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A porous polyurethane prosthesis was used to replace the lateral meniscus in the dog. After an initial
ingrowth of fibrous tissue, the prostheses became filled with tissue strongly resembling normal
meniscal fibrocartilage. Although less severe than seen after total meniscectomy, cartilage
degeneration was frequent, possibly because tissue ingrowth in the prostheses occurred too siowly.
Porous polymers can be useful for replacement of the meniscus, provided that chemical and physicat
properties are optimized. Copyright © 1996 Elsevier Science Limited
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Nowadays there is an increasing understanding of the
functional significance of the meniscus in load
bearing’, shock absorption®, knee joint stability’ and
possibly joint lubrication®. Meniscectomy results in
abnormal high concentrations of stress on the articular
cartilage in the meniscectomized compartment’ which,
over time, results in degenerative changes. Such events
have been demonstrated by long-term surveys of
meniscectomized patients, as well as by experimental
studies using laboratory animals®™.

The increasing awareness of the consequences of
meniscectomy has induced a more conservative
approach towards meniscal lesions. Since it has been
shown that the degree of degenerative changes found
after meniscectomy is directly proportional to the
extent of meniscectomy®, the basic principle is to
preserve as much functional meniscal tissue as
possible while addressing the clinical symptoms
caused by tears. Although partial meniscectomy
reduces degeneration of articular cartilage, lowers
morbidity and improves earlier return to activity” ',
the contact area within the joint still decreases when
compared to normal and degeneration of cartilage is
not prevented.

Therefore, repair of meniscal lesions preserving all
meniscal tissue is a more preferable alternative.
However, owing to the limited vascularity of the
meniscus'?, the possibilities for repair are limited and
only lesions limited to the vascular periphery can be
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repaired adequately’®™*°. No reliable methods exist for
lesions situated in the avascular central part of the
meniscus, although new experimental techniques are
in development'®'”.

However, sometimes the extent of meniscus damage
is so great that partial meniscectomy or repair are not
appropriate and total meniscectomy is the only
alternative. Considering its severe consequences, the
use of allografts or protheses as meniscal substitutes
may be justified. Fresh, freeze-dried or glutaraldehyde-
fixed allografts provided poor results, with varying
degrees of joint destruction'®'. Culture of allograft
menisci before implantation provided satisfactory
short-term results, but their long-term behaviour is
unknown'®. Cryopreserved allografts containing viable
cells have been shown to be able to heal to host tissue,
survive within the knee joint without immunological
rejection and provide functional replacement for up to
at least 6 months'®?". However, remodelling of the
collagen structure and lack of cellular repopulation of
the central part may comprise the long-term structural
properties of the graft, thus limiting its functional
behaviour®*. Although reports exist describing normal
biomechanical properties of transplanted allografts in
dogs®®, others report inferior long-term behaviour
concerning deformation and elasticity in the rabbit“*,
sheep”’ and goat*®. Degeneration of cartilage is seen
more frequently than in control animals, although it
appears to be less severe than seen after total
meniscectomy'®****  Degeneration may also  bhe
attributable to the use of too small grafts'® “",
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Biomaterial prostheses could have great potential.
They are easy to produce and are available in
unlimited numbers. Material composition, physical
structure and size can be controlled, and immunolo-
gical problems can be prevented. Prostheses have been
made of reconstituted collagen®”, polyester—carbon
fibre*®, fibre—Teflon*” and Dacron" with polyurethane
coating®®.

Up to now, results have been highly variable and
healing with fibrocartilaginous tissue could not always
be predicted. For several years we have performed
experiments using porous polymers for repair ot
lesions in the avascular part of the meniscus of dogs
and rabbits. It appeared that healing could be achieved
in a substantial number of cases.

Furthermore, we observed that porous polymers
predictably stimulate the transformation of fibrous
repair tissue into fibrocartilage strongly resembling
meniscal fibrocartilage'”“”. The aim of the present
study was to determine if the same polymer could be
used as a prosthesis for the replacement of complete
menisci by the formation of a fibrocartilaginous
meniscal replica.

MATERIALS AND METHODS

Animals

Experiments were performed under aseptic conditions
on 24 lateral menisci of 13 adult mongrel dogs
weighing 25kg or more. Anaesthesia was
accomplished by intravenous administration of
penthotal (30mgkg™") and maintained after intubation
with nitrous oxide and halothane.

The right or left lateral meniscus (chosen at random)
was approached by a lateral incision of the knee joint
capsule without detachment of any ligaments. Using a
Beaver eyeblade (Waltham, MA, USA) the meniscus
was separated from its anterior and posterior
attachments. Two drill holes were made in the lateral
aspects of the proximal tibia, ending in the anterior
and posterior area of the intercondylar eminentia. Two
4-0 mersilene sutures were attached to a properly
sized prosthesis and were pulled through the drill
holes (Figure 1). In the first six prostheses the sutures
were attached to both prosthesis horns. This resulted
in tearing-out and subsequent dislocation of the
prosthesis. Therefore, in the remaining 12 prostheses
the sutures were applied longitudinally through the
entire prosthesis, running parallel to the central and
peripheral border. The remains of the meniscal
attachments were sutured to the appropriate prosthesis
horn. The prosthesis’ periphery was sutured to the
perimeniscal capsular and synovial tissues using
dexon sutures. The capsule and skin were then closed
in layers. The dogs were not immobilized and walking
was allowed.

In six control knees the same procedure was
performed without implantation of a prosthesis.

Follow-up periods ranged from 8 to 28 weeks for both
control and prosthesis groups. The animals were killed
at intervals of 2 and 4 weeks, respectively.
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Figure 1 Operative procedure. After separating the
meniscus from its attachments, drill holes were made
starting from the proximal lateral tibia (A) and ending on
the anterior and posterior areas of the intercondylar
eminentia (B). Two sutures were pulied Ilongitudinally
through the prosthesis (dotted lines, C) and attached to the
proximal tibia. The remains of the anterior and posterior
meniscal attachments (D) were sutured to the appropriate
meniscal horn.

Polymer

Prosthesis material consisted of an aliphatic
polyurethane, as described before’™. Pores were
created using the salt-casting—freeze-drying technique.
Total porosity was 86%, consisting of 43% macropores
of 150-300um and 57% micropores smaller than
90 um. Its compression modulus was 150 kPa. Earlier
morphometrical analysis has shown that the material
had a 1 year degradation rate of 50%.

Histology

After killing the disarticulated knees were
photographed and inspected for gross degenerative
changes. The prostheses were cut into transverse slices
covering anterior, antero-medial, medial, medio-
posterior and posterior regions. From each of these
regions adjacent slices were taken for routine histology
and immunohistochemistry. For histology slices were
fixed in acetone at -20°C, infiltrated in glycol
methacrylate and embedded at 4°C. They were cut 1nto
2 um sections and stained with Toluidine Blue and
Giemsa.

For immunohistochemistry, frozen sections were cut
in a cryostat at 8 um and pretreated with trypsine and
hyaluronidase (Sigma, St. Louis, MO, USA) for 30 min.
Then they were incubated with a monoclonal anti-
collagen I antibody and a monoclonal anti-collagen II
antibody, the characterization of which has been
published before”"' ",
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After washing and treatment with heat-inaclivate
normal rabbit serum, antibodies were applied an
incubated overnight at 4"C. Sections were incubate
with peroxidase-conjugated rabbit anti-goat
immunoglubulin G (Dakopatts, Glostrup, Denmark) for

1h at room temperature. Sections were then
incubated with peroxidase—3,3'-diaminobenzidine
tetrahydrochloride (Sigma) for 8min at room

temperature. Control sections were taken through the
same procedure, except that either the first or second
antibody was applied. They were all negative.

rticular cartilage

Femoral condyles and tibial plateaux were remove
and studied for gross degenerative changes. They were
pencilled with India ink and studied by stereomicro-

scopy according to Meachim™.

RESULTS

After wound dehiscention, two knees showed infection
within 2 weeks after operation. These knees were not
included in the present study, leaving 22 knees for
assessment (16 prosthesis and six control knees). The
dogs favoured the unaffected limb for 2—3 weeks, after
which they regained a normal gait pattern and no
longer seemed to be hindered by the operation. In the
first six knees the prostheses were secured using single
sutures which were only pulled through anterior and
posterior prosthesis horns. After killing four of these
prostheses appeared to be dislocated due to a tearing-
out of the sutures. Therefore, the following prostheses
were secured using two sutures running longitudinally
through the entire prosthesis. Of the remaining 10
prostheses, only one dislocated.

Macroscopy

The short-term implants had a connective tissue
appearance, similar to dislocated implants. They were
light brown in colour and had a soft consistency. After
3 months the prosthesis had a yellowish glistening
appearance, and had a firm consistency. A rim of
hyaline-like neocartilage had formed at the prosthesis’
inner margin (Figure 2).

Microscopy

Tissue ingrowth into the prosthesis was incomplete
until 18 weeks. From 8 to 18 weeks ingrowth of tissue
was seen in the prosthesis’ periphery adjacent to the
capsular tissues and at its superior and inferior
surface, enveloping an empty centre. After 18 weeks
the central areas also became filled and ingrowth was
complete. The histology of the tissue filling the
prosthesis was essentially identical to the tissue seen
in small polyurethane implants used for meniscal
repair’ <",

Initially, the prosthesis became filled with vascular
fibrous tissue. A moderate foreign body reaction was
seen, consisting of giant cells, macrophages and some
lymphocytes. Labelling with anti-collagen type I

antibodies showed a diffuse labelling, whereas
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Figure 2 Meniscal prosthesis after 16 weeks. The prosthe-
sis has a firm consistency and has a cartilaginous, glisten-
ing appearance. A small rim of hyaline cartilage has

formed at its inner margin
magnification x5,

white arrowheads). Original

abelling for type II collagen was negative. Starting at
10 weeks, areas of metachromasia were observed

throughout the implant, indicative of t

he formation of

a cartilaginous matrix (Figure 3). In these cartilaginous
areas chondrocytes could be observed lying in a
metachromatic matrix with course collagen bundles
devoid of blood vessels and inflammatary cells (Figure
4). Morphologically, this tissue strongly resembled
normal meniscal fibrocartilage. Type I antibodies
showed a diffuse labelling of both fibrous tissue and

metachromatic fibrocartilage.

Type I

antibodies

showed positive labelling of fibrocartilaginous areas
only, whereas surrounding fibrous tissue was negative

Figure 5a-c). Subsequently, more fibrous

tissue

transformed into fibrocartilage and after 18 weeks the
prostheses contained fibrocartilage only.

Six of seven dislocated prostheses were located
subcutaneously outside of the joint capsule, whereas
one had become a loose body lying in the intercon-
dylar groove. Remarkably, all dislocated prostheses
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igure 3 Repair tissue filling the prosthesis pores after 12

weeks. Transformation of vascular fibrous tissue

light

tissue, right) into metachromatic fibrocartilage (dark tissue,

left) containing chondrocytes

white arrow). White areas

represent the polymer (black arrow). Toluidine Blue stain.

Original magnitfication x200,
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Figure 4 Typical fibrocartilage formation in a 20-week
prosthesis showing chondrocytes (white arrow, right) lying
in a metachromatic matrix with coarse collagen bundles
black arrow, left). White areas represent the polymer.
Polarized light photograph. Original magnification x280.

(follow-up periods 8-20 weeks) were completely filled
with tissue. Cartilage had formed only in the prosthesis
located intra-articularly. The other implants were filled
with fibrous tissue only. A partially regenerated
meniscal rim was noticed in one 24-week
meniscectomy control knee. Microscopically, it
consisted of non-metachromatic fibrous tissue not

containing any chondrocytes.

Articular cartilage

Degenerative changes of articular cartilage were present
in all meniscectomized control knees. Moderate
fibrillation of cartilage seen at 8 weeks progressed to
severe destruction exposing the subchondral bone after
20 weeks. Degeneration in association with a
dislocated prosthesis was comparable to meniscectomy
and was more severe when follow-up periods were
longer. Degeneration associated with well incorporated
prostheses was frequent, although less severe than
seen after meniscectomy or dislocation. Intact cartilage
was seen in five knees. In the remaining six knees,
varying degrees of cartilage destruction were seen,
although exposure of the subchondral bone did not
occur. In two of these six knees it appeared that the
drill holes were located in the central part of the tibial
cartilage instead of in the eminentia. This surgical
error may have contributed to the cartilage damage.
Cartilage degeneration was not related to the length of
follow-up or formation of fibrocartilage inside of the
prosthesis.

Tibial plateaux were more frequently and more
severely affected than femoral condyles.

DISCUSSION

Several meniscal prostheses have been applied in
animal studies in an attempt to slow down or prevent
postmeniscectomy cartilage degeneration. Until now,
none has met with uniform success. A quickly
degradable collagen prosthesis in the dog is reported

Biomaterials 1996, Vol. 17 No. 12
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to be transformed into a meniscus replica containing
fibrochondrocytes, thus providing protection to the
articular cartilage. Without providing any data, it is
concluded that both pore structure and resorption rate
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Figure 5 a, Repair tissue after 12 weeks. The surface layer
consists of fibrous tissue. In the deeper zone metachromatic
brocartilage has formed (arrowheads). Toluidine blue
tain. Original magnification x125. b, Adjacent section after
abelling with anti-collagen type | antibody. Diffuse distribu-
lons are seen in both fibrous areas (superficial zone) and
brocartilaginous areas (arrowheads). ¢, Adjacent section
after labelling with anti-collagen type Il antibody. Type |
collagen is present only in the fibrocartilaginous areas in
the deeper zone (arrowheads). The fibrous tissue in the
superficial zone shows negative staining.

.
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of the material used are important®®. Cartilage
protection up to 1 year postoperation can also be
achieved by implantation of a fibre~Teflon prosthesis.
After an initial response of inflammatory cells and
fibroblasts, fibrocartilage formed after 9 months. In
some animals degeneration of the tibial condyle was
seen within 3 months after operation and was
attributed to lack of early tissue ingrowth into the
prosthesis, causing absent prosthetic function®’. A
minor cartilage-protective effect could be achieved
after implantation of a polyester—carbon fibre
prosthesis in the rabbit. No ingrowth of tissue was
seen, biological regeneration was poor and the
inflammatory response was severe. Again, pore
structure was not clearly defined®®. Implantation of a
prosthesis made of Dacron with polyurethane coating
and limited porosity gave results similar to
meniscectomy in terms of biomechanical behaviour
and effect on the articular cartilage. Failure was often
caused by insufficient incorporation*®. The conclusion
may be that, although meniscal prosthesis may provide
protection to the articular cartilage, results are highly
variable.

This may be due to the fact that in every instance
both material and structural properties of the
prosthesis were different. In most cases ingrowth of
tissue was lacking, insufficient or occurred too slowly.
The structure of prostheses was never clearly defined.

The tissue reaction is not only dependent on material
composition®*?°, but also on the implant’s physical
framework”®™’. It has been shown for several tissues
that this not only alters the rate of tissue ingrowth but
also the degree and type of differentiation of ingrowing
tissue, thus determining the ultimate type of tissue
formed. It seems likely that the same applies for
ingrowth of meniscal fibrocartilage or differentiation of
mesenchymal tissue into fibrocartilage.

Preliminary results have shown that fibrocartilage
formation inside of a porous implant is highly
dependent on the type of polymer used. When a
slowly degradable rigid polyurethane (compression
modulus 150kPa) was used for meniscal repair,
abundant fibrocartilage formation could be observed.
However, after using a less rigid (compression
modulus 40kPa), quickly degrading copolymer of
poly(lactic acid) and caprolactone, f{ibrocartilage
formation was rare. Material composition per se does
not seem to be the explanation for this phenomenon,
since fibrocartilage can be observed in polymer
implants with varying chemical composition'”*".
Also, the implant’s structure per se does not seem to
be essential, since preliminary studies have shown
that fibrocartilage can be formed in implants with
pore sizes varying from 50 to 500 um. Most likely,
the biomechanical properties of an implant are the
most critical factor, determined by material
composition, its degradation rate and possibly its
total porosity.

An ideal prosthesis should induce the formation of a
meniscal replica providing more or less identical
biomechanical properties as a normal meniscus. The
implant should last long enough to establish the
essential structural framework, it should not evoke an
inflammatory reaction that leads to eventual
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destruction of the graft or joint, it should provide for
the stability of the normal meniscus and, most
importantly, the implant should prevent or retard
osteoarthritis®®. It seems logical that normal meniscal
fibrocartilage should be formed, since this tissue can
be expected to fulfil these demands.

From the present study it appeared that complete
polymer prostheses can predictably stimulate the
formation of repair tissue strongly resembling normal
meniscal fibrocartilage. This is based on morpholo-
gical grounds as well as on the fact that labelling with
antibodies showed that the repair tissue contained the
two most important meniscal collagens, type I and
type II. Biochemical analysis of repair tissue in
polymer implants used for meniscal repair®® has
confirmed this transition of fibrous tissue into fibrocar-
tilage.

A differentiation must be made concerning the inner
and outer parts of the meniscus. Histologically, the
inner one-third of the meniscus more closely
resembles hyaline cartilage, whereas the outer two-
thirds are more fibrous in appearance®®. The major
collagen type of this inner rim is type II, whereas the
peripheral part of the meniscus is almost completely
composed of type I collagen. In addition, small
amounts of type III, V and VI are detectable®~*%, Using
antibodies, we could not observe this varying collagen
distribution and biochemical analysis of inner and
outer prosthesis areas seems to be necessary.

It may be possible that prolonged follow-up periods
result in rearrangement of the collagen types, since
compression is thought to influence the collagen type
formed in the fibrocartilaginous intervertebral disc,
thus enhancing the content of type II collagen®®.

Degeneration of cartilage was frequent after
meniscectomy in control knees or dislocation of
inserted prostheses. In knees with well incorporated
prostheses, cartilage destruction was less severe but
was still present in 50% of the knees. It cannot be
excluded that these results will become worse with
increasing follow-up periods.

The reason for prosthesis failure regarding protection
of the cartilage may be the slow ingrowth of its centre,
resulting in too long a period before the prosthesis
begins to function. Alteration of pore sizes and
porosity, which can easily be done in polymers, may
solve this problem. The observation that osteoarthritic
changes were more prominent in the tibial plateaux
than in the femoral condyles may be explained by the
fact that frictional forces are larger in the tibia*®.

CONCLUSIONS

The present study showed that a meniscal replica can
develop after implantation of a porous polymer
prosthesis. Formation of fibrocartilage which strongly
resembled normal meniscal fibrocartilage took place
predictably. Cartilage degeneration decreased when
compared to meniscectomy. Improvement of
implantation technique improved the results. Thus,
porous polymers may be wused for meniscal
replacement providing that their physical structure is

optimal.

Biomaterials 1996, Vol. 17 No. 12



1174

ACKNOWLEDGEMENTS

The authors wish to thank Mr K.J. Bel and Mr H.E.
Moorlag for technical assistance.

REFERENCES

i

10

11

12

13

14

16

17

18

19

20

Ahmed AM, Burke DL. In vitro measurement of static
pressure distribution in synovial joints. Part I: tibial
surface of the knee. | Biomech Eng 1983; 105: 216-225.
Seedhom, BB, Hargreaves, DJ. Transmission of the load
in the knee joint with special reference to the role of
the menisci. Part II: experimental resulls, discussion
and conclusions. Eng Med 1979; 8: 220-228.

Levy IM, Torzilli PA, Gould JD, Warren RF. The effect
of lateral meniscectomy on motion of the knee. J Bone
Joint Surg 1989; 71A: 401-406.

McConaill MA. The movement of bones and joints. 3.
The synovial fluid and its assistants. /] Bone Joint Surg
1950; 30B: 244-252.

Cox ]S, Nye CE, Schaeter WW, Woodstein IJ. The
degenerative effects of partial and total resection of the
medical meniscus in dogs’ knees. Clin Orthop 1975;
109: 178-183.

Fairbank TJ. Knee joint changes after meniscectomy. J
Bone Joint Surg 1948; 30B: 664—670.

Jackson JP. Degenerative changes in the knee after
meniscectomy. Br Med ] 1968; 2: 525-527.

Medlar RC, Mandiberg JJ, Lyne ED. Meniscectomies in
children. Report of long-term results (mean 8.3 years)
of 26 children. Am | Sports Med 1980; 8: 87—92.
Tapper EM, Hoover NW. Late results after meniscect-
omy. | Bone Joint Surg 1969; 51A: 517-526.

McGinty JB, Geuss LF, Marvin RA. Partial or total
meniscectomy. A comparative analysis. /] Bone Joint
Surg 1977; 59A: 763-766.

Northmore-Ball, MD, Dandy DJ, Jackson RW. Arthro-
scopic open partial and total meniscectomy. A
comparative study. J Bone Joint Surg 1983; 65B: 400-
404,

Arnoczky SP, Warren RF. Microvasculature of the
human meniscus. Am J Sports Med 1982; 10: 90-95.
Cassidy RE, Shaffer A]. Repair of peripheral meniscus
tears: a preliminary report. Am J Sports Med 1981; 9:
209-214.

DeHaven KE. Decision-making factors in the treatment
of meniscus lesions. Clin Orthop 1990; 252: 49-54,
Hamberg P, Gillquist J. Lysholm, J. Suture of new and
old peripheral meniscus tears. J Bone Joint Surg 1983;
65A: 193-197.

Arnoczky SP, Warren RF, Spivak JM. Meniscal repair
using an exogenous fibrin clot: an experimental study
in dogs. J Bone Joint Surg 1988; 70A: 1209-1217.
Klompmaker |, Jansen HWB, Veth RPH, de Groot JH.
Nijenhuis AJ, Pennings AJ. A porous polymer implant
for repair of meniscal lesions: a preliminary study in
dogs. Biomaterials 1991; 12: 810-816.

Canham W, Stanish W. A study of the biological
behaviour of the meniscus as a transplant in the medial
compartment of a dog’s knee. Am J Sports Med 1986;
14: 376-379. E

Keating EM, Malinin TI, Belchic G. Meniscal transplan-
tation In goats: an experimental study. Orthop Trans
1988; 13: 147.

Arnoczky SP, Warren RF, McDevitt CA. Meniscal
replacement using a cryopreserved allograft. Clin
Orthop 1990; 252: 121—128.

Biomaterials 1996, Vol. 17 No. 12

21

22

23

24

29

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Steadman JR. Future

Polymer meniscal prosthesis: J. Klompmaker et al.

Arnoczky SP, O'Brien SJ, DiCarlo EF, Warren RF, Stone
K. Cellular repopulation of deep-frozen meniscal
autografts. An experimental study in the dog. Orthop
Trans 1988; 13: 145.

Zukor DJ, Rubins IM, Daigle MR et al. Allotransplanta-
tion of frozen irradiated menisci in rabbits. Orthop
Trans 1990; 15: 219,

Milachowski KA, Weismeier K. Wirth CJ. Homologous
meniscus transplantation. Experimental and clinical
results. Int Orthop 1989; 13: 1-11.

Jackson DW, McDevitt CA, Atwell EA, Arnoczky SP,
Simon TM. Meniscal transplantation using fresh and
cryopreserved allografts: an experimental study in
goats. Orthop Trans 1990; 15: 221,

Stone KR, Rodkey WG, Webber R], McKinney L,
directions. Collagen-based
prosthesis for meniscal regeneration. Clin Orthop 1990;
252: 129-135.

Wood DJ, Minns R], Strover A. Replacement of the
rabbit medial meniscus with a polyester-carbon
implant. Biomaterials 1990; 11: 13-16.

Toyonaga T, Uezaki N, Chikama H. Substitute meniscus
of Teflon-net for the knee joint of dogs. Clin Orthop
1983; 179: 291-297,

Sommerlath K, Gillquist J. Late artificial meniscus
implantation in an osteoarthritic knee: an experimen-
tal study in rabbits. Trans Eur Soc Biomech 1990; 7:
29.

Klompmaker J, Jansen HWB, Veth RPH et al. Meniscal
repair by fibrocartilage? An experimental study in the
dog. ] Orthop Res 1992; 10: 359-370.

de Groot JH, Nijenhuis AJ, Bruin P et al. Use of porous
biodegradable polymer implants in meniscus
reconstruction. 1. Preparation of porous biodegradable
polyurethanes for the reconstruction of meniscus
lesions. Colloid Polym Sci 1990; 268: 1073-1081.
Holmdahl R, Andersson M, Tarkowski A. Origin of the
autoreactive anti-type II collagen response. I
Frequency of specific and multispecific B cells in
primed murine lymph nodes. Immunology 1987; 61:
369-374.

Werkmeister JA, Ramshaw JAM, Ellender G. Characteri-
zation of a monoclonal antibody against native human
type I collagen. Eur ] Biochem 1990; 187: 439—-443.
Meachim G. Light microscopy of indian ink prepara-
tions of fibrillated cartilage. Ann Rheum Dis 1972; 31:
457-464.

Uchida A, Nade S, McCartney E, Ching W. Bone
ingrowth into three different porous ceramics
implanted into the tibia of rats and rabbits. J Orthop
Res 1985; 3: 65-77.

White RA, Hirose FM, Sproat RW, Lawrence RS, Nelson
RJ. Histopathologic observations after short-term
implantation of two porous elastomers in dogs.
Biomaterials 1981; 2: 171-176.

Klawitter JJ, Bagwell JG, Weinstein AM, Sauer BW,
Pruitt JR. An evaluation of bone growth into porous
high density polyethylene. | Biomed Mater Res 1976;
10: 311-323.

Salvatore JE, Gilmer WS, Kashgarian M, Barbee WR. An
experimental study of the influence of pore size of
implanted polyurethane sponges upon subsequent
tissue formation. Surg Gynecol Obstet 1961; 12: 463~
468.

Cheung HS. Distribution of type I, II, IIl and V pepsin
solubilized collagens in bovine menisci. Connect Tiss
Res 1987, 16: 343-3586.

O’Connor BL. The histological structure of dog knee
menisci with comments on its possible significance.
Am | Anat 1976; 147: 407—416.



Polymer meniscal prosthesis: J. Klompmaker et al.

40

41

Eyre DR, Muir H. Quantitative analysis of types [ and II
collagens in human intervertebral disks at various ages.
Biochim Biophys Acta 1977, 492: 29-42.

Eyre DR, Wu JJ. Collagen of fibrocartilage: a distinctive
phenotype in bovine meniscus. FEBS Lett 1983; 158:
265-270.

42

43

1175

McDevitt CA, Webber RJ. The ultrastructure and

biochemistry of meniscal cartilage. Clin Orthop 1990;
2352: 8-18.

Heatley FW. The meniscus—Can it be repaired? An

experimental investigation in rabbits. J Bone Joint Surg
1980; 62B: 397-402.

Biomaterials 1996, Vol. 17 No. 12



