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Changes in visual function and retinal structure in professional
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Introduction: Repetitive mild traumatic brain injury can lead to changes in both the brain and retina, particularly affecting

the thickness of the retinal nerve fiber layer (RNFL). This structural alteration may serve as an early biomarker of neurodege-
nerative processes.
Objectives: To assess retinal tissue density and visual function in professional soccer players compared to non-athlete controls.
Material and method: An observational, analytical, case-control study with a quantitative approach was conducted. A total
of 25 professional soccer players and 38 healthy non-athlete individuals were evaluated to determine the impact of repetitive
head trauma in sport on retinal morphology and visual performance.
Results: The median RNFL thickness across all quadrants was significantly greater in athletes compared to controls (median =
124 um, interquartile range = 8 um vs. median = 106 um, interquartile range = 11 um; P < 0.05), except in the inferior quadrant
of the right eye (P=0.47). Contrast sensitivity was consistently higher in the control group for both eyes (P < 0.001). A significant
negative correlation was identified between contrast sensitivity and RNFL thickness in the inferior quadrant of the left eye
(Spearman’s rho, p =-0.688, P < 0.001), while a positive correlation was found in the temporal quadrant (o = 0.405, P = 0.04).
Conclusions: A significant increase in RNFL density was observed in athletes, although most visual functions remained
Keywords:  preserved, with the exception of reduced contrast sensitivity. These findings suggest that long-term exposure to subclinical
Soccer. Craniocerebral injuries.  head impacts, such as those occurring in contact sports, may contribute to retinal alterations and could serve as an early
Retina. Team sports. Vision.  indicator of cumulative neurotrauma.

Cambios en la funcién visual y la estructura retinal en futbolistas
profesionales

Resumen

Introduccion: La lesién cerebral traumatica leve repetitiva puede generar cambios en el cerebro y la retina, afectando el
grosor de la capa de fibras nerviosas, lo que podria ser un indicador de enfermedades neurodegenerativas.
Objetivo: Evaluar la densidad del tejido retinal y la funcién visual en futbolistas profesionales y en no jugadores.
Material y método: Estudio observacional analitico de casos y controles con enfoque cuantitativo. Se evaluaron 25 futbolistas
y 38 personas sanas no deportistas para analizar el efecto del deporte en la funcién visual y morfologia retinal.
Resultados: La mediana del espesor de la capa de fibras nerviosas en todos los cuadrantes fue mayor en los casos que en
los controles (mediana = 124, Rango Intercuartilico = 8 micras; mediana = 106, Rango intercuartilico = 11 micras; p<0,05)
excepto en el cuadrante inferior del ojo derecho (p = 0,47). La sensibilidad al contraste fue mayor para cada ojo en el grupo
de controles vs los casos (p<,001), y se encontrd una relacion negativa significativa con el espesor en el cuadrante inferior del
Ol (rho de Spearman, p = -0,688, p<,001) y positiva en el cuadrante temporal (p = 0,405, p = 0,04).
Palabras clave:  Conclusiones: Existe una diferencia significativa en la densidad de la capa de fibras nerviosas de la retina, siendo mayor en
Futbol. Traumatismos  los deportistas que en el grupo control. La funcién visual, excepto la sensibilidad al contraste, se encuentra respetada. Estos
craneocerebrales. Retina.  resultados sugieren que los cambios en la retina podrian ser consecuencia de efectos a largo plazo de conmociones cerebrales
Deportes de equipo. Visidn. y microtraumas repetitivos en la cabeza.
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Introduction

Sports-related brain injuries have become an increasingly important
area of study, with the aim of mitigating trauma and health complica-
tions associated with sports practice. In this regard, it has been observed
that such injuries in contact sports, such as football, may have a patho-
physiological link to neurodegenerative processes such as Parkinson’s
Disease (PD) and Alzheimer’s Disease (AD).

Football is an acyclic, intermittent and contact sport that demands
high levels of physical and cognitive exertion, in which heading the
ball is a fundamental skill. However, frequent participation can lead to
repetitive impacts to the head, as well as concussions and the deve-
lopment of chronic traumatic encephalopathy (CTE) in the long term'.
These injuries can cause structural and functional alterations in the
brain, even affecting the retina®. These findings have been interpreted
as early biomarkers of neurological damage.

Itis estimated that approximately 265 million people play football
worldwide, many of whom begin their training at ages critical for neu-
rological development®. In training sessions and matches, players may
perform between 6 and 12 headers per game, exceeding 30 in practice
sessions. Although sub-concussive impacts do not always cause imme-
diate symptoms, their cumulative effect is not yet fully understood. It has
been reported that concussions account for 37% of injuries in contact
sports?, and repetitive impacts can cause thinning of the retinal nerve
fibre layer (RNFL), affecting visual acuity and contributing to long-term
cognitive impairment®”’.

Despite growing scientific evidence regarding these effects, the
visual health of footballers often receives less attention when com-
pared to athletic performance. In that context, this study analyses
visual function and RNFL density in professional footballers in Bogota
(Colombia) over the course of 2023, using optical coherence tomogra-
phy and comparing them with a control group. The aim was to assess
the possible effects of repetitive head impacts on the retina and their
relationship with visual function.

Material and Method

This work involved an observational analytical case-control study
that was conducted in Bogota in 2023. 25 professional footballers
and 38 non-athlete university students took part in the study, all
males aged between 17 and 22 with no history of traumatic brain
injury or neurodegenerative diseases. Once informed consent was
obtained, the study was approved by the Ethics Committee of the
Andean Region University Foundation in accordance with the Decla-
ration of Helsinki and Resolution 8430 of 1993, and was considered
to pose minimal risk.

Participants attended the Optometry Clinic at La Salle University
on a single occasion to undergo the assessments. The footballers were
required to complete at least 12 hours of training per week and to have
been playing sport for more than five years.

Subjects were selected using consecutive group sampling. The foot-
ballers had to be active players with corrected visual impairment while
the control group excluded individuals with a history of playing sports, as

well as those with brain injuries or neurodegenerative diseases. Women
were not included due to the absence of a women'’s team at the club.
The following optometric tests were performed:

— Visual acuity (VA): The LogMAR chart was used to assess distant and
near visual acuity. The results were recorded in logarithmic units of
the minimum angle of resolution.

— Contrast sensitivity (CS): The Mars test was used under photopic
conditions and with appropriate optical correction. The logarith-
mic score was based on the last letter correctly identified before
two consecutive errors. The test was selected for its availability,
accessibility, validity and reliability. Furthermore, the results of this
test are comparable with other similar tests, such as the CSV-1000
and the Pelli-Robson tests8.

— Colour perception: This was assessed using the Farnsworth D-15 Test
ina monocular manner. The results were recorded on the response
chart after the coloured discs had been ordered.

— Intraocular pressure (IOP): This was measured using the /-Care to-
nometer via rebound tonometry. Six measurements were taken,
with the highest and lowest values discarded, and the result was
averaged in mmHg.

— Retinal tissue density: This was analysed using optical coherence
tomography (OCT) with the OptoVue iVue 2.5 device, assessing the
retinal nerve fibre layer (RNFL), the cup-to-disc ratio and ganglion
cells.

Statistical Analysis

The Shapiro-Wilk test indicated that the data were not normally
distributed. Non-parametric statistical methods were therefore used.
The median and interquartile range were used to describe the data.
Differences in contrast sensitivity between the two eyes were analysed
using the Wilcoxon signed-rank test, while differences between the
quadrants of each eye were assessed using the Kruskal-Wallis test and
Holm-Bonferronipost-hoc analysis. Differences in contrast sensitivity and
fibre layer thickness by quadrant were analysed using the Mann-Whitney
test. The relationship between contrast sensitivity and layer thickness
was assessed using Spearman’s rho (p). STATA 12.0 software was used
for the analysis.

Results

A total of 63 individuals were assessed, grouped into “Cases”
(high-performance athletes, n = 25) and “Controls” (non-athletes,
n = 38). The mean age in the first group was 21 years (SD = 2.13)
while the mean age in the second group was 19.4 years (SD = 1.42).

The assessment of visual function revealed that corrected VA was
the same for each eye and between the two groups (Median = 0.0
logMAR, IQR = 0.0). In terms of contrast sensitivity measured using the
MARS Contrast Sensitivity Test, no significant differences were found
between the right eye (RE) and the left eye (LE) in the “Cases”group
(Figure 1), as indicated by the Wilcoxon signed-rank test (T = 30, z
=-1.10, p=0.273). In contrast, the same test in the “Controls"group
revealed significant differences with a large effect size (T =46,z =
-3.76,p < 0.001, r = 0.78). When comparing the two groups, contrast
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Figure 1. Contrast sensitivity expressed as the logarithm of con-
trast sensitivity (logCS) assessed in a group of high-performance
athletes (Cases) and in non-athlete young people.
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sensitivity was higher in the “Controls”group. The Mann-Whitney test
showed statistically significant differences between the “Cases”and
“Controls”groups for each eye: for the RE (U(63) = 197,z=-4.03,p <
0.001,r=0.51) and for the LE (U(63) = 109.5,z=-5.19, p < 0.001, r =
0.65). Meanwhile, intraocular pressure and the colour test showed
values within the normal range for both eyes in both groups. No
statistically significant difference was observed between the groups.

As shown in Table 1, retinal fibre thickness differed across all
quadrants of both eyes for both groups. In the “Cases” group, the
Kruskal-Wallis test indicated that these differences were statistically
significant with a large effect size for the RE (H(3) = 38.99, p < 0.001,
n2 =0.35) and the LE (H(3) = 57.06, p < 0.001, N2 = 0.54). The Ho/m-
Bonferroni post-hoc test indicated that, in the right eye for the “Cases”
group, the upper and lower quadrants were thicker when compared
to the nasal quadrant (p < 0.001); compared to the upper (p < 0.001)
and lower (p = 0.013) with respect to the temporal. However, there
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was no difference in thickness between the nasal and temporal
quadrants (p = 0.047) or between the lower and upper quadrants
(p = 0.215). In terms of the LE, and in the “Cases” group, the Holm-
Bonferroni test showed that the upper and lower quadrants were
thicker when compared to the temporal and nasal quadrants (p <
0.001). However, the thickness was similar between the upper and
lower quadrants (p = 0.333) and between the temporal and nasal
quadrants (p = 0.746).

In the “Controls”group, thicknesses were greater in the upper and
lower quadrants and lower in the nasal and temporal quadrants. The
comparison between quadrants revealed significant differences with
a large effect size in the right eye (RE) (H(3) = 116.5, p < 0.001, n* =
0.75). The Holm-Bonferroni post-hoc test indicated that the thickness
was greater in the upper and lower quadrants when compared with
the nasal and temporal quadrants (p < 0.001), and no significant
differences were observed between the upper and lower quadrants
(p =0.025) or between the nasal and temporal quadrants (p = 0.05).
The findings were similar in the left eye (LE), showing significant
differences between the quadrants (H(3) = 114.7, p < 0.001, n* =
0.74). The Holm-Bonferroni test revealed the same significant diffe-
rences between the upper and lower quadrants when compared to
the temporal and nasal quadrants (p < 0.001), but not between the
upper and lower quadrants (p = 0.934) or between the nasal and
temporal quadrants (p = 0.175).

When comparing the thickness of the RNFL between the two
groups, the athletes had a greater thickness when compared to the
non-athletes. Multiple Mann-Whitney tests (Table 2) indicated that
nerve fibre thickness was significantly greater for the “Cases” group
when compared to the “Controls” group, except in the RE, where
there was no significant difference in the lower quadrant.

The relationship between contrast sensitivity and nerve fibre
thickness was analysed using Spearman’s correlation coefficient (p).
This indicated a moderate and significant negative relationship in the

Table 1. Description of the RNFL in microns for the right eye (RE) and left eye (LE), grouped by quadrant for the two groups. The median,
interquartile range (IQR), and minimum and maximum values are shown.

Group Eye Quadrant Median IQR Minimum Maximum
Cases RE Upper 143.5 425 115 192
Lower 138.5 43 102 196.5
Nasal 97 15 63 119.5
Temporal 1125 68 68.5 155.5
LE Upper 157 335 116 192
Lower 146 29 104 192
Nasal 103 15.5 63.5 135
Temporal 84.5 40.5 57.5 152.5
Control RE Upper 129 185 105.5 157.5
Lower 139 19.13 114 162
Nasal 80 13 65 108.5
Temporal 76.25 11.75 62 97
LE Upper 135.25 15.25 114 164.5
Lower 133.5 21.25 110.5 159
Nasal 84 17.75 62 1125
Temporal 74 11.38 61 91
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Table 2. Results of the Mann-Whitney test comparing RNFL by quadrant and eye between the “Cases” and “Controls” groups.

Differences were considered significant if p<0.05.

Quadrant Right eye Left eye

U-Mann- Whitney z p-value Mann-Whitney U z p-value
Upper 265 -2.95 0.003* 205.5 -3.79 <0.001*
Lower 424 -0.72 0.474 3335 -1.99 0.047*
Nasal 202 -3.84 <0.001* 198 -3.89 <0.001*
Temporal 220 -3.58 <0.001* 278.5 -2.76 0.006*

* Statistically significant differences (p < 0.05) between the groups evaluated according to the Mann-Whitney U test.

LE (p =-0.688, p < 0.001, R2 = 0.449). In other words, the thicker the
fibre layer, the lower the sensitivity. Whereas, the relationship was mo-
derate and significant positive with the temporal quadrant (p = 0.405,
p =0.044,R2 =0.195). In other words, the greater the thickness of the
layer, the better the contrast sensitivity. However, the dependence of
this sensitivity (dependent variable) can only be 20% explained by the
greater thickness of the fibre layer (R2 = 0.195).

Discussion

Professional footballers exposed to repetitive microtraumas to the
head had a higher retinal tissue density when compared to the control
group. Although no differences were found in intraocular pressure,
corrected visual acuity or colour perception, there was a statistically
significant difference in retinal nerve fibre layer thickness between the
two groups, except in the lower quadrant of the right eye, suggesting
that there is a difference in morphology but not in retinal physiology.

Unlike previous studies linking cerebral microtrauma to retinal
thinning in participants of collision sports??, this study found an in-
crease in retinal thickness in professional footballers. However, these
values do not differ significantly from normal ranges according to
the OCT-Optive database. Although the footballers exhibited a higher
nerve fibre layer density when compared to the “Controls”group, their
values still fall within established parameters for their age, a relevant
finding that suggests the need for follow-up.

Retinal thinning may result from retrograde transsynaptic dege-
neration following traumatic head injury, due to the loss of trophic
support from injured cortical neurons'. This clinical finding is likely
to be more evident in athletes with greater exposure to repetitive
microtrauma to the head, particularly in high-risk sports such as bo-
xing and ice hockey, or in certain specific football positions such as
midfielders, defenders and forwards. It is important to note that the
population is relatively young in the sample studied, with less than
10 years of sporting experience, and that the highest-risk positions
account for only 40% of the participants. This finding highlights the
need for a more comprehensive analysis of the long-term effects of
repetitive injuries, including athletes with more years of exposure to
sport and with a focus on the playing positions with the highest risk
of repetitive head microtrauma.

Transient thickening of the retinal nerve fibre layer (RNFL) fo-
llowing a head injury has been reported in various studies analysing
structural changes associated with head trauma. This phenomenon is
attributed to an increase in retinal neurofilaments, which increases the

axonal diameter and, consequently, the thickness of the neural layer,
followed subsequently by a process of atrophy''2 This pattern—ini-
tial thickening followed by subsequent thinning—could explain the
findings observed in the sample studied. Although RNFL thickness
did not show statistically significant changes, a slight increase was
observed in the upper and lower quadrants, which could foreshadow
a progressive thinning of retinal tissue density in later stages.

Another possible explanation for this initial thickening is related
to a pattern of microglial activation. An increase in the number of
activated microglial cells and caspase-3-positive cells following a head
injury has been documented, which indicates increased inflammation
and cell death. These processes suggest that inflammation precedes
neuronal damage'"2. In this context, the thickening detected in this
study could correspond to an early inflammatory response rather
than structural loss.

Although overall visual function was not compromised, a change
in contrast sensitivity was observed, which could reflect incipient
functional changes without evident structural damage. This finding
supports the hypothesis that monitoring for early changes in the
retina could constitute a biomarker of neurodegenerative risk. Such
initial inflammatory or structural alterations may represent a preclinical
phase of such diseases as Alzheimer’s and Parkinson’s, which typically
manifest with a time lag, following years or even decades of cumu-
lative exposure to microtrauma'. In light of this, and based on other
scientific findings, there is agreement that structural changes in the
brain and retina may be detectable in preclinical stages, prior to the
onset of symptoms of neurodegenerative disease, which reinforces the
value of retinal density as an early indicator of the risk of developing
these conditions'™.

In terms of visual function: visual acuity was preserved in the group
of footballers but contrast sensitivity was higher in the control group,
with a reduction in sensitivity to high spatial frequencies observed in
the footballers. Although there is no direct and simple relationship, it
is possible that thickening of the nerve fibre layer affects the efficient
transmission of visual information. This could compromise the ability of
retinal ganglion cells to process and transmit high-frequency contrast
signals, which are essential for perceiving fine details in low-contrast
conditions and rapid movements.

The results showed a moderate and significant negative correla-
tion between contrast sensitivity and the retinal nerve fibre layer. This
indicates that contrast sensitivity decreases as the retinal nerve fibre
layer thickens, making it more difficult to perceive low spatial frequen-
cies. This finding could be related to an early stage of neurodegene-
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ration'¢, suggesting that the assessment of contrast sensitivity could
be a more sensitive indicator than visual acuity for monitoring visual
function in athletes exposed to repetitive microtrauma to the head.

On the other hand, the relationship between playing football and
changes in RNFL thickness depends on the intensity and speed of
the impacts sustained. The speed at which a ball can cause a cerebral
microtrauma varies according to such factors as the weight of the ball,
the angle of impact and the player’s neck musculature. Although the
ball can reach speeds of approximately 86 km/h to 120 km/h during
a football match, there is no single universal threshold in km/h that
guarantees injury. Biomechanical studies show that impacts producing
high linear and rotational accelerations increase the risk of brain injury,
depending on the conditions of the blow™. In this context, it is im-
portant to analyse whether the ball heading speeds in the footballers
studied exceed these thresholds and represent a potential risk of
cerebral microtrauma or whether, conversely, the lower impact speed
could explain the absence of significant thinning in the retinal tissue.

The previous study concludes that there is a significant differen-
ce in the density of the retinal nerve fibre layer, which is higher in
athletes than in the control group. Visual function, except for contrast
sensitivity, remains intact. These results suggest that changes in the
retina could be a consequence of the long-term effects of concussions
and repetitive microtrauma to the head. It is important to continue
investigating the effects of football and repeated exposure to cere-
bral microtraumas on RNFL thickness. Although impact speeds that
could exceed tolerance thresholds and cause microtraumas have
been identified, there are still other variables to be explored, such as
the specific nature of any ball heading, the number of hours of play,
playing position and a comparison with other contact sports. Future
studies should delve deeper into these factors to clarify the risks of ball
heading in football and its impact on eye health, thereby promoting
safer sports practice.

Study Limitations

The limitations of this study include a small sample size. It is there-
fore suggested that cohorts be expanded and factors such as playing
position be considered to assess the risk in footballers. Furthermore, the
cross-sectional design and retrospective data collection make it difficult to
establish causal relationships, so longitudinal studies could provide greater
clarity. In high-performance football, the pressure to succeed minimises
the risks of repetitive head impacts. It is recommended that regulations
on ball heading exercises be implemented and that regular assessments
of visual and brain health be carried out. It is also important to educate
coaches and players about the effects of heading the ball.
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