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Objective: The aim of this study was to investigate the effect of participation in contact sports
on neurocognitive scores, dual-task walking velocity, and cognitive costs in retired athletes.

Method: Forty-four retired athletes (mean age = 26.4+5.5 yrs) and thirty-eight controls (mean age
= 26.1+4.9 yrs) participated in this study. Neurocognitive score was collected using computerized
neurocognitive testing using RehaCom. Gait velocity was collected one single task, four dual-
tasks, and two multi-tasks using Optogait. Mann-Whitney U test was performed to compared
differences in cognitive scores among groups. A mixed-design two-way ANOVA and Bonferroni
posthoc test were used to assess the effect of group and walking tasks for each condition.

Results: The auditory divided attention of neurocognitive score of retired athletes was higher than
the control group (p < 0.05). No statistical differences were observed in the other neurocognitive
scores between groups. The changes in walking velocity and cognitive costs according to the dual-
task walking tests differed between the two groups (p <0.05).

Conclusion: Although participation in contact sports did not affect the neurocognitive results
of retired athletes, it could be confirmed that the reduction in walking velocity and an increase
in cognitive costs during dual-task walking. Rather than observing only neurocognitive scores
as a single evaluation item for cognitive evaluation of retired athletes in relation to daily life,
the application of the dual-task gait test may provide useful information.
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2017; Martini et al, 2011)0 F&Z 0Kz AL E EUEC
MAATO| ofotH 2E[oh Fu4 TE2] 81%0M BF 4

| 4o oft

2]
)
k=]

of

Copyright © 2020 Korean Journal of Sport Biomechanics
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0/) which permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



266 Sunghe Ha

ZOX| HOEE FF ZONTHK| EIOE| AT (Matser, Kessels,
Jordan, Lezak & Troost, 1998; Petersen et al, 2005), O|2{%t QI
X Zojle Lades ol A0 2HE LMAZ #ot
OfL|Z} fotel= &2 XIOjo] O|2= AH2E HIEICH(Tysvaer
& Lochen, 1991; Willer et al, 2018).
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7

BHHME HE A SAOf CHE 2EE +Hss A2
0|5 d(mobility)t 21X|Q| =285 F7Iot=s Xl LH

0| Ef(Montero-Odasso, Verghese, Beauchet & Hausdorff, 2012).
B2 XM eHEEE |/XISH7] QI8 o2 A|ARS| HEE
2 A M2gte ST o|s7[&0|0, Xl FHH &
o =HO| 523 A2 SHCHYogev-Seligmann, Hausdorff &
Giladi, 2008). 28 & CHE IHIE SAIO ~AotCtH 2X|=
2ot ot o B0t o B2 5HO0| 7E Z0|H THf JHelo|
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X SHEL =2 X7t 7kl= HHE SAI0f +=Js{0F
Ste R0 28 SHO| AL L =3 WHHE & o Z
StX| 28tAH 2 2= RALCKSnijders, Van De Warrenburg, Giladi &

Bloem, 2007; Yogev-Seligmann et al, 2008).

Ol EHHAAOM QXRS5 F7t= HHTEO H
SHE 7t el EHSHEOl AT LHEXO|CKvan lersel,
Hoefsloot, Munneke, Bloem & Rikkert, 2004). 1X|9| &&EH &
Ao M2l x| o eet ESHA 2l A| st HF
Ho| 2Hi7t ek 0|X|7| WE0|CHMontero-Odasso et al.,
2012). &t HRloME QK| FSIZ2 Q5 O|FZ1tH| 2 &
Of & of ZEATJE LIEHE 4= Q2 D{(Canning, Ada & Paul,
2006), ALt HAMLKE o Moo ME QAX|HE2 QK|
AE 58 A X MOIE HIH| fi9 Helez 0|8& 1
UCHWoollacott & Shumway-Cook, 2002).

W2E 2& MEe ot ZHESE o St= 20~30CHo]
2E|lE St El=Hi(Lee, 2008) 21X| FO{#E 2 OfL|2t £
o2 Q% A EE 4ol Ho| HOX|ls AeE HIELCt
(Lee, Jeon, Lee & Ha, 2020). 22{Lf L 2& Mo A A
T AxX EFE FI|EQl FeKCunningham, Broglio,
O'Grady & Wilson, 2020), 212 742 (McHugh, Hind, Davey, &
Wilson, 2019), 2=A&1t 41742 (Mannes, Dunne, Ferguson,
Cottler & Ennis, 2020), A4HZ & &0l(Gouttebarge et al,
2019) & 2E&l = AZ0o| ofgt =2 A7et He| 28 = HE
(482%), 2E| M= X|Hde2h285%), 2E| A2t 2IX[(19.6%)
SO0l 38HE|0f AUCKKIM & Chang, 2019). 2E&| = &0 &S
O X[z M= A0 2ot A= O[H[SHH QIX| Fofet 23
E ATE OHFE QoA TS0 A0l 2E[ M0 ot
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RehaCom 2ZE|0{ 6.8.0.0 HHES A2 CHHASOMED,
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(selective attention-response control), &£2|% Z=9|&(divided
attention), &2 7|2 & (working memory and orientation), 2104
&&(memory for words) 22 FEEIALE S A )=
71250l QIX| +=HELot MENN FO|E HIISI= 522
& xtE 2HHO| MAZl= 10|A 247HK[e] =AE =MOE
MENSH= DHH|O|Ct 2H0HOF Bh= Chg A= 2t &
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H(response control), &2|& Fo|&-HZA Z2|F2|(auditory
divided attention), 22|& FO|&-A|ZH E22|F9|(visual div-
ided attention), St =Xt &7|-Z A<= (working speed), TF
Oo{7|9- A 0{8tE & 2 (verbal memory), ¢ 7|242-7| 42|
(working memory)Z2 HA|Z| QALCF.

HAMZAANE BE DHE 2+ 354 MAISH0] 102 E(strides)
o RgteZ HMET (TR m/s)E AESIRILE 0|F o|Fmt
N 23 Sot ZAAE HAK-E MES2 H5I|5H0] 2IX|H|E
(cognitive costs; THl: %)= Ot2{2t 20| Excel 2016 (Microsoft
Corporation, USA)OllA AHE38LRACHHunter et al, 2018). 2IX|H|

82| 37t= QUX[Fte| S7HE 2lnfsticy.

Cognitive Costs (%) = ((gait veloCitysingle-task - gait vVeloCitydual-
task) / gait VeIOCitysingIe-task) < 100%
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Table 1. Differences in cognitive scores between retired athletes (n=44) and control group (n=38)

Retired athletes

Controls

Categories Subcategories Variables (Mean rank) (Mean rank) z p-value
Reaction -1.35+0.87 -0.97+0.73
; -1.776 0.076
Selective time (37.16) (46.53)
attention Response 0.22+0.64 0.1120.71
control 43.72) (38.93) 0907 0364
. . 0.27+0.35 0.26+0.31 .
Audit -2.437 0.015
Attention Divided uditory (47.42) (34.64)
attention
) 0.30+0.16 0.25+0.05
Visual 44.81) (37.67) -1.357 0.175
Spatial numbers Working 0.06+0.63 0.14+0.77 )
search speed (39.07) (44.32) 0995 0320
Memory for Verbal 0.35+0.64 0.51+0.51 .
words memory (38.76) (44.67) 1121 0.262
Memory ; )
Working Working 0.90+1.09 0.97+1.25
memory memory (40.72) (4241) 0.748 0.748

Values are expressed as mean + standard deviation. *p < 0.05

4. EAME

-

2E|Md4= TEhap getel Mek 7F MAQIX|™ 4= X0l Mann
-Whitney U ZEE HAISIRACE TCHo] w2} O|F kM| 23
Lo O|Z0N| 2 Al 2dst QIX|H|8 Xto| 2 E HEB}
7] Qlslf =224A o/ 4LHEM(mixed design two-way ANOVA)
NS D AM=EM2 Bonferroni adjustmentS AHESH
T SAM2|+= SPSS 25 (IBM SPSS Statistics, USA)S

o
831911, 7% QO4FL a = 0052 AHBRILE

=2 o

438 #He Y 44 22F2 e 254+ YL
LErel FE 2 SAXMSZ [olph X0|7F LEHR e, 2&|M
o FEel B 97 Lutel HEo| B3] A 2HE AT
(Table 1 &=). 2 2 UESHI 7|0t 2HE MFAXH+
= HE 2 Flgt X017 LAE[X] EUCHp > 0.05; Table 1
7:#_7.(_)

o).

O|ZS1tN| EHL=0 et TEHAie0 = 6706, 77 = 0.077)2t
IFM|(As3125020) = 66.727, 17 = 0455)2] F=utet TTH < 1A
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M S AR (Rz15000 = 3.527, 17 = 0042)= EAH L2 {9o[8}
Al LIEHSCHTable 2 &ZX). M2 ASS Sof LiEt TE 2
B H| 1 (pair-wise comparison)OilAf 2 &4 EEH| DT-1 (Mur
= -0.133, SE = 0.038), DT-animal (M = -0.103, S£ = 0.045),
DT-7 (Maw = -0.151, SE = 0.041), MT-7 (Mg = -0.099, SE =
0.045) 2K 7F ABtel FTHo| HIs] |olstH 2l Aoz
TEEQJULE LD ASHES S SEM HE L ST 23
£ &9} DT-motor (M = 0.115, SE = 0.019, p < 0.001), DT-1
(M = 0.146, SE = 0.021, p < 0.001), MT-1 (Mg = 0.159, SF =
0.020, p < 0.001), DT-animal (M = 0.244, SE = 0.027, p <
0.001), DT-7 (M= 0.267, SE = 0.030, p < 0.001), MT-7 (Mg =
0263, SE = 0026, p < 0.001) 7+ 22t [oI5t XtO| 7t LIEFD,
DT-motor 28 & == DT-animal (Mar = 0.129, SE = 0024, p <
0.001), DT-7 (Mg = 0.152, SE = 0.026, p < 0.001), MT-7 (M
= 0.148, SE = 0.020, p < 0.001)2t SHZE Kto|7} 2tz LiEHE:
Ct. DT-1 B2 = Dr-animal (Mg = 0.098, SE= 0.014, p <
0.001), DT-7 (M = 0.121, SE = 0.017, p < 0.001), MT-7 (M
= 0117, SE = 0017, p < 0001)3t X}O|7} Z+2h BHEE|AT,
MT-1 B8 = Dl-animal (Mg = 0.084, SE = 0017, p <
0.001), DT-7 (M = 0.107, SE = 0.020, p < 0.001), MT-7 (M
= 0.104, SF = 0.013, p < 0.001)2 {2Ist Xt0|7} LAY,
ol FCh L ST 2E =9 DT-motor (M = 0.110, SE =
0.021, p < 0.001), MT-1 (Mg = 0.150, SE = 0.021, p < 0.001),
DT-animal (M = 0.193, SE = 0.030, p < 0.001), DT-7 (M =
0.168, SE = 0.032, p < 0.001), MT-7 (M= 0216, SE = 0.028,
p < 000101 2t SHZE KtO|7} LIEHD, DT-motor 2 &
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Table 2. Differences in gait velocity between retired athletes and control group

Gait velocity (m/s)

P-value
Task Retired athletes Controls between groups Two-way ANOVA®
(n=44) (n=38)
ST? 1.3540.18P<defg 1.40+0.15Pdefg 0.167
DT-motor? 1.23+0.18%¢f9 1.29+0.192¢9 0.159
DT-1¢ 1.20+0.18%¢f9 1.33+0.169%¢f9 0.001"
Group p = 0.011
MT-1d 1.19+0.19 2efg 1.25+0.173¢f9 0.126 Task p < 0.001
) N Group X Task p = 0.013
DT-animal® 1.10£0.212bcdg 1.21£0.192b¢ 0.025
DT-7f 1.08+0.212b<d 1.23+0.152¢<d < 0.001™
MT-79 1.08+0.232bcde 1.18+0.182b<d 0.031"

Data are expressed as mean + standard deviation. *p < 0.05, **p < 0.001, ***p < 0.001, §Huynh-Feldt correction was used for
estimating p value. Superscript letters denote results of the Bonferroni pairwise within-group comparisons across tasks. Abbreviation:
single-task, ST; motor task, DT-motor; counting-1, DT-1; motor task & counting-1, MT-1; verbal task, DT-animal; counting-7, DT-

7; motor & counting-7, MT-7

Table 3. Differences in cognitive costs between retired athletes and control group

Velocity (%)

p-value
Task Retired athletes Controls between groups Two-way ANOVA?
(n=44) (n=38)
DT-motor? 2.24+14.08def -2.30+14.819f 0.159
DT-1° 4.70+14.23 def -5.89+12.85¢def 0.001™
MT-1¢ 57741473 def 0.92+13.48bf 0.126 Group p = 0.009
. Task p < 0.001
DT-animald 12.45+16.992b< 4.30+15.142b 0.025 Group < Task p = 0.006
DT-7¢ 14.27+16.46 2bc 2.28+12.25P < 0.001™
MT-7f 13.99+17.86 2b¢ 6.14+13.992bc 0.031"

Data are expressed as mean + standard deviation. *p < 0.05, **p < 0.001, ***p < 0.001, §Huynh-Feldt correction was used for
estimating p value. superscript letters denote results of the Bonferroni pairwise within-group comparisons across tasks. Abbreviation:
motor task, DT-motor; counting-1, DT-1; motor task & counting-1, MT-1; verbal task, DT-animal; counting-7, DT-7; motor &

counting-7, MT-7

&= DT-animal (Mg = 0.083, SE = 0.025, p = 0.034), MT-7
(Mai = 0.106, SE = 0.022, p < 0.001)1t {2|st Xj0|7} BHEtL]
ACE DT-1 EHS == MT-1 (Mar = 0.086, SE = 0012, p <
0.001), DT-animal (Mu# = 0.128, SE = 0.015, p < 0.001), DT-7
(M= 0.103, SE = 0.018, p < 0.001), MT-7 (Mg = 0.152, SE =
0018, p < 0002 ZtZ} XIO|7F LIEFGIQ T, MT-1 El& ==
MT-7 (Mg = 0066, SE = 0.014, p < 0.001)3t X}O|7} LIEFGLLCY,
3 e AL ZH {O9h XHO|= LIEHLEX] @ERATHp > 0.05).

3. 2E[Ms TThab Lvrol HTHZE o[ apA| A] 2l
gk QIX|H|8 X0

O|ZItM Al 2ot QIX|H[EO| CHet EEH(Argy = 7.069, 77
= 0.081)2F A(A33024015 = 38.695, 77 = 0.326)2| F= et &
Eh < 0N &2 28 (Ass020015 = 4037, 17 = 0048)= SAHES
2 Rost HoZ LIEIGCHTable 3 &X). AIZAHS S Sl
LIEFEE ©EH 2 ®H[WoM 28 "R DT-1 (Mar =
10.591, SE = 3.014), DT-animal (M = 8.149, SE = 3.578), DT-7
(M = 11.997, SE = 3.246), MT-7 (M= 7.851, SE = 3.585) A|

2IX|e|go| Lol HEof B3] SAXH2Z FolstA 2 A

http://e-kjsb.org
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oz HHL|UCL KD MFHFS S 2844 T L
DT-motor A| QIX|H|-8-2 DT-animal (M = -10.215, SE = 1.880,
p <0001), DT-7 (Mg = -12.037, SE = 2.100, p < 0.001), MT-7
(Ma = -11.754, SE = 1587, p < 0001)1t EAX xto|7t Z+2}
LIEFSED, DT-1 A| QIX|H|- 82 DT-animal (Mys = -7.750, SF =
1.087, p < 0.001), DT-7 (Musr = -9.572, SE = 1.340, p < 0.007),
MT-7 (M = -9.289, SE = 1315, p < 0.001)a+ Xf0|7} Z+Z+ 2t
Ee|on, MT-1 Al 2IX|H|- 82 DT-animal (Mg = -6.686, SE
= 1340, p < 0.001), DT-7 (M= -8508, SE = 1613, p < 0.001),
MT-7 (Mus = -8.225, SE = 1.063, p < 0.001)1} {2l X}0|7t
LA ALCE Letel AT | DT-motor Al QIX|H|E&2 DT-
animal (M = -6.600, SE = 2.023, p = 0.024), MT-7 (M =
-8438, SF = 1.708, p < 0.001)1t ZtZ}+ X}O|7t BHEE|AL, DT-
1 Al QIX|H|L MT-1 (Myr = -6.809, SE = 0.984, p < 0.001),
DT-animal (Mu# = -10.192, SF = 1.169, p < 0.001), DT-7 (Mu#
= -8.166, SE = 1442, p < 0.001), MT-7 (Myz = -12.030, SE =
1415, p < 0.001)2 2425 X}O|7} LIEFG T, MT-1 A| QIX|H|
8L MT-7 (Mg = -5.221, SE = 1.144, p < 0.001)Z+ X}0|7} Lt
EHOLCE 1 2 O|Z1HH| Al QIX[HIE 2t SAX X0 HEE|
X| AA%CHp > 0.05).

DISCUSSION

= Ao =42 2E(4 M aErel Y Ztef A el
XA e, OIS M| 2 Al 2HAKE0f QIX|H|E2f H1E
SOl @5 A== o7t 2Eds M| AX7|S0 O/X[=
Yet2 S Aoltt

Hitetel MFAXFA 2t & 4 22|FoUT
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