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L essons Learned From Our First 100
Meniscus Allograft Transplants
In Arthritic Knees
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Abstract: The meniscus performs as a knee joint stabilizer and shock
absorber as the femoral condyle bears weight on the tibia, translating and
rotating on the tibia plateau. A damaged meniscus is often partialy removed
rather than repaired. Patients without an intact meniscus have few choices: live
with the pain, select joint debridement procedures, undergo meniscus all ograft
transplantation or undergo artificia joint replacement. Despite this, meniscus
transplantation has been, until recently, atechnique in its infancy. The proce-
dure can be surgically demanding; however, recent studies suggest that menis-
cus transplantation is a rewarding soft tissue reconstruction that can be useful
for arthritic as well as pristine knees to aleviate pain, restore function, and
ultimately, delay or avoid joint arthroplasty.
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15.1. Introduction

Meniscus allograft transplantation was first performed in humans at the turn
of the century, but the cases by Milachowski in 1986 stimulated renewed
interest in the field [1]. Subsequent to that time, a handful of cases were per-
formed worldwide, but the procedure did not pick up steam until the advent
of organized tissue banks in the late 1990s. Even then, meniscus transplan-
tation lagged far behind other musculoskeletal tissue transplantations, with
only afew thousand performed as late as 2004. The procedure, until recently,
has been in its infancy with many lessons to be learned. This chapter will
review our experience with meniscus allograft transplantation and highlight
the lessons we have learned over the past few years.
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15.2. TheMeniscus: A Clinical Review

The meniscus performs as a knee joint stabilizer and shock absorber as the
femoral condyle bears weight on the tibia, trandlating and rotating on the
tibial plateau. Torn at over 1.2 million times per year in the United States,
and frequently excised rather than repaired, the function of thisjoint cartilage
becomeslost. Asaresult, the knee transmits force abnormally and arthritis and
pain result, often years after excision. Treatment of the damaged meniscus has
progressed from complete excision, which was advocated in the first three-
quarters of the 20th century, to partial excision, and when possible, to repair.
It was appreciated by Ahmed and Burke that the percentage and location of
meniscus excision was related to the increased force concentration on the tibial
plateau, with the most force concentration increase associated with excision of
the posterior one-quarter of the medial meniscus [2].

Preservation of the meniscus by suture repair became dlightly popular with
the advent of arthroscopy and suturing devices popularized by Johnson, Lucas
and Dusek, et a. [3]. However, popularity of the procedure was significantly
limited due to the difficulty in performing the procedure and the belief that only
the most peripheral tears could be repaired. This belief was further enforced
by landmark images published by Arnoczky revealing that only the peripheral
third of the meniscus had ablood supply [4]. The corollary that the inner margin
tears of the avascular portion of the meniscus could not be repaired was not
demonstrated; however, it became incorporated into popular belief.

Subsequent studies by Richard Webber demondrated that the cdlls of the meniscus
could be grown in tissue culture and could migrate [5]. Studies by Stone, et al.
demondirated that the meniscus could be regenerated when provided an appropriate
regeneration template made of GAG cross-linked collagen sponges in both dogs
and humans. Meniscus reconstruction using these templates is referred to as the
“Collagen Meniscus Implant,” or CMI, and has been approved for clinical usein
Europe [6]. Efforts to regrow the entire meniscus after complete meniscectomy
faled in animal models. This observation is mogt likely due to the biomechanical
properties of the scaffold, not the regeneration potential of the meniscus. Limited
regrowth options have left people without an intact meniscus with few choices:
live with pain, select joint debridement procedures, undergo complete meniscus
allograft transplantation, or undergo artificial joint replacement.

15.3. The Meniscus Allogr aft

Early efforts at meniscus alograft replacement in knees with pristine sur-
rounding cartilage appeared to provide pain relief and durability [1, 7-12].
The few instances in which ameniscus allograft was placed in an arthritic knee
were reported with relatively poor results. This became the often-repeated lore
at clinical orthopaedic meetings and in the literature [8, 13-14]. However, the
patients who need meniscus replacement are most commonly the 30— to 60-year-
oldswho have lost their meniscus, often due to sportsin college, with resulting
compartmental arthritic development. These patients wish to continue living
an active lifestyle and want to delay artificial joint arthroplasty until they are
older. To serve this need and to answer the questions, “Can meniscus replace-
ment be performed in an arthritic knee and will it last?’, we conducted a
prospective outcome study and reported the results in the May 2006 issue of
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Can the eburnation be treated with a cartilage grafting procedure?

We have paste grafted bipolar eburnation and performed meniscus transplants,
with or without a concomitant osteotomy, in patients who absolutely refuse
artificial joint replacement and understand the risks of the biologic approach
[16]. One might speculate that an osteotomy aone for Grade IV arthritis
might have been satisfactory, but the documented outcomes for osteotomy are
short-term (five-to-seven years for good to excellent results in 80 percent of
patients), and it isintuitive that if the osteotomy could be augmented by a soft
tissue interpositional arthroplasty (meniscus replacement), then the outcome
might be improved.

Is the majority of the pain isolated to the affected compartment?
If the patient complains of pain throughout the knee, a compartment repair is
not likely to be sufficient.

Is the joint space narrowing seen on X-ray partially due to impingement of
osteophytes, especially at the medial ridge?

If yes, then removal of the osteophytes can reduce the medial pain and result in
ajoint space appearance that is more reflective of the degree of narrowing.

Is the gait severely abnormal due to mechanical alignment reasons or due to
years of favoring and compensation?

Thisis ailmost always the case because anyone living with joint pain changes
their gait, loses muscle definition, wears out their shoes abnormally, and is
often unaware of how much they compensate in life for these deformities. A
careful physical therapy assessment and training program, concurrent with
surgery and for up to a year postoperatively, can dramatically improve the
outcome of the meniscus allograft transplantation procedure.

Is the other knee normal?

If no, correction of one knee without addressing the other knee leads to abnormal
favoring and incomplete satisfaction. Generally, significant bilateral varus
malaignment and eburnation is better treated with joint arthroplasty in middle-
age and older patients. This is not only the case because of the reasons previ-
ously discussed, but also because the demands of the long-term rehabilitation
program and the increased poor outcome risk of bilateral biologic joint recon-
struction seems too high in our minds at thistime. However, this thinking may
change with improved techniques. The primary concern is the axis correction
portion of the reconstruction, which still has arelatively high complication rate
and uncertain outcome in middle-aged and older patients.

Is the knee unstable?

If yes, ligament reconstruction should be performed simultaneously with
meniscus cartilage transplantation. The common scenarios include anterior
cruciate ligament (ACL) deficiency with or without posterolateral corner
laxity, and the combination of posterior cruciate ligament (PCL) laxity and
medial osteoarthritis. Even in the arthritic knee, ligament reconstruction is
beneficial aslong asthe meniscusisreplaced and the arthritic cartilage surface
is treated. The fear that the joint will be made “too tight” and produce more
pain isunfounded. The biggest risk in all of these procedures, but especialy in
the combination ligament and meniscus transplantation cases, is the develop-
ment of arthrofibrosis, which must be combated with an early range-of-motion
(ROM) program.
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Is the cartilage eburnation too far posterior?

Thisisatechnical problem in that the arthroscopic articular cartilage grafting
procedures do not reach the most posterior portions of the femoral condyles.
Conversion to an open procedure may be necessary, but we have not needed
to do thisin our first 200 cartilage paste grafting procedures.

Is the patient contentious and non-compliant?

There is no solution for this, other than going slow and having the surgeon
and rehabilitation team get to know the patient. Non-compliance remains an
absolute contraindication to biologic knee reconstruction.

15.4. What isthe Work-up?

15.4.1. Careful History and Physical

Careful history taking and careful physical examination are crucial initial steps.

In the history taking, the location of pain is one of the early inclusion or
exclusion data points. Pain must be primarily unicompartmental. Subjective
pain and functioning improvement are important considerations in determining
success. A history of litigation, worker’ s compensation conflicts, anger at former
physicians, unwillingnessto take time for the rehabilitation program or unrealistic
expectations of having a*“normal knee” are subjective concerns which, in our
hands, often lead to exclusion.

In the physical exam, observation of the patient walking and attempting to
run (even in short bursts, i.e., “just to get out of the way of an oncoming truck™)
are usualy sufficient to reveal gait abnormalities that are either correctable or
potentially fatal for the biologic repair. Significant posterolateral thrust requires
osteotomy. Collapsing arches with loss of motion in the ankle joints require
treatment with various modalities such as heel wedges and orthotics. Loss of
hip rotation and limping from causes outside of the kneejoint must be addressed
before the consideration of biologic joint reconstruction can proceed.

An instability examination, focusing on the presence of a pivot shift, is con-
ducted to diagnose medial, posterior, or posterolateral instability. These can be
corrected during the same surgery if the diagnosis is made in advance.

The patellofemoral exam is focused not only on the presence of the common
occurrence of crepitus, but aso on the presence of pain with loading. Significant
anterior knee pain post-compartment correction most likely indicates poor
patient selection for biologic treatments, but may be addressed with further
treatment of the osteochondral defects or arthrofibrosis.

The presence of painful medial or lateral osteophytes, although easily
treated, at times requires a small, open incision, as we have found the arthro-
scopic view deceiving. Removing impinging osteophytes leads to improve-
ment in validated subjective questionnaire pain scores (WOMAC, IKDC,
Tegner questionnaires) in our experience.

15.4.2. Careful Imaging Studies

We use current AP, 45-degree PA flexion, lateral, skyline and full-length
hip-to-ankle X-ray images on all knees considered for cartilage replacement.
Wealso use ahigh-field dedicated extremity 1.0 TeslaMRI (ONI Corporation)
for al knees with sequences optimized for cartilage imaging.
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The most important reasons for MRI in the obvioudy arthritic unicompartmen-
tal knee are to be sure of the status of the cartilage in the patellofemoral and
lateral joints, and to assess the degree of osteonecrosis. In our opinion, neither
X-ray nor MRI alone is sufficient. Additionally, for outcomes research of the
cartilage transplantation procedures, preoperative and postoperative MRIs are the
preferred imaging method.

15.4.3. Careful Physical Therapy Assessment

Our in-house therapy team evaluates each patient prior to surgery. The team
initiates an exercise program using modalities such as heel wedges, braces,
gait training, muscle strength assessment and soft tissue treatment techniques
to assist patients to either avoid surgery atogether or to obtain the ideal out-
come. The preoperative physical therapy sessions further serve the crucial
function of identifying patients who would tend to be non-compliant with
proper rehabilitation after surgical intervention.

15.4.4. Careful Nutritional Assessment

The overweight patient presents unique challenges to biologic joint reconstruction
procedures and can be counseled to optimize their weight and training program.
All patients are encouraged to focus on a core strengthening program with a
diet supporting weight loss and strengthening. All patients are encouraged to
use glucosamine as a natural anti-inflammatory and a stimulant to cartilage
repair. A beverage-based supplement (Joint Juice, Inc.) may result in a higher
compliance rate and enhanced bioavailability over pill-based forms.

15.5. Surgical Technique

Our surgica technique was previoudly published [ 18], and our long-term results
[15] will be summarized here with a focus on surgical tips and tricks we have
learned from our first 100 meniscus allograft transplants in arthritic knees.

155.1. Setup

Our “all-arthroscopic” meniscus transplantation technique is accomplished by
having tight control of the femur because the leg often needs to be stressed in
the oblique direction. This can only be accomplished with a circumferential
leg holder. We prefer the Smith and Nephew Surgical Assistant Leg Holder
(Smith and Nephew Inc., Memphis, Tennessee). Leg posts, human holders and
open “U” designs do not permit the same angulation and easy visualization
of the knee, especially for the posterior edges of the menisci. The end of the
operating room tableis either fully bent or removed. Instruments are placed on
aMayo stand above the patient’ s abdomen. No tourniquet is used; water pump
infiltration provides homeostasis without the time pressure of the tourniquet.

155.2. Surgical Tips

155.2.1 Initial Preparation: Visualization
A complete arthroscopy and treatment of other issues, such as ligament insta-
bility, precedes meniscus transplantation. However, if an ACL reconstruction
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isto be performed, drill the holes but do not place the allograft until the end of
surgery, to allow for the extra laxity necessary for visualization.

The next step to improve visudization is to trim the edges of the remaining
meniscus cartilage, thereby freshening the blood supply while maintaining the rim
of the meniscus to receive the dlograft. Preserving the rim is the key to prevent-
ing subluxation into the medial or lateral gutter and “shrinkage” of the alograft.
Avoid using any dectrocautery or bipolar units on the meniscus, as blood supply
determinestherate of healing. The trick to trimming the anterior one-quarter of the
meniscusisto use abackbiter, both right- and | eft-sided. The meniscusisthen nee-
dled using asmooth drill pin passed through an AO-drill guide, modified by round-
ing thetip of the guide to diminish the chance of scuffing the surrounding articular
cartilage. The needling brings in a new blood supply and creates channels for cdl-
[ular ingrowth [17]. On the media aspect, the needle is passed repestedly through
themedial collaterd ligament, creating a“ Swiss cheese” effect. When valgusforce
is applied, opening of the joint is permitted even in the tightest of knees.

155.2.2. Medial Meniscus

155.2.21. Tunne Placement: The three-tunnel technique for the media
meniscus requires that the three holes be placed optimally for meniscus insertion
and fixation [18]. The pogterior hole is made with a custom-modified guide that
has a concave superior curvature to allow passage under the femoral condyle.
The tip has a spoon to protect againgt unfortunate drill passage into the posterior
neurovascular structures. The tip of the guide has a point, which must be placed
at the bottom of the posterior medial eminence next to the PCL insertion. A drill
pin is passed from the anterior tibia cortex into the spoon while watching and
feeling the pin to avoid past-pointing. A 7mm cannulated drill is then driven
over the pin under direct visuaization, with a curved curette positioned to catch
the drill pin. If the guide pin is placed higher up or more anterior on the tibia
plateau, the resulting anterior edge of the 7mm hole will permit anterior sub-
luxation of the meniscus, resulting in either tearing of the posterior horn or loss of
flexion. Thisisthe most common mistake in media meniscus transplantation.

The 7mm drill is left in place and a suture passer with a #1 nylon loop is
passed up the bore and brought out through the media portal. The drill is
then removed. Prior to pulling out the nylon loop, the media portal must be
thoroughly cleared of soft tissue or else the implant will catch upon insertion.
We use a large shaver, followed by an oval obturator and then followed by a
large clamp spread wide in the 2cm portal. Failure to do this leads to much
frustration upon allograft insertion.

The second hole is placed one-quarter of the way around the tibia from the
posterior insertion; approximately 1cm away, but still facing the posterior
aspect of the knee, not around the corner facing the medial aspect. A
4.5mm cannulated drill is used here, since the meniscus will not be dunked
into the hole. A blue PDS® suture loop is passed and brought out through the
medial portal. Different size clamps are utilized to keep the sutures sorted.

The third, anterior, hole is placed by identifying the natura insertion site
of the recipient, which is often over the anterior edge of the tibial plateau.
A straight AO guide is placed followed by a drill pin buried only 1cm into
the bone. This is over-drilled with the 7mm drill through the media portal
to a depth of 1cm, thereby creating a socket to insert the anterior horn of the
meniscus. A triangle drill guideis placed into the socket and apin placed from
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the anterior medial tibial cortex to the tip of the guide and then over-drilled
with the 4.5mm cannulated drill. Again, a nylon suture loop is passed and
exited through the medial portal.

155.2.2.2. Graft Preparation: Next, the meniscus alograft is prepared on
the back table by separating it from the tibial plateau with aknife, retaining the
periosteum at the anterior and posterior ligamentous horn insertions. A different
colored, strong permanent suture is then weaved into the horns and the posterior
quarter, matching the distance from the horn to the posterior hole. The bottom of
the meniscusis marked with a skin marker to create “Walgenbach” lines, which
assist in the differentiation between the top and bottom of the allograft should
twisting occur. The horns and corner stitches are loaded into the loop stitches
and pulled into the knee. A common mistake is twisting the posterior and cor-
ner stitches onto each other, which prevents seating of the alograft. This must
be identified, and the meniscus must be removed and untwisted. Once sested,
clamps are placed on the suture against the anterior tibia as temporary fixation.

155.2.2.3. Graft Fixation: We prefer an inside-out suture technique, utilizing
curved, cannulated guides. We avoid making large open posterior, medid or lat-
eral incisions and instead prefer making two or three small stab wounds, which
can be stretched to retrieve the passed suture needles. We use 10-inch needles
with PDS® suture, taking care to pass them both above and below the meniscus
invertical stitch orientation. It isimportant to note that the bottom of the allograft
must be sewn to the bottom of the meniscus remnant rim; the top of the alograft
to the top of the meniscus remnant. Avoid sewing directly to the synovium or the
meniscus will sublux into the gutter. We sew from back to front, changing the
angle for the guides as needed. When the meniscus looks balanced, the anterior,
corner and posterior permanent sutures are tied while visuaizing the tension on
the meniscus. These sutures are tied prior to tying the knots on the middie of the
meniscus to avoid pulling the horns away from the tunnel insertions. To tie the
most anterior aspect of the meniscus, we use Caspari suture guides to pass two
stitches and tie those to the anterior meniscus rim through the incision.

Finally, the knee is taken through a full range of motion and meniscus sta-
bility is checked with a probe.

155.2.3. Lateral Meniscus

The lateral meniscus insertion varies only in that a trough is made with #5.5
round burr between the anterior and posterior horns, and is checked with a
curved curette. 4.5 mm drill holes are placed at either edge of the trough and
sutures are passed. The meniscus alograft is trimmed with an oscillating saw
and osteotomes to a5 mm-wide block. The anterior corner and posterior sutures
are placed as described above, and the meniscus is inserted with manual pres-
sure through the slightly widened medial portal and pulled to the lateral side.

15.6. Postoperative Rehabilitation

The primary goal of the meniscus allograft rehabilitation protocol is to pro-
tect and preserve the alograft, with a secondary goal of restoring range of
motion. General considerations include partial weight bearing status for four
weeks postoperatively; 10 percent to 20 percent toe touch for one to two
weeks; a hinged rehabilitation brace locked in full extension for four weeks
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postoperatively, unless otherwise indicated; regular assessment of gait to avoid
compensatory patterns, regular manual mobilizations to surgical wounds and
associated soft tissue to decrease the incidence of fibrosis;, no resisted leg
extension machines; no high-impact, cutting, or twisting activities for at least
four months postoperatively; and stretching five times daily by bending the
knee back as far as tolerated for 10 seconds.

The rehabilitation protocol can be described in two phases. a maximal pro-
tective phase and a moderate protective phase. The maximal protective phase
is from weeks 1 to 4, and includes activities as follows:

Week 1.

« M.D. visit Day One postop to change dressing and review home program

« Icing and elevation regularly. Aim for five times per day, 15 to 20 minutes
each time

« Cryotherapy machine as directed

« Soft tissue treatments to musculature for edema and pain control

« Daily manual patella glides (up/down/side-to-side) by therapist and patient

« Exercises:

« Straight leg raise exercises (lying, seated, and standing): quadriceps/adduc-
tion/abduction/gluteal sets

« Twice daily passive and active range-of-motion exercises

« Theraband calf presses

« Well-leg stationary cycling

« Upper body training

« Coreftrunk training

Weeks 2 to 4:

« M.D. visit at eight-to-ten days postop for suture removal and check-up

o GENTLE and BRIEF pool/deep-water workouts after the first eight-to-
ten days and with the use of a brace. No more than 30 minutes per workout
and no more than three workouts per week

« Continue with pain control, gentle range-of-motion and soft tissue treatments
M.D. visit a four weeks post-op

The moderate protective phase is from four-to-twelve weeks and includes
stretching, manual treatments to restore range-of-motion, the introduction of
functional exercises (i.e., partial squats, calf raises and proprioception exer-
cises), road cycling astolerated, slow walking on alow-impact treadmill and
lateral training. Exercisesincreasingly focus on single-leg exercises, strength
training and sport-specific training for a gradual return to activities.

Weeks 5 to 6:

« Patients progress to full weight bearing and discontinue use of rehab brace

« Increase stretching and manual treatments to improve knee range-of-motion
Extension should be full and flexion should be near 100 degrees

« Incorporate functional exercises (i.e., partial squats, calf raises, mini step-
ups, light leg pressing and proprioception)

« Stationary bike and progressing to road cycling as tolerated

« Slow walking on treadmill for gait training (preferably alow-impact treadmill)

« Gait training to normalize movement patterns
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Weeks 7 to 8:

« Increase the intensity of functional exercises (i.e., cautiously increase depth
of closed-chain exercises, shuttle/leg press). Do not overload closed- or
open-chain exercises

« Continue to emphasize normal gait patterns

 Range-of-motion: Full extension and flexion to 120 degrees

Weeks 9 to 12;

« Add laterd training exercises (side step-ups, Theraband resisted side-stepping,
and lateral stepping)

« Introduce more progressive single-leg exercise

« Patients should be pursuing a home program with emphasis on sport/activity-
specific training

« Range of motion should be near normal
Weeks 13 to 16:

o Low-impact activities until 16 weeks
« Increase intensity of strength and functional training for gradual return to
activities

15.7. Summary of Published Results

The published data of our prospective, longitudinal surviva study of meniscus
alograft replacement presents survival data at least two years from surgery for
45 patients with significant arthrosis (47 alografts) to determine if the meniscus
can survive in an arthritic joint (Table 15.1). Data was collected for 31 men and
14 women, with mean age of 48 years (range: 14 to 69 years), with preoperative
evidence of sgnificant arthrosis and an Outerbridge classification greater than 1.
Failure was established by previous studiesasallograft remova. No patient waslost
to follow-up. The success rate was 42 of 47 alografts (89.4 percent) with amean
failure time of 4.4 years as assessed by Kaplan-Meier surviva analysis. Statitical
power was greater than 0.9, with oo = 0.05 and N = 47. There was significant mean
improvement in preoperative versus postoperative salf-reported measures of pain,
activity, and functioning, with p = .001, p = .004 and p = .001, respectively, as
assessed by a Wilcoxon rank-sum test with significance set asp < .05.

In this series, 29 dlografts were cryopreserved (62 percent) and 18 were fresh-
frozen dlograft material (38 percent). Four of thefive failures (80 percent) were of
cryopreserved adlograft materia. A satistically significant failurerate based ondlo-
graft material was not observed, possibly because of the low number of failures.

Meniscus allografts can survive in joints with arthrosis, which challenges
the contraindications of age and arthrosis severity. Figure 15.2 is representa
tive of the level of arthrosis and long-term outcome observed in patients of
this study. These results compare favorably with those in previous reports of
meniscus allograft survival in patients without arthrosis [1, 7-12, 15].

15.8. Future Trends and Needs

Our experience confirms that a meniscus allograft can survive for two-to-
seven years in the presence of chondromalacia in the same compartment.
Whether it functions as a normal meniscus, or simply as an interpositional
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