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Football related ACL surgery to 
maximize outcome
ACL surgery is not just biomechanical !!!!



Why does ACL not work?

Lack of integration = diagnosis of exclusion

Without a history of a new trauma, and in the presence of a knee without laxity of 
the secondary restraints and no detectable technical errors, one can entertain the 
diagnosis of “biological failure”. 

DEFINITION

But this definition lacks precision, is not very satisfying, and is more a diagnosis 
established by excluding other causes of failure.
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How often does this happen? 

Not the most frequent cause, but likely underestimated
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Noyes et al Grossman et al Salmoh et al Diamanto poulos et al
Danish registry O'Neil et al Ferretti et al Ah et al
MARS Carson et  al Garafalo et al Denti et al
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Graft integration – How does it work? 

Support then integration

Primary fix Secondary fix



Primary fixation

Easy to understand → the stronger the better

Must be able to withstand the loads placed 
on it during the healing period 

210 N walking on flat terrain

485 N walking downhill

Rodeo SA et al. Tendon-healing in a bone tunnel. A biomechanical and histological study in the dog JBJS 1993

Brand JC Jr et al. Interference screw fixation strength of a quadrupled hamstring tendon graft is directly related to bone mineral density and 
insertion torque. Am J Sports Med 2000



Secondary fixation

Lui P, et al. Biology and augmentation of tendon-bone insertion repair J Orthop Surg. 2010

Chen C-H. et al. Graft healing in anterior cruciate ligament reconstruction SMARTT. 2009

Not so easy to determine…

Only in the zone closest to 
the joint surface (5 mm)

Involves
Sharpey’s fibers



Weiler A, Peters G, Mäurer J, Unterhauser FN, Südkamp NP. Biomechanical properties and vascularity of an anterior cruciate ligament graft can 
be predicted by contrast-enhanced magnetic resonance imaging. A two-year study in sheep. 

Not perfect, but the least bad option! Universally accepted

SNQ =
Signal of graft – signal of PCL

Background signal

• Comparison MRI / histology slides /  
biomechanical testing

• Advantages: objective 
measurement

• Limitations: no standard

How is it measured?
MRI: signal to noise quotient



Weiler A, Peters G, Mäurer J, Unterhauser FN, Südkamp NP. Biomechanical properties and vascularity of an anterior cruciate ligament graft can 
be predicted by contrast-enhanced magnetic resonance imaging. A two-year study in sheep. 

When SNQ ↓, graft incorporation ↑

How is it measured?
MRI: signal to noise quotient



Factors affecting SNQ / graft integration

Non-Modifiable

Age

Modifiable

BMI Smoking

Biological aspects of technique 

• Preservation of 
ligament stump

• Type of fixation
• Attached graft
• Lateral tenodesis



Factors affecting integration

VARI et al.: Factors influencing ACL graft Incorporation. Am J Sports Med. 2023 

• SNQ ↓ when age ↑

No direct implication

NON-MODIFIABLE: 
AGE



Factors affecting integration

Synovial fluid…

…Pro-Inflammatory

EARLY HEALING PHASE

Host response: inflammation
Graft response: cell necrosis

No solutions at this stage… 

NON-MODIFIABLE: 
AGE



Factors affecting integration

MODIFIABLE: 
BMI

SNQ ↑ when BMI ↑ Influence of inflammatory state

Successful ACL reconstruction requires treating the whole patient! 

VARI et al.: Factors influencing ACL graft Incorporation Am J Sports Med. 2023 



Factors affecting integration

Stop doing ACL reconstruction in smokers?

MODIFIABLE: 
ACTIVE SMOKER

• Smokers vs. non-smokers: 36% greater risk of 
failure

• Negative influence of nicotine:

▪ Angiogenesis

▪ Cellular repopulation

▪ Micro-vascularization

Menetrey et al. “Biological failure” of the anterior cruciate ligament graft. KSST 2008

VARI et al. Factors influencing ACL graft Incorporation Am J Sports Med. 2023



ATTACHED GRAFT

Factors affecting integration

Preserve the distal attachment ++++++

MODIFIABLE: 
BIOLOGICAL ASPECTS OF SURGICAL TECHNIQUE

Vascularization

Innervation

Double tibial fixation



LATERAL TENODESIS

Factors affecting integration

ACL does not work alone… secondary stabilizers matter!!!!

MODIFIABLE: 
BIOLOGICAL ASPECTS OF SURGICAL TECHNIQUE

50/50 load sharing



PRESERVATION OF STUMP

Factors affecting integration

MODIFIABLE: 
BIOLOGICAL ASPECTS OF SURGICAL TECHNIQUE

Sonnery-Cottet et al: Anterior Cruciate Ligament Reconstruction and Preservation: The Single–Anteromedial Bundle Biological Augmentation (SAMBBA) 
Technique

Lee et al. Does the tibial remnant of the anterior cruciate ligament promote ligamentization? Knee 2016

Andriolo et al. PRP Augmentation for ACL Reconstruction. Biomed Res Int 2015

Preserve the original tissues!

Faster ligamentization
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Potentially reduced 
rates of graft re-
rupture

Preservation of 
proprioceptive nerve 
fibers,

Why not keeping it ?

A lot of evidence !!!!!!! 

Graft vascularization,
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Results

Keep it !

Better stability

Less re rupture

SAME PROMS

= COMPLICATIONS 



Results

Keep it as much as you can !

50%

A B



Results

Keep it as much as you can !

GOOD 
LOCATION !



Conclusion

BIOLOGICAL ASPECT OF  SURGICAL TECHNIQUE 

RIGHT 
LOCATION !
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