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Prediction of Sport-Related Concussion and Musculoskeletal Injury Occurrences among High School Football Players THEW

Andrew W. Wilson MS, ATC; Brittney D. Wilson MS, ATC; Megan B. Dishman MS, ATC; Gary B. Wilkerson EdD, ATC; Shellie N. Acocello PhD, ATC ‘ [_] A I I ANO O G A
BACKGROUND AND PURPOSE RESULTS Table 4 AUC  CutPoint PPV NPV OR 90% Cl 1ln=igure8

OWI Symptoms 750 =3 1% 86% 15.00 | 1.03,218.30
« Current clinical procedures for prevention and management of sport-related concussion (SRC) may not yield optimal outcomes’ » Atotal of 64 CLEIs were sustained (Table 1); 43% (40/92) sustained at least 1 CLEI; 26 sustained 1 CLEI; 14 sustained = 2 CLEls OWI Score 199 <86 67% 750, 6.00 0.58 61.64 g :
» SRC symptoms typically resolve within 7 to 14 days, but persist for more than 2 weeks for approximately 15-20% of cases? « Self-reported HXSRC 15% (14/92); 12-month HxCLEI 23% (21/92); HxSRC — HxCLE association: OR=2.15 (95% Cl: 0.63, 7.32) ——— 2 | 22 | 7% | oo | w00 | 200 o o =52
. ' ' indi icini ' * No prospective association of self-reported HxSRC with CLEI occurrence apparent: OR=0.97 : WV
Growing evidence indicates that delayed effects of a secondary neurometabolic injury process persists for months or years p p > p PP . | Flanker Test EIR 667 220 100% 730 17 00* 115, = v EEE B
« Neurophysiological studies suggest that recovery is often incomplete upon return to sport, which probably elevates injury risk3 * Retrospective associations of OWI symptoms, OWI score, SFI score, and Flanker Test CE with HXSRC presented in Table 2 _ —— +-spcn T
_ _ , _ _ * OR estimated: 0.5 added to each 2 X 2 cell to avoid division by zero
- Subsequent incidence of musculoskeletal injury is as much as 2 X greater, and as much as 3-5 X greater for another SRC* * ROC curves with AUC values presented for each of the 10 items of OWI (Figure 4) and for each of the 10 items of SF| (Figure 5)
- Advanced neuro-diagnostic test results suggest that multiple SRC occurrences increase risk for neurodegenerative conditions® » Prospective associations of OWI symptoms, OWI score, SF score, and Flanker Test EIR with SRC occurrence presented in Table 3 Figure 10 Figure 11 Figure 12 igh ol ot plyrs
« Little research has assessed the predictive validity of risk screening assessments for identification of athletes who possess high risk » Diagnosed SRC incidence 8% (7/92); among 14 players with HxSRC, 29% (4/14) sustained another SRC during surveillance period ’ m .
<92 e S
« Football has the greatest SRC incidence rate among all high school sports played in the US; 9.21 per 10,000 athlete-exposures® * ROC curves with AUC values presented for each of the 10 items of OWI (Figure 6) and for each of the 10 items of SF1 (Figure 7) " ” sl
. ' it ' ' o ) Lo 7 SFI< 92 SFI>92
» Among high school football players, core or lower extremity injury (CLEI) is most common; > 50% of all musculoskeletal injuries’ HxSRC prospective associations of OWI symptoms, OWI score, SFI score, and Flanker Test EIR with new SRC presented in Table 4 P 7S e hinured
” : : — * ROC curves with AUC values presented for each of the 10 items of OWI (Figure 8) and for each of the 10 items of SFI (Figure 9) @ o dulem] ——
* Long-term effects of mTBI can adversely affect cognitive-motor neural processing, which appears to worsen over time (ncongruent E1 CongruentE)
-+ Current assessment tools that identify such brain alterations are expensive, complex, and not feasible options for risk screening? * Among 14 HxSRC cases, prospective associations with CLEI occurrence identiied for SFI (Figure 10) and Flanker Test EIR (Figure 11) TV Aowaca Lo 100% nr o e
. . . - . . . » Cascaded classification tree for prospective association of SFI < 92 and EIR = 2.0 with CLEI occurrence presented in Figure 12 w0 . —
* Inexpensive and easily administered clinical tests for detection of asymptomatic mTBI effects would be exceptionally valuable'? N © speciney : .
* The purposes of this study were to assess retrospective and prospective associations of risk screening metrics (survey responses
and cognitive-motor test results) with SRC and CLEI for estimation of injury risk level for individual high school football players Figure 1 Figure 2 Figure 3
9 ) h 9 Py 9 g L CLINICAL RELEVANCE
Item Overall Wellness Index Iltem  Sport Fitness Index i
U | gl SEmUEniog | e Bl Sl e LS, 2 8 « The sensitivity of current clinical tests for detection of subtle impairment of brain functional connectivity has been questioned®
PARTICIPANTS AND PROCEDURES 2 Sleep/Stamina Problems (§ Symptoms) I R « Standardized Assessment of Concussion and Balance Error Scoring System may be inadequate for cognitive-motor assessment
3 Muscle Control Problems (10 Symptoms) 3 Speed-Power-Endurance Limitations . . o . . . .
« 92 high school football players from 14 different programs received a pre-participation exam (PPE) from the same medical provider S ) 4 OWI and SFI demonstrated strong retrospective association with HXSRC and strong prospective association with SRC occurrence
4 Balance/Perception Problems (7 Symptoms Pain Limitation of Explosive Power Output . . . . . .
« 15.6 +1.1 years of age (range 13 — 18); 15 players who left team before end of season were excluded from original cohort of 107 B B — P o —— * Flanker Test CE retrospectively associated with HxSRC and Flanker Test EIR prospectively associated with SRC occurrence
ered sensations ymptoms ain Limitation ot a sport-speciiic oKi anie 1. ore njurles . . . . ' . . .
+ PPE included electronic injury history/symptoms surveys and administration of smartphone test of perceptual-motor efficiency T PR ————— —— ” » HxSRC was retrospectively associated with HxCLEI, but was not prospectively associated with CLEI occurrence during surveillance
« 10-item Overall Wellness Index (OW1): 0-100 score for frequency and temporal proximity of 82 physical or mental problems B B — Lover Log . * Analysis limited to 14 players with HxSRC demonstrated strong prospective association of SFl and Flanker Test EIR with CLEI
« List of 82 problems derived from recognized symptoms of post-concussion syndrome grouped into 10 categories (Figure 1) P S — P T —— <roe p « HXSRC is known to elevate risk for CLEI and SRC recurrence, but more sensitive clinical tests are needed to detect high-risk status
« 10-item Sport Fitness Index (SFI): 0100 score for persisting effects of prior musculoskeletal injuries sustained at any time in past T — TR e ThighfHip/Groin 0 * OWl'and SFl responses, combined with Flanker Test metrics, may identify specific risk factors for guidance of clinical management
« Frequency or severity of persisting effects on sport performance capabilities; 10 categories of adverse effects (Figure 2) I P Low Back/Abdomen ; » Our findings strongly support utilization of the OWI, SFI, and Flanker Test to identify individual high school football players who are
« Flanker Test smartphone app measured perceptual-motor efficiency from rapid tilt of device in center arrow’s direction (Figure 3) likely to derive greatest benefit from focused efforts to further assess cognitive-motor function and potentially reduce injury risk
» 20 Flanker Test 5-arrow trials displayed for 300 ms, with 500-1500 ms inter-stimulus intervals (<<<<<, >>>>> <<><< >><>>) Cut Point 90% Cl mFlgure 4 mFlgure S
« Conflict Effect (CE): incongruent (>><>>, <<><<) minus congruent (<<<<<, >>>>>) average response time difference OWI Symptoms 685 =4 4T% 91% 8.75 | 244,3140 | - REFERENCES
» Efficiency Index (El): average response time divided by proportion of correct responses (speed versus accuracy trade-off) OWI Score 656 = 88 32% 91% 4.78 1.46, 15.68 g z Vo dmr
5 [ N e Y 1 1. Churchill NW, et al. Mapping brain recovery after concussion: from acute injury to 1 year after medical clearance. Neurology. 2019:93:61980-1992. doi:10.1212/WNL.
- El Ratio (EIR): incongruent El divided by congruent El (relative efficiency for complex versus simple visual stimuli) SFl Score 576 = 88 23% 89% 2.52 0.79, 8.01 o P4 0000000000008523.
« Prospective analysis of CLEI: injuries documented from start of pre-season practice sessions through end of season Flanker Test CE (ms)| .607 > 52 22% 93% 386 | 1.00,14.91 | B ) / g R (E::i::ﬁ;e;CAVLetB:Kmei’;mdi::;ﬁ”:fe:;f:;xast:\?emtyhl;esrzzt:gf:ferz 22ﬂbdsizz:mva\'/t;(;ir?:a::’:rgal‘yllegﬁz :ty| Eg'zlgtgﬂ';?/x:g:;sn:;gzeogfgégz221:;?;:35 e
* Any core or lower extremity sprain or strain that resulted in evaluation and treatment, regardless of time loss from participation e sty McPherson AL, et al. Musculoskeletal injury risk after sport-related concussion: a systematic review and meta-analysis. Am J Sports Med. 47(7):1754-62.

Perry DC, et al. Association of traumatic brain injury with subsequent neurological and psychiatric disease: A meta-analysis. J Neurosurg. 2016;124(2):511-526.
O’Connor KL, et al. Epidemiology of sport-related concussions in high school athletes: National Athletic Treatment, Injury and Outcomes Network (NATION), 2011-2012 through

S e

* Retrospective analysis of CLEI: (HxCLEI) self-reported core or lower extremity sprain or strain sustained within previous 12-months 90% Cl Figure 6

* Prospective analysis of SRC: occurrence during practice session or game; diagnosed by healthcare provider OWI Symptoms 671 >7 47% 91% 3644 | 551 24099 2013-2014. J Athi Train. 2017;52(3):175-185.
. _ . ] ] 7. Kerr ZY, et al. The first decade of web-based sports injury surveillance: descriptive epidemiology of injuries in United States high school football (2005-2006 through 2013-
* Retrospective and prospective analyses of SRC history (HxSRC): self-reported occurrence any time in the past OWI score 658 | <76 | 33% 96% | 1283 | 243,67.81 ot 2014) and National Collegiate Athletic Association football (2004-2005 through 2013-2014). J Athl Train. 2018;53(8):738-51,
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e 8. Brown JA, et al. Cognitive-motor integration deficits in young adult athletes following concussion. BMC Sports Sci Med Rehabil. 2015;7(1):25.
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——Reference Line

oWl 713
—owl2: 739
OWl3: 535 D o4
oWl 4 571

- OWIE: 741
e OWIE: 583

SFl Score .684 <78 31% 97% 16.82 2.90, 97.55

» Cross-tabulation analysis used to calculate positive predictive value (PPV), negative predictive value (NPV), and odds ratio (OR) Flanker Test EIR 585 517 15% 95Y% 2.82 0.79. 18.42 o

* Receiver operating characteristic (ROC) analysis quantified associations by area under curve (AUC) and defined binary cut-points
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