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Introduction

“. . .pediatric ligaments are stronger than bone.”
   - Leuder, R. Are children just little adults? 2003

“. . .expected injury will take place at the tibial spine or physis.”
- Salter, RB.  Textbook of disorders and injuries of the musculoskeletal 

system.  1970

“. . .because the growth plate is the weak link in the knee, traumatic 
complete midsubstance tears of the ACL are extremely rare.”
- Rang, M.  Children’s fractures. 1974 
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Introduction
• ACL injuries and subsequent 

reconstruction are rapidly 
increasing in young athletes

• Due to sport specialization and 
intensive training as well as 
increased injury recognition

• A wide range of surgical 
techniques exist and have been 
reported on the literature
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We are 
emphasizing skill 

development 
rather than fitness
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111% increase in youth 
soccer injuries over last 14 

years
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400 percent increase in youth ACL tears over the 
past decade!!!
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ACL Function

• Resists anterior translation of 
the tibia at 30º of flexion

• Prevents hyperextension

• 2o restraint to IR of tibia
• Resists AD/AB at full ext
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Anatomy

2 bundles: AM (tight in flexion) and PL (tight in extension)
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Anatomy - Physis

• Distal Femur & Proximal Tibia 
•   Greatest growth

• From birth to maturity, the knee 
grows about 42.5 cm in boys and 
38.7 cm in girls 

Diméglio, A. Lovell & Winter’s 6 ed. ch2  p58-59
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Anatomy

Violation of Physis = leg length discrepancy, 
angular deformity, recurvatum
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Why are ACL tears in children 
different?

Some studies state a re-tear rate of at least 25% 
in patients under 14!!!
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Why are ACL tears in children 
different?

vs.
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Natural History: Non-Op

Instability, Swelling, Pain, & 
Meniscal Injury
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Natural History: Non-Op

Early Arthritis
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What Is The Failure Rate?

• 561 ACL Reconstructions
• Failure rate 9.6% 

• Soft tissue grafts were twice 
as likely to fail compared 
with patellar tendon grafts 
(13% vs. 6%; P<0.001)
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What Is The Failure Rate?

• 112 ACL Reconstructions
• Failure rate 19% 

• Contralateral tear 13%
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What Is The Failure Rate?

• 419 ACL Reconstructions
• Failure rate 10.3%

• Half of re-tears occurred before 
clearance to return to full activities 
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What Is The Failure Rate?

• 47 ACL Reconstructions 
• 17 year follow-up

• Repeat surgery in 28%
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What Group Is Most Susceptible?
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What Group Is Most Susceptible?

Group 2 athletes (mean age 14) had 
a significantly higher revision 

ACLR rate (20%) compared with 
group 1 (6%; P = 0.039, mean age 
12) and group 3 (6%; P = 0.001, 

mean age 16). 
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What Causes The Higher Failure 
Rate??

• Graft Choice?
• Sport After ACL Reconstruction?
• PT Compliance?
• Surgical Technique?
• Skeletal Development?
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What Causes The Higher Failure 
Rate??



24

• 1392 ACL reconstructions
• 8.7% re-tear rate of which 94.6 % 

needed revision
• 4.1% growth disturbance rate of 

which 27.6 % needed correction
• Preventing re-tear is important!

•Best treatment is to not re-tear!
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Growth Disturbance Review
• More likely to have 

valgus than LLD
• LLD is more likely 

overgrowth
• Recurvatum with tibial 

tubercle violation
• Patients with 2-4 years 

of growth remaining 
more likely to have 
disturbance than > 4 
years
• Physis ‘older’
• Less chance to 

correct
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Surgical Dilemma

Balance the Risk of Growth Disturbance Versus 
Anatomic Reconstruction
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History
• Contact
• Non-contact
• Deceleration
• Internal rotation
• Hyper-extension
• Heard a “pop”
• Acute painful swollen knee
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Acute Hemarthrosis
• Preadolescents (7-12)
•ACL injuries 47% 
•Meniscal tears 47%

•Osteochondral fractures 13%

• Adolescents (13-18)
•ACL injuries 65% 
•Meniscal tears 45%
•Osteochondral fractures 5%
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Physical Exam Accuracy
• Using arthroscopy and MRI as reference standard:

• (+) Pivot shift test is best for ruling in an ACL rupture
• specificity 0.97-0.99 

• (-) Lachman test is best for ruling out an ACL rupture
• sensitivity 0.63-0.93 

• Anterior drawer was inconclusive for drawing strong 
conclusions

Ostrowski JA: J Athl Train. 2006 Jan-Mar;41(1):120-1
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Assessment of Maturity
• Chronologic age  >>>  not reliable

• Physiologic age >>> look for markers of immaturity
•  Physes - open
•  Tanner Stages - 1 or 2
•  Menarche - no
•  Growth spurt - no
•  Height patient - at least 10 cm less than parent
•  Shoe size increase - no
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Radiographic Evaluation

• Imaging:
• X-ray (AP/Lat/Notch/Merchant)

• r/o physeal fractures, epiphyseal injuries, tumors, 
tibial spine fx

• MRI
• Evaluates soft tissue injuries
• Associated injuries
• Meniscus!!!
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Radiographic Evaluation

Tibial Spine Fracture
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Radiographic Evaluation

Physeal Fracture
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Assess Emotional Maturity

• Non-compliance with protocol
• Non-adherence to home exercises

Delay reconstruction until family or 
patient mature
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Treatment Options for 
Intrasubstance ACL Injuries

• Extra-Articular reconstruction
• Physeal Sparing reconstruction
•   Transphyseal reconstruction (partial vs complete)
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Autograft vs. Allograft
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Graft Choice

If skeletally immature:

• Hamstring 
• Quad tendon
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Graft Choice
If skeletally mature:

• Hamstring (contralateral)
• Quad tendon

• BTB



39

Graft Choice
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ALL / IT Band Tenodesis

• If ligamentously lax, maybe at primary
• Definitely with all revision cases
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Avoiding Physeal Damage

• Drill < 7 % of the physis

• Soft tissue across physis

• Medial, distal, and vertical drill holes
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Physeal Sparing: Combined Intra-
and Extra-Articular Reconstruction

• ITB Autograft: Over-the-top 
femur, over-the-front tibia 
under inter-meniscal 
ligament

Kocher MS et al. J Bone Joint Surg Am. 2005;87:2371-2379
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Physeal Sparing: Combined Intra-and 
Extra-Articular Reconstruction
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Physeal Sparing: Intra-Epiphyseal 
Reconstruction

Anderson AF et al. J Bone Joint Surg Am. 2003

• Flouroscopic 
guided

• Drill holes in  
epiphysis

• Soft tissue graft
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Transphyseal Reconstruction
• Adult-type reconstruction

• Improved isometry and stability
• Smaller tunnels
• Soft tissue grafts
• Metaphyseal fixation
• Risks physeal damage
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ACL Reconstruction in Children: the 
Algorithm 

• Prepubescent Children (substantial growth 
remaining) 
• Physeal-sparing combined intra-articular and extra-

articular reconstruction 
• Intra-epiphyseal reconstruction
• Partial transphyseal

• Pubescent Adolescents (variable amount of growth) 
• Transphyseal with metaphyseal fixation and soft tissue 

grafts
• Older Adolescents (nearing skeletal maturity)
• Transphyseal ACL reconstruction, similar to adult 

reconstruction using autograft or allograft
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Summary
1. ACL Injuries are Increasing

2. Youth Sports Are a Risk Factor
3. Balance Growth Disturbance vs. Arthritis

4. Balance Growth Disturbance vs. Failure Rate
5. Non-Op Treatment = Arthritis

6. Higher Failure Rate Than Adult Population
7. Assess for Family / Patient Emotional Maturity

8. Various Ways to Assess Skeletal Maturity
9. Look Out For Tibial Spine Fractures

10. Have A Consistent Age Based Treatment Algorithm
11. Treat Modifiable Risk Factors
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Thank You


