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Abstract

BACKGROUND: A comprehensive evaluation of knee muscle strength, knee hamstrings-to-quadriceps (H/Q) force ratio, and symmetry of both knee joints is
beneficial to preventing knee joint injuries.

OBJECTIVE: To analyze the dominant and non-dominant side isokinetic characteristics of the knee joints of Chinese calisthenics athletes and bilateral symmetry
of muscle strength.
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METHODS: Knee joints of 22 Chinese calisthenics athletes (aerobics group, n=8; athletics group, n=14) from Chinese national aerobics team were measured

using IsoMed2000 at 60 and 180 (°)/s concentric angular speed.

RESULTS AND CONCLUSION: The peak torque (PT) and the relative peak torque (PT/BW) of the flexors and extensors of the knee joint in the two groups were
significantly decreased with the increase of the angular speed (P < 0.001), and the H/Q ratio significantly increased with the increase of the angular speed
(P<0.001). The dominant leg flexors strength were significantly higher than that of the non-dominant leg (P < 0.05), and extensors strength and H/Q of the
dominant leg were significantly higher than those of the non-dominant leg at the speed of 60 (°)/s (P < 0.05). The H/Q of the non-dominant knee joint in the
aerobic group was significantly higher than that in the athletics group at the speed of 180 (°)/s (P < 0.05). In the aerobic group, the flexor peak torque of the
dominant leg was significantly higher than that of the non-dominant leg at the speed of 60 (°)/s and 180 (°)/s (P < 0.05), but there was no significant difference
in both side of extensors. In the athletics group, the flexor peak torque of the dominant leg was significantly higher than that of the non-dominant leg (P < 0.05),
the extensors peak torque [60 (°)/s], PT/BW [60 (°)/s] and H/Q [180 (°)/s] of the dominant leg were significantly higher than those of the non-dominant leg (P < 0.05).
These findings indicate that the muscle force of the dominant and non-dominant knee joints were asymmetric, and the athletes ought to improve the muscle
power of the non-dominant knee joint. A lower H/Q indicates imbalance between the flexor and extensor strength of the knee joint, and it is necessary to
strengthen the knee flexor strength training, especially the training for fast strength.
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*1 | FEBHRERER

Table 1 | Basic information of athletes in two groups

(xts)

ikl ANB(n) R (%) £ (cm) B E (kg)

HHEHA 8 23.00£1.07 172.139.00 66.06+11.95
WHAH 14 21.93+1.64 170.006.06 65.8618.59

#ph 22 22.3241.52 170.77+7.13 65.9349.66

1.5 7k

1.5.1 WATTVE  ERBGE Bl T A VURE oKL Sk

WU HEATHETT . DKL AR W A% IR A 2 A1 ok P U W AT

B R, Rk AR LB 1. HEHL 60 (°)/s MBI (i K ) B
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5 10 min (2 BRI 5 min FIBIAEES; BE 51230 51 78 S5
WA S EHEAT 1 min (FENVESR S . 38 NSRS 45 AR AR R
1 min FFAEIEXME, A EENRK 14, F4ESLEM S
W, BRI S AT VF S Mo A (R PR A I 3K Tl A 5
3 min, PWHANTH: PLFE R (dominant leg, DL)-> FE{L# iR
(non-dominant leg, NDL), fLHM N IEFARZES T EHERMN, 12
Bl GRS 5 RO A 35 7E A LR A i AT Seih o R
i) 22 HE 2 8 7S H R4 14: 00-17: 00, R 42y i A —
RIGN RTERG BRI T HE R

Py 1 | BT
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v Figure 1 | Isokinetic
- strength testing of
the knee joint
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e Aek JUL S 00 1) 4 UL L AL ) 25 8 222 S W 8 R O 15 UL R R 12 o
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EEAE AR S0 5 AL 5N L7 EE AR

1.7 St FEaar  SPCERFNERE B (0 AH S AT G T
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IR, AT J7 e VR e, Kt A B A ()R SRR A K
N LR X FEA t #6568, P < 0.05 NEFMAKT; it
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2 #5R Results
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Figure 2 | Trial flow chart

22 EFHRBXTEAMAE LN KER B AKX R
WUE KU J3FE 0 149 N-m, it LR K U gy 261 Nem
60 (°)/s I iz 2 53 I 5% 49 Jet UL e L 0 g 0 259 bl 3 2% 7 T
180 (°)/s(P=0.000). 60 (°)/s I I 4 Jiit fft UL W g 0 I 2 25 v
T AR B ik (P=0.036), i AL UG g RE AR 5 25 v T AR AL 95 bR
(P=0.000), 180 (°)/s I It 35 i@ 0] Ji& JUL U 73 R AW S5t 3% v - AR AR
# /i (P=0.000), fH1JLUE /%6 TG 2 #1127+ (P=0.205), WL3& 2.

*2 | ERIRBRXTIEMIEIETL (¥ts, n=22, N-m)
Table 2 | The athlete's knee flexors and extensors peak torque

T Ay 3 R PLFA R

JE L AL JEAL A
60 (°)/s 81.22422.01° 156.70+40.58°  91.07#25.05° 165.36:48.21"
180 (°)/s 70.39+19.07 121.64+313.59  76.57+20.60° 124.81+34.99

ik 15180 ()/s WAM RIS ULELEL, *P <001 51— K ELEL,
P<0.05, ‘P<0.01

2.3 B3R RE T RARAIRE HSEN KL R BRI
Je LB R AR 7 FE A 1.91 Nem/kg,  AHLER AR XS U 346 N
3.35 N'm/kg. 60 (°)/s INiz 3l 53 R 5715 Je LR AT X i 77 %
BIpk k3 & T 180 (°)/s (P=0.000), 60 (°)/s IR # A ATLAE %
W 73 5 2 2 v T AR H R (P=0.05), i LA X U g 4 2 25 &
TR AR (P=0.000), 180 (°)/s IR 35 R Jett ATLAH o e 73 b
2 m TR R (P=0.000), .3k 3.

%3 | EIREATRERENIENEER (xts, n=22, N-m/kg)

Table 3 | The athlete's knee flexors and extensors relative peak torque

Mt R e PEH R

JEAL L JEAL AL
60 (°)/s 1.2310.28° 2.37:0.51° 1.37$0.30°  2.49:0.56”
180 (°)/s 1.0610.22 1.8310.36 1.1540.24° 1.88£0.36

Feik: 5 180 (°)/s MR [F 7] %2 WLEL AL, °P < 0.01; L [Rl—JitiE
S [E Z L E, "P<0.05, P<0.01

24 ZFHRMAT H/QIAL 1 60 (°)/s i, LHABER H/Q
5 2 & T AL #5 iR (P=0.032); 180 (°)/s i), ¥R H/
Q23 = T AR F5 R (P=0.012), RFAMREAEMLH BRI H/Q
FUAR 35 B S5 3 v T AE R RE 1 60 (°)/s D45 SR (P=0.000), MWL
=4,

25 AR FREHA R FRMANKLER TE0()/s A
180 (°)/s if, 3EHidl 5 S iz 3%t G0 34 R A AR 4 345 e
JAE DG 1T JeE L0 g A LI ) o 35 T A T B 3 1 2 e
60 (°)/s IF, A ALIEBxT RAL T MR LI 756 535 s TR
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4 | ZHHRHQLEER (X£s, n=22, %)
Table 4 | The athlete's hamstrings-to-quadriceps force ratio

AR A # AR AR ksl
60 (°)/s 52.4246.22 55.85+6.00°
180 (°)/s 58.2746.27° 61.9246.80"

RE: SFEM 60 (°)/s LLEE, °P<0.01; 5H{U 60 (°)/s LLEL, °P<0.05

i (P=0.015), ffLIE JJRETC B #EME% 5 180 (°)/s I, AL
5 St UL 3 8k 2 v T AR TR AR (P=0.037), {HIAILIE 73R TC
WEMES. 60 (°)/s I, FEHAIBEXS G H R LR )5
3 T AL SR (P=0.025), I8 55 i s LU 7 KPR 2 2 v T
FEHEH B (P=0.009); 180 (°)/s Mk, FEFLAIZBNXT RILH
T Je JL0EE g A S 2 e T AR A S4B (P=0.001), ULV 3 TE
WEMER, WIS,

®5 | REEHRENEENER (xts, N-m)

Table 5 | The knee flexors and extensors peak torque of different groups

A5 n DWRKAEE R e 5 i
Je A L JEAL L
HHEA 8 60(°)/s 79.50433.12 156.11+60.28 92.60+37.13° 164.39+75.48
180 (°)/s  70.80+26.92 116.07+43.57 78.89+31.07° 122.97+50.02
FHH 14 60(°)/s 82.20+13.75 157.03+26.53 90.20+16.40° 165.92+26.18"
180 (°)/s  70.16+14.04 124.82+23.67 76.69+16.32° 125.85+25.04

#9E. SRMASMFELUEE:, *P<0.05, °P<0.01

7E 60 (°)/s #1180 (°)/s B, e+ 54 H iz shxt Z Ak
A0 TR AR DA A PR A DX 4 Jee LA e e 13 6 e JUTLARE S5 06 77 R 40 1)
BLEFEMWESR. 60 (°)/s I, 1% IE gh%t LA BEJE AL
FHXT UG 50 3 v T AR S MR, A JUURE X 0 73 T 6 35 1 22
S5 180 (°)/s B, A3 AT AR 5 T AR 5G4 e Ae LA %of Ui 7
TR EMEZE R, 60 (°)/s I, FEii4LIEsh T G4 %4 BRI
S TR JULAH XoF U6 73 R R AL X e g i 380 (5 3 v T AR AR 34 R
(P=0.012, P=0.019); 180 (°)/s B, 35 Fl AR 5C 15 Jie LAH X U
JIFER R & T AR S5 R (P=0.001), i LAH XTI ) 5 G 2. 3
PEZ R (P=0.565), .3 6.
#6 | REBMEANH SR L HAIIEIEER (xts, N-m/kg)

Table 6 | The knee flexors and extensors relative peak torque of different
individual sport events

ZH 73 n AR AR BT e A it
JE L LGN JENL NN
HHE4L 8 60()/s 1.19:0.40 2.34:0.77 1.38:0.44° 2.41#0.85
180 (°)/s 1.05:0.30 1.73:0.50 1.14:0.32 1.81#0.53
S 14 60(°)/s 1.25:0.191 2.39:0.33 1.37:0.20° 2.530.33°
180 (°)/s 1.07:0.17 1.89:0.26 1.17+0.20b 1.91#0.29

2. SRMARMFELEE, *P<0.05, °P<0.01

1E 60 (°)/s I, H/Q A E AL AN S5 H AN e IC B35 vk 2=
S, AR AR TC W 2 R 180 ()/s I, H/Q HAAE %
BAMRBRE R EEZES, FRBAREGAHREERTREA
(P=0.043). 60 (°)/s B}, H/Q A A5 M T2 = T E0 35 i
(P=0.050), 180 (°)/s fif, AL F4 AN A 3 R TIG ¥ 25 1 22 57 60 (°)/
S, H/Q e H 20 A0 BB AR 34 R TG 2 35 1 722 5%, 180 (°)/s I,
PR 2 5 T AR 55 iR (P=0.043), LA MRME R =T 60 (°)/
s(P=0.000), LA FARE 3 =T 60 (°)/s(P=0.024), W& 7.



#z7 | TRIBEMENTR HQLLEESR (X+s, %)

Table 7 | The hamstrings-to-quadriceps force ratio of different items

2051 n WA AR TH R Bzl e i

HEA 8 60 (°)/s 52.13+7.77 58.53+7.61°
180 (°)/s 61.807.72" 64.96+6.75"

SR 14 60(°)/s 52.5845.48 54.32+4.47
180 (°)/s 56.26+4.41° 61.01£5.52™

FvE: SRMAREMLE:, P<0.05, °P<0.01; 554 FEMELE:, P<0.05
R4 MR, °P<0.05

2.6 B RIEXT FME L ALy & £7  [FH—NR
N, A ARHM SR E SN RO S0 7] 44 WL LGB
BIEFEIEZES . 60 (°)/s AAHMEBEMAIZE) G RRTHILEL
{2 2 v T WLLEE (P=0.043, P=0.028), Sifi#lizzhitf R
T RFNMEZ S 180 (°)/s, FERLAHMEERIZ B G LEE(E
3% m T EVLEE (P=0.015, P=0.011), {74 4lizzhXf &I
REWHER. EREFMTER, GRATHEEEZ R
60 (°)/s <5 T UL A7AE 825 AXFR, ARDLFA R L
KNI BEARTICHBAR, MAUTC R ZEAHR, Tesdlissh
Xof GBI R AL 23 TE W AR AR, A AR TE B B A
PR, W.3% 8.

*8 | ZHRRMEIRALLERNEEER (QD) [xts (QD)]

Table 8 | The quantitative difference of flexor/extensor muscle ratio of
the contralateral homonymous muscle

G2 A4 41 (n=8) SEH (n=14) etk (n=22)
60 (°)/s JENLLLIE  0.869+0.096(0.2917) 0.91820.096(0.178)  0.900£0.099(0.219)

0.960+0.110°(0.084)
0.932+0.906(0.146)
0.983+0.079°(0.036)

)
60 (°)/s fHJULLLIA  0.982+0.144°(0.038)
180 (°)/s JENLLLAE 0.958+0.121(0.087)
180 (°)/s fHJLEL A 0.962+0.102(0.080)

ﬁg:aqozam&fa%@%%:5@~Wﬁﬁﬁ?@%&ﬁmw,
P <0.05

0.948+0.083(0.111)
0.918+0.062(0.177)
0.994+0.060°(0.011)

3 i Discussion
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2 AT AR SRS A A IZ B E T KL, 2 AiE3) R
PIBARSNEE GAPE RN ZE S, X M6 Ji (R 35) v 5] e Sl {56
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B, (@R RILARS ER AR VUIARIR, 12
TN KBS AE LRI 2R R 7850 5 B8 3l 72 T AR /K
RNGRE 55, PR E NGt R, Wod 243 mizsh
RARRA MBI 1842, LARRKIE 3N 72 i KU,
I3 RAE R .

H/Q AR ME 48 L5 I DU KL = bl R VRN IR OGS
JEAR L P R BV B B LR R AR, W RROCTT IARE R TR
TR A R P [ AMIF TT LA B A g o i A
H/Q NZZAE, 53774 60 (°)/s I 4 0.60-0.69, 180 (°)/s It Ay
0.70-0.79, 240 (°)/s i}~ 0.80-0.89, HnSAKFAHNYEE, WI5H
MLRERI I 2% 5 5l e 202, Rae s &R, 60 (°)/s i
JEAR AR H/Q LB N 0.52(0.423-0.651), fLFAMRE) H/Q HUAH
4 0.56(0.465-0.677), LA H/Q B3 =TI A, wm
RIS HIQ AAAE B 22 5 180 (°)/s I AEILEAMRIK H/Q LLIE
4 0.58(0.487-0.718), fL#AMRM H/Q LEAE v 0.62(0.531-0.765).
Hp i SR 8 B U DG H/Q /N T AME L 2254l , Ul
R0 GO O TR AR VEE L 7 R R AN S5, TR ILILEE AL
%, X REBRIZ 3 T E LA I8 3l 01 R Ik B I DY Sk A
o 20303 UniE Bl RE HEAT JE AR BRI R P, R BRI
AN AL 5 T L S5 % ST ILPAT, e = Sk LT R SR e A 2
IR R, FEEEEEE) BIRICT H/Q LS LRI,
JEHGR AR ARE, BT RE R E, B S s, TESERR
WG BRI B4, SR Peid i)l gk LA
IRy, S H/Q BB BRAR S 0 KRS, [l 32 2 30
Mizsh RN

B IR T DU Gt T E R IR, ERE R
AL DL RS v 1 R OIS S T B E M E R AT bLEL, 7R
P2 R R 1 T B Ak AR e B 1 T S5 ) [ B BE A 5 4
AIAEAT, Mgt 5g R BREHE R,
XA BHF I E B AL B EH EEMFAMEME LS. B
IR BRI ST Wi F 4 UEL (A 0.9-1.1 Xt F-#iA TP K iz
SRR EZ T ARE, (KT 0.9 8F 5T 1.1 MU
WIS E BEARBE, 55 EIREMRG = 2 R R 5
~, ARAMIZS)R 60 (°)/s EILE KNUIFE R EANRR, H
RIGHF T RFEZR . WA, RS NN E R,
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