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WHAT THIS STUDY ADDS: Ultrasound scans conﬁrmed decreased
muscle thickness in infants with Prader-Willi syndrome, which
improved as result of growth hormone treatment. Muscle
thickness was correlated to muscle strength and motor
performance. Catch-up growth in muscle thickness was related to
muscle use independent of growth hormone.

abstract
OBJECTIVE: To investigate the effect of physical training combined with
growth hormone (GH) on muscle thickness and its relationship with muscle strength and motor development in infants with Prader-Willi syndrome (PWS).
METHODS: In a randomized controlled trial, 22 infants with PWS
(12.9 6 7.1 months) were followed over 2 years to compare a treatment group (n = 10) with a waiting-list control group (n = 12).
Muscle thickness of 4 muscle groups was measured by using ultrasound.
Muscle strength was evaluated by using the Infant Muscle Strength meter.
Motor performance was measured with the Gross Motor Function
Measurement. Analyses of variance were used to evaluate between-group
effects of GH on muscle thickness at 6 months and to compare pre- and
posttreatment (after 12 months of GH) values. Multilevel analyses were
used to evaluate effects of GH on muscle thickness over time, and multilevel
bivariate analyses were used to test relationships between muscle
thickness, muscle strength, and motor performance.
RESULTS: A signiﬁcant positive effect of GH on muscle thickness (P ,
.05) was found. Positive relationships were found between muscle
thickness and muscle strength (r = 0.61, P , .001), muscle thickness
and motor performance (r = 0.81, P , .001), and muscle strength and
motor performance (r = 0.76, P , .001).
CONCLUSIONS: GH increased muscle thickness, which was related to
muscle strength and motor development in infants with PWS. Catch-up
growth was faster in muscles that are most frequently used in early
development. Because this effect was independent of GH, it suggests
a training effect. Pediatrics 2014;134:e1619–e1627
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Prader-Willi syndrome (PWS) is a multisystem disorder with an estimated
prevalence of 1 in 10 000 to 30 000 live
births.1 The syndrome results from lack
of expression of the paternally derived
chromosome 15q11-q13, caused by a
deletion,2 uniparental disomy,3 an imprinting center defect, or balanced translocations.4 PWS is characterized by
hypotonia, short stature, hyperphagia,
obesity, mild dysmorphic facial features,
cognitive and behavioral deﬁcits, and
by endocrine disturbances such as hypogonadism and growth hormone (GH) deﬁciency.3,5 In infancy, severe hypotonia
combined with muscle weakness leads
to serious motor developmental delay.5–9
These motor problems persist, although
they are less marked, in childhood and
adulthood.10–16 It is presumed that the
motor problems are related to an increased fat:muscle ratio even in underweight infants with PWS.17–19 In
infants with PWS, body fat percentages
range from 28% to 32%, increasing
to 36% to 55% 20–23 during childhood;
in developmentally normal infants,
this percentage is 24%, decreasing to
18% during childhood.17,18,20 In children
and infants with PWS, body fat percentages decrease as a result of GH treatment,18,20,21,24–26 although the fat:muscle
ratio does not normalize.27 Dual-energy
radiograph absorptiometry revealed
a positive GH effect on lean body mass
(LBM), which mainly contains muscle tissue.19–22,24,26–28 In infants with PWS, GH
positively inﬂuences motor development.8,9
,20 In children with PWS, GH treatment has
a positive effect on agility and thoracic
muscle strength.21,26,29,30 To relate decreased muscle thickness in PWS to muscle weakness and motor developmental
delay, it would be interesting to use a more
direct measure of speciﬁc muscle groups
and compare this with strength measurement to determine the direct relationship between structure and function.
We hypothesize that GH improves muscle
strength and motor development by ine1620

creasingmusclemassininfantswithPWS.
This is the ﬁrst time, to our knowledge,
that muscle thickness measurement with
ultrasound was combined with strength
measurement in speciﬁc muscle groups,
with the use of a longitudinal design with
frequent measurements focusing on the
additional effect of GH on training, to gain
more understanding of the relation
between muscle thickness, muscle
strength, and motor development in
infants with PWS.

METHODS
Design
This study was part of a 2-year randomized, single-blind controlled trial focused
on motor development in infants with
PWS at the Radboud University Medical
Center.9 All infants received physical
training and were randomly assigned
(1:1) either to the GH group, in which
infants were treated with 1 mg/m2 per
day GH (Genotropin; Pﬁzer, New York,
NY), or to a control group, in which GH
treatment started after an initial control
period (see Fig 1). Randomization was
performed by the Dutch Growth Research Foundation by using a computergenerated list of random numbers.
Originally we planned a control period of
12 months; however, the results of Festen
et al8 revealed the effectiveness of GH, so
we shortened the control period to 6
months on ethical grounds. An extra
measurement 3 months after baseline
was added to provide 3 measurements
in the control condition (Fig 1). During
the 2-year study period, muscle ultrasound measurements were taken at
6-month intervals, and muscle strength
and motor performance were assessed
at 3-month intervals. The study leader
(M.W.G.N.-v.d.S.), researcher (L.R.), the
electrodiagnostic technicians performing
the muscle ultrasound scans (H.Janssen,
W.Raijmann, and J.Bor), and the pediatric
physical therapists (A.Zweers and I.Durein)
were all blinded to the group assignment
of subjects. All parents gave written in-

formed consent, and the study was approved by the Medical Ethics Committees
of the Erasmus Medical Centre Rotterdam
and Radboud University Medical Center.
Participants
All parents of infants with PWS up to the
age of 36 months who were registered
at the Dutch Growth Research Foundation
between September 2006 and June 2010
(the majority of infants with PWS in The
Netherlands diagnosed within that period)
were invited to participate. The patient
recruitment procedure has been previously reported.9 Of 27 potential participants, parents of 2 of the infants did
not want to participate, 3 infants were
excluded, and parents of 2 infants refused
GH treatment but wanted to participate in
the training; these infants were added to
the control group without randomization. Hence, 20 infants were randomly
assigned as follows: 10 to the GH group
and 10 to the control group, giving ﬁnal
group sizes of GH = 10 and control = 12
(Fig 1 and Reus et al 2013).9 The mean 6
SD age at the start of study was 12.9 67.1
months (range: 4.7–31.8 months), and the
mean 6 SD age at the start of GH treatment was 17.5 6 7.3 months (range: 6.7–
34.2 months). The clinical characteristics
of the subjects and genetic subtypes are
presented in Table 1.
Outcome Measures
Muscle Measurement
Muscle thickness and muscle echo intensity of the left biceps brachii, right
forearm ﬂexors, right quadriceps, and
left tibialis anterior muscle were measured by using ultrasound. This technique
shows high reliability and reproducibility
in measuring muscle thickness when
compared with MRI.31,32 The measurements were performed by 3 well-trained
electrodiagnostic technicians (H.Janssen,
W.Raijmann, and J.Bor) by using an IU22
ultrasound device (Philips, Best, The
Netherlands) with a linear broadband
with a 17 to 5 MHz extended operating
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(ie, the number of SDs above or below
normal) compared with weight-speciﬁc
reference values.33 Echo intensity scores
were considered abnormal if the z score
exceeded 3.5 SDs in 1 muscle group, 2.5
SDs in 2 muscle groups, or 1.5 SDs in
3 muscle groups.34 The z scores for each
muscle group and an overall average
muscle thickness score (sum of absolute muscle thickness score per muscle
group divided by 4) were used as outcome measures.
Muscle Strength and Motor
Performance

FIGURE 1
Flowchart to indicate how subjects were selected for inclusion and distributed between the 2 groups. C,
control observation during the preceding period in which the infant had not received GH treatment; GH,
treatment observation during the preceding period in which the infant had received GH treatment.

frequency range. Measurements were
made at ﬁxed, anatomically deﬁned
positions as described in a previous
study.33 Because muscle thickness is

especially related to body mass, and
z scores are corrected for weight, all
muscle thickness and muscle echo intensity data were expressed as z scores

Muscle strength was measured in the
same muscle group as measured by the
ultrasound: the biceps brachii and
forearm ﬂexors using a pulling task to
evoke maximal pulling activity. Because
there were no methods to objectify
muscle strength in young infants,35 our
research group developed such a
method: the Infant Muscle Strength
(IMS) meter. The IMS meter was found
to be a reliable and valid measurement method for measuring muscle
strength objectively in infants from 6
to 36 months,35 and it was also tested

TABLE 1 Clinical Characteristics at Baseline for All Infants
Gender (M/F), n
Ethnicity (Dutch/non-Dutch),a n
Genetic subtype (deletion/UPD/unknown), n
Age, mean (SD), mo
Age at start of GH, mean (SD), mo
Height, mean (SD), SDS
Weight, mean (SD), SDS
Muscle thickness, mean (SD),SDS
Biceps brachii
Forearm ﬂexors
Quadriceps
Tibialis anterior
Muscle strength,b mean (SD)
IMS, N
IMS%c
Motor performance, mean (SD)
GMFM total score

All Subjects (N = 22)

Control Group (n = 12)

GH-Treated Group (n = 10)

P (Control Versus GH)

14/8
19/3
10/9/3
12.9 (7.1)
17.5 (7.3)
21.8 (1.2)*
21.3 (1.5)*

9/3
10/2
5/4/3
11.7 (6.3)
18.0 (6.6)
22.0 (1.1)
21.6 (1.5)

5/5
9/1
5/5/0
14.2 (8.1)
17.1 (13.6)
21.6 (1.2)
20.9 (1.6)

.44
.57
1.0
.43
.85
.40
.29

21.6 (0.7)*
21.3 (1.0)*
21.6 (0.9)*
21.5 (0.5)*

21.5 (0.7)
21.2 (0.9)
21.8 (1.0)
21.5 (0.5)

21.7 (0.7)
21.5 (1.1)
21.3 (0.8)
21.4 (0.5)

.50
.55
.23
.81

28.9 (14.1)
58.1 (22.4)

26.7 (10.1)
54.8 (14.3)

31.3 (17.7)
61.7 (28.1)

.47
.50

26.8 (18.9)

23.7 (18.8)

30.4 (19.3)

.43

* SDS signiﬁcantly below 0, P # .001. SDS, SD score; UPD, uniparental maternal disomy.
a All infants were born in The Netherlands, but 3 families came from the Middle East.
b Muscle strength could not be measured in all infants at baseline, because at the start of the study not all infants were able to perform the pulling task used to measure muscle strength
because of motor developmental delay. We have therefore reported the results of the ﬁrst measurement made at a mean age of 17.2 (67.0) months, which is, in most infants, the ﬁrst or second
measurement of the trial.
c IMS% = (observed IMS/predicted IMS) 3 100.
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in 24-month-old infants with PWS.35 Muscle strength can be assessed from the
moment the infant is able to sit with
support and reach and grab an object,
typically from 6 months of age. The
percentage of IMS (IMS%) was calculated by using reference data from
a prediction model35 by dividing observed IMS by predicted IMS (on the
basis of age, height, and weight). Both
IMS and IMS% were used as outcome
measurements.
Motor performance was assessed by using the Gross Motor Function Measurement (GMFM).36 This test contains 88
items grouped into 5 dimensions (eg, lying
and rolling, sitting, crawling and kneeling,
standing, walking, running and jumping)9
and is sensitive to motor developmental
changes over time in infants with PWS
in whom motor development is seriously delayed. Typically developing children
can perform correctly on all 88 items at
the age of 5 years. Each item is scored on
a 4-point ordinal scale, and a percentage
total GMFM score was calculated by dividing the sum of the actual item scores by
the possible maximum score. This score
was used as an outcome measure. All
assessments of muscle strength and
motor performance were performed by
2 well-trained pediatric physiotherapists
(A.Zweers and I.Durein).
Statistical Analyses
Descriptive statistics were used to
characterize and compare the groups at
baseline. A binomial test was used to
compare z scores in infants with PWS
with developmental norms with respect
to height, weight, and muscle thickness.
Analysis of variance was used to compare
muscle thickness z scores between groups
after 6 months (GH versus control) and
to compare pretreatment scores with
scores after 12 months of GH treatment
(both groups). Multilevel regression analyses (MLRAs) were used to evaluate muscle thickness z scores over time, taking
both within-subject variance (level 1) and

e1622

between-subject variance (level 2) into
account. This technique is well suited to
the analysis of data related to growth.37 For
each muscle group, a regression model
was developed to predict muscle growth
by using age, baseline muscle thickness,
and GH as explanatory variables. We tested
model ﬁt by calculating the proportional
reduction in unexplained variance between a model with no explanatory
variables (empty model) and the ﬁnal
models.38 Multilevel bivariate analyses
were used to calculate interclass correlations between the average muscle
thickness of 4 muscle groups, muscle
strength (as IMS score), and motor
performance (as GMFM score). MLRA
was performed by using “Imer” in the
software package R (R Project for Statistical Computing, Vienna, Austria); other
statistical analyses were performed using
SPSS 21.0 (IBM SPSS Statistics, IBM Corporation, Armonk, NY).

peers corrected for age, height, and
weight, which is comparable to previously
reported motor developmental outcomes
in PWS (55% of normal reference).9
Muscle Ultrasound Results
After 6 months, the forearm ﬂexors
were signiﬁcantly thicker in the GH
group than the in the control group
(Table 2). Furthermore, after 6 months,
muscle thickness in the GH group had
improved signiﬁcantly in the biceps
brachii, forearm ﬂexors, and tibialis anterior compared with baseline, whereas
in the control group only the muscle
thickness of the tibialis anterior had
improved (Table 2).
After 12 months of GH treatment, muscle
thickness in the forearm ﬂexors and
quadriceps was signiﬁcantly improved in
both groups, and thickness of the biceps
brachii and tibialis anterior muscles had
increased in the GH group (Table 2).
Development of Muscle Thickness
(MLRA models)

RESULTS
Baseline Results
The groups did not differ in terms of
clinical characteristics at baseline
(Table 1). Height, weight, and muscle
thickness of biceps brachii, forearm
ﬂexors, quadriceps, and tibialis anterior, all expressed as SD scores, were
signiﬁcantly lower than in healthy peers.
All muscle echo intensity measurements
were normal. Muscle strength was 58% of
predicted muscle strength for healthy

We also evaluated the effect of GH over time
by using MLRA. For each muscle, 118
muscle ultrasound scans were analyzed; in
8 infants 5 repeated scans were available
and in 14 infants 6 repeated scans were
available (124 – 6 missing) of which 52
were control observations. Models for all 4
muscle groups showed a signiﬁcant positive effect of GH on muscle thickness when
controlled for age and baseline muscle
thickness (Table 3, Fig 2). The models

TABLE 2 SD Scores of Muscle Thickness in Control and GH Groups at Baseline, at 6 Months (GH
Versus Control), and After 12 Months of GH Treatment in Both Groups
Baseline

Biceps brachii
Forearm ﬂexors
Quadriceps
Tibialis anterior

T2 (Control or GH at 6
Months)

GH 12 Months (Both Groups
After 12 Months of GH)

Control

GH

Control

GH

21.5 (0.7)
21.2 (0.9)
21.8 (1.0)
21.5 (0.5)

21.7 (0.7)
21.5 (1.1)
21.5 (0.9)
21.6 (0.5)

21.4 (0.8)
21.3 (0.8)c
21.4 (0.9)
20.8 (0.6)a

20.5 (1.7)
20.5 (0.9)a,c
20.9 (1.4)
20.6 (1.1)a
a

Control

GH

20.7 (0.9)
20.3 (0.6)b
20.4 (0.7)b
20.8 (1.1)

20.6 (1.0)b
20.1 (1.0)b
20.5 (1.0)b
20.8 (0.9)b

Data are presented as means (SD).
a Baseline versus T2, P , .05.
b Pretreatment versus 12-month GH, P , .05. In the GH group, pretreatment is baseline; in the control group, pretreatment is
the ﬁnal observation of the control period.
c Between-group difference, P , .05.
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predicted the same effect independent of
the age at which GH treatment started. In
the biceps brachii and tibialis anterior
models, muscle thickness did not change
over time (no age effect), indicating that
growth rate was similar to typical development, although GH treatment enhanced the effect on muscle thickness
(Table 3, Fig 2 A and D). In the quadriceps
and forearm ﬂexor models, muscle thickness improved (a signiﬁcant positive age
effect; Table 3, Fig 2 B and C), indicating that
growth rate was increased compared with
typical development, and GH accelerated
the process of catching up by increasing
muscle thickness. Moreover, a signiﬁcant
effect of baseline in all 4 models suggested
that differences in muscle thickness between subjects were at least partly determined by individual differences at
baseline (Table 3). This baseline effect
varied between muscle groups: the biceps
brachii and tibialis anterior were initially
thicker and remained consistently thicker
over time; the forearm ﬂexors and quadriceps muscles showed a faster growth
rate in infants with initially smaller muscles (signiﬁcant negative interaction effect;
Table 3), indicating catch-up over time,
particularly in infants who had thinner
muscles at baseline.
Assessing the ﬁt of the model for muscle
development by comparison with observed data revealed that proportional

reduction in unexplained variance varied
between 57% and 76%, which indicated
a moderate to good ﬁt (Table 3).
Relationship Between Muscle
Thickness, Muscle Strength, and
Motor Performance
Twenty-ﬁve infants had not yet mastered
the required pulling skills at the start of
the study and 5 refused to perform the
test, so 88 IMS measurements were available for analysis. One GMFM measurement
was missing, so 117 GMFM measurements
were available for comparative analysis.
IMS and GMFM were measured every 3
months, so 154 simultaneous observations were made, 7 repeated-measurement
sets per infant on average. Interclass correlation between muscle thickness and
muscle strength was r = 0.61 (P , .001),
between muscle thickness and motor development was r = 0.81 (P , .001), and
between muscle strength and motor development was r = 0.76 (P , .001).

DISCUSSION
This study showed that muscle thickness
was signiﬁcantly decreased in the biceps
brachii, forearm ﬂexors, quadriceps, and
tibialis anterior muscle compared with
normal muscle structure (as measured by
muscle echo intensity).34 We showed for
the ﬁrst time that in infants with PWS,
decreased muscle thickness in speciﬁc

TABLE 3 Results of the 4 Multilevel Regression Models for Muscle Thickness Development

Intercept
Age
GH
Baseline average muscle thickness
Age 3 baseline average muscle thickness
Between-subject variance intercept
Between-subject variance age
Within-subject variance
Variance empty model
Proportional reduction in unexplained
variance,a %

Biceps
Brachii

Forearm
Flexors

Quadriceps

Tibialis
Anterior

23.993
20.005
0.902**
3.442**
—
0.018
0.001
0.67
1.14
41

27.522
0.163**
0.906**
5.847 **
20.145**
0.002
0.000
0.28
0.95
71

26.673
0.162**
0.794 **
3.420**
20.102**
0.200
0.000
0.65
1.28
49

23.584
0.000
0.455*
3.459**
—
0.060
0.007
0.39
0.79
51

Results include the explanatory variables (age, GH, and baseline muscle thickness) and their interactions. Explanatory
variables: age = age in months; GH = a Boolean variable (0 = no, 1 = yes); baseline average muscle thickness = sum of muscle
thickness per muscle group divided by 4. *P , .01, **P , .001.
a The reduction in the unexplained variance when the empty model is compared with the ﬁnal model.

muscle groups is strongly associated
with decreased muscle strength and
motor performance. GH treatment combined with physical training signiﬁcantly
increased muscle thickness, which was
matched by an increase in muscle
strength and motor development.
Our ﬁnding of decreased muscle thickness in infants with PWS is in line with
the reported lower LBM in infants with
PWS17–20 and the early ﬁndings of type 2
muscle ﬁber atrophy and smaller type 1
muscle ﬁber size in infants with PWS.39
Some studies reported that GH increases
LBM (mainly determined by muscle
mass)20–22,26,29; however, in these
studies, the interpretation of the reported results is problematic because the
increase in LBM was not corrected for
changes in height. Studies in children
with PWS that reported height-corrected
LBM have found that LBM normally
decreases over time, but with GH treatment LBM stabilizes.24,27,40 In contrast to
treatment in later childhood, GH treatment in infancy leads to an improvement
in height-corrected LBM.19 Our study
results conﬁrm these ﬁndings.
Another interesting ﬁnding is that muscle
thickness at baseline varied widely between infants, which is in accordance
with clinical observations that hypotonia
and muscle strength also show considerable variation. This ﬁnding might be
related to innate or prenatal predispositions. Future studies in larger groups
should focus on the relationship between
muscle thickness and motor development
in relation to chromosome 15q11-q13 deletion, uniparental disomy, an imprinting
center defect, or balanced translocations.
In this study, changes over time also
revealed differences between the biceps
brachii and tibialis anterior and the forearm ﬂexors and quadriceps. In the former muscle groups, muscle growth rate
was in line with muscle growth in developmentally normal infants, although
at a lower level during the physiotherapyonly period. The GH treatment led to an
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FIGURE 2

Average predicted muscle thickness development with (GH; dotted lines) and without (n-GH; solid lines) GH treatment. A, Biceps brachii; B, forearm ﬂexors; C,
quadriceps; D, tibialis anterior.

increase in the rate of growth in muscle
thickness, which leveled out subsequently.
In these muscle groups, infants with
smaller muscles at baseline continued to
have relatively smaller muscles throughout the study. In the forearm ﬂexors and
quadriceps, however, catch-up growth
was observed even during the physiotherapy period; this catch-up growth
manifested asanincreaseingrowth rate
compared with muscle growth in developmentally normal infants, and GH
treatment accelerated this process further. In these muscle groups, growth rate
was higher for infants whose muscles
were thinner at baseline. We hypothesize
that the observed differences in catch-up
e1624

growth between muscle groups are related to the degree to which these
muscles are used in daily life, which is, in
turn, related to the order of motor skill
acquisition in developmentally normal
infants and infants with PWS. Acquisition
of the ﬁrst fundamental skills during early
motor development relies more on use
of the forearm ﬂexors and quadriceps
than the biceps brachii and tibialis anterior.41 After the typically severe hypotonic
phase, infants with PWS demonstrate
more spontaneous movements.6 However,
the order differs from typical infant development: head control, for instance, is
easier in a vertical position than in a horizontal lying position, and the infants start

to reach and grasp while using a supporting surface to overcome the inﬂuence of
gravity. The forearm ﬂexors are used
more than the biceps brachii for the
manipulation of objects, because infants
use pronation of the forearm frequently
but do not yet lift objects. The quadriceps
and foot extensors are used when infants
learn to push themselves forward across
the ﬂoor and to stand and walk. In the
early phase of walking, infants do not use
dorsal ﬂexion of the feet,42 so they do not
train the tibialis anterior as much as the
quadriceps. This pattern of motor development may explain the differences
in muscle growth between the 4 muscles
in infants with PWS and suggests that
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a training effect is strengthened by GH
treatment.
The statistical procedure we used showed
that, over time, changes in muscle thickness were highly correlated to muscle
strength and motor performance in each
individual infant with PWS. One of the
largest differences between muscle
strength training in adults and children
is that, in children, an increment in muscle
strength does not go hand in hand with an
increment of muscle thickness,43–45 so we
hypothesize that GH is responsible for the
increment in muscle thickness. However,
whereas muscle thickness improved over
time to the lower normal range, motor
development remained seriously delayed
in infants with PWS,9 which means that
although decreased muscle thickness
contributes to the motor performance
problems, it can also be hypothesized
that innate brain pathology affects motor
and cognitive development.46 Studies of
the PWS Necdin-deﬁcient mouse model
have reported fewer motor neurons at
birth,47,48 which is suggestive of innate
structural abnormalities in the neuromuscular system. In addition to the
reported structural and functional muscle abnormalities,6,39,49 patients with PWS
also show hypoexcitability of the cortical
motor areas.50 Recently, neurobiological
research made tremendous progress in
deﬁning basic principles of brain development. On the basis of this work, it
is the ongoing interaction of the organism
and the environment that guides brain
development,51 which means that it is also
plausible that GH produces its positive

effects by a direct action on the motor
cortex.52 In a recent mouse study it was
found that GH inﬂuences neurogenesis
and brain plasticity (synapse maturation);
however also in this study, the mice were
trained before and after the lesion developed.52,53 On the basis of our study and
the mouse studies it can be concluded that
GH inﬂuences muscle growth and neurogenesis and both will lead to a positive
inﬂuence of the interaction of the organism with the environment.

uate the direct effect of GH on muscle
strength. However, the strong correlation
between changes in muscle thickness and
changes in muscle strength and motor
performance in infants with PWS supported our hypothesis that GH improves
muscle strength and motor development
by increasing muscle thickness in PWS
infants.

Although a sample of 22 infants with
PWS seems small, this sample included
the majority of Dutch infants diagnosed
with PWS during the inclusion period.
The use of repeated measurements and
MLRA increased the power of the study.
We were able to achieve convergence
and stable models with MLRA, although
the number of cases on the second level
is usually higher than the 22 infants in
this study. Moreover, the models for all
4 muscle groups predicted the clinical
observations well, reducing unexplained
variance by 41% to 70%. We realize that
a waiting-list design is not optimal and
differences in the control period are not
ideal; however, because MLRA is especially suited to cope with these differences, we think that our chosen
methods minimized the disadvantages
of this design.

GH has a positive effect on muscle
thickness in infants with PWS. Muscle
thickness is highly correlated with
muscle strength and motor performance.
In muscles that are used a lot in the acquisition of fundamental skills in early
motor development, there was a naturally
occurring catch-up in growth independent
of GH treatment, suggesting a training effect.

CONCLUSIONS

Another problem was that the youngest
infants with PWS had not mastered the
pulling task used to test muscle
strength, leading to missing data, particularly during the control period.
Therefore, it was not possible to eval-
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