Instructional course lecture # 25

Old and new approaches to meniscal repair.

Regency Ballroom |
Thursday April 7; 7:00-8.30 a.m.




Questions:

"You loose your time !"
"You loose the patient's time !I"
"You have more complications !"

"The techniques are complicated !"

"New repair techniques are expensive !"

"You are not even sure that it protects the patient from
further cartilage damage."

» Why do we suture a meniscus ?




Participants & topics:

* Romain Seil - Luxembourg:

Biomechanics of meniscal repair (15 ")
» Mark Clatworthy - Auckland, New Zealand:

Meniscal sutures: indications, techniques and results (15 ")
 Uffe Jorgensen - Kopenhagen, Denmark:

New repair techniques: indications, techniques and results (15 ')
* Dilworth Cannon - San Francisco, California:

Meniscal repair: what have we learned and where do we go from
here ? (15")

* Discussion (25 ")




Biomechanics of
meniscus repair

Romain Seil, M.D.

Dept. of Orthopaedic < | Centre Hospitalier

Surgery de Luxembourg
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Goal: To evaluate & improve

mechanical factors

of meniscus repair complex




Evaluation criteria

Tensile fixation strenqgth / stiffness

* Anatomy of the meniscus

 Type of tissue

* Type of test

* Type of implant / suture material
 Implantation technique / suture type

* Animal experiments




Biomechanical testing

| cross-head
uniaxial loading e speed

l (mm / min)




Load-displacement curve




Sutures
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vertical sutures > horizontal sutures

Kohn D, Siebert W, 1989




Collagen fiber orientation

Courtesy of Prof. C. Fink, Innsbruck




Microscopic anatomy
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Collagen fiber orientation

Vertical sutures Horizontal sutures
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Kohn D, Siebert W, 1989




Suture material

M vertical
B horizontal

0

Mattress sutures Seil R, 2001




New repair devices

1st generation

2nd generation

3d generation




Tensile fixation strength

2-0 Mattress
sutures

B Amoczky SP, 2001 Barber FA, 2000




Importance of insertion angle
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Importance of donor tissue
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Importance of donor tissue
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Central tissue degeneration ?




Other biomecanical factors
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Design & material properties

Thickness / Elasticity
Form / Head / Barbs




Thickness / elasticity

Maximum failure test: fractures

0
17 % Arnoczky SP, 2001
Seil R, 2003




Design: Head

Cyclic loading: Failures

Seil R, 2003




Design: Barbs

Cyclic loading: Gapping

‘ 100 %

§ 30 %

Seil R, 2003




Design: displacement

7
6
5
4
3
2
1
o

Becker R, 2002




Design: displacement

Rapid Loc FasT Fix

1000 cycles: NO FAILURES! NO FAILURES!

failure strength: + St

stiffness:

S / Zantop T, 2004 & 2005




Repair over time ?

t=6w

Voo

free ROM return to
sports




Fixation strength
over time ?

In vitro Animal experiments




Effect of hydrolisis time

Incubation
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2 — 24 weeks

Arnoczky SP, 2001
Dienst M, AANA 2001




Failure strength over time

Incubation for 6 weeks

Nonabsorbable sutures:

Absorbable sutures: M 50 %

Dienst M, AANA 2001
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Failure strength over time

Arrow

PLA/PGA PDS

BioStinger Screw

SDStaple

MRS

lini.

0 61224
weeks

Arnoczky SP, 2001




Failure strength over time:
Animal experiments

» tensile fixation strength of scar tissue:

4 months: 30 % of normal tissue (goats)
(Port J, 1996)

1 year: sutures < controls (dogs)
(Koukoubis TD, 1997)




Forces acting In
VIVO ON meniscus

repair ?

Tensile forces




Forces acting In vivo

Tensile forces <10 N

Kirsch, J Biomech 1999




Forces acting In vivo

Tensile forces
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Complications

Anderson MW, 2000 Seil R, 2000
- — Ross G, 2000 Menétrey J, 2002
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Meniscofemoral contact areas
and stresses before and after
implantation of devices.
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Uniaxial ,Passive
motion*

0. 45 90°‘




ibiofemoral
contact area

Meniscus Arrow 89 %
Clearfix Screw 54 %
Meniscal Dart 29 %




Contact areas / stresses

Even ,,without weightbearing“




Summary

t = 0 (immediately after repair)

» Sutures > new fixation devices
* Tensile fixation strength of sutures 1 with

stronger suture materials




Summary

t=0-—12 weeks (early healing period)

* Repetitive loading
mm) failures of devices
» Hydrolysis weakens absorbable sutures,
but not PLA devices or

nonabsorbable sutures




Summary

t > 12 weeks (healed tissue)

 Tensile fixation strength far from normal




Conclusions

1. Biomechanics:
In vivo forces unknown
TFS of fixation devices < sutures

Horizontal sutures not necessarily weaker
than vertical sutures

Biomechanical properties of scar tissue
unknown

2. Complication potential of new devices must be
evaluated further
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Synovial fringe

















































Cannon 1999 172 cases - re-look arthroscopy or
arthrography

Rosenberg Arthroscopy 1994 - re-look arthroscopy

Brown Am J Knee Surg 1996













Morgan AJSM 1991

HSS Experience - Warren - 1991

HSS Experience AJSM 1998




Developed and popularized by De Haven JBJS

1981







aven AJSM 1995 — Long term results

De Haven AJSM 1989




Noyes AJSM 2002 < 20 years

Noyes Arthroscopy 2000 > 40 years

Rubman AJSM 1998




Vascular Access Channels &
Trephination




* Synovial Abrasion




Fibrin Clot







Huge variation in recommended protocols







Barber Arthroscopy 1994

Shelbourne - Accelerated Rehab Clin Sports Med
1996

Mariani - Accelerated Rehab - Arthroscopy 1996
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( Jorgensen 1987 )

( Faung 1991 )

( Rockborn 2000 )

( Rockborn 2000 )




Healing rates

Venkatachalam S et al. Knee 2001 Jun;8(2):129-33










COPIC MENISCUS
ABSORBABLE TACKS

N

Freshen the lesion with a rasp
- including synovial surroundings. / .

Y
.




Ochi M et al Arthroscopy 2001 Sep;17(7):724-31
















( lea "L o + Slerile, disposable, and reloadable
; ¢ instruments lower cost as implants can
MENTS G be loaded and used as needed
« Window on end of cannula allows

_ viewing of implant during
. rtion







MENISCUS ARROW

| Principles of fixation

I Head of arrow lies in a
dimple on the surface.

Scales are caught by
circular fibres
gk/pao-96







ABSORBABLE TACKS

=

3:

Insert the

tack delivery tube
and keep the lesion
reduced










two-point

Song EK. Arthroscopy 1999 Oct;15(7):726-32
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SORBABLE TACKS










 Arrow
e Fast-fix
e Clearfix










Ellermann A.Knee Surg Sports Traumatol Arthrosc 2002
Sep;10(5):289-93







* Migration

prominence

inflammatory responses



http://www.msdlitfinder.com/DA/createsearch.aspx?ACTION=AUTHOR&AUTHOR=Hame+SL
http://www.msdlitfinder.com/DA/createsearch.aspx?ACTION=AUTHOR&AUTHOR=Young+CR
http://www.msdlitfinder.com/DA/createsearch.aspx?ACTION=AUTHOR&AUTHOR=Chow+S
http://www.msdlitfinder.com/DA/createsearch.aspx?ACTION=AUTHOR&AUTHOR=McAllister+DR
http://www.msdlitfinder.com/DA/createsearch.aspx?ACTION=AUTHOR&AUTHOR=Tsai+AM




In 2 prospective randomised studies

* So this is not a big concern







Dowdy PA. Am J Sports Med 1995 ;23(6):721-8

Buseck MS, Noyes FR.
Am J Sports Med 1991 Sep-Oct;19(5):489-94







l' MENISCUS ARROW

| Principles of fixation

g . e s
e Head of arrow lies in a

s 1 T Ve T
ll dimple on the surface.

The challenge is to :

\ - T Scales are caught by
Improve our results % circular fbres
With degenerative tears




- The quality of the meniscus
- The size of the tear
- The strenght of the fixation










Limit of vascularity

- -

Capsule
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Limit of vascularity




Capsule

Linmit of vascularity










(Agaard 1999)

(Verdonck 1999)




Articular cartilage changes
histological score

—— 6-month
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Cannulated

Fast-fix
RapidLock
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	Results
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		Developed and popularized by De...
		Medial Repair
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	Open Technique
		Lateral meniscal repair
	5cm incision post to LCL
	ITB split
	Oblique posterolateral
	Verical sutures 3-4mm

	Results
		De Haven AJSM 1995 – Long term ...
	79% survival at mean 10.9 years
	ACL deficient knees failed
	Degenerative radiographic change...
		De Haven AJSM 1989
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		Noyes AJSM 2002 < 20 years
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		Rubman AJSM 1998
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	Worthwhile in young patients esp...
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	Vascular Access Channels & Treph...
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	Increased healing in
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	Synovial Abrasion
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	Provides scaffold for cellular i...
	60 mls blood in a plastic contai...
	Well organized clot sutured pass...

	Fibrin Clot
	Henning et al CORR 1990

	Rehabilitation
	Weight bearing status
	Range of motion
	Return to Sport
	Huge variation in recommended pr...

	Rehabilitation – Basic Science
	Menisci relatively immobile from...
	Immobilization decreases collage...
	Structures heal faster and bette...
	Animal meniscal healing time

	Rehabilitation – Clinical Studie...
		Barber Arthroscopy 1994
	Conservative -  braced, NWB 6/52...
	Aggressive – no brace , full WB,...
		Shelbourne  - Accelerated Rehab...
		Mariani  - Accelerated Rehab  -...
	Not comparative studies however ...

	Rehabilitation Recommendations
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	Scandinavian Sports Medicine Cen...
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	Consequence
	Total meniscectomy
	 80% deg. after 12 years.   ( Jø...
	 Partial
	 40% deg. after 10 years        ...
	 54% deg. after 13 years     ( R...
	Meniscus sutures
	  36 % deg. after 13 years   ( R...

	Which menisci should be repaired...
	Healing rates
	Traumatic tears  73 %.
	Atraumatic meniscus tears 42 %
	The isolated atraumatic medial m...
	    only 33% healing
	may be better treated by menisce...

	Indications for repair
	Vertical, longitudinal lesions (...
	Red/red or red/white area
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	At least two point fixation
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	   38.3 +/- 4.3 N in one-point f...
	   56.5 +/- 3.5 N in two-point f...
	
	      53.9 +/- 6.4 N in knot-end...
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	Arrows and Fast fix – easy to us...
	sLIDE 110
	Healing Rate�
	Arrow:     82 % to 93 %
	Fast-fix:   80 % to 91 %
	Clearfix:   75 % to 88 %
	                                ...

	Be carefull
	Complications to absorbable devi...
	Case reports published with:
	Cartilage abrasion
	Implant protrusion under the ski...
	Implant migration
	Cyst formation (immunological re...
	Synovitis

	Meniscus Arrow - Complications��
	
	Protusion of the arrow tip
	Inflammatory responce
	Femoral cartilage damage
	   2/113 consecutive patients
	

	How to avoid cartilage damage?
	Insert ARROWS perpendicular to t...
	Be parallel to tibial surface
	Be close to the lesion (avoid pl...

	Clearfix - Complications �Tsai A...
	      18 patients.
	Migration of an implant.
	One patient noted a painless mil...
	Transient inflammatory responses

	Fast-fix - Complications
	 42 meniscal tears in 37 patient...
	No articular scuffing from the k...
	8 relook arthroscopies; 5 for fa...
	Removal of a device at the time ...
	

	Complications are without doubt ...
	In 2 prospective randomised stud...
	Low complication rate
	No difference between sutures an...
	Albrect Olsen et al 1998
	Kirkley et al 2004
	So this is not a big concern
	Postoperative rehabilitation
	Limitation of motion
	   stability of the fixation ?
	Loading ?
	   Full weight bearing
	Sports ? - 3 weeks / months.
	No - immobilization
	Prolonged immobilization decreas...
	   Dowdy PA. Am J Sports Med 199...
	   There were no complications o...
	    Buseck MS, Noyes FR.



	Conclusion - repair
	Good quality meniscus heals with...
	Always freshen up the defect
	Posterior half – arrows is a sim...
	Use at least two arrows
	Combinations with sutures is a p...
	Possible improvement by adding: ...
	Weightbearing and limited motion

	Tacs inferior to sutures
	When the circular fibres are def...
	Degenerative tears
	The challenge is to
	Improve our results
	With degenerative tears

	The most importent
	The right indication
	Familiarity with the procedure
	Match rehabilitation to the repa...
	    -  The quality of the menisc...
	    -  The size of the tear
	    -  The strenght of the fixat...

	Thank you
	Intramensical lesion
	The lesions we all have looked a...
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	Results
	10 patients ( Lysholm 83 (mean))
	Re-arthroscopy / Open OP one yea...
	3 break through of lesion- resec...
	7 open wedge resection and sutur...
	One year follow up: Lysholm 93 (...
	Two years               Lysholm ...
	MRI at one year: regained hight ...

	Discussion – degenerative tears
	The degenerative meniscus
	A sign of degeneration of the kn...
	Can we do something to change th...
	Surgery (repair / transplantatio...
	Glucosamin / Hyalyronan
	Genetherapy?
	Training ?

	Meniscus transplantation
	Animal experience
	Primary  > secondary
	  (Ågaard 1999)
	Still degeneration
	Human experience
	Pain reduction   (Verdonck 1999)
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	Cannulated
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