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Abstract

Objective: To study the effectiveness of systematic exercise training on the recovery of muscle
strength and motor function of the affected limb after ACL reconstruction, and to observe the rela-
tionship and changes of muscle strength and motor function of the affected side after ACL recon-
struction, so as to provide a research basis for clinical rehabilitation after ACL reconstruction.
Methods: Patients with ACL reconstruction using autologous hamstring tendon were recruited
from December 2021 to January 2024 in Qingdao, and 49 patients in the isokinetic training group
and 46 patients without isokinetic training were selected as the control group according to the in-
clusion and exclusion criteria of whether or not they had undergone regular and systematic iso-
kinetic exercise training. Knee function scores, pain VAS scores, and isometric muscle strength
tests were collected from patients at 4 weeks, 8 weeks, and 12 weeks after surgery to analyse the
effect of systematic exercise training on the recovery of knee function after ACL reconstruction.
Results: There was no significant difference in the comparison of the general information of pa-
tients’ age, gender, height, weight, and BMI (P > 0.05). There was no significant difference in pain
VAS score, knee mobility, and Lysholm knee function score between the two groups at 4 weeks
postoperatively, and there was a significant difference at 8 and 12 weeks postoperatively (P <
0.05), and the patients in the isokinetic training group had a better VAS score, mobility, and knee
function score result. After isokinetic training, there was a significant tendency for the peak mo-
ment and total work of the knee extensors and flexors of the patients to increase with significant
differences (P < 0.05). Conclusion: Systematic exercise training between 4 and 12 weeks after ACL
reconstruction can significantly improve the motor function and muscle balance of knee flexors
and extensors, and improve the patients’ postoperative limb control ability.
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1. 5|8

ACL R S @A shid fe b A B[ 1]. ACL AL TSI N EE, Bl ik
A, FE TR T BRI T 5T A T VUM B A2 W0 e SR A B AL BN, ACL A A AR s 1R A
H&[2]. ACL Hifi A& FBUSH MBI MIKANESIZ R, 2 SBURE RS TARE.
AR PR3], RIESA RTINS, ACL PR AR — B AN, (WAESRE, R4
WA 25 5 N B RS XA (4], B AT AU E E ACL 2677 ACL #i R0 B 1L 757, SR,
AR5 RS DU F-AR BRI SR BRI R[] VP2 BFAEAR G 2 BIWLA SRS R AR DY kL E
2 T AU 1) ) M T A S AT P RE R B B R AP Sk 77, B B A ACL R /1A 2 37
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BRFEEAKIE ZAF[5] [6]0 BFTEARM B AR T R AR Z B ) EAFHEE LT HIRIEE), 7R SEURXK
TR 1R T RE 2 R, I 0 A 4540 AR DG B P Y 2R SR R[] [8]

HHATXT ACLR HIRSE 12 BHEMIBERARZT, Ak Z 800028 X B @A 5 HiRIEE)
(AR AR TE[R] [9] [10]o AHF TSR H &3 BIRZE GIERWT IRe E A I EARME. RJE 1 AL KR53 AW
JREVU Sk LA TR AL MG 5, 0B AT BV, I [ s 49 R I R Bk, R ACL 45493 (%) A AL il
PLE S ACL ARG (AR 2, N4 5 ACL & B H 1 FUSH 5L ACL A5 i Bh iR 12 3 (1%
B IFRIRMES 2 K4 B8 B il

2. B E

AHFFONATHETERFC, 6 2021 4 12 H % 2024 42 AU 7T RAF B REMBER. # 5 7E R
A58 X W) B R A I e k), BT SR Yt IR — AT R T S s ACL B g AR E AR S 4 52
RERS IR REIEAT A 2 H A I ZREAT /- HAN N S HERR . SEPE AR 7 77 & AR IS 16 B hrvtE, 19
BT B SLEBAS FEZR 5 S I HE G 5 0 2024-KY-012) L R 75 8 K 22 Ja8 12 e 48 B2 03 2= fl e vk (3t
f£5: QYFY WZLL 28381).

2.1. — &R
ACL EEAS REFRIIZGHE,. ERMREQTFTE

1) ZIAFRHE: a) 8 18~40 &, AR, b) Aefs REERHSEEIIGREEIRITH ACL HEAE &
BENFENGA, KW IATRESENGREIRIT U2 H R T B0 EF PN TR

2) HEBRbR#E: a) XU ACL #if5 85 b) GIFAHMPITERMG: o GHA NEEIEE;: d) F14E
FeRMIRTRE R PRI o) BRAEA RO HEFA LM EH: ) FAETHIZEE 3 X
WEEDFHNEM A g) AIFRZILAEN, A5 —RiGEa#E, ra Nk EE YR T S E L
T30, o BFLEG AN, BT RIZRE . K, BROCTTANREMY 52 2 WURER, BRI AS B8 S B i
BN, BT UAHERR: A IR SRR A AN RE M 2 S LU, R T HERR

IRFER SR IR BT I ACL A G B 49 GIE NERIIGA, RiFATd SR IIGREE R
STANTEAR G 4 J& AT T8 RS IRIT I ACL ARG BFEAE A IRA, G4 46 Bil. 2, 49 FlE#H
W NI ZR2H, 46 B R E I AKTIBZE . LA E 85 9 5 19 ACL B AR FATEIT EJI52 8, #
SRR B R FE U AE 2 UL, AR5 A UG i AL I R I RORE . Sl AN TR
4 FRTF a2 g s gh i B o

2.2. fRGI—RFER

RN FEAG R w4, M. R, Bm. E. BRI, WEHE B GRSk
TR FESLIRAE).

23. FRAER

B PRI S PR D JE BB, 72 R IBAL T T Je i 90°fr, WA R AT, WhY BB, 78k
FEE 260 mmHg. H /2B BT H0 A5 P55 50T — 0.8 em ADEIASCHI . HAMUANDALEAN
KNG, K BRI E RN, W B R HDCIE e 8, SMUIRA AL I IR BEE 2, SCHTIE
AR A, S WD e b /R, eSS X A i e B AN A BUR fi ST I,
WAE AR E %, RN ARG M e . THBOCTT NI AR R . N A &% EEHRE SIS T B f
REIEEE, FAMGEG ARSI, WEREAE G I AR SR AU : {522 R 451 Al

N
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i

DOI: 10.12677/acm.2024.1461745 61 I IR = =23t e


https://doi.org/10.12677/acm.2024.1461745

R 5

—A3em YIEUIN, BRVITER. BN B, SRS, BUEMSDCEREIL. B, A
PRWURE, gt e 0, ~ERENUBEXT . BONLIEXUT 5 T8 R 4 VLR R, D EAR DA O 8 mm, JlEF
08 mm. S PSS AE BRI S I BOR, S ALRTAE XA e b s, ST ANREE, A 4.5 mm 2085 1L,
T BETER 0N 36 mm, JEFIRTEE WA, B BEEM 8 mm A OAEEIREDY 20 mm. ESLEF
BEIE N I, 2R E B IE T M as, STANSEN, T 8 m B85y fL. IR 907z, R g i UL i £ 5IN,
LR E BTN REIE, B AR AL [ E T B L, TR BRI AT N FT 8 L H# 6-8X30
mm RETEE . FHREEIEEN M, BT R E R, R R RS W AT K T R
of, MEATo . KRR KSR, T RS TIR R R ST B A, BRSOk, 455
RATENES BRI Bempg. ZORREL #A90 IS E e bt . Rjah 1 ZEREm. 1
PAEHP L 1 AR 1 A4 30 AR R SR B AR A R L AR DR B .

24. REAR

24.1. REERRERTHR

AJE 1 RE) 2 A AT BV Wi I 25 BRIk KA BIEE YISk A ML AN AR {7 L BRI Zh Il 25 o
ARJE 3 RATHARE MRS, MBCSCRAT BRI, BOSTTAMNR . 5 Mg, BETRYE B S
GO, AR SIR RIS RMPIB I E T AT ME IR ARG 2~4 RSB sIAT 84T (R
Wit R S], AEAMEMY AT AR . AR s R3], AR AR N S g 5 T AR VLA SE 3L
TN FEBH 2G0T 16T BB 0 FPdn it b T BE SN 25, 1835 HUKEL 15~20 704t

2.4.2. FRENERERIE

Figure 1. Isokinetic pre-training warm-up exercises

E 1. FRENNGRIAFES]

ARJE 4 J8 AL IR B MR B RAEAT RE ISR, Ra 4 FOTIRREAT &Iz s %k, Frf B et
AT S BN ZRHT 24 Tk i 5 T AMRHER T R BRI AT PP AL, IF 1L RIB LT ROM., IR %
JAIES> . Lysholm JRIGTIIESYy, 35 A0 B SEEM TR SN ZRd AR b B R s ol RSl T 46
A7 B B R DAL AR, DA SR B ARG IO C & e ks AESE BN ZRAT, B BEAT 10 BRI
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RO 1o R E BRSO B BAE B L 520 5 em 4b[ 1170 HEAEBHATESENANZRRT I 4 )5 K
W&k 8 JJE 43 AT SE ML M. B fe B s BN E S, IR 2 208l SRJEXTIE e Xt ST IR
AT IR A BE S 0~90 B2, MBUEEER 60780, HE S K, HIJHME. SHRIINZRATE
I B] RS AL MR 2 — 8 il s B AR E . BT, H/Q ERAE[12] [13]s

2.5. RERTTIEHR

2.5.1. F5& VAS 5

BVFME R 0~10 WRIECT, HoRleder o ARR TR , 1, 2, 3REREEN “RBiM
PRI FEAR ARG EAR], BT 4, 5, 6 WAREREE “ —RIPZIRRE, MEENAEEH —ERE
g, Hazsgm Los R B EmEs 7, B 7, 8, 9 EREEW “H KRR, RO Ll
B E AR, FECRE W2 BT, T 10 2oRn “PmMEmH, 15 8E % &m
TIERZ” o

2.5.2. BEATENE

A5 PR ) 0 51 A B RO JB 3 (R DG S B AT I, K A AR T R, R R R S
D7 ARRE 5 AMUFI R HEE Sk L B I R sl e, B R RIS fhRCHT 3 Ik, KM
JU R Y@ Bl R A il 0 A R, o = kD R U Y .

2.5.3. Lysholm {4y

T IETT Lysholm PFor RFAT S, Z0FE LA 100 73 435, Hh g ok & AR RO DhRe
PERRAT . 2 PPN BREIATT AE ARG TT FRR T B AR A DI BRI 2 8, e R IGR A et 1 7%
R, ARG A TR, KRS A TC R IE B G . R T i AT A . B ARG
ARG HMATE . BREOTIR S IR e F B2 SA IR, %L 100 70 40, H
4573 Rk e AR LR T D e T

2.54. IEH5E{E

W FJFEAE(PT): S i FE i LA B KWL i 1) 00, AT E SRS IR EE S —, WL
BT DUREZ IR, ARG M A-8 S I GRS AT I B 32 1 e UL, ATaEat
SR AT SR TE RS S (L 2) [14].

25.5. [EBAL SR SCAEHFEEEEEH/Q LL1E)

H/Q FUAB MRS B VY Sk L0 R AR, PT PSR PP B SR 1T R v SULBE R Wi 1, IE VS
2108 50%~60%. BT840 5 H/Q HAE A At A, IEARIEREH .. H/Q WA KR RIEREH, W
RFWIATR B RIS =[15] [16].

2.6. GitFE

¥ IR RER) ACL HEEEA G BE MRS 2k 4 A, gk 12 BB/ H SPSS 4t
THPAT AT BE A BN 0 Ar o Bt vh RELES 0 ATHEAT t RS 0T A BRI IR A1 I B R FH RS
5o XM o = 0.05, P < 0.05 AZEFA G R o 78 REHE I ZRAL A AL RS . B R BMIL
ARJGHTE . & VAS 1848 BTG E . Lysholm ¥F4r W /4EME . H/Q EL{ERS, MRIEHZ &2 IE
AR Z 550, SRS REA t K96 5 Mann-Whtinue U K656 76 ELEEER] . W51, H/Q IEH HLAER)
SRS AR B, AR TCRA R TR G ik SRR I RALE NG G R G 4 ) 4k 4
JJERSE 8 i) W%k 8 A Ja(RJE 12 JE)HI 60°/s A JILANJE UL E J1%E . 180°/s HAIA JULAN Je JLUEE & ) AE 4
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HRAE AT R BT RIS, K0B0 200 P> 0.05, UL 41 TS B SR 2 I ARE A, 0 RS
# 4 Huynh-Felde %, TR S0 RKKAET P <0.05, WS TSI EAR2 712

KAk, AR MR Z .
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Figure 2. Isokinetic tester curve interface

2. FFMIA LA E

3. 858

3.1. BE—RIERELE

0 10 20 30 40 50 60 70 80

TEAB TN 85 BB TR Gerbr, 2 79 BIER)E 3 HIRMREEV), KRUIFEN 5.9%. £ 79 158K
BEVIR BT, RIEARSE 4 FERBRFFHT T 1 MR U ENERIZESIIZ, 5 & E I ZR4H40 #51)F
X HRZH(39 ). Hrp S I SR R AT TE 18 2 ~28 %7, TEIELR I 25 3 1)1 2 2H Hiis A0k R 4 0 s 2 [)
WA SR B 53 72 (P > 0.05) (WL 1).

Table 1. Comparison of general baseline information between isometric training and control groups

F 1. FRIIZGEFIXS RE R —ARE L ZTREL

e elllEvl it B2 P A
() 22.77+1.93 23.57+£2.92 0.151
£ &i(cm) 176.47 £3.93 175.40 +4.76 0.277
AT (kg) 71.21 £3.65 70.96 + 3.24 0.748
BMI (Kg/m?) 22.87 +0.98 23.08 +0.94 0.334
ARG VPGB 1 (H) 1.23 (1.13,1.33) 1.20 (1.13, 1.47) 0.137
A JEVEAE S A] 2 (H) 2.43 (2.34,2.57) 2.31 (2.24,2.58) 0.324
ARG PP A 3 () 3.33(3.23,3.47) 3.20 (3.13,3.47) 0.167
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P X2 =3.67 0.055
Lil 27 18 /
e 13 21 /

53] x*=3.033 0.082
Vi 30 22 /
) 10 17 /

3.2. & VAS S

ACL HE# AR5 B H BRI IRAAEA R, Mgk TRARE 4 . Rjg 8 . K
Ji 12 I VAS PR 2). 40 BEENGHEE ARG 4 FIN Y VAS W38 6.38 £ 0.44. XA
J& 4 FIN-FY) VAS W58 6.38 £0.24, RJ5 8 G AR, SFHIZRA T VAS 153y 4.89 +0.30, XfHH4
498 +0.72. RJ5 4 . KJ5 8 HAKIEIF A L REZR, VAS ZEHTLEEZERP>0.05) (LK 3). &
HREING 8 G, BIARE 12, SXIAMILFEEZER. R5 12 FERINGRH T VAS 154 2.55
+£0.85, XL 2.96 + 0.74. R J5 8 Ji~12 J& A3 I Gt T 350 o0 BB A IR oS s vl R — 2 1EH

Table 2. Comparison of changes in scores in isometric training and control groups (X =S )

F 2. FRIGEFREIT D BUEEB(X£S)

S5 St X 2 P
RIG 4 FEENNRRT) 6.38 £ 0.44 6.42 +0.78 0.805
A5 8 & 4.89 +0.30 4.98 +0.72 0.501
ARJE 12 A 2.55+0.85 2.96 +0.74 0.024
VAS BB 1 (VAS 15 a~VAS xram) 1.49+0.25 1.44+0.22 0.362
VAS B 2 (VAS &5 12 5~VAS 255 1) 2.35+0.82 2.02+0.30 0.021
87 ) st e
6.38%: e AL
T it iR 2
6 PPREL AR
8 T *
R
2_
0

T T T
AJaaE  RJE8H ARJE12)4

i ]
Figure 3. VAS scores at 4 weeks postoperatively, 8 weeks
postoperatively, and 12 weeks postoperatively in both groups.
Pain decreased gradually with postoperative time
E 3. MABEARE 4B, K8 E. K512 F VAS ¥
7. BEERGEHEIMHER, ARmBARE

DOI: 10.12677/acm.2024.1461745 65 I IR = =23t e


https://doi.org/10.12677/acm.2024.1461745

R 5

3.3. BXTEDE

ACL H AR5 B H B AR ERER NS Z R, fd5E R BE S E e a
Bk, RJE 4 SR SRR 21 ROM 4351 85.0 £2.8, 85.7+3.8, LREZERF(P>0.05). A
J5 8 i ARJE 12 ASFHIZRA . AL ROM 73708 104.7 9.2, 95.0+4.6, 20.5+9.3, 20.0 +10.3,
ZRAE NP <0.01) (W4 3), Wil WA R E ARG 4 . AR5 8 4. RJ5 12 8 ROM M & Af 1) #¥
BAVRKIBEE A JG0f [RIHERS , 38 SCTTVE Bl BEIZ M = o

Table 3. Knee isokinetic training group and control group mobility (x +S)
#3. BETERIINGESHBEFENE(T£S)

SRR X HEZH P 1

ARG 4 FAEERIGED () 85.0+2.8 85.7+3.8 0.105

P NERP 104.7+9.2 95.0+4.6 <0.01

ROM Z{H 1 (ROM 455 5~ROM 45 41) () 19.7+8.9 93+53 <0.01
AKJa 12 8 1252 +4.4 115485 0.001

ROM Z{H 2 (ROM 45 12 i~ROM 45ig ) (%) 20.5+9.3 20.0 +10.3 0.772

3.4. Lysholm {4y

K H Lysholm V73 VFAG IR RARTIRE , 70 M 5 KIS S5z 3 2R B B /T vh o W B 5
WRRTThRE B R . AR5 4 WA EEVED 23508 46.17 £5.57, 47.77 £2.77, WA LRI R ZZ 7P >
0.05). RJ5 8 AP/ 5M 57.50 = 3.80, 52.74 £ 3.57. RJ5 12 M54 75.03 £3.35, 70.15+2.72.
ARJg 8 Bl ARJ5 12 P4 Lysholm P43 23 = (P < 0.001). KRJ5 8 FIZBIAR)G 4 ML EERA W
FHERX(P<0.001), ARG 12 &3 8 JKIAEZ B IEREE (WA 4).

Table 4. Isometric training group vs. control group lysholm score (x =S )

= 4. FRIZRESXTERLE lysholm W5 (X +8S)

SRR X HRZH P1H
Y NEEY 46.17 £5.57 4777 +2.77 0.112
A5 8 57.50 +3.80 5274 +3.57 <0.001
AJE 12 A 75.03 £3.35 70.15£2.72 <0.001
Lysholm ZE{8 1 (1 4 g~ 454 2) 11.32+6.28 4.97+3.82 <0.001
Lysholm ZE8 1 (1 4 12 0~1 regm) 17.52 £ 4.95 17.41 £ 4.42 0914

3.5. g HEE

ACL A B EHIRIT B RERGR M50, St Sz s R4 E B T frde
Tt RAGE S EERAT R, WA a3 R I % 4 )5, W2 MAEERN 60°/s 21F. 180°/s
N AH LR e LU 79 R0 A AR 2 TR 1 25 (P < 0.05) . %3225 I 4k 8 R AE 60°/s 2614 180°/s 264 F
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RN e ULV 0 A A0 2 00 6 3 22 (P < 0.05) (L3 5).

Table 5. Peak moment values of knee muscle strength after isokinetic training (¥ +S)

F 5. FRINGRBBXTANNENIEET£S)

LEE ) E(N*m) (Q) JeE LV 7356 AL (N m) (H)

ARG 4 JH AR5 8 JH ARG 12 AR5 4 JH AR5 8 JH AR5 12
60°/s 5453+1432 7231497  114.13+1922 25.15+574  3124+6.74 69.5+12.4
ZH - 7.68 +5.63 42.43 £9.66 - 6.32+3.76 438+7.8
180°/s 46.7+11.4 523+13.5  5432+1621  28.6+6.62 32.6+5.6 33.7+8.1
ZE - 109+1.1 93+27 - 6.7+22 3.9+72

3.6. EMIfESRANS BRIYSKANIE HRE(E L E (H/Q EL1E)

HITAE W)t A B F 10T S A — R R AR M A, IE% H/Q UETEHIZI{E 50%~60%
[17]c XTECUIZRET. SFIZREE 4 . 8 IR WE, &I 50%~60%ME 1) H/Q #EATIHAY, TRAHILR,
ST R R IR BER IR TT G B H/Q WE R TR I E Gt %5 (o = 7.68, P = 0.021) (L4 6, [ 4).

Table 6. Distribution of abnormal H/Q numbers before and after isometric training

= 6. FRIZGREHRE HQ ABSN T

AR5 4 F ENERI ARG 12
H/Q IE¥ ) 9 15 27
H/Q 3% ) 31 25 13
H/QIEH H/QIEH H/QIEH
H/QRH H/QRFH H/QR#
Total =40 Total =40 Total =40
RIG45E ARJ5 8 ARJE12/

Figure 4. Distribution of H/Q numbers at 4, 8 and 12 weeks of isokinetic training

B 4. ZRN%G4E. 8A. 12 B HQ ABHTH
4. g

ACL EEFAfE, HTUIREGMATTIRMEIG], S50 T IEEZELR[18] [19]. EFAREH
A12 F, EAURUENUVLRIBE R TE 7y, $15 FIRIhRE A iS i & [10] [15] [20]. ACLR FAR)5, ULAT
T RERF S, IS IhEeIe M R . w0 XU A e B4 A 5 [21] [22] [23]. Bk, fEFEEEFEN
FIAE S U A i 59 34T KRG Rizshill Zhe {5 2 .

S5&80EF UMK A H, ZHEUNER R Gaewe msk e NUA TERMAERE, FRIEN
W LAE R s s, WmseBl 7R 24tk (RBa 2l B fERa A B B R i) 22 42[24]. b4k, £
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PRI 7T D2 L /IR R G B A T AR M 45 A HE R e IR 125 [26]. S/t &
G SOV LD ) B AN 55 PR B0 H P B AR H BT S MU AR [15]. MATHRZEE LK
TN 0 AR 78 AR UE 555 I 52 75 B A RS0 J8 28 (10 AR 51 T R AR Jeg e JUL Py~ ok 2 155
BL[25] [27]. AW TR EIZ AN ACL AR 5 (IR ST R UL FE 3 D sedkAT 7 7L, 8% ACL R
JEIB BN REE T Z I

WRIE G5 T LA, S5 550 s O 4 et (e L 70 52 AR U 5 4 il i 3 28 P18 D 55 11 5 2%
B H/Q BV R I JE AR UL~ ROG AR I ) B B b, R iR e I BN &R . E4t
TFFCLE H A A5 ) oL 4 B H/Q IS5 60(°)/s B A 0.60~0.69 [28]. [El4MIG ARHI 78 1l 28 X7 B AR 5
S E SR BB FE AR 12 IR AE L 2] 110~150 N*m, A0t 50 H 43 2 148 )L
g 73 AL I 3K 285 SR 3 5 R DG SCR I S5 S8 L TS B AR 57 [29] [30] A7 R B 2 A 4632 3 )1 5
REB5 G R XU JE L Ao UTLIA) T e 2 R S T AR T B /K P e, A R T B i R R
HE &SRS . A AN Z A0S ACL HEAR RG], RIEREHERG 4 H~12 FBHT IR
RGN ZEBIZ SIS MR SR RO A, 45 FEITE ACL ARG BHE RN I RE 1)
LU I ZRRE S A R DG JE AR L W E 1 AE RUL AR 77, (it AR (Bl VA IR 1 H/Q . AR 5T
TEARJG 4 . RJG 8 A KRJG 12 AP & 34T 7 &8 Lysholm VE4r (4307, 45 R R nS5d I 256
M fE— e PR LR R R, R A N BB A i Re 0 AN R S BN T RE .
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