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SUMMARY. This paper is a comprehensive review of hand burn injuries. The different classifications of thermal burns, out- and in-
patient care, indications for escharotomies as well as surgical management, skin substitutes, and paediatric hand burns are thoroughly

reviewed.

Keywords: burn, thermal injury, hand, treatment

Introduction

Burn injury is a common form of trauma that often in-
volves the upper extremity."* Burns of the hand occur to a
disproportionate degree compared with their distribution in
body surface area.’ It occurs commonly in a young popu-
lation of predominantly male victims from accidents sus-
tained either in the workplace or at home® and, as a result,
functional outcome is very important for future productiv-
ity.*'*"" Functional loss of the hands has been estimated to
make up a 57% loss of function of an individual.”

Achieving optimal results depends almost entirely on
the successful management in the acute or subacute
phase.*” Although late reconstruction of a variety of dys-
functional states and altered anatomy are the subjects of
numerous publications in the literature, the final outcome
in these late problems is consistently far less than ideal,
whereas the consequences are enormous. Over the last two
decades there has been a marked improvement in survival
rates following major thermal injuries with greater em-
phasis on morbidity and functional outcome.”" An in-
creasing number of badly burned patients are surviving a
lengthy hospitalization, multiple surgical procedures, and
episodes of life-threatening sepsis. They can be left with
a pair of poorly functional hands if little attention is di-
rected towards the prioritization of the upper extremity
burns. Little solace can be garnered from such survival if
due diligence has not been given to the importance of the
rehabilitation of the patient as a fully functional person.
The rehabilitation period begins the moment the burn team
encounters the patient.

The present is a review of thermal injury to the hand
using available evidence from the literature. A Medline,
Pubmed and Scopus database search was conducted to iden-
tify citations for articles relating thermal injury to the hands
in humans, published between 1935 and 2011. The key-
words used for the search included “burn”, “thermal in-
jury”, “hand” and “treatment”. Study references were al-
so screened manually in order to identify potential cita-
tions not captured by the initial database search. Level of
evidence of each article was not taken into account. In-
clusion criteria included English-language articles dealing
with humans, case reports, review and original articles. Ex-
clusion criteria included reports of only successful cases,
articles with unclear results, and guidelines.

Initial assessment

After the initial life-threatening problems of airway,
breathing, and circulation have been managed, the evalu-
ation and treatment of the burned extremity becomes nec-
essary. Continuing with the advanced trauma life support
(ATLS), algorithms D (Disability) and E (Expose, Exam-
ine) relate to the assessment of vascular perfusion in the
upper extremity. The hand is scrubbed clear of any soot
or dirt, and potentially constricting jewellery, bracelets, and
watches are removed.

Triage: in- or out-patient treatment?

Most upper limb burns are self-treated in the home and
do not present for medical care. Only 25% of burns require
medical assistance” and, of these, only a minority requires
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in-patient care. In a one-year study of 119 hospitals only
8% of the 11,759 patients with burn injuries required ad-
mission.” Determination of whether to admit the patient to
a burn centre or not depends on the burn injury, associat-
ed injuries, the patients, and their social circumstances.

Table I - American Burn Association burn treatment centre referral
criteria'

— Partial-thickness burns greater than 10% TBSA

— Burns that involve the face, hands, feet, genitalia, perineum,
or major joints

— Third-degree burns in any age group

— Electrical burns, including lightning injury
— Chemical burns

— Inhalation injury

— Burn injury in patients with pre-existing medical disorders
that could complicate management, prolong recovery, or af-
fect mortality

— Any patient with burns and concomitant trauma (such as frac-
tures) in which the burn injury poses the greatest risk of mor-
bidity or mortality. In such cases, if the trauma poses the
greater immediate risk, the patient may be initially stabilized
in a trauma centre before being transferred to a burn unit.
Physician judgment will be necessary in such situations and
should be in concert with the regional medical control plan
and triage protocols

— Burned children in hospitals without qualified personnel or
equipment for the care of children

— Burn injury in patients who will require special social, emo-
tional, or rehabilitative intervention

Classification of thermal injuries

It is notoriously difficult for even an experienced ob-
server to estimate the actual depth of the initial burn ac-
curately.” The key feature in classifying burn injuries to
the hand is the accurate determination of the depth of in-
jury to the skin, which remains heavily reliant on the judg-
ment of the experienced physician, despite the recognition
that the accuracy of prediction is less than 50% based on
a single time-point observation of the wounds."*"”* Con-
versely, other reports claim an accuracy of prediction up
to 70%, the most common error being overestimation of
depth. Therefore a complementary accurate history of the
burn is critical and cannot be overstressed. The rationali-
zation behind this is beyond the scope of this review.

Other modalities to estimate the burn depth include
burn wound biopsy, ultrasonography, use of vital dyes such
as indocyanine green, fluorescein, and methylene blue, laser
Doppler flowmetry, thermography, light reflectance and
more recently magnetic resonance imaging.'"""*' Because
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of the numerous limitations of these techniques, serial as-
sessment of the wounds on a daily basis until re-epithe-
lialized to determine time to healing remains the standard
of care, recognizing that the rates of epithelial healing are
likely to be non-linear and resemble the logarithmic growth
of epithelial cells in culture. This consideration explains
the faster rate of healing in terminal phases of wound clo-
sure and can be important in predicting the time to heal-
ing, particularly in the paediatric age group.”

Admission photographs are taken using standard hand
views, facilitated by the advent of digital computerized
photography and rendering acquisition, transmission, stor-
age as well as retrieval of images more efficient.”

Out-patient management

After cooling of the wound” and administration of the
appropriate analgesia, the burn wound should be cleaned
and debrided of all contamination. Areas of peeled skin
also need to be removed. The treatment of blisters remains
controversial. Small intact blisters of less than 1 c¢cm in di-
ameter can be left intact and the wound allowed to heal
spontaneously over approximately a 7-to-14 day period.*
In the past, large blisters were left intact as a biological
dressing protective against infection.” However, burn blis-
ter fluid is rich in inflammatory mediators that may prop-
agate the burn wound injury, increasing the conversion to
a zone of necrosis. Large blisters should therefore be as-
pirated or removed by incision, or the blister formally de-
brided. Dressings can then be applied directly to the burn
wound base.

The overall goal of out-patient management is to pre-
vent infection and maintain mobility. Superficial partial-
thickness burns with erythema only require topical mois-
turizing creams and immediate active mobilization. The
dressing keeps the wound clean and reduces pain. Provid-
ed there is no increase in pain or discharge through the
dressing suggesting infection, the same dressing can be left
intact for 3-5 days.”

A deeper partial-thickness burn should be dressed with
a topical antibiotic with more penetrating power such as
silver sulphadiazine (SSD) applied twice daily to the wound
and then held in place with gauze and bandages. This
should be kept as light as possible to allow early active
mobilization. Another alternative is to apply SSD to the
hands and fingers and then place the hand in a glove. This
allows almost unrestricted mobilization but causes macer-
ation. Full-thickness burns will similarly require a topical
antibiotic dressing. A topical antibiotic with good eschar
penetration should be used.

Elevation is an important part of the acute management
of the burned upper limb. Out-patients elevate a burnt up-
per limb on a pillow when asleep and use a high-arm sling
during the day. This decreases oedema, pain, and analgesic



requirements. Patients with minor upper limb burns should
be educated by a dedicated hand therapist to carry out their
own exercises with active exercises every 2 to 4 hours and
gentle stretching during the day. Compliance should be mon-
itored by the hand therapist to ensure that function does not
become impaired with documentation of baseline measure-
ments of hand function and joint movement. An out-patient
hand therapy programme should be instigated involving ac-
tive and gentle passive mobilization, as well as ongoing
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Patients should be warned of the signs of incipient in-
fection and told to report immediately if they become ap-
parent. A patient who was borderline between in- and out-
patient care may need to be followed up on a daily basis
in order to prevent complications which compromise care,
such as infection. Out-patient hand burns should ideally
be reviewed on the second day of treatment. Superficial
partial thickness burns can be treated with dressings, hand
therapy, and can subsequently be seen at up to weekly in-

measurements to monitor progress.

tervals.

Table II - Enumeration of most commonly used different types of burn dressings and topical treatment agents with their characteristics.

Easy application

Agent Wound Dressing change Coverage Advantages Disadvantages
Bacitracin Partial thickness Once to 4 times daily| Gram positive cocci | Painless Yeast colonization
Gram positive bacilli | Inexpensive of healed wounds”

Silver sulphadiazine

Partial- and
full-thickness

Once-twice daily

Gram positives
Most gram negatives

Painless
Broad antimicrobial

Poor penetration
of deep eschars”

(Convatec Inc.)

MRSA
VRE"

coverage

wounds Fungal pathogens™ coverage Methaemoglobi-
naemia®
Adaptic: cellulose Partial thickness Once daily None Painless No antibacterial
acetate impregnated coverage
with petrolatum
emulsion (Johnson
and Johnson)
Acticoat: Silver Partial- and 3-7 days Gram positives Painless None
rayon mesh (Smith| full-thickness Gram negatives Few dressing changes
and Nephew) wounds Fungal pathogens Broad antimicrobial
MRSA coverage
VRE"
Aquacel Ag: Partial- and 1-14 days Gram positives Painless None
hydrofibre with full-thickness Gram negatives Few dressing changes
silver ion wounds Fungal pathogens Broad antimicrobial

Mafenide acetate
(solution and
cream)

Full-thickness
wounds, after skin
grafts

Twice daily

Gram positives
Most gram negatives

Good eschar
penetration

Used on grafts and
wounds

Painful application

May cause
metabolic acidosis

Poor antifungal
coverage

Rash

Xeroform: 3%
bismuth
tribromophenate
petrolatum gauze
(Kendall Company)

Partial thickness

Once daily

Mild bacteriostatic
activity

Non-adherent™

Lack of broad
spectrum
antibacterial
coverage

Dakins solution:
sodium hypo-
chlorite
(Century
Pharmaceuticals)

Partial- and
full-thickness burns

Once to four times
daily

Resistant bacteria
MRSA
VRE

Wide antimicrobial
coverage

Painful application
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Neomycin

Partial-thickness
wounds

Once to 3 times daily

Gram positives
Enterobacter, E. coli

Easy application
Painless

Possible ototoxicity
and nephrotoxicity
after application
to large wounds®

Silver nitrate
solution

After skin grafts

Once-twice daily

S. aureus, haemolytic
streptococci, Pseu-

domonas aeruginosa,

E. coli*

Inexpensive
Painless

Leads to loss of
electrolytes from
plasma due to
hypotonicity™

Rare reports of
methaemoglobi-
naemia

Skin discoloration™

Collagenase Partial thickness
ointment (Santyl,

Healthpoint Ltd)

Once daily

None

Digests scar collagen | Activity significantly
inhibited by silver-

containing agents”

Indications for escharotomy

Patients with burns to upper extremities and other re-
gions require a careful assessment on admission by expe-
rienced members of a team of professionals that includes
nursing, physiotherapy, occupational therapy, and social
workers as well as a hand surgeon or burn surgeon knowl-
edgeable in hand anatomy and function and the patho-
physiology of burn injuries.*'*"** This has been shown to
greatly improve the outcome of burned upper extremi-
ties.”* The first decision point in determining need for es-
charotomy is clinical assessment of the area affected by
the burn married to the depth of injury. Circumferential
burn is the leading factor to lower the threshold for es-
charotomy. The classic characteristics of partial- and full-
thickness injury are well known. Partial-thickness injuries
are moist, pink, and blistering; they blanch with pressure
and are quite painful. Full-thickness injuries are dry, pale,
whitish to brown, or non-blanching “cherry” red, and in-
sensate to light touch. Unfortunately, many injuries fall
somewhere between and may progress with time to a deep-
er injury. These fall into Jackson’s description of the “zone
of stasis” that may covert to the “zone of coagulation”
with ensuing oedema, ischaemia, desiccation, or infection.”
If a clear-cut full-thickness injury is present on admission,
and is circumferential, then an escharotomy can be per-
formed as soon as the patient is assessed and stabilized.™"”
In addition, second-degree burns may produce consider-
able oedema, acutely amplifying the concern about com-
partment syndrome.” Escharotomy may be done in a pre-
ventive sense, before there are any clinical signs of altered
perfusion. If the injury is not clearly full-thickness, then
other clinical signs are relied upon. Clinical signs associ-
ated with vascular compromise include deep muscle pain
(especially on passive stretching), resistance to passive
straightening of the fingers, decreased capillary filling, de-
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creased pulses, cyanosis, and neurological changes - the
earliest sign - with diminished distal sensation.**'*

Loss of pulses is a late finding which indicates com-
pression of even larger arteries as well as smaller more
compressible intramuscular vessels. Intrinsic muscle is-
chaemic damage can occur in the presence of palpable® or
Doppler pulses.” Ischaemic necrosis of intrinsic muscles
can result in persistent contracture, joint stiffness, and poor
function. Detection of peripheral pulses, even with Doppler
ultrasonography, does not correlate well with direct intra-
muscular compartment measurements. "’

At any point in the progression of oedema, if the skin
feels tense and unyielding, and is unable to “give” with the
underlying oedema, an escharotomy should be performed,
despite normal pulse examinations. If escharotomies are not
indicated initially, hourly vascular observation of the ele-
vated limb should be made for at least the first 24 h until
the vascular integrity of the limb is no longer in doubt.*

There is a disagreement about the usefulness of com-
partment pressure measurements. Smith et al. found them
to be “erratic and unreliable”* while others have noted that
clinical signs are subjective and may require a degree of
cooperation that the acutely injured patient may not be able
to give.” A variety of techniques are available with which
to perform the direct percutaneous measurement of tissue
pressure.” Whitesides et al. maintained that effective tis-
sue perfusion generally ceases at 40 mm Hg tissue pres-
sure, varying with systolic blood pressure and the degree
of peripheral vasoconstriction.” Luce advocates continuous
monitoring of interstitial tissue pressure by placing a sub-
cutaneous catheter in the volar forearm.” An increase in the
tissue pressure greater than 30 cm H,O (or mm Hg) re-
quires removal of dressing and forearm and hand escharo-
tomy. Distal extremity perfusion can also be monitored
hourly by examination of distal pulses through palpation or
with the use of digital Doppler ultrasonography."



Escharotomy and fasciotomy techniques

The chief purpose of both escharotomy and fascioto-
my is to relieve pressure from underlying structures re-
sulting from circumferential deep burns or high-voltage
electrical injury. Escharotomy by definition is a full-thick-
ness incision through the eschar exposing the subcutaneous
fat of full-thickness circumferential burns of the extremi-
ty.**** Fasciotomy is defined as an incision through skin,
fat, and muscle fascia, exposing the underlying muscle
compartment, performed to prevent and treat compartment
syndrome developing from high-voltage electrical injuries
or deep thermal burns involving muscle.

Escharotomies are usually carried out in the operating
room either with the use of unipolar diathermy or by
scalpel.*” Diathermy enables immediate haemostasis if re-
quired. After the area to undergo escharotomy has been
appropriately prepped and draped, full-thickness incisions
are made in the lateral and medial mid-axis lines.” Main-
taining the incisions longitudinally aids in avoiding dam-
age to sensory nerves (superficial radial sensory nerve, me-
dial and lateral antebrachial cutaneous nerves)* and pre-
serves subcutaneous veins. Care must also be taken to avoid
injury to the ulnar nerve at the ulnar groove as it passes
between the medial epicondyle and the olecranon process,
which is why it is recommended to run the incision ante-
rior to the medial epicondyle. The escharotomies should
extend 1-2 cm beyond the area of full-thickness burn.

Digital escharotomies have been shown to improve the
rate of survival of the digits. Salisbury et al.” observed
that only 7.1% of digits with escharotomies developed
necrosis compared to 20.8% in the control group without
escharotomies. Others see little benefit from them and feel
that digital escharotomy commits the treatment plan to lat-
er excision and grafting.*®

Digital escharotomies should be made in the safe zone
between the neurovascular bundle and the extensor appa-
ratus in the mid-axial line, ulnarly in the index middle
and ring fingers and radially in the thumb.” This allows
preservation of the sides of the thumb and other digits
that would be the opposing surfaces for the use of pinch
grip, provided the digits survive. The side of the little fin-
ger to undergo escharotomy is less clear. The medial es-
charotomy of the upper limb can be simply continued
along the ulnar border of the little finger allowing a con-
tinuous release. This may be most appropriate in a hand
expected to recover full prehensile function. In an injury
where simple grasp is the probable outcome, it may be
better to preserve the ulnar border of the little finger and
to do the digital escharotomy on the radial side of the lit-
tle finger.” The intrinsic muscles of the hand are very sen-
sitive to ischaemic necrosis following thermal injury.” The
intrinsic compartments should be released in severe hand
burns or if there is evidence of intrinsic tightness or pain
on stretching the intrinsic muscles. Release of the intrin-
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sic compartment reduces the risk of ischaemic necrosis
and subsequent intrinsic minus deformities, which would
result in a crippling hand deformity with extension at the
MCP joint and flexion at the IP joints. This is tested by
extending the MCP joint and feeling the resistance to pas-
sive flexion of the PIP and DIP joints. In such instances,
escharotomies should be made on the dorsum of the hand
to enable access to the fascia of the intrinsic compart-
ment. Longitudinal incisions are placed in the spaces be-
tween the 2nd, 3rd, 4th, and 5th metacarpals to reduce
the risk of extensor tendon exposure.’ Alternatively, two
incisions can be made directly over the 2nd and 4th
metacarpals providing access to the adjacent inter-
metacarpal spaces.””

Fasciotomies are most commonly indicated following
high-voltage electrical injury (>1000 V). If the hand or
forearm is involved in a high-voltage electrical injury, de-
compression of the median nerve at the wrist and proxi-
mal hand should also be performed. Fasciotomies may be
indicated in other types of burns if adequate escharotomies
have failed to restore perfusion.””” This may be indicated
by symptoms or elevated pressure measurements.

Surgical management

Luce’ described the management of the burned hand
of indeterminate depth as a negotiation between the “rock”
of healing by excessive contracture and the “hard place”
of needless excision. The timing of surgical intervention
remains the most hotly disputed aspect of the management
of the burned hand. Since a prospective, randomized se-
ries taking all variables into account has not been per-
formed, the evidence must necessarily be historical and an-
ecdotal. Early excision of localized deep hand burns was
proposed as early as the 1940s™* and 1950s.* Advocates
of this approach"****¥7 feel that if the condition of the pa-
tient allows, excision and grafting of the upper limb burn
wound need to begin as soon as the depth of the wound
is clear; on day 2 or 3 post-burn® or between days 2 and
5 post-burn.””" Belliappa et al. advocate a brief period of
observation until the depth of injury is well demarcated to
avoid excising living tissue unnecessarily."

A recent randomized controlled trial on early versus
late excision of deep hand burns included 50 patients and
found no statistical significance between the groups re-
garding “function, scar formation, daily activity limitation
and overall satisfaction”” while another trial studying 40
patients with similar burn characteristics concluded that
early burn excision and grafting gave statistically signifi-
cant better results in hand function.” Maslauskas et al. al-
so found significantly better hand function as measured by
hand grip and pinch in patients with early excision when
compared to patients who underwent delayed excision and
grafting.” Tambuscio et al. found a statistically significant
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increase in secondary surgery on patients with hand burns
who underwent late excision and grafting as opposed to
early surgical treatment."

Proponents of early excision point to the following ad-
vantages:

1. Improves hand function

2. Reduces risk of abnormal scarring (hypertrophic

and keloid)™"™®

3. Reduces the number of reconstructive proce-

dureSER.va,ﬁ&ﬁQ,ﬂ.73,8]
4. Reduces length and consequently cost of hospital
Stay60—62,65—67,78.84,85

5. Reduces pain, reduces complications associated
with prolonged immobilization,” and allows pa-
tients to feed themselves sooner*

There are surgeons who prefer to wait 3-6 weeks for
spontanecous sloughing before autografting. Advocates of
this “wait and see” approach®” point to the flowing ad-
vantages to late excision and grafting:

1. Early excision is logistically more complex and

time-consuming®

2. There is no significant difference in final hand func-

tion between burns treated with early excision and
those allowed to heal spontaneously®”*

3. Late excision preserves all residual, viable dermal

elements***”

However, both sides agree on the critical importance
of early hand therapy in determining hand function, on the
role of topical antimicrobials in reducing the risk of in-
fection,””" and, in large burns, on giving priority to stabi-
lizing the critically ill patient.”*

38,80-82

Prevention of secondary injury

Following thermal injury, progressive loss of hand
function may be a consequence of several factors includ-
ing direct effects of heat, secondary effects of immobi-
lization, disuse atrophy, soft tissue loss, contracture for-
mation, bacterial wound colonization, decreased circula-
tion, inadequate or inappropriate splinting, or the forma-
tion of oedema in connective tissues.”*****'" The magni-
tude of these changes is in direct proportion to the time
required to complete wound healing,” and many such
changes may be reduced or prevented by the judicious in-
stitution of early motion of the joints involved.”* Peacock
et al. observed that “successful rehabilitation of injured
hand is often the result of maintaining, not correcting, small
joint function.”” The need for secondary reconstructive
procedures is decreased by the proper attention to posi-
tioning and ranging of joints during the acute phase of
wound care. Moreover, the success rates of such proce-
dures increase in direct proportion to the degree of mo-
tion preserved before reconstruction.”""'” Achauer noted
that “burn reconstruction is not an isolated phenomenon
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that occurs after the burn is covered”” and that recon-
structive goals are more easily attained when “all mem-
bers of the burn team have a clear idea of reconstructive
goals.”"”

The acute care of the burned upper extremity should
counteract these factors, and this involves a balanced pro-
gramme of elevation, exercise, splinting, and topical
chemotherapy to minimize the sequelae of the burn injury.
Early wound closure is a major additional key factor to
maximize functional results.”

Hand function is mainly adversely affected by oede-
ma. The latter is maximal on the first or second day fol-
lowing thermal injury. During the first 24 h following in-
jury, a leakage of heavy proteinaceous fluid disperses in-
to the tissue spaces, along the tendons, and around the sup-
porting structures of the joints. This exudate becomes or-
ganized and may persist to produce structural thickening,
adherence, and loss of elasticity in the moving structures
of the hand.**

Effective control of oedema can be achieved by early
motion and elevation of the extremity. The entire hand and
arm should be kept above the level of the right atrium in
order to achieve maximum passive drainage. Circumfer-
ential dressings or slings in order to achieve elevation
should be used cautiously, because they may have addi-
tive restrictive effects by slippage or tightening (thus wors-
ening the oedema),” exert tension on the brachial plexus,
or compress the ulnar nerve at the elbow."” A well-defined
exercise programme can maintain the normal muscle-pump
mechanism for returning venous blood and lymph to the
heart. The vigour of passive motion exercises is disputed.
Levine argues that forceful motion is necessary to mobi-
lize fluid from the interstitial spaces and move it towards
the heart, minimizing adhesions and contraction of the
joints and tendons.” Others advocate gentle passive mo-
tion exercises to the point of resistance, warning against
the tearing of different structures associated with vigorous
motion.'"'"”

The adopted rehabilitation plan is determined by the
patient’s medical status, level of consciousness, and abil-
ity to actively participate in therapy, by the extent of the
burn injury, and, by current burn wound therapy. Luce ad-
vocates the application of splints within the first hour of
resuscitation, in the emergency department with the initi-
ation of therapy, before the onset of any oedema.” The po-
sition of comfort for the burned hand is metacarpopha-
langeal extension, proximal interphalangeal joint flexion,
wrist flexion, and thumb adduction. These are also the po-
sitions of deformity and will lead to “claw hand”.”**”

Splinting depends on the phase of wound healing and
the area of the burned extremity. The severely burned hand
should be positioned opposite to the anticipated deformity.
During the inflammatory phase, early splinting of the burned
hand attempts to prevent contracture of joint capsules, col-



lateral ligaments, and intrinsic/extrinsic tendons, maximiz-
ing the functional potential of the hand. The optimal posi-
tion for the hand with dorsal burns is achieved with an in-
trinsic-plus hand splint (wrist in extension, MCP joints in
maximal flexion as tolerated, IP joints in full extension,
and thumb abduction and opposition). The dorsal skin tight-
ens in this position, leaving little room for oedema.'™'*

When the hand has been burned on the dorsal surface,
care must be taken to protect the extensor tendons, espe-
cially over the PIP joints. With exposed extensor tendons
or suspected exposure, range of movement (ROM) should
be restricted to isolated and short arc joint motion to pre-
vent damage to the extensor tendon mechanism. Failure to
position the extensor mechanism on slack can lead to dis-
ruption of the central slip, resulting in a boutonniére de-
formity. A finger gutter splint holding the PIP joint in full
extension can be used if the damage is limited to the ex-
tensor hood. A 6-week immobilization period is advised
for sufficient healing. DIP gliding exercises should be per-
formed during the immobilization period to prevent con-
tracture of the lateral bands.

Deep burns to the palmar surface of the hand should
be monitored carefully. Functional use of the hand and ex-
ercise are crucial to maintain ROM.*'” When the patient
has difficulty achieving full composite extension of the
MCP and IP joints, a forearm-based extension splint is fab-
ricated to prevent cupping of the hand and to preserve the
palmar arch."™'” Alternating between an intrinsic-plus hand
splint and an extension splint could be necessary with cir-
cumferential hand burns.'”'" During the proliferative stage
of wound healing, collagen deposition along with oedema
is responsible for strength and rigidity of scar tissue. Glid-
ing planes can be obliterated by a continuous mass scar.
Treatment should maximize each structure’s capacity to
glide and minimize the formation of scar adhesions. Dur-
ing this phase, static splints must be monitored and mod-
ified to accommodate decreased oedema or increased ROM.
Static progressive splints are initiated in the proliferative
phase to place low-load, progressive stretch to contracting
joints and tissues. A static progressive MCP flexion splint
is commonly used to increase MCP joint flexion if limi-
tations are noted.

During the inflammatory and proliferative phases, con-
tinuous passive motion (CPM) devices can be used to main-
tain joint mobility. They do not replace the therapist; they
are an adjunct to therapy. It is difficult for a hand CPM
to take all of the finger joints through the full range of
motion.96,lll—ll3

In severe burns, it may not be possible to place the
hand in the anticlaw position with splints. Small Kirsch-
ner wires may be placed across the PIP joint to fix these
joints in extension.”™"* With these joints under control,
metacarpophalangeal flexion is easy to obtain. This can
usually be accomplished with a splint. Obviously, the
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Kirschner wires increase the danger of infection in the
hand. Meticulous wound care with washing and antibiot-
ic ointment must be done twice daily.”

Skin substitutes

Lou and Hickerson have outlined the different types
of skin substitutes available for acute and reconstructive
procedures on burned hands.'"” Options available for tem-
porary coverage of superficial burns include the porcine-
derived EZ Derm (Brennen Medical, Inc., MN, USA.) as
well as Biobrane (Bertek Pharmaceuticals Inc., Morgan-
town, Wva), which is a biosynthetic dressing made of sil-
icon film with embedded nylon and porcine type I colla-
gen. Biobrane is applied to a wound after it has been de-
brided of all nonviable tissue and adheres to it until ep-
ithelialization has occurred. It is semi-occlusive, allowing
the drainage of wound secretions and permeability of top-
ical agents; it is also transparent, allowing the wound bed
to be visualized. Biobrane has been fashioned as a glove
for use in hand burns to ease its application and subse-
quent motion of the extremity, and it has been found to
decrease pain, increase mobility, and promote faster heal-
ing compared to topical agents.”"*"* It is recommended
for use in children due to decreased dressing changes, de-
creased pain, and excellent functional results.”*"!"”

Cadaveric allografts are used with subsequent com-
plete excision and replacement with a patient’s autograft
or partial excision and split-thickness skin grafting on top
of the allograft dermis (this is possible due to the low im-
munogenicitiy of the dermis)."* Several other skin substi-
tutes also exist for the treatment of full-thickness/deep burn
wounds requiring excision. AlloDerm (LifeCell, Branch-
burg, NJ, USA) is an acellular cadaveric dermal matrix
that can be used in a one-step procedure with an autograft
STSG allowing excellent take of the split-thickness graft.
Integra® (Integra LifeSciences, Plainsboro, NJ, USA) is a
synthetic skin substitute made of two layers to act as epi-
dermis and dermis. A thin silicone film mimics the body’s
epidermis while a matrix of bovine collagen cross-linked
with chondroitin-6-sulphate acts as a dermal layer. Inte-
gra® can be used in the acute coverage of a wound bed
after burn excision, and the dermal layer can be used as
a base for STSG after silicone exfoliation. Biobrane can
be used as a dressing on top of Integra to visualize its
take. Integra Single Layer™ (Integra LifeSciences, Plains-
boro, NJ, USA) was recently introduced - this consists of
the same components as Integra but without the top sili-
cone layer, allowing the use of this skin substitute in one-
step procedures with autogenic STSG." Matriderm (De
Suwelack Skin and Health Care AG, Billerbeck (Germany),
Plainsboro, NJ (USA) is a dermal substitute made of col-
lagen and elastin that serves as a base for STSG in a one-
step procedure with excellent graft take results and allows
for increased elasticity.
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Paediatric hand burns

Children are one of the most common populations that
suffer from hand burns as they use their hands for explo-
ration and discovery of their environment.”” The main
principles of the treatment of hand burns are the same re-
gardless of age, but the paediatric population requires em-
phasis in certain areas of care due to the inherent anatom-
ical, physiological, and psychological idiosyncrasies of this
population. Paediatric skin is thinner than adult skin, re-
sulting in deeper burns in children at lower tempera-
tures,”™""” and the slower withdrawal response in children
also contributes to longer contact time with the burn
source.'” However, children have a thicker subcutaneous
adipose layer, protecting and sparing tendon injuries even
in deep burns.””'”” The thicker adipose layer also makes
excision of full-thickness burns easier in children than in
the adult population.”

It is estimated that around 10% of all paediatric hand
burns are caused by abuse.™” Therefore, health care
providers must have a high index of suspicion for this ae-
tiology, especially if the given history is not consistent
with the type of burn,'” or if the child and his guardian/par-
ent give significantly different histories. Suspicion of abuse
should also be raised by burns with a glove distribution."”

Control of oedema, topical wound care, and monitor-
ing for compartment syndrome as well as the indications
for escharotomies and fasciotomies are similar in adult and
paediatric populations. Although most paediatric hand
burns do not require surgical intervention,”*' the timing of
surgical treatment, should it be indicated, is debatable, with
some authors advocating early excision and grafting'”” and
others preferring late surgical treatment.”

When surgical management is advocated, special care
must be taken in the operating room to avoid hypothermia
and blood loss in the paediatric patient as this age group
is more susceptible to these complications. Ease and fre-
quency of dressing must be carefully considered, as must
the cosmetic result of reconstruction due to the more del-
icate paediatric psychology.”™""”

A review of 174 grafted paediatric hand burns by Chan-
drasegaram and Harvey" revealed significantly lower con-
tracture rates with the use of full-thickness skin grafts than
with split-thickness skin grafts in paediatric hand burns.
Therefore, full-thickness grafts should be used in areas of
concern for subsequent contracture formation.**"'” In
young children, inguinal skin folds can serve as a donor
site for full-thickness skin grafts.” Long-term follow-up of
grafts is required due to changes in the graft such as de-
velopment of contractures that may occur as a result of
the patient’s growth.”*"'”

In cases where split-thickness skin grafts are used, ei-
ther the back and or the anterior thigh can be used in pae-
diatric patients, as a comparison between the two sites re-
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vealed no significant difference in “infection rate, blistering,
pigmentation or compliance by the patient”.'” When used as
a donor site for STSG in the paediatric population, the back
has been shown to be associated with less long-term scar-
ring than the anterior thigh.” The scalp has also been sug-
gested as a donor site for STSG due to faster healing and
decreased pain when compared to other donor sites.” Addi-
tionally, any scar or discoloration will be covered by hair,
obscuring it from view.” The soles of the feet can also be
used as donor sites, especially for palmar burns as they give
a good result due similarity to the palm in texture and colour.”
Reported complications include recontracture of the recipi-
ent site, hypertrophic scarring, and the need of an addition-
al full-thickness skin graft from a secondary donor site that
is needed to cover the primary donor site.””

Resuming activities after hand burns

It was found that the most significant factors affect-
ing return to work/military duty after a burn injury were
the duration of hospitalization and the total body surface
area burned.”'” The presence of a hand burn has not been
consistently found to negatively affect return to work/du-
ty, with some studies finding a statistical significance in
delay in work resumption following hand burns, and oth-
ers not yielding such results.”'* This may however be due
to the increased incidence of mild hand burns that dilute
the results and show no statistical significance while re-
sults for severe hand burns are negatively associated with
poorer rates of work resumption.'”

Conclusion

Burn injury is a common form of trauma that fre-
quently affects the upper extremity, with a consequent sig-
nificant functional loss, if not adequately treated in the
acute or subacute phase. Initial triage is of primary im-
portance in determining which patients to admit to the burn
unit and which to treat as out-patients. This decision must
be made following a proper history and physical exami-
nation, trying to accurately assess the circumference and
depth of the burned areas. Successful out-patient treatment
hangs on correct initial debridement, application of the ap-
propriate topical therapy, early mobilization, and regular
follow-ups. Decision for escharotomy relies on the accu-
rate initial assessment and a close follow-up by an expe-
rienced burn surgeon. Early burn excision and grafting ap-
pear to yield better results in hand function than late burn
excision. Secondary injury is avoided by careful burn care
rehabilitation planning, including topical wound care, re-
duction of the oedematous process, early mobilization, and
burn wound coverage. The endeavour of burn care is to
achieve early wound healing, prevent infection, and restore
normal functional activity.
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RESUME. Les Auteurs, dans une analyse détaillée de tous les aspects des brilures de la main, présentent les diverses classifications
des lésions thermiques, les soins en régime hospitalier ou ambulatoire, les indications pour les escarrectomies, comme aussi la gestion
chirurgicale, les substituts cutanés et les brilures des mains en dge pédiatrique.

Mots-clés: brilure, Iésion thermique, main, traitement
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