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* 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
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Literature

* The number of yearly
publication averaged
10 or less up to 2018
from 1982 when the
first paper on the QT
was published.
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Journals

Top 10 journals arranged as per citations per publication for journals.

Publications and Citations of Journals
Journal Publications Citations Citations/publication
Arthroscopy s 1884
Am] SportsMed . 1576 Orthop Clin North Am 5 315 63
Knee Surg Sports Traumatol Arthrosc B ot 1455 J Am Acad Orthﬂp Surg 5 280 56
Gciliop ctinNocihies F5—— 7" Br J Sports Med 2 101 50.5
Arch Orthop TrammasSurg [y z:) Clin Orthop Relat Res 4 178 44.5
JAmBmdOrhopSmm s 1 Am J Sports Med 39 1576 40.41
e (M 2ed J Bone Joint Surg Am 3 115 38.33
, Exe Open Access J Sports Med 1 36 36
Clin Orthop Relat Res 4
Knee 147 J Trauma 2 70 35
S Sports Med 2 67 33.5
Citations lPut:icationsw ~ = S AI't]I]I'OSCDp}f 57 1884 33.05
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Top 10 authors by number of publications
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Still so many doubfts

Revision surgery » Graft Harvesting

Biomechanics -
Complications
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Current evidences
+ HT had the highest failure oraralre
rate (12.7%), followed by N
QT (9.1%) and BTB (6.4%)

Bog

QT vs HT -
 Odds ratios favored BTB QT vs BTB '
over both QT and HT in A .
terms of failure rate. Odds Ratio



Bone block or note

No difference in clinical outcome between quadriceps Quadriceps tendon autograft with or without bone block have

tendon anterior cruciate ligament reconstruction with comparable clinical outcomes, complications and revision rate for ACL
i . reconstruction: a systematic review

and without bone block: Results from the Danish Knee y

Ligament Registry

« ACL with a QT harvested * Both grafts are safe and viable
either with a bone block or as with comparable clinical
a soft tissue exhibited outcomes, complications and
comparable revision rates and revision rates.

knee stability.




Graft Choice

....Tme to change the literature...

Do not consider QT as first choice

Review

Graft Selection in Anterior Cruciate Ligament Reconstruction:
A Comprehensive Review of Current Trends

Marko Ostojic 12, Pier Francesco Indelli >%(, Bruno Lovrekovic °, Jerome Volcarenghi ¢, Doria Juric 7,
Hassan Tarek Hakam 8%, Mikhail Salzmann 89, Nikolai Ramadanov 80, Aleksandra Krélikowska 10-*(,
Roland Becker 8 and Robert Prill 8-%-*

One type of graft for reconstruction of the ACL does not suit all
patients based on their characteristics and sports: a scoping review

J. M. Reinerink’ - T. Vendrig' - M. N. J. Keizer' - R. A. G. Hoogeslag? - R. W. Brouwer®



Blomechanics

» QT have been found to exhibit a
1.36-time greater load to failure
than BTB of a similar width O " SR Ty R

Gorschewsky [KSSTA 2007] 14 93 52 101 453% 0.29[0.17,0.49] LN
Han [CORR 2008] 6 72 28 72 18.2% 0.21[0.09, 0.49] o
Kim [Arthroscopy 2009] 4 21 13 27 13.1% 0.40[0.15, 1.04] =
Kim [JBJS 2009] 0 29 6 32 1.5% 0.08 [0.00, 1.44] "

Lund [Arthroscopy 2014] 2 26 9 25 6.0% 0.21[0.05, 0.89] = = -

Total (95% CI) 439 287 100.0% 0.25 [0.18, 0.36] &

 Increased collagen (20% more), M
larger fibroblast density and - T
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.

Quadriceps tendon autograft diameters are routinely
above 8 mm, and preoperative size estimation before
anterior cruciate ligament reconstruction may not be
necessary for this graft type: A systematic review




Healing

* At 6 months follow-up,
healed by 93 + 9%.




Osteoarthritis

 No difference in the
incidence of OA between
graft types used for ACLR

Incidence of Osteoarthritis Between ACL
Reconstruction With Different Graft Types
and Between ACL Reconstruction

and Repair

A Systematic Review and Meta-analysis
of Randomized Controlled Trials

HT autograft BPTB autograft Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events  Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Ahldén 2009 3 23 4 21 24% 0.68[0.17, 2.71]
Barenius 2014 42 65 34 69 51.0% 1.31[0.97,1.77] il
Bjornsson 2016 35 86 30 61 351% 0.83[0.58, 1.19] .-
Matsumoto 2006 3 35 3 37 1.9% 1.06[0.23, 4.89] N
Sajovic 2018 5 24 8 24  49% 0.63[0.24, 1.64] — =1
Webster 2016 6 19 5 19 46% 1.20[0.44, 3.27] R
Total (95% ClI) 252 231 100.0% 1.05[0.85, 1.30] &
Total events 94 84
it Chi2 = = = . 12=@R9 I t t d
Heterogeneity: Chi? = 5.34, df =5 (P = 0.38); I = 6% 0.01 01 1 10 100
Test for overall effect: Z = 0.45 (P = 0.65) HT autograft BPTB autograft
HT autograft Allograft Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
Tian 2016a* 3 40 6 43 44.0% 0.54[0.14, 2.01]
Tian 2016b* 4 62 4 59 425% 0.95[0.25, 3.63]
Yoo 2017 2 68 1 64 13.5% 1.88[0.17,20.26] =
Total (95% CI) 170 166 100.0% 0.81[0.34, 1.94] R e
Total events 9 11
itv: Chi2 = = = .12 =09 I } t i
Heterogeneity: Chi* = 0.91, df =2 (P = 0.63); I? = 0% 0.01 01 1 10 100
Test for overall effect: Z = 0.47 (P = 0.64) HT autograft Allograft
BPTB autograft Allograft Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Sun 2009 7 76 9 80 100.0% 0.82[0.32, 2.09]
Total (95% CI) 76 80 100.0% 0.82[0.32, 2.09]
Total events 7 9
Heterogeneity: Not applicable : t - : :
Test for overall effect: Z = 0.42 (P = 0.68) Bl BP(%:I; autograft : Allograft ig L
HT autograft ACLSR Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight IV, Fixed, 95% CI IV, Fixed, 95% ClI
Hoogeslag 2022 0 18 0 22 Not estimable
Total (95% Cl) 18 22 Not estimable
Total events 0 0
Heterogeneity: Not applicable '00 1 Ot 1 ] 1'0 1 00'

Test for overall effect: Not applicable

HT autograft ACLSR



Pediaftr

« 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

Study Events Total Proportion 95%-C| Weight

Graft Type = BTB

Britt et al 2020 A 4 M L 0.098 [0.027;0.231] 3.6%
Ellis et al 2012 2 59 — 0.034 [0.004; 0.117] 2.4%
McCarroll et al 1994 3 60 R A — 0.050 [0.010; 0.139] 3.2%
Morgan et al 2016 A 4 48 L 0.083 [0.023; 0.200] 3.7%
Nelson et al 2016 A 3 55 _—. 0.055 [0.011;0.151] 3.1%
Rauck et al 2021 4 53 — 0.075 [0.021;0.182] 3.7%
Schilaty et al 2017 A 0 69 *-— 0.000 [0.000; 0.052] 0.8%
Shelbourne et al 2009 46 528 —— 0.087 [0.084; 0.114] 7.5%
Random effects model 913 p— 0.079 [0.062; 0.099] 28.0%

Heterogeneity: I = 0%, * = < 0.0001, p = .49

Graft Type = HT

Britt et al 2020 B 4 30 L 2 0.133 [0.038; 0.307] 3.5%
Calvo et al 2015 4 27 = 0.148 [0.042; 0.337] 3.5%
Gohen et al 2009 3 26 - 0.115 [0.024; 0.302]  3.0%
Cordasco et al 2019 B 13 66 = 0.197 [0.109;0.313]  5.8%
Cordasco et al 2019 C 3 49 —.——— 0.061 [0.013;0.169]  3.1%
Courvoisier et al 2011 5 37 = 0.135 [0.045; 0.288]  4.0%
Engelman et al 2014 4 35 - 0.114 [0.032; 0.267] 3.6%
Larson et al 2016 2 22 L] 0,091 [0.011;0.292] 23%
Mariscalco et al 2013 13 85 -_— 0.153 [0.084; 0.247] 5.9%
Matava et al 1997 18 0.125 [0.003; 0.527) 1.3%
Mcintosh et al 2006 2 16 - 0.125 [0.016; 0.383] 2.3%
Morgan et al 2016 B 38 194 —a— 0.196 [0.142; 0.259]  7.3%
Nelson et al 2016 B 29 388 —a— 0.075 [0.051; 0.1068]  7.1%
Nikolaou et al 2011 4 94 —a— 0.043 [0.012; 0.105]  3.8%
Pennock et al 2019 B 12 56 L 0.214 [0.116;0.344]  5.6%
Redler et al 2012 0o 18 0.000 [0.000; 0.185]  0.8%
Runer et al 2020 A 3 51 . 0.059 [0.012; 0.162]  3.1%
Schilaty et al 2017 B 0 35 -— 0.000 [0.000; 0.100] 0.8%
Random effects model 1237 _ 0.118 [0.090; 0.154] 66.8%

Heterogeneity: I° = 56%, T° = 0.1777, p < .0

Graft Type = QT

Gagliardi et al 2020 1 81 — 0.012 [0.000; 0.067] 1.4%
Kohl et al 2014 o 13 0.000 [0.000; 0.247]  0.8%
Pennock et al 2019 A 127 0.037 [0.001;0.190]  1.4%
Runer et al 2020 B 0o B 0.000 [0.000; 0.459]  0.8%
Vaughn et al 2021 0 22 L — 0.000 [0.000; 0.154]  0.8%
Random effects model 149 — 0.027 [0.010; 0.075] 5.2%
Heterogeneity: 1> = 0%, ©* =0, p = 87

Random effects model 2299 g 0.093 [0.073; 0.118] 100.0%
Heterogeneity: I = 54%, ©° = 0.2117, p < .01 ' T T T '

Test for subgroup differences: 3 = 10.54, df = 2 (p < .01) 0 0.1 0.2 0.3 04

Re-rupture Rate




...and differently

* QT in highly active older
patients provides
satisfactory patient-
reported outcomes

» QT autograft is a good graft
option in patients older
than 50 years.

Quadriceps autograft is a viable graft choice for arthroscopic ACL
reconstruction in patients over 50 years of age

oediatric

________

Variables

Patient num-
bers =57 Number
(%)

Age, mean (SD)
Sex
Female
Male
Days from injury to surgery, mean (SD) [range]
QT autograft without bone block
QT autograft with bone block
Isolated ACL reconstruction
Concomitant (complex) procedures
Meniscal injuries
Meniscectomy
Medial
Lateral
Meniscal repair
Medial
Lateral
Cartilage lesions
MCL injuries
Summer sport before ACL injury
Cycling
Running
Mountain biking
Others
Winter sport before ACL injury
Ski/Snowboard
Others
Sport after ACL injury
Summer sport at 2-year follow-up
Running
Cycling
Mountain biking
Others
Winter sport after ACL injury
Ski/Snowboard
Others
Frequency of sports before ACL injury
> 5 times by week
2-3 times by week
Irregularly
Frequency of sports at 2-year follow-up
>5 times by week
2-3 times by week
Irregularly

QT quadriceps tendon, SD standard deviation

54.9 (3.2)

33 (57.9%)

24 (42.1%)

16.6 (12.9) [0-90]
38 (67%)

19 (33%)

16 (28%)

41 (72%)

36 (63%)

19 (33%)
6 (11%)

2 (4%)
9 (16%)
10 (18%)
5(9%)

16 (28%)
15 (26%)
7 (12%)

13 (23%)

52 (91%)
5(9%)

15 (26%)
13 (23%)
9 (16%)

15 (26%)

46 (81%)
11 (19%)

15 (26%)
36 (63%)
6 (11%)

11 (19%)
40 (70%)

Impostazioni ¢



Revision Surgery

 HT autografts result in

Mean follow-up (%) Lost to Mean age at Time between first
[} ([ J [} [ J o Study design (level of post-r-ACLR (SD) follow- revision (SD) and r-ACLR (SD) MINORS/
Reference evidence) Number of patients/knees (months) up (%) Female (%) (years (years) Detsky score
] ] ] ] ] Ahn et al. [2] Case-control (l1l) 55/56 48.7 (range: 0.0 21.8 31.6 (range: 4.4 (range: 0.4-18.0) 13/24
22.0-120.0) 21.0-55.0)
Legnani Retrospective cohort 44144 62.4 (range: 24.0-84.1) 0.0 34.1 26.9 (9.3) NR 16/24
® et al. [19] study (Il
- Haner et al. [9]  Prospective 51/51 24.0 5.5 314 35.8 (11.8) NR 16/24
comparative study (I1)
Barié et al. [3] Retrospective cohort 79/79 52.3 (6.9) 39.7 278 31.0 (10.0 6.6 (6.8) 16/24
study (I11)
Supreeth Retrospective 84/84 NR (range: 24-60) NR 14.3 29.0 (8.4) 4.6 (range: 0.8-19.0) 14/24
et al. [39] observational study (III)
Sasaki etal. [33] Randomized controlled 41/41 46.8 0.0 63.4 26.1 (11.5) 8.1 (8.6) 16/20
trial (1)
o Eggeling Retrospective cohort 89/89 26.9 (3.7) 5.2 39.3 30.1 (8.9) NR 14/24
a l I O r' a O 'I O n S et al. [7] study (Ill)
[ ] Meena Retrospective cohort 85/85 90/90 (demographics 24.0 12.37 38.1 35.6 (9.8) NR 17/24
et al. [24] study (I11) included lost to follow-up)
Rayes et al. [31] Retrospective cohort 72/72 56.5 0.0 14.9 23.3 (4.8) NR 18/24
study (I1)
Katagiri Retrospective cohort 41/41 40.5 31.0 39.0 30.6 7.4 (range: 0.5-22.5) 14/24
et al. [14] study (I11) (range: 15-54)
Yumashev Retrospective cohort 218/218 60.0 NR 19.3 NR NR 13/24
et al. [44] study (I11)

Hamstring autografts demonstrate either similar or
inferior outcomes to quadriceps or bone—patellar
tendon-bone autografts in revision anterior cruciate
ligament reconstruction: A systematic review of
comparative studies



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

dverse Events and Complications After
rimary ACL Reconstruction With
Juadriceps Tendon Autograft

Systematic Review

QT QTPB
Complication Knees, n/N IR, % Study Citations Knees, n/N IR, % Study Citations P
Total complications 74/604 12.3 5,11,13,17,19,45 120/1254 9.6 i .08
Failure (total) 9/569 1.6 5,11,13,17,19,45 39/1254 3.1 i .06
Infection 1/124 0.8 13 3/162 1.9 1,15,25,27,46 44
Anterior knee pain 38/159 23.9 18,19 44/509 8.6 Tt <.001
Patellar fracture - - - 10/464 2.2 14,18,23,24,46 -
Cyclops lesion 18/365 4.9 517 5/107 4.7 18,26 94
ROM deficit 4/124 3.2 13 7/376 1.9 14,1823 19
Instability - - . 9/206 4.4 18,22,24,40
Unsatisfactory cosmetic appearance 5/39 12.8 45 - - -
Quadriceps muscle weakness - - 1/57 1.8 18
DVT - - - 3/57 5.3 18 -
Reoperations 31/528 5.9 5,13,17.45 34/1056 3.2 bl 011
Revision ACLR 5/528 0.9 5,13,1745 22/1056 2.1 1 .08




Take Home Message

Literature Is Increasing but still scarce (vs HT and BPTB)
With or without bone-block results are similar

Lower tfailure 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




13.00 - 13:15 ANATOMY AND BIOMECHANICS

Dott. Luca Farinelli MD PhD

Assistant Professor Clinica Ortopedica dellU’Adulto e Pediatrica

Nnd

.’. Azienda Ospedaliera Universitaria delle Marche
| IRCCS INRCA Ancona Italy
1 | \ | Sport Traumatology and Knee Arthroscopy surgery

. | Email: L.farinelli@staff.univpm.it
Meeting

Universita Politecnica delle Marche, Ancona

| 7th June 2025 | NH Minchen Messe
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Comparative anatomy

Hominins

7 millions years ago

Gen. Australopithecus Gen. Pan
Genus of early hominins that existed in / \
Africa during the Pliocene and Early
Pleistocene (5 millions years ago) Chimpanzees bonobos!

Gen. Homo

UNIVERSITA INTERNATIONAL QT
POLITECNICA IQTI INTEREST GROUP
DELLE MARCHE




Comparative anatomy

Gen Homo




Comparative anatomy Adult population Pediatric population Histology Biomechanics

Common Bonobo Human
chimpanzee

Retus fernoris

Psoas Psoas Absence
minor minor —  of psoas
mir?or 1 Retstss fermis
qusiepis
Vactus elleralls
Vssus lerers
Adductor Absence of
minimus adductor Vasles sodalls
minimus

Anterior view

Vazctus medlplis

Fibularis
tertius

Veshmmervis




Comparative anatomy Adult population Pediatric population Histology Biomechanics

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.



Adult population

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.

Strauss et al. 2021 OJSM

ttttttt o
di Ricovern
e Cura
a Carattere
scientifica
HEALTH
AND SCENGE

UNIVERSITA INTERNATIONAL QT
POLITECNICA IQTI INTEREST GROUP
DELLE MARCHE




Adult population

ANALYSIS OF QUAD TENDON IN YOUNG ADULT PATIENT

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

Median 85.5 mm [range:52-109mm)]

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

Strauss et al. 2021 OJSM
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UNIVERSITA
POLITECNICA IQT'
DELLE MARCHE
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Adult population

ANALYSIS OF QUAD TENDON IN YOUNG ADULT PATIENT

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)

Quadriceps Tendon —<

Fuse point

The «fuse point» is at a median length of 48.7 mm
(range, 27.9- 62.6 mm) from the PEL,;

—
Lateral Patellar
Eminence -

From the fuse point and distally to the patella,
the first and second layers could easily be separated via
simple dissection.

Patellar Tendon —<

Strauss et al. 2021 OJSM

UNIVERSITA INTERNATIONAL QT
POLITECNICA IQTI INTEREST GROUP
DELLE MARCHE




Adult population

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:

* medianthickness 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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Adult population

ANALYSIS OF QUAD TENDON IN YOUNG ADULT PATIENT

100 mm
Distance |  Thickness, median (range), mm
80 mm from PEL Lateral Central Medial
5.5 5.4 4.8
60 mm 100mm o568 | (3.273) (3.2-5.7)
80 mm 55 6.5 52
40 mm - (3.2-8.0) (3.2-8.1) (3.8-5.9)
60 mm 4.0 7.5 5.8
20 mm (3.4-6.7) (4.6-8.3) (3.6-8.1)
40 mm 37 7.2 54
PEL - (2.9-5.4) (4.8-9.9) (4.8-8.4)
20 mm 6.7 8.5 6.1
(4.3-7.5) (6.0-10.8) (4.9-10.2)
Quadriceps Tendon
Strauss et al. 2021 OJSM
UNIVERSITA

INTERNATIONAL QT
POLITECNICA IQTI INTEREST GROUP
DELLE MARCHE
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Adult population

ANALYSIS OF QUAD TENDON IN AGED PATIENTS

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 (nhot patient

eligible for ACL reconstruction

Lippe et al. 2012 Arthroscopy

UNIVERSITA INTERNATIONAL QT
POLITECNICA IQTI INTEREST GROUP
DELLE MARCHE




Pediatric population

Nine knee specimens (aged 4-11 years)

Orthopaedic
Journal of

Sports
QT Medicine 4

A TR #= oA | The median distance from the superior pole of the patella to

uperior Patellar Pole 'y

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

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

Separation of RT and
QT demonstrated by

short black arrows [P 3 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).

Shea etal. 2019 OJSM doi: 10.1177/23259671 1985657EI




Pediatric population

Orthopaedic
Journal of
Sports
Medicine g

Nine knee specimens (aged 4-11 years)

Celebral palsy = rectus femor trasfer 2> RF retraction and QT weakness

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.

Shea etal. 2019 OJSM doi: 10.1177/2325967119856578




Histology

?00)

TABLE 1. Morphometric Data of Comparative Analysis of Structure of Quadriceps and Patellar Tendons

Mean (Range)
Investigated Parameters Patellar Tendon Quadriceps Tendon P Value
Thickness of collagen fibrils (nm) 103.75 £ 64.45 (41.2-172) 106.50 £ 59.02 (42.14-178.41) >.99
Density of blood vessels (e nm? of collagen abrils) 117 1+ 0.23(0.98.1.49) 1.21 4+ 034.(1.3.1.76) =99
Fibril-interstitium ratio on histologic sections (%) 64.54 + 7.78 (58.3-74.20) 80.22 *+ 6.07 (73.91-86.7) 0004
Density of fibroblasts (per 1 mm” of collagen fibrils) 10.65 = 2.48 (8.9-14.1) 17.4 = 3.25 (13.2-21.0) 0011

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

Arthrescopy

The Journal of Arthroscopic and Related Surgery

Hadjicostas PT, Soucacos PN, Berger |, 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.
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Histology

used autografts for anterior cruciate ligament reconstruction . :
with the native ACL: an electron, microscopic Methods: 20 specimen, mean age 36.4 years

and morphologic study (range 24-54 years).

Comparative and morphological analysis of commonly e o 0

Panayiotis T. Hadjicostas - Panayotis N. Soucacos *
Nadezda Koleganova - Gerhard Krohmer -
Irina Berger

Density of Fibroblast Fibril / interstitio ratio Density of blood vessel
20,0 100,0 ——— >
45,0 95,0 : 4,0 - ;
40,0 90,04
4 | B 3,5
350 2.3.4 85,0 o
, 80,0 - 3,0 |
30,0 1 75,0
25,0 | 70,0 =
I') 2
20,0 | 65.0 2,3;4- 2,0
60,0 -
15,0 | 55,0 1,5
10,0 1 . T 50,0 ' ' 1,0
ACL Gracilis Semit Quadriceps Patella ps Patella ACL
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Biomechanics

Buza et al. assessed the risk of patella fractures after bone 2
harvest (QT VS BTP) in experimental setting 024

T _ _ % _ _ & _ ___

BPTB BQT .
e Maximum Load

Superior i
' 12

50% patella
\ height

10

Load (kN)
(@)

Limit of the study: BPTB BQT

. Cadaveric model _ _ . .
Aqaveric mode Fig 4. Maximum load to fracture. No significant difference

« aged65 + 16 years; was observed between the 2 groups.



Biomechanics

What about free hand of QT graft??

Which suture?

Which suture type? (Locking or whipstitch suture)

=3



Biomechanics

Table 1. Testing Groups

Group Sample Size Method Representative image
1 Winter Innovations 8 WS EasyWhip

Failure assessment:

* Suture breaking eoeq

| * Suture pull through
e Tendon tear

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

8 LS Hi-Fi Suture

Total 48
LS, locking stitch; WS, whipstitch.

Table 3. Failure Modes by Test Group

Failure Modes, %

Study Group Construct Suture Pnll-Thrmlgh Suture Rrpakj_u_g Tendon Tear, Then Suture Breakiﬂg
Group 1 Locking stitch — 100 —
Thipeiite p mara; —
Group 2 Locking stitch — 100 —_
M 12.5
Group 3 Locking stitch — 100 —_
Whipstitch - 75 25

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.



Histology Biomechanics

Adult population Pediatric population

Comparative anatomy

Smaller Width Quadriceps Tendon Grafts
Maintain Advantageous Biomechanical
Properties for ACL Reconstruction ?oes

Richard C. Lee,*" MD @, Steven D. Voinier,*® PhD @, Conor F. McCarthy,” MD @,
Donald F. Colantonio,! MD @, Shawn M. Gee,! MD @, Christopher J. Tucker,” MD ®,
Melvin D. Helgeson,™ MD @, and Nicholas P. Lopreiato,” MD

Investigation performed at the Department of Orthopedic Surgery, Walter Reed
National Military Medical Center, Bethesda, Maryland, USA

TABLE 2
Mechanical Properties According to Tendon Group®
Mechanical Property 10-mm QT 8-mm QT 6-mm QT 10-mm PT
Failure load, N 1286 + 237.3 1056 = 226.7 935.1 = 283.8 816 = 192.7
Stiffness, N/mm 201.2 = 52.13 205.4 + 21.69 199.6 = 49.51 239.2 = 57.72
Time constant, sec 476.4 = 116.1 453.4 = 61.06 407.2 + 49.24 366.1 = 87.58
Creep strain, mm/mm 0.050 = 0.020 0.048 *+ 0.012 0.041 *+ 0.016 0.046 = 0.018
Failure strain, mm/mm 0.275 *= 0.090 0.214 *= 0.069 0.192 = 0.023 0.163 = 0.048
Young modulus, MPa 62.10 = 21.36 79.52 + 27.98 104.3 = 39.86 116.7 = 38.24

“Data are presented as mean = SD. PT, patellar tendon; QT, quadriceps tendon.




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 Pediatric population Histology Biomechanics

Full thickeness QT vs BPT vs 4-Strand semitendinosus

Allograft Ultimate load (N)
(1) FT QT with bone - (Mean+SD)
(2) FT QT without bone g |
(3) PT QT without bone é 5 BTB 1810+ 397
(4) BTB 2 FT QT no bone 1260 + 264
(5) RF a: | FT QT with bone 1450 +362
() 4-S51 —1omm 1‘m.n-;, —‘; 12mm PT QT no bone 972 +372
e e e S 2-stranded RF 1160+ 308
Strenght: young cadaveric grafts (mean age 32 * 6 years) 4SST 1750+ 316

Conclusions

Full thickness QT grafts with bone had similar material properties to BTB and a 4-SST
grafts, while Partial thickness QT graft without bone had significantly lower material
properties than BTB and 4-SST, in a biomechanical setting.

Strauss MJ, et al. Knee Surg Sports Traumatol Arthrosc. 2022 May;30(5):1786-1794. doi: 10.1007/s00167-021-067 38-x.



Comparative anatomy Adult population Pediatric population Histology Biomechanics

BONE-PATELLAR TENDON-BONE (BTB) vs 4-STRAND HAMSTRING tendons (HT) vs QUADRICEPS 2023
tendon (QT)

75.2 years (range 53-85 years).

Property QT (n=17) HT (n=28) BTB (n=7) P value
Cyclic Elongation (mm) 1.0+0.6 0.6+0.3 0.8+0.7 0.370
Linear stiffness (N/mm) 672 + 210" 397+91 543 +73 0.004 CONCLUSION:

I_Ultimate load (N) 2,097 + 567 2,046 + 455 2,129+521 o.tﬂl
Ultimate stress (N/mm”) 26.5+8.6 4431168 34.6+82 0.036
Ultimate strain (%) 13.7+1.7 11.4+3.0 15.1+4.9 0.139 All three grafts had similar loads to failure with
Elastic modulus (MPa) 269+72 557 + 305" 297+ 65 0.016 3 Significa Nt increase in stiffness when

-secti 2 81.4+19.2° 49.1+12.2 61.8+8.3 0.001 .
Cross-sectional area (mm’) * * * compared to the native ACL. Furthermore, QT
BTB Bone—patellar tendon—bone, HT Hamstring tendon, QT Quadriceps tendon demonstrated favourable structural prope rties
*Penntes stan%tu-:al 51-gn1{.icance when compared to HT and BTB to HT and BTB with an increased cross-
Denotes statistical significance when compared to HT but not BTB .

"Denotes statistical significance when compared to both QT and BTB sectional area to both HT and BTB a long
*Denotes statistical significance when compared to QT but not BTB with increased stiffness com pared to HT.

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

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

e 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

Knee Surgery Sports @J
recen t yea rs Traumatology Arthroscopy THE OFFICIAL CLINICAL JOURNAL OF ESSKA

Knee (& OpenAccess () @)

»favorable biomechanical properties and Revision ACL reconstruction using quadriceps, hamstring and

patellar tendon autografts leads to similar functional
outcomes but hamstring graft has a higher tendency of graft

»comparable clinical and functional outcomes P

Amit Meena, Luca Farinelli, Christian Hoser, Elisabeth Abermann, Akshya Raj, Caroline Hepperger
Mirco Herbort, Christian Fink 52«

»comparable graft survival

First published: 20 October 2022 | https://doi.org/10.1007/s00167-022-07200-2 | Citations: 34

Knee Surgery Sports @)

> Orthop J Sports Med. 2024 Feb 1;12(2):23259671231224501. doi: 10.1177/23259671231224501. Traumatology Arthroscopy THE OFFICIAL CLINICAL JOURNAL OF ESSKA

eCollection 2024 Feb.
Knee @ OpenAccess (© @

Primary Versus Revision ACL Reconstruction Using
Quadriceps Autograft: A Matched-Control Cohort

No difference in patient reported outcomes, laxity, and failure
rate after revision ACL reconstruction with quadriceps tendon
compared to hamstring tendon graft: a systematic review and
meta-analysis

Study

Amit Meena, Stefano Di Paolo, Alberto Grassi, Akshya Raj, Luca Farinelli, Christian Hoser, Sachin Tapasvi
Stefano Zaffagnini, Christian Fink 2«

Amit Meena ' 2, Luca Farinelli 3, Christian Hoser 1 2, Elisabeth Abermann ' 2,
Caroline Hepperger 1, Mohit Kumar Patralekh 4, Mirco Herbort 2 ®, Christian Fink 1 2

First published: 24 March 2023 | https://doi.org/10.1007/s00167-023-07380-5 | Citations: 17



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

Comparative Study > Arthroscopy. 2016 Jan;32(1):71-5. doi: 10.1016/j.arthro.2015.06.051.
Epub 2015 Sep 14.

Review > J Am Acad Orthop Surg. 2020 Jan 15;28(2):45-52.
doi: 10.5435/JAAOS-D-19-00032.

Quadriceps Tendon Autograft in Anterior Cruciate [l B:0™€chanical Comparison of Quadriceps and

Ligament Reconstruction

Patellar Tendon Grafts in Anterior Cruciate Ligament
Reconstruction

Nima Mehran 1, Dhanur Damodar, Justin Shu Yang . _ _ . . . _
Raj H Shani 1, Erica Umpierez 2, Michael Nasert 3, Elise A Hiza 4, John Xerogeanes °




Background

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

> Arthroscopy. 2006 Jan;22(1):76-9. doi: 10.1016/j.arthro.2005.10.015.

Residual strength of the quadriceps versus patellar
tendon after harvesting a central free tendon graft

Douglas J Adams ', Augustus D Mazzocca, John P Fulkerson

Affiliations + expand
PMID: 16399465 DOI: 10.1016/j.arthro.2005.10.015




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.

Editorial > Arthroscopy. 2021 Sep;37(9):2858-2859. doi: 10.1016/j.arthro.2021.05.011.

Editorial Commentary: Revision Anterior Cruciate
Ligament Using Soft Tissue Autograft Quadriceps Is

Effective but Not Recommended for All Comers

Sarav S Shah

PMID: 34481626 DOI: 10.1016/j.arthro.2021.05.011

> Knee Surg Sports Traumatol Arthrosc. 2023 Jul;31(7):2828-2835.
doi: 10.1007/s00167-022-07242-6. Epub 2022 Nov 25.

Harvesting a second graft from the extensor
mechanism for revision ACL reconstruction does not

delay return of quadriceps function

Joshua C Setliff 1, Christopher M Gibbs 2, Volker Musahl 2, Bryson P Lesniak 2,
Jonathan D Hughes 2 3, Stephen J Rabuck 2

Affiliations + expand
PMID: 36434264 DOI: 10.1007/s00167-022-07242-6




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

e A total of 388

Records identified through Additional records identified
St u d i eS We re < Database searching Through other sources
Y (“ =.‘88' (n:‘}"

identified. ‘ .
Duplicates removed records (n =191)

Records after duplicates removed

e After removal of |
duplications, e
Following the =203 B
Inclusion anc o
exclusion criteria, A |5 AT — gratother than QT used
total of seven Fos
studies for -
qualitative synthesis f.:'l?f:.".?'c:::f.f.’.'ffs".‘:f..ifi‘.ffff.'..',f
and 3 for meta s ke

Screening

Eligilibity

(n=24)

Full-text articles excluded (n=17)

Studies included in qualitative
synthesis Studies included in

Included

(n=7) Meta-analysis

analysis _ ik




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

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

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

e Return to sports activity



Key Findings

e 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.)

e 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

e 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.

* |tis aviable graft that should be considered for both primary and revision
ACL reconstruction.



Thank you

Knee Surgery Sports

Traumatology Arthroscopy

Knee & OpenAccess () (®

- No difference in patient reported outcomes, laxity, and failure
rate after revision ACL reconstruction with quadriceps tendon

. compared to hamstring tendon graft: a systematic review and
meta-analysis

Amit Meena, Stefano Di Paolo, Alberto Grassi, Akshya Raj, Luca Farinelli, Christian Hoser, Sachin Tapasvi,
Stefano Zaffagnini, Christian Fink 22«

| First published: 24 March 2023 | https://doi.org/10.1007/s00167-023-07380-5 | Citations: 17




QT IN PRIMARY PEDS ACLR:

Darren de SA MD MBA FRCSC
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PROBLEMS with PED-ACLR

 DELAY = risk of meniscal/cartilage damage, lower

RTP; HIGHER FAILURE (~25% Females) Figurs
* 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) MacORTHO



GRAFT? STABILITY 1...in skeletal MATURE

Study Design

n =300 n =300
Single bundie Single bundle
HS ACLR HS ACLR + LET

2)  Returning to high risk cutting
or pivoting sports

3)  Generalized ligamentous
laxity

Criteria
(2 of 3)

Inclusion {l Grade 2 pivot shift or greater

Ouicome

Failure rates:

Isolate HS - 41%

VS

HS + LET — 25%
(RR=0.61, 95%Cl 0.47 to
0.79. p<0.0001)

MAcORTHO



RISE OF THE QUAD TENDON!

Lee Pace, MD @| eeP... -2021-06-03
Huge fan of all inside and especially
#laudthequad. | think all inside creates

¥ \olker Musahl

B oo \uooh »  Mary Mulcahey @mar... -2020-12-05

~ Awesome! | love quad autograft. Very
" robust, reliable graft! Great work.

QT autograft for knee ligament best biology and best fixation construct.

reconstruction: use it now, use it Have been doing that along with basically #laudth o st

often | British Journal of Sports 100% quad since 2016. audihequad #ac

Medicine #rehabtroubleismyth Or Dan F . R

g2 " r. Dan Fuentes @Fix... - SRH=UE e Clayton Nuelle, MD, F...- 2020-07-17 -

#anatomicistheonlyway * Auto QT has completely eliminated HS @ This is an autograft quad #ACL 2.5
grafts in my practice, as | have increased months after reconstrgction. Note the
its use overall. Love the QT, but still for amount of re-vascularity present.

Harris Slone @harriss... - 2020-09-03 - my cutting/pivoting athletes & phaleeonse e

Got to love a juicy quad tendon #ACL population, I'm auto BTB for now. That'’s

araft. Bye bye hamstring. #laudthequad my last hurdle despite some great data
: s results w/QT comparisons.

#laudthequad

~ KnesekSportsMD @... -2020-03-12 ---
@ Here is a look at a quadriceps tendon
{ graft for all inside ACL reconstruction! It
is a very reproducible and robust graft

Ryan Hess, MD @Rya... - 2019-03-03 ---
When | use QT | make it about 70mm and

#acl #laudthequad #sportsmedicine use adjustable loop on both sides- all- Neel Kushare @Neel... -2020-09-03
" \ inside technique. Works well for me. %. Replying to @harrisslone
#LaudTheQuad

Agree ! | haven’t done a single hamstring
M A7) ™M 2 A since the day | did my first Quad !

#laudthequad
% Dr.Jayesh K. Patel.... -2020-08-25 ---
@ Don’'t use hamstring use quad tendon.

— R ¢ MacORrto

[ Ona d




Knee Surgery, Sports Traumatology, Arthroscopy (2019) 27:105-116

Sh A PER N— https://doi.org/10.1007/s00167-018-5042-z

Review  » Knee Surg Sports Traumatol Arthrosc, 2024 Dec 17. doi: 10.1002/ksa. 12558 Review  » Knee Surg Sporis Traumatol Arthrosc, 2025 Feb;33(2):567-580. doi: 10.1002/ksa.12305,

Online ahead of print. Epub 2024 Jul 31.
Quadriceps tendon autograft diameters are routinely Femoral tunnel length does not impact outcomes
above 8 mm, and preoperative size estimation before following ACL reconstruction using a single-bundle

anterior cruciate ligament reconstruction may not be quadriceps tendon autograft: A systematic review
necessary for this graft type: A systematic review

Tess Bracken 1 Alexandre Veilleux 1 Hassaan Abdel Khalik 2 Jansen Johnson ¢ Darren de 5a 2

o) kuropean Society of Sports [raumatology, knee Surgery, Arthroscopy (ESS5KA) 2018

1 Yy (o - - p— - - -
-5y > Knee Surg Sports Traumatol Arthrosc, 2024 Nov 4. doi: 10.1002/ksa.12535. Online ahead of print.

f Albe Review » Knee Surg Sports Traumatol Arthrosc, 2022 Mowv:30{11):3659-3672.
Rec ) How statistically fragile are randomized controlled doi: 10.1007/s00167-022-06930-7. Epub 2022 Apr 20
trials comparing quadriceps tendon autografts with

Raphael| hamstring or bone-patellar tendon-bone autografts

Bryson P

N petarior o - e — E—

Quadriceps tendon autograft for pediatric anterior
cruciate ligament reconstruction results in promising
> Curr Rev Musculoskelet Med. 2021 Dec:14(6):462-474. doi: 10.1007/512178-021-00726-3. | POStoperative tunction and rates of return to sports:

Systemd jochf Epub 2021 Nov 10 A S}"StE'lTlEltiC review
Both | Amif
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autograft:

Outcomes: an Updated Scoping Review of the
Hassaan Abd

Keistian S Quadrl{jep T'El]dﬂﬂ Less than 1% risk of donor-site quadriceps tendon rupture post-ACL
stian sam reconstruction with quadriceps tendon autograft: a systematic review

" Michael . DeGroote - _
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VWhat is the Consensus?
BM))ournals Lﬂgmv pocket o | search

British Journal of

| atest content Current issue Archive For authors Resource:

Only soft nssue grafrs (not allografrs) should be used for ACL
reconstruction in paediatric patients with open physes. The
quadrupled hamstring graft is most common.” — A guad-
riceps tendon graft may be used.”™ The patella tendon showld

not be harvested in paediatric patients with open physes 1o [€

avold damage to the ubial wbercle apophysis. Allografts are

not indicated in paediatric panents in most cases, since the use
m ™ . Il&
of allografts in paediatric ACL reconstruction has poor clinical
i
CRLATCOITICS.

crik Witvrouw =<, Lars Engebretsen = =+ =+ =%

MAcORTHO




THE PROBLEM: “LACK OF DATA™

TAELE IV Review of the Literature on Surgical Outcomes Following Pediatric ACL Reconstruction: Study Demographics and Complications* >

Mo. of Mean Mean Hecurrent
First Author Patients Age (yr) Follow-up (mo) Graft Instabil ity Reinjury

ﬁ'}f}, Review 2 J Bone Joint Surg Am. 2017 Dec 20;99(24):2062-2068. dori: 10.2106/JBJS.16.01408.

Extrn

~ A Historical Analysis of Randomized Controlled

Trials in Anterior Cruciate Ligament Surgery

Far

1

Tl Jeffrey Kay ', Muzammil Memon ', Darren de Sa !, Nicole Simunovic ', Volker Musahl 2,

1 3

: 7 2 : :
Freddie H Fu =, Jon Karlsson =, Olufemi R Ayen
Kocher™, 2007 59 14.7 43.2 Hamstring

Liddie™", 2008 17 12.0 44.0 Hamstring
Cohen ", 2009 26 13.3 45.0 Hamstring

Courvoisier —, 2011 37 14.0 36.0 (median) Hamstring

¥LLD = limb-length discrepancy, NR = not reported. ITB = iliotibial band, BTE = bone-tendon-bone, and FL = fascia lata.




EVIDENCE? “Kids are NOT small adults!”

Transphyseal Anterior Cruciate Ligament
Reconstruction in the Skeletally Immature

Quadriceps Tendon Autograft Versus Hamstring
Tendon Autograft

Andrew T. Pennock,*™ MD, Kristina P. Johnson,” ATC, OPA-C, Robby D. Turk,” BA,
Tracey P. Bastrom,” MA, Henry G. Chambers,™ MD, Kelly E. Boutelle," BS,
and Eric W. Edmonds,™ MD

Investigation performed at Rady Children’'s Hospital, San Diego, California, USA

TABLE 2
Dutcomes and Complications for 83 Patients
Undergoing Transphyseal ACL Reconstruction Who Had
a Minimum Follow-up of 2 Years or Had Documented
Graft Failure Before 2 Years®

Hamstring GQuadriceps
Tendon Tendon
in = H) n=227)

Lysholm score 04 + 6 96 + 8

Satisfaction (0-10) 02+128 9.6+ 0.8
SANE score (0-100) 89 + 11 93 +9
Pam score (0-10) 09+ 15 b +14
Tegner activity score i1+20 bt 1b
Graft failure, n (%)
I LY pTE F: 1 Y : - :
Growth abnormality, n (%) 0 (0] 0 (0]
Contralateral ACL tear, n (%) 59 5 (19) 270

“Values are reported as mean # 5D unless otherwise specified.
Bolded values indicate significance (P = .05). ACL, anterior cruci-
ate ligament; N/A, not applicable; SANE, Single Assessment

Numeric Evaluation.




QT in SKELETAL IMMATURE:

Quadriceps Tendon Anterior Cruciate
Ligament Reconstruction in Skeletally
Immature Patients

3-Year Clinical and Patient-Reported Outcomes

Frank A. Cordasco,*’ MD, MS, Sofia Hidalgo Perea,* BS, Tyler J. Uppstrom,* MD,
Danielle E. Chipman,* BS, Nicolas Pascual-Leone,* MD, Alexandra Hunter Aitchison,* BS,
Emilie Lijegen,* BS, Lori Ann Asaro,*t PA-C, MS, and Daniel W. Green,**S MD, MS
Investigation performed at Hospital for Special Surgery, New York, New York, USA

» 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 |1&D, 2 LLD, 3 pt revisions due to

graft failure

* no differences in reoperation b/w technique or concomitant LET MACURTHO



THE LITERATURE...

Knee Surgery, Sports Traumatology, Arthroscopy (2022) 30:3659-3672
https://doi.org/10.1007/s00167-022-06930-7

KNEE

Quadriceps tendon autograft for pediatric anterior cruciate ligament
reconstruction results in promising postoperative function and rates
of return to sports: A systematic review

Alexander Zakharia' - Darius L. Lameire? - Hassaan Abdel Khalik? - Jeffrey Kay® - Abhilash Uddandam -
Kanto Nagai* - Yuichi Hoshino? - Darren de SA3?

Received: 18 November 2021 / Accepted: 3 March 2022 / Published online: 20 April 2022
© The Author(s) under exclusive licence to European Society of Sports Traumatology, Knee Surgery, Arthroscopy (ESSKA) 2022

Graft Rupture Rate:

Suudy Dosign 2.5%
« 14 published/grey lit studies examining
596 patients — growing interest Return to Spo rts Rate:

. Underwent ACLR with QT autograft
88.9% — 100%
MacOrTHo




THE LITERATURE...

Review 2 ) Orthop. 2023 Dec 22:49:156-166. doi: 10
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Quadriceps tendon autograitt i1s promising with lower
egraft rupture rates and better functional Lysholm

scores than hamstring tendon autograftt in pediatric

ACL reconstruction. A systematic review and meta-
analysis

i i 1 F 4, . ; -
karthick Rangasamy © <, Vishnu Babura) =, Nirmal Ra) Gopinathan
3
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Quest for “Best Available Evidence”
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Participants Particioants Total Current

Site Name Enrnlled to P Active/Completed | Follow-Up
Withdraw Rat
Partlclpants ate

Hamilton Health Sciences, Canada 9?%

Shriners Hospital for Children, Canada _—_
CHEO, University of Ottawa, Canada
Michael Garron Hospital, Canada
CHU Sainte-Justine, Canada

~ $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

MAcORTHO
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MPFL reconstruction with Quadriceps Tendon Autograft

Danko D. Milinkovic
Center for Musculoskeletal Surgery

Charité - University Medicine

Berlin

CMSC CHARITE

Centrum far Muskuloskeletale Chirurgie



No conflict of interest

CMSC CHARITE
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Medial patellofemoral ligament — MPFL

> 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

CMSC

Centrum fur Muskuloskeletale Chirurgie



First time luxation

Adolescent and young active population

> 90% of first time luxation

MPFL injury = ,Essential lesion®

CMSC C I-I ARITE

Centrum far Muskuloskeletale Chirurgie



Risk stratification

Main factors that predispose recurrence:

Young age/open physis
Trochlear dysplasia
Patella alta

Distal malalignment and

(Contralateral instability)

TABLE 3
Studies Reporting Risk of Recurrence With Multiple Concurrent Risk Factors”

No. of Risk Factors

CMSC

Centrum far Muskuloskeletale Chirurgie

First Author (Year) 0 1 2 3 4

Lewallen'® (2015) 8.6% 11.1%-26.6%" 29.6%-60.2%" 70.4% —

Arendt' (2018) 7.7% 22.7% 50.9% (42.8%-54.8%)" T8.5% —

Jaquith'® (2017) 13.8% 30.1% 53.6% 74.8% 88.4%
CHARITE



Risk stratification

Main factors that predispose recurrence:

Young age/open physis
Trochlear dysplasia
Patella alta

Distal malalignment and

(Contralateral instability)

Various clinical manifestations

CMSC

Centrum fur Muskuloskeletale Chirurgie



Risk stratification

Trochlea
dysplasie Patella

alta

PF Patella-
Tilt

Instability

Tibia-
torsion Femur-
torsion

Various clinical manifestations

CMSC

Centrum far Muskuloskeletale Chirurgie



MPFL- Reconstruction

Often with concomitant procedures

(Gold standard

. Multiple techniques

. Various graft and fixation options

CMSC

Centrum far Muskuloskeletale Chirurgie



Medial Patellofemoral Ligament
Reconstruction for Patellar Dislocation

A Systematic Review

Nicola D. Mackay,*t MBChB, BMSc, MRCS, Nicholas A. Smith,* MBChB, MRCS,
Nick Parsons,* MSc, PhD, Tim Spalding," MBChB, FRCS, Peter Thompson,” MBChB, FRCS,

and Andrew P. Sprowson,* MD, FRCS

Outcomes of MPFL-R

significant improvements of PROMSs

. low Re-luxation rates (1-5%)

when performed technically well and with proper indication

Knee Surg Sports Traumatol Arthrosc o
DOI 10.1007/s00167-015-3698-1 CrossMark

KNEE

Surgical treatment of patellofemoral instability using
trochleoplasty or MPFL reconstruction: a systematic review

Enrlque Adrian Testa' - Carlo Camathias® - Fellx Amsler” - Phillpp Henle* -
Niklaus F. Friederich® - Michael Toblas Hirschmann'

CMSC

Centrum far Muskuloskeletale Chirurgie



A Systematic Review of Complications CME Systematic Review

and Failures Associated With Medial Medial Patellofemoral Ligament Reconstruction for Recurrent
Patellofemoral Ligament Reconstruction Patellar Dislocation: A Systematic Review Including
for Recurrent Patellar Dislocation Rehabilitation and Return-to-Sports Efficacy

JZ{):& i@g;;xg;ih:ﬁ%_djan:qg?f 'C}-:r): a|rdM'DPt;/l1)p: Tgr;dog\l,wir(ijst%:gti?em;m% MD Brent Fisher, M.D., John Nyland, Ed.D., Emily Brand, B.A., and Brian Curtin, M.D.

804
o . o
; 26% Complications
40 ]
=
£ 2]
g 10
E ]
%"q%% %, %o, %5 b B
R %, %,
% % % 6%%

CMSC CHARITE

Centrum fur Muskuloskeletale Chirurgie



Patient-Reported Outcomes After Revision
Surgery for Failed Medial Patellofemoral
Ligament Reconstruction

A Matched-Pair Analysis Including Correction
of Predisposing Factors
Falix Zimmermmann,”t MD, Juliane Bértiein,” PA, Danko Dan Milinkovie,” MD,

and Peter Balcarak,"t MD
Invastigation performed af the Arcus Sportkiinik, Pforzheim, Germany

Most common reasons for failure

Failure Analysis in Patients With Patellar
Redislocation After Primary Isolated Medial
Patellofemoral Ligament Reconstruction

Matthias J. Feucht,*™ MD, Julian Mehl,¥ MD, Philipp Forkel," MD,

Andrea Achtnich,” MD, Andreas Schmitt,’ MD, Kaywan Izadpanah,* MD,
Andreas B. Imhoff," MD, and Daniel P. Berthold,” MD

Investigation performed at the Deparfment for Orthopaedic Sports Medicine,
Technical University Munich, Germany

KMNEE

Femoral tunnel malposition is the most common indication
for revision medial patellofemoral ligament reconstruction
with promising early outcomes following revision reconstruction:

a systematic review

Madison Walker' - Larissa Maini' - Jeffrey Kay? - Ali Siddiqui® - Mahmoud Almasri**. Darren de SA?

%

femoral tunnel malpositioning

v

. hardware problems

%

not addressing the underlying pathology

patella fracture/breach of anterior surface

CMSC

Centrum far Muskuloskeletale Chirurgie



Technical Note “The Superficial Quad Technique” for Medial B

A Simple Technique for Reconstruction of the Medial Patellofemoral Ligament Reconstruction: The Surgical Reconstruction of the Medial Patellofemoral Ligament With
Patellofemoral Ligament Using a Quadriceps Tendon Graft Video Technique Autologous Quadriceps Tendon
Rabert N, Stcensen, M.D., Ryan M. Dopirak, M.D,, and Peer B. Maarus, MD. Deepak Goyal, M.B.B.S., M.S.(Orthop), D.N.B.(Orthop), M.N.A.M.S. Frank R. Noyes, M.D., and Jay C. Albright, M.D.

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,

iInterference screws and anchors

CMSC CHARITE

Centrum fur Muskuloskeletale Chirurgie



Minimally Invasive Reconstruction of the Medial
, , , Patellofemoral Ligament Using Quadriceps Tendon
MPFL Wlth ped|C|e QT graﬁ: - Flnk et al Christian Fink, M.D., Matjaz Veselko, M.D., Mirco Herbort, M.D., and Christian Hoser, M.D.
Minimal invasive approach 8/10-mm width double edge knife 3/5 mm depth tendon separator
Perpendicular short incision 2-3 cm Lenght of the graft marked on the holder Allows for precise thickness harvesting
~CMsC (CHARITE
Centrum fur Muskuloskeletale Chirurgie



MPFL reconstruction using a quadriceps tendon graft
Part 1: Biomechanical properties of quadriceps tendon MPFL reconstruction
in comparison to the Intact MPFL. A human cadaveric study

Mirco Herbort **, Christian Hoser ®, Christoph Domnick ?, Michael J. Raschke ?, Simon Lenschow *
Andre Weimann ?, Clemens Kosters *, Christian Fink "

* Department of Trauma-, Hand- and Reconstructive Surgery, Westfaelian-Wilhelms University of Muenster, Muenster, Germany
b Sportsclinic Austria, Innsbruck, Austria

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

a
stiffness
60
L ]
40- . =
E - - %
£
Z
20- L L ™
o L) L]
intact reconstruction
(median/SDivalues)
b yield load
400+
. o
300-
=2 RN -
4 %)
100- aglea S
0 T T
intact reconstruction
(median/SDivalues)
C maximum load
400+
v
A
300- &
Z 2004
A A Y "
100+ 7 v
o v v
intact reconstruction
(median/SD/values)

CMSC

Centrum fur Muskuloskeletale Chirurgie



QT vs HT

similar load to failure to MPFL

lower stiffness than HT
same mesenchymal origin as MPFL

resembling the native MPFL - flat

No drill holes

CMSC

Centrum far Muskuloskeletale Chirurgie



Surgical Set-up

CMSC CHARITE

Centrum fur Muskuloskeletale Chirurgie



e
——
First-Time
a Se : dislocation
: Radiographs
. : MRI
: If applicable:
—_— e a r O I r : Long-leg radiograph
: Torsional CT or MRI
First-time dislocation during dancing
: Number of risk factors?®
: Flake-fracture?
Flake-fracture? Flake-fracture?
yes no
: PIS score <3 points PIS score 24 points PIS score 24 points PIS score <3 points
Fl a ke fra Ctu re : or 0-1 risk factors™ or 22 risk factors® or 22 risk factors® or 0-1 risk factors®
& Flake-refixation .
: :/liaggeref:;tr'%? MPFL reconstruction Consider primary Conservative
: Refoation If applicable: Consider further operative treatment treatment

procedures to correct
additional nisk factors

Trochlear dysplasia B/C
CD-Index 1.2

TT-TG/TT-PCL slightly elevated
No frontal-plane malalignment

CMSC CHARITE

Centrum far Muskuloskeletale Chirurgie



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

,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.”

CMSC @HARITE

Centrum far Muskuloskeletale Chirurgie



First-Time
a S e : dislocation

Radiographs
MRI

18-year old girl o,

Torsional CT or MRI

First-time dislocation going down the stairs o m——

Number of risk factors?®
Flake-fracture?

Before recurrent subluxations ==

Flake-fracture? Flake-fracture?
yes no
PIS score <3 points PIS score 24 points PIS score 24 points PIS score <3 points
Significant cartilage deg. + loose bodies —— o e
g g g ¢ Flake-refixation
: saggere'g;trI%? MPFL reconstruction Consider primary Conservative
: Refixation If applicable: Consider further operative treatment treatment

procedures to correct
additional nisk factors

Trochlear dysplasia D
CD-Index 1.1

TT-TG/TT-PCL within normal range
No coronal/rotational malalignment

CMSC CHARITE

Centrum far Muskuloskeletale Chirurgie
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Outcomes

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”

When comparing isolated QT-MPFL-R and QT-MPFL + Combined procedures:
"no between-group difference...the MCID for the BPIl 2.0 was met by 84%(32/38) of the isolated

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

CMSC CHARITE

Centrum far Muskuloskeletale Chirurgie



Medial Patellofemoral Ligament Reconstruction ® |
Outcomes Using Pedicled Quadriceps Tendon Autograft Yields
Similar Clinical and Patient-Reported Outcomes but
Less Donor-Site Morbidity Compared With Gracilis
Tendon Autograft

32 QT VS 32 GraCIlIS (GT) MPFL_RS Armin Runer, M.D., Stefan Klotz, M.D., Friedemann Schneider, M.D., Tim Egelseer, M.D.,

Robert Csapo, Ph.D., Christin Hoser, M.D., Elisabeth Abermann, M.D., Raul Mayr, M.D.,
Christoph Raas, M.D., Rene Attal, M.D., Rohit Arora, M.D., Christian Fink, M.D., and
Michael Liebensteiner, M.D.

. 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)

CMSC CHARITE

Centrum far Muskuloskeletale Chirurgie



//

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)

Medium to long-term outcomes of medial patellofemoral ligament
reconstruction using the superficial quadriceps versus a hamstring
autograft in patellar instability patients

Prakasit Sanguanjit 1 Possawat Rujiraphum 1 Adinun Apivatgaroon 1= Bancha Chern chujit 1

CMSC

Centrum far Muskuloskeletale Chirurgie
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Pearls

Preserves native patellar insertion
. No drill holes in the patella

. Morphologic match to native MPFL

. Low donor-site morbidity & s Ny o ©
M Vs L8
- b g >4 o'
Possibility of concomitant procedures with single incision (vertical) R “;f’
e [ ;‘)’/
o
‘:f Y 5
™ N
CMSC CHARITE
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Pitfalls

. Risk of insufficient length
. Complete release from the patellar insertion
. Extensor lag/weakness

. Steep learning curve

. Unappealing scaring (vertical vs horizontal)

CMSC CHARITE

Centrum fur Muskuloskeletale Chirurgie



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

CMSC CHARITE

Centrum far Muskuloskeletale Chirurgie



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

CMSC CHARITE

Centrum far Muskuloskeletale Chirurgie



wTI INTERNATIONAL QT
&\ INTEREST GROUP

For more Info:

| 7th June 2025 NH Munchen Messe

IOTI vy OSMI

FOUMDATON

Grazie per la vostra attenzione!!!

CMSC CHARITE

Centrum far Muskuloskeletale Chirurgie


https://iqti.org/

Prof Dr D Slullitel

Chairman Orthopaedic Department
HOSPITAL ITALIANO

Rosario, Argentina
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Anhee Extension Deficit In the Early
Postoperative Period Predisposes
to Cyclops Syndrome After Anterior
Cruciate Ligament Reconstruction

A Risk Factor Analysis in 3633 Patients
From the SANTI Study Group Database ° AM |

Jean-Romain Delaloye,” MD, Jozef Murar,’ MD, Thais D. Vieira,* MD,

Florent Franck,* MD, Charles Pioger,¥ MD, Lionel Helfer,¥ MD,

Adnan Saithna,¥ MD, FRCS (T&O), and Bertrand Sonnery-Cottet,*¥ MD

Investigation performed at the Centre Orthopedique Santy, FIFA Medical Centre of Excellence,
Hépital Prive' Jean Mermoz, Groupe Ramsay-Generale de Sante, Lyon, France

Hesults: A 1otal of 3633 patients were Included In the study, among whom ©6d (1.8%) underwent reoperation for Cyclops syndrome.
Multivariate analysis demonstrated that preservation of large remnants did not predispose to cyclops lesions (odds ratio [OR], 1.11;
95% CI, 0.63-1.93). The most important risk factor was extension deficit in the early postoperative period. If present at 3 weeks post-
operatively, it was associated with a >2-fold increased risk of cyclops syndrome (OR, 2.302; 95% CI, 1.268-4.239; P < .01), which
was increased to 8-fold if present 6 weeks after ACLR (OR, 7.959; 95% Cl, 4.442-14.405; P < .0001). None of the other potential risk
factors evaluated were found to be significantly associated with an increased frequency of cyclops syndrome.

Conclusion: Failure to regain full extension in the early postoperative period was the only significant risk factor for cyclops syn-
drome after ACLR in a large cohort of patients. Other previously hypothesized risk factors, such as preservation of a large anterior
cruciate ligament remnant, did not predispose to the development of this debilitating postoperative complication.

Keywords: ACL reconstruction; cyclops; cyclops syndrome; extension deficit; arthrogenic muscle inhibition




Localized Anterior Arthrofibrosis After Soft-Tissue | ®
Quadriceps Tendon Anterior Cruciate Ligament o

Reconstruction Is More Common in Patients Who

Are Female, Undergo Meniscal Repair, and Have

Gralts ol Larger Diameter
° e FEMALE

Rebecca M. Haley, M.D., Joseph D. Lamplot, M.D., Gregory D. Myer, Ph.D.,
Jed A. Diekfuss, Ph.D., Joan Reed, M.A.T., AT.C., C.S,C
Regina Hash, M.S., A.T.C., O.T.C., Janet E. “)]ITIUI] Ph D., ﬁ DJAM ETE R

John W. XEI‘()”EEII]EH M.D.
* GRAFT

dl d11U Tl LU s1aes, Hreniscar ILlh:ilI diu lllLl]l'ﬁLLLI.l.l'lll}-’ LJ? cl I.lll]r_if}-’ ll]‘!.—;l'&l.lL ILHIL'&.'&IUI] mes

study mc]uded 721 patients (46% temale patients). There were 52 cases of localized anterior arthrofibrosis (7.2%). Female
patients had a greater incidence of arthrofibrosis than male patients. Male patients with a femoral tunnel diameter of 9.25
mm or greater had an increased incidence of arthrofibrosis compared with those with a diameter of less than 9.25 mm,




Delay of Timing ol Anterior Cruciate Ligament ®
Reconstruction Is Associated With Lower Risk of o
Arthrofibrosis Requiring Intervention

Amil R. Agarwal, B.A., Andrew B. Harris, M.D., Omar Tarawneh, B.S.,

Alisa Malyavko, M.S., R. Timothy Kreulen, M.D., Savyasachi C. Thaﬁrw,
Teresa Doerre, M.D., and Matthew J. Best, M.D. N G .

*-10

anesthesia and a3 LLL LU DU I Ty 00 UL AVIC DD, LTIV ULy, I ILIDIP IS, A/ UL Alldly > SV YYUU a dCia y 111 ACLR of at least

6 weeks in patients younger than 40 years to be associated with a 65% reduction ip %ﬂdﬁ(}l?rgical intervention for
it

arthrofibrosis and a delay of at least 10 weeks in patients 40 years and older to be assoc thonly a 35% reduction in

the risk ol surgical intervention for arthrofibrosis. The authors propose this ditference in reduction to be multitactorial and
potentially associated with mechanism of injury, activity level, and preoperative factors such as amount of physical
therapy, rather than solely timing. Level of Evidence: Level III, retrospective comparative prognostic study.

Acute Anterior Cruciate Ligament CME
Reconstruction Performed Within

10 Days of Injury Does Not Increase

Risk of Postoperative Arthrofibrosis

A Systematic Review and Meta-analysis

Zachary S. Aman,* MD, Olivia K. Blaber,* MD, Emily R. McDermott," MD @,
Mikalyn T. DeFoor,T MD, Nicholas N. DePhillipo,* PhD @, LTC Jonathan F. Dickens,® MD @,

and MAJ Travis J. Dekker,!! MD
Investigation performed at Sidney Kimmel Medical College at Thomas Jefferson University,




546 Original Article

A Simple Method to Reduce the Incidence of Cyclops
Lesion after Anterior Cruciate Ligament Reconstruction

Keita Nagira, MD, PhD' Makoto Enokida, MD, PhD' Ikuta Hayashi, MD, PhD' Koji !thida_;ﬁljl
: . 1 P . 1
Haruhisa Kanaya, MD' Hideki Nagashima, MD, PhD re l I I n a n S r

1 Department of Orthopedic Surgery, Tottori University, Yonago, Address for correspondence Keita Nagira, MD, PhD, Department of
Tottori, |apan Orthopedic Surgery, Tottori University, 36-1 Nishi-cho, Yonago,
Tottori 683-8504, Japan
| Knee Surg 2021;34:546-551. (e-mail: nagira@tottori-u.ac.jp; keitanagira@gmail.com).

posterior bowing of the ACL graft; and (3) the positional relationship between the
frontmost fiber of ACL graft and Blumensaat’s line. If CL caused loss of extension or pain
or discomfort during knee extension, it was defined as symptomatic CL (SCL). CL was
detected in 8 cases (21.1%) in Group A and 26 cases (46.4%) in Group B. The prevalence
of CL was significantly lowerin Group A than in Group B (p=0.010), and the risk ratio of
CLwas 0.31 (95% confidence interval: 0.12-0.79). Furthermore, 10 patients in Group B
had SCL, compared with none in Group A (p=0.004). In Group A, the intercondylar site
of CLwas grade 1 inall cases, while in Group B, the CLgrades were 1 (n=17),2(n=7),3
(n=2) (p=0.008). There were no cases of posterior bowing of the ACL in Group A, but
six cases in Group B (p=0.023). Debridement in and around the bone tunnel is a simple
and effective method of preventing CL and SCL after ACLR. The level of evidence for the
study is 3.

| S



Female Sex, Older Age, Earlier Surgery,
Anticoagulant Use, and Meniscal Repair Are
Associated With Increased Risk of Manipulation

Under Anesthesia or Lysis ol ﬁ&ré SHOr
Arthrofibrosis After Anterior Cruc ent

Reconstruction: A SystemalﬁN&l’@@AG ULANTS

Haleigh Hopper, B.S., Matthew Adsit, M.D., Charles R. RU&FIM ITN\GR Satalich, M.D.,
R. Cole Schmidt, M.D., Maria I. Peri, B.S., John W. Cyrus, M.S., and Alexander R. Vap, M.D.

MENISCAL REPAIR

than aspirin, and concomitant meniscal repair were associated with increased risk of MUA/LOA. The modilia
including use of anticoagulants and time between injury and surgery, can be considered when making t
decisions. Level of Evidence: Level IV, systematic review of Level III-1V studies.
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Risk Factors for Symptomatic QCEJXS-[RAA RTl CU

Formation after Anterior Cruciate Ligament
Reconstruction

Fatores de risco para formacao de lesao cyclops sintomatica
apos a reconstrucdo do ligamento cruzado anterior

Camilo Partezani Helito'23“ Andre Giardino Moreira da Silva?“ Pedro Nogueira Giglio?
Vitor Barion Castro de Pidua*" José Ricardo Pécora'-2“¥ Riccardo Gomes Gobbil+

T Department of Orthopedics and Traumatology, Faculty of Medicine,  Address for correspondence Andre Giardino Moreira da Silva, MD,
University of Sdo Paulo, So Paulo, SP, Brazil Departamento de Ortopedia e Traumatologia, Instituto de Ortopedia

ZKnee Group, Institute of Orthopedics and Traumatology, Clinical e Traumatologia do Hospital das Clinicas - 10T HGFMUSP, Rua Dr.
Hospital HCFMUSP, Faculty of Medicine, University of Sdo Paulo, Ovidio Pires de Campos, 333, Cergueira Cesar, 05403-010, S3o Paulo,
530 Paulo, SP, Brazil 5P, Brasil (e-mail: andre.giardinol @gmail.com).

3 Sirio Libanés Hospital, Sao Paulo, SP, Brazil

4Department of Orthopedics, Faculty of Medicine, University of
Marilia, Marilia, 5P, Brazil

Rev Bras Ortop 2023 :58(51e760-27 65,

Conclusion In our series, 6.7% of the patients required arthroscopic removal of
cyclops lesions. Female gender, associated extra-articular reconstruction and sports
practice were factors related to this lesion. Remnant preservation had no relationship
with cyclops lesion formation.




vrl":l B %

Analysis of intercondylar notch size and ®

shape in patients with cyclops syp
after anterior cruciate ligament N@T}CH
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Krzysztof Ficek* @, Jolanta Rajca?, Jerzy Cholewiniski“>*, Agnieszka Racut®, Pawet Gwiazdor'~

Gheck for
updates

Krzyszt¢  por: 10.1002/ksa. 12073

KNEE Knee Surgery, Sports Traumatology, Arthroscopy WILEY

Risk factors for reoperation for arthrofibrosis following
primary anterior cruciate ligament reconstruction

Richard Rahardja'® | Hamish Love? | Mark G. Clatworthy® | Simon W. Young'*

=U./8, NOT signmecant).
Conclusion: Female sex, previous knee surgery and a transtibial drilling
technique increased the risk of reoperation for arthrofibrosis. Early surgery
within 6 weeks of injury was not associated with an increased risk when
compared with surgery between 6 weeks and 6 months after injury.
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Technical Note

Full-Thickness Quadriceps Tendon: An Easy Cruciate
Reconstruction Graft

Damel Slullitel, M.D.. Adnan Blasco, M.D._, and Gabriel Peniotti, M.D.
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Editorial Commentary: Risk Factors of Cyclops
Syndrome in Quadriceps Autogralt Anterior Cruciate

Licament Reconstruction: More Helplul Data in
Weighing Gralt Choice

Justin W. Arner, M.D., Editorial Board
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Editorial Commentary: Personalized Anterior Cruciate

Ligament Reconstruction and Rehabilitation Mitigate

Postoperative Arthrofibrosis: Prevention Is the Best
Approach

Nikolaos K. Paschos, M.D., Ph.D., Editorial Board

Abstract: Arthrofibrosis after anterior crudate ligament reconstruction can become a major complication requiring
surgical intervention. The reported inddence approximates 8% but varies widely (29%-35%) and, as not all patients
require surgery, may be underreported. Several risk factors are involved. Female sex, older age, surgery within the first
month after injury, and meniscus repair are consistently associated with increased risk. Other factors include graft size and
type, concomitant procedures, use of anticoagulants, and genetic factors. By identifying risk factors, we can modify our
surgical technique and rehabilitation to meet each patient’s needs with fewer complications.

uch as arthrofibrosis.

The key for management of arthrofibrosis is preven-
ion. Identification of patients at risk is the first step. In
ddition, it is important to understand that this is a
nultifactorial and not solely dependent on one or two
isk factors. The future is promising, as big data studies
nd large meta-analysis—when done properly—can
dentify risk factors that can be hard to recognize in

linical studies.”* ™~ Another promisine future revolu-
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Systematic Review

Systematic Review ol Publications Regarding
Quadriceps Tendon Autograit Use in Anterior
Cruciate Ligament Reconstruction

Walker M. Hellron, B.S., Jenniler L. Hunnicutt, Ph.D., A.T.C., John W. Xerogeanes, M.D.,
Shane K. Wooll, M.D., and Harris S. Slone, M.D.

Number of Publications Per Year
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Fig 2. Number of publications involving the evaluation or use of quadriceps tendon autografts for reconstruction of the anterior
cruciate ligament per vear. The color bars represent the type of quadriceps tendon graft discussed in the publication: quadriceps
tendon or central quadriceps tendon (QT), quadriceps tendon—bone (QT-B) (or a combination of QT and QT-B), or quadriceps
tendon—bone—patellar tendon (QT-B-PT). The data represent the publication count through December 31, 2018.




Quadriceps Tendon-Bone or Patellar Tendon-Bone
Autografts When Reconstructing the Anterior

Cruciate Ligament: A Meta-analysis
Osman Riaz, MRCS,” Adeel Aqil, MRCS, T Ashim Mannan, MRCS, 1 Fahad Hossain, FRCS,”

Mubusher Ali, MBCHEB Jautam Chakrabard 3 * and Graham Badcliffe, FHB
owever, significantly less patients had graft site pain 1 year after surgery in the QTB group (OR = 0.10; Cl = 0.02-0.43; Z = 3.12,
° = 0.002). Similarly, fewer patients reported moderate to severe pain while kneeling, in the QTB group (OR = 0.16; Cl = 0.07-0.37;
7 = 4.26, P < 0.001). Conclusions: This study demonstrates comparable survival rates and joint stability when BPTB and QTB
jrafts are used. However, fewer adverse donor site symptoms are evident with QTB grafts. Level of Evidence: lIl.
ey Words: anterior cruciate ligament, ACL, reconstruction, bone-patellar tendon bone, quadriceps tendon-bone

(Clin J Sport Med 2018;28:316-324)

Systematic Review

Quadriceps Tendon Autogralt in Anterior Cruciate
Ligament Reconstruction: A Systematic Review

Eoghan T. Hurley, Manuel Calvo-Gurry, Dan Withers, F.E.S.E.M., F.R.C.S. (Tr & Orth),
Shane K. Farrington, B.Sc., Ray Moran, M.Ch., F.E.S.E.M., F.R.C.S.I. (Tr & Orth), and
Cathal J. Moran, M.D., F.R.C.S.I. (Tr & Orth)

than BP1B, and another study tound increased stability compared with HI. One study tound that Q1 resulied 1n improvec
functional outcomes compared with BPTB, and another found improved outcomes compared with HT, but one study

! - .
ll 15N L UYL ] L ] A=l =n [ 3 I [ 3. ) L ) .. | L u Nl = I B ] d VIic U U P ¥ L L)

cruciate ligament reconstruction, with published literature showing comparable knee stability, functional outcomes, donor-

site morbidity, and rerupture rates compared with BPTB and HT. Level of Evidence: Level III, systematic review of Level I,
[, and I stadies.

Arthroscopy: The Journal of Arthroscopic and Related Surgery, Vol 34, No 5 (May), 2018: pp 1690-1698

Dr. Dellla Vedova Franco




Galan et al. Journal of Experimental Orthopaedics (2020) 7:13 JO urna | Of
https://doi.org/10.1186/540634-020-00226-w

Experimental Orthopaedics

RESEARCH Open Access

All inside full thickness quadriceps tendon ™

Check for

ACL reconstruction: Long term follow up B

results

Hernan Galan, Mateo Escalante, Franco Della Vedova and Daniel Slullitel

ment as high as 5 mm. Range of motion of the knee was
normal in 87% of patients.

Loss of extension
Quad Strenght
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journal homepage: www.elsevier.com/locate/jisakos

State of the Art Review

Quadriceps tendon autograft for anterior cruciate ligament reconstruction: R)
state of the art

Bryce Clinger, MD“, John Xerogeanes, MD b Julian Feller, MD C,IChriStian Fink, MD ¢,
Armin Runer, MD °, Dustin Richter, MD“, Daniel Wascher, MD *

? Department of Orthopaedics and Rehabilitation, University of New Mexico, Albuquerque, NM, 87131, USA
b Department of Orthopaedics, Emory University, Atlanta, GA, 30322, USA

€ OrthoSport Victoria, Melbourne, 3121, Australia

d Gelenkpunkt, Innsbruck, 6020, Austria

€ Department of Orthopaedics and Traumatology, Medical University of Innsbruck, Innsbruck, 6020, Austria

properties that are equal or possibly better than other autografts. The QT
can be harvested as a full thickness or partial thickness graft and with or
without a bone plug. These differences in harvest techniqu
to greatly affect the outcomes. QT harvest can also be done with a
minimally invasive technique. Short-term studies suggest that the QT
autograft has equal failure rates and patient reported outcomes when
compared to BPTB or HT with less donor site morbidity.




Impact of Quadriceps Tendon Graft
Thickness on Electromechanical Delay
and Neuromuscular Performance
After ACL Reconstruction

Rosalia L. Parrino,* MS, PhD, Will Adams,* DC, Michael I. Letter,*’ PhD, PA-C,
Zachary Ripic,* PhD, Michael G. Baraga,’ MD, Lee D. Kaplan," MD, Tanner Harrah,* DO,

Julien Tremblay,® BS, Dylan Luxenburg,® BS, Joseph Conti,” BS, Thomas M. Best,! MD, PhD,

and Joseph F. Signorile,*! PhD
Investigation performed at the Laboratory of Neuromuscular Research, Department
of Kinesiology and Sports Sciences, University of Miami, Coral Gables, Florida, USA

CONCLUSION
The full-thickness QT graft showed a shorter VM EMD at

higher loading, slower RTD, and lower PT across all test-

ing speeds when compared with the partial-thickness
oraft. The invasive nature and the results for EMD, PT,
and RTD of full-thickness QT harvest versus partial thick-
ness should be considered when employing QT graft for

ACLR.




LEt S go Pa rti al ? Original Research

Risk Factors for Manipulation Under
Anesthesia and/or Lysis of Adhesions After
Anterior Cruciate Ligament Reconstruction

Joel Huleatt,” MD, Michael Gottschalk,” MD, Kelsey Fraser,” ATC, OTC, Allison Boden,” MD,
Poonam Dalwadi,” BS, John Xerogeanes,” MD, and Kyle Hammond,*" MD

Investigation performed at the Department of Orthopaedic Surgery,
Emory University School of Medicine, Atlanta, Georgia, USA

compared with a hamstring autograft,” this graft has also
shown to be stiffer, with mcreased collagen quantity com-
pared with an equivalently sized patellar tendon graft.”"
We surmise that this may increase the risk for arthrofibrosis.
The Orthopaedic Journal of Sports Medicine, 6(9), 2325967118794490

DOI: 10.1177/2325967118794490
© The Author(s) 2018
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Let s not go Partial !!

Full thickness quadriceps tendon grafts with bone had similar
material properties to bone-patellar tendon-bone and a four-strand
semitendinosus grafts: a biomechanical study

Marc J. Strauss'*>© . Jon W. Miles' - Mitchell L. Kennedy' - Grant J. Dornan’ - Gilbert Moatshe?> - Martin Lind” -
Lars Engebretsen?? - Robert F. LaPrade®

Therefore, a FT QT graft with bone, BTB, or a 4-SST
graft should be considered for ACLR over FT QT without
bone as well as PT QT in order to best restore native ACL
material properties. Additionally, harvesting of grafts with

Received: 10 March 2021/ Accep
© European Society of Sports Tra

I'l’ YELAYAY Y e

2 hone nluo should be considered when trvine to maximize

Conclusions Full thickness QT grafts with bone had similar material properties to BTB and a 4-SST ratts, while Partial
thickness Q1 gratt without bone had significantly lower material properties than BTB and 4-55T, in a biomechanical sefting.




Let s go with bone !! "

Adverse Events and Complications After
Primary ACL Reconstruction With
Quadriceps Tendon Autograft

A Systematic Review

Garrett R. Jackson,” MD, Enzo S. Mameri,”* MD, Trevor Tuthill,* BS, Morgan Wessels,” BS,
Shaan Asif,” BS, Joan Sugrafes,*® MD, Anjay K. Batra,* BS, Johnathon R. McCormick,” MD,
Obianuju A. Obioha,* MD, Daniel J. Kaplan,* MD, Derrick M. Knapik,! MD, Nikhil N. Verma,* MD,
and Jorge Chahla,*¥ MD, PhD

Investigation performed at Rush University Medical Center, Chicago, lllinois, USA

Background: Anterior cruciate ligament reconstruction (ACLR) surgery with quadriceps tendon (QT) grafts, both with and without

a patellar bone plug, have gained popularity in recent years in the primary and revision settings. Postoperative complications
occur with the use of QT autografts.

Purpose: To systematically review the incidence of postoperative complications after primary ACLR QT autograft and compare
complication rates in patients undergoing all-soft tissue QT grafts versus QT grafts with a patellar bone plug (QTPB).

TICIL, particl )
1on behind the increased anterior pain rate found in all-
soft tissue QT versus QTPB is the potential for more
aggressive and more proximal dissection of the quadriceps
n all-soft tissue graft harvest, in an effort to maximize

d extensor mecha-
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Original Research

Association of Lateral Extra-Articular
Tenodesis With Improved Graft Maturity on
MRI 2 Years After ACL Reconstruction With
Quadriceps Tendon Autograft in Skeletally
Immature Athletes

Julia S. Retzky,” MD, Danielle E. Chipman,” BS, Douglas N. Mintz,” MD, Frank A. Cordasco,” MD,
MS, and Daniel W. Green,*" MD, MS
Investigation performed at the Hospital for Special Surgery, New York, New York, USA

Results: Overall, 29 patients were included in the study: 16 patients in the ACLR+LET group and 13 patients in the ACLR-only
group. There were no significant differences in SIR values between groups at the 6-month or 1-year postoperative timepoints. At
2 years postoperatively, the median SIR of the ACLR+LET group was significantly lower than that of the ACLR-only group on both
univariate (1.33 vs 1.86, respectively, P = .0012) and multivariate regression analyses adjusting for both sex and surgical tech-
nique (B = -0.49 [95% CI, -0.91 to -0.05]; P = .029). There were no cases of reoperation for physeal disturbance in patients
who underwent ACLR+LET.

Conclusion: The addition of LET to an ACLR with QTA was associated with lower average SIR values and thus improved graft
maturity at 2 years postoperatively compared with ACLR alone in skeletally immature patients. The addition of LET to an ACLR
was found to be safe in skeletally immature patients.

The Orthopaedic Journal of Sports Medicine, 12(1), 23259671231211885
DOI: 10.1177/23259671231211885

© The Author(s) 2024




Fig 1. Demonstration of the
different fixation techniques
using porcine Achilles tendons.
(#2, 2x no. 2; #5, 1x no. 5
braided composite suture; B,

baseball stitch; K, Krackow
locking stitch; W, whipstitch.)

3074 P. A MICH

applied preload. It is not surprising that a preload ol 5 N

for 1 minute'” results in higher values for elongation

compared with 3 pretensioning cycles with 100 N.°° At
present, there is no unilorm recommendation of how
much preload best reflects the pretensioning ol the gralt
by the surgeon. The excellent clinical results with

1 & L L]

Soft Tissue Fixation Strategies of Human Quadriceps
Tendon Grafts: A Biomechanical Study
Philipp A. Michel, M. ID., M. Sc., Christoph Domnick, MWM.ID., Michael J. Raschke, NL.ID.,

Christoph Kittl, Mi.D ., Johannes Glasbrenner, Wi ID., Lucas Deitertmann, M.I>_,
Christian Fink, MWM.ID., and Mirco Herbort, NI

¥ ion of soft tissue
ligament (ACL) reconst i - = rackow locking
cormbimned w

riceps ternd - performed
i arnd failure

H2 oroap
s WWEHZ

their laminar ama
structure arvd gl
suture fxation to

Conclusions
The double Krackow stitch with no. 2 braided com-
posite suture exhibits a high maximum load 1o failure

combined with a low amoumt ol elongation in a
biomechanical study lor human QT solt tissue gralt
fixation. Unlike the whipstitch and the baseball stitch, it
can solidly prevent suture pullout.




DEBILIDAD DEL CUADRICEPS

Knee muscle strength after quadriceps tendon autograft anterior
cruciate ligament reconstruction: systematic review and meta-analysis

Peta T. Johnston'® - Jodie A. McClelland’ - Julian A. Feller'-? - Kate E. Webster’

Received: 30 June 2020 / Accepted: 28 September 2020 / Published online: 7 October 2020
© European Society of Sports Traumatology, Knee Surgery, Arthroscopy (ESSKA) 2020

Results In total, 18 studies met the inclusion criteria. Knee strength outcomes of 952 QT ACL reconstructions were included
and compared to either the contralateral limb or 1 of 4 alternative ACL graft types: 245 hamstring tendon autograft (HT), 143
patellar tendon autograft (PT), 45 quadriceps tendon allograft, and 21 tibialis anterior allograft. Knee extensor strength LSI
following QT ACL reconstruction did not reach 90% even at 24 months post-operatively. Conversely, knee flexor strength
LSI following QT ACL reconstruction exceeded 90% at the 9—15 months post-operative period. Knee extensor strength at
5—8 months following QT ACL reconstruction appears similar to PT but weaker than HT ACL reconstruction. In addition,
peak knee flexor LSI was significantly greater at 5—8 months in QT ACL reconstruction patients compared to HT patients.
Conclusion The decision to utilize a QT graft for ACL reconstruction should include consideration of strength outcomes.
Knee extensor strength recovery following QT ACL reconstruction appears not to be restored before 24 months.
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Grade 1 -

Grade 2 -

Grade 3 -

Arthrogenic Muscle Inhibition Following
Knee Injury or Surgery: Pathophysiology,
Classification, and Treatment

Bertrand Sonnery-Cottet,*" MD, Graeme P. Hopper,*" MD, FRCS (Tr & Orth) (3,
Lampros Gousopoulos,*’ MD, Thais Dutra Vieira,** MD ¢, Mathieu Thaunat,* MD,
Jean-Marie Fayard,”" MD, Benjamin Freychet,*" MD &, Hervé Quanezar,® MD,
Etienne Cavaignac,” MD, and Adnan Saithna,” MD
Investigation performed at Centre Orthopedique Santy, FIFA Medical Centre of Excellence,
Groupe Ramsay-Generale de Sante, Hopital Prive Jean Mermoz, Lyon, France

Normal VMO contraction

VMO contraction inhibited with no knee extension deficit

GRADO 1 VMO inhibido sin Perdida de extension

la- Activation failure reversible within a few minutes of commencing simple active-assisted extension
exercises
1b - Refractory to simple active-assisted extension exercises, requiring longer and specific - oML c - -
vehibiation rograms T GRADO 2 VMO inhibido con Perdida de extension
por contractura de isquiosurales

VMO contraction inhibited with associated knee extension deficit due to hamstring contracture

2a- Activation failure and loss of motion reversible within a few minutes of fatiguing the hamstrings G RA D O 3 R |g I d ez p | dano p OSte rior

and commencing simple active-assisted extension exercises

2b- Refractory to fatiguing of the hamstrings and/or simple active-assisted extension exercises
therefore longer and specific rehabilitation programs required

Passive chronic extension deficit due to posterior capsular retraction
Extensive posterior arthrolysis mandatory with specific preoperative and

postoperative rehabilitation programs

Dr. Dellla Vedova Franco
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Biomechanical Comparison of Quadriceps and
Patellar Tendon Gralts in Anterior Cruciate Ligament
Reconstruction

Raj H. Shani, M.D., Erica Umpierez, M.D., Michael Nasert, B.A., Elise A. Hiza, M.D., and
John Xerogeanes, M.D.

Failure Mode

In the QT group, 5 of the 12 specimens failed at the
midsubstance whereas 7 failed at the distal patellar
insertion site. In the BPTB group, 7 of the 11 specimens
failed at the midsubstance, 3 tore at the distal insertion
site, and 1 tore at the proximal insertion site.

Arthroscopy: The Jowrnal of Arthroscopic and Related Surgery, Vol 32, No 1 (January), 2016: pp 71-75
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Quadriceps tendon anterior cruciate ligament reconstruction

Theresa Diermeier'*© . Rob Tisherman'? - Jonathan Hughes' - Michael Tulman? - Erica Baum Coffey* -
Christian Fink>® - Andrew Lynch?* . Freddie H. Fu' - Volker Musahl’

Received: 24 October 2019 / Accepted: 3 February 2020

|26]. Therefore, with regard to rehabilitation and return to
sport a partial thickness graft may be more beneficial. With
focus on soccer a partial thickness QT ACL reconstruction 1s

recommended, followed by a staged progressive rehabilita-
tion including training with a ball as early 1n the rehabilita-

tion process as possible to optimize outcomes 1n top-level
athletes.




INTERMATIOMAL QT
IQT INTEREST GROUP

Primary ACLR with QT Graft in Females shows Equivalent
Graft Failure, but Lower Activity Scores and Slower
Quadriceps Strength Recovery as compared to Males:
A Systematic Review and Meta-Analysis.

Shahbaz Malik

BSc (Hons), MB BCh, MSc (Orth Engin), LLM, FRCS (Tr&Orth)
Consultant Orthopaedic Surgeon
Clinical Service Lead Countywide Trauma
Worcestershire Acute Hospitals NHS Trust, UK
Education Training Programme Director, Health Education West Midlands, UK

Spire Health e s
HCAHealthcare uk plre €a carc NI-FI,STrust

pppppp




INTERMATIOMAL QT
IQT INTEREST GROUP

Co-authors & Disclosure

Anirudh Sharma, UK
Muaaz Tahir, UK
Osama Aweid, UK
Tarek Boutefnouchet, UK
Tamer Swee, UK
Amit Meena, India
Darren De SA, Canada
Rachel M. Frank, USA
Peter D. Alessandro, Australia

The authors have no disclosures relevant to this study. [L'HE

Worcestershire

Acute Hospitals
NHS Trust



INTERMATIOMAL QT
IQT INTEREST GROUP

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, AISM 2023)

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

2019) but limited data reporting in females!

NHS
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NHS Trust



INTERMATIOMNAL QT
IQT INTEREST GROUP

Purpose

To assess the outcomes of ACLR with a QT autograft

* specifically in females, and
* clucidate any sex-specific outcome differences with males.

NHS

Worcestershire

Acute Hospitals
NHS Trust



Methods

QT

INTERMATIOMAL QT
INTEREST GROUP

Literature search undertaken as per PRISMA guidelines on four databases

Registered on PROSPERO database - CRD42024613583

* PubMed/MEDLINE // EMBASE // Cochrane // Google Scholar

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

NHS

Worcestershire

Acute Hospitals
NHS Trust



PRISMA flowchart

J

Identification

[

Screening

]

Included

Records identified from:

PubMed (n=212)
EMBASE (n=1363)
Cochrane (n= 108)

INTERMATIOMNAL QT
IQTI INTEREST GROUP

l

Records removed before
screening:
Duplicate records
removed (n= 108)

Records screened
(n=1575)

Records excluded due to
study interventions not

relevant to current review
(n=1523)

Reports assessed for
eligibility
(n=52)

Reports excluded:

Female specific outcomes
not reported (n = 30)
Number of females in
study <5 (n= 10)
Females <14 years of age
(n=3)

[

Studies included in review
(n=9)

NHS

Worcestershire
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NHS Trust



IQT INTERMATIOMNAL QT
INTEREST GROUP

Methods

* Data collected under 3 main categories:

PROMS Objective Functional
Outcomes

e | ysholm Score e |nstrumented laxity, e Graft failures/re-
e Tegner Activity e Extension loss, tears

Scale e Quadriceps e Contralateral ACL
e [KDC score strength LS| tears
e ACL-RSI scale e Return to sport

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

Worcestershire

Acute Hospitals
NHS Trust
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Results

« Atotalof 714 primary QT ACLRs in females included

* Meanage 23.0(14-58) years
* Mean follow-up 38.9 months (6-139 months)

e Cumulative graft failure rate 7.4% (vs 8.8% in males)
e Contralateral ACL tear rate 9.1%

NHS

Worcestershire

Acute Hospitals
NHS Trust



Outcomes in females

QT

i

Parameter Follow-up Pooled Mean (range)
(n) range
(months)
IKDC (58) 24-53 89.5 (88.8-91.6)
Lysholm (134) 24 85.4 (82-92.9)
Tegner (129) 24-53 6.09 (5.7-8.2)
ACL-RSI (98) 9-24 67.1 (65.3-69.5)
< Extension loss (193) 24-58.3 0.07 (-0.22-0.58)
Quadriceps Strength LS| (266) 6-24 6m - 63.9%
24m — 88.3%
Instrumented laxity (201) 6-24 6m — 0.96mm (0-5)
24m — |mm (0-3.5)
@rn to Sport (229) 24-139 82% (71.4-82.7%)

i

INTERMATIOMAL QT
INTEREST GRQUP
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Re-tear Rate in Males vs Females at 24m or
more

Males Females Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% Cl
Ebert et al 1 28 0 29 2.9% 3.22 [0.13, 82.38] - 4
Geib et al 5 102 § 96  20.3% 0.7710.23, 2.62] =
Petit et al 22 174 22 221 76.8B% 1.31 [0.70, 2.45] .
Renfree et al 0 13 0 19 Mot estimable
Total (95% CI) 317 365 100.0% 1.21 [0.70, 2.09] —eatfiin—
Total events 28 28
Heterogeneity: Tau’ = 0.00: Chi’ = 0.93,df = 2 (P = 0.63): I’ = 0% = 1' 'r 1' ) i
Test for overall effect: Z = 0.67 (P = 0.50) 0.1 D.EFavﬂugi‘nalealFavuufﬁ 'FEFI"IE1|E'55 10

No difference in QT re-tear rates between males and females at >24 months follow-up
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Tegner Activity Score in Males vs Females at 24
months

Males Females Mean Difference Mean Difference
Study or Subgroup Mean 5D Total Mean 5D Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Ebert et al 7.14 1.4 23 6.3 1.3 29 33.7% 0.84 [0.10, 1.58] —
Runer et al 6.4 1.9 127 57 2 90 66.3% 0.70[0.17, 1.23] o
Total (95% CI) 150 119 100.0% 0.75 [0.32, 1.18] L 2
Heterogeneity: Tau® = 0.00; Chi* = 0.09, df = 1 (P = 0.76); I = 0% _:4 _52 5 2: ;
Test for overall effect: Z = 3.40 (P = 0.0007)

Favours females Favours males

* 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)
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Quadriceps Strength LS| in Males vs Females at
6 months Post-op

Males Females Mean Difference Mean Difference
Study or Subgroup Mean 5D Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ebert et al 67.1 15.9 23 56.6 12.2 29 15.1% 10.50[2.63, 18.37] .
Hunnicutt et al 72.1 148 156 63.3 155 164 84.9% B8.80([5.48, 12.12] —.—
Total (95% ClI) 179 193 100.0% 9.06 [6.00, 12.12] L
Heterogeneity: Tau® = 0.00; Chi* = 0.15, df = 1 (P = 0.70); I = 0% : : : :
Test for overall effect: Z = 5.80 (P < 0.00001) ~20 -10 0 10 20

nFavours females Favours males

* Males showed higher quadriceps strength symmetry (p < 0.001) at 6 months post-op
* Mean Quadriceps strength LSl in females 63.9% of opposite side at 6-9 months post-op
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Comparison of Outcomes in Males v
Females - Summary

No difference in: Females:
o failure rates » Slower to gain quadriceps strength
*  returnto sport symmetry
. Instrumented laxity testing
. IKDC and Lysholm scores * Lower Tegner Activity Scale scores

at 2 years
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IQT s
Discussion

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

lacking

* Quads LS| lower in females even with BTB and HS grafts (schweryetat20191nt
Sports Phys Ther)

* Tegner Activity score lower in females even with other graft types (ranetat
AJSM 2016)

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

iInvolvement) m

Worcestershire

Acute Hospitals
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INTERMATIOMAL QT
IQT INTEREST GROUP

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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Sex-specific differences in the laminar
organization of the quadriceps tendon
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Patient-specific treatments in orthopedics

dr-bitsch.de sportssurgeryclinic.com

MEDIZINISCHE C H ARIT E Laminar Organization QT
UNIVERSITAT WIEN NvERSITATSNEDIZI BERLE Lorenz Pichler



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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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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Quadriceps tendon
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anatomytool.org
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Partial thickness technique

Rectus femoris
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Laminar organization (LO) of the QT

B M w
= w M “Only three of the 20 specimens exhibited the
B w typically described quadriceps pattern.”

.

Waligora et al. Clinical anatomy of the quadriceps femoris and
extensor apparatus of the knee.CORR. 2009. PMID: 19690926.

D
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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. Zeissetal. 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
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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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Results Question 11

Laminars
N % N % N %

One 21 “;'5 15 15% 6 6%
Two 18 9% 13 13% 5 5%
. 0.027*
Three 125 °5° 56 56% 69 69 %
Four 36 18% 16 16% 20 20%

* Chi-Square-Test
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Results Question 11

1. Weak correlation laminar organization with body height

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

2. No correlation laminar organization with body weight

(r=0,01T; p=0,094)
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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.
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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.
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Thank you.
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