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Sports Brain Science: Structural and Functional Analysis
Before and After Match in Professional Boxers
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ABSTRACT

Over months, prior to the weigh-in (24h before the match), professional boxers
(Boxers) typically keep training and reduce their body mass empirically to gain a
strength/size advantage over opponents. Using voxel-based morphometry (VBM),
resting-state functional magnetic resonance imaging (rs-fMRI), we included twenty
male licensed Boxers (26.7 = 4.Oyears) in the time point of one-month before match
(Terml, mean body mass index [BMI]: 22.0+1.3) in comparison to seventeen age-
sex-BMI matched controls (27.8 +3.7years, BMI: 21.5+1.6). Then we longitudinally
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followed the Boxers at the time point of within-one week before the match (Term2,
BMI: 20.6+1.3) and one-month after the match (Term3, BMI: 224+1.3). In Terml,
Boxers presented significant higher gray matter density compared to controls, in
bilateral anterior insula (AI) (left: p<0.001; right p=0.023), cluster level FWE [family
wise error] corrected), generally representing sensory integration. In Time2 and Time3,
Boxers™ posterior cingulate cortex represented correlated gray matter densities with
BMI change. In rs-fMRI analysis seeding the Al clusters, significantly lower FC were
found with precuneus (p=0.031) in Boxers. No significant FC were found in Term3.
These findings suggest the bilateral Al represented specific structurer in Boxers, and the
posterior cingulate cortex represented BMI change before and after the match. Because
the posterior cingulate cortex has the pivotal role in adopting for the surrounding
environments, the functional plasticity in Boxers that lower connectivity in precuneus

which is a part of posterior cingulate cortex, suggests their specificity that they have to

reduce their weight regardless of their environments.
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1. MEHE

AFFeIL, MWHEMEOMLRE L OBEE 0%t
WRo7zo12, BRRBEHERERZES (RHEER
£) OFEEZ, AWHEERA Y T —212
B8k (UMIN000017635) L7z b L7z, 7
ORZ7H—20 N (2B%HE, 268€414) (i,
EHAARTORs v 7a3Ivary (JCB) @
RO =T34 AP/ L, AEE2TELT
WLEFRER SN TuRs—i, WA
1 Hul (Timel), SEER GLEHT 1 BB LIA)
(Time2), #AAE25 17 A% (Time3) &Ry
VB MRI 2 L 7 (5 0K Be iU AR 12
FL1E @ 3T scanner (MAGNETOM Skyra; A 7
Siemens %), Control # & L T, Timel ® 7' 1
R H—IZ4FEk - -BMIx~ v F v 73+
7R R 17 N (27.8+3.7 8, BMI:21.5+1.6)
&, AZEICXDEG SN, —EORIEL MRI i
Ww, [ MRIZHWCHERLZ &TORE
LS & 2B E-15, S8R % 21 T
VB SRR I S AR E & MRI RS (30 43)
REDTLFIEIETHo72. TR —DR
Al R E T B TRl 2 47 - 72 (KO/TKO 5 5 (5R
PA) : 7; KO/TKO 5% (6R LAKE) @ 6; FIERS ¢
5, 5l &45) 1 4; LT ¢ 3; KO/TKO fal) (6R
DIRE) @ 2; KO/TKO #1F (5R M) 1), Data (&
T £ R TRL TV,

1.1 #BEEKNE & VBM (Voxel-based
morphometry) E&#f

4 i % & Tr, magnetization prepared rapid

acquisition gradient echo (MP-RAGE) # Fi\»7z,

e % 15 B2 T1 58 3 M & (TE=2.28 ms; TR=2,300
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ms; FOV=256mm X 256mm; FA=9"; matrix
size=1 X 1 X Imm; and slice thickness=1mm; slice
numbers=240 coronal slices) % W 4% L 7z, fi#
Br 1%, SPM (Statistical Parametric Mapping) 8
revision 4667 (Wellcome Department of Cognitive
Neurology, UK, implemented in Matlab 2013a, Math
Works, Inc.) %[ L, &¥EE oW, i
715 (Realign, Slice timing), JERRIE D 22 M I
# {t (Coregister, Normalization) % #% C, Smm
FWHM ® Gaussian kernel (23t (Smoothing)
SN/, £ODDH, 2ndlevel 751 VA &
L T two-sample t-test %, 45D 222 % HEBE L
T (%% effects of no interest & L C) HFERH] FLEL
wiTo7z. Ak 2. 2 BRI DAL, RO
FREEMIAG S AT (1. 2) 2 &0 T, fatoR
fiElx “uncorrected p<0.001 at voxel level and FWE

corrected p<0.05 at cluster level” THt— L 72.

1.2 HENESMEEN (rs-IMRI: resting-

state functional MRI)

EPI (Echo Planar Imaging) 1 % (TE=30
ms; TR=2,500 ms; FOV=212 X 212mm2; FA=80
°; matrix size=3.31 X 3.31 X 4mm; 40 slices; slice
thickness=3.2mm; total number of volumes=150)
AL, RO 4RI DI E R O T
Hrxt G2 SHEBR L7z, Ml 4 NORE R A b
TEKED processing 1T >7-D 5, HEREHIFRE G
(functional connectivity) f##T % SPM8 I T/ &%
&% CONN toolbox (version 15.h) % F v Tl
1TL72. ZHUZ L) VBM T 0GR TR 6N
A D SR / AR AT B S 2 i AL (Seed) & L
72, 458 0 voxel @ ;R4 Data & Pearson #H
T A M $ %, Seed-based fENT & JtifT L 72,

2. % R

7' R 7 — @ BMI I Timel: 22.0+1.3kg,
Time2: 20.6 +1.3kg, Time3: 22.4+1.3kg &

Time2 (RAAHT 1EM LIA) @ BMI 25 5120
A L 72 (p<0.0001 in repeated measures ANOVA,
Bonferroni ffj 1. % post-hoc f##T & L TH W 72).
Timel 7> % Time2 (22T T O (BMI A &
(-14+066 Tdh o7z, BMLg A& & A fE R
FEERIRCTH o 72 (AT~ v OIEM RS =
-0.09).

2. 1 Cross-sectional |2 7' 1R 4 — (Timel)
& Age-sex-BMI-matched Control # % [t X 72 3}
F, 7RI —12BWT, WEOBEH/T
IR % §7 55 ¥ (AI [Anterior Insula]/IOFC [Inferior
Orbitofrontal Cortex]) DIKHEREAN L) KE
(left p<0.001; right p=0.023) (K 1).

2. 2 WEMERBE T, HEE A
(Time2) (2T A A BAZMIK B 5 BE D,
V> (contrast [Timel+Time3>2 X Time2]) (X 2) (%
S %, 2238\ T voxel level FWE (Family

wise error) p<0.05 & F%i#).

2. 3 Time2 & Time3 2B 1F % A IRE DK
FUE S DY, BMI 2L (%) (2HHBS (T2: cluster
p=0.015; T3: cluster p=0.0182) (X 3).

2. 4 JHEEE BMIZIL) EREHE (7
EYRESEAN) A RN 725 e o7 (AE T
> ONERARBE %L =-0.09) .

2. 5 BEEBMAE G HEMAT (s-fMRD) (2. 1T
517z left Al cluster % seed & L72) 12BWT,
Timel O HT, BHIE (FoEAR) OFRER
#EH, 7 uRZH—Tid Control & NKTF LT
Wiz (H4).

3. £ =

o 1370 R 7 A — KR 70 I i & ARRR IR
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\ 2-1. 7ORS Y — R LRSS
| ( Cross-sectional)

TARIZY—lcHWnWT, mAlos
AIER/ TERERISEEF (Al/IOFC)
DIRAEZEN LD KEWN

BOXER (Time1) > Control

1 (W21 7aR7 Y — RN RS LT, mio &, TIRSEEEYT (AVIOFC) OIKFIEBREA, I >
FO—VEEL DEBICKRE o7z MatBE (R 2-2 BRI LB LISL)  “uncorrected p<0.05 at cluster level” C
#t— L72. AT: Anterior insula ; IOFC : Inferior orbitofrontal cortex.

2-2. RS RN SRS ERTICHE/
(longitudinal)

Uncorrected p < 0.001 at the voxel level and FWE corrected p < 0.05 at the cluster level

BOXER (Time3 +Time1) - 2 x Time2

2 (K5H2-2) BHEREMENT % 1T (ETEIE % voxel level FEW (Family wise error) P<0.05 & #%1&.
Time2 (2381 5, (ZITEBAFIRCIE 5 K - E OISR Bz,

2-3. #HFREIORAEZEED. BMIZ{L (%) IC1EE
(longitudinal)
Time2 Time3

= \ A N £

Y Y

cluster FWEp kT peak cluster FWEp kT peak

494 (4,-21,25)

0.015 792 0.0182 548 453 (9,-27,28)
455 (14,-45,13) 447 (12,-46,18)

5.61 (12,-34,27)

3 (H§4#2-3) Time2 & Time3\Z 81} 2 Bar IR O IK VR EE )5, BMIZEAL (%) [ ZAHES
(T2 : cluster P=0.015 ; T3 cluster P=0.0182) %/~ L 7.
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2-5. RIY—TI&
BRI DOHEEERNFESMNMET

(Cross-sectional)

label  cluster FWEp kT peak:

495 (2,-38,52)
Precuneus  0.031 187
457 (-18,-32,52)

B4 (i52-5) BERERYARE & MERNT (rs-fMRLIC 8\ C, Timel O 5C, BRI T LS RIAS (AVIOFC) &
BRI (28 A R) OBRENFE G 2%, 70 K7 F =128V KT ARG SN

EHERAEL, ZNoOREFI BT E/LL
WEORE AT TR, TR —-T
&, BEREEHO B (&) REFEICEESR

7o, WERERES A VT TIX, Tu R —12Bw
T, Bkl o —E5 T S BHIE (precuneus)
EBDORAEIMET LT, BOIKEE %R
mE, =)= F7RAY— b LTHAII#EZTEA
TW5 7 aR7— ORI EZ ZR L, "X
/N7 (cortical hub) ™ 4 & & I3 2 Fetf bk i s
BMI ZUIZ 6 U722 b 2 78 9. #REIYIC 1,
TR =BT, BEIE L B O ETEES
FoTWB I ERS, BMBBREEIIIPDS
9, WEEZEITTL 2 NS TR -0
TR A EERT 5.
AR=VHEHIZL - T, ERSNDES), 72
REJJIZEZ D, ML FEHICL > T2 5T
(B Frirrd, W— SEMCHTOA
HINEE T FIHI AR =Y TH Y, HRY
GRANIZNT T, FRN SRy — 2 LR
A, BESEREIND. ISR B -
REIIBCR SN B EETIICREE L 7288 2 7R3 2 &

W%, ML LG 7D 7 LAV oA -
EEcLsdbotshcns V. LizsoT, 7
TR 7 — RS 70 [l A & BRRRAOAS B D35S
THTHDH) ERHICTHETE L. 2 THEIL,
& — )77 (sensory-motor coordination), &
B AT 4 (motor-skill learning) 12 35\ CTHAEE
frEE R LT Y,

R BT I BT, 1 ZIFEICB VT
AT (Time2) (JIKEHEBED WD L7205, W
HICL 2L OFICHAKIC L 2R END
D 7T b BRI, A BMIZ LR
DO %R L7z, tmdkiliE, NHIETEERE & T
BHTHZE & & 412, default mode network & I-1E
B EkRLNE - FRARRE, B A, T4 OREH
WREL OB A v N =7 DO—ETH Y, REE
I BUG T 5207 (Hub) & L CORERE
HLTWw2 Y, La-T, REHH (Time2 &
Time3) |2, FHIRENZ BMI ZLHIZIE U721
IR 726 T LMD TEHENRER LT
5.

— 75, HEWrA (Cross-sectional) A2 BT 5
FEEERUAS S MEAT Cld, B % seed & AT IRIID
— 5 TH BHBEIE L OREGHERT ST a Ry
F—IZRON. o2 ki, FTuRs Y-8
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TR — QR R EE L LT, E&E

Hea &) BRI O EEE O, BMI
ZEALEI G U 723055 R O W IR T & 5 (27 IR
MRS 2L R S, EB) — I & Bl v
FREZAANDBEEEIG AR S N7z B % seed
& L7RRERRS ST TIE, Ta R s -1
WT, B E of MR T AAL N, TuRy
P—OFFERMEE LT, BREANLIC L S 2 WRET
TEV)FMEAVRIZ S Nz, TR 7 H— RN
Rl L HRRE, £ OWE L OBRIE, SO RS
—FFEN AT EZRL T2

u

S

B

R LT R D) £ L7z AM A
AARTET T Y b AR — Y A RE RT3 %
o LET. MIREE L EREEEICEDbo 2
FIRKRNAE (ZV TRy Vv 7Y 2 HH AR
& OZE®), WEBELLCIHNTEET LAY
0 R 7 — Ok & B ERE OBk, MRI #i
AT LT L 728 o 7o i K i T e i
W, BB, Codr B LT, EJOK
HezLE T
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