Frontiers in Sports Medicine: The Athlete in 2003, #3600

March 14, 2003

Frank R. Noyes, M.D.

Chairman & CEO, Cincinnati Sportsmedicine & Orthopaedic Center

Clinical Professor, University of Cincinnati Dept. Orthopaedic Surgery

Adjunct Professor, Noyes Biomechanics Laboratories, Dept Biomedical Engineering, University of Cincinnati

ACL Reconstruction With Open Physes

[image: image1.png]



Purpose

1.  Clinical Problem

2.  Injury Mechanisms, Examination

3.  Anatomy, Basic Science of the Growing Knee

4.  Growth Predictions Knee Joint and Skeletal Maturity

5.  ACL Tibial Avulsions

6.  ACL Substance Tears: Nonoperative Treatment

7.  ACL Substance Tears: Operative Treatment


A.  Primary repair


B.  Extra-articular reconstruction


C.  Intra-articular reconstruction: Extra-physeal


D.  Intra-articular reconstruction: Tibial physis, femur over-the-top


E.  Intra-articular reconstruction:  Through tibial & femoral physes

8.  Management of Simple and Complex Meniscus Tears at Time of ACL Reconstruction

9.  Preventative Aspects of ACL Injury: The Gender Issue

10.  Conclusions and Treatment Algorithm

[image: image2.png]


[image: image3.png]



1.  Clinical Problem

100,000 ACL tears/reconstructions per year


3-4% Skeletally immature  (Lipscomb14, McCarroll19)


~ 50% Meniscus tears



Repair simple and complex tears due to age (Noyes25)


Nonop:  Recurrent giving-way, 2nd damage, 

                          meniscus tears, arthrosis      (Kannus12, Graf10, Noyes23)

2.  Injury Mechanisms, Examination


  Non-contact vs. contact

[image: image4.png]



  Hemarthrosis - pop


  Valgus ext rot = MCL damage = Rx


  Careful examination, palpation


     R/O distal femoral physeal fx (palpation, stress x-rays)


     R/O pat subluxation, dislocation


  Rx:  Splint, crutches, ROM



Quad, MRI, re-exam



Diagnostic scope (seldom)

3.  Anatomy, Basic Science of the Growing Knee


A.  Makela16 (JBJS 1988)  Rabbit model, femur



- A transepiphyseal drill hole of 7% cross-sectional area of the physis, 


20% on frontal plane caused permanent damage and femoral shortening 


due to a bony bridge connecting aphyseal and metaphyseal bone.



- A transepiphyseal drill hole of 3% cross-sectional area, 13% on frontal 


plane) produced no bony bridge or growth abnormality

B. Guzzanti11 (JBJS-B 1994)  Rabbit model



- Cross-sectional area of physes damage of 3% (femur) and 4% (tibia) 


produced no growth plate interruption, no bony bridge (11% on frontal 


plane).

C.  Stadelmaier27 (AJSM 1995) Dog model



- Soft tissue interposition prevents transepiphyseal osseous bridge in small 

defects



- 5/32" drill hole equivalant to 9 mm in 13-15 year old (approx 13% 


frontal plane)
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D.  Edwards8 (JBJS 2001) Dog model



- Effect of placing a tensioned graft across open growth plates



- Significant growth disturbances with excessively tensioned transphyseal 


ACL reconstruction


E.  Behr5 (AJSM 2001) 



- Relationship of femoral origin ACL to distal femoral physeal plate in 


immature knee



- 13 immature knees aged 5-15 yrs. 
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- Distance of ACL to femoral 


epiphysis = 2.7 + .2 mm 



(range, 2.3 - 2.9)



- Warning over-the-top femoral 


placement:  avoid rasping proximal 


ACL attachment to avoid growth plate

4.  Growth Predictions Knee Joint and Skeletal Maturity


Tanner, Davies28 (J Pediat 1985)



Peak height velocity girls 11.5 yrs, boys 13.5 yrs



Shoe size: 95% adult size girls 12.5 yrs, boys 14 yrs



Menarche:  proceeded by peak height velocity, diminishes following




(Athletics may delay menarche)


Rush & Steiner26 (AJS 1946)



77% population: leg length discrepancy 7 mm


Anderson1 (JBJS 1964) growth curves distal femur and proximal tibia by skeletal 
age



Remaining growth, boys, 143 skeletal age: 



- Distal Femur:  1.4 cm (range, 1.0 - 2.2 cm, 90th percentile)



- Proximal Tibia:    0.7 cm (range, 0.3 - 1.1 cm, 90th percentile)



Remaining growth, girls, 133 skeletal age:



- Distal Femur:  0.7 cm (range, 0.4 - 1.1 cm, 90th percentile)



- Proximal Tibia:    0.3 cm (range, 0.1 - 0.6 cm, 90th percentile)

5.  ACL Tibial Avulsions


Frequency (Kellenberger, Von Laer)
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< 12 yrs 

Tibial avulsions (80%)
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> 12 yrs

Mid-substance (90%)


Femoral avulsions - osteochondral fx (rare - Wasilewski)
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Classification (Meyers & McKeever; Zaricznyj)



I
No



II
Anterior hinge one-half



III
Displaced (111-33 rotated)



IV
Comminuted
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Operative Treatment



Zaricznyj29  (JBJS-A 1977)



     - N = 12 ORIF, K-wires, 2nd surgery, 100% union



Baxter4 (JBJS-B 1988) 



     - N = 45: All residual laxity 3-4 mm, all mild loss knee extension 
            

       (open, closed)


Rx:
Type I   Cast 4 wks, 20° flexion



Type II  ORIF


Operative Technique



  Arthroscopy



  Mini-open



  Ethibond 2-3 sutures



  Anatomic reduction



  Check ACL laxity, partial ACL tear

6.  ACL Substance Tears: Nonoperative Treatment


Clinical reports - poor outcome



Failure to modify activities



Giving-way, reinjuries



Secondary damage meniscus/cartilage


Kannus, Jarvinen13 (JBJS 1988)



4/12 degenerative x-ray changes



Fair/poor functional outcome


Graf10 (Arthroscopy 1992)



Mean 14 yrs.



8/12 Instability (7 mos injury)



7/8 + New meniscus tears 


Mizuta21 (JBJS 1995) Nonop Rx Not Acceptable



Age 12.8 (10-15), FU 37 mos (36-99)



Recurrent giving-way majority



11/18 Fairbanks degenerative changes



6/18 Required ACL reconstruction



9/18 Secondary meniscus tears


Greater than 50% risk meniscus damage, early degenerative changes vs. <1% 
chance growth abnormality with surgery

7.  ACL Substance Tears: Operative Treatment


A.  Primary repair



Poor results, return of Lachman, pivot shift 




Engebretsen9 (Acta Orthop Scand 1988) 5/8 failure


B.  Extra-articular reconstructions (ITB, Graf 1992 & McCarroll 1994)



Poor results, return Lachman, pivot shift


C.  Intra-articular reconstruction: Extra-physeal



Nakhostine22 (N = 5, J Ped Orthop 1995)




ITB graft: tibia epiphysis, femur OTT




KT-1000, Lachman: stable, mild laxity



Parker24 (N = 6, AJSM 1994)




Hamstring autograft: tibia anterior, femur OTT





FU 33 mos., stable, no limb length difference



Brief7 (N = 15, Arthroscopy 1991)




8 followed 36 mos.
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STG under anterior horn 


  
med meniscus, femur 


  
OTT, ITB tenodesis




Age 17 yrs. (14-28)



Micheli20 (N = 8, CORR 1999)




F.U. 88 mos.




7/8 Stable




1/8 2.2 cm discrepancy


D.  Intra-articular reconstruction: Tibial physis, femur over-the-top


Andrews, Noyes, Barber-Westin2 (AJSM 1994)


     - N = 8, all open growth plates, 10-15 yrs., F.U. 58 mos.


     - 7 mm allograft (Achilles tendon, fascia lata)


     


 3-4 cm medial arthrotomy, patella not dislocated


  4 cm lateral incision, distal femoral growth plate identified


  Trough created posterolateral femoral cortex proximal to epiphyseal plate


  Periosteum on tibia incised medial to tib tubercle & 3-cm distal to tibial 
epiphyseal plate, allow near vertical tibial tunnel, 6-mm wide


  Allograft placed into tibia intra-articularly, brought over-the-top into bone 

trough on posterolateral femur, non-isometric 5° HE to 15° flexion (graft 
lengthens)


  Fixation soft tissue washers plus suture post


  Rehab:  immediate motion, avoid HE, crutches 6 wks, prevent arthrofibrosis


Results:


     - Remaining growth 4.5 cm (2.5 - 10)


     - 7/8 Excellent/good results (KT, return to sports)


     - No leg length discrepancies (1 pt 10 mm longer)



1 patient 12 mm shorter, femoral length


Lo, et al15  (Arthroscopy 1997)


     - N = 5, avg. age 12.9 (8-14), F.U. 7.4 yrs.


     - 6 mm graft (hamstring, quad, LAD)


     - Growth remaining 8 cm (8-31 cm)


     - 5/5 < 3 mm KT-1000, no leg length discrepancies


Bisson, et al6  (Orthop 1998)


     - N = 9, avg. age 13 (10-15), males, F.U. 39 mos.


     - All tibial physis (except one)


     - STG autograft


     - Growth remaining 11 cm (4-23 cm)


     - 2 failures, no leg length discrepancies

E.  Intra-articular reconstruction: Through tibial & femoral physes


Lipscomb & Anderson14 (JBJS 1986)


     - 11 open, 13 partially open, avg age 13.9 yrs (12-15), F.U. 33 mos.


     - STG Across tibial physis, avoided femoral physis 



Tunnel 90°, across epiphysis


     - 1/24 fem physis staple = 2 cm shortening


     - Only 4/23 meniscus ears repaired, 19 meniscectomies


     - 16/23 Fairbank changes, effected results


McCarroll, et al18, 19 (1994, 1988)


     - N = 60, avg age 14.2 yrs (13-17), F.U. 4.2 yrs


     - Majority skeletally mature (3/60 < 14 yrs)


     - 38/60 Initial non-op Rx, later B-PT-B



Wide open physes, no growth spurt, delayed reconstruction



37/38 recurrent instability


     - 20/60 Initial B-PT-B, deemed skeletally mature radiographs, past growth 

     spurt, Tanner 4


     - Overall:  3 failures, 55/60 return to sports


     - Growth remaining 0-10 cm, mean 2.3 cm


Matava, Siegel17 (Am J Knee Surg 1997)


     - N = 8, avg. age 14 yrs, 9 mos. (fem 12.4, males 14.3 to 15.7), F.U. 32 mos.


     - STG autograft, across both tibial & femoral physes (7-9 mm)


     - 1 failure (reinjury), all 8 returned to sports, no leg length discrepancies


Aronowitz3 (AJSM 2000)


     - N = 15, age 11-15, skeletal age >14 yrs., (fem 13 yrs old, skeletal 14.1; males 
       13.8 yrs old, skeletal 14.4) F.U. 25 mos.


     - Achilles allograft, across both physes (9-10 mm)


     - Remaining growth low (no known growth spurt)


     - No failures, no leg length discrepancies

8.  Management of Simple and Complex Meniscus Tears at Time of ACL Reconstruction




9.  Preventative Aspects of ACL Injury: The Gender Issue

Problem:  Females suffer 4-6 x increased incidence of serious knee injury over males participating in the same sport

Study #1:  Plyometric training in female athletes.  Decreased impact forces and increased hamstring torques.  AJSM 1996

Study #2:  The effect of neuromuscular training on the incidence of knee injury in female athletes. A prospective study.  AJSM 1999

Recommendations

Females in jumping, cutting sports should be tested prior to participation

   Visually: landing techniques

   Isokinetic strength

   Video: jump-landing valgus

Train with effective program  (6 weeks) prior to athletic competition

   Correct varus/valgus landing

   Correct ham/quad imbalance

   Proper technique land/jump

   Improve balance, neuromuscular control

10.  Conclusions and Treatment Algorithm


A.  ACL tibial avulsion



Repair:  Arthroscopic mini-open, sutures to bed at tibial site



Op procedure predictable, allows meniscus repairs



Rehab:  Early full motion, delay PRE < 30° flexion with weights


B.  Non-operative Rx



Unpredictable, poor outcome



Giving-way:  meniscus/cartilage damage



Must modify activities (? Compliance)



Parent education options, vote



     - MD cannot guarantee no leg length, angular problem with ACL recon



     - Risk growth disturbance very slight to rare


C.  Case Reports



1.  Close to skeletal maturity - late adolescent



     Wait 6-12 months for definitive ACL reconstruction after growth spurt, 

     plates closed



2.  Within 1-4 years skeletal maturity



     Look for risk factors: Early stabilization



        - Active athlete may still have to restrict sports



3.  > 5 years skeletal maturity:  Prepubescent



     Example:  8 y.o. boy: growth remaining femur 6.5 cm (5-8.4), 



     tibia 4 cm (3.3-5.5)




Any procedure carries risk:  no literature




Activity modification many years often impractical




Parents usually vote early stabilization: Before 10 yrs consider 



extra-physeal, after 10 yrs consider tibia physeal 6 m, over the top 



femur






 ACL Tear



Asymptomatic




Symptomatic

Meniscus Tear




  High conversion to




      Skeletal Age

     symptomatic

  Frequent FU

  Limit activities, brace




Skeletal maturity



Reconstruct majority
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High-resolution radiograph of a proximal tibia of a dog 2 weeks after drilling across the growth plate.  A bony bridge has already formed across the growth plate.





Coronal section of a proximal tibia of a dog 4 months after placement of a fascia lata graft through the drill hole made across the open growth plate. The graft has hypertrophied, but there is no evidence of any bone spanning the growth plate.
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- 198 meniscus repairs in 177 pts


- Clinical exam (180 repairs) mean 42 mos


- FU scope (91 repairs) mean 18 mos


- 71% + ACL BTB auto recon


Results:


- 80% asymptomatic TF symptoms


- 20% repeat scope symptoms





Prepubescent


Options


-Extraphyseal ITB


over top femur


anterior tibia (Micheli)


-STG extra-physeal (Brief, Parker)





Late adolescent


Skeletal age Female 14.3, male 15.3   


-Near complete, but questions on growth-STG thru physis


-BTB only when plates closed





Early Adolescent (11-14 yrs.)





STG 2-bundle, �6 mm tibial physes�over top femur.


Allog 2nd option
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