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Abstract

Cerebral palsy (CP) is a movement disorder associated with small and weak muscles. Methods
that accurately assess muscle mass in children with CP are scarce. The purpose of this study was
to determine whether dual-energy X-ray absorptiometry (DXA) accurately estimates midleg
muscle mass in ambulatory children with spastic CP. Ambulatory children with spastic CP and
typically developing children 5-11 y were studied (n = 15/ group). Fat-free soft tissue mass
(FFST) and fat mass at the middle third of the tibia (i.e., midleg) were estimated using DXA.
Muscle mass (musclepgr;) and muscle mass corrected for intramuscular fat (muscleppric) in the
midleg were estimated using magnetic resonance imaging (MRI). Statistical models were created
to predict musclepr; and muscleprisc using DXA. Children with CP compared to typically
developing children had lower FFST (38%), musclepr) (40%) and musclepmgisc (47%) (all p<
0.05) and a lower ratio of muscleppsc to FFST (17%, p < 0.05). DXA-based models developed
using data from typically developing children overestimated musclepr, (13%) and muscleprifc
(22%) (both p < 0.05) in children with CP. DXA-based models developed using data from children
with CP explained 91% of the variance in muscleyr; and 90% of the variance in musclepgrfc in
children with CP (both p < 0.05). Moreover, the estimates were not different from musclepg; and
musclepmrifc (both p>0.99). We conclude that DXA-based statistical models accurately estimate
midleg muscle mass in children with CP when the models are composed using data from children
with CP rather than typically developing children.
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INTRODUCTION

As the largest tissue component of the lean body mass in humans, skeletal muscle plays an
important role in daily life. Apart from force-generating capacity (1), which is crucial for
movement and balance (2), it is also involved in numerous physiological processes that help
the body achieve homeostasis (3). Altered skeletal muscle quantity and quality have been
associated with multiple morbidities, such as insulin resistance (4), functional impairment
and disability (5), obesity (6) and osteoporosis (7). Therefore, obtaining information about
human skeletal muscle development and accretion is necessary for disease prevention and
treatment.

Magnetic resonance imaging (MRI) is considered the “gold standard” for noninvasive
skeletal muscle mass assessment (8). However, some limitations associated with MRI
include high cost, low availability, and time-consuming acquisition and processing
procedures. An alternative to MRI is dual-energy X-ray absorptiometry (DXA) because of
its lower cost, and shorter scanning and processing time. Studies have shown that fat-free
soft tissue (FFST) from DXA can be used to estimate skeletal muscle mass (9-12).
However, few studies have focused on children (9, 10, 12) and fewer have focused on
children with arrested muscle accretion, such as children with cerebral palsy (CP) (9).
Muscle assessment in children with CP is particularly important because CP is the most
common childhood disability and it is associated with muscles that are small (13-15), weak
(15) and highly infiltrated with fat (16). The muscle size deficit in children with CP is
profound in the lower extremities, especially the legs (13). Moreover, the concentration of
intramuscular fat in the legs is ~ 50% higher in ambulatory children with CP than in
typically developing children (16).

There is evidence that a DXA-based statistical model developed for typically developing
children overestimates skeletal muscle mass in nonambulatory children with CP, which has
been linked to their lower proportion of muscle in the FFST (9). Whether a similar problem
is present and correctable in ambulatory children with spastic CP is unknown. In addition,
most MRI structural images used to assess muscle volume (MV) cannot separate
intramuscular fat from muscle tissue. Therefore, the proportion of muscle in the FFST may
be even lower and the overestimation of muscle mass by DXA-based models higher in
children with CP than previously demonstrated when the high degree of intramuscular fat is
considered.

The objective of this study was to determine whether DXA can be used to estimate midleg
muscle mass in ambulatory children with spastic CP. It was hypothesized that midleg muscle
mass in children with CP would be overestimated by a DXA-based statistical model
developed using data from typically developing children while a model developed using data
from children with CP would yield accurate estimation.
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METHODS

Participants

Sixteen ambulatory children with spastic CP (n = 5 girls; n = 12 Caucasian, n = 2 African
American and n =2 Hispanic) and between 5 and 11 years old were recruited from local
pediatric hospitals and clinics. Fifteen typically developing children (n = 4 girls; n = 11
Caucasian, n = 2 African American, n = 1 Hispanic and n =1 Asian) without known
neurological disorders and had similar ages to children with CP also participated. This study
received approval from the Institutional Review Board. Written consent and assent were
obtained from the participant and the parent, respectively.

Anthropometrics

Height was assessed using a stadiometer (Seca 217; Seca GmbH & Co. KG., Hamburg,
GER). Body mass was assessed using a digital weight scale (Detecto 6550, Cardinal Scale,
Webb City, MO). Both measurements were taken while children wore minimal clothing.
Body mass index (BMI) was subsequently calculated. Height, body mass and BMI
percentiles were determined using growth charts (17).

Sexual Maturity

Sexual maturity was assessed using the Tanner staging technique (18). This is a five-point
scale with | indicating no development and V indicating full development. There are two
parts to this assessment. Pubic hair development in both boys and girls, and testicular/penile
development in boys and breast development in girls were assessed by a physician assistant.

Gross Motor Function

Gross motor function in children with CP was classified according to the gross motor
function classification system (GMFCS) (19). GMFCS is a five-point scale ranging from I to
V with a higher number indicating lower gross motor function. Participants with CP in this
study had GMFCS 1 or II.

DXA

FFST and fat mass at the level of the middle-third (i.e., midleg) of the nondominant side in
typically developing children and the more affected side in children with CP were assessed
using DXA (Delphi W, version 11.2; Whole Body Analysis; Hologic Inc., Marlborough,
MA\) and a whole body scan. The BodyFIX (Medical Intelligence, Inc., Schwabmdnchen,
GER) was used to limit motion in children with CP (9). After completion of the scan, a
region of interest (ROI) box was placed at the middle-third of the tibia to represent the
midleg and fat mass and FFST were determined. The coefficient of variation (CV) for repeat
measures of FFST and fat mass in the midleg were 0.6% and 0.7%, respectively (9).

MRI

Midleg muscle mass and muscle mass corrected for intramuscular fat were determined using
MRI (GE, 1.5 T, Waukesha, WI) in the same leg tested using DXA. To help children remain
still during the MRI testing, they were secured from the waist down using the BodyFix to
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limit motion (16). They also watched a movie of their choice using an MRI-compatible
goggle system (CinemaVision, Resonance Technology Inc, Northridge, CA). All scans with
visible motion in the images were redone. Axial images (0.5 cm slice thickness and 0.5 cm
spacing) were collected from the tibia plateau to the malleolar surface using a semiflex long
bone array coil (ScanMed, Omaha, NE) and two scans. The first scan (TR = 650, TE = 14,
NEX = 3, Bandwidth = 15.63, frequency 512 and phase 256, field of view 12 cm) yielded
T1-weighted images. The second scan (IDEAL: fast-spin-echo, TR = 600, TE = min full,
NEX = 2, Bandwidth = 31.25, frequency 320 and phase 224) yielded fat and water images.

Images were processed with a program developed using Interactive Data Language
(Research Systems, Inc., Boulder, CO). T1-weighted images at the level of the midleg were
automatically identified and processed. Skeletal muscle area was separated from other
tissues (20) with minor manual adjustments applied as needed. The identified area for the
first and last images were multiplied by a correction factor (< 1), and the rest of the images
were multiplied by 1 to account for the slice thickness and spacing, and sum of all results
was defined as mid-third tibia MV. The mid-third tibia MV was then multiplied by 1.04
g/cm3, the assumed density of muscle (21) to calculate muscle mass (muscleyg)). The
reliability in our laboratory is excellent as indicated by intraclass correlation coefficients >
0.99 and CVs of 0.5% (9).

To correct muscle mass for intramuscular fat concentration (musclepmgsc), areas that were
assigned to muscle in the T1-weighted images were used to identify muscle areas in the
corresponding fat and water images. The signal intensity (SI) was used to calculate fat
concentration using the following equation: Fat concentration = SI from fat images / (Sl
from fat images + Sl from water images) * 100 (22). Skeletal MV corrected for
intramuscular fat concentration was calculated using the following equation: Corrected MV
=MV - (MV x fat concentration). The corrected MV was then multiplied by the assumed
muscle density (21) to yield muscleprisc.

Statistical Analysis

Data analyses were conducted using SPSS (version 24.0; SPSS, Chicago, IL). Physical
characteristics and data from DXA and MRI were checked for normality first, and group
comparisons were made using independent t-tests or Mann-Whitney test accordingly. The
magnitude of the effects was determined using Cohen’s d (4), with 0.2, 0.5 and 0.8
indicating small, medium, and large effects, respectively (23).

A simple linear regression analysis was performed using FFST as the independent variable
to estimate musclepr; and muscleprisc in typically developing children and in children with
CP. Age, height, body mass, BMI and fat mass were added to the model as predictors one at
a time to determine whether those variables could significantly improve model predictability.
The final models were cross-validated using the leave-one-out technique (24). Paired t-tests
were performed to determine whether model estimated muscle mass was different from
musclepr) and muscleprife.
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RESULTS

One Caucasian boy with CP did not complete the second MRI scan (IDEAL) and was
excluded from the analyses. Physical characteristics for the remaining participants are
summarized in Table 1. Eight children with CP had GMFCS | and 7 had GMFCS 1I. No
group differences in age, body mass, BMI, BMI percentile, sexual maturity, or fat mass were
detected (all p> 0.05). Children with CP had a lower body mass percentile, height, and
height percentile (all p < 0.05). Children with CP also had 38% lower FFST, 40% lower
musclepr and 47% lower muscleprie (@ll p < 0.05). Intramuscular fat concentration was
higher in children with CP (24% vs. 15%; p = 0.001). Children with CP had a 17% lower
ratio of muscleprrc to FFST (0.62 + 0.13 vs. 0.75 + 0.06; o= 1.205, p= 0.004; Fig. 1B).
Although children with CP also had a lower musclepr, to FFST ratio, the difference was not
statistically significant (0.82 + 0.13 vs. 0.88 + 0.06; d=0.564, p=0.138; Fig. 1A). A visual
depiction of the muscle and fat discrepancies between a boy with CP and an age-matched
typically developing boy is shown in Fig 2.

Statistical model developed using typically developing children

Simple linear regression using FFST as the predictor explained 95% of the variance in
musclepmg, in typically developing children (Table 2, model 1). Adding age or height didn’t
significantly improve the model (both p> 0.05). However, adding body mass, BMI or fat
mass individually significantly improved the model (all p < 0.05). Adding fat mass yielded
the highest value explaining 98% of the variance in muscleyr; (Table 2, model 2). When the
model with FFST and fat mass was cross-validated using the leave-one-out method, the
estimated muscle mass (musclepxa) was strongly related (/2= 0.97, SEE = 11.8 g, p<
0.001) and not different from musclepr; (o = 0.770). When the model was cross-validated
in children with CP, musclepxa was strongly related to musclepr), as shown in the scatter
plot in Fig. 3A (2= 0.90, SEE = 20.0 g, p < 0.001). However, the model overestimated
musclepmg; by 13% (17.3 g, p=0.004), as shown by most data points and the regression line
residing mainly below the line of identity in Fig. 3A and by most data points and mean
difference line above the no difference line in the Bland-Altman plot in Fig. 3B.

Simple linear regression using FFST as the predictor explained 96% of the variance in
musclepmrifc in typically developing children (Table 3, model 1). None of the additional
predictors significantly improved the model (all p> 0.05). When the final model with only
FFST as the predictor was cross-validated using the leave-one-out method, the estimated
muscle mass was also strongly related (/2 = 0.95, SEE = 12.7 g, p< 0.001) and not different
from muscleprifc (0= 0.858). When the same model was cross-validated in children with
CP, the estimated muscle mass (musclepxasc) was strongly related to muscleprise, as shown
in Fig. 4A (2= 0.83, SEE = 17.6 g, p < 0.001). However, the model overestimated
musclepmrifc by 22% (22.3 g, p=0.001), as shown by most data points and the regression
line residing below the line of identity in Fig. 4A and by most data points and the mean
difference line above the no difference line in the Bland-Altman plot in Fig. 4B.

The difference between musclepya and muscleyg, in children with CP was inversely
related to the ratio of muscle mass to FFST (r=-0.79, p< 0.001), as shown in Fig. 5A. The
positive values for the difference between musclepxa and muscleyg indicate an
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overestimation of muscle mass by the DXA-based model, which was greatest in children
with lowest ratio of musclepr; to FFST. The overestimation declined as the average ratio of
muscle to FFST in typically developing children (0.88) was approached. A similar inverse
relationship was demonstrated between the difference in predicted muscle mass and
muscleMRIfc and the ratio of muscleprfc to FFST (r=-0.95, p< 0.001; Fig. 5B). The
overestimation was greatest in children with lowest ratio of muscle to FFST and became
smaller as the average ratio of muscle to FFST in typically developing children (0.75) was
approached.

Statistical model developed using children with CP

A simple regression model using FFST as the predictor explained 91% of the variance in
musclepmg, in children with CP (Table 2, model 3). Adding age, height, body mass, BMI or
fat mass as independent variables didn’t significantly improve the model (all p> 0.05).
Estimated muscle mass using the model with FFST as the predictor was not different from
musclepr; (0> 0.990). The validity of estimation was excellent as shown by most data
points and the regression line residing near the line of identity in Fig. 6A and by most data
points and the mean difference line near the no difference line in the Bland-Altman plot in
Fig. 6B. When the model was cross-validated using the leave-one out method, the estimated
muscle mass was strongly related (2= 0.87 SEE = 21.8 g, p< 0.001) and not different from
musclepgr; (0= 0.893).

A second regression model using FFST as the predictor explained 83% of the variance in
muscleprifc in children with CP (Table 3, model 2). Adding age, height, BMI or fat mass
didn’t significantly improve the model (all o> 0.05). However, when body mass was added
to the model, significant improvement was observed with 90% of the variance in
musclepmrisc explained (Table 3, model 3). Estimated corrected muscle mass using this
model was not different from musclepmrifc (2= 0.990). The validity of estimation was
excellent as shown by most data points and the regression line residing near the line of
identity in Fig. 7A and by most data points and the mean difference line near the no-
difference line in the Bland-Altman plot in Fig. 7B. When the model was cross-validated
using the leave-one out method, the estimated corrected muscle mass was strongly related
(2=0.83, SEE = 20.5 g, p< 0.001) and not different from muscleyg)sc (2= 0.785).

DISCUSSION

To our knowledge, this is the first study to show that a DXA-based statistical model can
provide accurate estimates of leg muscle mass in ambulatory children with spastic CP.
Although models produced using typically developing children provided accurate estimates
of muscle mass in typically developing children, they overestimated muscle mass by 13%
and 22%, respectively, before and after correction for intramuscular fat in children with CP.
The findings are important because children with CP have very low muscle mass in the leg
and methods that provide accurate estimates of muscle mass are needed.

The finding that statistical models developed for typically developing children do not
provide accurate estimates of muscle mass in children with CP is consistent with a previous
study. In a small group of nonambulatory children with CP, midthigh muscle mass was
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overestimated by 12-15 % (p < 0.05) when a DXA-based model developed using typically
developing children was used. The overestimation was attributed to the lower ratio of muscle
to FFST in children with CP. An inverse relationship between this ratio and the degree of
muscle mass overestimation supports the strong tie between the relative amount of muscle in
the FFST and the accuracy of muscle mass estimated by DXA (9). Similarly, in the present
study, muscle mass was overestimated by 13% when a model developed using typically
developing children was employed, and the ratio of muscle to FFST was lower in the
children with CP. Moreover, there was a strong inverse relationship between this ratio and
the degree of muscle mass overestimation by a DXA-based models produced for typically
developing children. Other than skeletal muscle, FFST also contains skin, vessels and other
connective tissues. Assuming the nonskeletal muscle portion of FFST is not altered in
children with CP, the compromised muscle mass will lead to a lower ratio of muscleyr, to
FFST and musclepmrifc to FFST in this population. It can be inferred that if children with CP
had similar ratios of muscle mass to FFST as typically developing children, there would be
no, or minimal overestimation, as indicated in Fig. 5.

Interestingly, in typically developing children, when fat mass was included as a predictor
with FFST, the model improved significantly. However, the same improvement was not
found in children with CP. Although both groups had a similar amount of fat mass as
measured by DXA, the fat mass in children with CP actually represented a larger proportion
of the leg soft tissue, as children with CP had 38% smaller FFST. Similarly, a study that
assessed thigh skeletal muscle mass in men with spinal cord injury found a stronger relation
between the difference in skeletal muscle and FFST when adipose tissue was accounted for
in controls than that in people with spinal cord injury (25). The reason fat mass contributes
to DXA-derived estimates of skeletal muscle mass in a healthy population but not in clinical
populations who manifest reduced muscle mass is currently unknown but warrants further
investigation.

To our knowledge, this is the first study to assess the accuracy of DXA estimates of muscle
mass adjusted for intramuscular fat. This is important because intramuscular fat does not
contribute to the force production of muscle and has been shown to be associated with
decreased physical function (26). Compared to typically developing children, children with
CP have a higher intramuscular fat concentration. Therefore, the disparity in muscle mass
was even greater when intramuscular fat was subtracted from muscle mass (47% vs. 40%
lower muscle mass in children with CP). As a result, DXA overestimated muscle mass
corrected for fat concentration to a greater degree (22% vs. 13%, respectively). A DXA-
based model developed for children with CP yielded much better accuracy, as indicated by
the high amount of variance (90%) explained by the model and no difference in DXA and
MRI estimates of muscle mass.

Small muscles have been linked to poor physical function and low participation in physical
activity (14, 27), and thus may increase risk of chronic disease (28, 29). The risk is likely to
rise as individuals with CP age (30, 31). This idea is supported by the much higher
cardiovascular (32) and osteoporosis (31) risks in adults with CP compared to general
population. Therefore, the muscle deficit in children with CP is an important therapeutic
target for interventions aimed at improving physical function and physical activity and
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reducing long-term risk of developing chronic diseases. The present study ascertains the
validity of using DXA to predict leg muscle mass, a region that has been found to have the
largest muscle deficit in individuals with CP (13). The findings suggest that the DXA-based
models developed in the present study provide an accessible, relatively cheap and accurate
method to assess the skeletal muscle status in ambulatory children with spastic CP. However,
studies are needed to determine whether the models can accurately capture the muscle
changes in children with CP due to natural growth or treatment, such as resistance training
(33), vibration treatment (34), and botulinum toxin (35).

There are limitations associated with this study. First, because of the relatively small number
of subjects in each group, the results should be interpreted with caution. However, no
differences in age or sexual maturity were observed and the composition of boys and girls
was similar. Second, to estimate skeletal muscle mass, muscle volume was multiplied by
1.04 g/cm3, which is the assumed muscle density of muscle determined from adult cadavers
(21). It’s possible that for children that are still growing, their true muscle density may not
be the same as adults. It is also reasonable to infer that for children with CP whose muscle
volume and quality are compromised, their muscle density may be lower than their typically
developing peers. Therefore, the true muscle deficit in children with CP may be at a greater
magnitude than what was presented in the current study. However, this potential discrepancy
has been partly mediated by correcting for intramuscular fat concentration. The assumed
density of fat (36) is lower than muscle, so the density of muscle for children with CP after
correcting for fat concentration would be closer to that of typically developing children.
Third, the findings from the present study can’t be extrapolated to other regions of the body.

In conclusion, DXA-based statistical models can accurately estimate midleg muscle mass in
ambulatory children with spastic CP when the models are developed using data from
children with CP. Models developed using data from typically developing children
overestimate leg muscle mass in children with CP due to the lower proportion of muscle in
the FFST of children with CP. Future studies are needed to determine whether the models
developed in the present study are valid in children with more severe forms of CP and
whether the models accurately estimate change that occurs with growth or intervention.
Future studies are also needed to develop models to estimate muscle mass at other body
regions in children with CP.
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Fig. 1.
Ratio of muscle mass from MRI (Muscleyr)) to fat-free soft tissue from DXA (FFSTpxa;

A) and muscle mass from MRI corrected for fat concentration (Muscleprifc) 10 FFSTpxa
(B) in the midleg of children with cerebral palsy (CP; n = 15) and typically developing
children (Con; n = 15). *Group difference, p < 0.05.
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Fig. 2.
Magnetic resonance images from a boy with cerebral palsy (CP; A) and a typically

developing boy (B) both 8.5 years of age at the level of the midtibia. The boy with CP had
much lower muscle mass (large black arrow in A) and much higher intramuscular fat
(smaller black arrow in A) compared to his typically developing peer.
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Fig. 3.
(A) The scatter plot shows midleg muscle mass (Musclepg)) in children with cerebral palsy

(CP; n = 15) estimated using a dual-energy X-ray absorptiometry (DXA) -based model
(Musclepxa) developed using data from typically developing children. Musclepxa was
estimated using fat-free soft tissue mass (FFST) from DXA. The dotted line represents the
line of identity. The solid line represents the regression line. (B) The Bland-Altman plot
shows the level of agreement between Musclepxa and Muscleyr;. The dotted lines indicate
the mean difference + 2 SD between actual muscle mass from MRI and the estimated
muscle mass by the DXA-based model in children with CP. The solid line indicates no
difference between actual and estimated muscle mass.
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(A) The scatter plot shows midleg muscle mass adjusted for intramuscular fat concentration
(Musclepmrige) in children with cerebral palsy (CP; n = 15) estimated using a dual-energy X-
ray absorptiometry (DXA) -based model (Musclepxafc) developed using data from typically
developing children. Musclepxaf: Was estimated using fat-free soft tissue mass (FFST) from
DXA. The dotted line represents the line of identity. The solid line represents the regression
line. (B) The Bland-Altman plot shows the level of agreement between Musclepxafc and
Musclepmrife. The dotted lines indicate the mean difference = 2 SD between actual muscle
mass from MRI and the estimated muscle mass by the DXA-based model in children with
CP. The solid line indicates no difference between actual and estimated muscle mass.
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Fig. 5.

(A?) Scatter plot of the ratio of muscle mass from MRI (Muscleyg) to fat-free soft tissue
mass from DXA (FFSTpxpa) in the midleg compared to the difference between muscle mass
estimated by the DXA-based model using data from controls (Musclepxa) and Musclepg)
in children with cerebral palsy (CP; n = 15). (B) Scatter plot of the ratio of musclepg
corrected for intramuscular fat concentration (Muscleprifc) 10 FFSTpxa in the midleg
compared to the difference between Musclepxa corrected for intramuscular fat
concentration (Musclepxafc) and muscle mass Muscleprife. The dashed horizontal lines
represent the points where the difference between muscle mass estimated from DXA and
MRI are zero. The dashed vertical lines represent the mean ratios of muscle mass from MRI
to FFSTpxa (088 for MUSC|EMR|/FFSTDXA and 0.75 for MUSC|EMR|fC/FFSTDXA) for
typically developing children.
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(A) The scatter plot shows midleg muscle mass (Musclepg)) in children with cerebral palsy
(CP; n = 15) estimated using a dual-energy X-ray absorptiometry (DXA) -based model
(Musclepx ) developed using data from children with CP. Musclepxa was estimated using
fat-free soft tissue mass (FFST) from DXA. The dotted line represents the line of identity.
The solid line represents the regression line. (B) The Bland-Altman plot shows the level of
agreement between Musclepxa and Muscleyr;. The dotted lines indicate the mean
difference £ 2 SD between actual muscle mass from MRI and the estimated muscle mass by
the DXA-based model. The solid line indicates no difference between actual and estimated

muscle mass.
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Fig. 7.
(A) The scatter plot shows midleg muscle mass adjusted for intramuscular fat concentration

(Muscleprife) in children with cerebral palsy (CP; n = 15) estimated using a dual-energy X-
ray absorptiometry (DXA) -based model (Musclepxafc) developed using data from children
with CP. Musclepxasc Was estimated using fat-free soft tissue mass (FFST) from DXA. The
dotted line represents the line of identity. The solid line represents the regression line. (B)
The Bland-Altman plot shows the level of agreement between Musclepxafc and
Musclepmrifc. The dotted lines indicate the mean difference + 2 SD between actual muscle
mass from MRI and the estimated muscle mass by the DXA-based model in children with
CP. The solid line indicates no difference between actual and estimated muscle mass.
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Table 1.

Physical characteristics, DXA measurements and MRI skeletal muscle mass in children with cerebral palsy
(CP) and typically developing children (Con).

CP(n=15) Con(n=15) d p

Ages (years) 80+24 83+21 0.133  0.700
Tanner stage (I/11/111)

Pubic hair 11/3/1 14/1/0 0.550 0.345

Testicular-penile/breast 11/4/0 13/11 0.137  0.595
Height (m) 1.20+0.12 1.30+0.11 0.869  0.022
Height (%) 17 28 58 + 30 1413  <0.001
Body mass (kg) 247+93  289%70 0510  0.067
Body mass (%) 32+31 60 + 26 0.979  0.012
BMI (kg/m?) 16.9+34  168+24 0.034  0.461
BMI (%) 50 + 36 55 + 28 0.155  0.694
GMFCS (I/11) 8/7 -
FFST (g) 163 + 59 263 + 77 1.447 <0.001
Fat mass (g) 125+ 78 148 + 61 0321 0.161
Muscleyr; (9) 136 + 61 228+ 65 1.485 <0.001
Intramuscular fat concentration (%) 24+8 15+3 1.490 0.001
Musclemgite (9) 103 + 48 194 +54 1.786 <0.001

Values are mean + SD. BMI = body mass index. % for height, body mass and BMI reflects the percentile relative to age- and sex- based norms; %
for intramuscular fat concentration reflects the percent fat within the muscle; DXA= dual-energy X-ray absorptiometry; MRI = magnetic resonance
imaging; GMFCS = gross motor function classification system; FFST = fat free soft tissue; MusclepjRr|= muscle mass assessed by MRI;

MusclepMRIfc= muscle mass assessed by MRI and corrected for fat concentration. @= Cohen’s d.
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Table 2.

Statistical models developed to estimate midleg muscle mass MRI using data from typically developing
children (Con) and children with cerebral palsy (CP).

Group  Model R2  SEE(g)

Con 1. FFST (g) * 0.816 + 13.953 0.96 14.1
2. FFST (g) * 0.704 + fat mass (g) * 0.221 + 10.924 0.98 95

CP 3. FFST (g) * 0.986 — 24.577 0.91 19.3

All models are statistically significant, p < 0.001; MRI = magnetic resonance imaging; FFST = fat-free soft tissue; n = 15/group.
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Statistical models developed to estimate midleg muscle mass from MRI corrected for fat concentration using

Table 3.

data from typically developing children (Con) and children with cerebral palsy (CP).

Group  Model R?2 SEE (9)
Con 1. FFST (g) * 0.684 + 14.350 0.96 10.7
cP 2. FFST (g) * 0.740 - 17.086 0.83 209

3. FFST (g) * 0.993 — body mass (kg) * 2.123 - 5.766  0.90  16.8

All models are statistically significant, p < 0.001; MRI = magnetic resonance imaging; FFST = fat-free soft tissue; n = 15/group.
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