ERTFAUAYTY MR—IU R =
SEEDEEIECHFDERER YT « 7 RHE

Measurement of head impact kinematics during collisions in high school

American football players

fE SRR IR*2, AT *3
HERE %4, LT B A *o

F — « J—F : American football, head kinematics, high school
TAVA YTy bR=, EHFATT A7 A, @K

(BEE) AWE0OHMIE, HAOEET AV A Y7y MR- VEBTOEBOFEEFICHEITHEEF <
T4 ARWRTHIETH D, WNRIZEBEERT AV A > 7y P R—VHEBITERT % 55208
B204 %205 L Lz, 6l hflART iz~ A4 — F (il Biometrics Inc) Z2HWT, A&
TR B B B R O BB 288, BRI AR (LA), BERANSEE (AA), SEEREG U 2 3 2
L7z 1 20EFIIOE 1 D72 ) OFHFERELEU, REH 173 0L #HEF 104 MTH D, EHD
VHERE 22 B RE R X 0 DA RICL W Z 78 L7z (p<0.1). Linemen 12381) % ik A W o> 3 UE A 722
B L, 1 AD720) OFGEIEZEIL, SEBOMI ) SAFICE,» 72 (p<005). KAKB IO
FEHBEICBITAIRAK LA BXURK AA OFHHEIZ, TNZF234+11.7G /1410.1 =9322rad/s* & 214
+128G /14902 +11394rad/s* ThH - 7z. AEROHRK LA OfElE, HEROME L ) D AFREICEHMEE/RL
72 (p<005). EHIZ, TRTORY Y a YIZBWTHRALA K AA ORMICHE 2 IEOH B BERDFE
BHHNTZ(p<005). TNHF—FIEEKRT A ) A7y MR- VEFORMIER O B2 RET 5 Mg

RV,

®

TAVA YTy PR=VIZBIT 5 RIRE T
i, FEICHVIEAHEZEDTVLY, L) bl
FRAIIRANL D SIREOEEEZ Z T3 LY,
FERDS RG] 2 &5 kN2 IR D) R 7 2%
<Y KA XD b it 2 O RN RE O [l 12
WA ZELY, NI Y ARNPET LR T W I L
PRRENTVWE., HROFEKT AU A7 v b
A=V BFIIBT 2 WIRE AL 71% & W
ENTWAEY, LaL, 52% O@EAIMIRE DR

i[[]

ORI RE R
2R P EHR

W) T U FERIRE AR = PR
SR NS AR R

B ORPRFETAVF v 7 FN—= A b

HARRRKX R —YEFSEE :

B LTuiwn 2 ERERAITREA XD B
REFERVBENE V) ME 2 EZET D &, FERE
Ik X D2 ORBREDIIREZRBRL Tnwb L
25, LeLedss, BiREOWNRITKEEE
WRELIZHDONVEL L, BREZHNEELIZDD
PR VOPBIRTH 5?. L7z203-> T, mkEo
WS 2 MeaS 9 B BRIC,  BHERAT 22 00 B R il 22 Iy
WCEOREOHRF AT 4 7 A% 2 T30
PR T LI L EIATRTH LD, HEROEKT
AVA YTy PR=VEFENG L LEHF A
XTA 7RISR LE o TRV, D720,
BT AVA YTy PR=VREFOHEEF A~
TA 7 ARWHLNZTHI L, BT AU DY
7 v MR—IVRFORIRE TR E BT 2 EE
RIBEERE 2D 2 5. ABIEOHINE, HAD
BT AV H YTy bR —VRTOEER O L2
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x1 WRFEOHFHM

Height (cm) BW (kg) Age (years)
ALL (n=20) 1721 6.0 770x145 175+08
Linemen (n=7) 1704 55 91.6+88 17.7+08
Skill players (n=10) 1732+69 65.7+9.1 17208
Skill players & Linemen (n=3) 172.3+40 80.3+35 17706

3y v Ot H
Sampling 760 Hz

A 2000 deg/s (34.9 rad/s)
DERE 1240
SENREL Y

Sampling 1024 Hz

RA 200G X
DERNREZ 1850

6 DOF

1 Vector v 7 AH—K

2 Vector ¥ JAH—FDUE—FI AT L

BT RHEBF AT 4 7 A2BIRTHZLEL
7z

HWREXVUFE

1. W&

BB T 2 ) A v 7y M AR— VI E S
L —oESEFroE 8 204 (Skil players
(RB : Running Back, WR : Wide Receiver, QB :
Quarterback, DB : Defensive Back, LB : Line-
backer % r) : 10 44, Linemen(OL : Offensive
Linemen, DL : Defensive Linemen, TE : Tight
End #%&1r) @ 7 44, Skill players and Linemen : 3
P)ERREL72(FRY). HREOEBIELT,
MIRE DO F I EZRE L o7z, WHRFITIE
AWEFED HiY & WA % 118H & FH ST T2 @3

72 BARERR AR — VEFREE

L, MRS~ ORELG:. $72, FRFOR
HEF I L CHEHACRBOF 217, FHEE5
7o, B, ABIRIEFHERFARERMGHEZER SO
ARGRAEFTHEMmL 72 KEEE T 29-98).

2. Bk

2-1. BIFEHR

~ 7 A # — F (il Biometrics Inc, USA) (X
1) 1%, 3fmEEL L3y oty i
R L7z 60t > (6DOF) 2%lAAFEFN T
5. ST 3ihn#E £ > 4 (ADXL377,
Analog Devices) D% >~ 7Y ¥ 7R #1% 1024Hz
ThY, K 200G OHEMNAEESMETE S, 3
i > v £ ot ¥ (L3GD20H, ST Microelectrics)
DY YT Y TEEEKIZTO0HZ TH Y, &K
2000deg/s (349rad/s) DAEENHETE 5.

2-2. AIEHE

SREET T AT — Fe IPENICEES L, @
WY RERPREZTo72. T AN — FOH%Es
ElZXoThH D LANWELEOFERINEEE 2 &H3
e, ZTEBEPELTCIVEL—FITL VA b=
VENTWDT 7)) r—3 a3 IR OB E
FUMEEE (LA - Linear Acceleration), JEFR A
& (AA : Angular Acceleration), BHI[fHE, UH
B4R B (HIC : Head Injury Criterion), 2%
B, WS TNVE A4 ATHERESNTRES
72 (E@2). Hshizr—513, avEa—4% L
TH5000HZ 127 v 7% ¥ 7 sh, HEIICEHE
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ERTAVAL Ty hR—ILEFOERIFICH T IBERXR YT 1 7 XETE

S/ BEMERICIE, Y 22k CFC
180, V¥ A 1t U HIZIE CFC65 DT —I3 A7 4
VEHBRHVSN 23y 3 VIZEREk S E fiE
¥, Excel 7—% & LTHUY ML, £Rt&24T- 72

2-3. BIEHAME

WMERIEFL X253 =X 3G L 25N
DFFE THEH#E L 7.

2-4. FH@TEE

A LA %810G L E o impact 122\ THHr &
To7z. FHliEHIX, 2FRBIUORY ¥ a3 VHlI
X %A G & B R O B E 2228, iR LA, &K
AA, HIC oM CFIgfE + B FEZE, FEo
95% fEFEX [, 50 /X—+t » ¥ £ JUfli, 95 78—+t
5 A4 VE) # BB L7z, %38, Skill players & Line-
men BRI RED 3 H DDA 229, FEH
DIERLT.

2-5. HIC DEHFE

HIC 1B~ O FE A5 R % 5Pl 5~ % B s — A%
B S CTwab, HIC &, I oRHZAL
FHWTUToOXTHIE SIS,

HIC= H - Ltz a (t)dt } 5 n)}

CZT, a (O) (ZmEEORERMZAL (R HER
(] t-t) THY, & LIS EHD 5 FGE
ME#b) DR TH 5. it max 1&, HIC 2%k
KIEEZWSD Z L Z2FRLTHEY, t& i3 HIC
MPIRAKERDEIITEIING. T2t & tITHEHE,
156ms b L < 1% 36ms O#iPH % 2 2\ K 9 1258
ENY, RIFZEICB W T b i KR4 FERT 1 15ms
THIC #5H ML 7.

2-6. #iEtnIE

#ERF AL BE 12 1, IBM SPSS Statistics Ver. 25
(IBM Japan, Tokyo, Japan)#= 72, Ak
1, 5% Kimix AR AD D, 10% AKiiii & A 7 H
D & L 7. 1E#H % o 8 & 12 & Kolmogorov-
Smirnov test Z{7-72. A, MBELThEThol
W& 72 ) OB 2R O AR L B RO I
B2 1213 Student t-test 2, A KL OFB XK Y
Va MBI AR EMERO 1B O
S35 5E IR 487 22 # L #R 12 1E Mann-Whitney's U
test 17072, BERBLIOEY T 3 YHIIBIT
MARE BB ORK LA, itk AA, HIC O
il ® 12 1% Mann-Whitney's U test % 1T - 72.
EHIZ, KUY a YHNCBIT R KEMNEE &

max

HARRRKX R —YEFSEE :

T KA 03 FE o 4R % Spearman O IE A AH B 4%
BaE AWM UG L7

Bw R

1. ERY

HE R R O R A REB X OB R I2 B 1) 5 B
BREBOFFMEZR 2 1R Lz BEE R,
AT 788 I, M ME 3553 M ThH o /2. EF 1
N 7= 0 OFIGGEEE 2L, AR 17.3 [0, #
B 104 M TH - 7z, RAEHEIT BT 5 FI U
ZHB I, 1 AH72 ) OFYEIREZ2HUL, #E
ROME D bAREICEVEZR L (p<0.1).
RV a VNS K B#TF 1 AH 72 OFHuHEE
2282 BT, Skill players 1Z3VAE: 95 [n], i
K125 [0 T - 7z, [[ £k |2 Linemen 13 3k & K
25.7 o], #E I 85 [0 T - 7. Linemen I2B1T %
AREREOFEME RBB L, 1 AdH2) 0F
WU E R, MEROME LD S AEBEICE, -
72 (p<005). %7z, Linemen O UH M 25503
XU, 1 A 720 OG5 22503 Skill players
DEL Y HEITHVETZ/R L7 (p<0.1).

BT A THETT 5 &, AAEROBHIE RO K
Z i3 154 b, RAEEIE 4 BTH o7z (g
fifl © 23 101). —75, #UE R BEER 22 i £ M K & R
L7z F1E 542 |bl, AORFTIIIRTH 72
(bl 0 143 1)), RY Y a VRN X B R_AKO
GHE T 28 0 e —I % M1 £ Skill players C 4-89
ml (Fryefl : 7)), Linemen T 16-154 [ (rr 9t
475 TH o7z, —7J57, #ERHIZBIT 2 BHHB
1 22 Ot —1x % 0l ¥13 Skill players T 24-542
| (HYefili @ 114 [91), Linemen T 9-432 [u] (Hry:
fii 111 W) THho 7.

2. LA, AA, HIC

RKRIWCAGHEL X OHBEAROEHIF £~ 7 1
7 AP E FNFIUR L7z, iREREB X OH0E I
2B 2K LA, &K AA, HIC OFHfEiL, £
NN 234+11.7G /14101 £932.2rad/s* / 23.1 £
343FB £ ¥214+128G /14902 +11394rad/s* /
192+474 Th o7z, EROHRAKLA £ HICIZH
WTC, REROMEITHBEROMI Y BERICH
o7z (p<0.05).

AT Y a VL BHAARICBITA2RAKLA B
X K AA O3, Skill players T, 258
+13.3G / 1720.7 + 1278 0rad/s* / 29.1 * 46.0, Line-
men T 21.3%=95G / 11925 % 690.3rad/s* / 185 %
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%2 HAMHLOETEICS ! 3ERERY

Romsaaive SOl e gy
ALL Game Total 788 18 (45) 175
(n=20) (3 games)  Mean+SD 262.7+102.0¢ 150£1.0 17.3%56¢
95 % CI 9.3-516.1 125-175 34-31.1
Median 230 15 153
Minimum-Max 181-377 14-16 13-23.6
Practice Total 3553 20 (334) 106
(25 times)  Mean=SD 142.1=99.9 13435 104+64
95 % CI 100.9-183.4 11.9-14.8 7.7-13.0
Median 113 14 8.6
Minimum-Max 18-446 5-19 3-29.7
Skill players Game Total 180 9 (19) 95
(n=10) (3 games)  Mean+SD 600+62% 63+06 95=03%
95 % CI 445-75.5 4.6-78 8.8-10.1
Median 58 6 9.6
Minimum-Max 55-67 6-7 9.2-9.7
Practice Total 1807 10 (152) 119
(25 times)  Mean=SD 723+640 6.1%2.2 125=120
95 % CI 45.8-98.7 5.2-7.0 75-174
Median 51 6 9
Minimum-Max 5-289 1-10 2-51
Linemen Game Total 443 6 (17) 26.1
(n=7) (3 games)  Mean+SD 147.7 £ 50.6* 57+06 257+ 69%
95 % CI 22.0-2734 4271 85-429
Median 144 6 24
Minimum-Max 99-200 56 19.8-33
Practice Total 1053 7 (119) 338
(25 times)  Mean=SD 42.1£240 48+14 8541
95 % CI 32.2-52.0 4253 6.8-10.2
Median 38 5 8.2
Minimum-Max 3-102 2-7 2-17.0
Skill & Linemen Game Total 165 3 (9) 183
(n=3) (3 games)  Mean+SD 550=476 3000 183+159
95 % CI -63.3-173.3 - —21.1-578
Median 28 3 9.3
Minimum-Max 27-110 3-3 9-36.7
Practice Total 693 3 (63) 11.0
(25 times)  Mean=SD 277+253 25+08 103+838
95 % CI 17.3-38.2 2.2-2.8 6.7-13.9
Median 22 3 8
Minimum-Max 0-97 0-3 0-32.3

*p<0.05 vs. Practice ; #p<<0.1 vs. Practice ; "p<0.05 vs. Limemen ; ¥p<0.1 vs. Limemen.

236 ThHholz. KU a il BHEREIZBIT
LK LA B LUK AA OFIfEIZ, Skill play-
ers C, 222*135G / 1667.5*1259.8rad/s” / 20.5
+ 473, Linemen T 195 £ 104G / 11420 + 7487
rad/s*/141+301 TH - 7.

KUV a VPN X GRS X UOHMERORK
LA, &K AA, HIC ofiil%, Skill players (Z81F

74 BARERR AR — VEFREE

B AR O R K AA % By v T, Skill players &
Linemen {251 2 A GHDO I 6T XTOEIZ
HBEEOM L ) HHEFEIED - 72 (p<0.05). Skill
players DX AHEB X OHE KO K LA &K
AA Ofil¥, Linemen ® 2N HEE ) A EILHE
¢ (p<0.05), HIC OfEIZB Tl Linemen O
D IFRICHEIEZRLZ (p<01). E3
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14000
13000 o
12000
11000
10000
9000 °
8000
7000

Peak Angular Acceleration (rad/s?)
[+]

&

y=61.428x+167.29
r=0.578 (p<0.05)
n=858 .

x

y=58.021x+36567 .-~
=05628 (p<0.09)-
o

n=198% -
-~ y=43.661x+283.26
r=0.479 (p<0.05)

-

6000 n=1496
5000
4000 o Skill
3000 a S‘kill/l_inemen
x Linemen
2000 — —i8f2 (SKilD
1000  _DEAESEESRtoc"c<° 0 0, e & (Skill/Linemen)
o T g - - -8 (Linemen)
0 15 30 45 60 75 90 105 120 135 150 165 180 195
Peak Linear Acceleration (G)
K3 KRI2arilORALA L&A AA DR

WCRY Y a RO KLA &K AA DBRE
ML, TRTORY Y a VICBWTHRALA &
A AA ORICHEZIEOMHB RS 51
72 (p<0.05).

Z %

2000 4ELLRE, MEEEX v S Z 2T A ) v
7 v MR IVOBERIIBITHEBF AT 147
AHEHRAKE 2 FOICHE STV 525, £0%
CIERFEAEZHNRELTWAY. HATIEF A 1TK
T AN YTy PR VETOEHSF A~ T 4
I ARRELTVWRMIN BT AV AT b
A= VB FENRLE LA LNR V. AR
RCTIEIHAROEBET A H 7y A=V EFO
EBEOMWIERFIC BT L F A~ T 1 7 A %R
THIEEHME L7

AAKE (788 H) B X OHE K (3553 [H) o1
ZOREFIZOE 1 D72 ) OFEERE 2280,
ZNEN 173 M E 104 BITH Y, S5O T
ZERIIHMER L D AR W EZ R L7, K
FE DR R, KEOEKIZE TS 1EH2D

76 BARERR AR — VEFREE

OB Z22 805 159 [, 155 12, 1 #%
720 94 P THDH L, ARAMEOIE IR 22 UL
L D QEZICL WY LT BT8R %
TR L7z, HROEE TORE OB 251X
KE EATIZEAREEZZDS, REOEKIZBT 5 E
Rl 1 Quarter (1Q) 720 125 TH 2. —
Ji, HROBEKTIZIQ H720 1053 ThH AH. ARt
FEDOIGAE I AR D e VAL 1A Y
VRNETHLEFRKETHY, BTHOARNEH,S
SHEDIL2HAAE 1QH7/2) 85 THEML 7.
2F ), AAKMEEET S L HAORKATIE,
KEOEAE LD S IHBHERSL VLRSI
%, ZHUTHARO KA D KEOKFEHT LT,
FIREDRERZRLTWAY, — T, TA VAV T
FR—VOBEFEEE LT, 1RAICBILTL
ABUZF — A TREREDR RV, L72h 5T,
HAOEKAIZ T LA BOMTR I & ORLE
U2 A LT W B I EEEAVRIE S 7z,
E 512, 6DOF OFEMMHETTRTOT—F 28
WETE Lo/l 2 EETLE, 1 A42D
DHEFITE HITREL D, T/, HIPHZEK
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ERTAVAL Ty hR—ILEFOERIFICH T IBERXR YT 1 7 XETE

i, BFHGOMER I—F ¥ 7 DENTE DD
9 %NS, AREFFETIEZ ORI S A Tld .

RTY TV a VN X BHEEmEKEOHETIE, &
AW Linemen 1 A & 72 1) o JH &R 485 22 %213 Skill
players & L L CTHEICHWHI Z /R L, JGAT
WFge>" 2 FEL 72, & 512, RARFIZ Linemen
D 1 18ld 72 ) O UAH T Z2RARE R I L T
FIZE Ao 72, Linemen DI EE, £ 72V A
N#DH)B5% (TExEL), 747 A 11
%D B A% EDD. L7zh > T, KiFETH
G & L7 Em 4 TlE Linemen O ANFAE 5 5 3k
GRS L7 HDOEFVBF T2 VA - T4 7 x
YADWHIZEI LT 72 2 & AR 22 5 o 1
ML 722 %E 2 5. RENZBWTD, EAE
WA ED S RE RO E DL e b 2
ERBEINTWDY, BRHATALE, kS L
WO ER AR L/EF T, 1RAYSD
chEn513MmE 20, FHEKRIZIZ301MHE 15
HTHY, HAMTOWERIIKE RHEHBAD
N7z, BRSNS 2B oM ERmBERE I LT
WEEGZ DI EDHRESINTVEY. 2517, &
BAEIRANL D DREOZE T3 Y, M
BICDRFH 2 Z90Y, L72h - C, M AE T~
OEFCTHIBWHREOBE L RIS Z2EHTLH L
R, Wik 2R L7 oBEERICIE X ) EE
e R& LN D, 72, AWFZETIE Line-
men & Skill players % 1L 9 5 & F 233 /72
bbb, HROERKT AV ATy FR—=V
T, EFROARD SBER AT FFED S Ui
THRY Y a YOGEPEYITZ TV RN E
IR S 7z,

VIR X A~ T 4 7 R LT, RAREO 5
K LA & HIC 3FEEEOME I ) AEICE L, &
HRHCIE X DML WERE DN TS Z A
Ot eolz. RMZEOMRIE, KEDOESKEZ
R E L7 AT R DA R & SR L 72210 R EE
MAEOFEYRRKLA L FHRKAAIGLE
Ta v 1 NoORED B VIEHY) To%, 242~
26.1G / 1550~1700rad/s* T& 0, HADFEAE
DHEIF A~ T 4 7 AFKREERAE L HEET
Hotz. iz, REEEED 1 €Y ¥ a VIZDE,
K LA OHYLfitiix 205~21.0G TH D7, K
AA OHFGEIE 973~13%rad/s* TH 517 Z LAY
WMESINTBY, RUFEOREH L HEREICBIT
BIK LA LK AA ORIl & ZIZF %R

HARRRKX R —YEFSEE :

RemLiz. SHICARROM MR, Fx2HE
L7ZHAROKET AV A 7y PAR—=VETFOHE
WE AT 14 7 X GAERE 208G / 1233.3rad/s,
BEEF 5 195G /10701rad/sH) M X ) b EfEE R L
7o ERAENRKRFAIY SEHVETF AT 4 S
A% 2T A EIIEATHISE T O HE S Tw
W e LT, BREOI Y 7 M
WOAJEY, AR S EE, SR IR FEA T 038
W ATRIBENT WD, RIFFETIEII NS EH RN %
NFE 2 CRRAE L RFEEORBRHZ L TELT
HELOWZER L 2w, LaL, FARREOEIRF A
T4 7 ATH, BERAEOHICIIRFAELD LD
TR, R & SR O FHER T 22 % [ ARIZ
ERBRETE WY,

RV a VPN L BHEF AT 4 7 ATBW
C, Skill players & Linemen & & (ZEAA R HH
BLDHBWMLVWERETHALILFHLNE L
2. RV avHIZXEEF AT A7 AICB
WC, AR, BB IRE & $ 12 Skill players O3
K LA, FH K AA & Linemen D& ) b HE
(2% <, Skill players @ HIC ®fitii¥ Linemen D
I LEWEmER L. ORI, BIT%E
DOFER %R L2, ZoFH & LT, Linemen
TIEEEEREED S B D222 4 0 K3 DI L
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(Abstract] The aim of this study is to clarify head kinematics during actual collisions in high school American
football players. Twenty players who belonged to the Kanto high school American football federation were in-
cluded. We used a mouthguard (i1 Biometrics Inc.) equipped with 6 degrees of freedom to measure a head LA (lin-
ear acceleration) and AA (angular acceleration) as well as HIC (head injury criterion), and number of head impacts
during collisions. The average numbers of collisions per player during games and practice were 17.3 and 104, re-
spectively. Thus, the number of head impacts during games was significantly higher than during practices (p<
0.1). The average numbers of head impacts and head impacts per player for linemen during games were signifi-
cantly higher than during practices (p<0.05). The average peak LA and AA values during games and practices
were 234+11.7 G / 1410.1 £932.2 rad/s* and 214 =128 G / 1490.2 + 1139.4 rad/s? respectively. The peak LA value
during games was significantly higher than during practices (p<<0.05). There was also a significantly positive cor-
relation between peak LA and peak AA at all positions (p < 0.05). These results can be used as basic data to exam-
ine the effects of concussion in high school American football players.
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