4 Meniscus Allograft Transplantation

Kevin B. Freedman and Brian J. Cole

There has been an emerging emphasis on meniscal preser-
vation following meniscal injuries primarily due to an
increasing understanding of the importance of meniscal
function for load sharing, joint stability, and articular car-
tilage protection. Several studies have demonstrated poor
long-term outcomes following even partial meniscectomy,
with an increased incidence of osteoarthritis. Because
meniscal preservation is not always possible, thern
remains an existing population of patients who have
undergone subtotal or total meniscectomy. A subset of
these patients will become symptomatic due to progres-
sive degenerative change in the affected hemijoint. and
meniscal allograft transplantation is an oplion to replace
the native meniscus in these select individuals. With rigid
adherance to surgical indications and technique, excellent
pain relief and improved function can be achieved.

The technique for both medial and lateral meniscal
transplantation is described. The preferred technigue for
medial meniscal transplantation is the use of free bone
plugs at the horn attachments. The preferred technigque
for lateral meniscal transplantation is a slot technique. A
“keyhole” technique can also be used for lateral meniscus
transplantation. Because more normal tibiofemoral bio-
mechanics is achieved with soft tissue fixation to bone,
bath techniques emphasize retention of bony attachments
is opposed to relving on soft tissue fixation alone,

Indications

Maniscal allograft transplantation is indicated in patients
with a history of one or more previous meniscectomies
with complaints of persistent pain in the involved com-
partment. Typically, there is good resolution of pain fol-
lowing the initial meniscectomy, but over time, there is an
increase in ipsilateral joint line pain. activitv-related
swalling, and generalized aching of the knee. Degenerative
changes should ideally be less than grade 3, and axial
malalignment and ligament insufficiency must be normal-
ized prior to or simultaneously with allograft meniscus
transplantation.
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Contraindications

Meniscal allograft transplantation is contraindicated in
the presence of significant articular cartilage damage
(i.e.. late grade 3 or 4 chondral disease) in the ipsilateral
compartment, In cases of localized chondral defects,
however, simultaneous cartilage restoration can be per-
formed. Ligament insufficiency and malalignment are
not strict contraindications, but they must be addressed
simultaneously or in a staged fashion prior to meniscus
iransplantation.

Diagnostic Tests

Ta rule out significant ostecarthritis that would con-
traindicate the procedure, standard weight-bearing
anteroposterior (AP) radiograph of both knees in full
pxtension, a non—weight-bearing 45-degres Qexion lateral
view, and an axial view of the patellofemoral joint
should be obtained. Additionally, a 45-degree flexion
waight-bearing posteroanterior (PA) radiograph is recom-
mended to help identify subtle joint space narrowing
that traditional extension views mayv fail to identifv.
Special studies such as a long-cassette mechanical axis
view or magnetic resonance imaging (MRI) should b
ordered with any degree of clinical malalignment or sus-
picion for chondral injury. respectively. In cases where
questions remain as to the source of a patient’s symp-
toms, a three-phase technetium bone scan is potentially
useful. Both MRI and bone sean may demonstrate
increased signals in the affected compartment related to
stress overload there due to the meniscal deficiency.

Differential Diagnoses and Other Options

Patients with significant articular cartilage disease or
ostecarthritis can have similar complaints as those with
meniscal deficiency, In patients with ligamentous
deficiency or malalignment, procedures to restore liga-
ment stability, such as anterior cruciate ligament [ACL)
reconstruction, or correct alignment, such as high tibial
osteotomy, may provide significant pain relief alone,



alleviating the nead lar meniseal tranaplantation. This
miy be especially true In older or lower-demand
patients. Thus, staging these procedures is o reasonable
aleorithm in select individuals.

Preoperative Planning

Preoperative planning far moniscal transplantation is

essential, because meniscus allogrofts are size and com
partment specific. Meniscal sizing messuremenls ars
obtained from an AP and lateral radiograph with magnifi-
cation markers ploced on the skin at the level of the joint
line. The maeniscus widlh is delermined on the AP radi-
ograph [from the edge of the ipsilatoral tikial sping to the
pdge of the tibial plateaw). aod the meniscus longth s
datormined on the lateral radiograph (the AP dimension
of the ipsilateral tibial plateau) (Fig. 4-1). Following cor-
reclion for magnification, meniscus width is a 1:1 rela
tinnghip with the caleulated measure from the AP radi-
ograph, and meniscus length is  determined by
multiplying by 0.8 [or the medial and 0.7 for the lateral
meniscus using the corractad measure from the latersl
radiograph, Most commonly, meniscal allogralts are aither
freshi-frozen or crvopreserved. The risk for disease trans
mission is minimizad throngh rigid donor screening,
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starile processing, grafl culluring, and polvmerase chain
reaction tosting for HHV,

Surgical Procedure

Examination Under Anesthesia

An examination under anesthesia should be performed 1o
confirm full rangs of motion and o assess ligament stalus.

Positioning

Bepending on surgeon preference, the patient's limb may
be placed in a standard leg holder or maintained in the
unsupported supine position. The posteromedial and/or
posterolaleral corners of the joinl must be [reelv accessi-
hle to parform inside-oul maniscus repair. A tournigueat
is applied W the proximal thigh and inflated according to
surgeon preference. Anesthesia options include general,
spinal, and epidural. Most transplants are performed in
an oulpatient setting.

Dingnaostic Arthroscopy

At the time of surgery, meniscal deficiency and the
integrily of the articuliar surface should be performed. o
confirm that the patient is a candidate for meniscal trans-

plantation (Fig. 4-2). This must be performed prior to
thawing the allografl.

B

Figure 8-1 (Al Anteroposterior (AF) and (B) laternl radi-  border of the tibial plateauw on the AP view (meniscus

oeraph used to determine meniscus allograft size based on
fﬁf‘n"f'”nlﬂ' far ”]”H”n’“l’-‘““”” I”'”H |J'II"II“|’.?””_§_.-' |I'|'-|I'|fI e U res
based on the distance between the tibial pminence and
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width)] and anterior and posterior border of the tihio an the
lateral view [meniscus length) (see text for details)
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Figure 4-2 Arthroscopic view of same patient imaged
int Fig. 4-1 with focal chondral defect of mediol femormnl
condvle and prior subtatal meniscectomy indicated for
simultaneous autologous chondrocvte implantation and
medial meniscus allogmfl reconstruction,

Arthroscopic Preparation for Transplantation

The initial steps for medial and lateral meniscus trans-
plantation are similar. First, tha ramaining meniscus s
arthroscopically debrided, leaving a 1 to 2 mm peripheral
rimn. This is pecformed usiog an arthroscopic shaver and
hand instruments to achisve punctate bleading in an
effort to promote allograft healing to the knee capsule.
Any portion of the anterior horn that is difficult to
remove arthroscopically can be removed when the
miniarthrotomy is made for allografi implantation. To
provide a footprint for a subsequent allograft placement,
the remnants of the anterior and posterior horn can bao
preserved. Debriding the interval between the posterior
cruciate ligament (PCL) and bony portion of the medial
femoral condyle will facilitate later passage of the menis-
cus allograft posterior bona plug (Fig. 4-3),

Surgical Technique: Medial Meniscus Transplantation
Arthroscopic Preparation

For medial meniscus transplantation, the authors prefer
tha double bone plug technique, where a tunnel is used
to seat the anterior and posterior horn bone plugs.
Following host meniscal preparation, a 9 mm posterior
horn tunnel is reamed using an ACL guide (passed
through the inferomedial portal) set at 60 degrees with its
tip centered on the footprint of the host posterior horn
insnrtion site [(Fig. 4-4). Tha origin of the tunnel is on the
anteromedial aspect of the tibia, between the tibial crest
and posterior border of the tibia. To ensure analomic
placoment of the anterior horn, it is crucial to drill a
blind 9 to 10 mm anterior horn tunnel directly through
the miniarthrotomy after the posterior horn and plug are
sozured.
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Figure 4-3 Increasing the window between the poste-
rior cruciate lignment (PCL) and medial femaral condyle
by dehriding the soft tissue end performing a minimal
low posterior notehplasty improves visualization of the
posterior horn and facilitates posterior harn hona,

Preparation for Meniscal Repair

A standard meniscus repair axposures should he pac-
formed on the posterior medial joint line, situated one
third above the joint line and two thirds below the joint
ling. A popliteal retractor is placed to protect the neu-
rovascular structures during an inside-out meniscus
repair.

Exposura for Maniscal Insertion

Extending the inferomedial portal distally and excising a
small portion of the fat pad allow sufficient access to the
joint to remove remaining meniscal tissue, introduce and
seat the meniscus in the posterior tunnel, and reduce the

Figure 4-4 A 8 mm cannulated reamer entering the
footprint of the posterior horn of the host meniscus
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Figura 4-5  Medial meniscus allograft preparation.

[A] Collared pin penetrating center of posterior horn at o
fo-degree angle to insertion. (B} Cannulated coring reamer

to horvest bone plug pfmsfld over collared pin. (C) Posterior

maniscus to the peripherv. The miniarthrotomy also
allows arthroscopic and direct visualization for meniscal
repair and creates access 1o drill the anterior horn hlind
bone tunnel sockat.

Allograft Meniscus Preparation: Medial

The meniscus is properly thawed in normal saline, and
all nonmeniscal soll tissue is debrided from the periph-
ary and from around the insertion sites. The hane plugs
at the anterior and posterior horns are then fashioned.
Using an 8 mm coring reamer, the posterior horn plug
is created at a 60-degree angle to the insertion site to
match the angle of the posterior tibial tunnel. It is then
tiimmed to the length of 8 mm with a rongeur. The
anterior horn plug is then fashioned using a 8 or 10 mm
coring reamer at a 45-degree angle to the insertion site
and trimmed to 10 mm in length. A No, 2 nonah-
gorbabile traction suture is first passed in a Hgure-eight
fashion through the soft tissue insertion, and the ends
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plug prepared and guide pin in place in preparation for
anterior horn coring reamer, (D) Compleied meniscus
allograft with transosseous nonabsorbable figure-eight
sutures and POS traction suture in place,

are passed through the center of the bone using o Keith
needle. Finally, a No. 1 PDS traction suturs is placed at
the junction of the middle and posterior one third of
the meniscus to aid in reduction of the meniscus
(Fig. 4=5).

Meniscal Insertion and Fixation

The first step is proper raduction of the meniscal allo-
graft. A single-barrel zone-specific cannula is placed
through the inferolateral portal and is used to advance
a nitinal suture passing pin that exits the posteromedi-
al knee capsule at the attachment site of the posterior
and middle third of the meniscus. The proximal end of
the nitinol pin iz retrieved under direct visualization
from the medial miniarthrotomy. The No. 1 PDS trac-
tion sutures in the allograft meniscus: are passed
through the loop of the nitinel pin, and the sutures are
withdrawn through the medial accessory meniscal
repair incision,
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Figure 4-B Suture passer lnop entering joint following
placement into posterior horn tibial tunnel in preparation
for retrieving allograft meniscus posterior horn tran-
sosseaus suture to focilitate seating of posterior horn
hane plug.

Figure 4-8 Mudial meniscus allograft anatomically
seated focilitated by gently pulling both traction sutures
and manuvally seating posterior horn bone plug.

A suture-passing device is then placed retrograde on the bone plug sutures, the postarior horn hone plug
through the posterior horn tunnel (Fig. 4-6). The sutura can he gently reduced, facilitated by digital and/or
loop is retrigved from the miniarthrotomy and used lo gentle instrumented manipulation of the plug as it is
pull the No. 2 nonabsorbable sutures that were previous- advanced between the PCL and medial femoral condyle
ly passed through the posterior horn bone plug so as to Simultaneous valgus stress of the knee in about 30 degrees
axit the anteromodial tibia [(Fig. 4-7). By placing traction ol Mlexion and gentle traction on the No. 1 PDS exiting

mudially facilitate reduction of the soft tissue portion of the
grall (Fig. 4-8).

The meniscus is repaired using inside-oul suturing
techniques with o vertical muttress configuration and No.
2-0 nonabsorbable sutures. Sutures are placed on both
sides of the moniscus (Fig, 4-9), Once the meniscus is

Figure 4-7 Medial meniscus ollograft positioned for
insertion. Posterior horn tronsasseous sulures enfering
medial minfarthrotomy and exiting anteromedial tibin. PDS  Figure 4-8  Allograft suturing peformed hy placing ver-
traction suture entering miniarthrotomy and exiting medial tical mattress sutures on both sides of implant about 3 to 5
Meniscus repair incision mm apart beginning posteriorly and advancing anteriorly,
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saqurad, the anterior horm socket is established by creat-
ing a blind 1 cm tunnel using & 9 1o 10 mm reamer. Tha
bone plug is seated by passing a heavy-gange needloe trans-
osseously through the bottom of the tunnel to shuttle the
anterior horn sutures through the anterior tibial cortex to
reduce and secure the anterior bone plug. These sutures
can be tiod over soft tissue, In addition, the posterior horn
sutures should be tied independent of the antarior horn
sulures using # small ligament button (Fig, 4-10). If an
articilar cartilage procedure is to be performed simulta-
neously, the arthrotomy is extendsd, and all remaining
slaps are complatad (Fig. 4-11).

Surgical Technigue: Lateral Meniscus Transplantation
Arthroscopic Preparation

Tha techniqua for latoral meniscus transplant usually
involves a single bone bridge between the anterior and
posterior horns of the maniscus due to thair close privim-
ity. The prafarred technique of the authors is o slot tech-
nique as described, but a *kevhole™ technigue can also ba

Figure 4-10 Clinical photogiaph demonstrating
mieniseus repair sulures sxiting medially (same placed
transcutaneausly, which will be retrieved from beneath
the sartorius fuscia), posterior horn sutures exiting the
anteromediol tibio in praparation for fixation over
ligament button, and anterior o sulures exiting from
the minfarthrotomy prior to drilling the blind bony tunnel
for the anterior horn hone plug.
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Figure 4-11 (A} Defect in medial femoral condvle exposed through extension of arthrotomy and (B prepared for
simultaneously performed autolagans chondrocyvte implantation,
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Figure 4-12 Reference slot prepared using fA) arthroscopic shaver and (B} arthroscopic burin line with anterior trned

]’if}.‘“fl‘:’i'l.”r' meriscus hoens,

performed. Once the meniscectomy 1s completed (as pre-
viously described], the slot for meniscus transplant is
craated, First, an accessary partal through the lateral bor-
der of the patellar tendon is created and used to creats a
line connecting the center of the anterior and posterior
horn attachment sites uging alactrocautery. A 4 mm
bur is used to create o superficial reference slot equal to

the height of the bur and parallel to the sagittal slope of

the tibial plateau, along the line previously marked
(Fig. 4-12),

All subsequent steps including instrumentation and
introduction of the meniscus are performed through the
transpatellar tendon accessory portal that is extended as
needed. ‘A level slot should be confirmed by placing a
dapth gauge in the reference slot. Using a drill guide, an
insertion pin is placed under fluoroscopic guidance in'a
parillel fashion (Fig. 4-13). Care should be taken to be
sure that the pin does not pverpenutrato the posterior cor-
tex. A 7 or 8 mm reamer is then used to drill over the
guide, luking care (o maintain the posterior cortex of the
tibin. A slot 7 or 8 mm in width by 10 mm in depth is
created by using a box cutter. Finally, the slot is rasped
using the box rasp. Typically, the slot is 8 mm in width
following the use of the hox rasp. This ensures that the
meniscus bone bridge will slide smoothly into the slot
(Fig. 4-14).

Allografi Meniscus Preparation: Lateral

This technique creates a rectangular slot that is 1 cm in
depth and undersized by 1 mm relative to the tibial slot.
The attachmeont sites of the meniscus are dentifiad on
the bone block, and all accessory soft tissue is debrided.
The bone bridge is then cul lo g width of 7 mm and &
height of 1 em, removing any bane that extends hevond
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the posterior horn sttochment. Bone extending bevond
the antarior horn allachment can be relained al this lime,
because this maintains graft integrity during insertion. A
vortical mattress traction suture Is placed at the junction
of the posterior and middle third of the meniscus using a
Mo, 1 PDS suture (Fig. 4-15).

Meniscus Insertion and Fixalion
A single-harrel zone-specific cannula for the inside-oul
suture technique is placed in the contralateral portal

Figure 4-13 Drill guide assembly used to place guide
pin (lower pin) for cannulated reamer to establish a pro-
visional tihial tunnel in line with the anterior and posteri-
or meniscus horns, The arm of the guide lies intraarticu-
larly and is flush with the subchondral bone of the
reference slof prepared in Fig. 4-12,



Figure 4-14 (A} Box chisel used to fine-tune definitive recipient slot prior to meniscus insertion, (B) Arthroscapic view

of mectungulaor meniscus slot,

and is used to advance a long nitinol suture passing pin
through the knee capsule, at the attachmant site of the
postarior and middle third of the meniscus. The passing
pin should exit the aceessary posterolateral incision, and

Figure 4-15  Lateral meniscus prepared on bany shot
(7 mm width % 10 mumn depth)
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the proximal end of the nitinol pin is then withdrawn
from the trinspatellar tendon miniarthrotomy site. The
lraction sutures are passed through the loop of the niti-
nol pin, and the sutures are withdrawn through the
dccessory meniscal repair incision. The meniscus is
insertad through the arthrolomy while gently pulling on
the traction suture, taking care to align the meniscus
with the recipient slot. Once the meniscus is raduced,
the proper size and position of the meniscus should be
confirmed by cyeling the knee through its range of
motion. An allograft cortical bone interference screw is
used to achieve {inal fixation of the bone bridge in the
slot, by plucing the screw on the medial portion of the
slot over & guide pin (Fig. 4-16). The meniscus is then
fixed with standard vertical mattress sutures using an
inside-oul technigque,

Closure

Standard closurs of the n.rl,hru'[um}' and accessory inci-
sions is performed. A No. 1 Vieryl suture is used to
close the knee capsule, and a No. 2 Vieryl suture
is used 1o close the subcutaneous tissue, A No, 3
Prolena running subcuticular suture is used for skin
closure. An intraarticular drain is unnecessary in most
CaSEs.
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Figure 4-18

Postoperative Management

Following surgery, the patient is placed in a hinged knee
immobilizer and is allowed immediate motion from 0 to
90 degrees. We do not routinely use a continuous passive
mation machine, unless the procedure is combined with
a cartilage restoration technigue, Patients are allowed to
progress [rom partial to full weight bearing with crutches
over the first 4 weeks postoperation. To protect the
meniscus repair, flexion beyond 90 degrees with weight
Learing is limited. At 4 weaks, full range of motion is
allowed, and gentle strengthening is performed. In-line
running is permitted at 12 weeks, and return to full activ-
ity is allowed at 4 to 6 months, provided that the lower
axtremity sirength is at least 80 to 85% of the nonoperat-
ed leg. Patients are cautioned regarding the inherent rigks
in returning to highly compatitive sparts that involve
cutting and pivoting,
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Ciartical bane interference screw adjacent to meniscus bone bridge seen (A) open and (B) arthroscopically

Tips and Tricks

To facilitate passage of the meniscus, performing &
limited notchplasty along the most inferior and pos-
terior aspects of the femoral condyle adjacent to the
origin of the ipsilateral cruciate ligament with &
4.0 mm burr is helpful in visualizing the posterior
horn and in passing the meniscos into the appropri-
ate position. In addition, removal of soft tissue in
this region greatly facilitates grafl passage. We profor
to use an electrothermal ablation devica.

Whan performing medial meniscus transplant in
conjunction with ACL reconstruction, we prefer to
place the posterior horn tunnel origin on the lateral
side of the tibia. This prevents any possible conver-
gence of the ACL graft tibial tunnal and the meniscus
tunnel, which might compromise fixation,



3. For lateral meniscus transplantation, the graft must
be adequataly seated in tho slot before fxution.
Whaen fixing the graft with the cortical bone screw, a
small elevator can be used through the transpatellar
tendon miniarthratomy to hald the slot in place,

. There are several technical considerations when por-
forming concomitant procedures with meniscus
transplantation. Patients with a history of meniscec-
tomy who develop secandary varus ar valgus defor-
mity should he treated with concomitant high tibial
or distal femoral osteotomy, respectively, When per-
lormed simultaneously, svery affort is made to per-
form the majarity of steps for the meniscus transplant
technique first. Otherwise, the varus and valgus
stress during the meniscal transplantation procedure
could create excessive stress and failure at the
osteotomy site. If performed as separate procedures,
the limb realignment should be performed first. In
addition, any concomitant ligamentous laxity must
be addressed at the time of meniscal transplantation.
When performing an ACL reconstruction and menis-
s transplantation, all of the soft tissue portions of
the meniscus trmusplunt technique shonld be per-
furmed first, and then the ACL tibial and femoral tun-
nels should be reamed prior to meniscus slot or tun-
nel plucement so as to avoid compromisa of the ACL
mennstruction. If an isolated chondral defect exists, it
is not a contraindication to meniscus transplantation
and can be treated at the time of meniscal transplan-
tation. It is typically easior and sater for the chondral
procedure to be performed after all steps of the
meniscus transplant. This will avoid any inadvertent

damage 1o the articular cartilage graft during instru-
mentation or suture placement.

Pitfalls and How to Avoid Them

1. When securing the meniscal allograft, the sutures
should be tied over the knee capsule only. On the
madial side, one must avoid tying over the sartorius
fascia, and on the lateral side, one must avoid tying
over the iliotibial band. In addition, the sutures
should ba tied in knee extension to avoid capluring
the knee capsule. which may lead 1o & postoparative
fexion conlracture.

2. When using the slot technique, it is sssential to pro-
tect the integrity of the hons bridge. Overreaming
the slat by 1 mm relative to the graft will help allow
the graft to advance easily through the slot.

Conclusion

Ginod and excellent results following allografl meniscus
transplantation approach 85%, with patients demanstrat-
ing n measurahle decrease in pain and increase in activi-
ty lavels (Table 4-1). Persistent symptoms despite menis-
cal allogralt transplantation are most frequently ralated to
improper patient selection, The risk for graft failure
saams to be greatest with radiated grafts and in patients
with grade 3 to 4 usteoarthritic changa. The complica-
tions following meniscus transplant are rare and are

similar to those following meniscus repair, including

incomplete healing of the meniscus rapair, infoction,
arthrofibrosis, and neurovascular injury related to the
maniscus repair lechniques,
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