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Abstract

Objective: To investigate the effect of transcutaneous electrical nerve stimulation (TENS) combined
with elastic band training on postural control in patients with chronic ankle instability (CAI). Meth-
ods: A total of 45 patients with CAI were randomly divided into TENS group, elastic band exercise
training group and joint training group, with 15 in each group. Before and after the three-month
and six-week training intervention, static and dynamic balance tests and muscle electrophysiology
tests were performed on all patients, and repeated measures of two-way (intervention mode x time)
variance analysis were performed on the collected data, and the effects of independent variables on
dynamic and static balance ability and muscle activation patterns were performed. Results: After 3
months and 6 weeks of intervention, the static and dynamic balance ability and muscle activity of
the three groups were improved, but the swing distance and speed decreased most significantly in
the staticbalance test in the joint training group, the time required to complete the dynamic balance
test was the shortest, and the muscle activity was significantly increased (p < 0.05), indicating that
TENS combined with elastic band training could effectively improve the posture control ability of
CAl patients. Conclusion: TENS combined with elastic band training for three months and six weeks
showed significant effects in enhancing muscle strength and activity, promoting neurological recov-
ery, and improving limb balance and coordination function, which provided a new strategy for CAI
rehabilitation. The results suggest that a multimodal rehabilitation strategy may optimize neuro-
muscular function in patients with CAI through synergistic effects.
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RN AR T BRAEHIRE T TR 123l DhRe S A 2 UL BB SRR . W FE R, CAl
S R OGT B Bl R R A R g 55, 3 BURE A Nk, X B G RE ) R BRI B AN A2, AT
RLEHAATA3]. MAL, CAl BE W BT H & LI I8 Z R AMEE[4] [5], X% 1 Eshid #21
WA AR, B P AR AR, ISR Z AR . RAETH R, CAlL BFE LA
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— I Meta 73 M7 2R, ARIESE ISR T DUA R s & LRIt a8 /7, SEoRgeReL 8P TR /), BBk
RLE G, TR BT A R A2 [8]. B RRE)H Fudt— e, &id 6 A s, KN
TR LR A RSB IT ISRt b, BI-PATARON SR 2PAT RAEPEN SR PRI 255 A A Bt I 25 1T LA
AR RO AL B BN e ST AR WL IR T, Kim Z£[10]RWF R, 6 BRI Zheeie o2
B CAl B BT ML) BTN 40 S EBEESER Il Re /1. LB HUNZT71H, Anguish
SE[11]3E S A VY gk A AP I Z5, RILEE IEROCTT AL B HhRX 4z B A R A8 1
YA RERA. WA, PR, NNGAM BB SR &, EREEah& B REttrm, H
REPATINGAH[12] . Hall Z[13]%F CAl BEHAT 7 AFER BRI e ISR, 251K, BRC
W5 B U S B ZhBE B GRS LA i E AR e . R LiRBEE F B GE CAl Bk T7
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PEALTE AT (VR T R
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WS, SRR ) BRI, MR TR e tE[14]. CABFIRM, #MIEHAGERMHA S R
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2.1. HIRMR

FIH G*Power3.1.9.2 # A iH 5 AT 0 75 ZE I iR /NEAR B . ARBF SR AR 2 (TR 20 x I [A))
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Table 1. Basic information
#=1 HERER
25 ER S HEilem 1k H kg
2 R AR AR (15 ) 195+1.6 172.3+5.7 63.4+8.2
PRSI GRAL (15 N) 19.7+1.4 1741 +6.2 68.1+9.5
25 B Fh 25 F R
B E R (15 ) 193+1.8 1735+ 4.4 65.4+7.3
ST 45 42k
0] STEATAYL EMG: Y-Balance:
7 Fr ST RE TR LA R B TR )
l |
Bt AL 4320
| ! ,
. s g s 25 157 FL IR
% boed S k2 7
2 7 H e A E s gl i g
| |
= A s EMG: Y-Balance:
5 TR Uz NNk ST G AT RE
Sy TRar e
5

Figure 1. Experimental procedure
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22. SEWHEE

FESRIG TR, xF 32 HATRENL 2, A 15 Ao ZARE 0 3 AT il Eedl R, B &3 FE
ST RE 70 AN 2 B T AT T Aok B R UL s, SRR BN, 2 JE X =2 el AT IS
3AAARFET AW T IR TIEEAEE — K, FHATRATMOESERE, T IESx st 1).

2.2.1. BESEEML

ZARHTE B-PHY-02 MR RS0 e i A P, IG5 00 B AR AT AR . SR A2 (R 00 B IR/ AT IR
ST XU MRET, BERAZIRE XCFHIG, D5 F 5, AR P “+” drid, RE4ERFS
PSP 30 5o HEMNARS, dESCIERR TR BT & 30~50 cm, 3437 10 s. FREE 3 A B,
URIEIRE 10 s. b LI FE R, 5Pttt 35S 1 R i bt ol A 4 IR i 1 3 ST 8 3, AN TE OB, R
it

2.2.2. BhASFEME

TEREAT Y-Balance A5 FHrIRAT, W& 2R BRAC, RIHE T k) (=003 Py B ep s e S . 23R
B AR AR L AT 6 B, WRER T & Bt ah ek, W XU, SRR AT At i
J5~ JE WL JE AN HESh TR AR R 5 08 [ B AA L L 4 BIAC AN 7 1 HE SRR ) s B B R
%05 cm), BT FITRNLER =K, B, BE RO R, RIS T2 E 1
min R E . WK FE R, 5 HILLLFESL, WL, HEHNR: © RS RYEREFAT, I
FARYME., #2055 @ MahHKIRE, filth; © JF3CHMR RS R 2R IHL .

2.2.3. AR EENR

FENLA FLAE BRI AT, EORAZINETE /DR B, fRUEEHE . STIORT, o S A i i
BT B, K LA B T 52 e AR BE B HERA LA Sk AMISk . Be H A UURIIRE RTLILIE, J71as
LA 4t ) — 5. Seah N B0 52X BRI e KRR g, ML= 4R 3s S K&Kl ds, 1 72 rh AU s il 32
R LB KA & REZ RS B FRAS RN H 8 . WHAREE 3 WG S .

224. FTHLE

28 R RIS R I 22 B A r RIS [LOTEAT 0, Sl N G xd 32l B DU R £ A JUL P 00k
ANk B UL B AT LA LB REAT FRU T T FLAC SR RS2 IR i KT 32 5 P - V69T S 4L
Jikib K, AR B 75~100 Hz, Jik 96 54 200~300 ms, 5 B 15 DL i 52 f5od B3 BE , R I0IA YT 20 min,
B — = #8347 3 AN AT

S/ IB BN RALEAT A 3 S A MR A BRI SR K I , SR B AT A
A XA 1) 32 XWYAST7 1) 58 BB R BRI S5 e 2507 R sh3 ) 2 SR 15 W, JF4ERF 2s, SER—
ANTTETTRE 30, PUANTT A, BRAZARE 1 min, SERIEZE 4 A, B8R 3K

28 Je A URIIBC & ¥ i @ Zh I 2R AL 3 A H T3, SRR 10000 3l 58 R B A R RN 55 7
RBRAZ N, BahEF L, FHUBFREL
2.3. BEAIE

AR 000 J5 R B 1) B R AT N ) R e 0 Bl o 523 12 P A3 AT XU T B S B/ AT R AT 55 25
DR, 2 0 R4 RS 7T LU SR B S L B R ) O UK FE (R BE L x Bl BER y Al
FE). BEOBSEE, LR RRPERMA, Wi RS SH il E S ), = EUE
N, ULIERAS AT RE AT, R . BT Y-Balance X SZRFE HEAT BN A PATRE I IEAL, 1dsR =4
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J5 VBB AN R B, AR 11 5 00 B R0 58 I TR ADGHE RO, ShAS P Re J iy, Rz Mz, RE
(1 SR 4G UL A 200 7 38 I8 U (20~250 Hz), s 70 b T EAT A B A 3 . FRAT THR EUARE R UL PR s 4 1 1)
WLE PS8 4R R SR (1 1 B2 F -5 MVC (PSS . JE A AR5 i, JRATRIRR A6 F 35 07
FR R 1% (Root Mean Square, RMS) 27~ ik i LA B AR BRVE /K P FE AR :

Rlvlsz\/%ﬁ” EMG? (t)dt
Hrfr, 19 EMG TGN TE] 53, t+ T 945 5 IO Z5 RN [a] 5.
2.4. Gt AR

12 SPSS 22.0 Guit- B X BHi AT b, TR TR DA + bRdEERIR, IR TORH BT AR
At K AR IE A A FORER F BT REA R ARE 36, ERIER I WUR 3R 5 22 43 W 7 ¥ A7 e it 40 s it
AR 2K, p<0.05 NER, HEZEEE L.

3. IRER
3.1. BT ERE

TN WA RN, AEXUE AN L MR S A S Tk, IR 07 25 IR 18] 2 ] B0 A 2 2%
FISE BN 2)o AEXUE ARG, #lE A S Eh PR A B2 LB . SR
A, 23k 3N H TN, LI | AISRIG A 1178 AT I b R AN A A 1R BT 2 B
RRT R D, HIX A UG H A I ZRRCR BB T X A . (HSRIRdH | 5SEI0dl 1 2 (A 42 X2 1A
R G SRR JE A A 4B B P IR B R AR R I R M 22 R o 0 T 8 R PR ST, A5 A1 e A iR 8l
YR B LAY 25 BT S A I N 577 S0 5 Rt (8] (0 B 2 S AR I . e it — P BoR, Sl ZRni
P, SEEGA | MSCES AL 1 AE VISR SRS T 2 PR R RE XA 28 R B [N, XSS AR I 2R
MBS S B AR S E 8 B2 AR f A . BhAh, SR | RSl ER R A AR BT SR A 11 P
S

Table 2. The effect of different intervention conditions on static balance
2 2. FEIFEHES T &R

i S FHiE G SEIGAH | SEIGA I Xt HE 40 pE
IO AT 1241 +4.11 11.92 +5.64 12.75 + 4.34
sz | D 0.605

B2 (mm) FHE 10.37 +3.72 11.03 +4.67 11.64 +3.85
_ kD) 37+4. 45+ 3. 13 +4.
T TR T 6.37 +4.68 6.45 + 3.57 6.13+4.21 S 76
B2 (mm) THiH 5.51+4.23 5.68+4.71 5.59 + 4.67
XU AT M HR 3 57
e i) 8.67 +1.50 8.52 +1.37 8.62 +1.43
dEaEyy D 0.308
FE(mm/s) TS 8.41+1.28 8.27 +1.33 8.34 +1.37
B i) 6.57 +1.21 6.41 +1.13 6.52 + 1.37
Ftigaeyy D 0.679
FEE(mms) FHiE 6.42 +1.52 6.53 +1.27 6.44 +1.23
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N\ - i 2361+12.318  2413+11.75%  23.54 +13.842
sy D ot
PR (mm )
A (mm) FHiE 19.62 + 13.39° 2041 +12.97° 22.05 + 12.752
B AT 6.61 +2.802 6.37 + 2.642 6.58 + 2.372
Kgsmshrly D0 o
#6755 (mm) '
FHE 4.17 +1.94P 5.34 +2.03" 6.08 +2.112
KT AR 3 37
o - ki) 9.33+1.38 9.49 +2.17 9.35+1.78
sy D -
T (mmis) '
FHE 9.12 +1.61 9.26 + 1.57 9.38+1.86
. TR 713+1.12 6.98 + 1.07 08 +1.
AR TG 7.08 +1.26 .
T (mmis) '
FHiE 6.63+1.35 6.77 +1.68 6.94+1.34
IR T i 3.68 +2.81 3.62+£2.37 3.55+2.
R4 T 5+2.64 Jee
#E 2 (mm) '
FHE 3.71+354 3.84+234 3.86 +2.67
B AT 108.37 +15.76  107.34 +13.85 83+ 14,
e AR T 108.83 + 14.51 -
#H 8 (mm :
(mm) e 107.27 £+14.84 10756 +12.38  107.18 + 16.48
PR AR b S
. - AT 28.45 + 5.47 29.35+6.78 57 £5.
R4 FTH 28.57 +5.86 .
THE (mm/s) '
FHE 28.16 + 4.33 28.76 + 6.47 28.49 + 5.67
. T 32.36 +7.58 31.84 +8.67 82+7.
Y FmT 32.82+7.88 .
P (mmis) :
s 30.48 +£8.07 30.87 +7.94 31.07 +6.84
I i} 16.41 + 5.382 15.87 + 6.12° 16.38 + 5.76°
R4 T 8+5.76 o
6 E5 (mm) '
FHE 1152 +4.67° 13.36 + 5.65¢ 15.93 +5.172
B AT 108.15 +16.34%  107.67 +15.94%  108.37 + 16.25°
Ktimaeyy O oo
PR (mm )
#(mm) FHE 97.75+1529°  100.46 + 17.38°  106.18 + 15.08?
B R AR b S
s - THHG 67.75+15.16°8  68.19+13.75%  67.83 + 14.86°
sy O o5
i (mmls '
BB ) FHE 52.18 + 13.76° 58.53 + 14.68° 65.28 + 13.572
B AT 65.48 + 16.428 6597 +17.23*  66.07 +17.122
Kgdmsrly O o
i Z (mmls '
B ) FHE 51.16 + 15.23° 58.54 + 16.85° 65.48 + 15.672

T T EENE ANOVA B R AL AT FUHT 5 2 84745 25 A AR RIS R, [ — S M0 R 5 REROR 2 (B AMF
FERFESR, FRAFHFRRZAFEREER. SRH 1 BEIZRA: SSRH N B— g, WA Bl
A
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3.2. RIS ERED

Ti B RER, &1 3N HMITI, =47E Y-Balance Zh 2 @ aT M. f5 Ao, J54Mu =
AT E, HAR BB AR R IR NS5 sS I ZRI 18] Z IR AZ AR o KT, SE I =S5 A B
SPATI Ff  I TR A7 A S 2 IS EAR (G 3). FR bt — 2D S, RTINS Al =44E)I20)5
58 BN T BT BN ZRAT A B & 4, ELSRUG A | ANSEIRZE 10 ) 58 Ot a) 250 2 35 1 T 0 TR AL, (H & 2 )
ToRFMEZ S 0T FE AN, SSERZH | RTSEERZE 11 FR) 58 RO 8] [ RE 2 2 0 10 IR . 5UIZRATAR L,
DUSEIRAL | ASCIRAL 11 (58 B [RIAT 28 kb, ELSRAR AL | IR 58 B 1] L SR UG 20 11 BERE . A 5 S~
DA, SEIGZE | MISEIRAL 11 A5 B TA] B ) 2 25 R T IR A . ek, 3R = AAE IR )5 K 58 N TR) 2204
WIZRATA LB ARRL, HLSga | i 58 i [R5 bL sege 2 1 SR .

Table 3. The effects of different intervention modes on the distance of arrival and the duration of the movement phase in the
Y-Balance dynamic equilibrium test

7% 3. Y-Balance Zh7S &I fh AN B FHAR X B4 BE RS RS shiy ER A TR B RO #20

21 J7 W FHiE S SEIGAA | SEEGAH N Xt HE 40 p A
T 65.2+4.8 64.7+4.6 65.5+4.7
i) 0.348
FHE 66.8+5.7 66.2+6.4 66.4+5.5
T 1165+7.3 116.1+9.0 116.8+7.8
15 B 2 (%) Ja 0.326
s 118.3 +10.7 118.1+11.7 118.5 £ 10.5
F AT 131.7+6.8 130.5+5.6 130.9+45
Ja M 0.203
FHiE 133.1+7.2 1316 +7.1 130.7 + 6.8
FHiHT 5.12 +1.352 5.24 +1.03? 507 +1.272
A 0.032
FHE 3.01+1.23° 3.36 £1.07° 4.75+1.37¢
F T 7.54 +2.322 7.46 +2.442 7.51 +£3.018
FHBEL(s) J& AN 0.024
s 5.61 +2.41b 6.02 + 2.57° 7.14 +2.642
T 5.18 +1.842 5.31 +1.622 527 +1.77°
J& sMl 0.037
FHE 3.21 +1.24b 3.95 + 1.45¢ 467+ 1514

T T EEIE ANOVA B b AL A FlHT 5 2 184772 B2 A HAF -SSR, R — S HOM R 7 REOR L B AMF
FEREZS, AATRERRZ AR E 5.

3.3. AR EBNKE

TIENW AR, MFRRHE. W EIBCREMHERIL AL Sk, e H SN IR & RTAL
T PAY I At B0 A A 8 2 0 77 35 I 1) R R RS LA (151 2) e S im e it — b o, 20 3 M H 10
Ja, IR LA RE AR T AT ULE PR B 2 0. BRI, SEidl | 5SRIRd 1 K
FULA I S AL % R FUL AT A0 S AL PR 37 P 5os B 2L 500 S22 ) T v e EAE, SEEERH 1 R AEOHERZ LA MO Sk L)
JULPAI I 28 3 255 v T A UL P SR LA 12
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= =
f; 150 £ 150
& m FaET E u FiET
100 m TG 100 CRRiVE]
50 50
0 0
B O
& > & & Y &
AU U
50 300
45
40 250
. =K 200
= 30 =
# 25 E% 150
15 = FHE = 100 =+
10 50
5
0 0
S8 @ v B
& & F @ P

FE: 0T E R E ANOVA BB v 21 50 A0 TRl 5 2 18] 778 B 3 52 BAR I EE R, 17— 20 [F) 7 Bt
FORLZNAFAE R 22T, ANA T RIS AR 55 2 5.

Figure 2. The impact of different intervention conditions on RMS (%MVC)
E 2. FEFHAEHI RMS BIFZAE(%MVC)

4. SrHritie

AT FC 3 FERAT 28 He A 22 ri OB 15 58 0 I RO SR T8 BRUE S SR SR e T IR . 45 RO,

K I R 2R B — o YR L P R ol ST 3R 0 1) P K B P 52 B PRI, ELIBC 5 I R 2L PR IR 5 il ST AR T B
R . =R RE AL PR i, (ELIB A DI 2R 58 Rk i 75 6 [R] de 2 L ULAY

VR P .

SENE, I B KU -

A RIS 3 A HIA T IR AR 18 R R B S I BE /T, TS InEROG i A

FERR AT 5T, B L AU I IR A A A RE 0 320 Pk o, SRWT S — SRUSORIBR 5 VI 2R PT DL 2%

B IR P ATIN A O RS o AR OREFP A S/ I, JEIRRPZTT . TSRS AE B SR, .

HITBE B AIAR L )5 B AR NS, LR PR AT

=]
He e

TENZRIS YR AR IR T o BRA I ZR4L 5 2 PR b
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7 PR S B S R R TS . X IR AT BRI A T TENS @Rl o s m e, B
HRRX A 20508 JUL PR () A A SR B i N o T 8807 e N 5 U e 2 e s S RN 0 2 BEL g A BRE LR R B . R
HEEAAIRTE T WA B e S5, i8I T R TR 5 T WU B A Be R A7 RE 0, AITITE
PIRARZS T (P N 52 BRI ) B bt AE R 2 A A2 P . 1IX 5 Lazarou S5 [20] I Tt 45 SR — B, RIAfA %
DL LR 28 AR P )1 5 T d e 3 5 AR ) 5 S A DR PR 2 CAL R I ER AP RE ) < e 4b,
KA IR ZEHE Rz JUL P A0 Sk R0 0 Sk PR UL PR 3% 2 S5 3 T v, 3 W TR i ok 19 3 ) B Ao 5 AR A A1 [
W, DA T BT FR S SRR

ENASFHEI R, A UIZRALTE J5 A R S A 77 1 6 56 BN 1) 52 25 0, 3 B LR 28 UL R OE 1 g
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