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Why I Do What I Do...



Pediatric ACL Injuries Are More 
and More Common 
 
• PearlDiver database study
 
• Rate of ACLR growing ~ 25% every 5 years
 
• Growth is strongest in 10 - 18 year old group



20 year review of New York State Registry Growth is primarily in the late adolescent group



Assessing Growth Status





Orthopedic Surgeons only about 
50% correct in Tanner Staging!
 
• It's awkward
• We're not good at it
• Rather can use your "gestalt"

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

• Can get a sense of who is pre-pubertal vs. 
pubertal

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

change, etc.



Write Write 



How Do PRISM 
Members Stratify 
Based on Skeletal 
Age? 
 

• Strong consensus for complete growth 
sparing technique ages 10 and under (ITB 
or AE)

 
• Strong consensus on using transphyseal 

technique age 13 and older in females, age 
14 and older in males

 
• Lots of variability in treatment in ages 11 - 

13



Pediatric ACLs Come in Three 
"Flavors" 
 
1. Pre-pubescent (almost always males)

• 12 and under boys
• 11 and under girls

 
2.  "Tweeners"

• 13 - 15 yo boys
• 12 - 13 yo girls

 
3.  Skeletally mature 

• 16 and older boys
• 14 and older girls



Crowd Psychology... 



Three "Flavors" of Children with ACLs
Means...

Three Types of ACLR That I Do



Extraphyseal
All-Epiphyseal
Partial Transphyseal
Transphyseal
Adult type 



Write 

Write 



The Really Young Ones 
Pre-Pubescent ACLR



Original Technique Description
A MUST READ!
 
Modification of the McIntosh Procedure





Outcomes of Micheli Technique
 
Largest series in literature
Boston Children's group
 
240 knees
Mean 6 year follow-up
 
6.6% graft rupture
0% growth abnormality
50% cosmetic lateral thigh changes



Outcomes of Micheli Technique
 
Only cohort other than Boston group
 
22 knee
Mean 3 year follow-up
 
14% graft rupture
0% growth abnormality
 



High Incidence of Growth 
Abnormalities with All-
Epiphyseal Technique
 
• 50% measurable growth abnormality
• 16% severe (> 2 cm)
• 33% mild/moderate (5 - 10mm)
• Always OVERGROWTH



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



Why I Don't Do All Epiphyseal 
ACLR
 

1. Higher failure rates
2. Higher incidence of growth abnormality
3. Technically challenging
4. Requires significant radiation to child
5. More expensive than Micheli (cost of implants, 

OR time)
6. Lower return to sport rates
7. Harder revision
8. Do I need an 8th reason?



The "Tweeners"
Quadriceps Autograft using Hybrid Transtibial 

Transphyseal Technique
 



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







Quad has Very Low 
Failure Rate in Peds 
Series
 
• 1.2% failure at 36 months 
• 81 patients
• 88% return to sport



Quad has Lower 
Failure Rate Than 
Hamstrings in Kids
 
• 4% Failure (Quad n = 27) vs. 21% Failure (Ham 

n = 56)
 
• Equivalent PROs (Lysholm, SANE, Tegner)



Quad As Good or 
Better Than 
Hamstrings
• Cohort of 95 patients
• Quad had less + Lachman, less + Pivot Shift, 

lower KT (1 vs 3 mm)
• Quad had better Lysholm, KOOS Symptoms, 

KOOS Sports



Quad has Lower 
Failure Rate and 
Less Pivot Shift than 
Hamstrings
• Meta-analysis of 78 studies
• Failure OR = 1.89 (hamstring higher)
• Pivot Shift OR = 1.29 (hamstring higher)



Quad Has Lower 
Graft Failure Rate 
Compared to HS
 
875 patients
Retrospective comparative cohorts
In young active patients: 
• HS: 11% failure
• Quad: 5% failure



But Wait!  It's Not All Perfect!



Danish Registry 
Might Show 
Increased Failure 
with Quad
 
• Quad = 4.7% (n = 531)
• Hamstrings = 2.3% (n = 14,213)
• BTB = 1.5% (n = 1835)



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!



Then the Same 
Authors Show 
Equivalence to 
Hamstrings in a 
RCT...
• No difference at 2 years in:

• Re-operation or failure
• PROs
• Objective knee stability



The Skeletally Mature Child
BTB Autograft using Hybrid Transtibial Technique
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Mean Age 15; 561 patients
HS failure 13%
BTB failure 6%
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Ages 14 -22; 770 patients (MOON)
Hamstrings failed at 2.1x the rate of BTBs

PDF

Ages 15 - 25; 256 patients
HS failure 17.5%
BTB failure 6.4%



Rehabilitation and Return to Sport
Probably Matters More Than Everything Else I Discussed!



The Bach Rules for The First 
Post-Op Visit
 

1. Minimal swelling
2. Normal patellar mobility
3. Full symmetric hyperextension
4. 90 degrees of flexion
5. Straight leg raise without a lag



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



PDF

Write 

PDF

Write 

PDF

Write 



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
 
• Highest risk group are the "tweeners" or early 

adolescents (20% graft failure rate)
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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 Criteria at 6 

Months 
• Most children have neuromuscular deficits that 

persist up to 1 year 
• Uniform criteria for safe RTS still remain elusive
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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 

Write Write 



Limb Symmetry Is Probably The 
Wrong Target of Rehabilitation



Problem #1: Kids Aren't 
Symmetric To Begin With

PDF

Problem #2: The Other Limb 
Deconditions After ACLR: 
Symmetry Can Overestimate 
Function
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Problem #3: ACL Injury Is a 
Double Leg Problem: 
Achieving Symmetry Isn't 
Enough



Can We Do Better By Comparing 
Kids To Norms? 



Should We Just Be Waiting 
Longer To Return Kids to Sport?
 
Riboh says... YES!
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7x risk reduction by waiting 
longer than 9 months for RTS

PDF

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

PDF

51% risk reduction for every 
month you wait to RTS up to 9 
months



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



Thank You! 
Please contact me with any questions 
 
jonathan.riboh@orthocarolina.com

 


