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Background: This study was conducted to assess the safety and adherence of the
use of a PGT (Pressure Garment Therapy) Lycra® sleeve to treat upper limb
unilateral cerebral palsy (UCP) in children.
Methods: This study was conducted as a prospective, placebo-controlled, double-
blinded, randomized monocenter study. Included in the study were 58 UCP
children, 49 of whom were analyzed. 25 children (mean age 6.6 ± 1.6 years; 12 girls)
were allocated to the active group vs. 24 (mean age 6.7 ± 1.6 years; 10 girls) in the
placebo group. The intervention consisted of an active PGT Lycra® arm sleeve
manufactured to generate a homogeneous pressure ranging from 15 to 25 mmHg.
The placebo PGT Lycra® sleeve was manufactured to generate a homogeneous
pressure under 7 mmHg. The time of wearing period was set at 3 h/day at minimum
and 6 h/day at maximum, over the course of 6 months. The main outcome
measures were safety outcomes including the number and intensity of Adverse
Events of Special Interest (AESIs). AESIs were defined as adverse events imputable to
compressive therapy and Lycra® wearing. Level of adherence was expressed in
percentage of number of days when the sleeve was worn for at least 3 h per day
compared to length of duration in days (start and end date of wearing period).
Results: Frequency of AESIs were very low and no different between groups (4.12±
11.32% vs. 1.83 ± 3.38%; p=0.504). There were no differences in adherence (91.86±
13.86% vs. 94.30± 9.95%; p=0.425).
Conclusion: The use of PGT Lycra® arm sleeve in children with UCP is safe and well-
tolerated with a very good adherence. The low rate of AESIs is promising for further
randomized clinical trials on efficacy.
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Introduction

Cerebral Palsy (CP) is a common neurodevelopmental disorder

in childhood that affects 2 per 1,000 live births (1, 2). CP is caused

by non-progressive lesions in the immature brain occurring before,

during, or after birth. The main symptoms of unilateral CP (UCP)

are spasticity and limited upper arm/hand function, affecting the

child’s ability to use their hands (3, 4). Sensory motor impairment

compromises the development of manual dexterity, which is crucial

for performing usual daily activities. Recent reviews and meta-

analyses have provided evidence-based arguments to guide

management of UCP such as constraint-induced therapy,

occupational therapy, botulinum neurotoxin injection, hand-splints,

and task-specific training (5–8). The use of Pressure Garment

Therapy (PGT) has also been used to treat upper arm UCP or

other similar conditions in adults (9, 10). PGT was performed

using synthetic polyurethane/elastane fiber used in the confection

of tailor-made close-fitting garments as a medical device. The most

common synthetic polyurethane/elastane fiber used is Lycra®,

which is commercially available as a dynamic sleeve that uses

tensile properties of polyurethane to generate torsion, correct

muscle force imbalance across joints, optimize muscle length and

functional positioning, and provide a constant/homogenate

compression with neutral heat on the concerned UCP arm (11,

12). These properties are used to improve postural alignment, joint

stability, and movement efficiency and enhance posture, balance,

coordination, gross motor function, hand function, and gait of

upper arm in children with upper arm UCP or other health

conditions (8, 9, 13–18).

The role of Pressure Garment Therapy (PGT) using a Lycra® arm

sleeve is to increase sensory and proprioceptive awareness and reduce

abnormal tone of the concerned body part (19). These properties may

improve hand functional performance of children with UCP (20).

PGT could be performed by an arm dynamic sleeve manufactured

using Lycra®. Lycra® sleeves have been widely used for burn

therapy (21, 22) but their efficacy as a PGT is unknown in UCP

(20). The mechanical properties of Lycra® sleeves and their usability

have been established in studies involving healthy and hemiplegic

adult subjects (11, 23). To date, there is no data of safety and

adherence of PGT Lycra® arm sleeves in UCP children (24). The

knowledge of PGT safety and adherence is crucial to successfully

understand the efficacy of this device. Indeed, if safety and

adherence are low, the development of this device should be

discontinued without a randomized clinical trial.

The aim of this study was to assess the safety and adherence of

the use of a PGT Lycra® sleeve to treat upper limb UCP in children.
Methods

Study settings and sample

This ancillary analysis is a part of the previously described (20)

multicenter (seven study sites), prospective, double-blinded,
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randomized, placebo-controlled clinical trial. The present study is

an ancillary analysis of 58 children included in one institutional

specialized rehabilitation unit.

Each child with CP was included after a physical examination

to ensure the inclusion criteria were met. The criteria included

children with ante-natal or peri-natal upper arm UCP, aged 5–10

years old, with social insurance, and with parental written

informed consent. The exclusion criteria were allergy to Lycra®,

contraindication to pressure therapy (e.g., skin lesions or allergic

contact dermatitis), behavior or speech troubles, treatment with

botulinum neurotoxin on the involved arm within the preceding

4 months, or predictable lack of compliance. The consort flow

diagram of the recruitment process and allocation in the study

site is described in Figure 1. Enrollment into the study was

started in January 2013 and finished in October 2020. Of the 58

included UCP children, 49 were analyzed for the purpose of this

ancillary study. Clinical characteristics and classification of UCP

children were carried out according to Mandaleson et al. (25).
Study intervention procedure

Each PGT Lycra® sleeve was measured by a well-trained

physiotherapist (trained by a specialist from the manufacturer)

according to manufacturer’s instructions. Size segments were

measured at standard points of reference for circumferential

measurements (Supplementary Figure S1). It was a tailor-made

sleeve which covered the arm from the axilla to half of the palm

and the thumb, without covering other fingers (20). Lycra®

sleeves were manufactured for each UCP child according to a

randomization list within 1 week. A randomization sequence 1:1

ratio was performed by an independent statistician using

computer-generated random numbers structured in blocks

generated by PROC Plan SAS software version 9.4 (SAS Institute

Inc., Cary, NC). All participants and research staff were blinded

regarding the randomization allocation during the whole

duration of the trial, as were the parents, physiotherapists, and

physicians involved in the child’s care. The active sleeve and the

placebo sleeve were the exact same appearance. All sleeves were

made of Coolmax® textil UPF 40+ (75% of Polyester Coolmax

and 25% of Elasthame Lycra®) and skin color using a using 6-

way stretch fabrication. The active PGT Lycra® sleeve was

manufactured to generate a homogeneous pressure ranging from

15 to 25 mmHg. The pressure was ranked as a class I/II quality

assurance French standard medical compression arm sleeve (26,

27). The placebo PGT Lycra® sleeve was manufactured to

generate a homogeneous pressure with minimized reduction

targeting a 5/7 mmHg. The time of wearing period was set at

3 h/day at minimum and 6 h/day at maximum, over the course

of 6 months.

In order to check the compressive properties of the Lycra®

sleeve, a subgroup of sleeves was manufactured in duplicate (i.e.,

the first one for the UCP children included in the study, the

second for laboratory compression testing). This subgroup
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FIGURE 1

CONSORT flow diagram.
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consisted of the 10 first UCP children sleeve measurements

included in this study. The compressive properties of these

sleeves were measured in a laboratory using an extensometer

with normalized compression force scale (Extensometer NF G 30

102-B, EMI Development, Paris, France).

In both groups, the child was asked to wear the PGT Lycra®

sleeve (active or placebo) for at least 3 h per day, every day, for 6

months (20). The PGT Lycra® sleeve was to be worn during usual

daily activities, especially in activities involving bimanual

performances, and during rehabilitation sessions. Each patient’s

therapists (physiotherapists and occupational therapists) were

informed of the child’s enrollment in a trial and asked to

follow instructions of harmonization for rehabilitation, but
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there was no major modification of the usual rehabilitation

care. Written general recommendations were provided to guide

rehabilitation:
- Stimulation of proprioceptive function: analytic proprioception

stimulation, ground bearing and weight-bearing transfers,

installation quality and symmetry, mirror feedback, and

dynamic proprioception stimulation (opposition and pushing

games, moving of heavy objects, etc.).

- Stimulation of active mobility, on proximal and distal levels of the

hemiplegic side, with static shoulder and arm; hand aiming; and

approach, grip, and release exercises.
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- Stimulation of bimanual coordination during daily activities,

developing assisting hand capacities and passing from one

hand to the other.

Additional personalized recommendations were added regarding

the child’s state of development and actual capacities of the

upper extremity.

Study variables

The primary objective of this study was to evaluate the safety of

a PGT Lycra® sleeve worn over 6 months on the upper arm of

children with UCP. Safety outcomes included the number and

intensity of Adverse Events of Special Interest (AESIs). AESIs

were defined as adverse events imputable to compressive therapy

and Lycra® wearing, localized at the arm. AEIs were classified

into two subgroups: (i) cutaneous events linked to Lycra®

wearing and (ii) compression events linked to compressive

therapy. According to the device classification panel from the

FDA, the PROPENSIX PGT Lycra® sleeve is a class I medical

device. In this context and according to French regulations, it

was not mandatory to address a Medical Device Reporting

process and a Data Safety Monitoring Board report to conduct

this study.

Parents were asked to report AESIs and other problems

occurring during the Lycra® sleeve pressure garment wearing

period daily in a parental self-report diary logbook

(Supplementary Figure S2 Log diary) as a measurement tool.

This type of self-report questionnaire has already been used in

previous studies for AESI monitoring (28). Diary logbooks were

carefully checked by an investigator before physical examination

at each hospital visit (i.e., 3 and 6 months) using a structured

interview as described Knowles et al. (29). AESIs were classified

a posteriori by an investigator using Bégaud et al. classification

(minor/moderate/serious) usually used for drug clinical trial

reports (30). Cutaneous events included itchy contact dermatitis,

red skin rash, and spots; compression events included

mechanical swelling, pain in the arm, “Blue hand”, tingling,

discomfort, sore thumb, and compliant from child of tightness.

Frequency of AESIs were computed as a percentage of occurred

days of AESIs from the total wearing time.

Systolic blood pressure (SBP) and diastolic blood pressure

(DBP) were measured as a safety outcome using an oscillometric

device KYPIA COLSON (COLSON®, Paris, France) with a

pediatric bladder following the recommendations of the British

Hypertension Society (31) and recommendations for children

populations (32). SBP and DBP were measured on the

hemiplegic arm of UCP children without the Lycra® sleeve

pressure garment. SBP and DBP were measured in a sitting

position after a 10 min rest in a quiet room after sleeve removal

at least 10 min before measurement. The duration of 10 min of

sleeve removal before BP measurement was considered enough

time to not affect BP data (33).

Level of adherence was assessed using a conventional paper-

based method (34–36). The diary logbook collected daily amount

of Lycra® sleeve pressure garment wearing period in number of
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hours and the reason of non-adherence if the sleeve was worn

for under 3 h per day. Level of adherence was expressed in

percentage of number of days when the sleeve was worn for at

least 3 h per day compared to length of duration in days (start

and end date of wearing period). Frequency of reasons of non-

adherence were computed as percentage of occurred days of

AESIs from the total wearing time.

Anthropometrics and neurologic examination acquisition data

were previously described by Gerard et al. (20). Weight was

measured in underwear, with shoes removed, using an electronic

scale (SECA® 861, SECA®, Birmingham, UK) to the nearest

0.1 kg. Height was measured with shoes removed using a

telescopic height measuring instrument (SECA® 225) to the

nearest 0.1 cm. Functional profile of the child was classified

according to Gross Motor Function Classification Scale

(GMFCS): type I–V (37) and Manual Abilities Classification

System (MACS) type I–V (38). CP etiology was classified

according to previous studies (39, 40) according to in utero or

perinatal events (41).

Physical examination (standard clinical exam and neurologic

exam) was performed by the same investigator throughout the

study period.

Data were entered in electronic Case Report Forms (eCRF).

The eCRF was developed using Ennov Clinical© software. Data

were checked by the data management team of the data

monitoring department of the trial sponsor using the predefined

rules of quality assurance.
Statistical analysis

Data are presented as frequency (percentage) for categorical

variables and mean ± standard deviation (SD) for continuous

variables. Normality of distribution was checked graphically with

the Shapiro–Wilk test. Comparisons between groups

(intervention vs. placebo) were compared using Khi2 test for

categorical variables and Student’s t test for continuous variables.

ANOVA for repeated measures was used for longitudinal data

analysis. All statistical tests were done at the two-tailed α level of

0.05. Data were analyzed with SAS software version 9.4 (SAS

Institute Inc., Cary, NC).
Results

Using the data from the first 10 children with CP Lycra® sleeve

pressure garment measurements, a second set of 10 sleeves were

manufactured for compression laboratory testing. Data of

compressive properties of these sleeves measured in the

laboratory were obtained for four active PGT Lycra® sleeves and

six placebo PGT Lycra® sleeves. The mean and standard

deviation of compression was 17 ± 1 mmHg for active vs. 7 ±

1 mmHg for placebo.

Figure 1 presents the CONSORT flow diagram of this ancillary

study. Of the 58 included UCP children, 49 were analyzed (25

intervention vs. 24 placebo), which allowed a well-balanced and
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FIGURE 2

Evaluation of PGT Lycra® arm sleeve adherence throughout the study
period.

TABLE 1 Clinical characteristics of UCP children at baseline between
allocation groups.

Intervention group
(n = 25)

Placebo group
(n = 24)

p

Anthropometrics
Gender M/F 13/12 14/10 0.904

Age (years) 6.6 ± 1.6 6.7 ± 1.6 0.876

Weight (kg) 23.8 ± 8.6 19.5 ± 3.5 0.496

Height (cm) 122.2 ± 10.8 124.5 ± 11.2 0.533

Neurologic context
Etiology (FS/PS/PL/
CM/II/PT/UK)

6/8/1/2/2/1/1 10/5/2/4/2/0/1 0.743

UCP type (S/A/D/M) 17/0/3/4 17/1/3/3 0.894

UCP laterality (left/
right)

9/16 10/12 0.936

GMFCS level (I, II, III,
IV, V)

10/14/1/0/0 9/14/0/1/0 0.567

MACS (I, II, III, IV, V) 2/9/11/3/0 4/6/12/2/0 0.675

Values are in mean± standard deviation; Etiology codes: FS/PS/PL/CM/II/PT/UK (Fetal

Stroke/Perinatal Stroke/Periventricular Leukomacia/Congenital Malformation/In utero

Infection/Perinatal Traumatic head injury/UnKnown); UCP, unilateral cerebral palsy;

UCP type: S/A/D/M: Spastic/Ataxic/Dystonic/Mix; GMFC, gross motor function

classification system; MACS, manual ability classification system.

TABLE 3 Frequency reasons of non-adherence of Lycra® sleeve wearing
between UCP children allocation groups.

Intervention group
(n = 25)

Placebo group
(n = 24)

p

% %
AEIs 1.31 ± 4.53 0.14 ± 0.70 0.218

Oversight for holidays 1.29 ± 4.53 0.84 ± 2.61 0.679

Child refusal 0.95 ± 3.96 0.06 ± 0.16 0.276

Washing sleeve 0.74 ± 3.62 0.09 ± 0.32 0.383

Oversight at school 0.79 ± 1.81 1.22 ± 3.47 0.588

Mechanical problem 0.73 ± 2.59 0.06 ± 0.29 0.213

Sport activity 0.03 ± 0.13 0.27 ± 0.85 0.165

“Let go” 0.03 ± 0.13 0.08 ± 0.28 0.438

Others 2.10 ± 3.80 2.14 ± 4.66 0.976

Total 7.96 ± 1.87 4.90 ± 1.64 0.888

Values are means ± SD; AEI, adverse events of interest; Others: moving from an

another home for separated parents; canicular temperatures, unknown.

TABLE 4 Frequency of adverse events of interest between UCP children
allocation groups.

Intervention group
(n = 25)*

Placebo group
(n = 24)**

p

% %
Mechanical
swelling

2.15 ± 6.80 0.00 ± 0.00 0.528

Pain at arm 0.41 ± 0.64 0.49 ± 0.99 0.481

“Blue hand” 0.12 ± 0.39 0.12 ± 0.24 0.939

Tinglings 0.06 ± 0.19 0.00 ± 0.00 0.029

Unconfortable 0.00 ± 0.00 0.12 ± 0.24 0.139

Sore thumb 0.00 ± 0.00 0.12 ± 0.25 0.139

Complain 0.00 ± 0.00 0.12 ± 0.24 0.139

Tight 0.00 ± 0.00 0.24 ± 0.48 0.529

Itchy contact
dermatitis

0.78 ± 2.21 0.37 ± 0.47 0.260

Red skin rash 0.52 ± 0.85 0.00 ± 0.00 0.139

Spots 0.05 ± 0.16 0.25 ± 0.49 0.207

Total 4.12 ± 11.32 1.83 ± 3.38 0.504

Values are in mean± standard deviation.

*For 8 subjects #18, #23, #30, #35, #40, #44, #51 and #54.

**For 4 subjects #31, #42, #49 and #54.

TABLE 2 Lycra® sleeve wearing period/daily time duration, mean
frequency of adherence and sleeve replacement numbers between UCP
children allocation groups.

Intervention group
(n = 25)

Placebogroup
(n = 24)

p

Wearing duration
period (days)

199.32 ± 73.46 207.17 ± 32.35 0.857

Daily duration (hours) 4.24 ± 0.89 4.51 ± 1.03 0.345

Adherence (%) 91.86 ± 13.86 94.30 ± 9.95 0.425

Sleeve replacement (n) 3* 2** 0.825

Values are in mean± standard deviation.

*For 3 subjects #6, #9 and #18.

**For 2 subjects #10 and #24.
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sufficiently powerful statistical analysis between groups. Clinical

characteristics of UCP children at baseline are presented in

Table 1. There was no difference in anthropometrics, etiology,

and neurological contexts between groups. Neither wearing

period/daily time duration nor adherence of over 90% were

different between groups. Mean adherence is shown in Table 2

and slightly lower in the intervention group (91.86 ± 13.58%)

than in the placebo group (94.3 ± 6.95%), mainly due to four

subjects with very low adherence under the expected 80%

(64.49% for #2_018; 66.25% for #2_036; 54.0% for #2_44 and

66.13% for #2_051). Figure 2 presents the evolution of

adherence throughout the study period. There was no difference

of evolution pattern between groups and no decrease of

observance throughout the study period. Table 3 presents
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FIGURE 4

Evaluation of diastolic blood pressure throughout the study period.

FIGURE 3

Evaluation of systolic blood pressure throughout the study period.
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frequency reasons of non-adherence of sleeve. The most common

reason of non-adherence was AESIs provoked by Lycra® sleeve

wearing; there was no difference between groups. Other reasons

for non-adherence were all under 1.3% and were not different

between groups. During the study period, it was necessary to do

a replacement of the Lycra® sleeve (needed a new measurement

and manufacturing) with a new one in three intervention

subjects (#2_006; #2_009; #2_024) and two placebo subjects

(#2_010; #2_024).

Table 4 presents the frequency of AESIs classified as minor

between groups. Mean AESI was 4.11% in the active group vs.

0.5% in the placebo group. The most common AESI observed

was mechanical swelling in the intervention group (2.15% vs. 0%

in placebo group). Others AESIs were under 1% and were not

different between groups. Figures 3, 4 present evolution of SBP

and DBP between groups, respectively, without any difference

between groups.
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Discussion

Mechanical properties of Lycra® sleeves have been established

in studies involving healthy and hemiplegic adult subjects (11, 23)

and were shown to be well-tolerated without any serious adverse

events. This study is the first assessing PGT in children with

upper limb UCP in free living conditions (during school, playing,

and eating activities, etc.).

All children in this study were of a normal weight with a stable

weight throughout the study period (data not shown), which

allowed a good analysis of study adherence. Neurologic context

and etiology of UCP was varied and were well-balanced between

groups, which allowed a good reproducibility of using PGT

Lycra® sleeve for future randomized intervention studies.

Compression of the placebo Lycra® sleeve manufactured in

duplicate reached the targeted planned placebo compression of

7 mmHg. This minimal compression was sufficient to be as close

as possible to the double-blind methodology and as the best

sleeve fit as possible. Compression of the active Lycra® sleeve

was the same (17 mmHg) that Barss et al. (42) used to enhance

proprioception.

The level of adherence was very good and was more than 80%

for most patients throughout the study period. The very good level

of adherence observed was due to: (i) the Medical Z PGT Lycra®

sleeve not covering a large part of the body and allowing the

fingers to be free, the “skin” color being acceptable for children,

and the Coolmax® textil was comfortable; (ii) the high accuracy of

Lycra® sleeve measurement by well-trained physiotherapists and a

well-designed template (Supplementary Figure S2) allowed the

garments to fit the arm anatomy well and meant the sleeve was

easy to put on; (iii) a low rate of AESI frequency; and (iv) the

child was able to carry out their usual activities, rhythmed by the

usual environment, in a context of confidence. Non-adherence

ratio observed in this study was very low and mostly focused on

four subjects from intervention group. This low level of adherence

observed in the intervention group was due to AESIs such as

mechanical swelling and itchy contact dermatitis (subjects #2_

018, #2_036, #2_044 and #2_051 allocated in intervention group).

AESIs were not a cause of non-adherence since their frequency

reached 4.11%, while AEIs frequency in cause of non-observance

was only 1.31%. AESIs quickly occurred during the early period of

the study (data not shown).

SBP and DBP were within normal ranges according to

recommendations for child populations (32) throughout the study

period. This observation confirms the safety and tolerance of using

Medical Z PGT Lycra® sleeves for a long period (i.e., 6 months)

in children with UCP. The wearing period was set as 6 months

and was enough time to detect most AESIs. AESI frequency was

very low and the most common was mechanical swelling,

especially in the active group. Pain from sleeve wearing frequency

was very low and not in accordance with the concept of “No pain,

no gain” previously described (43). The AESI Itchy contact

dermatitis was also very low, provoking some minor skin irritations.

This study has several strengths: (i) 6 months was a sufficient

therapy duration, (ii) the high level of threshold dose (i.e., 3–6 h
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per day) was similar to previous studies (6), abd (iii) the

homogenous compression allowed detection of most AESIs. This

study also has several limitations: (i) AESIs and adherence data

were initially collected by parents who could have under/

overestimated AESIs as previously described (44, 45), (ii) AESIs

were difficult to be classified by investigators since no clear AE

classification system exists for medical devices (46, 47), and (iii)

data on usability and satisfaction was not provided as in previous

published studies (48). Despite this, the use of Medical Z PGT

Lycra® sleeves is promising since six parents spontaneously asked

for compassionate use of this device at the end of the study. This

strength is very useful as children with UCP are often limited in

performing daily living activities (49). In conclusion, this

ancillary PROPENSIX study will provide arguments about the

feasibility of PGT Lycra® arm sleeves in children with UCP. The

adherence was very good, with a low rate of AESIs. Adherence

data will be useful to analyze the primary aim of the

PROPENSIX study using intention to treat process (50). The

PGT Lycra® arm sleeve is quickly manufactured and can be

delivered within 1 week. A large sample size (n > 100)

multicenter randomized clinical trial (RCT) is currently ongoing

to assess the efficacy of this device on hand performance (20).

The use of adherence ratio is useful for analyzing RCT in per

protocol and intention to treat statistical analysis. The low rate

and accurate description of AESIs is promising for further RCT

and its usability in the real world. Moreover, this study has

strengthened the transparency of information for new users as

requested by the new EU Medical Device Regulations, which was

fully enforced in 2022.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The studies involving human participants were reviewed and

approved by Comité de Protection des Personnes Nord Ouest IV

Lille France. Written informed consent to participate in this

study was provided by the participants’ legal guardian/next of

kin. This study was registered at ClinicalTrials.gov under

identifier NCT02086214.
Author contributions

LB and LG designed the data collection instruments,

coordinated and supervised data collection, conducted the

statistical analysis analyses, and drafted the initial manuscript.

MT, YM, SF, GL, SM, CD, and MTT supervised data collection

and critically reviewed the manuscript for important intellectual

content. YZ designed some data collection instruments and
Frontiers in Pediatrics 07
critically reviewed the manuscript for important intellectual

content. All authors approved the final manuscript as submitted

and agree to be accountable for all aspects of the work.
Funding

This study is supported by a grant from a public French

national funding scheme for clinical research, under the

responsibility of the French Ministry of Health (“Programme

Hospitalier de Recherche Clinique_PHRC national PROPENSIX

19-16/2011_01”).
Acknowledgements

We thank the children and their parents for participating in
PROPENSIX study. We thank Muriel BEUVRY and Anne
GAUTREAU (CIC-1403-CHU-Inserm de Lille, France) for help
in typing this manuscript. We thank Anne-Sophie BLAIN (CIC-
1403-CHU-Inserm de Lille, France), Bérangère VANTORRE and
Sandra MILLIEN (Centre Marc Sautelet, Villeneuve d’Asq,
France) for your help in sleeve measurements and logistics;
Magalie VEDRENNE for PGT Lycra® sleeve manufacturing
(Medical Z®, F-37208, Saint-Avertin, France); Edouard MILLOIS
and Morgane COEFFET (Lille University Hospital, Lille, France)
for regulatory and study quality assurance management; and
Florence DUFLOT for datamanagement. We thank Lille
University Hospital which was the study sponsor of this study.
Conflict of interest

YZ is CEO of Medical Z®. The remaining authors declare that

the research was conducted in the absence of any commercial or

financial relationships that could be construed as a potential

conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fped.2023.

1043350/full#supplementary-material.
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fped.2023.1043350/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fped.2023.1043350/full#supplementary-material
https://doi.org/10.3389/fped.2023.1043350
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Béghin et al. 10.3389/fped.2023.1043350
References
1. Oskoui M, Coutinho F, Dykeman J, Jetté N, Pringsheim T. An update on the
prevalence of cerebral palsy: a systematic review and meta-analysis. Dev Med Child
Neurol. (2013) 55(6):509–19. doi: 10.1111/dmcn.12080

2. Rosenbaum P, Paneth N, Leviton A, Goldstein M, Bax M. A report: the definition
and classification of cerebral palsy - April 2006. Dev Med Child Neurol. (2007)
49:8–14. doi: 10.1111/j.1469-8749.2007.tb12610.x

3. Arner M, Eliasson AC, Nicklasson S, Sommerstein K, Hagglund G. Hand function
in cerebral palsy. Report of 367 children in a population-based longitudinal health care
program. J Hand Surg Am. (2008) 33A(8):1337–47. doi: 10.1016/j.jhsa.2008.02.032

4. Leclercq C. Cerebral palsy: a comprehensive review. Biomed Central. (2014) 12:7–
14. doi: 10.1186/1753-6651-9-53-A70

5. Novak I, McIntyre S, Morgan C, Campbell L, Dark L, Morton N, et al. A
systematic review of interventions for children with cerebral palsy: state of the
evidence. Dev Med Child Neurol. (2013) 55(10):885–910. doi: 10.1111/dmcn.12246

6. Jackman M, Novak I, Lannin N. Effectiveness of hand splints in children with
cerebral palsy: a systematic review with meta-analysis. Dev Med Child Neurol.
(2014) 56(2):138–47. doi: 10.1111/dmcn.12205

7. Novak I, Morgan C, Adde L, Blackman J, Boyd RN, Brunstrom-Hernandez J, et al.
Early, accurate diagnosis and early intervention in cerebral palsy advances in diagnosis
and treatment. JAMA Pediatr. (2017) 171(9):897–907. doi: 10.1001/jamapediatrics.
2017.1689

8. Sakzewski L, Ziviani J, Boyd R. Systematic review and meta-analysis of therapeutic
management of upper-limb dysfunction in children with congenital hemiplegia.
Pediatrics. (2009) 123(6):E1111–E22. doi: 10.1542/peds.2008-3335

9. Ooi HK, Chai SC, Kadar M. Effects of pressure garment on spasticity and
function of the arm in the early stages after stroke: a randomized controlled trial.
Clin Rehabil. (2020) 34(4):515–23. doi: 10.1177/0269215520905050

10. Morris JH, John A, Wedderburn L, Rauchhaus P, Donnan PT. Dynamic lycra®

orthoses as an adjunct to arm rehabilitation after stroke: a single-blind, two-arm
parallel group, randomized controlled feasibility trial. Clin Rehabil. (2019) 33
(8):1331–43. doi: 10.1177/0269215519840403

11. Gracies JM, Fitzpatrick R, Wilson L, Burke D, Gandevia SC. Lycra garments
designed for patients with upper limb spasticity: mechanical effects in normal subjects.
Arch Phys Med Rehabil. (1997) 78(10):1066–71. doi: 10.1016/s0003-9993(97)90129-5

12. Watson MJ, Crosby P, Matthews M. An evaluation of the effects of a dynamic
lycra (R) orthosis on arm function in a late stage patient with acquired brain injury.
Brain Inj. (2007) 21(7):753–61. doi: 10.1080/02699050701481613

13. Blair E, Ballantyne J, Horsman S, Chauvel P. A study of a dynamic proximal
stability splint in the management of children with cerebral palsy. Dev Med Child
Neurol. (1996) 38(2):182–3. doi: 10.1111/j.1469-8749.1995.tb12041.x

14. Semenova KA. Basis for a method of dynamic proprioceptive correction in the
restorative treatment of patients with residual-stage infantile cerebral palsy. Neurosci
Behav Physiol. (1997) 27(6):639–43. doi: 10.1007/bf02461920

15. Hylton N, Allen C. The development and use of SPIO lycra compression bracing
in children with neuromotor deficits. Pediatr Rehabil. (1997) 1(2):109–16. doi: 10.
3109/17518429709025853

16. Elliott C, Reid S, Hamer P, Alderson J, Elliott B. Lycra (R) arm splints improve
movement fluency in children with cerebral palsy. Gait Posture. (2011) 33(2):214–9.
doi: 10.1016/j.gaitpost.2010.11.008

17. Elliott CM, Reid SL, Alderson JA, Elliott BC. Lycra arm splints in conjunction
with goal-directed training can improve movement in children with cerebral palsy.
Neurorehabilitation. (2011) 28(1):47–54. doi: 10.3233/nre-2011-0631

18. Bailes AF, Greve K, Schmitt LC. Changes in two children with cerebral palsy
after intensive suit therapy: a case report. Pediatr Phys Ther. (2010) 22(1):76–85.
doi: 10.1097/PEP.0b013e3181cbf224

19. Nicholson JH, Morton RE, Attfield S, Rennie D. Assessment of upper-limb
function and movement in children with cerebral palsy wearing lycra garments. Dev
Med Child Neurol. (2001) 43(6):384–91. doi: 10.1017/s001216220100072x

20. Gérard A, Toussaint-Thorin M, Mohammad Y, Letellier G, Fritot S, Masson S,
et al. PROPENSIX: pressure garment therapy using compressing dynamic lycra sleeve
to improve bi-manual performance in unilateral cerebral palsy, a multicenter randomized
controlled trial protocol. Trials. (2022) 23(1):117. doi: 10.1186/s13063-022-06041-1

21. Ripper S, Renneberg B, Landmann C, Weigel G, Germann G. Adherence to
pressure garment therapy in adult burn patients. Burns. (2009) 35(5):657–64.
doi: 10.1016/j.burns.2009.01.011

22. Donovan ML, Muller MJ, Simpson C, Rudd M, Paratz J. Interim pressure
garment therapy (4-6 mmHg) and its effect on donor site healing in burn patients:
study protocol for a randomised controlled trial. Trials. (2016) 17:214–23. doi: 10.
1186/s13063-016-1329-x

23. Gracies JM, Marosszeky JE, Renton R, Sandanam J, Gandevia SC, Burke D.
Short-term effects of dynamic lycra splints on upper limb in hemiplegic patients.
Arch Phys Med Rehabil. (2000) 81(12):1547–55. doi: 10.1053/apmr.2000.16346
Frontiers in Pediatrics 08
24. Aversano MW, Taha AMS, Mundluru S, Otsuka NY. What’s new in the
orthopaedic treatment of cerebral palsy. J Pediatr Orthop. (2017) 37(3):210–6.
doi: 10.1097/bpo.0000000000000675

25. Mandaleson A, Lee Y, Kerr C, Graham HK. Classifying cerebral palsy: are we
nearly there? J Pediatr Orthop. (2015) 35(2):162–6. doi: 10.1097/bpo.0000000000000222

26. Medical compression arm sleeves. Quality assurance (2008). p. 19.

27. de Moraes AC, Carvalho HB, Rey-Lopez JP, Gracia-Marco L, Beghin L, Kafatos
A, et al. Independent and combined effects of physical activity and sedentary behavior
on blood pressure in adolescents: gender differences in two cross-sectional studies.
PLoS One. (2013) 8(5):e62006. doi: 10.1371/journal.pone.0062006

28. Arts ML, de Haart M, Bus SA, Bakker JP, Hacking HG, Nollet F. Perceived
usability and use of custom-made footwear in diabetic patients at high risk for foot
ulceration. J Rehabil Med. (2014) 46(4):357–62. doi: 10.2340/16501977-1272

29. Knowles EA, Boulton AJM. Do people with diabetes wear their prescribed
footwear? Diabetic Med. (1996) 13(12):1064–8. doi: 10.1002/(SICI)1096-9136
(199612)13:12<1064::AID-DIA253>3.0.CO;2-#

30. Bégaud B, Evreux JC, Jouglard J, Lagier G. Imputation of the unexpected or toxic
effects of drugs. Actualization of the method used in France. Therapie. (1985) 40
(2):111–8. PMID: 4002188.

31. Topouchian JA, El Assaad MA, Orobinskaia LV, El Feghali RN, Asmar RG.
Validation of two automatic devices for self-measurement of blood pressure
according to the international protocol of the European society of hypertension: the
omron M6 (HEM-7001-E) and the omron R7 (HEM 637-IT). Blood Press Monit.
(2006) 11(3):165–71. doi: 10.1097/01.mbp.0000209078.17246.34

32. National High Blood Pressure Education Program Working Group on High
Blood Pressure in Children and Adolescents. The fourth report on the diagnosis,
evaluation, and treatment of high blood pressure in children and adolescents.
Pediatrics. (2004) 114(2 Suppl):555–76. PMID: 15286277.

33. Holleman DR, Westman EC, McCrory DC, Simel DL. The effect of sleeved arms
on oscillometric blood-pressure measurement. J Gen Intern Med. (1993) 8(6):325–6.
doi: 10.1007/bf02600148

34. Lillo-Navarro C, Medina-Mirapeix F, Escolar-Reina P, Montilla-Herrador J,
Gomez-Arnaldos F, Oliveira-Sousa SL. Parents of children with physical disabilities
perceive that characteristics of home exercise programs and physiotherapists’
teaching styles influence adherence: a qualitative study. J Physiother. (2015) 61
(2):81–6. doi: 10.1016/j.jphys.2015.02.014

35. Peplow UC, Carpenter C. Perceptions of parents of children with cerebral palsy
about the relevance of, and adherence to, exercise programs: a qualitative study. Phys
Occup Ther Pediatr. (2013) 33(3):285–99. doi: 10.3109/01942638.2013.773954

36. Novak I. Parent experience of implementing effective home programs. Phys
Occup Ther Pediatr. (2011) 31(2):198–213. doi: 10.3109/01942638.2010.533746

37. Palisano RJ, Hanna SE, Rosenbaum PL, Russell DJ, Walter SD, Wood EP, et al.
Validation of a model of gross motor function for children with cerebral palsy. Phys
Ther. (2000) 80(10):974–85. doi: 10.1093/ptj/80.10.974

38. Eliasson AC, Krumlinde-Sundholm L, Rosblad B, Beckung E, Arner M, Ohrvall
AM, et al. The manual ability classification system (MACS) for children with cerebral
palsy: scale development and evidence of validity and reliability. Dev Med Child
Neurol. (2006) 48(7):549–54. doi: 10.1017/s0012162206001162

39. Nelson KB, Hellenberg JH. Antecedents of cerebral palsy. N Engl J Med. (1986)
315:81–6. doi: 10.1056/NEJM198607103150202

40. Torfs CP, Von Den Berg BJ, Oeschsli FW, Cummins S. Prenatal and perinatal
factors in the etiology of cerebral palsy. J Pediatr. (1990) 116:615–9. doi: 10.1016/
s0022-3476(05)81615-4

41. Chabrier S, Pouyfaucon M, Chatelin A, Bleyenheuft Y, Fluss J, Gautheron V,
et al. From congenial paralysis to post-early brain injury developmental condition:
where does cerebral palsy actually stand? Ann Phys Rehabil Med. (2020) 63
(5):431–8. doi: 10.1016/j.rehab.2019.07.003

42. Barss TS, Pearcey GEP, Munro B, Bishop JL, Zehr EP. Effects of a compression
garment on sensory feedback transmission in the human upper limb. J Neurophysiol.
(2018) 120(1):186–95. doi: 10.1152/jn.00581.2017

43. Houx L, Pons C, Saudreau H, Dubois A, Creusat M, Le Moine P, et al. No pain,
no gain? Children with cerebral palsy and their experience with physiotherapy. Ann
Phys Rehabil Med. (2020) 64:101448–55. doi: 10.1016/j.rehab.2020.10.002

44. Morton A, Riddle R, Buchanan R, Katz D, Birch J. Accuracy in the prediction
and estimation of adherence to bracewear before and during treatment of
adolescent idiopathic scoliosis. J Pediatr Orthop. (2008) 28(3):336–41. doi: 10.1097/
BPO.0b013e318168d154

45. Sangiorgio SN, Ho NC, Morgan RD, Ebramzadeh E, Zionts LE. The objective
measurement of brace-use adherence in the treatment of idiopathic clubfoot. J Bone
Joint Surg Am. (2016) 98(19):1598–605. doi: 10.2106/jbjs.16.00170

46. Golder S, Wright K, Loke YK. The development of search filters for adverse
effects of surgical interventions in medline and embase. Health Info Libr J. (2018)
35(2):121–9. doi: 10.1111/hir.12213
frontiersin.org

https://doi.org/10.1111/dmcn.12080
https://doi.org/10.1111/j.1469-8749.2007.tb12610.x
https://doi.org/10.1016/j.jhsa.2008.02.032
https://doi.org/10.1186/1753-6651-9-53-A70
https://doi.org/10.1111/dmcn.12246
https://doi.org/10.1111/dmcn.12205
https://doi.org/10.1001/jamapediatrics.2017.1689
https://doi.org/10.1001/jamapediatrics.2017.1689
https://doi.org/10.1542/peds.2008-3335
https://doi.org/10.1177/0269215520905050
https://doi.org/10.1177/0269215519840403
https://doi.org/10.1016/s0003-9993(97)90129-5
https://doi.org/10.1080/02699050701481613
https://doi.org/10.1111/j.1469-8749.1995.tb12041.x
https://doi.org/10.1007/bf02461920
https://doi.org/10.3109/17518429709025853
https://doi.org/10.3109/17518429709025853
https://doi.org/10.1016/j.gaitpost.2010.11.008
https://doi.org/10.3233/nre-2011-0631
https://doi.org/10.1097/PEP.0b013e3181cbf224
https://doi.org/10.1017/s001216220100072x
https://doi.org/10.1186/s13063-022-06041-1
https://doi.org/10.1016/j.burns.2009.01.011
https://doi.org/10.1186/s13063-016-1329-x
https://doi.org/10.1186/s13063-016-1329-x
https://doi.org/10.1053/apmr.2000.16346
https://doi.org/10.1097/bpo.0000000000000675
https://doi.org/10.1097/bpo.0000000000000222
https://doi.org/10.1371/journal.pone.0062006
https://doi.org/10.2340/16501977-1272
https://doi.org/10.1002/(SICI)1096-9136(199612)13:12%3C1064::AID-DIA253%3E3.0.CO;2-&num;
https://doi.org/10.1002/(SICI)1096-9136(199612)13:12%3C1064::AID-DIA253%3E3.0.CO;2-&num;
https://doi.org/10.1097/01.mbp.0000209078.17246.34
https://doi.org/10.1007/bf02600148
https://doi.org/10.1016/j.jphys.2015.02.014
https://doi.org/10.3109/01942638.2013.773954
https://doi.org/10.3109/01942638.2010.533746
https://doi.org/10.1093/ptj/80.10.974
https://doi.org/10.1017/s0012162206001162
https://doi.org/10.1056/NEJM198607103150202
https://doi.org/10.1016/s0022-3476(05)81615-4
https://doi.org/10.1016/s0022-3476(05)81615-4
https://doi.org/10.1016/j.rehab.2019.07.003
https://doi.org/10.1152/jn.00581.2017
https://doi.org/10.1016/j.rehab.2020.10.002
https://doi.org/10.1097/BPO.0b013e318168d154
https://doi.org/10.1097/BPO.0b013e318168d154
https://doi.org/10.2106/jbjs.16.00170
https://doi.org/10.1111/hir.12213
https://doi.org/10.3389/fped.2023.1043350
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Béghin et al. 10.3389/fped.2023.1043350
47. Yagahara A, Tanikawa T, Ogasawara K, Yokoi H. Integration of Japanese
medical device adverse event terminologies. In: AV Gundlapalli, MC Jaulent, D
Zhao, editors. Medinfo 2017: Precision healthcare through informatics. Hokkaido,
Japan: IOS Press Ebooks (2017). p. 1345.

48. Bertsch T. Evaluation of a novel night-time compression garment: a prospective
observational study. Br J Community Nurs. (2018) 23(11):535–41. doi: 10.12968/bjcn.
2018.23.11.535
Frontiers in Pediatrics 09
49. Schiariti V, Sauve K, Klassen AF, O’Donnell M, Cieza A, Masse LC. ‘He does not
see himself as being different’: the perspectives of children and caregivers on relevant
areas of functioning in cerebral palsy. Dev Med Child Neurol. (2014) 56(9):853–61.
doi: 10.1111/dmcn.12472

50. Lee YJ, Ellenberg JH, Hirtz DG, Nelson KB. Analysis of clinical-trials by
treatment actually received - is it really an option. Stat Med. (1991) 10
(10):1595–605. doi: 10.1002/sim.4780101011
frontiersin.org

https://doi.org/10.12968/bjcn.2018.23.11.535
https://doi.org/10.12968/bjcn.2018.23.11.535
https://doi.org/10.1111/dmcn.12472
https://doi.org/10.1002/sim.4780101011
https://doi.org/10.3389/fped.2023.1043350
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Safety and adherence of pressure garment therapy in children with upper limb unilateral cerebral palsy. Results from a randomized clinical trial ancillary analysis
	Introduction
	Methods
	Study settings and sample
	Study intervention procedure
	Study variables
	Statistical analysis

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgements
	Conflict of interest
	Publisher's note
	Supplementary material
	References


