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What is 
computer 

navigation (CN)?

Real-time surgical guidance system using 
tracking technology

Basic Principles:
• 3D spatial tracking

• Real-time feedback

• Computer-assisted decision making



The Setup



Study trends for CN 
ACL surgery 
up to 2015





Navigation 
system types

1. Optical tracking systems. This system uses infrared 
cameras and transmitters with reflective markers attached 
to the femur and tibia to register the precise location of the 
instruments in three-dimensional (3D) space.

• Infrared camera technology
• Reflective marker tracking

2. Image-based systems. Require anatomical reference 
data obtained from preop CT/MRI or intraoperative 
fluoroscopy imaging. Image-free systems require no 
preoperative data, as they are able to acquire anatomical 
landmark and knee kinematics information



Key Applications

Tunnel Positioning

Kinematic Evaluation



Tunnel Positioning

Anatomical Accuracy:
• Precise tunnel placement within 1mm

• 3D visualization of optimal positions

• Real-time angle verification

Clinical Benefits:
• 82% improvement in tunnel placement 

accuracy

• Reduced risk of tunnel misplacement

• Better outcomes in complex cases



Without CN
6 surgeons 
great variation

With CN
same surgeons
less variation

Clinical applications
Tunnel Positioning

ML Tunnel

ML Tunnel

Sati et al., Operat Tech Orthop 2000



Selective ACL R

Preserving remnants è challenging 
situation
- Femoral side
- Graft inside the footprint
- Dimensions of the graft / notch

Clinical applications
Tunnel Positioning



Revision ACL R

Finding the right spot è challenging 
situation
- Bone defects
- Primary tunnel malposition

Clinical applications
Tunnel Positioning



Double bundle ACL R

Finding the right spot è challenging 
situation
- Accuracy when drilling two 

tunnels is key

Clinical applications
Tunnel Positioning



Kinematic Evaluation

Intraoperative Assessment
• Real-time laxity measurement

• Multi-planar stability testing

• Quantitative data collection

Measurement Capabilities
• Anterior-posterior translation

• Rotational stability

• Varus-valgus alignment

Clinical Applications in the scientific field
• Surgical technique comparison

• Immediate outcome verification

• Research protocol standardization



• Similar anterior tibial translation 

• < internal tibial rotation at 90º Flex

Colombet P et al. Knee laxity 
control in ACL Rev...
AJSM 2011;39:1248-54

✓ 20 failures of ACL R
✓ Navigated Hamstring ACLR Revision
✓ Addition or not of LET

Clinical applications
Surgical Technique Comparison

ACL R +/- LET



‘’Currently, NS are considered the gold standard for 
laxity quantification & validation of new non-invasive 
devices for clinical practice.’’

‘’Also useful for the measurement of knee laxity and 
kinematics of pre- and post-operative surgery, thus 
allowing a precise comparison of different 
techniques.’’



Limitations

§ Increased expense of ACLR

§ Additional surgical time

è NOT MITIGATED BY BETTER CLINICAL OUTCOMES

*These factors have limited the use of navigation systems to 
research-related cases



Technical Limitations

Hardware Challenges
• Additional incision requirements

• Reference frame placement

• Line-of-sight issues

Radiation Considerations
• Exposure levels in image-based systems

• Protection protocols

Technical Complexity
• Multiple step verification

• System calibration requirements

• Potential error sources



Practical Limitations

Time and Efficiency
• Setup time: 15-20 minutes additional

• Learning curve: 20-30 cases

Cost Analysis
• Initial investment: USD 100,000-150,000

• Per-case costs

• Maintenance requirements

Clinical Evidence
• Current research findings

• Outcome comparisons

• Cost-benefit analysis



Clinical Future
Perspectives

Rehabilitation Applications
• Objective progress tracking

• Customized protocol development

• Patient-specific modifications

Return-to-Sports Assessment
• Quantitative benchmarks

• Risk assessment tools

• Performance metrics

Prevention Strategies
• Movement pattern analysis

• Risk factor identification

• Predictive modeling



Technological Future
Perspectives

Emerging Technologies
• Artificial Intelligence integration

• Machine learning algorithms

• Augmented reality applications

System Improvements
• Miniaturization of hardware

• Wireless technology integration

• Enhanced user interfaces

Integration Possibilities
• EMR connectivity

• Remote monitoring capabilities

• Patient engagement tools



Conclusion

Current Status:

Proven benefits in accuracy

Remaining challenges

Cost-effectiveness considerations

Future Outlook:

Technology trends

Clinical application expansion

Research directions

Key Takeaways:

Role in modern ACL surgery

Best practice recommendations

Implementation strategies
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