HYALURONIC ACID-BASED POLYMERSIN THE TREATMENT OF OSTEOCHONDRAL DEFECTS
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Introduction: Articular catilage in adults has a limited ability for sdf repar. A
number of methods have been devised to augment its naturd hedling reponse. These
methods generdly leed to filling of the defect with fibrous tissue or, in the best case,
fibrocartilage, which may provide a temporary aticulaing surface, but lacks the
mechanical characteristics of the aticular cartilage and often fals with time
Transplantation of osteochondrd grafts and periogeum dso fails to produce a long
legting, stisactory integration and regeneration. Recently, Tissue Enginesring
techniques have been used with naturd and synthetic materias, done or seeded with
chondrocytes or marrow-derived mesenchymd progenitor cdls Some of these materias,
aone or in combination with cells, alow the regeneration of hyaine cartilage!, but this
regponse is often accompanied by variable amounts of fibrocartilage. We have used two
hyauronic acid (HA)-based polymers to fadlitate the naturd heding response of
ogtenchondrd defects. These HA polymers mimic an embryonic-like miliel? in which,
driven by locd factors, endogenous mesenchyma progenitor cdls from the marrow
space can differentiate into the appropriate phenotypesto regenerate the injured tissues

Methods Following an IACUC-gpproved protocol, 39 four month-old rabbits
received bilaterd, 3 mm diameter x 3 mm deep osteochondra defects on the weight-
bearing surface of the medid femord condyle of the knee joint. Twenty-four defects
were left untrested, 27 were trested with ACP™ sponge and 27 were tregted with
HYAFF®11 sponge. Bath of these HA polymers were generoudy provided by Fidia
Advanced Biopolymers sl (Abano Terme, Itdy). Rabbits were sacrificed a 4 and 12
weeks after surgery. The condyles were fixed in formdin, decadfied, embedded in
parafin, cut and sained with Toluidine blue for histologic evauaion. All 12-wesk
defects were scored with a modification of O'Driscoll’s twenty-four point scaée?
described in Tablel. Scoreswere compared with aMann-Whitney rank sum test.

* Percantage hydine articular CartiIage...........cvwwwrveereresessssssssssssssssseenes upto8
« Surfaceregulaity upto3
* Degenerative changes. upto3
« Structurd integrity. upto2
« Thickness upto2
* Integration upto4
« Borefilling upto2
« Tidemark uptol
» Degenerative changesin adjacent Cartilage ........errrrreessersssssssssseeees upto3
« TOTAL upto29

Tablel. Higologic scoring systlem used to grade the 12-week specimens

Results The repair tissue of the untrested empty defects was similar a both time
pointsin that most werefilled with bony tissue up to or beyond theleve of the tidemark,
whilethe non-cdcified top layer varied from undifferentiated fibrousto fibrocartilaginous
tissue to tissue with more hydinelike characteridics No empty defect repaired
completey with hydine-like catilage. Most empty defects presented varying amounts of
the three tissue types with the 12-week specimens presenting amuch thiner non-cadified
top layer. Both ACP™ and HY AFF®11 sponges stayed in the defects, as reveeled by the
presence of gponge materid in pilot 1-week sacrifices Four weeks after surgery, the
defectstrested with ACP™ sponge exhibited arapid endochonaral bony fill to thelevel of
the tidemark, except for the centrd area of the defect where some hypertrophic cartilage
was observed. The top layer was composad of hydinelike cartilage which showed
impressive integration with the adjacent cartilage (Figue 1A). The 12-wesk specimens
exhibited bone up to or beyond the tidemark leved, and the non-cddfied layer was
mainly hydine-like cartilage which was hdlf asthick asthe normdl cartilage (Figure 1B).

Figurel. Histologcab earan
after surgery. Tduidine Bluegaining.
Four weeks after surgery, the HY AFF®11 sponge-trested defects presented arim of
chondrogenic cdlsa theinterface with the host tissue, while only empty sponge
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materid was presant in the center of the defect. The top layer was variable, with hydine-
like cartilagein some cases and fibrocartilage in others. Importantly, the defect tissuewas
dways integrated with the adjacent cartilage (Figure 2A). At the 12-week time paint,
most of the defects exhibited bony fill with an areain the center which was ether urtfilled
or filled by undifferentiated fibrous tissue. In some of the defects a considerable amount
of hypertrophic cartilage was ill found in the defect. The non-minerdized surface layer
was composed mainly of hydinelike cartilage with, in some cases, cracks and fissures
(Figure2B).
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Figure2. Higologic appearance of%a HYAFF°11 spongetreated defect Z(A) and 12 (B)

weeksafter surgery. Tauidine Bluesaining.

The higologic scores of the 12-week specimens revelaed differences between the
groups (Tablell). The ACP™ sponge-trested group presented higher scores than bath the
untreated (p<0.002) and HY AFF®11 sponge-trested (p<0.05) defects. The differences
between the HY AFF®11 sponge-trested group and the empty (untreated) group were not
sgnificant (p=0.29). Power andyss suggests that a larger sample size s required to
identify significant differences.

Group Score n
Empty 155+347 10
ACP™ 20.1+300 15
HYAFF®11 1734333 8

Tablell. Higologic scores(mean + gd. dev.) of the 12-week specimens

Discusson:  Although it is possble that different odl pools (bone marow,
synoviocytes, chondrocytes) contribute to the repair process of an osteochondrd defect,
the mesenchymd progenitor cdls from the bone marow are probably the main
contributors to the naturd repair process. Such naturd reparaive tissue in the untrested
defects fails to withstand the function of normd articular cartilage and degenerates over
time. The introduction of a biocompatible and biodegradable porous materid into the
defects with the gppropriate chemica composition to dlow differentiation of reparative
cdIsmust dso provide the scaffolding for the reparative cdis to regenerate and integrate.
Hyaluronic acid-based polymers are excdlent odl-ddivery vehides® and posss the
unique biochemicad composition to recregte an embryonic-like environment thet is
favorablefor the regeneraive process
The maerids dudied in this series of experiments have different resorption
characterigtics that are important in the dynamics of the repair process ACP™ spongeis
resorbed quickly and only traces of the materid can be found in some of the 4-week
redimens, HY AFF®11 sponge is present in the defect for alonger period of time and
was obsarved in dl the 4-week spedimens The HY AFF®11 sponge wis resorbed in
most of the 12-week specimens. The presence of the HY AFF®11 sponge materid over a
longer period of time and the dow bony filling of the defect may be responsible for the
lower scores rdative to the ACP™ sponge-trested group where rapid resorption of the
materia results in subchondra bone formation by 4 wesks This bony fill of the defect
probably results in a more mechanicdly sable environment for the reparative process
Further work is reqired to fully assess the value of HY AFF®11 sponge and dso the
long-term outcome of osteochondrd defectstreated with these biopolymers
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