Wy
Eye (2021) 35:544-547 4E) The ROYAL COLLEGE o
https://doi.org/10.1038/541433-020-0894-0 OPHTHALMOLOGISTS

q

Check for
updates

ARTICLE

Motor skills in children affected by strabismus

Aldo Vagge®'2 - Marco Pellegrini®?3 - Michele lester®'"? - Maria Musolino' - Giuseppe Giannaccare” -
Roberta Ansaldo® - Carlo E. Traverso'?

Received: 15 November 2019 / Revised: 28 March 2020 / Accepted: 14 April 2020 / Published online: 29 April 2020
© The Author(s), under exclusive licence to The Royal College of Ophthalmologists 2020

Abstract

Objectives To compare motor skills in patients with infantile strabismus and age and sex-matched control subjects aged
5-11 years.

Methods Motor performances were assessed by the Italian version of Developmental Coordination Disorder Questionnaire
2007 (DCDQ) in children with infantile strabismus and age and sex-matched control subjects. Patients affected by specific
neurological, cognitive and behavioural disorders were excluded from the study.

Results There were 43 patients included in the study, 23 in the strabismus group (14 males, 9 females, mean age 7.5 + 2.0 years)
and 24 in the control group (14 males and 10 females, mean age 7.2+ 1.7 years. The overall DCDQ score was significantly
lower in children with strabismus compared with control subjects (58.7+ 11.3 vs. 74.2+1.5; P<0.001). Children with stra-
bismus and no stereopsis showed a lower DCDQ score compared with those with normal stereopsis (50.8 £9.5 vs. 67.3 £4.8;
P <0.001).

Conclusion Motor skills are reduced in children with strabismus compared with control subjects. Strabismus and lack of

binocular vision are factors potentially contributing to developmental coordination disorder.

Introduction

Strabismus is one of the most common visual development
disorders in childhood, with a reported prevalence of
approximately 4% [1]. When strabismus occurs during the
critical period of normal maturation of the visual system, it
can cause amblyopia, which represent the most common
cause of low visual acuity in children [2]. In addition, when
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the images from the two eyes are significantly different,
sensory fusion is impossible and a suppression scotoma
develops to avoid diplopia. This compromises the ability to
discriminate disparity and depth information with loss of
stereopsis. Therefore, strabismus may affect normal binocular
vision function even in the absence of amblyopia.

Binocular vision provides important sensory input that is
essential in the planning and execution of precision tasks.
The absence of normal binocularity compromises hand—eye
coordination and affects motor performance in terms of
movement speed, accuracy, and success in task [3]. An
impaired motor coordination may affect all kinds of motor
skills, including activities of daily living, which are essen-
tial for children’s daily functioning [4].

The purpose of this study was to compare motor skills in
patients with infantile strabismus and age and sex-matched
control subjects aged 5-11 years.

Methods

This was a prospective, parallel group study. All partici-
pants gave their informed consent and the study followed
the principles of the Declaration of Helsinki. The study
involved children between 5 and 11 years old of age who
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required strabismus evaluation at the paediatric ophthal-
mology service. All healthy volunteers attending the clinic
were considered eligible for the study. Exclusion criteria
were any specific neurological, cognitive and behavioural
disorder.

All patients underwent a full ophthalmological assessment.
Stereopsis was assessed using the Lang 1 stereotest. All
parents of children involved in the study were provided with
the Italian version of Developmental Coordination Disorder
Questionnaire (DCDQ) 2007 to be completed. The DCDQ is
a 15-item parental questionnaire designed to evaluate motor
skills and risk of developmental coordination disorder (DCD)
in children aged 5-15 years. The questionnaire comprises
three subscales: control during movement (items 1-6), fine
motor/handwriting (items 7-10), and general coordination
(items 11-15). Parents are asked to provide their responses on
a five-point Likert scale. Each item is scored from 1 to 5
points, giving a total score of from 15 to 75 points. The cutoff
scores indicating the suspect of DCD is <47 for children aged
5-7 years, <56 for those aged 89, and <58 for those aged
10-15 [5, 6].

Statistical analysis

The SPSS statistical software (SPSS Inc, Chicago, Illinois,
USA) was used for statistical analysis. Values are expressed
as mean + standard deviation. The Student’s ¢ test was used
to compare continuous variables between children with
strabismus and control subjects and between children with
and without stereopsis. The y* test was used to compare
dichotomous variables. A P value <0.05 was considered
statistically significant.

Results

Twenty-three consecutive children with strabismus and 24
healthy children were enrolled in the study. Mean age was
7.5+2.0 years in children with strabismus and 7.2+ 1.7
years in the control group (P =0.621). The gender dis-
tribution did not differ significantly between the two groups
(14 males and 9 females in the strabismus group, 14 males
and 10 females in the control group, P = 0.859). The mean
refractive error was +2.4+ 1.6 D in the strabismus groups
and +0.9 + 1.1 D in the control group (P = 0.001).

Stereopsis was normal in 11 children with strabismus
(47.8%) and absent in 12 (52.2%). The strabismus was con-
genital in all the children with absent stereopsis and acquired
in all those with normal stereopsis. Nine children with stra-
bismus (39.1%) had amblyopia, and 14 of them (60.1%)
had previously undergone strabismus surgery. None of the
children in the control group had either abnormal stereopsis or
amblyopia.

The mean motor performances by DCDQ in children
with strabismus and control subjects are reported in Table 1.
The overall DCDQ score was significantly lower in children
with strabismus compared to control subjects (P <0.001). In
particular, children with strabismus showed a lower score in
all the three subscales relative to control during movements
(P <0.001), fine motor/handwriting (P < 0.001) and general
coordination (P =0.002). Six patients in the strabismus
group (26.1%) and no one in the control group was suspect
for DCD.

The mean motor performances by DCDQ in children
with strabismus with and without stereopsis are reported in
Table 2. The overall DCDQ score was significantly lower in
children with absent stereopsis (P <0.001). In particular,
children with absent stereopsis showed a lower score in the
subscales relative to control during movements (P <0.001),
and general coordination (P =0.011), but not on the sub-
scale of fine motor/handwriting (P =0.305). All the six
patients with suspected DCD had absent stereopsis.

The mean motor performances by DCDQ in children
with strabismus with and without amblyopia are reported in
Table 3. There were no significant differences in overall
DCDQ score and in the three subscales between children
with and without amblyopia (all P> 0.05). Similarly, motor
performances by DCDQ showed no correlation with
refractive error (all P> 0.05).

Table 1 Developmental Coordination Disorder Questionnaire (DCDQ)
scores in children with strabismus group and in healthy control subjects.

Strabismus group Control group P

(n=23) (n=24)

Total DCDQ score 58.7+11.3 742+1.5 <0.001
Control during 242+6.5 29.6+1.1 <0.001
movement
Fine motor/ 13.3+44 19.8+0.5 <0.001
handwriting
General coordination 22.3+3.4 24.8+0.6 0.002

n number of children.

Table 2 Developmental Coordination Disorder Questionnaire

(DCDQ) scores in children with strabismus with normal and absent
stereopsis.

Normal Absent P
stereopsis stereopsis
(n=11) (n=12)

Total DCDQ score 67.3+4.8 50.8+9.5 <0.001
Control during 28.8+1.8 19.9+6.3 <0.001
movement
Fine motor/ 143+4.2 12.3+4.6 0.305
handwriting
General coordination  24.2+2.2 20.7+3.6 0.011

n number of children.
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Table 3 Developmental Coordination Disorder Questionnaire (DCDQ)
scores in children with strabismus with and without amblyopia.

Amblyopia No amblyopia P
(n=9) (n=14)

Total DCDQ score 554+59 60.7+13.5 0.283
Control during movement 22.9+3.3 25079 0.459
Fine motor/handwriting 11.3+3.8 145+49 0.095
General coordination 212+2.8 23.1+3.8 0.219

n number of children.

Discussion

Binocular vision offers a number of different advantages
over monocular vision, most notably the subjective sen-
sation of three-dimensional visual space and perception of
depth. This phenomenon results from the integration of
the two slightly dissimilar retinal images (i.e. binocular
disparity) and provides important sensory information for
motor coordination. Binocular vision is essential for
planning and executing movements of the upper limb
including reaching, grasping and manipulation of objects
[7, 8]. Previous studies have demonstrated that people
lacking stereopsis are impaired on different manual
tasks [9-12].

DCD is a condition characterized by a level of perfor-
mance in skills requiring motor coordination substantially
below that expected for age and cognitive abilities [13]. In
the present study, we evaluated motor skills in patients with
infantile strabismus and age and sex-matched control sub-
jects using the DCDQ. The questionnaire evaluates through
parents’ opinions different activities requiring visual-motor
integration such as running, jumping, writing, drawing
and small object manipulation. Children with strabismus
showed significantly lower motor performances compared
with control subjects. The reduced motor skills affected
all the three subscales of the questionnaire (i.e. control
during movements, fine motor/handwriting and general
coordination).

Children with congenital strabismus and absent ste-
reopsis demonstrated lower motor skills compared with
those with acquired strabismus and normal stereopsis. This
confirms the importance of binocular vision for the devel-
opment of normal motor skills. Interestingly, children
without stereopsis were more impaired in the subscale of
control during movements, which comprises questions
relative to ball games and jumping obstacles. These activ-
ities require a high load of 3D information processing and
movement into all dimensions of space. Conversely, chil-
dren with and without stereopsis showed no differences in
fine motor skills such as drawing and writing, which are
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carried out on a single plane and require less processing of
3D information. This result suggests that other factors
besides stereopsis may contribute to the lower fine motor
skills of children with strabismus. However, we were not
able to identify any relationship between motor skills and
amblyopia or refractive error.

Our findings are in agreement with a previous study
that reported decreased motor skills in children with
congenital esotropia using the Movement Assessment
Battery for Children [14]. Children with strabismus
showed the greatest impairment in the subscale assessing
manual dexterity. Interestingly, the surgical correction of
strabismus improved the motor function, while no change
in stereopsis was detected [14]. This suggests that even in
absence of stereopsis, a partial recovery of binocular
cooperation secondary to eye realignment may have a
positive influence on hand—eye coordination skills.

In the present study, 26.1% of children with strabismus and
50% of those without stereopsis were at risk for DCD. This
percentage is higher than the prevalence of DCD in school-
aged children, which is ~5-6% [15]. To our knowledge, this
is the first study identifying strabismus and lack of binocular
vision as factors potentially contributing to DCD. The asso-
ciation has relevant clinical implications because poor motor
functioning may limit physical activities and have a sig-
nificant impact on social relations and educational achieve-
ment [16, 17]. Furthermore, the consequences of DCD may
be long lasting, and include psychological problems and
anxiety in adolescence [18], as well as psychiatric disorders in
adulthood [19]. Therefore, poor motor performance in chil-
dren with strabismus should be early identified to provide
specific interventions. In addition, children with DCD should
be examined by a paediatric ophthalmologist, since there are
form of small-angle strabismus with abnormal binocular
vision (i.e. microtropia) that may remain unnoticed without
proper screening [20].

One major limitation of the present study is the small
number of participants. In addition, motor skills were
evaluated with DCDQ, which is based on parental reports
rather than on actual motor tasks performed by the child.
However, the value of parents in detecting developmental
problems about their child’s performance has been
demonstrated [21], and DCDQ is considered a valid
screening tool for DCD [5, 6].

In conclusion, this study confirms the high incidence of
impaired motor function in children with strabismus.
Abnormal binocular vision may be one of the factors
contributing to DCD. The DCDQ is a useful tool to
evaluate the motor function in children with strabismus,
which should be considered at risk for DCD. Moreover,
children with DCD should be screened for abnormal
binocular vision.
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Summary
What was known before

e Binocular vision provides essential sensory information
for motor coordination.

e Children with abnormal binocularity are impaired on
different manual tasks.

What this study adds

e Strabismus and lack of binocular vision are factors
potentially contributing to DCD.
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