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ABSTRACT

Head injuries, including concussions, in athletes can account for an extended period of time lost from 
sports competition. Neurocognitive and balance deficits which may linger following a concussion affect an 
athlete’s ability to return to sport safely. If these deficits are not specifically addressed in a rehabilitation 
program then the athlete may be at risk for not only additional concussions but possible musculoskeletal 
injury. ImPACT testing is a reliable method for identifying neurocognitive deficits and assists in the devel-
opment of a neurocognitive training program. The information gathered from ImPACT may also indicate 
risk for musculoskeletal injuries. Research evidence suggesting specific rehabilitation strategies and inter-
ventions addressing neurocognitive deficits following a concussion is lacking. Progressions in a neurocog-
nitive training program may include the integration of balance, reaction training, and activities that address 
memory deficits. The purpose of this case report is to discuss the evaluation and treatment plan for a 
female snowboard athlete following a concussion.
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BACKGROUND AND PURPOSE
Emergency department data in the United States 
indicates that roughly 173,285 sports and recreational 
related traumatic brain injuries (TBI) occur per year, 
including concussions.1 Additionally, national injury 
surveillance data has indicated that TBI accounts for 
9% of all injuries in high school sports.2 A concussion 
is typically defined as a temporary loss of brain func-
tion which may be accompanied by physical, cogni-
tive or emotional symptoms and may be categorized 
as a traumatic head injury depending upon severity. 
Concussion rates in high school athletes have been 
found to be highest in the athletes who participate 
in boys lacrosse, boys hockey, football, girls lacrosse, 
and girls soccer.3,4 While there is an obvious correla-
tion between the contact nature of sports like hockey, 
football and lacrosse with concussion rate, sports that 
require change of direction, acceleration, high-risk 
maneuvers and participation on varied surfaces with 
the potential for changing climate conditions must 
also be considered. A sport such as snowboarding fits 
this category and also involves a high-risk for mus-
culoskeletal injuries as well. While there is extensive 
research evidence which discuss the rate of muscu-
loskeletal injuries in snowboarding, with injuries to 
the wrist, hand, shoulder and ankle having the high-
est occurrence,5,6,7,8 literature investigating the con-
cussion rate in this sport is lacking. Data from injury 
surveillance records indicates that while head inju-
ries do occur in snowboarding, these injuries are cat-
egorized in most studies as injuries to the head and 
face, which may include both lacerations and trau-
matic brain injuries, with no mention of concussion 
occurrence in either case.9,10,11,12 In a ten-year retro-
spective review of ski and snowboard-related injuries, 
head injuries accounted for 52% of total injuries with 
roughly 24% of these injuries occurring in the snow-
board population.11 The majority of these head inju-
ries were then identified as traumatic brain injuries 
which occurs when an external force traumatically 
injures the brain and can be potentially fatal.11 Given 
the increased focused on concussion and head injury 
occurrence in contact sports such as football, hockey 
and lacrosse as previously discussed,3,4 it would be 
important to further investigate the prevalence and 
risk of concussion in sports such as snowboarding, 
freestyle skiing, skateboarding, or extreme freestyle 
motorbiking which combine high velocity with the 

performance of aerial stunts or tricks. This becomes 
especially relevant as experienced athletes in these 
sports attempt more technical jumps and stunts, often 
associated with increased risk for injury in general.13 

Wilkerson and Swanik identified a possible link 
between neurocognitive deficits and risk for mus-
culoskeletal injuries.14,15 A reaction time composite 
score ≥ .545 seconds on ImPACT testing was corre-
lated to a two-fold risk of injury.14 Delayed reaction 
time is hypothesized to contribute to injury risk due 
to a diminished capacity for neuromuscular control 
resulting from deficits in cortically driven reaction 
time and processing speed.15 This may indicate that 
improvements in neurocognitive function must be 
achieved before returning an athlete to sport follow-
ing a concussion as increased musculoskeletal injury 
risk may exist. Medical information should also 
include concussion and orthopedic injury history in 
order to determine if further evaluation is needed to 
specifically identify risk factors for further injury.

An important component of return to play decision-
making following a concussion is neurocognitive 
testing. Immediate Post-Concussion Assessment 
and Cognitive Testing (ImPACT, ImPACT Applica-
tions, Inc., Pittsburgh, PA) has been shown to be 
a valid measure for examining deficits in reaction 
time, processing speed, working memory, attention 
and concentration in addition to having considerable 
specificity and sensitivity in identifying neurocogni-
tive deficits following a concussion.16,17 In addition, 
ImPACT has been used as a reliable tool to determine 
neurocognitive function and guide decision-making 
while managing athletes who have sustained a con-
cussion.18 While ImPACT testing is widely used and 
accepted, reliability and validity of scores between 
age groups requires further investigation. Despite 
information that can be gathered from ImPACT test-
ing with regard to neurocognitive deficits, literature 
supporting a specific rehabilitation program designed 
to address memory, concentration, processing speed 
and reaction time following sports-related concus-
sion is lacking. An active recovery program imple-
mented by Gagnon et al has been shown to promote 
recovery in children and adolescents with post-con-
cussion symptoms.19 The program included gradual 
progression of aerobic and sports specific activities 
in addition to sports-specific imagery and visualiza-
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tion training that was integrated with an individual-
ized home program.19 However, this active recovery 
program did not specifically address specific neuro-
cognitive deficits. 

The purpose of this case report is to review the pre-
sentation of signs and symptoms as well as the evalu-
ation of neurocognitive deficits and development of 
a neurocognitive retraining program in a female ado-
lescent snowboard athlete following a concussion. In 
addition, a clinic-based rehabilitation program specif-
ically addressing balance and neurocognitive deficits 
will be presented. 

CASE DESCRIPTION
The subject of this case report was a 17-year-old 
female snowboard cross athlete who was referred 
from her family medicine doctor for ImPACT test-
ing and vestibular rehab following a concussion. The 
subject provided signed consent and permission was 
granted to use her case for publication purposes. She 
presented to the sports medicine clinic for initial 
evaluation and treatment thirteen days following a 
concussion sustained when she caught her heel edge 
of her snowboard while landing from a jump and 
subsequently hit her head backwards. She reported 
wearing a helmet at the time of injury. She was ini-
tially evaluated by medical personnel at her local 
snowboarding club then referred to a doctor trained 
in concussion management. She denied loss of con-
sciousness but verbalized difficulty in remembering 
events that occurred during and immediately follow-
ing the injury. In addition, she reported post-concus-
sion symptoms which included occasional headaches, 
difficulty with memory and concentration, as well as 
difficulty falling asleep. She reported a history of four 
previous concussions (March 2008, November 2009, 
February 2011, January 2012) leading up to her most 
recent episode in January 2013. Orthopedic history 
included injuries to her low back and left cervical 
spine while shoveling snow eight days prior and well 
as a right tibial plateau fracture while snowboarding 
which required surgical intervention three years prior 
to her recent concussion episode. 

INITIAL EXAMINATION FINDINGS
Subjective questionnaires included a self-reported 
confidence rating (0-100 scale where 100% represents 
complete confidence in full return to sports activities) 

and a Dizziness Handicap Inventory (DHI) which has 
been shown to have excellent reliability and validity 
when identifying perceived physical, emotional and 
functional limitations resulting from vestibular dys-
function.20 The DHI is scored 0-100 with a high score 
of 70-100 indicating a severe perception of handicap, 
40-69 moderate, and 39-0 low (Appendix 1). Items 
are scored according to responses that include never 
(0), sometimes (2) and always (4).

A higher perception of handicap on the DHI has 
been correlated with increased episodes of dizziness 
or unsteadiness in subjects with balance deficits.20 
Given the athlete’s concussion history and self-
reported symptoms, completion of an ImPACT test 
for post-injury baseline measures was appropriate 
in order to gather information regarding her neuro-
cognitive status and to assess memory, processing 
speed, and reaction time given her self-reported dif-
ficulty concentrating and with both short and long-
term memory. Data from subjective questionnaires 
and ImPACT testing can be found in Table 1. Infor-
mation gathered from ImPACT testing would be an 
important component for development of this ath-
lete’s neurocognitive training program. The score 
report indicated that the athlete was in the lower 
6th and 51st percentile for verbal memory and reac-
tion time, respectively, as well as 64th percentile for 
visual motor speed within her age group. Thus, her 
training program would likely incorporate exercises 
addressing these problem areas. 

In addition to neurocognitive testing, a thorough 
post-concussion examination should include cervi-

Table 1. 
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cal spine assessment and balance testing in order to 
identify deficits which may exist in cervical range of 
motion (ROM) and balance which, if not addressed 
in a formal rehab program, could contribute to risk 
for further injury or concussion when returning to 
sport. Furthermore, restrictions in cervical motion 
as well as pain could limit the athlete’s ability to 
tolerate reaction training and visual processing 
activities which would be incorporated in her neu-
rocognitive retraining program. In this case, assess-
ment findings included cervical active and passive 
ROM which were symmetrical and within normal 
limits. Balance was assessed using the Balance Error 
Scoring System (BESS) as this has been supported as 
both a valid and reliable measure for assessing pos-
tural stability.21,22,23 A higher score on the BESS test 
indicates a high number of balance errors and pos-
sible deficits in the somatosensory, visual, and ves-
tibular components of the balance system as tests 
are performed on both stable and unstable surfaces 
with eyes either open or closed. This athlete’s BESS 
score was 25 which would be categorized as very 

poor according to her closest age group (20-29) refer-
ence values where averages for men and women in 
this age group were 10 and 11, respectively.24 Norms 
for her age group (10-19) were not available. This 
indicates that significant balance deficits were pres-
ent in this subject following concussion and that she 
would likely benefit from balance training as a part 
of her rehabilitation program.

INITIAL INTERVENTIONS
The initial phase of her rehabilitation program 
included education on proper transversus abdomi-
nis and gluteal muscle activation patterns through 
isometric and isotonic strengthening exercises with 
the goal of providing stabilization of the pelvic area 
during balance exercises (Table 2). These activa-
tion patterns were then integrated with BESS test-
ing exercise progressions which included standing 
with double leg, single leg and tandem stance sup-
port on both firm ground and foam surfaces while 
also challenging visual input by performing exer-
cises with eyes closed. Static balance positions were 

Table 2. 
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integrated initially, prior to dynamic positions to 
allow for proper stabilization and muscle activation 
sequences while challenging all components of the 
balance system (Figure 1). Visual focus exercises, 
designed to strengthen muscles around the eyes 
responsible for dynamic gaze stabilization, were inte-
grated separately to improve focus and concentration 
while incorporating visual tracking. These exercises 
have been shown to improve balance as well as both 
hand and eye coordination and consisted of visual 
tracking activities at various speeds across multiple 
planes.25 The athlete was instructed on integration 
of these exercises in her home program, to be per-
formed daily for three sets of 30 seconds of visual 
tracking across all planes, as well as daily short and 
long-term word recall exercises to address memory 
deficits.

After two treatment sessions which occurred at the 
rate of one session per week over the course of two 
weeks, the athlete was able to progress to dual task 
training exercises without occurrence of headaches 
or exacerbation of symptoms initially reported. Inte-
gration of visual tracking and stabilization exercises 
with balance exercises has been shown to improve bal-
ance scores following a dual task training program.26 
Visual tracking exercises also incorporated reaction 
training which involved tracking a laser pointer on 
fixed points and locating points that would appear 
while balancing on both stable and unstable surfaces 
(Figure 2). In addition, cognitive retraining exercises 
were combined with these dual tasks to improve out-
comes.27,28 Examples would include balance on an 
unstable surface with perturbations while completing 
long and short-term word recall, number sequenc-
ing, and word association tasks. Reaction training 
using a laser pointer was only introduced when the 
athlete could demonstrate good dynamic stability, 
focus, and concentration on dual tasks, without com-
plaint of headaches. Progressions included perform-
ing stability exercises on an unstable surfaces with 
eyes closed then opening upon verbal command to 
perform reaction training, which consisted of reach-
ing within and outside base of support towards the 
location of the laser target (Table 2). Exercises could 
be made more sports specific by having the athlete 
balance on a snowboard while performing exer-
cises that challenge the components of the balance 
system (Figure 3). Perturbations were added if the 
athlete was able to maintain postural control while 

Figure 1. Example of static balance training exercise, tandem 
stance on foam.

Figure 2. Visual tracking exercises using laser pointer to pro-
vide a target.
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performing dual tasks. These exercises were added 
to the athlete’s home program. She was advised to 
complete them daily using a pen light which was 
provided for reaction training with the assistance of 
a family member while following the parameters and 
suggested progressions listed in Table 2.

The last phase of the rehabilitation program included 
plyometric exercises with reaction training to incor-
porate the dynamic components of jumping and 
landing in the sport of snowboarding while address-
ing deficits in reaction timing (Table 2). The athlete 
was instructed on proper landing mechanics during 
forward and lateral jumps with double foot contact. 
Jumps were performed to either verbal or visual 
command. Visual commands would include either 
laser pointer or hand-direction. Previously men-
tioned neurocognitive retraining exercises were also 
integrated during this phase. Progressions would 
include multi-directional and single-leg jumps with 
verbal and visual cues (Figures 4,5). The reaction 
training component was advanced by giving con-
flicting cues such as pointing left while giving a 
verbal command of “forward” when the athlete was 
instructed to follow the verbal command. The ath-
lete was advised to perform the plyometric exercises 
in her home program three times per week under 
the supervision of a certified strength and condition-
ing specialist at her local snowboard club while con-

tinuing to independently perform word recall and 
dynamic balance/reaction training activities daily.

OUTCOMES
The athlete was seen for a total of 4 visits over the 
course of six weeks before relocating back to the 
east coast for the summer season. After six weeks, 
the athlete completed a follow-up ImPACT test in 
the clinic. A lower composite score in the reaction 
time category indicates an overall quicker response 
to written and visual cues on the ImPACT test. The 

Figure 3. Sport specifi c balance training using snowboard on 
BOSU™.

Figure 4. Example jumping exercises, medial/lateral.

Figure 5. 
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visual motor speed composite score is determined by 
scores on both the memory and reaction time tasks 
with a higher composite score indicating improved 
performance. Verbal and visual memory tasks are 
scored 0-100 with 100 being a better score. The sub-
ject improved in both reaction time and visual pro-
cessing with scores of .51 and 43.18, respectively, 
compared to .56 and 42.33 from baseline testing 
which indicates improvement in both categories 
(Table 1). There was only slight improvement in 
verbal memory scores with a lower score on visual 
memory. This indicates that a greater emphasis on 
verbal and visual memory activities may have been 
needed in her daily home program moving forward 
as well as an increased frequency of physical ther-
apy visits to address these remaining deficits. She 
still reported symptoms of headaches from reading 
for more than 20 minutes and when in noisy envi-
ronments, though not as frequent, and deficits in 
concentration despite an increased subjective con-
fidence rating. She demonstrated decreased errors 
on her follow-up BESS test but error score remained 
elevated which indicates continued vestibular reha-
bilitation and improved balance scores would be 
needed before the subject could return to sport. At 
that time, the subject had not been released by her 
family physician for participation in snowboarding 
or contact sports activities due to continued symp-
toms and was advised to follow-up prior to snow-
board season for reassessment. She was instructed 
to continue with her advanced home program in 
order to improve balance and memory deficits.

DISCUSSION
Proper management of a concussion requires gather-
ing a thorough medical history, a complete subjective 
report of symptoms, and the use of neurocognitive 
testing baseline measures in order to determine neu-
rocognitive deficits. Testing environment where a 
neurocognitive test is administered must be consid-
ered. In this case, testing was performed in a quiet, 
closed-door environment in a sports medicine clinic. 
Completion of the ImPACT test in a noisy, crowded 
environment or in an athlete’s home setting, where 
distractions from unmonitored cell phone or televi-
sion use could affect reliability and validity of testing 
results, is not recommended. ImPACT testing should 
not be the primary source of information when deter-

mining the return to play status in athletes following 
concussion. Information gathered from neurocogni-
tive testing should be integrated with a program that 
includes gradual progression in aerobic and sports 
specific activities as outlined in the National Athletic 
Trainer’s Association position statement on manage-
ment of sport-related concussion to determine if an 
athlete is ready for return to sport.22 In addition, it is 
recommended that athletes undergo baseline neu-
rocognitive testing before each competitive season 
prior to an incidence of concussion, especially in 
adolescents whose cognitive development is likely 
to vary significantly from season to season. In this 
case study, the subject completed a pre-season base-
line neurocognitive test eighteen months prior to 
her most recent concussion as baseline measures 
were gathered every two years for athletes within 
this subject’s age group. These baseline test results 
were not available or provided by the subject.

Proper fitting equipment and helmet use also play an 
important role in reducing the risk for traumatic brain 
injury and possibly decreasing the severity of a concus-
sion. In cases of traumatic head injury, helmet use by 
injured snowboarders has been poorly documented.11 
However, several studies indicate reduced risk for 
severe head injury when a helmet is worn.12,14,29 Sul-
heim et al found a 60% reduction in brain injury risk 
when a helmet was worn in the ski and snowboard 
population.12 Similarly, helmet use has been shown 
to significantly reduce the risk of severe or traumatic 
head injury in the biking and motorcycling popula-
tions where the combination of high velocity and falls 
onto hard surfaces are common.30,31 While this does 
not imply that a concussion can be prevented when 
wearing a helmet, it would be prudent to advise snow-
board athletes, as well as those that participate in 
sports involving aerial maneuvers and/or high veloc-
ity activities such as skateboarding, freestyle skiing, or 
motorcycling, to wear a helmet given the possibility 
of sustaining a head injury when participating in their 
sport or activity. Educating coaches and parents on 
the importance of helmet use is also advised.

While incorporating balance, neurocognitive retrain-
ing, and reaction training progressions, the medical 
practitioner should be sensitive to overloading the 
sensory and motor systems. Integrating excessive 
stimuli in an athlete during post-concussion rehab 
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may result in increased symptoms and delay rehab 
progressions attempted through dual task training. 
Slowed reaction time during these activities should 
be expected as attention is divided between balance 
and cognitive tasks with postural control being pri-
oritized.32,33 In this case report, exercises were only 
progressed as tolerated and if the subject demon-
strated the ability to maintain postural control while 
successfully completing dual tasks challenging the 
visual, somatosensory and vestibular components of 
the balance system. 

In this case report, the subject’s reaction time com-
posite score was above the previously established 
cut-off which may indicate a predisposition to mus-
culoskeletal injury that may have contributed to 
her recent concussion given the athlete reported an 
injury to her low back and cervical spine one week 
prior. Her medical history also indicates a prior sur-
gery to her right lower extremity. With this being 
said, gathering of a thorough medical history should 
include considerations of both orthopedic injury and 
concussion history. Also, given the indication from 
previous research that musculoskeletal injury risk 
may be increased following a concussion, it would be 
prudent to assess both neurocognitive function and 
functional movement patterns. Following assess-
ment, implementation of an appropriate musculo-
skeletal and neurocognitive training program which 
addresses these risk factors would be beneficial before 
returning an athlete to sport following a concussion. 
Additional research which further investigates the 
combined integration of neurocognitive and muscu-
loskeletal training programs within post-concussion 
rehabilitation programs may be beneficial in address-
ing various deficits which may put athletes returning 
to sport to quickly at risk for injury.

Return to sport decision making should address the 
psychological components of injury and the rehabilita-
tion process. Subjective ratings of confidence and use 
of questionnaires to identify functional limitations, in 
addition to symptom checklists, balance scores, neu-
rocognitive testing, and response to activity progres-
sions, should assist in guiding return to sport decision 
making following a concussion. An athlete’s decreased 
levels of confidence in returning to sport could be 
indicative of psychological limitations associated with 
perceived negative life events such as previous injury 

or personal stress. If an athlete returns to sport too 
quickly without his or her psychological limitations 
being addressed, injury may result due to a narrowing 
of peripheral vision as well as subsequent delays in 
visual processing and reaction timing in response to 
environmental stimuli.34,35 

Limitations of this case include reassessment after 
only four treatment sessions and a program length 
of six weeks due to athlete relocation. In addition, 
baseline ImPACT testing results closer to the time 
of her most recent concussion episode were lacking. 
Outcomes of this case report are of a single subject 
only and cannot be applied with confidence to other 
athletes or athletic populations.

CONCLUSIONS
This case report presents an integrated rehabilita-
tion program that specifically addresses neurocogni-
tive deficits that are identified on ImPACT testing 
following concussion. A program which incorporates 
dual-task training by combining balance and reac-
tion training activities may improve both balance 
and neurocognitive function in the categories of 
reaction timing and visual motor speed processing, 
based upon the findings of this case report. Future 
research should investigate the benefits of a com-
bined neurocognitive and balance training program 
over a longer period of time as well as the effective-
ness of computer-based and visual training activities 
as they relate to improving both short and long-term 
memory, visual processing, and reaction timing in 
athletes following a concussion. Additionally, more 
research is needed investigating the risk for concus-
sion in sports such as snowboarding, freestyle ski-
ing, skateboarding and motorbiking which combine 
high velocity with aerial stunts and tricks.
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