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Disclosures

•Conetic/RSW/Arthrex - cadaver lab and education
•Smith and Nephew - travel, cadaver lab, and education
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Learning Objectives

• Describe the advantages and disadvantages of quadriceps 
tendon autograft versus other ACL graft sources.

• Describe the current indications for use of quadriceps 
tendon autograft in ACL reconstruction.



4

Outline

•Where did we start?
• ACL reconstruction - Patellar Tendon versus Hamstring Tendon

•What did we see along the way?
• Hamstring grafts - are they as good as we think?
• Lateral extra-articular tenodesis

• Is there another way?
• Quadriceps tendon autograft
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ACL Anatomy and Biomechanics

•Anterior Cruciate Ligament
• 2 bundles

• Anteromedial
• Posterolateral

• Function
• Prevents anterior translation (AM)
• Rotational stability (PL)



6

ACL Anatomy and Biomechanics

•Anterior translation
• Lachman’s Test
• Anterior Drawer
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ACL Anatomy and Biomechanics

•Rotational Stability
• Pivot Shift
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ACL Tear

• Incidence
• ~400,000 ACL    

reconstructions/year

• Injury mechanism
• Contact
• Noncontact
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ACL Tear
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reconstructions/year
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ACL Reconstruction - Autografts

•Patellar Tendon (BTB)
• “Old school gold standard”

•Advantages
• Bone to bone healing
• Good track record
• More rigid fixation
• Predictably to obtain 

appropriate graft diameter
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ACL Reconstruction - Autografts

•Patellar Tendon (BTB)
• “Old school gold standard”

•Disadvantages
• Chronic anterior knee pain (~25-30%)
• Patellofemoral DJD
• Length-tunnel mismatch
• Patella fracture
• Growth plate injury in adolescents
• Patellar tendon rupture
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ACL Reconstruction - Autografts

•Hamstring Tendon
•Advantages

• Smaller incision
• Good track record
• Avoid anterior knee pain
• Less risk patellofemoral DJD
• Minimal risk of patella fracture
• Predictable graft length
• Less risk of premature growth 

plate closure
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ACL Reconstruction - Autografts

•Hamstring Tendon
•Disadvantages

• Unpredictable graft diameter
• Less rigid fixation
• Slower healing
• “Wind shield wiper” effect
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ACL Reconstruction - BTB vs Hamstrings

•AJSM 2003
• Randomized controlled trial
• 99 patients

• 43 patellar tendon
• 46 hamstring tendon

• Minimum 21 month F/U
• No statistically sig difference

• Clinic or instrumented laxity
• IKDC scores
• Lysholm scores
• Tegner scores
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ACL Reconstruction - BTB vs Hamstrings

•AJSM 2006
• Randomized controlled trial
• 64 patients

• 32 patellar tendon
• 32 hamstring tendon

• Minimum 5 year F/U
• No statistically sig difference

• Clinic or instrumented laxity
• Anterior knee pain
• IKDC and Lysholm scores
• Retear rates (8% vs 7%)

• Statistically sig difference
• XR DJD BTB - 50% vs Ham - 17%
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ACL Reconstruction - BTB vs Hamstrings

•AJSM 2007
• Cohort study (level II)
• 180 patients

• 90 patellar tendon
• 90 hamstring tendon

• Minimum 10 year F/U
• No statistically sig difference

• Clinic or instrumented laxity
• IKDC and Lysholm scores
• Retear rates (7.8% vs 13.3%)

• Statistically sig difference
• Radiographic DJD (BTB > hamstrings)
• Harvest site symptoms
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ACL Reconstruction - BTB vs Hamstrings

•AJSM 2013
• Cohort study (level II)
• Registry - 12,643 pts

• 3,428 patellar tendon
• 9,215 hamstring tendon

• Mean 4 year F/U
• Overall revision rate - 4.2%
• Statistically sig difference

• Retear rates

PT Hamstring
Overall 2.1% 5.1%
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ACL Reconstruction - My Training 2013-2014

•Summary of my knowledge
• Hamstring Tendon

• Adolescents with open growth plates
• Non-contact athletes
• “Older” patients (>25 yo, not participating in 

contact sports)
• Those needing/wanting to avoid anterior knee 

pain
• Patellar Tendon

• Competitive and/or contact athletes at or near 
skeletal maturity

• Prefer lower risk of graft rupture vs anterior 
knee pain
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ACL Reconstruction - BTB vs Hamstrings

•AJSM 2013
• Cohort study (level II)
• Registry - 12,643 pts

• 3,428 patellar tendon
• 9,215 hamstring tendon

• Mean 4 year F/U
• Overall revision rate - 4.2%
• Statistically sig difference

• Retear rates

PT Hamstring
Overall 2.1% 5.1%

Youngest group
(15-19 yo)

3.5% 9.5%
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ACL Reconstruction - BTB vs Hamstrings

•AJSM 2017
• Cohort study (level III)
• 139 patients

• 60 patellar tendon
• 79 hamstring tendon

• Median 6 year F/U
• Mean age - 16.9 yo
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ACL Reconstruction - BTB vs Hamstrings

•AJSM 2017
• Cohort study (level III)
• 139 patients

• 60 patellar tendon
• 79 hamstring tendon

• Median 6 year F/U
• Mean age - 16.9 yo ~5-6x risk
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ACL Reconstruction - BTB vs Hamstrings

•AJSM 2019
• Cohort study (level III)
• 256 female patients

• 175 patellar tendon
• 81 hamstring tendon

• Minimum 2 year F/U



25

ACL Reconstruction - BTB vs Hamstrings

•AJSM 2019
• Cohort study (level III)
• 256 female patients

• 175 patellar tendon
• 81 hamstring tendon

• Minimum 2 year F/U



26

ACL Reconstruction - BTB vs Hamstrings

•AJSM 2019
• Cohort study (level III)
• 256 female patients

• 175 patellar tendon
• 81 hamstring tendon

• Minimum 2 year F/U ~3x risk



27



28

ACL Reconstruction - MOON Group

•AJSM 2020
• Cohort study (level II)
• 839 patients

• 492 patellar tendon
• 278 hamstring tendon

• Minimum 6 year F/U
• Predictors of re-rupture

• Young age
• High-grade preop knee laxity
• Use of hamstring autograft
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ACL Reconstruction - MOON Group

•AJSM 2020
• Cohort study (level II)
• 839 patients

• 492 patellar tendon
• 278 hamstring tendon

• Minimum 6 year F/U
• Predictors of re-rupture

• Young age
• High-grade preop knee laxity
• Use of hamstring autograft

With hamstring autograft:
2.1 increased odds of re-rupture
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ACL Reconstruction - Stability Trial

•Lateral Extra-articular 
Tenodesis (LET)
• Lateral incision
• Take a central slip of the 

iliotibial band
• Tunnel this portion of the 

IT band deep to the 
femoral attachment of the 
lateral collateral ligament

• Fixation near/at origin of 
the anterolateral ligament 
(ALL) 
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ACL Reconstruction - Stability Trial

•AJSM 2020
• Randomized controlled trial
• High-risk for retear (2 of 3 factors)

• Grade ≥ 2 pivot shift
• Desire to return to high-risk sport
• Generalized ligament laxity

• 618 patients (<25 yo)
• 298 ACLR-hamstrings
• 291 ACLR-hamstrings with LET

• Minimum 2 year F/U
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ACL Reconstruction - Stability Trial

•AJSM 2020
• Randomized controlled trial
• High-risk for retear (2 of 3 factors)
• Statistically sig difference

• Retear rates (11% vs 4%)
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ACL Reconstruction - Stability Trial

•AJSM 2020
• Randomized controlled trial
• High-risk for retear (2 of 3 factors)
• Statistically sig difference

• Retear rates (11% vs 4%)
• Better IKDC and KOOS scores in 

ACLR alone group at 3 and 6 months
• Painful hardware in ACLR + LET group 
• ACLR + LET had more pain at 3 

months post-op
• Increase in time to RTS in ALCR+LET
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ACL Reconstruction - Stability Trial

•AJSM 2020
• Randomized controlled trial
• High-risk for retear (2 of 3 factors)
• Statistically sig difference

• Retear rates (11% vs 4%)
• Better IKDC and KOOS scores in 

ACLR alone group at 3 and 6 months
• Painful hardware in ACLR + LET group 
• ACLR + LET had more pain at 3 

months post-op
• Increase in time to RTS in ALCR+LET

Hamstring ACL reconstruction
+

Lateral Extra-articular Tenodesis
in these high-risk patients
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Lateral Extra-articular Tenodesis Concerns

•Overconstraint?
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Lateral Extra-articular Tenodesis Concerns

•Overconstraint?
•Hardware complications
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Lateral Extra-articular Tenodesis Concerns

•Overconstraint?
•Hardware complications
•Cost $$$$
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Lateral Extra-articular Tenodesis Concerns

•Overconstraint?
•Hardware complications
•Cost $$$$
•Tunnel Convergence
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Choices . . .

• If I continue to use 
hamstring autograft:
• Need to perform LET in high 

risk patients to reduce retear 
rates

• Yet still significant concerns 
about LET

•If I begin to use more BTB:
• Risk of anterior knee pain and 

early DJD
• Injury to growth plates in young 

adolescents

DataIsolated Hamstring ACL 
Reconstruction in         
High-Risk Patients
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Parallel Tracks
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•Originally described 
by Marshall et al 
CORR 1979

Quadriceps Tendon Autograft
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•Originally described in 
the late 70’s/early 80’s

Quadriceps Tendon Autograft
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Quadriceps Tendon Autograft
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•Biomechanical data

Quadriceps Tendon Autograft
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Quadriceps Tendon Rupture???

•Arthroscopy 2006
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Quadriceps Tendon Rupture???

•Arthroscopy 2006
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ACL Reconstruction - Quad vs Patellar Tendon

•Arthroscopy 2014
• Randomized (level II)
• 51 patients

• 25 - Patellar Tendon
• 26 - Quad tendon

• Statistically sig diff
• Positive pivot shift
• Anterior kneeling pain

• No sig diff
• IKDC scores
• KT-1000 laxity
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ACL Reconstruction - Quad vs Patellar Tendon

•Archives of Ortho and 
Trauma Surg 2020
• Randomized (level II)
• 60 patients

• 30 - Patellar Tendon
• 30 - Quad tendon

• Statistically sig diff
• Kneeling/squatting pain

• No sig diff
• IKDC, Lysholm, Tegner scores
• KT-1000 laxity
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ACL Reconstruction - Quad vs Hamstrings

•AJSM 2017
• Cohort - level III
• 86 patients

• 41 - Hamstrings
• 45 - Quad tendon

• Statistically sig diff 
some PROMs
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ACL Reconstruction - Quad vs Hamstrings

•AJSM 2017
• Cohort - level III
• 86 patients

• 41 - Hamstrings
• 45 - Quad tendon

• Statistically sig diff 
some PROMs

• Statistically sig diff 
in stability
• Lachman
• Pivot shift
• KT-1000
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ACL Reconstruction - Quad vs Hamstrings

•AJSM 2020
• Cohort - level III
• 875 patients

• 658 - Hamstrings
• 217 - Quad tendon

• No sig difference in PROMs
• Risk factors for revision 

surgery
• Age - 5.5x < 15 yo
• Activity level - 3.64x
• Graft type - 2.67x in hamstring 

grafts
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ACL Reconstruction - Quad vs Hamstrings

•AJSM 2020
• Cohort - level III
• 875 patients

• 658 - Hamstrings
• 217 - Quad tendon

• No sig difference in PROMs
• Risk factors for revision 

surgery
• Age - 5.5x < 15 yo
• Activity level - 3.64x
• Graft type - 2.67x in hamstring 

grafts

Retear Rate
4.9% hamstrings

vs
2.8% quad tendon
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ACL Reconstruction - Quad vs Ham. vs BTB

•AJSM 2019
• Meta-analysis
• 27 studies, 2,856 patients

BTB vs Quad Hamstring vs Quad

Side to side diff No diff No diff
Side to side > 3 mm No diff No diff

Neg Lachman No diff No diff
Neg Pivot Shift No diff No diff
Lysholm Score No diff, but trend favor 

BTB
Sig diff, in favor of 

Quad
IKDC A or B No diff No diff

Donor Site Pain Sig diff, in favor of Quad No diff
Graft Survival No diff No diff
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ACL Reconstruction - Quad vs Ham. vs BTB

•AJSM 2021
• Meta-analysis
• 24 studies, 19,584 patients

BTB vs Quad Hamstring vs Quad

Side to side diff No diff No diff
IKDC No diff No diff

Donor Site Pain Sig diff, in favor of Quad Sig diff, in favor of Quad
Graft Survival No diff No diff

Muscle Strength ??? - 2 studies showed a 
diff, but one did not

No diff
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•Advantages
• Predictably to obtain 

appropriate graft diameter
• Relatively small incision
• Avoid anterior knee pain
• Less risk patellofemoral DJD
• Lower risk of patella fracture 

(if taken without bone block)
• Less risk of premature growth 

plate closure
• ?? Less morbidity than 

hamstring graft

Quadriceps Tendon Autograft
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•Disadvantages
• Increased risk of patella 

fracture (if taken with bone 
block)

• Less rigid fixation than BTB, 
similar to hamstrings

• Unpredictable graft length
• Slower healing than BTB, 

similar to hamstrings
• Quadriceps tendon rupture?

Quadriceps Tendon Autograft
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Summary

•Patellar tendon (BTB) grafts 
continue to withstand the test 
of time

•Isolated hamstring autograft 
ACL reconstruction in high-risk 
athletes may not be adequate

•Quadriceps tendon is 
reasonable alternative
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