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ABSTRACT

The aims of this study were to assess the accuracy of DXA whole body composition
measurements performed with the knees bent compared to the standard position and to
develop calibration equations for DXA [ie, bone mineral content (BMC), fat mass (FM)
and lean soft tissue (LST)] body composition measurements in subjects using the knees
bent during the whole body scan. DXA was used to measure body composition in 104
Caucasian males and females. Comparison of means and linear regression analysis were
used to test the performance of DXA measurements and to develop calibration models.
For the entire sample, using the knees bent, BMC and FM were overestimated by ~2.6%
and ~9.2%, respectively, while LST was underestimated by ~4.0% (p<0.001). The
regression between BMCgeespent and the standard position did not differ from the line of
identity (p>0.05), while the slope differed from 1 for FM and LST (p <0.05). New
models were developed for BMC, FM and LST. For FM, the significant predictors were
FMcKneesBents age, lower limbs fat mass (LLFM), and the knees bent height (KBH) while
for LST, were LSTkpeesgents LLFM, age, and KBH. Finally, for BMC, BMCkeesgent, ag€,
LLFM, and LLFM x sex interaction were associated with the reference BMC. These
findings show that performing body composition measurements with the knees bent
differ from the standard position. Hence, the recommendation of this technique in
subjects taller than the DXA scan area should be accomplished by using correction
models for BMC, FM, and LST developed for specific DXA instrument.

“What is required is not a lot of words, but effectual ones.”
Seneca

4 International Journal of Body Composition Research (2004). 2(4):165-173.
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INTRODUCTION

Assessment of body composition is important for achieving a better
understanding of nutritional status and disease processes, and evaluating treatments and
interventions. An important advance in body composition research is the availability of
dual-energy x-ray absorptiometry (DXA) for partitioning body mass into three
components: fat mass (FM), lean soft tissue (LST), and bone mineral content (BMC)
(1). At present there are several different body fat measurement methods that can be
applied in the clinical setting (2). One traditional research approach (3, 4) is to evaluate
a subject’s body fat based on a two-compartmental (2C) model, FM and fat-free mass
by hydrostatic weighing and more recently, air displacement plethysmography. The
addition of total body water estimation by isotope dilution allows the development of a
3C molecular model (4). The 3C molecular model can then be extended to a 4C
molecular model by adding an estimate of bone mineral by DXA (5, 6). Many
investigators show that multicompartimental models provide the criterion or gold
standard measurements of FM (5-7). Nevertheless, these models are costly, laborious,
and require sophisticated technological analysis. For these reasons, dual-energy X-ray
absorptiometry has rapidly gained acceptance as a reference method for body
composition analysis. Originally designed to determine bone mineral density (BMD),
DXA technology has subsequently been adopted for the assessment of whole body
composition, which has enabled rapid, noninvasive fat mass estimates with minimal
radiation exposure. DXA also has the advantage of being a 3C molecular model that
quantifies FM, LST, and BMC and also yields regional as well as total body values.
However, DXA is not without limitations, and, although a precise measurement of body
composition is provided, there are still considerable concerns about its validity,

especially at the extremes of tissue depth and hydration level (8-13). In addition, the
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DXA system cannot accommodate subjects with severe or morbid obesity without
adopting a different procedure (14). As well, to evaluate subjects taller than 193 cm in
certain DXA instruments, whole-body scans cannot be obtained because part of the
body will be outside the scan area, unless the feet are truncated. However, when
multicompartimental molecular models are used to estimate several components, this
technique would not enable us to use the correct BMC estimation, except if the knees
are bended (15). Regarding that in specific situations it is critical to measure people
taller than the DXA scan area allows, namely in the daily clinical practice of athletes,
the use of the knees bent position offers a possibility to perform complete whole-body
scans. This led us, in the current study, to critically evaluate the implications of
adopting this position on DXA body composition measurements. Therefore, the aim of
this investigation was twofold: compare DXA whole body composition measurements
performed in subjects shorter than the DXA scan area using the knees bent and in the
standard position; and to develop predictive equations for DXA body composition

measurements (ie, BMC, FM and LST) to be used in subjects taller than the scan area.

METHODS
Subjects and protocol

Body composition was measured in 104 Caucasian males and females who
volunteered to participate in this study. All subjects were informed about the research
design and signed a consent form according to the regulations of the Ethical Committee
of the Faculty of Human Movement, Technical University of Lisbon. After a 12-hour
fast, subjects came to the laboratory where all measurements and testing were carried

out on the same morning.
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Anthropometric measurements

After voiding, body weight and height were measured on an electronic scale
with a stadiometer (SECA, Hamburg, Germany). Weight was measured to the nearest
0.01 kg. Height was measured to nearest 0.1 cm, according to Lohman’s procedure (16).
Lower extremity length was performed with an anthropometer. The landmark used to
assess the level of the hip joint was the trochanteric height (17). A goniometer
(Sammons Preston, Inc., Bolingbrook, IL, USA) was used to establish 90° as the angular
knees reference position throughout the whole-body scan with the knees bent, as
indicated in Figure 7.1. During this position, the whole feet surface was in contact with
the DXA scan table. Additionally, knees bent height was measured vertically and
perpendicular to the DXA scan area, corresponding to the distance between the DXA

table and the top of the knees.
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Figure 7.1. Whole-body scan performed in the knees bent position

Dual Energy X-Ray absorptiometry

To estimate BMC, FM, LST, DXA measurements were made with a total body
scanner (QDR-1500, Hologic, Waltham, USA, pencil beam mode, software version 5.67
enhanced whole-body analyses) that measured the attenuation of x-rays pulsed between
70 and 140 kV synchronously with the line frequency for each pixel of the scanned
image. Following the protocol for DXA described by the manufacturer, a step phantom
with six fields of acrylic and aluminum of varying thickness and known absorptive
properties was scanned alongside each subject to serve as an external standard for the
analysis of different tissue composition. The same lab technician positioned the

subjects, performed the scans and executed the analysis according to the operator's
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manual using the standard analysis protocol. Based on ten subjects, the coefficient of
variation in our laboratory for BMC is 1.6 %, for FM is 2.9 % and for LST is 1.7 %.
Statistical analysis

Comparison of means was used to test the differences between DXA
measurements using the knees bent position and the reference position.

In order to test the validity of the body composition measurements with the
knees bent the subjects studied were below 193 cm. Therefore, linear regression
analysis were performed to developed models, separately, for BMC, FM, and LST using
the standard position as the dependent variables and BMC, FM, and LST using the
knees bent, respectively, as the independent variables. Intercept and slope were tested.
Bland-Altman analysis (18) was used to test the agreement between methods. Multiple
regression analysis was then used to develop BMC, FM, and LST prediction equations
with sex, BMC, FM, and LST with the knees bent and all the possible covariates, as
well as interactions between sex and all the potential variables. The adequacy of the
final prediction models was assessed by testing the normality of the residuals and the
correlation of the absolute residuals with the variables in the models. A variance
inflation factor for each independent variable was also calculated to evaluate
multicollinearity (19).

Internal cross-validation was performed in all the models using the PRESS
statistics method (20). The PRESS statistic is a bootstrap technique that measures how
well an equation performs when applied to independent samples. This internal cross-
validation procedure is an alternative to data splitting, convenient when insufficient
independent data are available, and providing a useful case diagnostic (20). The PRESS
statistic is obtained by /) fitting a regression equation with one observation excluded, 2)

obtaining the predicted value of the excluded observation, 3) calculating the residual for
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that predicted value (observed - predicted), 4) repeating steps 1-3 for all observations,
and 5) taking the sum of squares (SS) of all residuals. Finally, the PRESS statistic is a
function of these residuals:

PRESS =SS (PRESS residuals) (1)

The PRESS statistic is never smaller than SS (error) from the ANOVA table.
Hence, an alternative measure of model adequacy, as suggested by Myers (19), is
defined as:

R’= 1-[PRESS/SS(total)] ()

Similarly, an alternative measure to the ordinary standard error of estimation
(SEE), termed the PRESS SEE can be defined as

SEEpress = V (PRESS/n) (3)
where n, is number of observations. Validation using the PRESS procedure is similar to
applying the equation to an independent sample because the PRESS residual is obtained
for the observations that are not included in the data when the equation is derived (21).

Bland-Altman analysis was performed using MedCalc Statistical Software
(2003, MedCalc Software, Mariakerke, Belgium). Data were analysed using SPSS

(SPSS inc., version 12.0, Chicago, IL, USA) with type I error set at p<0.05.

RESULTS

Subject Characteristics

The subjects were 53 females and 51 males who completed the study protocol.
They ranged in height from 1.44 to 1.89 m, weight from 49.5 to 106.4 kg, and body
mass index (BMI) (mean #+ SD) and range of 26.1 + 3.2 and 18 - 35 kg/m?, respectively.
Age was 45.4 £ 11.3 yrs with a range of 17-80 yrs. Sample characteristics are described

in Table 7.1.
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Table 7.1 — Subjects characteristics for the whole group.

Females Males Total
Mean = SD Mean + SD Mean + SD
N 53 51 104
Age (yr) 45.4 £18.2 45.5+19.3 45.4 £ 18.7
Weight (kg) 64.4+7.6 78.5£10.0 713+£11.3
Height (m) 1.59 +£0.07 1.72 £ 0.08 1.65 +£0.10
BMI (kg/m?) 25.5+3.3 26.7+£3.1 26.1£3.2
Lower limb height (m) 0.80 £ 0.04 0.89 £0.05 0.85 £0.06
Knees bent height (m) 0.40 £0.02 0.44 £0.03 0.42+0.03

Abbreviations: N, number of subjects; SD, standard deviation; BMI, body mass index.

Standard position vs. knees bent position

Comparison of whole and regional body composition measurements performed

in the reference position and with the knees bent (ie, BMCgeference VS- BMCkneesBents

FMgeference VS- FMKneesents aNd LS TRreference VS. LSTkneesBent) 1 presented in Table 7.2. In

general, whole-body composition measurements executed with the knees bent differed

from the reference position (p<0.001). Males presented a higher BMC and LST

(p<0.001), while a superior FM was found in females (p<0.001). However, no

differences were found considering the addition of the three-components for males

(p=0.710), females (p=0.080), and the whole sample (p=0.160).
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Table 7.2. Body composition results from DXA

Females Males Total

Mean = SD Mean + SD Mean + SD
BMCreference (kg) 2.27 £ 0.40° 3.10+£ 047" 2.68 +0.60
BMCkueesBent (kg) 2.38 +£0.41*° 3.13+£0.48* 2.75+£0.58
FMgReference (kg) 23.3+7.6° 176 £7.9° 20.5+8.2
FMckneesBent (Kg) 25.5+7.9* 19.2 £8.1* 224 +8.6
LSTReference (Kg) 38.4+4.1° 57.1+7.1° 476 +11.0
LSTkneesBent (k) 36.1 £3.8* 55.5+6.7* 457 +11.2°
23 CRreference (Kg) 63.9+7.5 77.9 £10.0 70.8 £ 11.2
¥3CkneesBent (Kg) 63.9+7.5 77.9 £10.0 70.7+11.3
FMgeference (%) 35.7+£8.9° 222 +8.4* 29.1+11.0
FMckneesBent (%) 39.1 £9.0* 24.1 £8.5* 31.8+11.5°

Abbreviations: SD, standard deviation; BMC, bone mineral content, FM, fat mass; LST, lean soft tissue, X3C,

sum of the three-component (BMC, FM, and LST); %FM, percent fat mass.
*Males differed from females (p <0.001); ’DXA measurements with the knees bent differed from the
reference position (p <0.001).

BMC reference position vs. BMC knees bent position

The performance of BMCkyeespent Using the standard position as the reference
method is indicated in Table 7.3. BMC analyzed with the knees bent overestimated
BMC from the reference position by 30 g and 110 g, for males and females respectively.
Linear regression analysis shows that BMCxgpeespent €Xplained 99% and 98% of the
variance in BMC, respectively for males and females, with an estimated error of 50 g.
The regression between BMCgpeespent and the reference position did not differ from the
line of identity in both genders. In an individual basis, the differences between the
reference BMC and BMCkeesent ranged from -130 g to 80 g in males and from -220 g
to 0 g in females. In addition, no trend was found between the difference of the methods
and the mean of both methods (p>0.05).

FM reference position vs. FM knees bent position

FM performed with the knees bent overestimated FM from the reference

position by 1.54 kg and 2.20 kg, for males and females respectively. Linear regression
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analysis shows that FMgqeesent €Xplained 99% and 98% of the variance in FM,
respectively for males and females, with an estimated error of 0.94 kg for males and
1.02 kg for females. The regression between FMkpeespent and the reference position
differed from the line of identity in both genders (p<0.05). In an individual basis, the
differences between the reference FM and FMkeesent ranged from -3.46 kg to 0.38 kg
in females and from -4.30 kg to -0.10 kg in males. A negative trend was found between
the difference of the methods and the mean of both methods in males and females (p
<0.05), which means that FMgpeespent tends to underestimate FM in the leaner subjects
and to overestimate in the fatter subjects.

LST reference position vs. LST knees bent position

For males and females, LST in the reference position was higher than LST
performed with the knees bent by 1.55 kg and 2.30 kg, respectively. Linear regression
analysis shows that LSTkpeesgent €Xplained 98% and 91% of the variance in LST,
respectively for males and females, with an estimated error of 1.01 kg for males and
1.19 kg for females. The regression between LSTxpeesgent and the reference position
differed from the line of identity in males (p<0.05) but not in females (p>0.05). On an
individual basis, the differences between the reference LST and LSTkpeespent ranged
from —0.50 kg to 3.60 kg in males and from -0.10 kg to 4.60 kg in females. A positive
trend was found between the difference of the methods and the mean of both methods in
males and females (p<0.05), indicating that LSTxpeespent i related with the amount of
LST. Figures 7.2 and 7.3 depict regression of BMC, FM and LST using the reference
method and with knees bent in males and females, respectively. Bland-Altman analyses
are also described.

Differences between FM and LST from the reference position with FM and LST

using the knees bent were strongly related with age (r=0.30, p<0.001 and —0.30,
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p<0.001, respectively) while no association with age was found for the BMC difference

(r=0.15, p=0.136).

Table 7.3. Performance of DXA measurements using the knees bent validated using the
standard position as the reference method

Agreement
Sex r rzadj SEE  Intercept Slope Bias
(kg) (%) Limits Trend
(r)

M 0.99 0.99 0.05 0.02 098  -0.03" 0.08-(-0.13) -0.09
BMC

F 0.99 0.98 0.05 -0.03 097  -0.11"  0.00-(-0.22) -0.17

M 0.99 0.99 0.94 -0.85° 096" 154"  0.38-(-3.46) -0.24¢
FM

F 0.99 0.98 1.02 -0.94 095" 220" -0.10-(-4.30) -0.30°

M 0.99 0.98 1.01 -1.04 105" 1.55%  3.60 - (-0.50) 0.38°¢
LST

F 0.96 0.91 1.19 1.28 1.03 230" 4.60 - (-0.10) 0.26¢

Abbreviations: r, correlation coefficient; rzadj, coefficient of determination (adjusted); SEE, standard error of
estimation; PE, pure error; Trend(r), Correlation between the differences of the methods and the mean of both

methods; FM, fat mass; M, male; F, female.

*Significantly different from 0 (p <0.05); ® Significantly different from 1 (p <0.05); ¢ Significant
correlation between the differences of the methods and the mean of both methods (p <0.05)
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Figure 7.2. Regression of BMC, FM, and LST estimation using the reference
method (standard position) and BMC, FM, and LST using the knees bent (left
panels) and Bland-Altman analysis (right panels), for males. The solid line
represents the mean differences between the reference position and the knees bent
whole-body measurements and the dashed lines represent (£1.96 SD) confidence

intervals (right panels).
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Figure 7.3. Regression of BMC, FM, and LST estimation using the reference method
(standard position) and BMC, FM, and LST using the knees bent (left panels) and
Bland-Altman analysis (right panels), for females. The solid line represents the mean
differences between the reference position and the knees bent whole-body
measurements and the dashed lines represent (£1.96 SD) confidence intervals (right
panels)

Differences between FM and LST from the reference position with FM and LST

using the knees bent were strongly related with age (r=0.30, p<0.001 and —0.30,
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p<0.001, respectively) while no association with age was found for the BMC difference

(r=0.15, p=0.136).

Model Development

New models were developed for BMC, FM and LST, as described in Table 7.4.
The entire sample was used to develop the calibration models. The significant predictors
of BMC were BMCkpeespent (B=1.014, p<0.001), age (f=0.001, p=0.019), lower limbs
fat mass (LLFM) (=-0.011, p<0.001), and LLFM x sex interaction ($=0.005, p=0.018).
For FM, the significant predictors variables were FMgpeesgent (B=1.010, p<0.001), age
(B=0.018, p<0.001), LLFM (B=-0.266, p<0.001), and the knees bent height (KBH) (=-
8.102, p=0.001). Finally, LST was explained by the variables LSTkpeespent (3=0.994,
p<0.001), LLEM (B=0.257, p<0.001), age (f=-0.022, p<0.001), and KBH (=10.852,
p=0.005).

The developed models were validated by the PRESS statistic method. Overall,
the accuracy of the BMC, FM, and LST models was excellent, as indicated by the high

R? and lower SEE obtained from the PRESS statistic method (Table 7.4).
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Table 7.4. Calibration models for BMC, FM, and LST.

Predictor B SE R® AdjR® SEE  Cross Validation
(kg)
Variables R’press  SEEpRESs
(k)
BMC 0.994 0993 0.048 0.994 0.049
Intercept -0.052  0.044
BMCkneesBent 1.014*  0.009
Age 0.001°  0.0003
LLFMKneesBent -0.011* 0.002
Sex x LLFMkneesBent
Males 0.005°  0.002
Females 0
FM 0.993 0993 0.687 0.992 0.696
Intercept 2.653¢  1.079
FMKneesBent 1.010*  0.018
Age 0.018*  0.005
LLFMgkneesgent  -0.266*  0.047
KBH -8.102°  2.364
LST 0.997 0996 0.723  0.996 0.733
Intercept -3.466°  1.169
LSTKneesBem 0.994* 0.013
Age -0.022*  0.004
LLFMgkneesgent ~ 0.257*  0.031
KBH 10.852°  3.720

Abbreviations: 3, beta (regression coefficient), SE, standard error; R?, coefficient of determination; Adj R?, adjusted
coefficient of determination; SEE, standard error of measurement; R’prgss, coefficient of determination using the

PRESS method, SEEprgss (kg), standard error of measurement using the PRESS method; LLFMg cespen, lower limb
fat mass (kg) with the knees bent; Sex x LLFMg cespent> interaction between sex and the variable lower limb fat mass
(kg) with the knees bent; KBH, knees bent height (m).

“p<0.001,°p <0.01, € p <0.05.

DISCUSSION

To our knowledge this is the first study that addresses this methodological DXA
limitation by developing models to apply in the evaluation of taller subjects. In our
sample, using the knees bent, BMC and FM were overestimated by ~2.6% and ~9.2%,
respectively, while LST was underestimated by ~4.0%.

For both males and females, better performance was found for BMC as

presented by the several performance criteria in Table 7.3, specifically in an individual
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basis, showed by the unbiased agreement between the methods. Even so, an individual
estimation error of ~11% was found for BMC and LST and ~23% for FM when the
knees bent position is adopted in relation to the total mean values obtained in the
reference position for each compartment.
Effect of age and sex

New models were developed for BMC, FM and LST (Table 7.4). In general, age
and LLFM explained part of the variance of the soft tissue (FM and LST) from the
reference position. According to our developed models, a greater age was associated
with a lower LST while a higher BMC, and especially a higher FM were related to a
greater age. This results support early investigations that referred an increase in adipose
tissue and LST atrophy with greater age (22,31).

A greater LLFM was associated with a higher LST while a lower BMC and FM
were related to greater LLFM. An interaction between sex and LLFM showed a
significant association with BMC observed values in the reference position. This
interaction could explain that the relationship between lower limbs fat mass and BMC is
dependent on gender.

Effect of the knees bent position

An interesting finding was the significant effect of the knees bent height as a
significant predictor variable for soft tissue. Possibly, the flexion of the lower limbs at
the hip joints may increase soft tissue by adding part of the lower limbs with the trunk.
Thus, a higher FM in these areas may attenuate the radiation and LST is underestimated.
As a result, the variables LLFM and KBH were significantly associated with the soft
tissue from the reference position. In line with this finding, Roubenoff and Wilson (23)
suggest that knee height is a reliable surrogate for stature and should be used to adjust

body composition measurements, though in our study the knees height was measured
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vertically as the distance between the scan table and the top of the knees in the bent
position. A positive association was found between this distance and height (r=0.79,
p<0.001).
DXA soft tissue variability

Originally DXA was conceptualized to assess bone mineral density and was
subsequently adopted for the assessment of FM and LST. The current findings point out
that even with knees bent, BMC shows a better accuracy than FM and LST. According
to Roubenoff et al. (24), this variability in soft tissue composition is caused by the
effects of hydration and tissue thickness, as well as limitations in distinguished between
soft tissue and bone compartments in the DXA technique. A theoretical basis strongly
supports the hypothesis that DXA fat estimation errors occur secondary to soft tissue
hydration changes (13). Reports indicate that DXA makes no assumptions regarding
tissue hydration, and previous research in humans indicates that acutely altering fluid
balance or distribution has no measurable influence on DXA or related DXA fat
estimates (1, 11, 25-29). However, earlier studies suggest that physical principles and
models on which DXA relies may be influenced by tissue hydration (13, 30, 31). Cross-
validation studies of DXA instruments at different clinical research centers revealed
considerable intermachines differences in the estimation of both bone-mineral density
and soft tissue composition (32-34), even among machines from the same manufacturer
(14, 35). For instances, Black et al (36) illustrates the influence of scan velocity for
obtaining the most accurate results.

The lack of accuracy in DXA body composition measurements of subjects taller
or wider than the scan area has been reported by Lohman (15). An interesting approach
to the problem of evaluating subjects wider than the DXA scan area was reported by

Tataranni et al. (14), who compared the composition of right and left sides in obese
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subjects. Because of the high associations between values from the two sides, the
authors recommended that in studies of subjects wider than the scan area, scans be made
of the right half of the body and the total body composition is estimated assuming
bilateral symmetry.

It is essential to point out that the three major manufacturers of DXA
instruments, (ie, Hologic, Lunar, and Norland), use different detection, calibration, and
analysis techniques in their body composition assessments (37). Moreover, for each
manufacturer, results may vary with the DXA instrument model, the mode of data
collection (eg, pencil-beam vs. fan-beam), and the software used to analyze the data
(15).

The technique presented in the current study is only applicable to the Hologic
QDR-1500 system operating in pencil-beam mode, though several clinicians are using
the same model densitometer for body composition measurements. Most modern
densitometers operate in fan-beam mode. With a fan of radiation, the apparent size of an
object will be altered with height off the imaging table. Hence, as the knees are
elevated, the calculations of BMC, LST, and FM might be altered. In addition, different
densitometers orientate the fan of radiation either longitudinally or transversely across
the table, so results may be dependent of the fan-beam. However, according to
Pietrobelli et al (13), DXA machines are able to recognize air that is below the knees
bent.

Model utility

Until now subjects taller than the DXA scan area were evaluated using the knees
bent or truncating the feet, though the validity of these procedures were not yet studied.
Regarding that the feet truncation would not allow us to estimate the total BMC when

multicomponent models are required we selected to test the validity of using the knees
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bent position to perform DXA measurements compared to the standard position.
Therefore, using these calibration models we are able to correct BMC, FM, and LST
performed with the knees bent when individuals higher than the DXA scan table are
evaluated. In certain subjects, namely athletes, the need to evaluate body composition in
the daily clinical practice is critical, especially when we are following them
longitudinally. Therefore, assessing body composition using the knees bent in athletes
undergoing a specific weight management program may lead to adverse effects on
health and performance. For example, a 20 year-old-female athlete with 1.95 cm, 80 kg,
20 kg of FMkneesBents 8 kg of LLFMgpeesent, With a KBH of 0.49 m, would have ~17 kg
of FM using the corrected model. If the goal for this athlete is to reduce 5 kg of body
weight, an overestimation of 3 kg of FM would lead to errors in the correct
interpretation of body composition results and thus in the subsequent nutritional and
training prescriptions for the weight management program.

Study Limitations

We have considered an alternative solution to the problem of tall people by
performing two scans. The first scan covering the head to lower torso and the second
scan covering the lower torso to legs. However, to initialize the whole-body scan, the
DXA system requires that the first line is air which does not enable us to perform the
second scan unless an uncomfortable and strenuous position is adopted.

Considering the specific DXA system used, this study is of practical interest to a
laboratory with the same model densitometer, software and pencil-beam mode.
Therefore, our calibration models may not be appropriate in a fan-beam mode regarding
that bone mineral density, fat mass, and fat-free mass could be altered when the knees

are elevated due to thickness changes.
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In addition, our empirical calibration models were developed in a cross-sectional
cohort. It would be useful to establish the validity of the models in longitudinally

monitored populations.

CONCLUSION

The findings of this study indicate that performing body composition
measurements with the knees bent differs from scans conducted in the standard position,
illustrating the poor accuracy of measurements using the knees bent, particularly for FM
and LST. Hence, we suggest that body composition measurements using the knees bent
procedure in subjects taller than the DXA scan area should be accomplished by using
the developed correction models for BMC, FM, and LST. However, these correction
models are only appropriate for the Hologic QDR-1500 pencil-beam machine,
suggesting the need for the development of new calibration models for other DXA

machines, scan modes, and software.
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