The effects of Lycra arm sleeves on Glenohumeral Subluxation in Post-

stroke Hemiplegia — A Preliminary Study



ABSTRACT

Objective: The primary aim of this preliminary study was to assess the effects of
Lycra arm sleeves on the glenohumeral subluxation (Acromion-greater tuberosity
distance) in people with post-stroke hemiplegia. A secondary aim was to explore
patients’ perceptions regarding the practicality of applying the Lycra arm sleeve.
Design: Prospective cross-sectional study

Setting: Community care in the South West of England

Participants: Patients with chronic stroke (n=5; 2 men, 3 women; meant+SD age
= 5118 years) with one-sided weakness who gave informed consent were
recruited.

Intervention: Patients were instructed to wear the Lycra arm sleeve for 7 hours a
day for 7 consecutive days.

Main Outcome measures: 1) Ultrasound measurements of AGT distance 2)
:Pain - Numeral Rating Scale 3) upper limb function using Motor Assessment
scale were recorded before and immediately after application of the sleeve on
day 1 and day 8. A questionnaire was completed by patients on day 8 to explore
perceptions.

Results: Analysis of the data using an ANOVA for a 2x2 fully repeated
measure design suggests 1) there is no significant mean difference in AGT
distance between day 1 and day 8 (F (1,4) = 1.28, MSE=0.014, p= .322) 2)
there is a significant mean difference in AGT distance due to wearing of
sleeve (F (1,4) = 19.258, MSE=0.011, p=.012) and 3) the change in AGT

distance on day 1 due to wearing of sleeve is not statistically different from



the change on day 8 (F (1,4) = 0.537, MSE=0.008, p= .504). Three patients’
experienced decreased pain and one patient showed improvement in the upper
limb function score. The mean time the Lycra arm sleeve was worn each day was
6.7 hours. Three patients found the sleeve easy to wear and 4 patients found the
sleeve beneficial.

Conclusions: Trends towards reduction in mean AGT distance suggests Lycra
arm sleeves may be beneficial in GHS management. Further research is required
to establish their effectiveness in acute and chronic settings using a well-

designed fully powered randomised controlled trial.
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ABBREVIATIONS

AGT- Acromion-greater Tuberosity
ANOVA - Analysis of Variance

Cl —Confidence intervals

FES —Functional Electrical Stimulation
GHS — Glenohumeral subluxation
RCT - Randomised Controlled Trial

SD- Standard Deviation



INTRODUCTION
Glenohumeral subluxation (GHS) is a common post-stroke complication reported
in up to 81% of patients depending on the measurement methods used and the
time frames over which it is assessed.’ GHS appears to be caused by a lack of
adequate support of the shoulder due to loss of motor control and the reduced
force coupling (provided by rotator cuff muscles) to align the head of the humerus
in the glenoid cavity while the patient is in the upright position.>> GHS presents
considerable challenges to the rehabilitation of the upper limb and has been
associated with other post-stroke complications such as hemiplegic shoulder pain
and poor motor recovery.>* There is a concern that without treatment, GHS can
progress to an uncorrectable degree over time.* A wide variety of supportive
devices such as pillows, wheelchair attachments (arm trough, lap board),
strapping, taping, slings and electrical stimulation / functional electrical
stimulation (FES) have been used to reduce GHS.>®"®? Qverall, evidence to
support the effectiveness of current approaches for management of GHS is

limited.>®°

To improve clinical outcomes for patients with GHS, other cost-effective and
user-friendly interventions are required. Lycra garments are lightweight and
flexible and when compared to rigid orthoses, they are better tolerated, do not
restrict movement or encourage disuse.'® The functional basis of Lycra garments
is to exert a compressive, and supportive effect, and thus positively influence

alignment, biomechanics, and neuromuscular activity in the affected body



segments.”’ In addition, they can be easily used in conjunction with other

interventions such as therapeutic exercise.

A single case study on a patient with acquired brain injury who wore a sleeve for
18 weeks reported improvements in the upper limb active range of movement,
self-rated function and one component of a writing test, with some suggestion of
a carry-over effect when treatment was withdrawn.'? Similarly, a small (n=16)
cross-over study on people with post-stroke hemiplegia reported that a Lycra
sleeve (from the wrist to the middle of the arm) worn over 3 hours period,
improved wrist posture, reduced wrist and finger flexor spasticity and a mean
(4.1°£13.0°) increase in passive range of movement at the shoulder joint (across
all movements).” These effects were significantly different when compared to
patients not wearing the sleeve. In addition, patients in this study also showed
reduction in swelling of the arm after wearing the sleeve. The authors
hypothesised that weight reduction of the upper limb decreases the vertical force

on the shoulder and therefore might minimize subluxation and possibly pain.™

To the best of our knowledge, no previous study has explored the effect of Lycra
arm sleeves on GHS. The primary aim of this preliminary study was to assess the
effects of Lycra arm sleeves on GHS in people with post-stroke hemiplegia. A
secondary aim was to explore patients’ perceptions regarding the practicality of

applying the Lycra sleeve.



MATERIALS AND METHODS

The study used a test-retest design and received ethical approval from the
Research Ethics Committee, xxx xxx. Patients aged over 18 years, with stroke
resulting in one-sided weakness, with a palpable gap in the lateral side of the
shoulder and who were able to sit upright, were eligible to participate. Patients
with other neurologic conditions, traumatic brain injury, brain tumours or other
serious co-morbidities were excluded. Patients were recruited from the xxx xxx
xxx xx. Each patient gave informed written consent to take part. This study
adhered to the guidelines of the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement.™

Apparatus
A portable diagnostic ultrasound, (TITAN model, M-Mode, Depth 3.9, L38/10-
5MHz broadband 38 mm linear array transducer, Sonosite Limited, Hitchin, UK)?
was used for recording the AGT distance. Lycra arm sleeve, manufactured by
Jobskin Limited UK ® was used in this study.

Procedure
Baseline demographic data including age, gender, time after stroke and affected
side were gathered directly from the patients, as no medical records were
available. Researcher 1 (a final physiotherapy student) performed following
assessments: 1) Spasticity of the elbow flexors was assessed using
Modified Ashworth Scale' on day 1, prior to application of sleeve. 1)
shoulder pain using the Numerical rating scale (NRS)" and 2) upper limb

function using upper limb section (6, 7, 8) of the Motor Assessment Scale (UL



MAS)." The upper limb subscale (UL-MAS) consists of subset 6: ‘Upper
Arm Activity’, subset 7: ‘Hand Movements’, and subset 8: ‘Advanced Hand
Activities’. Each subset has six items (criteria) which are scored from 0:
unable to perform any of the items, through to 6: able to perform all six of
the items. A standardized protocol was used and researcher 1 practiced this on

three patients prior to actual data collection.

Diagnostic ultrasound has been used for the assessment of GHS in people with
post-stroke hemiplegia by measuring the acromion-greater tuberosity (AGT)
distance between the lateral border of the acromion and the apex of the greater
tuberosity of the humerus."” Ultrasound measurements of AGT distance were
undertaken by a physical therapist (PK) with an experience of over 10 years in
the ultrasound technique. The therapist was previously involved in the reliability

8 and patients with stroke (n=64)" and

studies on healthy volunteers (n=64)’
validity study on people with stroke (n=105).?° The ultrasound measurements of
AGT distance were recorded both before and after the application of a Lycra arm

1."® Three measurements were taken before

sleeve using a standardised protoco
and after the application of sleeve both on day 1 and day 8. In order to ensure
the rater was blind to measurements, the values displayed were obscured by

placing a sticker on the ultrasound screen.

Researcher 2 (another physiotherapy student) received training from the

manufacturer and practiced on few healthy participants prior to data collection.



According to the manufacturers’ recommendations, the wrist circumference was
measured for each patient and the correct size sleeve was provided. The sleeve
was applied from the wrist joint up to the insertion of deltoid on the humerus
using the donning on/doffing off material. Patients/family members were also
taught to independently put the Lycra arm sleeve on the affected arm (figure 1).
Patients were instructed to wear the Lycra arm sleeve for 7 consecutive days, 7
hours a day (as recommended by the manufacturers) and record any
observations on the questionnaire. On completion of measurements on all
patients (on day 1 and day 8), data was extracted for analysis from the case
report forms. On day 8, all patients completed a questionnaire, similar to that

used in a previously published study.™

Data Analysis

Data were analysed using SPSS, version 24.0 (IBM Chicago,
llinois)°. Descriptive statistics were used to calculate the mean and standard
deviation of AGT distance measurements. Repeated measures analysis of
variance (ANOVA) for a 2X2 design was used to analyse the data with the
‘sleeve off’ and ‘sleeve on’ on day 1 and day 8. Paired t-tests were used to
analyse the mean difference between AGT distance without and with the
Lycra arm sleeve on day 1 and day 8. Individual patients data on NRS and UL
MAS score was reported. Questionnaire data was analysed using descriptive
summaries which included frequencies. For open ended questions, patients

reported quotes were extracted.



RESULTS
Over a one month period, 18 patients with stroke were approached. Thirteen
patients did not fit the inclusion criteria. Therefore 5 patients (2 men, 3 women)
with a Meant+SD age of 51+8 years were recruited into the study. Four patients
had right sided hemiplegia and time since stroke varied from 7 to 22 months.
Three patients had a stroke due to infarction (middle cerebral artery area),
one patient had haemorrhagic stroke and for one patient, the stroke was

undefined.

Descriptive statistics for the AGT distance are presented in table 1. Tone in
three patients was grade 2, one patient had grade 3 and another patient

showed grade 1.

Analysis of the data using an ANOVA for a 2x2 fully repeated measure
design suggests 1) there is no significant mean difference in AGT distance
between day 1 and day 8 (F (1,4) = 1.28, MSE=0.014, p= .322) 2) there is a
significant mean difference in AGT distance due to wearing of sleeve (F
(1,4) = 19.258, MSE=0.011, p=.012) and 3) the change in AGT distance on
day 1 due to wearing of sleeve is not statistically different from the change

on day 8 (F (1,4) = 0.537, MSE=0.008, p= .504) (Figure 2).

Paired t-test showed mean reduction of 0.24 cm (95% confidence intervals

0.1-0.4cm) in AGT distance measurements for day 1 and this was



statistically significant (=4.733, df=4, p=.009,two-sided) on day 1. For day
8, paired t-test showed mean reduction of 0.18 cm (95% confidence
intervals -0.02-0.4cm) in AGT distance measurements and this was not
statistically significant (£=2.423, df<4, p=.073, two-sided). When AGT
distance measurements from 'sleeve off' on day 1 were compared to 'sleeve
on'on day 8, it showed a mean reduction of 0.27cm (95% confidence
interval 0.13-0.4cm) and this was statistically significant (£=5.551, df=4,

p=.005, two-sided).

Three patients’ experienced decreased pain and one patient showed
improvement in the upper limb function score (table 1). Three patients were able
to complete questionnaires independently and two required help with writing
answers. The mean time the Lycra sleeve was worn each day by participants
was 6.7 hours. Response of participants for the questionnaire is provided in

table 2.

DISCUSSION
The aim of this study was to assess the effect of Lycra sleeves on acromion-
greater tuberosity distance. To do this, chronic stroke patients were recruited and
the measurements were recorded with and without the application of Lycra
sleeves. Results showed a mean within-day reduction of 0.24 cm in AGT
distance measurements on day 1 and 0.27cm for between-day measurements.

These findings suggest a very tentative trend towards a Lycra sleeve reducing

10



AGT distance both within and between days.

AGT distance was measured using a diagnostic ultrasound machine, which in
many studies has been used to measure the level of shoulder subluxation.'”"'81?
Application of the Lycra sleeve resulted in reduction in the AGT (mean 0.24cm)
when compared to the distance prior to application of the sleeve. Four out of five
patients showed a reduction of =0.2 cm which could be considered clinically
meaningful. Previous studies have shown that ultrasound is sensitive to detect
minor changes in AGT distance. A study on young healthy participants (n=16;
meanzSD age 28111 years), that investigated the effect of different arm position
reported that a change of greater than £0.1cm in AGT distance measurements
would be necessary to indicate a real change in measurements across different
arm positions.?’ Likewise, a study on patients with stroke (n=26; mean+SD age
7110 years) reported that minimum detectable change with 90% confidence
intervals (MDC90) value of £0.2cm would be required to predict a change in AGT
distance measurements on the affected shoulder.”® Similar findings were
reported in a larger study on patients with stroke (n=105) which reported a cut-off
point of 20.2cm was considered optimal for ruling-in or ruling-out GHS in people
with stroke.?® The magnitude of the findings in the current study therefore
suggests a potential ‘real’ beneficial effect of the Lycra sleeve in reducing the
AGT distance. However, the results were not statistically significant and also very
wide Cls were associated with this, therefore an adequately powered randomised

controlled trial (RCT) would be needed to confirm the findings.

11



Findings from our study is in agreement with a previous study which reported
improvement in swelling, postural improvement in the distal joints and increase in
passive range of movement at the shoulder joint following the application of Lycra
sleeve for 3 hrs in people with post-stroke hemiplegia (n=16, mean age 65
years).' That study used a cross-over design where the patients had worn
sleeve for 3 hrs and were off-sleeve for next 3 hrs. In contrast, in our study
patients were asked to wear the sleeve for seven hours/day for a week and

patients showed reduction in AGT distance both on day 1 and at day 8.

The mechanism underlying the benefits of Lycra arm sleeve is uncertain, given
that the sleeve does not cross the shoulder. However, a previous study'® using a
similar arm sleeve reported effect on the shoulder joint. The authors reasoned
that, the changes occurring distally may produce improvements proximally. This
may be attributed to the regional gate control effect that is produced at the spinal
level by the multi-segmental, large-fibre, cutaneous input from the skin due to
contact of the sleeve.??*?® Also, that study reported improvement in elbow
proprioception task following application of Lycra sleeve. There is some evidence

to suggest that Lycra sleeve provides proprioceptive feedback to the skin. %

In addition to changes in the AGT distance measurements noted in this study,
patients’ positive feedback on the benefits of a Lycra sleeve provides further
support to its usefulness. Three patients found donning and doffing easy,

however one of them required help from a family member. Four patients found
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the sleeve beneficial of which 2 were more aware of their affected arm after
wearing the sleeve. These findings on comfort and benefits are in agreement with
the previous study that reported Lycra sleeve were deemed comfortable when

worn by people with stroke in their study.

Study Limitations

The present study has several limitations. First, a small convenient sample was
selected; therefore, generalisability is limited. Second, because of a lack of
control group and other clinical outcomes, it is difficult to conclude that the small
changes noted are clinically relevant. A larger feasibility study would be required
to determine the potential for conducting a definitive trial in this area. This would
provide more accurate estimates of data variability and likely effect size to inform
a sample size calculation. Thirdly, this study did not include demographic
information such Brunnstorm levels or Fugl Meyer stages of recovery.
Future study should consider these outcomes as it might provide some
insight about which patient with stroke may get benefit from the use of
lycra arm sleeve. Fourthly, the Lycra arm sleeves were not worn for a long
period of time and measurements were not repeated multiple times. Finally,
future study should consider if a Lycra arm sleeve could be used as an adjunct to

improve upper limb function in people with stroke.

CONCLUSION

In conclusion, this preliminary study has demonstrated the potential tentative
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trend towards a Lycra arm sleeve reducing GHS. However, a properly designed
definitive trial would be required to confirm the effectiveness of the Lycra sleeve

in reducing GHS in people with both acute and chronic stroke.
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Figure Legend:

Figure 1: Application of the Lycra sleeve on the arm

Figure 2: A graph to illustrate the effect of Lycra arm sleeve on AGT

distance measurements on day 1 and day 8
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