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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.




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?
o | ateral extra-articular tenodesis

*|s there another way?
* Quadriceps tendon autograft




* Anterior Cruciate Ligament

» 2 bundles
* Anteromedial
* Posterolateral
* Function

» Prevents anterior translation (AM) |
» Rotational stability (PL)




ACL Anatomy and Biomechanics

 Anterior translation

e Lachman’s Test
 Anterior Drawer







ACL Anatomy and Biomechanics

* Rotational Stability
» Pivot Shift







ACL Tear

e |ncidence

«~400,000 ACL
reconstructions/year

*Injury mechanism

* Contact
 Noncontact
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ACL Tear

e |ncidence

« ~400,000 ACL
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*Injury mechanism
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ACL Reconstruction - Autografts

- Patellar Tendon (BTB) Middle Thirdig 8 |
» “Old school gold standard” e

* Advantages

* Bone to bone healing
» Good track record
* More rigid fixation

* Predictably to obtain
appropriate graft diameter

Ortho
@ Nebraska




ACL Reconstruction - Autografts

- Patellar Tendon (BTB) . ¥y
* "Old school gold standard” R AE

e Disadvantages

* Chronic anterior knee pain (~25-30%)
 Patellofemoral DJD

* Length-tunnel mismatch

 Patella fracture

» Growth plate injury in adolescents

» Patellar tendon rupture

' -
I.I.h.ﬂl




ACL Reconstruction - Autografts

 Hamstring Tendon

* Advantages
* Smaller incision
» Good track record
* Avoid anterior knee pain
* |_ess risk patellofemoral DJD
* Minimal risk of patella fracture §
 Predictable graft length

* Less risk of premature growth
plate closure




ACL Reconstruction - Autografts

gl AN

 Hamstring Tendon

e Disadvantages

* Unpredictable graft diameter
* Less rigid fixation

» Slower healing

* “Wind shield wiper” effect




ACL Reconstruction - BTB vs Hamstrings

« AJSM 2003 A Prospective Randomized Study of
. . Patellar versus Hamstring Tendon

* Randomized controlled trial  Aytografts for Anterior Cruciate

* 99 patients Ligament Reconstruction

* 43 patellar tendon Kim A. Jansson, MD, Eric Linko, MD, Jerker Sandelin, MD, PhD, and Arsi Harilainen,* MD, PhD
* 46 hamstring tendon

e Minimum 21 month F/U

* No statistically sig difference
 Clinic or instrumented laxity
» [IKDC scores
* Lysholm scores
* Tegner scores




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%

A Prospective, Randomized Comparison
of Semitendinosus and Gracilis Tendon
Versus Patellar Tendon Autografts for
Anterior Cruciate Ligament Reconstruction

Five-Year Follow-Up

TABLE 2
Lyzholm Knee Scores 5 Years Postoperatively”

Hamstring Patellar

Tendon Tendon
Group (n = 28) Group {n = 26)
Lysholm Score n &% n &
Excellent (95-100) 16 5 11 43
Good (B4-94) 9 32 13 &0
Fanr (65-K3) g 100 2 fi
Poor (<G5) 0 () ) ()

TP~ RER.



ACL Reconstruction - BTB vs Hamstrings

A 10-Year Comparison of Anterior Cruciate Ligament
¢ AJ S M 2007 Reconstructions with Hamstring Tendon and Patellar Tendon

e Cohort StUdy (|eve| ”) Autograft: A Controlled, Prospective Irial

e 180 patl ents Leo A. Pinczewski, FRACS, Jeffrey Lyman, MD, Lucy J. Salmon, PhD, Vivianne J. Russell, BSc,
Justin Roe, FRACS, and James Linklater, FRANZCR
* 90 patellar tendon

» 90 hamstring tendon -t . "
e Minimum 10 year F/U : EE 2w o a7
* No statistically sig difference " i : . .
* Clinic or instrumented laxity years from surgary
» [IKDC and Lysholm scores B HT O PT
e Retear rates (7_80/0 VS 133%) Figure 6. Percentage of patients from hamstring tendon (HT) and patellar tendon (PT) groups with kneeling

pain at each review.

 Statistically sig difference
» Radiographic DJD (BTB > hamstrings)
* Harvest site symptoms




ACL Reconstruction - BTB vs Hamstrings

A 10-Year Comparison of Anterior Cruciate Ligament
¢ AJ S M 2007 Reconstructions with Hamstring ITendon and Patellar Tendon
o COh ort stu dy (I eve| ”) Autograft: A Controlled, Prospective Irial
¢ 180 patientS Leo A. Pinczewski, FRACS, Jeffrey Lyman, MD, Lucy J. Salmon, PhD, Vivianne J. Russell, BSc,
Justin Roe, FRACS, and James Linklater, FRANZCR
* 90 patellar tendon
o NN - YR POV = 100
o Conclusions It 15 possible to obtain excellent results with both HT and PT autografts. We recommend

HT reconstructions to our patients because of decreased harvest-site symptoms and radiographic

° osteoarthritis.

» [IKDC and Lysholm scores BN HT [ PT

o Rete ar rates (780/0 VS 1 33%) Figure 6. Percentage of patients from hamsiring tendon (HT) and patellar tendon (FT) groups with kneeling
 Statistically sig difference

» Radiographic DJD (BTB > hamstrings)

* Harvest site symptoms

pain at each review.




ACL Reconstruction - BTB vs Hamstrings

§-in-5

Increased Risk of Revision With
*AJSM 2013 Hamstring Tendon Grafts Compared

» Cohort study (level Il) With Patellar Tendon Grafts After Anterior
- Registry - 12,643 pts Cruciate Ligament Reconstruction

» 3,428 patellar tendon A Study of 12,643 Patients From the

» 9,215 hamstring tendon Norwegian Cruciate Ligament Registry, 2004-2012
* Mean 4 year F/U Lo Erglrersen, S M, P, Fares M. ol M, anlJere M, Fevangt MBLPRD o
» Overall revision rate - 4.2% Haukeland University Hospital, Bergen, Norway 0

» Statistically sig difference
» Retear rates

| PT_| Hamstring

Overall 2.1% 5.1%




ACL Reconstruction - My Training 2013-2014

e 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 ®

e Patellar Tendon

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

* Prefer lower risk of graft rupture vs anterior
Knee pain







ACL Reconstruction - BTB vs Hamstrings

§-in-5

Increased Risk of Revision With
*AJSM 2013 Hamstring Tendon Grafts Compared

» Cohort study (level Il) With Patellar Tendon Grafts After Anterior
- Registry - 12,643 pts Cruciate Ligament Reconstruction

» 3,428 patellar tendon A Study of 12,643 Patients From the

» 9,215 hamstring tendon Norwegian Cruciate Ligament Registry, 2004-2012
* Mean 4 year F/U Lo Erglrersen, S M, P, Fares M. ol M, anlJere M, Fevangt MBLPRD o
» Overall revision rate - 4.2% Haukeland University Hospital, Bergen, Norway 0

» Statistically sig difference
 Retear rates

| PT_| Hamstring

Overall 2.1% 5.1%

Youngest group 3.5% 9.5%
(15-19 yo)




ACL Reconstruction - BTB vs Hamstrings

AQSSM 2017 Annual Meeting

cAJSM 2017
» Cohort study (level lll)

Increased Risk of Graft Failure after ACL Reconstruction in Young Female Athletes with
Hamstring Grafts

Mark V. Paterno, PhD, PT?, Staci Thomas, MS2, Timothy E. Hewett, PhD, FAC SM?, Robert A. Magnussen, MD#, Laura

° 1 39 patients Schmitt, PhD, PT*
'Sports Medicine Biodynamics Ctr, Cincinnati, OH. USA, Cincinnati Children's Hospital, Milford, OH, USA, *Mayo Clinic,
Rochester, MN, USA, *The Ohio State Univ. Sports Medicine Cir., Columbus, OH, USA, *The Chio State University, Columbus,
° 60 pate”ar tendOn OH, USA ' g g '

* /9 hamstring tendon

* Median 6 year F/U
* Mean age - 16.9 yo

Table 1: Distnbution of 2™ ACL Injury after ACLR and Return to Sport (RTS)

Ipsilateral

(RTS+1 year)

Ipsilateral

(Overall)

ontralatera : 0,010
_ (RTS+1 year) _ (2.2%) _ (15.0%) _

Contralateral 6 12 0.031

(Overall) (7.6%) (20.0%)




ACL Reconstruction - BTB vs Hamstrings

AQSSM 2017 Annual Meeting

* AJSM 2017

» Cohort study (level lll) | |
_ Mark V. Paterno, PhD, PT', S§taci Thomas, MS2, Timothy E. Hewett, PhD, FAC SM?, Robert A. Magnussen, MD#, Laura
* 139 patients Sctimi, PhD, PT"

'Sports Medicine Eiudynamics_ﬂ’[ /
» 60 patellar tendon  U9A, TThe Ohg
* /9 hamstring tendon

e Median 6 year F/U
* Mean age - 16.9 yO ~5-6X riSk

Table 1. Distnibution of 2" ACL Injury after ACLR and Retugs

HS (n=79) _ '

Increased Risk of Graft Failure after ACL Reconstruction in Young Female Athletes with
Hamstring Grafts

innati, OH, USA, Cincinnati Children's Hospital, Milford, OH, USA, *Mayo Clinic,
niv. Sports Medicine Cir., Columbus, OH, USA, "The Chio State University, Columbus,

Fochester, g
OH, USA

Ipsilateral 11 1 0.013
(RTS+1 year) _ (13.9%) _ (1.7%) _
Ipsilateral 14 2 0.014

(Overall)

ontralatera
_ (RTS+1 year) _ (2.2%) _ (15.0%) _
Contralateral 6 12 0.031
(Overall) | (7.6%) | (20.0%)

(17.7%) (3.4%)




ACL Reconstruction - BTB vs Hamstrings

e AJSM 2019 Anterior Cruciate Ligament Reconstruction

. Cohort study (level IlI) In Young Female Athletes

» 256 female patients Patellar Versus Hamstring Tendon Autografts

o
175 pate”_ar tendon Hytham S. Salem,” MD, Vahe Varzhapetyan,* MD, Nimit Patel,” MD,
o 81 hamstrlng tendon Christopher C. Dodson,” MD, Fotios P. Tjoumakaris,” MD, and Kevin B. Freedman,*! MD
. Investigation performed at Rothman Institute, Philadelphia, Pennsylvania, USA
* Minimum 2 year F/U

TABLE 2
Reinjuries”

BTB (n =175) HS(n=81) P Value

Graft rupture 12 (6.9) 11 (13.6) 09
Femoral tunnel drilling technigué
Anteromedial 7 of 112 (6.25) 10 of 70 (14.29)
Transtibial Hof 63(7.94) 1of 11 (9.09)
Contralateral ACL rupture 13 (7.4) D (6.2) 12
Meniscal tear 2(1.1) 3 (3.7) A7
Collateral higament injury 2(1.1) 1(1.2) 95




ACL Reconstruction - BTB vs Hamstrings

e AJSM 2019 Anterior Cruciate Ligament Reconstruction

. Cohort study (level IlI) In Young Female Athletes

» 256 female patients Patellar Versus Hamstring Tendon Autografts
* 175 pate”_ar tendon Hytham S. Salem,” MD, Vahe Varzhapetyan,* MD, Nimit Patel,” MD,
e 81 hamstrmg tendon Christopher C. Dodson,” MD, Fotios P. Tjoumakaris,” MD, and Kevin B. Freedman,*! MD

Investigation performed at Rothman Institute, Philadelphia, Pennsylvania, USA

* Minimum 2 year F/U

TABLE 3
Reinjuries by Age Group”

Age: Injury P Value
15-20 y
Graft rupture : 02
Contralateral ACL rupture 12 (8.6) 5 (7.9) .89
21-25 y 35 18
Graft rupture 3 (8.6) 0 21
Contralateral ACL rupture 1(2.9) 0 A7




ACL Reconstruction - BTB vs Hamstrings

e AJSM 2019 Anterior Cruciate Ligament Reconstruction
In Young Female Athletes

» Cohort study (level lll)

» 256 female patients
* 175 patellar tendon
* 81 hamstring tendon

* Minimum 2 year F/U ~3X riSk

TABLE 3
Reinjuries by Age Group”

2atellar Verghas Ha ng Tendon Autografts

Hytha
Christop

D, Nimit Patel,” MD,
Pnakaris,” MD, and Kevin B. Freedman,*' MD
ja, Pennsylvania, USA

Age: Injury
15-20 y
Graft rupture 11 (17.5 .
Contralateral ACL rupture 12 (8.6) 5 (7.9) .89
21-25 y 35 18
Graft rupture 3 (8.6) 0 21
Contralateral ACL rupture 1(2.9) 0 A7
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Bruce FRalder, MO

Articles

Lateral Extra-articular Tenodesis Reduces Failure of Hamstring Tendon Autograft Anterior Cruciate

Ligament Beconstruction: 2-Year Outcomes From the STABILITY Study Randomized Clinical Trial
Alan M.J. Getgood, MD, FRCS(Tr&Orth), Dianne M. Bryant, MSc, PhD, Robert Litchfield, MD, FRCSC, Mark Heard, MD, FRCSC,

Robert G. McComack, MD, FRCSG, Alex Rezanmoff,. MD, FRCSG . Devin Peterson, MD, FRCSC, Davide Bardana. MD, FRCSE .

Peter B. MacDonald, MD, FRCSC, Peter C. M. Verdonk, MD, PhD, Tim Spalding, FRCS, and the STABILITY Study Group

Anterior Cruciate Ligament Reconstruction in High School and College-Aged Athlates:

Does Autograft Choice Influence Anterior Cruciate Ligament Revision Rates?
MOOM Knee Group

310 More Than a 2-Fold Risk of Contralateral Anterior Cruciate Liaament Iniuries B,




ACL Reconstruction - MOON Group

Anterior Cruciate Ligament Reconstruction in High School and

College-Aged Athletes: Does Autograftt Choice Influence Anterior
: AJ S M 2020 Cruciate Ligament Revision Rates?

» Cohort study (level 1) Ipsilateral Knee
» 839 patients OR (95% CII

» 492 patellar tendon Age, ¥ 0.84 (0. 74-0.96)

» 278 hamstring tendon High-grade knce laxity

- No

* Minimum 6 year F/U Yes 2,35 (1.40-3.93)
- Predictors of re-rupture “E

o YOung age Hamstring 2.12 (1.27-3.54)

* High-grade preop knee laxity
» Use of hamstring autograft




ACL Reconstruction - MOON Group

Anterior (fuciate Ligament Reconstruction in High School and
College ed Athletes: Does Autograft Choice Influence Anterior
Cr gament Revision Rates?

e AJS
e Cohor

020

evel II)

Ipailateral Knee

» 839 patien OR (95% CI)
o 492 pale st O
¢ 2/C With hamstring autograft:

s MinNIMun™s 2.1 increased odds of re-rupture 2 o= 1 40.9.93)

* Predictos
S Y g—— 2.12 (1.27-3.54)

» High-grade preog
* Use of hamstring®autogra

——\Ortho
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ACL Reconstruction - Stability Trial

o | ateral Extra-articular

Tenodesis (LET)

* Lateral incision SHARP
» Take a central slip of the —— - :

lliotibial band

* Tunnel this portion of the
I'T band deep to the -
femoral attachment of the §
lateral collateral ligament

* Fixation near/at origin of §
the anterolateral ligament m
(ALL) N




ACL Reconstruction - Stability Trial

@

SHARP

--------------------

Lateral Extra-articular Tenodesis Reduces o

e AJSM 2020 Failure of Hamstring Tendon Autograft

5-in-5

Anterior Cruciate Ligament Reconstruction

* Randomized controlled trial
2-Year Outcomes From the STABILITY Study

» High-risk for retear (2 of 3 factors) Randomized Clinical Trial
» 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

SV # LET
Fibular "j;,...;

ed i

+— Gerdy

| tubercle

/
/




ACL Reconstruction - Stability Trial

Lateral Extra-articular Tenodesis Reduces o

e AJSM 2020 Failure of Hamstring Tendon Autograft
Anterior Cruciate Ligament Reconstruction

« Randomized controlled trial . 3 <
. . 2-Y t F the STABILITY Stud
» High-risk for retear (2 of 3 factors) Randomized Clinical Trial udy

 Statistically sig difference
» Retear rates (11% vs 4%)

B ACLR + LET ACLR alone Risk Ratio Risk Hatio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
1410 19 vo 10 1M 28 187 B1.2% 0.39[0.20, 0.78] —.—
20 to 25 vo 1 120 B 112 188% 0.16[0.02,1.27] »
Total {95% CI) 291 299 100.0% 0.35[0.18, 0.67] il
Total events 11 34
' Chif= =1 (P= = | : | :
e = O T
=3.13(F=10.001) Favours ACLR+LET Favours ACLR alone

Figure 4. Forest plots showing (A) clinical failure by age 14-189 years and 20-25 years and (B) graft failure by age 14-18 years and
20-25 years. ACLR, anterior cruciate ligament reconstruction; LET, lateral extra-articular tenodesis; M-H, Mantel-Haenszel.




4

ACL Reconstruction - Stability Trial B

--------------------

Lateral Extra-articular Tenodesis Reduces
¢ AJSM 2020 Failure of Hamstring Tendon Autograft O

. . Anterior Cruciate Ligament Reconstruction
» Randomized controlled trial v
TABLE 3

» High-risk for retear (2 of 3 factors) LET-Related Adverse Events®
® Stat|St|Ca”y S|g d|ffe rence Complication/Adverse Event Frequency, n (%)
° o o Intraoperative
Retear rateS (11 A) VS 4 /0) _ LETP;I".':'I.H. difficulties at surgery 6 (2)
» Better IKDC and KOOS scores in poopmage to FCL attachment (repaired 1(<1)
ACLR alone group at 3 and 6 months Hematoma over LET site 3 (<1)
. . ITE snappin 2=l
¢ Pa|nfUI hardware N ACLR + LET grOUp LET hmfil::.lmﬁe removal 10 (3) |
: Owerconstrained lateral com £n =
« ACLR + LET had more pain at 3 rained Tatera” compartment i
“FCL, fibular collateral ligament: I'TH, iliotibial band; LET, lat-
mOnthS pOSt-Op eral extra-articular tenudesif

* Increase in time to RTS in ALCR+LET




ACL Reconstruction - Stability Trial

@

SHARP

--------------------

Lateral Extra-articular Tenodesis Reduces
¢ AJSM 2020 Failure of Hamstring Tendon Autograft Q

« Randomized controlled trial
* High-ris
' Stst'St'C Hamstring ACL reconstruction
 Retear rz
e Better IK +

: ﬁ;ﬁﬁf' Lateral Extra-articular Tenodesis

+ ACLR + INn these high-risk patients

months ¢
* |ncrease Sl - .

Anterior Cruciate Ligament Reconstruction

Frequency, n (%)

6 (2)
1i=1)

3(=1)
201)

10 (3]

1i=1)

ial band; LET, lat-

——\Ortho
@ Nebraska




[Lateral Extra-articular Tenodesis Concerns

overconsiraint
evverconstraint:

Anatomic Anterolateral Ligament
Reconstruction of the Knee Leads to
Overconstraint at Any Fixation Angle

Jason M. Schon,” BS, Gilbert Moatshe,”'" MD, Alex W. Brady," MSc,

Raphael Serra Cruz,*® MD, Jorge Chahla,* MD, Grant J. Dornan,* MSc,

Travis Lee Turnbull,* PhD, Lars Engebretsen, !l MD, PhD, and Robert F. LaPrade,*Y" MD, PhD
Investigation performed at the Department of Biomedical Engineering

of the Steadman Philippon Research Institute, Vail, Colorado, USA




[Lateral Extra-articular Tenodesis Concerns

 Overconstraint?

Femoral Condyle

-

-_

-
s * ok _/
_— g -:l

v/,

: e

Lateral Mensicus __
&

Lateral Compartment Contact Pressures

Do Not Increase After Lateral Extra-articular
Tenodesis and Subsequent Subtotal
Meniscectomy

Tomoyuki Shimakawa,* MD, Timothy A. Burkhart,"" PhD, Cynthia E. Dunning,* PhD, PEng,
Ryan M. Degen,* MD, and Alan M. Getgood,*® MPhil, MD, FRCS(Tr&Orth)

Investigation performed at Western University, London, Ontario, Canada



[Lateral Extra-articular Tenodesis Concerns

* Overconstraint?
* Hardware complications

+— Gerdy

- tubercle
head |




[Lateral Extra-articular Tenodesis Concerns

* Overconstraint?
* Hardware complications

*Cost $$$5




[Lateral Extra-articular Tenodesis Concerns

. : High Risk of Tunnel Convergence
Overconstraint? in Combined Anterior Cruciate

Hardware complications Ligament Reconstruction and Lateral
Extra-articular Tenodesis
»Cost $335

Vera Jaecker,” MD, Philip Ibe,! MD, Christoph H. Endler,’ MD, Thomas R. Pfeiffer,” MD,
Mirco Herbort,5 MD, and Sven Shafizadeh,¥ MD

® Tu n n e I C O n Ve rg e n Ce Investigation performed at the Department of Orthopaedic Surgery and Sports Traumatology,

Witten/Herdecke University, Sana Medical Centre Cologne, Kéin, Germany




Choices. ..

|f | continue to use

hamstring autograft:

* Need to perform LET in high
risk patients to reduce retear
rates

* Yet still significant concerns
about LET

Reconstruction In

*If | begin to use more BTB: High-Risk Patients

» Risk of anterior knee pain and
early DJD

* Injury to growth plates in young
adolescents







Choices

If | continue to u

hamstring autoc

* Need to perform L
risk patients to red
rates

* Yet still significant
about LET

*If | begin to use |

* Risk of anterior kn
early DJD e NS L

* Injury to growth plSEEe A e s, /ANy SRS
adolescents ‘T ARK:




Parallel Tracks




Quadriceps Tendon Autograft

. Originally described The Anterior Cruciate Ligament:
by Marshall et al A Technique of Repair and Reconstruction

CO RR 1 979 R . i Jovw L. MarsHarr, D.V.M., M.D., EA.C.5.,* RusseLL F. Warren, M.D., FA.C.5_ **

Tuomas L. Wickiewicz, M.D.,' anp Bruce REiDEr, M.D #
'llr ’;

FiG. 6. The graft is harvested from the entire patellar
surface. The prepatellar portion of the graft 15 the part

that will be intraarticular in location at the completion
of the repair.




Quadriceps Tendon Autogratt

A Prox 2 _:F_;'uxlmal

. -} _:'-




Quadriceps Tendon Autograft

kS r I
M-__ m.q




Quadriceps Tendon Autograft

Contemporary Graft Options in

Anterior Cruciate Ligament Reconstruction

Nima Mehran, MD, MS,* Jack G. Skendzel, MD,” Bryson P. Lesniak, MD," and
Asheesh Bedi, MD™*

 Blomechanical data

Tahle 1 Commeon ACL Grafts, Including Data from West and Harner?

Ultimate Tensile Stiffness Cross-Sectional
Tissue Load (N) (N/mm) Area (mm?2)

Fig 1. Quadriceps tendon Intact ACL 2160 242 44
preparation. Bone-patellar-tendon 2977 620 35
bone (10 mm)

Quadrupled 4090 776 53
hamstring

Quadriceps tendon 2352 463 62
(10 mm)

Fig 2. Bone—patellar tendon—
bone preparation.




Quadriceps Tendon Rupture???

Residual Strength of the Quadriceps Versus Patellar Tendon
’ ArtrOSCy 2006 After Harvesting a Central Free Tendon Graft

Douglas J. Adams, Ph.D., Augustus D. Mazzocca, M.D., and John P. Fulkerson, M.D.

Vastus
lateralis

Quadriceps
tendon

Vastus medialis

lictibial obliquus

band

Medial
Lateral retinaculum

retinaculum

Patella

Articular
capsule

Patellar
ligarment

Ortho
@ Nebraska




?

Quadriceps Tendongk

driceps Versus Patellar Tendon
ntral Free Tendon Graft

 Arthroscopy 2006 Re’*i .'

1|: 2
P 1
Vastus '

azzocca, M.D., and John P. Fulkerson, M.D.
lateralis

Quadriceps
tendon

Vastus medialis
obliquus

ligtibial
band

Medial | A7
etinaculum :
Lateral r il £-

retinaculum

Patella

ligarment

Ortho
@ Nebraska




?

Quadriceps Tendony

Residh

* Arthroscopy 2006

Vastus
lateralis

Quadriceps
tendon

Vastus medialis

lictibial obliquus

band

hMedial _
retinaculum (I

Lateral
retinaculum

Patella

Articular

ligarment

S

driceps Versus Patellar Tendon
ntral Free Tendon Graft

azzocca, M.D., and John P. Fulkerson, M.D.

Ortho
Nebraska



Quadriceps Tendo N

pocidh i .|
*Arthroscopy 2006 ™" =%

\{f\ Tl

Vasius
lateralis

Quadriceps
tendon

Vastus medialis
cbliquus

liotibial
band

Meadial

Lateral retinaculum |

retinaculum

Patella

(b) ]

Articular

l

Ficure 1. (A) Quadriceps tendon constructs were tested in ten-
sion to fallure after potting the proximal patella bone block in
PMMA and clamping the proximal soft tissue in a serpentine
Cryoclamp. (B) Patellar tendon constructs were tested by potting
the bone blocks of the distal patella and tibial wbercle in PMMA.

Urtno
@ Nebraska

ligament




Quadriceps Tendon Rupture???

Residual Strength of the Quadriceps Versus Patellar Tendon
’ ArthrOSCOpy 2006 After Harvesting a Central Free Tendon Graft

Douglas J. Adams, Ph.D., Augustus D. Mazzocca, M.D., and John P. Fulkerson, M.D.

2000
— 4000 Olintact (n = 4)
= B Graft removed (n = 10)
=
S 3000
£
[ 0
% @ 2000
l = 1000 I
Ficure 1. (A) Quadriceps tendon constructs were tested in ten- 0
sion to failure after pottng the proximal patella bone block in
PMMA and clamping the proximal soft ussue in a serpentine Euadﬁneps Patellar Tendon

Cryoclamp. (B) Patellar tendon constructs were tested by potting
the bone blocks of the distal patella and tibial tubercle in PMMA.




ACL Reconstruction - Quad vs Patellar Tendon

Is Quadriceps Tendon a Better Graft Choice Than Patellar
* Arth r0OSCOpPY 2014 Tendon? A Prospective Randomized Study

¢ RandOmized (level ”) Bent Lund, M.D., Torsten Nielsen, B.A. Phys., Peter Faung, M.D.,
: Svend Erik Christiansen, M.D., and Martin Lind, M.D., Ph.D.
* 51 patients

Table 2. Preoperative and 1- and 2-Year Subjective Ouicome Parameters
e 25 - Patellar Tendon
Variable BPFTE Preoperatively QTB Preoperatively BPTE 1 Year QTB 1 Year BPTE 2 Years QTE 2 Years

e 26 - Quad tendon KOOS subscores®
_ _ _ _ Symptoms 73 + 17 79 + 12 76 + 14 78 + 15 82 % 15 24 + 13
.St t t ”y g d-ﬂ-' Pain 71 + 15 80 + 13 82 + 13 a0 + 15 84+ 14 90 + 10/

adliSliCa Sl | Activity of daily living 79 + 18 A8 £+ 12 37 + 12/ 88 + 11 37 £ 13 95 + &

.y : : Sports/recreation 39 + 20 56 + 17 50 + 17/ 61 + 25 64+ 21 20 + 19'
 Positive p|VOt shift Quality of life I8+ 13 46 £ 13 55 & 15/ 54 + 17 60 + 21 75 + 18
. . . KOO0S, 55 + 23 65 + 20 69 + 18 68 + 21 72 + 21 42 + 16
° AnterlOr kneellng paln Subjective IKDC score 6l £ 17 68 + 14 75 + 13 76 + 16 70 £ 16 24 + 13

* No sig diff
o [KDC scores
* KT-1000 laxity




ACL Reconstruction - Quad vs Patellar Tendon

o ArCh ive S Of O rth O an d Quadriceps tendon vs. patellar tendon autograft for ACL

reconstruction using a hardware-free press-fit fixation technique:
Tra uma S U rg 2020 comparable stability, function and return-to-sport level but less donor

_ site morbidity in athletes after 10 years
 Randomized (level Il)
* 60 patients

Alexander Barié' ' - Thomas Sprinckstub? - Jiirgen Huber® - Ayham Jaber'

* 30 - Patellar Tendon - ::;:i;:h
+ 30 - Quad tendon — - ey
- Statistically sig diff m : 5 = knesiing or squting not possble
» Kneeling/squatting pain : .
* No sig diff o :
» [IKDC, Lysholm, Tegner scores & .

L

+ KT-1000 laxity :

'u:| M

P.D—J:l- [1 [

i ) 3 14 5 1 2 3 4 5
Eneeling after 1 year Eneeling after 10 years




ACL Reconstruction - Quad vs Hamstrings

Is Quadriceps Tendon Autograft a Better
e AJSM 2017 Choice Than Hamstring Autograft for

Anterior Cruciate Ligament Reconstruction?

» Cohort - level Il
A Comparative Study With a Mean Follow-up of 3.6 Years

» 86 patients BT E o
. . . : o
° 41 _ H amStrl ngs Comparison of Postoperative Functional Scores
All (n = 83) QT (n = 44) HT (n = 39)
* 45 - Quad tendon
. . . . Lysholm 864 + 6 89 + 6.9 84.1 + 5.
KOS
» Statistically sig diff 3 0023
Symploms do + 107 9 + 11.2 81 + 10.3
Some PROMS ADL 93 + 5.2 95 *+ 5. 90+ 49
Sport id + 14 82 + 11.4 67 + 124
QUL 9+ 12.4 T8 * 14.7 79 + 10.3
Tegner
Last follow-up 2.7+ 1.5 n9 + 14 h.6 + 2
Ihfference in preoperative 1+ 14 1+ 1.05 1.2 + 1.8

IKDC subjective Hi + 156 84 + 13 80 + 17




ACL Reconstruction - Quad vs Hamstrings

Is Quadriceps Tendon Autograft a Better

Choice Than Hamstring Autograft for

@

AJSM 2017 Anterior Cruciate Ligament Reconstruction?
* Cohort - level Il

» 86 patients

A Comparative Study With a Mean Follow-up of 3.6 Years
TABLE 4

* 41 - HamStrmgS Comparison of Postoperative Side-to-Side
e 45 - Quad tendon Differences in Stability”
o Statlstlcally Slg d"’-f All QT (n=44) HT (n = 3
Mean, mm 201 1.0 L1 *+0% 3.1+ 1.
some PROMS TABLE 3 No. of patients wilh 26 b 21
‘ot ' ' Comparison of Postoperative Vai = demm difference
¢ StatIStlca”y Slg dlff Related to Stability” | -
In stability Al QTn=44) HT (n=39)
¢ LaCh man Lachman
. . () HHENRY 41 (853.1) 18 (46.2)
* Pivot shift ! 21 (25.3) 1(6.9) 17 (43.6)
2 4 (4.7) {0 4 (10.2)
¢ KT‘1 OOO Pivol shifl
(0 G (T9.5) 41 (4%:3.1) 20 (64.1)
1 14 (16.8) 4 (6.9) 10 (25.6)

2 4 (4.7) 0 4 (10.2)




ACL Reconstruction - Quad vs Hamstrings

Anterior Cruciate Ligament Reconstructions

With Quadriceps Tendon Autograft Result
'AJSM 2020 In Lower Graft Rupture Rates but Similar

. _ Patient-Reported Outcomes as Compared
8C$5hOrtt. Ie;/el i With Hamstring Tendon Autograft

° patients TABLE
. 658 ~ Hamstrlngs Binary Logistic Regge€sion f:ﬂl' hizgsion Surgery”
217 - Quad tendon

. . . ntercep ! AU <.

* No sig difference in PROMS  aee group. y Gasetine 45 N o
* Risk factors for revision 16-30 376 (1.24-16.31 037
Sur er Phyt;ic:! :Li!.ril.}r level® (baseline: low) | e .

: Age -35/3.5x <15yo " 16102150 o

g y Grall type (baseline QT): HT 2.67 (1.37-5.75) 007

* Activity level - 3.64x

» Graft type - 2.67x in hamstring
grafts




ACL Reconstruction - Quad vs Hamstrings

Anterior Cruciate Ligament Reconstructions

With Quadriceps Tendon Autograft Result
'AJSM 2020 in Lower Graft Rupture Rates but Similar
e Cohort - level |l Patient-Reported Outcomes as Compared

_ With Hamstring Tendon Autograft
» 875 patients

* 698 - Hamstrings ) istic ReggpGion for R¥sion Surgery”

e 217 - Quad tendon Odds Ratio (95% C

P Value

0.01 (0.00-0.0:3)

* No sig difference |
* Risk factors for re
surgery
« Age - 5.5x <15 Yyo0

5.54 (1.52-26.49)
476 (1.24-16.31)
1.24 (0.34-5.87)

1.34 (0.44-5.86)
J.64 (1.23-15.66)
2.67 (1.37-5.75)

=AM 1

1D
AT
LB

b4
04
R

* Activity level - 3.64x

» Graft type - 2.67x in hamstring
grafts




ACL Reconstruction - Quad vs Ham. vs BTB

Anterior Cruciate Ligament O CME
e AJSM 2019 Reconstruction
* Meta-analysis A Systematic Review and Meta-analysis of Outcomes

o 27 studies, 2,856 patients for Quadriceps Tendon Autograft Versus Bone-Patellar
Tendon-Bone and Hamstring-Tendon Autografts

- BTBvs 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 Sig diff, in favor of
BTB 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




ACL Reconstruction - Quad vs Ham. vs BTB

Anterior Cruciate Ligament O CME
e AJSM 2019 Reconstruction
* Meta-analysis A Systematic Review and Meta-analysis of Outcomes

o 27 studies, 2,856 patients for Quadriceps Tendon Autograft Versus Bone-Patellar
Tendon-Bone and Hamstring-Tendon Autografts

BTB vs Quad Hamstrina vs Quad

Conclusion: QT autograft had comparable clinical and functional outcomes and graft survival rate compared with BPTB and HT
autografts. However, QT autograft showed significantly less harvest site pain compared with BPTB autograft and better functional

outcome scores compared with HT autograft.

Neg Lachman No diff No diff

Neg Pivot Shift No diff No diff
Lysholm Score No diff, but trend favor Sig diff, in favor of

BTB 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




ACL Reconstruction - Quad vs Ham. vs BTB

Quadriceps Tendon Autograft Versus CME

. Bone-Patellar Tendon-Bone and
AJSM 202 1_ Hamstring Tendon Autografts for Anterior
* Meta-analysis Cruciate Ligament Reconstruction

« 24 studies, 19,584 patients

A Systematic Review and Meta-analysis

- 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 ??7 - 2 studies showed a No diff
diff, but one did not




Quadriceps Tendon Autogratt

—
-
ol R |

* Advantages

* Predictably to obtain
appropriate graft diameter

» Relatively small incision
* Avoid anterior knee pain
* |_ess 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 ‘ B

e 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

e Quadriceps tendon rupture?




Summary

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

* |solated hamstring autogratft
ACL reconstruction in high-risk
athletes may not be adequate

e Quadriceps tendon is
reasonable alternative
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