
Discussion

Data analysis: 

GBA (mean and maximum values) and TW were 

compared between R- and F-groups using t-test.   

GBA was correlated to locations of femoral tunnel exit 

and TW at 6 months using Pearson’s correlations. 

Differences of mean GBA during walking and running 

were analyzed using paired t–test.

Introduction

Background: Acute graft bending at the femoral tunnel aperture may cause high 

stress between the bone-graft interface, which may be a possible cause of graft 

damage or poor bone-graft healing after anatomic anterior cruciate ligament (ACL) 

reconstruction1.

Purpose: To determine in vivo dynamic graft bending angle (GBA) in ACL-

reconstructed knees during downhill running and level walking, and to correlate 

GBA to tunnel positions and bone tunnel widening (determined from CT scans). 

Hypotheses: High GBA could occur during dynamic activities, especially while 

running, and flexible drills would increase bending angles, leading to greater bone 

tunnel enlargement after ACL-reconstruction.

Results

*p<0.05

Graft bending angle (GBA) changes

GBA analyzed from footstrike to 15% of gait cycle. t-test

Test performed 6 months after surgery.
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Flexible vs Rigid drills

Correlation between tunnel exit locations and GBA

R = 0.63

P < 0.01 

R = 0.45

P < 0.01 

Locations of femoral and tibial apertures had no 

difference between F- and R- drill groups (N.S.).

Femoral exits located more anterior in F-group (p<0.001).

P<0.001

Tunnel locations

Foot-

strike Early stance phase
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* :P<0.001 with the change over time 

† :P<0.001 compared with walking

• High GBA may increase stress on the bone-graft interface at the femoral aperture.

• The increased stress related to GBA at footstrike may have detrimental effects on graft-

tunnel healing.

Clinical relevance 

• High graft bending angle (GBA) was identified at footstrike through early stance phase, 

especially during running. During this gait phase, knee extension and high muscle forces 

combine to increase tension on the ACL6,7.

• GBA was higher when flexible drills were used, resulting from more anterior location of 

femoral exits, and was associated with early tunnel widening 6 months after surgery.

• This is the first study to analyze in vivo GBA after ACL reconstruction in dynamic state. 

There are few reports on the influence of GBA on tunnel widening or graft-tunnel healing1,8.
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Patients and Methods

- 49 subjects (Avg. age: 21 years), 32 male and 17 female

- ACL reconstruction from 2011 to 2012,                                                                        

- using trans-portal technique for drilling                                                                    

- the single-bundle femoral tunnel

- Quad-tendon autograft with bone block 

- Tunnel placement in anatomical footprint2,3

- All testing was performed                                                                                                    

- 6 months after surgery

Evaluation of Bone Tunnel Widening (TW) at 6 months

2. CSA was compared to the expected 

area (EA) from the drill diameters used 

at surgery. 

1. Cross sectional area (CSA) of bone tunnel 

aperture perpendicular to the tunnel long axis 

was measured using Geomagic® software.

CSA ÷ EA = TW (%)

Testing of Dynamic Knee Motion

- Subjects were examined on an 

instrumented treadmill.

- Biplane Dynamic Stereo X-ray (DSX) 

images acquired at 100 fps4.

- 1 msec duration pulsed exposures.

- Three trials for each activity
Level Walking

1.3 m/sec 2.5 m/sec 

Downhill Running (10º)

2D-3D Registration

- CT based 3D bone models 

- Matched to biplane X-ray images

- Tibio-femoral kinematics

Measurement of Graft Bending Angle 

- 3D locations of femoral/tibial aperture centers and 

femoral exits identified from the CT models.

- 3D angle between the graft vector (v TTA→FTA ) and the 

femoral tunnel vector (v FTA→FTE ) was calculated at 

each motion frame5.

R-group (n = 18) 

Rigid pin ⇒ drill Flexible pin ⇒ drill

Lt.Med.

F-group (n = 31) 

Knee: maximal flexion 100-110º flexion

were determined

During Walking During Running
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