
Clin. Exp. Obstet. Gynecol. 2023; 50(7): 146
https://doi.org/10.31083/j.ceog5007146

Copyright: © 2023 The Author(s). Published by IMR Press.
This is an open access article under the CC BY 4.0 license.

Publisher’s Note: IMR Press stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Original Research

Value of General Movements Assessment in Predicting Neuromotor
Development Outcomes in Neonates with Neonatal Respiratory Distress
Syndrome: A Prospective Cohort Study
Hainan Wang1,2, Chun Su1, Ming Zhang1,2, Peng Liu1, Wei Chen1,2,*
1Department of Pediatric Rehabilitation, Xuzhou Rehabilitation Hospital, Xuzhou Medical University, 221010 Xuzhou, Jiangsu, China
2Department of Rehabilitation Medicine, Xuzhou Central Hospital, The Xuzhou Clinical College of Xuzhou Medical University, 221009 Xuzhou,
Jiangsu, China
*Correspondence: chenwei2339@163.com (Wei Chen)
Academic Editor: Michael H. Dahan
Submitted: 7 December 2022 Revised: 14 April 2023 Accepted: 17 April 2023 Published: 21 July 2023

Abstract

Background: General movements assessment (GMA) is a non-invasive tool for early assessment of neonatal spontaneous movements.
This study aimed to assess the effectiveness of GMA in predicting the neuromotor development outcomes of high-risk infants with
neonatal respiratory distress syndrome (NRDS).Methods: The results of GMA at different phases in 80 children with NRDS expected
to be born between September 2020 and July 2021 were collected, and the neuromotor development outcomes were verified by Peabody
Developmental Motor Scales-2 (PDMS-2) follow-up from March 2022 to May 2022. The study used the screening method and the
Chi-square test to analyze the predictive value of different phases of GMA. Results: The GMA writhing movements phase showed an
accuracy of 70.00%, a sensitivity of 82.76%, a specificity of 62.75%, a positive predictive value of 55.81%, a negative predictive value
of 86.49%, a Youden index of 0.46, and a positive likelihood ratio of 2.22. The GMA fidgety movements phase showed an accuracy of
95.00%, a sensitivity of 96.55%, a specificity of 94.12%, a positive predictive value of 90.32%, a negative predictive value of 97.96%, a
Youden index of 0.91, and a positive likelihood ratio of 16.42. The differences between the specificity, accuracy and negative predictive
values of GMA were statistically different (χ2

2 = 9.600, p2 < 0.005; χ2
3 = 17.316, p3 < 0.005; χ2

5 = 10.268, p5 = 0.001), while no
statistically significant differences were found in the comparison of sensitivity and positive predictive values (p1 = 1.000; χ2

4 = 2.690, p4
= 0.101). Conclusions: GMA has a favorable predictive value for neuromotor development outcomes in children with NRDS. Clinical
Trial Registration: ChiCTR2200061223.

Keywords: general movements assessment; neonatal respiratory distress syndrome; Peabody Developmental Motor Scales-2; neuromo-
tor development

1. Introduction
With the rapid development of perinatal medical tech-

nology and the generation-by-generation renewal of medi-
cal emergency equipment in neonatal intensive care units,
the survival rate of high-risk infants is improved and the in-
cidence of neonatal respiratory distress syndrome (NRDS)
is significantly increased [1]. Preterm infants are more sus-
ceptible to NRDS compared to non-preterm newborns, and
the frequency of NRDS can reach 7.8% for non-preterm in-
fants with a gestational age of more than 37 weeks [2,3].
Children with NRDS frequently experience increased dys-
pnea, cyanosis, shortness of breath, respiratory failure (in
extreme situations) due to pulmonary surfactant shortage,
alveolar atrophy damage, and easily interrupted alveolar
surface tension and pulmonary compliance balance [4].

In China, the incidence rate of newborn growth retar-
dation in China is estimated to be between 6% and 8%. One
of its notable symptoms is neuromotor dysfunction caused
by brain damage. Research has revealed that NRDS is an
independent risk factor for extra-uterine growth retardation
in infants and children [5,6]. NRDS poses an increased

risk of long-term neurodevelopmental disorders [7], and a
higher potential for complications such as periventricular
white matter softening, nontraumatic intraventricular hem-
orrhage, and even cerebral palsy in children [8]. Thygesen
et al. [9] showed that the prevalence of cerebral palsy (CP)
in children with NRDS is about 1.9%, which is about four
times higher than that in children without NRDS. Cerebral
palsy is commonly diagnosed in children between the ages
of 12 and 24 months. Delayed diagnosis and intervention
may result in missing the optimal plastic stage of the brain,
which can adversely impact the effectiveness of treatment
[10,11].

Long-term neuromotor developmental abnormalities
have an extremely negative impact on children’s normal
life, learning, and physical and mental health, and are ac-
companied by high social costs [6]. Consequently, it is
essential to recognize aberrant development in children
with NRDS as soon as possible and to establish early in-
tervention. With the use of general movements assess-
ment (GMA), a non-invasive neurodevelopmental diagnos-
tic method, it is possible to identify early abnormalities
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and to avoid long-term developmental consequences [12].
The prognostic usefulness of GMA for neuromotor devel-
opment outcomes in children with NRDS has yet to be ex-
amined in the literature. Accordingly, this study aimed
to establish a theoretical foundation for the importance
of early GMA competency development in children with
NRDS. Toward that end, 80 live-born children diagnosed
with NRDS were recruited and screened. Individual neuro-
motor development outcomes were then analyzed.

2. Materials and Methods
2.1 Participants

This prospective cohort study recruited 80 infants di-
agnosed with NRDS at Xuzhou Central Hospital who were
expected to be delivered between September 2020 and July
2021. We contacted the infant’s guardians via phone num-
bers, WeChat, and QQ, and have obtained the consent of
the guardian. In the study, GMA outcomes were recorded,
and their corrected neuromotor developmental outcomes
were evaluated between 1 and 1.5 years of age at the outpa-
tient clinic of the Department of Pediatric Rehabilitation at
Xuzhou Central Hospital. Subjects had to concurrently sat-
isfy all inclusion, and none of the exclusion, criteria. This
research was approved by the Medical Ethics Committee
of Xuzhou Rehabilitation Hospital of XuzhouMedical Uni-
versity (NO: XK-LW-20220319-002).

Inclusion criteria:
(1) Conformity with the diagnostic criteria of neona-

tal respiratory distress syndrome in the guidebook, Euro-
pean Consensus Guidelines on the Management of Neona-
tal Respiratory Distress Syndrome in preterm infants [13];

(2) One or more GMAs for each of the writhing move-
ments (term to corrected 48 weeks of age) and the fidgety
movements (FMs) (corrected 49–55 weeks of age) phase;

(3) The guardians of the children provided signed in-
formed consent.

Exclusion criteria:
(1) Doubt regarding themother’s last menstruation pe-

riod;
(2) Metabolic disorders were genetically transmitted

via relatives of the children;
(3) Central dyskinesia caused by progressive and de-

generative neurological and muscular diseases due to cran-
iocerebral trauma, brain tumors, and other maladies;

(4) Children received orthopedic surgery within the
first half year;

(5) Children received injections of botulinum toxin
within the prior six months;

(6) Children did not cooperate with follow-up or
follow-up outcome was unclear.

2.2 Evaluation Tools
2.2.1 General Movements (GMA)

Standard digital camera unit, iVMS-4200 Client mon-
itoring software, evaluating bed, thermometer, and heater

are included in the evaluation unit (Shanghai Fury Indus-
trial Development Co., Ltd. Shanghai, China). The as-
sessment room temperature was set between 28 and 30 de-
grees Celsius. The camera was positioned 1.5 meters away
from the bed and at 45 degrees (inclined down); the appro-
priate size was selected according to the infant’s weight.
The infant was placed in the center of the GMA bed, ex-
posing the head, neck, upper limbs, and lower limbs. The
initial and follow-up assessments were carried out by two
pediatricians with GMA training, using the iVMS-4200
Client monitoring software to monitor the infants’ triggered
spontaneous movements for 10–20 minutes while awake
and while showing no signs of emotional distress, such
as screaming or hiccups. In case of disagreement, a third
senior GMA-qualified professional reviewed the case and
rendered a final evaluation.

Writhing movements and FMs phase assessment re-
sults were recorded. The results of the writhing movements
evaluation included normal writhing movements (N), poor
repertoire (PR), cramped-synchronized (CS) and chaotic
(Ch). The results of FMs included the presence of FMs
(F+), sporadic FMs (F±), absence of FMs (F–), and abnor-
mal FMs (AF). If numerous examinations were conducted
during the writhing phase, the most recent assessment re-
sult within eight weeks of the full term was recorded as
the writhing phase assessment result, where N was the nor-
mal outcome and PR, CS, and Ch were noted as abnormal.
The GMA evaluation results between 9 and 15 weeks after
full term were considered for analysis. If the fidgety move-
ments phase was assessed more than once, normal fidgety
movements were documented as F± (within the second
month after term) and F+ (at least once). F– and F± (not
appearing in the second month after term) were recorded as
aberrant. If the infant evaluated only once, the result of this
evaluation shall prevail.
2.2.2 Peabody Developmental Motor Scales-2 (PDMS-2)

PDMS was published in 1983 by Folio and Fewell,
renowned experts in child development assessment and in-
tervention in the United States. It was applied in China
in 2006 and proved to have good reliability and validity
both at home and abroad [14,15]. Rehabilitation therapists
with specialized training in operating PDMS-2 were used
in the current investigation. This scale contains two sub-
assessment units, namely the gross motor assessment unit
and the fine motor assessment unit, which can comprehen-
sively evaluate the outcome of neuromotor development in
children aged 0–72 months. A total of six functional ar-
eas include: posture, reflex, movement, grasping, physi-
cal manipulation, and visuomotor integration. According
to the spontaneous willingness and movement completion
degree, each assessment was divided into 3 grades: 0, 1,
and 2, which could be converted into gross motor quo-
tient (GMQ), fine motor quotient (FMQ), and total motor
quotient (TMQ). Subjects were graded according to these
scores.
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2.3 Diagnostic Criteria for Neuromotor Development
Outcomes
2.3.1 Cerebral Palsy

The Chinese Guidelines for Rehabilitation of Cerebral
Palsy (2022) [16] was used as the gold standard for the di-
agnosis of cerebral palsy, whereby the child’s motor pattern
is aberrant throughout the follow-up of neuromotor devel-
opment outcomes, and clinical neurological examinations
render a diagnosis of cerebral palsy (CP).

2.3.2 Neuromotor Development Delay
PDMS-2 grading is poor (GMQ and/or FMQ scores

70–79) or very poor (GMQ and/or FMQ scores 35–69), and
the possibility of cerebral palsy is ruled out on clinical neu-
rological examination.

2.3.3 Normal Developmental Outcome
Normal development outcome was measured as: child

with PDMS-2 follow-up assessment score≥80 without ab-
normal movement pattern.

2.4 Statistical Analysis
All data were analyzed by SPSS 26.0 software (SPSS

Inc, Chicago, IL, USA), and non-normally distributed in-
formation was expressed using Median (M) (P25, P75).
Data were described by frequency, percentage, and descrip-
tive statistical analysis. The McNemar test was used for
comparing the otherness of predictive values at a different
phase, with differences of a p-value < 0.05 considered sta-
tistically significant.

3. Results
3.1 Predicted Outcomes and Follow-Up Results of
Neuromotor Development in 80 Children

The follow-up outcome of 80 children was evident.
The newborn general information is shown in Table 1. The
median Apgar 1-min and Apgar 5-min scores were 8.00
(7.00, 9.00) and 9.00 (8.00, 9.00). The median birth weight
was 1935.00 (1407.50, 2740.00) g, with a weight range of
590–4500 g. The median gestational age at birth was 33.43
(31.68, 37.18) weeks, with a gestational age range of 26.43–
40.43 weeks. The mean follow-up month age was 14.3 ±
1.76 months. The specific assessment of various phases of
GMAand neuromotor follow-up outcomes are shown in Ta-
ble 2.

3.2 Evaluation Index of Screening Results at Different
Phases of GMA
3.2.1 Writhing Movements Phase Evaluation Index of
Screening Results

Of the 80 children, 37 had an evaluated outcome of
N, 38 had an evaluated outcome of PR, 5 had an evaluated
outcome of CS, 37 had a normal (–) outcome and 43 were
abnormal (+). The writhing phase showed a sensitivity of
82.76% (24/29), a specificity of 62.75% (32/51), a positive

predictive value of 55.81% (24/43), a negative predictive
value of 86.49% (32/37), a Youden index of 0.46, and a pos-
itive likelihood ratio of 2.22, with the moderate agreement
(Table 3).

3.2.2 Fidgety Movements Phase Evaluation Index of
Screening Results

Of the 80 children, 50 had an assessment outcome of
F+, 25 had an assessment outcome of F±, 5 had an assess-
ment outcome of F–, 50 had a normal (–) and 30 had an
abnormal (+) assessment outcome during the fidgety move-
ments phase of the GMA. The phase of the fidgety move-
ments showed a sensitivity of 96.55% (28/29), a specificity
of 94.12% (48/51), a positive predictive value of 90.32%
(28/31), a negative predictive value of 97.96% (48/49), a
Youden index of 0.91, and a positive likelihood ratio of
16.42. There was a high degree of consistency (Table 4).

3.3 Statistical Variability Analysis of the Predictive Value
of Different Phases of GMA in Children with NRDS

Significant differences in the specificity, accuracy,
and negative predictive value of the GMA writhing move-
ments phase assessment were found when compared with
the fidgety movements phase assessment (χ2

2 = 9.600, p2
< 0.005, χ2

3 = 17.316, p3 < 0.005, χ2
5 = 10.268, p5 =

0.001). Comparing sensitivity and positive predictive value
in the phase of the writhing movements, no significant sig-
nificance was found (p1 = 1.000, χ2

4 = 2.690, p4 = 0.101)
(Table 5).

4. Discussion
NRDS is a common neonatal condition that can lead

to significant morbidity and long-term developmental de-
lays. Studies have shown that the incidence of CP in chil-
dren with NRDS is about four times higher than in children
without NRDS [9]. Therefore, the impact of NRDS on neu-
rodevelopmental outcomes in infants and children cannot
be ignored, especially for low-and-middle income countries
[17,18]. The age range of 0–2 years is a critical period of
rapid brain development. Human brain development is a
complex dynamic evolutionary process that is precisely reg-
ulated during this sensitive period. Specifically, during this
time, the neurons and synapses of the brain undergo rapid
growth and remodeling. Interventions during this phase can
take advantage of the brain’s greater plasticity and regula-
tion abilities [10]. This study verified the accuracy and im-
portance of the two-phase GMA for predicting neurodevel-
opmental outcomes in children with NRDS and provided a
theoretical basis for early assessment and clinical interven-
tion.

In this study, the follow-up outcomes of 80 chil-
dren with NRDS were: five children with cerebral
palsy (6.25%), 24 children with neuromotor retardation
(30.00%), and 51 children with normal neuromotor devel-
opment (63.75%). Our assessment was based on an epi-
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Table 1. Newborn general information description (n = 80).
Variables Class N Cum. No. % Cum.%

Newborn

Embryonic age
<37 weeks 60 60 75.00 75.00
37–40 weeks 20 80 25.00 100.00

Birth weight
Low birth weight 59 59 73.75 73.75
Normal birth weight 20 79 25.00 98.75
Macrosomia 1 80 1.25 100.00

Gender
Male 45 45 56.25 56.25
Female 35 80 43.75 100.00

NRDS grading
Grade I 52 52 65.00 65.00
Grade II 25 77 31.25 96.25
Grade III 3 80 3.75 100.00

Neonatal Intensive Care Unit
Yes 38 38 47.50 47.50
No 42 80 52.50 100.00

Periventricular leukomalacia
Yes 3 3 3.75 3.75
No 77 80 96.25 100.00

Intracranial hemorrhages
Yes 8 8 10.00 10.00
No 72 80 90.00 100.00

Surfactant therapy
Yes 75 75 93.75 93.75
No 5 80 6.25 100.00

Mechanical ventilation
Yes 33 33 41.25 41.25
No 47 80 58.75 100.00

Parturient

Advanced maternal age (>35 years old)
Yes 22 22 27.50 27.50
No 58 80 72.50 100.00

Education of mother
Specialty or below 65 65 81.25 81.25
Undergraduate 12 77 15.00 96.25
Higher 3 80 3.75 100.00

Conception method
In vitro fertilization-embryo transfer 14 14 17.50 17.50
Conceived naturally 66 80 82.50 100.00

Delivery method
Vaginal delivery 28 28 35.00 35.00
Cesarean 52 80 65.00 100.00

Chorioamnionitis
Yes 59 59 73.75 73.75
No 21 80 26.25 100.00

Gestational hypertension
Yes 29 29 36.25 36.25
No 51 80 63.75 100.00

Gestational diabetes
Yes 18 18 22.50 22.50
No 62 80 77.50 100.00

HELLP syndrome
Yes 2 2 2.50 2.50
No 78 80 97.50 100.00

Spontaneous onset of labor
Yes 57 57 71.25 71.25
No 23 80 28.75 100.00

Premature rupture of membranes
Yes 46 46 57.50 57.50
No 34 80 42.50 100.00

Hormone therapy
Yes 69 69 86.25 86.25
No 11 80 13.75 100.00

NRDS, Neonatal Respiratory Distress Syndrome; HELLP, Hemolysis Elevated Liver Enzymes Low Platelets.
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Table 2. The constituent ratio of neuromotor development outcomes in children [n (%)].
Writhing movements Fidgety Movements

N PR CS F+ F± F–

Cerebral palsy 1 (2.70) 1 (2.63) 3 (60.00) 0 (0) 1 (3.85) 4 (80.00)
Develop retardation 4 (10.81) 19 (50.00) 1 (20.00) 1 (2.04) 22 (84.61) 1 (20.00)
Develop normally 32 (86.49) 18 (47.37) 1 (20.00) 48 (97.96) 3 (11.54) 0 (0)
Total 37 (100.00) 38 (100.00) 5 (100.00) 49 (100.00) 26 (100.00) 5 (100.00)
N, normal writhing movements; PR, poor repertoire; CS, cramped-synchronized; F+, presence of fidgety
movements; F±, sporadic FMs; F–, absence of FMs; FMs, fidgety movements.

Table 3. Writhing phase predicted outcome vs. PDMS-2 outcome (n).

GMA predicted outcome
Neuromotor developmental outcomes

Total
(+) b (–)

(+) a 24 19 43
(–) 5 32 37
Total 29 51 80
(+) a was the writhing phase assessment abnormality; (+) b includes neuromotor
development delay and CP; PDMS-2, Peabody Developmental Motor Scales-2;
GMA, general movements assessment; CP, cerebral palsy.

Table 4. Fidgety phase predicted outcome vs. PDMS-2 outcome (n).

GMA predicted outcome
Neuromotor developmental outcomes

Total
(+) b (–)

(+) a 28 3 31
(–) 1 48 49
Total 29 51 80
(+) a was the fidgety phase assessment abnormality; (+) b includes neuromotor
development delay and CP; PDMS-2, Peabody Developmental Motor Scales-2;
GMA, general movements assessment; CP, cerebral palsy.

Table 5. Comparison each phase predictive validity of GMA.
GMA evaluation phase Writhing movements Fidgety movements χ2 p-value

Sensitivity 82.76% 96.55% - 1.000
Specificity 62.75% 94.12% 9.600 <0.005
Accuracy 70.00% 95.00% 17.316 <0.005
Positive predictive value 55.81% 90.32% 2.690 0.101
Negative predictive value 86.49% 97.96% 10.268 0.001
GMA, general movements assessment.

demiological study that calculated the overall incidence of
CP to be approximately 2.11 per 1000 [19]. Among the five
children with CP up to 80% of the GMA evaluation results
were CS and F–. White lung is an important manifesta-
tion of respiratory impairment in children with NRDS. An
unexpected finding was that four children with confirmed
CP had white lung. We speculate that these children may
have suffered from more severe asphyxia and hypoxia sec-
ondary to NRDS. Brain cells are extremely sensitive to hy-
poxia, which severely affects the formation and maturation
of normal synapses during brain development in children
with NRDS. In the later follow-up, neurological examina-
tion showed different degrees of brain tissue structure in-

jury, mainly periventricular leukomalacia or basal ganglia
injury. In this study, CS and F– had the highest predictive
value for cerebral palsy. Kwong et al. [20] assessed spon-
taneous movements in high-risk children and similarly val-
idated the predictive value of CS and F– for developmental
outcomes. Among the 24 children with motor retardation,
21 demonstrated low frequency and amplitude of normal
movements in multiple assessments of the phase of the fid-
gety movements; two children had F+ results in the phase
of the fidgety movements but were not followed up with
multiple GMA and did not undergo early intervention; and
one child had CS and F– results in the GMA and did not
later develop into CP.
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The results of our trial show that both phases of GMA
had good predictive value for motor developmental out-
comes in children at risk for NRDS, but the specificity, ac-
curacy, and negative predictive value of the fidgety move-
ments phase were statistically different from that of the
phase of the writhing movements. Further, the predictive
value of the phase of the fidgety movements was better than
that of the phase of the writhing movements. Huisenga et
al. [21] demonstrated that the fidgety movements phase of
GMA in children undergoing surgery for complex congen-
ital heart disease in the neonatal period is more informa-
tive than the writhing movements phase. The results of the
GMA fidgety movements assessment are of great value in
various types of high-risk children, such as those born pre-
maturely [22] and those undergoing in vitro fertilization-
embryo transfer [23]. The results of the two-phase per-
sistent abnormal GMA predict a high risk of neuromotor
developmental delay and even cerebral palsy in high-risk
children. A standardized tool assessment and neurological
examination can determine the neuromotor developmental
outcome of children and provide early scientific interven-
tion for children at high risk of abnormal assessment. This
should improve neurodevelopmental plasticity and the neu-
romotor developmental outcome of children, while reduc-
ing the anxiety of children’s guardians.

GMA has a high predictive value for the developmen-
tal outcome of children at risk for NRDS. It is important to
evaluate GMA in children with NRDS and provide early in-
tervention, especially in the fidgety movements phase. Pe-
diatricians must further increase their vigilance and aware-
ness of the importance of GMA screening in children with
full-term NRDS, to expand the application of GMA and op-
timize the neuromotor developmental outcome of children
with NRDS.

4.1 Limitations

This study has certain limitation. As a single-center
trial, the selected data may be significantly representative
of the broader population. Although most babies were
assessed multiple times in different phases of the GMA
follow-up, there were still a few cases where children had
only one assessment in each. Therefore, there may be some
slight differences in the eventual GMA results of these chil-
dren. Further, the follow-up time of children in this study
was limited, and there was a lack of more standardized as-
sessment tools to support the data. Finally, gestational age
is an important factor for the prevalence of NRDS children.
The study did not classify premature and non-premature
children according to the gestational age of the enrolled
children, so a more detailed analysis of gestational age is
lacking.

4.2 Future Directions

To make the experimental data more substantive and
representative, multi-center trials are necessary to expand

the inclusion of NRDS children with more detailed GMA
results, and to explore the predictive value of GMA for
NRDS children with different gestational ages. The follow-
up time must also be extended. The neurological, psycho-
logical, intellectual, motor and social behaviors of the chil-
drenmust be evaluated comprehensively and systematically
by standardized assessment tools.

5. Conclusions
This study is the first in China to investigate the pre-

dictive value of GMA for neuromotor development out-
comes in children with NRDS. Guardians should pay at-
tention to the neuromotor development outcomes of chil-
dren while heeding the prognostic outcomes of NRDS, so
as to prevent long-term developmental disabilities caused
by NRDS and its severe sequelae. The study also provides
a theoretical basis for early intervention of NRDS children
with poor neuromotor development outcomes, to help chil-
dren reach the milestone of normal growth and develop-
ment; in so doing, the study’s finding and recommendations
improve the overall health level of Chinese children.
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