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Abstract

:

Background: The visual system is key to the learning process, preterm births are commonly followed by visual dysfunctions and other neurological conditions. Objective: to measure, analyze and compare the visual efficacy, visual–perceptual, and visual–motor skills of 20 late preterm children (34–36 weeks) born by caesarean section and appropriate weight for gestational age with 20 healthy controls born at full term by natural birth, age 5 to 12 years, from Querétaro, México. Methods: This was an observational, transverse, and prospective study. Parametric and non-parametric tests were performed using the SPSS 25.0. The visual acuity at distance and near, the phoria state, and the degree of stereopsis were analyzed. The Test of Visual-Perceptual Skills, Third Edition, was used to assess the overall performance, basic, sequencing, and complex processes. Fine motor skills were evaluated using the Visual–Motor Integration Test of Beery, Sixth Edition. Results: Visual acuity at distance and near (  p < 0.001  ), stereopsis (  p < 0.001  ), and the amount of exophoria at distance (  p = 0.01  ) showed statistically significant differences between the groups. The overall performance (  p = 0.006  ), basic processes (  p = 0.001  ), sequencing processes (  p = 0.02  ), and General and Motor VMI (  p < 0.001   and   0.002  , respectively) presented lower values in children born preterm. Conclusion: This research showed that even late preterm children present visual deficiencies and are at risk of delays on perceptual–motor skills. Early evaluation of their visual and motor abilities should be considered in order to help improve their cognitive functioning.
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1. Introduction


In the twenty-first century, obstetric care has increased the survival of premature children, even in cases of very low birth weight [1]. The World Health Organization, in November 2022, declared that prematurity is an urgent public health issue, as fifteen million babies are born preterm. Depending on the level of prematurity, these children commonly present abnormal visual and neurological development, which is related to the primary and secondary visual pathway (striate, extrastriate cortex, and visuomotor integration areas) [2]. These areas process the spatial and temporal aspects of visual information, the integration of which enables the motor output. Considering that visual perception, motor skills, and visuomotor integration have been associated with attention, learning, and educational outcomes from kindergarten to highschool, their evaluation, especially in children at risk, becomes necessary [3,4,5]. Sensory impairments are common among preterm children [6], and the visual system, which becomes dominant when the child starts coordinating their eyes, is one of them. Therefore, its analysis becomes essential when taking into consideration that almost 32 different areas process visual information through 300 pathways (most of them bidirectional) [7].



In Mexico, almost 22% of children who are born by Caesarian section are categorized as premature birth. From this sample, 10% are defined as late preterm birth, 3% present strabismus and amblyopia, and the other 10% show other neurological conditions [8,9]. Unfortunately, the later development (visual, motor, social) of these children is not tracked, as they are considered of low risk. Therefore, their needs in terms of evaluation and treatment are often underestimated. Considering the lack of research and the need to sensibilize Mexican society on the topic, a first step is made through our study. Late preterm children were chosen for this purpose because most existing research focuses on early gestational age (less than 34 weeks), as they present a higher degree of developmental dysfunction and have a larger impact on public health [10]. However, analysis of the visual function of premature children has shown that, even in the absence of major neurological signs, they are at risk for abnormal visual development [2] and perceptual–motor difficulties detected even before the age of 4 years [11], as well as deficits in cognitive functioning [12]. Of course, in very preterm children these complications increase, having a larger impact on their school performance and everyday life [13,14]. Full-term birth, which starts at 39 weeks and extends to 40 weeks and 6 days, provides the baby with time to develop normally. The brain and organs such as the liver, lungs, etc., pass through a crucial period of growth between 37 and 39 weeks of pregnancy that is essential for later milestones. Any interruption or complication in pregnancy can be the cause of abnormal child development [15]. Natural birth and Caesarian section were chosen for this study, as research has shown a shift in the baby’s first bacterial community [16], adverse effects on children’s perceptual skills, sensory integration abilities, and a negative impact on the mother–child relationship [17]. Patients with ROP were excluded, as the purpose of the research was to measure the impact of late prematurity on the visual–perceptual and visual–motor performance of these children by controlling any confusing variable that could affect the obtained results. Likewise, children with amblyopia and strabismus were excluded from the analysis, as both conditions have been associated with changes on the white and gray matter at different levels and cortical areas [18,19], affecting the general visual abilities of the individual [20,21]. Preterm birth which occurs at 37 weeks or earlier is divided into four categories: late preterm (34–36 weeks), moderately preterm (32–34 weeks), very preterm (born before 32 weeks), and extremely preterm (born before 25 weeks) [10]. Prematurity has been associated with hearing impairment [22], language difficulties [23], mathematics difficulties [24], attention-deficit/hyperactivity disorder (ADHD), and learning disabilities [25]. However, most of the information found in the literature analyzes the impact of prematurity on the visual–perceptual and visual–motor skills of Caucasian children [13,26]. The literature provides no research on the visual efficacy and perceptual–motor skills of preterm Mexican children, especially, when it comes to a specific sample without obvious neurological conditions, such as late preterm children. This group of children often goes unnoticed, as they do not create major problems in the class. This is despite their struggle to reach higher levels of performance, as confirmed by parents during the medical history of their children. These observations served as our motivation to look more deeply into the consequences of preterm birth in the perceptual–motor development of these children. As the visual system is key to the learning process, our objective was to evaluate, analyze, and compare the visual performance, visual–perceptual skills (VPS), and visual–motor skills (VMS) of late preterm children without retinopathy of prematurity (ROP) who were born between 34–36 weeks by Caesarean section and had appropriate weight for gestational age [27] with healthy controls (HCs) born at full term by natural birth. Both groups of children were aged 5 to 12 years and were from Querétaro, México.



Visual performance was measured through the visual acuity and phoria state at distance and near and the degree of stereopsis at near distance. Visual–perceptual skills were defined by four groups of abilities: overall performance and basic, sequencing, and complex processes. Visual–motor abilities were analyzed by the General and Motor VMI, which are directly related to fine motor skills and are important for academic achievement [28]. Perceptual–motor skills, including visual discrimination, visual memory, figure–ground discrimination, spatial visualization, visual–motor integration, etc., were evaluated using the Test of Visual–Perceptual Skills, Third Edition (TVPS-3) [29] and Visual Motor–Integration Test of Beery, Sixth Edition (VMI-6) [30]. These abilities have been positively correlated with academic achievement and mathematical problem solving skills [13,31]. Our results show that preterm birth affects the overall performance, basic processes, sequencing, and visual–motor integration skills of our participants when compared to control (p < 0.05), while complex processes are not affected. Despite the lower values obtained on the figure–ground and visual closure tests for the preterm group, differences are not statistically significant (p = 0.16). Our results agree with previous studies, in which abilities such as visual memory, figure–ground discrimination, form constancy, visual closure, and motor integration were lower in children born preterm [13]. Similar results have been obtained by neuropsychologists using a battery of tests for movement assessment and a developmental test for visual perception. Preterm children showed increased risk for clinical developmental delays related to visual analysis and motor integration skills [26]. Therefore, considering that vision is the sensory modality that brings together most of the information during academic learning [32], it is essential to incorporate these evaluations of children before the process of writing and reading starts. Our research differs from previous research in that it includes a very specific group of participants without any obvious neurological dysfunction or visual impairment, making prematurity the only variable of interest. Through this study, we aim to raise consciousness about the importance of adequate brain growth for the best visual and motor performance of our children. Therefore, preterm children should be considered for detailed evaluations, as they lack the opportunity to fully develop in the womb. As the brain is the most complex organ of the human body, such professional attention becomes crucial in circumstances involving a lack of necessary time for its complete growth and development. The assessment of these areas is strongly recommended to ensure that diagnosis and possible intervention can take place at early ages in order to enhance the cognitive development of these children.




2. Materials and Methods


2.1. Participants


A total of 40 children from Querétaro, México, aged 5–12 years, participated in this observational, transverse, and prospective study, of whom were 20 late preterm children born between 34–36 weeks by Caesarean section who were of appropriate weight for gestational age without retinopathy of prematurity (ROP) or any other neurological condition that could affect our results and the other 20 were healthy controls (HCs) born at full term by natural birth. Of the total number, 26 were boys and 14 were girls. Participants belonged to a similar socioeconomic status (middle class) and had an average IQ score for their chronological age as reported by their school/parents. Data on medical history and clinical examinations were collected at the Brain Vision and Learning Center, in Querétaro, México, from January to June 2022. All data were collected by the same clinician, Dr. Danjela Ibrahimi, a specialist in vision and child development. The study conformed to the principles of the Declaration of Helsinki. Consent from the participants and parents was obtained before performing any procedure. Patients at least 5 years old were chosen for this study, as recent research on Caesarean delivery suggests that the impact it may have on the brain development of newborns and infants could be transient, as it is not observed in children ages 5 and older [33].



Eligibility


Eligibility was established over a three-day period, which permitted us to perform detailed neuro-optometric evaluations in which both the quantity of sight (amount of visual acuity) and integrity of vision (a more complex process of the visual system) were analyzed. Only participants who met our inclusion criteria were included in the study. Inclusion criteria for control group: Children born at full term and by natural birth with: (i) no history of eye disease, (ii) best-corrected visual acuity (VA) ≥ 0.2 logMAR units, (iii) no history of any neurological condition or psychiatric disease, and (iv) no use of medications that could alter the central nervous system (CNS). Inclusion criteria for preterm children: Premature children born by caesarian section with: (i) only late prematurity (34–36 weeks of pregnancy), (ii) no history of ROP, (iii) no history of strabismus/amblyopia, (iv) best-corrected visual acuity (VA) ≥ 0.3 logMAR units, (v) no previous optometric or ophthalmologic treatment except the use of an optical prescription, and (vi) no history of conditions such as attention-deficit/hyperactivity disorder, epilepsy, dyslexia, or depression.





2.2. Data Collection


Based on these inclusion and exclusion criteria, data collection was divided in three phases. For better results, all visual evaluations took place during morning hours after 8–9 h of sleep. Phase one: on the first day, detailed medical histories regarding the neurological development of the child and their visual system were collected from parents by the neuro-optometrist in charge of the study. Additionally, near and distant visual acuity (the amount of sight), noncycloplegic objective refraction (under normal conditions), cycloplegic objective refraction using two drops of 1% tropicamide [34], and ophthalmoscopy (evaluation of the retina and fixation) were performed. These data were important for corroborating the functionality of the visual system before continuing with the rest of the evaluations. Phase two: subjective refraction for the best optical correction was performed. To determine the impact of the prescription on the visual system, the following tests were then conducted: repetition of the near and distant visual acuity tests with the new prescription, phoria state tests at both distances using the Cover test, which evaluates eye alignment, and the Random Dot-2 test to measure depth perception at 40 cm (this test measures gross and fine stereopsis, and covers 500 to 12.5 s of arc). Phase three: patients who met the inclusion criteria and decided to continue with the evaluation were scheduled for the visual–perceptual and visual–motor skills analyses.




2.3. Evaluation of VPS and VMS Using the TVPS Third Edition and VMI Sixth Edition Tests


The TVPS-3 [29] and VMI-6 [30] were administered and the raw scores were used to determine scaled scores, standard scores, percentiles, and perceptual ages. As is known from the literature, the TVPS-3 evaluates seven areas of visual analysis: visual discrimination, visual memory, spatial relationships, form constancy, sequential memory, figure–ground discrimination, and visual closure. Four groups of abilities emerge from the combination of these seven areas: (i) overall performance, which includes all seven areas; (ii) basic processes, which includes the first four areas; (iii) sequencing, which includes only sequential visual memory; and (iv) complex processes, which includes only the last two areas. The purpose of this research was to analyse all four groups of abilities in order to understand the general performance of our participants using standard scores. Only two of the three areas of the VMI-6 were analyzed, i.e., the General and Motor VMI, which are directly related to gross and fine hand motor coordination. The perceptual part of the VMI-6 was excluded, as it does not include handwriting during the evaluation. For statistical analysis and the purpose of this study, raw scores were then converted into scaled and standard scores.




2.4. Availability of Data and Materials


All data are personal and strictly confidential to each patient and cannot be shared; however, details about materials and methods can be found in the Appendix A. This research is part of our clinical research line of study as members of the National Research System.





3. Statistical Analysis


To detect statistically significant differences between the groups, non-parametric and parametric tests were performed using the SPSS Statistics Base 25.0 program. The normality of data distribution was checked with the Shapiro–Wilk (SW) test. The confidence level (CI) used in this study was 95%, with   α = 0.05  . The Independent t-test was used when   n = 20   and the normality of data distribution was confirmed by the SW test. The Mann–Whitney test was used when   n < 20   and the normality of data distribution could not be confirmed by the SW test. The Mann–Whitney test is a test of both location and shape, as it can detect differences in shape and spread as well as differences in medians, and is an alternative to the t-test when the data are not normally distributed. Regression analysis was performed when the relationship between one dependent and more than two independent variables was analyzed. Pearson and Spearman Correlation tests were used based on the normality of data distribution and the number of participants on each group.




4. Results


4.1. Descriptive Statistics


A total of 40 patients were included in this study. Of this total, 14 were female (35%) and 26 were male (65%), with a mean age of 7.92 ± 1.71. Additionally, 29 patients had exophoria (72.5%) for at least one distance (mean 2.34 ± 2.33 and 8.83 ± 3.32 for distant and near, respectively), while 11 patients presented esophoria (27.5%) for least at one distance (mean 3.45 ± 0.9 and 9.27 ± 2.05 for distant and near, respectively).



Table 1 presents the demographic and descriptive statistic of all participants. The independent t-test was used to compare means between the two groups when   n = 20   and the normal data distribution was confirmed by Shapiro–Wilk test. The Mann–Whitney test was used to analyze differences in the stereopsis and exophoria values, as data were not normally distributed and   n < 20   for patients with exophoria in one of the groups.




4.2. Visual Efficacy Findings


A significant finding was the presence of esophoria only in premature children, which leads us to hypothesize that prematurity is related to the esophoric state of the visual system. All full term birth children were exophoric for at least one distance. Likewise, the degree of stereopsis and visual acuity at distance and near were statistically different between the groups. Visual acuity at both distances was significantly higher in the healthy controls as compared to late preterm children, even when the latter were wearing the best prescription. The best prescription was the one which provided the best visual acuity at distance and near, flat fusion at both distances, and the highest stereopsis degree as measured with the Random Dot-2 Test.



Stereopsis is considered one of the most important variables related to the functionality of the visual system at cortical level and is illustrated in Figure 1. VA at distance and near, stereopsis, and phoria state were analyzed based on gender as well; no statistically significant data were obtained, indicating that gender was not related to the visual efficiency of these patients.




4.3. TVPS-3 and VMI-6 Findings


Next, visual–perceptual and visual–motor skills were evaluated using the TVPS-3 and VMI-6. Four categories of visual analysis were considered for the purpose of this study: overall performance, basic processes, sequencing, and complex processes. General and Motor VMI were used to define the visual–motor integration skills of the participants.



The Independent t-test was applied to statistically analyze differences between both groups (refer to Table 2). The Mann–Whitney test was only used to analyze the sequencing process between groups, as in this instance the data were not normally distributed.



As shown by Table 2, differences between the groups were statistically important for overall performance and for basic and sequencing processes. No differences were found for the complex processes of the visual analysis. Based on these results, only basic abilities of the visual system can be associated with prematurity. Regarding motor abilities, all values obtained from the motor integration analysis were significantly lower for preterm children when compared to children born full term. As derived from our results, a deficiency in the motor representation of the visual information is present. It can be hypothesized that if the entrance of information through the visual system is affected, its motor representation could be deficient as well. Figure 2a–c and Figure 3a,b illustrate the differences found in the visual–perceptual and visual–motor skills of both groups.




4.4. Findings Based on Gender


The visual–perceptual and visual–motor skills of all participants were then analyzed based on gender using the Mann–Whitney test. No statistically significant results were obtained. Gender did not affect the perceptual–motor abilities of the participants. The same analysis was performed to analyze data for each group separately. For preterm children, gender did not affect the TVPS and VMI results. This was not the case for children born at full term by natural birth, where   p = 0.01   and Z =   − 2.56   for complex processes, as presented in Figure 4a. General and Motor VMI were not related to gender for this group.




4.5. Relationship between TVPS-3 and VMI-6 Results


In phase one, we analysed the VMI performance as a dependent variable of the TVPS performance for all participants. Our goal was to determine how perception impacts motor skills, considering that the image is seen first, and only after analyzing and processing it can it then be drawn and copied. Regression analysis was used for this purpose, with the four areas of the TVPS considered the independent variables (overall performance, basic, sequencing, and complex processes, respectively) and the General and Motor VMI the dependent variables. The only correlation established was between the sequencing processes and General VMI, where (  p = 0.02  ,   b = 0.47   and   t = 2.43  ). To determine the strength of the correlation established between these variables, the Pearson Correlation test was used, where   p = 0.01  ,    R 2  = 0.15  , and the correlation coefficient was   0.39   (see Figure 4b). Correlations between the General and Motor VMI were then checked by performing the same statistical analysis. A positive correlation was found between the General and Motor VMI performance, where   p < 0.001  ,    R 2  = 0.67  , and the correlation coefficient was   = 0.82  , which means that if a patient scores low on the General VMI, the same results can be expected for Motor VMI (see Figure 4c for more details). In phase two, data for each group were analysed separately. For children born at full term and by natural birth, no such relationships were found; however, for preterm children   p = 0.05   for the sequencing process and General VMI performance, where   b = 0.53   and   t = 2.1  . To determine the strength of the relationship between these variables, the Spearman’s correlation test was performed, where   p = 0.02  ,    R 2  = 0.44  , and correlation coefficient   ρ = 0.52  . No other statistically significant relationships were found (refer to Figure 4d).



Regarding the General and Motor VMI correlation, we used the Pearson Correlation test. Positive correlations were found for both groups. For preterm children born by Caesarian section,   p = 0.005  ,    R 2  = 0.36  , and the correlation coefficient   = 0.60  , as shown by Figure 4e. For children born at full term by natural birth,   p < 0.001  ,    R 2  = 0.74  , and the correlation coefficient =   0.86  , as shown by Figure 4f.





5. Discussion


This is the first study in Mexico to evaluate, analyze, and compare visual efficacy, visual–perceptual skills, and visual–motor skills using the TVPS-3 and VMI-6. A total of 40 children, age 5 to 12 years, participated in this research, of whom 20 were late preterm children (34–36 weeks) with appropriate weight for gestational age born by Caesarian section and 20 were healthy controls born at full term by natural birth. Parametric and non-parametric tests were used for statistical analysis. The correlations between different parameters were checked in order to determine the interactions among them. The results showed that the visual acuity both at distance and near was significantly higher in healthy controls, which means that even in the absence of ROP or other visual deficiencies such as amblyopia and strabismus late preterm children do not reach the same quantity of vision as healthy controls. Likewise, the degree of stereopsis was significantly lower and with more heterogeneity among values in late preterm children, though no relationship could be established between these two variables. Participants obtained results ranging between 40 and 20 s of arc. Depending on the test used to measure the degree of stereopsis, data ranging from 40 and 12.5 s of arc are considered normal. However, stereopsis refers to the appreciation of depth based on binocular disparity, as these are interrelated and affect each other. Knowing that vision is a cortical process, the obtained results point to the impact of the complete neurological growth of the brain on the visual efficacy of individuals, with stronger binocularity representing a stronger connection between both occipital areas. Our results are in concordance with those of previous studies [13,26], with the only difference being that late preterm children (34–36 weeks) born by Caesarian section were compared to healthy controls born by natural birth. Another interesting result was the phoria state of participants. While all HCs presented XF for at least one distance, 11 preterm children had EF (27.5%). The normal phoria state in human beings is that of orthophoria at distance and 4–6 dpt of XF at near [35]. On the other hand, the esophoric state could indicate a bigger cortical imbalance reflected in the visual system. These results show that the imbalance in the development of the central nervous system cannot be compensated by the brain, and is reflected in the visual efficacy of preterm children. The TVPS-3 was used to evaluate, analyze, and compare results between children born at full term by natural birth and late preterm children born by Caesarian section. Our statistical analysis found significant differences in three of the four analyzed areas, namely, overall performance, basic processes, and sequencing processes; values for complex processes were similar in both groups.



The obtained results indicate that basic visual skills such as discrimination, visual memory, spatial relationship, and form constancy, which make up the basic visual performance of a child, are the most affected in late preterm children, while complex skills such as figure–ground discrimination and visual closure are similar in both groups. In previous studies, visual abilities were analyzed individually [26] and neuropsychological tests were used [13], obtaining similar results to ours; on this basis, it can be hypothesized that the first visual analysis of the information related to the occipital cortex and associated areas is the most affected in preterm children. Analysis of the information related to the prefrontal areas of the brain, maintain better performance. This kind of information could help visual health professionals during the treatment process of patients with perceptual–motor difficulties, where professionals must ask whether treatment should be directed bottom-up or top-down. For HCs, complex process values were related to gender. Even though boys scored higher than girls, more heterogeneity in the obtained results was observed. Previous research has found structural and functional gender differences in the human brain [36]. Boys are better at visual–space perception, mental rotation, and manual skills, while girls perform better at memory tasks, writing, and reading [37].



In our previous study [21], similar performance differences between boys and girls with strabismus and amblyopia were found. Analogous results should have been obtained in preterm children considering changes in the cortical network presented in both groups. However, our results suggest differences in cortical organization and performance. Positive correlations were found between sequencing processes and General VMI for all participants, as well as between sequencing processes and General VMI for preterm children. Sequencing processes are part of the executive functions (EF) of the brain, and previous studies have shown that EF and manual dexterity are interrelated [38]. This is an interesting result, as it relates the sensory entrance of visual information with its motor output. The visual system captures an image, then the brain processes it, and finally it can be reproduced manually. As optometrists, we observe our patients during evaluations. When a child performs higher on sequencing processes, we can predict analogous results on the General VMI (copying of images). Therefore, in our therapy sessions we should introduce working memory skills in order to help improve visual–motor abilities. Statistically significant differences between groups were found for the General and Motor VMI performance as well. HCs scored higher than late preterm children in both areas of the visual integration motor analysis, as seen in previous papers [13,26]. These results may indicate a deficiency in the motor representation of visual information. As a result, when the entrance of information through the visual system is affected, its motor representation follows the same path. Positive correlations were found between the General and Motor VMI performance for both groups as well. Based on these results, evaluators should expect that a specific scoring in General VMI will be reflected on the Motor VMI part. Drawing, copying, and writing abilities have previously been associated with poor visual–motor skills in children [39], which should lead visual health professionals to evaluate these areas before the learning process of a child begins in order to prepare them for this major step. The small population size could be a limitation of the study; however, it should be considered that the inclusion and exclusion criteria had a specific function, namely, to find late preterm children with no neurodevelopment disorders. This pure sample can help to clarify the differences in brain response to visual stimuli between the two groups.



The results obtained with late preterm children show that they present clinically relevant developmental delays in motor and perceptual abilities, as is seen in very preterm and low weight children [13,26]. Taking into consideration that the brain development during last weeks of gestation involves major changes, in preterm children a delay in the functionality of motor and/or sensory modality is expected [27]. The level of dysfunction and complications depend on the gestational age, followed by a general development which could be different from that of a full-term birth child [40]. Moreover, recent studies on Caesarian delivery suggest that the impact it may have on the brain development of newborn and infants could be transient, as it is not observed in children aged 5 and older [33]. Having access to this information, no distinction should be made when analyzing preterm children. As seen in this research, late preterm births can be followed by imbalances in the visual efficacy and the perceptual–motor abilities of the child. Early evaluation for detection and treatment is necessary in order to help these children pass through predetermined milestones and reach the same level of development as their peers.




6. Conclusions


This research evaluated, analyzed, and compared the visual efficacy, visual–perceptual skills, and visual–motor skills of 20 late preterm children (34–36 weeks) without ROP and of appropriate weight for gestational age born by Caesarian section with 20 healthy control children age 5 to 12 years born at full term by natural birth; all participants were from Querétaro, México. Parametric and non-parametric tests were used for statistical analysis. The correlations between parameters were chercked to determine the interaction among variables. Visual performance was measured through visual acuity and the phoria state both at distance and near and the degree of stereopsis at near. Visual–perceptual skills were defined by four groups of abilities: overall performance and basic, sequencing, and complex processes. Visual–motor skills were evaluated using the General and Motor VMI, which are directly related to the fine motor skills and are important for the writing process. Statistically significant differences were found in visual acuity at distance and near (  p < 0.001  ), stereopsis (  p < 0.001  ), and the amount of exophoria at far (  p = 0.01  ), where healthy controls obtained higher values than late preterm children. Additionally, all HCs had exophoria for least at one distance, while esophoria was a characteristic of late preterm children. The TVPS Third Edition was used to analyze the visual–perceptual skills of participants, with HCs scoring higher in three of the four evaluated areas: overall performance (  p = 0.006  ), basic processes (  p = 0.001  ), and sequencing processes (  p = 0.02  ). Similar performance between the two groups was obtained for complex processes. The VMI Sixth Edition was used to evaluate the visual–motor abilities of the participants, with HCs scoring higher than late preterm children in both the General and Motor VMI subsections (  p < 0.001   and   0.002  , respectively). Positive correlations were found between the General and Motor VMI for both groups, Sequencing and General VMI for all 40 participants, and Sequencing and General VMI for the preterm group. For HCs, complex process values were related to gender, with boys performing better than girls, though with more heterogeneity among values. To summarize, the sequencing process can have an impact on the motor representation of visual information, General and Motor VMI are interrelated, HC boys have better sequencing abilities than girls, and the visual system of HCs is better than that of preterm children.



This paper shows that late preterm children present visual efficacy difficulties and are at risk of delays in perceptual–motor abilities, as are all groups of preterm children. Early evaluation of visual efficacy, visual–perceptual skills, and visual–motor skills should be considered for accurate diagnosis and treatment in order to help these children improve their cognitive functioning.
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	retinopathy of prematurity










Appendix A


Motor clinical testing: cover–uncover test using a translucent occluder was performed to detect any strabismus, which was an exclusion criterion. The alternating cover test was used to measure the phoria state of the participants and neutralize it with the Berens prism bar.



Additionally, the Maples Oculomotor Test (NSUCO) helped to evaluate saccades and pursuit movements in order to discard paresias or oculomotor dysfunctions which could compromise our results [41].



Sensorial clinical testing: distant and near VA was measured using logMAR charts at distances of 3 m and 40 cm, respectively. A difference of 0.20 logMAR (BCVA) between the two eyes was defined as unilateral amblyopia, while a BCVA lower by <0.30 logMAR than that according to the developmental norm at a given age was considered bilateral amblyopia. Participants with amblyopia were excluded from the study [42].



The Random Dot test was used to evaluate depth perception using contour (local) and global stimuli to measure stereopsis. The test was applied only at close distances with polarized glasses over the optical correction of the patient. The test detects disparities ranging from gross to fine stereopsis (500–12.5 s of arc).
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Figure 1. Mean values and standard deviations of stereopsis degree for both groups. Preterm children had lower stereopsis than children born at full term, where its value was twice that of the other except for three patients, as shown by the boxplots. 
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Figure 2. (a) Results for overall performance of full term and preterm children. As can be seen from the image, participants born at full term obtain higher results than children born preterm. Additionally, based on the standard deviation, it can be seen that only children born full term obtain values above the average for their age (>100). (b) Results for basic processes related to the type of birth. Again, children born full term score higher than those born preterm. Likewise, based on the standard deviation, it can be seen that children born at full term achieve values above the average for their age (>100). (c) Sequencing processes as a dependent variable of birth type. The boxplots indicate that children born at full term perform better than those born preterm. Based on the standard deviation, it can be seen that children born at full term score higher than the average for their age (>100), whereas those born preterm obtain values even lower than the standard deviation of −3. 
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Figure 3. (a) The General VMI illustrates that the first group performed better than the second. Motor abilities in children born at full term can exceed the average values for their age (>100), whereas preterm children stay inside these values. (b) The Motor VMI shows that the performance of the first group is higher than that of the second. Even though values >100 are achieved in both groups, the highest values are obtained by children born at full term, while the lowest ones are always obtained by children born preterm. 
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Figure 4. (a) Mean values and standard deviations of the results obtained for complex processes as defined by gender for children born at full term and natural birth. It can be seen that the male group scores higher than the female group, while the standard deviation reflects more heterogeneity among the obtained values in the male group. (b) The positive relationship between the sequencing processes of the TVPS-3 and the General VMI response of all participants, as defined using the Pearson Correlation test. As can be seen from the image, good performance on the sequencing subsection is followed by good performance on the General VMI. (c) The positive correlation between General and Motor VMI of all participants, as defined by the Pearson Correlation test; as shown by the linear correlation, the performance of the Motor VMI can be predicted by the performance on the General VMI. (d) The positive (though weak) relationship between the sequencing processes and the General VMI results for preterm children born by Caesarian section. The higher scores for sequencing processes could be related to better results on the General VMI section. (e) General and Motor VMI correlation in preterm children born by Caesarian section, as defined by Pearson Correlation. An important correlation is observed between these two variables, and can inform the results to be expected on the Motor VMI section. (f) General and Motor VMI correlation for children born at full term by natural birth, as measured by the Pearson Correlation test. A stronger relationship between these two variables can be observed, which fulfills the expectations. 
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Table 1. Demographic and descriptive statistics of children born at full term by natural birth and preterm children born by Caesarean section.
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Parameters

	
Full Term Birth

	
Preterm Birth

	
p (p-Value)

	
t-Value/Z-Value




	
Mean ± s.d

	
Mean ± s.d






	
Age

	
   7.7 ± 1.7   

	
   8.1 ± 1.73   

	
   0.4   

	
   t = − 0.85   




	
Male/Female

	
   14 / 6   

	
   12 / 8   

	
N/A

	
N/A




	
VA OD/OS at far

	
   0.05 ± 0.05   

	
   0.15 ± 0.06   

	
<0.001

	
   t = − 5.6   




	
   0.06 ± 0.05   

	
   0.16 ± 0.06   

	
<0.001

	
   t = − 5.4   




	
VA OD/OS at near

	
   0.05 ± 0.05   

	
   0.19 ± 0.06   

	
<0.001

	
   t = − 7.6   




	
   0.06 ± 0.05   

	
   0.2 ± 0.07   

	
<0.001

	
   t = − 7.1   




	
Stereopsis

	
   21.45 ± 3.78   

	
   42.90 ± 11.97   

	
<0.001

	
Z =   − 5.4  




	
XF at far

	
   1.70 ± 2.27   

	
   3.78 ± 1.86   

	
   0.01   

	
Z =   − 2.5  




	
XF at near

	
   8.10 ± 3.7   

	
   10.44 ± 1.33   

	
   0.09   

	
Z =   − 1.7  




	
EF at near

	
N/A

	
   9.27 ± 2.05   

	
N/A

	
N/A








Independent t-test (t-value) and Mann–Whitney test (Z-value) comparing the two groups (  p < 0.05   represents statistically significant differences). Data shown as mean standard deviation or n.
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Table 2. Visual–perceptual and visual–motor abilities of children born at full term by natural birth and children born preterm by Caesarean section, as evaluated through the TVPS-3 and VMI-6.
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Parameters

	
Full Term Birth

	
Preterm Birth

	
p (p-Value)

	
t-Value/Z-Value




	
Mean ± s.d

	
Mean ± s.d






	
Overall    Performance

	
   96.9 ± 11.97   

	
   87.6 ± 8.05   

	
   0.006   

	
   t = 2.9   




	
Basic       Processes

	
   98.85 ± 12.25   

	
   85.95 ± 9.8   

	
   0.001   

	
   t = 3.7   




	
Sequencing Processes

	
   92.4 ± 8.99   

	
   81.5 ± 15.57   

	
   0.02   

	
Z =   − 2.4  




	
Complex Processes

	
   92.25 ± 11.76   

	
   87.35 ± 9.88   

	
   0.16   

	
   t = 1.4   




	
General VMI

	
   99.5 ± 10.27   

	
   88.35 ± 7.78   

	
<0.001

	
   t = 3.9   




	
Motor VMI

	
   96.25 ± 11.69   

	
   84.65 ± 9.99   

	
   0.002   

	
   t = 3.4   
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