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 1 

Driving After Concussion: Clinical Measures Associated With Postconcussion Driving 1 

Abstract 2 

Context: Post-concussion driving assessment has been limited to driving simulators, which are 3 

not clinically feasible. There is a need to equip clinicians with tools that can assist in making 4 

recommendations on return to driving.  5 

Objective: To determine the association between clinical measures and driving simulator 6 

performance in college students within a week of a concussion. 7 

Design: Cross-sectional. 8 

Setting: Laboratory. 9 

Patients or Other Participants: Forty-three college students with concussion and 46 controls. 10 

Main Outcome Measures: Clinical outcomes include: total symptom score, dual-task tandem 11 

gait completion time and dual-task cost (the percentage increase in completion under dual-task 12 

and single-task), Complex Figure performance, Useful Field of View performance, and 13 

Vestibular Ocular Motor Screening (VOMS) symptom provocation score. Driving simulator 14 

outcomes include: the number of collisions, speed exceedances, stop signs missed, centerline 15 

crossings, and road edge excursions. Within each of the drive segments, we collected standard 16 

deviation of speed (SDS) and lane position (SDLP). Separate models for each clinical assessment 17 

and driving outcome with negative binomial and linear regression models were used.  18 

Results: Greater dual-task cost was associated with increased road edge excursions (p=.018) and 19 

SDS (p=.009). Higher VOMS symptom provocation was associated with less SDS (all p<.050). 20 

A higher Complex Figure copy score was associated with decreased centerline crossings 21 

(p=.001), road edge excursions (p<.001), SDS (p<.001), and SDLP (all p<.050). A slower 22 

Complex Figure copy completion time was associated with lower SDS (p=.010). A higher 23 
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 2 

Complex Figure delayed score was associated with fewer road edge excursions and lower SDLP 24 

(all p<.050). Longer Complex Figure delayed completion time was associated with greater SDS 25 

(p=.03).  26 

Conclusions: Dual-task and Complex Figure might be useful when assessing post-concussion 27 

driving ability. Higher VOMS symptom provocation was associated with better driving 28 

performance, possibly indicating individuals experiencing vestibular-oculomotor symptoms may 29 

adopt more cautious strategies.  30 

294/300 words 31 

Key Words: Concussion, Return to Drive, Concussion Assessment, Driving After Concussion. 32 

Key Points:  33 

 Dual-task tandem gait and Complex Figure might inform simulated driving performance 34 

among individuals with concussion.  35 

 VOMS does not directly measures driving ability, but it may offer insight into 36 

compensatory behavior.  37 

  38 
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 3 

1. Introduction  39 

Concussions have become a growing area of public concern. The annual incidence of 40 

concussions is estimated to be more than 10,000 concussions in collegiate settings in the United 41 

States of America.
1
 The presentation and duration of concussion signs and symptoms vary in 42 

each individual, but individuals with concussion often suffer from cognitive, motor, emotional, 43 

and vestibular-ocular dysfunctions that may last days, weeks, or even longer after the injury 44 

despite being symptom-free.
2
 These post-concussion deficits could have a significant impact on 45 

the ability to drive.
3-7

 During the acute phase of the injury, individuals with concussion 46 

demonstrate poorer driving performance relative to controls.
5,8

 Additionally, individuals with a 47 

history of concussions have twice as many motor vehicle crashes as those without a previous 48 

history of concussions, though underlying factors may contribute to this association.
4
 These 49 

noted driving impairments following concussion support the need for the development of 50 

strategies to promote a safe return to driving after concussion.  51 

Driving, one of the important activities of daily living, enables us to transport and engage 52 

in social activities. Reduction and cessation of driving can result in negative consequences such 53 

as reduced social involvement, increased isolation, poor mental health, and diminished well-54 

being.
9
 Thus, it is important to allow an individual to return to driving as soon as it is safe to do 55 

so. Despite the importance of driving, driving assessment expertise and technology are not 56 

accessible in most clinical settings managing concussion. Therefore, there is a need to equip 57 

clinicians with objective tools that can assist in making clinical recommendations on return to 58 

driving.  59 

Our study highlighted that specific symptom clusters and neurocognitive assessments 60 

uniquely captured the simulated driving performance during the acute phase of the concussion.
10

 61 
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 4 

However, symptoms resolve relatively quickly while individuals may still experience residual 62 

deficits associated with concussion.
11,12

 Additionally, symptom assessments rely on subjective 63 

reporting which raises concerns of reliability in understanding recovery of post-concussion 64 

driving performance.
13

 Thus, we need to identify an effective approach to objectively assess 65 

post-concussion driving performance over a longer period.  66 

The current international consensus statement for concussion includes assessments of 67 

symptoms, cognitive, postural control, and more recently, vestibular performance.
14

 However, 68 

these assessments do not include tests of divided attention, visuospatial attention, and visual 69 

memory assessments – domains commonly correlated with driving performance. In order to 70 

objectively evaluate driving performance, this study included a combination of clinically 71 

accessible tests relevant to driving performance.  The Useful Field of View test (UFOV),
15

 Rey–72 

Osterrieth complex figure test (ROCF),
15

 and dual-task (DT) test 
16

 are commonly implemented 73 

to assess driving safety in older adults and after brain injury in clinical settings. Additionally, one 74 

preliminary study found that vestibular ocular motor screening (VOMS) outcomes were uniquely 75 

associated with simulated driving performance in individuals deprived of sleep.
17

 These clinical 76 

measures which can be administered within 20 minutes, may offer a more comprehensive 77 

understanding of the symptoms impacting driving ability in individuals following concussion. 78 

No study has examined whether these clinical measures can capture driving performance 79 

following concussion. Therefore, the purpose of the study was to determine the association 80 

between clinical measures and post-concussion driving performance in college students within a 81 

week of the concussion. It was hypothesized that poorer UFOV, Complex Figure, DT tandem 82 

gait, and VOMS outcomes would be associated with poorer simulated driving performance in the 83 

concussion group, relative to the controls.  84 
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 5 

2. Methods 85 

A cross sectional study design was employed for this study. One group consisted of non-86 

concussed controls and the other consisted of individuals within a week of concussion. 87 

Individuals with concussion were diagnosed with a concussion in accordance with the fifth 88 

Consensus Statement on Concussion in Sport within a week of the injury.
18

 The inclusion criteria 89 

for all participants were: ages between 18 and 25 years old, possess a valid class C driver's 90 

license, and normal or corrected-to-normal vision. Class C driver’s license is the most common 91 

type of license allowing individuals to drive any self-propelled or towed vehicle used for 92 

recreational, camping, or travel purposes as well as for personal or family transportation.
19

 The 93 

exclusion criteria were: a history of more than 3 previous self-reported concussions, other major 94 

neurological disorders/injury, current use of any medications that evoke drowsiness (prescription 95 

or over the counter), or heavy use of alcohol (binge drinking 5+ days in the past 30 days), or any 96 

illegal drug use.  97 

All participants completed a driving simulator assessment, self-reported symptom 98 

checklist of Sport Concussion Assessment Tool – 5
th

, DT tandem gait, UFOV, Complex Figure, 99 

and VOMS during the initial evaluation. Data collection occurred in quiet indoor facilities with 100 

minimal distractions at the university laboratory. Participants signed an Institutional Review 101 

Board consent form. It took 35-45 minutes to complete all assessments. 102 

2.1.1. Driving simulator  103 

 All participants completed a driving simulation task on a simulator with three 23” screens 104 

on STISIM drive® software, model 100WS, version 3.15.07 (STI Inc, Hawthorne, CA). A 105 

Logitech® G29 steering wheel and pedals were connected to the computer and used to control 106 

the driving simulator.
5,7

 After a brief explanation of the procedure, participants were asked to 107 
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 6 

perform a 1-minute familiarization drive task. The assessment consisted of a 6-mile route of 108 

simulated daily traffic scenarios, including navigation through the following segments: 1) 109 

overtaking on a highway, 2) traffic light, 3) highway left curve, 4) highway right curve, 5) child 110 

pedestrian crossing, 6) cross walk, 7) residential right curve, 8) residential left curve, 9) incurring 111 

vehicle in the lane, 10) vehicle cross: navigating to the left of a car crash in the right lane, and 112 

11) a vehicle following task. Segments were completed once and in the same sequence for all 113 

participants, as is common with driving simulation scenarios.
3
  114 

 Outcome variables were extracted from the STISIM drive® software data files and 115 

processed using MATLAB. The total number of collisions, speed exceedances, stop signs 116 

missed, centerline crossings, and road edge excursions were used as full drive outcomes. Within 117 

each of the 11 drive segments listed above, standard deviation of speed (SDS) and average 118 

standard deviation of lane position (SDLP) were extracted due to their sensitivity to vehicle 119 

control and crash risk.
20

 Lower SDS and SDLP indicate consistent speed and vehicle position 120 

control, considered to be better driving performance.   121 

2.1.2. Symptoms 122 

All participants completed the Sport Concussion Assessment Tool-5
th

 symptom 123 

checklist.
21

 It consists of 22 items on a scale from 0 (none) to 6 (most severe). The total symptom 124 

score was calculated and used as an outcome measure.  125 

2.1.3. Dual Task Tandem Gait Test 126 

During the dual task (DT) tandem gait, the participant performed tandem gait and serial 127 

sevens simultaneously. The participant walked with a heel-to-toe alternate gait on a straight 3-128 

meter line of athletic tape. At the end of the line, the participant turned 180 degrees and used the 129 

same gait to return to the starting point as quickly as possible. The participant was given a 130 
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 7 

random number at the beginning of the test and was instructed to count backward by sevens 131 

throughout the tandem gait. The separation of heel and toe and/or stepping off the tape was 132 

considered a failed trial, and participants performed another trial until 2 successful trials were 133 

completed. The time (seconds) taken to complete the task was recorded using a stopwatch on a 134 

mobile device.
14

 We then calculated the average time (seconds) of 2 successful trials. In addition, 135 

dual-task cost (DTC) was calculated using the following formula: 
DT – single task 

 single task
 X 100 to show 136 

performance change under DT conditions relative to single-task performance. A higher DTC 137 

indicates a greater decline in performance by the added cognitive task. 138 

2.1.4. Useful Field of View 139 

UFOV (Visual Resources, Inc., Bowling Green, KY) is a computer-based test to assess 140 

visual functions pertinent to driving safety. It consists of three sub-tests: processing speed, 141 

divided attention, and selective attention. The processing speed subtest measures the speed at 142 

which an individual can process visual information. Participants are shown a visual stimulus (e.g., 143 

a car or truck icon) in the center of the screen and must identify it as quickly and accurately as 144 

possible. The display duration decreases progressively, challenging the participant’s visual 145 

processing efficiency. The divided attention subtest evaluates the ability to process visual 146 

information simultaneously in central and peripheral vision. Participants are required to identify 147 

a central target (as in the first subtest) while also localizing a peripheral target (e.g., a briefly 148 

displayed car in one of eight radial positions). The selective attention subtest is similar to the 149 

divided attention subtest but adds 47 distractors to increase difficulty. The shortest time (in ms) 150 

to complete each subtest with at least 75% accuracy was the outcome measure.   151 

2.1.5. Complex Figure 152 
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 8 

The Complex Figure is an adapted version of the ROCF, consisting of a copy trial and a 153 

delayed recall trial. During the copy trial, the participant was instructed to copy the complex 154 

figure onto a blank sheet of paper as accurately as possible. The Complex Figure copy trial 155 

assesses the visuospatial ability which can provide an individual’s capacity to detect hazards and 156 

react to situations appropriately. During the delayed trial, the participant was instructed to recall 157 

the figure and reproduce it from memory after 30 minutes of completing the copy trial. The 158 

Complex Figure delayed trial assesses delayed memory which can provide information about an 159 

individual’s ability to remember speed limits and traffic signs while driving. The time (seconds) 160 

taken to complete the task and the score of how correctly the units were drawn were used as 161 

outcome measures. The Complex Figure is divided into 18 units for both copy and delayed trials. 162 

Each unit is scored as follows: 2 points for an accurate figure and correct placement, 1 point for 163 

an accurate figure and incorrect placement or an inaccurate figure and correct placement, 0.5 164 

points for an inaccurate figure but recognizable and incorrect location, and 0 points for a missing 165 

figure that cannot be recognized. The maximum score was 36.
22

 Each trial takes about 5 minutes 166 

to complete. 167 

2.1.6. Vestibular-Ocular Motor Screen 168 

VOMS consists of five domains utilizing ocular and vestibular function: 1) smooth 169 

pursuit, 2) saccades, 3) near point convergence, 4) VOR, and 5) visual motion sensitivity. Before 170 

the VOMS test and after each domain, participants rated their symptoms of headache, dizziness, 171 

nausea, and fogginess on a scale from 0 to 10, where 0 indicates no symptoms and 10 indicates 172 

severe symptoms. The change score of total symptom scores of headaches, dizziness, nausea, 173 

and fogginess from the pre-test symptoms to total symptom scores after each domain was 174 

calculated (Post-test symptom - Pre-test Symptom) and used as outcome measures. 175 
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 9 

2.2. Statistical Analysis 176 

Prior to analysis, all data were loaded and cleaned using Microsoft Excel©. Data were 177 

then loaded into Statistical Package for Social Science (SPSS) Version 29 (IBM®, Chicago, IL) 178 

with an alpha level of p < 0.05 for analysis. Independent samples t-test, Mann–Whitney U-test, 179 

or chi-square test were used to compare demographic characteristics and clinical measure 180 

outcomes between groups. To address our aim, separate models for each assessment and driving 181 

outcome were conducted; negative binomial regression was used for count outcomes, while 182 

linear regression models were used for continuous outcomes (sometimes with a natural log 183 

transformation). Predictors included the clinical assessment outcome, group, and the interaction 184 

between assessment and group. This manuscript focuses on the interaction effect between group 185 

and clinical concussion assessment to account for the possibility that some assessments relate to 186 

driving in healthy, non-concussed individuals. A significant interaction provides evidence that 187 

the relationship between clinical assessment and driving outcome differs between groups and 188 

that a correlation is unique to the concussion group. We did not adjust for multiple comparisons 189 

in our analysis because our primary focus was on exploring data. This is especially relevant 190 

given the small sample size and lack of evidence related to driving after concussion. 191 

3. Results 192 

Forty-three individuals with concussion and 46 non-concussed controls completed 193 

driving simulation assessment, symptom checklist, DT tandem gait, UFOV, Complex Figure, and 194 

VOMS within a week post-concussion (Table 1). Some clinical measures were included in the 195 

protocol, resulting in missing data.  196 

3.1. Symptom  197 
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 10 

There were no interaction effects between group and total symptom scores for driving 198 

simulation outcomes (p>0.05, Table 2-4).  199 

3.2. Dual Task Tandem Gait 200 

There was a significant interaction between group and completion time for SDS during 201 

incurring the vehicle in the lane segment (Figure 1, p=0.009). For the concussion group, the 202 

longer completion time of DT tandem gait was associated with less speed variability during 203 

incurring the vehicle in the lane segment (Table 4, B=-0.37).  204 

3.3. Tandem Gait Dual Task Cost 205 

Tandem gait DTC showed a significant interaction for road edge excursion (Figure 2A, 206 

p=0.030). Greater DTC in the concussion group was associated with a higher number of road 207 

edge excursions (Table 2, IRR=1.02). A similar result was found for speed variability in the 208 

residential left curve segment (Figure 2B, p=0.010, B=0.71). 209 

 210 

3.4. Complex Figure 211 

There were five cases where we observed significant interaction effects between group 212 

and Complex Figure copy score: Centerline crossings, road edge excursion, SDS for residential 213 

left curve, SDLP for residential right curve, and SDLP for a vehicle following task. The higher 214 

Complex Figure copy score in the concussion group was associated with fewer centerline 215 

crossings (Table 2, p=0.001, IRR=0.88), fewer road edge excursions (Table 2, p<0.001, 216 

IRR=0.84), less speed variability during the residential left curve (Figure 3B, p<0.001, B=-217 

1.087), lower lane position variability during the residential right curve (Table 3, p=0.006, B=-218 

0.080), and lower lane position variability during the vehicle following task (Table 3, p<0.001, 219 

B=-0.149).  220 
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 11 

We also found three significant interaction effects between group and Complex Figure 221 

delayed score. There was a significant interaction effect between group and Complex Figure 222 

delayed score for road edge excursions, SDLP for cross walk, and SDLP for a vehicle following 223 

task (Figure 4A). The higher Complex Figure delayed score in the concussion group was 224 

associated with a decrease in road edge excursion (Table 2, p=0.004, IRR=0.90), decreased 225 

lateral position variability for cross walk (Table 3, p=0.023, B=-0.028), and decreased lateral 226 

position variability for a vehicle following task (Table 3, p=0.009, B=-0.050). During the 227 

residential right curve, we found a significant interaction effect between group and Complex 228 

Figure delayed time for SDS (Table 4). The longer Complex Figure completion time was 229 

associated with an increased speed variability (p=0.019, B=0.007, Figure 4B).  230 

3.5. Useful Field of View 231 

There were no interaction effects between group and all UFOV for driving simulation 232 

outcomes (Table 2-4, all p>0.05).  233 

3.6. Vestibular Ocular Motor Screening 234 

While navigating to the left of a car crash, we found significant interaction effects 235 

between group and VOMS smooth pursuits, horizontal saccades, vertical saccades (Figure 5A), 236 

and horizontal VOR symptom ratings (Figure 5B) as they relate to speed variability (Table 4, all 237 

p<0.05). Higher symptom provocation in concussion group was associated with less speed 238 

variability. A similar result was found with the smooth pursuit for speed variability in cross walk 239 

segment (Table 4, p<0.001, B=-0.35). 240 

4. Discussion  241 

Our study shows that specific outcomes from DT tandem gait and Complex Figure 242 

assessments might be useful in clinical settings when assessing driving ability following 243 
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 12 

concussion in college students. More generally speaking, our findings suggest that divided 244 

attention during tandem gait, vestibular/ocular-motor function, visuospatial attention, and visual 245 

memory may be important functions for safe driving impaired by concussion. Interestingly, and 246 

counter to our hypotheses, higher symptom provocation with VOMS was associated with less 247 

speed variability, suggesting that individuals with vestibular or oculomotor impairments may 248 

adopt more cautious or constrained driving strategies, potentially masking underlying 249 

impairments. In contrast, post-concussion symptom scores and UFOV performance appear to 250 

have limited usefulness in our sample.  251 

4.1.1. Symptoms  252 

We found no significant relationship between driving performance and total symptom 253 

scores for driving outcomes within the first seven days of concussion. Concussion symptoms 254 

resolve relatively quickly
11,12

 while individuals still experience residual functional deficits 255 

associated with concussion. Our previous study found that symptom clusters could uniquely 256 

capture post-concussion driving impairment during the acute phase of the injury (within 72 257 

hours).
10

 These findings imply that symptom reporting may be most effective in detecting post-258 

concussion driving impairments during the acute phase with decreased utility over time. Further 259 

study is needed to determine the effectiveness of a time frame using post-concussion symptoms 260 

to detect driving deficits following concussion.  261 

4.1.2. Tandem Gait  262 

We found that greater declines in DT performance relative to single-task was associated 263 

with a higher number of road edge excursions in the concussion group. This indicates that 264 

individuals with decreased divided attention ability may struggle to maintain lane position. 265 

Similarly, difficulty performing DT was associated with higher variability in speed in the 266 
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residential left curve segment. Our previous study found that single-task tandem gait had limited 267 

association with driving performance in this population.
10

 Driving involves multi-tasking; 268 

reacting and responding to changes in the environment, traffic signs, and other vehicles while 269 

simultaneously managing the steering wheel and acceleration. DT has been used for re-licensure 270 

for older adults.
23

 More recently the DT tandem gait was added to the recommended concussion 271 

assessment protocol for sports-related concussion.
14

 This study demonstrates that DT tandem gait 272 

may have the potential to be used as a metric to evaluate the extent of cognitive impairments in 273 

college students with concussion associated with driving performance.  274 

4.1.3. Complex Figure 275 

We found multiple associations between group and Complex Figure. The Complex 276 

Figure score of the copy trial was associated with centerline crossings and road edge excursion 277 

and the Complex Figure delayed trial score was associated with road edge excursion. We also 278 

saw that the Complex Figure copy trial score captured variability in lane positioning during the 279 

residential right curve and a vehicle following task. Also, the Complex Figure delayed trial score 280 

captured variability in lane positioning during cross walk and a vehicle following task. Greater 281 

variability of the lateral position is considered as riskier driving performance, because it is 282 

associated with poorer adjustment to changes in road parameters, increased probability of a 283 

centerline crossing or a road-edge excursion, and, ultimately, greater risk of crash.
24

  284 

Complex Figure delayed trial time captured speed variability during a residential right 285 

curve in the concussion group, which is interesting because greater variability in speed is 286 

associated with increased odds of motor vehicle crash.
25

 Contrary to our hypothesis, the longer 287 

Complex Figure copy trial time was associated with a decrease in speed variability during a 288 

vehicle following task. This may indicate that decreased visual-spatial processing promotes more 289 
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cautious driving behaviors in certain situations such as a vehicle following task. These suggest 290 

that post-concussion visuospatial ability and delayed memory deficits are associated with poorer 291 

driving performance following concussion. Complex Figure takes approximately 5 minutes to 292 

complete each trial. Additional advantages of Complex Figure include being independent of 293 

auditory processing and language skills while requiring only a pen, paper, and a timer. The 294 

Complex Figure is available for clinicians to use, however, it might be less accessible in the 295 

athletic training field. Both copy and delayed trials of the Complex Figure assessment have 296 

potential value in clinical settings for evaluating driving performance in individuals with 297 

concussion.  298 

4.1.4. UFOV 299 

The UFOV assessment evaluates visual sensory function, visual processing speed, and 300 

visual attention; skills essential for safe driving. In older adults, poor UFOV performance is 301 

associated with an increased risk of motor vehicle crash.
26

 A previous study noted that as 302 

children develop, their UFOV performance on all three subtests improves and reaches to adult 303 

level by age 14.
27

 Originally UFOV was designed to assess individuals over the age of 65,
28

 thus, 304 

modification might be required to be more applicable to young adults. These findings suggest 305 

that UFOV might not be as useful in college students with concussion. 306 

4.1.5. Vestibular Ocular Motor Screening 307 

Our results indicated that VOMS symptom provocations during smooth pursuits, 308 

horizontal saccades, vertical saccades, and horizontal VOR, are associated with SDS while 309 

navigating to the left of a car crash in the right lane in individuals with concussion. In contrast to 310 

our hypothesis, the higher symptom provocation was associated with a decrease in speed 311 

variability. A similar result was found with smooth pursuit for SDS in cross walk segment. These 312 
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findings may suggest that higher symptom provocation during VOMS triggers compensatory 313 

behavior to maintain control in complex driving situations.  Similar observations of decreased 314 

variability in measures of physical performance are reported after concussion during postural 315 

balance testing, hypothesized to represent a more constrained motor strategy.
29

 Clinically, while 316 

VOMS does not directly measure driving skills, it may offer important insights into 317 

compensatory behavior by adopting more cautious driving strategies, potentially masking 318 

underlying impairments. VOMS, a widely used and clinically accessible tool, assesses several 319 

functions critical for locating and fixating on visual information, which is essential for safe 320 

driving.
30,31

 However, the clinical implications of our findings warrant careful consideration. 321 

VOMS was associated with only 2 out of 11 segments. These findings suggest that while VOMS 322 

provides valuable information for safe driving, its use may be limited to specific and complex 323 

scenarios in post-concussion driving assessment during the first week of the injury. 324 

4.2. Limitations 325 

This study had limitations. We used sample of young adult college-aged students which 326 

potentially limits the generalizability of the outcomes.  Even though the driving simulator has the 327 

capability to assess driving performance in a safe environment, the driving simulator does not 328 

necessarily represent real-life driving scenarios. A naturalistic driving study is needed to 329 

determine the actual driving behavior of individuals after suffering a concussion. There is 330 

missing data for some clinical assessment outcomes. There was variability in the time since 331 

concussion among participants and the range within the dataset could have influenced the results.  332 

5. Conclusion 333 

Our study highlights the potential utility of clinical tools for assessing driving 334 

performance in individuals who have recently sustained concussion. DT tandem gait and 335 
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Complex Figure may help identify individuals at higher risk of unsafe driving due to post-336 

concussion deficits. These findings suggest the importance of assessing divided attention, 337 

visuospatial attention, and visual memory to inform readiness to return to driving post-338 

concussion. While VOMS does not directly measures driving ability, it may offer insight into 339 

compensatory behavior by adapting more cautious driving strategies. Given the limited 340 

association between driving performance and UFOV and symptoms, these tools might not be 341 

effective for assessing driving ability post-concussion. These findings may inform potential 342 

strategies for facilitating recovery of these deficits enabling safer return to driving as soon as 343 

possible.  344 
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Table 1. Descriptive and Statistical Outcomes of Participant’s Characteristics and Clinical Measure Outcomes. 

  Concussion (N=43)  Control (N=46)  p 

Demographics       
Age  19.5 ± 1.4 years  19.5 ± 1.5 years   

Sex (Female)  26 (60.5%)  36 (76.1%)   
Time Since Concussion  3.3 ± 2.0 days     

Number of Previous Concussion  0.3 ± 0.5      
           

Clinical Measure Outcomes  Median Mean SD  Median Mean SD   

Symptom  N=43  N=46   
Total Symptom Score  20.00 24.08 17.76  1.50 5.28 7.28  <0.001* 

       
DT Tandem gait  N=30  N=46   

Average Time§  20.69 22.14 6.95  19.77 19.73 4.88  0.071 
DTC  36.43 42.30 26.80  28.72 34.28 36.25  0.185 

       
VOMS  N=23  N=46   

Smooth Pursuit  0.00 0.96 2.52  0.00 -0.04 0.79  0.189 
Horizontal Saccades  0.00 1.35 2.64  0.00 0.09 0.94  0.027* 

Vertical Saccades  1.00 1.62 2.59  0.00 -0.02 1.13  0.030* 
Near Point Convergence  0.50 0.73 4.80  0.00 0.15 1.45  0.108 

Horizontal VOR  1.00 1.15 5.03  0.00 0.46 1.76  0.052 
Vertical VOR  0.50 0.81 5.06  0.00 0.43 1.76  0.256 

Visual Motion Sensitivity  1.50 1.46 5.25  0.00 0.76 2.02  0.063 
       
ROCF  N=19  N=45   

Copy Score  35.00 33.80 2.85  34.00 33.60 2.65  0.287 

Copy Time  113.32 122.97 42.20  117.90 113.66 29.97  0.560 

Delayed Score§  24.00 23.32 4.34  23.00 22.32 6.99  0.520 
Delayed Time  91.00 90.81 35.23  91.00 98.75 34.84  0.289 

       
UFOV  N=20  N=45   

Processing Speed           
Divided Attention  33.53 37.34 21.05  36.73 36.15 11.84  0.582 

Selective Attention  63.67 67.20 28.71  56.67 63.94 25.52  0.588 

* Denotes significant difference. §Mann-Whitney U test was used.  
DTC: Dual-Task Cost, VOR: Vestibular/Ocular Reflex, ROCF: Rey–Osterrieth Complex Figure, UFOV: Useful Field Of 
View  
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Figure 1. Interaction between group and DT tandem gait completion time for SDS during 
incurring vehicle in the lane.  
SDS: Standard Deviation of Speed, DT: Dual-Task 
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Figure 2. Interactions between group and DT tandem gait completion time for A) SDS during 
resident left curve and B) road edge excursion.  
SDS: Standard Deviation of Speed, DTC: Dual-Task Cost. 
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Figure 3. Interaction between group and ROCF Copy Time for SDS during vehicle following. 
SDS: Standard Deviation of Speed, ROCF: Rey–Osterrieth Complex Figure. 
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Figure 4. A) Interaction between group and ROCF Delayed Score for SDLP during vehicle 
following and B) interactions between group and ROCF Delayed Time for SDS during resident 
right curve. 
SDS: Standard Deviation of Speed, SDLP: Standard Deviation of Lane Position, ROCF: Rey–
Osterrieth Complex Figure. 
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Figure 5. Interactions between group and A) vertical saccades and B) horizontal VOR for SDS 
during vehicle cross.  
SDS: Standard Deviation of Speed, VOR: Vestibular/Ocular Reflex. 
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