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Pediatric ACL Injuries Are More

and More Common

* Growth is strongestin 10 - 18 year old group
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ORIGINAL ARTICLE

Trends in Pediatric and Adolescent Anterior Cruciate
Ligament Injury and Reconstruction

Brian C. Werner, MD, Scott Yang, MD, Austin M. Looney, BS, and Frank Winston Gwathmey, Jr, MD

Background: With the i ing invol in organized
athletics among children and adelescents, more anterior cruciate
ligament (ACL) injuries are being recognized in the skeletally
immature population. The goal of the present study is to utilize
a iomal datak to ch ize the recent epidemiologic
trends of ACL injurics, ACL reconstruction, and treatment of
associated iscal and chondral pathology in the pediatric and
adolescent populations.
Methods: A national database was queried for ACL tear (ICD-9
§44.2) and arthroscopic reconstruction of an ACL tear (CPT
298ER) from 2007 to 201 1. Searches were limited by age group to
identify pediatric and adolescent cohorts: (1) ages 5 10 9 years
old, (2) ages 10 to 14 years old, and (3) ages 15 to 19 years old. A
comparative cobort of adult patients from ages 20 1o 45 was also
created. The dutabase was also queried for concomitant proce-
dures at the same lime as ACL reconstruction for each age
group, including partial i i repair, micro-
fracture, osteochondral anlngral't or aflograft transfer, and
shaving chondroplasty. The ¥~ analysis was used to determine
statistical significince.
Results: A total of 44,815 unique pediatric or adolescent patients
with a diagnosis of an ACL tear and 19,053 pediatnc or ado-
lescent patients who underwent arthroscopic ACL re-
were identified. Signifi i in pediatric
and adolescent ACL tear diagnosis and reconstruction com-
pared with adult patients were noted. 5i mn

Key Words: anterior cruciate ligament, pediatne ACL tear, pe-
diatric ACL reconstruction, meniscus repair, cartilage

(J Pediatr Orthap 2015:00:000-000)

Aulerior cruciate ligament (ACL) injuries in children
and adolescents were classically thought to be rare
and more often seen as the tibial spine fracture skeletal
injury vari As the Il of the pediatric pop-
ulation in organized athletics and emphasis on year-
round training is increasing, more ACL injuries are being
recognized in the skeletally immature population.
A recent surveillance study reported that ACL injurics
represent nearly a quarter of all high school knee

injuries.

The fundamental risk of ACL reconstruction in the
keletally i ¢ population using conventional adult
techniques with physeal tibial and femoral tunnels is

the potential for growth disturbance.® The resulting
limb-length discrepancy or angular deformity may cause
more problematic functional deficits for the young ath-
lete.! Historically, conservative management of ACL in-
juries in the skeletally immature athlete with bracing,
rehabilitation, and activity modification was the preferred
treatment, with conventional transphyseal ACL re-
construction performed after skeletal maturity was

many and ilage | d in pedia-
tric and adelescent patients compared with adult patients were
also noted.

Conclusions: The present study demonstrates & significant in-
crease in the overall diagnosis of ACL injury and ACL re-
construction in both pediatric and adolescent patients, rising at
a rate significantly higher than adults. In addition, pediatric and
adolescent patients who undergo ACL reconstruction had sig-
nificant increases in incidences of concomitant meniscal and
cartilage procedures.

Level of Level 111 r cohort study,
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hed.?® Several studies have demonstrated poor out-
comes with this approach in the active skeletally im-
mature patient, as increased time to reconstruction has
been associated with increased risk of irrcparable me-
niscus tears and lateral compartment chondral lesions,**
Several ACL reconstruction techniques have been
devised to minimize the risk of growth arrest in the
skeletally immature patient. Depending on the skeletal
age and growth remaining, the categories of re-
construction techniques include physeal-sparing all-epi-
physeal or iliotibial band reconstruction for prepubescent
patients with high remaining growth potential, partial
transphyseal for young adolescents, or complete trans-
physeal for older adol near skeletal ity
Outcomes for these techniques have di d safety
as well as excellent clinical stability and low revision
rates 101
The goal of the present study is to utilize a national
L to ch ize the recent epidemiologic trends
of ACL injuries, ACL reconstruction, and treatment of
associated meniscal and chondral pathology in the pe-
diatric and adolescent populations.
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Reliability of Tanner Staging Performed by
Orthopedic Sports Medicine Surgeons
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!Coliege of Medicine, Pennsylvania State University, Hershey, PA: *Bone and Joint Institute, Pennsylvania State University,
Hershey, PA: and * Pediatric Endocrinology, College of Medicine, Pennsylvania State University, Hershey, PA

Oﬂhopedic Surgeons only abOUt SLOL.'GI].J.M.W.IEM!KUS,M&'.C]MNGR:I&\JTBT::ﬁM' Performed by Orthopedic Sports Medicine S 2
50% correct in Tanner Staging!
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Med. Sci. Sparts Evere., Vol. 43, No. 7, pp. 1225-1234, 2013, Parpese: The trestment of anterior cruciate ligament (ACL) tears in
children is controversial because of the poteatial mijury (o the growth plate resulting from traditional transphyseal surgery. Some authors
:e:mmmd‘l‘-mnn:gmgu-mmmhpmimﬁwhmbﬂ\mpﬁwmgamh)ﬂm

Thas study exammes the accuracy and and f Tanrer staging performed by orthopedic surgoons.
Methods: Twenty-cight photograpls represonting Tannes stagss 1-5 wore obtainsd from a pediatric endocrinologist. Four sports med-
fcine orthopedic surgeons received a hutorial on Taeser staging and ind denitly graded the ph ke twice, with a |-month iner.
val between grading exams. The endocrinclogist's grade was idered comect. Intraok and b liabilitics were

determined. Results: The overall average correct soores were as follows: 53% correct Tanner siages on exam | and 5% comect on
exam 2. The average resubls for specific Tanner stages weie as follows: Tanser stage | = 62% cotrect on cxam 1, 83% on cxan 2;
Tanner stage 2 = 60%/65%; Tanner stage 3 = 60%/46%; Tonner stage 4 = 45%0/55%; and Tanner stage § = 50%045%. Per examiner,
comect grading was oa follows: examiner | = 19% on cxam | and 35% on exem 2; examiner 2 = 6T%/B2%:; examiner 3 = S0%/42%; and
examiner 4 = 67%/75%. When comparing the grading between exams | and 2, examiner | chunged five answers from comect tn
incorrect: four answers from incerreet o correct; and two answers frem incorreet 1o o different incorreel choice: cxamines 2, three!

e |t's awkward

1 . sevenizero; examiner 3, sivfourfons; and examiner 4, two'four'zero. Concluslons: Preoperative Tanner staging performed by ortho-
(] We re not good at It pedic surgeons s unnclmble with large and i T Therefore, relving on Tanner staging as a method
to guide decision making for surgery in skeletally immature paticnts with ACL bears may lead to inadverient growth plate injury.

* Rather can use your "gestalt"

* Onset of menses is late in puberty, usually 6
months after PHV

« Can geta sense of who is pre-pubertal vs.
pubertal

* Non-invasive assessment:
* Facial hair, leg hair, breast tissue, voice

change, etc.
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ediatric anterior cruciate ligament (ACL) injuries have
become more common owing to the increased in-
tensity and duration of childhood athletics, improved

or angulation of the chlld s leg (IS] In the past, SO Y.
thors have i
a brace, rehabilitation, and spons restriction to delay ACL
until skeletal maturity (4,31,35). However,

physical exam skills, and © i use of magnetic reso-
nance imaging (7,13,15,19,22). The exact incidence (rate of
occurrence of new cases) of ACL tears in children has not
been established. However, ACL injuries represemt 7%
of youth soccer injury insurance claims and 31% of youth
soecer sport-related injury claims (28). The prevalence (total
number of cases in a population) of an ACL tear in a child
with 2 traumatic knee hemarthrosis is about 65% (32).
Treatment of ACL injurics in the sko]cla]ly |mmattu': pa-
tient is ial because dard ACL
involve the use of drill holes that cross the open physis,
potentially causing growth disturbance such as shortening

Address for comrespondence; William Hennrikus, MUY, Penn State Hershey
Hone and Joint Institute, 30 Hope Drive, Building B, Suitc 2200, Hershey,
PA 17033; E-mail: whennrikus(ihme peu edu.
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pediatric athletes and their parents today are less inclined
to restrict the pediatric athletes® activity (3). In such cases,
an ACL tear in the pediatric athlete treated conservatively
can lead to additional instability episodes, meniscal tears, ar-
ticular cartilage damage, and arthritis (1,10,17,23,24). There-
fore, recent literature supports early surgery for most pediatric
athletes with an unstable ACL-deficient knee (1,2.5,16,18).

ACL surgery m pediatric athletes 13 often performed via

a physeal-sparing technique (16,22) or a l 1 tech-
nigue (26,29). The physeal-sparing technique avoids injury
:olhcyuwthpmlebulu ingrnﬂ !
The b | technique is ic in graft pl

but risks ph;.sca] injury and growth abnormality. Sports med-
icine physicians are ofien presented with the dilemuma of a
skeletally immature athlete with an ACL tear: when is the
athlete physically marture :nﬂuﬂl o undcrgo ACL reconstruc-
tion via drill holes without causing
iatrogenic growth plate injury? Some authors recommend
using Tanner staging as a method to decide between physeal-
sparing or transphyscal surgery (14,16,18,26,31). Tanner
staging defines the physical measurements of the child's
development based on external primary and secondary sex

1229
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ORIGINAL ARTICLE

The Shorthand Bone Age Assessment:
A Simpler Alternative to Current Methods

Benton

Heyworth, MD.* Daniel A. Osei, MD,7 Peter D. Fabricant, MD, MPH.}

Raberi Schneider, MD,.} Sheveun M. Dayle, MD.} Daniel W. Green, MD.}
Roger F. Widmann, MD.} Stephen Lyman, PED.}
Stephen W, Burke, MD.} and David M. Scher, MD}

Buckgrousd: Radiographic assosament of skelotal nge in pedia-
tric patients is a commen practice among orthopaedic surgeons.
Current methods of assessment remain Inbor intensive and re-
quire special resources. This study sought to investigate a novel
abridged method of bone age asessment thal may serve & o
simpler and more efficent alternative to the current standard
Methods: A shorthand hone age (SBA) method developed at our
inslitutivn ws compared sgainst the Grewich and Pyle methed
From which it was derived. Standard lefl hand bone age radio-
graphs of 140 male and 120 female patients, previousy assigned
skeletal ages ranging lrom 12,5 10 16 years s mnd 10 10 16
years in famales by muscaloskeletal ists using the
Greulich and Pyle rodiographic atlas, were read wing the
shorthand method by 3 attending pediatric orthopsedic sur-
geons and an orthopaedic surgery resident. The shorthand
method utilizes a single, univariable eriterion for each age,
rather than n multiverishle subjective compari u radio-
graphic atlae. All reviewers were blinded 1o the onginal bone ape
reBability, b reliability,
and agreement with the previous records wliliang the atlas were
calculated using weighred «
Resubts: The SBA method readmgs demoastraied substantial
agreement with readings hy the Greulich and Pyle atlas, dem-
onstrating weighted x valoes ranging f)
SBA method also demonstraied substa
interabserver and intraobserver reliability, with values ranging
from 0.77 to 0.7 and from 087 to (.95, respectively.
Conclusions: These results are comparnble or superior to pre-
vious reports which inves y and relahility ,\F
otber skeletal age 5
offers # simple and efficient ahermative (o current methods

Level of Evidence: Diagnostic study, level 111

Froen the *Hoston Chdldren’s Hospital, Boston, MA; tDepartment of
Orthopedc Surgry. Waskington Unrversity School of Madicine,

Y, New York, NY

+ reverved firancial wappart fo study

nal funding sousce for the cusreat study.

The authors declre 0o co f interest

R for Special Surgery, $35 Eait Wik

“Sureet, New York, NY 10021 ScherTa HSS DU

Copyright © 2013 by Lippiocott Wiliems & Wilkins
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Key Wordss bone age, skeletal age, radiography, shorthasd
method, interobserver relishility, i 1
pediatric, sdolescent
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R diographic asscssment of skeletal age in pediatrc

d adolescent patients is & common practice in pe-
diatric orthopacdics and other pediatric subspecialties.
The asscasment of bone age in the peripubertal period,
when there is peak growth velocity, is a well-cs! hed,
et still evolving, science. Accuracy is critical to the timing
and nat of management decisions for scoliosis, leg
length discrap: limb deformity, as well as medical and
surgical interventions that may disrupt normal physeal
growth, The optimal method or combination of methods
for assessment of skeletal maturity remaing an area of
considerable controversy

Introdduced by Greulich and Pyle! in 1959, use of
Radiographic Atlas of the Hand and Wrist has emerged as
the single most common method of bone age evaluation
in the frelds of rdiclogy and orthopaedic surgery
considered the gold standard by many practitionerss
United States. However, the Greulich and Pyle method
(GPM) has significant drawbacks that limit its use. First,
the technique relies on the use of a voluminous
kard copy form. Furthermore, adequate training
technique, which involves an exhaustive comparison of
the appearance of a variety of morphologic features in a
left hand and wrist radiograph to a correspor
in the atlas, i i 3
grams olher than radiology. Orthopaedic s
other caregivers investigating patients’ skelet:
as general pediatricians, pediatric endocrinologists, and
pediatric metabolic hone specialists often are reliant upon
radiologists W provide bene age readings because copies
of the atlas are not always available in multiple sites at
treatment center

To uddress these Emitutions, several methods of bone
age catimation using hand radiographs have hccn propased
as alternatives to that of Greulich and Pyle 2 In addition,
a vuriely of authors have contended thut mdiographic
analysis of other body parts may be superior 1o those of the

wwrw pedorthopa

SBA Method: A Stepwise Approach




HOW Do PRISM Original Research
Members Stratify
Based on Skeletal

Ag e ® MNeeraj M. Patel,* MD, MPH, MBS, Nakul S. Talathi,* BS, Divya Talwar,* MPH,
Peter D. Fabricant,” MD, MPH, Mininder S. Kocher,* MD, MPH, Theodore J. Ganley,* MD,
and J. Todd R. Lawrence,'S MD, PhD

Investigation performed at the Children’s Hospital of Philadelphia, Philadelphia, Pennsylvania, USA

Factors Affecting the Preferred Surgical
Technique in Pediatric Anterior Cruciate
Ligament Reconstruction

* Strong consensus for complete growth Background: Despite several wel-described operats he optimal management of anterior cruciats igament (AGL)
. . injuries in pediatric patients remains unclear.
sparing technique ages 10 and under (ITB Purpose: To identify surgeons’ preferred ACL 1 and postaperative p for pediatric. patients of
various ages.
or AE) Study Design: Cross-sectional study.
lhﬁ'lods.Analactmrlcsuvwwas administered to surgeons in the Pediatric Ressarch in Sports Medicine (PRISM) society,
resulting in a cchort of i dents who perf: d a relatively high volume oiACmeormrmtlommskolomjly
immature patients. Surgennandpraﬂlcndem:gmpﬁclnhnﬂuthnwas ded The survey | d the scenario of a patient
who had a phy and i with an acute, isclated ACL tear. The respondents were asked to select

° Stron consensus on Usin trans h Seal mekpru!nrmdlooonstn.mlontodmlqunforlumlemﬂlmlopaﬁamsatmnmmu'eskaletdagmfrunﬁlo‘lﬁwm Surgeons
ware algo asked about postoperative protocol.

H H Results: Of 103 wrgocns 88 tBS%} responded to the survey, the majority of whom (68%) performed more than 25 pediatric
teChnlque age 13 and OIder n females' age ACL variation in technique was from ages 11 to 13 years in female patients and from
11 to 14 years in male paﬂem Tne modified Macintosh was the most frequently used technique for patients aged 8 to
10 years. An all-epiphyseal technique was preferred over a broader age range in male patients than female patients, with
peak use at age 11 in both. A partial lransphyseaj (nybnu} technigue m preferred in slightly older patients, with peak use
at age 12 in female patients and 13 in male pati ique was most widely used at age 13 and older
h {srmaie pallents and 14 ancl clder in rmaJe patients. The Impac1 of 1 p training (pediatrics, sports, or both) on

was for male patients aged 11 to 13.nnd female patients 11 and 12 (all P < .05).

. 1 il i i - Surgeons w:th pediatric orthopaedic ualnlng tended to prefer an ail-epiphy while those with both

LOtS Of vari abl | Ity In treatment in ages 1 1 pediatric and sports madicine training preferrad the lnodlfsd Macintosh.

13 Conclusion: The p i ACL i varied i ially for pati aged 11 to 13 years. The
modified Macintosh reconstruction was favored in paimﬂts aged 10 years or yu.ngor whﬁe the transphyseal technique was
preferred in fernale patients aged 13 years and older and in male patierts 14 years and older. The surgeon’s fellowship training was
significantly associated with his or her preferred surgical technique.

Key ds: ACL; pediatric sports medicine; anterior cruclate ligament reconstruction; technique; skeletally immature

14 and older in males

With the increasing incidence of pediatrie anterior cruci- negative consequences of delaying reconstrue-

@®
OrthaCarolina  AtriumHealth

ate ligament (ACL) injuries has come an evolution in man-
agement strategies for these patients.®!™*% Although
many surgeans historically recommended rlunupl.ratlv&
or delayed surgical treatment for skel ture

ton 3679142031333 I an attempt to stabilize the knee

while allowing normal growth, a number of surgical tech-

niques have ii\emj ‘du\'l:]opcr] for pediatric ACL
iop LALI5,19,25

individuals,* a growing body of literature is reporh.ng the

The Orthopasdic Jounal of Sports Madicine, 6(3), 2326967118796171
DOI: 10, 1177/2325067118798171
@ The Authoris) 2018

uction

Whether any specific type of reconstruction is truly best
suited for a given skeletal age is largely unclear *#1842.27
Biomechanical studies have been unable to discern the
superiority of any single technique.'”"™ Given this lack
of consensus, clinical practice might vary widely. The

mopmmmkuhmwmwmummmwcmm
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Pediatric ACLs Come in Three
"Flavors"

1. Pre-pubescent (almost always males)
* 12 and under boys
* 11 and under girls

2. "Tweeners"

* 13-15yo boys
« 12-13yogirls

3. Skeletally mature

* 16 and older boys
* 14 and older girls

D
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Three "Flavors" of Children with ACLs

Means...

Three Types of ACLR That | Do



Extraphyseal
All-Epiphyseal
Partial Transphyseal

e
5’& ?
gay
n~£§
s 5§
ik

= g
:é "£24s
565§

F?-a’;
ek |

#-;?.E’#mg;_

-'?? b‘c
3 ~§§5‘
g:ffé‘
y5158,
.5 )
= ih
R
a”-.?f-
WA
SFEL
¥Na
gﬁ'?a\
o dptl

Po,
e,
in
B Wej ! tepo:
Zist wik_g;”’f e ™ <~ Zwy

Foin
Po,
Ppo,
e 55 E;"‘ G} ? hc. e s 1
haleep 7 2: v, i;‘“:;?:’“"chr 'HW
rlej 1

Q A
bl 3

7]
)
LS
: é ]
8 ggz-

Transphyseal
Adult type

Orthazarolina  AtriumHealth



Original Research

Factors Affecting the Preferred Surgical
Technique in Pediatric Anterior Cruciate
Ligament Reconstruction

Neeraj M. Patel,” MD, MPH, MBS, Nakul S. Talathi,* BS, Divya Talwar,* MPH,
Peter D. Fabricant,” MD, MPH, Mininder S. Kocher,* MD, MPH, Theodore J. Ganley,” MD,
and J. Todd R. Lawrence,”® MD, PhD

Investigation performed at the Children’s Hospital of Philadelphia, Philadeiphia, Pennsylvania, USA

Background: Despie soverad woll operative the optimal of antedes eruciate ligament (ACL)
Injuries in pedialts patients remaing unclear,
Purpose: To kentity surgeons’ prefurred AGL ¥ and protocols for pediatric patients of
VATOUuS ages.
Study Design: Cross-sectional study.

An BURVEY WAS :nmpwhm%m:nmmmmummmmm

resulting in & cohort of a relatively high volume of ACL reconstructions in skeletally
immature patiants. &Jgaon and practice de«mrapﬂlc information was reconded. The survey prasentad the scenario of a pathant
who had a phy: and | o with an acute, iolated ACL tear. The respondents were asked to select
hair prderred reconstniction |ochn.qua for formade and male patients at consecutive skelotal ages from 8 to 15 years, Surgeons
wire also askad about postoperative protocal.

Results: Of 103 surgeons, B8 (85%) respanded to the survey, the majority of whom (88%) performed more than 25 pediatric
ACL recanstructions annually. Tha groaatest variation in technique was from ages 11 to 13 years in famale patients and from
11 1o 14 years in male patients. The modified Macintosh was the most frequently used technigue for patients aged B to
10 yoars. An ofl-epiphyseal technique was preferred over a broader age range in male patients than female patients, with
poak uso at age 11 In both. A partial transphyseal (hybrid) technique was proforred in slightly clder patients, with peak use
at age 12 in female patients and 13 in male patients. The transphyseal technique was most widely used at age 11 and oider
in fomaks patients md 14 and oldér in male patiants. The impact of fellowship training (pediatrics, sports, or both) on
for male patents agad 11 to 13 and lemala patients 11 and 12 (8l 2 < 05}
Surgecns with nudlumc orthopaedic training tendad to prefer an all-epiphyseal reconstruction, whila thosa with both
pediatric and spos medicing training profemed the modified Macintosh.

Conclusion: The praferred AGL waried S y for patients aged 11 1o 13 years. The
modified Macintosh reconstruction was favered in patients aged 10 years or younger, while the transphyseal technigue was
profismad In farnasa pathnts agaed 13 yiars and older and in mala patierts 14 years and older. Tha surgoon's feliowship training was
sipnificantly associated with his or her preferred surgical technigue.

HKeywords: ACL; pediatric sports medicine; antaror cruciate kgament reconstruction; technique; skelstally immature

With the increasing incidence of pediatric antorior cruci- of delaying reconstruce

Orthazarolina

abe ligament (ACL) infuries has come an evolution inman-
agement ylnlﬁ.bw\n fur these pahuu:d i M:Imugh
many

or delayed wurgical t for skeletall

tion. *“'—"—”-“-‘5“ In an attempt to stabilize the knee
while allowing normal growth, a number of surgical tech-

iques h been devel i intric ACL
niques have baen doveloped for  podiatric

individuale, " a growing !.m'lv of literature is reporting the

Tho Orthopasdic Madicing, 6. ZX25667 118796171
DO! 10.1177/2325087 118796171
S The Authorsh 2018

Whether any specific type of reconstruction is Lruly best
wsuited for a given skeletal age is largely unclear, 44333
Bicmechanical studies have bner.\ unable to discern the

of any single 1818 Given this lack
of consensus, clinical practice might vary widely. The
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Original Technique Description
A MUST READ!

Modification of the Mclntosh Procedure
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Physeal Sparing Reconstruction
of the Anterior Cruciate
Ligament in Skeletally
Immature Prepubescent

Children and Adolescents

Surgical Technique

By Moviwpen 5. Kocuer, MD, MPH, Sumeer Gang, MD, axp Lyce | Micaer, MD
Investigation performed at the Division of Sports Medicine, Department of Orthopasdic Surgery, Children’s Hospisal,

Harvard Medical School, Boston, Massachusetts

The ariginal scientific article in which the surgical techrique was p

was published in JB]S Vol 87-A, pp. 2371-2379, November 2005

INTRODUCTION

Intrasubstance injuries of the anterior cruciate liga-
ment in children and adolescents are being seen
with increased frequency and have received in-
creased attention"". There is controversy regarding
the management of anterior cruciate ligament inju-
ries in patients with open physes. Nonoperative
management of complete tears generally has a poor
outcome, with instability leading to further menis-
cal and chondral injury""". Conventional surgical
reconstruction techniques are associated with a risk
of iatrogenic growth disturbance due to damage to
the distal femoral physis and/or the proximal tibial
physis from graft channels that cross these open
growth plates™®. In this article, we describe a phy-
seal sparing, combined intra-articular and extra-
articular reconstruction with use of an autogenous
iliotibial band graft in skeletally immature prepu-
bescent children and adolescents.

SURGICAL TECHNIQUE
This procedure is a modification of the combined
intra-articular and extra-articular reconstruction

ABSTRACT

BACKGROUND:
The r of anterior
I skal 3 :

g injuries

is ial. Con-
| adult setion techni rigk

|atrogenic grawth disturbance due to physeal damage.
The purpose of this study was to evaluate the results
of a physeal sparing, combined Intra-articular and
extra-articular in
cent skeletally immature children.

METHODS:

Between 1880 and 2002, forty-four skeletally imma-
ture prepubescent children and adolescents who were
In Tanner stage 1 or 2 (with a mean chronological age
of 10.3 years) underwent physeal sparing, combined
Intra-articular and extra-articular reconstruction of the
anterior cruciate ligament with use of an autogenous il
lotibial band graft. Twenty-seven patients had add-
tional iscal surgery. Fi 1 graft
survival, radlographic outcome, and growth disturbance
were evaluated at a mean of 5.3 years after surgery.
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Outcomes of Physeal-Sparing ACL Reconstruction
with Iliotibial Band Autograft in Skeletally Immature
Prepubescent Children

Mininder 5. Kocher, MD, MPH, Benton E. Heyworth, MD, Peter D. Fabricant, MD, MPH, Frances A. Tepolt, MD, and
Lyle J. Micheli, MD

Outcomes of Micheli Technique

Investigation performed at Boston Children’s Hospital, Boston, Massachusetts

Anterior I e (ACL) tears are £ in youth with ir fri Mary ACL
d designed to allow for cmmnuedgn:mth in patients with open physes have been described, but

large series with mid- to long-term outcomes data are Iaclunz. The purpose of the current study was o assess the clinical

ommmesofalargamhmuf hild 1t a phy ring, intra- and extra

ACL reconstruction with iliotibial (IT) band autograft over a 23-year period.

. . 1 Methods: Included in our analysis were 237 patients (240 knees) who ACL rec

F autograft at Tanner stage 1 or 2 (mean age of 11.2 + 1.7 years). Physical ination data were
Boston Children's group | R e e e e o ik
. outcomes (patientreportad graft ruptura and Pediatric Ir Knee D C: [FedHKDC], Tegner
activity scale, and Lysholm scores; mean follow-up, 6.2 years). Rates of growth arest, IT band graft-harvest morbidity, and
return to sports were analyzed.

!: Physical revealed that 96.8% of the knees were grade A on the Lachman test and 98.8% were
240 knees . grade A on the pivot-shift test. Graft rupture accurred in 9 (6.6%) of 137 knees, at an average of 33.5 months (range,

8.2 months to 8.0 years) postoperatively. For patients who did not sustain a graft rupture, the mean PedHKDC score was
Mean 6 year follow-up

Largest series in literature

using IT band
for 225 of the

93.3 + 11.0, the mean Lysholm score was 93.4 + 9.9, and the mean score on the Tegner activity scale was 7.8 (mode, 7).
‘While lateral thigh asmneuyatmanbamhamst site was noted by 48% uflha subjects, only 1.6% reported associated

oo

6.6% graft rupture
0% growth abnormality
50% cosmetic lateral thigh changes

ered a rare injury in children. Hi ad rise in

£ pain. No cases of limb-ength di or angular were ob

’E Conclusions: This procedure was associated with lent fi risk of growth disturbance,
§ and a low graft-rupture rate in skeletally immature prept.baacem cnlldmn These results appear durable at mid- to long-
2 term folb p, at an age of =G years p P ly

i_( Level of Evids Level IV. See for Authors for a 1 of levels of evidk

athletes mpml«i the largest per capita demographic of ACL
ions'.

3 nterior cruciate ligament (ACL) tears were once consid-

youth sports participation, year-round training and
competition’, early sport specialization’, and increased ACL
injury awareness have contributed to the increase in the fre-
quency of ACL tears in skeletally immature athletes. A recent
epidemiologic analysis in New York State revealed that the rate
of ACL reconstruction among patients <20 years of age had
increased nearly 3-fold over 20 years and indicated that youth

Hmnncnllv, nonoperati gies, such as
the use of a brace, physical therapy, and activity modification,
were often recommended as a temporizing approach to ACL
deficiency until skeletal maturity, when a traditional adult-type
ACL reconstruction could be performed. However, enhanced
understanding of the pitfalls of nonoperative treatment and
surgical delay in this population** has more recently supported

Disclosure: No external funding was received for this study. On the Disclosu al Conflict forms, which are provided with the onf
wersion of the article, one of more of the authors checked “yes” mlmmmmmamwm:mmhmuBbmulm

outside the submitted work (Dtto:/ /inks bww.comy JEJS/ETES).

) Bane Joint Surg Am. 2018:100:1087.94 « htpy//dudolorg/ 10.2106/IBIS.17 01327
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Outcomes of Micheli Technique

Only cohort other than Boston group

22 knee
Mean 3 year follow-up

14% graft rupture
0% growth abnormality

@
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High Incidence of Growth
Abnormalities with All-
Epiphyseal Technique

* 50% measurable growth abnormality
* 16% severe (> 2 cm)

¢ 33% mild/moderate (5 -10mm)

« Always OVERGROWTH
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Complications after epiphyseal reconstruction of the anterior
cruciate ligament in prepubescent children

Peter P. Koch + Sandro F. Fucentese - Samuel C. Blatter
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Abstract
Purpose  Reconstruction of the anterior cruciate ligament
(ACL) ins a major concern in the prepubs skel-

etally immature patient with wide open growth plates. Dif-
ferent surgical techniques have been proposed. This study
reports the results and complications of ACL -tion
in young using an all epipt 1 teck

Methods Between 2006 and 2010, 12 patients (10-
13 years, median 12.1 years) underwent epiphyseal pri-
mary ACL reconstruction, with a total of 13 knee proce-
dures. Patients were assessed retrospectively with a median
follow-up of 54 months (range 39-80 months) consisting
of a clinical ination, instr d artk testing.
and radiological analysis. Functional status was assessed
using the Lysholm knee score, Tegner activity scale and
1KDC-2000 form.

Results  According 1o the IKDC examination form, five
knees were rated as normal, six near normal and two abnor-
mal. The median IKDC score at follow-up was 88.5 points
(range 75-99 points). The mean side-to-side difference in
KT-1000 ligament laxity testing was 1.5 mm (£2,5 mm).
In two patients, reoperation was necessary due to graft fail-
ure. Two patients developed significant leg length inequal-
ity; one with 20 mm overgrowth and virus malalignment
after re-reconstruction and the second developed arthrofi-
brosis and overgrowth of 16 mm. Four patients had minor

P.P. Koch - 5. C. Blaner ()

D of Orth fic Surgery and Tr logy.
K itul thur, B 15, Postfach 834,
8401 Wanterthor, Switzerland

e-mail: samuel blatier@ksw.ch

5. F Fucentese - 5. C. Blatter
Department of Orthopaedics, Balgrist University Hospital,
University of Zirich, Forchstrasse 340, 8008 Zunch. Switzerlond

Published online: 26 October 2014

limb length discrepancy ranging between +5 and +10 mm;
no growth arrest was noted. One patient with an intact
but slightly elongated graft required a iscal suture
34 months after ACL ion following a i
medial meniscal lesion.

Conclusion  Despite using the epiphyseal technique in
ACL reconstruction, relevant growth discrepancy can
occur. Thereby, overgrowth rates appear 1o potentially pose
a major clinical problem, which has remained unrepored
so far. Overall, there is a considerable high risk of compli-
cations in this patient group.

Level of evidence V.

Keywords  Anterior cruciate ligament - Reconstruction -
Children - Epiphyseal - Growth

Intreduction

Although the knee joint represents a common site for inju-

ries in child the overall reg d incids is low [19].
This is especially true regarding risk of cruciate ligament
injury [28). Neventheless, incid of mid-sub tears

of the anterior cruciate ligament (ACL) seems to have
increased over the past decades [2, 32]. Reasons include the
growing number of children and adolescents participating
in organized sports, intensive sports training at an carlier
age and a higher rate of diagnosis because of an elevated
awareness and an increased use of advanced medical imag-
ing [21].

Treatment of these patients still remains a challenge [2,
7, 10]. Due to poor therapy results, conservative treatment
after ACL tears in children has been increasingly abandoned
1. 9, 12, 22, 29, 30). Delaying operative procedure until
the epiphyseal plate has closed is only an option in selected

gm



All Epiphyseal ACLR is Inferior to
Micheli Technique in Meta-
Analysis

* All-epiphyseal has higher failure rate

« All epiphyseal has higher incidence of
significant growth abnormality

« All epiphyseal has lower return to sports rates

D
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Anterior Cruciate Ligament Injuries in Skeletally
Immature Patients: A Meta-analysis Comparing
Repair Versus Reconstruction Techniques

Derrick M Knapik ! 2, JamesE Voos 1 2 3
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Why | Don't Do All Epiphyseal
ACLR

Higher failure rates

Higher incidence of growth abnormality ~=

Technically challenging - e 1 TS

Requires significant radiation to child [ - s 1 | ==

) : z’i igé oy _ : et [__-.,l_
I '

More expensive than Micheli (cost of implants,
OR time) A}
Lower return to sport rates ' : TN

AR I

Fc

Harder revision

A

8. Dol need an 8th reason?
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13 year old
female

* Dancer

* Tore ACL dancing

* Goals to dance and play
lacrosse

* Skeletal age 13.5 years

* Parents highly educated and
concerned about growth
disturbance
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KARL STORT — ENDOSKOPE
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Outcomes of Quadriceps Tendon

With Patellar Bone Block Anterior Cruciate
Ligament Reconstruction in Adolescent
Patients With a Minimum 2-Year Follow-up

Alexia G. Gagliardi,” BA, Patrick M. Carry,"! MS, Harin B. Parikh,! BS, and Jay C. Albright,*!* MD
Investigation performed at Children’s Hospital Colorado, Aurora, Colorado, USA

Background: The incidence of anterior cruclate ligament (ACL) injury in the adolescent population s increasing. The quadriceps
tendon-patellar bone autograft (QPA) has been established as a reliable graft choice for ACL reconstruction in the adult
population.

Purpose: To investigate graft failure, ability to return to sport, patient-reported functional outcomes, joint laxity, and subsequent
injury among adolescent patients =2 years after primary ACL reconstruction with the QPA.

Study Design: Case series; Level of evidence, 4.

Methods: C i pauents who und (}Pﬁ ACL reconstruction performed by a single surgeon were identified from an

uad has Very Low
ailure Rate in Peds

o
Knee Docl.rnanmiion Ccmmllteo {PedI-IKDCi and Lysholm scores were collected by telephone or during a clinic visit =2 years
eries e
Results: The final cohort included 81 of 104 it aged 10 to 18 years (mean + 5D, 15.9 + 1.7 yaars
at the time of surgery) for whom follow-up information was collected at =2 years after surgery, The cumulative incidence of graft
failure within the 38-month follow-up period was 1.2% (95% CI, 0.1%-11.4%). The rate of ipsilateral non-ACL injuries was similar
[1.2%; 95% Cl, 0.2%-7.6%). Contralateral ACL and non-ACL injuries requiring surgical intervention were documented in 9.8%
(95% Cl, 4.9%-19.5%). The median Pedi-IKDC score was 94 (imerquartile range, 89-98). The median Lysholm score was 99.5
(interquartile range, 89.0-100.0). At 36 months after surgery, 87.93¢ (35% CI, 81.4%-94.9%) of individuals had retumed to play.

Conclusion: The quadriceps tendon-pateliar autograft is a novel graft that demonstrates excellent stability and favorable patient-
reported outcomes. Based on these results, the QPA is a reliable choice for primary AGL reconstruction in adolescent patients.

Keywords: quadriceps tendon—patellar autograft; ACL

truction; pediatrics; anterior

¢ 1.2% failure at 36 months

' Address emoondm?e Jay C. Al:gc:!té Lﬁ.ﬁS%om Modeb\m Anterior cruciate ligament (ACL) rupture is a
Center, Children’'s Hoepital Colorado, 131 wverue, BOS0 i 2 ot
i fiiy ) nd n injury in the pediatric and adolescent popula-

« 81 patients
* 88% return to sport
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The quadriceps tendon is a novel graft choice for ACL
reconstruction in adolescent and adult patients,**123334
The quadriceps tendon, either as an isolated soft tissue
graft or with a patellar bone block, has been shown to pro-
vide favorable outcomes among adult and adolescent
patients -5 The qu::dnmps tendon graft is associated
with d d perative anterior knee
pain and better extensor lmngr.h recovery as compared
with the bone—patellar tendon-bone graft®™ The




Original Research

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

Quad has Lower
Failure Rate Than

Background: It is unclear what the optimal graft choice is for pedorming anterior iate (ACL) ina
skaletally immature patient.
Purpose: To fh and ications of immature patients going transphyseal ACL
with a g tendon graft versus a quadri tendon autograft,

[ ] [ ) ] Study Design: Cohort study; Level of evidence, 3.
Methods: Between 2012 and 20186, 90 skeletally immature patients from a single instituti primary phy ACL
reconstruction with either a quadri tendon graft or a g tendon based on surg n=3).
Patient d graphic, injury, radiographic, and surgical variables were d d. Outcome h:luded the Lysholm
score, Single | El (SANE), Tegner activity scors, pain, satisf: and such as graft
tears and physeal abnormalities.

Results: A total of 83 patients (56 hamstring tendon, 27 guadriceps tendon) were available for a minimum follow-up of
2 years or sustained graft failure. The mean age of the patients was 14.8 £ 1.4 years at the time of ACL reconstruction.
Mo differences in chronological age, bone age, sex, patient size, or mechanism of injury were noted between
groups. There wera no differences in surgical variables, except that the quadriceps tendon grafts weare larger than the
hamstring tendon grafts (9.6 £ 0.6 mm vs 7.8 £ 0.7 mm, respectively; P < .001). Patient cutcomes at a mean follow-up of
2.8 £ 0.9 years revealed no differences based on graft type, with mean Lysholm, SANE, pain, satisfaction, and Tegner
scores of 96, 93, 0.6, 9.6, and 6.6, pectively, for the g i tendon group and 94, 89, 0.9, 9.2, and 7.1,
respactively, for the hamstring tendon group. While there were no physeal complications In either group, patients
M — (o) . undergoing ACL reconstruction with a hamstring tendon autograft were more likely to tear their graft (21% vs 4%,
* 4% Failure (Quad n =27)vs. 21% Failure (Ham rapasay: B = 01
Jusl g ACL uction can be suc fi ged with aither a g

_ tendon autograft or a hamstring mndon autograft wltn good short-term outcomes, high mes of return to sport, and Iow rates ol'
n -_ 56) physeal abnarmalities. The primary differances betwsen grafls were that the quadriceps tendon grafts were larger and were
associated with a lower retear rate. ACL reconstruction performed with a quadriceps tendon autograft may reduce early graft

failure in skeletally immature patients.

Keywords: transphyseal ACL reconstruction; quadriceps tendon; skeletally immature

A iate lig t (ACL) i iee are being diag- medification, physical therapy, and bracing until they

* Equivalent PROs (Lysholm, SANE, Tegner)

@
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nosed and treated more frequently in the skeletally
immature population.®™ Historically, many of these
patients were managed nonoperatively with activity

The Orthopaedic Joumal of Sports Medicine, 7(9), 2325967119872450
DOI: 10.1177/2325067119872450
© The Authorfs) 2019

reached skeletal maturity, at which time an adult recon-
structive technique was performed. Over the past 2 dec-
ades, there has been increased recognition that this
delay in treatment may result in further meniscal and
chondral damage."""®2 %2 Ag 5 result, there has
been an increasing trend toward early reconstruction in
this patient population.®?
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Quad As Good or

etter Than

Hamstrings

Orthazarolina

Cohort of 95 patients
Quad had less + Lachman, less + Pivot Shift,
lower KT (1 vs 3 mm)

Quad had better Lysholm, KOOS Symptoms,

KOQOS Sports

@
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Is Quadriceps Tendon Autograft a Better
Choice Than Hamstring Autograft for
Anterior Cruciate Ligament Reconstruction?

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

Etienne Cavaignac,*'* MD, Benoit Coulin,* MD, Philippe Tscholl,'* MD,

Nik Nik Mohd Fatmy,'* MD, Victoria Duthon,t* MD, and Jacques Menetrey,'* MD, PhD
Investigation performed at the Sports Medicine Center, Orthopaedic Surgery Service,
University Hospital of Geneva, Geneva, Switzerland

Background: The quadriceps tendon (QT) autograft is known as an effective graft for anterior iate K (ACL)
tion and shows a similar functional outcome to the bone-patellar tendon-bone (BPTB) In randomized nom:uﬂed trials, with a lesser
incidence of complications. Up until now, only 2 studies have compared QT to hamstring tendon (HT) autograft,

Hypothesis: The functional out: of the QT technique are at least as good as those of the HT technique, with the sama
marbidity.

smwnmcmmstud,—mmmmmm 3

Methods: Ninety-five patients und isolated ACL rec tion b January 1 and December 31, 2012, Fifty under-
went ACL reconstruction with the QT anu 45 with the HT. The same surgical technique, fixation method and postoperative pro-
tocol were used in both groups. The f i were su'gncal sk fi | out (Lysholm, Knee
injury and Osteoarthritis Outcome Score [KOOS], Tegner, subjecti | Knee D 1 G joint stability
(KT-1000, Lachman, pivet shift), anterior knee pain (Shelbourmne-Trumper score), and i strength. D ipti istics are

presented for these variables using the Student t test.

Results: Eighty-six patients (45 QT, 41 HT) were reviewed with a mean follow-up of 3.6 = 0.4 years; minimum follow-up was 3
years. Thers were 4 recperaticns in the QT group (including 1 ACL revision) and 3 in the HT group (including 2 ACL revisions) (P =
.05}, The Lysholm (89 + 6.8 vs 83.1 = 5.3), KOOS Symploms {80 = 11.2 vs 81 * 10.3), and KOOS Sport (82 £ 11.3vs 67 = 12.4)
scores wers significantly better in the QT group than in the HT group. In terms of stability, the mean side-to-side difference was
1.1 = 0.9 mm for the QT group and 3.1 = 1.3 mm for the HT group based on KT-1000 measurements (P < .005). The negative
Lachman componeant was higher in the OT group than in the HT group (30% va 46%, P < .005). There was a trend for the negative
pivot-shift component to be higher in the QT group than in the HT group (90% vs 84%, P = .052). The Shelbourne-Trumper score
was the same in both groups. There was no difference between groups in terms of isokinetic strength,

Conclusion: The use of a QT graft in ACL reconstruction leads to equal or better functional outcomes than does the use of an HT
graft, without affecting morbidity.

Keywords: anterior cruciate ligament; quadriceps tendon; sports medicine

Several types of grafts have been used to restore knee sta-

1o Etienne C: MD, Sports Medi- bility after an anterior cruciate ligament (ACL) tear."?
dmc«ur mws«m University Hospital of Geneva. Good clinical results have been reported using autografts
4, Flua Gabrislle-Perret-Centl, CH-1211 Genave 4, Switzerland femak from the extensor mechanism and the hamstring tendon
uum.onummugm:m.

Medicine Center, Orthopasdic Surgery Senvice, University (HT).}

Hospital of Geneva, Geneva, Switzerland. Several studies have mpuml tlu- hunu—pnus.ﬂu.r ten-
Eaculty of Medicine, University of Geneva, Geneva, don-bone (BPTE) tech ps tendon
The nﬂm mch!md thest m Iun no conflicts of interest in the (QT) technique. ' llth.aﬁ Nn d\ﬁ'ﬂmml hetwesn

and of thes

the grafts in residual loxity and patient-reported cutcomes

The American Joumal of Sports Medicine, Vol. 45, No. 8
DOl 10.1177/0363546516686665 —
© 2017 The Author(s) SReforences 2, 4, 8, 9, 15, 16, 18, 32, 47, 50.
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Quadriceps tendon autograft ACL reconstruction has less pivot shift
laxity and lower failure rates than hamstring tendon autografts
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David N. M. Caborn™
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Quad has Lower o e—

Purpose Quadriceps tendon (QT) autograft ACL reconstruction was hypothesized (o possess less anterior knee laxity, pivot
shift laxity, and lower lmlu:c rates than humsr.rm,g tendon (HT) aumgrnfu.
Methods Terms “h tendon " and "ACL reconstruction” or “quadriceps tendon autograft” and “ACL recon-

o struction” were searched in Embase and PubMed. Inclusion criteria required that studies included patients treated for primary
ACL injury with reconstruction using either a QT autograft (Group 1) or a HT autografl (Group 2) and instrumented anterior
knee laxily assessment. Extracted information included surgical fixation method, graft type, graft thickness or diameter,

single vs. double bundle surgical method, publication year, time between the index knee injury and surgery, % women, initial
and final subject number, subject age. follow-up length, side-to-side anterior knee laxity difference, Lysholm Score, Subjec-

[ ) [ ] tive IKDC score, anterior knee laxity side-to-side difference grade, ipsilateral pivot shift laxity grade, and failure rate. The

I ess P Methodological Index for N domized Studies was used to eval study methodological quality.
I v o I a n Results The QT group (Group 1) had 17 studies and the HT group (Group 2) had 61 studies. Overall, Group 2 had greater
pivot shaft laxity (OR 1.29, 95% CI 1.05-1.59, p=0.005). Group 2 suspensory femoral fixation had greater pivot shift laxity

(OR 1.26, 95% C1 1.01-1.58, p=0.02) than Group | compression femoral fixation, Group 2 compression femoral fixation
also had more anterior knee laxity (OR 1.25, 95% CI 1.03-1.52, p=0.01) than Group 1 compression femoral fixation and
® higher failure rates based on initial (OR 1.69, 95% C1 1. 18-2.4, p=0.002) and final (OR 1 89, 95% CI 1.32-2.71, p=0.0003)
subject number. Failure rate for HT compression femoral fixation was greater than suspensory femoral fixation based on
initial (OR 2,08, 95% CI 1.52-2.84, p<0.0001) and final (OR 2,26, 95% CI 1.63-3.16, p < 0.0001) subject number.
Cnn:hsinns Overall, QT autografts had less pivot shift laxity and lower failure rates based on final subject number than HT
Comp QT autograft femoral fixation had lower pivot shift laxity than suspensory HT autograft femoral
fixation. Compression QT autograft femoral fixation had less anterior knee laxity and lower failure rates than compression
HT autograft femoral fixation. Suspensory HT autograft femoral fixation had lower failure rates than compression HT auto-

® Meta-ana|y5|s Of 78 StUd|eS graft femoral fixation. Greater knee laxity and failure rates may be related 1o a bination of HT ft di and

configuration (tissuc quality and dimensions, strands, bundles, and suturing method) variability and fixation mode.

* Failure OR = 1.89 (hamstring higher) ::::::::;.mm.m@mm.m,mm.m.mw
* Pivot Shift OR = 1.29 (hamstring higher)

Electronic supplementary material The online version of this Introduction
article (hitps:/idoi.ong/10.1007/00167-015-05720-y) contains
Sigpiaiary sakectal, which s akible bo dorhoised e Successful anterior cruciate ligament (ACL) reconstruction
&2 John Nyland involves factors such as surgical approach, graft placement,
juyland@spalding.edu fixation method, and graft type. In addition to autograft
i of Onthopsedic Surgery, Univeri hiomechfl.ni,cn] properties, other sulrgitnl considerations
of Louisville, 1t Floor ACB, 5505’.'1““ St.. Louisville, that may |rllﬂucn::I: patient omc?‘mcs mc\:lndc glraft tl:nckncsx
KY 40202, USA and insertional agen fiber ori and
the likelihood of early, long-term, and/or permanent harvest

ﬂm

2 MSAT Program, Spalding University, Louisville, USA
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Quad Has Lower
Graft Failure Rate
Compared to HS

875 patients
Retrospective comparative cohorts
In young active patients:

 HS: 11% failure
 Quad: 5% failure

OrthaCarolina  AtriumHealth

> Am J Sports Med. 2020 Jul;48(9):2195-2204. doi: 10.1177/0363546520931829.

Anterior Cruciate Ligament Reconstructions With
Quadriceps Tendon Autograft Result in Lower Graft
Rupture Rates but Similar Patient-Reported
Outcomes as Compared With Hamstring Tendon
Autograft: A Comparison of 875 Patients

Armin Runer !, Robert Csapo 2 3, Caroline Hepperger 2, Mirco Herbort 3 #, Christian Hoser
, Christian Fink 2 2






Danish Registry
Might Show
Increased Failure
with Quad

e Quad=4.7%(n=531)
* Hamstrings =2.3% (n =14,213)
« BTB=1.5%(n=1835)

@®
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Quadriceps tendon graft for ior cruciate lig:
reconstruction is associated with high revision rates: results
from the Danish Knee Ligament Registry

Martin Lind" 0 - Marc 1 Strauss”  Torsten Mielsen” - Lars Engebretsen”

Recebvedt 13 May 23 Actmpind: § Octber 2010
r Trmmoteleqy. Kace:

Absiract
Purpete The quadriceps tendon (T} has recenily gained interest as an anterior craciate ligament reconsirection (ACLE)
antogralt. There is & paucity of data from Largs coben stadics on falures aed revision cates after ACLE using the QT graft

The purpase of the present stody 14 10 ase the Dnish Knoe Li (DKRR) par
ratcs, abjoctive knoe stability and subjective clinical outcomses in patients who have underpone ACLR with OT, harastring
sendan (HT), and patellar tendan (PT) as a gradt far ACLE. T wo st (T anografts would sesubt in siesilar

whiective knee stability and reviskon races 33 HT and PT sutografis
Whothods Dats oa primary ACLRS in the DKRR fom 2005 theough 2017 were analyzed. Kiee isjury and Oneoanbainia

Duacome Scores (KOOS), Tegner activity scale scores, sagittal knee laxity, prvot-shift tests at 1-year follow-up and revision

Bt cob

e at 2y folkrw-up were o 1 for the
Resubts A total
£raft was associated with

31T, 14203 HT and 1835 PT ACLR were registered in the DKLR between 2005 and 2017, O sto-
stically sigrificant increased laxity (1.8 mam) compuaned to HT astogeaft (1.5 man) (p<0.001)

and moce positive pivet shift, There was a significant highes revision rate for QT (4.7%), conpared ta BT (1 5%) and HT

(2.3%) autografts at 2-year Sollow-up (p< 0002

Condutbon Quadriceps kndon aulegrafis for ACLE was associated with higher revision rates than HT and PT grafis. QT
grafl was al d with small o wiby knec lavity and more vt shifl than HT and PT prafis

Lavel of evidence 111

Koywords Quadisceps tendon - Hamatsbg tendon - Pasellar sesdon - ACL recosstructios - Cliskeal ouicomes

Intraduction

The ACL is most often reconstracted using one of two
ausagrats: the patellar teadan (PT) or the hamsiring tendon
AHT). The chaice berwien these wo graft types typecally
depends on plysician preference, with an overall prodoms-
mance of HT assograts in Scasfinmda [19, 20, 23], The cur-
sent passdgen is heing challenged due 1 clinieal eicomes.

mailis W ik
1 Ak
Palle us Reswems Boulevand 99, 5200 Asdbus N, Tiermart
? Ovrpedic Clink. Onda S ports Triuea Reveax Cosier
Ok Uiversiry Hioipotal, Mowos i Scbocd of Speet
Scicace. Cada, Nerwiy

Publisked walise: 22 Ukdsiber 2019

daln veporting & higher revisson rale with HT mologrefts than
with PT sutographs [6, 28]

There is domor-site morbidity associated with both FT
nd HT mtografts. The mest common complication of FT
sutopraft harvesting is anterior knoe pain. which his been
reporied i wp 1o 4% of patseats (13, 21]. In oddition, FT
Feafis camnod be weed 51 an suisgraf in skelenadly [mmanre
Paticets due 10 the risk of damage 1o open phyves [§]. The
e comros complicatioes of HT smogeait harvesting see
sensory deficits related to injory to the infrapatielias hranches
of the saphesous acrve (9], whach alsa con cause anterior
knce pain. Other complications of HT sstografl harvestiag
inchute ically medial k i i
collatersl ligamen! deficient patients und weakness of knee
fexion and imternal rotation [9, 10]. Additionally, s meta-
analysis reported that PT sunografts lead 1o less resadual
anlories knee laxity than HT mutcgrafis (4]




Legitimate Concerns
about Danish Study

* Regression towards the mean (500 vs. 14,000)
* Selection bias. Quads were:

* Younger

* Higher rate of meniscal injury

* Higher rate of chondral injury
* Remember registry isn't randomized!

Orthacarolina  AtriumHealth
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Higher re-rupture rate in quadriceps tendon ACL reconstruction
surgeries performed in Denmark: let's return to the mean

A Oy q .

Recebveet 13 Hevessber 1018/ Acorpted 21 Minch 3030

vy Cognault”  Etlenne Cavaignac’ - Romain Seil*

Keywords. ACL reconsrection - Quadriceps teadon - Patellar icsdon - Revision rate - Hamstring tendon

Abbreviations

ACL  Asterior cnacise lgament
QT Cuuadriceps tendon

HT  Hamatring tesdon
FSM Propensity scone malching

Dear Editor.

Wo read with deep intcrest the registry study from Lind
etal. publishod recently in the Knee Surgery, Sports Tras-
mnology and Anitwoscopy journal [7]. 18 their asalysis, the
wmahors desceibed & bagher

The thwee following comments maght help readers to
mitigate the conclusion by Lind et al- First, s statistical
bias should be di " =)
Dersasy Siagel 4] wses the term “return ta (or wwand)
b mean” 1o describe an ecomamic fime sevies in which
“neturns cam be very wnstable in the short.tenm bat more
stahle ia the long-time-rus. This phescesenan is & period
im which the standani devistion of averape annaal returns
g imvense of i ioad, imply-

ewer seruras are sysiematicadly followsd by compesning

quadeiceps
g R b
in g - s As

e are uskng the QT s primsary recomanection graft in bigh
sk paticats, we were secprised by the reported (sees-fald
revision-rate differcoce betwoen the theee groaps of patienis.

an
org/ 30 0001718087515

simplif o
might be belpful. there is & higher
s

tails/ 1o 50% beads if 10 <o wro fipped imsead of 300,
This may be similar 10 surgical cutcomes if a small grovp
s compared 10 & bigger ee, for example S31 QT va 14203
HT ACL soconstructions.

Second, & sebection bias may huve occerved in this study.
Theoe of the win pred A ACL Eaily
weee found in & highte snd staristically significast prope-
T ek ! o

2 Massion Oflivier
s allvier i ben e

" bnstivets of Mt 4nd Lacomition [upartment

PN,

Framr

' Contre Wospatulicr

proup:
rotational instability. T patiests were yoanger (1] and had
8 higher raic of assnciated mesticus isgaries [3) 2 well s
eanilape damage. Whereas the rate of Bgh-grade pivet ihift
varies Between 30 arxd 40V in 1 geseral population of ACL
imjeged inchivieduals nesty ol of them (98%) pecacaied with
& pusitive preoperasve pivol dft 13, 5] in the sudy by Lind
ot al This that QT were maialy ased in high

e Lanemboury Clivkpee  Eih, 1460 Lunerbosry.
[

visk inaféviiaals which esay explain the Bigher raie of revi-
skon surgerics im dhis groep. n addition, e learning eurve:

]

Ciresoivlo. Frame
* Chicpar o Fare, Boahevard o Salingrac, 40006 Lyon,
Frumce

Riuct, 10800 Toabome, France

Pusbished el 00 Agel 2020

of many i tho Danish ACL rocea-
smwetbon reghitry which was associaied wht & graft that
has pot bven wed om 2 poutine busls peviously may bave
alfested the revalks negatively. This has boen discussed by
ihe autvors, but £ i




Then the Same
Authors Show
Equivalence to
Hamstrings in a
R

CT...

* No difference at 2 years in:
* Re-operation or failure

* PROs

* Obijective knee stability

Orthaarolina  AtriumHealth

Original research

Quadriceps tendon grafts does not cause patients to
have inferior subjective outcome after anterior
cruciate ligament (ACL) reconstruction than do
hamstring grafts: a 2-year prospective randomised

Department of Orthopaedics,
Amrhus University Hospital
Aartu, Denmark

C

controlled trial

Martin Lind @ , Torsten Grenbech Nielsen, Ole Gade Soerensen,

Bjarne Mygind-Klavsen, Peter Faune

ABSTRACT

Objective We performed a randomised controlled
trial {RCT) in patients undergoing ACL reconstruction
(.h[lR] uvng either quadm'pps tandon graft (T) o

o
Professor Martin Lind,

s b g (5TG) graft. We

of Orthopaedi

sub]ec!he outcome (primary outcome)

At University Hospital
Aarhue 8200, Denmark;
eartinlind dadiner.di

Arcepted 28 Octoher 2019
Published Online First
8 November 2019

M) Check for updates
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et al. Br ] Spots Med
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and kmee stability, donor site morbidity and function
(secondary outcomes).
Methods From 2013 to 2015, we induded 99
aduits with isolated ACL injuries in the RCT, Fifty
patients were randomised to QT grafts and 49 to
STG grafts and followed for 2 years. Patient evaluated
outcomes were parformed by subjective Intemnational
Knee Documentation Committee, Knee Injury and
Ostecarthritis Outcome Score, Kujala and Tegner activity
SC0nes. Kmelaxlwwasmuedm_an 1000
Donor site i by the
‘donor site-related functional pmblews following ACLR
score’. One-leg hop test tested limp strength symmetry.
Results At 2-year follow-up, there was no difference
between the two graft groups regarding subjective
patient outcome, knee stability and reoperations. Also,
at 2 years, donor site symptoms were present in 27%
of patients in the T group and 50% of patients in the
STG group. The donor site morbidity score was 14 and 22
for the QT and STG, respectively. Hop test demonstrated
loweer limp symmetry for QT araft than STG graft of 91%
and 97% respectively.
Condusion (T graft for ACLR did not result in inferior
subjective outcome compared with STG graft. However,
QT graft was associated with lower donor site marhidity
than STG grafts but resulted in more quadriceps muscle
strength deficiency than hamstring grafts. Both graft
types had similar knee stability outcome.
Trial registration number NCT02173483.

OBJECTIVES
ACL reconstruction (ACLR) is one of the
commonly performed procedures in orthe
sports medicine; however, there are still chal

including donor site morbidity, suboprimal post-
ctive knee stability, ansanisfactory
subjective clinical outcomes and  osteoarthritis
development.'™ The ACL rily recon-
arructed using one of two autografts: the parellar
tendon (PT) or the hamstring tendon (STG). The

e ohje

choice berween these two graft types typically
depends on physician peeference, with an overall
predominance of TG aurografts in Denmark and
Norway ™ The S10G
d by the ease of STG harvest
and that PT autograft is associared with anterior
knee pain.” ¥ The current 1 choice paradi
is presently being challeny ue to large volume
registry studies reporting a higher revision rare with
STG autografts than with PT awografts” '

Donor site morbidity is associated with both PT
and STG autografts. The most common compli-
cation of PT autograft harvesting is anterior knee
pain and knecling discomfore, which has been
reported in up to 5380 of patmmt. compared
0% for STG praft usage.” " However,
asive surgical vechn
donor sire morbudity afrer T a fr harvest."!
The most common comphications of STG autograft
harvesting are sensory deficits related to injary o
the infrapatellar branches of the saphenous nerve "
Sensory nerve injury can also cause anterior knee
pain.

There has been increased interest in the guad-
riceps tendon (QT) as an alternative awologous
graft so for ACLR." The QT grafr has a I.,.\L
track record in AC
ligament (PCL) rec
outcome profiles for these indications co
with favourable anaromical and biomec
properties of greater tendon thickness and sor
compared with PT and 5TG s have increased
the interest in QT graft wsage w primary ACLR
surgery. Furthermore, harvesnng the hamstring
rendons lead o muscular weakening, which counld
be a cause of ACL graft failure as hamstring func-
tion protects against anterior tibial translation,
during sports activities. Also, a recent
ronstrated that ACLR performed with
QT autografts had lower donor site morbidity and
equivalenr clinical outcomes scores compared with

Sweden bar nor domi-

nance is maink

wes can reduce

study by Geib ef al reporting no differen
ical ourcomes berween PT and QT autografts after
intermediare follow- .||s.“ The present literature on
QT autografts for ACLR is limited by small series
studies and only one comparatve level

BM)

Lind M, et al. 87 J Sports Mod 2020:54:183-187. doi:10.1136/bsports-2019- 101000
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ORIGINAL ARTICLE

Risk Factors for Early ACL Reconstruction Failure in
Pediatric and Adolescent Patients: A Review of 561 Cases

Brian Ho. BA* Eric W. Edmonds, MD*t Heney G Chambers, MD*t Tracey P. Bastrom, MA.T
and Andrew T. Penmock, MD®

Mackgroand: Asterics cruciate Egament (ACL) reconstraction
Bailure is relatively common in young bighorisk atkletes. The
purpaos of this dudy was 1o eximine 3 sngle center's 10-year
xperkencs with ACL

paticnts b bettcr define short-term failure rates and risk factors
for rovision ACL surgery.

Mithods: Thia i
study imcluded all patsests who underwest o primary ACL e
comsiruction betwoen 2002 and 2013, Chast and radiographic

Ky Wards: asscricr cruciate ligassest roomentruction, pedistrics
(J Peadiate Qribap H1&00:000-000)

aterior cruciase liganent (ACL) injusies occur across

all age groups, but have become increasngly prevas
lent in pediatric and adodescent athletes as gports training
hus: increasad in frequency and intensity.! In a recent in-
oy suenelance tudy cundhcted on bigh schoul athlekes

injury, and
surgical data including grewih plate Mstus, concomsitant bga-
ment/meniscu/cartilage injury, surpcal procedures, femoral
drilling technique, grafl source and type, femoral and mhal
Bxation devices, aad grafl sise. Graft failures Bad 1o be cos-
firmed both with chaical casssnation and mageeic resonancs
imaging o¢ the patient had o sderps a revision ACL re-
comlruclon. Polcatial Tuclors moodiated with fudure were
evabuated wing cithes parssetric or nonpasssetric analyis as
appropeiase.
Rtz A 1tal of 361 ACL reconstructions were performsd
that met o inclusion crilevia. The wverage pariet age was 15.4
yeans rang, §to 19 y) and $3% of the paticnls were make. In al,

Erafla (13% va. 8% F < 0001, blultirariste analysis revaled

n b L L imjurics were found to oovar at
w sare of 1.6 per mnmn athletic exposures. Because of
the risks of further chondral and meniscal injury if kit
unireated, most youmg aclive pnmmls underge o re-
‘constructive procedure. In fact, ACL reconstruction s

trend is particalarly true in skeletally immature patients
whese clinicians are now pecfereaially opiing womward
carly reconstruction versus delaying surgery until skeletal
manuriny.*

The most commen complication after an ACL re-
construction is o traumatic rupture of the graft and the

failure is paticnt ape. with paticnts ander the ape of 1

[I——r—

m“a pevdictive of Failure (P < 0.08), with inteeactions)
medisting ellects conl by malurily [growih plale st
lndACJ.udn‘lN“' ﬂmmmﬂﬂwwhﬂmw

mbmhkndlnﬂouhi“‘ ﬂﬂﬂ Dum.lhulmh‘
period, » w5

AC
C__MLmluunmnmmpeﬂwp
Eioits vary bassd o patices age, graft sshaction, aad wrgical
wchniges. Done pacllar sendon boss autografis had tha lowess
Gailure Fate in this bigh-isk populaticn.

Lewel of Evidence: Level I¥—retrompective case series.

Fooe e "3 Dy oot of Mol Unirortyof Calorsa sad
Howpial wad Hoahh Conier, Sun Diege, CA.

B sappet o0 lumiiong wi reevved i colabeoration with this ok
“The auors dectare o inserest,
Repgis Aadiey T, k. ME, 300 s Ty, Sue 41

wrmlsmnmmmmmw
1 Peckiaty Ovthop = Viskie 00, Nurviber 00, BB 2016
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higher faiture rates.®* Al
though pedisinic and adolescest parients have hesn
it & hi rlbnlm rate, 00 large serics
tisal population.
s stody was 1o crarmine o o
center's 10-year um with ACL reconstructions in
pediatric and adolescent patients to betier define short-
terms falure rates and risk factors for revision ACL re-
constructions. We hypothesized that there would be no
difference between bonepatellas tendon-bane (HTH) gralt
faslure rates compared with bamstring gralt faiure mtes
and that allograft tissue would have a sinsdlar failure raze
Lo autograft lissue when performed in scloct paticals.

METHODS
After institutional review board approval, a retro-

S0 Aupust 3015 s pesformo.
years of age, those undergoing

|

horized duction of this article is

L

Anterior Cruciate Ligament Reconstruction
in High School and College-Aged Athletes

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

Investigation performed af Cleveland Clinic, Cleveland, Ohio, USA,
and Vanderbilt University Medical Center, Nashville, Tennesses, USA

by a variety of factors in the young,

Priysicians’
on aulografts for arfericr ) may
netive athista.

Purpose: To determing B incidence of both ACL graft reviskons and contralatersl ACL toars resuiting in subsequant ACLA In

Study Design: Cohort study: Lavel of svidence, 2.

14 10 77 years.

mmmmmﬂuw unibeisral primary AGLR with siher & STB or & hamating nmw-ltu patiorts wors prospes-

mwmmummm mmmupn«momww nmnu

ety level, ke lasity, and grat typ-s. The S-rodr cutomss wing the Incnce of subsiquent ACLR in sither knee,

PRowults:; A total ﬂmm m#‘l-ﬂvﬂﬁmw’ﬂ’-ﬂﬂﬂm for the primary ndnlmmdh
7 with 4% femaie,

mmznmwmmcumn-mm m-ﬁmmmmnm
2% In ha coniaiatarl el ke, anc 18,74 fo it K. ‘e Laxity focda mtio [OR]. 2.4
953 eonfdsncs interaal [CI], 1.4-3.9F P = 001), muinges typa (O, nmu.l.s—ssrn- noq.uummupw
G, 0.7-1.0% P = 00) wero the 3 most infuential prodictors of AL graft revision in the ipslatensl ke, »ct.gm
-‘um;““umw- patients receiving a ﬁmwﬂmmmﬁu- -uhnn

AGLI in the cordralatersl knee.

Conciusion: There was o high incidence of both AL graft revisions and contraiatonl nomal ACL tears resuling in stsequent
ACLR in this young athistie sshert. Tha incidance of ACL gral revitlon 51 B pars s indix surgery wak 21 tmas highae with
& hamstring sutograft compared wih a BTE autograft.

Keywordss arterior cruciate Igament; ACL recormtruction; ACL neviskor: falure; cutcomes: mutograft

a0 of with, raben? Flowaver, thase prise hudies have Esilad bs contral
&w&r%lm}m—wb &dhwba&wdu—ﬂ-hwwm-
disTuption. Systematic reviews, 1 and n 011 aceity bevell, which

Cochrann datalios review o randemized amtrollad trials -leunthm—l. i e————— ..a..;.,n
Ibetween these autegralt choices for nterior erusite Sgn-  Currenily, the moe frequenily asked questins rogard.

mmmﬁamd.ﬂm llhlem wlﬂlﬁmmﬁmwlﬂd?
Py Hinboed s
e on gradt faiture rates have been performed over 2 wide:

Tha Amarican Joural of Sports Medicrs
=1
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© 2030 The Autbortsl hokaosecwa 3,8, 7. 6, 18, 10, 24,27,
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Anterior Cruciate Ligament Reconstruction
in Young Female Athletes

Patellar Versus Hamstring Tendon Autografts

5. Salemn,” MD, Varn\"mzmnulyan MD, Nimit Patel,” MD,
Christopher C. Dodson,” MD, Fatios P. Tioumakaris,” MD, and Kevin B. Freedman,”! MD
Investigation performed at Rothman Institute, Philadeiphia, Pannsylvania, USA

Background: Famals sitis 5w 2 10 8 BT Mo o 1o Sbeior } napture than mabed.
ruinjury b the ipstateral or contraltoral kre oan cecur in =20% of athistes. Fomale sex and younger age are known fek factors
ira unkneram.

tor gewlt tailre. Tha sptimal gl eheica for yeung

PPurpose/Hypathesh: The authors simed 1o compars clinkcal ouloomes in yourg femaks who underwent ACL reconsinuction
mnografts. it

VACLR) with
‘diflerances in oUICOMes exist between UI“ chokces.

‘Seudy Dewign: Cohor study; Lavel of svidence, 3.

aged 1810 ACLF g .
Patisets wars subdivided Ints 2 age greupa: 15 1 20 years and 2112 25 years, Tha ccumsnss of chondral, manisesl, o ligh-
comparisen.

merfious infary fo sither knes was mecorded for

{Results: A total of 256 femaks wers included ETB, n.ﬂs_H& m 81). The majority of patients wony betwesn the ages of 16
"

ared 20 yoars (BB, B0%:; HS, 77.8%). Overall.

manwmm mmdsmmimm%ummmnmnmisnmmm
this age group, thare was a significantly lower rate of graf ruptures in the BT group [B.4%) as compared with the HS group.

(178%, ﬁ-mmnmmmnqdnnnsmmmmmmwm
Py mmwmhwmmmwm patiants in tha BTB group
posesd 101 11 B K gr iy 0 the Inakity 10 knesl on the front of the knee §© = 04),
...1551,“ ing ACLR, BTB o -

i t0 26 years, & i may bes e § il
ain in this Bge group. BTH IDGaft SkRISCANtl iCraasad e fisk of kel paN 48 companed with HE rgardiess of Age.

Kaywords: ACL mennstrstise; Ssemala; poung; Mangrif

Female participation in high school sports has imcreased

11l v U past 5 dicadi with o rosultant riss in

the number of anterior eructste lignment (ACL) imjuries

in famale sthlotis® Tha Hterature auggests that adsles
s Recia) kel s

frund o have a higher riek of rorsplar afler ACL recn-
struction (ACLI whes compared with their male eousiter..
parts ¥ Ymﬂwmhwﬂmlmnnbwnhhd
increased risk of revision Fargery after ACLRL'™*5

Tha Ararican Jounal of Spcrts Mdces
HAT

DG 10,1 1T YT

2 201 The Auturisl

Although ACLIL

sy athletes alter ACL rujitise, 35% 1o A5 are ot abie b
veturn b thesr preimgery levels of spart ** Mervover,
qaent Enjury & either knoes has e sstimatid s ooour in
=M of younger -Nulu whe relurn be -pm. nﬂn
ACLR ™ The optimal ch tissur for

L between BT and 1S in the general
poplation * 2R BTR TR N —
provide et sty s e ;. il HA
mruces ?

picatioes, pain, and m._n:mu'-""“-“""
Comsidering that young sge and
lenonwen 8 pass & sk b tha

Mean Age 15; 561 patients
HS failure 13%
BTB failure 6%

Ages 14 -22; 770 patients (MOON)
Hamstrings failed at 2.1x the rate of BTBs

Ages 15 - 25; 256 patients
HS failure 17.5%
BTB failure 6.4%
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The Bach Rules for The First
Post-Op Visit

Minimal swelling

Normal patellar mobility

Full symmetric hyperextension
90 degrees of flexion

A

Straight leg raise without a lag

Orthacarolina  AtriumHealth
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The Majority of Children (>90%)
Return to Sport After ACL

Ortha@arolina  AtriumHealth
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Return to Sport and Reoperation Rates
in Patients Under the Age of 20 After
Primary Anterior Cruciate Ligament
Reconstruction

Risk Profile Comparing 3 Patient Groups
Predicated Upon Skeletal Age

Fmacum"un MS, Sheena A Black,' MD, Meghan Price.* BS,
Collen Wixted,5 BS, Michael Haller,' ATC, PES, BES, Lnnnnnmm'm-c MS,
mmugwamlmamnamalw Glm‘MD, MS

Investigation performed at Hospital for Special Surgery, New York, New York, USA

BTN Ot rise,

‘atiotes under the age of A that
Pighar ard ratum 15 apart (FITS] rits i kewae In this papulasion.
Purpose: T 4 primary ACLR in pediatric the
g of 20 based mwmmamm TS aned the incicence of second surgery.
Study Design: Case seriss: Level of evidence, 4.
Mathods: This is & prospecthn evalation of 324 athions younger than 20 yoars of age who undorwent AGLR with mismum
Z-yoar follow-up. The surgical fechnique was selected precicated on skeletal age, which includes the all-epiphyseal tectricue
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Ower 90 % of children and adolescents return to sport after anterior
cruciate ligament reconstruction: a systematic review and meta-
analysis
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Received: 19 Dciober 2017/ Aocepred: 3 lanuary 013

Abstract
Purpase Tor eval b hich children and adobescent athls o sporting ectivitics after anterior crociate
Lgnmu((-!\ﬂ ) recomtraction.
Methods Theoe databascs, PubMed, MEDALINE, and EMBASE. i i
2017 by vw reviewers independently and in duplicats, The incluskon criteria were Fglish lasguape shufies that nepnnua

remen 1 g . Book chaptess, review amicles, and The s
uf returm bo sports was combaned in 3 mets-amalysis of proportions using a random-effects model.
Rasults Cresall, 20 sudies of 1156 ACL i, wigh 3 mean age

OF 14,3 years {range 6-19) s 2 mean fodlr-up time of 6.5 years (range 1-22). Al tudien were level IV evidence (14
“The pooled rate of returs o any sport participatson was 92.0% [95%
coaBidence iaterval (CT), B6-DGT . The posled rate of returs 4 pre-injury bevel of sport was TH.6% [95% C1 71-B6%) and
that 1o compstitive bevel of sport was BLIE (95% C1 62-94% ) A total of 93 of the 717 asscssed athlctes (13%) sustained
re-injuries with graft reposees, and s 91 of 652 patiems {14% ), comralmeral ACL injuries were repomed on final follow-up.
Conchuston Pooles results ssgget a high rate of feturs 10 sport followssg nn eecansiruction in chéldren seud adolescesn

athletes; however, this i Bigh ratc of ACL imjury.
This sty baed i mmmmmmmm
after ACL for athletesaf ith ACL injuries

Level of evidence IV, mmlmmmn(lﬂd]\i' studies.
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More tham § 20,000 antcrior cruciaie ligament (ACL) recon-
‘structions arc porformed per year in the US [27]. In the pedi=
atric populatices, the rate of ACL reconmruction ks been

ibafeesi . Apesi ; 20 years [12),
e, g younges skt {13,
i Ithas 1)
B i iy il 485530 per 100,000 children aged 10-19 undergs ACL
Focoasmociom pér year LIS].

istorically, non-operative ur dolayed teatment of pedi-

Hompital foe Special Sungery, $15 11 7000 8. Now Yok, NY,
(L) atric ACL injurics has been preferred over surgical rocons

+ Dpurionof s Bescarch Method, Evideocs, sructios w avoid iasogenic prowth plate dissbances,
mmmlmmoﬂ Comada. and to alllow for imcreased paychological matarity for com-

of Master Univenity Modical Costre, 1200 Main 52 W, pliance with postoperative rehabaluation [1]. However.
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Return to Sport After Pediatric Anterior Cruciate
Ligament Reconstruction and Its Effect on
Subsequent Anterior Cruciate Ligament Injury

Travis | Dicker, MDY, Jonathan A. Godin, MD, MBA, Kevin M. Dide, MIL Willians E. Gareett, MDD, PRI
Dhesn C. Taplar, MI, and fonashan C. Rk, MD

Bureetipusion performal. puartment of Orehapraadic Suegory, ity Modical s

‘acolescents than Adults, Tha reasons for higher

Mathods: primy
AL Jarvaary 1, 2024,

Injry. Canciantn vieiabias inzlused patant factoes (AR, Sax, ohySAnl Status, Shinl slopa, notch width indas), surgical

and patieres” icivemant ¥ numiber af sports).
Reailta: A total af 112 subjects moed incluskon cribisin; of Bk patiarts, BS {TE%] had corplate fillow-up data and
wara analzed. The maan aga (nd standar deviation) s 13.9 + 2.1 yars imnga, & 1o 17 yaari: 77% had opan
Fhysas. The maan followup wat 48.3 + 15.3 monins. Severty-seven patients (#1%) rtumed to sports, and B4%
PEAUMEG 10 the same 5port. The mean Man ScviTy S00M A the time of the latest fllowup was 13,7 + 3.5 points.
1482 831101
reconstruction (o = 0.002). smmmummmmmmw umum:»ma
ACL vear, and 1 of ‘econd ACL inury was.
injury,

u-m rartio peer month, OUET (94% confidence imenval, 073 to 0.99): p = 0.04).

o4 8 Bacond AL Injury 15 high ot 276, Within this pogulation, an saier retum 1o spar is prictive of 8 secoed ACL injury.

i sate Iy % i asarcub, | younger than 18 years of age*. The rising prevalence of ACL

mhmmmm@rmnﬂﬂ- imjuries in young pasients is hypothesioed to be redated 1o in-

doen and adolescers. Data from the Scandinavias rogis- | <reases in youth gposts parsicipation, early sports spocializa-

s, Mlew York. State regutey, Nationl Susvey of Asbulitoey | tion, and iscecased umasencs of these injuries among the
Sazgery, public and physicians™. Recemt literature demonstrating im.
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This In Turn Leads to High Rates
of Second ACL Injury

* 25% - 35% of children will have another ACL
tear during their active years!

* Almost evenly distributed between graft tears
and contralateral ACL tears

* Highestrisk group are the "tweeners" or early
adolescents (20% graft failure rate)
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Return to Sport and Reoperation Rates
in Patients Under the Age of 20 After
Primary Anterior Cruciate Ligament
Reconstruction

Risk Profile Comparing 3 Patient Groups
Predicated Upon Skeletal Age
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Return to Sport After Pediatric Anterior Cruciate
Ligament Reconstruction and Its Effect on
Subsequent Anterior Cruciate Ligament Injury
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Exploring the High Reinjury Rate
in Younger Patients Undergoing Anterior
Cruciate Ligament Reconstruction
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A Systematic Review and Meta-analysis
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Secondary ACL Prevention Is
Critical In Children!

(Will Make a Much Bigger Difference Than Your
Technical Abilities During Surgery...)

* Use of RTS Criteria Can Decrease Re-Injury by
85%!

* Less than 25% of children meet RTS Ciriteria at 6
Months

 Most children have neuromuscular deficits that

persist up to 1 year
e Uniform criteria for safe RTS still remain elusive
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Strength and Functional Performance
Recovery After Anterior Cruciate
Ligament Reconstruction in Preadolescent
Athletes

ERot M. Groonberg. PT. DPT, OGS, G8GE" Enc T.
Thecdaone J. Ganley, MO} and J. Todd R Lawrence, MD.

, PT, OPT, 508, 80!

Background: in the skelenlly mmanse population, the incidence of aniesior cructae bgament (ACLY inurics and ACL

reconanicions appears to he iscreasing, Tillerernons in muegical tchniques, physialogy, and ematicsal mannty may sier

the rehabilication progression asd impact the cutcomes when compancd with aduks. Bepons of objective strength movery
after peasric ACL e (ACLR) are limied

Sturcly Destgn: Retruspocive e scrios.
Level of Evidence: Level 4.
Mothods: All paticnts thas underwent all-epiphysesl ACLR feom Jamaary 2008 50 August 2000 were iessified. lokinetic
peak measures in unilatersl
i compared with th d L. A Ly o indeex (LS of 24005% was cossideered salisfatony.

Pl Complese dan were available for 16 putients (meen age, 12 28 yeaes, mnge, 5114 88 yeasd) )Iguma?

nge. 40212 %6 pears) only 5 of 16 (56%) 2 5ai
strengthy. For hamstring strengeh, 15 of 16 {94%) wene able 10 achieve satidactory LS. Mimdllm&stw -
244 months) postoperatively, ooy 6 of 16 sbjects (47%) were able o achicve xatisfictory pesfommnce on ail fenctionl
hof tess. A1 3 mean 1542 montha Crasge, R S8-34 30 monthe) posasepery, only 4 of 16 (25%) subjects wese 3kl 10 schieve
a6 153 of 2% on o8 resting parameters
Conchusion: Foe some pedisine pasients, sgnilicans srengih and fcsional deficiss may he prosent 38 greaies than 1 year
after ACLR. This pogralation may require mar: prolonged rehabiliation programs 1o aliow for adequale necovery of srengh
aead function because of uniq of siarmal gromh and

Kaerywionds: kner, pediatric, anterior cnaciaie lgsment; strength, Functional hop sest
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Simple decision rules can reduce reinjury risk by
84% after ACL reconstruction: the Delaware-Oslo

ACL cohort study

Hege Grindem," !.‘mn Smyder-Mackler,” Hivard Moksnes,® Lars Engebretsen,**

May Ama Risberg

ABSTRACT
Background Kres minry sfer ACL mesuruion i
comemon and increes e risk of cotecarthiiti, These &
‘SpANE SvideNCe 10 Quide TR 10 $port (RTS) decisions
I this population.
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MATERIAL AND METHODS
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WTROBUCTION
In wotal, 250000 ACL inprics are estimated o
ocur smaually in the USA' The shorerrm ssd
longaerm consequences mclude musce wiakness,
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however
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Where Do We
Stand With RTS
Testing?

* Debate remains active!

* No test or battery of tests has been
unequivocally proven to reduce re-

injury

* However, in 2020 you should really be

doing SOMETHING for RTS testing

* Clear area for research
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What is the Evidence for and Validity of Return-to-Sport Testing
after Anterior Cruciate Ligament Reconstruction Surgery?
A Systematic Review and Meta-Analysis

Kate E. Webster' O Timothy £ Hewetti 44

 Soringer Bamuse Swrzestand AG N13

Abstract
Background Anterior cruciate Hpament (ACL) rerura-to-sport (RTS) sewt bancries sre popular and are employed 10 1680
achleses’ epont and help ensure &

T perk C1hthe paticnts wh
baeries alier AL secomaraction, (2) whether passing play, 3nd () whether
of kaes and ACL injury.
um-l. hmmcmmum Embase. CI.NMI.L -ﬁsmm:nnmmwm& relevant

4 wedl as subusquent RTS
rates and re-iajury data whe ivailsble whm cumbiaed Risag  peopestioonl and ks mee-ssalyis
Results Eighteo sudies met elgibilh y A tha by 2% of pusients passed TS test
‘batericn. Onc sty showod that paszing an RT3 st battery lod 1o g RTS rates. T dos ing RTS seat.
‘hataerics did not significantly rodece the risk of a further koo injury (risk ratso (RR) =028 (95% C1 0.04-0.94). p=0.40%)
sl five snies showed thas passéag BTS sest hatteries ¢ nt redsee the sisk for all subequest ACL isjeries (RE =0 80
(955 C1O.27-2.5), p=017), However, passing 3 KTS test huttery it wignificamly reduce the risk for subuequest geat
rapture (RR =0.80 (5% C10.23-0.64), p < 0.001], although it s g L imjury
(RR= 335 (95% C11.52-T37), pmt.003)

Conchmion These W\hllmmwwnmg‘hmdmﬂ%dwlﬂwh«ma
velation 1 seduction of the risk of ACL infuics Thse fintags for RTS
advice hased of by

uscd and detrmeies the truc vahuc:

A the risk of subsequest aericr cruciate pament (ACL)
injusy in sthletcs.
B e B Webao Thoush o Suced the risk
b wrbtrd® bbb b 2 L
of subucquent grafl rupture by G0, o increase the rick
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VIC, Anaralia.
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substantive reanalysis and critique of W pttigh
‘what is the evidence for and validity of ,&.‘"Jf.‘.'?ﬁ:i‘&??iﬁ:l:f
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A systematic review and meta-analysis' : i
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Percentage of Subjects with LSI 290% per PPT

ill .

Percentage (%)
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Problem #1: Kids Aren't
Symmetric To Begin With
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Limb Sy y
ACL Injury

E Weilsandi, DPT. PhD'<, MJ Failla, PT. D%, and L Snyder-Mackier, PT, S¢0°
Uiniversity of Netrnskn Medical Center. Omana. NE, USA

University of Delaware, Hewark, DE, USA
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Can0O Knee Function After
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Abstract
Study Design—Frospective Cobo
Background=—The high rd of woond ACL injuries after returms-o-sport highlights the
ifutance o etum b el deviia saking. DBective etum-t-spurt ceeris feoquently us
L1 b0 quantify quasdriceps strength s hop sevess. Whether uung the usimvatved besb in 151
I eesens] i maknoran,
Obpetives—Ta cuaties the atanard for mdeen
LSI'S3 i i ek s el 3 s i with sosconsd AL Inury roles

ydussnuepy JoypTy

et He strengh and 4 single belire
ACL pevosstruciion (ACLE) snd 6 mosths sher ACLR. LSF's for each et compared iwelved
Timb messures 3t & months t0 unlmolved messures at b moaths. Eatisaed pee-injury capacity
(EFRC) beveds For cach seat conspared immulved socastires at & monihs o unimlved mesurns
helioor ACLK, Socond AL isparien wore tracked for & ssisissum 3 yeas folfow-up after ACLE

Roesubts—Forty (37.1% ) paticnts achicved 0% L$1's for quadriceps strongih and all hop ket
Oby 20 (256% ) patients met #% EPIC levels tcompaning mvotved limb at 6 months afier ACLR
w0 enimssbved limb befiore ACLR) for qusdicops stength and all hop teses. Twenty. fou (34.4%)
Patients whe achizved S0 LSI's for all meavsres 6 months afier ACLR did not achieve 0%
EPIC heveds for sl mcasisres. EPIC levels were more scnsitive 1o LST's i preicting second ACL
CE 052300490,

wposnuegy JogImy

[ SI's requenily after AULR and siay b related 1
second ACL isgury risk. Thess findisgs raise concom whether the vanisble ACL retum-to-sport
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Problem #2: The Other Limb
Deconditions After ACLR:
Symmetry Can Overestimate
Function

Author manuscript
Br J Spores Med. Author manuscrips available in PMC 2019 June 13
Published in final eied form s
e J Spoers Medd 3018 Augua ;

4 HHS Public Access

6: D020 1030, doi: 10,11 36byeports. 201 TARS0L.

ACL rupture is a single leg injury but a double leg problem: too
much focus on ‘'symmetry’ alone and that's not encugh!

JRUISNUEW JOYINy

Anne Benjaminss’ <, Sinead Holden®, and Gregory D Myer' 5%

"enter for Human Movement Sciences, Uriversity Medical Center Groningen, University of
Groningan, Groringen, The Notherlands *Schoo of Sport Studies. Hanze Linkvarsty

Groningan, The S, 4 Haalth & and Tochnelogy, Aalbarg
Uinhvarsty, Aalborg, Denmark *Division. of Sports Madicing, Cincinnasi Chidren's Haspital Medical
Gontar, Ginginnati, Do, LESA, "Department of Pediatrics, Gollege of Medicing, Untversity of
Cineineti, Cinginnali, Ohio, USA *Dopartmont of Orthopasds: Surgary, Colitga of Madscing,
Univarsity of Cincinnati, Cincinnasl, Ohio, USA

ydussnuepy JoypTy

Abstract
The thosghis om the enctry in sfice ACL
recnmtnscison, which they think may not he nch cacugh s idestify deficits

Alter mitial AL injeey, thictes aie al & greatly ot 3 fipi-Lateral
o comtralateradl ACL isjery. Nearly | in 4 youth who eeturs s high-rik spo sistsn
‘ancehor ACY, injury at some poist im theis carnr, and they maost likely suntain it garly in the

e ‘Il'\\( tieats v than 20 years, the suitsining
an ACL injury is as high respectivety,
with the |..;..m.,.., being higher fie females than males.| Pet. ACL sevossrction
IACLE ol lnssbbor L sy mamsetey
o b and  is e impurtant pral, sepmag
syrmimetey ahonc wil o prveae athiecs returming 1o play with the sam undertying defisits
i liksly contribuied to the primasy ACL injury | Rehabilitation after AU sbould focs
L ing ving it ke injury sl
dhiat may be amplified swibseyucnt to ACL iy amd reconstiuen.

wposnuegy JogImy

SINGLE LEG INJURY, DOUBLE LEG PROBLEM
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Problem #3: ACL Injury Is a
Double Leg Problem:
Achieving Symmetry Isn't
Enough
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Predicted Squat Test Performance

Can We Do Better By Comparing
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Kids To Norms?

Quantile fit plot of Squat Test for Age (holding othe r covariates constant)
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Should We Just Be Waiting
Longer To Return Kids to Sport?

Riboh says... YES!
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Simple decision rules can reduce reinjury risk by
84% after ACL reconstruction: the Delaware-Oslo
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7x risk reduction by waiting
longer than 9 months for RTS

13% risk reduction for every
extra month you wait to RTS

51% risk reduction for every
month you waitto RTSup to 9
months
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My Recommendations in 2020

1. Understand most kids go back to sports, and 1
in 3 will sustain another ACL injury -> educate
your patients and families

2. The vast majority of children are not ready to
RTS at 6 months, 9 months likely a safer
estimate

3. Growing body of evidence for use of RTS
testing, but no "perfect test" yet

4. The goal of rehabilitation should be to address
pre-injury deficiencies in both limbs and restore
age appropriate levels of strength and function
- NOT just to restore limb symmetry
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Thank You!

Please contact me with any questions

jonathan.riboh@orthocarolina.com
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