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Purpose: School-age children in China have more advanced motor development than their North American counterparts. This is likely due to cultural differences in children’s regular motor activities. It is unknown whether the motor function impairments associated with binocular visual disorders (BVDs) such as amblyopia in children raised in North America exist for children raised in China.

Design: Prospective case-control study.

Methods: A major tertiary eye hospital in China tested children aged 3 to <7 (n = 63) belonging to three groups: anisometropic or strabismic amblyopia (n = 22), anisometropia or strabismus without amblyopia (n = 20), or controls (n = 21). The main outcome measure was motor function scores (Movement Assessment Battery for Children 2nd edition).

Results: Balance scores varied significantly across groups (F2,61 = 4.2, p = 0.02) with the amblyopia group (mean ± SD: 12.5 ± 3.0) exhibiting significantly poorer scores than controls (14.8 ± 2.3). The no-amblyopia BVD group (12.8 ± 3.1) did not differ significantly from the other groups. Manual dexterity, catching and throwing and total scores did not vary significantly across the three groups. A separate pre-planned comparison of only the amblyopia and control groups revealed significantly poorer total motor scores in the amblyopia group (10.1 ± 3.2) vs. controls (12 ± 2.4). A linear regression model was unable to significantly predict associations between total motor score and binocular function score (standardized β = −0.09, 95%, p = 0.7), amblyopia etiology (standardized β = 0.14, 95%, p = 0.4), or inter-ocular acuity difference (standardized β = −0.18, 95%, p = 0.4), in the amblyopia group.

Conclusion: Amblyopia is associated with motor function impairment in children raised in China. Motor deficits that may impact everyday activities have been observed in patients with amblyopia across multiple cultures.
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Introduction

It is well established that visuomotor skills are impaired in European and North American samples of patients with amblyopia (Grant and Moseley, 2011; Grant et al., 2014; Birch et al., 2019a). Specifically, when compared to controls, individuals with amblyopia exhibited reduced accuracy, speed, or both on everyday visuomotor tasks such as grasping objects (Grant and Moseley, 2011). In addition, children with strabismus or anisometropia (with or without amblyopia) were 3–6 times more likely than controls to have a total score below the 15th percentile on the Movement Assessment Battery for Children 2nd edition (MABC-2; a standardized pediatric test of gross and fine motor function) (Kelly et al., 2020), indicating the possibility of a clinically important motor function disorder.

Motor development is influenced by culture. For example, children raised in China had a significantly better fine and gross motor function than their peers in Europe and North America (Pang and Fong, 2009). For the MABC-1 test in particular, children in China aged 3–10 had significantly higher manual dexterity scores than children in the UK (Ke et al., 2020). In Hong Kong, children had better manual dexterity and balance scores than children in North America (Chow et al., 2001). This effect was most pronounced at younger ages suggesting accelerated motor development in Hong Kong children. Possible explanations include the use of chopsticks by the age of 2 and attendance of mandatory, highly academically oriented preschool programs before the age of 7 (Chow et al., 2001). Because all previous studies of motor function and amblyopia have assessed European or North American samples of patients, it is currently unknown whether cultural influences alter the association between amblyopia and motor dysfunction. This is an important knowledge gap because motor function deficits are being recognized as a fundamental symptom of amblyopia that reduces self-esteem and self-perception of physical competence (Kelly et al., 2015; Birch et al., 2019b). In addition, motor function is now being included as an outcome measure in tests of new amblyopia treatments (Webber et al., 2016). Here, we tested groups of children in China with binocular visual disorders (BVDs) including amblyopia, strabismus, or anisometropia without amblyopia, and controls to assess the associations between BVDs and motor function in this cultural group.

We included a no-amblyopia BVD group because Kelly et al. (2020) observed a different pattern of motor deficits for patients with no-amblyopia BVD compared to those with amblyopia. The no-amblyopia BVD group exhibited significantly worse manual dexterity scores on the MABC-2 compared to controls. However, patients with amblyopia were significantly worse than controls for all components of the test (manual dexterity, catching and throwing, balance, and total score).

It was hypothesized that the pattern of motor deficits seen in other cultures would also occur in children raised in China. The protective factors that cultural differences in motor development may grant are likely not enough to mitigate the predicted effect of amblyopia on motor development. It was also predicted that stereopsis would be associated with motor function deficits. Stereopsis is crucial for gross motor skills such as catching a ball (Mazyn et al., 2007) and gait during obstacle navigation (Buckley et al., 2010), as well as performing fine motor tasks such as the Purdue pegboard and bead-threading (O’Connor et al., 2010). In amblyopia, Suttle et al. (2011) observed an association between poorer stereopsis and slower, less accurate reaching and grasping. Grant et al. (2014) also observed that individuals with nil stereopsis exhibited more frequent reaching and grasping errors than those with measurable stereopsis on the Titmus fly test. However, multiple studies have observed no association between stereopsis and motor function deficits in patients with amblyopia and binocular vision disorders (Webber et al., 2008; Zipori et al., 2018; Ibrahimi et al., 2021) suggesting that factors other than stereopsis may influence motor performance in these groups.

The association between amblyopia and motor function deficits is important because the real-world consequences of impaired motor function are far-reaching and impact on overall well-being. Open questions include the relative importance of specific amblyopia symptoms such as visual acuity loss and impaired stereopsis for the development of motor dysfunction. The goal of this study was to study the associations between BVDs with and without amblyopia and motor function deficits in children raised in China and to assess whether stereopsis was associated with motor deficits.



Materials and methods


Participants

Ethics was approved by the Zhongshan Ophthalmic Centre Ethics Review Board and the University of Waterloo Ethics Review Board prior to the start of the study and is in compliance with the declaration of Helsinki. All participants and their guardians went through the informed consent process. Participants were tested at Zhongshan Ophthalmic Centre, a major tertiary eye hospital in Guangzhou, China. Children aged 3 to <7 years old were recruited across three different groups: amblyopia, no-amblyopia BVD, and control. Evaluators were masked to the group each patient belonged to during the entire testing process. Participants in the amblyopia group had a diagnosis of anisometropic, strabismic, or mixed amblyopia, best-corrected visual acuity (BCVA) of 0.3–1.0 logMAR (inclusive) in the amblyopic eye, and age-dependent normal visual acuity in the fellow eye (0.3 logMAR for 3–4 years of age, 0.2 logMAR for 5 years of age). The interocular difference in visual acuity was 0.3 logMAR or greater. Anisometropia was defined as an interocular difference in spherical equivalent refraction >1 diopter. Participants in the no-amblyopia BVD group had anisometropia or strabismus without amblyopia (weaker eye BCVA better than 0.3 logMAR, interocular acuity difference less than 0.3 logMAR). Control group participants had normal stereopsis (400” or better for 3 years of age, 200” or better for 4 to <7 years of age) (Birch et al., 2008), no previous history of amblyopia or BVD and age normal visual acuity in both eyes. Exclusion criteria for all groups were the presence of an eye disease or visual disorder other than amblyopia, strabismus, or anisometropia, premature birth (<32 weeks of gestation), systemic disease, developmental delay, and vestibular disorder. Eligible participants completed a single 2-h visit for data collection. The study protocol was approved by the Zhongshan Ophthalmic Centre Institutional Review Board. Written parental consent was provided for all study participants.



Motor function assessment

The MABC-2 is a collection of age-normed tests aimed to assess motor skill dysfunction in children. The MABC-2 tasks were designed to resemble everyday activities and are listed in Table 1. The scoring system was developed using normative data obtained from over a thousand children. The tests vary depending on the age of the child being assessed, across three separate age bands. The 3–6-year age band tests were used for this study (Table 1). Participants were assigned an age-standardized score (1–19) and percentile rank (1–99) for each test based on their performance. Higher scores indicate better performance. A score under the 15th percentile in any category indicates that the child is at risk of having a motor function disorder.


TABLE 1    Individual tasks from each category of the MABC-2 for 3–6-year-old children.
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Visual function tests

The PEDIG ATS-HOTV system was used to test visual acuity (Moke et al., 2001). Interocular suppression was measured with the Worth 4 Dot test at far (6 m) and near (33 cm) distances. The Randot® Preschool Stereoacuity Test (RPST) was used to measure stereopsis.



Analysis

Statistical analyses were conducted using JASP (JASP Team 2020, Version 0.14.1). Nil stereopsis was assigned an arbitrary value of 10,000 arc sec (O’Connor et al., 2010). Each participant was also assigned a binocular function (BF) score based on their stereopsis and Worth 4 Dot test results (Webber et al., 2019). Those with no measurable stereopsis who also could not fuse during the Worth 4 Dot test were given a score of 5. Those with no measurable stereopsis, but the ability to fuse during the Worth 4 Dot test were given a score of 4. The scores of those with measurable stereopsis are calculated by taking the log of their stereoacuity (in sec of arc). The result is a range of scores to 5 where lower scores indicate better BF.

Between-group differences (control vs. no-amblyopia BVD vs. amblyopia) in total MABC-2 standard scores and standard scores for each MABC-2 subscale (manual dexterity, aiming and catching, and balance) were assessed separately using one-way ANOVAs. Significant main effects were explored using post hoc pairwise comparisons, with all p-values corrected using Tukey HSD to account for multiple comparisons. A pre-planned analysis comparing only the control and amblyopia groups was also conducted. Bonferroni corrected t-tests were used to compare each of the eight subsections of the MABC-2.

A linear regression was used to quantify the association between MABC-2 total standard scores in the amblyopia group with the following covariates: stereopsis (BF score), amblyopia type (strabismus/no strabismus), and interocular acuity difference. Several exploratory analyses replacing total motor function score with balance, catching and throwing or manual dexterity were also run.




Results


Patient characteristics

A total of 73 participants were screened. Ten participants were excluded for not meeting the study inclusion criteria. The composition of the remaining 63 participants was: control n = 21, no-amblyopia BVD n = 20, and amblyopia n = 22 (Table 2).


TABLE 2    Clinical characteristics of participants separated by group.
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Motor function: Standard scores

A summary of the standard scores obtained for each MABC-2 component is shown in Table 3. MABC-2 total (F2,60 = 2.7, p = 0.08), manual dexterity (F2,60 = 1.4, p = 0.23), and aiming and catching (F2,60 = 1.4, p = 0.3) standard scores did not vary significantly across the three groups. However, a significant main effect of group was present for the balance standard scores (F2,60 = 4.3, p = 0.02) whereby patients with amblyopia had significantly worse scores than controls (p = 0.02).


TABLE 3    Mean standard scores for each component of the MABC-2.
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A pre-planned analysis including only the amblyopia and control groups revealed a main effect of group for balance standard scores (F1,41 = 8.22, p = 0.007) and total standard scores (F1,41 = 4.84, p = 0.03). Participants with amblyopia had significantly lower standard scores in these categories compared to controls. Post hoc analysis revealed that the amblyopia group performed significantly worse than controls for the walking with heels raised task (t41 = −2.12, p = 0.040) and the coin-slotting task (t41 = −2.64, p = 0.012). However, these differences did not survive a Bonferroni correction for multiple comparisons.



Relationship between vision tests and motor scores

A linear regression model predicted that BF score (standardized β = −0.09, 95%, p = 0.7), type of amblyopia (standardized β = 0.14, 95%, p = 0.4), and inter-ocular acuity difference (standardized β = −0.18, 95%, p = 0.4) did not significantly predict total motor function scores for the amblyopia group. Exploratory analyses did not reveal any statistically significant associations between any clinical variables and total scores for balance (F3,18 = 0.89, p = 0.45), catching and throwing (F3,18 = 0.94, p = 0.44), or manual dexterity (F3,18 = 0.70, p = 0.57) in the amblyopia group.




Discussion

Our results demonstrate an association between amblyopia and motor function impairment in children in China. This suggests that cultural factors that influence motor development in China do not offset the impact of amblyopia on motor function. Although it is not possible to test for a causal relationship between amblyopia and impaired motor function in humans, it is possible that the neurodevelopmental deficits that characterize amblyopia directly influence visuomotor control (Webber et al., 2008; Niechwiej-Szwedo et al., 2014; Kiorpes and Daw, 2018).

Patients with amblyopia had worse balance and total motor scores than controls. Zipori et al. (2018) similarly found significantly worse balance scores in patients with strabismic amblyopia compared to controls (assessed using the Bruininks-Oseretsky Test of Motor Proficiency Test). Sa et al. (2021) also reported impairments in the stability and locomotory components of the Motor Competence Assessment Battery in patients with both corrected and non-corrected amblyopia compared to controls. Sa et al. did not observe a deficit for manipulative tasks such as throwing velocity or kicking a ball. However, it was unexpected that manual dexterity was not impaired in our sample of children with amblyopia as this is relatively consistent finding (Webber et al., 2008; Suttle et al., 2011; Kelly et al., 2020). It is possible that cultural influences on motor development influence the association between amblyopia and motor function. Alternatively, a larger sample size may be required to reveal subtle between-group manual dexterity differences.

We did not find that motor function scores in our no-amblyopia BVD group were significantly different from controls, although scores in the no-amblyopia BVD group fell between those of the control and amblyopia groups for most MABC-2 sub-tests. Our results differ from those reported by Kelly et al. (2020) and Caputo et al. (2007) who did observe an association between no-amblyopia BVDs and motor impairment. An inspection of the clinical characteristics revealed that our group had less severe binocular vision deficits (BF score of 2.1 ± 0.8) than the group recruited by Kelly et al. (2020) (BF score of 3.1 ± 1.0) which may explain the difference in results.

We did not observe an association between stereopsis and total motor function scores in our amblyopia group. While our finding that stereopsis did not predict motor scores is consistent with a subset of prior studies in the field (Webber et al., 2008; Zipori et al., 2018; Ibrahimi et al., 2021), others have found a link between stereopsis and motor function in patients with amblyopia.

Methodology may play a role in these diverging findings. Grant et al. (2014) and Suttle et al. (2011) used precise motion tracking devices to investigate the intricacies of motor patterns, which may be sensitive to more subtle differences than standardized tests that generate a score regardless of the motor strategy used to complete the task. A more detailed summary of the literature has already been covered by Niechwiej-Szwedo et al. (2019).

One possible explanation for why we did not see a link between stereopsis and motor function is that our sample included young children who may still have been in a phase of motor development that involves feedforward, ballistic movements that are not corrected in real time by visual feedback (Suttle et al., 2011). Another possibility is the lack of statistical power. A larger sample may allow for further separation of the etiologies, and more information about the no-amblyopia BVD group. For example, patients with strabismus and nil stereopsis had poorer visuo-motor coordination scores on the Developmental Coordination Disorder Questionnaire (Vagge et al., 2021). Ibrahimi et al. (2021) found that patients with exotropic strabismus and nil stereopsis performed worse on the Visual-Motor Integration Test of Beery (6th edition) than those with exotropia and measurable stereopsis, but this effect was not seen in patients with esotropia. There are numerous factors to consider when trying to map any specific, potential causes of motor function deficits in patients with BVDs.

Our results contribute to a growing literature demonstrating that motor deficits are an important component of amblyopia (Birch et al., 2019a). Measures of motor function should be incorporated into clinical trials of existing and novel amblyopia therapies to assess real-world outcomes for patients that extend beyond monocular visual acuity.
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3.9(SD = 1.0)
16 (72%)

0 (0%)
0 (0%)
5 (23%)
6 (27%)
6 (27%)
2 (9%)
3 (14%)
0.47 (SD = 0.14)

0.3 (0.15-0.48)

P-value

<0.001*
<0.001*
0.02*
0.9
<0.001*

<0.001*

<0.001*
<0.001*

<0.001*

<0.001*
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Mean standard score in each task (SD)

Manual dexterity Aiming and catching Balance Total

Coins Beads Trail Total Catch Throw Total One-foot Heels raised Jumping Total Total

Controls 9.5 (24) 9.1 (3.2) 9.8(3.1) 9.8(2.3) 9.8 (34) 116 (2.2) 11.2(2.8) 12.8 (2.5) 12.4(0.7) 11.9(0.3) 14.8 (2.3) 12 (2.4)
BVD 9.5 (3.1) 104 (3.4) 6.8 (4.2) 8.6 (3.4) 9.2(22) 114 (3.5) 10.8 (2.4) 12.2(2.0) 11.0 (3.0) 11.9 (0.4) 12.8(3.1) 10.6 (2.8)
Amblyopia 7.5 (2.7)* 89 (4.1) 8.1(4.2) 8.3(3.6) 8.0 (27) 111 (3.4) 10.0 (2.4) 11.6 (2.8) 115 (1.9)* 11.8(0.4) 12.5(3.0) 10.1(3.2)

Higher scores indicate better performance, with a minimum possible score of 1 and a maximum possible score of 19. The asterisk indicates a significant difference in score in comparison to the control group (before Bonferroni correction).
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