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The aim of the study was to assess the clinical, radiological and
histological characteristics of deep frozen meniscal allograft for the
rabbit knee.

Eighteen (18) New Zealand white rabbits were operated on both
Knees and evaluated at three time intervals: after 2 weeks (first group),
8 weeks (second group) and 36 weeks (third group). Left knees
without meniscal transplantation, served as the controls.

Meniscal grafts obtained from other rabbits were stored in a
deep freeze at -17 °C when required deep frozen menisci were
thawed in sterife saline and transplanted in the place of the removed
right medial meniscus of the experimental animal.

The general condition, operated knees and X-ray pictures were
monitored. After sacrifice the meniscal allografts were histologically
analyzed .

There were no adverse clinical and radiological pathological
findings after transplantation, while in the control group changes were
noted.

At histological evaluation, 2 weeks affer transplantation the
collagen fibers were not oriented and there was a low cell population.
Vascularity was observed in the second group, with cell repopulation
and young immature collagen fibers. In the third group at 36 weeks the
collagen tissue was more mature, with significant cell repopulation.

We may conclude that deep frozen meniscal allografts show
significant collagen remodeling and cellular repopulation. New
menisci protect the underlying cartifage. Thus this procedure appears
beneficial in cases where there is no possibility to reconstruct the
meniscal lesion.

Key words: meniscus allograft, transplantation, knee, surgery.



o
N
-

Acta Veterinaria (Beograd), Vol. 52. No. 4, 249-258, 2002.
| asic A et al. Meniscus transplantation in the rabbit knee joint using a deep frozen
meniscus allografi- patohistological picture

INTRODUCTION

The significance of the meniscus in knee joint function and maintenance IS
very well established. Tnhe removal of the meniscus induces changes on contact
surfaces (Fukubayashietal., 1980) and alterations in the distribution of force in the
joint, resulting in osteoarthrosis. |t was noted that late results following total
meniscectomy were not satisfactory as only 10%-15% of patients were without
any discomfort or symptoms (Tapper and Hoover, 1969). These degenerative
changes were particularly pronounced in concurrent and associated lesions oOf
he meniscus and anterior cruciate ligament _LCA deficient knee ( Thompson and
Fu, 1999). Therefore, one should try to keep the meniscus preserved whenever it
is possible. Thus, the method of choice in meniscal lesions is meniscal repair,
whenever it is possible. (Verdonk, 1997). On the other hand, in earlier total
meniscectomy or in the case of an extensive degenerative meniscal lesion, where

reconstruction is not possible (80% of cases), transplantation of the Meniscus Is
necessary (Kuhn and Woyts 1896, Verdonk 1997).

The aim of our experimental study was to obtain data about the process of
cell repopulation, maturation of connective tissue In transplanted menisci and
data about the knee joint cartilage inthe operated knee. The evaluation was based
on the analysis of macroscopic, radiological and patohistological features of the
transplant. The rabbit knee was used as an experimental model. 10 obtain a

time-sequenced histological picture during a 6 month period,

MATERIAL AND METHODS

Experimental animals

In our study 18 rabbits of the New Zealand breed, weighing 2-3 kg, were
used. In all experimental animals, medial menisci of the right knees were replaced
with deep-frozen meniscal allografts provided by total meniscectomy from other
matched rabbits in aseptic conditions.

Technique of graft preservation and storage. Meniscal grafts, taken under
aseptic conditions were stored in a deep-freeze at the temperature of 7 C .

Surgical technique of meniscus transplantation. Experimental animals were
anesthetized with a combination of Ketalar (0.2mg) and atropine sulfate
(0.1mg/kg of body weight), together with antibiotic treatment (Tolycar, 0.5g).
Through the medial parapateral approach medial meniscectomy was done and a
previously obtained meniscal graft was transplanted and sutured to the capsule
and synovial membrane with 4-5 resorption sutures. The wound was closed In
layers. The experimental animals were immobilized only with a fixed dressing that
aliowed resting on their leg as soon &s they were free of pain. Antibiotics were
prophylactically ad ministered for 5 to 7 days following surgery.

The control group consisted of contralateral, knees of same animals where
meniscectomy was performed without subsequent transplantation.

Clinical evaluation of the wound was made during dressing.

Radiological analysis. The operated knees were radiologically evaluated by
analysis of anteroposterior and lateral views.

Macroscopic analysis (Qross findings). After 2, 8 and 36 weeks (group 1, I,
1), the experimental animals were sacrificed with barbiturates, and, after medial
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arthrotomy of the meniscus, cartilage and synovial membrane were evaluated
macroscopically.

Pathohistological analysis. The entire meniscal transplants were excised,
fixed in 10% of buffered formaldehyde solution and sections of S5um thick
specimens were stained by the following methods: hematoxylin-eosin (HE),
periodic acid shift (PAS), Van Gieson, Paff Halmi, Masson Trichrome,Von Kosaa.

RESULTS

Clinical results: After the transplantation, the experimental animals were
clinically evaluated. Their body weight and temperature were measured and the
wounds were inspected. No signs of wound infection were recorded.

Radiological evaluation of antero-posterior and lateral views of operated
knee joints revealed no degenerative changes within these groups in terms of
subchondral sclerosis, cysts, osteophytes or narrowing of the intraarticular space

(Fig.1).

Figure 1. X-ray picture of operated knee joint, after 36 weeks, showing no degenerative changes.

In the control group, marked subchondral sclerosis and joint space
narrowing were noted.
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Gross findings: In the first group of experimental animals (sacrificed two
weeks after surgery), macroscopic evaluation revealed a transplanted meniscus
of normal appearance but moditied much darker colorand less shiny than normal.

In groups |l and Ill (sacrificed after 8 and 36 weeks), respectively, the
transplanted menisci had normal appearance, color and strength. There were no
gross signs of infection. Degree | degenerative changes of cartilage were evident
in two cases only after 4 to 5 months but there was no extensive destruction of
cartilage.

Histological analysis showed a marked decrease of the cellular population,
especially in the first group of experimental animals sacrificed after two weeks.
Thus, collagen fibers were not oriented in a parallel manner and the lacunae were
empty i.e. a low cell population was noted (Fig. 2).
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Figure 2. Meniscal allograft with marked cell depopulation and unoriented collagen fibers - two weeks
after operation, (Massan Trichrome staining, 10X)

The synovial membrane was hypertrophic, but with no signs of inflammation
or immune response. Histological evaluation of the cartilage underlying the
transplanted meniscus showed no pathologic changes.

In the second group of experimental animals (sacrificed after 8 weeks), cell
repopulation of the fibrochondroblast type had occurred, particularly at the
meniscal circumference. with better orientation of immature collagen fibers (Von
Kossas staining - red stain)- Fig 3.

There was fibroblast proliferation and the meniscal transplants and joint

capsules were healed by fibrovascular scar tissue. The underlying bone was
preserved.

In the third group of animals (sacrificed 36 weeks after surgery), cell
repopulation was marked as well as revascularization at the meniscal-capsular
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Figure 3. Specimen of the allograft with manifest cellular repopulation , 8 weeks after operation,

(Hematoxylin - eosin - H&E, 25X
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Figure 4. Young and immature collagen fibers in a specimen from the third group - 36 weeks after

operation,

(H&E 10X)
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Figure 5. Afew old collagen fibers remained (arrows), 36 weeks after operation, {Masson Trichrome
staining, 10X)
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Figure 6. Under the meniscal transplant (A), visible preserved subchondral cartilage (B) and normal
bone (C), 36 weeks after operation, (H&E, 10 X)
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Histological stuudy revealed almost normal appearance of the meniscus
with young connective tissue and preserved subchondral cartilage, with no signs
of degenerative changes (Fig. 6). Inthe control group there was marked fibrilation
and loosening of the cartilage tissue (Fig.7)
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Figure 7. Control group (meniscectomy), 36 weeks after operation-meniscectomy, without meniscus
replacement , showing gross chondral lesion (H&E, 10X)

DISCUSSION

The goal of meniscal transplantation is survival of the implanted allograft
and achivement of the appearance and function of a normal meniscus, which
would prevent cartilage destruction that may arise after total meniscectomy
(Arnoczky et al., 1989, Fabbriciany et al., 1996, Kohn et al., 1999).

Our results confirmed that there was no significant immune response. The
meniscal tissue is considered “immunologically privileged” due to several factors:
avascularization, the relatively small number of cells and their isolation from the
nost immune system (Fabbriciani et al., 1996, Ochi et al., 1995, Langer, 1975).

Cansidering the problem of obtaining a fresh meniscal allograft (time limited
to 4-6 hours following the clinical death of the donor) and the high risk of infectious
disease transmission, particularly HIV (Nemzek et al., 1994, Verdonk, 1997, Buck
et al, 1988), the deep freezing storage technique becomes advisible. We have

demonstrated that implant quality and utility of meniscal allograft stored in a
deep-freeze are maintened.

In our study, significant cell repopulation of the meniscus and
transformation of fibroblasts into chondroblasts as well as formation of
new-young connective tissue had already developed after 8 weeks.
Time-conditioned cell repopulation of allografts and formation of new collagen
fibers have been reported by other authors (Mikic et al., 1997, Fabbriciani et al.,
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1997,). In our cases as well as in other authors studies (Aagaard et al., 1999,
cCummins et al., 1997) the cartilage was protected in the area overlaid by the
transplant. Special attention should be paid both to meniscal allograft positioning
and the fixation technigue and also to appropriate allograft size ( Pollard 1995,
Alhalki ef al., 1999, Lazovicetal, a, b 1997.).

On the basis of this experimental study showing graft survival and
maturation as well as the protected knee cartilage in a rabbit model it may be
concluded that meniscus allografts stored by deep freezing are appropriate for
application. Likewise, our statements agree with some limited and preliminary
clinical trials (Nabeshima et al.,, 1895 and Verdonk 1997, Goble et al, 1999) in that
the transplant survives through the process of remodelling and protects the
underlying cartilage.
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TRANSPLANTACIJA MENISKUSA U KOLENU KUNIGCA DUBOKO ZAMRZNUTIM
MENISKALNIM ALOGRAFTOM, PATOHISTOLOSKA SLIKA

LESIC A, SAVIC V, KRSTIC N, BUMBASIREVIC M i TATIC V

SADRZAJ

Cilj ovog istrazivanja je bio da se klinicki, radioloSki i histolodki procene
karakteristike duboko zamrznutog transplantata menuskusa na kolenu kunic¢a.
Ukupno je operisano osamnaest kunica, soja New Zeland i posmatrano u tri
vremenske grupe: posle 2 nedelje (prva grupa), 8 nedelja (druga grupa) i posle 36
nedelja (tfreca grupa). Stanje zivotinje | operisanog kolena je pra¢eno klinicki |
radioloski, a po zrtvovanju je izvrSena patohistoloska analiza.

Kod operisanih zivotinja, nije bilo klinickih i radioloskih promena, za razliku
od kontrolne grupe. Na histolosko] proceni meniskusa, u prvo] grupi (posle 2
nedelje) kolagena vlakna su bila neorijentisana sa izrazenom Gelijskom
depopulacijom, dok su posle 36 nedelja kolagena vlakna bila zrelija, sa
znacajnom celijskom repopulacijom.

Duboko zamrznuti meniskalni alograft pokazuje znacajnu kolagenu
remodelaciju i Celijski oporavak a novi meniskus je Stitio hrskavicu zgloba. Zbog
toga je primena duboko zamrznutog alografta meniskusa opravdana u
slucajevima gde nije moguce ocuvati povredjeni meniskus.



