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Article history: The aim of this review was to summarise the current evidence regarding the effec-
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Hand burns survivors. This review provides evidence-based support for the use of rehabilitation

Rehabilitation interventions interventions for burn rehabilitation professionals. The following data sources were

searched: MEDLINE, EMBASE and CINAHL from their inception up to February 2021,

Systematic review ) . . e
reference lists from all the included full-text articles were screened for additional re-

Occupational therapy

Physical therapy levant publications and monthly Google Scholar searches until December 23rd 2021 to

make sure all new pertinent published articles after February 2021 would be
included. Thirty-five studies were included in this review including 14 RCTs. Most of the
included studies were Level 4 (46%; 16/35) and Level 2 (40%; 14/35) evidence. Only four
studies were classified as Level 3 (14%; 5/35) evidence and none were considered Level 1.
Most studies received a score of 5-9 (54%; 19/35) (Moderate quality). Fourteen studies
received a score of > 10 (40%; 14/35) (High quality) and only 2 studies received a score
of < 5 (6%; 2/35) (Low quality). Articles were categorized according to the primary out-
come targeted by the intervention. Clinical recommendations on higher-level evidence
interventions are presented. This review supports the clinical practice of the following
interventions: 1) The use of adhesive compression wraps for patients who have in-
creased edema to increase hand function and ROM; 2) The use of compression (adhesive
compressive wrap, compression bandage or intermittent compression pump) to de-
crease hand edema following burn injury; 3) Participating in general rehabilitation to
increase hand function and patient perceived level of disability; 4) The use of an or-
thosis to increase ROM and a dynamic MCP orthosis to increase hand function; 5) If
available, incorporate the use of VR based rehabilitation to increase hand function and
hand strength; 6) The use of paraffin to increase hand PROM,; 7) The use of gels to reduce
hand scar thickness; 8) The use of an education component in rehabilitation to increase
the level of burn knowledge. The limitations of this study are also discussed. Further
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research with robust methodology is needed to investigate the potential benefits of
treatment interventions included in this review.

© 2022 Elsevier Ltd and ISBI. All rights reserved.

1. Introduction
1.1. Rationale

Burn injuries to the hands and upper extremities account for
50-70% of burn injuries in North America [1] and hand burns
are one of the three most frequent sites of burn scar con-
tracture deformity [2-4|. Even though the hands correspond
to a small total body surface area (TBSA), they have a more
complex and delicate anatomy compared to other body parts
and their implication in our interactions with the environ-
ment make them indispensable to “normal” function [5].
Therefore, hand burns require specialized treatment and this
is why the American Burn Association’s “Guidelines for the
operation of burn centres” includes them as criteria for re-
ferral of a patient to a specialized burn centre [6]. In fact,
according to Moore et al. [7], some common complications
due to hand burn injuries include edema, scar contractures,
joint deformities, sensory impairments, loss of skin stability
and restricted functional use of the hand, which all require
treatment at a specialized facility.

Although hand burns do not contribute to a higher mor-
tality rate, they can cause severe functional impairments
since hand function is indispensable to carry out daily ac-
tivities and requires, but is not limited to, fine and gross
dexterity, manipulating objects and various performance
skills [8]. Hand burns have also been associated with delayed
return to work, which increases costs for the employer and
decreases the chances for the employee to successfully re-
turn to work [9,10]. Furthermore, a study by Anzarut et al.
demonstrated that hand function has a direct impact on the
quality of life of burn survivors and is described as a strong
predictive factor for reintegrating into society and the work
setting [11]. Therefore, regaining optimal hand function is
one of the most important goals in burn survivor re-
habilitation.

Hand burns differ from other anatomical sites due to
their complex anatomy, functional importance, and fre-
quency of burn injury. According to the 2009 burn re-
habilitation and research consensus summit [12], experts
believe that despite the recognition that the treatment of
hand burns is more complex, research specific to hand
burns is not more advanced than the research available
for other burn sites in terms of patient outcomes. Fur-
thermore, experts from this summit underlined that “there
is currently no consensus regarding treatment of hand burns
across the spectrum of severity”. Esselman et al. [13] reported
that there was only a small quantity of hand burn litera-
ture relevant to the rehabilitation setting and very few
randomized controlled trials (RCTs). This lack of high-
level evidence in the literature could explain these con-
sensus gaps in clinical practice.

However, since 2009, research specifically addressing
hand burns has been growing and studies on interventions to
improve patient outcomes have been more frequent [14-16].
Therefore, there is a need to determine what are the best
rehabilitation interventions used for the treatment of burned
hands. There is also a need to synthesize the current body of
high-level evidence that supports these interventions to
better inform rehabilitation specialists.

Nonetheless, no systematic review or other type of struc-
tured knowledge synthesis has been published on re-
habilitation interventions for hand burns.

1.2 Objectives

This review aims to summarise and evaluate what re-
habilitation interventions are most effective in improving
hand function, range of motion (ROM), hand strength, scar
outcome, return to work, level of impairment/disability, level
of burn knowledge and decreasing edema following hand
burns in adult burn survivors.

2. Methods

The PRISMA statement and checklist [17] and the Cochrane
Collaboration for systematic reviews [18| were used to guide
this review. A research protocol containing the PICO review
question, inclusion/exclusion criteria (Table 1) and a search
strategy (Appendix 1) was established prior to conducting
this review.

2.1. Selection criteria for including studies

2.1.1. Types of studies

Randomized (RCT) and non-randomized studies (NRS) were
included to ensure a thorough evaluation of the effects of the
intervention. Case control (CC), case series (CS), single case
design (SCD), multiple case design (MCD) and cohort (CO)
studies were also included, because the available RCTs and
NRSs did not cover the entire scope of rehabilitation inter-
ventions for burned hands. Studies in English or French were
included.

2.1.2. Types of participants

Studies of adults aged 18 years or older who sustained hand
burns were included in this review. If studies included both
participants aged under and over 18 years of age, and the
data presented was combined for all participants, they were
included if the mean age was greater than 18 years. If a case
series study included patient(s) younger than 18 years old,
the data for participants aged 18 years or older only, was
extracted. If studies included both participants aged under
and over 18 years of age, they were included if the mean age
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Table 1 - Systematic review research question and inclusion/exclusion criteria.

Research question: What rehabilitation interventions are most effective in improving hand function, range of motion (ROM),
hand strength, scar outcome, return to work, level of impairment/disability, level of burn knowledge and decreasing edema

following hand burns in adult burn survivors?

Inclusion Criteria

Exclusion Criteria

Sample includes burn survivors

Adult subjects

Burns sustained to the hands

Rehabilitation interventions

Evaluated one or more of the following outcomes:

- burn specific outcome measure
- hand specific outcome measure
- general function outcome measure
- ROM
- hand/grip strength
- need for reconstructive surgery
- scar characteristics: thickness, pliability, erythema, and melanin
- return to work
- edema
- pain
— level of burn knowledge
Provided outcome data and methods for determining outcome were
described
Published in English or French language

Type of studies: CC=Case control; CS=Case series; SCD/MPD=single
case design or multiple case design RCT=randomized controlled
trial; CO=cohort; NRS =Non-randomized studies

No burn survivors included in sample

Pediatric subjects only

Burns that exclude the hands

Surgical or non-rehabilitation interventions

Did not evaluate one or more of the following outcomes:

- burn specific outcome measure

- hand specific outcome measure

- general function outcome measure

- ROM

- hand/grip strength

- need for reconstructive surgery

- scar characteristics: thickness, pliability erythema, and melanin

- return to work

- edema

- pain

- level of burn knowledge
No outcome data was provided and/or methods of determining
outcome were not described
Conference abstracts, review papers or papers with no
original data
The study type did not correspond to one of the following:
CC=Case control; CS=Case series; SCD/MPD=single case design or
multiple case design RCT=randomized controlled trial;
CO=cohort; NRS =Non-randomized studies

was greater than 18 years old. No limits were placed on the
extent or cause of the burn injury. In studies where partici-
pants had burns on their hands and other anatomical loca-
tions, only data relative to hand burns was extracted and
analyzed.

2.1.3. Types of interventions

All types of rehabilitation interventions were included. The
experimental group could have no comparison or compared
to other rehabilitation interventions. The intervention could
be the only treatment or an additional treatment. When
multiple interventions were applied, the treatment was
considered to be a program. Surgical interventions or thera-
pies conducted by non-rehabilitation specialists were ex-
cluded.

2.1.4. Outcome measures of interest

The outcomes of interest were hand function, level of im-
pairment/disability, range of motion (ROM), strength, edema,
scar characteristics, level of burn knowledge or return to
work. The occurrence of any adverse events from the inter-
vention was also assessed.

2.2 Search strategy

A search strategy was developed and validated by an aca-
demic librarian to identify publications relevant to this re-
view. The following databases were searched electronically:
MEDLINE, EMBASE and CINAHL from their inception up to
February 2021. In addition to the electronic search, the

reference lists were screened from all the included full-text
articles for additional relevant publications and monthly
Google Scholar searches were conducted until December 23rd
2021 to ensure all new pertinent published articles after
February 2021 would be included. The search strategy used
for MEDLINE is included in appendix 1.

2.3. Selection process

Citations were imported into a reference manager software
program (Endnote X9, Clarivate Analytics, Pennsylvania,
USA) to remove duplicates. The remaining citations were
then exported to an online screening tool (Rayyan, Qatar
Computing Research Institute, Doha, Qatar). Two authors
(ZEL & BN) independently reviewed the titles and abstracts
generated by the literature search. The full text was obtained
to further assess if the articles matched the inclusion criteria.
In the event of a disagreement, the two authors discussed to
achieve consensus. Before discussing, the authors had a
95.85% agreement. Full consensus was reached after dis-
cussion.

2.4. Data extraction and management

Two authors (ZEL & ED) extracted data from the included
studies using a standardised extraction form (Table 2). Each
author extracted data for half of the included articles. The
authors then reviewed and validated the extracted data for
the other half of the articles. In the event of disagreements,
discussions between the two authors occurred to achieve
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consensus. A third assessor (BN) then verified the final data
extraction form. The following data was extracted: partici-
pant sociodemographic details, intervention characteristics,
outcome measures, main results, and adverse effects.

2.5.  Methodological quality assessment

All studies were scored independently by two authors (ZEL &
ED) using the critical review form for quantitative studies by
Law et al. [19]. This form is comprised of fourteen items re-
lative to study purpose, literature review, study sample,
outcomes, interventions, results, conclusions, and clinical
implications (Table 3). Each item was scored as yes [1] or no/
not applicable (0) and a total score was calculated for each
article. When disagreements occurred, both authors dis-
cussed until consensus. When consensus was not achieved, a
third blinded author (BN) served as a tiebreaker.

2.6. Data synthesis and analysis

The data was synthesized according to the main targeted
outcomes measured. Due to the heterogeneity of the out-
comes in the included studies, it was not possible to perform
a meta-analysis. Furthermore, since 12 out of the 35 included
studies did not have a control group or comparison group, it
was not possible to calculate the effect size of each inter-
vention. However, to compare treatment effect for studies
with the same treatment that did have comparison groups,
the effect size (ES) was calculated using Cohen’s d when
mean and standard deviation was reported. When the end-
point change (pre-post) scores for the intervention and the
control group were available, the ES was calculated with
these values. If not, the ES was calculated with the endpoint
score. Treatment effects were then classified as small
(<0.20), moderate (0.50), large (0.80), and very large (> 1.30)
according to Cohen’s criteria [20,21].

3. Results
3.1. Description of studies

The PRISMA flowchart of this review is presented in Fig. 1.
Thirty-five studies met the selection criteria and were in-
cluded in this review. During the review process, 4 articles
were removed, because 2 articles did not have enough details
describing the intervention [22,23], 1 article had two studied
groups, but only one who had burned hands [24] and 1 article
did not use any of the outcome measures of interest
[25] (Fig. 1).

3.2 Characteristics of included studies

Table 2 summarizes the study characteristics, socio-
demographic data, outcome measures, intervention, results,
and level of evidence for each of the 35 studies. Fourteen
studies were RCTs [15, 26-38], 2 were a NRS [39,40]|, 4 were
case-controls [14, 16, 41, 42|, 7 were case-series |25, 43-49], 3

were cohort studies [50-52], 3 were single case design [53-55]
and 2 were multiple case design. Sample size of the RCTs

ranged from 6 to 100. The sample size for all the studies
ranged from 1 to 100.

One study presented two case studies with one of the two
aged < 18y old [56]. Thus, the extracted data for this study
was done solely for the adult participant. Two studies in-
cluded participants younger and older than 18 years of age,
but were included since the mean age for the participants
was > 18y old [33,47] even though the details of the adult
participants could not be extracted. All other studies only
included adult participants.

Articles were categorized according to the primary out-
come targeted by the intervention: 1) hand function, 2) level
of impairment/disability, 3) range of motion (ROM), 4)
strength, 5) edema, 6) scar characteristics, 7) level of burn
knowledge, and 8) return to work. Most studies targeted more
than one outcome (51%; 18/35) [14, 15, 26-28, 30, 31, 34, 39, 40,
44,45, 48, 51, 54-57]. Hand function was a targeted outcome
in 43% (15/35) of studies, level of impairment/disability in
23% (8/35), ROM in 51% (18/35), strength in 34% (12/35),
edema in 20% (7/35), scar characteristics in 9% (3/35), level of
burn knowledge in 6% (2/35), and return to work in 3% (1/35).
Other secondary outcomes were measured in 34% (12/35) of
the studies [14-16, 26, 29, 38, 40-42, 47, 48, 51| and included
measures such as: pain, graft loss, need for reconstructive
surgery, functional sensation, quality of life (QoL), motor
imagery vividness score, mental chronometry, patient sa-
tisfaction, patient rating of difficulty of performed tasks,
duration of lunch (time) and weight of food spilled.

Studies were assigned a level of evidence according to the
updated Oxford Center for Evidence-based Medicine Levels of
Evidence [58]. Most of the included studies were Level 4 (46%,;
16/35) and Level 2 (40%; 14/35) evidence. Only five studies
were classified as Level 3 (14%; 5/35) evidence (Table 2) and
none were considered Level 1.

3.3. Quality assessment of studies

Table 3 summarized the critique results for the 35 included
studies. Most studies received a score of 5-9 (54%; 19/35)
(Moderate quality). Fourteen studies received a score of > 10
(40%; 14/35) (High quality) and only 2 studies received a score
of < 5 (6%; 2/35) (Low quality).

3.4. Effects of interventions

3.4.1. Hand function

Fifteen studies investigated the effect of various interven-
tions on hand function [15, 16, 26, 30, 31, 33, 34, 39, 40, 43, 48,
51, 52, 54, 55].

Three studies investigated the effects of compression on
hand function. A RCT by Edwick et al. [26] reported that all
compression methods studied (adhesive compressive wrap
and compression glove) resulted in a significant increase in
hand function compared to baseline. Lowell et al. [54] also
reported an increase in hand function (decreased 9-hole peg
test time) with the use of an adhesive compressive wrap.
Park et al. [51] reported that compression bandages resulted
in a small effect on hand function at 4 weeks (w) (ES=0.27),
but no effect at 4 months (m) (ES=0.031).

Descargado para Eilyn Mora Corrales (emoracl 7@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en mayo 11,
2023. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



543

BURNS 49 (2023) 516-553

(abvd 1x2u UO panunuod)

S 0 0 T 0 1 0 0 T 0 0 0 T 9 1Dd 0 T [/€] 'Te 19 preyory

(0)4 T 0 T T T 0 0 T T T 0 1 08 1Y T T [9g] 'Te 19 zerg

% T 0 T 0 0 0 0 T 0 0 0 T T ans 0 0 [sS] Te 39 uauisng

dsoxd

(0)8 T T T T T 0 0 1 0 0 T T 474 -SD 1 1 [/%] Te 19 Ung
[sel Te

1T 1 T T 1 1 0 0 1 T 1 0 T 145 124 T T 19 Suodesynig

0T 1 0 1 1 1 0 0 T 1 1 0 1 vy 0omdI-0D T 1 [1S] ‘18 319 H1eg

149 1 T T T T 0 0 1 1 1 1 1 0g SUN 1 1 [o¥] 'Te 19 z3eIRgd

L T 0 T 0 1 0 0 T 0 1 0 0 0g 129 1 T [7€] Te 19 TewQ

6 T T T T T 0 0 1 0 0 0 T €T 0D T T [91] Te1s usug,0

VA 1 0 T 0 0 0 0 T 1 1 0 1 z (el 1 0 [95 ] uewsaN

S T 0 T 0 0 0 0 1 0 0 0 1 € Ao 1 0 [£5] ‘T 19 weN
legl TR 19

6 T 0 T T 1 0 0 0 0 T T 1 09 124 T T T1I93PIV SIPPEYON

8 0 0 T 0 0 0 T 1 1 1 0 1 1 ans T T [#S] Te 39 [[emoT

(08 T 0 T T T 0 0 1 T 1 0 T 09 1Y T T [zel TR I9 1T

8 T 0 T T T 0 0 0 0 1 0 1 ob 124 T 1 [T€] ‘1B 39 [ewEY

49 1 T T T 1 0 0 1 1 1 1 1 S 129 1 1 [z€] 'Te 39 oof

dsoid

(o) 1 0 T T T 0 0 T 1 T 0 1 44 -SD 1 1 [9%] Te 1 Suemy

L T 0 T T T 0 0 T 0 0 0 0 " LD¥ T T [62] ‘T 39 101[IND
(z102) B

6 1 0 T T 1 0 0 0 T 1 0 1 8T ols) T T 312 poY ooiqsud

4" 1 T T T 1 0 0 T 1 T 1 1 8% 129 1 T [82] Te 38 sBumpd

1T T T T T 1 0 0 T 1 T 0 1 (o)8 0D T T [0S] Te 19 uikereys
[z2] 1B

8 T 0 T T 1 0 0 0 0 1 0 T 09 129 1 1 19 Aurqiays(a

4" T T T T 1 0 0 1 1 1 1 1 00T 1Y T T [9z] Te 10 3dIMpT

6 1 0 T T 1 0 0 1 1 1 0 1 P SD 0 1 [s¥] Te 19 1e3p3

9 1 0 1 0 0 0 0 T 0 0 0 1 1 ans 1 T [es] Te 32 £emaq

8 T 0 T T T 0 0 1 0 0 0 T T/ OIRI-DD 1 1 [71] Te 32 Aemaq

9 1 0 T 0 0 0 0 T 0 T 0 T (o) 1D¥ 0 T [g€] 'Te 19 £on0D

8 T 0 T 0 1 0 0 0 1 1 0 1 144 1D9 T T [sT] T8 32 ToyD
dsoid [#%] 1€

ot 1 0 T T T 0 0 T T T 0 1 S -SD 1 T 19 ser[[I-9asny
dsoxd [e¥] Te

8 1 0 1 0 T 0 0 0 1 1 0 T 0€ -SD 1 T 3° spezueleydy

rend P dUe
-oxdde -syrodsy Ehli areud -oyusdig [re1aq MDA
uort sino  -eprodunp -oxdde [ UONUSA UONEU-I ur ps a1 asoding
[e101 -snjouod -doig [edturD SsIisA[euy -dUsSNe1S -191UI0) -WEIUOD -quLSdJg PI[lBA 9[qelsy paynsn(  s[esd 9zis  uSise@ -meIdIT Apnig uonein
s1nsay UOTIUSAISIU] S9W0dINQO ordures

0=V/N‘0=ON: T =S3A
‘sresterdde [eonud jo Arewrwing - € 9[qeL

Descargado para Eilyn Mora Corrales (emoracl7@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en mayo 11,

2023. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



544 BURNS 49 (2023) 516-553

Two studies investigated the effect of different types of
hand compression garments on hand function. O’Brien et al.
[16] reported that participants had significantly better hand
function when wearing the New York Presbyterian Dexterity
Glove compared to when wearing standard burn pressure
gloves. Weinstock-Zlotnick et al. [48] also reported that par-
ticipants wearing a specialized pressure garment glove (the
pressure garment work glove) had significantly better gross
and fine-motor movements compared to when wearing a
standard-pressure garment glove.

Three studies investigated the effect of virtual reality (VR)
on hand function. Joo et al. [30] reported that the use of the
RAPAEL Smart Glove TM VR system resulted in significantly
improved ability to pick up small objects and simulated
feeding compared to standard therapy. There was also a
small to medium effect on patient perceived hand function
(ES=0.35). Pusineri et al. [55] also reported a gradual im-
provement in hand function with the use of virtual reality.
Wu et al. [39] reported significant improvements in hand
function using the Leap Motion controller VR system com-
pared to usual rehabilitation. This intervention had a small
to very large effect on hand function depending on the out-
come measured (ES: QuickDASH=0.24; BSHS-B: 0.04, iADL:
1.15, Barthel index: 0.2).

Two studies investigated the effect of orthoses on hand
function. Choi et al. [15] reported that the use of a dynamic
metacarpal phalangeal (MCP) orthosis had a large to very
large effect on hand function (ES=0.93). Kamal et al. [31] also
reported that the use of a dynamic MCP orthosis had a very
large effect on hand function (pre-post ES=6.41). The use of a
static orthosis also had a very large effect on hand function
(pre-post ES=1.6). However, the dynamic MCP orthosis had a
very large effect post-treatment (ES=2.71) when compared to
the static orthosis.

Two studies investigated the effect of general rehabilita-
tion on hand function. Aghajanzade et al.[43] reported that
participants had significant improvements in hand function
after 8 weeks of occupational therapy. Schneider et al. [52]
reported that hand function significantly increased during
inpatient rehabilitation.

Two studies investigated the effect of specific rehabilita-
tion on hand function. Mohaddes Ardebili et al. [33] reported
that a patient education program resulted in significant im-
provements in hand function compared to the control group
(usual care) after intervention. A RCT resulted in significant
improvements in hand function compared to the control
group (usual care) after intervention. A NRS by Paratz et al.
[40] reported that participating in an intensive exercise pro-
gram had a small to medium effect on hand function at 6w
(ES=0.36) and a medium effect at 3 m (0.50).

Finally, Omar et al. [34] reported significant improve-
ments in hand function after electric stimulation plus usual
care compared to usual care.
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3.4.2. Level of impairment/disability
Eight studies investigated the effects of various interventions
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in the full review process and synthesis.

perceived physical function after 3-6m of regular OT/PT
sessions. Elsherbin et al. [27] reported a significant improve-
ment in patient perceived physical function after 1m of re-
habilitation with a burn education component. This
intervention had a very large effect on patient perceived
physical function at 1m (ES=3.00) that was maintained 3m
post-treatment (ES=2.00). Ghalayini et al. [S50] reported that
OT sessions allowed acute inpatients to significantly improve
their perceived level of disability during inpatient that con-
tinued to improve until 3m post-discharge. However, the

most substantial recovery occurred within the first 3m post
discharge.

Two studies investigated the effect of some type of ex-
ercise training. A RCT by Gittings et al. [28] reported that re-
sistance training combined with standard physiotherapy
resulted in a significant increase in patient perceived phy-
sical function and a significantly greater rate of improvement
for patient perceived level of disability compared to standard
physiotherapy only. However, a case-control study by Gris-
brook et al. [41] reported that exercise training (interval
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training and resistance exercise) allowed for a non-significant
improvement in patient perceived level disability after
treatment with a small to medium effect (ES=0.27).

Two studies investigated the effect of adaptive equip-
ment. In a single subject study by Dewey et al. [53] the use of
a thumb opposition orthosis by an individual, who had a
partial thumb amputation of the dominant hand, resulted in
a significant decrease in the patient’s upper extremity con-
tribution to their total body impairment. Shi et al. [42] re-
ported that the use of forearm pronation assist tableware, for
individuals who were dependent for eating, significantly de-
creased their level of dependence compared to eating with an
ADL universal cuff or without any assistive device.

Finally, a multiple case design study by Nam et al. [57]
investigated the effect of a 3D printed orthosis. One partici-
pant demonstrated an increase in ADL performance and one
participant demonstrated constant ADL performance after
orthosis application.

3.4.3. Range of motion

ROM was the most commonly measured outcome with 18
studies that investigated the effects of various interventions
to improve this outcome [14, 15, 26, 29, 31, 34, 36-39, 44, 46,
47, 51, 54-57].

Five studies investigated the effect of various compression
interventions on ROM. Ause-Ellias et al. [44] reported that the
use of an intermittent compression pump allowed for an
average increase in PIP joint flexion of 3.37° and an average
decrease in MCP joint flexion of 0.23°, but these results were
not statistically significant. Edwick et al. [26] reported that
there was a nonsignificant improvement in hand composite
flexion and wrist extension between sessions of the appli-
cation of an adhesive compressive wrap (ceiling effect) and a
significant improvement in hand span and wrist flexion be-
tween sessions for the application of an adhesive compres-
sion wrap and for the use of a compression glove. Lowell et al.
[54] reported that the use of an adhesive compressive wrap
allowed for the participants to maintain postoperative gains
compared to the use of a standard gauze dressing. Park et al.
[51] demonstrated that the use of compression bandages had
a small effect on PIP AROM (ES=0.24), but a very large effect
on MCP AROM (ES=1.77). Richard et al. [37] reported that
static wrapping resulted in a significant increase in MCP joint
ROM and passive exercises resulted in a significant increase
in PIP joint ROM.

Five studies investigated the effect of various orthoses on
ROM. Choi et al. [15] reported that a dynamic MCP orthosis
had a large to very large effect on MCP AROM (ES: right=1.10;
left=1.37) and a small to medium effect on PIP AROM (ES:
right=0.37; left=0.39). Kamal et al.[31] reported that MCP
AROM significantly improved post-treatment for both the
dynamic and the static orthosis groups. Nam et al. [57] re-
ported ROM improvements in all 3 participants who wore 3D-
printed finger splints. Neeman et al. [56] reported that an
orthokinetic orthosis resulted in improvements in active
flexion of 2nd, 3rd, 4th and 5th digits, but no improvement of
thumb active flexion. These latter two studies did not provide
any data analyses. Puri et al. [47] reported that a serial static
orthosis resulted in a statistically significant improvement in

ROM for the MCP, PIP and DIP joints and complete correction
of contracture was achieved in 28.7% of thermal burns.

Two studies investigated the effect of VR on ROM. Pusineri
etal. [55] reported that VR resulted in a gradual improvement
in mobility and the patient recovered an almost complete fist
after treatment. Wu et al. [39] reported that VR resulted in a
significant improvement of AROM of the thumb IP joint and
nonsignificant AROM improvement in the MCP joint of the
index finger.

Hwang et al. [46] reported that the use of webspace pres-
sure inserts significantly reduced the mean dorsal slant
angle.

Dewey et al. [14] reported that patients who underwent
early ROM (1-2d post-op) were more likely to achieve full-
composite digital flexion by their initial outpatient follow-up
appointment compared to patients who started ROM ex-
ercises at 3-5d post-op.

Guillot et al.[29] reported that motor imagery had a small
effect on finger-to-thumb opposition (ES=0.21), a medium to
large effect on finger flexion and wrist extension (ES= 0.77
and 0.78 respectively) but no effect on wrist flexion (ES=0.09).

Omar et al. [34] reported that the application of electric
stimulation in addition to usual care had a very large effect
on total AROM of fingers (ES=4.33).

Covey et al. [38] reported that the use of a continuous
passive motion device (CPM) was comparable to conventional
hand therapy in regaining total AROM.

Riaz et al. [36] reported that ultrasound therapy had a
small to medium effect on PROM post-treatment (ES=0.36),
paraffin wax therapy had a large effect on PROM post-treat-
ment (0.80) and paraffin had a very large effect on PROM
compared to ultrasound therapy (ES=1.38).

3.4.4. Hand/grip strength
Twelve studies investigated the effect of various interven-
tions on strength [15, 28, 30, 31, 39, 40, 45, 48, 51, 54-56].

Three studies investigated the effect of VR on strength. A
RCT by Joo et al. [30] reported that use of the RAPAEL Smart
Glove TM system had a medium effect on grip strength
(ES=0.53) and large effect on lateral and tip pinch strength
(ES=0.89 and ES=0.83). A single case study by Pusineri et al.
[55] reported that the patient increased their grip strength by
28.5 kg after treatment with VR combined with usual OT. Wu
et al.[39] reported that the pinch and grip strength sig-
nificantly improved pre-post treatment with the use of the VR
system “Leap motion controller”, but the post-treatment
strength was not significantly different than the control
group who received traditional OT.

Three studies investigated the effect of orthosis wear on
strength. A RCT by Choi et al. [15] reported that the use of a
dynamic MCP orthosis had a small effect on grip strength (ES:
right hand= 0.16, left hand = 0.22). In contrast to this study, a
RCT by Kamal et al. [31] reported that the use of both a
modified dynamic MCP orthosis and a static orthosis had a
very large effect on grip strength (ES=2.35 and 2.01 respec-
tively). When comparing the dynamic to the static orthosis,
the dynamic orthosis had a medium to large effect on grip
strength (ES=0.66). Finally, a multiple case design study by
Neeman et al. [56] reported that the use of an orthokinetic
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orthosis resulted in a substantial improvement in grip
strength that was maintained 24 h later.

Three studies investigated the effect of compression on
strength. Lowell et al. [54] reported that grip strength in-
creased from postoperative day 17-31 (35-611bs) with the use
of an adhesive compressive wrap. Park et al. [51] reported
that compression bandages had a small effect on grip
strength at 4m (ES=0.25), but no effect at the end of the in-
tervention at 4w (ES=0.11). Weinstock-Zlotnick et al. [48] re-
ported that grip and pinch strength significantly decreased
when using a pressure garment work glove compared to a
standard-pressure garment glove.

Two studies investigated the effect of exercise training on
strength. Gittings et al. [28] investigated the effect of re-
sistance training on muscle strength, but the results were a
combination of multiple muscle groups, therefore, results
specific to hand strength could not be extracted. A NRS by
Paratz et al. [40] reported that participating in an intensive
exercise program had a small effect on grip strength after a
6w program (ES: right hand =0.22; left hand=0.22), but there
was no effect at 3m (ES: right hand=0.07; left hand=0.002).

Finally, a study by Edgar et al. [45] investigated the effect
of general rehabilitation on strength. Male grip strength in-
creased until 12 m after discharge, but the mean grip strength
was below normative data at all time points. Grip strength
means for women exceeded the 95%CI for population norms
by 6 m and plateaued at that time.

3.4.5. Edema
Seven studies investigated the effects of various interven-
tions on edema |14, 26, 28, 34, 44, 51, 54].

Four studies investigated the effect of compression on
edema. Edwick et al. [26] reported that the application of an
adhesive compressive wrap was significantly superior to the
use of a compression glove for reducing hand edema. Lowell
et al. [54] reported that the use of an adhesive compressive
wrap was an effective way to reduce hand edema with a
clinically significant difference compared to standard gauze
dressing. Park et al. [51] reported that a modified compres-
sion bandage had a medium to large effect on edema reduc-
tion after 4w (ES=0.66) but almost no effect compared to not
using the bandage at 4 m (ES=0.10). Ause-Ellias et al. [44] re-
ported that the use of an intermittent compression pump
reduces hand volume on average by 9.45 ml.

A study by Omar et al. [34] reported that electric stimu-
lation had a very large effect on edema reduction (ES=1.71).

A study by Dewey et al. [14] reported that early ROM (1-2
days post-op) did not result in a significant difference in
edema reduction compared to ROM after 3-5 days post-op.

Finally, a study by Gittings et al. [28] reported no differ-
ence in the change of edema over time between individuals
who received standard physiotherapy plus resistance
training program compared to those who only received
standard physiotherapy.

3.4.6. Scar characteristics
Three studies investigated the effect of various interventions
on scar characteristics 35, 39, 51].

Park et al. [51] reported that a modified compression
bandage had a large effect on skin thickness reduction after

4w (ES=0.86) but almost no effect compared to not using the
bandage at 4m (ES=0.17).

Pruksapong et al. [35] reported that scar thickness sig-
nificantly improved with the use of a silicone gel and pres-
sure garment compared to the use of a pressure garment
only. Scar irregularity showed significant improvement with
silicone sheet and silicone gel (combined with pressure gar-
ment) compared to pressure garment alone.

Wu et al. [39] reported that the scar thickness over the 1st
dorsal interossei muscle significantly decreased with OT
treatment combined with VR compared to OT only.

3.4.7. Level of burn knowledge
Two studies investigated the effect of rehabilitation with an
education component on the level of burn knowledge [27,32].
Li et al. [32] reported that the use of the rehabilitation
intervention model, with an education component to guide
rehabilitation interventions, had a very large effect on the
patient’s level of burn knowledge at discharge from the
hospital (compared to usual care) (ES=1.36). Elsherbiny et al.
[27] reported that participants who had an education com-
ponent as part of their rehabilitation program had sig-
nificantly higher burn knowledge than those who underwent
usual rehabilitation. The education combined with usual re-
habilitation showed a very large effect on burn knowledge at
1m (ES=3.55) that was maintained at 3 m (ES=3.50).

3.4.8. Return to work

Zeller et al. [49] was the only study from this review that
investigated the effect of a “Work hardening program” on
return to work. This case series reported that participants
who underwent the Work Hardening Program had a 91% re-
turn to work rate of burn survivors after discharge compared
to the overall rate of return to work from this facility that
underwent usual rehabilitation (60%).

3.4.9. Other outcomes

For studies that reported other secondary outcomes, pain
and quality of life were the only two outcomes that were
reported in more than one study from this review.

Three studies evaluated pain outcomes following re-
habilitation [26, 38, 51]. A RCT by Covey et al. [38] reported
that pain was minimal in both “conventional hand therapy”
and “continuous passive motion” groups. In another RCT,
Edwick et al. [26] reported a non-significant decrease in pain
with the application of an adhesive compressive wrap to re-
duce edema. Contrary to this study, Park et al. [51] reported a
very large effect of compression bandages for the reduction
of pain at 4w and 4 m (ES: 4w=1.28; 4 m=1.94).

Three studies investigated the effect of a variety of inter-
ventions on quality of life [15, 40, 41]. ARCT by Choi et al. [15]
reported that the use of a dynamic MCP orthosis had almost
no effect on QoL (ES=0.09). Grisbrook et al. [41] reported that
exercise training resulted in a non-significant improvement
on total BSHS-B scores and a significant improvement on
total SF-36 scores (both measures aimed to evaluate QoL in
this study). A NRS by Paratz et al. [40] reported that partici-
pating in an intensive exercise program had a small effect on
QoL at 6w and a medium effect at 3m (ES: 6w=0.36;
3m=0.56).
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4. Discussion
4.1. Summary of main results and quality of the evidence

This review was undertaken to investigate the effects of re-
habilitation interventions in achieving optimal outcomes
following hand burns. We assessed changes in hand func-
tion, range of motion, strength, edema, scar characteristics,
return to work, level of impairment/disability and level of
burn knowledge.

It is to be noted that some outcome measures were used
to evaluate different constructs depending on how studies
used them. For example, Aghajanzade et al. [43] used the
DASH to evaluate hand function, but this same measure was
used by Dewey et al. [53], to measure patient perceived dis-
ability. Therefore, we presented the results according to how
each study interpreted the results of each outcome measure.

Due to the heterogeneity of the study designs and inter-
ventions, it is difficult to make strong conclusions on the ef-
fectiveness of the presented treatments. However, it is
possible to make clinically relevant statements concerning
interventions that were reported in more than one study, had
a large or very large effect size, when more rigorous metho-
dological approaches were used and when the quality of the
research report was higher (Table 3). Therefore, the clinical
use of interventions was suggested when reported in either:
one high quality RCT or two moderate quality RCTs or two
high quality NRS/CO/CC/CS or one high quality NRS/CO/CC/
CS and one moderate quality NRS/CO/CC/CS.

The following interventions reported an increase in hand
function in more than one study: use of a compressive ad-
hesive wrap, use of a specialized pressure garment glove,
virtual reality, dynamic MCP orthosis and general re-
habilitation.

® The use of an adhesive compression wrap in individuals
with higher hand volumes was effective in increasing
hand function in one high quality RCT and one moderate
quality SCD [26,54]. Therefore, the use of an adhesive
compression wrap is suggested in patients who have in-
creased edema to increase hand function.

® The use of specialized pressure garments gloves demon-
strated significantly better hand function compared to the
use of standard-pressure garment gloves in one moderate
quality CC and one low quality CS study [16,48]. Therefore,
the use of a specialized pressure gloves could be used if
available to increase hand function, but more studies are
needed to evaluate the benefits of using specialized pres-
sure gloves.

® The use of VR demonstrated significant improvement in
hand function compared to usual rehabilitation in one
high quality RCT and one high quality NRS [30,39]. One
low quality SCD also reported a gradual improvement in
hand function with the use of VR [55]|. However, all three
articles used different types of VR and “usual rehabilita-
tion” was not described in detail. Nonetheless, we suggest
the use of VR based rehabilitation to increase hand func-
tion when this technology is available in the clinical
setting.

® Two moderate quality RCTs reported that the use of dy-
namic MCP orthosis had a very large effect on hand
function [15,31]. Therefore, in the presence of hand con-
tractures, the use of dynamic MCP orthosis is suggested to
increase hand function.

® General rehabilitation showed significant improvement in
hand function in one high quality CO study and one
moderate quality CS study [43,52]. This finding further
supports the statement from the “Guidelines for the op-
eration of burn centres” that hand burns should always be
referred to a specialized burn centre, which, by definition
includes occupational and physical therapy treat-
ments [6].

Other positive effects of interventions on hand function
were only supported by one study single studies.

® The use of a patient education program significantly im-
proved hand function in one moderate quality RCT [33].
More studies are required to determine if this effect is
significantly better than usual rehabilitation. However, it
is possible that many burn centers include a patient edu-
cation component as part of their usual rehabilitation,
since this is best practice when using a client-centered
approach.

® Participating in an intensive exercise program had a small
to medium effect on hand function in one high quality
NRS [40]. Therefore, more studies are required to de-
termine if this effect is significantly better than usual re-
habilitation.

® The use of compression bandages demonstrated a small
effect on increasing hand function in one CO study with
high quality methodology [51]. Therefore, the use of an
adhesive compression wrap in patients who have in-
creased edema would be more effective to increase hand
function compared to the available evidence on com-
pression bandages.

® The use of electric stimulation combined with usual care
showed significant improvements in hand function in one
moderate quality RCT [34]. Therefore, more studies are
needed to evaluate the efficacy of this treatment.

No interventions reported negative effects on hand
function.

The following interventions reported a decrease in the
level of impairment/disability in more than one study: gen-
eral rehabilitation, exercise training and the use of adaptive
equipment.

® Participating in general rehabilitation showed significant
improvement in patient perceived level of disability in one
moderate quality CS, one moderate quality RCT and one
high quality CO (27, 45, 50]. Therefore, as mentioned for
hand function, this supports the fact that hand burns
should always be referred to a specialized burn centre.

® One high quality RCT and one moderate quality CC study
reported that exercise training such as resistance training
improved patient perceived level of functional impair-
ment [28,41]. However, this increase was not significant in
both articles. Thus, there is a lack of evidence that
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exercise training is more effective than usual care in in-
creasing patient perceived level of functional impairment
following hand burns.

® One moderate quality CC study and one low quality SCD
reported that the use of adaptive equipment decreased
patient level of dependence [42,53]. However, the adaptive
equipment used were different in both articles and pre-
scribed according to the patient’s needs. Therefore, the
use of adaptive equipment is suggested based on patient’s
needs and specific limitations following burn injury to
decrease their level of dependence, but higher quality
studies are needed to determine their effect.

Only one low quality MCD study reported that the use of
3D printed orthosis either increased or maintained ADL per-
formance [57]. Therefore, there is insufficient evidence to
support the use of 3D printed orthosis to increase ADL per-
formance following hand burns.

No interventions reported negative effects on the level of
impairment/disability.

The following interventions reported an increase on ROM
in more than one study: compression wrapping/bandages,
orthoses, and virtual reality.

® One high quality RCT, one moderate quality RCT, one
moderate quality SCD and one low quality CO study re-
ported that the use of compression wrapping/bandages
increased ROM in patients with high hand volumes [26, 37,
51, 54|. Thus, there is sufficient evidence to suggest
their use.

® Two moderate quality RCTs, two moderate quality MCD
studies and one high quality CS all reported that the use of
orthosis (different types) increased ROM [15, 31, 47, 56, 57].
Therefore, the use of an orthosis is suggested to increase
ROM following hand burns.

® One high quality NRS and one low quality SCD reported
that the use of VR increased ROM [39,55|. However, both
studies did not use the same type of VR and there is little
evidence that VR is superior to usual care in in-
creasing ROM.

Other positive effects of interventions on ROM were only
supported by one study single studies.

® One high quality CS reported that the use of webspace
pressure inserts significantly reduces the mean dorsal
slant angle [46]. However, further studies are required to
determine if this intervention provides a larger effect on
ROM compared to other clinically used interventions such
as gels or other types of inserts.

® One moderate quality CC study revealed that early ROM
post-op grafting was more likely to achieve full-composite
digital flexion following hospital discharge |[14]. However,
more studies are needed to evaluate the efficacy of this
treatment.

® One moderate quality RCT reported that motor imagery
had some effect on wrist and finger ROM [29]. However,
more studies are needed to evaluate the efficacy of this
treatment for hand burns.

® One moderate quality RCT reported that the application of
electric stimulation in addition to usual care had a very
large effect on ROM [34]. However, more studies are
needed to evaluate the efficacy of this treatment.

® One high quality RCT reported that paraffin wax therapy
had a large effect on PROM [36]. Therefore, the use of
paraffin is suggested to increase hand PROM following
burn injury once no open wound is present.

One high quality CS reported that the use of an inter-
mittent compression pump decreased MCP joint flexion by
0.23°, thus it is possible that this intervention has negative
effects on MCP ROM [44].

Virtual reality and the use of orthosis measured strength
as an outcome in more than one study.

® One high quality RCT, one high quality NRS and one low
quality SCD reported that the use of VR significantly in-
creased hand strength [30, 39, 55]. However, all three ar-
ticles used different types of VR and “usual rehabilitation”
was not described in detail. Nonetheless, we can re-
commend the use of VR based rehabilitation to increase
hand strength when this technology is available in the
clinical setting.

® The three studies that investigated the effect of orthosis
on hand strength presented conflicting results. A mod-
erate quality RCT by Choi et al. reported that the use of a
dynamic MCP orthosis had a small effect on hand strength
while another moderate quality RCT by Kamal et al. re-
ported it had a very large effect [15,31]. Furthermore, a
moderate quality MCD study by Neeman et al. reported
the use of an orthokinetic orthosis resulted in substantial
improvement in grip strength. Thus, these conflictual re-
sults do not allow us to conclude any recommendations
on the use of orthosis to increase hand strength.
Other positive effects of interventions on strength were
only supported by single studies.

® A high quality NRS reported that an intensive exercise
program had a small effect on hand strength [40]. Further
investigations are needed to determine if different types
of exercise programs could have different effects on hand
strength.

® A moderate quality CS reported that general rehabilitation
increased hand strength [45], but further investigations
are needed to determine the size of its effect.

Compression reported a decrease in edema in more than
one study.

® All studies who used compression (one high quality RCT,
one high quality CO study, one high quality CS study and
one moderate quality SCD) reported a decrease in edema
[26, 44, 51, 54]. Therefore, we can strongly suggest the use
of compression (adhesive compressive wrap, compression
bandage and intermittent compression pump) to decrease
hand edema following burn injury. However, further in-
vestigations are needed to determine what types of com-
pressions are superior.
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Other effects of interventions on edema were only re-
ported in single studies.

® A moderate quality RCT reported that electric stimulation
had a very large effect on edema reduction. However,
more studies are needed to evaluate the efficacy of this
treatment [34].

® A moderate quality CC study reported that early ROM (1-2
days post-op) did not result in a significant difference in
edema post graft surgery compared to usual ROM protocol
(3-5 days post-op) [14].

® A high quality RCT reported that the participation in a
resistance training program combined to usual phy-
siotherapy was not superior in reducing edema compared
to usual physiotherapy alone [28].

Positive effects of interventions on scar characteristics
were only reported by single studies.

® A high-quality CO study reported that compression ban-
dage had a large effect on skin thickness reduction after
4w, but almost no effect at 4m [51]. Therefore, it is pos-
sible that the use of a compression bandage is effective to
reduce scar thickness in the first month post-burn, but not
superior compared to no bandage in the long-term effect.
However, further studies are needed to establish the effect
of this intervention and other types of compression on
hand scar characteristics should be investigated (ex:
compression garment gloves).

® One high quality RCT reported that the use of silicone gel
with pressure garment significantly improved scar thick-
ness compares to pressure garment alone. This high-
quality study supports the use of silicone gel to reduce
hand scar thickness following burn injury [35].

® One high quality NRS reported that scar thickness over the
1st dorsal interossei muscle significantly decreased with
OT treatment combined with VR compared to OT only.
Therefore, further studies are needed to investigate the
effect of VR on scar thickness [39].

Rehabilitation with an education component had a posi-
tive effect on the level of burn knowledge in the two studies.

® One high quality RCT and one moderate quality RCT re-
ported that an education component to rehabilitation had
a positive effect on the level of burn knowledge.
Therefore, the use of an education component is sug-
gested to increase the level of burn knowledge following
hand burns [27,32].

Finally, one low quality CS reported that the use of a work-
specific rehabilitation program had a higher RTW rate at dis-
charge compared to other burn survivors that did not undergo
this program. However, higher-level evidence and quality stu-
dies are needed to determine the effect of this intervention [49].

4.2. Strengths & limitations

One of the strengths of this review is that it is the first
knowledge synthesis that gathered all of the available lit-

erature on rehabilitation interventions for the treatment of
hand burns in adults that provided a systematic critique of
the quality of the included studies. Even though no practice
guideline was able to come out of this review, clinical re-
commendations for the use of certain interventions were
reported with the available evidence. We believe this paper
will be a useful tool for burn rehabilitation clinicians who will
have systematically evaluated data to support their profes-
sional reasoning and their treatment decisions targeting
various hand outcomes.

Another strength is the calculation of the effect size for 12
of the studies, which will provide clinicians with additional
objective data of the magnitude of the effect of different
treatment interventions. Furthermore, this systematic re-
view identified specific knowledge gaps that hopefully re-
searchers will investigate in future projects (see Section 4.3).

On the other hand, this review has certain limitations.
Firstly, all included articles were restricted to adults only,
thus, treatments investigated with the pediatric population
were not included. Furthermore, the design and interven-
tions described in the included studies were quite hetero-
geneous making strong conclusions about the effectiveness
of the treatments difficult. Finally, no bias evaluation could
be performed.

4.3. Future research recommendations

The results of this review support the need for appropriately
powered RCTs with rigorous methodology, well-defined in-
terventions (using the TIDieR checklist) [59], and the use of
appropriate statistical analyses when investigating hand
burn rehabilitation interventions. This would also allow for
future knowledge synthesis studies to investigate the effec-
tiveness of specific interventions for the treatment of hand
burns rather than investigate all interventions as we did in
this review. However, many high-quality studies on the same
interventions will be needed to conduct such a review. Fur-
thermore, studies should include means, standard deviations
for each outcome and the number of participants in each
group to allow future reviews to calculate effect sizes, which
are extremely valuable in the clinical setting.

This review also supports the need to investigate the ef-
fectiveness of other commonly used interventions for hand
burns such as serial casting, orthoses, thermal modalities,
functional dexterity programs, passive mobilization, sensory
re-education programs, inserts, etc. Furthermore, many stu-
dies used patient reported measures to evaluate hand func-
tion, potentially due to the lack of performance outcome
measures for hand function validated for the burn popula-
tion, which is quite subjective. Thus, there is a need to de-
velop or validate already existing hand function performance
outcome measures for the burn population to objectively
quantify hand function. Furthermore, pain should be more
commonly evaluated when investigating hand burn treat-
ment interventions due to the common occurrence of pain in
hand rehabilitation [60]. Finally, since sensory feedback plays
an important role in hand function and sensory impairments
are common following burn injuries [61,62], studies
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investigating sensory reintegration interventions should be
investigated following hand burns.

5. Conclusions

This systematic review synthesized and critiqued the ex-
isting literature that concerns rehabilitation treatments for
hand burns. Furthermore, this review supports the clinical
practice of the following interventions:

® The use of an adhesive compression wraps for patients
who have increased edema to increase hand function
and ROM.

® The use of compression (adhesive compressive wrap,
compression bandage or intermittent compression pump)
to decrease hand edema following burn injury.

® Participating in general rehabilitation to increase hand
function and patient perceived level of disability.

® The use of an orthosis to increase ROM and a dynamic
MCP orthosis to increase hand function.

® If available, incorporate the use of VR based rehabilitation
to increase hand function and hand strength.

® The use of paraffin to increase hand PROM.

The use of silicone gel to reduce hand scar thickness.

® The use of an education component in rehabilitation to
increase the level of burn knowledge.

Further studies are needed to increase the body of high-
quality literature concerning hand burn rehabilitation inter-
ventions.
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