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B SYSTEMATIC REVIEW

Waterproof casts for the management of
upper limb fractures in children
A SYSTEMATIC REVIEW AND META-ANALYSIS

Aims

Upper limb fractures in children are often managed in casts. Waterproof casts which allow
safe immersion in water may be used. These may improve comfort, convenience, and
satisfaction when compared with standard casts. The aim of this review was to compare
the efficacy, safety, and satisfaction of waterproof casts with standard casts in the
management of upper limb fractures in children.

Methods

A systematic review of randomized controlled trials (RCTs) was conducted in September
2024. Comprehensive searches of Medline, PubMed, Cochrane CENTRAL, and EMBASE
databases were performed. Studies were included which recruited children aged 0 to 18
years with upper limb fractures, which were managed in waterproof or standard casts.
Patient-reported outcomes, functional outcomes, and complication rates were assessed.

Results

A total of five studies involving 390 children were included. Those managed with a
waterproof cast reported significantly superior satisfaction with regard to comfort (mean
difference (MD) 1.92 (95% Cl 0.15 to 3.69); p = 0.034), itchiness (MD 0.21 (95% Cl 0.00 to
0.43); p = 0.047), and overall child and parent satisfaction (MD 0.53 (95% CI 0.01 to 1.05);

p = 0.048). Those managed with a waterproof cast also had significantly improved
functional outcomes as measured by the Activities Scale for Kids-Performance (ASK-P)
score, with a MD of 16.90 (95% CI 6.87 to 26.93; p = 0.001). There were no significant
differences regarding heat or sweatiness, pain, return to recreational activities, unexpected
returns for cast maintenance, radiological deformity, or skin problems.

Conclusion

Waterproof casts seem to provide an alternative to standard casts in the management of
upper limb fractures in children. There were improved functional outcomes at the time of
removal of the cast, improved comfort, and less itching. Pooling of the studies was limited
due to the heterogeneity of the reporting of outcomes and the small sizes of the studies.
Neither long-term outcomes, nor economic analysis based on healthcare-related quality of
life, are available. A definitive RCT based on a core outcome set is required to confirm the
efficacy and investigate the cost-effectiveness of waterproof casts in children.

Cite this article: Bone Joint J 2025;107-B(6):587-594.

Introduction

Fractures of the upper limb account for 80% of
all fractures in children, and 70% of children
admitted to hospital with a fracture.'? It has been
shown in several studies that fractures in children
have a remarkable capacity for healing and remod-
elling. Most of these fractures involving the upper
limb are conservatively managed with a cast.> The

aim of treatment in a cast is to immobilize the
fracture, reduce strain, maintain alignment, and
promote healing.*

Standard synthetic or plaster casts have several
limitations. Poor child and parent satisfaction
have often been reported due to restrictions in
bathing and lack of hygiene, with discomfort
and irritation of the skin.>¢ Children managed
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Fig. 1

PRISMA flow diagram. RCT, randomized controlled trial.

conservatively also have limited participation in recreational
activities and unexpected returns to hospital to replace damaged
or wet casts.*”#

Unlike standard casts, waterproof casts can be safely
immersed in water, allowing patients to bathe and swim during
treatment. This improves hygiene, comfort, and convenience.’
The use of waterproof casts has been reported to be associ-
ated with reduced skin-related complications such as itchiness,
maceration, and infection.>1°

There are several types of waterproof casts, including fibre-
glass casts with waterproof liners (e.g. Gore-Tex (W. L. Gore
& Associates, USA) or AquaCast (AquaCast Liner, USA)),
synthetic waterproof casts (e.g. polypropylene or polyethylene
mesh casts), and hybrid mesh casts.™!' These casts all have
different properties, including drying time and rigidity, but little
has been written about whether they provide better outcomes
and satisfaction.”!>!?

At current prices, standard paediatric upper limb casts cost
between £14 and £30, while waterproof casts cost between
£23 and £38."* Consequently, the main limitation to the use of
waterproof upper limb casts in children is the cost. However,
this cost may be offset by fewer unscheduled changes of cast.®!
A potential concern with casts which are made with a thicker,
water-resistant padding is that this construction has a higher
cast index, defined as the ratio of the cast’s sagittal to coronal
width, measured from the inside edges of the cast at the frac-
ture site.'® This is important because a higher cast index has
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been associated with an increased risk of displacement or loss
of reduction of the fracture.”!”-'$

The aim of this review was to identify and evaluate the
current evidence for the efficacy and safety of waterproof casts
when used for the conservative management of upper limb frac-
tures in children, compared with standard non-waterproof casts.

Methods

A systematic review was conducted on 28 September 2024 to
identify all peer-reviewed randomized controlled trials (RCTs)
and quasi-RCTs investigating the outcomes of upper limb
fractures in children managed conservatively with waterproof
compared with standard casts. Prospective registration of the
review was completed on the PRISMA database prior to under-
taking the searches (CRD42024593179).

Searches were completed using OVID Medline, PubMed,
Cochrane CENTRAL, and OVID EMBASE using a strategy
with the following key concepts: upper limb fractures; treat-
ment with either casts or surgery; waterproof casts; children and
adolescents; and RCTs excluding non-human subjects.

The terms for children and adolescents and the RCT filter
were used from a previous Cochrane review.!” The full search
strategy for each database is shown in the Supplementary Mate-
rial. Additional screening of grey literature was completed
using Google Scholar and bibliographic assessment of relevant
previous reviews.
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Table I. The demographics, immobilization device, and relevant clinical outcomes reported for upper limb fractures in the included studies.

Study Country Design Loss to follow- Intervention (n) Control (n) Mean Female, % Relevant outcomes reported
up, n (%) age, yrs

Derksen et Netherlands RCT 0 (0.0) Swim cast (MOK-cast Cotton-lined 9.80 60.3 Patient/parent satisfaction,

al (2013)% technique) (34) cast (34) participation in swimming

Inglis et al Australia RCT 2(1.0) Scotchcast Plus + POP + WetnDry 9.69 33.7 Itchiness, patient/parent

(2013)° WetnDry padding (110) padding (89) satisfaction, comfort, heat/
sweatiness, skin problems,
radiological deformity,
unexpected return for cast
maintenance

Guillen et USA Crossover 0 (0.0) BSN DeltaDry lined cast Cotton-lined 13.6 65.0 Pain, itchiness, skin problems,

al (2016)% RCT (10) cast (10) comfort, heat/sweatiness,
radiological deformity,
unexpected return for cast
maintenance

Silva etal USA Crossover 1(3.7) HM Cast (12) Scotchcast Plus 9.4 42.3 Return to activities of daily

(2017)° RCT (14) living (ASK-P), pain, itchiness,
patient/parent satisfaction, skin
problems

Ongetal Singapore RCT 2 (2.5) HM Cast (39) Fibreglass cast 5.45 57.1 Itchiness, patient/parent

(2024)8 (38) satisfaction, comfort,

heat/sweatiness, return

to recreational activities,
participation in swimming, skin
problems, unexpected return
for cast maintenance

ASK-P, Activity Scale of Kids — Performance version; HM, hybrid mesh; POP, plaster of Paris; RCT, randomized controlled trial.

The following inclusion criteria were applied: those which
reported outcomes of children with an upper limb fracture in
which most were aged < 18 years; those which directly com-
pared the use of a cast that can be safely immersed in water with
one which the children were instructed to keep dry; those which
reported at least some components of the core outcome set for
childhood limb fractures;** and RCTs or quasi-RCTs.

Non-randomized studies, animal studies, review articles,
conference abstracts, and studies not published in the English
language were excluded.

Titles and abstracts were independently screened by two
reviewers (NB, CD). Full-text articles were then independently
assessed for eligibility by the same reviewers. Disagree-
ments were resolved by discussion or review by the senior
author (BAM).

The PRISMA flow diagram is shown in Figure 1. The
initial search identified 1,028 studies, with 576 remaining after
removal of duplicates. Screening of the titles and abstracts
resulted in the identification of 26 potentially relevant studies,
of which five met the inclusion criteria (Table I).%1°2-3 No
additional studies were included after manually searching the
references of the studies.

A total of 390 children were included. Their mean age was
9.05 years (SD 3.98); 176 (45.1%) were female. The children
either had a displaced fracture of the forearm requiring closed
reduction,'® a stable distal radial fracture,”* a supracondylar
fracture of the humerus,® or a mixture of upper limb fractures.”

Two randomized crossover trials which met the inclusion
criteria were identified.** Due to the potential period effect, in
which healing of the fracture is anticipated to occur during the
study, data from the first period of the crossover design were
extracted according to the Cochrane handbook.?* The study by
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Guillen et al*> was excluded from the meta-analysis as only the
overall paired analysis of medians was reported.

Data were extracted from the studies independently by two
reviewers (NB, CB) with disagreements again being resolved
through review by the senior author (BAM). The data were
extracted into a predefined table. The following information
was extracted: title, authors, year of publication, study design,
sample size, and demographic and outcome data.

The risk of bias was assessed using the Cochrane Collab-
oration Risk of Bias 1.0 (ROB 1.0) tool.>® This tool has been
validated for assessing the risk of bias in RCTs according to
seven areas: random sequence generation; allocation conceal-
ment; blinding of participants and personnel; blinding of the
assessment of outcome; incomplete outcome data; selective
outcome reporting; and other biases. Two reviewers (NB, CB),
as before, independently assessed the risk of bias for each study,
and disagreements were again resolved through review by the
senior author (BAM).

All the studies were found to have a risk of bias (Supplemen-
tary Figure a). Due to the nature of the intervention, the children
were not blinded, as they knew whether they could get their cast
wet or not. This may have an impact on the results, particularly
on the child- and parent-reported outcome measures. Studies
were also at a high risk of bias as those who assessed outcomes
were also not blinded. The studies by Silva et al*' and Guillen et
al?? were also rated as having a high risk of bias due to potential
period effects.? All studies maintained adequate randomization
and concealment.

The following outcomes were extracted from each study:
pain and discomfort (including overall comfort, itchiness, and
heat and sweatiness); return to physical and recreational activi-
ties; emotional and psychosocial wellbeing; complications from
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Waterproof casts

Study Total Mean SD Total Mean
Inglis et al 110 4.21 1.10 89 3.19
Ong et al 39 4.04 0.88 38 1.21
Random effects model 149 127

Heterogeneity: 2= 97.8%, 12 = 1.6020, p < 0.0001
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Standard casts

SD Comfort MD (95% CI) Weight
1.21 = 1 1.02(0.07t01.34) 50.3%
0.97 | 2.83(2.42t03.24) 49.7%
b 1.92 (0.15 to 3.69) 100.0%
3210123 p =0.034
MD

Fig. 2

Forest plot showing comfort in waterproof compared with standard casts. MD, mean difference.

Waterproof casts

Standard casts

Study Total Mean SD Total Mean SD Itchiness SMD (95% Cl) Weight
Inglis et al 110 3.87 1.34 89 341 154 ) 0.32 (0.04 to 0.60) 65.6%
Ong et al 39 3.17 1.02 38 2.95 0.83 1o 0.23(-0.21t0 0.68) 25.8%
Silva et al 12 96.40 0.66 14 96.20 0.66 — % 0.29(-0.48t0 1.07)  8.6%
Common effect model 161 141 3.30 (0.07 to 0.52) 100.0%
| E—
Heterogeneity: I?=0.0%,t? =0, p = 0.9506 1 -05 0 05 1 p=0.011
SMD
Fig. 3

Forest plot showing itchiness in waterproof compared with standard casts. SMD, standardized mean difference.

the injury and treatment; return to baseline activities of daily
living (ADLs); participation in learning; appearance and defor-
mity (including loss of reduction of the fracture); time to union;
recovery of manual dexterity; child or parent satisfaction; and
healthcare costs (including returns for maintenance of the cast).
Statistical analysis. When considered appropriate, results of
comparable RCTs were pooled. Heterogeneity was assessed
using the I? statistic. We considered 1> > 75% as considera-
ble heterogeneity,?® particularly if it could not be explained
by the diversity of the methodological or clinical features of
the studies.

If mean and SD results were not available, p-values from
independent-samples #-tests were converted to mean and SD
data using the formulae on MetaConverter.”” Medians, IQRs,
and ranges were not transformed. The pooled data were analyzed
using R v. 4.3.3 (R Foundation for Statistical Computing,
Austria) using random or fixed-effects models. The model used
was determined by the extent of the heterogeneity: a fixed-
effects model for low heterogeneity and a random-effects model
for high heterogeneity. The mean difference (MD) was used to
compare continuous variables, and risk ratios (RRs) were used
for categorical variables. Significance was set at p < 0.05.

Results

Pain in the first two weeks of treatment was reported in one
study using the Revised Faces Pain Scale.”*® There was no
significant difference in the mean pain scores, with a MD of
0.30 (95% CI -0.17 to 0.77; p = 0.223, independent-samples
t-test). There was also no significant difference in the paired
median pain scores (p = 0.575, Wilcoxon signed-rank test) in
the 20 children included in the Guillen et al*? crossover trial.

Follow us @BoneJoint]

Comfort on a five-point self-rated scale was pooled from
two studies (Figure 2).%!° Children managed in a waterproof
cast had significantly increased comfort compared with those
in a standard cast in the pooled analysis, but with high hetero-
geneity (MD 1.92 (95% CI 0.15 to 3.69); p = 0.034, random
effects model).

Self-reported itch scores were pooled from three studies
(Figure 3).%1021 This showed that waterproof casts resulted in
less itch compared with standard casts, with a standardized
mean difference (SMD) 0f 0.30 (95% C10.07 to 0.52; p=0.011,
common effect model ) on a five-point scale. This analysis had
low heterogeneity.

Heat and sweatiness scores were pooled from two studies
(Figure 4),%° showing no significant difference (MD 0.51
(95% C1-0.08 to 1.09); p = 0.092, random effects model).

Return to outdoor physical activities at the time of removal
of the cast was reported in one study. Ong et al® found no differ-
ence in the proportion of children in a hybrid mesh waterproof
above elbow cast returning to activities compared with those
treated with a standard fibreglass cast (54% compared with
42%; p = 0.365, chi-squared test).

The number of children who went swimming at time of
removal of the cast was repoted in two studies (Figure 5). Chil-
dren were significantly more likely to report that they were
swimming with a pooled relative risk of 5.42 (95% CI 2.17 to
13.54; p <0.001, common effect model).®

Skin problems related to the cast were reported in three
studies (Figure 6).31%2! All skin complications occurred in chil-
dren with a waterproof cast. However, this difference was not
significant following pooled analysis (RR 5.30 (95% CI 0.65 to
43.45); p=0.120, common effect model).

THE BONE & JOINT JOURNAL
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Waterproof casts

Standard casts

Study Total Mean SD Total Mean SD Heat/sweatiness MD (95% Cl) Weight
Inglis et al 110 4.19 1.46 89 3.38 143 —#— 0.81(0.41t0 1.21) 49.3%
Ong et al 39 440 091 38 4.19 0.79 T 0.21(-0.17 t0 0.59) 50.7%
Random effects model 149 127 0.51 (-0.08 to 1.09) 100.0%
Heterogeneity: 1= 77.8%, 12 = 0.1400, p = 0.0339 -1 -05 0 05 1 p = 0.092
MD
Fig. 4
Forest plot showing heat and sweatiness in waterproof compared with standard casts. MD, mean difference.
Waterproof casts Standard casts
Study Number  Total Number Total Swimming RR (95% CI) Weight
Derksen et al 19 34 4 34 & 475 (1.80 to 12.50)  89.4%
Ong et al 8 39 0 38 — T 16.57(0.99to 277.27) 10.6%
Common effect model 73 72 ! 5.42 (2.17;13.54) 100.0%
Heterogeneity: 2= 0.0%, 12 =0, p = 0.4111 0.01 0.1 1 10 100 p < 0.0001
RR
Fig. 5

Forest plot showing swimming in children with waterproof compared with standard casts. RR, risk ratio.

Silva et al*' reported return to ADLs using the Activities
Scale for Kids-Performance (ASK-P) questionnaire.” In this
crossover trial, there was a mean difference of 16.9 points in
total ASK-P score in the first two weeks (p = 0.003). In the
overall four-week study period, the paired difference in ASK-P
scores was 7.6 (p = 0.04), both in favour of waterproof casts.

Radiological deformity, defined as a loss of reduction or
unacceptable final alignment was reported in two studies.
Following closed reduction and immobilization of displaced
fractures of the forearm, Inglis et al'® reported that ten children
(5.0%) had loss of reduction requiring a further procedure or
plaster wedging. There was no significant difference in the rate
of loss of reduction between the waterproof and standard casts
(p = 0.756, Fisher’s exact test). Guillen et al** reported one
child (5.0%) with a radiological deformity in the standard cast
group. This difference was not significant (p > 0.999, Fisher’s
exact test).

Child or parent satisfaction scores were reported in four
studies.®'**'% Three of these studies found a significantly
higher satisfaction level in children with a waterproof cast,
while Silva et al*! (25.0%) reported similar rates of satisfaction
between both groups. Waterproof casts were associated with
significantly higher levels of child and parent satisfaction in
pooled analysis (SMD 0.61 (95% CI 0.10 to 1.13); p = 0.019,
random effects model) (Figure 7).

The cost of the casts was reported in two studies. Ong et al®
quoted a cost of $114.80 for two-inch and $136.50 for three-
inch hybrid-mesh casts with an equivalent cost of a fibreglass
cast of $136.50 (no p-values provided). Guillen et al*? reported
that waterproof liners cost $6 more than cotton liners. No formal
economic analyses were reported.

Unexpected returns to hospital for the maintenance of a cast
was reported in two studies. A significant decrease in these
visits was reported by Inglis et al'® in the waterproof group,
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with a relative risk of 0.14 (95% CI 0.06 to 0.36). No child
returned for maintenance of the cast in either group in the study
by Ong et al .}

Of the outcomes we intended to evaluate in this review,
emotional and psychological wellbeing, participation in
learning, time to union, recovery of manual dexterity, and costs
were not reported in any of the studies.

Discussion

We found that the use of a waterproof cast in children with
an upper limb fracture was supported by five RCTs. There
was considerable clinical heterogeneity in these studies with
different inclusion criteria, including manipulated forearm frac-
tures, distal radial fractures, supracondylar fractures, and stable
upper limb fractures. Further heterogeneity was introduced
with different forms of waterproof cast including hybrid mesh,
MOK-cast, and water-resistant padding.

In the pooled analysis, waterproof casts showed significant
improvements in comfort (p = 0.034, random effects model),
itchiness (p = 0.011, common effect model), and overall child
and parent satisfaction (p = 0.019, random effects model). There
was no difference for pain, heat and sweatiness, skin complica-
tions, or loss of reduction.

A study by Selesnick and Griffiths®® from 1997, involving
337 patients, reported high rates of satisfaction and comfort
with good child and physician ratings. Later, in 2005, Shannon
et al® also reported high rates of satisfaction with waterproof-
lined casts, with all 127 children included in their study being
‘very satisfied’ or ‘satisfied’.® This is not surprising given the
nature of waterproof liners.

A number of waterproof liners are available (e.g. Gore-Tex
or Delta Dry (Essity, USA)) and they all share similar proper-
ties. The material of the liner has a water-repelling quality while
the porous structure of the material itself allows evaporation
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Waterproof casts Standard casts

Study Number Total Number Total  Skin problems RR (95% CI) Weight
Inglis et al 2 110 0 89 | 4.05 (0.20 to 83.28) 48.4%
Ong et al 3 39 0 38 ——=  6.82(0.36t0 127.74) 51.6%
Silva et al 0 12 0 14 i 0.0%
1
Common effect model 161 141 : 5.30 (0.65 to 43.45) 100.0%
Heterogeneity: I?=0.0%,1? =0, p = 0.8081 0.010.1 1 10 100 p =0.120
RR
Fig. 6
Forest plot showing skin problems in waterproof compared with standard casts. RR, risk ratio.
Waterproof casts Standard casts
Study Total Mean SD Total Mean SD Satisfaction SMD (95% CI) Weight
Derksen et al 34 4.22 067 34 3.800.45 —i#=— 0.74(0.251t0 1.23) 25.3%
Inglis et al 110 4.351.10 89 3.151.10 I —%— 1.09(0.79t0 1.39) 29.7%
Ong et al 39 3.701.02 38 3.110.87 —R— 0.62 (0.16 to 1.07) 26.2%
Silva et al 12 82.30 3.48 14 83.40 348 —F 71— -0.31(-1.08 to 0.47) 18.8%
Random effects model 195 175 0.61 (0.10to 1.13) 100.0%

Heterogeneity: 1?= 75.0%,1t% = 0.2056, p = 0.0074

-1 -05 0 05 1

SMD

p =0.019

Fig. 7

Forest plot comparing child and parent levels of satisfaction for waterproof compared with standard casts. SMD, standardized mean difference.

of water from the surface of the skin.®!? This should lead to
reduced irritation of the skin, less itchiness, better comfort,
and satisfaction.

Interestingly, pooled data did not show a significant differ-
ence in heat and sweatiness between the groups despite the
more porous structure of waterproof liners compared with stan-
dard plaster of Paris casts. This is likely to reflect a small sample
size, as both Inglis et al'® and Guillen et al*> showed signifi-
cantly positive differences independent of the meta-analysis.

A concern with waterproof casts and synthetic liners is the
potential for loss of reduction of the fracture, as the porous
liners may lead to a higher cast index and lower stability of
the fracture. However, we found no evidence of increased rates
of loss of reduction in this review, confirming the findings of
Robert et al.*' In this non-randomized comparative study, the
use of Gore-Tex liners in the treatment of unstable, off-ended
distal radial fractures was evaluated following closed reduc-
tion. In 59 children (36 with a standard and 23 with a Gore-
Tex-lined cast), no significant differences were found in the
final position of the fracture, and no significant increase in the
rate of loss of reduction requiring re-intervention was seen
with a Gore-Tex-lined cast (22% vs 36%; p = 0.384, Fisher’s
exact test).

A further concern with waterproof casts is the cost. Disap-
pointingly, no formal cost-effectiveness analysis was available.
Some estimates showed that waterproof casting materials were
more expensive than standard casts.'* There were no significant
differences in the rates of unexpected return for maintenance of
the cast, but it has been suggested in previous non-randomized
studies that this may be a further benefit of waterproof
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casting.®'® This could again reflect a low quality of evidence.
A larger study may show that standard casting requires signifi-
cantly more returns for maintenance due to softening following
accidental exposure to water.

There were also no significant differences in the radiological
deformity or skin problems on meta-analysis between water-
proof and conventional casting. Taken as a whole, these results,
which suggest that waterproof-lined casts are, at the very least,
as safe as conventional casting, with the benefits of being water-
proof, may be masked by the small size of the studies. Wolff and
James?*? further showed in their early work in 1995 that Gore-
Tex-lined hip spicas prevented skin problems and were more
cost-effective due to fewer returns for maintenance, further
supporting the hypothesis that waterproof-lined casts are likely
to be superior to standard casts.*

With regard to return to activities, Silva et al’ reported a
quicker return to ADLs. Ong et al® also reported a quicker return
to recreational activities with waterproof casting, but neither of
these were statistically significant. Shannon et al® also showed
that waterproof liners could withstand water activities with very
minor skin issues. Similar to previous results, a lack of statis-
tical significance is likely due to low sample sizes.

In conclusion, there is some evidence that waterproof casts
offer advantages compared with standard casts when used in
the treatment of upper limb fractures in children. We found, in
this systematic review, that waterproof casts may provide more
comfort, reduced itchiness, better functional outcomes (partic-
ularly with regard to return to ADLs), and higher overall child
and parent satisfaction, compared with standard casts. However,
the small number of studies which we included in the review
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and their small sample size, in association with the low-grade
level of evidence, and the fact that all studies had a high risk of
bias, limit the strength and generizability of the conclusions.

Large RCTs would be needed to reliably determine the safety,
efficacy, and cost-effectiveness of using waterproof casts in the
management of stable upper limb fractures in children. These
trials should include a sufficient sample size and a sufficiently
long follow-up to assess child-reported outcomes and radiolog-
ical evidence of healing. While the initial findings are prom-
ising, more robust evidence from RCTs is needed to determine
the advantages and disadvantages of the use of waterproof casts
for clinical practice conclusively.

A Take home message

') - Waterproof casting materials may improve comfort, reduce
itchiness, and improve satisfaction in children with upper limb
fractures compared to traditional non-waterproof casts.

- There is no evidence to suggest that using waterproof casting

materials increases the risk of complications.

Social media
Follow B. A. Marson on X @drbmarson

Supplementary material
Risk of bias summary chart; search strategy.
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