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Abstract

Conservative management for hypertrophic scars (HSc) and scar contractures is of utmost importance to
optimally reintegrate burn survivors into society. Many conservative treatment interventions have been
described in the literature for the management of HSc. Recent advancements in the literature pertaining to
postburn scarring and HSc formation have advanced our understanding of the mechanisms that support or
refute the use of common rehabilitation treatment modalities after burn injury. This is particularly relevant
for recent advancements in the fields of mechanotransduction and neurogenic inflammation, resulting in
the need for rehabilitation clinicians to reflect upon commonly employed treatment interventions.

The aim of this review article is to summarize and clinically apply the evidence that supports or refutes the
use of common conservative treatment interventions for scar management employed after burn injury. The
following treatments are discussed, and mechanotransduction and neurogenic inflammation concepts are
highlighted: (1) edema management (compression, positioning/elevation, pumping exercises, retrograde
massage, and manual edema mobilization); (2) pressure therapy (including custom fabricated pressure
garments, inserts, face masks, and other low-load long-duration orthotic devices); (3) gels or gel sheets;
(4) combined pressure therapy and gels; (5) serial casting; (6) scar massage; and (7) passive stretching.

This review supports the following statements: (1) Compression for edema reduction should be initiated
48-72 hours postinjury and continued for wounds that require longer than 21 days to heal until scar
maturation; (2) Elevation, pumping exercises, and retrograde massage/MEM should be used in combination
with other edema management techniques; (3) Custom-fabricated pressure garments should be applied once
the edema is stabilized and adequate healing has occurred. Garments should be monitored on a regular basis
to ensure that optional pressure, >15 mm Hg, is maintained, adding inserts when necessary. The wearing
time should be >16 hours/day; (4) Gels for postburn scar management should extend beyond the scar;

(5) Serial casting should be applied when contractures interfere with function; (6) Forceful scar massage
should be avoided early in the wound healing process or when the scar is inflamed or breaks down; and

(7) Other treatment modalities should be prioritized over passive stretching for scar management.
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INTRODUCTION

Medical advancements in the past decade have allowed for
substantial progress in the management of critically burned
patients, which has resulted in increased survival rates.! Despite
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and interpersonal violence.>® One of the leading causes of
morbidity following burn injury is the development of hyper-
trophic scars (HSc), which is a common occurrence ranging
from 33% to 91% of burn survivors depending on various pa-
tient and injury characteristics.*® HSc can develop after any
deep dermal or full thickness injury and are described as being
thick, red, and rigid scars that are less esthetic, have the poten-
tial to limit movement when close to joints, and can cause pain
or pruritus.®*12 However, it is important to distinguish a HSc
from a keloid since the pathophysiology and response to treat-
ment vary substantially.!3> HSc after burn injury are especially
concerning since they are associated with the development of
scar contractures, persistent functional limitations, psycholog-
ical distress, decreased quality of life,!* and delayed reintegra-
tion into society.!11* The development of scar contractures is
also a common complication after a burn injury, ranging from
38% to 54% at the time of discharge from acute care.'® Both
HSc and scar contractures are associated with functional lim-
itations and increased need for reconstructive surgery, which
increases the overall recovery time for patients and the costs
to the healthcare system.!” Thus, conservative management
for HSc and scar contractures is of utmost importance to op-
timally reintegrate burn survivors into society.

Many conservative treatment options have been described
in the literature for the management of HSc: the use of gels, '8~
20 pressure therapy,?!2* and scar massage.?*?° On the other
hand, the use of a splint (orthosis),'®2772% serial casting?”-30-34
and passive stretching?®3%-3% have been described as conserv-
ative interventions to manage scar contractures after burn in-
jury, but in doing so have a direct impact on scar management
as well. Although some treatment options have sufficient ev-
idence to support their use, others are still being investigated
or are lacking sufficient evidence, as thoroughly discussed
below.

The objective of this review article is to summarize and
clinically apply the evidence that supports or refutes the use
of common conservative treatment modalities for scar man-
agement employed after burn injury. Mechanotransduction
and neurogenic inflammation will be discussed, followed by
a description of how these concepts apply to the following
rehabilitation treatments: (1) edema management (com-
pression, positioning/elevation, pumping exercises, retro-
grade massage, and MEM); (2) pressure therapy (including
custom-fabricated pressure garments, inserts, face masks, and
other low-load long-duration orthotic devices); (3) gels or
gel sheets; (4) combined pressure therapy and gels; (5) serial
casting; (6) scar massage; and (7) passive stretching.

BASIC SCIENCE PRINCIPLES TO CONSIDER
IN BURN SCAR MANAGEMENT

Risk factors for the development of HSc following burn injury
are well described in the literature. Firstly, when comparing
the cellular and biological events that occur during the wound
healing phases of nonpathological scar and HSc, it is clear that
sustained inflammation and prolonged wound closure time
play a critical role.3# Although increased systemic inflam-
mation is inevitable following a major burn injury, when it
is combined with local inflammation at the wound site, this
increases the overall impact of the inflammatory phase of

wound healing, which can translate to longer wound closure
times. In fact, burn survivors are much more likely to develop
HSc when their wounds take more than 21 days (3 weeks)
to close.**142 Furthermore, the presence of an infection also
increases the magnitude and length of the inflammatory phase.’
Thus, factors that increase the risk of an infection, higher total
body surface area burned or genetic predispositions,*3 could
increase the risk of HSc¢ formation. In addition, burn survivors
often undergo many surgical procedures for debridement and
grafting, which inevitably prolong the inflammatory phase by
reactivating the various wound healing cascades. In fact, the
number of surgical procedures has been described as a pre-
dictor to HSc formation.’

Finally, in recent years, evidence on the impact of mechan-
ical forces in wound healing on HSc development has grown
rapidly.? Thus, this topic will be thoroughly reviewed in the
following sections of this manuscript.

MECHANOTRANSDUCTION

HSc typically forms in areas that experience high mechan-
ical stress such as the axilla, neck, and sternum.510-44-46
Furthermore, HSc are less likely to form in older individuals
who sustain a burn injury since aging skin has reduced me-
chanical tension.*’-5% Recent studies have been investigating
the underlying mechanisms of mechanotransduction®
and its possible implication in HSc formation.
Mechanotransduction is the process by which cells trans-
late mechanical stimuli such as shear or stretching forces
into biochemical responses.*%2 Cells perceive mechanical
signals through cytoskeletal modules, which are made of
cell-cell and cell-matrix proteins and/or transmembrane
mechanosensitive  structures.’’®3 When the mechanical
signaling of the cells is altered or distorted, due to high
mechanical forces, this sets off a cascade of profibrotic sig-
nals, which leads to an increase in cell proliferation, motility,
survival, contraction, and/or collagen production.31,%4-56
Increased tensile forces and increased production of
proinflammatory cytokines in inflammatory skin disorders
have also been shown to shift the behavior of keratinocytes
and fibroblasts towards a more proliferative and immature
state.’®%” In fact, some mechanotransduction signaling
pathways have been shown to play crucial roles in wound
healing and HSc formation due to increased skin stretch in
both human and animal models.*6-5458

Mechanical off-loading

Unsurprisingly, since studies demonstrated that mechanical
loading applied to a wound increased HSc formation, other
studies focused on what happens when a wound is protected
from mechanical forces (mechanical off-loading). One study
by Gurtner et al. investigated the effect of a stress-shielding
polymer applied to incisional wounds created in red Duroc
pigs.®® They found that incisional wounds treated with a
stress-shielding polymer produced a significantly reduced
scar area, by 6 and 9-fold, compared to a control incision
and stress-elevated incision. In humans, the application of
a tension-reducing tape on a surgical incision for 12 weeks,
in a randomized control trial (RCT), reduced the risk of
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developing a HSc by 13.6 times compared to the control
group.®® In addition, 2 RCTs investigated the effect of a sili-
cone sheet-based polymer with tension-relieving properties on
half of an incisional wound following abdominoplasty and for
individuals undergoing scar revision surgery.®’:*? Participants
in both studies had a significantly improved scar appearance,
using subjective scar evaluation scores, on the half where the
tension-relieving polymer was applied. However, it is impor-
tant to point out that in all of the human studies discussed
above, the participants were recovering from surgical wounds,
not burn injuries.

Scar force properties

In addition, studies have investigated the impact of the na-
ture of the mechanical forces on wound healing. A number
of'in vitro studies have investigated the effect of cyclic strain
vs static strain on cultured human fibroblasts,%3-%¢ where cy-
clic strain refers to cycles of “on” and “off” force applica-
tion (ex: passive stretching) and static strain refers to the
same amount of strain being applied over time (ex: static
orthosis or cast). In all of these studies, cyclic strain increased
fibroblast proliferation, cytokine production, type 1 col-
lagen production, and extracellular matrix accumulation.
An in vivo study by Chin et al. investigated the effects of
static vs cyclical stretching forces on mice skin.” They re-
ported that epidermal growth factor, transforming growth
factor-p1, and nerve growth factor, which are all profibrotic,
demonstrated greater expression in cyclically stretched skin
when compared to static stretch. Although this has not yet
been investigated in humans, these studies suggest that cy-
clic strain could potentially increase the risk of HSc forma-
tion. However, in vitro human fibroblast studies and studies
performed in mice may not be generalizable to the in vivo
application of cyclical stretching in humans; therefore, fur-
ther research is required.

NEUROGENIC INFLAMMATION

Neurogenic inflammation is an inflammatory process that
can be activated by increased mechanical stress, which is why
it is linked to the concept of mechanotransduction.®® Skin
stretching and itching can activate the release of neuropeptides,
which causes a neuroinflammatory response: increase cell pro-
liferation, inflammatory cytokine, and platelet-derived growth
factor production. This neurogenic inflammation perpetuates
pruritus and exacerbates extracellular matrix accumulation.’
Neuropeptide activity in the skin is clinically associated with
the presence of erythema, edema, and patient-reported pru-
ritus,>%870 which often coexist with HSc following burn
injury.”! One of the neuropeptides that increases inflamma-
tion, keratinocyte proliferation and fibrogenesis is substance
P.? Conversely, when innervation is impaired or lacking, and
therefore the production of substance P is reduced, wound
healing and scar formation are reduced.”? Substance P has also
been shown to modulate matrix metalloprotease and fibroblast
activity, which may promote HSc formation. Interestingly, el-
evated substance P levels were found in HSc following burn
injury.”? Although no study has clearly demonstrated that neu-
rogenic inflammation contributes to HSc formation, studies
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suggest that the presence of sensory fibers and their mechan-
ical activation may play an important role in fibrosis.”%%7* For
example, in Chin et al.’s study on static vs cyclical stretching
forces on mices skin, discussed above,*” neuropeptides in
the epidermis and dermis significantly increased after cyclical
stretching of the skin, which was not the case for continuous
stretching. Although further studies are needed to investigate
this in human subjects, this suggests that cyclic stretching of
the skin could increase neurogenic inflammation.

CONSERVATIVE TREATMENT FOR SCAR
MANAGEMENT FOLLOWING BURN INJURY

Edema management

Burn injury results in both local and generalized edema that
effects injured and noninjured tissue, including organs. The
extent of the fluid shift depends on the depth and surface area
of the burn as well as the fluid resuscitation provided.!875-77
The immediate impact of edema is reduced joint and soft
tissue mobility and increased pain. Moreover, prolonged
edema may result in reduced strength, function, and quality of
life.”” In addition, the elucidation of the mechanotransduction
signaling pathways has provided an explanation of how edema
increases the mechanical force at a cellular level, leading to
an increase in scarring and therefore suboptimal esthetic and
functional outcomes.”®

In order to reduce edema and the negative associated
complications, a number of conservative treatment techniques
are employed!®”” including compression garments or wraps,’*-
83 elevation or positioning,®* movement and pumping ex-
ercise,3 electrical stimulation,3¢ and retrograde massage or
MEM.¥

Compression garments or wraps help to reinforce the in-
terstitial hydrostatic pressure, thereby facilitating the return
of fluid to the venous and lymphatic systems and providing
a counterpressure to working muscles.”?#085 Investigations
with burn survivors have demonstrated that adhesive com-
pressive wraps were more effective than an oft-the-shelf glove
or standard gauze in reducing edema; however, both were
associated with a reduction in pain and an increase in active
range of motion (ROM) and function.!® Furthermore, Sharp
etal.’s best evidence statement on the use of pressure garments
for HSc management reported that compression should be
initiated as soon as possible.8! Arguably, when treating burn
survivors, pressure therapy should be delayed for the first
48-72 hours postinjury due to the dynamic fluid extravasa-
tion to avoid excessive pressure and potential tissue damage,
but once the fluid shift has peaked, compression should be
initiated.”” Consistent with the mechanotransduction lit-
erature, the edema reduction found with the application of
compressive wraps was associated with a reduction in scar
thickness, measured by ultrasound, at four weeks; however,
the difference was no longer significant at 4 months.8 Thus,
compression therapy in the acute phase to reduce edema
should be considered one of the first lines of scar management
or prevention.

In addition, elevation allows gravity to assist with the
drainage of edema from the distal limb.%% This has been
demonstrated in normal individuals®; however, the use of el-
evation to reduce edema has not specifically been investigated
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with burn survivors. Moreover, elevation alone has not been
shown to be sufficient by itself to maintain and sustain the
edema reduction benefits and therefore should be combined
with other treatment approaches.85-38

Active exercises promote the gliding of associated musculo-
skeletal structures relative to their adjacent counterparts, with
the muscle contractions acting as a pump to facilitate drainage
from distal regions.3° When active exercises cannot be
performed or are inadequate to address the edema formation,
clectrical stimulation should be considered, which has been
shown to have a positive impact both in burn survivors®® and in
the normal population.?® Although the reduction of scar for-
mation secondary to active exercises has not been investigated
with burn survivors, there is evidence supporting that exer-
cise has a beneficial effect on body composition, health-related
quality of life, and a reduction in the need for surgical release
of contractures,”® and is therefore commonly incorporated as a
component of burn survivor rehabilitation program.®?

The use of retrograde massage or manual edema mo-
bilization (MEM) has been recommended for acute hand
injuries, particularly when the previously described treat-
ment interventions have not been effective.8” The use of any
manual mobilization therapy for edema reduction should
be complemented by conventional treatments such as com-
pression, clevation, and exercise, as has been demonstrated
when using these techniques following distal radius fractures.”?

Although edema management has been described in the
burn literature as a means to increase hand function (as re-
ported by the disabilities of the arm, shoulder, and hand ques-
tionnaire (DASH)), ROM, strength, quality of life, and reduce
volume and pain,'8 it is important to note that there is no con-
clusive evidence supporting that edema management directly
mitigates the development of scar formation in the long-term.

Burn wound edema is the result of an imbalance of the
filtration system between capillary and interstitial spaces,’
exacerbated by prolonged inflammatory responses and per-
sistent neutrophil aggregation, resulting in increased tissue
pressure and vascular congestion.”® Unbalanced inflam-
matory mechanisms will result in prolonged inflammation
(greater than 2-3 days), which is a major contributing factor
to HSc development.?® Thus, prolonged inflammation is a
common factor in the formation of edema and HSc. The lym-
phatic vasculature assumes a pivotal role in the modulation
of the inflammatory response through its influence on the
removal of extravasated fluid, inflammatory mediators, and
leukocytes.”” In theory, various edema management strategies
have the potential to either mitigate protracted inflammation
by enhancing lymphatic circulation or reduce the concentra-
tion of proinflammatory cytokines, thereby diminishing the
development of scar formation.®? Importantly, the increase in
wound tension applied to the local fibroblasts while edema
is present increases those fibroblasts profibrotic gene expres-
sion and contractile properties,”® increasing the formation
of HSc and propensity for contracture formation. Although
direct translational investigations of conservative treatment
interventions to reduce edema have generally not been
designed to establish their long-term impact of HSc forma-
tion, the research described below does support that com-
pression should be started early and results in reduced scar
formation.

PRESSURE THERAPY

As mentioned earlier, pressure therapy is a conservative reha-
bilitation treatment that has been described in the literature for
the management of HSc.217981.98-101 Pregsure therapy can take
a variety of different forms, such as custom-fabricated pressure
garments,’® 102103 compressive wraps,”*8! face masks,!00-104
etc. However, the pathophysiological basis for their use re-
mains the same: it reduces the number of fibroblasts and
myofibroblasts, promotes fibroblast differentiation, increases
apoptotic cell death of fibroblast/myofibroblasts and increases
the production of matrix metalloproteinase-9 through hy-
poxia.”0:102,105-107 Preggure therapy has been shown to reduce
scar thickness and erythema and increases pliability.?! Pressure
therapy also applies compression to the surface of a body
part, which has been shown to promote the differentiation of
keratinocytes by mechanical tension off-loading.*7-57-70

Although pressure therapy has been shown to be an effec-
tive treatment modality for HSc, further research is required
to determine the optimal therapeutic dosage and wearing
schedule to achieve optimal outcomes. Despite this, most
experts recommend achieving a consistent pressure ranging
between 10 and 30 mm Hg#”!1% with 15-25 mm Hg being
used in experimental investigations.?! In order to achieve con-
sistent pressure, a systematic review and meta-analysis by Ai
et al. recommended to replace pressure garments every 2—3
months since they tend to lose their elasticity and thus be-
come less effective with time.?!?* Furthermore, Sharp et
al.’s best evidence statement on the use of pressure therapy
for HSc reported that custom-fabricated pressure garments
should be initiated as soon as the healing skin can tolerate
the pressure, which usually corresponds to when the wound
is closed.®! In animal studies, 16-24 hours of wear per day,
7 days a week, showed optimal outcomes,”®10%110 but this is
often difficult to achieve on a long-term basis unless therapists
apply evidence-based knowledge and approaches to optimize
patient treatment adherence.*>111-113 The time at which pres-
sure therapy should be discontinued is not clear; however, a
study by DeBruler et al. on pressure garment therapy using
the red Duroc pig model showed that early cessation (17
weeks postburn) of pressure therapy could potentially result
in a significant loss of HSc improvements and that pressure
should be initiated immediately postgrafting.!10:114

Pressure inserts have been used to increase pressure
in contoured regions under custom-fabricated pressure
garments, where these garments were not providing adequate
pressure. Many different insert materials, from elastomer to
plastazote to neoprene or foam, have been discussed in the lit-
erature!157121; however, few studies provided data to support
the benefits of these inserts.*” Nonetheless, inserts are still
widely used in the clinical setting since they provide increased
pressure to contoured regions such as finger web spaces or the
palm of the hand, where it is virtually impossible to get ade-
quate pressure with custom garments alone.

As mentioned, there are several other ways to apply pres-
sure, such as with the use of transparent face masks. Face
masks have been shown to provide more pressure than pres-
sure garments alone or pressure garments with inserts.1227126
In more recent years, Wei et al. published 2 studies which
demonstrated, using objective scar evaluation tools, that
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face masks reduced the thickness and increased the pliability
of scars in adults and children postburn.!?®1%* In addition,
a recently published single-blinded RCT of face masks with
embedded pressure sensors demonstrated improved scar
thickness and hydration using objective instrumentation and
significant improvements using subjective evaluations such as
the Vancouver scar scale and the patient and observer assess-
ment scale.!?” These benefits are likely generalizable to any
orthoses that are form fitting and apply adequate pressure;
however, currently, there is very little published evidence for
the scar management benefits provided by orthoses other than
face masks.100-104.127

GELS

Similar to pressure therapy, gels have been used as a con-
servative rehabilitation treatment for the management of
HSc 2010L128-131 - Gels are available in a variety of forms,
ranging from gel sheets, liquid gels, or gel tubes.!” Experts
recommend the use of gels for burn scars that require more
than 21 days to heal, which are at risk of HSc formation.?’
Studies have reported improvements in HSc erythema, pru-
ritus, texture, and thickness with the use of nonsilicone or
silicone-based gels, and a systematic review and expert con-
sensus supported the use of gels for immature burn scars.?’

The therapeutic benefit demonstrated with the applica-
tion of gels was associated with their occlusive properties
hydration (reduces trans-epidermal water loss (TEWL)) and
a temperature increase that can decrease nociceptor activity,
thus decreasing neurogenic inflammation.!*2%7® Mustoe et
al. also suggested that the occluded and hydrated environ-
ment produced by gels recreates a more “normal” skin bar-
rier by imitating the normal stratum corneum. This occlusive
barrier decreases TEWL and reduces keratinocyte stimula-
tion by normalizing their hydration state, which ultimately
reduces fibroblast activity.! Although Mustoe reports that
this is a hypothesis, it does correlate with clinical findings that
occlusion is essential to the benefits of gels. Furthermore, a
study by Musgrave et al. demonstrated that HSc temperature
under gel sheets increased by 1.7 °C,'32 which some studies
have suggested increases the activation of collagenase with
subsequent collagen breakdown.!32-13% Finally, although the
mechanism of action is still being investigated, some studies
attribute the primary effects of gel sheets to the relocation of
tensile forces. Akaishi et al. reported that gel sheets reduced
the mechanical tension on the scar by transferring it to the
edge of the sheet, which is ideally located over normal skin.!28
Therefore, mechanotransduction could also be involved in the
therapeutic mechanism of gel sheets.

Although the use of gel products has been shown to be
beneficial in the prevention and treatment of HSc, some
studies have reported issues with their use in the clinical set-
ting. Firstly, some parts of the body make it more difficult
to use gel sheets due to the complex contouring or motility
of the skin (ex. face, near joints, etc.), which may result in
suboptimal contact and conformity to the skin compared to
other treatment interventions.!*13%13¢ Eyrthermore, some
individuals experienced skin maceration, pruritus, and irrita-
tion in hotter climates associated with the use of gels.!37:138
Therefore, some individuals may not be able to wear them
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for the recommended period of time, thereby reducing their
efficacy.’®® Since gel sheets require consistent hygiene man-
agement to prevent skin reactions, and some individuals are
reluctant to wear them on unclothed areas, patient adherence
is also a concern.!%1%?

COMBINED PRESSURE THERAPY AND
GELS

In recent years, two RCTs investigated the effect of combined
pressure therapy and gel sheets on HSc with the adult
burn survivor population'#*®!#! and one with pediatric burn
survivors.'*2 The first study was conducted with participants
who presented posttraumatic HSc who were allocated to 1 of
4 groups: pressure garment, silicone gel, combined pressure
garment, and silicone gel, and a no-treatment control group.
They receive treatment for 6 months. The scar characteristics
were evaluated using objective instrumentation. The results
demonstrated that the greatest improvement in scar thick-
ness was in the combined group.'*® The second study was
conducted with 16 individuals who had HSc on their hands
tollowing burn injury. Each hand was separated into 3 treat-
ment sites, which were randomized: pressure garment, liquid
silicone gel with pressure garment, and silicone gel sheet with
pressure garment. They evaluated the scars using 2 subjective
scar assessments: the Vancouver scar scale and the patient and
observer scar assessment scale (POSAS). The results showed
that both combined groups had better POSAS scores, but no
differences were reported between these two groups.!*! The
scars in the second study were not evaluated using objective
measures and were underpowered. The third was a parallel
group, randomized trial where participants were randomized
to silicone gel only, pressure garments only, or combined gel
and pressure garments; however, there was no significant
group difference.'*? Therefore, there is a lack of sufficient
evidence to determine if combined pressure therapy and gel
sheets are superior.

Interestingly, both studies reported earlier by Wei et al.
investigating the efficacy of 3D printed facemasks reported
that the combination of pressure produced by the mask and
silicone lining contributed to reducing HSc thickness.!00:104
Although further studies are needed to compare regular
facemasks to facemasks with silicone linings, these studies do
suggest that a combination of pressure with gels could be ben-
eficial on HSc thickness and pliability postburn; however, the
precise contouring associated with a facemask may contribute
to the reported outcomes.

SERIAL CASTING

In the clinical setting, serial casting is usually used as a last re-
sort treatment when a patient does not respond to traditional
therapy or is nonadherent to treatment recommendations
for the management of joint contractures.’%32143 However,
experts from the 2009 burn rehabilitation and research con-
sensus summit'** question this practice, as some studies have
demonstrated that casting provides wound protection3?
and prevents scar contraction or reestablishes function joint
ROM.30,145-147
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Interestingly, although serial casting is not used specifically
for the management of HSc, some articles have described
its beneficial effects on wound closure, an important factor
in the formation of HSc. Ricks and Meagher3? investigated
the effects of casts following burn injury for the treatment of
lower extremity burns after grafting in children and reported
that this treatment resulted in more rapid wound closure
and more complete graft take. Furthermore, Bennet et al.,3
Johnson and Silverberg,?? and Ridgeway et al.3* also reported
that open wounds present under the casts improved or stayed
the same throughout serial casting.

Serial casting is typically used as a conservative treat-
ment modality for scar contractures by applying a gentle
passive force to the contracted tissue at end range. This
allows the tissue to be maintained in gentle tension for an
extended period of time, increasing tissue length and pas-
sive ROM (PROM).148:14% Therefore, when considering the
mechanotransduction theory, it is possible that when serial
casting is used to increase joint ROM at a comfortable stretch
(low-load long duration stretch), it could potentially be less
harmful than cyclic stretching. Evidence supporting the value
of'a low load for a long duration has recently been reported in
several retrospective chart reviews of pediatric burn survivors
positioned at end range after axilla or palmar burns. 43146

SCAR MASSAGE

Scar massage to treat HSc has been advocated for various
physical and psychological reasons.2® However, the technique
employed and the anatomical location where the massage is
applied vary if the goal of therapy is relaxation or anxiety re-
duction,'5? as the therapist may choose to intentionally avoid
the scar sites. Additionally, scar massage is typically combined
with the application of moisturizing lotions, creams, or oils,
which are common treatments recommended for scar. The
application of these products alone relieves itch and induces
the sensation that the skin becomes more supple.!®! Thus, the
reported value of scar massage in reducing itch, pain, and anx-
iety?® may be predominantly associated with the application
of moisturizers or focusing massage therapy on normal skin
locations. Moreover, reduction of'itch, pain, or anxiety are not
the focus of this review and will not be thoroughly addressed.

The value of scar massage for the prevention of HSc for-
mation has not been investigated, which is an important clin-
ical question that requires further investigation. However,
the mechanotransduction literature described above provides
evidence that an increase in mechanical tension, particularly
cyclical tension, correlates with an increase in scar formation.
Therefore, it has been suggested that massage therapy should
be avoided in cases where there is a high risk of HSc forma-
tion.'® More recent studies have suggested that there may
be some short-term improvements immediately following the
therapy session with scar massage but no substantial long-
term benefits. 101,153,154

Once HSc has formed, there is extensive clinical belief that
massage can reduce the thickness and increase the pliability of
the scar.!®®1%¢ Nonetheless, the evidence examining massage
therapy for established postburn scars does not strongly sup-
port this treatment intervention. In the 1990s, Silverberg et
al. published a pilot study'®” and Patino et al. a RCT,'*® both

of which found no significant between-group difference, but
both studies used a subjective scar evaluation measure!® that
may have lacked adequate validity and reliability.’%® A later
publication by Roh et al.’é! reported an improvement using
the same subjective scar evaluation in a case-controlled study
where the participants in the treatment and control groups
were from different burn centers. However, the same re-
searcher later reported a similarly designed prospective trial
where participants were recruited from the same center and
objective scar evaluation measures were employed, but there
was no significant between-group difference.!®> However,
participants were not randomized to the control or treatment
group, and this study may have been underpowered. More
recently, Cho et al. performed a RCT of burn survivors and
reported a significant reduction in thickness, erythema, mel-
anin, and TEWL and an increase in elasticity.'®> However,
an expert consensus statement published by members of
the Wound Healing Society!®* advocates for the use of
intraindividual control scars when designing studies to de-
termine the efficacy of treatment for scar. Most recently, an
intraindividual RCT, using objective scar evaluation measures,
reported an immediate difference in elasticity, erythema, and
melanin. However, there was no long-term between-group
difference.!®* These results may provide an explanation for
why there is such a strong clinical belief that massage therapy
is beneficial. The increase in erythema is likely associated with
a temporary increase in blood flow, the decrease in pigmenta-
tion associated with an exfoliating effect, and the increase in
pliability associated with the temporary mobilization of water
away from the overabundant, hydrophilic proteoglycans, and
glycosaminoglycans in HSc.'%® This transient expulsion of
water from the scar is similar to the indentation that is seen
in scars where a gel sheet is placed under the garment, but
after the garment is removed for a substantial period of time,
the indentation disappears as the water returns. Consequently,
the immediate impact of the forces applied during massage
therapy may lead patients and therapists to believe that there
are long-term changes in elasticity, erythema, and pigmenta-
tion. However, once baseline measures, the control scar, and
the spontancous resolution with time are appropriately in-
corporated in the analysis, there is no evidence of long-term
benefit.

Hence, considering the treatment time required (at least
30 minutes daily for 12 weeks), usually provided by a trained
therapist or primary caregiver, there is a lack of robust evi-
dence to support the resources required if the goal of massage
therapy is to increase the elasticity or decrease the thick-
ness of scar. In fact, when specific training of therapists and
caregivers was compared to massage that lacked standardiza-
tion, there was no difference found in scar height, vascularity,
pliability, itch, or pain between groups, despite the fact that
itch and pain did improve with time.'%® These results, once
again, demonstrate the need for an intraindividual control
group to appropriately account for the spontaneous improve-
ment of HSc with time.'3* Furthermore, early in the wound
healing process, or later in the recovery process if there is any
skin breakdown, or if there is a sustained inflammatory re-
sponse, the mechanotransduction literature provides evidence
that massage therapy may increase scar formation. However,
light effleurage to work in moisturizers or massage therapy in
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nonburned regions may reduce itch, facilitate relaxation, and
reduce anxiety.?®

PASSIVE STRETCHING

As described earlier, passive stretching is a conservative, widely
used intervention to manage joint scar contractures after
a burn injury.'” However, whether it has a direct effect on
scar formation has not been evaluated. Moreover, the conclu-
sion of a 2017 Cochrane systematic review was that there was
no clinically important effect of stretching in nonneurologic
conditions.'*8 However, research following burn injuries is ex-
tremely limited. Nonetheless, treatment of burn wounds over
or near joints commonly includes passive stretching to prevent
or reduce joint contractures. This increases mechanical forces
and may increase the neurogenic inflammation, particularly
it the force levels elicit a pain response associated with the
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release of neuropeptides and may facilitate the conversion of
fibroblasts into myofibroblasts. This possibility has led many
basic scientists to conclude that passive stretching may lead to
further scarring.'**-17! Thus, when possible, active mobiliza-
tion to prevent joint contractures and the application of a low
load for a long duration to reduce joint contractures when
present should be prioritized.!#%172

The experimental data substantiating this conclusion are
that cyclical stretching strongly activates fibrotic pathways
and responses in in vitro and in vivo animal models. In Webb
et al.’s in vitro evaluation of human fibroblast proliferation,
type 1 collagen, and fibronectin production were increased
in the cyclic strain group, combined with a significant
increase in gene expression for type I collagen, transforming
growth factor-fl, and connective tissue growth factor.®
Interestingly, when Huang et al. subjected normal human
dermal fibroblasts in vitro to cyclic stretching for 24 hours,
fibroblast migration increased and apoptosis reduced, but

Table 1. Summary of the Evidence that Support of Refute the Use of Common Conservative Treatment Interventions for Scar

Management Following Burn Injury

Proposed mechanism supporting (v) or

Treatment intervention

refuting (X) this intervention

Clinical considerations

Edema man- Compression

agement

genic inflammation
(V) Gravity assists the drainage of edema,
which could help reduce the inflammatory

Positioning/Elevation

response, neurogenic inflammation

Pumping Exercises

of edema, which could help reduce the
inflammatory response and neurogenic

(v) Mechanical off-loading®-62
(v) Reduces inflammatory response, neuro-

(v) Muscle contractions assist the drainage

e Compression for edema reduction should be
initiated 48-72 hours postinjury.””
79-83
e Elevation should be used in combination with
other edema management techniques.$%88

84,85

e Active pumping exercises or electrical stimu-
lation should be used in combination with

other edema management techniques.3%

inflammation3%-89-20

Retrograde massage/
Manual edema mo-
bilization (MEM)
Pressure therapy (Including: pressure
garments, inserts, face masks, and low-
load long duration orthoses)

loading

Gels or Gel Sheets

(v) Manually assists the drainage of edema,
which could help reduce the inflammatory
response, neurogenic inflaimmation®”
(V) Mechanical off-

21,47,57-61,70,79,98-110,122-126

(V) Reduces neurogenic inflammation!¢:68-74

(V) Mechanical off-loading?0:59-62:128-131

e Retrograde massage/MEM should be used in
combination with other edema management
techniques.?”
e Custom-fabricated garments should be applied
once edema is stabilized and there is adequate
healing.
e Optimal pressure is >15 mm Hg.247108
e Usc inserts when necessary.*”
e Wearing time should be >16 hours/
day. 98109110
e Gels should extend beyond the scar edge.!?®

(V) Reduces Neurogenic inflammation!0:68-74
(V) Occlusion!9:20.72
(v) Hydration!9:20.72

(v) Temperature increase
(v) Mechanotransduct

21,30,32,143,145,146,148-151

Serial casting
ion

Scar massage

(X) Neurogenic inflammation

Passive stretching

(X) Mechanotransduction*6:51-57,152,154-158

(X) Mechanotransduction!0:#6,51-57,63-74,168-171

19,20,72,128-131

e Serial casting should be applied when

contractures interfere with function.30:32.143
e Scar massage, other than light effleurage for
10,70-74,152,154-158 moisturizer application, should be avoided

carly in the wound healing process or when
scars are inflamed or break down 26152

e Other treatment modalities such as AROM,
strengthening exercises, or low-load long du-

ration orthoses should be prioritized over pas-

sive stretching for scar management.14%:169-172
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it did not alter their capacity to proliferate. They surmised
that the increased migration of the fibroblasts left them with
little spare energy for proliferation. Matrix metalloproteinase
expression was increased, which is known to play a role in
collagen degradation.®® In Chin et al.’s studies, cyclical skin
stretching in mice models resulted in a significant increase in
the expression of neuropeptides and growth factors, whereas
the corresponding peptide receptors were downregulated,
suggesting a negative feedback loop.%3%” However, as
mentioned above, there are no studies examining passive
stretching protocols in humans that have measured the ef-
fect of these interventions on scar characteristics; therefore,
further research is required.

A summary of the evidence that supports or refutes the use
of the common conservative treatment interventions for scar
management following burn injury described above is pro-
vided in Table 1.

CONCLUSION

This review provides a summary and clinical application of the
evidence that supports or refutes the use of common con-
servative treatment interventions for scar management fol-
lowing burn injury. There is increasing evidence that one of
the main mechanisms, which is the foundation for the suc-
cess of current conservative treatments for the reduction of
HSc, is the reduction of mechanical forces and neurogenic
inflammation. These concepts are especially important to con-
sider in burn survivor rehabilitation, since some conservative
treatment interventions may imply an increase of mechanical
forces and/or stimulation of the skin’s sensory properties,
which can lead to further scarring.!'®® This review encourages
burn therapists to understand the basic science rationale un-
derlying the various therapy modalities they commonly use in
order to judiciously select the optimal treatment interventions
and contribute to the advancement of knowledge to substan-
tiate practice. In summary, this review supports the following
statements:

e Compression for edema reduction should be initiated
48-72 hours postinjury and continued for wounds that
require longer than 21 days to heal until scar maturation.

e Elevation, pumping exercises, and retrograde massage/
MEM should be used in combination with other edema
management techniques.

e Custom-fabricated pressure garments should be applied
once the edema is stabilized and adequate healing has
occurred. Garments should be monitored on a regular
basis to ensure that optional pressure, >15 mm Hg, is
maintained, adding inserts when necessary. The wearing
time should be >16 hours/day.

e Gels for postburn scar management should extend be-
yond the scar.

e Serial casting should be applied when contractures in-
terfere with function.

e Forceful scar massage should be avoided early in the
wound healing process or when the scar is inflamed or
breaks down.

e Other treatment modalities should be prioritized over
passive stretching for scar management.
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