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Six degrees of freedom in vivo stability of the knee with anterior cruciate ligament injury under

anterior loading
Li Ping-yue®, Yin Qing-shui', Huang Hua-yang, Li Jian-yi®, Shen Hong-yuan', Wang Ze-jin*, Wang Qing*

Abstract

BACKGROUND: Because in vitro specimen of knee joint cannot simulate real movement of knee joint, and in vivo movement test
cannot obtain movement information of bone structure, so accurate stability data of knee joint is not obtain which causes further
study on early diagnosis and prevention measures of knee injury is unable.

OBJECTIVE: To study in vivo stability of the 6 degrees of freedom knee kinematics in patients with anterior cruciate ligament
(ACL) injury under 134 N anterior loading by using three-dimensional (3D) reconstruction, two-dimensional (2D)/3D image
registration and image processing technology.

METHODS: Totally 8 volunteers with unilateral ACL rupture and contralateral normal knee, CT (3D) images and 2D orthogonal
images of the knee at 0°, 30°, 60°, and 90° under 134 N anterior loading were captured. These orthogonal images were used to
recreate the in vivo knee positions at each of the targeted flexion angles by the method of 2D/3D registration. Comparison
between the motion data of the mirror imaging uninjured knee and the injured knee was to get the 6 degrees of freedom kinematic
difference of the intact and ACL deficient knee.

RESULTS AND CONCLUSION: After ACL injury, tibia antelocation were all increased. Tibia antelocation was minimal at 0°,
maximal at 30°, gradually decreased at 60° and 90° and all the differences in each angle have statistical significance (P=0.000).
The ACL injury knee has increased internal tibial rotation and internal tibial shift than intact knee (P=0.000). It is indicated that in
vivo stability analysis of knee joint under static loading can achieve by the method of 2D/3D registration technique, and the ACL
injured knee has increased tibia antelocation, internal tibial rotation and internal tibial shift.
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Figure 1 Three-dimensional reconstruction models of the knee
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Figure 2 Experiment photo of the knee and G-arm X-ray
machine
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Figure 3 Experiment photo of the knee showed on G-arm
X-ray machine
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Figure 4 “liu hua giao hospital” was “General Hospital of
Guangzhou Military Command” on G-arm screen
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Figure 5 Virtual X-ray emission system
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Figure 6 2D/3D image registration of the knee
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Figure 7 Based on the tibia, the knee joint in two positions
was aligned in the same coordinate
7 UURE N EEAE, PR IR DG AL R — AkAR AR

Figure 8 Relative motion calculation of the knee joint
between the two positions
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Table 1 The tibia antelocation of the knee under 134 N anterior

tibial load (xxs, n=8, mm)
Angle (°)  Normal Injury Total tF P
0 4.60+2.07 9.10+2.86 6.85+¢3.35 -12.585 0.000

30  7.50#2.26° 17.30+2.50°
60  6.30+2.02*° 14.50+3.09%
90  6.10+2.00® 11.20+2.48%*

12.40+£5.56 -22.785 0.000
10.40+4.93 -16.890 0.000
8.65+3.41 -12.305 0.000

Total  6.12+2.25 13.02+4.11 9.57+4.78  566.364 0.000
F 60.792 178.702 360.518 69.639
[P 0.000 0.000 0.000 0.000

2P < 0.05, vs. 0°%; °P < 0.05, vs. 30° °P < 0.05, vs. 60°

S E IR T 2T, S5 R 1 R Y R 22
HRE R X (F=566.364, P=0.000), 5iF%# 414,
ACLIKT AN ik B B3I . AS[R f e 1) 26 e A7 2%
PR X (F=360.518, P=0.000); KA A4 5 2 [6) 4538 H.
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23 BEARLER  ACLWIZHT G ERR < AT gk
SEVEMRRAEA FPIR AR B R IR e,  WLaR2.

(F=1.361, P=0.355), $&7 /1 P RSB Af 52 0 386 e =
e AHIE .

3 Wit

2 BAEBOTT N A X IE T S MR R e
Table 2 The internal tibial rotation of the knee under 134 N

anterior tibial load (xts, n=8, °)
Angle (°) Normal Injury Total tvF P
0 -5.30£0.74 -2.10+0.37 -3.70+1.74 -10.840 0.000
30 5.90+0.69°  9.10+0.83° 7.50+1.81  -8.137 0.000
60 6.20+0.90°  9.50+0.96% 7.85£#1.93  -7.099 0. 000
90 6.80+0.86°  9.80+1.45° 8.30+1.93 -4.550 0.003
Total 3.4045.17 6.57+5.18 4.98+5.37 186.078 0.000
F 492.354 340.831 935.728 0.025
P 0.000 0.000 0.000 0.994

%P < 0.05, vs. 0°

ST 22T, S5 A R 1 R A ) 22
B FEMEE X (F=186.078, P=0.000), 5iEW AL,
ACLIWr 41 e & W et n . AR B o) 22 e A3 W B PR
X (F=935.728, P=0.000); R4 [F 2 M A8 HAEH
(F=0.025, P=0.994), $&7x /& P BeRt £ 2 138 i &
A [ o
2.4 BEABLER  ACLWIZNT G R AT nifa
SEPENRAAEARFPRSFA L F e N, k3.
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Table 3 The internal tibial shift of the knee under 134 N anterior

tibial load (xts, n=8, mm)

Angle (°)  Normal Injury Total t/F P
0 2.11+0.21 3.18+0.35 2.64+0.61 -9.590 0.000
30 0.76+0.23*  1.98+0.22% 1.37+0.66 -8.956  0.000

60  1.15+0.24® 2.05+0.34%
90 1.55+0.31°"°  2.45+0.48%°

1.60+0.54 -8.253  0.000
2.00+0.61  -3.567 0.009

Total  1.39+0.56 2.41+0.59 1.90+0.77 156.656 0.000
F 65.537 20.089 65.285 1.361
P 0.000 0.003 0.000 0.355

P < 0.05, vs. 0% °P < 0.05, vs. 30° °P < 0.05,vs. 60°

S FH MR T 2T, 4 I R I T R 2
A 5k U (F=156.656, P=0.000), 5IF# 41AHEL,
ACLIBT A IR B R SE n. ASTR) S 5 ) 22 e W ki
X (F=65.285, P=0.000); ¥RZ [ #5284 HAEH
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