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Abstract

Objective—We have previously described thermoregulatory responses of severely burned

children during submaximal exercise in a thermoneutral environment. However, the

thermoregulatory response of burned children to exercise in the heat is not well understood and

could have important safety implications for rehabilitation.

Study design—Children (n=10) with >40% total body surface area burns and non-burned

children (n=10) performed a 30 minute bout of treadmill exercise at 75% of their peak aerobic

power in a heated environment. Intestinal temperature, burned and unburned skin temperature, and

heart rate were recorded pre-exercise, every 2 minutes during exercise, and during recovery.

Results—Three of the 10 burned children completed the exercise bout in the heat; however, all

of the non-burned children completed the 30 minute bout. One burned child reached a core body

temperature > 39°C at minute 23. Burned children had a significantly higher core body

temperature thru the first 12 minutes of exercise compared to non-burned children. However, 9 of

10 (90%) burned children did not become hyperthermic during exercise in the heat.

Conclusion—Specific to this study, hyperthermia did not typically occur in burned children,

relative to non-burned children. Whether this is due to an intolerance to exercise in the heat or to

an inability to generate sufficient heat during exercise needs to be explored further.
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INTRODUCTION

During exercise or periods of thermal stress, sweat production and blood flow to the skin

increase. These responses are critical for normal heat dissipation to occur. For these

responses to occur, the functional integrity of sweat glands, skin circulation and neural
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control of the skin circulation must be present [1]. However, in individuals with severe third

degree burns, normal skin along with its appendages (sweat glands, nerves, and blood

vessels) are destroyed and replaced with scar tissue, skin grafts, and reepithelialized areas.

This results in healed burn wounds that are unable to sweat or have altered circulatory

function [2, 3].

In burn rehabilitation, exercise training is essential to improve physical performance and

counteract low work capacity, both of which are major determinants of a severely burned

patient's ability to return to school or work [4]. Our hospital has implemented a program of

aerobic and resistive exercise training, along with standard physical therapy; to counteract

the skeletal muscle catabolism and weakness that occurs post-burn [5]. In addition, we have

previously reported that hyperthermia (defined as core body temperature greater than 40°C)

[6] does not occur with submaximal exercise in a thermoneutral environment and is

therefore safe for children with <75% total body surface area (TBSA) burns [7]. However,

this study was done in a thermoneutral environment and was of a relatively short duration

(20 minutes).

In children with severe burns, the thermoregulatory response to exercise in the heat is not

well understood and whether an abnormal or detrimental response occurs during exercise in

the heat in these children is presently unknown. Therefore, we designed a study in burned

children and non-burned children to assess temperature responses during thirty minutes of

submaximal exercise in a heated environment. We hypothesize that children with severe

burns will have significantly higher absolute values of core temperature (Tcore) during

exercise and also have a higher change in Tcore during exercise relative to rest.

METHODS

Subjects

Ten children with greater than 40% TBSA burns and ten non-burned children participated in

this study. Informed consent was given by a parent or legal guardian and each child gave

their assent prior to participation in the study. The study was approved by the Institutional

Review Board of the University of Texas Medical Branch.

For all exercise tests, burned children wore comfortable, loose clothing (shorts, t-shirt and

running shoes). In addition, they wore pressure garments, issued as standard of care, to

reduce scar formation [8]. This was done to best simulate the conditions that these burned

children would be exposed to outside of laboratory conditions. Non-burned children wore

similar clothing to the burned children, but did not wear pressure garments.

Exercise Testing

All participants completed a modified Bruce protocol maximal treadmill exercise test to

determine peak aerobic power. Heart rate and oxygen consumption (V̇O2) were assessed

using methods previously described [5]. Briefly, breath-by-breath data was recorded using

an automated MedGraphics (St Paul, MN) CardiO2 metabolic cart. Speed and angle of

elevation started at 1.7 miles per hour and 0%, respectively. Thereafter, the speed and level

of incline were increased every three minutes. Subjects were constantly encouraged to
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complete 3-minute stages and the test was terminated once peak volitional effort was

achieved. The peak oxygen consumption (V̇O2peak) and peak heart rate were used to

establish the intensity (approximately 75% of their peak aerobic power) for each subject

during the submaximal exercise session.

On a subsequent day (within the same week), subjects completed a 30 minute treadmill

submaximal exercise test in a heated environment. A workload of approximately 75% of

their V̇O2peak, as determined from the previous V̇O2peak test, was used to determine the

treadmill speed and grades during the submaximal exercise test. Treadmill speed and angle

of elevation remained constant throughout the submaximal exercise test. Heart rate was

continuously monitored pre, during, and post-exercise. The selection of the relative V ̇O2

intensity of approximately 75% of V̇O2peak is based on the intensity used during indoor

sessions of our exercise rehabilitation program. This exercise rehabilitation program has

been demonstrated to be beneficial in terms of increasing lean mass, muscle function, and

peak aerobic capacity in children with severe burns [5, 9]. Criteria for early test termination

included core body temperature greater than 39°C, heat illness symptoms (dizziness, severe

fatigue, headache, nausea), and the inability to safely maintain the set treadmill speed and

grade.

Temperature Measurements

Intestinal temperature (Tcore) was measured via telemetry using an ingestible temperature

capsule (MiniMitter, Seattle, WA) swallowed a minimum of 5 hours prior to exercise

testing. No food or drinks were allowed within 1 hour of testing. A Tcore measurement

greater than 39.0°C was chosen for test termination to ensure the safety of all children. This

value was chosen based on temperature cut-off points used in previous reports of burn

patients during exercise in the heat [2, 10-12].

Skin temperature was assessed using a Mon-A-Therm Model 6510 temperature monitoring

system (Mallinckrodt Co., Mexico). In each burned child, the temperature of one area of

burned, fascially excised skin and one area of unburned skin was measured. Sites were

chosen based on review of the child's medical record. In the non-burned children, the

temperature probe was placed on the right rear shoulder, (mid-Trapezius area). Measurement

of room temperature, relative humidity and barometric pressure were recorded for 6 minutes

pre-exercise, every two minutes during the 30 minute exercise bout, and for 6 minutes

during recovery. Tcore and skin temperatures were also recorded at similar intervals as room

temperature.

All fans and ventilation outlets were turned off during each exercise session to diminish any

fluctuations in room temperature during the test, as we do not have access to an

environmental chamber at this time. The size of the room in which the exercise sessions

were carried out was 42 × 20 feet. During the testing, there was one child, an investigator,

and a parent/guardian present in the room. Room temperature, humidity, and barometric

pressure were measured using the Davis Instruments Perception II temperature monitor

(Hayward, CA).

McEntire et al. Page 3

J Burn Care Res. Author manuscript; available in PMC 2014 May 23.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Statistics

All values are reported as means±standard deviation. Student's two tailed t-tests and two-

way repeated measures ANOVA for comparisons within and between groups (Burned

Children and Non-burned Children) were used for data analysis. A Kaplan-Meier curve was

constructed for exercise duration with differences determined by a log-rank test. Intestinal

temperature (Tcore) was set as the primary outcome variable. Statistical significance was

accepted at p<0.05.

It is possible that a type II error was committed. However, sample size was determined in

advance by power analysis. We determined the number of subjects required for our current

study based on results from our previous study [7], in which we found that the standard

deviation of Tcore in burned children was 0.5°C. We felt that differences of less than 0.8°C

were not physiologically meaningful, so we used that difference as the minimum difference

to be detected. Our power calculation, assuming a difference and standard deviation of 0.8

°C ± 0.5°C and an alpha of 0.05, determined that 8 patients per group were required to

achieve a power of 80%, so we believe we have sufficient power to detect meaningful

differences in this study.

RESULTS

There were no significant differences between burned and non-burned children in age,

height, or weight. As expected, V̇O2peak was significantly higher in non-burned children

compared to burned children (36.1 vs 24.1 ml/kg/min, respectively) (Table 1). TBSA burned

ranged from 42-77%, with an average of 59±13% TBSA burned. Mean TBSA 3rd degree

burned was 46±22% of total TBSA (range 7-77%). As expected, the unburned TBSA

available for heat dissipation was significantly less in burned children (0.55±0.31 m2, based

on an average BSA of 1.31±0.45 m2) than non-burned children (1.46±0.33 m2). Mean time

post-burn was 5.4±3.0 months (range 1-9 months).

All of the non-burned children completed the 30 minutes of exercise in the heat. However,

the burned children were able to complete 20.2±8.5 minutes (range 6-30 min) in the heat.

Only three of the burned children were able to complete the 30 minutes of exercise in the

heat. Interestingly, one burned child had to be stopped at minute 23 due to a core body

temperature of 39.04°C. To best demonstrate the significant differences in completion times

(p=0.001, log rank test) between burned and non-burned children, we have used a Kaplan-

Meier curve (Figure 1).

Heart rate (HR) measurements

Room temperature, relative humidity, and barometric pressure values are reported in Table 2

for the submaximal exercise test. Resting HR was significantly higher in burned children

compared to non-burned children (126.9±21.6 vs 101.8±10.6 bpm; p=0.004, respectively).

However, during the submaximal exercise bout, the maximal HR achieved was similar

between groups. The maximal change in HR from baseline was significantly less in burned

children compared to non-burned children (42.1±17.2 vs 62.9±23.7 bpm; p=0.04,

respectively) (Table 3).
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Core body temperature measurements

Core temperature at baseline was higher in burned children compared to non-burned

children (37.68±0.36 vs 37.28±0.31 °C, p=0.02). The maximal change in Tcore from

baseline was significantly less in burned children (0.34±0.24°C) than in non-burned children

(0.85±0.55°C, p=0.02). However, maximal Tcore was not significantly different between

groups (Table 4). Tcore was significantly warmer during the first 12 minutes of exercise in

burned children (p<0.001); however, the slope of the change in Tcore was significantly less

steep in burned children during this time period (0.02±0.01 vs 0.04±0.02°C/min, p=0.03)

(Figure 2).

Skin temperature measurements

Skin temperature data from one burned child was not included in the statistical analysis due

to equipment malfunction. There were no significant differences between the temperature of

burned children's burned and unburned skin and non-burned children's skin at baseline. Non-

burned children's skin temperature rose 1.52±0.69°C from baseline, which was significantly

greater (p=0.03) than the maximal change in burned skin temperature (0.70±0.66°C). The

maximal temperature change in burned children's unburned skin (1.03±0.60°C) was not

different from their burned skin or from non-burned children's skin temperature (Table 5).

There were no significant interactions between time and burned children's and non-burned

children's skin temperature (p=0.14) and the slope of the absolute temperature was not

different between burned, unburned, or non-burned skin (p=0.30) (Figure 3).

DISCUSSION

Our results demonstrate that children with 42-77% TBSA burns do have different

temperature responses compared to non-burned children during submaximal treadmill

exercise in a heated environment. Resting core body temperature was elevated in burned

children, but the maximal temperature change from rest to the end of exercise was

significantly less in burned children compared to non-burned children. Furthermore, only

one of the burned children achieved a Tcore > 39°C, indicating that hyperthermia does not

typically occur in burned children during exercise. As expected, non-burned children's skin

temperature increased significantly more than the burned skin temperature of burned

children. Interestingly, there were no differences between the burned children's burned and

unburned skin temperatures or between unburned skin of burned children and non-burned

children's skin.

Seven of the burned children were unable to complete the 30 minute exercise bout in the

heat and did not present with a hyperthermic state. Based on this, we believe that these

burned children demonstrate an “intolerance” to exercise in the heat. On average, the burned

children were able to complete 20 minutes (67%) of exercise in the heat. Regardless of time

completed (with the exception of the child with an elevated core temperature), the burned

children stated that they felt “too hot” to continue and many complained of symptoms of

severe fatigue, headaches, and dizziness. This is important as these symptoms occurred

when Tcore was less than or equal to 39°C, which is 1°C below the definition of

hyperthermia [6, 13]. Burned children seem to have a greater intolerance to exercise in the
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heat. However, whether this is due to an abnormal thermoregulatory response or to a

debilitated state is unknown.

We utilized heart rate to reflect the relative intensity of exercise rather than the measured

V̇O2. The children did not want to exercise in the heat while breathing through a

mouthpiece, with the nose clipped or pinched off. We acknowledge that we cannot make

statements on submaximal V̇O2 during the 30 minute exercise bout. However, the burned

children's heart rate response was similar in linearity with non-burned children's heart rate.

Therefore, the heart rate response together with the accompanying work load during the 30

minute exercise bout provides valid indirect support that the absolute workload was lower in

burned children, but the relative workload was similar between burned and non-burned

children.

The V̇O2peak achieved by burned children during the maximal exercise test and the

workload that these children exercised at during the submaximal 30 minute challenge, was

lower (albeit not significantly lower) than that of the non-burned group. Therefore, it cannot

be ruled out that the burned children's muscles or metabolism during exercise did not

generate enough heat to produce hyperthermia. Stated another way, the absolute exercise

workload during the 30 minute challenge could have reflected physical debilitation in most

burned children, rather than abnormal temperature responses.

On the other hand, we present the case of a burned child with a V̇O2peak of ~2570 ml/min, a

value much higher than the mean V̇O2peak of 1889 ml/min of non-burned children. At 75%

of this V̇O2peak, the heat generation should have been greater in the burned child, yet, the

maximal Tcore was 37.98°C and the change in Tcore was 0.40°C compared with the maximal

Tcore of 38.14±0.41°C and a change in Tcore of 0.85±0.55 °C in non-burned children. We

present yet another case of a burned child with an absolute V̇O2peak of ~1090 ml/min, a

value much lower than the mean V̇O2peak of 1889 ml/min of non-burned children. At 75%

of this V̇O2peak, the heat generation should have been much lower than that of non-burned

children or of the burned child just described. However, the maximal Tcore was 38.60°C and

the change in Tcore was 0.44°C, values greater than those of the burned child previously

mentioned, who exercised at a much higher absolute V̇O2. The conundrum of trying to

determine the magnitude of the influence of absolute or relative V ̇O2 on heat generation and

their importance when designing studies on temperature regulation during exercise needs to

be further explored.

Core body temperature rises during exercise and demonstrates a linear relationship with the

relative intensity of the workload. Following 10-20 minutes of steady state exercise, muscle

temperature reaches a state of equilibrium [14]. Rectal temperature in healthy individuals is

reported to be determined by the percentage of maximal aerobic capacity rather than the

metabolic rate [15]. However, Wyndham et al have reported that during hot and very humid

conditions, body temperature is determined by the aerobic capacity in relation to total body

surface area available for heat dissipation. Thus, the limiting factor for heat dissipation is

thought to be the surface area available rather than the amount of heat produced relative to

body weight [16]. So, how does this relate to our findings? Post-burn, there is a loss of

muscle mass and the healthy skin available for heat dissipation is significantly less than their

McEntire et al. Page 6

J Burn Care Res. Author manuscript; available in PMC 2014 May 23.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



non-burned counterparts [2, 3, 17, 18]. In this study, Tcore was elevated at rest and during

the first 12 minutes of exercise in the burned children. However, their maximal Tcore was

not different from that of non-burned children. Burned children also demonstrated a smaller

increase in Tcore from rest compared to non-burned children. The temperature of non-burned

children's skin increased significantly more than burned children's skin. In addition, burned

children's burned skin demonstrated a slower rise in temperature compared to non-burned

children. These differences could potentially be a compensatory mechanism that prevents an

abnormal rise in Tcore in burned children. Although, until all burned children are able to

complete the entire exercise bout, we can only speculate that a compensatory mechanism

exists. However, hyperthermia does not typically occur during submaximal exercise in the

current conditions.

Previous research involving burned individuals during exercise in the heat have been of a

greater duration than the present study. We chose the 30 minute time period to mirror the

cardiovascular component of our in-hospital exercise program. Previous studies (all in

adults) performed 60 minutes or more of exercise in the heat [3, 11, 12, 19]. However, as

evidenced in this study, burned children within 9 months of their burn injury are still

physically decompensated and an exercise bout of long duration in the heat would not be

possible. The 30 minute time period chosen seems to be indicative of a realistic time that

burned children can complete an exercise bout in the heat. It may also be reflective of how

children exercise and participate in sports (i.e. shorter durations of higher intensity exercise

followed by rest periods).

Temperatures above 40°C are defined as exertional hyperthermia [6], and our results show

that only one child with burns presented with a Tcore above 39.0°C (a value chosen as a

safety cut-off point). The fact that 90 percent of the burned children did not approach a Tcore

value indicative of hyperthermia is interesting and may have potential safety implications.

To state that hyperthermia does not typically occur in burned children during exercise in the

heat under these laboratory conditions and is therefore safe is tempting, but requires further

scrutiny. This one child did not complain of any symptoms of heat related illnesses. He

would have been able to complete the 30 minute exercise bout, if we had not stopped him

due to the elevated core temperature. Core body temperature prior to exercise was 38.35°C

in this child. Exercise was terminated at 39.04°C, which is an increase of 0.69°C. He also

stated a willingness to complete the exercise bout even as his core temperature was rising.

This is an important issue to consider during exercise because these individuals may be

“heat tolerant” thereby not becoming symptomatic until their Tcore is very high, leading to a

potentially serious heat related illness [20, 21]. Again, our results only apply to submaximal

exercise in the heat under our conditions and for children with 42-77% TBSA burns.

LIMITATIONS

It is still unclear as to whether it is the relative or the absolute intensity of exercise that

contributes more to core body temperature regulation [15, 22-24]. In our study, we set all

sessions of exercise to be the same relative intensity, so we cannot ascertain the influence of

an absolute work intensity or V ̇O2 on core body temperature. However, because of the wide

range of absolute peak oxygen consumption values, even in healthy non-burned children, the
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matching of work intensities or V ̇O2 using relative intensities (as a percent of V̇O2peak)

would be desirable and more practical than using absolute workloads. In addition, the

exercise prescription offered to our burned children, as part of their rehabilitation program,

is based on relative intensity [5].

The burned children in this study wore pressure garments during the exercise testing. The

garments are issued as part of standard of care for rehabilitation. We chose to have them

wear the garments during testing as we wanted to simulate the conditions that they would be

under outside our hospital care. However, we did not include a control group that wore

pressure garments, which makes it difficult to know whether the increases in core body and

skin temperature were the result of the burn itself or the pressure garments increasing the

amount of heat that was retained in the skin. Future studies will include exercise testing

without pressure garments, specifically at 2-4 years post-burn when these garments are no

longer prescribed.

In summary, 90 percent of the burned children in our study presented with Tcore values that

were not hyperthermic by definition. Whether our results translate into the safety of

participation in physical activities in the heat requires further study. Our study was done

under laboratory conditions and future studies under more severe conditions (ie outdoor,

high humidity) may result in the occurrence of hyperthermia. As such, the use of common

sense and monitoring when exercising burned children in the heat is mandated.
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Figure 1.
Kaplan-Meier curve representing the ability of burned children (n=10) and non-burned

children (n=10) to complete the 30 minute exercise test in a heated environment (p=0.001).
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Figure 2.
Intestinal (Tcore) temperature during submaximal exercise. *Tcore of burned children was

significantly hotter during exercise than non-burned children (p<0.05). Dashed line

represents the temperature chosen as a safety cut-off point.
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Figure 3.
Skin temperature during submaximal exercise.
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Table 1

Subject characteristics.

Age (years) Height (cm) Weight (kg) VO2peak (ml/kg/min)

Burn 11.9±4.1 145.2±22.4 44.2±26.3 24.1±6.5

Non-burn 11.3±3.5 153.6±17.6 50.9±18.3
36.1±9.8

*
 (p=0.004)

VO2peak; peak aerobic capacity.

*
Significantly different from burned children. All values are means±standard deviation.
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Table 2

Submaximal exercise test characteristics.

Room Temperature (°C) Relative Humidity (%) Barometric Pressure (mmHg)

Burn 34.4±2.1 24.4±4.6 763.8±3.5

Non-burn 35.1±0.4 25.9±2.0 761.9±1.4

All values are means±standard deviation.
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Table 3

Heart rate measurements.

HRrest (bpm) HRmax (bpm) Change in HR from baseline (bpm)

Burn 126.9±21.6 169.2±22.3 42.1±17.2

Non-burn
101.8±10.6

*
 (p=0.004)

164.7±19.3
62.9±23.7

*
 (p=0.04)

HRrest; resting heart rate, HRmax; maximal heart rate during submaximal exercise test.

*
Significantly different from burned children. All values are means±standard deviation.
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Table 4

Core temperature measurements.

Tcore at rest (°C) Maximal Tcore (°C) Change in Tcore from baseline (°C)

Burn 37.68±0.36 38.03±0.52 0.34±0.24

Non-burn
37.28±0.31

*
 (p=0.02)

38.14±0.41
0.85±0.55

*
 (p=0.02)

Tcore; intestinal (core) temperature.

*
Significantly different than burned children. All values are means±standard deviation.
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Table 5

Skin temperature measurements.

Temperature at rest (°C) Maximal temperature (°C) Change in temperature from baseline
(°C)

Burned skin of burned children 36.02±0.78 36.72±0.71 0.70±0.66

Unburned skin of burned children 36.04±0.63 37.08±0.49 1.03±0.60

Non-burned children's skin 35.42±0.68 36.94±0.30
1.52±0.69

*
 (p=0.03)

*
Significantly different than the burned skin of burned children. All values are means±standard deviation.
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