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DISCUSSION

» Significantly greater number of baseline symptoms in athletes with a RHOC compared to athletes with No

BACKGROUND & OBJECTIVES

Diagnosis and management of sport-related concussion (SRC) can be difficult due to the heterogenous

16,17

presentation and resolution of symptoms and impairments. Therefore, a multifaceted, interdisciplinary and RHOC (Table 4) is consistent with findings observed in high school and collegiate/university varsity athletes.

individualized assessment approach is essential for SRC.! » The observed ceiling effect in scoring on the SCATS5 five-word immediate memory test (Figure 4A) has

This approach should include a variety of assessment tools and non-invasive procedures that evaluate previously been demonstrated in high school and collegiate/university varsity athletes at baseline.*!”

symptoms'? and various measures of neurocognitive functioning,>* balance and postural sway,>* cerebral » Male athletes made significantly more mBESS errors (Table 4, Figure 4B) and exhibited significantly faster

9

blood flow,>6 cognitive-motor integration (CMI)”® and oculomotor function. COPvel and larger RMSdisp compared to female athletes (Table 4, Figure 4C). These results align with studies

The Varsity Athlete Data Analysis Research (VADAR) Consortium was established at York University as Figure 1. Illustration of the Brain Dynamic Indicator™. that examined baseline mBESS scores®!® and COP measures of postural sway in various athlete cohorts.'**°
(A) Vision and hand movements were aligned in the standard Figure 2. “Up" visual cue of the HurtSHynes" Test and the corresponding _ _ _ _ B . o .

a long-term 1nitiative to compare the heterogenous features of SRC in male and female varsity student- condition. (B) Vision and hand movements in the cognitive-motor athlete responses per condition. (A) Standard condition (responses matched ** Anthropometric or anatomical differences and previous competitive experience in artistic sports are potential

: , _ integration condition were decoupled to plane change (eyes gaze at visual cues): examiner raised the football over their head, the correct response . — . . : .. 20

athletes using a comprehensive battery of assessment tools and emerging tests. red target on the vertical screen while gliding finger along from the running athlete was to jump up with both hands in the air. Figure 3. Doppler ultrasound imaging of the cervical arteries. (A) The common factors underlying the significant effects of sex on mBESS errors and COP measures of postural sway.

First action item of the VADAR Consortium was to collect baseline data from a large cohort of university horizontal screen) and cue reversal (cursor movement 180° rotated (B) Cognitive-motor integration condition (responses were opposite to visual carotid artery (CCA) imaged in the longitudinal plane. (B) The internal carotid artery > Male athletes had significantly higher bilateral BFV in the CCA and ICA compared to female athletes (Table 4).
from hand motion). Illustration reprinted from Smeha et al'® with cues): examiner raised the football over their head, the correct response from (ICA) imaged at the level of bifurcation of the CCA. (C) The vertebral artery (VA) . o _ . _

varsity student-athletes to optimize our assessment approach to SRC and to obtain a normative dataset. permission under the terms of the Creative Commons CC BY the running athlete was to drop down into a push-up stance. Imliges reprinted imaged at the level of the intertransverse segments of the cervical vertebrae. Images » Athletes with a RHOC had significantly lower BFV in the right CCA compared to athletes with No RHOC

The objectives of this study were twofold: license (link: https://creativecommons.org/licenses/by/4.0/). from master’s thesis submitted by colleague Christina Amaral. reprinted from master’s thesis submitted by colleague Ravneet Kalkat.'® (Table 4, Figure 4D).

RESULTS

varsity student-athletes using a comprehensive battery of assessments. athletes,>® long-term studies on sex differences in CBF in athletes with a history of SRC are scarce.?!

. B . TM . . .
. To examine the effects of sex, concussion history and interaction effects between sex and o o . N » The current study is the first to report significant effects of sex on BrDI"™ variables (Table 4). Previous studies
Table 1. Descriptive statistics for demographic characteristics of male and female Table 4. Significant effects of sex and concussion history observed on assessment variables in university varsity student-athletes. found i cant effects of BrDI™ variables i . . 7 and vouth athlete cohorts.®
Characteristic Male (n = 165) Female (n = 160) Sex Concussion History * Significantly higher PV in male athletes compared to female athletes (Table 4, Figure 4E) could be the result
Age, +SD 20.18 +1.82 19.84 +1.78 : . . . . . . .
M ET H O D S g5 e Variable Male Female RHOC No RHOC of male athletes possessing highly developed skills in executing eye-hand coordination tasks extremely fast.
Previously diagnosed concussions, n (%)
0 103 (62.42) 82 (51.25) SCATS > Athletes with a RHOC exhibited no deficits on the BrDI"™ and HurtSHynes'™ Test, which indicates that they had
> Assessments were performed at York University’s Goreman/Shore Sport Injury Clinic in August 2019. ! 39 (23.64) 43 (26.88) Total number of baseline symptoms I (P=10.007) cognitively recovered from their previous concussions.
, o , , 2 13 (7.88) 23 (14.38) , . . . . . .
> Athletes Completed consent forms and a demographlc/medlcal info sheet which screened them for the followmg: ; 10600 s Total symptom severity score I (P=0.015) > No Slgnlﬁcant effects of SE€X, CONncussSion hlStory and interaction were observed on saccade latency, antisaccade
> . .
Inclusion Criteria Exclusion Criteria Years since last concussion, mean + SD 3.19+2.63 2.28+2.52 Five-word immediate memory score (P =10.008) reaction time and errors made in each of the three SCWT tasks.
* 218 years of age * In concussion protocol at assessment date Varsity sport, n (%) Five-word delayed recall score (P = 0.006) > A healthy survivor effect may have occurred in the cohort of athletes with a RHOC. Former athletes that retired
* No reported history of concussion (No RHOC) » Strabismus, colour blind or epilepsy diagnosis Basketball 18 (10.91) 13 (8.13) Concentration toal score P=0.02) during adolescence due to a hiStOI'y of one or multlple SRCs and persisting concussion symptoms may exhibit
+ Reported history of medically diagnosed concussion (RHOC) |+ History of neck pain within previous two years Cross-country 3 (1:82) 6G.75) _ ) : fth ts administered in this stud
* Musculoskeletal injury to the knee, hip, ankle mBESS errors Tandem errors ) ) ) ) )
i P Football 33 (20) - (P<0.001) Total errors » Concussion history reporting may have been influenced by recall bias. Some athletes may have chosen not to
* Medications that may alter cerebral blood flow ) ] ) ) _ _
Ice hockey 34(2061) 24 (15) Force Plate Postural Sway Assessment disclose a recent history of SRC in order to start their season on time without delay.
Rugby - 24 (15)
Assessments S 24 (14.55 25 (15.63 AREA — CE (mm? BO (P =0.032)
occer (14.55) (15.63) (mm?) EC (P = 0.001)
1. Sport Concussion Assessment Tool 5 (SCATS5)!0 Tennis 5(3.03) 4(2.5) EO (P = 0.009)
- - T ' FUTURE DIRECTIONS
» Total number of baseline symptoms (out of 22) and total symptom severity score (out of 132). e e ( ) ( ) EC (P <0.001)
Volleyball 14 (8.48) 14 (8.75) EO (P = 0.013)
» Standard Assessment of Concussion cognitive tests scores for five-word immediate memory (out of 15), five-word delayed Wrestl 12 (7.27 o COPvel AP (mm/sec) ' . . _ o '
. restling (7.27) (3.13) EC (P <0.001) > SCATS5 ten-word list for immediate memory and delayed recall tests should be administered at baseline and
recall (out of 5) and concentration (out of 5). RHOC, reported history of concussion. EO (P = 0.026) o , o . , ,
. _ _ . Range AP (mm) EC (P = 0.002) post-concussion time points to eliminate ceiling effects in scoring.
» Modified Balance Error Scoring System (mBESS) errors made in the double leg, single leg and tandem stance were :
, RMSdisp ML (mm) EC (P = 0.006) » Subjective assessments for a specific metric can be paired with an objective assessment for a similar metric
summed to obtain the mBESS total error score (out of 30). Table 2. Student-athlete sample sizes for each assessment stratified by sex and concussion history.
_ when evaluating impairments following SRC and to longitudinally monitor recovery.
2. Force Plate Postural Sway Assessment Sex Concussion History COPvel ML (mm/sec) EC (P=0.007) g 1mp g g Y Iy
B ”’ TM . . . . . .
» Centre of pressure (COP) measures were quantified in anteroposterior (AP) and mediolateral (ML) directions during Assessments Male Female No RHOC RHOC Range ML (mm) Eg S: ~ 38?2 * Ex. The BrDI'™ can be administered during the acute stage of SRC to objectively assess CMI deficits. The
: : : SCATS! 147 150 165 131 — ™ ) . - ™ q,1pei ; -
two 80 sec quiet standing tasks performed with eyes open (EO) and eyes closed (EC) on an AMTI AccuSway force plate. HurtSHynes Test' ™ can be co-administered with the BrDI™™ during the athlete’s return to sport progressions
Force Plate Postural Sway Assessment 149 137 160 126 Ultrasound Cerebral BFV Assessment h hev h b dicallv cl d . £ .
> Formulas from Prieto et al'! were used to calculate following: 95% confidence ellipse area (AREA-CE) (mm?); root-mean- Ultrasound Corebral BEV Assesement I i 3 i Lol CCA (P = 0.001) when they have been medically cleared to engage 1 Sport-specitic activities.
u C .
. . . . CCA BFV (mL/mi _ Right CCA (P =0.032 :
square COP displacement (RMSdisp) (mm); mean COP velocity (COPvel) (mm/sec); range of COP displacement (mm). BrD[™M 70 53 29 19 (mL/min) Right CCA (P =0.003) l & ( ) » Develop sex-specific models for measures of balance, COP measures of postural sway and cerebral BFV to
3. Brain Dynamic Indicator™ (BrDI™) HurtSHynes™ Test 114 13 114 113 ICA BFV (mL/min) I;el: 'ICC’: (go = 0(;002(?1)) enhance our understanding of sex-related differences in athletes following SRC and during recovery.
ight =0.
> Comprised of a standard condition (Figure 1A) and a CMI condition (Figure 1B). Oculomotor Assessment 87 74 34 7 .
. VA BFV (mL/min) Left VA (P = 0.032)
. . . . . .. Computerized SCWT 87 73 83 77
» Athletes completed five trials in four target directions (left, right, up, down) per condition.
RHOC, reported history of concussion; No RHOC, no reported history of concussion; SCATS, Sport BrDI™
> BrDI"™ variables: ballistic movement time (MTb) (sec); full movement time (MT) (sec); reaction time (RT) (sec); peak Concussion Assessment Tool 5; BFV, blood flow volume; BrDl, Brain Dynamic Indicator; SCWT, Stroop R E F E R E N C E S
Colour and Word Test Standard (P = 0.002)
velocity (PV) (mm/sec); normalized path length (PL{N) (%); absolute error (AE) (mm?); variable error (VE) (mm?). " Mean sample sizes are listed for SCAT5 due to variation in the number of athletes that provided data for PV (mm/sec) CMI (P < 0.001)
each component or test. . Harmon KG, Clugston JR, Dec K, et al. American Medical Society for Sports Medicine position statement on concussion in sport. BrJ
™ . . ™ p g
4. HurtSHynes " Test (Sport-specific version of the BrDI" ™) VE (mm?) Standard (P = 0.049) Sports Med. 2019;53(4):213-225. doi:10.1136/bjsports-2018-100338
: : . . .. : Chin EY, Nelson LD, Barr WB, McCrory P, McCrea MA. Reliability and validity of the Sport Concussion Assessment Tool-3 (SCAT3)
» Athletes executed movement responses to four visual directional cues (left, right, up, down) administered by an examiner MTF _ L : ’ ’ :
> e CMI (P =0.002 . . - .
Table 3. Significant interaction effects on assessment variables in university varsity student-athletes. (sec) ( ) in high .SChOOI apd collegiate athletes. Am J Sports Med. %016,44(9).2276 2285. 401. 10.1 177/.036-354‘65 16648141
while running a timed 26 m sprint (see Figure 2 for description of the “Up” visual cue and athlete responses). o~ . Covassin T, Elbin RJ, Nakayama Y. Tracking neurocognitive performance following concussion in high school athletes. Phys Sportsmed.
Variable Description of Interaction Effects HurtSHynes™™ Test 2010;38(4):87-93. doi:10.3810/psm.2010.12.1830
» Comprised of a standard condition (responses matched visual cues) and a CMI condition (responses were opposite to . Dierijck JK, Wright AD, Smirl JD, Bryk K, van Donkelaar P. Sub-concussive trauma, acute concussion, and history of multiple
ual C letion ti d th b r ded diti BrDI™ Total errors CMI(P=0.031) concussions: effects on quiet stance postural control stability. Int J Psychophysiol. 2018;132(Pt A):74-80.
visud CueS) - Lompietion tme (ms) an © UMOET 01 €1To1s Were recorded per condition. i Female athletes with a RHOC exhibited significantly larger VE in standard condition RHQC, reported history of concu§si0n; No RHQC, no reported history of concussion; SCATS, Sport Concussion Assessme.nt Tool 5; mBESS., rpodiﬁed Balance Error doi:10.1016/j.1jpsycho.2018.03.005
5. Ultrasound Cerebral Blood Flow Volume (BFV) Assessment VE (mm?”) compared to male athletes with a RHOC (P = 0.022). Scoring System; AP, anteroposterior; ML, mediolateral; EO, eyes open; EC, eyes closed; AREA — CE, 95 % confidence ellipse area; mm?2, millimetres squared; . Wang Y, Nelson LD, LaRoche AA, et al. Cerebral blood flow alterations in acute sport-related concussion. J Neurotrauma.
RMSdisp, root-mean-square centre of pressure displacement; COPvel, mean centre of pressure velocity; mm/sec, millimetres per second; range, range of centre of 2016;33(13):1227. doi:10.1089/neu.2015.4072
> Portable LOGIQ™ e ultrasound system was used to measure blood flow velocity, vessel diameter and cross-sectional area HurtSHynes™ Test pressure displacement; BFV, blood flow volume; CCA, common carotid artery; ICA, internal carotid artery; VA, vertebral artery; mL/min. millilitres per minute; BrDI, . Wang Y, Nencka AS, Meier TB, et al. Cerebral blood flow in acute concussion: preliminary ASL findings from the NCAA-DoD CARE
_ - - _ Brain Dynamic Indicator; PV, peak velocity; VE, variable error; MTT, full movement time; sec, seconds; CMI, cognitive-motor integration condition. : ; : . . } ‘. _01%- )
(CSA) of the common carotid (CCA), internal carotid (ICA) and vertebral artery (VA) bilaterally (Figure 3). Completion time (sec) || C i athletes with No RHOC had significantly longer completion times in standard Consortium. Brain Imaging Behay. 2019;13(5):1375-1385. doi:10.1007/s11682-018-9946-5 ~ .
condition compared to male athletes with No RHOC (P = 0.001). P values are based on a two-way ANOVA. . Brown JA, Dalecki M, Hughes C, Macpherson AK, Sergio LE Cognitive-motor integration deficits in young adult athletes following
> Cerebral BFV volume (mL/min) was estimated for each cervical artery bilaterally using the formula from Schéning et al'?: . . . ) concussion. BMC Sports Sci Med Rehabil. 2015;7(1):25. doi:10.1186/s13102-015-0019-4
Total errors Male athletes with No RHOC made significantly more errors in the CMI condition I Mean value significantly higher in athletes with a RHOC compared to athletes with No RHOC. . Dalecki M, Albines D, Macpherson A, Sergio LE. Prolonged cognitive-motor impairments in children and adolescents with a history of
time-averaged mean velocity (cm/sec) x vessel CSA (cm?) x 60 sec to adjust for one cardiac cycle compared to female athletes with No RHOC (P=0.018). concussion. Concussion. 2016;1(3):CNC14. doi:10.2217/cnc-2016-0001
6. Oculomotor Assessment RHOC, reported history of concussion; No RHOC, no reported history of concussion; BrDI, Brain Dynamic l Mean value significantly lower in athletes with a RHOC compared to athletes with No RHOC. . Ventura RE, Balcer LJ, Galettg .SL, Rucker JC. Ocular motor assessment in concussion: current status and future directions. J Neurol Sci.
Indicator; VE, variable error; mm?, millimetres squared; sec, seconds; CMI, cognitive-motor integration. Mean value significantly higher in male athletes compared to female athletes. 2016;361 :79-86. doi:10.1016/j .JnS.2015.1‘2..010 | | ) ‘
» Administered using NeuroFlex® Software Program and FOVE® Virtual Reality headset. . Sport concussion assessment tool - 5th edition. Br J Sports Med. 2017;51(11):851-858. doi:10.1 1.36/bJsp.orts-2()17-097506SCAT5
. . . Mean value significantly higher in female athletes compared to male athletes. . Prieto TE, Myklebust JB, Hoffmann RG, Lovett EG, Myklebust BM. Measures of postural steadiness: differences between healthy
% Saccade task: rapid eye movements directed towards a series of targets; saccade latency (ms) recorded per eye movement. young and elderly adults. IEEE Trans Biomed Eng. 1996;43(9):956-966. doi:10.1109/10.532130
“  Anti de task lunt s directed ; distant and e direct ; dt ¢ anti d . Schoning M, Walter J, Scheel P. Estimation of cerebral blood flow through color duplex sonography of the carotid and vertebral arteries
¢ Antisaccade task: voluntary eye movements directed in an equidistant and opposite direction of a red target; antisaccade ] ) i : _ _ N
" ry ¢y q Yy g A Five-word Immediate Memory Score B mBESS Total Error Score C RMSdisp AP with EC D Right CCA BFV E PV in CMI Condition in healthy adults. Stroke. .1994,25(1). 17-22. do1:10.1 161/91 .STR.25..1.1.7 . . o '
reaction time (ms) recorded per eye movement. - 1250 - . Smeha N, Kalkat R, Sergio LE, Hynes LM. Sex-related differences in visuomotor skill recovery following concussion in working-aged
=0. 10 - . 10 - ] P=0.003 P=10.032 719.45 _ : . _ _ N
. 1435 22008 1466 = 484 | P=00m = 633 | P<0001 e P s S o | P<0.001 adults. BMC Sports Sci Med Rehabil. 2022;14(1):72. doiz10.1186/513102-022-00466-6 o |
7. Computerized Stroop Colour and Word Test (SCWT) @ 15 - I I o 87 = 87 g 800 1 ’ 564.39 y §72.67 2 471.69 . Amaral CA. The effect of concussion history on an on-field assessment of cognitive-motor integration in male and female varsity
. , . , , o, S S 6 285 = 6 - { E 600 - I I E 750 A athletes: reliability of the HurtSHynes™ Test. [Master's thesis]. York University; 2022. Accessed January 10t 2023,
» Comprised of a word task (identify the colour word), a colour task (identify the colour of the ‘X’ letter sequences) and an g 10 2 N 2, £ ] 'y https://yorkspace library.yorku.ca/xmlui/handle/10315/40704
. . . o W v . . . .. . . ' .
interference task (identify the ink colour of the colour word). Athletes provided responses to as many items as possible > 5. = ] . =200 - = 250 | . Kalkat R Sex'-spemﬁc differences in the association between history of concussion and cerebr'al blood flow volume. [Master's thesis].
5 & -2 0 § York University; 2021. Accessed December 15, 2020. https://yorkspace.library.yorku.ca/xmlui/handle/10315/38763
within 45 secs per task. The number of errors per task were summed to obtain the total number of SCWT errors. A 0 0 0 Male Female NoRHOC RHOC 0 . Register-Mihalik JK, Mihalik JP, Guskiewicz KM. Association between previous concussion history and symptom endorsement during
Male (n = 150) Female (n = 152) Male (n = 145) Female (n = 151) Male (n = 149) Female (n = 137) m=38) (m=41) (=38 (n=41) Male (n = 70) Female (n = 58) reseason baseline testing in high school and collegiate athletes. Sports Health. 2009;1(1):61-65. doi:10.1177/1941738108325920
Statistical Analysis . T i
. Shehata N, Wiley JP, Richea S, Benson BW, Duits L, Meeuwisse WH. Sport concussion assessment tool: baseline values for varsity
> Descriptive statistics (mean + SD or n (%)) were calculated for demographic characteristics. Data for each assessment was Figure 4. Bar charts dl.splayll.lg significant effects. ot_" sex and concussmn. history on assessment variables based on two-way ANQVA. Mean. values for each group. are pr9V1ded per variable. (A) A significant effect of sex was collision sport athletes. Br J Sports Med. 2009;43(10):739-734. doi:10.1136/bj Sm.'2009'059832 | | | |
observed for five-word immediate memory score within the Sport Concussion Assessment Tool 5 (SCAT5). Female athletes had a significantly higher mean five-word immediate memory score compared to male athletes. Note the - Tucker R, Falvey E, Fuller G, Brown J, Raftery M. Baseline SCAT performance in men and women: comparison of baseline concussion
stratified by sex and concussion history for descriptive analyses (mean + SD). ceiling effects in scoring in both male and female athletes. (B) A significant effect of sex was observed for modified Balance Error Scoring System (mBESS) total error score. Male athletes had a significantly higher mean mBESS total ZcrfTgSllz)egt;‘/';gi/ﬁggo‘ﬁggorgggOsoagr:; 764 women’s Tugby players. Clin J Sport Med. 2021;31(6):¢398-e405.
> Two-way ANOVA was used to examine the effects of sex, concussion history and interaction on each assessment variable. error score compared to female athletes. (C) A significant effect of sex was observed for root-mean-square centre of pressure displacement (RMSdisp) quantified in the anteroposterior direction (AP) during quiet standing on a force plate \ch);.ism'iller SA Monaco R, Womack J, et al. Individual baseline balance assessments in a large sample of incoming NCAA Division 1
o o with eyes closed (EC). Male athletes had significantly larger mean RMSdisp in the AP direction with EC compared to female athletes. (D) Significant effects of sex and concussion history were observed for cerebral blood flow volume ' athletes using ; force plate’ system. Int’ J Sp o.rts Phys Ther. 2021;16(1):126. doi:10.26603/001¢.18713
Statistical significance was accepted at P < 0.05 for all analyses. (BFV) within the right common carotid artery (CCA). For the significant effect of sex, male athletes exhibited significantly higher mean cerebral BFV in the right CCA compared to female athletes. For the significant effect of . Howell DR, Hanson E, Sugimoto D, Stracciolini A, Meehan WP 3rd. Assessment of the postural stability of female and male
concussion history, athletes with a reported history of concussion (RHOC) exhibited significantly lower mean cerebral BFV in the right CCA compared to athletes with no reported history of concussion (No RHOC). (E) A significant athletes. Clin J Sport Med. 2017;27(5):444-449. doi:10.1097/JSM.00000000000003 74
effect of sex was observed for peak velocity (PV) in the cognitive-motor integration (CMI) condition of the Brain Dynamic Indicator™. Male athletes exhibited faster mean PV in the CMI condition compared to female athletes. . Hamer J, Churchill NW, Hutchison MG, Graham SJ, Schweizer TA. Sex differences in cerebral blood flow associated with a history of
concussion. J Neurotrauma. 2020;37(10):1197-1203. doi:10.1089/neu.2019.6800
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