< i . . ..
& frontiers | Frontiers in Sports and Active Living

‘ @ Check for updates

TFIBCHRER

Yl
Athanassios Bissas,

GRS, R

%

Chris Napier,

P IBERERE, MER
Qichang Mei,

TWREE, HH

R SIN
Eric C. Honert
eric.honert@boatechnology.com

Lol oy

AR SCHEHEAE Z Frontiers in Sports and Active Living
LRI sty DAL VNG S ek ol i1
salcim: 20224E10H21H

s 2022412 H 14H

Qi 20234E1H6H

51 H
Honert EC. Harrison KFflFeeney D (2023)
CHEPANT BEASVPA . S8 IR H LU 2 2UR R
T .
Front. Sports Act. Living 4:1076609.
doi: 10.3389/fspor.2022.1076609

ok

© 2023 Honert, Harrison and Feeney. H4f 110 L 5
B VE R L(CC BY), X2 — AR EC
o MR AN EARBG], RVFEH AL ISR EAE
F o REUSEHIARSE, 4505 A R AR & A ORI
HE, FESURATI LG B R A . AR
I3 RS IR e 53K T 25 o

Frontiers in Sports and Active Living

SN TRBIRT T
S 20234E1H6H
DOI10.3389/fspor.2022.1076609

“TEEFAN” VRN B EE. JE
ﬂ%ﬁ@%ﬁﬁ%mi%¥o

Eric C. Honert*.

oLk B

Kathryn Harrisonf1Daniel Feeney

PEREVLACSLY6 %, BOA Technology Inc., 32 [ERM2 +72 M FHh i
e L A, R AT, IR BUS S iR S . R
% FRATDT A A TS BT AT ET MU A=) 7122 s AT B = 1 A AT
BEVH NS R U 2E (RIZKED SHERET B 2B ) = 5 . 304902
ﬁ%fﬁﬂéﬁmﬂ%%(@%)%ﬁ DA IINES . BHEE T (IMUSs)
MR E VRS OL N, FRRXMEE TN — %iﬁ@oﬁﬁﬁ%,@%ﬁ
] DR R SNBSS (@MU R, X S5MATEH . A
ST R DA N R BRI A AR, X S A G . IX PRI AT e S o g
BT R A <. Bsh, FAEOEAE TR, ORIk
BEANEOLY, BPHEA/NMEEZERRS. B2, %Y E, %
T R AT T TG X IO SRR, R, ot R AT
BT EART I LSRR AE T 1 T AR B B U AE W e 2 7. AEAESR RO
VAl S S E B T AR AN 2 o X ZE SR R R R . A
WA B AR 3 5 RS S I TT R TR A I AR 2570 R TR (1)
G0 S AR 2R O F

7]

A AR RS IMU; RJRE 7 S, EERRRIE

515

e R AR, REF R S FEY, R e I R B
7o (1,2)e AL, FIEEREZMFARER THREFRRIAEETIAE KRG, 4. K
) T 35 (5 ) R T 10.(6) 5 B S 6 = AR 70 28 Ak DA A/ MBI i 4 ) g A=
WIF1EE AR 2E(T, 8) TRl R IR — ANB S IR FE AT, (H A T
R R B T R, AN, KREBEF S EIT, S 5H IFERA K
B AR 6 e 7 00 O B Bk b

01 frontiersin.org



Honert et al.

H 2/

BT RO R R DL B RE £ (9, 10). BRI LLOOIR
BN E(L), TR ET B 2 190 1 TR AR 7 ~F 18 (1932 3
(7, 1) R, EREFH ST I ER SRR . RITm
WFFCRIA, EEHARN(12) RIS R S(13, 149 EmE
YRR, FEAREIESIREZE S . ELFUN,
BETR R — AN S B VR AE (15), {96 T Bk T oo R B B 36
M b 2 b REEESEEEs T, B
A Ot s = I6AE, (ERE X “BF 407 Hik
1TVFA

JE Ok 2 PR R B T ] g i R 1 Rtk
(16), 1HAZ, T HEI MG A N 78 A A5 A S I HU v i
SR, NI B, ERGEN, EAMNE TS
PR E AR (IR IR e CHMEED 38R A
K(17)e XFAY) S FRAR IO B AT bR v LUE S 7 AR
R AREL, 5 G A 25 0 S S TR P MBS AR & T
(IMUs) o elur, SEREE I AIMU AT DL e 2 422 ik B e
1) FE A/ 0 5 R U A o ek —— 3 L B e 2 ) B AR AR
(18). UbAk, IMUCHEH T RAE L3Ry Byt %, M fiis
Ik P A i 5 S = B AT L (7)) —— B A
A0 I TE I P MU N . el T R T R B S R
WEEVEE SRR (12, 14) R HizEh24(13), A AMI
O T et A T AR A 43 BURKR

JEIRE S R 5 — R AR, T e s aG &= 4
PR B, RIRE S O TR0 0E b B iR it
[ A BEE(19)] SRR FF8 v VG RIF- 2 1K 13(20),
PL AR RV Gt 50 AL IR D a0 A 1 22 5 (21) . BE4t,
RIRE R T RO R M 25 Ko
PAYE D BRI E BE R IR R 77, [ s 18 o 2 R e T
(22). MRIFLIGEWFT, Bk A B I AR BRANE BEE F
DS A FAARG T LU R [X 43 B IE 8 2 75 7 38 (23) LA S AN [F) 11
FRFIE(17, 24) M2, 2 ERRHE Bl DX I B I e BLR
O S5 B7 R UG 5 P BN IR AT T

BRARAE S0 3 AP AR B T (0 RS 2 T B 1A
AMEAL,  AEIXFRARAE 2 TSl ARG PR -

Frontiers in Sports and Active Living

02

10.3389/fspor.2022.1076609

FENFIQS) IR R E(26) 5, T = SEAESE
Rk, SRR AE S = AT IR, A2 U AT TR i AL
Ho BURTEFERASHINIREE T, EPEHL IR 5 424
JIARME T 2 BRI, B R VT Al T RE TG VEHE
MR (27, 28), I H G ETCIERIFRZIRE 74 BT i
BEFTT G (B RRAR . DR, AR D WL DU T i B AN
S IR 78 48 FAA i 1, T 8 58 A AN IE A PRAL X bk
S R o 3Kl SR ] 2 A Ao ) H Atk R I A2 g T
T, k. AEECRIODEE . R BRAA IR A A
WIS RI= S Z T 22 B, TR B AR T
B4, AT AL RS, AR R A AR I DG B A
s [FIRTBETE SRS, DATE AR A DA™ A% W K7 i o
PAVEF AP TH (1) VA T 8 R
SRk BT B A ST E RN IR RE I 5 (2) B CE B B i
EWNFT LR HAmsE, RIMMKHLa
Sportiva Cyklon B B B 4 Al 60 22 20 Z 717 2P 4 1) s e
kg, BAVEBREER G RH G E S AT
TRH A P 1
(1D PEAREAMIEIE, (20 FEAR Hh AR I B sl A n
DM SR AR, (3) RN MAMUIERE, (4
R B BR IR MG R 77, LR (5) M kBl 2 BRIV
AT AR o BRUEAE I FE AL, FRATTIE VP Al 1 WA n oo
£, PRy I B SRt 1 5 0 SR AR L I ) A R
ATEPHAL T EMAEM CLED SRR, iR R
IS IR 2 5

PRAITT 15
B5#

=6 E QsE B, 15460 LT A £ bRk
Z: GE 172 £ 6JEK, 1RE: 65 £ 8T, Fik: 34 £
8% TES BRI UG HE At T HinaE R = . oy Zhl
My B ot (J7%: 22-BOAT-101) . iXIGHF 474
LT L B RSN 10AT 11 A R 35 B Lk RS 7.5 FI9 )
Z 5%, REMNDISWER: FREDHD4NE, &
A s (R, IR RS END AR
B2 S T — s,

frontiersin.org



Honert et al.

2 58 Y% % La Sportiva Cyklontd 22 AU i) La
Sportiva Cyklon &7y ST L (D

UES

R T B 1) I L TE SE [ B B 4 2 M B AR BT, B 2R 2
—BLen BRI (B2 , =B B EWE
L9580k, I N4 (ERE13E, FimEeEl
JE) o BRERTTEL LU HAh W B B AR . ER B 520K,
P REN2E (EY O, P2 .

10.3389/fspor.2022.1076609

PREZIA) NI 2 0470K, PRI N6 (FE3EMLLE
(0N WA 2 TR AR A o AR [ B 1Lt 5 AT 7 2 1
5, IXSRER AN FES o (R B e b g B3R R G
) DARABTE (B . 25HEL5—2IIGHE
MsEs N AT S, DIARHIEMEEZ. A5, Zik
DY R PER, DABENLF BT (A-B-B-AD IR
Ty AR AR LA 57 R o BESRAZ A 4 Bl LAAH B
PR D o B IRV EAS IMU - (1125HzI6 16
B REUE N £16gH1£2,000° /sec, 1600HzHT 1347 REKE N
+200g, IMeasureU, € [EFHf#) . &K E /4L & 28
(100Hz, XSENSOR, fIEEXR/RINED |« 2FRENM RS
(GPS) F# (1Hz, Suunto, ZF=27735) FliEH: BB
2 R AL KAy (1Hz, Polar Verity Sense, Polar Electro
Inc., ZF=HEME) WAL,

&1

1.\ La sportiva cyklon 3K (/2) FIECEER #7175 La sportiva cyklon#EK (£i)

&2

HRRE ML (RN E) ML E. 2l LI 77 1m0 . B SR T AN A BUR R = 0 B3 (D
P R N-6° o M4 Strava il o] 1§ ] (http://www strava.com) »

B4, CTPITEE 2

T (b AFH (A .o P

Frontiers in Sports and Active Living

frontiersin.org




Honert et al.

X0 A SRS 1) A RR AR 0 P R T 35 B 5 A T 1
Ly GAE(29) . GPSARFR AL R i sk AEGPS F- &
o AR AZ AR R I [ 2 S A, AT R
KRR — Bt 2 oh . R — B2 R, 2R E T
ZWRIAD R, DAR/R 2R I IF a0 . BhRZ )5,
AR BIGPS TR IF TR ML o

ERYIESE S

e G G, ZREFEEE NS M RELT
B —BE, ZRELIE0 CRERE) 10 GHE IR 1IN
X E A SR T YR . AEAE HBEE IR R,
flfiTIa 2 T T REAE B PR A SR
AR BN 7 X AL OB 1 B SRR AT TV .
Jo, ZARE NN AR BTN A R P A R
PRI A FEREAT VR 20 o B T R R S X I 1 o, TS 1)
A O BITORI I 7 PF 4, HposRoR “2&7 , 10K
U7 RTREEREBXIE (BT 0K,
SEREE, 10RRKE. ZIUEY, BUKIRTFEREHS
b R R BT IE B 1 T SR (30) . SERER R ETE S WA
FeAEL.

MR EE R

FIHIMU =8k BTt =R ag00) i b
JE . VEEINEE CERFR M) o I, Py sMuin
B S R RO /B P WA . FRATT RS A T g Rl mighn
R TR ACAE, DUk G B D kR bRl RE B T A B R
BD)o ¥mghE il (1,600 Hz) il BUCghn i 25 1%
(1,125 Hz) SEREMENE — 5, IXFERANREARHH1T UNIX
. Mg TR (FE+16 ) , Eghnik
FE VT HHE AT AR g B s AR AR5 MR AR I e 8 7 K
AN B RAEAT 2 B (32) . 2S5, I FE RIS A
I I T PMEIE SOHZ EURFIR 2L UE R AR AT 57 B DR . R
XU AE S, BT IMU 5 B AR 2 5 R AT 1 ik
B2 (32), 171 30K 180 B At ot S [ 11 B 20 3 P R P AT T
A5 (33).

Frontiers in Sports and Active Living

04

10.3389/fspor.2022.1076609

T 2, WAVHE T mEKE, JRE BB,
105 82 el BT e R ARE . — B 8 T TR
TE, AT LA B2 AT — VR4 el i e i . FR AT
2R Mk JHERE SRR I T3l 37 Fh 3132, 34) Z B T BT AR 4
Wz, ETRBEHIEEHE S, e 7 bE R
FE U AR« o o o R U A A0 P A o R S R [ 28 AT
N X FAHMEI R B AE, FRATERH By, SUE. K
3OHZ LR IR 22 38 Il o X SR GG BB AAS S BAT IR, DASE T
AP HOL IZ SR, FE R L B BT FE AR A 5 rh
TG R SR 5 T T 20% 85 8 1) AN B A7 115 I A1,
DAIR B0 I A A B A B 43 o A 0 81 A D 16 24 ) — 1k
J&, REEBFTEIMUTERS .

MRS 7 e H I8 45 3k S A B ) 35 2 R R
Fl TR RR DA B 2 Bk R B Ve AB o R IR R 0 (9 B D il ST By
Bl e A ) S P T PR SVEORAG I, DASR AL R B
fl R0 BB R . PR X R P L R R AR R R
20% . A2 kX 352 45 A5 RS 1 AT 20% . 1K AN X 8008 ik
XSENSOR A58 S5 R EUF A 07 AL 358 i i) [X 3K
FER I B EEA BB EFR () = B Jm A BT TR S48 FE -

T I GPS AL b 1] LUAR 415 25 55 A1 28 8 0 i 28 40 h =
Bl B WEEATR Y (LE2) . T GPST-RAE= WA
SUBRER G ST RS B, R T R B4 A EEAT T AR 1 2
B, IFHEBRT ORISR RS . BTE B

HE AT I 7E Python 3.9. 7/ A FRi#EAT
SN A

LR PRI A AR I FH T VA A S R R A N R
W R 15 2 ROT RIS % 2 57 . T gt o
YVTERG I HAF (41200 it4T, KA 7 LMERQGS)A!
emmeans(36) K AF L. FATE SR T — AN IR & kR AR
RUORVEASBC B 2 0 =W B 25 (A R g
RO, FIRFIFSRST (BN A8, A2 R %A
HEHF LR (ARD .

frontiersin.org



Honert et al.

PR R 22 A Al T A BT fE
ZER- I (1| =i #) (M

SR A TR A S B VA BT Hofh 2B g 2 s R ( “ 4%
A7) BB BRI Z G . (REND AR, I
25 I — PR AS D)4 31 53— ERIRZS R 58 RU8L
HAT TRV R gAY . BRI T A 52 A A
FppPmE (MU BUPH (RIRIET)) RIEY 124 R
UM BEVEAED ot TAEW )15 S5 R S A G,
[AIUE 2 AEPAYL TR RSB CBP B3, TR, N 1
IS RGN ER . N TIE S, o g
90.05. E I 5> P2 R R A T AT A bR . IX
SRR T S BT SE 0 = a1 ARSI 454913, 14),
AT 7 —Foxsd 52438 %o ek A 5 I R HEAT AR 1 2R 7
£37)-

ZER-BE N (BB i) @

4R

— 5 B2 ARE WHEBRE A BT 2 A, DR L e 2 TR 1 22
S B (25323F0) .

ERYIESE S

AEER BT B R R B B W R p
< 0.002, &1). 5R%REFHLL, @OFEREFETU -
HEHEEE (p<0001) . BAREIENREE TR S R
Hf (p <0.001) , HALZEAETWHT NG R L R
HYEE (p=004) ; BHEEGEMERGEGERGER
(p>0.1)) .

10.3389/fspor.2022.1076609

(LaERsRa

TEE MR TTTEFEL R (p = 0.46) R WK T IHAESE R
(p>0.17, ) FEHBTGFE R . FEBET B FTAT % B
£, AT A AR U T 2 (R P R ZE N T A
ik (R2) .

IMU%; %

TERRET KR =B, 2B FERENE Ty
& T A CPZER: 0.03 to 0.05 m/s, p <
0.022, B3, 32D o PHSELEAT AT HE BN ig 5 e
oI Ve LR P AN D E EEE BT TG R E R (il
p>035. p>0.08Flp > 020) . WERETLE LI p=
0.025) « FARTAEE (p = 0.008) M T (p=0.043) E,
A7 FEE U AP 1) B AR A 5 TR 5 %

& 74

FERD SE S B, AERR R PT A iR B b, sl
TR R A TR AR 1R P 48 A b b R A ST BN T 2%
(p <0.001, B4, 32 . fEHISIEEINEL, BT
AT EE B 1 R RS T R (p > 021 o 7EATAT
BB, WHEMERMERE HIEHEEEZES (p >
0.087) .

it

XA T A A RO VP R % AT EE R BT
Foo BATRI: ORAEET IS L B35 P8, i
A IEFEREIR, LR ARIE N, (BAE R T IE RE I RE B
SERMETTHRA ZR. ERENSNED, Wk
AR, BRI LR A5 R L I 5 1 Bt b 2 K
Kol HABOAW AL E /D 1 IEHIZ S M BEEEIZ 5]
AIR) K2R 5 TR RO T, R U 5 P8 AR E I (13)

R FETAEA MY b H R DA 5 B 5. Tos BT T P48 + FRiEZE(N = 29).

EEEYES;

B

T

T

RN A

RN SR RREE

FE BRI

&)
R 83+ 1.1 | 84+12 84+ 15 8.8 + 1 §+ 1.5 62+ 15 53406 51407
Fir 73+ 11 | 7.5+ 13 63+ 15 68+ 15 6.5+ 1.4 55421 51+15 45+ 14
plE <0.001 0.002 <0.001 <0.001 <0.001 0.04 0.7 0.1

Frontiers in Sports and Active Living

05

frontiersin.org




Honert et al.

10.3389/fspor.2022.1076609

R2 T HUEF PRI M B R bR . IR AR R, X TARIBRREL, BEAET RN T 2 AERZE 2R . BRI Pl S FE 22V =

29).
3 TiiER T

(IE Sy Firal ([EE Sy Fifral A Fifral
LR [BPM] 160 + 11 159 + 11 171 + 11 171 + 11 162 + 11 161 + 11
B (/s 271 + 038 2.68 + 0.38 2.54 +0.38 251 +0.38 332 4 0.54 332+ 0.54
3 BE U A [ /3] 24,660 + 5202 24657 + 5891 27,836 + 5310 27912 + 614 40,343 + 10,490 39,819 + 11,207
I3 B W A [m/s?] 1247 + 21.0 124.1 + 21.5 135.9 + 20.5 1354 + 22.1 185.9 + 36.6 182 + 35
S B AR T RIS [° /s) 328.1 + 77.0 343.8 + 81.9 324.6 + 71.6 3412 + 759 466.7 + 1212 4902 + 118.5

W oo R i Y

E]n/ﬁ] sk 2 oS 93.0 +22.6 952 4+ 258 105.0 + 19.4 107.2 + 22.6 165 + 40.4 167.4 + 43.6
JEERE %) 61.7 + 10.8 59.3 + 11.3 62.8 + 8.6 60.5 + 9.7 674 +59 654 + 6.5
JEBRE J1064H [kPa) 180.1 £ 69.5 175.5 + 65.7 207.1 £ 65.7 205.4 + 68.4 382.3 £ 87.2 372.9 £ 91.5
JE B[ %] 70 + 5.4 69.8 + 4.8 70.9 + 59 70.7 + 5.4 69.2 + 54 69 + 54
JE Bk 7706 {8 [kPa) 513.1 &+ 102.9 509.7 & 105 527.3 & 100.2 523.9 + 96.4 511 + 86.7 516.8 & 88.9

465 Acc., NIESE; Ev.Vel SMHIESE; M/L, WAMI; Press., 7.

SEATEI P A S, 0T AR AR P2 Vg B A b
M nsd 5 oy s 22 57 o FRATTH AT R I A2 B e o T
R B VA AN L BRI S AT AT 22 57 . S TSR
BUMBESRZE S, AT LR b i ) AT 2 dofte TS X
7 AT P IO — Rl T, RO P e, JF
FJ LAY BUPRA LA AE ) 1A T

W& BB 7122 RF Ak

BT R E A A A0, TR 524K
H VAN G AE R AT ATRIL,
K BolT i, 5 R BT, BT RS
L VAR R 2 PR R T AR T T S B T SR
BOR(17)o AN AT REMG R, T 5 A I
B AT RmMBEE. 2 EieRy, Kirl#
TeHEEZHMXIEE) (BT o ARRKIBETT AT RER 2
PR TN [0 3 P ARG 4 07 IR 2 TR R BER % o A A
AN A MU R ER 15 7 e 3o P52 P &M/ PA) 880 A 3 PR A P23 AR
(K1(39, 40), BAVERFH {72 AT B & b foe i LI 403.(38)

AR 2 B DA R B A B i R I T
AR BT 2 W IAFEE ST, X587 & ARG
(17)o Jinsd FE VA 3 LA 2 T % ) o B S fr R I
FARFR18), FATIEHETT T AN VA, POV E SR T
5 3 B DA A R (K I 8] 4

Frontiers in Sports and Active Living

06

I3 RH I3 B 1) R /N 52 T AN J5 4 RS2 BE,  IX 3R
T ) 6o SRR T A P T R . FRATTVRAR R B0 ek
VEAE AR VR AE AP AL ZE 5, (RN VR I MR VA AT
EZER: SR, 50778 1 17 i e b
X EE I B 7= A B K IR0 o

B T IRB S WA TEAH SR 1360541, FRATIEER
R EWRB ST BN &SI Z MR R. Z AT CEAf
FH RIS Ay S 7 BEE A A ) 1120 2 T R E 2R (23) . 3K
TR B 2 50 1 10 2 BR B Ak TR A 6 38 1, X B T
CRYCERDL BB EEED. B = 2R
& (FEHBEREEF, WANTEARD ATE T s
g R T S R RE s, XK S O R i A ek
Do JREREARHANZE & 2 M S S, RO g U R T
PR B e T R BRI AN . FRATHEN, EAATE N
M D R R T RE S AT B, EAE b3 D R v T
(il = IR o P S b b W e T s R e SR Y S W
PE(19), XN ETH AR FE R IR S R B RE 18R T Bk
Mo BUIZRH KRR, R TR 2 IR I I
G, MK bR LR B e EA . ARk, WRE
5 LT B R R 0 B 1 W S R s R
g my DL B D) DR IR 1) BRRIERES M1k
HRJEED].

frontiersin.org




Honert et al.

45 "

—~ 40 _ _ S
Eg 35 | f i
= 3.0 '- ¢
R 25 E i B &
= 2.0 . B B s

2 100, /- prnee

: \/ Q

g ]

m

ig

-1005 - 100
3 :
@ew R .
ﬁ : Y - i
i?_62400 I z I I :
.&% L - -
Z 200 } :
=

3% TR T

513
FETIMURZE R . A AR 1 PR .

10.3389/fspor.2022.1076609

Ged
£
=
ig
% non 100
% 6ed !
s .=
ﬁ 4ed - . e ~ :¥
-’}% *
= P T -
2 24 ! -
100
iy
=
B4
B
250
£ 200
£ 150
5

T

R RURIAR SR K R 22 2RI TP AR (N=29) « BY5 (%) RREBRFHMAFSE, R

TR 2 AR R I BV . AN W (Ev. Vel.)FT Py &M 3 B2 8 i (MVL TS [ 22 b B8 43 & — AN 23— A 2B @ 7 51 i

4, LRI AR
Pt mERIESESAR

SRS = AR P R R S AR AR S ROA R 3RS T 2 AT AR K
T2 M HFEEZ R B, SEmEAMLL, BT
RIAT A R . XA AR IR . B2, AR
FERALE . KRR R . BRI % AT DL R % ) X
SeAp e, (HBEERR EAE HSCI A P EETINK. Bde e
FAFIZRALIG I T AW I 2 G RI AT Ae kS EURH EA S
R I3 FH IR 2K E LW EE (Fand
HO UERFGETH DI

Frontiers in Sports and Active Living

RGN A T RS20 KR8, foVreE
MR RN SR AR E R . EREENRE,
BESAFAE (A & BEANANERIRAIE ) TR 5 78 i fff e J Il
PRI R, aniRi T IR E A R BEI K35 . DRt
AT PR THRFAE, A7 0 AR BRET B o 0 T 277 iy i
AT X TIRAT A AN Hbx, FATHEAT T EE
s Bevt, DAAEAE S R Bl dh, - [RI BR#)
REAE . WA LCPSRE Lk 73 N =N Rs IR 7 (-
oo SFHATTRSD BHAEA R, IR S 5% ¢
BRI RN HE 2 LA AR FE B0 s[RI A — > T LR
BN S5 e 5 1 DY YT RPE VAT 52 J5 2 A48 b 110 7R 7 0 47
e, DM AR T DA - (0 U 24T

07 frontiersin.org



Honert et al.

80 * * * t
0T P 1T 8%
S i . z
& 1 : b
40 I

20 —+——1
JE B ‘ .

75— == F -
X
3 70 i ;

Hes L L L
60 +— 1 ¢

B T e

&4
R

PATEIE 7P HIE  ORNBI A IEREEL, X
SET] N BN BIGE TR b i, bl
(WAAMUNE, B3GR (A3) A SR
WS R (HERSERER TSN IMUSE R B &R p
fH.

LER P B R+ (F B A2 ) (3)
TR b ) T PP A SRR A S A G E B, A SRIG R
W TR TR A A OCES T DL VA R R AE [ (42,
A3V FIAE W )& R (44) o B WLE D S R s i A )
JIF[ S R A7), 1, X AT DLIE G S b LR
FETHN(45) B (1 1) R BE o X g (a7 1k DA S i
B F12E0N(28)

Frontiers in Sports and Active Living

10.3389/fspor.2022.1076609

600

=
g o IR
5 400 . ;i
) mo}E 1: EE }; —
800
& 600 F -
% moé{ 1; . 1::%
% 400 . = ;
300 1 '
lot’d 058 T

JEJRIE ISR TR L BRE R, 0% 7 XSENSORFER B AL B DI, AR AL LSS, % 7 XSENSOREEFR L B DX, A AU 21 -1 1
TR AHAR R AR TP AR (N=29) . BT (%) RRIEBBFRMARS R, Rk r e Uk 2Rz R .

BEAE, A DAL I SRR Y ) 27 A R PR A ) ) 2 1
(7)o T IAWEBLWE T RE T 548 T8 i, AT
RREE T AU R AT IS, AT R BURR IR (1 A )
JIIERINE o S BATE R oA A A7 U A 2
BETREH Z AIAAAEZE SR, (HEERT IR BAEZNMEST
IAAI L) S 27 BOSATs & — A AR e il 7

JR R 1%

AT AAFAE R R . SR RS2 B Tek o 7 Sk
ME . BLAh, BERAMIMUSEE A GE R G X 55, Bk, %
JEHUPEZ gttt (A33) e RIRIE 4Rl
HAT.

08 frontiersin.org



Honert et al.

45

56— R AL, fEEtERE R H, B
BET RATHFIOMG AR . AR, EE7 A AR 5%
HATRE = HIN i e R, DA a5 L

At T F =

SCRFASCES R R A K K th AR 520, AAFAEAEfT A2
73:48

SERGYEl

Pearl IRB# B IFHLHE T LRSS H WM. EFH/ZS
FIRME T S5 AW T R

E& DIk

ME &4, ECH.. KH.MIDF; 77 ECH. . KH. A
DF.. #%fF, ECHMDF; ¥iF, ECH.. KHAIDEFE.;
KR Hr, ECH.; %, ECH.. KHADF.; %,
D.F.; #¥slii, ECH; BE—¥ME®, ECH; &5
—® % M4, E.CH., KHFDF.; nJ#ift, ECH.; ¥
&, DF.; WHEH, DF; @ull, DF A ESEHST

=]

SCE T R, TFAEEIL TR R
5L = W

AWFF433] T BOA Technology Inc. [ B WhEH RS S
o veit BaRER . B -t AR iR, RS 5ARC
MRS, KS50eitiRE. FrafEsm a L
Gz

275 3CHR

1. Hoffman MD, Ong JC, Wang G. Historical analysis of participation in 161
km ultramarathons in North America. Int J Hist Sport. (2010) 27 (11):1877 - 91.
doi: 10.1080/09523367.2010.494385

2. Scheer V. Participation trends of ultra endurance events. Sports Med Arthrosc.
(2019) 27(1):3 - 7. doi: 10.1097/JSA.0000000000000198

3.de Waal SJ, Gomez-Ezeiza J, Venter RE, Lamberts RP. Physiological
indicators of trail running performance: a systematic review. Int J Sports Physiol
Perform. (2021) 16(3):325 - 32. doi: 10.1123/ijspp.2020-0812

4. Lemire M, Hureau TJ, Favret F, Geny B, Kouassi BYL, Boukhari M, et al.
Physiological factors determining downhill vs wuphill running endurance

performance. J Sci  Med Sport. (2021) 24(1):85 - 91. doi:
10.1016/j.jsams.2020.06.004
Frontiers in Sports and Active Living

09

10.3389/fspor.2022.1076609

Fost

FrIb ST Hannah McDermottXfLa Sportiva i i . 8%
HiKelsey AmorosofE 32 i3 18 5 A s e By T $2 (it 1) 35
B, J&#fMilena Singletary. Ife Olawore. Bethany Kilpatrick
FAdam Luftglass 755085 82 7 I L 0 55 B . J8i Brett
VladikafERT FLd FE- 5B B 4h 7 (5085

) 2 1 R

BOA Technology Inc./&iX Wifff FL B B, 1A SR 2
BOA Technology Inc. ] i 1.,

SR

AR AW R AR A, AR R AL
SRR G B R N AT Ao S SR X A S 1Al (1
ARAT 7 ks B 7 T A PR A ] 75 B AN A £ 4H R B
5.

FhTEAL R
S I i

https://www.frontiersin.org/articles/10.3389/fspor.2022.107660
9/full#supplementary-material.

%

=

5. Khassetarash A, Vernillo G, Martinez A, Baggaley M, Giandolini M, Horvais
N, et al. Biomechanics of graded running: part II—joint kinematics and kinetics.
Scand J Med Sci Sports. (2020) 30(9):1642 - 54. doi: 10.1111/ sms.13735

6. Vercruyssen F, Tartaruga M, Horvais N, Brisswalter J. Effects of footwear
and fatigue on running economy and biomechanics in trail runners. Med Sci Sports
Exerc. (2016) 48(10):1976 - 84. doi: 10.1249/MSS.000000000000098 1

7. Nicot F, Sabater-Pastor F, Samozino P, Millet GY, Rupp T. Effect of ground
technicity on cardio-respiratory and biomechanical parameters in uphill trail
running. Eur J Sport Sci. (2021) 22:1 - 11. doi: 10.1080/17461391. 2021.1995507

frontiersin.org



Honert et al.

8. Giandolini M, Horvais N, Rossi J, Millet GY, Morin JB, Samozino P. Effects
of the foot strike pattern on muscle activity and neuromuscular fatigue in downhill
trail running. Scand J Med Sci Sports. (2017) 27(8):809 - 19. doi: 10.
1111/sms.12692

9. Worobets J, Wannop JW, Tomaras E, Stefanyshyn D. Softer and more
resilient running shoe cushioning properties enhance running economy. Footwear
Sci. (2014) 6(3):147 - 53. doi: 10.1080/19424280.2014.918184

10. Hoogkamer W, Kipp S, Kram R. The biomechanics of competitive male
runners in three marathon racing shoes: a randomized crossover study. Sports Med.
(2019) 49(1):133 - 43. doi: 10.1007/s40279-018-1024-z

11. Gantz AM, Derrick TR. Kinematics and metabolic cost of running on an
irregular treadmill surface. J Sports Sci. (2018) 36(10):1103 - 10. doi: 10.1080/
02640414.2017.1357829

12. Subramanium A, Honert EC, Cigoja S, Nigg BM. The effects of shoe upper
construction on mechanical ankle joint work during lateral shuffle movements. J
Sports Sci. (2021) 39:1791 - 9. doi: 10.1080/02640414.2021.1898174

13. Harrison K, Feeney D, Pryhoda MK, Dicharry J, Nelson NM, Shelburne KB,
et al. Alternative upper configurations during agility-based movements: part 2,
joint-level biomechanics. Footwear Sci. (2021) 13(2):167 - 80. doi: 10.1080/
19424280.2021.1899296

14. Pryhoda MK, Wathen RJ, Dicharry J, Shelburne KB, Feeney D, Harrison K,
et al. Alternative upper configurations during agility-based movements: part 1,
biomechanical performance. Footwear Sci. (2021) 13(1):91 - 103. doi: 10.1080/
19424280.2020.1853824

15. Honert EC, Mohr M, Lam WK, Nigg S. Shoe feature recommendations for
different running levels: a delphi study. PLoS One. (2020) 15(7):0236047. doi:
10. 1371/journal.pone.0236047

16. Benson LC, Clermont CA, BoSnjak E, Ferber R. The use of wearable
devices for walking and running gait analysis outside of the lab: a systematic
review. Gait Posture. (2018) 63:124 - 38. doi: 10.1016/j.gaitpost. 2018.04.047

17. Hagen M, Hennig EM. Effects of different shoe-lacing patterns on the
biomechanics of running shoes. J Sports Sci. (2009) 27(3):267 - 75. doi: 10.1080/
02640410802482425

18. Napier C, Willy RW, Hannigan BC, McCann R, Menon C. The effect of
footwear, running speed, and location on the validity of two commercially
available inertial measurement units during running. Front Sports Act Living.
(2021) 3:643385. Available at: https://www.frontiersin.org/articles/10.3389/fspor.
2021.643385. doi: 10.3389/fspor.2021.643385

19. Mo S, Chan ZYS, Lai KKY, Chan PPK, Wei RXY, Yung PSH, et al. Effect
of minimalist and maximalist shoes on impact loading and footstrike pattern in
habitual rearfoot strike trail runners: an in-field study. Eur J Sport Sci. (2021)
21(2):183 - 91. doi: 10.1080/17461391.2020.1738559

20. Hohmann E, Reaburn P, Tetsworth K, Imhoff A. Plantar pressures during
long distance running: an investigation of 10 marathon runners. J Sports Sci Med.
(2016) 15(2):254 - 62. Available at: https://www.jssm.org/researchjssm-15-
254 xml.xml#

21. Escamilla-Martinez E, Gomez-Martin B, Fernandez-Seguin LM, Marti
nez- Nova A, Pedrera-Zamorano JD, Sdnchez-Rodri guez R. Longitudinal analysis
of plantar pressures with wear of a running shoe. Int J Environ Res Public Health.
(2020) 17(5):1707. doi: 10.3390/ijerph17051707

22. Dobson JA, Riddiford-Harland DL, Steele JR. Effects of wearing gumboots
and leather lace-up work boots on plantar loading when walking on a simulated
underground coal mine surface. Footwear Sci. (2018) 10(3):139 - 48. doi:
10.1080/19424280.2018.1486461

23. Chen H, Nigg BM, de Koning J. Relationship between plantar pressure
distribution under the foot and insole comfort. Clin Biomech. (1994) 9 (6):335 -
41. doi: 10.1016/0268-0033(94)90062-0

24. Hennig EM, Valiant GA, Liu Q. Biomechanical variables and the perception
of cushioning for running in Various types of footwear. J Appl Biomech. (1996) 12
(2):143 - 50. doi: 10.1123/jab.12.2.143

25. Osborne-Crowley K. Social cognition in the real world: reconnecting the
study of social cognition with social reality. Rev Gen Psychol. (2020) 24 (2):144 -
58. doi: 10.1177/1089268020906483

Frontiers in Sports and Active Living

10

10.3389/fspor.2022.1076609

26. Parsons TD. Virtual reality for enhanced ecological validity and
experimental control in the clinical, affective and social neurosciences. Front Hum
Neurosci. (2015) 9:660. doi: 10.3389/fnhum.2015.00660

27. Nigg BM, De Boer RW, Fisher V. A kinematic comparison of overground
and treadmill running. Med Sci Sports Exerc. (1995) 27(1):98 - 105. doi: 10.1249/
00005768-199501000-00018

28. Chambon N, Delattre N, Guéguen N, Berton E, Rao G. Shoe drop has
opposite influence on running pattern when running overground or on a treadmill.
Eur J Appl Physiol. (2015) 115(5):911 - 8. doi: 10.1007/s00421-014-3072-x

29. Hettiarachchi IT, Hanoun S, Nahavandi D, Nahavandi S. Validation of polar
OHI optical heart rate sensor for moderate and high intensity physical activities.
PLoS One. (2019) 14(5):0217288. doi: 10.1371/journal.pone.0217288

30. Miller JE, Nigg BM, Liu W, Stefanyshyn DJ, Nurse MA. Influence of foot,
leg and shoe characteristics on subjective comfort. Foot Ankle Int. (2000) 21
(9):759 - 67. doi: 10.1177/107110070002100908

31. Bailey GP, Harle R. Assessment of foot kinematics during steady state
running using a foot-mounted IMU. Procedia Eng. (2014) 72:32 - 7. doi: 10.
1016/j.proeng.2014.06.009

32. Zrenner M, Gradl S, Jensen U, Ullrich M, Eskofier BM. Comparison of
different algorithms for calculating velocity and stride length in running using
inertial measurement units. Sensors (Basel). (2018) 18(12). Available at: https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC6308955/ doi: 10.3390/s18124194

33. Honert EC, Nigg SR, Nigg BM, Blades S. Validation of running speed
across different speeds and slopes using Kinetyx sensory insoles. Kinetyx. 2022.
Available at: https://www .kinetyx.tech/white-paper-002-running-speed

34. Skog I, Handel P, Nilsson J, Rantakokko J. Zero-Velocity detection—an
algorithm evaluation. /EEE Trans Biomed Eng. (2010) 57(11):2657 - 66. doi: 10.
1109/TBME.2010.2060723

35. Bates D, Michler M, Bolker B, Walker S. Fitting linear mixed-effects
models using Ime4. J Stat Soft. (2015) 67(1):1 - 48. Available at:
http://www.jstatsoft.org/ v67/i01/ doi: 10.18637/jss.v067.i01

36. Lenth RV, Buerkner P, Herve M, Jung M, Love J, Miguez F, et al. emmeans:
Estimated Marginal Means, aka Least-Squares Means. 2022. Available at: https://
CRAN.R-project.org/package=emmeans

37. Wilkinson RD, Mazzo MR, Feeney DF. Rethinking the statistical analysis
of neuromechanical data. Exerc Sport Sci Rev. (2023) 51(1):43 - 50. doi:
10.1249/JES. 0000000000000308

38. Hamill J, Hercksen J, Salzano M, Udofa A, Trudeau MB. The prevalence of
injuries in trail running: influence of trails, terrains and footwear. Footwear Sci.
(2022) 14(2):113 - 21. doi: 10.1080/19424280.2022.2048901

39. Wade FE, Mok KM, Fong DTP. Kinematic analysis of a televised medial
ankle sprain. Asia-pacific journal of sports medicine, arthroscopy. Rehabil
Technol. (2018) 12:12 - 6. doi: 10.1016/j.asmart.2018.02.001

40. Kristianslund E, Bahr R, Krosshaug T. Kinematics and kinetics of an
accidental lateral ankle sprain. J Biomech. (2011) 44(14):2576 - 8. doi: 10.1016/j.
jbiomech.2011.07.014

41. Miller JD, Miller AJ, Frazer LL, Templin TN, Eliason TD, Berkland CJ. A
soft 3-dimensional force sensor for in-shoe ground reaction force measurement. In
Ottawa. CAN. North American Congress of Biomechanics (NACOB) (2022).
https://nacob.org/wp-content/uploads/2022/08/Wednesday Thursday.pdf

42. Clarke TE, Frederick EC, Cooper LB. Effects of shoe cushioning upon
ground reaction forces in running. Int J Sports Med. (1983) 04(4):247 - 51. doi:
10.1055/s-2008-1026043

43. Hoitz F, Mohr M, Asmussen M, Lam WK, Nigg S, Nigg B. The effects of
systematically altered footwear features on biomechanics, injury, performance, and
preference in runners of different skill level: a systematic review. Footwear Sci.
(2020) 0(0):1 - 23. doi: 10.1080/19424280.2020.1773936

44. Honert EC, Ostermair F, von Tscharner V, Nigg BM. Changes in ankle
work, foot work, and tibialis anterior activation throughout a long run. J Sport
Health Sci. (2022) 11(3):330 - 8. doi: doi: 10.1016/j.jshs.2021.02.003

45. Frederick E. Measuring the effects of shoes and surfaces on the economy of
locomotion. In: Nigg BM, Kerr BA, editors. Biomech Aspects Sport Shoes Playing
Surf. University Printing, Calgary (1983). p. 93-106.

frontiersin.org



