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Background 

• There is no consensus on whether knee hyperextension affects 

postoperative outcome after anterior cruciate ligament reconstruction 

(ACL-R) [1-4] 

• A limitation of these previous studies is that they evaluated only static joint 

laxity such as KT-2000 measurement [1-4] 

Aim

• To evaluate the effect of dynamic hyperextension on postoperative 

dynamic in vivo kinematics. 

Hypothesis

• Patients with a high degree of knee hyperextension would have larger 

anterior translation and internal rotation during downhill running and level 

walking compared to the patients who have less knee hyperextension.

Subjects

• 41 unilateral ACL reconstructed patients 

(27 male/ 14 female, age: 22±8 y.o.) 

• Subjects were divided into 2 groups at the median value (4.7° of 

hyperextension) according to max. knee extension angle of the 

contralateral knee during walking using dynamic stereo X-ray (DSX) 

images: Hyperextension group & Normal extension group 

Figure 1. Configuration of DSX system

• No significant difference of anterior translation and internal rotation in 

reconstructed knee were observed between 2 groups (Figure 2) 

• Contrary to hypothesis, there were no significant differences between 

groups except the change over time in the range of internal rotation during 

downhill running

• However, the range of internal rotation in ACL-R knees decreased 

compared to contralateral knees in both groups (Table 2), indicating 

rotational laxity decreased in ACL reconstructed knee 

Clinical Significance

• Even though knee hyperextension was introduced to be a risk 

factor of the poor outcome after ACL-R, the results of the present 

study do not show significant influence of knee hyperextension on 

the functional outcome after ACL-R

1. Kim SJ, et al (2010) Clin Orthop Relat Res. 2. Rubinstein RA, et al (1995) Am J Sports Med.   

3. Saito K, et al (2015) Am J Sports Med. 4. Benner RW, et al (2016) Am J Sports Med. 

5. Anderst W, et al (2009) Med Eng Phys. 6. Tashman S, et al (2004) Am J Sports Med.

This research was funded by NIH / NIAMS, grant # R01 AR 056630.

Dynamic in vivo kinematics data collection using DSX system 
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3D Bone Model

2D-3D Registration

Biplane X-Ray Images

Hyperextension group Normal extension group P-value

Cases 21 20

Sex (M / F) 15 / 6 12 / 8 0.44

Age at surgery (years) 23.0 ± 9.3 20.7 ± 6.5 0.96

Injury-surgery period (days) 95 ± 102 50 ± 34 0.17

Procedure (Single- / Double-bundle) 8 / 13 8 / 12 0.90

Extension of contralateral knee (°) 7.8 ± 2.2 2.4 ± 2.0 < 0.001

Extension of affected knee 

At 6 months after surgery (°) 3.9 ± 4.7 -0.5 ± 5.3 0.007

At 24 months after surgery (°) 4.6 ± 3.3 0.3 ± 4.8 0.002

Table 1. Demographic data 

Kinematics

Δ Range of anterior translation (mm)

Running 1.0 ± 2.1 0.7 ± 1.6 0.66

Walking 0.0 ± 1.8 -0.3 ± 1.0 0.54

Δ Range of internal rotation (°)

Running 2.5 ± 3.1 -0.1 ± 3.2 0.018

Walking 1.0 ± 2.2 0.7 ± 2.1 0.68

Hyperextension group Normal extension group P-value

Range SSD of anterior translation (mm)

Running at 6M -0.3 ± 2.0 -0.6 ± 1.8 0.63

at 24M 0.6 ± 2.4 0.5 ± 2.2 0.92

Walking at 6M -0.2 ± 2.0 0.2 ± 1.4 0.53

at 24M 0.7 ± 1.5 0.2 ± 1.6 0.27

Range SSD of internal rotation (°)

Running at 6M -2.5 ± 4.3 -2.4 ± 1.8 0.89

at 24M -1.9 ± 3.8 -1.1 ± 2.4 0.47

Walking at 6M -1.8 ± 2.5 -1.1 ± 2.0 0.35

at 24M -0.5 ± 2.0 -0.2 ± 1.9 0.60
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Figure 2. Anterior translation (A) & Internal rotation (B) in ACL-R knee 

Table 2. The range SSD and change over time (Δ) of tibiofemoral motion 

• At 6 and 24 months after surgery, subjects 

performed level walking and downhill running 

on a treadmill while DSX images were acquired 

at 100Hz (walking) or 150Hz (running) 

• Tibiofemoral motion was determined from DSX 

images using a previously validated model-

based tracking process [5], and tibiofemoral 

translations/rotations were calculated (gait 

cycle: 0-10%) [6] (Figure 1)

• The side-to-side differences (SSD) of range of tibiofemoral translations/rotations 

(Affected – Contralateral) and the change in range of motion over time from 6 

months to 24 months (24M – 6M) were also calculated

• Results were analyzed using 2-way repeated-measures ANOVA, and range SSD 

and the change over time were analyzed using student t-test (P < 0.05)

• The change in range of internal rotation over time during running was 

significantly larger in the hyperextension group than in normal extension 

group (Table 2)


