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LONG-TERM EFFECTS OF TRAUMATIC BRAIN INJURY IN ATHLETES: M) Check for updates
THE MOST COMMON CLINICAL MANIFESTATIONS

Vladimir S. Feshchenko'?, Boris A. Polyaev'?, Sergey O. Klyuchnikov', Vladimir V. Zavialov', Aleksandr N. Fedorov',
Mikhail I. Polyakov?, Anton V. Slivin'™?

"National Center of Sports Medicine of Federal Medical and Biological Agency, Moscow, Russia
2 Pirogov Russian National Research Medical University, Moscow, Russia

Introduction. Traumatic brain injury (TBI) is a pressing issue in high-performance sports. Although most sports-related TBIs are classified
as mild, their frequent occurrence and resulting cumulative effect can negatively impact an athlete’s health. Furthermore, this impact may not
become apparent until several years after the injury, and sometimes only after the athlete has retired from the sport.

Objective. To identify the most frequent clinical manifestations associated with the long-term effects of traumatic brain injury in active and
retired athletes from various sports.

Materials and methods. In order to assess the prevalence of symptoms associated with various TBI consequences, a total of 902 active
and former athletes from Russian national teams were surveyed anonymously using a secure online platform, LimeSurvey, with a proprietary
domain. The participants included 662 (73.4%) adult and 240 (26.6%) minor athletes. The study methodology was based on a questionnaire
and did not include objective instrumental examinations. The questionnaire presented to the athletes contained questions clarifying anam-
nestic data and the presence of symptoms that could serve as clinical manifestations of the long-term effects of intracranial injuries. The
entire sample of athletes was divided into groups according to age at the time of the survey (adults and minors). The group of adult athletes
was also subdivided based on the number of TBIs in their history, the presence of contact/impacts during training (contact and non-contact
sports), and age (18-30 years; 31-40 years; 41-50 years; = 51 years). Statistical data analysis was performed using IBM SPSS Statistics 23.0
software.

Results. The prevalence of concussion among the adult athletes was statistically significantly higher than among the minors (15.3% vs. 2.5%,
p < 0.001). The most common issues reported by the adult athletes with a history of concussion were sleep (36.6%) and visual distur-
bances (23.8%), as well as cognitive (25.7%), behavioral (22.8%), and affective (27.7%) disturbances. The aforementioned abnormalities were
statistically significantly more frequent in the athletes participating in contact sports (p < 0.05). The athletes aged 18-30 years most commonly
noted affective disturbances and changes in sleep, while visual disturbances were more prevalent in older age groups.

Conclusions. The most common clinical manifestations of TBI consequences in athletes consist of a complex of affective, cognitive, and
behavioral disturbances, as well as impaired sleep and vision. Most consequences of intracranial injuries present with non-specific symptoms.
Therefore, a crucial approach to optimizing the biomedical support system for athletes with a history of TBI consists in continuous monitoring
of their health status post-injury. This involves developing screening protocols, followed by the formation of risk groups and early identification
of impairments, which will help prevent or slow their progression.
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BBepgeHune. HepenHo-moaroas Tpasma (HMT) — akTyasbHas npobnemMa B CnopTe BbICLLMX AOCTUXKEHMIN. HECMOTPS Ha TO YTO 6ONLLUMHCTBO
YMT B cnopTe OTHOCATCH K TpaBMaM JIErKOM CTEMEHM TSPKECTU, YacTast MepUOANHHOCTb NX MOTYYEHNUS 1, Kak CNeacTBue, KyMyNSaTUBHbBIN
3(PdPEKT MOryT MPUBECTUN K HEFATVBHOMY BAVSHNIO HA 300P0OBbE CIOPTCMEHA, KOTOPOE MOXET MPOABUTLCSA TOSbKO CMYCTA HECKOMIbKO NET
nocne TpasMbl, a MHOr4a 1 Nocne 3aBepLUeHNs CNOPTUBHOW Kapbepbl.

Llenb. BbisiBneHve Hanbonee HacTbIX KIIMHUHECKNX MPOSIBAEHWIA MOCNEACTBUM YepenHO-MO3roBOV TpaBMbl Y AENCTBYIOWMX 1 3aBEPLUNB-
LLIMX CMOPTUBHYIO Kapbepy CMOPTCMEHOB Pa3nNYHbIX BUOOB CriopTa.

MaTtepuanbl n metogbl. [poBeaeH aHOHUMHbIA OMPOC C MOMOLLIbIO 3aLUMLLEHHOV OHNanH-nnaThopmbl LimeSurvey ¢ ncnonb3oBaHnem
COB6CTBEHHOrO AOMEHa cpean AeNCTBYOWMX 1 BbiBLIMX 902 cnopTcMeHOoB cOopHbIX KoMaHa Poccuitckon degepaumm No Bonpocam pac-
MPOCTPAHEHHOCTV CUMATOMOB Pa3/INYHbIX MOCNEACTBUIN NepeHeceHHo YMT. Cpean NpuHABLLMX yHacTue 662 (73,4%) CoBepLUEHHONETHIX
1 240 (26,6%) HeCOBEPLLEHHONETHX CNOPTCMEHOB. MeTogoNnorns nccnefoBaHns OCHOBaHa Ha aHKETUPOBAHWN 1 He BKoHana OObekTrB-
Hble MHCTPyMeHTasbHble 0bcnefoBaHns. AHKETa, MpednaraeMasl CnopTCMeHaM, coaepykana BOMPOCh!, YTOYHSAIOLWNE aHaMHECTUYECKNE
OaHHble, a TaKXXe Ham4me CUMMTOMOB, KOTOPbIE MOFYT BbICTYNaTb B KA4ECTBE KIIMHUHECKNX NPOSBAEHNA NOCNEACTBUN BHYTPUHYEPEMHbIX
Tpasm. Bcs Bblbopka CnopTCMEHOB pasfesieHa no Bo3pacTy Ha MOMEHT Ornpoca (COBEPLUEHHONETHIE N HECOBEPLLEHHONETHME). [JononHm-
TebHO rpynna CoOBEPLUEHHONETHMX CNOPTCMEHOB bblNa pasaeneHa B 3aBUCUMOCTM OT konndecTBa YMT B aHaMHe3e, Hannm4inst KOHTaKToB/
YAAPOB BO BPEMS TPEHVPOBOK (KOHTaKTHbIE U HEKOHTaKTHbIE BUAbI CMOPTA), a Takxe BospacTta (18-30; 31-40; 41-50 neT; ctapwe 51 roga).
CTaTuCTUYEeCKNIA aHan3 AaHHbIX OCYLLECTBNANCS C MOMOLLIbIO NMakeTa NpuknaaHbix nporpamm IBM SPSS Statistics 23.0.

Pesynbtathl. PacnpocTpaHeHHOCTb COTPSICEHMST FTOIOBHOMO MO3ra CPefn COBEPLUEHHONETHMX CMOPTCMEHOB CTaTUCTUHECKM 3HaYMMO
BblLLE, YeM y HecoBepLUeHHoNeTHNX (15,3% npoTtue 2,5%, p < 0,001). Hanbonee 4acTbiMU Y COBEPLLUEHHONETHVIX CMIOPTCMEHOB, NMEBLLINX
COTPSICEHME FONIOBHOIrO MO3ra B aHamHese, Obln HapyLLueHns cHa (36,6%) 1 3peruns (23,8%), a Takke KOrHUTUBHbIe (25,7%), noBefeHYe-
cKue (22,8%) 1 adpdekTrBHbIE (27,7 %) HapyLleHus. BbilleykasdaHHble OTKIOHEHNSI CTaTUCTUHECKN 3HAYMMO Hallle BCTpeYauch y CropTcMe-
HOB KOHTaKTHbIX BMAOB cnopTa (p < 0,05). Y cnoptcmeHoB B Bo3pacTe 18-30 neT Hanbonee 4acto otMedany apeKkTUBHbIE HApPYLIEHNS
1 U3MEHeHVs1 CHa, a B 6onee cTaplleM BO3pacTe — HapyLLIEHWs 3peHVs.

3akntoyeHune. Hanbonee YacTble KNMHUYECKME NPOSIBRAEHNS nocneacTsuii YMT y cnopTCMeHOB NpeAcTaBAstoT cobor koMmnneke addek-
TUBHbBIX, KOTHUTUBHBIX 1 MOBEAEHYECKNX HAPYLLEHWA, a TakxXe yXyALeHe CHa 1 3peHns. BOonbLUMHCTBO NOCNEACTBUM BHYTPUYEPENHBbIX
TpaBM VMEOT Hecneunduyeckmne nposiBieHrsl, B CBA3M C YeM BaKHbIM MOAXOAOM K OMTUMMU3ALUU CUCTEMbI MEAUKO-BMONOrMieckoro
obecneyeHnss CNopTCMEHOB, NoflyymBLUKMX YMT, aBAseTCs HenpepbIBHbIA MOHUTOPUHI COCTOSIHMSA X 300PO0BbS MOCAe TpaBMbl C paspa-
BOOTKOW CKPUHMHIOBBLIX MEPOMPUATIIA C MOCHeAyOLMM (DOPMUPOBAHMEM FPYMN PUCKA 1 PaHHVM BbIABIEHUEM HapyLUEHWI, YTO NO3BOUT
npenynpeanTb/3amenivTb MX NPOrpeccupoBaHme.

KntoueBble cnoBa: 4YepenHo-Mo3roBas TpaBmMa; COTPsACeHWe MONI0BHOMO MO3ra; NOCNeacTBMA YepenHO-MO3roBON TPaBMbl; CNOPTCMEHbI;
CUHAPOM TPaBMaTUHECKOM 3HLEedanonaTnm; KOrHUTUBHbIE HAPYLLEHWS; N3MEHEHWSA CHa
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INTRODUCTION

Traumatic brain injury (TBI) is defined as a disruption in
the normal function of the brain resulting from a traumat-
ic impact [1]. In sports, concussions (TBI) occur under
conditions of elevated arterial pressure and cardiac out-
put, which contributes to increased intracranial pressure,
subsequently expanding secondary neuronal damage

[2]. Such injuries are characterized by a cumulative effect,
i.e., the accumulation of consequences from frequent in-
juries of varying severity (syndrome of repeated impact)
[3]. Sports-related TBI can lead to severe consequences
and their rapid development. Moreover, especially in
children and adolescents, it is important to consider not
only brain damage but also impairments affecting the
cervical spine, atlanto-occipital and temporomandibular
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joints, as well as cerebral blood flow. The daily life of TBI
patients can be significantly affected by the injury: they
suffer headaches, vision problems, tinnitus, and difficul-
ties with focus and balance, as well as visuomotor coor-
dination problems, cognitive impairments, and affective
disorders [4]. The emerging clinical symptomatology can
manifest either acutely or after a long period of time. Of
particular concern to specialists is the manifestation of
long-term consequences, which present with a varied
clinical picture, yet less than 10% of TBI patients under-
go regular follow-up monitoring [5].

The significance of long-term consequences is con-
firmed by the consensus statement on concussion in
sport. Notably, the majority of experts (63.8%) indicate
that studying the long-term effects of TBI, including
mild sport-related concussions, represents the most
promising direction for future research [6]. The work of
Cunningham et al. emphasizes the potential negative
impact on cognitive health not only from diagnosed in-
tracranial injuries but also from repeated sports-related
head impacts [7]. However, to date, it has not been pos-
sible to definitively establish a link between multiple in-
tracranial injuries and cognitive, behavioral, emotional,
and neurological impairments. This highlights the rele-
vance of further research on the delayed consequences
of TBI, as also noted in a recent systematic review by
Manley et al. [8].

The study purpose is to identify the most frequent
clinical manifestations of TBI consequences in active
and retired athletes from various sports.

MATERIALS AND METHODS

In order to assess the prevalence of symptoms asso-
ciated with various TBI consequences, active and for-
mer athletes of Russian national teams were surveyed
anonymously using a secure online platform with a pro-
prietary domain (LimeSurvey).

This survey included a total of 902 athletes aged
11-80 years, with a median age of 24 [17; 29] years. The
participants included 638 males (70.7%) and 264 fe-
males (29.3%).

For comparative analysis, the surveyed athletes were
divided into two groups according to their age at the
time of the study: adults (n = 662 (73.4%), aged 18 years
and older; median age: 23 [20; 31] years) and minors
(n = 240 (26.6%), under 18 years of age; median age:
16 [15; 16] years). Due to likely differences in their health
status, the analysis was performed separately for each
age group.

The adult athletes were further divided into two sub-
groups to identify differences in clinical manifestations
depending on their history of TBI: athletes who report-
ed having at least one concussion (n = 101; median
age: 29 [22; 39] years) and athletes who denied having
a concussion (n = 561; median age: 22 [20; 29] years).
Subsequently, in order to identify the cumulative effect
of TBIs, the adult athletes who had a history of at least
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one concussion were further divided into two sub-
groups: athletes who experienced one to two concus-
sions (n = 50; median age: 27 [23; 39] years) and ath-
letes with three or more concussions in their medical
history (n = 51; median age: 30 [22; 39] years).

In order to determine the effect of frequent contact/
impacts during training and competition on the clinical
manifestations of TBI consequences, the adult athletes
who had no history of concussion were divided into
two subgroups: athletes who reported a high probability
of contact/impacts in their sports activity (n = 298; me-
dian age: 22 [20; 29] years) and athletes who reported a
low probability of such occurrences in their sports activ-
ity (n = 263; median age: 23 [19; 29] years).

For an in-depth analysis of age-related differences in
the structure of clinical manifestations associated with
the consequences of intracranial injury, the adult athletes
were further divided into age subgroups: 18-30 years,
31-40 years, 41-50 years, and = 51 years.

The study included current members of Russian na-
tional teams, as well as former members who had al-
ready retired from sports. The athletes who refused to
participate or whose answers to the questionnaire were
incomplete/incorrect were excluded from the study.

The survey was conducted from October 2023 to
February 2024 using a questionnaire developed by the
present authors. This questionnaire contained 50 ques-
tions requiring a yes/no answer, as well as a text re-
sponse if stated by the question. The participants were
asked about the type of sport and continuation of a
sports career, anamnestic data (gender, age, marital
status, harmful habits, chronic diseases, and medica-
tion use), and the presence of symptoms that could be
the clinical manifestations of TBI consequences. The
questionnaire also contained questions to ascertain
the presence of the following groups of impairments:
cognitive (decline in memory, attention, and concentra-
tion; difficulties performing routine daily tasks), behav-
ioral (excessive impulsivity, cruelty, aggression, anxi-
ety, lethargy, withdrawal, or other behavioral changes),
affective (feelings of excessive sadness, depression,
or hopelessness; anxiety, irritability, or mood swings),
motor (change or unsteadiness of gait, accidental falls,
tremors in hands, and muscle weakness), speech im-
pairments (difficulty with pronunciation; distortion of
words or individual sounds), sleep disturbances, and
deterioration of vision or hearing, as well as significant
recent changes in handwriting. The proportion of af-
firmative responses was then calculated for each group
of impairments.

Statistical data analysis was performed using IBM
SPSS  Statistics 23.0 software. The Kolmogorov—
Smirnov test was used to assess the distribution of
quantitative parameters. Descriptive statistics for quan-
titative data are presented as median and quartiles;
qualitative characteristics are presented as absolute and
relative frequencies with their 95% confidence intervals.
The non-parametric Mann-Whitney U test was used for
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Figure prepared by the authors based on their own data

Fig. 1. Participant distribution by sport

comparative intergroup analysis of quantitative variables.
Comparison of discrete variables was performed using
Yates’s chi-squared test for cases where the number of
observations was less than ten in at least one cell. If the
number of observations was less than five in any cell,
Fisher’s exact test was used. A significance level of less
than 0.05 for all statistical calculations was considered
statistically significant.

RESULTS

Initial processing of the questionnaires revealed that
representatives of a wide variety of sports participated
in the study. Their distribution by sport is presented
in Figure 1. The largest number of survey participants
represented the following sports: football (28.6%),
various types of wrestling (19.2%), boxing (15.4%),
rugby (6.2%), and hockey (6%). Other sports included
basketball, bobsleigh, athletics, modern pentathlon,
fencing, handball, parachuting, luge, skeleton, speed
skating, skateboarding, artistic gymnastics, freestyle
skiing, and figure skating.

The survey found that 795 (88.1%) athletes continue
to engage in professional sports, while 107 (11.9%) ath-
letes are already retired.

Chronic diseases were noted in 52 (5.8%) athletes:
allergic manifestations, chronic tonsillitis, diabetes mel-
litus, psoriasis, and chronic obstructive pulmonary dis-
ease.

A total of 145 (16.1%) athletes regularly experience
headaches or migraines; however, only 38 (4.2%) of
them sought medical help for these conditions. When
asked about previously diagnosed anxiety, depression,
or other mental disorders, 13 (1.4%) athletes gave an af-
firmative answer; 2 (0.2%) athletes reported having at-
tention deficit hyperactivity disorder; 3 (0.3%) athletes
had writing and reading disorders.

Concussions were reported by 15.3% [95% Cl:
12.5; 18] of the adult athletes, with the number of hospi-
talizations due to TBI being 6.3% [95% Cl: 4.5; 8.2]; three
or more concussions were reported by 7.7% [95% Cl:
5.7%; 9.7%) of the athletes. Noteworthy is that the
prevalence of concussions (p < 0.001), hospitalizations
(p = 0.002), and repeated TBIs (p < 0.001) is statistically
significantly higher in the adult athletes compared to the
minors (Table 1).

The recovery period was noted to be statistically
significantly shorter in the adult athletes compared
to the minors: 8 [4; 21] days vs. 19.5 [7; 45] days
(p < 0.001).

In the study, unexplained fatigue, headache/dizzi-
ness, and exercise-induced nausea during non-exces-
sive individual loads were reported by 382 (57.7%) adult
and 14 (5.8%) minor respondents (p < 0.001). However,
the vast majority emphasized that such situations oc-
curred extremely rarely.

Table 2 compares possible clinical manifestations of
TBI consequences in the adult and minor athletes. As
compared to the minors, the adult athletes, statistically
significantly more frequently reported cognitive impair-
ments (11.6% vs. 6.3%, p = 0.019), behavioral distur-
bances (11.2% vs. 6.7%, p = 0.046), sleep disturbances
(20.1% vs. 11.3%, p = 0.003), vision deterioration (14.1%
vs. 3.8%, p < 0.001), and hearing loss (4.4% vs. 0.4%,
p = 0.007).

Table 1. Number of concussions, hospitalizations, and repeated concussions in the adult and minor athletes

Parameter Adult athletes Minor athletes Statistical
(n=662) (n=240) significance level, p
Number of concussions, % 15.3 [12.5; 18] 2.510.5; 4.5] < 0.001
Number of hosp|te_lllzatc|)ons due to 6.3 4.5 8.2] 0.8[0.3: 1.9] 0.002
concussion, %
Number of participants W|th a hISliOI’y of 77 5.7: 9.7] 13[0.4; 3.3 <0.001
three or more concussions, %

Table compiled by the authors based on their own data

Note: n — number of athletes; data are presented as relative frequencies and their 95% confidence intervals.

SKCTPEMAJIbHAA BUOMEONLINHA | 2026



ORIGINAL ARTICLE | SPORTS MEDICINE

Table 2. The most common clinical manifestations associated with the consequences of intracranial injury in

the adult and minor athletes

Clinical manifestations Adult athletes Minor athletes Statistical
(n=662) (n = 240) significance level, p
Decline in memory, attention, concentration; 11,6 [9.2; 14.1] 6.3[3.2; 9.3] 0.019
difficulties performing routine daily tasks, % T T '
Excessive impulsivity, cruelty, aggression,
anxiety, lethargy, withdrawal, or other 11.2 [8.8; 13.6] 6.7 [3.5; 9.8] 0.046
changes in behavior, %
Feelings of excessive sadness, depression
or hopelessness, anxiety, irritability, or mood 16.3 [13.5; 19.1] 11.7 [7.6; 15.7] 0.085
swings, %
Chgnge or u.nsteadmﬁess of gait; aoo|dente(1)| 4227 58] 17[01; 3.3 0103
falls; tremors in hands; muscle weakness, %
Speech impairments; difficulty with
pronunciation; distortion of words or 2.3[1.1; 3.4] 4.2 [1.6; 6.7] 0192
individual sounds, %
Sleep disturbances, % 20.1 [17; 231] 11.3 [7.3; 15.3] 0.003
Significant recent changes in handwriting , % 4.7 [31; 6.3] 51[2.2; 7.8] 0.844
Deterioration of vision, % 141 [11.4; 16.7] 3.8[1.4;6.2] < 0.001
Hearing loss, % 4.412.8; 5.9] 0.4 [0.03; 1.2] 0.007

Table compiled by the authors based on their own data

Note: n — number of athletes; data are presented as relative frequencies and their 95% confidence intervals.

A comparative analysis of the clinical manifesta-
tions of TBI consequences in the adult athletes re-
vealed that these changes were statistically signifi-
cantly more frequent in the athletes with a history of
concussion (Fig. 2).

Among the athletes with a history of concussion, the
most common manifestations were sleep disturbanc-
es (36.6%), affective disturbances (27.7%), cognitive im-
pairments (25.7%), behavioral disturbances (22.8%), and
visual disturbances (23.8%). The athletes without a his-
tory of concussion most frequently reported sleep dis-
turbances (17.1%), visual disturbances (12.3%), and af-
fective disturbances (14.3%).

In the adult athletes who had a history of one or
two concussions (n = 50), the conducted analysis re-
vealed no statistically significant differences in any of
the studied impairments as compared to those who
had three or more TBIs (n = 51).

However, despite the lack of statistically significant
differences, the difference in some manifestations
reaches two-fold or more. Thus, the adult athletes with
repeated concussions exhibit a trend towards a great-
er prevalence of behavioral disturbances (29.4% vs.
16%, p = 0.171), affective disturbances (35.5% vs. 20%,
p = 0.136), as well as changes in handwriting (17.7%
vs. 6%, p = 0.134), compared to the athletes with a sin-
gle concussion.
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The adult athletes specializing in contact sports
more frequently reported affective (p = 0.012), behavio-
ral (p < 0.001), and cognitive impairments (o = 0.009), as
well as visual disturbances (p = 0.032), as compared to
athletes not engaged in contact sports (Fig. 3).

| Concussion B No concussion

Hearing loss = *%
I ]

Vision deterioration

Handwriting changes = *%

Sleep disturbances

Speech impairments 5 *

Motor impairments 5 *%

Affective disturbances

Behavioral disturbances

Cognitive impairments

Prevalence, %
Figure prepared by the authors based on their own data

Fig. 2. Prevalence of clinical manifestations associated
with the consequences of intracranial injury in the adult
athletes: * — statistical significance level of p = 0.003;
** — statistical significance level of p < 0.001
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Among the adult athletes representing contact
sports, the most prevalent issues were sleep distur-
bances (19.5%), affective disturbances (17.8%), visual
disturbances (15.1%), behavioral disturbances (13.1%),
and cognitive impairments (12.1%).

A prevalence analysis of TBIl-related impairments
in the adult athletes found that in the adults aged18—
30 years, the most common disturbances (relative
to all identified pathologies) were as follows: sleep
disturbances in 26.4% [95% CI: 21.6; 31.1] of the re-
spondents, affective disturbances in 23.4% [95% CI:
18.8; 27.9], and behavioral disturbances in
13.2% [95% CI: 9.6; 16.8].

In the 31-40 years age group, sleep disturbances
were identified in 18.8% [95% CI: 11.5; 26.0]; cognitive
impairments, in 7.9% [95% CI: 10.8; 25.0]*; vision dete-
rioration, in 17.9% [95% CI: 10.8; 25.0].

In the age group 41-50 vyears, vision dete-
rioration was noted by 29.2% [95% CI: 18.7; 39.7]
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Fig. 3. Prevalence of clinical manifestations associated
with the consequences of intracranial injury in the adult
athletes from contact and non-contact sports
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cognitive impairments, by 16.7% [95% CI: 8.1; 25.3]
and 16.7% [95% CI: 8.1; 25.3] of the respondents,
respectively. In the age group 51 years and older,
vision deterioration was reported by 24.4% [95% ClI:
14.2; 34.3] of the athletes; sleep disturbances, by
171% [95% CI. 8.3; 26.0]; cognitive and behavio-
ral impairments, by 11.4% [95% CI: 4.0; 18.9]. In all
age groups, sleep disturbances were among the
most prevalent issues, while visual disturbances
also ranked highly in the group over 40 years of age
(Fig. 4).

The detailed prevalence analysis of clinical manifes-
tations associated with the consequences of intracranial
injury revealed that among the athletes over 40 years
of age with a history of concussion, behavioral distur-
bances were statistically significantly more frequent
compared to athletes without such injuries (p < 0.05).
Conversely, among athletes under 30 years of age with
a history of TBI, cognitive (p = 0.003) and affective dis-
turbances (p = 0.003) were statistically significantly more
frequent.

DISCUSSION

Both active and former athletes participated in this sur-
vey. The study sample was predominantly composed of
athletes engaged in contact sports, where the probabil-
ity of sustaining a head injury is higher. This indicates the
representativeness of the sample and is consistent with
data from other studies [9—11].

The low prevalence of diagnosed affective, cogni-
tive, and behavioral disorders (0.3%, 0.2%, and 1.4%,
respectively) among all athletes may indicate both
their reluctance to seek medical help and the social
stigmatization of the aforementioned disorders, as re-
ported by some authors [12-15]. In high-performance
sports, it is not uncommon for athletes to dissimu-
late their health problems in order to be cleared for
participation. Published research indicates that up to
half of respondents may deliberately hide symptoms
from coaching staff and medical personnel, while
some athletes may not pay attention to concussion
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Fig. 4. Age-structured prevalence of clinical manifestations associated with the consequences of intracranial

injury in the adult athletes
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symptoms due to limited awareness of the issue [15,
16]. This is confirmed by the present study: 16.1% of
the athletes reported regularly experiencing head-
aches/migraines; however, only 4.2% sought official
medical help for these conditions.

A history of TBI was reported by 15.3% of the
adult athletes and 2.5% of the minor athletes, con-
firming the validity of age-based grouping for further
analysis of clinical manifestations associated with the
consequences of intracranial injury. According to for-
eign authors, the frequency of concussions in football
ranges from 0.1 to 5% [17-20]. Such differences may
be explained by the broader age range in the present
study, which included retired athletes, the predominant
inclusion of athletes from contact sports, and the fact
that statistics in foreign studies are often reported only
for concussion cases documented by medical per-
sonnel. In this study, the rate of repeated concussions
was 7.7% among surveyed adult athletes, with every
second athlete reporting =3 concussions. The number
of hospitalizations due to head injury was 6.3% among
the adult athletes, which aligns with data from other
authors [20, 21].

The present study indicates a statistically signifi-
cantly higher frequency of cognitive and behavioral
impairments, sleep disturbances, and deterioration
of vision and hearing among the adult athletes com-
pared to the minors. Given the significantly higher
prevalence of concussions in adult athletes, as well
as the greater neuroplasticity in young athletes, this
observation seems logical [22-25]. Moreover, head in-
jury in minor athletes is often accompanied by trauma
to the cervical spine (particularly the atlanto-occipital
joint), which can lead to reduced cerebral blood flow
and development of clinical symptoms. As noted by
Pfister et al., the prevalence of concussions in minor
athletes may be underestimated due to low aware-
ness regarding the possible clinical manifestations of
this condition among athletes, as well as parents and
coaching staff [26].

Of particular interest is the statistically significantly
higher prevalence of all possible clinical manifestations
associated with the consequences of intracranial injury
in the adult athletes with a history of at least one concus-
sion. Their most frequent complaints were sleep distur-
bances, as well as affective, cognitive, and behavioral
disturbances, as also noted by several authors [27-34].
Noteworthy is that the identified disturbances cannot
be unequivocally interpreted as a direct consequence
of organic brain damage, as this study did not include
objective instrumental examinations. Furthermore, no
statistically significant difference was observed in the
amount of subjective symptomatology between the ath-
letes based on the number of concussions. This may in-
dicate the high potential danger of intracranial injuries in
athletes, where even a single case can trigger a cascade
of pathological, irreversible reactions.
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A comparative analysis of the studied clinical mani-
festations associated with the consequences of intrac-
ranial injury found that the athletes in contact sports
reported cognitive, affective, behavioral, and visual dis-
turbances statistically significantly more often compared
to athletes in non-contact sports. This creates the need
for screening studies specifically for the aforementioned
disturbances and particularly among athletes at high risk
of sustaining concussions.

In athletes over 30 years of age, the most common
manifestations were sleep disturbances, visual distur-
bances, and cognitive impairments, while in the age
group 18-30 vyears, affective disturbances and sleep
disorders were predominant. Therefore, the athlete’s
age is an important factor in the selection of screening
measures. Of note is that cognitive changes and visual
disturbances in athletes over 40 years of age may be
associated not only with a history of TBI but also with
age-related changes. Conversely, the identification of
cognitive impairments in athletes under 30 years of age
may indicate the need for additional examination to in-
terpret the disturbances in the context of consequences
following intracranial injuries.

One of the most severe long-term consequences of
TBI is traumatic encephalopathy syndrome, for which
diagnostic and therapeutic strategies are yet to be es-
tablished. Despite certain limitations of this survey, it
revealed that nine (1%) athletes meet the criteria for di-
agnosis of traumatic encephalopathy syndrome (history
of TBI; participation in a contact sport with five or more
years of athletic experience; no TBI in the 6 months prior
to the study; cognitive impairments and mood and/or
behavioral disturbances; onset of symptom progression
less than 12 months prior) [35]. This confirms the need
to pay close attention to the health status of athletes and
highlights the important role of questionnaires in athlete
assessment.

The study of consequences following intracra-
nial injuries is significantly complicated by the cur-
rent lack of consensus within the global commu-
nity regarding the classification of these conditions.
Noteworthy is that most consequences of intracra-
nial injuries are characterized by non-specific mani-
festations, which are difficult to interpret without
considering the subject’'s medical history [6]. Many
authors unequivocally state that professional sports
activity is an undeniable risk factor for TBI, especially
in contact sports [5, 36].

According to Ledreux et al., long-term monitoring
of athletes with a history of multiple TBIs has important
practical significance for the early detection of possible
abnormalities in organs and systems [37]. Therefore, it
seems promising to introduce methods for psychomet-
ric assessment of baseline cognitive function in athletes
into the practice of sports medicine physicians; however,
this requires the preliminary development of the most
valid tests [38].
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The limitations of this study include its conduct at a
single center and the insufficient number of surveyed
retired athletes in the older age group, as well as the
subjectivity of the survey due to the lack of objective
medical examination data to confirm the athletes’ com-
plaints.

Future research directions should include conducting
long-term observational prospective studies aimed at
developing sensitive methods for the early diagnosis of
clinical manifestations associated with the consequenc-
es of intracranial injury, identifying specific biomarkers
for the premorbid diagnosis of neurodegeneration, and
searching for predictors of adverse outcomes after con-
cussions in athletes. The methodology of subsequent
studies should incorporate objective instrumental meth-
ods for examining both the brain and adjacent structures
(cervical spine; atlanto-occipital and temporomandibular
joints), particularly in adolescents.

CONCLUSION

In the adult athletes with at least one prior concus-
sion, the most common clinical manifestations associ-
ated with the consequences of intracranial injury are as
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