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Current Concepts and Literature Overview
Riccardo D‘Ambrosi



Special thanks to my MENTOR

• Mentor as a concept
M=manage the 
relationship
E=encourages
N=nurtures
T=teaches
O=offers mutual respect
R=responds to mentee’s
needs



Once upon a time…

• The QT was initially proposed as a 

potential graft choice for ACL-R in the late 

1970s. 

• However, its adoption was limited due to 

the initial emergence of several

postoperative complications



The frog was transformed into a prince.



Literature

• The number of yearly

publication averaged

10 or less up to 2018 

from 1982 when the 

first paper on the QT 

was published. 



Journals



Authors



Still so many doubts

Revision surgery

Children

Graft Harvesting

Complications

Osteoarthritis

Biomechanics

Graft Size



Current evidences

• HT had the highest failure

rate (12.7%), followed by 

QT (9.1%) and BTB (6.4%)

• Odds ratios favored BTB 

over both QT and HT in 

terms of failure rate.



Bone block or not?

• ACL with a QT harvested

either with a bone block or as

a soft tissue exhibited

comparable revision rates and 

knee stability.

• Both grafts are safe and viable

with comparable clinical 

outcomes, complications and 

revision rates.



Graft Choice
….time to change the literature…

Do not consider QT as first choice



Biomechanics

• QT have been found to exhibit a 

1.36-time greater load to failure

than BTB of a similar width

• Increased collagen (20% more), 

larger fibroblast density and 

increased fibril-interstitial ratio in 

comparison to BTB 



Graft Size

• QT autografts have a mean diameter of 8 mm or 

greater and are consistently larger than HT. 

• Preoperative MRI measurements are better than

anthropometric characteristics at predicting QT 

parameters; however, preoperative prediction may not

be necessary.

• QT parameters were not found to be significantly

associated with any post‐operative complication or 

outcome.



Healing

• At 6 months follow‐up,   

healed by 93 ± 9%.



Osteoarthritis

• No difference in the 

incidence of OA between

graft types used for ACLR



Pediatric

• BPTB and QT demonstrated

significantly lower failure

rates than HT in adolescent

athletes 18 years old. 

• The QT demonstrated the 

lowest failure rate in 

adolescents



…and differently pediatric

• QT in highly active older

patients provides

satisfactory patient-

reported outcomes

• QT autograft is a good graft

option in patients older

than 50 years.



Revision Surgery

• HT autografts result in 

either similar or inferior

outcomes in r‐ACLR when

compared to QT or BPTB 

autograft options.



Complications

• 10.5% of knees, with anterior

knee pain being the most

common.

• No difference with the use of 

the QT versus QTPB

• Anterior knee pain was 2.7 

times greater with use of a 

soft tissue quadriceps graft



Take Home Message

• Literature is increasing but still scarce (vs HT and BPTB)

• With or without bone-block results are similar

• Lower failure than HT

• Better biomechanicals properties than BPTB

• High healing rate

• No evidence of OA

• Good to excellent results in pediatric and over 50 
patients

• Excellent outcomes in revision surgery



Thank you for your attention!

riccardo.dambrosi@hotmail.it
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Why the quadriceps muscle is formed by four different muscles?

Because the anatomy always reflect the fuction

Comparative anatomy Adult population HistologyPediatric population Biomechanics



Gen Homo Gen Pan

Comparative anatomy Adult population HistologyPediatric population Biomechanics
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Rectus femuris: the only quadriceps muscle that crosses the hip joint

(Flexor of the hip)

Role: fundamental in movements like kicking, running, and climbing stairs.

Medial and lateral vastus: activation for knee extension during different

angles of knee flexion, patella stabilizers . At low degrees of flexion (near full

extension), the vastus medialis is particularly active in stabilizing the patella

and guiding it correctly into the femoral groove.

At higher degrees of flexion (above 45°), the vastus lateralis provides greater

force to support extension and return to standing.

Chan AY, Lee FL, Wong PK, Wong CY, Yeung SS. Effects of knee joint angles and fatigue on the neuromuscular control of vastus
medialis oblique and vastus lateralis muscle in humans. Eur J Appl Physiol. 2001 Jan-Feb;84(1-2):36-41. doi: 10.1007/s004210000326.
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Strauss et al. 2021 OJSM

ANALYSIS OF QUAD TENDON IN YOUNG ADULT PATIENT

The QT was identified in all specimens as 3 distinct layers: superficial (first layer), middle (second 
layer), and deep (third layer).

First Layer (Rectus femuris)

RF with a fascia/ bursa structure
superficial to the RF, coursing in a
diagonal direction from the VL and
toward the medial aspect of the
patella.

Comparative anatomy Adult population HistologyPediatric population Biomechanics



Second Layer (Lateral and medial vastus)

This layer included the VM and VL and was a more
complex layer that merged fibers from both muscles
and tendons in a crossing pattern and where the
fibers of the VM and VL blended as they coursed
distally toward the patella

ANALYSIS OF QUAD TENDON IN YOUNG ADULT PATIENT

Strauss et al. 2021 OJSM

From the «blended point»
the fiber structures were identifiable but not dissectable

Median 85.5 mm [range:52-109mm]

Comparative anatomy Adult population HistologyPediatric population Biomechanics



Dissecting from a proximal-to-distal direction, the proximal
part of the RF was not attached to the deeper layer and was
separated from the second layer by fatty tissue. In the more
distal part, the fatty tissue faded, and the first layer (RF) fused
with the second layer (VL and VM)

ANALYSIS OF QUAD TENDON IN YOUNG ADULT PATIENT

The «fuse point» is at a median length of 48.7 mm 

(range, 27.9- 62.6 mm) from the PEL;

From the fuse point and distally to the patella,

the first and second layers could easily be separated via 

simple dissection.

Fuse point

Strauss et al. 2021 OJSM
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Third Layer (Intermedius vastus)

The deep layer, consisting of the VI a homogenous
structure with fibers coursing in a parallel direction to the 
tendon.

Measures:

• median thickness of 7.5 mm (range, 4.3-9.9 mm), 
• median width of 34.9 mm (range, 23.2-38.8 mm), and 
• median attachment area of 211.2 mm2 (range, 157.9-

349.6 mm2)

Strauss et al. 2021 OJSM
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ANALYSIS OF QUAD TENDON IN YOUNG ADULT PATIENT

Comparative anatomy Adult population HistologyPediatric population Biomechanics

Strauss et al. 2021 OJSM



VMO

Lippe et al. 2012 Arthroscopy

Concerning the QT graft for ACL reconstruction, authors recommended

harvesting the graft slightly lateral to the midline of the QT insertion on the

patella, as this is the thickest part of the tendon.

Limit of study by Lippe et al.

They used 11 specimen with mean age of 78 years old (not patient

eligible for ACL reconstruction

ANALYSIS OF QUAD TENDON IN AGED PATIENTS

Comparative anatomy Adult population HistologyPediatric population Biomechanics



Shea et al. 2019 OJSM doi: 10.1177/2325967119856578

Nine knee specimens (aged 4-11 years)
QT

QT

RF

The median distance from the superior pole of the patella to

the point of divergence of the RT from the QT complex was

36 mm (IQR, 29-41 mm) (Adult 48.6 mm)

ACL RECONSTRUCTION IN IMMATURE PATIENT:

During QT graft harvest for ACL reconstruction, it is possible to

separate the RT from the QT. The point of separation between RF and

QT is less than half the length of the graft that would be selected for

ACL reconstruction (generally more than 60 mm).

Comparative anatomy Adult population HistologyPediatric population Biomechanics



Shea et al. 2019 OJSM doi: 10.1177/2325967119856578

Nine knee specimens (aged 4-11 years)

Careful closure and visualization of the graft harvest interval that
includes repair of the RT to the surrounding deep (vastus intermedius),
medial (vastus medialis), and lateral (vastus lateralis) components of
the QT may be advantageous to avoid secondary RT retraction and QT
weakness. An incision allowing adequate exposure for visualization of
this proximal graft harvest zone and consideration of this repair may be
warranted in the immature population.

Comparative anatomy Adult population HistologyPediatric population Biomechanics

Celebral palsy→ rectus femor trasfer→ RF retraction and QT weakness



Hadjicostas PT, Soucacos PN, Berger I, Koleganova N, Paessler HH. Comparative analysis of the morphologic structure of quadriceps and patellar tendon: a descriptive
laboratory study. Arthroscopy. 2007 Jul;23(7):744-50. doi: 10.1016/j.arthro.2007.01.032. PMID: 17637410.

The mean patient age was 56.6 
years (range, 43 to 78 years).

Comparative anatomy Adult population HistologyPediatric population Biomechanics



Methods:  20 specimen, mean age 36.4 years
(range 24–54 years).

Density of Fibroblast Fibril / interstitio ratio Density of blood vessel

Comparative anatomy Adult population HistologyPediatric population Biomechanics



Comparative anatomy Adult population HistologyPediatric population Biomechanics

Buza et al. assessed the risk of patella fractures after bone 
harvest (QT VS BTP) in experimental setting

Limit of the study:

• Cadaveric model

• aged 65 16 years;±

Test set-up

Fractures lines



Comparative anatomy Adult population HistologyPediatric population Biomechanics

What about free hand of QT graft??

Which suture?

Which suture type? (Locking or whipstitch suture)



Comparative anatomy Adult population HistologyPediatric population Biomechanics

Diaz MA, et al. Whipstitch and Locking Stitch Show Equivalent Elongation and Load to Failure Across 3 Suture Systems in a Biomechanical Model of Quadriceps Tendon Grafts for Anterior Cruciate Ligament
Reconstruction. Arthrosc Sports Med Rehabil. 2024 Jul 1;6(5):100968. doi: 10.1016/j.asmr.2024.100968.

Failure assessment:

• Suture breaking

• Suture pull through

• Tendon tear

Conclusion: Locking stich may be preferred over Whipstich
due to lower mean elongation and failure displacement



Comparative anatomy Adult population HistologyPediatric population Biomechanics

What about size of the graft??

Size does really matter?



Comparative anatomy Adult population HistologyPediatric population Biomechanics

Conclusion: The 8-mm QT graft had higher ultimate tensile

strength than the 10-mm PT graft, and the 6-mm QT graft was

comparable to the 10-mm PT graft. Given these

biomechanical properties, smaller QT graft sizes may be

advantageous in minimizing arthrofibrosis risk while

maintaining graft strength.



Comparative anatomy Adult population HistologyPediatric population Biomechanics

Strauss MJ, et al. Knee Surg Sports Traumatol Arthrosc. 2022 May;30(5):1786-1794. doi: 10.1007/s00167-021-06738-x.

Strenght: young cadaveric grafts (mean age 32 ± 6 years)

Full thickeness QT vs BPT vs 4-Strand semitendinosus

(1) FT QT with bone

(2) FT QT without bone

(3) PT QT without bone

(4) BTB

(5) RF 

(6) 4-SST.



Comparative anatomy Adult population HistologyPediatric population Biomechanics

Hart D et al. Biomechanics of hamstring tendon, quadriceps tendon, and bone-patellar tendon-bone grafts for anterior cruciate ligament reconstruction: a cadaveric study. Eur J
Orthop Surg Traumatol. 2023 May;33(4):1067-1074. doi: 10.1007/s00590-022-03247-6. Epub 2022 Apr 1. PMID: 35362777.

75.2 years (range 53-85 years).

BONE-PATELLAR TENDON-BONE (BTB) vs 4-STRAND HAMSTRING tendons (HT) vs QUADRICEPS 
tendon (QT)

All three grafts had similar loads to failure with
a significant increase in stiffness when
compared to the native ACL. Furthermore, QT
demonstrated favourable structural properties
to HT and BTB with an increased cross-
sectional area to both HT and BTB along
with increased stiffness compared to HT.

CONCLUSION:
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QT Autograft for Revision ACLR
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Background

• Revision ACLR rates have been noted to be as high as 10 % after a 
primary ACL reconstruction.   

• Revision ACLR technically more demanding than primary cases, 

➢Previous autograft use, 

➢existing hardware, 

➢tunnel position, tunnel size, bone loss, 

➢muscle weakness and concomitant injuries that may be associated with graft 
failure complicating this procedure.



Background

• QT autograft is becoming an increasingly popular graft option in revision ACLR over 

recent years

➢favorable biomechanical properties and 

➢comparable clinical and functional outcomes and 

➢comparable graft survival



Background

• The size and thickness of the QT graft creates a more robust graft, intra-articular 
volume of QT graft > 87.5% of harvested patellar tendon

• cross-sectional area is approximately 2 times more than that of the patellar tendon

• The QT allows surgeons to be flexible with their graft size and reconstruction 
technique because the unique anatomy of the QT allows for significant variation in 
graft size and thickness



Background

• Extensor mechanism strength is greater post-harvest in patients undergoing 
QT ACLR compared to those who underwent BTB ACLR



Background

• There is some concern regarding a secondary 
insult to the extensor mechanism if previous 
ipsilateral BTB was performed for the index 
procedure

• Revision ACLR with a second extensor 
mechanism autograft were comparable to 
those seen for patients who underwent 
revision ACLR with extensor mechanism 
autograft after primary ACL reconstruction 
with hamstring autograft.



Evidence??

• No systematic review or meta-analysis was available in the literature on the QT 
autograft used in revision ACL reconstruction.

• We aim to synthesize and qualitatively assess the evidence available currently in 
the literature on the QT graft for revision ACL reconstruction. 

• We hypothesize that better functional outcomes and lesser graft failure will be 
found in the QT group compared to HT graft for revision ACL reconstruction.



Methodology – Search Strategy

• Adheres to PRISMA 2020 guidelines

• Databases: PubMed, EMBASE, Scopus, Cochrane

• Timeframe: 1990–2023

• Registered in PROSPERO (ID: CRD42022308299)



Methodology – Search Strategy

Inclusion Criteria 

• Clinical studies reporting on outcomes following revision ACLR with QT autograft 
were considered for inclusion. 

• Minimum follow-up period of 2-year.

Exclusion Criteria 

• review articles, non-peer-reviewed studies, surgical techniques, case reports, 
conference abstracts, biomechanical studies, primary ACL reconstruction, use of 
graft other than QT autograft, sample size less than 15 patients were excluded 



Methodology – Search Strategy

• The search terms used were (ACL OR “anterior cruciate ligament”) AND 
(“quad*” OR “QT”) AND (“revision“Z” OR “reoperation”)."

• MINORS score was employed to assess the quality of the selected studies. 



PRISMA Flow Diagram

• A total of 388 
studies were 
identified. 

• After removal of 
duplications, 
Following the 
inclusion and 
exclusion criteria, A 
total of seven 
studies for 
qualitative synthesis 
and 3 for meta 
analysis



Study Characteristics

• A total of 277 patients with Mean age of 30.6 ± 7.1 and Mean postoperative 
follow-up of 40.2 months underwent ACL Revision with QT and were included in 
the quantitative synthesis.

• For meta analysis: A total of 109 patients with a mean age at surgery of 34.3 years 
underwent Revision ACL with QT

• While 109 patients with a mean age at surgery of 30.1 years underwent Revision 
ACL with HT.



Outcome Measures 

• Subjective Scores: Lysholm, IKDC, KOOS, Tegner, VAS for Pain

• Objective tests: KT-1000 SSD , Pivot-shift test , Rolimeter SSD, Single-leg-
triple-hop-test (SLTH)

• Return to sports activity



Key Findings

• Lysholm knee score

➢higher score with QT (86.1) than with HT (82.2) grafts postoperatively.

• Tegner activity level

➢higher for QT than for HT (5.9 vs 5.6, n.s.)

• The KOOS scale

➢Among the five subscales of the KOOS, pooled average scores were higher for the QT 
graft for QoL (Quality of life), Sport and Symptom subscales.

• Vas for Pain score

➢VAS score for pain significantly improved in the QT group compared to the HT group



Key Findings

• KT-1000 SSD measurement was 1.8 mm for QT and 2.4 mm for HT grafts, and 
thus, QT grafts showed lesser laxity. (ns)

• Lower laxity was found in Rollimeter SSD in the QT group compared to the HT 
group(ns)

• Lower pivoting was reported in the QT group compared to the HT group (ns)

• In the QT group, graft failure was 12 (9.8%) compared to 8 (17.4%) in the HT 
group.



Interpretation & Clinical Relevance

• QT autograft is the least studied and least used graft compared to other 
grafts, especially for revision ACL reconstruction. 

• Many surgeons do not even consider the QT as a possible graft option 
when discussing with the patients. 

• However, it is a very suitable and versatile graft option for revision ACL 
reconstruction with distinct advantages. 



Limitations

• Small cohorts

• Non-uniformity of the techniques used 

• Heterogeneous nature of the tools and scores used for reporting outcomes.



Conclusion

• The QT autograft was associated with an improved trend of rotatory laxity, 
PROMs, and failure rate compared to HT autograft after revision ACL 
reconstruction. 

• The QT autograft for revision ACL reconstruction is supported by the current 
literature. 

• It is a viable graft that should be considered for both primary and revision 
ACL reconstruction.



Thank you !!
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PROBLEMS with PED-ACLR

• DELAY = risk of meniscal/cartilage damage, lower 

RTP; HIGHER FAILURE (~25% Females)

• physiologic laxity 

• PHYSIS ( 3 mm F; 1.6 cm tibia) + tibial slope

• postoperative rehabilitation, RTP testing and 

clearance protocols +/- compliance 

• longer to reach LSI > 90% (1.5 years or more)



GRAFT? STABILITY 1…in skeletal MATURE



RISE OF THE QUAD TENDON!



MY INTEREST…



What is the Consensus?



THE PROBLEM:  “LACK OF DATA"



EVIDENCE?   “Kids are NOT small adults!”



QT in SKELETAL IMMATURE:

• Case Series: skeletal immature; full-thickness ST-QT; AE vs CT techniques; mean FU 

3.7 years

• N = 83 pt;  aged ~11-17; AE (31%) vs. CT (69%); 58% had concomitant LET

• 24% needed second surgery: 

• 6 pt meniscus, 5 LoA, 4 suture removal; 3 I&D, 2 LLD, 3 pt revisions due to 

graft failure

• no differences in reoperation b/w technique or concomitant LET



THE LITERATURE…



THE LITERATURE…



Quest for “Best Available Evidence”…

• ~ $920,000 CDN 

• 64% Male / 54% R knee

• mean 14.5 years

• 89% traumatic injuries

• 90% FU

• 94% case-report completion

• 1% cross-over rate

• 100% recruitment rate

• DSMB – no concerns



Thank You
@darrendesa

2025 Travelling Fellow

darren.desa@medportal.ca



MPFL reconstruction with Quadriceps Tendon Autograft

Danko D. Milinkovic

Center for Musculoskeletal Surgery

Charité - University Medicine

Berlin



No conflict of interest



➢ Main passive soft-tissue stabilizer up to 30° of flexion

➢ Originates from prox. 2/3 of medial patellar margin

➢ Inserts between Add. Tubercle and med. Epicondyle

➢ In 2nd of the three soft-tissue medial layers

Medial patellofemoral ligament – MPFL 



Keppler et al., 2011 AJSM
Elias et al., 2002 Radiology 

Balcarek et al. 2010, Eur J Radiology
Seeley et al., 2012 J Pediatr Orthop

Sillanpää et al.,2009 AJSM 

Adolescent and young active population

> 90% of first time luxation 

MPFL injury  → „Essential lesion“

First time luxation



➢ Young age/open physis

➢ Trochlear dysplasia 

➢ Patella alta

➢ Distal malalignment and 

➢ (Contralateral instability) 

Risk stratification

Lewallen LW et al. 2013 Am J Sports Med. 
Arendt EA et al. 2018 Am J Sports Med. 

Hiemstra LA et al. 2017 KSSTA
Jaquith BP, Parikh SN. 2017 J of ped orthoped..

Main factors that predispose recurrence:



Main factors that predispose recurrence:

➢ Young age/open physis

➢ Trochlear dysplasia 

➢ Patella alta

➢ Distal malalignment and 

➢ (Contralateral instability) 

Risk stratification Various clinical manifestations



Steensen et al., 2015 AJSM

PF 

Instability

Trochlea
dysplasie Patella 

alta

Patella-

Tilt

TT-TG / 
TT-PCLFemur-

torsion

Tibia-
torsion

Genu 
valgum

MPFL

Various clinical manifestationsRisk stratification



MPFL- Reconstruction Often with concomitant procedures

❖ Gold standard

➢ Multiple techniques

➢ Various graft and fixation options



Outcomes of MPFL-R

➢ significant improvements of PROMs 

➢ low Re-luxation rates (1-5%)

❖ when performed technically well and with proper indication

Balcarek P et al. 2014 KSSTA
Milinkovic et al. 2023 KSSTA

Milinkovic et al. 2025 KSSTA
Hevesi M et al. 2019 Arthroscopy. 35:537-43. 



26% Complications



Most common reasons for failure

➢ femoral tunnel malpositioning

➢ not addressing the underlying pathology 

➢ hardware problems

➢ patella fracture/breach of anterior surface



Historical introduction

➢ approach: open or MIS

➢ graft harvest location: central or medial graft

➢ graft routing: subcutaneous; sub-retinacular, or sub-

periosteal

➢ femoral fix: suturing to bone, or soft tissue, 

interference screws and anchors



MPFL with pedicle QT graft – Fink et al

Minimal invasive approach

Perpendicular short incision 2-3 cm

8/10-mm width double edge knife

Lenght of the graft marked on the holder

3/5 mm depth tendon separator 

Allows for precise thickness harvesting 



Biomechanical properties

➢ ultimate failure load: 205 ± 58.5 N

➢ stiffness: 33.6 ± 9.3 N/mm

➢ length change during knee flexion: 1.9 ± 0.9 mm

❖ equivalent to native MPFL  



➢ similar load to failure to MPFL

➢ lower stiffness than HT

❖ same mesenchymal origin as MPFL

❖ resembling the native MPFL → flat 

QT vs HT

Round FlatNo drill holes
Herbort et al. 2018 Arthroscopy.
Milinkovic et al. 2022 AJSM 

Arendt et al  2005, Tech Chirurg in Ortopedia, 
Moutney et al. 2005 JBJS



Surgical Set-up 



16-year old girl

First-time dislocation during dancing

Flake fracture

Trochlear dysplasia B/C

CD-Index 1.2

TT-TG/TT-PCL slightly elevated

No frontal-plane malalignment

Case 1



„Performing concomitant MPFL reconstruction in adolescents with first-time patellar dislocation and an 

intra-articular loose body results in a 5-fold reduction in recurrent instability, reduces the need for 

subsequent surgery, and improves patients' ability to return to sports compared with repairing or not 

treating the MPFL.“ 
Gurusamy, Pradyuma et al. 2021 Am J Sports Med

Our decision....Flake refixation + MPFL-R 



18-year old girl

First-time dislocation going down the stairs

Before recurrent subluxations

Significant cartilage deg. + loose bodies 

Trochlear dysplasia D

CD-Index 1.1

TT-TG/TT-PCL within normal range

No coronal/rotational malalignment 

Case 2



Our decision.... Minced-cartilage/Hyalofast + thin-flap Trochleaplasty + MPFL-R



❖ When comparing results of individualized revision surgery (SG) and comparable primary patellar-

stabilizing procedures (CG):

’’no between group differences….both the SG and the CG, 92% (23/25) and 84% (42/50), 

respectively, achieved the MCID for the BPII 2.0, without any significant difference between the 

groups”

(Zimmermann F., Milinkovic DD, Balcarek P et al AJSM 2020)

❖ When comparing isolated QT-MPFL-R and QT-MPFL + Combined procedures: 

‘’no between-group difference…the MCID for the BPII 2.0 was met by 84%(32/38) of the isolated 

MPFL-R and 90%(76/84) of the combined treatment group”

(Zimmermann F, Milinkovic DD, Balcarek P et al. OJSM 2023)

Outcomes



❖ 32 QT vs 32 Gracilis (GT) MPFL-Rs

➢ Kujala: 88.9 (QT) vs 84.8 (GT)

➢ Tegner: 5.5 (QT) vs 4.6 (GT) (p = 0.027)

➢ VAS: 1.3 (QT) vs 2.3 (HT) (p = 0.041)

❖ Donor site morbidity: 3.1% (QT) vs 59.4% (Gracilis)

Outcomes



❖ 401 QT vs 646 Hamstrings (HT) MPFL-Rs

➢ Kujala:  90.0 (QT) vs 87.8 (HT)  (p = 0.01)

➢ Lysholm: 91.5 (QT) vs 89.4 (HT) (p = 0.03)

❖ Redislocation: 1.3% (QT) vs 3.4% (HT)

❖ Complication: 4.7% (QT) vs 10.4% (HT) 

Outcomes



Pearls

➢ Preserves native patellar insertion

➢ No drill holes in the patella

➢ Morphologic match to native MPFL

➢ Low donor-site morbidity 

➢ Possibility of concomitant procedures with single incision (vertical)



Pitfalls 

➢ Risk of insufficient length 

➢ Complete release from the patellar insertion

➢ Extensor lag/weakness 

➢ Steep learning curve 

➢ Unappealing scaring (vertical vs horizontal)



Take home ...... QT-Autograft for MPFL-R is:

➢ A viable reproducible and safe graft option 

➢ Biomechanically superior to other graft options

➢ No tunnels or implants in the patella 

➢ Suitable for both adult- and young-patient population

➢ Good outcomes, with low re-luxation rates and high patient satisfaction  



Special thanks to Prof. C. Fink, Prof. M. Herbort and Dr. P. Balcarek 



Grazie per la vostra attenzione!!!

For more Info: 

https://iqti.org

https://iqti.org/
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ARTHROFIBROSIS                         CYCLOPS
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•WHY ?
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•AMI
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•FEMALE
•DIAMETER
•GRAFT
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•TIMING?
• -10
•+45 ?
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remnants?
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AGE

FEMALE
ANTICOAGULANTS
TIMING
MENISCAL REPAIR
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•NOTCH ?

•TRANSTIBIAL ?
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TECNICA
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• Causes ?

• AMI

• SIZE

• NOTCH

• PLUS MENISCAL REPAIR

• PLUS EXTRAARTICULAR

• SEX

• TIMING

• REMNANTS

• DEBRIS
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TENDON BONE ? TENDON -TENDON PARTIAL THICKNESS ?

THE GOLDEN QUAD ?

PRETENSIONING  AND FIXATION ?
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Let s not go Partial !!
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2.7 times

Let s go with bone !!
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Simply the best !
But  the golden one will give more difference
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GRADO 1     VMO inhibido sin Perdida de extension

GRADO 2     VMO inhibido con Perdida de extension
por contractura de isquiosurales

GRADO 3       Rigidez plano posterior
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Introduction

• Sex-specific differences following ACLR are recognized.

• Higher risk of poorer outcomes in females (MOON cohort AJSM 2018) –

• emphasis on improving outcomes in female patients 

• Current evidence on outcomes in females is based mainly on data 
from hamstring and BPTB grafts (Tiplady et al NZ Registry Cohort, AJSM 2023)

• QT ACLR is gaining popularity – ‘graft of the future’ (Xerogeanes, Arthroscopy 

2019) but limited data reporting in females!



Purpose

To assess the outcomes of ACLR with a QT autograft 
• specifically in females, and 

• elucidate any sex-specific outcome differences with males.



Methods

• Literature search undertaken as per PRISMA guidelines on four databases 
• PubMed/MEDLINE  // EMBASE // Cochrane // Google Scholar  

• Registered on PROSPERO database – CRD42024613583 

• Studies reporting sex-specific outcomes with primary quadriceps ACL 
reconstruction in females (age > 14 years) included

• Exclusions
• Revision ACL data
• Sex-specific outcomes not reported
• Studies prior to 2004



PRISMA flowchart



Methods

• Data collected under 3 main categories:

• Meta-analysis performed to compare outcomes with males where 
data available

159

PROMS

• Lysholm Score
• Tegner Activity 

Scale 
• IKDC score 
• ACL-RSI scale 

Objective Functional 
Outcomes

• Instrumented laxity, 
• Extension loss, 
• Quadriceps 

strength LSI
• Return to sport

Complications 

• Graft failures/re-
tears

• Contralateral ACL 
tears



Results

• A total of 714 primary QT ACLRs in females included

• Mean age 23.0 (14-58) years
• Mean follow-up 38.9 months (6-139 months)

• Cumulative graft failure rate 7.4% (vs 8.8% in males)

• Contralateral ACL tear rate 9.1%



Outcomes in females



Re-tear Rate in Males vs Females at 24m or 
more

No difference in QT re-tear rates between males and females at >24 months follow-up



Tegner Activity Score in Males vs Females at 24 
months 

• Males showed higher Tegner Activity Scores (p = 0.0007) at 24 months follow-up
• Difference in Tegner Score in both studies was less than 1 point (less than MCID for Tegner Score)



Quadriceps Strength LSI in Males vs Females at 
6 months Post-op

• Males showed higher quadriceps strength symmetry (p < 0.001) at 6 months post-op
• Mean Quadriceps strength LSI in females 63.9% of opposite side at 6-9 months post-op 



Comparison of Outcomes in Males v 
Females - Summary

No difference in: 

• failure rates 
• return to sport 
• instrumented laxity testing
• IKDC and Lysholm scores

Females:

• Slower to gain quadriceps strength 
symmetry

• Lower Tegner Activity Scale scores 
at 2 years



Discussion

• QT grafts overall show equivalent graft survival rates to BPTB in meta-
analyses (Dai et al AJSM 2022, Mourabes et al AJSM 2019) but female specific data 
lacking

• Quads LSI lower in females even with BTB and HS grafts (Schwery et al 2019 Int J 
Sports Phys Ther)

• Tegner Activity score lower in females even with other graft types (Tan et al 
AJSM 2016) 

• Our review suggests same sex-specific differences seen with QT as with 
BTB and HS grafts



Discussion

• Strengths
• Thorough review of current evidence to suggest equivalent graft failure 

between males and females with QT
• Data on wide range of outcomes (PROMS, instrumented laxity, quads LSI 

failure rates etc)

• Limitations
• Review limited by lack of sex-disaggregated data reporting with QT graft
• Heterogeneous female population included (age, activity/sports 

involvement)



Conclusions

• Primary QT ACLR in females shows similar re-tear and RTS rates as males

• Lower Tegner Activity scores (MCID?) and slower quadriceps strength 
recovery (also seen with other grafts!)

• Recovery of knee extension and quadriceps strength symmetry require closer 
monitoring in female patients with QT graft 

• Highlights lack of sex-disaggregated data reporting with regards to QT graft  
• future studies should report female-specific data with different graft types
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Patient-specific treatments in orthopedics
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QT-Autograft Techniques

Longitudinal vs. Perpendicular incision

Bone block vs. All-Soft-Tissue

Full thickness vs. Partial thickness
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QT-Autograft Techniques

Longitudinal vs. Perpendicular incision

Bone block vs. All-Soft-Tissue

Full thickness vs. Partial thickness
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Partial thickness technique
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Partial thickness technique
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Laminar organization (LO) of the QT
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Laminar Organization QT

Waligora et al. Clinical anatomy of the quadriceps femoris and 

extensor apparatus of the knee.CORR. 2009. PMID: 19690926.

“Only three of the 20 specimens exhibited the 

typically described quadriceps pattern.”
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Research Questions

1. Can the laminar organization of the QT be measured on standard MRI imaging of 

the knee and if so, how reliable? 

2. Are there significant sex-difference in the laminar organization of the QT?
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Methods

200 MRI images of knees without QT injury form 36 institutes

• 100 female (50 20-29 years, 50 30-40 years)

• 100 male (50 20-29 years, 50 30-40 years)

Measurement of the QT by two observers (F.E. & J.M.) on T2-weighted images

according to standardized protocol 
1

1. Zeiss et al. MR imaging of the quadriceps tendon: normal layered configuration and its importance in cases of tendon rupture.
AJR Am J Roentgenol. 1992. PMID: 1414770.
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Methods

1
2

3
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Results Question I

1. Laminar Organization measurable in 100 % of cases

2. Good Interrater Variability (ICC 0,78; p < 0,001)
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Laminar Organization QT

# of 

Laminars
Overall Female Male p-value

N % N % N %

One 21
10.5 

%
15 15 % 6 6 %

0.027*

Two 18 9 % 13 13 % 5 5 %

Three 125
62.5 

%
56 56 % 69 69 %

Four 36 18 % 16 16 % 20 20 % 

* Chi-Square-Test

Results Question II
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Results Question II

1. Weak correlation laminar organization with body height

(r = 0,16; p = 0,023)

2. No correlation laminar organization with body weight

(r = 0,01; p = 0,094)
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Laminar Organization QT

Further results

1. Full length of QT measurable in 0 % of cases 

2. Length of > 6 cm of QT measurable in 15 % of cases
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Limitations

1. Different echo and relaxation times of MRI imaging

2. Uniplanar measurement
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Potential clinical implications

1. The laminar organization can be measured on standard MRI 

imaging with good interrater variability.
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Potential clinical implications

1. The laminar organization can be measured on standard MRI 

imaging with good interrater variability.

2. When planning for partial thickness technique preoperative MRI 

assessment of the laminar organization might be helpful.
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Potential clinical implications

1. The laminar organization can be measured on standard MRI 

imaging with good interrater variability.

2. When planning for partial thickness technique preoperative MRI 

assessment of the laminar organization might be helpful.

3. The measurement of the full length of the QT requires specific 

MRI protocols.



194
Lorenz Pichler

Laminar Organization QT

Potential clinical implications

1. The laminar organization can be measured on standard MRI 

imaging with good interrater variability.

2. When planning for partial thickness technique preoperative MRI 

assessment of the laminar organization might be helpful.

3. The measurement of the full length of the QT requires specific 

MRI protocols.
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Laminar Organization QT

Thank you.
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