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BACKGROUND: General movements (GMs) in infants occur as fidgety movements (FMs) between postterm 9 and 20 weeks. We
aimed to evaluate FMs and motor repertoire in infants with cystic fibrosis (CF) and their relation with clinical findings.
METHODS: Demographic and clinical characteristics were recorded. FMs and motor repertoire were analyzed from a 5-min video
recording of each infant. Videos were rated based on the Prechtl General Movement Assessment and motor optimality score (MOS)
was calculated.
RESULTS: The analysis included 18 infants with CF and 20 healthy infants at postterm age of 3−5 months. MOS was significantly
lower in the infants with CF compared to controls (p < 0.05). Fifty percent of the infants with CF had abnormal or absent/sporadic
FMs. MOS was negatively associated with hospitalization duration (r=−0.378, p= 0.036); and positively associated with vitamin A
level in CF infants (r= 0.665, p= 0.026).
CONCLUSIONS: Infants with genetically anticipated severe CF phenotype tended to have lower MOS. MOS may be used in addition
to genetic testing to predict disease severity in infants with CF. Infants with CF, absent/sporadic FMs, and lower MOS could be
considered for planning specific age-adequate early intervention programs.
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IMPACT:

● Motor repertoire was age-inadequate in infants with cystic fibrosis (CF).
● 50% of infants with CF had abnormal or absent/sporadic fidgety movements (FMs).
● Motor optimality score (MOS) was positively associated with vitamin A level and negatively correlated with hospitalization

duration in infants with CF.
● MOS tended to decrease as genetically anticipated disease severity increased; thus, MOS might enable us to predict disease

severity in CF. The relationship between motor repertoire and phenotype and genotype is unclear and warrants further study.
● CF infants with absent/sporadic FMs, and lower MOS could be considered for planning early intervention.

INTRODUCTION
Cystic fibrosis (CF) is a systemic, progressive, and life-threatening
autosomal recessive disease caused by a mutation of the gene
which encodes CF transmembrane regulator (CFTR) protein,
resulting in CFTR dysfunction.1 CF transmembrane regulator
serves as an ion channel protein throughout the body, and
dysfunction of CFTR results in multisystem manifestations and
comorbidities such as pulmonary, pancreatic, hepatobiliary, and
gastrointestinal diseases in patients with CF.
The developing nervous system produces general movements

(GMs), which emerge at 9 weeks gestation and persist until about
20 weeks postterm.2 General movements are referred as preterm
GMs from preterm birth to term-equivalent age, as writhing
movements (WMs) from term to approximately 8 weeks postterm.
At 6−9 weeks postterm, a new GM pattern called fidgety
movements (FMs) emerges and continues until 20 weeks.3

Fidgety movements are tiny to small movements of the head,
neck, shoulder, trunk, and limbs with variable acceleration and
moderate speed in all directions. Although FMs can be seen as
early as postterm 6 weeks, they usually appear from postterm
week 9 until the end of weeks 16−20. FMs fade in infants as
antigravity muscle activation and voluntary movements begin to
dominate.4–6 The absence of FMs is highly predictive of later
neurological impairments.7,8 The motor repertoire of infants at
3−5 months includes not only FMs but also age-adequate
movements patterns such as swipes, smiles, head rotation,
wiggling/oscillating, mouth and tongue movements, or postural
patterns such as head in midline, symmetrical body segments, and
variable finger postures.3

There are a few studies in the literature examining neurodeve-
lopment in patients with CF. In one study, hospitalization duration
longer than 60 days, low stature, and low weight were significantly
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associated with motor delay in infants with CF.9 However, that
study did not include a control group. A recently published study
related to developmental and behavioral problems in preschool-
age children with primary ciliary dyskinesia (PCD) and CF showed
that delay in fine motor skills was more common in children with
CF compared to healthy subjects.10

In the present study, we aimed to characterize the FMs and
motor repertoire of infants with CF compared to controls from the
ages of 3−5 months using the Prechtl General Movement
Assessment (GMA). Specific questions were: (a) is there a
difference in FMs and motor repertoire between infants with CF
and controls and (b) is GMA of CF infants associated with vitamin
A and vitamin E levels, hospitalization duration, or genetically
anticipated disease severity?

METHODS
Study design
This case−control study was conducted at the Faculty of Physical
Therapy and Rehabilitation, Developmental and Early Physiother-
apy Unit between October 2017 and October 2018. Infants with CF
were referred from the Hacettepe University, Department of
Pediatric Pulmonology. The Hacettepe University Ethics Board
approved this study (27.09.2017, GO 17/733-05), which is
registered in the Clinical Trials (NCT03381157). Written informed
consent was obtained from the legal guardians of all infants in
the study.

Participants
Twenty clinically stable infants with CF and 20 healthy infants
were assessed for eligibility. Two infants with CF were excluded
because one died before the fidgety period began and the other
infant’s parents did not appear for video recording. Therefore, 18
infants with CF at 12−19 weeks corrected postterm age (median
= 14 weeks) and 20 healthy infants at 10−18 weeks corrected
postterm age (median= 13 weeks) were analyzed using Prechtl
GMA. The control group included infants who were followed in
our unit until the age of 2 years, had typical developmental
parameters and normal neurological outcome, and were con-
firmed as neurotypical by a pediatric neurologist. Clinical
characteristics and videos of the control infants recorded at
postterm 3−5 months of age were obtained from the Develop-
mental and Early Physiotherapy Unit Database.
A power analysis program (G*Power, ver. 3.1., Universität

Düsseldorf, Düsseldorf, Germany) was used to calculate the sample
size based on two-tailed calculations. Based on 5% type I error and
80% power to detect was at least a correlation coefficient of 0.5,
the required sample size for each group was 18.11

Study procedure
Demographic and clinical characteristics, including gender, types
of birth, gestational and corrected age, weight at birth, weight,
height and head circumference at assessment, maternal age,
incubator history, and hospitalization history, were obtained from
the parents and clinical records of the CF and control infants.
Parental/sibling history, diagnostic age, and medications were
recorded for the CF group.

Laboratory parameters. Infants were diagnosed as having CF by
sweat test. The sweat test is mandatory for diagnostic confirma-
tion and a sweat chloride value above 59mmol/L is one of the
diagnostic criteria for CF.12,13 In addition, vitamin A and E levels
were obtained from clinical records in the CF group. As pancreatic
insufficiency in CF leads to the risk of fat-soluble vitamin (A, D, E,
and K) deficiency, these vitamins are routinely investigated and
administered as supplements to CF patients, if required.14 CFTR
mutations were also recorded in infants with CF. Clinical disease
severity based on CFTR mutations was classified and described as

follows: patients with two copies of class I, II, III mutations
generally have almost no CFTR function due to defective CFTR
production, ineffective CFTR processing, and impaired CFTR-Chlor
regulation, respectively. Classes I, II, and III are associated with
genetically anticipated severe phenotypes (more severe disease)
in patients with CF. Although there are some CFTR functions
including altered CFTR channel conduction, abnormal CFTR level
(often splicing), and unstable CFTR protein in patients with class
IV, V, and VI mutations, respectively, this is not enough to prevent
all the consequences of CFTR dysfunction. Classes IV, V, and VI are
associated with genetically anticipated mild phenotypes (less
severe disease) in patients with CF.15,16

General movement assessment (GMA). Five-minute video record-
ings were analyzed for both groups. The videos were analyzed
based on the Prechtl GMA5 and motor optimality scores (MOS)17

were calculated according to motor optimality list including five
subcategories: FMs, repertoire of co-occurring movements, quality
of other movements, posture, and the movement character. FMs
were evaluated as normal (12 points), abnormal (i.e., excessive
amplitude, speed, and jerkiness) (4 points), or absent/sporadic (1
point). Repertoire of co-occurring movements was evaluated as
age-adequate (4 points), reduced (2 points), or absent (1 point).
The quality of other movements (except FMs) was scored
according to: predominantly normal movement was scored as 4
points, an even number of normal and abnormal movements was
scored as 2 points, and predominantly abnormal movement was
scored as 1 point. Similarly, posture was evaluated as normal or
abnormal and scored as 4 points if observed postural patterns
were normal, 2 points if evenly mixed, and 1 point if
predominantly abnormal. Overall movement character was scored
as 4 points if all movements were smooth and fluent. Jerkiness,
stiffness, and reduced complexity of movements were considered
abnormal but not cramped-synchronized (CS) and scored as 2
points. Movements characterized by rigid movements of the limb
and trunk muscles were considered CS and scored as 1 point. The
resulting MOS ranged from a maximum of 28 (best possible
performance) to a minimum of 5 (worst performance).17

A digital camera (NIKON-Coolpix-A100-Silver, Thailand) and
tripod (HAMA-4133-Star-700 EF, China) were used for recordings.
The videos were analyzed by two physiotherapists (A.M. and A.L.)
who were specialists in pediatric physiotherapy and rehabilitation,
with GMs certification and 15 years of experience in GMA. The
examiners were blinded to the clinical characteristics of the
infants. In case of disagreement on an infant’s assessment, they
reviewed that infant to reach a consensus on final score.

Statistical methods
Statistical analyses were performed using the IBM SPSS Statistics
23.0 (SPSS, Chicago, IL, USA). The variables were tested with visual
(histograms/probability plots) and analytical methods (Kolmo-
gorov−Smirnov/Shapiro−Wilk test) to check normal distribution
of variables. Descriptive data were presented as median and
interquartile range or mean and standard deviation, as adequate.
Mann−Whitney U test was used to compare ordinal parameters
between the CF group and control group. Categorical variables
were compared between the groups using chi-square test or
Fisher’s exact test. Correlation coefficients and their significance
were calculated using the Spearman test to investigate the
relationships between non-normally distributed and/or ordinal
variables. A p value of <0.05 was considered to be statistically
significant.

RESULTS
Gender, types of birth, gestational age, corrected age, birth
weight, height, body weight, and head circumference did not
differ significantly between the CF and control group (p > 0.05;
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Table 1). The diagnostic age in infants with CF was between 0 and
16 weeks (median= 5.75 weeks) (Table 2). Fifteen of the infants
with CF (83.4%) had a history of hospitalization.
Admission frequency, number of hospitalizations, and hospita-

lization duration were higher in infants with CF than those of the
control group (p < 0.01; Table 2). The reasons for admission or
hospitalization were acute exacerbation and gastrointestinal and
pulmonary complications.
Vitamin E and A levels were lower in the 13 CF infants whose

records included these data (Table 2). Five of the infants with CF
did not have vitamin E and A test results.
Infants in the CF group were receiving the following medica-

tions and supplements: pancreatic enzyme replacement therapy
in 11 (61.1%), antibiotics in 5 (27.7%), dornase alfa in 6 (33.34%),
bronchodilator in 2 (11.1%), multivitamin in 15 (83.34%), and salt
supplement in 17 (94.4%). They also were referred to chest
physiotherapy.
Motor optimality score was significantly lower in infants with CF

(median= 18.5, range= 7–28) compared to the healthy infants
(median= 26, range= 16–28) (p < 0.01; Table 3). Nine CF infants
(50%) displayed normal FMs. One (5.6%) displayed abnormal FMs,
and 8 (44.4%) displayed absent/sporadic FMs. In the control
group, 19 infants (95%) had normal FMs, and only 1 (5%) had
abnormal FMs. There was a significant difference in FMs score
between the CF and control group (p < 0.01; Table 3). Repertoire of
co-occurring movements was predominantly age-adequate or
reduced in both the CF group and the control group (p > 0.05;
Table 3). Quality of other movements (other than FMs) was
predominantly normal in the CF group (83.3%) and control group
(100%) (p > 0.05; Table 3). Fifteen infants with CF (83.3%) and 18
healthy infants (90%) had a normal posture (p > 0.05; Table 3). In
addition, five infants in the CF group displayed smooth and fluent
movement character (27.8%), and 13 infants (72.2%) displayed
abnormal but not CS movement character in the CF group. Eleven

neurotypical infants (55%) displayed smooth and fluent move-
ment character and nine (45%) displayed abnormal but not CS
movement character (p > 0.05; Table 3). We also compared the
MOS of infants with CF+ normal FMs (n= 9) and CF+ abnormal
+ absent/sporadic FMs (n= 9). Infants with CF+ normal FMs had
significantly higher MOS (median= 26, range= 20–28) than
infants with CF+ abnormal+ absent/sporadic FMs (median= 13,
range= 7–17) (p < 0.001). In the CF group, MOS was positively
associated with vitamin A level (r= 0.556; p= 0.048; Fig. 1) and
negatively correlated with the hospitalization duration (r=
−0.378; p= 0.036; Fig. 2), but not correlated with vitamin E level
and sweat chloride values.
Nine (50%) of the 18 CF infants had data regarding classification

of CFTR mutation and disease severity. These parameters in
addition to the FMs and MOS in the CF infants are presented in
Table 4. Based on CFTR mutation classes, clinical severity was
severe in five infants and mild in four infants. Motor optimality
score tended to be lower in infants with genetically anticipated
severe phenotypes compared to the infants with genetically
anticipated mild phenotypes (Table 4).

DISCUSSION
The present study is the first case−control study to examine and
compare FMs and motor repertoire between CF and healthy
control group. Based on our findings, FMs score and MOS were
lower in infants with CF than healthy infants.

Table 1. Demographic characteristics of the cystic fibrosis group and
control group.

Characteristics CF group
(n= 18)

Control group
(n= 20)

pa,b

n % n %

Gender

Female 5 27.8 7 35 0.898a

Male 13 72.2 13 65

Types of birth

NVD 4 22.2 7 35 0.703a

C/S 14 77.8 13 65

Median (IQR)
(min−max)

Median (IQR)
(min−max)

Gestational age (weeks) 38 (2)
(31–41)

39 (2)
(35–41)

0.346b

Corrected age (weeks) 14 (5.25)
(12–19)

13 (2.50)
(10–18)

0.167b

Birth weight (g) 3030 (538)
(1450–4680)

3280 (585)
(2000–4170)

0.126b

Height (cm) 60 (4.50)
(46–67.50)

60 (3)
(57–65)

0.819b

Body weight (g) 5725 (1300)
(3095–7250)

5850 (1238)
(5500–7800)

0.285b

Head circumference
(cm)

40 (3)
(35–43.50)

41 (2.5)
(38–43.50)

0.242b

Data are presented as n (%) or median (IQR).
IQR interquartile range, CF cystic fibrosis, g grams, cm centimeter, NVD
normal vaginal delivery, C/S cesarean section.
aChi-square test was performed to compare the groups.
bMann−Whitney U test was performed to compare the groups. Statistical
significance is set at p < 0.05.

Table 2. Clinical characteristics of the cystic fibrosis group and
control group.

Characteristics CF group
(n= 18)

Control group
(n= 20)

pa,b,*

n % n %

Incubation history

Yes 6 33.3 3 15 0.184a

No 12 66.7 17 85

Sibling history

Yes 3 16.6 NA NA NA

No 15 83.4 NA NA

Hospitalization history

Yes 15 83.4 0 0 <0.001a,*

No 3 16.6 18 100

Median (IQR)
(min−max)

Median (IQR)
(min−max)

Diagnostic age (weeks) 3.5 (5.75)
(0–16)

NA NA

Admission frequency (n) 4 (4)
(2–11)

2.5 (1)
(1–5)

0.048b,*

Number of hospitalizations (n) 2 (1)
(1–3)

0 (0)
(0)

<0.001b,*

Hospitalization duration (days) 11 (17)
(4–40)

0 (0)
(0)

<0.001b,*

Mean ± SD
(min−max)

Mean ± SD
(min−max)

Sweat chloride values (mmol/L)
(n= 12)

77.25 ± 11.05
(61–93)

NA NA

Vitamin E level (mg/L) (n= 13) 9.29 ± 5.66
(0.70–18.70)

NA NA

Vitamin A level (mcg/L) (n= 13) 210.60 ± 101.57
(21–412)

NA NA

Data are presented as n (%) or median (IQR) or median ± SD.
IQR interquartile range, CF cystic fibrosis, SD standard deviation, mcg
microgram, g gram, mmol milimol, L litre, mg milligram, NA not applicable.
aChi-square test was performed to compare the groups.
bMann−Whitney U test was performed to compare the groups. Statistical
significance is set at p < 0.05.
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Apart from FMs, other subcategories, including repertoire of co-
occurring movements, quality of other movements, posture, and
movement character, were similar between the CF group and the
control group. Only half of the CF infants displayed normal FMs.

All but one infant in the control group had normal FMs, and the
single control infant with abnormal FMs had normal neurological
outcome with typical neurodevelopment at 2 years of age. There
was heterogeneity in the motor repertoire of infants with CF.

Table 3. The motor optimality score and its subcategories of the cystic fibrosis group and the control group.

Characteristics CF group
(n= 18)

Control
group (n= 20)

pa,b,*

Median (IQR) (min−max) Median (IQR) (min−max)

Recording age (weeks) 14 (5.25) (12–19) 13 (2.50) (10–18) 0.167b

MOS 18.50 (13.25) (7–28) 26 (4) (16–28) 0.004b,*

n % n %

Fidgety movements

Normal 9 50 19 95 0.001a,*

Abnormal 1 5.6 1 5

Absent/sporadic 8 44.4 0 0

Repertoire of co-occurring movements

Age-adequate 8 44.4 2 10 0.564a

Reduced 6 33.3 9 45

Absent 4 22.2 9 45

Quality of other movements

N > A 15 83.3 20 100 0.097a

N= A 1 5.6 0 0

N < A 2 11.1 0 0

Posture

N > A 15 83.3 18 90 0.398a

N= A 2 11.1 0 0

N < A 1 5.6 2 10

Movement character

Smooth and fluent 5 27.8 11 55 0.171a

Abnormal but not CS 13 72.2 9 45

Cramped-synchronized 0 0 0 0

Data are presented as n (%) or median (IQR).
IQR interquartile range, CF cystic fibrosis, MOS motor optimality score, N normal, A abnormal, CS cramped-synchronized.
aChi-square test was performed to compare the groups.
bMann−Whitney U test was performed to compare the groups. Statistical significance is set at p < 0.05.
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Motor optimality score tended to be lower in infants with
genetically anticipated severe phenotypes according to CFTR
mutation classes. In a recently published paper, Einspieler et al.
reported that Gross Motor Function Classification System (GMFCS)
level was strongly correlated with MOS in children with cerebral
palsy (CP). A MOS higher than 14 was most likely associated with
GMFCS outcomes I or II (more severe functional impairment).
Motor optimality score was reported to contribute to providing
later CP prognosis, type, and severity in this study.17 This
relationship between functional impairment and MOS in CP can
be considered in CF as the relationship among genotype class,
genetically anticipated phenotype, and MOS. To date, there has
been no data about this relationship in the literature. One study
reported that there was no association between CFTR functional
genotype class and maximal exercise capacity in patients with CF
but that overall, maximal exercise capacity was lower in patients
with at least one copy of an F508del-CFTR mutation and a single
class V mutation.18 Our results indicated that MOS decreases as
the severity of the disease increases in infants with CF. Therefore,
MOS might enable us to predict disease severity in infants with CF
apart from genetic testing. However, it is still not clear exactly how
motor repertoire and MOS are associated with genetically
anticipated phenotype and genotype class in CF, and this may
be an interesting topic for future research.
A few previous studies have investigated motor development

and performance in patients with CF.9,10,19 The first of these
studies revealed that motor performance was better in children
with CF than healthy peers. Gruber et al.19 attributed this
speculative outcome to the chest physiotherapy received by
children with CF. These results cannot be compared with the
findings of the present study because of the differences in the
chronological age of the studied groups. The second study
showed that motor development delay can occur in infants with
CF.9 Although the findings were similar to those of our study, the
assessment tool was different and the study lacked a healthy
control group, sufficient sample size, and homogeneous age
distribution. Finally, in a recently published study, gross motor
domain delay was not observed in the CF group but delay in fine
motor domain was more common in children with CF compared
to healthy subjects.10 Groen et al.8 showed that abnormal GMs
were associated with coordination problems and fine

manipulative disability at 9–12 years of age. Einspieler et al.20

concluded that whether GMs were predictive of minor neurolo-
gical dysfunction (MND) or fine motor disability was still a
controversial issue. Further follow-up studies investigating the
relationship between GMs and fine motor skills in CF may clarify
this issue.
An infant’s development is influenced by not only individual

factors related to biological and genetic characteristics, but also
environmental factors including the microsystem environment
(family, home, surroundings, peers, etc.) and the exosystem
environment (extended family, neighborhood, school, etc.), as
well as the macrosystem environment (community, economic
system, culture, etc.).21 Furthermore, Thomazinho et al.9

reported that patients with CF had a high prevalence of
hospitalization in first year of life (73.3%) and a positive
correlation between hospitalization and motor delay, suggest-
ing that hospitalization is a factor that might lead to motor
delay. In the present study, infants with CF had higher hospital
admission frequency, number of admissions, and duration.
Increased hospitalization duration was accompanied by a
decrease in MOS in infants with CF. A supportive and enriched
environment are necessary for typical development, so the
lower MOS and poorer motor repertoire in the CF infants may be
attributable to hospitalization.
In patients with CF, deficiency of vitamin E and A may lead to

increased risk for some disorders such as neurologic, cognitive,
and visual impairments.22,23 In a study investigating the effect of
vitamin E deficiency on neurological function in patients with CF,
it was reported that while low vitamin E levels led to an increase in
mean nerve conduction latency, there was a decrease in nerve
action potential amplitude in the sural nerve.24 Also, bioactive
metabolite of vitamin (retinoid acid) is an important and potent
modulator of gene expression, neurogenesis, neuron survival, and
synaptic plasticity in the brains of animals.25 In our study, although
vitamin E and A levels were low in infants with CF, MOS was only
associated with vitamin A level, but not vitamin E level. This may
be due to the small sample size, as we could not obtain vitamin E
and A data for all of the CF infants. Further studies with larger
sample sizes are needed to focus on the effects of vitamin E and A
deficiency and their relation with FMs and motor repertoire in
infants with CF.

Table 4. The classification of CFTR mutation, anticipated disease severity, fidgety movements and motor optimality score in the cystic fibrosis group.

Case no Sex Age Genotype Severity FMs MOS

1 Female 19 weeks 2183AA- > G / 2183AA- > G
Class 1 / Class 1

Severe Absent/sporadic 11

2 Male 12 weeks F508del / N1303K
Class 2 / Class 2

Severe Absent/sporadic 12

3 Female 18 weeks G542X / Unknown
Class 1 / No Classes

Severe Absent/sporadic 17

4 Male 13 weeks F508del / F508del
Class 2 / Class 2

Severe Normal 20

5 Male 12 weeks F508del / 621+ 1G- > T
Class 2 / Class 1

Severe Normal 24

6 Female 18 weeks 2789+ 5 G > A / 4375–2A- > C
Class 5 / Class 5

Mild Normal 23

7 Female 12 weeks F508del / 2789+ 5 G > A
Class 2 / Class 5

Mild Normal 24

8 Male 15 weeks CFTRdele2 / D11OH
Class 1 / Class 4

Mild Normal 26

9 Male 15 weeks 711+ 3A- > G / 711+ 3A- > G
Class 5 / Class 5

Mild Normal 26

FMs fidgety movements, MOS motor optimality score.
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The present study has certain limitations that should be
mentioned. As discussed above, vitamin E and A levels were not
available for all infants with CF. Similarly, the genetic test results
had not been returned for some of the infants in the CF group. We
did not perform some laboratory tests in healthy infants due to
ethical considerations. Furthermore, some infants in both groups
were born preterm. Although we are aware that this is a
confounding factor, there was not a sufficient sample size to
divide into subgroups and compare their GMA as preterm and
term separately. Finally, one of the CF infants was recorded at the
age of 19 weeks, and this might be late to assess FMs. Although
the initial results of our study suggest a relationship between
motor repertoire and genotype, genetically anticipated pheno-
type, and vitamin A, the evidence is not sufficient to generalize
our findings to the entire CF infant population.

CONCLUSION
In conclusion, there was heterogeneity in the motor repertoires of
infants with CF. Although the reasons for absent/sporadic FMs are
unclear, MOS was positively associated with vitamin A level and
negatively correlated with the hospitalization duration. Motor
optimality score tended to decrease as genetically anticipated
disease severity increased; thus, MOS might enable us to predict
disease severity in infants with CF apart from genetic testing. The
relationship between motor repertoire and phenotype and
genotype in CF is still unclear and warrants further study. Cystic
fibrosis infants with absent/sporadic FMs, and lower MOS could be
considered for planning specific age-adequate early intervention
programs.
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