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The menisci play a crucial role in knee function through optimizing contact mechanics (increasing contact area
and distributing contact stresses), providing anteroposterior stability, articular cartilage nutrition and
proprioception. It is well known that the post-meniscectomized knee can lead to degenerative changes that result
in significant pain and disability. Meniscal transplantation attempts to restore the normal structure and function to
the knee joint. Several studies suggest that anatomic bony fixation of the anterior and posterior horns are
necessary to approximate normal knee contact mechanics. The purpose of this chapter is to describe the
indications, preoperative planning, operative technique, postoperative rehabilitation, and results of the bone
bridge in slot technique for meniscal allograft transplantation.
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It is well known that after a meniscectomy degenerative
changes are more likely to evolve.'* Today, surgeons
place a premium on saving the meniscus whenever pos-
sible. Unfortunately, there remain a large number of pa-
tients who have undergone prior meniscectomy. Addi-
tionally, irreparable meniscus tears do occur leading to an
at-risk population for the development of postmeniscec-
tomy arthrosis. The poor function and disability associ-
ated with the symptomatic meniscectomized knee is the
impetus behind meniscus transplantation. Meniscus re-
placement is performed in an effort to restore normal knee
biomechanics and stave off the progression of degenera-
tive change. The first meniscal transplant was performed
in 1984.> Since then, several studies have demonstrated
that meniscus transplantation increases contact area and
decreases contact pressure and meniscectomy-related im-
pairment.6-8

There are several techniques for allograft meniscus
transplantation. A bone bridge technique (where the rela-
tionship between the anterior and posterior horns is main-
tained through a bony connection) has been used for sev-
eral years.” We use a system developed in collaboration
with two of the senior authors (JF and BJC) produced by
Regeneration Technologies Incorporated (Alachua, FL).
Potential advantages include: 1) maintaining the proper
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relationship between the anterior and posterior horn at-
tachment sites, 2) decreasing positional error 3) and firm
anatomic attachments allowing the meniscus to “capture
the femoral condyle” potentially restoring meniscus func-
tion and normalizing tibiofemoral contact pressures. The
technique of preparing the donor meniscus bone bridge
and recipient slot is presented in this article.

INDICATIONS

The indications for transplantation continue to evolve as
the benefits become better elucidated. Fundamental re-
quirements include a stable knee, the absence of ipsilateral
angular malalignment, and low grade arthrosis. The ideal
candidate for allograft meniscus transplantation is the
symptomatic patients with prior meniscectomy, persistent
pain in the involved compartment with relatively intact
articular cartilage (ie, less than grade III), normal align-
ment, and a stable joint. There is no upper chronological
age limit, but it is the author’s experience that patients
older than 50 years have commonly developed a degree of
arthritis that prevents them from being a candidate for the
procedure.

Simultaneous or staged ligament reconstruction or re-
alignment procedures are performed as indicated. Even a
few degrees of angular malalignment with deviation to-
ward the involved compartment compared with the con-
tralateral limb is an indication for osteotomy. Significant
articular disease (ie, late grade III or IV) and radiographic
femoral condyle flattening or marked osteophyte forma-
tion are generally associated with inferior results and are
considered the most common contraindications. Localized
chondral defects should be treated concomitantly. Addi-
tional contraindications include inflammatory arthritis,
obesity, and previous infection. Most importantly, despite
data supporting the potential of meniscus allograft trans-
plantation to prevent the onset or progression of postme-
niscectomy arthrosis, it remains critical that patients are
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Fig 1. (A) Anteroposterior and (B) lateral radiograph with measurements corrected for magnification used to determine the

appropriately sized meniscus allograft (see toxt for details).

sufficiently symptomatic to warrant and benefit from this
complex inbervention,

GRAFT SELECTION

There are several graft choices available which include
i ':-i|1.. fresh |I'l'.'l.'-':-L“TI.- ﬂr'u.l -;.'r:c-.1pn~:-\.-e'|".'|.'|.1. Present r-:-:al:an'h

demonstrates no clear advantage to transplanting a graft
wilth viable fibro-chondrocytes. Frozen grifts mesult i non-
viable fibro-chondrocytes, however the collagen frame-
work is largely preserved in nonhuman studies,'" Cryo-
preserved  grafts are frozen in glyoerol to preserve cell
membrane and donor oell 1.'i.||'|i|111_.-'." Either method is
acceplable.

Fig 2. (A) Arthroscopic view of a right knee of a 34-year-old male who had his lateral meniscus removed 5 years préviously
before and (B) after meniscal proparation with debridement to the periphery of he meniscocapsular junation,
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Fig 3. Arthroscopic view of an 18 gauge spinal needks
placed percutanecusly to determine the appropriate location
of the trans-patellar tendon incision established in line with
the anterior and pasterior hom insertion siles.

Fig 4. Clinkcal photograph demonstrating the kocation of the trans-patellar tendon incision placed Just centrad to the ipsilateral working
portal within the lateral one-third of the patellar fendon extending from the inferior pole of the patedia to the level of the joint lina,
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Fig 5. ([A) Arthroscopic view of the
deplh gauge arm seated within the
provisional slot created with an ar-
throscopic burr, (B) Clinical photo-
grapgh of the drill guide in place with
the guide position determined by a
guide pin placed through the drill
guide assembly.
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Fig & (A) Clinical photograph of the
cannulated reamer placed over the
guide wire used to predrill the slol. (B)
Arthroscopically, the reamer head
should be directly visualized,
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Fig 7. (A) Clinlcal photograph of the
box cutting guide used to convert the
cylindrical hole into the rectamgular
slat. (B) Arihroscopic wisualizatien ol
the box cutting guide s important to
avold “snowplowing” beneath the ar-
ticular surface @s the guide s
advanced,
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Fig B. (A} Clinical and (B} arthro-
scopic view of the rectangular rasp
used o finish the slot and enlarge |t
slightly 1o create & relatively loosa fit
for the meniscus as it is inserted into
the rectangular slot,
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Fig 8. Arthroscopic vha-wufﬂnalahlprlpamdﬂl‘h all soft
tissue and bone removed from entrance,

PREOPERATIVE PLANNING

ﬂ|aE|"||'r§|h|.' I Earg inchudes a standard wv;q;h'l'-h['rlri.n,g,
anteroposterior [AFP) radiograph of both knees in full ex-
tension, a nonweightbearing 45° flexion lateral view and
an axial view of the patellofemoral joint. Additionally, a
457 flexion weight-bearing  posteroanterior (PA) radio-
graph is recommended to belp identify subtle joint space
narrowing that traditional extension views may fail o
identify. Preoperative magnetic resonance imaging (MEI)
is not imperative, bul may provide some information re-
garding the condition of the articular surface and binlogic
activity of the subchondral bone {ie, subchondral edema).

Allograft sizing is performed from plain AT and lateral
radiographs following correction for magnification ag de-

Fig10. Meniscal sizing block is used
io assure 8 uniform rectangular me-
niacal bone block.
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scribied by Follard and co-workers™® A standard AP and
tateral radiograph is taken with a 10-cm template to adjust
for magnification, The sagittal length of the medial menis-
cus is 80% and the lateral meniscus is 70% of the anterioe-
to-posterior tibial plateau dimension measured from lat-
cral radiographs, The coronal width of the medial and
lateral menisci nearly eguals the distance from the respec-
tive tiblal eminence to the periphery of the tibial compart-
ment on AP filmas {Fig 1).

SURGICAL TECHNIQUE

ARTHROSCOPY

Arthroscopy is inibated with medial and lateral parapa-
tellar portals. Diagnostic arthroscopy s performed o con-
firm the pathology and to remove the remnant meniscus to
the vascular edge of the meniscus-capsular junction with-
ot compromising the symovial lining (Fig 2.

A standard meniscus repair exposure positioned in line
with the respective femoral epicondyle situated one-third
above the joint ling and two-thirds below the joint line is
required to protect the meurovascular structures during
inside-out meniscus repair. A Henning retractor [Linvatec,
Largo, FL) is placed through this incision anterior to the
gastrocnemius tendon fo aid in directing the needles away
from the F:‘:If‘:lii‘{a:'l glructures and preventing ||'|||.|.r:..I ks
neurovascular struchures,

Attention is returned to the intra-articular arthroscopy.
An 18-gauge needle is used percutaneously to identify the
location of the meniscal slot. If should line ap with e
anterior and posterior homs of the meniscus (Fig 3. A
3m incision is then made. This typically will be in line
with the patellar tendon just central to the ipsilateral
working portal incising within the medial {medial menis-
cus) or lateral (lateral meniscus) one third of the patellar
tendon. While only the inferior half of this incision is used
|:'||l::|..'|||i!|.'J it will be extended from the inferior p||1|._' bov Bl
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leviel ot I|'|'!-:l'|'l limee ab e tme of mieniscus inscrkson i|_-|

45 A burr and radiofrequency device are used throwgh
this incistom b dey |'|-:l|:l a superhoal |ur|| 2o 3 mm deep,
which allows the dell gubde amy o be seabed into this
shallow tunnel. The guide pin s drlled throoeh the e
rior hole of the drill guide handle just o the posterios
corbex o thwe tibva, but not through it (Fig 5k An S-mm
cannulabed deill is placed over the guide pin and gently
advanced b the posterior cortex of thae tibla (Fig @), To
convert the subehondral circular hobe o an mtra-articu
lar slist, the & mm bos cutbing goide s centensd within the
opening of the newly drilled tunnel created bencath the
tibial surface and gently advanced while visualizig the
vertical Bnes of the guide intra-articularly o avoid wder-
g or “smivwplowing” beneath the tibial surfasce (Fig
71 The slot s cleanied of remaining debris using a pituitary
rongeur or arthriscopic grasper and contoured using the
I-sidid rectamgular V-
final slot is B mm in width amd 100 mm in depth (Fig @),

ard B-mm langd rasp (Fig 8), The

152

Fig 11, Clinical photograph of the
meniscus befors inserfion through
the mini-arthrotomy  placed in lins
with the lateral third of the patellar
tendon. Mote the traction sutures ex-
iting the posterolaleral incision with
the neurovescular siruciures being
protected by a Henning retractor.

ALLOGRAFT MENISCUS PREFPARATION

e graft 5 thorouehly thawed o stenle saline, Soft tissoe
capsular remnants and excess Hssue around the antemon
and posterior homs is excised. An oscillating saw s used
to create a Y-mm wide bone bridge that fully iscorparates
the bony insertion of the meniscal horms. A transverse cul
marde parallel tooa line made 1 om below the anterior and
posterior horms s then made. Fimally, any excess bone
posterior to the posterlor bormn inserbon s removed b
allow full posterior seating of the geaft within the slot. The
prepared graft is sized using the rectamgular sizing block
A Mo I monotilament traction sulure is placed at the
umchion of the body and posterior horms wsing a boeleoa-
tal mvaitress B |11'|'.||||-.' {Fise 10k

INSERTING THE MENISCLS

A nitenaol Pill tArthrex, lnc., "'«1.||1|-:'h. | TS |1|.'u o '.|1r|'-||;_"|
a #one specific cannula and directed toward the postero
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Fig 12. (&) Open and {B) arthroscopic
view of Ihe corfical bone interference
screw approximated against the me-
niscus bone bridge within the recipi-
ent slol.
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Fig 13, Arthroscopic view of the meniscus after inside-out
menisous repair.

lateral {lateral menscus transplant) comer of the knee
puant. The loop end s then retrieved from within Hre
incizion created carlios through the patellar tendon. The
Mo, O monofilament suture ends are placed in the loop end
oof the nibenaol pin and the pin is then pulled owt the knee
I"r'.rllll:l.',h ther CvesenTy rll,-:-hl_|_-|'-;|.':.5|:|_lr.|| mrniscal :’||I'H._|ir mi=

suwm (Fig 115 During this step the knee mav be fesed
slightly and a varus load placed to open the lateral joint
space. As the meniscus is pulled into the joint, the bone
block is carefully seated in the prepared slat, The knee is
cycled several Himes fo seal the meniscus argrbormiscally
relative to the tbia and femur before fixation.

The block and slat are then tapped with a 7 tap placed
centedl o bone block =0 as to compress the block and
menisous toward the ipsilateral compartment. Usaally 4 7
mm % 20 mm Cortical [nberference bome scrow (BT Als-
chua, FL} is placed (Fig 12). The meniscus is then sutured
to the periphery of the knee. This is performed with B to 10
vertical mattress sutures LESIng M 2 ko 1 Ethibond {Ftha
con, Ine., Somerville, M) placed on the dorsal and vengral
surtace of the meniscus (Fig 13). The most anterior portion
of the meniscus may need o be sutured with a combined
open and arthroscopic technigue

REHABILITATION

Postopeeative treatment alter allograft meniseus replace-
ment is similar b autorenous meniscal repairs. We divide
our protocol into throe PI.I'\..I"".-\". Phass one imvolves the first
& wevks, For the first by postopseralivie woeks, partal
weight bearing is allowed in a hinged-knee immobilizes
Iocked in Full extension. Heel slides, quadd sets, patellas
rrl”bilia"..'l”'.ll'l_. anid 'hfhliL."l-:-I[ |l.':..'. TSty ang |_'||_l|_;||_l1 inmicdi-
ately with the brace unlocked. From 2 to 6 weeks, wirighi
bearing is allowed as tolerated with crutches and at 4

Fig 14. Postoperative radiographs at 6 months. (A) Anteroposterior and (B) lateral radiograph demonstrating excellent bona
bridge incorporation within the slat and the cortical interference screw adjacent to the Brridga.
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weeks, crutches are discontinued if gait has normalized.
The brace is discontinued at 6 weeks if the patient can
ambulate without a limp. Exercises are advanced to allow
closed chain exercises and terminal knee extensions.
Weight bearing with flexion beyond 90° is minimized for
the first six postoperative weeks.

Phase II (8 to 12 weeks postoperative) allows full weight
bearing without crutches and full active range of motion.
Progression of closed chain activities continues, hamstring
work is initiated, lunges are allowed from 0 to 90° of
flexion, and proprioception exercises and leg presses are
permitted from 0 to 90°.

Phase IIl (12 to 16 weeks postoperative) exercises are
progressed from phase II with the addition of functional
activities such as single leg hops, a slow progression of
in-line jogging to running, plyometrics, slideboard, and
sport specific drills. Full activities are permitted at 4 to 6
months.

RESULTS

The results of meniscal allograft transplantation have been
published by a variety of authors with good and excellent
results ranging from 50 to 100% with follow-up as long as
14 years.'3-2 Poor results are generally associated with the
use of irradiated menisci, the absence of bony fixation of
the meniscal insertion sites and in patients who have
grade IV change in the involved compartment.

Between September 1997 and September 2002, the se-
nior author (BJC) performed 86 transplants with 38 pa-
tients having a minimum follow-up of 24 months. Of the
38 patients, two failed within 12 months leaving 36 pa-
tients for evaluation. In this series, all medial meniscus
transplants (23) were performed using the double bone
plug technique, and all lateral (13) were performed using
the keyhole technique (Arthrex, Inc., Naples, FL). Twenty
patients underwent isolated meniscus transplantation and
16 patients had combined procedures. Overall, there were
significant improvements in Modified Cincinnati, IKDC,
Lysholm, and SF-12 physical component scores. Eighty-six
percent were completely satisfied with the procedure and
94% said they would have the surgery again.

As this is a relatively new technique, there are no pub-
lished results that specifically report on the bridge in slot
configuration. Two of the authors (BJC and JF) recently
reviewed the first 34 patients treated using the bridge in
slot technique. At an average of 12 months (range, 6 to 24)
after surgery, all bone bridges were healed radiographi-
cally and there was no evidence of bone bridge migration
or displacement in either the anteroposterior or superoin-
ferior direction (Fig 14). The allograft cortical bone inter-
ference screw maintained its original position within the
tibial tunnel in all cases and demonstrated varying de-
grees of incorporation depending on the latest follow-up
time point. There were no tibial radiolucencies or cystic
lucencies noted on any of the follow-up radiographs.

CONCLUSIONS

Symptom relief after allograft meniscus transplantation is
predictable even at midterm follow-up providing that the

BONE BRIDGE IN SLOT TECHNIQUE

indications are adhered to (ie, contraindicating patients
with grade IV change) and that all comorbidities are ad-
dressed (ie, ligament insufficiency, malalignment). Clini-
cal results demonstrate their effectiveness in alleviating
pain, swelling and in improving knee function. The pro-
cedure is technically challenging and warrants reproduc-
ible techniques. The bridge in slot technique is a relatively
straight-forward approach that overcomes some of the
limitations of other bone bridge procedures. The proce-
dure can be performed for both medial and lateral menis-
cus allograft reconstruction and has the additional benefit
of generally shorter operating room times and reliable
anatomic fixation through the use of the cortical bone
interference screw.
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