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Abstract

Background—Maintaining lean body mass (LBM) after a severe burn is an essential goal of 

modern burn treatment. An accurate determination of LBM is necessary for short- and longterm 

therapeutic decisions. The aim of this study was to compare 2 measurement methods for body 

composition, wholebody potassium counting (K count) and dual x-ray absorptiometry (DEXA), in 

a large prospective clinical trial in severely burned pediatric patients.

Methods—Two-hundred seventy-nine patients admitted with burns covering 40% of total body 

surface area (TBSA) were enrolled in the study. Patients enrolled were controls or received long-

term treatment with recombinant human growth hormone (rhGH). Near-simultaneous 

measurements of LBM with DEXA and fat-free mass (FFM) with K count were performed at 

hospital discharge and at 6, 9, 12, 18, and 24 months post injury. Results were correlated using 

Pearson’s regression analysis. Agreement between the 2 methods was analyzed with the Bland-

Altman method.

Results—Age, gender distribution, weight, burn size, and admission time from injury were not 

significantly different between control and treatment groups. rhGH and control patients at all time 

points postburn showed a good correlation between LBM and FFM measurements (R2 between 

0.9 and 0.95). Bland-Altman revealed that the mean bias and 95% limits of agreement depended 

only on patient weight and not on treatment or time postburn. The 95% limits ranged from 0.1 ± 

2.9 kg for LBM or FFM in 7- to 18-kg patients to 16.3 ± 17.8 kg for LBM or FFM in patients >60 

kg.

Conclusions—DEXA can provide a sufficiently accurate determination of LBM and changes in 

body composition, but a correction factor must be included for older children and adolescents with 

more LBM. DEXA scans are easier, cheaper, and less stressful for the patient, and this method 

should be used rather than the K count.
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Introduction

Severe thermal injury leads to a change in patient metabolism that may persist for over 24 

months after the initial event.1 The ensuing period of hypermetabolism and catabolism 

following a burn leads to impaired immune function, decreased wound healing, erosion of 

lean body mass (LBM), and hinders rehabilitative efforts.1-4 Reintegration into society is 

delayed and quality of life impaired. Strategies for attenuating this maladaptive response5-7 

can be divided into nonpharmacologic and pharmacologic approaches. The 

nonpharmacologic approach includes early excision of burned skin and closure of wounds, 

pertinacious surveillance for and treatment of sepsis, early commencement of high-protein 

high-carbohydrate enteral feeding, elevation of the immediate environmental temperature to 

over 30°C; and enrollment into an aerobic/resistance exercise program. This integrative 

approach has been shown to improve outcome.6,8-10

Pharmacologic approaches to attenuate hypermetabolic response postburn can be divided 

into anticatabolic and anabolic drugs. Long-term supplementation studies at the Galveston 

Shriners Hospital have shown that rhGH decreases catabolism, increases protein synthesis, 

promotes muscle and bone growth, and shortens hospital stay.11 Skin-graft donor site 

healing in children with burns covering ≥ 40% of total body surface area (TBSA) was shown 

to improve by 20%-30%.5,12 Improved growth and recovery time were demonstrated 

following administration of rhGH over a 12-month period.13 Concern that treatment with 

rhGH could potentially increase scarring prompted a study showing that severely burned 

children who received rhGH during the acute hospital course did not develop increased 

scarring.14 In contrast, rhGHtreated patients had a decreased need for surgical interventions 

and reconstructive surgeries. The reason for using rhGH as a perturbation in this trial is that 

rhGH is criticized for increasing edema formation and not muscle. We therefore wanted to 

determine whether rhGH would change the correlation or bias when dual x-ray 

absorptiometry (DEXA) was used compared with whole-body potassium counting (K 

count), serving as a perturbationcontrol group.

In those patients with burns ≥40% TBSA, marked catabolism and loss of LBM almost 

always result in immune dysfunction, organ failure, and increased mortality.1,2 To modulate 

these deleterious sequelae, precise body composition measurements are mandatory to detect 

loss of muscle mass and to counteract these changes. Many different methods of 

determining body composition have been developed, including body density and volume 

measurements,15-17 dilution methods,18 bioelectrical impedance and conductance 

methods,19 wholebody counting and neutron activation analysis,20 DEXA,21-24 K count, 25 

magnetic resonance imaging, and computed tomography.

K count is one of the most accurate methods for detecting fat-free mass (FFM) but is labor 

intensive, expensive, and time consuming. DEXA is better suited to determine body 

composition: DEXA is fast, is inexpensive, and uses low doses of radiation. The validity of 

DEXA in severe burns, however, has not been determined. The aim of this study was to 

determine whether DEXA can be used to effectively and accurately measure LBM in 

severely burned pediatric patients.
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Materials and Methods

Two-hundred seventy-nine patients (144 receiving short-or long-term rhGH and 135 

controls) with burns covering ≥40% of TBSA, admitted to our hospital over a 6-year period, 

were entered into the study. Prior to the study, each subject, parent, or child’s legal guardian 

had to sign a written informed consent form. This study was approved by the Institutional 

Review Board at the University of Texas Medical Branch, Galveston.

On admission, the extent and degree of burns were assessed and recorded on a standard 

Lund and Browder chart by the attending burn surgeon. Information recorded at the time of 

admission also included burn-related data (date and mechanism) as well as demographic 

data (age, gender, ethnicity). All thermally injured children with burns covering ≥40% of 

their TBSA who were admitted to our burn unit, consented to the study, and required at least 

1 surgical intervention were included in this study. Patients were resuscitated according to 

the Galveston formula, receiving lactated Ringer’s solution in amounts of 5000 mL/m2 

TBSA burned + 2000 mL/m2 TBSA burned, given in increments during the first 24 hours. 

Within 48 hours of admission, all patients underwent total burn wound excision and open 

wounds were covered with autograft or allograft. After the first operative procedure, it took 

5-10 days until the donor site was healed, and patients were then taken back to the operating 

room. This procedure was repeated until all open wound areas were covered with autologous 

skin.

All patients received the same nutrition according to a standardized protocol. The intake is 

calculated as 1500 kcal/m2 body surface + 1500 kcal/m2 area burn, or the need was assessed 

by measuring the resting energy expenditure, multiplied by 1.4 with weekly adjustments as 

previously published.23,26,27 The nutrition route of choice was enteral nutrition. Therefore, 

almost all patients received nutrition via a duodenal (Dobhoff) or nasogastric tube. 

Parenteral nutrition was only given in the rare instances when the patient did not tolerate any 

tube feeds. One patient group did not receive any anabolic intervention, and 1 group of 

patients received rhGH at a dose of 0.05 or 0.1 mg/kg/d.

Near-simultaneous DEXA and K-count assessments were carried out at hospital discharge 

and at 6, 9, 12, 18, and 24 months post injury.

Whole-Body Potassium Measurement (K Count)

This method uses the natural radioactive decay of a small fraction of the total number of 

potassium atoms in the body that are radioactive (called 40K). It was originally used for 

surveillance of workers who had come into contact with radioactive sources during weapons 

manufacture or research. Surprisingly, a constant peak in the results (attributable to the 

isotope 40K) occurred in each employee independent of exposure to radioactivity. Once it 

was linked to FFM, the method was used to determine body composition.28-30 Only a 

minute fraction of the total-body potassium is 40K (about 0.012%). It produces high-energy 

γ radiation at a rate of around 266,000 disintegrations per minute, and 89% of these 

disintegrations will result in the production of calcium-40 by emitting a β particle with no 

attendant γ radiation (maximum energy of 1.33 MeV); 11% produces the gas argon-40 by 

electron capture with emission of an energetic γ photon (maximum energy of 1.46 MeV). 
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All of the β particles and approximately half of the γ rays are absorbed in the body. Because 

of the small amount of radiation that must be measured, specialized equipment and shielding 

are required for accurate assessment. The K counter located at the University of Texas 

Medical Branch was designed to measure potassium in subjects ranging from preterm 

infants to obese adults. The patient is positioned supine between 2 arrays of 32 NaI detectors 

(16 above and 16 below) that are inside a room constructed of 8-in-thick steel walls (Figure 

1).

The counting process takes 15 minutes, and patients are monitored continuously via a video 

camera and intercom system the whole-body counter is calibrated with the use of a phantom 

before each measurement. Total body potassium may be used to calculate body cell mass31 

and to estimate FFM.

DEXA

Measurements of LBM, bone mineral content, and fat mass were carried out using DEXA 

(QDR-4500W model, Hologic, Waltham, MA; Figure 2) and recorded using a pediatric 

software package. This system is specifically designed to have minimal mean error when 

measuring LBM in children. The machine is calibrated daily using a phantom. The 

measurement of different tissues in the body using the DEXA is based on the principle that 

the intensity of a beam of x-rays passing through a patient is related to the thickness, 

density, and chemical composition of the tissues traversed. This alteration in intensity is also 

dependent on the energy of the x-ray, which, when low, is subject to 2 principles: Compton 

scattering and the photoelectric effect.32-34 These account for the change in intensity of the 

transmitted x-ray beam as it passes through the patient. Therefore, once the change in 

intensity and the mass attenuation coefficients are known, bone mass and overlying soft 

tissue mass can be calculated. The scan takes 5 minutes and requires cooperation on the part 

of the patient since movement must be kept to a minimum to prevent anomalous readings. 

Therefore, the use of DEXA measurements in infants and neonates is limited, although 

possible if the patient is asleep and not moving.

Statistical Analysis

The relationship between DEXA and K-count measurements was determined using linear 

regression. Significance of the relationship between DEXA and K count was assessed by F 

test on the slope coefficient. Pearson’s correlation coefficient was computed.

Agreement between the 2 measurement methods was assessed using the Bland-Altman 

method.35,36 For the graphic display, the average of each measurement pair performed by 

DEXA and K count was plotted against their difference. The mean of all differences (mean 

bias) and the upper and lower limits of agreement were then superimposed as parallel lines; 

the limits of agreement were estimated by mean difference ±1.96 standard deviation (SD) of 

the differences to provide the interval within which 95% of differences between 

measurements by the 2 methods are supposed to lie.

To provide a better limit of agreement estimate for a wide range of patient weights and FFM 

values, and taking into account the increasing standard deviation with increasing FFM, 
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limits of agreement were adjusted to weight. A linear best-fit curve was calculated from all 

data points using the following linear equation:

The slope and intercept of the best-fit curve were then used to plot V-shaped limits of 

agreement for 5–65 kg FFM, using 5-kg intervals to calculate the mean bias and ±1.96 SD to 

plot the appropriate curves.

Results

Two-hundred seventy-nine patients (144 rhGH and 135 controls) with burns covering ≥40% 

TBSA were enrolled in the study. Age, gender distribution, weight, burn size, and time 

between injury and hospital admission were not significantly different between the control 

patients and those receiving rhGH (Table 1).

The analysis of all data pairs taken together (controls and rhGH patients at all time points 

postburn) revealed a strong correlation between DEXA and K-count measurements (Figure 

3A). A similar level of correlation was found when control patients (Figure 3B) and rhGH 

patients (Figure 3C) at all time points postburn were analyzed separately.

To determine whether the time interval after burn injury had an effect on the correlation 

between the measurement methods, patients from both treatment groups were stratified into 

6 different categories: time of discharge and 6, 9, 12, 18, and 24 months postburn. DEXA 

and K-count measurements strongly correlated at all time points (Figure 4).

Agreement between the 2 measurement methods was assessed with the Bland-Altman 

method. The mean bias ±95% limit of agreement (mean ± 1.96 SD) for all data pairs 

(controls, rhGH, all time points) ranged between −2.1 kg ± 6.3 kg and 17.7 kg ± 6.3 kg 

when using a constant SD, independent of patient weight (Figure 5A). Adjusted for smaller 

and larger weights, the limits of agreement were significantly lower for smaller children (10 

kg LBM/FFM: mean bias -1.2 kg ± 3 kg 95% limit of agreement) than for adolescents and 

young adults (60 kg LBM/FFM: mean bias 16.3 kg ±17.8 kg; Figure 5B). A closer look at 

different patient weights with a stratification into 2 different weight groups (7-17.9 kg and 

18-65 kg) revealed a very low bias in the smaller weight group (0.1 kg ± 2.9 kg, Figure 5C) 

but a larger bias that increased further with larger FFM in older children (Figure 5D).

All of the aforementioned mean biases and limits of agreement only changed marginally 

when patients were divided into control and rhGH groups and separately examined at 

different time intervals postburn.

Discussion

Severe thermal injury leads to hypermetabolism and catabolism that persist for >24 months 

after the initial event.1 The consequences of hypermetabolism and catabolism are erosion of 

LBM, hyperglycemia, impaired immune function, decreased wound healing, and delayed 
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rehabilitation and reintegration into society.6 Our group hypothesized that these detrimental 

responses can be attenuated, and rehabilitation and reintegration can be accelerated by using 

pharmacologic intervention and exercise.6,8-10 One of the main outcome variables for all of 

these studies is LBM. A substantial loss of LBM is deleterious to patient outcome. 

Therefore, precise measurements of body composition are essential to monitor patient 

recovery following thermal injury. Special logistic difficulties arise from the fact that burn 

patients in the early postburn phase are mostly intensive care inpatients and therefore are 

difficult to transport. Densitometry, isotope dilution methods, in vivo neutron activation 

analysis, DEXA, computed tomography, and magnetic resonance imaging are the most 

common methods used to measure body composition.37,38 Bioelectrical impedance analysis 

(BIA), a noninvasive method based on the electrical properties of tissues, has been used to 

assess body fluid compartments in critically ill patients and is described as an easy-to-use 

bedside tool.39 Another bedside technique is muscle ultrasound. The validity and correlation 

to DEXA in critically ill patients with multiple-organ failure were assessed in a small 

clinical study but proved to be only fair.40

The gold standard to determine FFM is whole-body potassium counting (K count). The K 

count, however, is associated with logistic and financial issues and is not well suited for 

intensive care patients. An alternative method to determine body composition is DEXA. 

This method is easier and faster to perform, with a 100-fold lower radiation exposure than a 

chest X ray. The use of DEXA to measure different body compartments (muscle, fat, bone) 

has been described and validated against gold standard methods in multiple clinical studies. 

Its use in severe burns, however, has not been determined. The aim of this study was to 

compare DEXA to K-count measurements in severely burned pediatric patients to determine 

whether DEXA can be used to accurately measure LBM.

Our data indicate that LBM (DEXA) and FFM (K-count) measurements correlate strongly 

and show an acceptable limit of agreement, as determined by the Bland-Altman analysis. 

One of the main criticisms has been that DEXA cannot differentiate water/edema from LBM 

and therefore gives false results, especially during the acute phase postburn.41 Water 

retention and edema formation play an important role during the acute phase postburn.42,43 

Interestingly, in smaller children with less FFM, the mean bias between the methods was 

nearly zero, whereas it increased rapidly when the muscle mass surpassed 30 kg. Therefore, 

a correction must be in larger patients used that can be easily derived from Figure 5A. We 

found that the LBM measurements (DEXA) showed the same limits of agreement and mean 

bias as FFM (K-count) measurements across all time points and independent from a drug 

intervention that changes body composition. Because DEXA and K count strongly correlate, 

we suggest that DEXA accurately detects LBM and can differentiate edema from fat or 

muscle. The data indicate that this study is sufficiently powered and the results are thus 

valid.

The DEXA scanner located within our unit is easy to use and does not require any special 

shielding from the outside world. The patient can be scanned in the presence of a parent or 

caregiver, which significantly reduces the psychological stress for the patient. The K counter 

is housed in a darkened room that is shielded by steel and concrete. The patient is alone in 

the room during the scan (15 minutes) and can only communicate using a closedcircuit 
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television and radio intercom. In our hospital, the patient must be moved a considerable 

distance to undertake the K-count scan.

All control patients in the above-mentioned time period who had simultaneous LBM and 

FFM measurements were included in the study. We then aimed at adding a perturbation that 

is known to alter body composition, somewhat serving as a positive control. We thus chose 

rhGH as an agent that alters body composition and, in addition, was criticized to increase 

whole-body edema. DEXA and K-count measurements correlated not only in control 

patients but also in control and rhGH patients, indicating that alterations in body 

composition can be detected by both methods. The Bland-Altman analysis method revealed 

that rhGH did not add any bias or error, indicating that LBM determined by DEXA is a valid 

end point for pharmacologic and nonpharmacologic trials.

In this study, a very close relationship between DEXA measurements of LBM and K-count 

measurements of FFM was shown. We have shown in this study that we are now able to 

accurately measure other parameters of body composition in pediatric patients. LBM can be 

accurately determined in severely burned children using the more user-friendly DEXA 

methodology instead of whole body potassium counting. We therefore advocate the use of 

DEXA measurements of body composition during the acute admission and during the 

reconstructive phase of burn care.

Conclusion

Evaluation of body composition in pediatric patients is comparable using both DEXA and 

K-count measurements. LBM and FFM measurements show no mean bias for smaller 

muscle masses, but a correction factor has to be applied when examining larger patients. 

Because DEXA scans are easier, cheaper, and less stressful for the patient, we recommend 

using this method rather than the K-count scan. Further studies are required to ascertain 

whether the accuracy of measurements seen here can be extrapolated to adult burn patients.
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Figure 1. 
Whole-body K-Counter used in this study at the University of Texas Medical Branch.
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Figure 2. 
DEXA scanner used in this study at Shriners Hospitals for Children.
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Figure 3. 
(A) Correlation of lean-body mass (LBM) with fat-free mass (FFM) for all patients (Control 

+ Growth Hormone) across all time points (n=279). (B) Correlation of lean-body mass 

(LBM) with fat-free mass (FFM) for control patients across all time points. (C) Correlation 

of lean-body mass (LBM) with fat-free mass (FFM) for growth hormone patients across all 

time points (n=144).
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Figure 4. 
Correlation of lean-body mass (LBM) with fat-free mass (FFM) for all patients (Control + 

Growth Hormone) across different time points (n varies from 40 to 279).
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Figure 5. 
Agreement between lean body mass (LBM; DEXA) and fat-free mass (FFM; K count). The 

difference between each data pairs is plotted against their mean value (Bland-Altman 

method).35 Within the plot, the mean bias between the methods is expressed by the middle 

line and the upper and lower 95% limits of agreement by the respective upper and lower 

line. (A) Analysis of all patients, constant limits of agreement. (B) Analysis of all patients, 

limits of agreement V-shaped around the regression line of the differences (mean bias, 

equation: y = 0.3506x – 4.7275, R2 = 0.6551). (C) Patients with an average LBM/FFM of 

7-17.9 kg. (D) Patients with an average LBM/FFM of 18-65 kg.
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Table 1
Patient Demographics

Group rhGH Control

n 144 135

Age [years] 9 ± 5 9 ± 5

TBSA [%] 62 ± 15 60 ± 14

TBSA 3rd [%] 48 ± 24 48 ± 22

M:F Ratio 4.7:1 4:1

Burn Type

 • Flame [%] 82 85

 • Scald [%] 14 12

 • Other [%] 4 3

Admission post injury [days] 4 ± 6 5 ± 6

rhGH=recombinant human growth hormone; TBSA= total body surface area. Results are ± standard deviation.
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