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Abstract

The purpose of this study is to develop socks to check the range of ankle
movement during squats for men in their late 20s. Sensors of 6, 8, and 12
mm were selected, and each sample was impregnated 1 to 3 times. It was
prepared using a CNT dispersion, and the GF value was measured using UTM.
Among them, the sample with 2 impregnation showed the best GF value. As a
result of applying each sample to the socks, the 12 mm sensor was wider than
the area of the Achilles tendon, resulting in noise, and the 8 mm sensor was
higher than the tensile strength of the socks, resulting in a decrease in the
graph. Therefore, testing was performed using a 6 mm sensor. In order to
determine the effectiveness of the sensor, the normal operating range was
checked through squats, and significant changes were confirmed when the
operating range was checked again through squats by performing operations
that can increase the operating range through Gastrocnemius, Soleus stretching,
and low lunge. Using the results of this study, it is expected that the average
value of the ankle movement range of the user is checked prevent injury, to
be provided as basic data for the production of shoe products and the
promotion of physical health.
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20199 & F= FHjo]d RS AFeR Tt F=
Ltol#] A ZHEE(COVID-19)2  9ejuetolle  Anjso]

FHES ATAZIAA B AEHe Wsks 2R
56] COVID-19+= /\}94@, AT 3]1 n]Eq/\/q-oa
SE A,

Zﬂxﬂ, Cﬁﬂ Zi“]% %éE_O_D%, = ol rngi A9 ol
£ EolE1 oiF A 29 9A & S ods oW
o gigltkNam, 2020). 12}, o] Algz ddjelE9]

grolz AEpele S FaA] St Itk ARElE A
£ Sk B¢ 22kl WHE 1% St
personal training(PT)ell Hls] AFEES] AAE:
QI G mAA] g7l wigel COVID-19 %o]'
wE dee 2eljleR ske Ax AES AAEES
Z7 A & okl sFtHMoreira—Neto,  Martins,
Miliatto, Nucci, & Silva—Batista, 2021). 1500019 2] 4
TS ddesE FEHo it AseE HEA
FHE ZALE o, WA W2 68.4%7F EE oY
of IHE 7R Slgler, tiFEEe tidArt wiE 33
ofd ol Hold orE yehltty Hird Hb Qo
(Yoo, Beak, & Kim, 2021).
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(Figure 1)(Lee, Park, Lim, & Kwon, 2020).
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Figure 1. Effect of ankle range of motion on posture during squat
(https://tistory.com)
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gAY s o AlA, QI MK T TRt W
ARGEH, floldE 71719 B4 =2 284 7154
SRIRIL ol ARRre] AA| AT E =G F %
A&k w-¢- golstth(Yun, Kim, & Kim, 2021). ©l€]
g HAEIS A3} ob7] fJeide 7] RS Folst
ofof Btk A7) MedE Fofohr] flel AgEE AeA
4L A 64, HEEA €42 do. 1% "84
A 242 dEdezs T gARE(CNT7F 9
(Jang, Park, & Kim, 2021).

HZF4A B8 5 CNT+= S%%H(graphene sheet)S Y%
For Yo vhE REO FHolH, ol WenH AAY
A71E 7R ARG A FF S ohdelth o] o] 1w
s T MY Ho] Sl A2 SWCNT
(Single-walled carbon nanotube)o]xl o} &9 TjHS&
9 AAY oy F9 #HE VA Sle A2 MWONT
(Multi—walled carbon nanotube)z}1 stct 8o &= &2
Tt JE|el DWCNT(Double-walled carbon nanotube)2al
EFoP|x hHFigure 2).

At FHE OhE gatgEo; G UEE 7y,
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E
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et o, Y Axeke Axabde S Al

AE wEol d 2 Qlth ol2dt 94t BAE wiEeR
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| AloleiE el Zl& Wl wet MA7171E9 4
olglE 7l& ¥ IoT 7|&o] &% stelem, fade ¢
o] AZAo] = HALA el gt Aol A F7t Sk
e AAolrt. olgfgl A4 e AR e AAY &
Ads AAst ol 59 HUEPe] w¢ §-85t
Al ARGETE AAY] BUEH™HS fJo AAZE 95 I
9 < o HZsfoF sh=dl, A JE Al &l W
e T2 271 e Aol e AEIE Al A
g=loF Jhh(Figure 3.) (Lee, 2020).

Figure 4 A¥ AA9] 524 BUEE oF= 229 of
2} §g do] wate] AEQ] Alo|A7F 4= AE
%] A= ol2fet do] ¥l thal] 7|4 gfo] Hals=
2L o]R3sl= AlAolth AEHA] A= AdAo] 22 Z
E& ARESto] 27] Adke Hfoha, Aol weh Aol
A3l EA4S o]8ato] Zo|7h waked o Agte] ¥tz
QABte] o w2 F=XE ASTH(Jang et al., 2021). ©]
o A AF Brtel QlolA Fast a4 F shil RIZ
T Alo]Ae(Gauge factor, GF)2 AMg3sl=d|(Figure 5),
A2 &2 Wgwe At JRE A=t wle Fa3 ot
njelo[t}. E3F RIFEE AAoA Z1AIAQ Ap=o] WAYE
2EZQl B3} tiu] 71 AY B AAEF HIkE
e =2 YRS JHSE 945 AERR] AR
B7F=AL SItHRoh, 2016).

DWENT Four layered graphene MWCNT

Figure 2. Difference between single, double and multi carbon nanotubes
(https://www.google.com)
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Figure 3. Athos Core(A product that can monitor Figure 4. Athos (Smart clothing that allows
the amount of exercise through sensors.) personal training through body movement)
(https://livehome.me) (https://mww.econovill.com)
AR
. 0
Gauge factor = AL

o

1, : Original Length
AT : Absolute Change in Length
R, : Original (Initial) Resistance

AR : Absalute Change in Resistance

Figure 5. Gauge Factor
(taken by authors)

4, Hl0j21E AjFe HE ol gFEoZN AR Algo] UESFE B3 HEE ¥
F& & A =i ol2A4] HIFE <tollAR FFedE Ul
20169 oHol= F A7HRIO] AERT &5 WS 2A EF 715EC] tekdt AFE] HgEe] ARtE fojaig
Foggt FEEE Hlo|] AREYRE FAoZ AFo o] tufolAZ M2 NHOR Aol FARHHeo, Jo,
Fool FA o] o]FAHdH(Figure 6), HTole ¥ & Park, 2015).
Al W o ESfEgloH HE om AH|A, AAA] TS 21A)7] AdiIEe] A7kl et TAlo] AxH
59l 715 ookt 199 AntE 717]7KFigure 7) A BeAE 7o R she fojfE AlREe] ZFZe
NEEHA A o] o]Fojx 1 lth(Jung, 2018). & 2 AHET, tekst dR85S e AAHPEE 3
OtE glojElE tHfolA B2 AAglolghe olgog E] St 7173E] AHIAE AlFshe dolstE dadAle] R
£ 48T £ gle 7le2 fHFEL ARY Holet 2+ So] Al thA vher] Azttt o]8xte] g siglont
T 4 Sl FAFEY gatet A 22 TR0l givta & ofgf7kx] AAREE gl & & Sl 9RFF fol=E A
4=t} ol AntE o3l 7|&2 AnEE] F43t £ 84Ut AA AR glom, dd ool gt &
Az gE2o], IoTARERIEY, Internet of things)et 7Hd Aol =8 TS FUIokAL §lol, Mg ARtE A o)o]
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Figure 6. Wearables and Healthcare
(https://mww.hkn24.com)
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Figure 7. Exorihab Rehabilitation Exercise Wearable
(https://ko.exosystems.io)
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(Soleus), oFA#|2~A(Achilles Tendon)®] 3722 LA Eof
At} HIELE BE 5] QERoARE Fote] SIS &
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Table 1. Design of materials and comparison methods for stretch sensors

Item 6 Line pattern

8 Line pattern 12 Line pattern

Image

Polyester 70%

Organization Polyurethane 30%

Polyester 70%
Polyurethane 30%

Polyester 70%
Polyurethane 30%

Composition 6 Line pattern

8 Line pattern 12 Line pattern

Width emm

8mm 12mm

Figure 8. CNT 0. 1wt% water SWCNT
(taken by authors)

Fobe] 283 wrkEAle] ME AZhFEE FHole o]
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Foke] 90| EolEstel W o] Wus| RS 7

230 Bk S BN Ro] BAALAY ulREo

& sjise] AUe el Het olie gge ne
dofl £Agke e WA ek Solelol WHkEAE A
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Figure 9. Sensor UTM test
(taken by authors)
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Figure 10. Calf muscles
(https://tistory.com)

firhFigure 10). A4°] ol =g Selsb] ig gt
o] 22 ol Foterilole, AAY] Sold HEE A4
¥ 4 Qe ETAGET FADFLR HAES D59

hFigure 12).
4. 7% &% 52
1) & 2FE(Full Squat)

AFES QPATAA] Sl Ax2 BEL o] )

o sk 29 bl glol Fag FaS mgetu glov,
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Figure 11. Attach Stretch Sensor
(taken by authors)

Figure 12. Wearing Prototypes
(taken by authors)

Figure 13. Full Squat Position
(taken by authors)

Figure 14. Gastrocnemius stretch 1
(taken by authors)

I:ﬂ-E 7}5 I:HHI— /\EHE Z}Aﬂ ] nko. "]868 Ulfﬂt} E]_
A IE TMEHAE Sche HoR AFE FAZ AY
slglom, B WEO 71 Hsl Ao A Wol F
= E AFE AR Ade 110140}55\1;]. % AFE Zzo
FIE ofolR WA F UER ROl WIS A U
A 2, e AV AAD T AZE Ao Helel 52

S251AA F2H oJdo|rl ¢ olgizkx] Y=zt &
deigoz  Awg WollHA Eekes FEolth(Figure
13).

/\EEﬂX] H]-&Hl [SR=AC Daae o],slo}oq 0]-%_]&]]/\74 -r]&
o] Fhapul et Folel g o] ofgjzel HELS mpAtA| d
FE AT, 2] Jheuns AH40R eFE 2%
Az MY 27X 2 FeYsHAt

o=2=

Ny

nJlo

2) FEAE o8 HiET 2EHA

FEUE o847 FolRICHAmE, viED) AEHY Al

Figure 15. Gastrocnemius stretch 2
(taken by authors)

SHA9] HES Fol1 FES M5AS wolFE AEHH
ot} M| HlEZLY AEHA WYHoRE & FolE]o F
A FES 289 =1 vHiE dEls wxer =
ol E oF FHE FHole %“%‘(Flgure 14)=, t}E]e
AAE FYotA ota, F 02 AT A6t dPole
HigA A% Eo] AAE §AT & IS o Zo=
=2 FotglE AEHASH: HHFigure 150 AR8SEA
23

3) E2ETE o8 7HmE AEHA

JPRtul o] AEd HoRe @% ohE|o] WE upZE
BRg oo £ vHiE dels s B2 & 0
2o #o8 EdFE P (Figure 16)3}, o] Y2 5
dotA ok, FEoR AFE AAste] JPolE HiEelA
A 2o S AR & ke o] Hor FEn
2 ~EfHE she WP Figure 1S AHESIAL
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4) 2% 37 (Low lunge) 5. &8 &AM
29 Ax] A= EEg Fote, 597, ok4 AAE &

IS & 4 Sl AR e JFE He & o W HE 7hE #We 23S AzSRl] Y8l w2 Al AdEE
o] ujgto 2 vk 75| XAk AAolet, ofdf ko Jefel] vERSITE A tiRtE 25~30A] Atole] &5
2 7l vl $ET BEo] 43| HI, £5& 0= < EASH, SZAA HHES, A, B, Y 9] #
7b HER o], HE teje FE o] R2} Aol ARE 7T A GowA, A ojmet o5t orES
U5e Hig] g7 g F, ooz okE e BR8] 4512 oF2 Adefo] gyl WA 79 tie R HAE
A =9 BEI TES mYo] Z RYgo] e+ AAE £ AYstAckTable 2).

st Aol g AL dEeR AHg ol 7+ 32t MAE e 483 & AFE 7L o
AlZE ZA] Y22 Fol it (Figure 18 ) o] e zhit 228 AEg Ay} 22 2z 528 AT

Figure 16. Soleus stretch 7 Figure 17. Soleus stretch 2
(taken by authors) (taken by authors)

Figure 18. Low lunge position
(taken by authors)

Table 2. Physical characteristics

Variable MeantSD
Height(cm) 173.14+2 .34
Age(years old) 26.57+2 .3

Weight(kg) 74.57+5.88
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T AFE FAE ol U S H sk AE#A GFglo] &2 A& =3t AAR Brlsiglth
A Fo| APshe AFEL 2% 7HHoz 53] AAGIHL Table 404 H&1 Z} Al2d 3] S5 29 & o
o, 2EfY A AHE F o AFER JF WE TbE M) Alm AR 33 e 18] - < 28] A=
Hel 5718 BFE S8l 1A A2 Fsisinh 4 & GFglol uglth 33 355 53 4% GF ol ©f Fold
Efide AAER & iy 3034 E dgsiglon, = Aolgte ddTte g9 33 S WPTE GF Flol 23]
S A e F tElE 3024 55 23] HHEsH 2 18] e 3 GF g o 24 et & sl &
AYE AFYoIGirH(Table 3). e drjaer GF glol &7/ UeAl gette 248 2]l
S 5 A8l ER AR Fo] FE4E I ALt oF
M, g3 Zap & Dzt sp7] wigo] A 3ork HA Lol YTt B =2
Aeks A= o27, 8F #1259 < 122 HH(3.08)
1. AEQx| MM MEZ Ms my} AR < 6Z HE(4.05) =02 vebii
8= Hd Hode 12% 999 vifg=r}t o w314, olF
UTMZI71E5 Ball Jaet A= 43 Ade 2719 2% 6= HHe] A=t 7Y w4 UEiETE w4 A=
3 A QA AP, A BT HRE o] AYgros ¥ FH G40t B Ugng neRs o 23 g 62
e T8 wstel 9 Sl mE GRgrel WetE 4% wiEe] 1Y Mgt ANYS & 4 gtk
& Frlstglth. djme] ZEo] Ik AAle] BEET} 6= W9, 8% Hd, 12& wEe] AN AYEE west
Table 3. 7he order of the experiment
Before Stretch Test Stretching Method After Stretch Test
Stretch the Soleus with a
Perform 5 Full Squats at foam roller (30 times/both Perform 5 Full Squats at
2-second intervals Ieﬁs) 2-second intervals
[} an hour's break U
= ) =

Check Sensor Value

!/

1 Hour break to recover
from fatigue

Stretch the Gastrocnemius
with a foam roller (30
times/both legs)

[}
an hour's break
[}

Low Lunge (2 times/both
legs)

Check Sensor Value

!/

Comparison before and
after

Table 4. Gauge factor value

6 Line pattern 8 Line pattern

2 Line pattern

1Time impregnation 2.85 2.20 2.61
2Time impregnation 4.05 2.59 3.08
3Time impregnation 2.54 1.90 2.36
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Table 5. Physical properties of a sample

Test Result

Test ltem

6 Line pattern

8 Line pattern 12 Line pattern

Tensile Strength (N) : KS K 1308:2016

Elongation Rate (%) : KS' S 0642,8.16.1:2016

Length Direction

215 289 401

16.5 26.6 34.2

Elongation Recovery Rate (%) : KS 0642,8.16.2:2016 Method D (Recurrent Mental Field Method)

Length Direction

97.8 96.0 97.0

Table 6. Squat motion graph

6 Line pattern

8 Line pattern

12 Line pattern

Resistance Value(Q)
Resistance Value(Q)

Time(sec)

Time(sec)

Resistance Value(Q2)

Time(sec)

71 95 A& (Elongation rate), A% 3]=-E(Elongation

recovery rate), UFFE(Tensile strength)s =4 22
Table 5o Wehdltt. W=0] 7MsHNE S45H7] Sleid=
opd#| Ao M7} fAIstedor shH, w7 e Z
goto] WEo] Sojue FAS YT of WS FA &
71 fl8 2 ASAEE 7 e A Al A8
ofof fir}. EF A= FasHR, el B F4
o] HlEo| HLsl= Aol whE Sojdtt o] Soprt=
d= Yulste A EET, BHEA FAYe] e o
F8ol 7Fsstes AAe] W7ol 9%= vidle 9%
7F Sl A ofof gk

H g 9] 4 AAE OO]:‘?'—’_}O" At & ~FE B2 H|

AES SIS, e BE e Yol EELANTabl

>

20| BolAle B FTol AN IPBEE HEHA
g} Qo] mo] YAslA] Felw A A w
Fe Rt ®F 12F Whe ofdeadel dHsh
o] 52t gi2]ef Hls] AAe] Zo] Yol T £ A
ﬂu} Aﬂ/q,] }.—_0117} ‘:'*0] ‘E‘“ﬂo}fﬂ %J?l’ f-}%}—% Ho

46 Az B H9d 62 nHE*O 1e w119 Az
o QPgHelRA Brk 52 Ao AR g Holx
oict.

ol WES IF ANE UPEE Fasie, S2lo|
BT go] Softbs WEol B4 WA 2 olght 4%
o WEEE 54 Ushle A4EEEE Fade tet
ek 5 B ek HA) g Ame] AN Eat
oFmEt JelA] e A AEE Fag agloleky P
weict.
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L 2EYY W, & 25 0L EeRl9 alo| ol ~2EA § AFES MAZHTE F7t Sile o T
= 7k HeI7h 5ol Wk wdsigin AR A 53]

2 Ao SPE A2 43E HS &9 A% (Wilcoxon AFEQL AEYA £ 53] AFES] 715 WY Hlw ATt
signed-rank test®] @5 FHA(One-sided test)= ©-§5to] Table 73 Zon|, Table 79 thgh ¥l FFM)I EFE
nE  Wle] Wi (mean: MF  HEFWAHstandard WAHSD)= Table 8o LeRJQch AE#A A AFES
deviation: SD)& WEHHglHh. d=¢ 5o o9 fAo= 5199 wh(354.46+84.22)9k 2EHA ¥ AFES AT 3}
Az & BEOR HAFoH, & B2 SRl 54 = ™(312.14+109.08)¢] AlAgte]l HutHom 42327}

WA AHSh EARAY ol
shact.

W LS Wsle 37 7Ee AEdY A ATE AA

Table 7. Difference between before & after stretching

Kol 74 202 ehdrh(p.05),
AT I WA F 62 Agstel HAES A9

I Table 99} Ztt AEHA A AFEQ}

F

before stretching resistance value

after stretching resistance value

difference(before - after)

193.8 229.2 -35.4
225.8 315.6 -89.8
286.8 285.8 1
356.4 384.2 -27.8
2258 368.6 -142.8
410.4 419.6 -9.2
486 478.2 7.8
Table 8. Difference between before & after stretching records
n=7 p-value
before stretching resistance value 312.14+£109.08 039
after stretching resistance value 354.46+84.22 '
Table 9. Ankle range graph before & after stretching
before after before after
Tester 1 Tester 2
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