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Abstract

Background: The “Assessment of Motor Repertoire—3 to 5 Months’, which is a part of Prechtl's General Movements
Assessment (GMA), has been gradually applied to infants with genetic metabolic disorders. However, there have been
no studies on the application of the GMA for infants with Prader-Willi syndrome (PWS).

Aims: The purpose of this study was to determine the inter- and intra-observer reliability of the assessment tool in a
population of infants with PWS.

Study design: This was a reliability and agreement study.
Subjects: This was a cross-sectional study with15 infants with PWS born at an average gestational age of 38 weeks.

Outcome measures: Standardized video recordings of 15 infants with PWS (corrected ages of 3 to 5 months) were
independently assessed by three observers. Kappa and ICC statistics were applied in inter- and intra- observer reli-
ability analyses.

Results: The overall reliability ICC values of the "Motor Optimality Score” (MOS) ranged from 0.84 to 0.98, and the pair-
wise agreement ranged between 0.86 and 0.95 for inter- observe reliability. In addition, ICC values for the MOS ranged
between 0.95 and 0.98 for tester agreement in intra-observer reliability.

Complete agreement reliability (100%) was achieved in the subcategories of “Fidgety Movements”and “Movement
Character”for the inter- and intra-observer reliability. Moderate to high inter- and intra-observer reliability were found

in the subcategories of “Repertoire of Co-Existent Other Movements’, “Quality of Other Movements”and “Posture’, with
kappa values ranging between 0.63 and 1.00.

Conclusion: There were high levels of inter-and intra-observer agreement in the "Assessment of Motor Repertoire—3
to 5 Months”for infants with PWS. It is possible to carry out standardized quantitative assessments of the motor per-
formance of infants with PWS.
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estimated prevalence of PWS in different populations
ranges from 1/10000 to 1/30000, while there is a lack of
epidemiological data in China [2-5]. The phenotype of
PWS gradually emerges with development. The main
characteristics of PWS include a variety of physical, cog-
nitive, and behavioural defects [6]. The most marked
features are hypotonia in infancy, hypogonadism, short
stature, obesity, developmental delays, and intellectual
impairments [1]. The occurrence of symptoms is mostly
related to age; not all clinical phenotypes are expressed
in all patients, and the severity of disability varies among
patients [6]. Meanwhile, PWS is one of the important
causes of symptomatic morbid obesity, and early diagno-
sis and reasonable intervention are crucial to improve the
quality of life of these children, prevent serious complica-
tions and prolong life [2-5, 7, 8].

Therefore, it is of great clinical significance to identify
any abnormalities in motor performance as early as pos-
sible, particularly in infants with PWS, before genetic
diagnosis has been confirmed to provide timely early
intervention.

Prechtl’s General Movements Assessment (GMA) is a
safe, valid, reliable and noninvasive assessment tool for
identifying infants at risk of poor neurodevelopmen-
tal outcomes, particularly cerebral palsy, with the aim
of intervening early and improving outcomes [9, 10].
Initially, the assessment of general movements(GMs)
was mainly used to evaluate infants with brain injury.
Recently, it has been gradually applied to infants with
certain genetic and metabolic diseases [10—15].

GMs were divided into two stages according to the
development process: the writhing movement stage
(writhing stage) and the fidgety movements stage (fidg-
ety stage). GM assessment includes an overall assess-
ment and a detailed assessment. The motor optimality
score (MOS) of the “Assessment of Motor Repertoire—3
to 5 Months” in a detailed assessment during the fidgety
movements stage can be used not only to quantify the
efficacy of early interventions but also to quantitatively
analyse the relation between the data of the motor reper-
toire for an infant and the data obtained from follow-up
studies [15-18].

The researchers conducted a reliability study of the
“Assessment of Motor Repertoire -3 to 5 Months’, and
the study results showed that the inter-observer reliabil-
ity of the assessment of the total MOS for infants with
risk factors was very high, as the intraclass correlation
coefficient (ICC) was 0.87, and the ICCs for the pairwise
analyses ranged between 0.80 and 0.94 [19]. Based on the
results of the reliability study of the MOS scale, Dafne
Herrero explored the relationship between the MOS of
the repertoire at 3- to 5-months of age for infants with
Down syndrome and their eventual motor performance.
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The MOS of infants with Down syndrome was higher
than that of infants who were later diagnosed with cer-
ebral palsy, but lower than that of infants with normal
neurological outcomes [15].

However, until now, there have been no studies on the
application of GMs in the early assessment and predic-
tion of motor developmental outcomes for infants with
PWS. In addition, sufficient inter-and intra-observer reli-
ability is required for different testers to correctly use an
instrument for scientific and clinical purposes.

Therefore, the purpose of this study was to determine
the inter- and intra-observer reliability of the “Motor
Repertoire -3 to 5 Months” assessment tool based on
video recordings of infants with PWS.

Methods

The procedures and the reporting of this study was car-
ried out in accordance with the Guidelines for Reporting
Reliability and Agreement Studies (GRRAS), which were
published in 2011 [20]. While reporting the reliability
and agreement of the study, the participant and observer
populations, the process of assessment and data analy-
sis, and the reliability and agreement of the reports have
been described in detail [9].

Study design

This was a cross-sectional study to assess the degree of
inter-and intra-observer reliability and agreement. Three
advanced trained raters (observers A, B, and C; observers
A and B were blinded to the medical history of the infants
with PWS) evaluated the same 15 GM video records of
the infants by applying the “Assessment of Motor Reper-
toire-3 to 5 Months” and complying with the standard-
ized assessment procedures [18].

Participants

Fifteen infants with PWS were selected between Novem-
ber 2014 and December 2017 from the Rehabilitation
Department of Children’s Hospital of Fudan University.
The study was given ethical approval by the Research
Ethical Board of Children’s Hospital of Fudan Univer-
sity (Certificate number 2019(NO. 025)). Participants
meeting the following inclusion criteria were included:
(1) infants with definite PWS genetic diagnosis reports;
(2) infants with at least one GM video recording that
was carried out in the “Fidgety Movements” period; and
(3) infants for whom written consent was provided by
their legal guardian, allowing the video recordings to be
used for research purposes. Participants who met the
following exclusion criteria were excluded: (1) infants
with brain MRI reports that showed severe brain injury
lesions; and (2) infants who suffered from any other
genetic metabolic disorders.
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In all, there were 15 participants in this study, 12 of
whom were male and 3 of whom were female. Birth
weights ranged from 1802 to 3250 g, and the average
weight was 2622.13 g. Gestational ages ranged from 33
to 38 weeks for3 infants and from 38 to 40 weeks for 12
infants, and the average gestational age was 38 weeks.
PWS genetic diagnoses were confirmed between 3 and
65 weeks after birth, and the average age at the time of
genetic diagnosis was 18.33 weeks. All 15 infants with
PWS had received early intervention during the first four
weeks of life. Early intervention programs included the
following: Infants with PWS were assessed for sucking
problems and failure to thrive. Developmental assess-
ment was performed routinely. Physical and occupational
therapies were performed to facilitate the development
of motor milestones. Especially, feeding support and
overcoming gravity training were emphasized during the
first two months of life. Parents brought their infant to
the hospital once a week for making an early interven-
tion program which was performed at home every day
and recorded the implementation in detail by parents.
Each session lasts 10 to 15 min and the cumulative train-
ing time were more than 30 min a day [21-23]. Further
details on the distribution of characteristics of the infants
with PWS are outlined in Table 1.

Observers

All three observers had completed the GM training
courses and obtained the assessment qualification cer-
tificate offered by the GM Trust before starting this
study [24]. They complied with the guidelines and grad-
ing criteria of the assessment of general movement and
the “Assessment of Motor Repertoire- 3 to 5 Months”
scales [18, 25, 26]. The three observers were assigned
labels by the letters A to C; observers A and B were early
intervention therapists for infants, and observer C was a
rehabilitation doctor. All of them had rich experience in
GM assessment in clinical practice, and observers A and
B obtained advanced training course qualification cer-
tificates four years prior to the study. During the study
period, observers A and B did not know the specific

Table 1 Characteristics of sample

Characteristic items Statistical description

Gestational age (mean, SD) weeks 38, 1.81

Birth weight (mean, SD) grams 2622.13,337.25
Age at fidgety assessment (mean, SD) weeks 12.73,3.20

Age at PWS genetic diagnosis (mean, SD) weeks 1833, 15.89
Early intervention 15(100%)

Male 12(80%)
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medical history and risk factors for the participants and
were only provided with the ages of the infants at the
time of video recordings. On the other hand, observer
C was granted an advanced training course qualification
certificate two year prior to the study. As the organizer
of the present study, observer C knew the basic medical
history of the participants but had no information on the
previous GM assessment results.

Video recordings

We searched GM videos by the ID numbers of the infants
meeting the inclusion and exclusion criteria in the GMs
application of diagnosis and treatment system databases
of Children’s Hospital, Fudan University. GM videos were
taken according to the guidelines outlined by Christa
Einspieler [27]: (1) The infants were lying in the supine
position with minimal clothing, no dummies (pacifiers)
or toys, and in an adequate behavioural state. Sequences
that included crying and fussing were discarded. (2) GM
video recordings lasted for 3—5 min at a time. (3) GM
videos were taken between 9 and 20 weeks of age (fidgety
movements period) [28].

Accordingly, a total of 21 infant video records
were retrieved. If a participant had more than one GM
video record, one of the record was randomly selected
as the research object. If there was only one GM video
record for a participant, it was taken as the research
object. Finally, 15 representative sequences of GM video
records were included for the reliability and agreement
study. All of the GM video recordings lasted between
3.1 min and 6.9 min, with an average time of 4.3 min.

The assessment tool

The “Assessment of Motor Repertoire-3 to 5 Months”
[16, 25] is an observational instrument designed to
assess the GM video recordings of infants. It is divided
into three main domains of observation, namely “Move-
ment Patterns” (23 items), “Postural Patterns” (13
items), and “Movement Character” (8 items). The over-
all result (44 items) is taken as the basis for the “Motor
Optimality List’, which is based on the scoring of five
subcategories, the first of which rates “Fidgety Move-
ments” as normal (12 points), abnormal (4 points) or
absent (1 point); the second subcategory, “Repertoire of
Co-Existent Other Movements’, is classified as age-ade-
quate (4 points), reduced (2 points) or absent (1 point);
the third subcategory, “Quality of Other Movements’, is
evaluated by the number of normal or abnormal items
within the “Movement Patterns” field: a number of
normal patterns (N) higher than that of abnormal pat-
terns (A) scores 4 points; N=A scores 2 points; and
N<A scores 1 point. The fourth subcategory, “Posture’,
is assessed in the same way, based on the items of the
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second main field of observation, “Postural Pattern” The
fifth subcategory, “Movement Character’, describes the
overall movement character observed in all movement
categories: smooth and fluent (4 points); abnormal, but
not cramped-synchronised (2 points); and abnormal and
cramped-synchronised (1 point). Finally, the scores of
each subcategory are added, resulting in a total MOS of 5
to 28 points. The higher the score, the stronger the motor
repertoire [18, 19, 26, 28].

Assessment procedure

Observers assessed the 15 GM video records in inde-
pendent locations by using computers. Observers were
allowed to watch the videos repeatedly but were not
allowed to communicate with each other. The score sheet
was numbered consecutively from 1 to 15 depending on
the birth date of the infants, and the video records were
assessed in a prearranged order [27, 28].

Each observer completed the assessment of the GM
video records on the same day as the inter-observer
reliability part of the study. However, the time interval
between the two assessment time points of the same GM
video records for the same observer was required to be
more than three months in the intra-observer (re-test)
reliability part of the study.

Statistics

All data were analysed by statisticians using the SPSS
(Statistical Product and Service Solutions) (version 17.0,
SPSS Inc., Chicago, Illinois, United States). The respec-
tive subcategory agreement in the “Assessment of Motor
Repertoire—3 to 5 Months” was identified by means of
kappa statistics or expressed in terms of percent agree-
ment if the kappa value could not be determined. The
statistical measure of the Cohen’s kappa was used to
determine intra- and inter-observer agreement, con-
sidering the agreement by chance [19]. The interpre-
tation of the results complied with the guidelines by
Landis and Koch [29], who classify a k value of<0.20 as
poor agreement, 0.21- 0.40 as fair, 0.41- 0.60 as mod-
erate, 0.61- 0.80 as good, and 0.81-1.00 as very good
agreement. Intraclass correlation coefficient (ICC) sta-
tistics were applied to examine pairwise agreement of
the sum scores among the observers in the “Assessment
of Motor Repertoire- 3 to 5 Months” ICCs are correla-
tion coefficients that allow comparison of two or more
repeated measurements [29]. For the “Motor Optimality
Score’, ICC statistics were applied to examine pairwise
intra- and inter-observer agreement (A-B, A-C, B-C,
A-B-C) and agreement among all three observers (A-B-
C). The measurement error was termed “Sw’, and it was
calculated as the square root of the mean within-subject
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Table 2 Inter-tester reliability of the total “Motor Optimality
Score” pair wise and between the three observers (A-C),
comparing Intraclass  Correlation  Coefficient (ICC), 95%
confidence intervals (95% Cl), and within subject standard
deviation (Sw)

Observers ICC 95%Cl Sw

A-B 0.86 0.58-0.95 2.54
A-C 0.95 0.85-0.98 2.64
B-C 0.89 0.67-0.96 2.66
A-B-C 093 0.84-0.98 3.82

N=15 observations for A, Band C

Table 3 Intra-tester reliability of the total “Motor Optimality
Score” pair wise and between the three observers (A, B,
(), comparing Intraclass Correlation Coefficient (ICC), 95%
confidence intervals (95% Cl), and within subject standard
deviation (Sw)

Observers ICC 95%Cl Sw
A 0.98 0.94-0.99 2.58
B 0.95 0.85-0.98 2.90
C 0.95 0.86-0.98 274
N=15 observations for A, Band C

variance. The 95% confidence intervals (95% CIL) for the
correlation coefficients were also analysed [30].

Results

Intra- and inter- observer agreement of sum scores

among the observers in the MOS

As expected, the infants who that participated in the
study received scores ranging in the lower part of the 5-
to 28-point total MOS. Intra- and inter- observer agree-
ment for the total MOS were reported.

In accordance with the ICC values, as shown in Table 2
(inter- observer agreement) and Table 3 (intra- observer
agreement). The ICC values ranged between 0.86 and
0.95 for pairwise inter- observer agreement. The overall
inter-observer agreement was 0.93. Meanwhile, regard-
ing pairwise intra- observer agreement, the ICC values
ranged between 0.95 and 0.98.

The measurement error (Sw) ranged from 2.54 to 2.66
between the various pairs of observers in the assessment
of the MOS. The overall Sw was 3.82 between the observ-
ers. Sw ranged from 2.58 to 2.90 between the same pairs
of observers before and after the assessment of the MOS.

Intra- and inter- observer agreement of scores

in the respective subcategories among the observers

The assessment results for the subcategories of
“Fidgety Movements” and “Movement Character”
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Table 4 Inter-tester reliability of “Assessment of Motor Table5 Intra-tester reliability of “Assessment of Motor
Repertoire-3 to 5 Months” subcategories Repertoire-3 to 5 Months” subcategories
Subcategories Tester A-B Tester A-C Tester B-C Observers Fidgety Repertoire Quality Posture  Character
K (se k) or K (se K)? or K (se k) or K(sek)® k(sek)®or k(sek)® Kk(sek)® K(sek)®or
or or or
% % %
% % % % %
Fidgety 100% 100% 100%
Repertoire 063(032) 063(032) 100000 A 100%  063(032)  073(0.17) 100(0.00) 100%
Quality 0.77(0.14) 066(0.52) 0660.16) B 100% 0630032 067(016) 100%  100%
Posture 1.00(0.00) 1.00(0.00) 1000000 € 100%  100000)  067(015) 064(031) 100%
Character 100% 100% 100% Pair wise analysis between the three observers (A-C) based on video recordings

Pair wise analysis between the observers (A-C) based on video recordings of 15
infants, expressed in kappa (k)-values or percent (%) agreement

? se(k) = standard error of k

achieved complete agreement among the three observ-
ers (A-C), in which the “Fidgety Movements” total was
absent (1 point) and the “Movement Character” total
was abnormal, but not cramped-synchronised (2 points).
Consequently, no kappa value for “Fidgety movements”
and “Movement Character” could be calculated among
the three observers (A-C). Therefore, agreement between
the observers (A-B, A-C, and B-C) regarding the subcat-
egories “Fidgety Movements” and “Movement Character”
were expressed in terms of percent (100%) (Table 4).

In the other subcategories, data from all 15 infants were
included in the analysis. Moderate to high inter-observer
reliability was achieved in the assessment of “Repertoire
of Co-Existent Other Movements” and “Quality of Other
Movements’, with kappa values ranging between 0.63 and
1.00, and one single value reached perfect agreement in
the “Repertoire of Co-existent Other Movements” (B-C)
category. The assessment of “Posture” resulted in very
good kappa values in pairwise inter- observer agreement
(A-B, A-C, B-C), where the total kappa value totals was
1.00 (Table 4).

For the Intra-observer agreement (A, B, C) between
the respective subcategories, data from all 15 infants
were included in the analysis. The subcategories “Fidgety
Movements,” “Movement Character” (A, B, C), and “Pos-
ture” (B) were expressed in terms of percent (100%). In
the other subcategories, moderate to high intra-observer
reliability was achieved in the assessment of the “Reper-
toire of Co-Existent Other Movements” (A, B, C), “Qual-
ity of Other Movements” (A, B, C), and “Posture” (A, C)
subcategories, with kappa values ranging between 0.63
and 1.00 (Table 5).

Discussion

The clinical phenotypes of PWS vary greatly with age.
During the early period after birth, motor performance
is particularly affected in infants with PWS. Most infants

of 15 infants, expressed in kappa (k)-values or percent (%) agreement

2 se(k) = standard error of k

present as severely hypotonic, inactive and sometimes
almost motionless in the neonatal period. Despite the
fact that they persistently suffer from hypotonia, muscle
weakness, and severe motor development delays, young
infants with PWS gradually become more responsive and
present more spontaneous movements weeks or months
later [6, 31]. Motor problems occur after birth and con-
tinue into adulthood. PWS patients score well below
the normal standard range on standardized motor per-
formance tests [32]. Holm VA was the first to propose
the PWS clinical scoring diagnosis system based on the
characteristics of the clinical symptoms in 1993. This
system subdivided and summarized each clinical mani-
festation by score according to age, realizing the clinical
standardized diagnosis of PWS. For infants with obvious
hypotonia, difficulty feeding and gonadal dysplasia, the
possibility of PWS should be suspected [33]. However, in
terms of the method of carrying out a standardized quan-
titative assessment of motor performance, particularly
in individuals with suspected PWS or infants who were
diagnosed with PWS at a young age (less than 6 months
old), there is still a lack of relevant research in this field.
It is extremely difficult to carry out prospective behav-
ioural analyses for rare disorders [11]. However, GM
assessment (video recording assessments) has been
applied for the early screening and assessment of genetic
metabolic diseases [34]. Christa Einspieler and her col-
leagues conducted a longitudinal study on the predictive
value of movements and postures on the development of
neurological deficits later in life for infants with Smith-
Magenis syndrome. The findings, which included signifi-
cantly reduced motor repertoire, absent fidgety general
movements, abnormal posture, and jerky and monoto-
nous overall movements, indicated severe motor impair-
ment as early as 4 months of age [11]. Similar results have
been shown for other genetic metabolic disorders, where
the infants with the most severe phenotypes show no
fidgety movements at aged of 3—5 months, while their
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neurodevelopmental status was found to be more or less
normal [12, 35, 36]. Until now, there has been little sys-
tematic data on the early neurodevelopmental function-
ing of infants with PWS, and this study will be the basis
for preliminary research to document a behavioural
manifestation of the syndrome in infants as young as
4 months of age by the “Assessment of Motor Repertoire
-3 to 5 Months” The absence of fidgety movements and
the presence of characteristic clinical phenotype indi-
cate a risk of maldevelopment. Therefore, genetic testing
and early intervention are reasonable recommendations.
Early intervention plays a positive role in promot-
ing infant development and improving developmental
outcomes.

In this reliability study of the detailed general move-
ments assessment (Assessment of Motor Repertoire-3 to
5 Months), we obtained the following results: (1) Three
observers who were qualified members of the GM Trust
participated in the assessment of video recordings of
spontaneous movements for infants with PWS. The over-
all reliability ICC values of the MOS ranged from 0.84
to 0.98 for the three observers, which indicated that the
agreement reliability among the raters reached a very
high degree. The ICC values for the MOS ranged between
0.86 and 0.95 for pairwise agreement in inter- observer
reliability, where the highest ICC value was 0.95(95% CI
0.85-0.98) for A-C, followed the ICC value of 0.89(95%
CI 0.67-0.96) for B-C, and the ICC value of 0.86(95%
CI 0.58-0.95) for A-B. The ICC values ranged between
0.95 and 0.98 for the Intra-tester reliability of the MOS
between the first and the second rating time-points of
the observers. Therefore, in the PWS population, the
MOS has very good interobserver reliability and retest
reliability, which can be applied in the clinical quantita-
tive evaluation of early motor performance for infants
with PWS. (2) The subcategory “Fidgety Movements” in
the “Assessment of Motor Repertoire-3 to 5 Months” was
divided into three subtypes: normal fidgety movements
(scores of 12), abnormal fidgety movements (scores of 4)
and absent fidgety movements (scores of 1). The assess-
ment results of all observers (A-C) were completely con-
sistent for thoes of absent fidgety movements(scores of
1)based on the severely hypotonic, inactive, and some-
times almost motionless infants with PWS in the neo-
natal period seen in this study. Because Kappa statistical
analysis is based on multicategorical variables, the Kappa
valuecould not be calculated with the single variable for
the outcome of absent fidgety movements in this study.
Therefore, the percentage of agreement represented the
detailed impression of the degree of the reliability and
agreement in the subcategory “Fidgety Movements”
Complete agreement reliability (100%) was achieved
for both the interobserver reliability (A-B, A-C, B-C)
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and the re-test reliability of the observers (A-C) in this
study. Inter-and intra-observer reliability in the “Move-
ment Character’subcategory in the “Assessment of
Motor Repertoire-3 to 5 Months” was the same as the
reliability of the “Fidgety Movements” category. (3) The
points achieved in the subcategories’Quality of Other
Movements”and “Posture” were calculated based on the
sum of the number of normal and abnormal items in
their respective category entries. Accordingly, the result
was not simply based on the inter- and intra-observer
agreement for each item, even if the agreement reliability
values for each item of these subcategories were deter-
mined to be low, which did not necessarily affect the
MOS or the ICC values of reliability. Moderate to high
inter-observer reliability was achieved in the assessment
of “Quality of Other Movements” among the observ-
ers (A-B, A-C, B-C), with kappa values ranging between
0.66 and 0.77. The assessment of “Posture” resulted in
very good kappa values in pairwise inter- observer agree-
ment (A-B, A-C, B-C), and the total kappa value was 1.00.
Moderate to high intra-observer reliability was achieved
in the assessment of “Quality of Other Movements” (A,
B, C), and “Posture” (A, C), with kappa values ranging
between 0.64 and 1.00. Complete agreement reliability
(100%) was achieved in the re-test reliability of “Posture”
for observer B.

Compared with previous studies of genetic meta-
bolic disorders, the reliability study of detailed GM
assessments for inter-observer agreement for infants
with Smith-Magenis syndrome indicated Kappa values
between 0.82 (assessment of posture) and 1.00 (assess-
ment of fidgety movements) and is similar to the research
results of the two parts of this study [34]. In the reliability
study of high-risk infants, inter-observer reliability in the
assessment of the total MOS was high between observers
as ICC was the 0.87, and the ICCs for the pairwise analy-
ses ranged between 0.80 and 0.94, which is consistent
with the results of this study [19]. However, the agree-
ment reliability regarding the subcategories “Posture”
and “Movement Character” in this study was better than
that for infants with a high risk of brain injury, in which
the “Movement Character” kappa value was 0.54—0.84
and the “Posture” kappa value was 0.39—-0.56.

In this study, the “Assessment of Motor Repertoire-3
to 5 Months” in infants with PWS had high in inter-and
intra-observer reliability, which was not only related to
the characteristics of early motor performance in the
infants with PWS but also had a great correlation with
the following factors: (1)The video acquisition process
requires strict regulations to ensure the high quality
assessment of video recordings, which plays an impor-
tant role in the accuracy of GM assessment results
based on Gestalt perception theory. (2) Three observers
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completed the advanced training courses for GMs and
had rich experience in GM assessment in clinical prac-
tice. In addition, we held a GM assessment quality con-
trol meeting once a week to discuss difficult GM cases
and the standardized assessment process. All of these
clinical practices help to greatly improve the accuracy
and consistency of the GMs assessment results among
observers.

Of course, there were also some limitations in this
study. On the one hand, the population characteristics of
infants with PWS were less representative in this study.
More than 90% of the infants with PWS had a “Total
Optimality Score” under 9 points, and the sample size
was also very limited in this study. On the other hand, the
assessment results were completely consistent for absent
fidgety movements(scores of 1)for the infants with PWS
in this study. Thus, the assessment of “Fidgety Move-
ments’, which itself showed good inter-observer agree-
ment, had a significant effect on the ICCs for the total
MOS. Therefore, the sample size and study units should
be increased in later studies to reduce research bias.

Conclusion

To our knowledge, this is the first report on clinical cross-
sectional study of GMs assessment in patients with PWS.
This study especially focused on the inter-and intra-
observer reliability of the detailed GMs assessment which
is the “Assessment of Motor Repertoire-3 to 5 Months”
in infants with PWS. Particularly, the “Motor Optimality
Score’, the subcategory of “Fidgety Movements’, “Move-
ment Character” and “posture” were expressed with
perfect agreement in inter- observer and re-test reli-
ability. This study provides a basis for further analysis of
the characteristics and correlation among PWS, cerebral
palsy and normal infants in early performance move-
ments based on the “Assessment of Motor Repertoire-3
to 5 Months”.

Abbreviations

GMA: General Movement Assessment; GMs: General Movements; MOS: Motor
Optimality Score; ICC: Intraclass Correlation Coefficient; PWS: Prader-Willi
Syndrome.

Acknowledgements

We would like to thank all patients and doctors who participated in this study
for their cooperation. We also would like to express our gratitude to Professor
Christa Einspieler from Medical University of Graz, who guide the detailed GMs
assessments for us, and to my friend who contributed their time and effort to
the english language editing of the article (Dhiaedin Khiati).

Authors’ contributions

JW and HY conceived and designed the study. HHY, FZM, and YW retrieved
GMs video recordings. JW, HRG and XYZ assessed GMs video recordings and
collected the data. WS and XSS analyzed and interpreted the data. JW wrote
the manuscript. HY and XSS revised the manuscript. All authors read and
approved the final manuscript.

Page 7 of 8

Funding

This work was supported by the Advanced and Appropriate Technique of
the Extension Project from Shanghai Municipal Health Commission (grant
number:20195Y032).

Availability of data and materials

The datasets generated and/or analysed during the current study are not
publicly available due which was just a small part of another study which is
in process but are available from the corresponding author on reasonable
request.

Declarations

Ethics approval and consent to participate

The ethical approval has been confirmed from the Research Ethical Board of
Children’s Hospital of Fudan University (ref approval no. 2019(N0O.025)). The
purpose of the study will be explained in detail to the participants, who will be
required to write informed consent to indicate that they agree with the study.

Consent for publication
All authors approved the final version of this manuscript before publication.
All authors also consent this manuscript for publication.

Competing interests
There is no conflict of interest. No form of payment was received by anyone
to produce the manuscript.

Author details

'Department of Rehabilitation, Children’s Hospital, Fudan University, Shang-
hai 201102, China. >Key Laboratory of Neonatal Disease, Ministry of Health,
Shanghai 201102, China.

Received: 3 November 2021 Accepted: 15 March 2022
Published online: 22 March 2022

References

1. Whittington J, Holland A. Behaviour and cognition in the imprinted gene
disorder, Prader-Willi Syndrome (PWS). Curr Opin Behav Sci. 2019;25:89-
95. https://doi.org/10.1016/j.cobeha.2018.08.014.

2. Cassidy SB, Schwartz S, Miller JL, Driscoll DJ. Prader-Willi syndrome. Genet
Med. 2012;14(1):10-26. https://doi.org/10.1038/gim.0b013e31822bead0.

3. Butler MG. Prader-Willi syndrome: obesity due to genomic imprinting.
Curt Genomics. 2011;12(3):204-15. https://doi.org/10.2174/1389202117
95677877.

4. Goldstone AP, Holland AJ, Hauffa BP. Recommendations for the diagnosis
and management of Prader-Willi syndrome. J Clin Endocrinol Metab.
2008;93(11):4183-97. https://doi.org/10.1210/jc.2008-0649.

5. Endocrine genetic metabolism group. pediatrics branch, Chinese medical

association; Editorial Board of Chinese Journal of Pediatrics, China expert

consensus on the diagnosis and treatment of Prade-Willi syndrome

(2015). Chin J Pediatr. 2015;53(6):419-24. https://doi.org/10.3760/cma.j.

issm.0578-1310.2015.06.005.

Reus L, Zwarts M, Vlimmeren LAYV, et al. Motor problems in Prader-Willi

syndrome: A systematic review on body composition and neuromuscular

functioning. Neurosci Biobehav Rev. 2011;35(3):956-69. https://doi.org/
10.1016/j.neubiorev.2010.10.015.

7. Diene G, Mimoun E, Feigerlova E, et al. Endocrine disorders in children
with Prader-Willi syndrome-data from 142 children of the French data-
base. Horm Res Paediatr. 2010;74(2):121-8. https://doi.org/10.1159/00031
3377.

8. JE Emerick, KS.Vogt. Endocrine manifestations and management of
Prader-Willi syndrome, Int J Pediatr Endocrinol. 2013(1) (2013):14. https://
doi.org/10.1186/1687-9856-2013-14.

9. Crowle C, Galea C, Morgan C, et al. Inter-observer agreement of the Gen-
eral Movements Assessment with infants following surgery. Early Human
Dev. 2017;104:17-21. https://doi.org/10.1016/j.earlhumdev.2016.11.001.

o


https://doi.org/10.1016/j.cobeha.2018.08.014
https://doi.org/10.1038/gim.0b013e31822bead0
https://doi.org/10.2174/138920211795677877
https://doi.org/10.2174/138920211795677877
https://doi.org/10.1210/jc.2008-0649
https://doi.org/10.3760/cma.j.issm.0578-1310.2015.06.005
https://doi.org/10.3760/cma.j.issm.0578-1310.2015.06.005
https://doi.org/10.1016/j.neubiorev.2010.10.015
https://doi.org/10.1016/j.neubiorev.2010.10.015
https://doi.org/10.1159/000313377
https://doi.org/10.1159/000313377
https://doi.org/10.1186/1687-9856-2013-14
https://doi.org/10.1186/1687-9856-2013-14
https://doi.org/10.1016/j.earlhumdev.2016.11.001

Wang et al. BMC Pediatrics (2022) 22:150

20.

21

22.

23.

24.

25.

26.

27.

28.

Novak I, Morgan C, Adde L, et al. Early, Accurate Diagnosis and Early
Intervention in Cerebral Palsy, JAMA Pediatr. 2017;171(9):897-907. https://
doi.org/10.1001/jamapediatrics.2017.1689.

. Einspiele C, Hirota H, Yuge M, Dejima S, Marschik PB. Early behavioural

manifestation of Smith-Magenis syndrome (del 17p11.2) in a 4-month-
old boy. Dev Neurorehabil. 2012;15(4):313-6. https://doi.org/10.3109/
17518423.2011.654281.

Einspieler C, Kerr AM, Prechtl HFR. Abnormal general movements in

girls with Rett disorder: The first four months of life. Brain Development.
2005;27:58-13. https://doi.org/10.1016/j.braindev.2005.03.014.
Einspieler C, Sigafoos J, Bartl-Pokorny KD, Landa R, et al. Highlighting the
first 5 months of life: General movements in infants later diagnosed with
autism spectrum disorder or Rett syndrome. Research in Autism Spec-
trum Disorders. 2014;8(3):286-91. https://doi.org/10.1016/j.rasd.2013.12.
013.

Marschik PB, Soloveichick M, Windpassinger C, Einspieler C. General
movements in genetic disorders: A first look into Cornelia de Lange
syndrome. Dev Neurorehabil. 2015;18(4):280-2. https://doi.org/10.3109/
17518423.2013.859180.

Herrero D, Einspieler C, Panvequio Aizawa CY, et al. The motor repertoire
in 3-to 5-month old infants with Down syndrome, Res Dev Disabil.
2017,67:1-8. https://doi.org/10.1016/j.ridd.2017.05.006.

C. Einspieler, H.ER. Prechtl, A.F. Bos, F. Ferrari, G. Cioni, Prechtl’s Method of
the Qualitative Assessment of General Movements in Preterm, Term and
Young Infants, Clin Dev Med, MacKeith Press, London, 2004, page 26.
Yang H, Einspieler C, Shi W, Marschik PB, Wang Y, Cao Y, et al. Cerebral
palsy in children: movements and postures during early infancy depend-
ent on preterm vs. full term births. Early Hum Dev. 2012,88(10):837-43.
https://doi.org/10.1016/j.earlhumdev.2012.06.004.

Einspieler C, Marschik PB, Pansy J, et al. The general movement optimality
score: a detailed assessment of general movements during preterm and
term age. Dev Med Child Neurol. 2016;58(4):361-8. https://doi.org/10.
1111/dmcn.12923.

Fjertoft T, Einspieler C, Adde L, et al. Inter-observer reliability of the
“Assessment of Motor Repertoire-3 to 5Months” based on video record-
ings of infants. Early Human Dev. 2009;85(5):297-302. https://doi.org/10.
1016/j.earlhumdev.2008.12.001.

Kottner J, Audige L, Brorson S, Donner A, Gajewski BJ, Hrébjartsson A,

et al. Guidelines for reporting reliability and agreement studies (GRRAS)
were proposed. Int J Nurs Stud. 2011,48(6):661-71. https://doi.org/10.
1016/jjclinepi.2010.03.002.

Chen C, Visootsak J, Dills S, Graham JM. Prader-Willi Syndrome: An Update
and Review for the Primary Pediatrician. Clin Pediatr. 2007;46(7):580-91.
https://doi.org/10.1177/0009922807299314.

Elena G, Bruna C, Benedetta M, Stefania DC, Giuseppe C. Prader-Willi Syn-
drome: Clinical Aspects. J Obesity. 2012;(10):13. https://doi.org/10.1155/
2012/473941.

Wang J, Liang SY, Yang H, et al. Effect of early rehabilitation intervention
combined with acupuncture on infant with brain damage syndrome.
Chin J Phys Med Rehabil. 2019;41(10):756-9. https://doi.org/10.3760/
cma,jissn.0254-1424.2019.10.009.

Einspieler C, Prechtl HFR. Prechtl’s assessment of general movements:

a diagnostic tool for the functional assessment of the young nervous
system. Ment Retard Dev Disabil Res Rev. 2005;11(1):61-7. https://doi.org/
10.1002/mrdd.20051.

A. Guzzetta, F. Ferrari, G. Cioni, et al,, Cerebral Palsy: Early Markers

of Clinical Phenotype and Functional Outcome, J Clin Med, 2019,
8(1616). https://doi.org/10.3390/jcm8101616.

Yin HH, Yang H, Cao JY, Zang FF, Shi W, Zhu XY. Reliability of detailed
assessment of general movements for motor development in high risk
infants. Chinese journal of child health. 2017;25(3):230-3. https://doi.org/
10.11852/zgetbjzz2017-25-03-06.

Einspieler C, Prechtl HFR, Ferrari F, Cioni G, Bos AF. The qualitative assess-
ment of general movements in preterm, term and young infants-review
of the methodology. Early Hum Dev. 1997,50:47-60. https://doi.org/10.
1016/50378-3782(97)00092-3.

Wang J, Shen XH, Hu XH, Yang H, et al. Early detection relationship of
cerebral palsy markers using brain structure and general movements

in infants born <32 weeks gestational age. Early Human Dev. 2021;163:
105452. https://doi.org/10.1016/j.earlhumdev.2021.105452.

Page 8 of 8

29. Landis JR, Koch GG.The measurement of observer agreement for
categorical data. Biometrics. 1977,33(1):159-74. https://doi.org/10.2307/
2529310.

30. Bland JM, Altman DG. Measurement error. BMJ. 1996;313(7059):744.
https://doi.org/10.1136/bmj.313.7059.744.

31. Festen DAM, Wevers M, Lindgren AC, et al. Mental and motor develop-
ment before and during growth hormone treatment in infants and
toddlers with Prader-Willi syndrome. Clin Endocrinol. 2008;68(6):919-25.
https://doi.org/10.1111/j.1365-2265.2007.03126.x.

32. Carrel AL, Myers SE, Whitman BY, Allen DB. Benefits of long-term GH
therapy in Prader-Willi syndrome: a 4-year study. J Clin Endocrinol Metab.
2002;87(4):1581-5. https://doi.org/10.1210/jc.87.4.1581.

33, Holm VA, Cassidy SB, Butler MG, et al. Prader-Willi syndrome: Consensus
diagnostic criteria. Pediatrics. 1993;91:398-402. https://doi.org/10.1007/
BF00184219.

34. Marschik PB, Einspieler C. Methodological note: Video analysis of the early
development of Rett syndrome-one method for many disciplines. Dev
Neurorehabil. 2011;14:355-7. https://doi.org/10.3109/17518423.2011.
604355.

35. Phagava H, Muratori F, Einspieler C, Maestro S, et al. General move-
ments in infants with autism spectrum disorders. Georgian Med News.
2008;(156):100-105.

36. Marschik PB, Einspieler CE, Oberle A, Laccone F, Prechtl HFR. Case report:
Retracing atypical development: A preserved speech variant of Rett syn-
drome. J Autism Dev Disord. 2009;39(6):958-61. https://doi.org/10.1007/
$10803-009-0703-x.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1001/jamapediatrics.2017.1689
https://doi.org/10.1001/jamapediatrics.2017.1689
https://doi.org/10.3109/17518423.2011.654281
https://doi.org/10.3109/17518423.2011.654281
https://doi.org/10.1016/j.braindev.2005.03.014
https://doi.org/10.1016/j.rasd.2013.12.013
https://doi.org/10.1016/j.rasd.2013.12.013
https://doi.org/10.3109/17518423.2013.859180
https://doi.org/10.3109/17518423.2013.859180
https://doi.org/10.1016/j.ridd.2017.05.006
https://doi.org/10.1016/j.earlhumdev.2012.06.004
https://doi.org/10.1111/dmcn.12923
https://doi.org/10.1111/dmcn.12923
https://doi.org/10.1016/j.earlhumdev.2008.12.001
https://doi.org/10.1016/j.earlhumdev.2008.12.001
https://doi.org/10.1016/j.jclinepi.2010.03.002
https://doi.org/10.1016/j.jclinepi.2010.03.002
https://doi.org/10.1177/0009922807299314
https://doi.org/10.1155/2012/473941
https://doi.org/10.1155/2012/473941
https://doi.org/10.3760/cma.j.issn.0254-1424.2019.10.009
https://doi.org/10.3760/cma.j.issn.0254-1424.2019.10.009
https://doi.org/10.1002/mrdd.20051
https://doi.org/10.1002/mrdd.20051
https://doi.org/10.3390/jcm8101616
https://doi.org/10.11852/zgetbjzz2017-25-03-06
https://doi.org/10.11852/zgetbjzz2017-25-03-06
https://doi.org/10.1016/S0378-3782(97)00092-3
https://doi.org/10.1016/S0378-3782(97)00092-3
https://doi.org/10.1016/j.earlhumdev.2021.105452
https://doi.org/10.2307/2529310
https://doi.org/10.2307/2529310
https://doi.org/10.1136/bmj.313.7059.744
https://doi.org/10.1111/j.1365-2265.2007.03126.x
https://doi.org/10.1210/jc.87.4.1581
https://doi.org/10.1007/BF00184219
https://doi.org/10.1007/BF00184219
https://doi.org/10.3109/17518423.2011.604355
https://doi.org/10.3109/17518423.2011.604355
https://doi.org/10.1007/s10803-009-0703-x
https://doi.org/10.1007/s10803-009-0703-x

	Inter- and intra-observer reliability of the “Assessment of Motor Repertoire- 3 to 5 Months” based on video recordings of infants with Prader-Willi syndrome
	Abstract 
	Background: 
	Aims: 
	Study design: 
	Subjects: 
	Outcome measures: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Study design
	Participants
	Observers
	Video recordings
	The assessment tool
	Assessment procedure
	Statistics

	Results
	Intra- and inter- observer agreement of sum scores among the observers in the MOS
	Intra- and inter- observer agreement of scores in the respective subcategories among the observers

	Discussion
	Conclusion
	Acknowledgements
	References


