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Abstract

Rehabilitation of the burn patient aims to restore strength, coordination and mobility as closely to
normal as possible and should begin immediately after initial admission. In the acute phase,
baseline assessments are made against which all subsequent rehabilitation success is held.
Splinting of joints at risk of developing scar contracture into favorable position is done
aggressively and persistently as correction of contractures is more difficult than prevention.
Exercise to preserve range of motion consists of passive but complete motion. In the intermediate
phase, active full ROM movement and ambulation of steadily increasing distances, as well as
resistive exercise and stretching aid in the prevention of muscle and bone atrophy and preserve
muscle memory and coordination. In the long-term outpatient rehabilitation phase, individualized
patient-centered exercise programs can be advantageous in achieving measurable and lasting
positive rehabilitation outcomes. A defined combination of aerobic and resistive exercise is helpful
to enable a physical transition towards independent living and performance of activities of daily
life, as well as return to work as soon as possible. Rehabilitation is a continuum of equally
essential steps, which extends over the whole course of inpatient and outpatient treatment of the
burn patient.
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Introduction

Medical and technical advancements over the last decades have greatly improved survival of
acute thermal injury (1,2). With an increasing percentage of patients surviving severe and
even massive burns, a paradigm shift is underway to accommodate for the specific acute,
mid- and long-term medical needs of an increasing number patients who simply did not exist
in the past.

Rehabilitation of the thermally injured patient is defined as the part of specialized healthcare
that focuses primarily on regaining and improving strength, cognition and mobility
following the injury. The overarching goal in doing so is to approach the degree of pre-injury
abilities as closely as possible.

The challenges in the rehabilitation of burn patients are on one hand similar to those in other
critically ill patients and on the other hand unique in regard to burn injury and its sequelae.
Generally, prolonged immobility during intensive care, resulting in muscle and bone wasting
(3,4), loss of strength and coordination (4), as well as complications arising from secondary
infection are common problems in all critically ill patients (5-7). Specifically in patients
with severe burn injury, factors such as periodically recurring operations (8,9), delayed
closure and secondary infection of dermal wounds (10,11), pulmonary dysfunction resulting
from inhalation injury (12), and the need for specific positioning of the patient in order to
protect skin-grafted areas or donor sites represent serious challenges to early
rehabilitation(13). Later in the course of hospitalization and outpatient treatment, challenges
arise mostly from the formation of scar contractures over joints (14), cardiopulmonary
dysfunction (15), the long term consequences of major amputations (16) and psychosocial
successions of a burn (17).

In any case, the rehabilitation efforts necessary to reach the full potential of recovery
correlate with the extent of burn injury, the age of the patient, the presence of concomitant
injury or comorbidities and the individual capacity of the patient to perform the necessary
tasks.

The main goals of burn related rehabilitation are to maximize functional and cosmetic
outcomes. Important short term objectives focus on the preservation and improvement of
range of motion (ROM) and functional ability. The most important long term target is to
facilitate return to independent living and working and to compensate functional losses. An
accepted approach towards the conceptualization of burn rehabilitation is the subdivision
into its phases and their specific priorities.

Acute Rehabilitation Phase

Despite the vast challenges associated with it, there exists a broad consensus among experts
that burn rehabilitation must start as early as possible (16,18-20). The acute phase of
rehabilitation ranges from the patient’s admittance to the burn unit, over the days of early
excision and skin grafting to the beginning of wound healing.
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Baseline assessment

The first step in rehabilitation should be an initial assessment of the patient’s status that
includes general information regarding the mechanism and extent of the sustained injury, as
well as details that directly impact rehabilitation such as exposed tendons, the presence of
concomitant fractures and inhalation injury. Next, baseline measurements of range of motion
(ROM), muscle strength, sensation and a history and assessment of the ability to perform
activities of daily life before and immediately after the injury are recorded and serve as
reference for future rehabilitation improvement and success. Next, patient-centered short and
long term rehabilitation goals are defined during the onset of early acute care.

Positioning and Splinting

Therapeutic

The objectives of effective patient positioning and splinting are to minimize contractures and
joint deformities, optimize joint alignment, maintain ROM and tissue elongation, facilitate
remodeling of adhesions, prevent pressure points and sores, protect operated sites (skin
grafts and flaps), assist weakened muscles, and reduce edema through elevation (13).

The therapeutic armamentarium ranges from splints, special mattresses and cut-out-foam,
serial casting and strapping (21-23) to the surgical placement of pins (24) to maintain
certain joint positions.

Special splints can be used to optimally position and prevent early contracture of the mouth
(25-28), ear (29,30), nostrils, neck (31), shoulder and axilla (31,32)(Figure 1), elbow (33)
(Figure 2), hip (31,32,34), knee, ankle and foot. The ankle equinus deformity is developing
earliest, is most resilient to treatment and should be avoided whenever possible through
proactive fixation of the joint as shown in Figure 3 (Multi Podus Splint TBC 47.7).

The wrist and hand are especially prone to early contracture and should be splinted into 0—
30° extension within the first 24—72 hours to prevent claw hand. The authors recommend
MCP joints be splinted in 70-80° flexion and IP joints to full extension (13). The thumb is
splinted in a combination of palmar and radial abduction and the MCP IP joints slightly
flexed (13)(Figure 4).

Patient positioning protocols that regulate frequent and defined position changes during
extended periods of immobilization should be installed in every burn unit to prevent pressure
points and ulcers. The supine patient position is preferred unless otherwise necessary.

exercise

Early physical therpay preserves joint mobility, promotes edema resolution, and prevents
muscle atrophy, disuse osteoporosis, as well as respiratory and cardiac complications (13),
while reducing functionally impairing scar contractures (19,35).

Exercise must be started immediately in any conservative and most operative patient
management regimens (18). Procedures such as debridement and fasciotomy, or the
placement of heterografts or synthetic dressing materials are not contraindications for
exercise (32). The placement of skin grafts over joints may warrant a discontinuation of
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physical therpay in the particular area for 4-5 days but may otherwise not halt exercise
efforts.

During the early phase of exercise, short duration and high frequency are favorable and
complete active ROM exercise— preferably performed independently by the patient — is best
(13). The patient moves major joints according to their full ROM to maintain mobility. If the
patient is critically ill, intubated, medicated or otherwise unable to move fully and actively,
assisted active ROM exercises are the treatment of choice followed by passive complete
ROM if no active movement is possible (36).

Resistive exercise prevents muscle and bone atrophy, increases strength and proprioception
and coordination (37). During the early phase, isometric exercise with or without gentle
manual resistance during bed rest has been shown to conserve muscle memory(38).

Ambulation should be initiated as soon as the burn patient is medically stable to do so
(37,39). Walking provides mild cardiovascular conditioning, prevents pressure sores,
preserves muscle strength and function and increases appetite (13,40). A systematic analysis
by Smith et al. demonstrated lower incidence of pulmonary embolism and deep vein
thrombosis, as well as shorter duration of hospitalization when patients with lower extremity
skin grafts ambulated immediately after surgery (39). The Unna Boot, an impregnated semi-
rigid bandage, can be used in combination with lower extremity skin grafting and facilitate
earlier ambulation and can be left in place for up to 7 days after grafting (41).

Intermediate Phase of Rehabilitation

Therapeutic

The second phase of rehabilitation is entered when the patient ceases to be in critical
condition and extends from the initial healing of debrided and grafted skin wounds to
complete wound closure.

Objectives of this phase are to stretch the healing skin to maintain major joint ROM,
preserve motor skill coordination, promote functional independence, maintain strength and
endurance and further minimize muscle and bone atrophy.

exercise

In the intermediate phase and in favor of exercise, the patient is more alert, physically and
medically improving, undergoes surgery with diminishing frequency, and is subject to fewer
critical problems which could interfere with active rehabilitation.

In this phase, passive complete ROM should be used mainly to compare to active complete
ROM which is the main driver of rehabilitative success. Strengthening utilizes manual
resistance or light weights and particular efforts should be undertaken to target muscle
groups which oppose common patterns of contracture (13,20).

Sustained stretching with low force and long duration can aid in prevention or reversal of
contractures (37). The effect is based on the principles of physical conditioning and results
in plastic elongation of connective tissue.
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Encouragement to ambulate continues to be crucial and aims for daily increases in distance
and the continuous reduction of assistance. While the patient is walking independently
repeated gait assessment is performed to detect contractures of the hip and lower extremities
early (13).

Long Term Rehabilitation

Therapeutic exercise and occupational therapy

After completion of wound healing or discharge from acute hospitalization into the
outpatient setting, the burn patient is subject to long-term rehabilitation.

The main goals of this phase are to combine personal trainer based outpatient exercise with a
high compliance to continuous, therapist-independent, exercising. If persistent in this phase,
therapy should prioritize ameliorating ROM limitations, as even strengthened and
conditioned muscle has not been found capable of generating sufficient force to elongate
scar tissue and contractures on its own (36).

Ambulation is further encouraged to occur independently at community distances. Gait
deformities can be refined to increase efficiency and decrease pain and long term sequelae of
scar contractures.

A recent systematic review demonstrated that over 70 percent of burn survivors return to
work within 3.3 years after their injury, but at the same time nearly 28% of all patients never
find their way back into employment of any form(42). In order to better this discrepancy,
which can be life altering for burn survivors, return to work and specialized occupational
therapy should be a cornerstone of long-term rehabilitation. However recent literature
indicates that there is little consensus and great need for standardization of these
efforts(42,43).

Principles of developing outpatient exercise programs

In accordance with the continuum of care from inpatient to outpatient care, some basic
concepts specific to exercise training and rehabilitation exist. These concepts pertain to
whole body exercise and apply to progressive resistance exercise or aerobic exercise.
Exercise programs should consider the frequency of exercise; the intensity of the exercise;
the mode or equipment used and the duration of such exercises. We and others have
published on the benefits of various exercise programs evaluated, but any program should
accommodate individual patient characteristics and needs (44-46).

To develop realistic and achievable goals of outpatient exercise programs pre-burn activity
and habits, medical problems and limitations, such as pain or weakness during ambulation or
exercise, itching, ROM limitations, chronic medications and their potential side effects need
to be reassessed after hospital discharge. Objective assessments to quantify baseline status
and hold all future improvements due to exercise against include ECG with resting and peak
heart rate and blood pressure, cardiopulmonary function tests such as resting and peak
oxygen consumption, Borg’s rated perceived exertion, lean body mass assessed by dual-
energy X-ray absorptiometry and isokinetic dynamometry (47-51). Contraindications to
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certain types of exercise are regularly updated by the American College of Sport Medicine
(ACSM,;(52)) and should be considered when designing individualized exercise programs.
The main components of an exercise program consist of the specific prescription of aerobic
and strength activities, as well as recreational activities. Optimal effects are achieved with
aerobic exercised performed 3-5 days per week, and resistive strength activities on 2-3 days
per week(53). Strengthening exercise continues the use of free weights while aerobic
exercise relies on treadmill, elliptical, rower or cycle ergometers according to the patient’s
individual needs. Table 1 illustrates an exemplary exercise program design as used at our
institution. It is encouraged to base all progression of patient exercise on continuously
collected data that is compared to baseline to achieve quantifiable and objective results.
Patient and caregiver education about the program and its aims is mandatory for sustainable
success regarding adherence and compliance (13). New, unpublished data of our group
suggest that these exercise programs can be carried out in hospital based locations or in
community based gyms. However, home exercise can also be successfully carried out.

Conclusion

Rehabilitation activities in the in- and outpatient setting differ based on the patient’s ability
to complete certain tasks at varying stages of their reconvalescence. No phase of burn
rehabilitation is more important than the other. Only if rehabilitation efforts go hand in hand
along a continuum from admission to the burn unit to successful completion of long term
rehabilitation goals can maximum outcomes be achieved.
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Key points
. Rehabilitation of the burn patient aims to restore strength, coordination and
mobility.
. Occupational and physical therapy should begin immediately after admission.
. A defined combination of aerobic and resistive exercise is helpful to enable a

physical transition towards independent living and performance of activities
of daily life, as well as return to work.
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Figure 1.
Bilateral axillary splints to prevent formation of acute contracture.
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Figure 2.
Severe elbow contracture and correct splinting of the elbow.
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Figure 3.
Multipodus foot and ankle splint to prevent contracture. From Serghiou, MA, Ott S,

Whitehead C, Cowan A, McEntire S, and Suman, OE (2012) Comprehensive rehabilitation
of the burn patient, In Total Burn Care (Herndon, D. N., Ed.) 4th ed., pp 517-549, Elsevier,
Philadelphia, PA, with permission.
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Figure 4.
Severe wrist and hand contracture and correct splint placement for prevention
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Table 1

Example of long term rehabilitative exercise program at Shriners Hospital for Children, Galveston.

Aerobic workout

« Intensity

« Duration

* Frequency
* Mode

70-85% of each individual’s previously determined individual peak aerobic capacity.

Heart rate and rated perceived exertion is obtained at regular intervals during aerobic exercise
20-40 min

3-5 days per week

Aerobic exercise on treadmills, cycle ergometers, arm ergometers, rowing machines, and outdoor
activities such as soccer or kickball

Resistance workout

« Exercise type

« Amount of load lifted and number
of repetitions

* Frequency

« Exercise order

« Type of exercises

« Rest period

Upper and lower body of core and assistance exercises

The weight or load-lifted is set at approximately 50-60% of each individual’s 3 repetition
maximum (RM) and lifted for 4-10 repetitions for three sets. During the 2nd week, the lifting load
increases to 70-75% (3 sets, 4-10 repetitions) of individual 3RM and

continues for weeks 2—6. Thereafter, training intensity is increased to 80-85% (3 sets, 8-12
repetitions) of the 3RM and

implemented from weeks 7-12

2-3 days per week; alternating days of work with days of recovery

Bench press, leg press or squats, shoulder press, biceps curl, leg curl, triceps curl, toe raises, and
abdominals

Eight basic resistance exercises done using variable-resistance machines or free weights: 4 for upper
body, 3 for lower body, and abdominals

1 minute between sets
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