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Abstract; Objective To explore the application effect of Pro-kin balance system combined with isokinetic
closed-chain training on the functional recovery and knee biomechanics of male basketball players after an-
terior cruciate ligament ( ACL) reconstruction surgery. Methods A total of 588 male basketball players
who underwent ACL reconstruction surgery were randomly divided into Pro-kin group (196 cases, using
the Pro-kin balance system training) , closed-chain group (196 cases,using isokinetic closed-chain train-
ing) ,and combined group (196 cases,using the Pro-kin balance system combined with isokinetic closed-
chain training) according to a random number table method. The changes in gait space-time parameters,

lower limb muscle strength [ extensor peak torque ( T.,) and flexor peak torque (T, ), hamstrings-

ext
to-quadriceps peak torque ratio (Ry,,) ] ,standing balance stability [ bilateral multi-axis average trajectory
error difference ( ATED) ] ,joint mobility,,and knee joint function [ international knee documentation com-
mittee (IKDC) ,hospital for special surgery (HSS) | were compared before and 12 weeks after the inter-
vention among the three groups. Results After 12 weeks of intervention, the stride,pace,and step length of
the combined group were > Pro-kin group > closed-chain group (P <0.05). After 12 weeks of interven-

T.,T;

ext 9 © flex 9

tion , the and Ry, values in the combined group were > closed-loop group > Pro-kin group
(P <0.05). After 12 weeks of intervention, ATED in combined group was > Pro-kin group > closed-loop
group (P <0.05). After 12 weeks of intervention, the joint mobility of the combined group was > closed-
chain group > Pro-kin group (P <0.05). After 12 weeks of intervention,the HSS and IKDC scores in the
combined group were > closed-loop group > Pro-kin group (P <0.05). Conclusion Compared with sin-
gle Pro-kin balance system and isokinetic closed-chain training,the combined training model can signifi-
cantly improve the knee function and joint mobility of basketball players after ACL reconstruction , improve

knee biomechanics, correct abnormal gait and balance stability performance.
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Tab.1 Comparison of basic information among the three groups
-~ - G/ Bt/ R/ ki SR L/ B
4 om ke i 220 A0
Pro-kin £ 196 30.28 £4.72 182.08 +4.65 78.68 +£4.28 5.02 +£0.85 96(48.98) 100(51.02)
[4] 4 20 196 31.03 £5.00 181.13 £3.72 78.19 £5.10 4.98 £0.76 98(50.00) 98(50.00)
A 196 30.74 £4.53 181.49 +4.48 77.97 £4.76 5.12+0.82 94(47.96) 102(52.04)
F'//\/2 1.240 2.436 1.160 1.550 0.612
P 0.290 0.088 0.314 0.213 0.410
12 5 % S 1 BCE SR R, R N 4 4
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GRARE AT , DR A O 1 1 7L, Wi i R BB UL PN 18 45
3 s IO 3 s, I ACHE, T 4ERR LT 4k o i s O H R
el REVSE Y S R ek LN W =2 N i SN
AJSRE G NN 4 s D25 B B AT G2 2 RO
JEf B NS, AT TS B A AT RN R,
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Schematic diagram of Pro-kin balance system training

Fig. 1
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Fig.2  Schematic representation of the closed-chain group
undergoing isokinetic closed-chain training
3) RS LRI Pro-kin -] 2 GE Ik 13 45 L A B
I, 7712 HFRIE] Pro-kin 4 PH4EL ,2 Firill 24 ] b
30 min,3 YRK/J&, 312 JE,
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SEREP AR RE VR, MO AR IFFE X LT $8 A5 T PR
AR DLIEAT PEAl -
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AR GERERE LT LR R P
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2) A WLy - TR JS SR FH A5 UL e A
(3% [E HUMAC2009NORM ) il i & # Jif JJL U 77 4
(The) ARWLIEE SRR (T, ) JESCTTY i/ o LR 06 T
AR (R ) ZEAE1E DL

3) Sl STV AR E P T TR IS SR ] PK254 SF
A R G (B K Tecnobody 23 7)) PEAY , 3l 3747,
e s 0 XA, B R R A A, A8 A RBR
12, U U 22 k- X B0k 22 (ATE) |, 35 pa ]
ATE #£{f ( bilateral multi-axis average trajectory error
difference, ATED ) , ATED /)y, $2 7~ 5238 P 31
- X R P A 1 o

4) RATTE BN - T AT 5 R P A A 0 R
BRI IE A M i ) e RS gl B, R 3
WO E,

5) WESETTINRE - T BT JE R I 56 R R AR R
Bl 5143 (HSS) 1 6 15 3144 % (international
knee documentation committee , IKDC) " A 8 &
KT RE, B W KPR (30 ) iz sl D AE (22
73) RATIE SN (18 43 ) JR UK WUNLy (10 43) %
9 MR (10 73) SRR E IR (10 J3) 2507 i
i, B3 0 ~ 100 73, PF- 758 , 375 JHE 5% 19 2 i i
U5 e ey 8 I OC 1 A A A 10 TR S5
FhEH A, 53 0 ~ 100 J3, PF23 1R , G T DI REIK
S

1.4 ZitZESH

K JH SPSS26. 0 Ak BEECHE, THELHERL n (%) 3
R xR T BORLR T + b2 (v £5) R
7, 2 A IA] U T B R 3 5 22 00 A, A B AR
LSD-t #5145 , P <0. 05 N ZE A G478 o

2 MIRER

2.1 3AXTHESHLE

3T 12 JH )5 AN 2 S8 8T TR ek
% HECA 4008 A A K > Pro-kin 41 > 4%
(P<0.05),Mm3%2 iR,

R2 3AFTHESHILE

Tab.2 Comparison of gait spatiotemporal parameters among the three groups

| A5 %K 1/ cm L/ (em - s7h) L/ em

iR Pro-kin 4 196 111.32 +£9.57 103.36 +10.56 53.26 +4.24
P44 2H 196 110.54 £11.05 104.10 £9.24 54.18 +5.00
BeA 196 119.75 £12.36 105.26 £11.56 53.16 +4.56

T 12 )G Pro-kin £ 196 126.57 £11.54* 114.54 £7.24° 63.22 +4.65°
A1 4 196 120.24 +10.36™ 110.26 +6.52% 58.74 +5.13%
BAA 196 132.68 +8.52% 119.26 +8. 13 67.89 +4.17%

T SRR T HRTHTE, P <0. 0555 Pro-kin 4IPS HIE,"P <0.05 ; S5ME4 TS ML, P <0.05,
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CAUL T Ty Ryo > HEESL T T, R
2'2 3 gﬂ_l_\-ﬂiﬂﬂlj] ttiﬁ E?én .ﬂ ext flex H/Q > lj%ﬁ H ex flex H/Q >
Pro-kinZf] T, Ty, Ry, (P <0.05), 45k 3
32 FE RN AETHE T S, B PR,
F3 3ATHRANNLLE

Tab.3  Comparison of lower limb muscle strength among the three groups

Ay ] 215 % Toy/(N - m) Ty/ (N - m) Ry o/ %

iR Pro-kin 4] 196 51.12+5.43 28.63 +4.85 56.19 +7.12
[A1 4 41 196 50.75 +6.32 27.74 +5.10 57.13 £6.58
Bl 196 50.48 +6. 18 28.22 +5.36 55.82+7.53

T 12 Fl)s Pro-kin 20 196 71.64 +5.98° 42.33 £6.95° 60.00 +5.74°
PRt 2H 196 78.36 £6.52% 48.07 +7.42% 64.25 +6.69™
BAA 196 86.47 £7.28" 60.56 £8. 17" 68.15 £8.20"

VE : 5 RALE AT, P <0.05; 55 Pro-kin 41 FHUG A LL, " P <0.05; SHIHE4L T BUS AL, P <0.05
o N A 2H/NT Pro-kin 2H/N T 4EZH (P <0.05)
2.3 3 @S TEREML R :

2.4 3AXTEIELE

3 T 12 JE IS 5 3 8 B B g T AT
HECG 736 30 B > A 8% 41, Pro-kin 41 (P <

FHiRi, Pro-kin 41 ATED Jy(5.62 +0.82), [4]
SRR (5.54 £0.75) BEAL M (5.63 £0.83) ,3 4
FeAoi & 2= 5 (P >0.05); T 12 i J5 , Pro-kin
24 ATED 2 (3.26 +0.53), HIBE4 (4. 13 0.05), HI4%E4 . Pro-kin U LY, T EHEZEF (P >
0.48) B A4 R (2.32 £0.41) LT T Hiwr, H 0.05), N5 4 s,

x4 3HEXTENELR

Tab.4  Comparison of joint range of motion among the three groups

T[] 2051 1%k ME/ (°) HMIE/ () Ja A/ ()

TR Pro-kin 196 11.56 +2.32 15.32 +3.24 56.58 +6.44
P4 2H 196 11.47 £2.10 14.98 £4.00 55.76 +5.68
A2 196 11.60 £2.18 15.15 +3.74 56.14 +6.23

T 12 JHE Pro-kin 4 196 22.85 £2.96° 31.96 +5.02° 101.74 £15.42°
P55 4 196 23.10 +£3.15° 32.15 +4.18* 103.68 +13.69°
A 196 29.68 +3.22% 39.35 +4.76"° 122.76 +12. 65"

0 5RI4E T IRETAR L, *P <0. 055 5 Pro-kin 4l TS AHE PP <0.05 ; 55640 TS AH L ,©P <0.05,
. B HEEA 4 HSS IKDC ¥4y > %% 40 . Pro-kin 4
25 3 EREEHETA LR LG AL FI3 > PVERAL Pro-kin 1
(P<0.05), 454 Pro-kin AAH, LB & £ R
3 4T 12 Ji )5 HSS . IKDC P4 4% TG IF (P>0.05) , 5% 5 FirR o
RS 3EBETIEEESILE

Tab.5 Comparison of knee function scores among the three groups

HSS IKDC
2157 s — —

T T2 H)E T I0HT T2 H)5
Pro-kin 4] 196 54.35 +4. 10" 79.33 £4.85° 52.34 +4.89" 80.72 +5.35"
P 2] 196 56.10 +4.75° 80.14 +5.86* 53.53 +5.14* 78.86 +4.78*
A 196 55.75 +5.17% 85.33 +6.03% 52.78 +5.26% 88.31 =4, 224

Fe S RIALE T BUATAR L, *P <0.05 3 5 Pro-kin 41 F-HUS#I L, " P <0.05; 5541 T BUS ML, P <0.05,

RGN < https ://cjam. xjtu. edu. en  BIEA AR VLS FEAH
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R B TR R R A LN Sk, ST
it ACLR AR J5 AEAE 1 I & K ) g B f [n) &L, DA
FAERkiz s 5 R R A D) H R, B RHE R T
WU S BTG A5 Bl B Y R R BB A SR T
I ARHE ACL 45145 R 5 28 35 T AL B B, B2 4 il
7 ZXE B BUR R P Re R Jo B R A AN (E .

Pro-kin ~P-fif Il 25 & 4t J& 1 T V-4 U Ge F i 1
WG Z IR R S0, 38 2k 058 S 158 %o BLAA T 1y
BE AT LR A S RS ER A4 B9 B, WL
ST I 25 AT i A 4 AR i 2R iR B S O
Mife 1o JiA BN TR A A S
B, ACL 45 107 H 5 A 06 15 D Bl A5 2 i g e s
SR P I 5 A A 4 — PR 138 s
B2, 856 T BN ZRRE S, JEAE I S i v fof 38 3
RH I , AT Pp Bl R0 35 TE A R B2 T 2R A7 UL IR ) o
YGRS SEAESR, B — Pro-kin - I 45 | 45 4 4]
FEYIGRAE ACL ARG LA IZ M, e i 6
WYIRe Kas s I ReIK A T S T AOR A
B A I R 15 R A HE PRI 25 SR AR AT R

IEA, Pro-kin -5 | 5 = B T F X6 LA iy
BT I ZEA I S, T 45 3 P 2 I 2500 B F el 3 56
FeoE e LA B e ) B ILIR D 4, BRI AR 5
IR 23800 —F WA N T I ERiZ 3 5t ACLR RJ5
RGN, LR F U RIE R, 45 R BRIk G
LIS ZS 280 > Pro-kin 41 > 4441 (P <0.05) ,
A UL Pro-kin -] 52 Gt 5 45 3 A1 45 Y1 2k AT A 4% b )
YR, e iEakiz 3l it ACLR RIS .
SyBT BRI - A5 A B U G R i 3B Bl i A S 2k
PEIZ By, PR T RIS By U S5 T
T LT DI REE U S5l % 5 AR IR 7 48 72 AR
A RORIEL, TR A AR AZ Z D e 5 A, 3208 2 AT 3
i+ Z KA EhIA) B S ks s ) S RETE S 1,
DA HE T B £ A8 el IR 1T 55 5 0K T 7 35 i 4% 5 Ui
A, Fn] 3 ME 28 L5 B0 Sk LAY B ) s 46 T g ok
DI 5 U0 7, BEAR ACL FEA51 49 XU, DA ek
S5 A R Sl RH R S P AR 25 X R 3 0] R
A B AE AT 1 Pro-kin -1 2 4 Al 2
T B R 3k N7 TR DG Y R s AR M, D B A

JEWI s A& % F7 A0 (center of pressure, COP) £ [1]
FRBNIR L, HOH AT 3G s A AT A D80 T
IR R ), 422 125 4 25 B Sl 9 B i 28 UL P s il o
FHECER— N A, 3 RG22 1 s
JIF AL B I 23 S 8O P U [R) R B AR T, LA 2L
IEAR G125 514 177 RE

ACL J& B He 15 B FI BB 1Y B 223007, % 3 AR
TEHATE B CE R, ACLR AR B ] YK 52 5G5S iy
SER ARG T, (BN T - A o P AT 5 4l B
FEATRE N B, P R e S e
Jo BB UL P BB A sl iy s 0 OE . R, 7R T
ARG A5 )7 S5 44 S T REJS , ASWE 58 R BORH g
SN, — J5 18, Pro-kin Z& 45 A] 3 2 S B 0N A
JE I3 (COP) BIALES , 4545 P BE I 2k vh 2 567 1y
iz g, B0 T I ILEEXT COP i B #MEBE /1, FAR
7 IR B B, SRR E AR B —
5T, A R A )1 e ok PAD i 20 4 T i A IR 28 UL AN
JBea Sk LA U 4 RE 1, 32T T F Ry, AL G
5 SR LA g 2T BT B A% XU o I, P4
FEYI b 22 0k Sl ] s I 5 S A v 4%
BERCR WU R R J1 4 B Pro-kin RS8N
VAT 3 — 0 B T AR IR S5t , AR 3 )7
DG S0 S D A I P Y, DT A A A
BRI 28 A4 R B, KA 241 ATED )%
T Pro-kin 21 A HELH , H AT UL Pro-kin P R 485
SERR P HEVIZRI & T A R00GE B R e v, S
RIS

ACL 53453 )5 WU G sl /b, B LA 2245, G
FLE N8 L B Sk LA, AN 25 AT O AR E 1
TSP AR A U 2 o e ol AT 1
T e R B Bl 2, WL R ) (T g e g A
PEATPEA AU ZR A A R0 o, AR S 451 BT g
B TR I A v iz S B g A 5 BRSO SR, 5 5
FEHEIZ SAH HE , S5 8 P B I 2R VK A2 -1 D) RE L 3 i
AU ERORE N B AR — 2R,
Y5 Pro-kin -y R GEAH L , S5 PRI 25 AT 25 1 i
SBE TS, A0 S A - A5 A B R # ep, 7
AN} G A T LA DA o 3 B 7 A g i, A5 LN 32
B SE R, e IR B W K, HAEAE TR
N 20U, v] o LA PR 2 441 58
A5 UL PR TR T AN W g 5, [, H 5 Pro-kin
V- R GG B AT TER Sk B PNF 5
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FEHAR IR WS T A LSS K
W s BAZ O WUEE (R U — 215 254k, =
Pro-kin -y 72 455 45 5 141 % 11 25 0T & $5E W IRLVE
i EE VAR B B e . BUAh, ABFSE T 12
J5 B 4 6 % Bl B K HSS IKDC $F-43 15 55 T 1
HEZH  Pro-kin 41 (P < 0. 05) , #& /5 7 ¥ BR iz 3 [
ACLR AR J5 , Pro-kin V- ffif 22 48 I £ 55 o M1 4% Il i AE
PR IE RS T T R 52 I 1 2 Wk ARy T EL AT 5%

4 ZEFRiF

FHEE H— Pro-kin -1 2 4t | 45 3 P B 11 5 , 1k
BN B E R THERRIZ 3 51 ACLR ARJ5 iR
WIRE SR AE L, MR RO AR 1, A IR SR
WA LI RE TR B, (AR R . AT
W AFAN A B HR AR AT IR ER BBV , %1% 05 57
RIS PR R ROCR A T i — T, AW oe 3
IESE
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