in extension, forearm in pronation, and wrist and fingers in flexion.

Objective: This study aimed to assess the effectiveness of sustained tension provided by the ArmLock sleeve on pain and
functional outcomes in adults with LE. This novel device supports the forearm by aligning the elbow in extension, the forearm
in pronation, and the wrist in flexion, while keeping the metacarpophalangeal and proximal interphalangeal joints of fingers II-V
flexed.

Methods: A within-subjects repeated-measures design was used to assess outcomes at baseline, week 6, and week 12. Nineteen
participants wore the device at home for 30 minutes daily for 12 weeks. Outcome measures were administered by research
assistants and included pain intensity, pain-free grip strength, pressure pain threshold, pain during resisted wrist extension, and
composite extensibility of wrist and finger extensors. Repeated-measures 1-way ANOVA and Friedman tests were conducted
(α=.05), followed by post hoc comparisons (α=.017, Bonferroni correction).

Results: Significant improvements were observed in 6 of 7 (85.7%) outcome variables, including increased muscle extensibility,
enhanced grip strength, and reduced pain intensity. Participants reported decreased pain and functional disability in a self-reported
questionnaire.

Conclusions: Wearing the device daily for 12 weeks led to significant improvements in extensibility, grip strength, and pain
reduction. Participants also reported decreased pain and disability. These results suggest that the ArmLock sleeve may support
symptom relief and functional gains in individuals with LE. Larger, controlled studies are needed to confirm its effectiveness.

Trial Registration: ISRCTN Registry ISRCTN13309889; https://www.isrctn.com/ISRCTN13309889

(JMIR Rehabil Assist Technol 2026;13:e80400) doi: 10.2196/80400
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Introduction

Lateral epicondylitis (LE), known as tennis elbow, is a frequent
cause of lateral elbow pain that significantly impacts the
performance of work, self-care, and leisure activities, as the
pain intensifies with wrist and hand movements [1]. Aggravating
movements often include resisted wrist extension, middle finger
extension, and forearm supination with a fully extended elbow
[2]. Prevalence studies indicate that LE affects approximately
1.3% of the general population [1], with higher rates observed
in working populations (2%-14.5%) [3] and among tennis
players (14%-41%) [4]. The condition is predominantly seen
in the dominant upper extremity of individuals aged 30-64 years,
with peak incidence occurring between ages 45 and 54. LE is
strongly associated with repetitive and forceful tasks [1]. As an
increasing percentage of the aging population remains physically
active, the incidence of LE is expected to rise significantly in
the coming years [5]. Given the high prevalence of LE, its
socioeconomic impact can be substantial. For example, in the
United States, nontraumatic epicondylitis accounts for an annual
workers’ compensation claim incidence rate of 10.6 per 10,000
full-time equivalent employees [6].

The etiology of LE remains a subject of ongoing debate within
the medical community [7]. The most widely accepted causative
factor is repetitive microtrauma, resulting from overuse of the
wrist extensor or supinator muscles. Such overuse commonly
arises from prolonged heavy workloads, intensive training in
racquet sports, or improper technique during physical activities
[7,8]. While LE has historically been described as a tendinosis
based on histopathological findings [7], contemporary models
conceptualize the condition as a degenerative tendinopathy
characterized by maladaptive responses to mechanical loading,
altered mechanobiology, and pain mechanisms that extend
beyond local tissue pathology [9]. This distinction has important
therapeutic implications, supporting interventions that emphasize
load modulation, sustained low-load mechanical stimuli, and
functional restoration rather than anti-inflammatory approaches
alone. As a degenerative tendinopathy, LE is characterized by
maladaptive responses to mechanical loading, which may
include excessive or uneven tensile forces acting on the tendon
and contributing to microtrauma and degenerative changes
[9,10]. In degenerative tendons, the typically organized structure
of collagen architecture is disrupted, with fibroblasts and
atypical vascular tissue creating a tangled, disorganized matrix
with reduced tensile capacity [10]. LE involves chronic tendon
degeneration at the common origin of the forearm extensor
muscles. These muscles include the extensor carpi radialis brevis
(ECRB), extensor digitorum, extensor digiti minimi, and
extensor carpi ulnaris, with the ECRB tendon most frequently
affected at the lateral epicondyle of the humerus [9,10].

While many individuals with LE experience symptom resolution
over time, including spontaneous improvement without formal
treatment, most also demonstrate a positive response to
conservative management. However, a clinically meaningful
subset of patients does not achieve symptom resolution.
Approximately 5%-10% of individuals develop persistent
symptoms, with pain extending beyond several weeks, exceeding
what would be expected from spontaneous recovery alone and

suggesting progression toward a chronic or recalcitrant
presentation. Patients whose symptoms persist despite
appropriate rehabilitation interventions, particularly beyond 3-6
months, are commonly classified as having recalcitrant LE. In
this subgroup, continued passive observation is unlikely to yield
meaningful improvement, underscoring the need for targeted
interventions aimed at modifying tendon loading and
mechanobiological processes [9].

A wide range of rehabilitation and nonsurgical interventions
has been described for LE, including corticosteroid injections,
iontophoresis, botulinum toxin A injections, prolotherapy,
platelet-rich plasma (PRP) or autologous blood injections, as
well as physical and occupational therapy approaches such as
bracing and splinting, stretching and strengthening programs,
kinesiotaping, extracorporeal shockwave therapy, and laser
therapy. Among these, PRP has been identified as a conservative
treatment with higher levels of supporting evidence [11,12].
However, current research does not clearly demonstrate that
PRP is superior to other nonsurgical approaches [11,12].
Surgical intervention is typically reserved for approximately
3% of patients who fail to respond to nonsurgical treatments
after 1 year from symptom onset [13].

Although the evidence remains somewhat ambiguous,
rehabilitation interventions are generally recommended as
first-line treatment over medications, corticosteroid injections,
or surgery [14]. Braces and splints represent a rehabilitation
intervention for LE, particularly for individuals with limited
access to other rehabilitation services. These devices aim to
reduce mechanical load on the extensor tendons by providing
external support. Commonly used orthoses include forearm
straps, which decrease force transmission at the common
extensor origin, and wrist extension splints, which offload the
extensor musculature by immobilizing the wrist. However,
evidence regarding their effectiveness in alleviating LE
symptoms remains inconclusive [1]. Therapeutic exercise,
including stretching, is supported for short-term improvements
in pain and function; however, there is no clear consensus on
an evidence-based multimodal rehabilitation program for LE,
nor on optimal exercise dosage parameters, including intensity,
duration, frequency, and progression [14].

Stretching exercises targeting the wrist extensor musculature
are commonly incorporated as part of multimodal conservative
management strategies for LE [14-16]. A frequently described
technique involves wrist flexion with ulnar deviation, combined
with elbow extension and forearm pronation, with or without
concurrent finger flexion [14,17]. Although the direct effects
of static stretching on tendon structure remain incompletely
understood, mechanical loading is recognized as an important
stimulus for tendon cell activity. Experimental and clinical
literature suggests that the mechanical load generated by this
upper limb position may support tendon healing in LE by
encouraging fibroblasts to align new collagen fibers in an orderly
manner, improving the tendon’s structural integrity [18].
Accordingly, the mechanical load generated during wrist
extensor stretching is hypothesized to contribute to these cellular
responses, although the magnitude and durability of such effects
in degenerative tendinopathy remain variable and require further
investigation.
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A promising rehabilitation intervention for LE is the ArmLock
sleeve, which applies principles used in therapeutic stretching.
The device positions the elbow in extension, the forearm in
pronation, and the wrist in flexion, while maintaining flexion
of the metacarpophalangeal and proximal interphalangeal joints
of digits II-V. This configuration reproduces a frequently
prescribed stretching posture used in multimodal rehabilitation
programs and is intended to apply sustained mechanical loading
to the musculotendinous structures implicated in LE.
Specifically, this alignment targets the ECRB, extensor
digitorum, extensor digiti minimi, extensor carpi ulnaris, and
the superficial head of the supinator, which attach near the lateral
epicondyle. By providing prolonged, externally supported
positioning, the ArmLock sleeve may offer a practical means
of delivering consistent mechanical stimulus as part of a
rehabilitation approach, particularly when adherence to repeated
active stretching is challenging. However, the effectiveness of
the ArmLock sleeve in reducing LE symptoms has not yet been
determined. This study aimed to assess the effectiveness of
sustained tension provided by the ArmLock sleeve on pain and
functional outcomes in adults with LE.

Methods

Study Research Design
A within-subjects repeated-measures design was used to address
the research objective. Outcomes related to pain and function
were assessed at 3 time points: baseline (week 0),
midintervention (week 6), and postintervention (week 12). The
use of a within-subjects repeated-measures design to evaluate
the effects of the ArmLock sleeve on pain and function in adults
with LE aligns with contemporary frameworks for generating
evidence in rehabilitation technologies and reflects the
technology’s level of maturity. Specifically, this study was
guided by the Framework for Accelerated and Systematic
Technology-based Intervention Development and Evaluation
Research (FASTER), which cautions against the routine
application of pharmaceutical-style randomized controlled trials

(RCTs) to early-stage, rapidly evolving technology-based
interventions in disability and rehabilitation [19]. Increasingly,
such expectations have been questioned due to their high cost
and logistical burden, the risk that extended trial timelines render
technologies obsolete, and the limited external validity of tightly
controlled experimental conditions. FASTER therefore
recommends quasi-experimental designs as rigorous and
appropriate approaches for phase 2 (progressive usability and
feasibility evaluation). Within-subject repeated-measures
designs, in particular, are well suited to this phase because they
allow participants to serve as their own controls while also
enabling group analysis, thereby facilitating the examination
of individual change trajectories and effect signals. The effect
sizes and response patterns observed in this study provide critical
parameters for subsequent sample size estimation, refinement
of research protocol, and hypothesis development in future
controlled trials. By situating this study within an iterative,
technology-specific evidence-generation pathway, consistent
with the FASTER framework, our findings contribute to
generating foundational evidence, including effect size
estimates, necessary to design future RCTs.

Materials
As illustrated in Figure 1, the ArmLock sleeve is a soft
upper-limb orthosis designed to provide sustained positioning
and postural support of the elbow, forearm, wrist, and hand.
The orthosis incorporates an adjustable strapping system within
a semistructured textile sleeve to maintain the elbow in
extension, the forearm in pronation, and the wrist in flexion,
while positioning the metacarpophalangeal and proximal
interphalangeal joints of digits II-V in flexion. The orthosis is
fabricated from a breathable, elastic textile composite (74%
polyester, 20% rayon, and 6% elastic). Its design allows
adjustable traction to increase or decrease wrist and finger
flexion to the degree required to achieve the intended
positioning. The ArmLock sleeve is classified as a class I
medical device, is licensed by Health Canada (Medical Device
Establishment Licence [MDEL] No. 7429), and is commercially
available.
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Figure 1. The ArmLock sleeve.

Participants
Participants were eligible for inclusion if they were 18 years or
older, able to communicate in English, and had a self-reported
diagnosis of LE accompanied by the following symptoms: (1)
pain on the lateral side of the elbow elicited by resisted wrist
extension, (2) tenderness at the lateral epicondyle, (3)
measurable loss in composite muscle flexibility (extensibility),
and (4) symptoms persisting for at least 12 weeks.

Exclusion criteria were applied to minimize confounding factors
and ensure the safety and appropriateness of participants for
this study. Potential participants were excluded if they (1) had
a steroid injection for LE within the past 3 months (steroid
injections are a treatment for LE and could confound the study
results) and (2) had undergone previous surgery for LE
(approximately 10% of postsurgical cases remain symptomatic,

suggesting severe LE or underlying conditions unrelated to this
study) [9].

Exclusion criteria for symptoms likely due to other medical
conditions. These conditions could mimic or contribute to
LE-like symptoms or reflect different underlying pathologies,
making them unsuitable for this study. Such exclusions included
those who (1) had been diagnosed with elbow, wrist, or finger
arthritis; (2) had sensory and/or motor changes distal to the
elbow, such as carpal tunnel syndrome or elbow joint instability;
(3) experienced pain associated with radiculopathy, cervical
nerve compression, or thoracic outlet syndrome; and (4)
practiced high-velocity racquet sports, such as tennis or
badminton.

Exclusion criteria for conditions preventing safe or appropriate
use of the ArmLock sleeve included those who (1) exhibited a
difference of less than 15 degrees in the range of motion (ROM)
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of wrist flexion with fingers extended compared to fingers flexed
as such cases indicate limited capacity for further mechanical
stretching using the ArmLock sleeve; (2) experienced pain
during ligament stress tests at the elbow, which may indicate
ligament instability, precluding safe use of the device; and (3)
had a wound or scarring in the area where the ArmLock sleeve
would be applied as these conditions could prevent proper
application and pose risks to healing.

Settings
All assessments were performed at Lab 1-45 Corbett Hall,
University of Alberta. Participants took the Armlock sleeve
home.

Sample Size
We aimed to recruit 31 participants with a power of 0.8, an
alpha of .05, and a medium effect size (f=0.30) [20]. The sample
size calculation was based on the Patient-Rated Tennis Elbow
Evaluation (PRTEE). In previous studies, sample sizes between
28 and 33 participants were enough to detect a change in the
PRTEE (P=.002) [21].

Recruitment
The sampling strategy used was nonprobabilistic. Study details
were disseminated through various channels, including social
media platforms, online classified advertisement services,
regional newspapers, and flyers. Flyers were placed in multiple
locations, such as bulletin boards at postsecondary institutions,
orthopedic supply stores, and medical supply retail stores.
Additionally, the research team reached out to local private
clinics and professionals using email lists available on
professional association websites in Alberta. Potential
participants who expressed interest in the study contacted the
research team for more information.

Once participants initiated contact, a member of the research
team provided a detailed explanation of the study over the phone
and conducted screening questions using a standardized
telephone script to confirm eligibility. If an individual met the
inclusion criteria and expressed interest in participating, the
research assistant emailed the information letter for further
review and invited them to an in-person session for upper
extremity screening. During this session, researchers explained
that the purpose of the screening was to confirm eligibility
through a physical evaluation. Participants provided signed
consent before proceeding with the assessment. The upper
extremity screening included (1) isometric resisted muscle
testing, (2) sensory examination (light touch), and (3) ROM
assessment of the wrist and fingers.

Any asymmetry between sides or a ROM limitation that
prevented the participant from tolerating the position required
to wear the ArmLock sleeve resulted in exclusion from the
study.

Additionally, the following clinical tests were performed:

1. Elbow Varus Instability Stress Test (to rule out elbow joint
instability) [22]

2. Spurling Test (to assess cervical nerve compression) [23]
3. Roos Test (to assess thoracic outlet compression) [24]

4. Upper Limb Reflex Testing (to rule out radiculopathy) [25]

If a potential participant tested positive for any of these
assessments, they were deemed ineligible for the study, and the
research team informed them that the ArmLock sleeve would
not be beneficial for their condition. The research team thanked
the participants for their time and provided parking
compensation for their participation.

Variables

Dependent Variables (Outcome Variables)
A combination of objective and subjective (self-reported)
outcome variables was used to assess the effectiveness of the
ArmLock sleeve intervention. The following outcome variables
were measured:

Composite Wrist and Finger Extensor Muscles
The composite extensibility of the wrist and finger extensor
muscles is the muscle tightness of the wrist and finger extensors
(objective outcome variable). For this measure, we followed an
adaptation of the Mill Test for LE. Participants were positioned
with a closed hand, the wrist in dorsiflexion, and the elbow in
extension. The examiner then applied wrist flexion, instructing
the participant to resist the movement. The test was considered
positive and discontinued when the participant reported pain at
the lateral epicondyle [26]. No overpressure was applied, and
wrist flexion was measured using a 12-inch clear plastic
goniometer (Baseline 360°). The value was recorded in degrees.

Pain-Free Grip Strength
Pain-free grip strength (PFG) is the maximal grip strength at
which pain appears (objective outcome variable). This is a
common measure of pain in LE. In this study, we followed the
protocol published in previous studies of tennis elbow [4,27].
First, to minimize the risk of exacerbating injuries during PFG
assessment, participants were first introduced to the concept of
PFG. Then, participants were asked to stand with the elbow in
a complete extension and the shoulder and radioulnar joints in
neutral rotation. They were then instructed to slowly squeeze
the dynamometer to their maximum strength using the
unaffected arm, allowing them to become familiar with the
device. Following this, participants repeated the process with
the affected arm, maintaining the same gripping rate as the
unaffected side but stopping immediately upon experiencing
any discomfort. We asked the participants to perform 3 trials
with 1-minute rest intervals, as done in previous tennis elbow
studies [4,27]. PFG was measured using the Sammons Jamar
Plus+ digital hand dynamometer (200-lb capacity; Performance
Health, Sammons Preston). The value was recorded in pounds
(lb).

Pressure Pain Threshold
The pressure pain threshold (PPT; objective outcome variable)
was defined as the minimum amount of pressure required to
elicit pain. Participants were seated facing a table with their
forearms resting on its surface. The researcher identified the
muscle belly of the wrist extensor group by asking the
participant to repeatedly extend their middle finger. Testing
began on the unaffected side and was then repeated on the
affected side, alternating between sides for a total of 3
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measurements. A 20-second interval was provided between
each measurement. The PPT was measured using the
Commander Echo digital algometer with a 1-cm² rubber probe
tip (JTECH Medical), applied to the most tender point over the
lateral epicondyle, following the method described in a study
by Cho et al [4]. The value was recorded in pounds (lb).

Pain During Resisted Wrist Extension
Pain during resisted wrist extension (2 lb) test (subjective
outcome variable) is a common symptom of LE. For this
assessment (pain with lifting a 2-lb weight), participants were
instructed to hold a 2-lb weight while standing with their arm
relaxed. They were then asked to slowly lift the weight by
flexing the elbow from 0 to 120 degrees and subsequently return
to the starting position, following the method described by Cho
et al [4]. Pain experienced during the movement was rated by
the participant using a Numerical Rating Scale (NRS) from 0
to 10, with 0 = “no pain” and 10 = “worst possible pain.”

Pain and Functional Disability
Pain in the affected arm and functional disability were assessed
using the PRTEE (subjective [self-reported] outcome variable).
The PRTEE is a 15-item questionnaire that evaluates 2 key
components: pain (5 items) and functional disability (10 items).
The functional disability section is further divided into 2 parts:
specific daily activities (eg, turning a doorknob or key, pulling
up pants; 6 items) and usual activities (eg, personal care,
household tasks, work, and recreational activities; 4 items). The
PRTEE is a widely used, validated assessment tool with
excellent psychometric properties [28,29]. The questionnaire
provides subscale scores for pain and function, as well as a total
score, all ranging from 0 to 100. The total score is the sum of
the pain and functional disability subscales (maximum score
100). Higher scores indicate greater symptom severity. In this
study, we used the pain subscale, the functional disability
subscale, and the total score as outcome variables.

Independent Variable
The independent variable in this study was the use of the
ArmLock sleeve. Participants were instructed to wear the device
for 30 minutes daily for a 12-week period as an intervention to
treat LE. The prescribed duration of ArmLock sleeve use was
informed by clinical guidance for stretching protocols in lateral
elbow tendinopathy and by parameters reported in prior RCTs.
Clinical guidelines commonly describe stretching protocols
involving multiple repetitions of 30-45 second holds, typically
performed twice daily [30]. Across randomized trials, stretching
parameters vary substantially, with hold durations ranging from
6 to 45 seconds, delivered over multiple sets (eg, 1-3), multiple
repetitions (eg, 6-15), and performed 2 to 3 times per day [15].

Acknowledging this variability, the decision to prescribe 30
minutes of daily ArmLock sleeve use represented an informed
estimation of these parameters, corresponding to an approximate
cumulative stretch exposure of ~10-33 minutes when
considering total time under stretch across repetitions and
sessions reported in the literature. For this study evaluating the
effectiveness of a novel technology, we intentionally selected
a duration toward the upper end of reported parameter ranges
to ensure sufficient stretch exposure while also examining

participant tolerance to a sustained, cumulative stretching dose
that approximates or exceeds conventional protocols. This
approach allowed us to balance theoretical therapeutic dosing
with feasibility, safety, and tolerability considerations in our
evaluation.

Baseline Participant Information
Participants completed a demographic questionnaire that
collected information on age, gender, occupation, side affected,
current treatments (eg, hand therapy), and symptom duration.

Procedures
Participants who met the inclusion criteria and provided written
consent were invited to attend an initial meeting. During this
first meeting, participants completed the demographic
questionnaire. A research assistant administered the measures
of each outcome variable. We started with the ones that were
not painful at all and finished with those that were potentially
the most painful for participants. The order of the tests was as
follows: PRTEE, composite extensibility, PFG, the pain with
lifting a 2-lb weight, and PPT. After these assessments, the
research assistant provided each participant with an ArmLock
sleeve and instructed them on how to properly wear it.
Participants wore the device for 15 minutes to check for any
signs of skin irritation (eg, red marks or pressure points) or
discomfort. The device was adjusted as needed. Participants
were instructed to wear the ArmLock sleeve for 30 minutes
daily for a 12-week period, at a time of their choosing. Device
use was documented using a Daily Log Sheet provided by the
research team. For each session, participants recorded the time
the sleeve was donned and doffed, the total duration of wear,
and any relevant comments (eg, pain, discomfort, or events that
prevented adherence to the recommended 30-minute wear time).
Participants were asked to return the completed Daily Log Sheet
at their subsequent study visit. The research team used the
logged information to monitor adherence and document
participant-reported experiences with device use.

Participants attended 2 additional sessions: one at week 6 and
a final session at week 12. During these visits, the researcher
readministered all outcome measures. At the week 12 session,
a brief exit interview was conducted to gather participants’
feedback on the use and acceptance of the ArmLock sleeve.
Additionally, follow-up phone calls were made during weeks
3 and 9 to monitor participants’ use of the device and to remind
participants to track use in the Daily Log Sheet.

Statistical Analysis
We described the demographics by reporting the frequency and
proportion for categorical variables and the mean (SD) for
continuous variables. To determine the normality of the data,
histogram analysis and the Shapiro-Wilk and
Kolmogorov-Smirnov tests were conducted. Repeated-measures
one-way ANOVA and Friedman tests were conducted to
evaluate differences among the measurement time points (week
0, week 6, and week 12) for normally distributed and
non-normally distributed data, respectively. Post hoc
comparisons between the measurement time points were
evaluated using paired t tests and Wilcoxon signed-rank for
normally distributed and non-normally distributed data,
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respectively. Bonferroni post hoc correction was used to account
for the increased risk of type I errors associated with multiple
comparisons. A P value <0.05 was considered to indicate
statistical significance for ANOVA and Friedman tests. The
Bonferroni correction level of statistical significance was
corrected at a P value <.02 (ie, 0.05/3 tests per outcome
variable). All the statistical analyses and visual presentations
were performed using IBM SPSS (version 29.0.2.0).

Ethical Considerations
The University of Alberta Research Ethics Board reviewed and
approved this study (Pro00095330). Potential participants
contacted the research team to express interest, and written
consent was obtained before participation. All personal data
were deidentified prior to data analysis.

Participants received parking compensation for the time spent
in each in-person session, including the Upper Extremity
Screening for eligibility determination and the assessment
sessions at weeks 0, 6, and 12. Additionally, participants
received the ArmLock sleeve at no cost and were allowed to
keep it after the study was completed.

Results

Participant Flow
Figure 2 illustrates the progression of participants throughout
the study, between March 23, 2020, and April 30, 2023. A total
of 62 individuals from the community contacted the researchers
to express interest in participating. Of these, 54 individuals took
part in an initial telephone screening assessment, with 21
excluded at this stage. Subsequently, 30 participants proceeded
to an in-person eligibility assessment, where 2 declined to
participate and 1 was excluded. Ultimately, 27 participants
enrolled in the study, completed baseline assessments and
received the ArmLock sleeve. All enrolled participants were
scheduled to have follow-up assessments conducted at week 6
and week 12. Throughout the study, 8 participants dropped out
for various reasons, as detailed in Figure 2. In total, 19
participants completed the study, and their data were included
in the final analysis. Based on this participant’s flow, the study
retention was 70% (19/27). Compliance with the intervention
was measured based on the number of days the device was used
and the duration of daily use. On average, participants used the
device for 62 days, representing 74% of the recommended 84
days. The average daily usage time was 30 (SD 2.62) minutes.
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Figure 2. Study flowchart. LE: lateral epicondylitis.

Demographics of Participants
Table 1 presents the demographic characteristics of participants.
The majority of participants were middle-aged adults (mean
age 44.11, SD 10.57 years), male, and employed. The most
commonly reported treatment strategies used in the past to
manage tennis elbow included performing ROM exercises and
using a brace or elbow strap.

At the time of data collection, nearly half of the participants
reported engaging in ROM exercises, approximately one-quarter
were taking nonsteroidal anti-inflammatory drugs such as
ibuprofen, aspirin, or naproxen, and slightly more than
one-quarter reported no nonsurgical concomitant treatments.
Additionally, slightly more than half of the participants reported
that LE symptoms lasted for 1 hour or more.
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Table 1. Demographics of participants (N=19).

Participants, n (%)Variable

Sex

13 (68.4)Male

6 (31.6)Female

Employment status

9 (47.4)Employed

2 (10.5)Self-employed

3 (15.8)Out of work and looking

1 (5.3)Out of work but not looking

1 (5.3)Student

2 (10.5)Retired

1 (5.2)Unable to work

Previous treatment

13 (68.4)Range of motion exercises

13 (68.4)Brace or elbow strap

10 (52.6)Nonsteroidal anti-inflammatory drugs

10 (52.6)Ice

9 (47.4)Physiotherapy or massage therapy

1 (5.3)Steroid injections

Present treatment

9 (47.4)Range of motion exercises

5 (26.3)Nonsteroidal anti-inflammatory drugs

3 (15.8)Ice

3 (15.8)Physiotherapy or massage therapy

3 (15.8)Brace or elbow strap

0 (0)Steroid injections

Duration of symptoms

11 (57.9)One hour or more

8 (42.1)Less than 1 hour

Effectiveness of the ArmLock Sleeve on Reducing LE
Symptoms
Table 2 presents the descriptive statistics and results of the
Friedman tests for the outcome variables across measurement
time points. The analysis revealed statistically significant
changes in 85.7% (6/7) of the outcome variables, suggesting
that the ArmLock sleeve was effective in improving several key

measures. Specifically, the intervention resulted in increased
composite extensibility of the wrist and finger extensor muscles,
enhanced PFG, and reduced pain intensity when lifting a 2-lb
weight. Additionally, participants reported decreases in
self-reported pain and functional disability, as measured by the
PRTEE, with significant improvements observed in the pain
subscale, the functional disability subscale, and the total score.
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Table 2. Descriptive statistics and Friedman test for the outcome variables across measurement time points (week 0, 6, and 12; N=19)a.

Friedman test resultsDescriptive statisticsOutcome vari-
able

WbP valueChi-square
(df)

Week 12Week 6Week 0

Median (IQR)Mean (SD)Median (IQR)Mean (SD)Median (IQR)Mean (SD)

0.160.0486.08 (2)51.0 (43.0-55.0)48.0 (8.8)49.0 (46.0-53.0)48.6 (5.1)45.0 (40.0-54.0)45.0 (8.6)Ext-AAc (de-
grees)

0.717<.00127.26 (2)76.0

(65.6-88.9)

73.2

(22.9)

59.0

(42.7-88.3)

64.2 (25.5)43.1

(20.9-76.4)

48.9

(29.9)
PFG-AAd (lb)

0.129.094.89 (2)4.2

(3.5-6.0)

4.7 (1.7)4.9 (3.4-4.6)4.3 (1.1)3.9 (3.2-5.1)4.1 (1.1)PPT-AAe

(lb)

0.632<.00124.00 (2)0.0

(0.0.-1.0)

0.84 (1.8)1.0

(0.0-3.0)

1.7 (2.5)3.00

(1.0-4.0)

3.16 (2.2)PWL 2lb-AAf

0.717<.00127.26 (2)5.0

(2.0-8.0)

7.9

(9.5)

11.00

(5.0-17.0)

12.5 (9.0)20.00

(16.0-30.0)

22.0 (8.2)PAINS_SUBg

0.788<.00129.95 (2)3.0

(1.0-5.5)

6.0 (9.5)5.0 (3.0-15.0)9.7 (9.9)24.0

(8.5-30.5)

19.6 (10.8)FUNC_SUBh

0.756<.00128.74 (2)8.0 (4.0-13.0)14.0 (18.7)9.0 (9.0-32.5)22.2 (18.6)46.0 (27.0-59.0)41.6 (17.7)TOTAL_Wi

aItalicized P values indicate statistical significance at P<.05.
bW: Kendall’s coefficient of concordance (considered a measure of effect size in the context of the Friedman Test). cExt-AA: composite extensibility
of wrist and finger extensor muscles–affected arm.
dPFG-AA: pain-free grip strength–affected arm.
ePPT-AA: pressure pain threshold–affected arm.
fPWL 2lb-AA: pain with lifting a 2-lb weight–affected arm.
gPAINS_SUB: Patient-Rated Tennis Elbow Evaluation pain subscale.
hFUNC_SUB: Patient-Rated Tennis Elbow Evaluation functional disability subscale.
iTOTAL_W: Patient-Rated Tennis Elbow Evaluation total scale.

Figures 3A-3F illustrates the mean values of each outcome
variable for the affected arm across the 3 time points (week 0,
week 6, and week 12), along with post hoc comparisons between
time points using Bonferroni correction. The pain pressure

threshold was excluded from the post hoc comparisons, as the
Friedman test did not indicate statistically significant changes
for this variable. Error bars represent the SEM at each time
point.
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Figure 3. Post hoc comparisons between time points. The P values in the figure are obtained from the Wilcoxon signed-rank tests.

In Figure 3, Bonferroni correction: α adjusted = .017. The αadjusted

was calculated as follows: αadjusted =/m, where m is the number
of tests per outcome variable (ie, m=3) and =.05. All the P values
in bold are statistically significant using the new αadjusted.

For composite extensibility of the wrist and finger extensor
muscles, the results suggest an initial improvement between
week 0 and week 6, followed by stabilization from week 6 to
week 12 (Figure 3A). However, despite the observed

improvement at week 6, the changes from week 0 to week 6
and week 0 to week 12 were not statistically significant.

PFG showed a progressive improvement over time (Figure 3B),
with statistically significant changes at each stage. These
findings reinforce the effectiveness of the ArmLock sleeve in
enabling participants to achieve a stronger, pain-free grip. The
decreasing P values indicate that the cumulative improvement
from week 0 to week 12 was greater than the improvement
observed over shorter intervals.
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Pain during resisted wrist extension, measured by the pain with
lifting a 2-lb weight test, significantly decreased at each
consecutive time point, suggesting a consistent reduction in
pain throughout the 12-week period (Figure 3C). The lowest P
value (P<.001) for the comparison between week 0 and week
12 confirms that the overall reduction in pain across the study
period was statistically significant.

The subjective assessment of tennis elbow aligned with the
objective measures. As shown in Figure 3E and F, both the pain
subscale and functional disability subscale of the PRTEE
decreased over time, indicating that the ArmLock sleeve had a
positive impact on pain reduction and functional limitations in
daily activities. Consequently, the total PRTEE score also
declined over time, with all observed changes being statistically
significant.

Because participants were not restricted from engaging in
nonsurgical concomitant care, potential confounding effects
were further examined analytically by including concomitant
treatment status (yes or no) as a between-subjects factor in a
repeated-measures ANOVA. This analysis evaluated whether
changes in pain and functional outcomes over the intervention
period differed between participants who did (n=14) and did
not (n=5) receive concomitant treatments. The results indicated
that pain pressure threshold was the only outcome significantly
influenced by concomitant treatment status (β=17.073; P=0.03;
partial η²=0.250). Notably, pain pressure threshold was also the
only outcome that did not demonstrate a significant change over
time in response to the ArmLock sleeve intervention. Taken
together, these findings suggest that concomitant treatments did
not meaningfully confound the observed intervention-related
improvements in the remaining outcomes.

Discussion

Principal Findings
This study aimed to evaluate the effects of sustained tension
provided by the ArmLock sleeve on biomechanical and
functional outcomes in adults diagnosed with LE. The results
of this within-subjects repeated-measures design study provide
evidence of the potential clinical benefits of the ArmLock sleeve
in reducing pain and improving function. Despite the small
sample size, both subjective and objective measures of pain and
functional disability outcomes demonstrated statistically
significant reductions, with large effect sizes (W≥0.5).
Improvements were observed in composite extensibility of the
wrist and finger extensor muscles, PFG, pain with lifting a 2-lb
weight, and the pain and functional disability subscales of the
PRTEE. These findings suggest that the sustained muscle
stretching provided by the ArmLock sleeve contributed to a
substantial reduction in symptoms and enhanced functional
performance in individuals with LE.

PFG refers to the maximum force an individual can exert during
a gripping action without experiencing pain. It is a widely
recommended measure for assessing function and treatment
progress in individuals with LE [31]. PFG has also been found
to be highly correlated with self-reported pain and has
demonstrated high accuracy in detecting clinically important

changes over time in individuals with LE [32]. Therefore, the
significant increase in PFG observed in our study for the
12-week period is supported by a valid and reliable measure
capable of detecting meaningful changes in patients with LE.

Hill et al [33] identified a minimal detectable change for PFG
in individuals with LE of 9.2 kg force, which is approximately
20.28 lb. In our study, the observed increase in PFG for 12
weeks was 24.3 lb, exceeding the minimal detectable change
threshold of 20.28 lb. This suggests that the measured
improvement is clinically meaningful and unlikely to be
attributed to measurement error.

The results from objective measures align with subjective
assessments, reinforcing the intervention’s effectiveness.
Findings from the PRTEE indicate that participants experienced
notable improvements, including reduced pain and discomfort
and enhanced arm functionality in daily activities. During the
exit interview, participants reported resuming various activities
due to the ArmLock sleeve intervention, such as playing hockey
and golf, opening jars, typing, picking up a cup of coffee, putting
on pants, opening doors, snow shoveling, paddling a canoe,
climbing, and carrying heavy bags or groceries. However, 2
(11%) participants reported no perceived improvements with
device use. Variations in the device’s effectiveness may be
influenced by lifestyle factors such as smoking and alcohol
consumption, which have been associated with nonsurgical
treatment failure [34].

The majority of participants found the ArmLock sleeve easy to
put on and remove, indicating good usability. However, some
participants faced challenges in adjusting the optimal tightness
and correctly using the straps. Among those who completed the
study, 3 (16%) participants reported numbness, tingling, or
soreness while wearing the device. One participant noted that
these symptoms resolved after loosening the wrist strap.
Additionally, 1 participant withdrew from the study due to wrist
pain. These findings highlight the need for future research to
explore potential adverse effects associated with wearing the
device and to optimize its design and usage guidelines.

The high retention rate and compliance with the intervention
indicate that participants accepted the ArmLock device and
tolerated the recommended daily wearing time of 30 minutes.
Participants provided feedback on how they adjusted their
schedules to accommodate device use, and many appreciated
the ability to wear it privately at home. Several participants
expressed satisfaction with the outcomes of using the device
daily. However, not all were able to do so consistently due to
various challenges, including time constraints, forgetfulness,
evening fatigue, or a diminished perception of the stretching
effect after several weeks of use. These insights highlight the
importance of considering individual adherence factors in future
implementations of the device.

Finally, the ArmLock sleeve controlled and gentle sustained
stretch may promote collagen fiber alignment and increase blood
flow, thereby facilitating tendon healing. This mechanism is
consistent with the observed reductions in pain and
improvements in function demonstrated in this study.
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Study Limitations
This study has some limitations. First, the small sample size
was influenced by recruitment challenges, particularly in a
community setting where potential participants were not referred
by health care professionals. Additionally, 15 individuals who
initially expressed interest did not respond to follow-up calls
or invitations. Future studies should consider recruiting from
hospitals and clinics to improve participant retention and sample
size. The COVID-19 pandemic further impacted recruitment,
delaying the study for 1 year due to restrictions on in-person
screening. Second, the lack of a control group limits the ability
to attribute improvements solely to the ArmLock sleeve
intervention. A placebo, sham device, or standard treatment
group would help distinguish the intervention’s effects from
natural recovery or placebo effects. Third, self-reported
compliance may be affected by recall bias or reporting
inaccuracies, as participants tracked device usage in a diary.
Future studies could incorporate wear-time sensors for more
reliable adherence data. Fourth, lifestyle factors such as smoking
and alcohol consumption were not measured in our study,
highlighting a limitation. Future research on this device should
consider assessing these variables to better understand their
potential impact on outcomes. Fifth, although LE typically
presents with an equal sex distribution [2], the number of male
participants in our sample was twice that of female participants.

Future research should consider refining recruitment strategies
and materials to better engage and include female participants.
Finally, the lack of long-term follow-up means it is unclear
whether the observed benefits were sustained beyond 12 weeks.
Building on the effect estimates generated by this study, future
research with larger sample sizes should incorporate extended
follow-up assessments at 3 to 6 months postintervention to
evaluate the durability of intervention effects.

Conclusion
This within-subjects repeated-measures study provides
preliminary evidence supporting the ArmLock sleeve as a
promising nonsurgical treatment for LE. Wearing the device
daily for 30 minutes across 12 weeks led to statistically
significant improvements in more than 80% of the outcome
variables. Specifically, the intervention resulted in increased
composite extensibility of the wrist and finger extensor muscles,
enhanced PFG, and reduced pain intensity when lifting a 2-lb
weight. Additionally, participants reported lower self-reported
pain and functional disability. These findings suggest that the
sustained muscle stretching provided by the ArmLock sleeve
contributes to symptom reduction and improved functional
performance in individuals with LE. However, future studies
with a control group and a larger sample size are needed to
provide more conclusive evidence regarding the device’s
effectiveness.

Acknowledgments
We would like to extend our special thanks to Mykaela Belter, Takeisha Wang, and Carly De Moissac for their valuable assistance
with data collection.

Funding
This work was supported by the Mathematics of Information Technology and Complex Systems (Mitacs) Accelerate Program
(grant IT15917).

Conflicts of Interest
None declared.

References

1. Sims SEG, Miller K, Elfar JC, Hammert WC. Non-surgical treatment of lateral epicondylitis: a systematic review of
randomized controlled trials. Hand (N Y). 2014;9(4):419-446. [FREE Full text] [doi: 10.1007/s11552-014-9642-x] [Medline:
25414603]

2. Ahmad Z, Siddiqui N, Malik SS, Abdus-Samee M, Tytherleigh-Strong G, Rushton N. Lateral epicondylitis: a review of
pathology and management. Bone Joint J. 2013;95-B(9):1158-1164. [doi: 10.1302/0301-620X.95B9.29285] [Medline:
23997125]

3. Fan ZJ, Silverstein BA, Bao S, Bonauto DK, Howard NL, Spielholz PO, et al. Quantitative exposure-response relations
between physical workload and prevalence of lateral epicondylitis in a working population. Am J Ind Med.
2009;52(6):479-490. [doi: 10.1002/ajim.20700] [Medline: 19347903]

4. Cho Y, Hsu W, Lin L, Lin Y. Kinesio taping reduces elbow pain during resisted wrist extension in patients with chronic
lateral epicondylitis: a randomized, double-blinded, cross-over study. BMC Musculoskelet Disord. 2018;19(1):193. [FREE
Full text] [doi: 10.1186/s12891-018-2118-3] [Medline: 29921250]

5. Boden AL, Scott MT, Dalwadi PP, Mautner K, Mason RA, Gottschalk MB. Platelet-rich plasma versus tenex in the treatment
of medial and lateral epicondylitis. J Shoulder Elbow Surg. 2019;28(1):112-119. [doi: 10.1016/j.jse.2018.08.032] [Medline:
30551782]

6. Silverstein B, Viikari-Juntura E, Kalat J. Use of a prevention index to identify industries at high risk for work-related
musculoskeletal disorders of the neck, back, and upper extremity in Washington state, 1990-1998. Am J Ind Med.
2002;41(3):149-169. [doi: 10.1002/ajim.10054] [Medline: 11920960]

JMIR Rehabil Assist Technol 2026 | vol. 13 | e80400 | p. 13https://rehab.jmir.org/2026/1/e80400
(page number not for citation purposes)

Ríos Rincón et alJMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES

XSL•FO
RenderX

https://europepmc.org/abstract/MED/25414603
http://dx.doi.org/10.1007/s11552-014-9642-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25414603&dopt=Abstract
http://dx.doi.org/10.1302/0301-620X.95B9.29285
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23997125&dopt=Abstract
http://dx.doi.org/10.1002/ajim.20700
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19347903&dopt=Abstract
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/s12891-018-2118-3
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/s12891-018-2118-3
http://dx.doi.org/10.1186/s12891-018-2118-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29921250&dopt=Abstract
http://dx.doi.org/10.1016/j.jse.2018.08.032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30551782&dopt=Abstract
http://dx.doi.org/10.1002/ajim.10054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11920960&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


7. Seiça EC, Buruian A, Gameiro D, Peixoto D, Pereira C. Lateral epicondylitis: current concepts in pathology, investigation,
and management. SN Compr Clin Med. 2023;5. [doi: 10.1007/s42399-023-01410-6]

8. Kroslak M, Pirapakaran K, Murrell GAC. Counterforce bracing of lateral epicondylitis: a prospective, randomized,
double-blinded, placebo-controlled clinical trial. J Shoulder Elbow Surg. 2019;28(2):288-295. [doi: 10.1016/j.jse.2018.10.002]
[Medline: 30658774]

9. Kim JH, Hoy JF, Smith SR, Sabet A, Fernandez JJ, Cohen MS, et al. Recalcitrant lateral epicondylitis: a systematic review
on current nonoperative and operative treatment modalities. JBJS Rev. 2024;12(8). [doi: 10.2106/JBJS.RVW.24.00059]
[Medline: 39106325]

10. Nirschl RP, Ashman ES. Elbow tendinopathy: tennis elbow. Clin Sports Med. 2003;22(4):813-836. [doi:
10.1016/s0278-5919(03)00051-6] [Medline: 14560549]

11. Kim CH, Park YB, Lee JS, Jung HS. Platelet-rich plasma injection vs. operative treatment for lateral elbow tendinosis: a
systematic review and meta-analysis. J Shoulder Elbow Surg. 2022;31(2):428-436. [doi: 10.1016/j.jse.2021.09.008] [Medline:
34656779]

12. Li S, Yang G, Zhang H, Li X, Lu Y. A systematic review on the efficacy of different types of platelet-rich plasma in the
management of lateral epicondylitis. J Shoulder Elbow Surg. 2022;31(7):1533-1544. [doi: 10.1016/j.jse.2022.02.017]
[Medline: 35337955]

13. Riff AJ, Saltzman BM, Cvetanovich G, Frank JM, Hemu MR, Wysocki RW. Open vs percutaneous vs arthroscopic surgical
treatment of lateral epicondylitis: an updated systematic review. Am J Orthop (Belle Mead NJ). 2018;47(6). [doi:
10.12788/ajo.2018.0043] [Medline: 29979804]

14. Day JM, Lucado AM, Uhl TL. A Comprehensive rehabilitation program for treating lateral elbow tendinopathy. Intl J
Sports Phys Ther. 2019;14(5):818-829. [doi: 10.26603/ijspt20190818]

15. Taylor L, Wiebusch M, Bisset LM, Coombes BK. Adherence to exercise in lateral elbow tendinopathy, a scoping review.
Musculoskelet Sci Pract. 2024;72:102978. [FREE Full text] [doi: 10.1016/j.msksp.2024.102978] [Medline: 38820868]

16. MacDermid JC, Wojkowski S, Kargus C, Marley M, Stevenson E. Hand therapist management of the lateral epicondylosis:
a survey of expert opinion and practice patterns. J Hand Ther. 2010;23(1):18-30. [doi: 10.1016/j.jht.2009.09.009] [Medline:
19959328]

17. Nagrale AV, Herd CR, Ganvir S, Ramteke G. Cyriax physiotherapy versus phonophoresis with supervised exercise in
subjects with lateral epicondylalgia: a randomized clinical trial. J Man Manip Ther. 2009;17(3):171-178. [FREE Full text]
[doi: 10.1179/jmt.2009.17.3.171] [Medline: 20046624]

18. Shirato R, Aoki M, Iba K, Wada T, Hidaka E, Fujimiya M, et al. Effect of wrist and finger flexion in relation to strain on
the tendon origin of the extensor carpi radialis brevis: a cadaveric study simulating stretching exercises. Clin Biomech
(Bristol). 2017;49:1-7. [doi: 10.1016/j.clinbiomech.2017.08.008] [Medline: 28826010]

19. Wang RH, Kenyon LK, McGilton KS, Miller WC, Hovanec N, Boger J, et al. The time is now: a FASTER approach to
generate research evidence for technology-based interventions in the field of disability and rehabilitation. Arch Phys Med
Rehabil. 2021;102(9):1848-1859. [doi: 10.1016/j.apmr.2021.04.009] [Medline: 33992634]

20. Portney LG, Watkins MP. Foundations of Clinical Research: Applications to Practice. Hoboken, NJ. Pearson/Prentice Hall;
2008.

21. Nowotny J, El-Zayat B, Goronzy J, Biewener A, Bausenhart F, Greiner S, et al. Prospective randomized controlled trial in
the treatment of lateral epicondylitis with a new dynamic wrist orthosis. Eur J Med Res. 2018;23(1):43. [FREE Full text]
[doi: 10.1186/s40001-018-0342-9] [Medline: 30219102]

22. Karbach LE, Elfar J. Elbow instability: anatomy, biomechanics, diagnostic maneuvers, and testing. J Hand Surg Am.
2017;42(2):118-126. [FREE Full text] [doi: 10.1016/j.jhsa.2016.11.025] [Medline: 28160902]

23. Jones SJ, Miller JMM. Spurling test. Treasure Island (FL). StatPearls Publishing; 2025.
24. Henni S, Hersant J, Ammi M, Mortaki F, Picquet J, Feuilloy M, et al. Microvascular response to the roos test has excellent

feasibility and good reliability in patients with suspected thoracic outlet syndrome. Front Physiol. 2019;10:136. [FREE
Full text] [doi: 10.3389/fphys.2019.00136] [Medline: 30846945]

25. Miller TA, Pardo R, Yaworski R. Clinical utility of reflex studies in assessing cervical radiculopathy. Muscle Nerve.
1999;22(8):1075-1079. [doi: 10.1002/(sici)1097-4598(199908)22:8<1075::aid-mus11>3.0.co;2-u]

26. Valdes K, LaStayo P. The value of provocative tests for the wrist and elbow: a literature review. J Hand Ther.
2013;26(1):32-42; quiz 43. [doi: 10.1016/j.jht.2012.08.005] [Medline: 23062797]

27. Akkurt HE, Kocabaş H, Yılmaz H, Eser C, Şen Z, Erol K, et al. Comparison of an epicondylitis bandage with a wrist
orthosis in patients with lateral epicondylitis. Prosthet Orthot Int. 2018;42(6):599-605. [doi: 10.1177/0309364618774193]
[Medline: 29806569]

28. Rompe JD, Overend TJ, MacDermid JC. Validation of the patient-rated tennis elbow evaluation questionnaire. J Hand
Ther. 2007;20(1):3-10; quiz 11. [doi: 10.1197/j.jht.2006.10.003] [Medline: 17254903]

29. Farzad M, MacDermid JC, Shafiee E, Beygi AS, Vafaei A, Varahra A, et al. Clinimetric testing of the persian version of
the patient-rated tennis elbow evaluation (PRTEE) and the Disabilities of the Arm, Shoulder, and Hand (DASH) questionnaires
in patients with lateral elbow tendinopathy. Disabil Rehabil. 2022;44(12):2902-2907. [doi: 10.1080/09638288.2020.1844318]
[Medline: 33180555]

JMIR Rehabil Assist Technol 2026 | vol. 13 | e80400 | p. 14https://rehab.jmir.org/2026/1/e80400
(page number not for citation purposes)

Ríos Rincón et alJMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES

XSL•FO
RenderX

http://dx.doi.org/10.1007/s42399-023-01410-6
http://dx.doi.org/10.1016/j.jse.2018.10.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30658774&dopt=Abstract
http://dx.doi.org/10.2106/JBJS.RVW.24.00059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39106325&dopt=Abstract
http://dx.doi.org/10.1016/s0278-5919(03)00051-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14560549&dopt=Abstract
http://dx.doi.org/10.1016/j.jse.2021.09.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34656779&dopt=Abstract
http://dx.doi.org/10.1016/j.jse.2022.02.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35337955&dopt=Abstract
http://dx.doi.org/10.12788/ajo.2018.0043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29979804&dopt=Abstract
http://dx.doi.org/10.26603/ijspt20190818
https://linkinghub.elsevier.com/retrieve/pii/S2468-7812(24)00073-0
http://dx.doi.org/10.1016/j.msksp.2024.102978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38820868&dopt=Abstract
http://dx.doi.org/10.1016/j.jht.2009.09.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19959328&dopt=Abstract
https://europepmc.org/abstract/MED/20046624
http://dx.doi.org/10.1179/jmt.2009.17.3.171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20046624&dopt=Abstract
http://dx.doi.org/10.1016/j.clinbiomech.2017.08.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28826010&dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2021.04.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33992634&dopt=Abstract
https://eurjmedres.biomedcentral.com/articles/10.1186/s40001-018-0342-9
http://dx.doi.org/10.1186/s40001-018-0342-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30219102&dopt=Abstract
https://europepmc.org/abstract/MED/28160902
http://dx.doi.org/10.1016/j.jhsa.2016.11.025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28160902&dopt=Abstract
https://europepmc.org/abstract/MED/30846945
https://europepmc.org/abstract/MED/30846945
http://dx.doi.org/10.3389/fphys.2019.00136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30846945&dopt=Abstract
http://dx.doi.org/10.1002/(sici)1097-4598(199908)22:8<1075::aid-mus11>3.0.co;2-u
http://dx.doi.org/10.1016/j.jht.2012.08.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23062797&dopt=Abstract
http://dx.doi.org/10.1177/0309364618774193
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29806569&dopt=Abstract
http://dx.doi.org/10.1197/j.jht.2006.10.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17254903&dopt=Abstract
http://dx.doi.org/10.1080/09638288.2020.1844318
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33180555&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


30. IQWiG (Institute for Quality and Efficiency in Health Care). Tennis Elbow: Learn More – Tennis Elbow: Strengthening
and Stretching Exercises. Cologne, Germany. Institute for Quality and Efficiency in Health Care (IQWiG); 2025.

31. Chourasia AO, Buhr KA, Rabago DP, Kijowski R, Lee KS, Ryan MP, et al. Relationships between biomechanics, tendon
pathology, and function in individuals with lateral epicondylosis. J Orthop Sports Phys Ther. 2013;43(6):368-378. [FREE
Full text] [doi: 10.2519/jospt.2013.4411] [Medline: 23508267]

32. Stratford PW, Levy DR. Assessing valid change over time in patients with lateral epicondylitis at the elbow. Clin J Sport
Med. 1994;4(2):88-91. [doi: 10.1097/00042752-199404000-00004]

33. Hill CE, Heales LJ, Stanton R, Kean CO. Pain-free grip strength in individuals with lateral elbow tendinopathy: between-
and within-session reliability of one versus three trials. Physiother Theory Pract. 2023;39(5):1007-1015. [doi:
10.1080/09593985.2022.2030445] [Medline: 35114892]

34. Zhang C, Jia Z, Li J, Wang X, Yang S. Impact of lifestyle and clinical factors on the prognosis of tennis elbow. Sci Rep.
2024;14(1):3063. [FREE Full text] [doi: 10.1038/s41598-024-53669-x] [Medline: 38321129]

Abbreviations
ECRB: extensor carpi radialis brevis
FASTER: Framework for Accelerated and Systematic Technology-based Intervention Development and Evaluation
Research
LE: lateral epicondylitis
NRS: Numerical Rating Scale
PFG: pain-free grip strength
PPT: pressure pain threshold
PRP: platelet-rich plasma
PRTEE: Patient-Rated Tennis Elbow Evaluation
RCT: randomized controlled trial
ROM: range of motion

Edited by S Munce; submitted 09.Jul.2025; peer-reviewed by K Songur, J Blasco-Abadía; comments to author 03.Oct.2025; revised
version received 29.Dec.2025; accepted 13.Jan.2026; published 04.Mar.2026

Please cite as:
Ríos Rincón AM, Guptill C, Tran A, Kamran R, Alshammari S, Miguel Cruz A
Evaluation of a Stretching Forearm Sleeve for Lateral Epicondylitis: Repeated Measures Study
JMIR Rehabil Assist Technol 2026;13:e80400
URL: https://rehab.jmir.org/2026/1/e80400
doi: 10.2196/80400
PMID: 41780923

©Adriana M Ríos Rincón, Christine Guptill, Ann Tran, Rija Kamran, Salamah Alshammari, Antonio Miguel Cruz. Originally
published in JMIR Rehabilitation and Assistive Technology (https://rehab.jmir.org), 04.Mar.2026. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR
Rehabilitation and Assistive Technology, is properly cited. The complete bibliographic information, a link to the original publication
on https://rehab.jmir.org/, as well as this copyright and license information must be included.

JMIR Rehabil Assist Technol 2026 | vol. 13 | e80400 | p. 15https://rehab.jmir.org/2026/1/e80400
(page number not for citation purposes)

Ríos Rincón et alJMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES

XSL•FO
RenderX

https://europepmc.org/abstract/MED/23508267
https://europepmc.org/abstract/MED/23508267
http://dx.doi.org/10.2519/jospt.2013.4411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23508267&dopt=Abstract
http://dx.doi.org/10.1097/00042752-199404000-00004
http://dx.doi.org/10.1080/09593985.2022.2030445
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35114892&dopt=Abstract
https://doi.org/10.1038/s41598-024-53669-x
http://dx.doi.org/10.1038/s41598-024-53669-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38321129&dopt=Abstract
https://rehab.jmir.org/2026/1/e80400
http://dx.doi.org/10.2196/80400
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=41780923&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

