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Abstract

Introduction

Sports-related concussions occur in para sport as they do in able-bodied sport. There is evidence to
suggest athletes with vision impairment (VI) may be more likely to sustain concussion injuries
compared to athletes with other impairment types. However, there is limited understanding of best
practices in concussion assessment and management for athletes with VI. Symptoms intrinsic to pre-
existing conditions in para athletes are also commonly seen in athletes suffering from a concussion,
which makes the assessment and management of concussion more challenging in the para athlete
population. Perspectives and experiences of VI para sport athletes and coaches with concussion are also

poorly understood.

The purpose of this project was to understand how concussions are currently assessed and managed in
elite para athletes with vision impairment, to move toward establishing clinical practice guidelines and
critical research priorities in concussion management for elite athletes with VI. The secondary objective
of this thesis was to understand the perspectives, experiences, and knowledge of elite athletes with VI

and coaches concerning concussion in VI para sport.

Study 1

A two-round Delphi study was conducted to solicit the opinions of healthcare professionals,
researchers, and administrators in VI para sport concerning concussion assessment and management
practices. Eight out of the nine interested participants completed the first-round survey; seven of those
completed the second-round survey. Five out of eight participants were sports medicine physicians, and

the remaining three participants had a background in physical therapy. Experts identified that VI



athletes may exhibit different observable signs of concussion (e.g., lack of blank look, balance issues
at baseline, etc.) compared to able-bodied athletes. Experts unanimously agreed that pre-season
baseline testing is necessary for para athletes with V1. While most experts (86%) agreed the SCAT5
currently represents the most effective assessment tool available for the evaluation of suspected
concussion, one expert disagreed and explained that the SCATS5 is too complex for regular sideline use.
Some experts suggested prescribing a longer period of initial rest or doubling the time between return-
to-sport steps for athletes with V1. Experts came to a unanimous consensus that there is a lack of after-

care in VI para sport in addition to the lack of on-site specially trained medical support.

Study 2

Elite para athletes with VI and coaches were invited to participate in a single-round survey study. The
survey questions covered the following topics: Demographics; Concussion incidence, recognition,
response, assessment, and management; Return-to-sport; and Education. Analysis consisted of
categorizing written responses and analyzing response frequencies. A total of 8 participants (athletes
(n =4); coaches (n = 4)) from elite VI para sport took part. Athletes were found to have less awareness
of medics at sidelines, assessment tools, how decisions are made to investigate for concussion, and the
need for concussion assessments than coaches. Athletes were also more likely to not report incidents
with reasons for not reporting including “don’t think it’s serious”, “time and money”, and “misdiagnosis
because of underlying conditions”. Coaches are not considering athlete involvement in return-to-play
decisions. Athletes and coaches agreed that it is important for medical professionals to have concussion

education but differ on the need for education of athletes and guides. Athletes reported having little and

poor quality concussion education.



Conclusion

Future investment in the provision of specially trained on-site medical support is needed to ensure the
safety and well-being of VI para athletes. Education strategies should prioritize informing para athletes
of the potential long-term consequences of concussion, so they understand the significance of failing

to report concussion symptoms and of neglecting concussion injury protocol.
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Chapter 1

Literature Review and Objectives

1.1 General Introduction

Through participation in organized sport, persons with impairments can experience improvements in
their physical health, mental health, and overall life satisfaction (1). However, participation in sport
also increases athletes’ risk of sustaining various injuries. One common sports-related injury is sports-
related concussion, which is a traumatic brain injury induced by biomechanical forces that result in
disturbances of brain function (2). The disturbances in brain function are typically transient in nature
(2,3). Sports-related concussions are typically caused by an impulsive force to the head resulting from
a direct or indirect impact to the head, face, or neck (2). The incidence of concussion from all causes is
estimated to be approximately 42 million globally per year (4); sports-related concussions are thought

to account for approximately 20% of these injuries, or 8.4 million injuries per year (5).

While concussion in able-bodied sport is relatively well studied, research on concussion in para
sport is limited (6). A literature search conducted using EMBASE, Ovid Medline, PubMed, and Scopus
databases revealed that as of November 2", 2022, there was a total of 153 results for studies related to
concussion in para, adaptive, or disability sport, compared to 7,242 results on PubMed alone for

concussion in sport more generally.

There has been considerable effort over the last two decades to address the lack of injury incidence
data in para sport. The International Paralympic Committee (IPC) has conducted injury surveillance
studies at every Paralympic Winter Games since 2002 and at every Paralympic Games since 2012 (6).
London 2012 saw the introduction of the IPC’s web-based injury and illness surveillance system (WEB-
11SS) which allowed for the collection of more comprehensive injury data than previously had been

possible (7). The WEB-IISS also enhanced injury reporting compliance by team medical staff and



facilitated the collection of exposure data, thereby allowing for more accurate calculation of rates of

illness and injury (7).

While there has been progress in the epidemiology of injuries and illnesses in general in para sport,
our knowledge of the true burden of concussion in para sport is largely unknown. Though the WEB-
I1SS was introduced at the 2012 Paralympic Games, questions specifically related to concussion were
not added to the web-based injury surveillance system until the Rio 2016 Paralympic Games (6). Even
with the inclusion of specific questions regarding concussion, the authors of the 2016 Paralympic
Games prospective cohort study stated concussions may have been under-reported in the study
population of para athletes (8). Authors explained that there were several incidents where athletes were
observed to suffer a blow to the head followed by unsteady gait, yet no concussions were reported (8).
At the Pyeongchang 2018 Paralympic Winter Games, a total of four concussions were reported among
29 injuries to the head, face, or neck, including two in Para Alpine Skiing and two in Para Ice Hockey
(9). There was no further elaboration in terms of which impairment type (i.e., limb deficiency, vision
impairment, etc.) the concussions in Para Alpine Skiing and Para Ice Hockey occurred in, making it
difficult for clinicians to have a better understanding of the mechanism of injury involved in the

sustainment of these concussions.

A recent study by Lexell and colleagues used data collected from the Sports-Related Injuries and
IlInesses in Paralympic Sport Study (SRIIPSS) and assessed the incidence proportion and incidence
rate of sports-related concussion among elite Swedish para athletes of a variety of impairment types
(10). The SRIIPSS, a 52-week prospective longitudinal cohort study, was the first of its kind to
prospectively assess the epidemiology of sports-related injuries and illnesses in para sport over a longer
period of time (11). The authors found that athletes with vision impairment (V1) reported a significantly

higher incidence proportion of sports-related concussion and a significantly higher incidence rate of



sports-related concussion than athletes of other impairment types (i.e., athletes with physical
impairments and athletes with intellectual impairments) (10). In addition, researchers found almost
two-thirds (62%) of all sports-related concussions reported over a period of 52 weeks occurred among
athletes participating in VI para sports, even though athletes with vision impairment only accounted for
approximately 21% of all athletes who participated in the study (10). Athletes with vision impairment
were 6.2 times more likely to sustain a concussion compared to athletes with physical and intellectual
impairments. Finally, Lexell and colleagues found that all concussions reported in this study in VI para
sport occurred in Goalball, Para Judo and Para Swimming (10). These results suggest that athletes with
vision impairment may be more likely to sustain a sports-related concussion compared to athletes with
other impairment types. More prospective, sport-specific concussion injury incidence studies are
clearly needed. It would also be useful to understand the injury mechanisms and risk factors that
contribute to the seemingly higher concussion risk in VI para sports so that targeted preventive

measures can be taken to minimize or prevent concussion in these sports.

In the absence of concussion injury incidence data specific to impairment type and sport, members
of the IPC Medical Committee created a ‘best estimate’ risk assessment for para sports based on their
experience (6). Impairment type, speed, collision potential, and whether protective head gear is worn
in each sport were also considered in determining the risk assessment (6). A concussion risk rating was
then assigned to each summer and winter sport, specific to impairment type, ranging from a score of
‘1’ for low risk to a score of ‘5” for high risk (6). Blind Football, Goalball, Para Cycling, and Para
Alpine Skiing were all rated a 3 or higher, putting all four of these sports at an estimated moderate to

very high risk of concussion injury in comparison to other VI para sports (6).



1.2 Sport-Specific Concussion Incidence

1.2.1 Blind Football

Blind Football is a para sport played exclusively by athletes with vision impairment. All outfield players
are classified as completely blind (B1; meaning they have visual acuity worse than 2.6 LogMAR or no
light perception) and are required to wear eye shades to ensure fair competition (12,13). Goalkeepers
are partially sighted, and can be classified as either B2 (i.e., visual acuity ranging from 1.5 to 2.6
LogMAR or visual field constricted to a diameter of less than 10 degrees) or B3 (i.e., visual acuity
ranging from 1.0 to 1.4 LogMAR or visual field constricted to a diameter of less than 40 degrees)

(12,13). Goalkeepers do not wear eye shades during play.

The IPC Medical Committee rated Blind Football a ‘4’ out of a possible ‘5’ in terms of a best
estimate of concussion risk; putting the sport at a perceived moderate-to-high risk for concussion
compared to other para sports (6). Although the impact speed in Blind Football is much slower than
downhill Para Alpine for instance, the collision potential remains quite high considering all outfield
players have no light perception on the field of play and are unable to see incoming objects or other
athletes (6). Athletes with VI must rely substantially on their hearing ability to know where the ball,
equipped with a bell inside it, is and where other players around them are on the field of play (14). As
outfield players are completely blind, the athlete’s ability to brace for or block impact to the head is
reduced (14). Observations from Blind Football indicate that athletes with VI tend to play with a more
anterior posture compared to their able-bodied counterparts which could expose athletes with VI to an
even greater risk of head-to-head collision (14,15). These risk factors are coupled with the fact that no
head protection is worn in Blind Football. Pending the results of a study by the International Blind

Sports Federation (IBSA) testing the effectiveness of head protection at preventing head injuries in



Blind Football, it is suspected that a lack of protection to the head region could contribute to making

concussions a more probable outcome in the sport (16).

The first group to independently investigate the nature and incidence of sports-related injuries in
Blind Football over a period of five years was Magno e Silva and colleagues (15). They recruited a
total of 13 Brazilian male Blind Football athletes and these athletes competed in 5 International
competitions between 2004 and 2008 (15). A standardized injury report form was used to document all
athlete injuries that occurred during all major international competitions (15). The report form
documented the athlete’s injured body part, mechanism of injury, and diagnosis of injury (15). The
study found that 11 out of 13 athletes suffered some form of injury over the course of the 5 international
competitions, which represented an injury prevalence of 84.6% (15). Injuries to the head represented
the body region with the second highest injury prevalence (i.e., 8.6% of all injuries) (15). The authors
of the study recognized that head injuries are of tremendous concern to the healthcare team as they can
often lead to concussions, yet the study did not document the head injuries more specifically as
concussions (15). In addition to documenting the anterior posture Blind Football athletes tend to adopt
while running, Magno e Silva et al. also found some athletes had developed homemade eye shades
made of an absorbent material with padding on the front and parietal zones of the head to decrease the
possibility of severe injury to the head and face regions (15). Nevertheless, this form of protective
equipment is optional and even at the most recent Tokyo 2020 Paralympic Games, no head protection

was worn uniformly by Blind Football athletes.

In both the London 2012 and Rio 2016 Paralympic Games, Blind Football had the highest rate of
injury out of all other summer sports (8,17,18). The injury incidence rate in Blind Football in Rio 2016
(22.5 injuries/1000 athlete days) was more than double the overall injury incidence rate at the Rio 2016

Paralympic Games (10.0 injuries/1000 athlete days overall) (8,18). Although the Rio 2016 study did



not document the prevalence of head injury as a percentage of overall injury in Blind Football, findings
from the London 2012 study demonstrated that head and neck injuries were among the most prevalent,
accounting for 25% of all acute injuries in Blind Football (14). Despite this high prevalence of injury
to the head and neck, no concussions were reported in either the London 2012 or the Rio 2016
Paralympic Games (8,17). As mentioned previously, this was partially because the IPC did not include
questions specifically related to concussion to the WEB-I1SS until the Rio 2016 Paralympic Games (6).
The under-reporting of concussions in the para athlete population could reflect that there is a need for
increased clinician education regarding concussion recognition and assessment in this population (8).
It could also be the case that there is less availability of specially trained medical staff in Blind Football,
and there may be an added responsibility on the para athlete to recognize and report concussion
symptoms (16). Ultimately, more education on concussion recognition is needed for all parties involved

in Blind Football to improve concussion reporting, management, and clinical outcomes (16).

More recently, Weiler et al. conducted a three-year prospective injury surveillance study in elite
English Blind and Cerebral Palsy (CP) Football squads and observed a high proportion (17%) of
injuries were to the head and neck in both Blind and CP squads (19). The data also suggested that based
on hourly exposure, Blind Football carried a higher incidence of injury in both training and matches
compared to CP Football (19). Moreover, a total of 75% of injuries in Blind Football matches were
sustained through contact, compared to 50% in CP Football matches (19). Although these results are
expected — considering athletes with VI have limitations to their vision making it more difficult for
them to avoid contact — these results also demonstrate that there is a need for stricter enforcement of
the ‘voy’ rule in Blind Football (19). The ‘voy’ rule was implemented several years ago in Blind
Football to limit the amount of contact between players defending and attacking the ball (19). The rule

requires players to shout the word ‘voy’, which translates to “I go” in Spanish, when they are on the



defensive to allow the attacking player to determine the positions of the defenders on the field and to

avoid a collision with them (19).

To promote the recognition and assessment of suspected concussions in Blind Football athletes, a
new policy was recently adopted by the IBSA known as the ‘Temporary Concussion Substitution’
(TCS) rule (20). Adapted from the TCS rule first implemented in CP Football, the IBSA Blind Football
TCS rule ensures that in the event of a head injury, a substitute player (i.e., TCS player) can enter the
field of play to replace the player with the suspected head injury for a period of 10 minutes (21).
Essentially, the rule gives clinicians more time to assess suspected head injuries without the pressure
of returning to gameplay interfering with their expert medical decision (22). If after the 10-minute
concussion assessment the athlete is deemed safe to return to play by the team medical professional,
the TCS player must leave the field of play and be replaced by the player initially withdrawn (20).
However, if the medical professional determines that it is unsafe for the athlete to return to play due to
concussion concerns, the substituted player may remain on the pitch as the permanent replacement (20).
By giving clinicians more time to assess suspected cases of concussion, this policy can provide a safer
sport for athletes with VI while also allowing the football match to continue uninterrupted with an equal

number of players on the field for both teams (23).

Acknowledging the high rates of injury to the head, face, and neck in Blind Football, additional
rule changes and stricter enforcement of the ‘voy’ rule may be required in the future to limit the amount
of contact injuries in the sport (19). Rule changes based on collaborative efforts, considering the
perspectives from all stakeholders involved in the sport (i.e., athletes, coaching staff, medical staff, and
event/sport organizers), and informed by the latest epidemiological research have the potential to create

safer sports environments for athletes with VI.



1.2.2 Goalball

Goalball is a summer para sport played exclusively by athletes who are blind or vision impaired. Much
like Blind Football, players are required to wear opaque eye shades to ensure fair competition (24). To
participate in the sport, athletes must have a vision impairment, meaning they are classified as either
B1, B2, or B3 (see above for classification criteria). The object of the game is to throw a 1.25kg ball
across the court and into the opposing net to score points (24). Goalball athletes throw from a standing
position and often defend oncoming shots from the opposing team by throwing themselves to the floor
to stretch out and intercept the ball in the correct position (24). There is no designated goalkeeper in

Goalball; all three players on each team play both defense and offense simultaneously.

The IPC Medical Committee rated Goalball a ‘3” out of a possible ‘5’ as a best estimate for
concussion risk; putting Goalball at a moderate risk for concussion compared to other para sports (6).
Much like Blind Football athletes, Goalball athletes have no light perception on the field of play and
are at risk of colliding into other athletes and objects (6). In addition, no head protection is worn in
Goalball. Lexell et al. found that all sports-related concussions reported among Goalball athletes were
related to a collision, and it was hypothesized that the lack of head protection could further increase

athletes’ risk of sustaining a concussion in the sport (10).

At the London 2012 Paralympic Games, Goalball had an injury incidence rate of 19.5 injuries /
1000 athlete days, which was the third highest injury incidence rate of all sports at the Games (17). A
study by Zwierzchowska and colleagues reported that 44% of athletes who participated in the Goalball
European Championship reported an injury of some sort, with 92% of all injuries occurring to athletes’
upper limbs (25). Gajardo and colleagues, the first group to investigate prior-to-competition injuries
and illnesses in Goalball athletes, found an injury prevalence of as high as 64.1% within four weeks

prior-to-competition (26). This finding further emphasizes the value of conducting epidemiological



research during regular training and prior-to-competition periods to better understand the burden of

injury in VI para sport.

Although all three of the above studies demonstrated a relatively high injury incidence and
prevalence in Goalball in general, no concussions were reported. Nevertheless, Lexell et al. found that
31% of all concussions self-reported by para athletes in the SRIIPSS occurred in Goalball (10). In this
study, Goalball was also the sport where athletes sustained the most concussions out of all other sports
surveyed (10). Goalball athletes in this study reported that the mechanism of concussive injury was

influenced primarily by their use of eye shades (10).

Given the information we have so far regarding the intrinsic (i.e., vision impairment) and extrinsic
(i.e., use of eye shades) risk factors for concussion sustainment in Goalball, prevention strategies to
reduce the risk of concussion in the sport should be implemented. Recently, the IBSA postulated that a
combined eye shade with head protection may offer a protective benefit in the head-to-head collisions
seen in Blind Football (6). Results from their internal study on the effectiveness of softshell helmets
with integrated eye shades at preventing injuries to the head have yet to be published (16). Should this
type of protective headgear confer a risk reduction benefit in Blind Football, it is worth investigating

whether a similar type of headgear could provide a protective benefit in Goalball as well.

1.2.3 Para Judo

Para Judo was first adopted as a Paralympic sport in 1988 and is another sport exclusively for athletes
with visual impairment in the Summer Paralympic program (27,28). The objective of Para Judo is to
throw or takedown your opponent and to force them into submission or a pin (27) . Para Judo athletes
are subdivided into gender and weight categories in a similar fashion to their able-bodied counterparts
in the Olympics (28). Paralympic judokas are classified into one of two vision classes depending on the

degree of their visual impairment; either J1 (i.e., binocular visual acuity >2.6 LogMAR) or J2 (i.e.,



binocular visual acuity between 1.3 to 2.5 LogMAR or a binocular visual field of 60 degrees or less in

diameter) (28,29).

Injury incidence data from Olympic-level Judo indicates that judokas are prone to a range of
injuries (30). From the available evidence in para sport, the former also seems to be the case in Para
Judo. At the Rio 2016 Paralympic Games, Para Judo had the second highest injury incidence rate out
of all other para sports with an incidence rate of 15.5 injuries / 1000 athlete days (8). In this study, Para
Judo was also identified as being one of the highest risk sports at the Rio 2016 Summer Games (8).
Another study by Fagher et al. investigated the sports-related injury prevalence among Paralympic
judokas and found that 84% of athletes suffered from at least one injury during a one-year period (28).
This study also found that most injuries (74%) occurred during Para Judo training, and 82% of all
injuries occurred in the standing technique tachi-waza, a Judo term which refers to a collection of

different throwing techniques (28,31).

The two studies discussed above demonstrated a high incidence and prevalence of injury in Para
Judo, but neither of these studies reported any concussions which suggests concussion reporting may
be an issue. Lexell et al. reported that 15% of all concussions in their study (two injuries total) occurred
in Para Judo (10). The mechanism of injury for both concussions was related to a collision.
Additionally, athletes reported concussion injuries were related to being thrown in an unexpected
direction (10). Given the lack of additional data on concussion incidence in Para Judo and the high
incidence of injury in general in this sport, more epidemiological concussion injury incidence studies

are needed.

! The classification system for Para Judo described here came into effect in January 2022. Prior to January
2022, all athletes competed in a single class, regardless of their vision impairment.
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In addition to the need for more epidemiological research on concussion incidence rates in Para
Judo, technical research efforts focused on identifying possible risk factors and injury mechanisms in
the sport are also needed (28). Fagher et al. identified that most injuries in Para Judo occurred in tachi-
waza, which prompted the authors to suggest that a first step towards injury prevention in general could
be to allow matches to continue into ne-waza (i.e., a Judo term which refers to a collection of ground
techniques) (32) and minimize time spent in tachi-waza (28). Future studies should assess different
techniques, throws, and falls in Para Judo to determine whether any other techniques may be putting
judokas at an increased risk of sustaining a concussion (28). It was also suggested by the same authors
that video footage analysis could be used in conjunction with injury surveillance data to better
understand additional injury mechanisms at play in Para Judo (28). Authors from both the Rio 2016
injury incidence study and the Fagher et al. study agree that more research is needed to identify injury
mechanisms and risk factors compounding the risk of concussion in Para Judo (8,28). In turn, this

research will allow for the development of effective strategies for injury prevention in this sport (8,28).

1.2.4 Para Cycling

Para Cycling premiered at the Paralympics in 1984 and is now the third largest Paralympic sport in the
Paralympic program (33). It is a multi-disability sport, featuring events for athletes with vision
impairment and athletes with physical impairment (33,34). There are four main types of cycles used in
Para Cycling, based on impairment, and they include handcycles, tricycles, standard upright bicycles,
and tandem cycles (33). Para cyclists competing on standard bicycles and tandem cycles may compete
in both road and track events, while para athletes competing on handcycles and tricycles may only
compete in road events (33). Tandem cyclists are visually impaired, and they ride with a sighted guide
in front known as a “pilot” (33,34). Para athletes with vision impairment are designated B1, B2, or B3

in accordance with the IBSA classification standards (see ‘Blind Football’ section) (33). All tandem
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cyclists with a vision impairment compete together under a single classification (i.e., B) in the same

events (33).

Injury surveillance data from the London 2012 Paralympic Games indicated that both para track
cycling and para road cycling had some of the highest proportions of acute traumatic injuries out of all
para sports at the 2012 Games (17). Track cycling saw 75% of total injuries classified as acute and
similarly, road cycling saw 71% of total injuries classified as acute (17). While the study reported
injuries by anatomical region, the data was not sport-specific, so it is unknown how many of the acute
injuries seen in Para Cycling were to the head or face region (17). As for the Rio 2016 Paralympic
Games, Para Cycling (both track and road) had a moderate injury incidence rate compared to other
sports of 7.0 injuries / 1000 athlete days (8). Although injuries by anatomical area were reported in the
study, these results were once again not sport-specific, making it difficult to know how many injuries
occurred to the head region in Para Cycling (8). Unfortunately, Rio 2016 observed the first fatal injury
of an athlete in a Games setting; a para cyclist suffered a head injury during competition and later
succumbed to their injury (8). This catastrophic event highlights that life-threatening head injuries occur
in Para Cycling, and we must continue to understand the risk factors and injury mechanisms involved

to prevent these injuries from happening.

While head protection is worn during competition and para athletes with VI have a sighted pilot
steering the tandem bike on the road/track, the high speeds that can be achieved in this sport predispose
athletes to harmful falls (6,35). For this reason, the IPC Medical Committee rated para road cycling a
‘5’ out of a possible ‘5’ as a best estimate for concussion risk, making para road cycling one of only
two para sports with the highest perceived concussion risk (6). Yet, according to Clarsen and
colleagues, sports-related concussions remain a poorly quantified injury in both able-bodied and para

sport cycling (36). Despite reports of head injuries in Para Cycling (8,35), at the time of writing, no
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reported cases of concussion injury in Para Cycling were found in the epidemiological literature.

Clarsen and colleagues highlighted that para cyclists have received little research attention to date
(36). Outside of studies conducted at the Paralympic Games, only one epidemiological study has
focused on understanding the characteristics of sport injuries sustained by para cyclists, specifically
(35,36). Going forward, researchers should strive to conduct high-quality epidemiological studies
following the principles laid out in the most recent consensus statement on the methods for
epidemiological studies in competitive cycling (36). Some of these recommendations in the consensus
statement include reporting cycling-specific collision agents (i.e., whether the collision was with a
person, inanimate object, vehicle, etc.), reporting collision mechanisms (i.e., equipment failure,
avoiding objects, surface quality, etc.), and reporting related circumstances such as environmental
factors (i.e., wind, rain, temperature, etc.) and track surface conditions (36). Improved documentation
of injury mechanisms in Para Cycling will help guide key stakeholders (i.e., governing bodies, race
organizers and equipment manufacturers) in the development of successful injury prevention initiatives

(36).

1.2.5 Para Swimming

Para Swimming has been featured in every Summer Paralympic Games program and sees some of the
highest numbers of para athlete participants out of all para sports (8,37). It is also a multi-disability
sport where athletes in all eligible impairment types including physical, visual, and intellectual
impairments can compete in a range of impairment classifications (37,38). Athletes with vision
impairments are categorized into one of three sport classes: S/SB11, S/SB12, and S/SB13, which are
equivalent to the B1, B2, and B3 classifications, respectively (38,39). Athletes in the S/SB11 sport class
are required to wear blackened goggles to standardize the light perception amongst competitors in this

category and to ensure fair competition (38,39). S/SB11 swimmers are also required to have an assistant
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(i.e., known as a “tapper”) at both ends of the pool to “tap” the athlete to let them know they are
approaching the pool end wall (39). Swimmers in the S/SB12 and S/SB13 sport classes may choose to

use a tapper if they wish (39).

Injury incidence results from the Rio 2016 Paralympic Games found that Para Swimming had a
moderate injury incidence rate compared with other summer sports (i.e., 7.1 injuries / 1000 athlete days)
(8), despite being a sport with a relatively low collision potential and impact speed (6). Magno e Silva
and colleagues found that overuse injuries made up 80% of all injuries reported in a group of 18
Brazilian Para Swimming athletes, with acute injuries making up the remaining 20% of all injuries
reported (38). A notable observation from the Magno e Silva et al. study was that there were no reported
injuries to the head or face region (38). This result suggested that the use of a tapper in Para Swimming
may be an effective method of preventing acute traumatic injuries to the head or face, such as a

concussion (38).

In contrast, Lexell et al. found that 15% of concussions reported amongst para athletes occurred
in Para Swimming (10). Both concussions were sustained in Para Swimming athletes with VI (10). The
mechanism of injury was reported to have been caused by swimming into the wall and the athletes
reported that they believed their vision impairment influenced the injury (10). Athletes with VI reported
that had there been more tappers available and better knowledge and awareness of the dangers of
concussion amongst coaches, their sports-related concussions could possibly have been prevented (10).
Even though Para Swimming may be associated with a lower incidence of injury in general compared
to other para sports (8), concussions can still occur, and preventative measures should still be

investigated and prioritized in this sport as well.
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1.2.6 Para Alpine Skiing

Para Alpine Skiing is a downhill racing sport adapted for athletes with disabilities and is one of only
two Winter Paralympic sports for athletes with vision impairment (40). Athletes with vision impairment
are classified as either B1, B2, or B3, depending on their level of vision impairment (40). In addition,
athletes with vision impairment ski with the assistance of a guide (40). The guide skis in front of the
athlete and gives verbal direction to the athletes through a radio-frequency headset and microphone

(40).

Para Alpine skiers with vision impairment compete in four skiing disciplines: slalom, giant slalom,
Super G, and downhill. Across these disciplines, athletes can reach speeds of up to 116 km/h (40). As
a result of the high speeds and potential for impact in this sport, injuries are commonplace (40). It is no
surprise then that the [IPC Medical Committee rated downhill Para Alpine for athletes with VI a ‘5’ out
of a possible ‘5’ as a best estimate for concussion risk in this sport (6). Downhill Para Alpine in
particular, is one of two sports with the highest perceived concussion risk out of all other para sports,

the other being Para Cycling (Road) (6,40).

There is anecdotal evidence that concussions and other head and neck injuries are on the rise and
are approaching the injury incidence of the more common injuries (e.g., shoulder joint and knee
ligament injuries) in both standing and seated Para Alpine athletes (40,41). At the Sochi 2014
Paralympic Winter Games, 31 injuries to the head, face, and neck where reported, which accounted for
an injury incidence rate of 4.7 injuries / 1000 athlete days (41). The incidence rate of all injuries in Para
Alpine was found to be 41.1 injuries / 1000 athlete days, significantly higher compared to all other
winter sports at the Sochi 2014 Games (41). Alarmingly, the incidence of injury recorded at the Sochi
2014 Paralympic Games was three times the incidence of injury recorded at the Sochi 2014 Olympic

Winter Games, suggesting a higher risk of injury in athletes with impairment compared to their able-
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bodied counterparts (6,41). Even so, no concussions were reported in the Sochi 2014 Paralympics study,
again because the WEB-IISS was not specific enough to capture concussion injury data at that time
(41). At the Pyeongchang 2018 Paralympic Winter Games, 4 of the 29 injuries reported to the head,
face, or neck region were concussions, two of which occurred in Para Alpine (9). There was no further
indication as to whether these concussions occurred in athletes with VI or in athletes with a physical

impairment.

The high injury incidence rate in Para Alpine at the Sochi 2014 Paralympic Games prompted
medical and sport-technical experts to create an action plan to reduce risk of injury for the following
Pyeongchang 2018 Games (16). It was hypothesized that modifiable factors (i.e., course design, number
of training runs, the command and control structure between the technical and medical staff, etc.) and
environmental factors (i.e., temperature and altitude of the skiing venues in Sochi and their effects on
snow conditions) were the likely contributors to the high injury rate observed in Sochi 2014 (42). In
light of this information, the IPC Medical Committee engaged in discussions with the World Para
Alpine Skiing management team to ensure injury risk and prevention was top priority for Pyeongchang
(42). Measures for Pyeongchang included: more training runs; earlier start times; more optimal start
location on the course; the widening of the course; official pre-Games technical and medical briefings;
and the appointment of an independent race director who would facilitate the investigation into safety
issues and have the final call to amend, postpone, or cancel an event if the conditions were deemed to
be too hazardous (42). The outcomes of these measures were successful in lowering the total number
of injuries (i.e., 98 injuries in Sochi compared to 39 in Pyeongchang), decreasing the number of acute
injuries (i.e., 48 acute injuries in Sochi compared to 17 acute injuries in Pyeongchang), and decreasing

the number of injuries in downhill skiing from 21 in Sochi, to only 5 in Pyeongchang (43).

The above is an example of how effective collaborations between sports medicine and sport

management can realize changes in the policy, rules, and/or laws of sport to enhance the safety of
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athletes (16,43). In terms of reducing the risk of concussion in Para Alpine, similar approaches can and
should be taken going forward. Recently, World Para Alpine Skiing, World Para Snowboard, and
World Para Nordic Skiing introduced concussion-specific rules to permit non-medically trained
personnel to initiate a primary assessment of concussion, in accordance with Para Alpine skiing
protocols (16). Going forward, conscious efforts should be made to include sports medicine
professionals when informing sport-technical policy to ensure the safety of athletes remains a top

priority amongst sports organizations (43).

1.3 Challenges and Limitations of Current Epidemiological Research

Injury and illness epidemiological research in para sport in general has
improved over the last decade. This is largely due to the implementation of the web-based injury and
iliness surveillance system (WEB-I1SS) at every Summer and Winter Paralympic Games since 2012,
the prospective longitudinal cohort study in Swedish para athletes (SRIIPSS), and the recent sport-
specific and impairment-specific injury epidemiological studies. An understanding of common injury
mechanisms is starting to emerge in specific para sports. However, our understanding of the risk factors
and mechanisms of concussive injury in para sport is preliminary at best due to the limited number of

studies that have been undertaken.

A major limitation of current research is that most epidemiological studies are conducted during
major competitions such as the Paralympic Games and other International World Championships. It
should be noted that during the period of the Paralympic Games and other major international
competitions, para athletes are typically training and competing less frequently than during the normal
season (10). The prospective cohort study by Lexell et al. which looked at concussion injury over a
period of 52 weeks, found that most sports-related concussions (69%) occurred during sport-specific

training with a minority of concussions (31%) taking place during competition (10). Likewise, another
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study by Derman et al. found that pre-competition injuries in general were significantly higher
compared to injuries during the competition period itself at the Rio 2016 Paralympic Games (8).
Consequently, only assessing concussion injury risk during major competitions is likely to vastly under-
estimate the true incidence of concussion in para sports. More studies are needed that prospectively

study concussion in para sport over longer periods of time (i.e., during both training and competition).

Injury surveillance systems should ask specific questions related to concussion in addition to
looking at head injuries more broadly. As mentioned earlier, questions specifically related to
concussion were not included in the WEB-IISS system until the Rio 2016 Games (6). As a result, both
the London 2012 and the Sochi 2014 injury surveillance studies failed to report any confirmed cases of
concussion. In the future, concussion injury surveillance study questions need to be sufficiently specific

enough to capture concussion injury data.

While Lexell and colleagues’ longitudinal prospective cohort study was exemplary in its design,
there are a few limitations to it. For instance, the study included no athletes from the high-risk summer
sport of Blind Football and included only two athletes from the high-risk winter sport of Para Alpine
(10). The incidence of concussion injury in para sport may have been even greater had more athletes
from high-risk sports been included (10). Additionally, only athletes from Sweden were invited to
participate in this study (10). It is possible that concussion injuries could occur differently in other
nations due to differences in training approaches, medical support, and/or concussion education
programs. Future prospective cohort studies with athlete populations from different nations and across
different continents are needed. Furthermore, 107 Swedish para athletes agreed to participate in the
study out of a total of 150 athletes (10,44). This meant over 71% of all athletes in the Swedish
Paralympic Program participated in the study (44). While the level of engagement of Swedish para
athletes in the study is impressive, a larger sample size would have enabled the investigators to make

more substantive claims regarding concussion injury risk, the mechanisms of injury, and the intrinsic
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and extrinsic risk factors contributing to concussion sustainment in para sport (10). Considering a total
of 4,403 para athletes competed in the Tokyo 2020 Paralympic Games (45), a larger sample size is
attainable with the creation of a multi-national prospective cohort study to measure the incidence of

sports-related concussion.

Issues related to limited research and the design of epidemiological studies are not the only reasons
our knowledge of the burden of sports-related concussion in para sport is particularly limited. Lack of
education among athletes, coaches, sports organizations, and even medical professionals regarding
concussion recognition, assessment, and management is also an issue (6,10). A study that surveyed
para athletes who participated in Wheelchair Basketball found that as many as 44% of athletes who
experienced a sports-related concussion did not report it (46). Among athletes surveyed, the three most
common reasons for failing to report a concussion consisted of: firstly, not wanting to be removed from
the game; secondly, not thinking the injury was serious enough; and lastly, not knowing whether it was
indeed a concussion (46). Another study found that athletes with vision impairment who had suffered
a concussion believed that better knowledge and awareness among their coaching staff could have
possibly prevented their concussion (10). Finally, during the Rio 2016 Paralympics as previously
described, no concussions were reported among team medical staff despite several incidents where
athletes were observed to suffer a blow to the head followed by unsteady gait (8). These findings
demonstrate the need for improved concussion education and diagnostic capacity amongst all parties

involved in para sport (8).

1.4 Concussion Management for Athletes with Vision Impairment

In November 2001, the first International Symposium on Concussion in Sport was held in Vienna,
Austria (47). The aim of this symposium was to provide recommendations for sport governing bodies

and health care providers on the epidemiology, assessment, management, and prevention of sport-
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related concussion primarily in ice hockey and football (47). The outcome of this symposium was a
consensus statement agreed upon by all concussion experts in attendance at the meeting (47). This group
would then go on to be known as the Concussion in Sport Group (47). Since then, the Concussion in
Sport Group (CISG) has hosted an international conference on concussion in sport approximately every
four years and has published four subsequent consensus statements on concussion in sport. Each
consensus statement was designed to build upon the principles outlined in the previous statements and
to develop further understanding of sport-related concussion using an expert consensus-based approach
(2,48-50). The most recent consensus statement on concussion in sport — the 2017 Berlin consensus
statement — currently ranks first out of all articles on sport-related concussion in citation density, with
an average of 161.5 citations per year (51). This finding indicates that the CISG consensus statements
are of tremendous interest to clinicians, researchers, and sport governing bodies as their work helps to

shape concussion policy from elite sport down to the grassroots level (52).

The CISG consensus statements have received worldwide recognition for their recommendations
pertaining to the management of sport-related concussion. However, every consensus statement thus
far has neglected to propose recommendations specific to concussion management in para athletes (16).
Out of the 202 written abstracts featured at the fifth International Consensus Conference on Concussion
in Sport, only two abstracts were specific to athletes with a disability (6). It is recognized that para
athletes have intrinsic and extrinsic risk factors related to their impairments that may make them more
susceptible to a sport-related concussion compared to able-bodied athletes (10). Considering the
growing number of para athletes competing in both elite and recreational sport, tailored concussion

recommendations for para athletes are needed more than ever (53).

To answer the call from medical professionals for the urgent need of a para sport concussion
consensus statement (54), the Concussion in Para Sport (CIPS) multidisciplinary expert group was

formed in 2020 (16). The goal of this expert group was to develop specific recommendations and
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guidance related to para athletes and their attending medical professionals in the event a para athlete
sustains a suspected concussion (16). For the creation of their first position statement on concussion in
para sport, the CIPS group was divided into the following four working groups: concussion assessment;
concussion management; return-to-sport (RTS) following concussion; and specific considerations

related to the different impairments in para athletes (16).

The following sections of this review will explore the current recommendations for the
management of concussion in para athletes, including recommendations from the CIPS group in
addition to guidance from other sources. Where there is available evidence, this review will also explore
specific recommendations for the management of concussion in para athletes who are blind or visually

impaired.

1.4.1 Assessment

As highlighted in the CISG’s Sport Concussion Assessment Tool 5, otherwise known as the SCATS,
the diagnosis of a concussion is a clinical judgement made by a medical professional (16,55).
Concussions are an evolving injury with rapidly changing clinical signs and symptoms — making them
among the most complex injuries in sports medicine to assess, diagnose, and manage (2). Currently,
there is no perfect diagnostic test or biomarker that clinicians can rely on for an immediate diagnosis
of concussion, and most concussions occur without a loss of consciousness or explicit neurological
signs (2). As a part of the overall assessment of concussion, a clinician may choose to substantiate their
clinical judgement by seeking the athlete’s previous medical history, information pertaining to previous
concussion diagnoses (if relevant), and additional information regarding the athlete from family
members or carers of the athlete (16). In addition, clinicians are also encouraged to inform their clinical

decision with the help of a variety of concussion assessment tools, including the SCATS5 as well as
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other assessment tools that assess concussion symptom severity, balance and neuropsychological (or

neurocognitive) outcomes (2,16).

The SCATS currently represents the most well-established and rigorously developed instrument
for sideline assessment for concussion (2,6,55). It consists of an immediate (i.e., on-field) assessment
section as well as an office (i.e., off-field) assessment section (55). The on-field assessment is
comprised of the following: a list of “Red Flags” and observable signs for clinicians to look out for
(i.e., these signs may indicate a serious and potentially fatal brain injury), a memory assessment (i.e.,
Maddocks questions), an examination of the best eye, verbal, and motor responses (i.e., Glasgow Coma
Scale), and a cervical spine assessment (56). The off-field assessment includes the following: an
evaluation of the athlete’s previous medical history and background, a symptom evaluation, a cognitive
screening portion to assess the athlete’s orientation, immediate memory, and concentration, a
neurological screening evaluation, a balance examination (i.e., using the modified Balance Error

Scoring System, mBESS), and lastly a delayed recall assessment (56).

Although the SCAT5 encompasses a multitude of different domains in the evaluation of a
suspected concussion, both the Concussion in Sport Group and Concussion in Para Sport group
emphasize that the SCAT5 should not be used in and of itself to make or exclude the diagnosis of
concussion (2,16). This is because an athlete may still have a concussion even if their SCATS5 is found
to be ‘normal’ (16). It is also well documented that there could be a delayed-onset of symptoms
following a suspected concussion injury, therefore, follow-up serial evaluation a few hours following
injury should be considered regardless of a ‘normal’ sideline screening test (2,16). Ultimately, if the
clinician has concerns regarding the concussion sideline assessment result, they should exercise
discretion and remove the athlete from play (2). The clinician could also consider assessing additional

domains that could add to the clinical utility of the SCAT5 such as measuring clinical reaction time,
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assessing balance and gait, and observing video footage of the suspected concussion injury if available

).

The CIPS group states that concussion in the para athlete population should, to the extent possible,
be managed according to existing concussion consensus guidelines (16). However, in a survey
conducted at the 2015 CP Football World Championships, only 29% of all medical professionals
surveyed reported having used concussion assessment tools in a para athlete following suspected
concussion (54). The apparent inconsistent use of concussion assessment tools in para athletes could be
for a variety of reasons. To start with, even though a systematic review was performed to inform the
development of the most recent SCATS5, the review did not consider examining the utility of the SCAT
in athletes with disabilities (6,57). As para athletes were not considered in the creation of the SCATS5,
medical providers are advised to interpret the results from SCATS5 assessments with caution — in
recognition that the instrument is not validated for use in para athletes, nor was it created with para
athletes in mind (16). Another reason for the inconsistent use of existing concussion assessment tools
is that clinicians face difficulties when applying and adapting existing able-bodied concussion
assessment and management guidelines to para athletes (16). This finding was highlighted in the survey
study discussed earlier where 50% of clinicians stated that performing cognitive assessments in para
athletes with CP was difficult (54). Additionally, existing concussion recognition and assessment tools
assume certain ‘normal’ athlete functions to complete these assessments, such as the ability of the
athlete to read, to see, to hear, and to understand with competence (16,55,58). It should be recognized
that the ability to read, to see, to hear, and to understand may already be impaired for certain para
athletes (16). Typical concussion symptoms that are being evaluated in the SCAT5 such as double
vision, gait difficulties, and balance issues among others, may be characteristic of the para athlete’s

pre-existing impairment and not the result of a concussive injury (6,16).
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Considering the Child SCAT was developed to address the controversial issues of concussion
diagnosis and management in the pediatric population not addressed by the original SCAT, it would be
reasonable to suggest that specific guidelines for athletes with impairments should also be developed
(59,60). In the absence of concussion assessment tools specifically for use in para athletes, the
Concussion in Para Sport group recently created sport-specific impairment type recommendations by
evaluating the ‘immediate or on-field assessment’ and the ‘office or off-field assessment’ sections of
the existing SCAT5 (16). The purpose of these recommendations was to provide clinicians with
potential considerations and/or modifications to the existing SCAT5 when using this assessment tool

in para athlete populations (16).

In terms of specific considerations for the use of the SCATS in athletes who are blind or visually
impaired, the CIPS group divided their recommendations into three categories based on the level of
vision impairment as follows: athletes with impaired vision, athletes with absent vision, and athletes
with globe absent (16). For specific considerations into the suitability of the SCATS5 for athletes with
physical and/or intellectual impairments, refer to the supplemental material at the end of the Concussion

in Para Sport group’s first position statement on concussion in para sport manuscript (16).

For the immediate assessment section of the SCAT5 for athletes with impaired vision, it is
recommended that ‘Red Flags’ and observable signs of concussion such as ‘double vision’, ‘balance/
gait difficulties/ motor coordination’, and ‘blank or vacant look’ be interpreted with an additional
degree of caution (16). Additional caution is also needed in the interpretation of ‘facial injury after head
trauma’, as the athlete may have experienced a previous traumatic injury affecting the eye and/or face
prior to the head injury (16). Many of these observable signs could be a manifestation of the para
athlete’s impaired vision, highlighting the importance of documenting the para athlete’s pre-injury
status and level of vision impairment (16). It is also noted that hearing may also be affected in a small

proportion of ocular conditions, and the clinician should ensure the athlete’s hearing is adequate before
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they carry out the memory assessment (16). When it comes to the off-field assessment section, blurred
vision, balance problems, and sensitivity to light are concussion symptoms that should also be

interpreted with care in this population, as these symptoms may be pre-existing (16).

For athletes with absent vision, it is recommended medical professionals do not consider ‘double
vision’ or ‘blank or vacant look’ an observable sign of concussion whatsoever (16). Both of these
observable signs typically associated with concussion in able-bodied athletes are either pre-existing or
are not possible to interpret in para athletes with absent vision (16). In terms of the off-field assessment
section of the SCATS5, when performing neurological screening and balance examinations in athletes
with absent vision, it is important for clinicians to recognize that baseline performance on any one of
these domains may be lower in this athlete subgroup (16). As an example, athletes with absent vision
may not be able to perform the ‘finger to nose coordination test” with as much accuracy as an able-
bodied person (16). For this reason, testing of this domain after a suspected concussion should be
compared to the athlete’s own performance at baseline rather than comparing their performance to how

an able-bodied athlete would perform on this test (16).

Experts have recommended removing assessments for ‘double vision’ and ‘blank or vacant look’
entirely from the SCAT5 when assessing athletes with globe absent (16). In addition, extra care should
be taken when assessing all aspects of the ‘best eye response’ as a part of the Glasgow Coma Scale
(GCYS) in this subgroup of para athletes (16). For instance, if an athlete has both globes absent, there
will likely be no response seen at baseline or post-concussion for ‘eye opening in response to pain’ or
‘eye opening to speech’ (16). In contrast, for athletes with one globe absent, the best eye response on
the GCS could still be reliable if athletes are able to perform eye opening assessments in response to
pain or speech (16). For other domains on the immediate and the off-field assessment sections of the
SCATS that should be interpreted with an added degree of caution, see the appendix section of the CIPS

group’s first position statement on concussion in para sport manuscript (16).



While the above recommendations provide a starting point for clinicians when they are assessing
for concussion in athletes with VI, the validity and reliability of any adaptations and modifications to
existing concussion assessment tools still need to be established (16). To accomplish this, more research
is required to understand how concussion typically presents in athletes with VI, which signs or
symptoms to look out for, and whether the pathophysiology of concussion in athletes with VI differs
from that in able-bodied athletes. A better understanding of how concussions manifest in athletes with
VI will help inform potential modifications to existing concussion assessment tools, and if necessary,

the creation of new concussion assessment tools for use in para athletes with VI.

1.4.2 Baseline Testing

A baseline test is a pre-season examination conducted by a trained health care professional before an
athlete begins training and competing for the season (61). Baseline testing typically includes an
evaluation of baseline concussion symptoms, a balance assessment, and a neurocognitive or
neuropsychological assessment (i.e., concentration, delayed recall, immediate memory, etc.) (61).
During the baseline test, it is important for the health care professional to consider whether there has
been a prior history of concussion for the athlete and whether there are any other medical conditions
that could impact recovery after concussion (i.e., history of migraines, depression, mood disorders,
anxiety, learning disabilities?, Attention Deficit/Hyperactivity Disorder, etc.) (61). Currently, baseline
testing is conducted using a battery of tests which often involve the use of the most recent SCAT5 as

well as other tests to assess concussion symptom severity, balance, and neuropsychological (or

2 There are differences in the meaning of the term “learning disability” in the United States of America (USA),
Canada, and Australia compared to the United Kingdom (UK). In the USA and in the context of the Centers for
Disease Control and Prevention (CDC), the term “learning disabilities” refers to people with specific learning
difficulties such as dyslexia.
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neurocognitive) outcomes such as the Immediate Post-Concussion Assessment and Cognitive Testing

(IMPACT) test, HeadMinder™, and CogSport™, among others (62).

According to the most recent CISG consensus statement, pre-season baseline testing of athletes
with the SCATS5 can be a helpful tool to allow for the comparison and interpretation of post-injury test
results (2,53,62). The CISG also recognizes that the symptom checklist on the SCAT5 demonstrates
clinical utility in tracking recovery from a concussion (2). However, the current consensus among most
medical experts is that while baseline testing may be useful, it is not necessary for interpreting post-
injury scores in able-bodied athletes (2). The argument for this stance on baseline testing is rooted in
the fact that the clinical value of SCAT testing when an athlete is well (i.e., not concussed) and
subsequent follow-up (i.e., post-concussion) is currently not endorsed by scientific evidence and is
neither validated in athletes in general nor in athlete subpopulations, such as athletes with impairments

(53,63).

While the validity and clinical utility of baseline testing is under question among medical experts
in able-bodied sport, experts on concussion in para sport recognize that there is value in baseline testing
especially in para athlete populations (16). Para sport concussion experts argue that routine baseline
testing is essential in establishing a baseline reference point for the assessment of concussion symptoms
in the future (16). Experts go on to say that baseline reference scores are more important for para athletes
than they are for able-bodied athletes, given the heightened need for para sport clinicians to distinguish
concussion symptoms from symptoms that may be pre-existing due to a para athlete’s underlying
impairment (16). Having a baseline reference point for a para athlete’s pre-injury cognitive, visual, and
physical abilities enables the clinician to have comprehensive understanding of the athlete’s baseline
function prior to head injury (16). Through the collection of baseline scores in para athletes, clinicians
are able to identify post-injury deviations from baseline, which in turn allows the clinician to diagnose

and manage concussion in the para athlete more effectively (16). Furthermore, repeating baseline
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testing, at least annually, would be beneficial in athletes with impairments due to progressive conditions

as their baseline symptom levels will change over time.

To determine whether the SCAT could be used to collect baseline pre-injury data in para athletes,
a study by Weiler et al. using the SCAT3 (i.e., the most current SCAT at the time) was conducted (53).
The study also sought to identify whether differences existed between baseline SCAT3 scores for
footballers with and without disability (53). The study population consisted of 249 English football
players where 185 were able-bodied athletes (male: 119; female: 66) and 64 were football players with
a disability (male learning disability® : 17; male cerebral palsy: 28; male blind: 10; female deaf: 9) (53).
England team physicians and physiotherapists performed standardized baseline SCAT3 assessments on
players when they were healthy (i.e., not concussed) (53). Results from this study found that compared
to able-bodied male footballers, non-concussed male footballers with a disability scored significantly
higher for symptom severity and male footballers with vision impairment scored significantly higher
for total number of symptoms (53). Thus, even when healthy, footballers with vision impairment tend
to experience significantly more symptoms typically indicative of a concussion and tend to experience

these symptoms more severely compared to footballers without disability (53).

In addition to experiencing symptoms differently, male footballers with vision impairment scored
significantly higher for total concentration and delayed recall compared to male footballers without
disability, meaning that athletes with VI performed better than their able-bodied counterparts for total
concentration and delayed recall (53). Furthermore, male footballers with vision impairment had

significantly higher total SCAT3 scores compared to male footballers without disability (53). The

% In the UK and in the context of the Weiler et al. (2018) publication, “learning disability” is synonymous with
the term “intellectual impairment”.
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results indicate that significant differences exist between non-concussed SCAT3 sub-scores for male

footballers with vision impairment and male footballers living without disability (53).

The finding that male footballers with VI scored significantly higher for total concentration and
delayed recall compared to male footballers without disability is consistent with literature that show
improved brain plasticity and neurocognitive function relative to persons without vision impairment
(64,65). Yet, male footballers with VI experienced significantly higher baseline concussion symptom
severity scores compared to male footballers without disability, suggesting that SCAT3 symptoms are
a more normal experience for footballers with VI (53). Although a relatively small population of
athletes with VI (i.e., only 10 athletes) participated in the study, the results demonstrated that baseline
testing results in para athletes with VI are important to collect. The study also underscored that baseline
testing results should be interpreted with an extra degree of caution because athletes with VI appear to
share many features with concussion at baseline when measured with the SCAT3 (53). While it is not
yet well understood how SCAT3 scores in athletes with VI may change when measured post-
concussion, the differences observed at baseline between athletes living with and without a disability
do not support the use of the entire SCAT3 as a concussion assessment tool for athletes with VI (53). It
is believed that the higher SCAT3 scores seen at baseline for athletes with VI may alter the sensitivity

and specificity of the test (53).

Recognizing that there is currently no concussion assessment tool designed specifically for use in
para athletes, clinicians are encouraged to use the most recent SCATS5 to the best of their ability when
obtaining baseline and post-injury scores in para athletes (16). Despite its limitations, the SCATS5 still
represents the most thoroughly developed instrument for sideline assessment of concussion (2,6,55).
Fortunately, one way to help clinicians with their interpretations of baseline and post-injury concussion
assessment scores in para athletes is through the collection of normative baseline scores. Most recently,

the preliminary results from one study by Zdziarski and colleagues found that para athletes reported an
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average of 5.0 £ 5.4 symptoms and an average symptom severity score of 11.0 £ 14.3 at baseline (66).
Given that the maximum number of symptoms that can be recorded on the SCATS5 is 22 and the highest
overall severity score that can be recorded is 132, the results from the previous study support findings
from Weiler et al. that para athletes can exhibit symptoms at baseline akin to those typically observed
post-concussion (66). One limitation to the Zdziarski et al. study was that it did not specify the
impairment classifications of the athletes involved in the study. Therefore, we are unable to extract
impairment specific trends from the normative baseline scores presented in the study. Nevertheless, the
results do provide a starting point which may aid clinicians in their interpretation of baseline and post-

injury scores amongst para athletes (66).

To summarize, there is conflicting opinion on the validity and clinical utility of comparing baseline
results on concussion assessment tools when an athlete is healthy against results that are obtained post-
concussion (53,63). While experts on concussion in para sport emphasize the importance of baseline
testing in para athletes to establish a baseline reference point for concussion symptoms in this
population, clinicians face additional challenges when trying to interpret baseline scores because the
best concussion assessment tool currently available (i.e., the SCAT5) is not entirely suitable for
capturing of baseline testing data in para athletes (16,53). Despite these problems, Weiler et al. and
Zdziarski et al. were able to demonstrate that para athletes in general exhibit more symptoms typically
indicative of concussion at baseline than their able-bodied counterparts (53,66). Future research should
prioritize the collection of normative baseline reference values in athletes with different types and
severities of vision impairment so normative scores can aid in the interpretation of baseline and post-

injury scores in athletes with V1 (66).
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1.4.3 Management, Return-to-School/Work, and Return-to-Sport

A recent systematic review of the literature in concussion management in able-bodied athletes
identified that sports medicine has not yet been able to develop a standardized protocol that clinicians
can use to optimally care for athletes (67). The review found that the parameters adopted for clinical
decision-making and management were variable and were based on a variety of clinical signs or scoring
outcomes with little uniformity in protocol (67). In para sport, concussion management is highly
variable, as demonstrated by a recent study examining the knowledge, attitudes, and beliefs regarding
concussion amongst team physicians and physiotherapists at the Cerebral Palsy (CP) Football World
Championships in 2015 (54). In this study, inherent difficulties were identified in the assessment and
management of concussion in para athletes and most participants recognized an urgent need for expert

clinical guidance in this population (54).

In their manuscript, the Concussion in Para Sport group outlines that once a concussion is
suspected to have occurred, the para athlete should be promptly removed from the game or practice for
further concussion assessment and to prevent additional harm (16). If a concussion diagnosis has been
confirmed using a concussion assessment tool, or the clinician has concerns about the para athlete’s
well-being following a possible head injury, the clinician should err on the side of caution and instruct
the para athlete to engage in both cognitive and physical rest for a period of 24-48 hours (16). From
there, the athlete should progress through a period of active rest that includes a gradual and incremental
increase in activity (16). During this period of active rest, the para athlete should be monitored to ensure
they are staying below their cognitive and physical exacerbation thresholds (16). The active rest period
should then be followed by a graduated return to other non-sport related activities first such as work
and/or school (16). Finally, the para athlete can return-to-sport so long as there is no recurrence of

concussion symptoms (2,16). In the case of persistent concussion symptoms (i.e., symptoms that persist
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beyond 10-14 days in adults, or beyond 4 weeks in children), treatment should then be individualized

to best address the specific medical, physical, and psychosocial factors of that athlete’s injury (16).

Griffin and colleagues’ study, which explored the concussion knowledge amongst the heads of
medical services of the 15 participating countries at the CP Football World Championships in 2015,
found that several clinicians reported a faster return-to-play than advocated by the 2013 CISG
consensus statement (i.e., the most recent consensus statement at that time) (48,54,60). Among experts
were misconceptions related to concussion prevention as well as an unawareness of the existence of the
CISG’s concussion management and return-to-sport recommendations (6,60). Although the results
from this study were obtained in 2015, these results indicate that educational interventions may be
needed for medical providers who are not yet fully informed of the recommendations regarding return-

to-sport following concussion provided by the CISG and the CIPS group (60).

For para athletes with vision impairment, the Concussion in Para Sport expert group recommends
no variation from the standard acute management protocol endorsed by the CISG for able-bodied
athletes (16). However, when considering the ‘Return-to-school/work strategy’, experts argue that there
is evidence for increased cognitive exertion in athletes with vision impairment over sighted individuals
(16). Functional-imaging studies have shown that braille reading and other tactile discrimination tasks
can increase cognitive exertion in individuals with vision impairment and blindness compared to
sighted individuals (68,69). Due to this possible increased cognitive exertion in individuals with vision
impairment, it is recommended that athletes with VI introduce cognitively demanding tasks (i.e.,
schoolwork, computer use, work-related activities, etc.) more slowly into their daily routines to protect
from a recurrence or a worsening of concussion symptoms. In this way, athletes with VI can ease into
their return-to-work or return-to-school strategy and are better prepared for a gradual return-to-sport
without the increased cognitive exertion that could exacerbate concussion symptoms. It is also critically

important for athletes with VI of any level, from amateur to elite Paralympic athletes, to make a return-
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to-school or work before they return-to-sport (16). This is because returning to sport too early could
induce the recurrence of symptoms related to concussion such as blurred vision, sensitivity to light, and

visual fatigue more so than returning to school or work first (70).

In addition to the above recommendations provided by the experts in the CIPS group, the Canadian
Blind Sports Association (CBSA) established a working group to create return-to-school, return-to-
work, and return-to-sport resources specific to athletes who are visually impaired or blind (71). In terms
of return-to-school, the CBSA recommended schools provide additional classroom supports for student
athletes with VI who have recently experienced a concussion (70). Some of these classroom supports
include the following: reducing the intensity and duration of tasks for the student by breaking tasks
down into more manageable smaller chunks; taking acoustic considerations into account and providing
noise cancelling headphones to the student; and recognizing the need to temporarily avoid classrooms
that trigger sensory overload such as cooking classes, music classes and computer classes (70,72).
When considering return-to-work for adult athletes with VI, the CBSA developed a list of possible
accommodations for workplaces to consider including: taking lighting considerations into account and
suggesting the employee wears a hat or sunglasses indoors and is located away from bright light and
windows; making adaptations to printed documents such as increasing the print-size, contrast and
magnification; and encouraging self-advocacy among employees with V1 to explain the residual effects
of their concussion and what other accommodations may help (73). It should also be recognized that
everyone experiences concussion differently and the road to recovery is not always a linear path (74).
Some individuals may reach a full recovery in a matter of days with limited accommodations to their
school or work environment. Others who experience persistent concussion symptoms may require
accommaodations to their school, work, or daily lives for a longer period, and in some cases indefinitely

(74).
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For athletes with VI that compete with the assistance of a guide, the Concussion in Para Sport
group recommended that graduated return to training with their guide is important to simulate the
athlete’s sport-specific training and competition environment during normal sport activity (16). In
addition, the guide should monitor the athlete for signs suggesting recovery from concussion has not
yet been achieved, for example, if the guide notices the athlete’s balance is different from baseline (16).
In terms of the management of persistent concussion symptoms, athletes with vision impairment may
have reduced static balance and as a result, elements of vestibular rehabilitation and training may
require adaptation (75). There is also evidence that individuals with reduced visual performance may
have baseline chronic neck pain and consequently, elements of cervical-spine therapy may require
adaptation following concussion in athletes with VI (76). The CBSA resource on return-to-sport for
athletes with VI also indicates that an orientation and mobility (O&M) assessment performed by a
trained O&M specialist may provide an additional benefit for athletes with VI prior to returning to sport
(74). Orientation and mobility specialists coach individuals with vision impairment to travel through
their environment safely and independently and can also help to identify any post-concussion changes

in functioning (70,74).

The Concussion in Para Sport group emphasizes that clinicians must use the CISG return-to-sport
strategy with discretion as it does not consider the nuances associated with the para athlete (16). Experts
also suggest that if a clinician has concerns regarding the return-to-sport progression of a para athlete,
the clinician should err on the side of caution when making return-to-sport decisions (16). Clinicians
should consider whether a para athlete may need a longer initial period of physical/cognitive rest (i.e.,
over and above the 48 hours guideline) prior to starting their return-to-sport journey for impairment
specific reasons such as a history of previous central nervous system injury, impaired function at

baseline, or increased cognitive load during recovery (16).
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1.4.4 Education

The survey study described earlier by Griffin and colleagues found most clinicians at the CP Football
World Championships reported receiving at least some form of education regarding concussion and
stated that they had experienced managing para athletes with suspected concussion in the past (54,60).
While comprehensive concussion education is arguably most important among medical professionals,
as they are the designated and licensed health care providers for para athletes, knowledge of concussion
and its impact is also important for non-medically trained personnel such as team technical staff,
coaches, and para athletes. Given that there is lesser availability of specially trained personnel and
medical staff for para athletes during training and competition in comparison to able-bodied sport, there
may also be an added responsibility on the para athlete and technical and coaching staff to recognize
and report concussive symptoms themselves (16). Para athletes, coaches, and technical staff would
benefit from increased awareness of the signs and symptoms of concussion so that they are better able
to identify when a suspected concussion has occurred, remove the athlete from play as a precaution,

and contact a medical professional if none are present.

A study by Fagher et al. explored the perceptions of para athletes regarding their experiences with
sport-related injuries and risk factors by interviewing a group of 18 Swedish para athletes with a variety
of different impairments (77,78). A concerning result from the study was even though para athletes
recognized that injuries tend to get worse with more training, many cited that it is common for para
athletes to continue to train and compete even though they are in pain (77). Although para athletes
recognized that elite sport is inherently harmful and risky, there is often the perception in para sport
that pain is something athletes must learn to live with and accept (77). The findings from this study
suggest athletes may be less inclined to report injuries to their coaches and technical staff because of

the general understanding that pain and injury is a part of para sport. Hence, there is a need to educate
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para athletes, coaches, and technical staff on the dangers of sustaining a concussion and the advantages

of seeking medical attention early following a concussion to improve recovery outcomes.

The key to educating non-medically trained individuals about concussion is effective knowledge
translation (6). Without which, it is unlikely there will be good uptake of other concussion preventative
strategies such as safer play, protective equipment usage, and adherence to the rules (6). Education
strategies should be tailored towards the population you are trying to educate (16). For example,
education for para athletes with vision impairment regarding return-to-sport following concussion
should be in an accessible and athlete-friendly format (16). This can be achieved by providing resources
in braille and by ensuring online educational resources can be equipped with text-to-speech
functionality (16). For coaches and team technical staff, providing concussion education resources in a
format that they are most likely to engage with, such as online courses and resources may be most
effective (60). Coaches, technical staff, and para athletes should also be familiar with how to use the
Concussion Recognition Tool 5 (CRT5) to screen for suspected concussion, as this tool was created by
the CISG specifically for use by non-medically trained individuals (58). While the CRT5 is not yet
validated for use in para athlete populations, nor have recommendations and modifications for its use
in para athletes been identified, it is still a valuable tool to know how to use in the event there is no
person with medical expertise present on or around the field-of-play where a suspected concussion has

occurred.

Parachute Canada, a national concussion awareness campaign supported by the Public Health
Agency of Canada, has also developed resources to build concussion awareness amongst athletes,
coaches, trainers, parents, and caregivers (79). These resources are short in length (i.e., most are only
two to three pages), with larger font, and they are devoid of medical terminology such that the average
non-medically trained person can understand these resources to a full extent (79). There is also the

Concussion Awareness Training Tool (CATT), developed by experts in concussion research and

36



prevention, which offers a series of online educational modules and resources for medical professionals,
coaches, parents, athletes, schools, and workplaces (80). These educational modules are based upon the
established principles of the CISG, are no more than 2 hours in length, and are offered free of charge
(80). As for resources specific to athletes who are visually impaired or blind, the CBSA has developed
short infographics and one-page resources for return-to-school, return-to-work, and return-to-sport, as
previously discussed (71). These resources are an alternative to their more comprehensive several page
documents to make learning about return-to-sport following concussion more accessible to para

athletes, coaches, and team technical staff (71).

To promote the development of additional educational resources in VI para sport, future research
efforts should prioritize surveying athletes, technical staff, and coaches to understand their perceptions
of concussion and where the gaps exist in their knowledge of what to do following a suspected
concussion. With the increased knowledge of the common signs and symptoms of concussion and an
understanding of the dangers of concussion, it is the hope that all parties involved in para sport will

take concussion seriously and will be able to better identify concussion injuries as they occur.

1.5 Summary of Objectives

The primary objective of this thesis was to understand how concussions are currently assessed and
managed in elite para athletes with vision impairment, to start the process of establishing clinical
practice guidelines and critical research priorities in concussion management for elite athletes with V1.
The secondary objective of this thesis was to understand the perspectives, experiences, and knowledge
of elite athletes with VI and coaches concerning concussion in VI para sport. These objectives were
achieved through the completion of two studies, which are summarized in the following sections (1.5.1
to 1.5.2). The results of these studies will inform the development of evidence-based clinical practice

guidelines and improve concussion education in para sport.
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1.5.1 Study 1

The purpose of the first study was to understand how concussions are currently assessed and managed
in elite para athletes with vision impairment. This study used the classical Delphi survey technigque
whereby an open-ended questionnaire was developed, and medical and scientific experts were asked to
comment on concussion recognition, assessment, management, return-to-sport, and concussion
education practices used currently in VI para sport. A second-round survey was then developed, based
on the responses to the first-round questionnaire, to determine the level of agreement between medical

and scientific experts in VI para sport on clinical practice guidelines and critical research priorities.

1.5.2 Study 2

The second study was conducted to understand the perspectives, experiences, and knowledge of elite
athletes with VI and coaches concerning concussion in VI para sport. This study involved surveying
elite para athletes with VI and coaches on their experience with and knowledge of concussion
recognition, assessment, management, return-to-sport, and concussion education practices in VI para

sport.

1.6 Thesis Overview

The following thesis is composed of two studies that have been formatted as individual manuscripts to
be submitted for publication. These papers can be read independently or as part of the larger

dissertation.

Chapter 1 included a General Introduction (1.1), a literature review on Sport-Specific Concussion
Incidence in VI Para Sport (1.2), a review of the Challenges and Limitations of Current Epidemiological
Research (1.3), a review on Concussion Management for Athletes with Vision Impairment (1.4), a

Summary of Objectives (1.5), and a Thesis Overview (1.6). Chapters 2 — 3 detail the studies that were
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conducted and are presented as individual manuscripts. Chapter 4 includes a discussion of the

significance of both study results, a discussion of the limitations, as well as direction for future studies.
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Chapter 2
The Assessment and Management of Concussion in Elite Para Athletes

with Vision Impairment: a Delphi Study

2.1 Abstract
Purpose

The purpose of the Delphi study was to understand how concussions are currently assessed and
managed in elite para athletes with vision impairment (\V1), to move toward establishing expert
consensus on clinical practice guidelines and critical research priorities in concussion management

for elite athletes with VI.
Methods

A two-round Delphi study was conducted to solicit the opinions of healthcare professionals,
researchers, and administrators in VI para sport concerning concussion assessment and management
practices. Both surveys were developed in REDCap (81), a secure web application for building and
managing online surveys. For the first-round survey, 25 open-ended questions regarding concussion
recognition, assessment, management, return-to-sport, and concussion education practices were
included. Content analysis was used to group similar participant responses together, and from there,
themes were developed around similar responses. The second-round survey consisted of 43 statements
across three domains relating to recommended clinical practice guidelines, research priorities, and
perspectives/experiences when working in concussion management for athletes with VI. Participants
were asked to rate each statement using a five-point Likert scale. Expert consensus was defined as 80%
or more of participants either agreeing/strongly agreeing, disagreeing/strongly disagreeing, or

remaining neutral with a statement.
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Results

Eight out of the nine interested participants completed the first-round survey; seven of those completed
the second-round survey. In Round 1, half of the participants (n = 4) were from countries in Europe.
The other half (n = 4) were from countries in North America. Five out of eight participants were sports

medicine physicians and the remaining three participants had a background in physical therapy.

Experts came to a consensus that observable signs, reported symptoms, mechanism of injury, and
behavioural changes from normal are essential when determining if an athlete with VI has sustained a
concussion. Experts also identified that V1 athletes may exhibit different observable signs of concussion
(e.g., lack of blank look, balance issues at baseline, etc.) compared to able-bodied athletes. Experts
unanimously agreed that pre-season baseline testing is necessary for para athletes with V1. While most
experts (86%) agreed the SCATS5 currently represents the most effective assessment tool available for
the evaluation of suspected concussion, one expert disagreed and explained that the SCAT5 is too
complex for regular sideline use. Some experts suggested prescribing a longer period of initial rest or
doubling the time between return-to-sport steps for athletes with VI. Findings from our study suggest
that there is minimal concussion education targeted to non-medically trained personnel in VI para sport.
Experts came to a unanimous consensus that there is a lack of after-care in VI para sport in addition to
the lack of on-site medical support. The validation of existing assessment tools was highlighted as an
important research priority (=86% consensus), whereas the need to develop entirely new assessment,

management, and return-to-sport protocols was not considered necessary.
Conclusion

There was strong agreement among experts that understanding the VI athlete’s pre-existing condition
and conducting baseline testing prior to the start of every season is vital to assess for any change after

a possible head injury. Critically needed in VI para sport is the investment in the provision of on-site
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and on-going medical support and concussion education to improve the recognition of concussion

injuries in athletes with VI .

2.2 Introduction

A sport-related concussion is a type of mild traumatic brain injury induced by biomechanical forces
(2). A concussion may be caused by either a direct blow to the head, face, neck, or elsewhere on the
body with an impulsive force transmitted to the head (2,82). Concussions typically lead to a range of
signs and symptoms that tend to resolve spontaneously within a period of 1-4 weeks following injury

(2,83).

Concussions are among the most challenging sports-related injuries to evaluate and manage due
to the lack of laboratory biomarkers and the insufficient sensitivity of diagnostic imaging (84). For the
evaluation and management of athletes with suspected concussions, clinicians typically rely on recent
concussion consensus statements and guidelines developed by groups such as the Concussion in Sport
Group (CISG) and the American Academy of Neurology, among others (2,85). Unfortunately, existing
consensus statements and guidelines do not provide guidance for the assessment and management of

concussions in para athlete populations (53).

Injury surveillance studies have demonstrated that head and neck injuries are as prevalent in para
sport as they are in able-bodied sport (14,86). A recent prospective cohort study found that athletes with
VI reported a significantly higher incidence proportion and a significantly higher incidence rate of
concussion compared to athletes of other impairment types (i.e., athletes with physical impairments and
athletes with intellectual impairments) (10). Researchers also found that almost two-thirds (62%) of all
sports-related concussions over a period of 52 weeks occurred among athletes participating in VI para
sports, even though athletes with vision impairment only accounted for approximately 21% of all

athletes who participated in the study (10).
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Concussion assessment and management practices in VI para sport are not documented in the
scientific literature. Apart from the Concussion in Para Sport (CIPS) group’s first position statement
published in April 2021 (16), there are no specific clinical practice guidelines or recommendations for
healthcare professionals that assess, manage, and treat concussions in athletes with vision impairment.
Clinicians are left with no other choice but to adapt existing guidelines intended for use in able-bodied
populations for use in para athlete populations (16). Symptoms intrinsic to pre-existing conditions in
para athletes (e.g., vision impairment, double vision, poor balance, etc.) are also commonly seen in
athletes suffering from a concussion (10), which makes the assessment and management of concussion

more challenging in the para athlete population.

The purpose of the present Delphi study was to understand how concussions are currently assessed
and managed in elite para athletes with vision impairment. This study will identify areas where experts
agree and uncover areas where further investigation is needed to guide the development of future VI-

specific clinical practice guidelines for concussion assessment and management in para sport.

2.3 Methods

2.3.1 Participants

All participants were required to have expertise in concussion management of elite para athletes with
vision impairment, either as a healthcare professional, researcher, or administrator in para sport.
Different from traditional survey designs that use a random sample representative of a target population,
Delphi studies employ a limited number of ‘experts’ based on set inclusion criteria (87). While there is
no consensus in the literature on the optimal number of participants to include in a Delphi study,
Delbecq et al. have recommended the use of a minimally sufficient number of subjects to obtain a
heterogenous sample of responses (88,89). Given the lesser availability of medical professionals for

elite para athletes in comparison to able-bodied athletes (16), we aimed to recruit 10 participants.
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To identify appropriate participants for inclusion in the study, representatives from the
International Paralympic Committee (IPC) Medical Committee, the International Blind Sports
Federation (IBSA) Medical Committee, the Canadian Blind Sports Association (CBSA), and the
Concussion in Para Sport (CIPS) group were contacted. Once participants were identified, IPC and
IBSA Medical Committees, the CBSA, and the CIPS group were requested to forward the study
recruitment letter and study information letter to individuals that best met the inclusion criteria

(described below). Participants responded by email to indicate their interest to participate in the study.

2.3.1.1 Inclusion Criteria

Participants were eligible for participation in the study if they met the following criteria:

. Current or former healthcare professional, researcher, or administrator in para sport (i.e., sports
medicine physician, team physician, physiotherapist, occupational therapist, researcher in

sports medicine, researcher in physical therapy, etc.),

. Have experience working with elite para athletes with vision impairment who have suffered a

sport-related concussion,
. Be over 18 years of age,

. Have sufficient English language proficiency to understand and complete web-based

guestionnaires in English,

. Can commit to completing three web-based questionnaires over the course of a 9-12-month

period.

Participants were considered ‘experts’ in the field of concussion management in athletes with
vision impairment if they met the above criteria. When recruiting participants for a Delphi study, a
heterogenous sample of experts is encouraged to ensure that the entire spectrum of opinion can be
collected (90). To obtain a heterogenous sample of experts for this study, different types of healthcare
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professionals and researchers were encouraged to participate including team physicians, tournament
physicians, researchers, senior sport administrators, physiotherapists, and occupational therapists. To
further increase heterogeneity of opinion, every effort was made to recruit experts from different

continents and from different VI para sports.

2.3.2 Study Procedure

Participants were asked to independently complete up to three rounds of web-based questionnaires.
Two rounds of questionnaires have been completed. REDCap, an electronic data capture tool hosted
at the University of Waterloo, School of Optometry and Vision Science, was used to create
questionnaires, and collect and manage survey data (81,91). The study received ethics clearance from

the Office of Research Ethics at the University of Waterloo (ORE #42172).

2.3.2.1 Online Consent Form

Once a participant indicated their interest to participate in the study, they were assigned a participant
number and sent their unique link to Round 1 of the survey by email. Before participants were able to
complete Round 1 of the survey, they were taken to an online consent form. If participants consented
to participate in the study, they were immediately able to complete the Round 1 questionnaire. If
consent was not provided, an appreciation message appeared thanking them for their consideration of
participating in the study and they were not able to view the first round of the survey. If at any point
the participant wished to withdraw from the study, they could do so by closing the survey and exiting
their web browser. If a participant chose to withdraw from the study, their responses up until the point
where they chose to withdraw would be saved into REDCap. In this scenario, all survey response data
collected from a participant who withdrew would be discarded and not included in the data analysis
phase. Only survey responses where the participant selected the ‘Submit’ button at the bottom of the

questionnaire form was included in the data analysis.
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2.3.2.2 Round 1 Questionnaire

The Round 1 questionnaire opened March 18th, 2021, and closed on July 31st, 2021. The estimated
time for participants to complete the questionnaire was 45-60 minutes. It was recommended for
participants to complete the survey within 2-3 weeks of receiving the survey link. The Round 1
guestionnaire was kept open for longer than the usual period due to the COVID-19-related delay of the

Tokyo 2020 Paralympic Games, which made recruitment challenging.

The first round of a Delphi study traditionally begins with open-ended questions to collect specific
information about a content area of interest from a group of experts (88,92). For the present study, the
first round of the survey consisted of 25 open-ended questions, and participants were asked to provide
written answers to each question. Questions for Round 1 were formulated based on a review of the
literature on concussion management in VI para sport and through consultation with experts from the
IPC Medical Committee. None of the experts who assisted in formulating the first round of the survey
participated in the study. The questions were divided into five broad topics related to concussion
management in athletes with vision impairment. The five topic areas and the number of questions in
each topic included in the Round 1 questionnaire are described in Table 2.1. Participants could skip

over any question(s) they did not wish to answer by leaving the appropriate text box blank.

Table 2.1: Round 1 questionnaire topic areas and the number of questions on each topic.

Topic number Topic name Number of questions per topic
1 Concussion Recognition and Response 5
2 Concussion Assessment 6
3 Concussion Management 5
4 Return-to-sport 5
5 Concussion Education 4
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Once Round 1 of the survey closed, the research team analyzed the results from Round 1 to inform
the development of the Round 2 questionnaire. An anonymized list of the responses to each question
from the first round was created and the research team used a qualitative approach, namely content
analysis, to analyze the survey response data. The Round 2 questionnaire was designed based on

participant responses in Round 1.

2.3.2.3 Round 2 Questionnaire

The Round 2 questionnaire opened November 4th, 2021, and closed December 15th, 2021. Participants
were notified by email that the Round 2 questionnaire was available and were provided with the link to
the questionnaire. The estimated time for participants to complete this questionnaire was 10-15 minutes.
The second round of a Delphi study involves participants independently rating statements using a set
scale to establish the level of importance and/or agreement on all statements (88). For this study, a five-
point Likert scale was used. The Likert scale used in this round of the survey is shown in Table 2.2.
Participants were asked to rate each statement from either ‘Very important’ to ‘Not important” or from
‘Strongly agree’ to ‘Strongly disagree’, depending on how the statements were phrased. There was one
exception, where participants were instead asked to identify whether ‘New tools are urgently needed’
or whether the ‘Current tools work fine’. If a participant was uncertain about the answer to a statement
or they believed they were unqualified to answer, they could leave the answer blank or select the radio
button ‘Uncertain / Unqualified to answer’. This option was added in the event a participant felt they
needed further clarification on a particular statement, or, if the participant was not directly involved in
the assessment and management of concussion in para athletes with VI and therefore unable to provide

an opinion.
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Table 2.2: Likert scale value for each response selected on the Round 2 questionnaire.

le\?;:usgale Level of importance Level of agreement New tools needed?
0 Uncertain / Unqualified | Uncertain / Unqualified Uncertain / Unqualified to
to answer to answer answer

1 Not important Strongly disagree Current tools work fine

2 Less important Disagree Current tools are mostly okay

3 Neutral Neutral Current_ tpols_ with necessary
modifications are okay

4 Important Agree New tools would be helpful

5 Very important Strongly agree New tools are urgently needed

The Round 2 questionnaire consisted of 43 statements in total. Statements were created from

responses obtained in the Round 1 questionnaire. The statements were divided into three broad

domains. The three domains and the number of statements in each domain are described in Table 2.3.

A free-text response option was available to participants within each domain, providing participants

the opportunity to comment on the wording of the statements, or elaborate on their responses. Further,

an additional free-text response option was included in the Critical Research Priorities and Future

Directions domain to give participants the opportunity to identify other critical research priorities that

need to be addressed.

Table 2.3: Round 2 questionnaire domains and the number of statements in each domain.

Domain . Number of
Domain name
number statements
1 Recommended Clinical Practice Guidelines 25
2 Critical Research Priorities and Future Directions 8
3 Perspectives and Experiences when Working in Concussion 10
Management for Athletes with VI
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2.3.3 Analysis

Anonymized data were compiled in REDCap and exported as a CSV file to Microsoft Excel. The
research team used content analysis to analyze the anonymized list of responses to each question in
Round 1. Content analysis consisted of grouping similar responses together and developing themes
around similar responses in the same area of interest (87). The grouping of responses was initially
completed by one member of the research group (Juliette Teodoro) and was subsequently reviewed by
the other two (Dalton and Irving). Similar responses were collapsed into one statement, and wording
was kept as true to the original responses as possible (87). Unique responses provided by experts were

kept as originally worded and are included in the results section as anonymized expert quotations.

The frequency and percentage of each of the responses to each of the statements from Round 2
were calculated to determine whether a given statement reached consensus or not. The Delphi method
defines consensus based on a chosen percentage of the expert panel that agrees on a given statement
(93). For this study, expert consensus was defined as 80% or more of participants either
agreeing/strongly agreeing (or equivalent), disagreeing/strongly disagreeing (or equivalent), or
remaining neutral with a statement. A conservative 80% consensus threshold was chosen because we
anticipated 10 or fewer participants taking part in the study. All ‘Uncertain / Unqualified to answer’
responses in Round 2 were excluded from the group response. This was done to ensure that the reported
percentage agreement or disagreement (or equivalent) for each statement represented the consensus

among only participants who felt confident with their answer.

Demographic data of participants (i.e., role in VI para sport and continent of origin) were collected
in both rounds to give an overall profile of the expert panel (87). Demographic data for each participant
was presented as a frequency and percentage of the total population of participants to ensure participant

anonymity and confidentiality were maintained in the publication of results.
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2.4 Results

2.4.1 Population Demographics

Initially, nine experts expressed interest in taking part in the present study. Eight out of the nine
interested participants completed Round 1. Seven out of eight participants completed Round 2. In
Round 1, half of the participants (n = 4) were from countries in Europe while the other half (n = 4) were
from countries in North America. Five out of eight participants were sports medicine physicians while
the remaining three participants had a background in physical therapy. Participants had expertise in a
range of different VI para sports including Blind Football, Goalball, Para Judo, Para Alpine Skiing,

Para Nordic Skiing, and Para Cycling.

2.4.2 Round 1 Results

2.4.2.1 Concussion Recognition and Response

Participants gave a variety of answers in terms of their perceived frequency of concussion injury in VI

para sport. Some participants found concussions to be rather common. One expert stated the following:

“My observation is multiple alleged cases during every competition (e.g., World

Champs/Games) and series of events (e.g., match).”
Others found concussions to be more uncommon in VI para sport. For example:
“1 athlete in 3 years.”
Another expert recognized that concussions also occur outside of elite VI para sport settings.

“My athlete has experienced minor concussive injuries in other leisure sport/activities (i.e.,

mountain biking, ski-doo) on two occasions.”

Refer to Figure 2.1 for a summary of the key observations to consider when investigating

concussions in VI athletes. All eight experts agreed that reported symptoms by the VI athlete must be
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considered when investigating a suspected concussion injury. Most participants (7/8) also stated that
the mechanism of injury is another key aspect to consider. Observable signs were also considered
important by several experts (6/8) and four experts added that behavioural deviations from normal are

another key aspect to consider. One expert added:

“In recent years, | have been more and more aware of the importance of behavioural deviations
from the norm, and have seen short-lived personality changes from players with VI who have

sustained a concussion.”

A different expert recognized that VI athletes may have different observable signs of concussion

compared to able-bodied athletes. For example:

“VI athletes seem to pick themselves up as quick as they can to continue playing sport (in my
experience) sometimes making it impossible to even assess them. They often don't have a blank

look and balance issues after getting up are not uncommon.”

Key observations to consider when investigating concussion in VI
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Figure 2.1: Key observations to consider when investigating suspected concussions in athletes with
VL.
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Participants were asked to consider a scenario describing an athlete with VI experiencing a hard
fall on the field of play without any medical professionals around and subsequently asked participants
to describe what they think would happen next. All eight participants expressed that the VI athlete
would be removed from play even if there were no medical professionals on the sidelines. Most experts

(5/8) described that the athlete would be immediately sent for a medical concussion assessment.

“The athlete is removed from play immediately and a concussion assessment is started
immediately if there is a medical professional present, or the athlete is sent for a concussion

assessment by a medical professional otherwise.”

The remaining three experts believed that the athlete would not be immediately sent for a medical

concussion assessment. One expert stated:

“From there | would imagine that they may not automatically seek a referral to a medical
professional and may only look to do so if there were issues that were more concerning from

their perspective (e.g., repeated nausea, constant headaches, etc.).”

2.4.2.2 Baseline Testing

Most participants (7/8) said their V1 athletes participated in baseline testing at the beginning of each
season. Experts stressed the importance of obtaining baseline testing measurements to understand their
athlete’s pre-existing condition and to be able to compare the baseline scores against post-injury scores

in the event of a concussive injury. One expert indicated:

“We aim to take baseline measures at the start of each season with all of the disability football

squads to provide us with data to compare any injured players with.”

To collect baseline testing data, six participants said they used the SCAT3/SCATS5 with their VI

athletes. Experts also said they used other tests such as the Vestibular/Ocular Motor Screening (VOMS)
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assessment, balance tests, symptom screening tests, and visual tests to understand their athletes’

baseline performance.

“Yes we perform baseline testing at the beginning of each season including full SCAT5, VOMS

(and King Devick - but not with VI athletes).”

“Pupillary dilation reflexes are noted at baseline to be able to properly assess a change after a

possible head injury.”
One participant highlighted that baseline testing may not be conducted as often as expected in VI
para sport.

“[Baseline testing] happens rarely, [baseline testing] is not systematically implemented.”

2.4.2.3 Assessment

Most participants (7/8) indicated that the team physician typically conducts the concussion assessment
for athletes with VI. Six experts identified that the team physiotherapist or an emergency medical

professional would typically aid the team physician with administering the concussion assessment.

“If the team physician is traveling with the team, it will usually be the team physician assessing.
Otherwise, it will be the physiotherapist who performs the concussion assessment and

communicates with the team physician through email/video chat, etc.”
Two participants acknowledged that not all para sport teams have access to a team physician.
“Not all teams have MD on site, thus assessment often falls on shoulder of physio or coach.”

Refer to Figure 2.2 for an illustration of the number of participants that use each type of concussion

assessment tool. Most participants (7/8) said they used the SCAT5 with athletes under their care. Three
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experts identified that they used other concussion assessment tools in addition to the SCAT5 including

the Glasgow Coma Scale (GCS), balance testing, and the VOMS assessment.

Concussion assessment tools used for athletes with VI

Frequency of participants

VOMS Balance testing

1 -
0
SCATS GCS

Concussion assessment tools

Figure 2.2: Concussion assessment tools used for athletes with VI.

Some experts (4/8) stated that there are sections of the SCAT5 and components of the VOMS that
are not appropriate for use in athletes with VI. Examples of how the SCAT5 and the VOMS were

modified for use with VI athletes follow:

“The athlete is verbally asked to rank the items of the SCAT symptom scale instead of reading

them him/her-self.”

“The VOMS is modified to include what the athlete is capable of doing depending on their visual

impairment.”

One expert offered their opinion on the drawbacks and the advantages of using existing concussion

assessment tools for athletes with V1.
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“I have never known if the tests we use are valid and reliable, so I have always had doubts about
my own assessment and advice. | think maybe this is healthy as it tends to make you consider
each case more deeply and come to a cautious and safe decision. My own national support teams

have always been supportive to me personally, but I don’t know about other medical staff.”

2.4.2.4 Management

Five out of eight participants expressed that for the acute management of concussion in athletes with
VI, there are no specific management strategies outside those recommended by the Concussion in Sport

Group.

“l have not had to use any specific concussion management strategies to assist my VI players
recover from their concussion. The Graded Return to Play process has been sufficient (allied to

physical and cognitive rest).”

Three experts added that modifications to physical therapy and vestibular rehabilitation should be

considered case-by-case, depending on the athlete and their circumstance.

“Vestibular rehab is modified to the athlete’s visual abilities if necessary. Otherwise

therapies/exercises are largely un-modified.”

Two participants expressed that a VI athlete may be referred to his/her individual physician should
the athlete require medical assistance beyond the time they are training and/or competing with the
national team. However, another two experts acknowledged that professional after-care is likely

missing in VI para sport. For example:

“[...] a certain level of self-care/self-management by athletes with an impairment, and thus

professional after-care might be missing.”
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2.4.2.5 Return-to-Sport

Most participants (7/8) stated that a VI athlete is safe to return to sport once they have successfully
progressed through a multi-staged return-to-play concussion protocol. Two experts indicated that a VI
athlete is considered safe to return to sport once their post-concussion injury score returns to baseline.
Six participants added that in addition to following a multi-staged return-to-play protocol, the athlete

should be asymptomatic. One participant stated:

“We follow our concussion return to sport protocol (ensuring the athlete no longer has

reproduction of [concussion] signs or symptoms with gradually increasing activities).”

Participants (3/8) highlighted the importance of following a graded return-to-sport process that is

as sport-specific as possible.

“We follow the SCATS5 in order to determine RTP. As part of this there is a graded process,
and we ensure that this is as sport-specific as possible (e.g., the running drills are to be done on

the football pitch, etc.).”

Experts also indicated that they use other strategies in addition to a graded return-to-sport protocol

to determine when an athlete can safely return to sport. For example:

“We use SCAT5, VOMS, and physical exertion tests (cardio and strength output), and then
gradual return to the sport in question starting with dry-land training ---> sport-specific training

---> competition.”

Some participants (3/8) reported that return-to-sport strategies are slightly modified for athletes
with VI, but that there are no major modifications to the return-to-sport process. Two participants

suggested increasing the amount of time between return-to-sport stages:

“We have modified these slightly by taking longer [at each stage of the return-to-sport protocol]

than the maximum speed recommended [by the] SCATS.”
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2.4.2.6 Concussion Education

All eight participants expressed that concussion education is extremely important for non-medically

trained individuals (e.g., athletes and coaches). Two experts stated the following:

“[Concussion education is of] utmost importance and to be prioritized (also in absence of medical

support in some teams / at some competitions).”

“I think athlete and coach education are essential to improve attitudes/behaviours and take this

serious injury more seriously.”

Some experts added that VI athletes and coaches do not need to know everything about

concussions, but should understand the following:

“l don't think they need to know everything [about concussions] but [athletes and coaches] do
need to understand why it is so important and the unwanted repercussions and dangers that can

develop if not managed properly or if symptoms are concealed.”

Experts also identified that currently, there are knowledge gaps related to concussion among the
wider para sport population, and that there is minimal education targeted to athletes and coaches in

particular.

“[Concussion] is too often downplayed by athletes/ support personnel — to some extent also by
(International) Federation / Event Organizer (due to related expenses, e.g., having qualified

physician on-site).”

One expert stated that there is still much more work that needs to be conducted in the field of

concussion assessment and management in para athletes with VI. They explained:

“T think VT concussion knowledge has much more work to do in order to have quality information

to share. At the moment we are adapting guidance for sighted athletes and this seems to be the
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best we can do currently. It makes you wonder how safe our practice is, but we are tied by the

lack of guidance/knowledge.”

2.4.3 Round 2 Results

2.4.3.1 Recommended Clinical Practice Guidelines

Table 2.4 and 2.5 describe whether consensus was achieved for each statement included in the
Recommended Clinical Practice Guidelines domain, and the percentage of participants who agreed with
each statement. Consensus was achieved for 88.0% (n = 22) of the 25 statements in this domain. On

three of the statements, experts did not agree.
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Table 2.4: Responses to statements included in the Recommended Clinical Practice Guidelines domain.

Statements )
Consensus achieved (YES/NO), % Agreement

Domain 1: Recommended Clinical Practice Guidelines

Key observations to consider when investigating a suspected concussion in an athlete with VI:

Reported symptoms YES, 100%
Mechanism of injury YES, 100%
Observable signs YES, 100%
Behaviour deviations from normal YES, 86%

YES, 100%

Input from staff/individuals involved with the squad/team

Team technical staff (coaches, trainers, guides, etc.) should be educated on recognizing suspected concussion using concussion recognition tools (eg, CRT5).

YES, 86%

If concussion is suspected in an athlete on an opposing team and there are no medically trained professionals to provide an assessment on the opposition's team, who should
intervene and assess the athlete?

Medical staff provided by the IPC YES, 86%
Medical staff provided by local event organization committee YES, 86%
Referee (with concussion screening training) NO, 57%

NO, 43%

Medical staff from the other team

The SCATS5 with necessary modifications/considerations for athletes with VI (see recent Concussion in Para Sport group position statement) currently represents the most effective
tool available for assessment of suspected concussion in athletes with VI.

YES, 86%
Routine baseline pre-participation examinations are essential in athletes with VI for the following reasons:
To establish a point of reference of the athlete's baseline function YES, 100%
To be able to compare pre-injury results with post-concussion results YES, 100%
To be able to manage the athlete with VI more effectively if concussion is diagnosed YES, 86%
In making return-to-sport decisions, to determine when the athlete has returned to baseline / pre-injury levels YES, 86%
YES, 0%

tPre-participation examinations are not necessary
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Table 2.5 (continued from Table 2.4): Responses to statements included in the Recommended Clinical Practice Guidelines domain.

Statements .
Consensus achieved (YES/NO), % Agreement

Domain 1: Recommended Clinical Practice Guidelines

Concussion management strategies for athletes with VI remain largely un-modified from those recommended for use in able-bodied athletes (eg, Graded Return to Play
process, targeted physical therapy, vestibular rehabilitation, etc.), apart from having to adapt management protocols to suit the athlete's visual abilities if necessary.

YES, 86%

An athlete with VI is safe to return to sport if both are true:

a. The athlete has followed a graded return-to-sport protocol and has ‘passed’ each stage with no recurrence of concussion symptoms, and;
b. The athlete is symptom-free, or baseline is back to where it was pre-injury.

YES, 100%

How important are each of the following concussion education topics for non-medically trained individuals (eg, athletes, coaches, guides, etc.)?

Knowledge of the unwanted repercussions and dangers of concussion if not managed properly or if symptoms

are concealed YES, 100%
Knowledge of what to look for and how to recognize concussion signs/symptoms YES, 100%
Knowledge of the importance and implementation of a properly followed protocol in the event of a head injury YES, 100%
Knowledge of concussion assessment tools NO, 71%

Knowledge of concussion management strategies YES, 100%
Knowledge of return-to-sport protocols YES, 100%
*Knowledge of concussion prevention strategies YES, 100%

tConsensus achieved, 100% of participants disagreed with the statement. *Statement only received six responses in total as opposed to seven.
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2.4.3.1.1 Best Assessment Practices for Teams Without Medical Support

Experts came to a consensus (~86% agreement) that medical staff provided by the IPC and medical
staff provided by local event organization committee would be appropriate individuals to provide an
assessment in the event the athlete does not have a medical team of their own. See Figure 2.3 for an

illustration of the relative agreement between participants on this collection of statements.
One participant provided additional feedback to the ‘Medical staff provided by the IPC’ statement

and suggested the following:

“‘Medical staff provided by the IPC’ should read ‘medical staff provided by the International

Federation (IF)’ (the IPC not necessarily is the IF, and will not be present at IF events).”

The panel did not reach the criterion for consensus on whether it would be appropriate for a referee
(with concussion screening training), and/or medical staff from the opposing team to intervene and

assess an athlete with VI.
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If concussion is suspected in an athlete on an opposing team and
there are no medically trained professionals to provide an assessment
on the opposition's team, who should intervene and assess the

athlete?
80% 0% 20%
Medical staff provided by the IPC 14%414
Medical staff provided by _loc-al event organization mu : 1%
commiittee
Referee (with concussion screening training) EUA 299 57%
Medical staff from the other team 4%14%m

m Strongly disagree ™ Disagree Neutral = Agree ™ Strongly agree

Figure 2.3: Relative agreement between participants on who should intervene and assess an athlete

if there are no medically trained professionals on their team to provide a concussion assessment.

Note: The red vertical lines at the 80% mark represents the 80% threshold needed for consensus to
be achieved.

2.4.3.1.2 Expert Opinions on the Use of the SCAT5 with VI Athletes

The expert panel reached consensus (~86%) in agreement that the SCAT5 with necessary modifications

currently represents the most effective concussion assessment tool for athletes with vision impairment.

One participant disagreed with the statement and provided the following feedback:

“[The SCATS5] is too large and unwieldy for regular sideline use. [...] Each iteration from SCAT1
to SCAT5 has added components and complexity without measured additional benefit for
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athletes, without evidence of improved discriminatory value over previous SCAT version nor
with improved clinical care of a concussed athlete. [...] In many areas of medicine, such as
venous thrombosis, the evidence consistently shows “clinical gestalt” is equal or better than the
multiple validated clinical tools. For concussion in VI athletes, knowing your athlete is better

than application of the SCATS.”

2.4.3.1.3 Education of Non-Medically Trained Individuals in Para Sport

Results for this collection of statements are presented in Figure 2.4. Six out of the seven concussion

education topics asked reached consensus ( > 80% agreement) on their level of importance.

The only concussion education topic that failed to reach consensus was the knowledge of
concussion assessment tools. ~71% of experts agreed that this was an important or very important
concussion education topic for non-medically trained individuals. One participant provided the

following feedback:

“Non medics need less knowledge of assessment tools but need to know they exist.”

Another participant offered an additional comment and wrote:

“My answers above are probably shaped by my deep seated beliefs that concussion education is

imperative and essential for all involved in sport.”
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How important are each of the following concussion education
topics for non-medically trained individuals (eg, athletes, coaches,
guides, etc.)?

Unwanted repercussions and dangers of
concussion

Concussion signs/symptoms

Importance of a properly followed protocol
Concussion assessment tools

Concussion management strategies
Return-to-sport protocols

Concussion prevention strategies

® Not important ™ Less important

0% 80%

Neutral

29% “
43%
ey 8%
29%
43%
43%

17%

Important ™ Very important

Figure 2.4: Relative importance of concussion education topics for non-medically trained

individuals (e.g., athletes, coaches, guides, etc.).

2.4.3.2 Critical Research Priorities and Future Directions

Table 2.6 describes whether consensus was achieved for each statement included in the Critical

Research Priorities and Future Directions domain and the percentage of participants who agreed with

each statement. For this domain, consensus was achieved on 5 out of 8 statements. Three statements

did not achieve consensus.
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Table 2.6: Responses to statements included in the Critical Research Priorities and Future Directions domain.

Statements )
. " . L Consensus achieved (YES/NO), % Agreement
Domain 2: Critical Research Priorities and Future Directions

Research to validate the following tools/strategies/protocols for use in athletes with VI:

Concussion assessment tools (e.g., SCAT5, VOMS, GCS, etc.) YES, 86%
Management strategies (e.g., vestibular rehabilitation, targeted physical therapy, etc.) YES, 100%
Return-to-sport protocols (e.g., graded return-to-play protocol, etc.) YES, 86%

Creating new tools/strategies/protocols for use in athletes with VI:

Concussion assessment tools NO, 71%
Management strategies NO, 57%
Return-to-sport protocols NO, 43%

*Research to identify why certain teams do not have health care professionals (medical doctors, physiotherapists, etc.) on-site during
training and competition and how to overcome this issue.

YES, 83%

*Making baseline pre-participation examinations compulsory and systematically implemented across all national teams (with medical
staff) and across all Paralympic sports.

YES, 100%

*Statement only received six responses in total as opposed to seven.

65



2.4.3.2.1 Expert Opinions on the Need to Create New Tools for Athletes with VI

Three statements sought to determine whether entirely new assessment tools, management strategies,
and return-to-sport protocols are needed for athletes with VI. Consensus was not obtained on the need
for the creation of entirely new tools/strategies/protocols for athletes with VI, and the results are

illustrated in Figure 2.5.
One expert elaborated on their answer with the following:

“A validated, short, clinically applicable at the field of play concussion tool for VI athletes is a

welcome idea.”

Creating new tools/strategies/protocols for use in athletes with VI:

80% 0% 80%

Assessment tools 29% 43%

Management strategies 43% 43%

Return-to-sport protocols 43% 290% RERA

m Current tools work fine

m Current tools are mostly okay
Current tools with necessary modifications are okay
New tools would be helpful

m New tools are urgently needed

Figure 2.5: Relative need to create new assessment, management, and return-to-sport protocols for

use in athletes with VI.
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2.4.3.2.2 Understanding Why There is a Lack of Medical Support in Para Sport

When participants were asked to consider whether research is needed to understand why certain teams
lack access to on-site medical support, there was a consensus (~83% in agreement) that this would be
an important research priority. It should be noted that only six experts provided an answer to this

statement, as opposed to seven.
While consensus on this statement was achieved, three participants shared that the reason for the

lack of medical support in para sport is already known. One participant expressed:

“The answer will be funding. Most teams rely on volunteer health professionals and do not have

the budget to pay for long term ongoing professional support.”

A different expert added that they believe research is needed in this area:

“I still think that research would be warranted into this area however.”

2.4.3.2.3 Expert Opinions on Making Baseline Testing Compulsory in Para Sport

When experts were asked whether baseline testing should be made compulsory and systematically
implemented across all national teams (with medical staff) and across all para sports, 100% of experts
considered this future direction to be either ‘Important’ or ‘Very important’. Noted is that six

participants provided an answer to this statement as opposed to seven.

While the above statement obtained consensus, one expert expressed their concern with making

baseline testing compulsory:
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“[Mandatory baseline testing] will simply burden existing volunteers and stress organizations to
jump through another hoop without funds to do so — resulting in poor quality and haphazard pre-

participation exams.”

2.4.3.2.4 Additional Research Priorities and Future Directions

Three experts reinforced the importance of developing education strategies that are tailored to different

stakeholders in VI para sport. One expert stated the following:

“Athlete education work (what methods is most effective education) is vital.”

Another expert recognized the importance of conducting research that is athlete-centered:

“I am aware that research is currently being undertaken looking at the opinions of VI athletes
towards concussion, and | hope that the findings from this will help to shape future research

projects (as this will enable any research to be athlete-centered.”

The same expert also added the following future directions:

“It is also imperative that clinicians working in the field are confident and competent with the
management of concussion, and that coaches and other support staff can be educated too and be

in a position to help.”

2.4.3.3 Perspectives and Experiences when Working in Concussion Management for Athletes
with VI

Table 2.7 describes whether consensus was achieved for each statement included in the Perspectives
and Experiences when Working in Concussion Management for Athletes with VI domain and the

percentage of participants who agreed with each statement. In this domain, consensus was achieved on
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3 of the 10 statements (i.e., for two of these statements, the consensus was that the statements were
incorrect). Experts were unable to come to a consensus on the remaining seven statements. See Figure

2.6 for the distribution of responses for all ten statements included in this domain.

Perspectives and personal experiences when working in concussion management
for athletes with VI

80% 0% 80%
Existing guidelines do not apply as well to VI athletes 29% 71%
VI athletes have a different attitude to risk 50% 17% 33%
Difficulty removing VI athletes from FOP 29% 200 | 4%
VI athlete is prepared for re-entry into the game after a suspected concussion 86% [14%0
VI athletes under-report symptoms 14% 29%
VI athletes and coaches can be resistant to medical advice 29% 57% 1400
Doubts about my own assessment and advice because tests and strategies are [ 430, [PORR 430
not yet validated for use in VI athletes a
Professional after-care might be missing in para sport 71% | 2004 |
Experienced challenges being able to progress VI athlets through the Graded 107 R Ty
RTP process from a distance Lo B I
Experienced difficulties adapting able-bodied literature to the unique vy
disabilities of VI athletes Lo R A

m Strongly disagree  m Disagree Neutral Agree  m Strongly agree

Figure 2.6: Relative agreement amongst participants on different perspectives and experiences

when working in concussion management for athletes with VI.

Note: FOP is the abbreviation of ‘field of play’.
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Table 2.7: Responses to statements included in the Perspectives and Experiences when Working in Concussion Management for Athletes with V1.

Statements )
. . . L . . Consensus achieved (YES/NO), % Agreement
Domain 3: Perspectives and Experiences when Working in Concussion Management for Athletes with VI

Existing concussion assessment/management guidelines for able-bodied athletes do not fit or apply as well to V1 athletes.
NO, 71%

VI athletes seem to have a different attitude to risk (eg, they take more risks than able-bodied athletes) and appreciation of concussion (eg, they tend to downplay the severity of concussion).

NO, 33%

I have had difficulty removing VI athletes with suspected concussion from the field of play.
NO, 43%

11 have noticed too often that the VI athlete is removed from the field of play, quickly assessed by the team support (or not at all if there is no doctor present), the athlete is given a break, and then the
athlete is prepared for re-entry into the game.

YES, 14%
I have worries that VI athletes may be under-reporting symptoms they are experiencing.
NO, 43%
11 have found that VI athletes and coaches can be resistant to medical advice.
YES, 14%
I have doubts about my own assessment and advice because assessment tests and management strategies are not yet validated for use in athletes with V1.
NO, 43%

There is a certain level of self-care/self-management by athletes with an impairment, and thus professional after-care might be missing in Paralympic sport, especially in teams without medical staff.

YES, 100%

I have experienced challenges being able to progress athletes with VI through the Graded Return-to-play process from a distance when they are away from national training camps. | find I am
dependent upon others (eg, family, friends, local coaching staff) to progress the athletes through the RTP process to a greater extent than | am with non-VI athletes.

NO, 71%

| have experienced difficulties adapting able-bodied literature to the unique disability and adaptations of individual athletes.

NO, 71%

"One participant selected ‘Uncertain/Unqualified for answer’ and this response was excluded from the group response. Statement out of six responses. TConsensus achieved, 86% of participants disagreed with the
statement.
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2.4.3.3.1 Consensus on a Lack of After-Care in VI Para Sport

In Round 1, two experts suggested that after-care might be missing in para sport. To determine whether
lack of after-care is a widespread issue in V1 para sport, this statement was asked in Round 2. Consensus
(100% in agreement) was obtained for this statement with all seven experts either agreeing or strongly

agreeing that there is a lack of after-care in VI para sport.

2.4.3.3.2 Consensus in Disagreement Among Experts Whether VI Athletes and Coaches are

Resistant to Medical Advice

Two statements achieved consensus in disagreement, which means that over 80% of experts agreed that
the following two statements were not representative of athletes and coaches in VI para sport.
Participants came to a consensus (~86%) in disagreement with the statement suggesting that after a
suspected concussion has occurred, the athlete is prepared for re-entry into the game without
undergoing a concussion assessment. Consensus in disagreement (~86%) was also obtained for the

statement which suggested that VI athletes and coaches can be resistant to medical advice.

2.4.3.3.3 Additional Expert Opinions and Perspectives

With regards to the statement asking whether existing concussion assessment/management guidelines
for able-bodied athletes do not fit or apply as well to V1 athletes, one participant provided the following

comment:

71



“I feel that existing concussion assessment/management guidelines for able-bodied athletes can
apply as well to VI athletes, however, the assessment/management tools or methods may need

to be modified or different.”

For the statement which suggests that VI athletes seem to have a different attitude to risk and
appreciation of the severity of concussion injuries, two participants offered their personal opinions. One

participant stated:

“T agree that VI athletes might have different attitudes to risk, but I do not necessarily agree with
the examples provided. I do not think it necessarily is a matter of taking risks or downplaying

symptoms, but a matter of ignorance.”

The other participant offered a different perspective on the matter:

“Some VI athletes (younger, less experienced, and sometimes more committed) are more
concerned about the impact on their team performance or personal performance than they are
about their own safety. [...] They have been known to conceal concussion symptoms or be

prepared to take more risks throughout the process.”

2.5 Discussion

The aim of the current study was to understand how concussions are currently assessed and managed
in elite para athletes with vision impairment. This survey study identified areas where there was
consensus in expert opinion and uncovered topics for which there was no obvious agreement. The
sections that follow will highlight areas where consensus was reached as well as areas where further
investigation is needed to guide the development of VI-specific clinical practice guidelines for

concussion assessment and management in para sport.
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2.5.1 Concussion Recognition and Response

Results from the present study indicate that VI athletes may exhibit different observable signs of
concussion compared to able-bodied athletes due to the underlying conditions of para athletes. The
SCATS cites “blank or vacant look™ as a common observable sign of concussion in able-bodied athletes
(56). In contrast, results from the current study suggest that VI athletes tend not to have a blank look
after sustaining a concussion. In agreement, the CIPS group recommend that a blank or vacant look
should not be considered an observable sign at all in athletes with VI (16). This recommendation was
made because a blank or vacant look may be either pre-existing or not possible to interpret in athletes
with VI (16). While balance, gait difficulties, and motor incoordination are common observable signs
of concussion in both able-bodied athletes and in athletes with VI (56), results from a study by
Zetterlund et al. (2019) suggest that individuals with vision impairment are predisposed to balance
issues at baseline relative to those without visual deficits (94). As such, medical professionals should
be mindful in recognizing changes in balance from normal in athletes with VI after a suspected
concussion, as athletes with V1 likely have pre-existing balance issues (16,94). Lastly, experts reached
a consensus that they have paid closer attention to behavioural deviations from normal when assessing
concussion in athletes with VI, with one expert acknowledging that they have seen short-term
personality changes from athletes with VI who have sustained a concussion. Recognizing behavioural
deviations and short-term personality changes from normal is only possible if the medical professional
understands the athlete’s behaviour and personality prior to a concussion injury. The former is yet
another argument for further investment in the provision of on-site medical support in elite VI para

sport.
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2.5.2 Baseline Testing

Experts reached a unanimous consensus that baseline testing is critical in establishing a point of
reference of the athlete’s baseline function and in the comparison of pre-injury results with post-
concussion results. This opinion amongst para sport concussion experts is in direct opposition to the
expert consensus established for able-bodied athletes by the CISG. In their fifth consensus statement,
the CISG acknowledged that while baseline testing may be useful, it is not necessary for interpreting
post-injury scores (2). Their argument is that the clinical value of baseline testing when an athlete is
well (i.e., not concussed) and subsequent follow-up (i.e., post-concussion) is currently not endorsed by
scientific evidence and is neither validated in athletes in general nor in athlete subpopulations, such as
athletes with impairments (53,63). On the contrary, the data from our study agrees with the CIPS
group’s position that routine baseline testing is essential in establishing a baseline reference point for
the assessment of concussion symptoms in the future (16). It is also necessary to consider that para
athletes with VI have pre-existing conditions that may affect the results of the baseline test, and that
these athletes can exhibit symptoms at baseline akin to those typically observed post-concussion (i.e.,
blurred vision, sensitivity to light, balance problems, etc.) (53,66). It is of utmost importance for
medical professionals to understand the full extent of the pre-existing conditions in athletes with VI,
yet another reason for the increased provision of medical support staff in para sport. Due to the presence
of pre-existing conditions in athletes with VI, it is more important for baseline testing to be conducted
for athletes with VI than it is for able-bodied athletes. There is also evidence from our study to suggest
that baseline testing may also be beneficial in the acute management of concussion and in making

return-to-sport decisions for athletes with VI.

Despite unanimous consensus among experts on the importance of baseline testing for athletes

with VI, concern was expressed with making baseline testing compulsory and systematically
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implemented for internationally sanctioned para sports. The concern was that mandating baseline
testing would stress volunteers and organizations without the necessary resources (e.g., medical
personnel, financial means) to carry out baseline testing. There was added concern that burdening
volunteers and organizations to carry out their own baseline testing would result in haphazard pre-
participation examinations of poor quality. To allow for baseline testing data to be collected at least
annually, provision of outside medical support staff for teams without their own would be required. In
this way, baseline testing results and a detailed account of pre-existing conditions for every athlete

would be available at both competitive and training environments.

The best method for capturing baseline testing data in para athletes is currently unknown. Findings
from our study suggest that medical professionals are currently using a variety of methods to collect
baseline testing data in athletes with V1. Most participants identified that they used the SCAT3/SCATS
with V1 athletes under their care while others indicated they have used the VOMS assessment and other
unspecified balance tests, symptom screening tests, and visual tests (e.g., measuring pupillary dilation
reflexes, etc.). In recognition of the lack of medical support staff in VI para sport (16), a standardized
method of capturing baseline testing data and pre-existing conditions across all para athletes with VI
could be beneficial. A standardized method of capturing baseline data in VI athletes would allow for
outside medical professionals who would otherwise be unfamiliar with a given VI athlete to have an
improved understanding of the athlete’s pre-existing condition. Future research should be devoted to
determining the best method for capturing baseline data and for documenting pre-existing conditions
in athletes with VI to allow for this process to be standardized across all para athletes and sporting

federations.
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2.5.3 Assessment

While most experts recognized that the SCAT5 can be used to assess concussions in athletes with VI,
some identified that modifications to the content and delivery of the SCAT5 may be required.
Modifications mentioned by experts included modifying tasks that involve a visual component, asking
the athlete to verbally rank the items of the SCAT5 symptom scale, and using speech apps/phones to
help dictate the SCAT5 assessment to the athlete. These modifications are consistent with the CIPS
group recommendation that the delivery of the SCAT5 may need to be altered, given the existing
SCATS5 assumes certain ‘normal’ athlete functions to complete these assessments, such as the ability

to see clearly (16,56).

Results from our study found that all seven experts directly involved in concussion assessment
used the SCATS with VI athletes under their care. A concerning result, however, was that only three
experts indicated they used additional concussion assessment tools to add to the clinical value of the
SCAT5 (i.e., balance testing, the VOMS assessment, etc.). Concussion assessment guidelines
emphasize that the SCATS5 should not be used in and of itself to make or exclude the diagnosis of a
concussion (2,16). This is because an athlete may still have a concussion even if their SCATS5 is found
to be normal (16). As such, clinicians are encouraged to inform their clinical decision with the help of
a variety of concussion assessment tools that assess additional domains such as concussion symptom
severity, clinical reaction time, changes in balance and gait from the athlete’s normal, neurocognitive
outcomes, and video footage of the suspected concussion injury if available (2,16). It is unclear as to
why the remaining four experts failed to mention additional concussion assessment tools that could add
to the clinical utility of the SCATS5. One possible reason could be that for certain experts, the SCAT5
has been sufficient in the diagnosis of concussion in athletes with V1. Another reason could be that

other concussion assessment tools are not suitable for use in athletes with VI, and medical professionals
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are hesitant to adapt these tools without first establishing the clinical validity of the adapted assessment

tools.

Most experts (86%) who took part in our study agreed that the SCATS5 currently represents the
most effective assessment tool available for the evaluation of suspected concussion. However, one
expert disagreed with the previous statement with their reasoning being that the SCAT5 is too large and
has added components without evidence of improved discriminatory value over previous SCAT
versions. It should be recognized that in the elite competitive para sport environment, medical providers
often have fewer than 10 minutes to complete first aid/emergency care priorities, conduct a concussion
assessment, and come to a decision as to whether the athlete is safe to return to play (22). Considering
the sideline assessment section of the SCATS5 takes at least 10 minutes to administer correctly (56), this
could mean that it would be an unrealistic expectation for medical providers to complete the entire
sideline SCATS5 assessment correctly during the allotted time. It is also worth recognizing that it may
take longer than 10 minutes to administer the SCAT5 correctly in athletes with VI, as these athletes
may require the use of speech apps to aid in the administration of the tool. Going forward, it would be
worth identifying areas of the sideline SCAT5 that demonstrate the most clinical utility when assessing
concussion in athletes with VI to understand whether it would be possible to create a shorter, validated,

and clinically applicable to the field of play assessment tool for athletes with VI.

In terms of vestibular and oculomotor assessments, one expert from the current study explained
that they measured pupillary dilation reflexes at baseline to assess for change after a possible head
injury. Another stated they have eye tracking exams that are unique to each of their VI athletes and
baseline balance testing videos that they can use to compare post-concussion testing results with. Given
the VOMS assessment test measures domains such as smooth pursuits, horizontal and vertical saccades,
near point convergence, gaze stability, and balance (95,96), VI athletes may not be able to perform
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these assessment domains at baseline nor after a suspected concussion. As such, future research is
needed to determine which domains of the VOMS assessment may demonstrate clinical utility in
concussion assessment and return-to-sport decision-making in athletes with V1. Furthermore, research
is needed to understand which components of the VOMS assessment may need to be modified for use

in VI athletes.

Expert opinions were divided on the need to create entirely new assessment tools specifically for
athletes with VI. In the second-round of the Delphi study, experts were leaning more towards the
creation of new tools, with approximately 71% of experts finding the idea of new VI-specific
assessment tools either helpful or urgently needed. The remaining participants were content with the
use of current assessment tools with necessary modifications. Some of these necessary modifications
were identified earlier and include verbally asking athletes to rank their concussion symptoms on the
SCATS5, modifying visual tasks included in the SCAT5 and VOMS assessment, or omitting certain
visual assessment domains entirely in the event an athlete is unable to perform the visual task. However,
the issue with having to modify or omit certain visual assessment domains from existing assessment
tools such as the SCATS5 or the VOMS is that these modifications may alter the validity of the tool. It
could be the case that medical professionals are hesitant to use modified assessment tools due to their
lack of validity in the detection of concussion, and perhaps why some experts endorse the creation of
new tools over the modification of existing ones. Future research should invest in understanding what

new assessment tools may need to look like for concussion assessment in athletes with V1.

2.5.4 Management and Return-to-Sport

Experts came to a consensus that management strategies remain largely unmodified from those
recommended for use in able-bodied athletes, apart from having to adapt management protocols to suit

the athlete’s visual impairment if necessary. This finding aligns with the CIPS group who recommended
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no variation from the standard acute management protocol endorsed by the CISG for athletes with VI
(2,16). Regrettably, our study did not explicitly differentiate between the acute management of
concussion and the management of persistent concussion symptoms. As such, some participants may
have interpreted the question of whether they modify their management strategies as referring to acute
management only, whereas others may have thought the question was referring to persistent concussion
symptoms as well. For this reason, limited data was collected on the management of persistent
concussion symptoms in athletes with V1. Going forward, further investigation into the management of
persistent concussion symptoms in athletes with V1 is needed to understand whether existing strategies
(e.g., symptom-limited aerobic exercise, cognitive behavioural therapy, vestibular rehabilitation, etc.)

may require modification for athletes with V1.

Consistent with guidelines on the return-to-sport process following concussion for able-bodied
athletes, all seven experts in Round 2 agreed that an athlete with V1 is safe to return to sport once they
have successfully progressed through a sport-specific multi-staged return-to-sport concussion protocol
without a recurrence of concussion symptoms (2,97). Experts from the current study recognized that
no major modifications are needed to the return-to-sport process for athletes with V1. Some experts,
however, suggested increasing the amount of time between each of the return-to-sport stages (i.e., over
and above the 24-48 hour guideline) initially recommended by the CISG (2). Similarly, the CIPS group
advised clinicians to consider whether para athletes may need a longer initial period of cognitive and
physical rest prior to starting the return-to-sport protocol for impairment specific reasons, such as a
history of previous central nervous system (CNS) injury or impaired CNS function at baseline (16).
Presumably, the suggestion to increase the amount of time between return-to-sport stages is a
precautionary one, given the lack of evidence demonstrating improved recovery for VI athletes when

increasing the amount of time between return-to-sport stages.
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One possible reason for extending the duration of time between return-to-sport steps could be that
many of the signs and symptoms clinicians monitor during the return-to-sport process (e.g., dizziness,
headache, blurred vision, and poor balance) may be pre-existing in VI athletes (16,28). As such, more
time between steps may be needed to distinguish symptoms elicited during the return-to-process from
baseline values in this group of athletes (16). Another reason could be that athletes with VI may
experience increased cognitive and physical demands, when compared to able-bodied athletes, while
recovering from concussion which may make it more challenging for them to interact with their
environment (i.e., reading braille may take more cognitive effort than reading with normal sight) (98).
A study conducted in a population of healthy, able-bodied children and young adults found that
increased cognitive load was associated with a longer recovery from concussion (99,100). More
research is needed to determine whether increases in cognitive load could exacerbate recovery from
concussion in blind or visually impaired individuals. Future work should also be devoted to
understanding whether increasing the amount of time between return-to-sport stages could improve

concussion recovery in athletes with VI.

2.5.5 Education

There was consensus amongst experts that concussion education is extremely important for non-
medically trained individuals. However, findings from our study suggest that there is minimal
concussion education targeted to athletes, coaches, and the wider para sport population. As a result of
a lack of education, experts felt that VI athletes, coaches, support personnel, and to some extent
International Federations and/or event organizers tend to downplay the severity of concussion injuries.
The tendency for athletes, coaches, and sport federations in para sport to downplay the severity of
concussion injuries is consistent with previous studies (10,16,46). In a study by Wessels et al. (2012),
when wheelchair basketball athletes were asked why they did not report their concussion incidents,
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most participants reported they did not want to be taken out of the game, that they didn’t think their
concussion was serious, or that they did not know they had a concussion (46). The previous responses
demonstrate a lack of awareness of the dangers of failing to report concussion symptoms and of the
consequences of neglecting proper management of concussion injuries (46). Clearly, education on the
severity of concussion injuries and the consequences of failing to address concussion injuries is needed

amongst non-medical personnel in VI para sport.

In addition to education on the severity and potential consequences of concussions, experts from
our study came to a consensus that recognizing concussion signs/symptoms, understanding the
importance of a properly followed protocol in the event of head injury, and knowledge of concussion
prevention strategies are also important education topics for non-medically trained individuals in VI
para sport. Acknowledging the lesser availability of medical support staff for para athletes during
training and competition (16), para athletes may need to be able to adequately recognize and respond
to concussion symptoms on their own. Paradoxically, para athletes, coaches, and guides may be better
positioned to recognize concussion symptoms when compared to medical professionals. Para athletes,
coaches, and guides may be better equipped to notice subtle changes in an athlete’s visual function,
balance, or personality from normal considering athletes, coaches, and guides may have a deeper
understanding of each other on a physical and psychological level when compared to medical
professionals who are not usually on the sidelines. While there are concussion education topics that
non-medically trained personnel do not need to understand (e.qg., specific concussion assessment tools),
at a minimum, para athletes, coaches, and guides should be able to recognize concussion symptoms and

know how to respond appropriately.
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2.5.6 Lack of Medical Support and After-Care

As demonstrated by the difficulty researchers faced when recruiting healthcare professionals for the
present study and by the results obtained in our study, there is a systemic lack of on-site medical support
in VI para sport. This finding is consistent with the Concussion in Para Sport group’s observation that
there is a lesser availability of specially trained medical personnel for para athletes in comparison to
able-bodied athletes (16). While there is a lack of research quantifying how pervasive the lack of on-
site medical staff is in VI para sport, one expert from the present study described that team physician
access is considered a “resource privilege”. In addition, all medical professionals who took part in the
current study were from either North America or Europe. This observation suggests that there may be
even fewer medical professionals with expertise in para sport in other continents such as Africa, Asia,
Oceania, and South America. If there are little to no medical staff on-site to perform medical
assessments, then there is a greater chance that VI athletes will continue to train and compete while
injured, which could put athletes at risk of sustaining another concussion or a different life-threatening
injury. It is also worth recognizing that if there is a lack of on-site medical support in elite VI para sport,
then it is very likely there is an even greater absence of on-site medical support in recreational para
sport. Investment in the provision of on-site medical support in both training and competitive
environments in elite VI para sport at a minimum is critically needed to ensure the safety and well-
being of VI para athletes. Further investment in the education of community health professionals and

support for recreational sport activities would further improve the well-being of VI para athletes.

Experts from the current study came to a unanimous consensus that there is a lack of after-care in
VI para sport in addition to the lack of on-site medical support. Concerningly, para athletes may be left
to manage their concussion symptoms and return-to-sport on their own once they have stopped training

and/or competing with their national team. In this way, it is likely that athletes may not adhere to their
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return-to-sport protocol and may return to competitive sport with their domestic team earlier than
advised by their national team physician. A premature return to sport could increase the risk for a second
concussion injury, which has the potential to cause permanent brain damage or even death (101). This
is another argument for increased education on the risks associated with a premature return to sport and

the importance of a properly followed return-to-sport protocol.

2.5.7 Perspectives and Experiences of Medical and Scientific Experts in VI Para Sport

Participants were not in agreement on most of the statements from the final domain of the second-round
survey. One possible reason for the differences in the experiences of medical and scientific experts
from our study could be due to the differences in the perceived risk of concussive injuries across
different VI para sports. Sports such as Blind Football and Para Alpine Skiing have documented high
rates of concussion (8,9,17,41) and athletes from these sports may be more educated on the severe
impacts of concussive injuries and may be more likely to disclose concussion symptoms. In contrast,
athletes and coaches from a sport where concussive injuries are comparatively less likely, such as Para
Nordic Skiing, may not disclose their symptoms to members of their team or on-site medical
professionals simply because they are not educated on the acute symptoms consistent with concussion
injuries. Another reason for the differences that were observed in the opinions of experts could be due
to the differences in team dynamics. Some athletes may feel supported when disclosing concussion
symptoms to their coaching and medical staff because there is an understanding amongst team members
that the health and safety of the athlete matters most, while other athletes may feel they are under more
pressure to continue to play and perform. Further investment in concussion education for all those
involved in VI para sport would encourage the development of supportive sporting environments where
the para athlete’s health is of utmost priority and the athlete feels supported when disclosing concussion

symptoms or other health concerns.

83



2.5.8 Additional Research Priorities

Experts reached a consensus that the validation of existing assessment tools is an important research
priority going forward. Currently, none of the pre-existing assessment tools (e.g., SCAT5, ImPACT,
MBESS, VOMS, etc.) have been tested for their validity or test-retest reliability when used in athletes
with VI (16). The validity of concussion screening batteries is vital because concussions that go
unreported or undetected for days or weeks after injury may worsen the severity of a brain injury,
particularly when concussed individuals return to activities prematurely (102). Likewise, symptom
scales should also provide measurement sensitivity and accuracy in symptom detection from the first
point of contact and throughout the period of recovery so that return-to-sport decisions can also be

informed by measurable improvements in symptom recovery (102).

A recent systematic review of the literature surrounding the validity and utility of the widely used
Immediate Post Concussion Assessment and Cognitive Testing (IMPACT) in able-bodied athletes
found that while convergent validity* was supported by the literature, evidence of predictive validity,
diagnostic accuracy, and responsiveness was inconclusive (103). The same review found that the
validity and utility of the ImMPACT test was influenced by factors such as the testing environments,
invalid baseline scores, exertion, and sleep prior to the test (103). These findings highlight the
importance of examining the validity of commonly used assessment protocols to better understand if

there are any VI para sport-specific factors that may threaten the validity of test scores.

Before validation studies of common assessment tools used in athletes with VI can be undertaken,
normative data on how athletes with VI typically perform on assessment tools is required. A recent

study found that para athletes reported an average of 5.0+5.4 symptoms (out of 22 symptoms) and an

4 Convergent validity indicated whether the IMPACT test correlated highly or yielded similar results as other
measures believed to measure the same construct (e.g., visual memory, verbal memory, reaction time, etc.).
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average symptom severity score of 11.0+14.3 (out of 132) at baseline with the SCAT5 (66). More
published baseline and post-concussion scores among athletes with VI will allow for a greater
understanding of how athletes with VI typically perform on common assessment tools. In turn, data
from these studies will allow for the comparison of scores with the goal of establishing convergent

validity across different assessment tools.

2.5.9 Strengths of the Delphi Method

The Delphi technique was the method of choice for the current study for a variety of reasons. Firstly,
the Delphi study technique allows for the solicitation and establishment of expert opinion while
avoiding recruitment bias due to the participants’ geographical location (104). This allowed us to solicit
the opinions of experts from a range of locations including experts from countries in both North
America and Europe. In addition, unlike other consensus-building methods, the Delphi technique does
not require direct face-to-face interviews (104-106). Instead, an online survey technique allows the

participant the flexibility to complete each round of the study at their own earliest convenience.

Another reason for utilizing the Delphi study technique was the anonymity the methodology
affords its participants (104,107). Participant anonymity reduces the ability of the opinions of otherwise
dominant individuals in the field of interest to artificially drive consensus, which is often a concern
when using group-based processes to collect and synthesize information (88,108). Furthermore, the
Delphi study is recommended in situations where there is incomplete knowledge, uncertainty, or a lack
of evidence in the field being investigated (104,109). Given the minimal research and lack of evidence
regarding best practices in concussion management for athletes with vision impairment, the Delphi

study technique was considered an appropriate methodology for the current study.
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2.5.10 Limitations of the Delphi Method

While there are several advantages to the Delphi study technique as discussed above, there are also
various limitations. For instance, instead of using a random sample representative of a population of
interest, the Delphi technique employs a limited number of ‘expert’ participants and there are
controversies associated with the ‘expert’ label (87,104). For the current study, we made an effort to
mitigate this limitation by defining our inclusion criteria for participation in the study from the outset.
However, even with defined inclusion criteria, there is still debate over what constitutes an ‘expert’ in
the field of concussion management in VI para sport. Knowledge in the field through a professional
qualification (e.g., certified medical practitioner, registered physiotherapist, etc.) may be sufficient, but
qualification does not ensure expertise (104). Likewise, the number of years a medical professional has

been practicing is not always indicative of their level of expertise (104,110).

Many health-related Delphi studies have a relatively small sample size and recruit participants
with particular knowledge of a condition (104). The first round of our Delphi study had a sample size
of eight participants. While this sample size is within the range of typical sample sizes for health-related
Delphi studies (i.e., 8-15 participants), it could be argued that the present study could have used a larger
sample size to ensure the generalizability of opinions (87,104,111). To that effect, the opinions
expressed by most participants in our study only reflect how concussion is assessed and managed for
VI para sport teams with access to medical support. Consistent with the CIPS position statement on
concussion in para sport, participants in the current study reported that many VI sports teams do not
have access to their own medical support (16). It is crucial to recognize that there is an imbalance in
the level of medical support available to VI athletes in para sport when interpreting the results from the

current study.
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While international sport organizations such as the IPC, IBSA, CBSA, and CIPS assisted the
investigators in the recruitment of participants from a variety of different continents, all experts who
participated in the study were from either Europe or North America. As participants were required to
have sufficient English language proficiency to understand and complete the questionnaire, this
inclusion criterion likely disproportionately attracted native English speakers to participate compared
to non-native English speakers. Another reason for the lack of participants from continents such as
Africa, Asia, Oceania, and South America could be that there are fewer qualified medical support
personnel from these continents to begin with. As such, the results from this study reflect the opinions

of healthcare professionals from Europe and North America only.

In Round 1, participants were asked to provide written answers to the 25 open-ended questions
included in the questionnaire. Some written answers included the misspelling of words and unclear
sentence structure, and the investigators interpreted these responses to the best of their ability.
Moreover, there could be a discrepancy between the written answers that experts provided, and the
concussion management practices experts engage in. That said, it is unclear why study participants
would not give an accurate account of their concussion management practices given their anonymity in

this study and that their association with their written responses is kept strictly confidential.

Another limitation of the Delphi technique is the amount of qualitative data that is generated after
the first round of the study. The Classic Delphi study approach (i.e., open-ended questions in the first
round) was used for the current study as opposed to a modified approach which typically involves the
researcher identifying issues through either a literature review or through consultations with
stakeholders (87,104). For the present study, the Classic Delphi study approach was chosen given the
lack of evidence and available research on current assessment and management practices in VI para
sport. While an abundance of data is generally a welcome scenario, the first round produced a large
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number of statements which would have created a lengthy and time-consuming second-round
guestionnaire for participants (104). In the interest of retaining as many participants as possible for the
second round and avoiding overburdening the expert panel with an overly lengthy questionnaire, the
research team prioritized the inclusion of between 40-50 statements for the second round. A study by
Trevelyan & Robinson (2015) encountered a similar issue of a large amount of qualitative data after
the first round and upon reflection, suggested the use of fewer, well-focused open-ended questions or

the use of a modified approach in developing the initial consensus statements (104).

Currently, there is little research concerning the optimal number of response categories for a
Delphi study in Round 2 and onwards (104). Non-Delphi research studies have found that two, three,
and four-point scales have poor reliability and discriminating power (112). For general survey-based
studies, one study suggested that the optimal number of categories lies between four and seven (113).
For the present study, we used a five-point Likert scale. The five-point Likert scale was chosen because
it allowed participants to remain ‘neutral’ on a given statement if they had no opinion. One argument
against the use of a midpoint is precisely that it allows participants to remain ‘neutral” which could also
be interpreted as if they “don’t know” or that they are “undecided” on the matter (114). It is thought
that this could affect the reliability and validity of results, in that the midpoint may serve as a “dumping
ground” (115). However, in the second round of our Delphi study, we observed very few respondents
selecting the ‘neutral’ option to begin with. Additionally, to differentiate between ‘neutral’ and
‘uncertain’ responses, we included a sixth response option for every statement in the second round

which allowed participants to state they were “Uncertain” or “Unqualified to answer” a given statement.

2.5.11 Conclusion

Prior to the current study, concussion assessment and management practices in elite VI para sport were

not well documented in the scientific literature. We found that in general, healthcare professionals in
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VI para sport are using existing concussion assessment tools and management strategies originally
developed for able-bodied athletes and adapting tools and strategies as necessary to VI athletes based
on their visual impairment. There was strong agreement among experts that understanding the VI
athlete’s pre-existing condition and conducting baseline testing prior to the start of every season is vital
to assess for any change after a possible head injury. Some experts suggested prescribing a longer
period of initial rest or doubling the time between return-to-sport steps for athletes with V1. Experts
disagreed on the need to create entirely new assessment tools for athletes with VI, however, some
experts were open to the creation of shorter, clinically applicable sideline concussion assessment tests
specific to athletes with VI. Validation of existing concussion assessment tools was identified as an
important research priority. Future investment in the provision of on-site medical support and

concussion education is critical for the improved recognition of concussion injuries in athletes with VI.
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Chapter 3
Para Athlete and Coach Perspectives and Experiences with Concussion in

Vision Impaired Para Sport

3.1 Abstract
Purpose

The purpose of this study was to understand the perspectives, experiences, and knowledge of elite

athletes with vision impairment (V1) and coaches concerning concussion in VI para sport.
Methods

For this survey study, elite para athletes with VI and coaches were invited to participate. Participants
were asked to independently complete a single web-based survey delivered through REDCap, a secure
web application for building and managing online surveys (81). The survey consisted of a combination
of multiple choice, Likert scale, Yes/No, and short-answer questions for a total of 40 to 52 questions.
Questions covered the following topics: Demographics; Concussion incidence, recognition, response,
assessment, and management; Return-to-sport; and Education. Analysis consisted of categorizing

written responses and analyzing response frequencies.
Results

A total of 8 participants (athletes (n = 4); coaches (n = 4)) from elite VI para sport took part in the study.
Participants were from a variety of VI para sports including Para Alpine Skiing, Para Athletics (Track

& Field), Para Cycling, Para Judo, Para Nordic Skiing (Cross-country & Biathlon).

When asked how their medical team decides to investigate whether an athlete has sustained a

concussion, three out of four athletes reported that they were uncertain. In contrast, all four coaches
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identified that any significant impact to the head, face or neck would prompt an investigation from the

medical team.

Two out of four athletes responded that they (or a teammate) sustained a concussion and did not report
it to their coach or team. Reasons for not reporting or seeking medical attention after a suspected
concussion included: “I didn’t think [the concussion] was serious”; “I thought I would get better on my

own”; “time or money for something they already knew”; and “visual behaviours misinterpreted due to

medical personnel’s lack of knowledge regarding blindness and/or low vision”.

None of the athletes were able to identify specific concussion assessment tools that medical
professionals use to assess the severity of a suspected concussion injury. Two out of the four coaches
were able to identify specific concussion assessment tools used by medical professionals, including the

SCAT and the ImMPACT tests.

In response to whether participants had previously received any form of concussion education, three
out of four coaches said they had received concussion education, while only one out of three athletes

received concussion education.

Conclusion

The results from this study suggest there are notable disconnects between elite VI para athletes and
coaches perspectives and experiences regarding concussion. Athletes appear to be receiving less and
poorer quality concussion education compared to coaches. Future education strategies should prioritize
informing para athletes of the potential long-term consequences of concussion so athletes can make

informed decisions regarding their participation in para sport.
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3.2 Introduction

Elite para sport participation has come a long way since the Stoke Mandeville Games in 1948 which
featured a total of 16 para athletes (116). The Tokyo 2020 Paralympic Games and Beijing 2022
Paralympic Winter Games both saw record numbers of para athletes with 4,403 and 564 competitors,
respectively (45,117). With increased participation of para athletes, unfortunately, comes an increase
in the number of injuries in para sport competition and training. The International Paralympic
Committee (IPC) have conducted injury and illness surveillance studies for the last two decades at
every major Paralympic Games event (6). These studies found that injuries to the head, face, and neck
remain among the most prevalent of sports-related injuries, accounting for 10% of the total number of
injuries at the Rio 2016 Paralympic Games (8). In some sports, such as Blind Football, injury rates are

even higher, with 25% of acute injuries being to the head and neck at the London 2012 Games (14).

Sports-related concussion, a form of mild traumatic brain injury, is a prominent topic in sports
medicine (118). While up to 90% of concussion symptoms are transient and typically resolve within 10
to 14 days after injury (119), athletes who sustain multiple concussions are at an increased risk of
prolonged neurological consequences (120). Early medical intervention, management, and engagement
in a return-to-sport protocol soon after a concussion injury is essential to limit the possibility of
sustaining an additional concussion when the brain is still recovering from the initial injury (120). A
recent concussion epidemiological study has shown that athletes with vision impairment reported a
significantly higher incidence proportion and a significantly higher incidence rate of sports-related
concussion compared to athletes in other impairment groups (10). These results suggest that
concussions may be more likely and may occur more frequently in athletes with vision impairment

compared to other impairment types.
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To date, little attention has been given to the unique needs of para athletes when it comes to
concussion injury risk reduction, education, and prevention (121). One study by Wessels et al. (2012)
found 44% of wheelchair basketball athletes who sustained a sports-related concussion failed to report
their concussion (46). Reasons for failing to report their concussion included not wanting to be taken
out of the game, thinking the concussion was not serious, and not knowing it was a concussion (46). A
recent review also explained that some athletes may not consider concussion a critical issue particularly
because para athletes may already have to live with major trauma and other serious medical conditions
(122). As a result, some para athletes may be less likely to take concussion injuries seriously and may

be less likely to recognize a concussion and seek medical attention immediately after injury.

The purpose of the current study was to understand the perspectives, experiences, and knowledge
of elite athletes and coaches concerning concussion in VI para sport. To the best of our knowledge, this
study is the first to investigate athlete and coach perspectives and experiences with concussion in para
sport. Recruitment for the current study was centered in elite-level para sport because elite para sport
organizations tend to have administrative staff to facilitate the recruitment of para athletes and coaches
for the purpose of research studies, compared to recreational para sport organizations. Another reason
for targeting recruitment to elite-level athletes and coaches was that we expected elite athletes and
coaches to be more informed regarding the risks of concussion injury when compared to recreational
para sport athletes and coaches. Should the current study reveal that elite athletes and coaches have
limited knowledge of the seriousness of concussion injuries, this would indicate that the recreational

level is likely even less aware of the dangers of concussion.
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3.3 Methods

3.3.1 Participants

Two groups of participants were recruited for this study: elite para athletes with VI and coaches of elite
para athletes with VI. The population of para athletes with V1 is relatively small in comparison to the
able-bodied athlete population. It is estimated that there were approximately 772 para athletes with VI
that competed in the Tokyo 2020 Paralympic Games and roughly 142 para athletes with VI that
competed in the Beijing 2022 Paralympic Winter Games (45,117). In comparison, 11,420 able-bodied
athletes competed in the Tokyo 2020 Olympic Games and 2,834 athletes competed in the Beijing 2022
Olympic Winter Games (123,124). The population data of para athletes with V1 suggests that there are
approximately 1,000 athletes with VI in the world who compete at the elite level. Assuming a 2%
participation rate from elite para athletes, an approximate sample size of 20 athletes with VI was
anticipated. A 2% participation rate was chosen considering our survey was delivered in English
exclusively, and our inclusion criteria was strict in that it required athletes and coaches to have
experienced concussion themselves or to have known someone who had. We anticipated recruiting a
similar number of coaches to athletes in this study because apart from large team sports such as Blind
Football or Goalball, other sports such as Para Alpine, Para Nordic, Para Judo and Para Cycling are

individual sports where there is typically one coach per athlete.

Recruitment of elite para athletes with VI and coaches from VI para sports where the risk of
concussion is documented to be highest (i.e., Blind Football, Goalball, Para Judo, Para Cycling, Para
Swimming and Para Alpine Skiing) was prioritized (6,10). Participants were recruited with the help of
representatives from the following para sport International Federations and International Organizations:
World Para Alpine Skiing, World Para Nordic Skiing, World Para Athletics, World Para Swimming,

IBSA Blind Football, IBSA Goalball, and IBSA Judo. Participants were also recruited from Great
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Britain’s VI Judo and VI Cycling teams, and the Canadian Blind Sports Association (CBSA) assisted
with the recruitment of Canadian athletes with V1. The research team provided the representatives from
the International Federations, International Organizations, and International VI sports teams with the
recruitment letter and study information letter for the study. Representatives were requested to forward
the recruitment letter and study information letter to para athletes with VI and coaches in their

respective memberships. Recruitment of participants took place through email correspondence.

3.3.1.1 Inclusion Criteria

Participants were eligible for participation in the study if they met the following criteria:

Current or former para athlete who is blind or visually impaired OR current or former coach of

athletes in VI para sport,

e Have participated or have coached in a VI para sport sanctioned by the International Paralympic

Committee,

o Either have sustained personally, or know someone (e.g., teammate, friend, another athlete) who

has sustained a sports-related concussion in the past,

¢ Have sufficient English language proficiency to understand and complete a web-based survey in

English,

Be at least 16 years of age.

3.3.2 Study Procedure

Participants were asked to independently complete a single web-based survey delivered through
REDCap, an electronic data capture tool hosted at the University of Waterloo, School of Optometry
and Vision Science (81,91). This study received ethics clearance from the Office of Research Ethics at
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the University of Waterloo (ORE #43072). Accessibility staff from the CBSA performed an
accessibility check on the consent form and athlete/coach survey and determined both were accessible

for athletes with VI and for coaches who may have a vision impairment.

3.3.2.1 Online Consent Form

Once a participant opened the link to the survey provided in the recruitment or study information letter,
they were immediately taken to an online consent form. If the participant consented to participate, they
were invited to complete either the athlete or the coach survey that followed. If consent was not
provided, an appreciation message appeared thanking the participant for their consideration in
participating in the study. In addition to consenting to participate in the study itself, participants were
also asked whether they consented to having their anonymous quotations used in future publications
and/or presentations. Participants could either consent or decline to consent to the use of their

anonymous quotations and still partake in the athlete/coach survey.

3.3.2.2 Athlete/Coach Survey

The athlete/coach survey opened June 1%, 2021, and closed March 31%, 2022. After the participant
consented to take part in the study, the survey then asked the participant whether they identified as an
athlete with VI or as a coach of a VI para sport. The participant’s selection determined whether they

were directed to the athlete survey or the coach survey.

The surveys were administered anonymously, and participants were not asked for any identifying
information. Demographic data was collected to better understand the profile of participants who
completed the survey. Demographic data were analyzed separately from answers to concussion-specific
questions. Participants could skip over any question(s) they did not wish to answer by leaving the

appropriate question answer blank or by selecting the ‘Prefer not to answer’ option. If at any point the
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participant wished to withdraw from the study, they could do so by closing the survey and exiting their

web-browser. The estimated time for participants to complete the survey was between 30-45 minutes.

Both the athlete and coach surveys consisted of a combination of multiple choice, Likert scale,
Yes/No, and short-answer questions for a total of 40 to 52 questions. The number of questions ranged
from 40 to 52 questions because some questions were enabled with branching logic (i.e., skip logic).
The branching logic prompted the participant to answer additional questions if the participant provided
an answer that required further elaboration. The same questions were posed in both surveys, the only
difference was how select questions were phrased for athletes as opposed to for coaches. For example,
the question to an athlete read “Have you previously been medically diagnosed by a physician with a
concussion?” while the question to a coach read “To your knowledge, has an athlete of yours ever been
medically diagnosed by a physician with a concussion?”. Questions covered different topics including
the following: Demographics; Concussion incidence, recognition, response, assessment, management;
Return-to-sport; and Education. The survey questions were developed based on a review of the
literature on concussion in VI para sport and through consultation with experts from the IPC Medical

Committee.

3.3.3 Analysis

Survey data were compiled in REDCap and exported as a CSV file to Microsoft Excel. For the
demographic data, results were presented as a frequency and percentage of the total population of
participants to ensure participant anonymity and confidentiality were maintained in the publication of
results. For concussion-specific data, results were presented as frequencies out of the total number of
responses. Short answer responses were categorized into themes, and representative quotes were

included in the results section as originally worded (87). Only complete survey responses were included
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in data analysis. The ‘Submit’ button at the end of the survey was required to be selected by the

participant for the response to be considered a complete response.

3.4 Results

The athlete/coach survey was accessed a total of 18 times while the survey was active. Because the
survey could be accessed anonymously, it is possible a single participant accessed the survey more than
once. Assuming all participants accessed the survey only once, then 18 participants accessed the survey.
Of the 18 participants who accessed the survey, 8 survey responses were completed and submitted (i.e.,
the participant selected the ‘Submit’ button at the bottom of the survey page). These 8 submitted survey
responses were included in the analysis of results for the present study. The remaining 10 participants
did not complete or submit the survey and as such, these responses were excluded from the analysis of

results.

3.4.1 Population Demographics

Eight participants completed the study. Four participants were elite athletes with VI and the remaining
four participants were coaches of elite athletes with VI. Table 3.1 describes the demographic
characteristics of the participants who took part in the study, including their sex, gender identity, age,
whether they are currently competing/coaching, their event category, and the continent they
represent/represented in competition. Figure 3.1 illustrates the VI para sports that participants either

trained/competed in or coached. Some athletes and coaches competed/coached in more than one sport.
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VI Para Sports

® Athletes ® Coaches

2 2 2
1I 1 1 I 1 I1 1

s
s

Frequnecy of participants
— 2

Para Alpine Skung  Para Athletics Para Athletics Para Cycling Para Judo Para Nordic sking Para Nordic skiing
(Track) (Field) (Biathlon) (Cross-country
skimng)
VI Para Sports

Figure 3.1: VI Para Sports represented by participants in the study. Note, some athletes and
coaches reported participating in more than one sport.
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Table 3.1: Demographic characteristics of participants.

Athletes with VI (n = 4) Coaches (n =4)
N % N %
Sex
Female 4 100
Male 4 100
Gender identity
Woman 4 100
Man 4 100
Age (years)
25-34 2 50 1 25
35-44 1 25 2 50
45-54 1 25
55 - 64
> 65 1 25
Currently competing/coaching?
Yes 2 50 4 100
Former 1 25
Recently retired (<5 years) 1 25
Event category™
Female 4 100 1 20
Male 3 60
Mixed 1 20
Continent
Africa
Asia 1 25 1 25
Oceania
Europe 2 50 1 25
North America 1 25 2 50

South America

*Each participant was able to select more than one event category if applicable
(i.e., one coach selected both Female and Male event categories).

3.4.2 Concussion Incidence and Seeking Medical Attention

One out of the four athletes in our study population said that they had previously been medically

diagnosed by a physician with a concussion. When asked how many medically diagnosed concussions
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they had sustained, the athlete answered 4. Another athlete said they were uncertain whether they had
ever been medically diagnosed by a physician with a concussion. Three out of four athletes expressed

that a teammate of theirs had previously sustained a sports-related concussion.

Two athletes suspected they had sustained a concussion previously but never received a medical
diagnosis. When asked why they didn’t see a medical professional after sustaining a suspected

concussion, one athlete stated the following:
“I thought I would get better on my own.”

Three out of four coaches reported that an athlete of theirs had previously been medically
diagnosed by a physician with a concussion. In addition, three out of four coaches knew of an athlete

they did not coach personally that had sustained a sports-related concussion in the past.

Additionally, one coach said an athlete of theirs suspected they had a concussion but never
received a medical diagnosis. When asked why their athlete avoided getting a medical diagnosis for

their suspected concussion, the coach explained:

“Not avoided, they didn’t want to spend the time or money for something they already knew.”

3.4.3 Concussion Recognition and Response

Overall, athletes with VI were more likely to report that medical professionals are less frequently on
the sidelines at the Paralympic Games, International, and National competitions compared to the
coaches (Figure 3.2). During training, all four athletes said medical professionals are either rarely or
never on the sidelines, while two of the coaches in our study population said medical professionals are
frequently on the sidelines. Both athletes and coaches agreed that that medical professionals are rarely

or never on the sidelines while athletes are playing for fun or are off the field of play.
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How frequently are medical professionals on the sidelines?

Competing at the Paralympic Games (Athletes) 25% 25% 25%
Competing at the Paralympic Games (Coaches)
Competing at an International Competition ( Athletes) 250p 25%
Competing at an International Competition (Coaches) 50%
Competing at a National Competition (Athletes) 25% -
Competing at a National Competition (Coaches) - 50%
Tining (Attlete
Training (Coaches) 50%

Playing for fun (Athletes)
Playing for fun (Coaches)
Off the field of play (Athletes)
Off the field of play (Coaches)

= Uncertain  mNever mRarely © Sometimes =Frequently = Very frequently m Always

Figure 3.2: Athlete and coach perspectives on how frequently medical professionals are on the

sidelines in various para sport settings.

When asked how their medical team decides to investigate whether an athlete has sustained a
concussion, 3 out of 4 athletes were uncertain. In contrast, all four coaches identified that any significant
impact to the head, face or neck would prompt an investigation from the medical team (Figure 3.3).

One athlete stated the following in response to this question:
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“We don’t have [our] own medical team.”

How does your medical team decide to investigate whether an athlete has sustained a
concussion?

I

Any significant impact to the head, face or nec

Any significant impact to the body 3

T 3

Athlete's signs/symptoms
® Coaches
Changes in athlete's behaviour or personality rl 2
m Athletes
Other: We don't have our own medical team .
e e — 3
0 1 2 3 4 5

Figure 3.3: Athlete and coach perspectives and experiences on how their medical team decides to
investigate whether an athlete has sustained a concussion.

Participants were then presented with the following scenario:

“Your teammate/athlete has just had a hard fall and has hit their head while training. They are
slow to get up and seem confused/dazed. Someone without medical experience was there to
witness the fall and suspects that they may have sustained a concussion. In your experience, what

happens next?”

In response to the scenario above, only one athlete recognized that the athlete should be taken for
an assessment by a medical professional immediately after injury. The remaining athletes answered
that the athlete should wait a few days before being assessed, or that nothing would happen unless the

athlete had severe symptoms after injury. In contrast, all four coaches recognized that the athlete should
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be taken for an assessment by a medical professional immediately after injury, with another 3 out of 4
athletes answering that the athlete should be removed from play immediately. These results are
presented in Figure 3.4.

Your teammate has just had a hard fall and has hit their head while training. They are

slow to get up and seem confused/ dazed. Someone without medical experience was
there to witness the fall and suspects that they mayhave sustained a concussion.

In your experience, what happens next? Select all that apply.

They are removed from play unmedlately _ 3

A concussion recognition tool is used immediately

after injury .
They are taken for an assessment by a medical - 1
professional immediately after injury 4

They wait a few days before being assessed by a [ 2

medical professional

u Athletes
Nothing happens, unless they have severe symptoms N 2
after injury B Coaches
Nothing happens, regardless of symptoms
0 1 2 3 4

Figure 3.4: Athlete and coach responses to concussion recognition scenario question.

The following question asked whether athletes are encouraged to report sports-related concussions
to their coaches and/or team. Results are illustrated in Figure 3.5. Athlete responses ranged from
‘Uncertain’ to ‘Always’. Coach responses ranged from ‘Rarely’ to ‘Always’ with 3 out of 4 coaches
indicating athletes are either ‘Very Frequently’ or ‘Always’ encouraged to report their sports-related

concussions.
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Two athletes responded that they (or a teammate) sustained a concussion and did not report it to
their coach or team. When asked why they failed to report their concussion, one athlete gave the

following response:

“Didn’t think [the concussion] was serious.”

In your experience, are athletes encouraged to report sport-related concussions to
their coaches/ team?

0% 10% 20% 30% 40% 50% 60% T0% 30% 0% 100%
Athletes 25% 25% 25%
Coaches 25% 25%

Uncertain = Never Rarely Sometimes ™ Frequently = Very Frequently = Always

Figure 3.5: Athlete and coach perspectives on whether athletes are encouraged to report concussions

to their coaches/team.

When asked whether participants knew of any challenges in recognizing and responding to

concussions, two athletes answered with the following:

“Small team, little staff, no team care, usually our guide who has to fix things because coach is

busy. Nystagmus also makes it hard to judge as a symptom.”

“Eye movement and visual behaviours may be misinterpreted due to medical personnel’s lack of

knowledge regarding blindness and/or low vision.”

105



A coach identified the following challenge in concussion recognition in athletes with VI:

“Sometimes they are more confused after a crash just from vertigo or not knowing where they

ended up. Not concussed, just specially confused.”

3.4.4 Assessment

When asked who typically performs the preliminary concussion assessment if there are ho medical
professionals immediately available, athletes were more likely to say that the guide or the athlete
themselves would perform the initial assessment. Coaches, on the other hand, were more likely to say
that the coach or athletic trainer would carry out the preliminary concussion assessment. These results

are presented in Figure 3.6.

Who typically does the preliminary (initial/ sideline)
concussion assessment in your sport, if there is no medical
professional immediately available?

4
m Athletes ™ Coaches
3
3
2 2

2

1 1 1
1

I I 0

0

Coach Athletic trainer Guide Athlete Teammate

Figure 3.6: Athlete and coach responses in terms of who typically conducts the preliminary

concussion assessment in the absence of medical professionals.
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In response to what the initial/sideline assessment tests typically consist of, 3 out of 4 athletes and
all four coaches responded with typical questions that are asked to the athlete after injury. One athlete

responded that athletes are asked questions such as:

“Do you have a headache? What is your name? What day is it? Do you feel sick?”

When asked which medical professionals typically conduct the medical concussion assessment, 3
out of 4 athletes and all four coaches identified a variety of different medical professionals (Figure 3.7).
The medical professionals selected most often by participants were team physicians, the athlete’s
physician, and emergency medical professionals. One athlete did not select any medical professionals

and stated that their team did not have access to their own medical support.
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Which medical professional typically does the medical concussion
assessment in your sport?

4
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Figure 3.7: Athlete and coach responses in terms of who typically conducts the medical concussion

assessment.

None of the athletes were able to identify specific concussion assessment tools that medical
professionals use to assess suspected concussion injury. Two out of four coaches were able to identify
specific concussion assessment tools used by medical professionals, which included the SCAT and

IMPACT tests.

Two out of four athletes said they participated in baseline testing prior to training and competing
in their sport (Figure 3.8). When asked whether medical professionals compare pre-injury baseline
testing results with post-injury testing results, only one athlete said, ‘Yes’ while the other three either
answered ‘No’, or ‘Uncertain’. One out of four coaches said their athlete participated in baseline testing

prior to training and competing (Figure 3.8). However, three out of four coaches reported that medical
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professionals do compare pre-injury baseline testing results with post-injury testing results when

assessing suspected concussion in athletes with V1.

Did you/your athlete participate in baseline testing prior to training and/ or
competing in your/their sport?
0 1 2

Yes; past concussion symptoms/ history evaluation _ {
Yes; balance assessment - [ ms
Yes; cognitive/ memory evaluation _ {

Yes; neurological examination =

Yes; all the above T ——_2

v

Ui o — |

(IS}

m Athletes m Coaches

Figure 3.8: Athlete and coach responses to whether they/their athletes participated in baseline

testing.

In terms of challenges in the assessment of concussion in athletes with VI, one coach gave the

following response:
“Many online tests are visual cues and [measure] response time, they need more [auditory cues]

or [verbal] questions.”

3.4.5 Management

When asked who typically develops the concussion management/treatment plan for athletes with VI,

three athletes and three coaches selected a multidisciplinary team of medical experts, ranging from the
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team’s physician to team athletic therapists and physiotherapists (Figure 3.9). In terms of who helps the
athlete through the recovery process of their concussion, three athletes and two coaches also recognized
that athletes typically get extra support from their guides, coaches, and families.

Who typically develops the concussion management/ treatment plan for the
athlete with VI after they have been medically diagnosed with a concussion?

0 1 3 3 4
Team physician 1_ 4
Tournament physician [
Athlete's physician 2

Emergency medical professiona] F i ——%“ 2

Team athletic therapist [T ! |
Physiotherapist [ 11
Guide

Coach

Other: sport doctor FE———— |

m Athletes m Coaches

Figure 3.9: Athlete and coach responses in terms of who typically develops the concussion

management/ treatment plan for athletes with VI.

In response to whether participants knew of any concussion management strategies that are used
in VI para sport, two athletes and two coaches provided examples of protocols they were aware of. One

athlete provided the following response:
“Rest, specific rehab, emotional support.”

A coach provided the following example:
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“Time off, minimal activity, minimal brain activity. Seen 2 occasions where eye treatment

needed.”

None of the coaches from the current study identified any challenges in the management of
concussion in athletes with VI. Two athletes identified challenges they have experienced with one

athlete detailing:

“Balance can be impacted; vertigo and disorientation may occur more frequently.”

3.4.6 Return-to-Sport

When asked who typically determines when an athlete is safe to return to sport after sustaining a
concussion, athletes gave a variety of answers which ranged from their own team physician to their
coach (Figure 3.10). Two athletes also indicated that the athlete themselves would play a role in the
return-to-sport decision making. As for the coach perspective, all four coaches indicated that the return-
to-sport decision is made by the team physician with the help of other medical professionals. Contrary
to the athlete responses, none of the coaches selected that coaches and athletes themselves would play

a role in the return-to-sport decision.

111



Who typically determines when an athlete is safe to return-to-sport after
sustaining a concussion?

4 W Athletes ®Coaches

1 1 1

1 1 1 1 1 1
1
0

Team Tournament Athlete's Emergency Team athletic Physiotherapist Guide Coach Athlete
physician physician physician medical therapist (themselves)
professional

Figure 3.10: Athlete and coach responses to who typically determines when an athlete is safe to

return-to-sport.

Participants gave a variety of answers when asked how athletes are determined safe to return to
training and/or competing after sustaining a concussion (Figure 3.11). All three athletes who provided
an answer to this question selected ‘When the athlete feels subjectively better’. In contrast, none of the
coaches selected the “When the athlete feels subjectively better’ option. All four coaches selected a
variety of responses ranging from ‘When concussion signs/symptoms are no longer present’ to

‘Strategies are case-by-case, dependent on the athlete’.
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How is it determined when an athlete is safe to return to training and/ or
competing after sustaining a concussion?

0 1 2 3

‘When concussion signs/ symptoms are no longer present L 2

By following a concussion return-to-sport protocol/ strategy L 2

When assessment indicators meet pre-injury (baseline) levels & )

Strategies used are case-by-case, dependent on the athlete _ %
When the athlete feels subjectively better — 3

Uncertain

m Athletes mCoaches

Figure 3.11: Athlete and coach responses to how athletes are determined safe to return to training
and/or competing after sustaining a concussion.

In terms of return-to-sport protocols used in VI para sport, none of the athletes or coaches named
any specific strategies. However, athletes and coaches had an idea of what medical professionals are

considering when making return-to-sport decisions. One coach provided the following response:

“Slow paced return, low rep, low volume, slowly build. Staying away from opportunities to

reinjure until balance and technique return in full confidence.”

In response to whether there are any challenges concerning return-to-sport for athletes with VI,

one athlete responded with the following:

“[The athlete] may not [be] sure about [their] recovery, [they] will not be certain about the

training area.”

A coach commented with the following:
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“They tend to make contact with the ground more often when something happens, so their pace

is sometimes even slower to keep impact minimal.”

3.4.7 Concussion Education

When asked how important it is for different parties involved in VI para sport to be educated on
concussion recognition, assessment, management, return-to-sport, and prevention, both athletes and
coaches agreed that concussion education is most important for healthcare professionals and coaches
(Figure 3.12). Athlete and coach opinions differed slightly when considering the importance of
concussion education amongst athletes, guides, and trainers. One out of the three athletes that
participated in this question answered that concussion education is ‘of little importance’ for athletes
and guides. In contrast, none of the coaches rated concussion education ‘of little importance”’ for athletes

and guides.
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In your opinion, how important is it for (each of the following) to be educated on concussion

Athletes
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= Not Important

recognition, assessment, management, return-to-sport and/ or prevention?
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33% 67%
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33%
50%
50% 50%
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100%

Of Little Importance Moderately Important Important  ® Very Important

Figure 3.12: Athlete and coach perspectives on the importance of concussion education for

healthcare professionals, coaches, trainers, guides, and athletes.

Note: A = athlete responses; C = coach responses.

In response to whether participants had previously received any form of concussion education,

three out of four coaches said they had received concussion education, while only one out of three

athletes had (Figure 3.13). All three coaches received education pertaining to concussion recognition.

The only athlete who received concussion education indicated that their education consisted of all the

above concussion topics mentioned.
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Have you received any form of concussion education?

m Athletes m Coaches

2
2
1
1
0

Yes; Yes; Yes; Yes; Return-to- Yes; Yes; All the Uncertain
Concussion Concussion Concussion sport Concussion above
recognition assessment management prevention

Figure 3.13: Athlete and coach responses to whether they received any form of concussion

education.

The quality, accessibility, satisfaction, and relevance of the concussion education received was
also different between athletes and coaches. The only athlete who received concussion education rated
it below average in quality, moderately accessible, not relevant at all, and said they were not satisfied
with the education they received. Comparatively, all three coaches who received concussion education
rated the quality of the education average to above average, the accessibility of the education accessible
to very easily accessible, the relevance of the education moderately relevant to very relevant, and said

they were either satisfied or very satisfied with the education they received.

All three coaches received education in the format of online courses or modules (Figure 3.14). One

coach added that they were tested on their knowledge with online quizzes, while another responded
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that they learned from working directly with their team physician. The only athlete that received

concussion education answered that the education was in the format of resources received by email.

Format of education received

m Athletes m Coaches

0 0 0 0
0
Resources by Online Online quizzes  Working with
email courses/modules team physician

Figure 3.14: Athlete and coach responses to the format of concussion education they received.

Lastly, when asked if participants found any challenges concerning concussion education for
athletes with VI, one athlete and coach held similar perspectives that there is minimal concussion

education for athletes with V1. One athlete responded with the following:
“Education needs to be more relevant and accessible to people with VI.”

Another athlete had a different perspective on concussion education for athletes and provided the

following comment:
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“Never heard of [concussion education for athletes with VI], so it sounds to me like it does not

exist. It also makes it hard for me to judge if this is important or not.”

3.5 Discussion

The purpose of the current study was to explore the perspectives, experiences, and knowledge of elite
athletes and coaches concerning concussion in VI para sport. Notable differences were observed
between athletes with VI and coaches in terms of their knowledge and appreciation of the seriousness
of concussion injuries. Coaches were generally more informed on aspects of concussion recognition,
assessment, management, and return-to-sport compared to athletes with V1. Athletes reported receiving
fewer education resources compared to coaches, and those that did receive concussion education rated
it below average in quality, relevance, and accessibility. Some athletes were also unable to recognize
the importance of being educated on concussion, which strongly suggests that education on the potential

long-term consequences of successive concussion injuries is needed for athletes with VI.

A study by Wessels et al. (2012) surveyed 263 wheelchair basketball athletes and found that 44%
of those who experienced a concussion did not report their concussion (46). When asked why
participants did not report their concussion, the most common reason reported was that they did not
want to be taken out of the game (67%) (46). The next two most common reasons were because
participants did not think their concussion was serious (50%), and that participants did not know they
were suffering from a concussion (50%) (46). Similarly, when athletes from the current study were
asked why they did not report their concussion, one athlete believed they would get better on their own
while the other didn’t think their concussion was serious. Also from the present study, one coach
reported that an athlete of theirs had sustained a concussion but chose not to seek a medical diagnosis
because they didn’t want to spend the time or money for something that they already knew. These

results demonstrate a lack of appreciation of the seriousness of a concussion injury and of the
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consequences of neglecting proper management (46). Clearly, more education on the potential long-
term consequences of concussion is needed for athletes and coaches in VI para sport (125). Athletes
and coaches should also be informed of the potential life-threatening decision they are making when

choosing to either conceal concussion symptoms, or when failing to seek medical attention.

Based on the results from the current study, athletes are generally less aware of how to identify
and respond to a suspected concussion injury compared to coaches. The difficulty athletes face in
knowing how to respond to a suspected concussion is presumably due to a lack of education in terms
of how to respond to concussion injuries. Another aspect to consider is that compared to able-bodied
sport, it may be more difficult to identify whether an athlete is suffering from a concussion due to the
tendency for pain to be normalized in para sports (77). In a study by Fagher et al. (2016) which
investigated Swedish para athletes’ perceptions of their experiences of sports-related injuries, there was
a reoccurring theme of pain being seen as something that belongs to para sport (77). While there was
the understanding among athletes that pain should be seen as a warning for a more serious injury, many
athletes confessed to training and competing even though they were experiencing pain (77). Para
athletes also acknowledged that pain persisted in their daily lives outside of sport, and that impairment
specific factors such as wheelchair use and poor posture contributed to their pain (77). The previous
findings suggest that para athletes may be more likely to play through concussion symptoms because
pain is intrinsically linked to their daily lives both in and outside of their sport. Going forward, athletes
should be educated on how to recognize and respond to a concussion in the event there are no medical

or coaching support staff on the sidelines.

Results from the current study suggest that coaches tend to receive more education on concussion
recognition, assessment, management, return-to-sport, and prevention than athletes with VI do. Given
the lesser availability of on-site medical support in VI para sport in general (16), it is reassuring to know
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that several coaches have completed training in concussion recognition and would know how to conduct
an initial sideline screen for concussion in the absence of medical support. However, it is concerning
that only one out of the three athletes who participated in the education section of the survey indicated
that they had received concussion education. Even more alarming was that the athlete rated their
concussion education below average in quality, moderately accessible, not relevant, and that they were
unsatisfied with the education they received. The above results are a clear indication that relevant and

accessible concussion education targeted to athletes with VI is needed.

In our study, some athletes regarded concussion education as important for themselves, whereas
others were unable to see the value of concussion education for athletes. Understanding athlete
preferences in terms of the content and delivery of the education they will receive may be required to
create education that athletes would be more likely to engage with. A recent study by Kroshus & Baugh
(2016) found that most U.S. collegiate-level athletes wanted education to include information on the
symptoms of concussion (89.0%), information about the possible long-term consequences of
concussions (84.5%), the impact of concussions on athletic (87.0%) and academic performance
(86.1%), and education about the importance of reporting concussion symptoms (82.6%) (125).
Additionally, athletes from the same study preferred their concussion education to be delivered by their
athletic trainer (83.1%), but many also wanted a physician (54.5%) or their coach (40.9%) to be
involved in the concussion education process (125). Furthermore, over half of the athletes surveyed
preferred their education delivered in the form of a lecture (57.4%) or video (54.0%), with fewer
athletes preferring the information in the form of a written handout (28.7%) or as online materials
(13.0%) (125). Understanding para athlete and coach preferences in terms of the content and delivery

of concussion education is a necessary first step toward creating relevant and accessible educational
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materials for these populations. Future research should explore the preferences of para athletes with VI

and coaches when it comes to concussion education content and delivery.

Athletes and coaches in the present study recognized the nuances in concussion sustainment,
response, assessment, and recovery that are unique to para sport and to athletes with vision impairment.
For instance, one athlete shared that their team had few staff members to assist athletes in the event of
an injury, and the first responder to an injury is often the athlete’s guide. While the athlete’s guide is
likely to understand the athlete better than anyone and would be able to recognize a change in the
athlete’s behaviour (i.e., which could be indicative of a concussion injury), it is also possible that the
guide is not trained in concussion recognition or response and would not know how to respond
appropriately. Additionally, two athletes recognized that conditions such as nystagmus and other
conditions causing irregular eye movements and visual behaviours may be misinterpreted by some
medical professionals due to a lack of knowledge regarding blindness and low vision. Going forward,
medical professionals should be required to complete education on visual impairments and low vision
conditions to ensure athletes are not being misdiagnosed for a concussion because of their underlying
visual conditions. One coach acknowledged the limitations of online concussion assessment tests in
that most rely on visual cues and measuring response time, which may be difficult to use with VI
athletes. The inclusion of more noise-related or question-answer elements in mainstream concussion
assessment tools should be considered going forward so that these assessment tools can be used to
assess concussion in athletes with V1. Lastly, another athlete recognized that balance can be impacted
at baseline, and vertigo and disorientation may occur more frequently in athletes with V1. It is critical
for medical professionals to be aware of any balance issues, vertigo, or disorientation at baseline so that

assessment and management strategies can be appropriately adapted for athletes with V1.
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3.5.1 Limitations

Findings from the current study were limited due to the small number of participants. As mentioned
previously, itis estimated that roughly 1,000 athletes with V1 participated in the most recent Paralympic
and Winter Paralympic Games globally (45,117). While recruitment was conducted on a global scale,
it is possible that the inclusion criteria for participation in the study were overly stringent. It is likely
that the combination of a small target population, the inclusion requirement for athletes and coaches to
be proficient in English, and the requirement for participants to have concussion experience limited the
target population to a couple hundred eligible participants worldwide. In addition, one athlete
participant chose to leave questions pertaining to return-to-sport and concussion education blank. As a
result, all athlete responses from both these sections of the survey are out of three as opposed to four

athlete responses.

It is suspected that the lack of participation by athletes and coaches in the present study could have
also been due to the general lack of concussion education amongst sports administrators. The research
team relied on the assistance of sports administrators from various international sport federations and
organizations to circulate the athlete/coach survey electronically amongst their athlete and coach
contacts. However, on occasion, we received responses from sports administrators claiming that
concussion was not an issue in their para sport and as a result, they didn’t recognize the value of
circulating our survey. Despite our efforts to follow up with sport administrators to explain that the goal
of our study was to understand athlete and coach perspectives, experiences, and knowledge surrounding
concussion, some sports administrators failed to follow up. The lack of engagement from some sports
administrators on the topic of concussion suggests that their knowledge of concussion may also be
limited. Going forward, concussion education strategies should be tailored to sports administrators as

well because they too represent a key stakeholder group in para sport.
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Recent epidemiological research has shown that concussion risk is highest amongst the following
VI para sports: Blind Football, Goalball, Para Cycling, Para Judo, and Para Alpine Skiing (6,10,14).
Despite best efforts, researchers were unable to recruit athletes or coaches from Blind Football or
Goalball. We suspect the lack of participation seen from Blind Football and Goalball athletes was due
to the tendency for athletes from these two sports to have the most severe vision impairments (i.e., most
are classified as B1 with a visual acuity of worse than 2.6 LogMAR or no light perception whatsoever),
which would have made our survey difficult to complete for these athletes. With the recruitment of
athletes and coaches from Blind Football and Goalball, this study would have represented a more
accurate account of the perspectives, experiences, and knowledge of athletes and coaches concerning

concussion amongst V1 para sports with the highest risk of concussion injury.

Another limitation of the present study was the design of the survey. While a representative from
the CBSA determined that both the consent form and athlete/coach survey were accessible for
individuals who are blind or visually impaired, it could have been the case that participants had
difficulty completing and submitting the survey due to accessibility issues. Granted that assistive
reading technologies for blind and visually impaired individuals (e.g., Job Access With Speech (JAWS)
screen readers, ElBraille devices, Refreshable Braille Displays, Smartphone-Based Assistive
Technology, etc.) have never been more available and accessible to the public than they are today, it is
possible that older assistive technologies were not compatible with the REDCap survey design
interface. This could explain why up to ten potential survey participants were unable to complete and
successfully submit their survey responses. It is also possible that the survey length was too long and
may have discouraged participants from completing the entire survey. Finally, the current study was

that the survey title, “Concussion Management in Blind and VI Para sport” could have introduced a
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bias toward attracting athletes with VI and coaches who felt more qualified or motivated to answer

guestions regarding concussion.

3.5.2 Conclusion

Noticeable differences exist between elite VI para athletes and coaches concerning their perspectives
and experiences on concussion in almost every aspect studied. Coaches were found to be generally
more well informed on concussion than athletes. This is not surprising since our study suggests that
athletes with V1 appear to be receiving less and poorer equality education about concussion compared
to coaches. A lack of concussion education amongst VI athletes could explain why athletes are less
inclined to be knowledgeable about concussion recognition and less concerned about the importance
of early intervention after a suspected concussion injury. Future research should continue to understand
the perspectives and experiences of athletes and coaches with concussion in VI para sport. Better
understanding of athlete and coach perspectives concerning concussion injuries will encourage the
development of targeted prevention strategies and relevant educational resources that athletes and

coaches will be more likely to engage with in the future.
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Chapter 4

Discussion, Limitations, and Future Directions

4.1 Discussion

Results from our studies demonstrate that concussion injuries in VI para sport are of significant concern.
While recommendations for a concussion standard of care were recently developed by members of the
Concussion in Para Sport group (16), there is an absence of understanding in terms of how concussions
are currently being assessed and managed in elite VI para sport. Our study found that medical
professionals are adapting pre-existing able-bodied assessment tools and management strategies as
necessary for use in athletes with VI. Above all, medical professionals highlighted the importance of
understanding your VI athlete’s pre-existing condition and of conducting annual baseline testing.
Alarmingly, athletes were found to be generally uneducated about the seriousness of concussion injuries
and how to recognize if a concussion has occurred. The former finding is particularly troublesome given
the reported lack of on-site specially trained medical support in VI para sport. Considering how little is
understood about concussions in VI para sport, research efforts should be focused on understanding
how athletes with VI experience concussion, including how they typically perform on common
assessment tools, what is involved in their concussion management, and how they recovery from their
injuries. In addition, preventative measures should continue to be implemented to reduce the likelihood
of concussion in VI para sport. Lastly, concussion education efforts should prioritize informing para
athletes of the potential long-term consequences of concussion to ensure athletes are well-informed of

the risks of participating in their para sport.

Recent injury epidemiology studies suggest that the risk of concussion injury may be greater in
sports for athletes with VI when compared to able-bodied sports (10). One reason the risk of concussion

is suspected to be higher for athletes with VI is because many VI sports involve the use of eye shades
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to ensure fair competition (12,13). As a result, athletes in sports such as Blind Football or Goalball have
no light perception whatsoever and are at a high risk of colliding with other athletes and objects (6).
The suspected increased risk of concussion among certain athletes with VI raises the important, yet
difficult, question of whether para sports such as Blind Football, Goalball, or Para Alpine Skiing should
be allowed to continue. On the one hand, one could argue that the requirement for athletes to wear eye
shades is an example of how these para sports could be considered more dangerous than their able-
bodied counterparts. However, it is also necessary to consider the importance of inclusion in sport and
the ability for sport to create a sense of belonging within a population. It is important to remember that
athletes with VI have put in countless hours to perfect their techniques and to perform at the top of their
game. To remove para sports from the lives of athletes with VI would deny these athletes the sense of
community and fulfillment that they get from participating in sport. Moreover, able-bodied sports such
as American football, ice hockey, and rugby are extremely dangerous and high-risk for concussion
injuries, yet these sports are still allowed to take place. While it is valid to acknowledge that
participation in para sports may pose different risks to athletes than participation in able-bodied sport,
participation in all sport (para or able-bodied) can be dangerous. It is also important to recognize that

it is possible to make para sports safer, as we will discuss in a subsequent paragraph.

Most experts who took part in our Delphi study considered the validation of existing concussion
assessment tools (i.e., the SCAT5) to be an important research priority going forward. Before we can
validate pre-existing assessment tools for use in athletes with VI, we would argue that there must be a
solid understanding of how athletes with VI typically perform on existing concussion assessment tools
such as the SCATS. Currently, there is minimal published data exploring how athletes with V1 typically
perform on concussion assessment tools. A recent study captured normative baseline SCATS5 scores for

58 healthy Paralympic athletes and found that athletes reported an average of 5.0 £ 5.4 out of 22.0

126



symptoms and reported an average symptom severity score of 11.0 £ 14.3 out of 132.0 at baseline (66).
However, impairment types of the para athletes who took part in the above study were not taken into
consideration in the analysis of average baseline SCAT5 symptom scores. Going forward, future
research should collect normative data for baseline and post-injury SCATS5 performance specific to
impairment type. In this way, we can begin to understand how athletes with different visual
impairments typically perform on different sections of the SCAT5. With enough understanding of how
athletes with VI typically perform on commonly used assessment tools, we can then begin to validate

these tools for use in athletes with VI.

While our survey studies did not explicitly ask participants to comment on preventative measures
that could reduce the occurrence of concussions in para sport, preventative measures are important to
develop and consider for implementation. As an example, the introduction of softshell helmets in high-
risk para sports as a preventative measure is a logical first step. Currently, helmets are not worn by all
para athletes in Blind Football, Goalball, or Para Judo. Given the lack of available evidence
recommending protective equipment for the prevention of concussion in para sport, the IBSA initiated
a study on the feasibility of softshell helmets in Blind Football. Should softshell helmets reduce the
occurrence of concussions in Blind Football, these helmets could also be considered in VI para sports
such as Goalball or Para Judo. Another potential preventative measure could be the introduction of
sensors in para sport. These sensors could be integrated into the athlete’s equipment and into objects
that are part of the field of play (e.g., goalposts, the ball, barricades, walls, etc.). If an athlete were to
come within a certain distance of an obstacle or another athlete, an alarm could sound to inform the
athlete of the impending collision risk. This would tell the athlete that they need to change course or
proceed with caution to avoid potential head-to-head contact with the athlete or object. In addition, the

oncoming hazards could give off different sound frequencies so that the athlete would be able to
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differentiate between different types of hazards. Lastly, another preventative measure to consider could
be training cervical strength and proprioception in athletes with VI (18,126). Previous studies have
found that increased neck strength and muscle activation results in reduced head movement following
a standardized impact (127). A follow-up study found that athletes with stronger necks were less likely
to sustain a concussion (126). Going forward, the above prevention strategies should be carefully
considered and implemented in the hope that one of them, or a combination of them, can reduce the

occurrence of concussions in para athletes with VI.

Perhaps the biggest take-away from both of our survey studies were the disparities in concussion
education across different stakeholders in VI para sport. Results from our studies suggest that para
athletes with V1 appear to be receiving minimal education regarding concussion. Coaches appear to be
more educated on concussion compared to athletes, yet some coaches failed to see the urgency in
seeking medical attention after a suspected head injury. Medical professionals, while generally as
educated as they can be given the lack of understanding we have on concussion in para sport, were
reported to sometimes misinterpret visual behaviours of athletes with V1 due to their lack of knowledge
regarding blindness and/or low vision. Sport administrators may also require concussion education,
given the difficulty investigators faced in circulating the athlete/coach survey amongst certain
international sport federations and organizations. Going forward, all stakeholders involved in para sport
should be informed of the potential life-threatening consequences of concussion injuries. It should be
understood by all that concussion recognition is a collective responsibility that should not fall on the
shoulders of any one group in sport to manage, especially given the lack of on-site medically support
in para sport. Most importantly, education should be relevant and accessible for each stakeholder group.
Future research should explore the preferences of athletes, coaches, sport administrators, and medical

professionals when it comes to concussion education content and delivery. If the concussion education
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is designed with key stakeholder perspectives in mind, there is a higher chance that participants will

actively engage with and learn from the education they receive.

4.2 Recommendations Going Forward

The following is a list of recommendations for para sport governing bodies, including the IPC and

IBSA, to consider for implementation:

1. The development and implementation of a standard protocol to investigate all significant

impacts to the head or body at all sanctioned competitive events.

2. The provision of impartial medical support staff at sanctioned events where the risk of

concussion injury is high.

3. A standardized method of capturing baseline testing data for all athletes with VI at least

annually.

4. The provision of baseline testing results and a detailed explanation of pre-existing conditions

for every athlete with VI at all sanctioned events.

5. Proof of completion of mandatory education on visual impairments and low vision for all

medical personnel involved in concussion assessment of athletes with VI at events.

6. Proof of completion of mandatory concussion education for athletes, coaches, and sports

administrators at sanctioned competitive events.

4.3 Limitations

Both the Delphi study and athlete/coach survey study encountered issues in terms of sample size and
participant recruitment. For health-related Delphi studies, the sample size recommendation for a

homogenous sample of experts lies anywhere between 8 — 15 participants (87,104,111). Round 1 of the
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Delphi study met the previous outlined recommendation with a sample size of eight participants.
However, the sample size in Round 2 fell slightly below what is recommended with a total of seven
participants. It is possible that the lack of medical personnel specifically trained in para sport could
have contributed to the difficulty we faced in the recruitment of healthcare professionals for the Delphi
study. Additionally, many of our study participants were involved in providing medical support to
teams at the Tokyo 2020 Paralympic Games, which were initially canceled and then rescheduled due
to the COVID-19 pandemic. The rescheduling of the Games would have also had an impact on the

availability of participants for our study.

The athlete/coach survey study experienced difficulties regarding the recruitment of eligible
participants. Only four athletes with VI and four coaches successfully completed the survey. The lack
of statistical power due to small sample size limited the possibility to determine whether there was a
statistically significant difference between athlete and coach responses. It is likely that the sample size
obtained was the result of several factors including: the small target population of elite athletes and
coaches in VI para sport; the study inclusion requirement for athletes and coaches to have sufficient
English language proficiency to understand and complete the survey in English; the requirement for
athletes and coaches to have either personally sustained a concussion, or to have known someone who
had sustained a sports-related concussion in the past; and the survey being released around the time of
the Tokyo 2020 Paralympic Games, which were initially canceled and then rescheduled due to the
COVID-19 pandemic. To improve upon the present study design, future studies should consider
recruiting elite athletes and coaches without the requirement for them to have had a personal experience
with a concussion or to have known someone who had. It would also be worth repeating the study in
athletes and coaches participating in VI para sport at a recreational level for a broader sample and to

determine differences between elite and non-elite VI para athletes and coaches.
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4.4 Future Directions

In terms of concussion assessment, existing tools such as the SCATS5 appear to be generally effective
at detecting concussion in athletes with V1. However, it is worth exploring whether modifications to
the delivery of the SCAT5 may aid in the diagnosis of sports-related concussions in the VI para sport
environment. Other common assessment tools such as the VOMS and the IMPACT tests should also
be examined going forward to determine if they would be suitable for assessing concussion in athletes
with VI. Given that athletes appear to be the most uninformed regarding concussion in general, future
education strategies should emphasize the potential long-term consequences of concussion. Athletes
should be informed of the potential long-term psychiatric and psychological outcomes (e.g., depression,
anxiety, substance use, behavioural changes, neurodegenerative changes, etc.) of repeated concussion
events so that they understand the significance of failing to report concussion symptoms and of
neglecting concussion injury protocol (128). Further investigation into persistent concussion symptoms
in athletes with VI is also needed to understand whether existing strategies (e.g., symptom limited

aerobic exercise, cognitive behavioural therapy, etc.) may require modification for athletes with VI.

4.5 Conclusions

As in able-bodied sport, sports-related concussions are commonplace in para sport. However, there is
limited understanding of best practices in concussion assessment and management for athletes with VI.
In general, healthcare professionals in V1 para sport are adapting existing able-bodied assessment tools
and management strategies as necessary for use in athletes with VI based on their specific impairment.
Given the significant overlap between symptoms associated with pre-existing visual conditions and
acute concussion symptoms in athletes with VI, extra attention is needed in the recognition of
concussion in this population of athletes. Understanding an athlete’s pre-existing condition and

conducting baseline testing at least annually is vital in this population of athletes. Future investment in
131



the provision of on-site medical support in both training and competitive environments in elite VI para

sport is needed to ensure the safety and well-being of VI para athletes.

Before the development of our survey study, our knowledge of the perspectives and experiences
of elite VI para sport athletes and coaches regarding concussion were non-existent. The results from
our athlete/coach study suggest that there is a notable disconnect of perspectives and experiences
regarding concussion between elite athletes and coaches. Athletes also appear to be receiving less and
poorer quality education about concussion compared to coaches. Future education strategies should
prioritize informing para athletes of the potential long-term consequences of concussion, so they
understand the significance of failing to report concussion symptoms and of neglecting concussion

injury protocol.
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