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Standard values derived from the muscle strength of normal athletes



Rt 3 1R B 1R O S 5 ) ) 5T

7 CEEIERE L NV ORIE & OBRE B LRETL .

HHMEYEBLBESIZYNY ) F—2a v LT
To TV EBNER, ERUEL L =27 LR
o, KROS5 EFEOBRERBEL ~WIZ5E L7

LAV 1 THRRE LI, BERERSY) vy
DHEFIRTO ML — =¥ 7H L OB,

LARW2: ATy b, BEBEAREIEEL SR EHIRZ
LTO ML —= v 7t OB,

LARNV3: Ty, DxrThEREARAALHE
W%z ML —= vy (EEE, ARHRER) LHR%
LTI79) I AT RE 2 BRI,

LAV 4 BEEERBATIE LT, AR—VEHIZL
B STEEE (BoHEKES) % IBABEICEMLT
B4 BEERIR R B BRI,

LAV S  BEREIRTREL 2 0, BEEEBNC ML C
(B33 18

B, ZFEHBBEL NVICHE SN ROFHR %
WM, LAV 1:1858, LN 2:19.38, LAY
3:22.38, L~V 4:30.88, LANLV5:32.3:BTH-
7=,

(2) AN X 2

ERAEEICBITAREOES VA RTBNIFET 57
OOF-HEHEEE LT, R#EMEL L TROZ-SHEE
WKBITAREEDOHNIOFHMEL 100% & Lz HE0K
BIEFHNOEEG (LTHEMIL (%)) ko, L
7o REHMEEE, SAEEICBY BRIEMD BEE I
LT % IS T 200 R 720, ZIEMOREREA
FBROPOBSHIEEBTEL L WA H L. T/,
BRHA7Z0 TR, BABNIOHILNVREE % b
ERTE D &) RO & 2 L 728550
DR EEF) FEETH 5.

AEFFETIE, LD ACLBELANREDTALT 1y
ZIUNEYT—a YHEH S D VIR THRICHE L
ETOREEE, LLDS5DOEBMEREL NV L |24
L, RAEEITLIEHEERER LA, 2L, B2
B ZEICHIEEERL T 570K EBIRIEL X
VBB BE S OB EENEENL LR EDT,
ZFOBE NI BN GE T LA EBIAE L~ R 2
ESNTMEDOFHHEEIRE L7,

= =®

ACLEBERRBIZTALTFA v ZIUNEYF—2ar%
FEML, BEHRER L -BRERFEFEE 26 20K EBHHE

71

L NV BT B SRR R RRBIE R 1 O3 —
IR E, SAEEICBITLHEML T Fig. 2 RO
Fig. 31IR L7z, &EBBREL NV IZBI1T 5 BUSH
DM 2 PEAEEINEHETHALE, LA
T 0 BE/F :57.1%, 60 BE/F6 : 41.2%, 180 EE/% -
47.7%, 300 BE/F5 1 59.4%, LX)V 2 TiZFhFh 68.5
%, 60.9%, 69.7%, 79.2%, LX)V 3 TiL89.3%, 74.4
%, 82.4%, 94.8%, LX)V 4 Tix95.7%, 79.6%, 89.1
%, 98.9%, LNV 5 Tid98.7%, 88.7%, 105.1%,
116.4% Td » 7=.

Fig. 2 TREND L) IIEEBHBEL NV IZBIT 3
HEELORBRZEL, LXVITRERKELRD, LAV
5 TRAEZ>TW,

BHEEIZB T B EEME D S A HOEERETIE,
ETOEB L~V I8 LT 60 B/ BIT A0
HIERWCEMEL R L, FICHBEREO LNV 51281
LTI, MMORERERFIZBVCTIRITIZTHEEMEICE
LTW2H00, 60 BE/HOAEEMED 88.7% & # 10
BOREMBLDENBDONT, T2, OAEEL D
RBTHD &, FFICEmEE (300 /) LoENEL
<, LAV 1~4 T 18~20%, BEEREO L N
5 TIIH 28% DEEME L DESA LN,

ETOLNVEBLT, BAEETCORAEEMILIZ
FH100%% ERAl>THY, HREMEIEL T, AR
FERIC A D &, BRIEEMELIL L FRRICETOESBEEL
NIV % LT 60 BE/ A OMEDMR R ASA S 7z,

£ =

1. RENOREEMIZ L B &HEEHEH O

W, BHEELRELLHHOMENTETH L%
HERFHREROERIZE > T, EBEEIC A7
DOFHEATTREIZ R o7z, LA LADS, BAEEIIBIT
5 IMEO ZEBHIFHEOIRIEA % W 721 EDFEEE D
HAOEEIECD D, T OREDRIERE LR DD,
L EOFMARETH 7. FD, BEB AR
WA IEHEATTRE T 5 & v ) H MR S
OMEETTEPTIERL, BEOEEOAT, F
THRE D EEMEE L TIIH T ORIFHFEE T
TWVB I ERS,

Table 1%, TERIIZE VT ACL HEAZ OB
WZDWTHRE SRS S, HHFEORMZHHEL,
REELALDOTHS. AIElE iz em SR hiles
EBARVONTWAED, ZOEEUEIZHE—0HHEESR



A& F F

WBI (%)
1.2 l 140 Activity level
o { 120 L.“"Jr .... L.l <Level1>
0.8 N 100 Based on load limited training
0.6 L 80
60
0.4 + 1
’\\Y_\V 40 b\v/"/‘[
0.2
A 1 2 i e 20
0 60 180 300 0 60 180 300
WBI (%)
1.2 1 140
1.0 l 120 = Lt J <Level 2>
0.8 1:8 Based on non-load limited training
0.6
o T
0.2 0
. L 20
0 60 180 300 0 60 180 300
WBI (96)
1.2 140
Lo 1201 o 4 <Level3>
. Y T
0.8 100 ) /1 Landing and high load strength training
80 1 r . .
0.6 conducted without limitation
60
0.4 40
0.2
. . 20
0 60 180 300 0 60 180 300
WBI (96)
1.2 l 140
Lol ™ 1201 =, 4 <Level4>
0.8 ., 100 \/ - Conducting a drill of exercises specific to each
0.6 zg sport during the preparative period leading up
0.4 e to the return to sports activity
0.2
A e r A 20
0 60 180 300 0 60 180 300
wBI (96)
1.2 N 140
1.0{ o« ﬁg ho.... 4.....-;r~--"‘ < Level 5>
0.8 8 L~ Return to sports activity and full participation
0.6 50 in sports activity
0.4
0.2 40
L .20
0 60 180 300 0 60 180 300

Test velocity (deg/sec)

Fig. 2 Recovery of muscle strength at each test velocity until the return to sports activities (n=25)
Left figure: Evaluation by WBI, Right figure: Evaluation by standard value ratio (%)
Solid line : Involved knee, Dotted line: Uninvolved knee (contralateral knee)
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Table 1 Method of muscle strength evaluation after ACL reconstruction reported in the literature

Authors (year) Machine Test Velocity (deg/sec) Evaluation Method
Yasuda, et al. (1987) Cybex I 0 /U
Muneta, et al. (1996) Cybex" 0 I/U
Kobayashi, et al. (1996) Medx knee machine 0 I/U
Yasuda, et al. (1988) Cybex I 0 I/U of post-op 3 M
Tsuchiya, et al. (1995) Cybex"* 0 /U, /BW
Motosugi, et al. (1998) Cybex 350 0 /U, PT
Takao, et al. (1989) Cybex* 30 /U
Muneta, et al. (1988) Cybex I 60 I/U
Kahara and Umegahara (1988) ARIEL 60 /U
Mizuta, et al. (1993) Cybex* 60 /U, /BW
Kurosawa, et al. (1997) Cybex I 60 /U, /BW
Takamatsu, et al. (1998) Cybex6000 60 1/U, PT
Hamada, et al. (1998) Cybex"* 60 /U, PT
Yamada, et al. (1986) Cybex I 60 /BW
Niga, et al. (1993) Cybex* 60 /BW
Kubo, et al. (1997) LIDO avtive 60 /BW
Hirata and Kitsunai (1997) Cybex340 60 PT
Maruyama, et al. (1996) Biodex 90 /BW
Nakajima, et al. (1996) Biodex 180 /U
Konuma, et al. (1998) Cybex6000 180 /U
Katsumoto, et al. (1988) Cybex II 180 1/U, PT
Torisu, et al. (1985) Cybex"* 30, 180 PT
Uchida, et al. (1997) Cybex" 60, 180 /U
Shirato, et al. (1995) Cybex" 60, 180 I/U, /BW
Hara, et al. (1989) Cybex I 60, 180 1/U, /BW
Usuta, et al. (1993) Cybex350 60, 180 /U, /BW
Hioki, et al. (1993) Cybex350 60, 180 I/U, /BW
Hoshikawa, et al. (1988) Cybex"* 60, 180 I/U, 1/U of pre-op
Fukubayashi, et al. (1992) Cybex350 60, 180 /BW
Yamashita, et al. (1992) Cybex I 60, 180 /BW
Hara, et al. (1993) Cybex I 60, 180 /BW
Itou, et al. (1991) Cybex II 0, 60, 180 /BW
Kariya, et al. (1988) Cybex* 30, 60, 180 /U
Ogiso, et al. (1992) Biodex 90, 180, 270 /U, PT
Mori, et al. (1997) ARIEL 120, 180, 240 /BW
Yokoe, et al. (1985) Cybex I 0, 30, 180, 240 /U
Kigawa, et al. (1988) Cybex I 0, 60, 180, 300 /BW
Simizu, et al. (1987) Cybex I 30, 60, 120, 180, 300 1/U0, /BW, PT
Kuriyama, et al. (1991) ARIEL 30, 60, 120, 240, 480 1/U, PT
Ohkoshi, et al. (1997) Biodex system I 60, 120, 180, 240, 450 1/U, /BW

I/U : Side-to-side ratio (Involved/Uninvolved X 100).
Ratio of the operated side divided by the contralateral non-injured side.

/BW : Body weight ratio. Ratio of quadriceps peak torque divided by body weight.

PT : Peak torque.
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* : The type of machine is not described
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Fig. 4 Comparison of the recovery of muscle strength at each test velocity between with and
without isokinetic muscle strength training at 60 deg/sec

Solid line: Involved knee

Dotted line: Uninvolved knee (contralateral knee)
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Fig. 5 A case of ACL reconstruction showing insufficiency of muscle strength recovery at 60
deg/sec even after the return to sports activity
A 20-year-old basketball player (an inter-high school champion team member)

At the time point of 33 weeks after ACL reconstruction, the patient achieved the standard
value for muscle strength at 0 deg/sec (WBI), which was the objective of his return to sports
activity, and he gradually began to carry out basketball training. However, he was not able
to play well because he experienced anxiety during training.

Subsequently, in order to alleviate his anxiety about landing and improve his high-power
muscle strength, he started a fundamental step-wise drill consisting of high-load training
using exercises such as jumping, dashing and stepping from approximately week 42 after
surgery. From approximately week 50 after surgery, his anxiety during basketball training

disappeared and his muscle strength at 60 deg/sec improved considerably.
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EVALUATION AND SPECIFICITY OF ISOKINETIC MUSCLE
STRENGTH DURING ATHLETIC REHABILITATION AFTER
ANTERIOR CRUCIATE LIGAMENT RECONSTRUCTION

Toshiharu YAMAMOTO
Department of Orthopaedic Surgery, Showa University School of Medicine

Abstract — A new method was devised for evaluating the isokinetic muscle strength of athletes
by means of a standard value ratio, which was derived from the mean value of muscle strength
of 600 normal athletes at each test velocity expressed as a percentage of the relevant standard
value. In the present study, the new method was tested on 25 athletes who had anterior cruciate
ligament (ACL) reconstruction in order to progressively evaluate their course of muscle strength
recovery until the return of the subjects to sports activity. As a result of employing the
standard value ratio, it was possible to facilitate the comparison of the muscle strength
recovery levels at each velocity by setting a fixed evaluation scale. The findings of the
follow-up study were as follows. Although the recovery of muscle strength was observed to be
concomitant with improvement of the activity level at each test velocity, the minimum value
was seen at the velocity of 60 deg/sec at all activity levels. In particular, compared with other
measured velocities, muscle strength at the time of returning to sports activity showed a 10-28%
delay in recovery. These findings indicate that in the case of evaluating muscle strength
recovery after ACL injury by evaluating the isokinetic muscle strength, it is more useful to
evaluate the balance of recovery at each velocity rather than at a single velocity. Our findings
indicate that in athletic rehabilitation after ACL reconstruction, especially at the time when an
athlete returns to sports activity, it is essential to be aware of a delay in muscle strength
recovery at slow speeds, such as 60 deg/sec at each velocity.

Key words: muscle strength evaluation, isokinetic muscle strength, standard value ratio,

anterior cruciate ligament (ACL) reconstruction
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