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ACL-R : special case
Young population (children , adolescent)



Tibial spine fracture 
Bony lesion

8-14 yo

55% Ligament tears

12-18 yo

45% 

Tibial spine Fracture
Cartilage avulsion

< 8 yo

< 5% ? 

Meniscal risk

Epidemyology of ACL 
tears in Childrens



u Ski injury
u MRI : 

Epiphyseal
HYPERsignal
Double PCL 

Chotel KSSTA 2013 & 2015

Tibial cartilage avulsion ACL 

Not a meniscal LESION 



3 à 6 % ?
NO associated meniscal tears
BUT under evaluated at the time of surgery +++

Linked with age and amount of energy in the trauma 
mechanism

MRI : 40 % ? 
Medial AND lateral
Adolescents  Kocher Am J Sport Med 2003

Shea JPO 2011

Ishibashi Clin Orthop Res 2007 

Tibial Spine fractures



Acute phase
MRI : associated lesions ? 

False positive of Medial
meniscal lesion
Intra meniscal
Vascular hypersignal

50% OF ACL tears in children / 
adolescent have an associated

meniscal lesion!

Morphologique abnomalie or linear
hypersignal to the surface of the meniscus ?

Acute ACL tears in the ligament



Two different situations

Isolated ACL tear
(stable knee)

WAIT 
Is it reliable in term on 
healing ?
Which lesion has the 
potential to heal ?
Lateral meniscus ≠medial M.

Unstable meniscal tear(s) + ACL 
insufficiency
(unstable knee)

STABILIZE the KNEE
Long term result on unstable knee is well
known
ACL reconstruction should be efficient
Lateral meniscus ≠ medial M. ?



CONTROVERSY in pediatric
Initial management : NON operative versus operative

Operative management
• Technique

o Nontransphyseal
o Partial transphyseal
o Transphyseal

• Graft choice / fixation
• Age / skeletal maturity

COMPLICATIONS

• Growth disturbance



Early arthritis

• No ability to resume sport
• Pain 
• Instability 
• Meniscal lesions
• Early arthritis

Aichroth JBJS 2002; Graf Arthroscopy 1992; Janarv JPO 1996; Mizuta JBJS-B 1985 McCarroll
AJSM 1988, AJSM 1994

Conservative  treatment can lead to early arthritis

Meniscal
lesionsInstability

Patients followed by … surgeons

ACL deficient knee

Chronic ACL tear



Delayed surgery at the end of growth

ìì rate of MENISCAL lesion and subsequent MENISECTOMY
(compare to early reconnstruction) 

Henry, Chotel KSSTA 2009

At « RISK » for the menisci



menisco-capsular lesions

Retracted
bucklet-handle

Potentialy at risk for the meniscus

Bucklet-handleHorizontal tear



• Open physis : 46 % of meniscal tears
• Closed physis : 66 % of meniscal tars

ADOLESCENTS are more likely to have associated
meniscal lesion compare to CHILDREN (bony immaturity)

Meniscal lesions in ACL deficient knees

ANT

POST

Ménisque latéral= 56Ménisque médial = 52
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Chotel KSSTA 2015

Significative différence

97/171 knees



Prevalence and incidence of new meniscus and cartilage injuries after
nonoperative treatment algorithm for ACL tears in skeletally immature children. 

• 41 patients

• Average age 11 +/-1,4

• 65% ♂, 88% pivot-contact

• Delai between trauma & FU 3,8 years +/-1,4.

• 28 CONSERVATIVE treatment : 28,5% initial meniscal lesions 3,6% « new » tears

• 13 SURGICAL treatment at 13,2 y.o., intervalle / trauma de 1,6 years

prévalence of meniscal tears : 46,2%

incidence « new » tears : 19,5%

Moksnes, AmJSportsMed 2013

Meniscal lesions in ACL deficient knees
Do conservative treatment increase the risk of subsequent

meniscal lesion ?



Fabricant JBJS(Am) 2013

Nmax = 56

Type of surgical treatment



What is the best surgical treatment ?

Dahlstedt 1988
McCarroll 1988
Lazzarone 1990
Graf 1992
Nakhostine 1995

EXTRA ARTICULAR
PHYSEAL SPARING

PARTIAL TRANSPHYSEAL

FULL TRANSPHYSEALLiscomb 1986
Andrews 1994
Lo 1997
Bisson 1998

DeLee 1983
Brief 1991
Janarv 1996
Micheli 1999
Anderson 2004
Guzzanti 2004

Liscomb 1986
McCarroll 1988
Matavan 1997
Aronowitz 2000



4 types of gross complications

chl.lu

Arrest distal 
lateral

femur physis: 
valgus knee

Arrest tibial 
tuberosity: 
recurvatum 

Arrest medial
proximal tibial 

physis: 
Varus knee

NO transphyseal 
hardware 

or synthetic graft

Potential growth disturbances in 
pediatric ACL reconstructions

Chotel F, KSSTA 2010

Moksnes, Engebretsen, Seil, KSSTA 2015

N = 354 in the literature



Radiographic changes

+ 5 years♂ ACL-replacement @ 11 y

1. Upward migration of femoral fixation

3. Verticalization of Blumensaat line

2. Verticalization of femoral tunnel
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The potential harm to the growth plate following reconstruction of the anterior cruciate 
ligament in skeletally-immature patients is well documented, but we are not aware of 
literature on the subject of the fate of the graft itself. We have reviewed five adolescent 
males who underwent reconstruction of the ligament with four-strand hamstring grafts 
using MR images taken at a mean of 34.6 months (18 to 58) from the time of operation. The 
changes in dimension of the graft were measured and compared with those taken at the 
original operation. No growth arrest was seen on radiological or clinical measurement of 
leg-length discrepancy, nor was there any soft-tissue contracture. All the patients regained 
their pre-injury level of activity, including elite-level sport in three. The patients grew by a 
mean of 17.3 cm (14 to 24). The diameter of the grafts did not change despite large 
increases in length (mean 42%; 33% to 57%). Most of the gain in length was on the femoral 
side. Large changes in the length of the grafts were seen. 

There is a considerable increase in the size of the graft, so some neogenesis must occur; 
the graft must grow.

 

Tears of the anterior cruciate ligament (ACL)
are significant at any age but in childhood they
may lead to particular problems and incremen-
tal deterioration of the joint.

 

1-4

 

 The outcome is
better in cases treated by surgical reconstruc-
tion of the ACL than in those managed conser-
vatively.

 

2,4

 

Early reconstruction has become increas-
ingly popular,

 

1,5

 

 and most surgeons employ
four-strand hamstring grafts using a transphy-
seal technique.

 

1,6,7

 

 A soft-tissue graft is pre-
ferred to bone-patellar tendon-bone
constructs, as it is thought to pose less risk to
the growth plate, although the latter and simi-
lar grafts have been used.

 

8,9

 

 Disturbance of the
growth plate has been described, but is often
related to technical errors.

 

5

 

 Deformity and
growth arrest should now be uncommon when
using transphyseal techniques employing soft-
tissue grafts such as hamstrings.

 

6

 

Although the fate of the growth plate has
been considered, very little is known about the
progress of the graft itself.

 

Patients and Methods

 

Reconstruction of the ACL was undertaken in
five adolescent males who were followed to
skeletal maturity. Their details are summarised
in Table I. Their pubertal development, graded
according to Tanner,

 

10

 

 was recorded: three

were stage 1 (pre-pubertal) and two were
stage 2.

The surgery was undertaken by the senior
authors (AW and SB). After removing the ACL
remnant both used a four-strand semitendinosus/
gracilis tendon transphyseal technique, taking
care to avoid the anterior tibial physis and aim-
ing for central penetration of the tibial physis.
On the femoral side, standard far-posterior
tunnel placement was undertaken with suspen-
sory fixation using an EndobuttonCL (Smith
and Nephew Inc., Andover, Massachusetts) or
Rigidfix (Mitek Inc., Westwood, Massachu-
setts). Tibial fixation was more variable
because the size of the tibia restricted the
choice of implant. Either interference screws or
staples were used. In case 1, fixation was aided
by tying around a cortical screw on the femur
and the tibia. All five patients underwent the
same ‘accelerated’ rehabilitation programme,
emphasising early full extension and range of
movement. Braces were not used.

The patients were followed until, or just
prior to, skeletal maturity to ensure no prema-
ture growth arrest. All had MR scans at their
last follow-up. Case 1 had a new injury which
required MRI, and this was used in the study.
All the other patients were free of symptoms at
the time of the final assessment. All had clinical
measurement of leg length and radiographs of
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JBJS-B 2008

4. Relative thinning of tibial tunnel

5. Intercondylar notch narrowing

Graft mofifications with knee growth
after ACL reconstructions



Fabricant JBJS(Am) 2013

Kocher

Cordasco-Green
Ganley

Anderson

Adapt the  technique to the age
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• Avoid hardware across Lateral
Fistal Femoral Physis

• Avoid hardware across Tibial 
Tubercle Apophysis

• Avoid Bone Plugs across Physis
o Hamstrings Graft

• Avoid LARGE tunnels
• Avoid Extra-Articular Tenodesis
• Minimal Over-the-Top dissection 

& Notchplasty
• Consider Physeal Sparing

Reconstruction in prepubescent
patients

REVIEW Open Access

Surgical-experimental principles of anterior
cruciate ligament (ACL) reconstruction with open
growth plates
Romain Seil1,2*, Frederick K Weitz3 and Dietrich Pape1,2

Abstract

Objective: To review surgical and animal experimental studies performed with open growth plates in relation with
pediatric anterior cruciate ligament (ACL) reconstruction.

Backround: When it comes to the treatment of ACL injured children, there is a lack of current international guidelines,
leaving the treating physicians with a therapeutic dilemma. A variety of surgical and animal experimental studies have
been undertaken over the last decades in relation with open growth plates and ACL-reconstruction.

Method: Based on our own previous animal experimental data, we highlighted 15 specific points concerning pediatric
ACL-reconstruction and reviewed additional literature concerning these individual items.

Results: Pediatric ACL-reconstruction could be proven to be safe in animal models. Growth abnormalities, risk factors
and factors, which were specifically related to biological healing processes in children, were identified. From them
surgical principles for safe pediatric ACL replacements can be deducted. Applying these principles through a correct
technical execution of surgery may prevent clinically significant growth changes.

Conclusion: Over the last 2 decades it has been shown that a technically correct pediatric ACL reconstruction has little
risk in creating clinically significant growth abnormalities. Animal experiments support this hypothesis despite the fact
that the gained knowledge cannot be fully generalized to humans. More long time follow-up is needed to fully
understand the complete risk factors related to ACL surgery with open growth plates.

Introduction
Anterior cruciate ligament (ACL) injuries are among
the most frequent severe knee injuries affecting physic-
ally active children and adolescents. They have both
short and long-term consequences, affecting future knee
structure and function with subsequent meniscus and
cartilage injuries, early development of osteoarthritis
and a serious economic burden to civil society due to
potentially shortened professional careers and later sur-
geries. McConkey et al. (2011) reported that 0.5-3% of
all ACL injuries occur in children and adolescents and the
incidence is increasing due to increased sports participa-
tion. Shea et al. (2004) reviewed the insurance claims in

football over a 5 years period in athletes aged from 5 to
18. Of 8215 total claims, knee injuries accounted for 22%
and from the knee claims ACL injuries accounted for
31%. At the end of the growth period, the incidence of
ACL injuries increases dramatically, reaching a peak in the
group of 15–20 years old female athletes who participate
in sports that require sudden deceleration, landing and
pivoting movements (Engelman et al. 2014; Arendt and
Dick 1995; Yu and Garrett 2007). Altogether, ACL injuries
in children, adolescents and young adults are increasing
(Aichroth 2002; Mohtadi and Grant 2006). The main rea-
sons for this are participation in organized youth sports,
increased female participation in high risk sports, poten-
tially decreased motoric skills in this population and the
physicians’ improved diagnostic skills.
When it comes to the treatment of ACL injured chil-

dren, there is a lack of current international guidelines,
leaving the treating physicians with a therapeutic dilemma.
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Continuous cohort with transepiphyseal Hamstrings ACL reconstruction in 61 adolescents aged 14,7 yo
(11.6-16.9) & (Tanner stage 3)  b. 1996 et 2004. FU at 3.6 ans (2.0 à 10.2 ans) 

2 iterative reconstruction of ACL (3%) 
IKDC 89.5 /Lysholm knee score 91.2 
Lachman 0 51 / 59 cas
Pivot-shift  normal 56 / Glide 3 / franc +explosive 0

Ø NO radiologic axes change
Ø NO lenght discrepency
Ø 3 stiffness

Transphyseal reconstruction of the anterior cruciate ligament with use of an autogenous quadrupled
hamstrings-tendon graft with metaphyseal fixation in skeletally immature pubescent adolescents provides
an excellent functional outcome with a low revision rate and a minimal risk of growth disturbance. There 
was a low revision rate (3%),

RE-injury rates - Kocher



19%

7,8%

RE-injury rates - Shelbourne

♀< 18 ans   = 19 %
7 % at 5 years
12 % controlateral

♀
< 18



Cohorte study 316 (FU) / 354 patients < 20 YO Hamstrings
5 years FU (3-10) : RE-rupture & CONTRO lateral rupture 

• RE-ruptures : 57 patients (18%) after 1.8 y. 
• Highest RE-rupture rate = 28.3%  in males <18 ans (13.8% if 

>18 ans)
• Controlateral ruptures : 17.7% average 3.7 years post-op

110 patients (35%) sustain ANOTHER ACL tears (any side)

RE-injury rates - Webster



Prevention program
Decrease te RISK of (RE-)injury

Roald BAHR, Grethe MYKLEBUST, Kathrin STEFFN & Ben CLARSEN
OSLO 

Hamstring Stretching
Hamstring Reenforcment

Hamstring Stretching
Hamstring strenghtening



No PAIN
No EFFUSION
Full ROM
STABLE KNEE
HEALED graft & meniscus
Good muscular STRENGHT
Good functionnal STABILITY
No psychologic apprehension

Martin R, Gard S, Besson C, Menetrey J  et al Rev Med Suisse 2013

Clinical examination
Clinical examination

Physio assesment
GnRB & Pivot

MRI at FU
Isokinetiq (& Rachet’s chair hamstring test?)

JUMP landing – JUMP tests
Recorded videos of trauma ?

Psychologisc support ?

Strict criteria for RTP



How to make decision ?
Every day …



Quantify the residual growth potential

Knee = area high growth potential
• Femur = 1,2 cm / year
• Tibia = 0,8 cm / year

Bony age : residual growth
• X-rays : hand-wrist / elbow
• Centrifugal closing of growth-plate

END of bone GROWTH in the knee
• Female 13,5 y.
• Male 15,5 y.

Growth of upper & lower segment not proportional

♀ 13 y.
♂ 15 y.

Growth velocity

Height          

Upper segment

Lower extremity

Difference 
Trunk / lower extremity  

Juvenile peak  

Skeletal age  

Gicquel P, Rev Chir Orthop 2007



MANDATORY +++

Quantify the residual growth potential



ACL tear

Repairable
meniscus / cartilage 
injury

Pediatric ACL 
Reconstruction 
+ soft tissue repair
(meniscus preservation
+++)

No instability

ACL-reconstruction at
end of growth period
(adult technique)
OR
Continue nonop. Tt.

Secondary
instability
or meniscus tear

+ 50 % to operate 

Close FU

No meniscus
/ cartilage injury
Stable knee

Nonoperative treatment
(min. 3-6 months)
Physio/brace
Close follow up

« SFA » ALGORYTHM

Courtesy of Pr Romain SEIL



Associated lesions : 
It makes change the decision algorythm

Old fashion: 
Abstention 

» Never operate on 
childrens » 

v. « systematic » 
surgery



Take Home messages
« Kids & adolescents are special »

• Instability is rarely reported by 
childrens

• Physiologic hyperlaxity
(≠instability) 

• Easy access to MRI
• BONY AGE
• Screening for meniscal

lesions
• CLOSE follow-up +++
• Dedicated teams



CONCLUSIONS :
What we know … and ignore

⍄ Natural history of pediatric ACL DEFICIENT and 
RECONSTRUCTED knee not fully understood = long FU 
is needed to the end of the growth (at least)

⍄ FAILURE rate after ACL-r is higher than in adults
⍄ No evidence that subsequent meniscal lesions and 

ARTHRITIS could be avoided by early ACL 
reconstructions  

⍄ CONSERVATIVE treatment is sometimes an option
⍄ Different techniques depending of children’s

characteristic in experienced surgical centers


