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ABSTRACT

Objective: To study the surface, coloring, consistency,
continuity and healing of osteochondral defects produced
in the femoral condyles of rabbits and filled with sugar
cane biopolymer gel (SCBQG), after 90, 120 and 180 days,
and in comparison with a control group. Method: Sixteen
adult New Zealand white rabbits aged 6 to 7 months,
weighing between 2 and 2.5 kg and without locomotor
system abnormalities were studied. In all the animals, a
defect was made in the femoral condyles of the right and
left knees, measuring 3.2 mm in diameter and 4 mm in
depth, using a trephine. The animals were divided into
two groups: study group formed by the right knees, in
which the medial and lateral condyles received implants
of SCBG; and control group formed by the left knees, in
which the medial and lateral condyles were allowed to

heal naturally. The knees were assessed 90, 120 and 180
days after the operation. After the animals had been sacri-
ficed, the anatomical specimens were resected and placed
in Bouin’s solution. They were then photographed with
a Nikon Coolpix 5400® coupled to a Nikon SM2800®
stereoscopic loupe, to analyze the surface, coloring,
consistency, continuity and healing. Results: The results
were evaluated using the chi-square test. There were no
significant differences in the macroscopic assessments
of healing between the study and control groups. Conclu-
sion: With regard to the surface, coloring, consistency,
continuity and healing of the defects, the macroscopic
appearance of the tissue repaired with SCBG was similar
to that of the control group.

Keywords — Polymers; Sugar; Wound Healing; Cartilage,
Articular; Rabbits

INTRODUCTION

Osteochondral defects generally evolve into
degenerative joint disease, characterized by pain,
stiffness and loss of joint mobility. This condition is
among the commonest causes of pain and incapacity
among the middle-aged and elderly population.
Because joint cartilage does not have vascularization,
its healing potential is limited and, consequently,
treating cartilage continues to be a veritable challenge
for orthopedists!,

The healing process for cartilage does not follow
the natural progression of necrosis, inflammation and
repair. Because chondrocytes are not vascularized,
they do not form hematomas, fibrins or coagulum
when injured, and they serve only as a framework
for new repair tissue. The absence of a vascular phase
limits the number of cells available for an inflamma-
tory response to the trauma‘'>"®,

Among the treatments for repairing osteochon-
dral defects, debridement of the injured cartilage,
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perforation of the subchondral bone plate and trans-
plantation of chondral or osteochondral tissue can be
highlighted. The biological methods of implantation
of cultures of potentially chondrogenic cells, mesen-
chymal chondrocytes and cells, cultured autologous
chondrocytes and osteochondral autologous grafts can
also be used*”%-17,

These techniques are very costly, and the difficulties
thus imposed have led to a search for alternatives® 317,

Sugarcane biopolymer is a natural
exopolysaccharide obtained through the action of
bacteria of the species Zoogloea sp, with culturing
in sugarcane molasses, and its chemical structure
is composed of different monosaccharides: glucose
87.57%, xylose 8.58%, ribose 1.68%, glucuronic
acid 0.83%, mannose 0.82%, arabinose 0.37%,
galactose 0.13%, rhamnose 0.01% and fucose 0.01%.
It currently forms an official line of research within
the Postgraduate Program on Surgery at the Federal
University of Pernambuco (UFPE). It has been used
in different animal models and in different tissue
bodies, with the aim of providing repair, replacement
or support. These studies have shown that it has low
toxicity, high osteoconductivity, low production cost,
biocompatibility and high integrative power in relation
to different living tissues. These characteristics
indicate that this product would be very competitive
in relation to similar imported synthetic products!’2%,
Based on these results, the biopolymer in gel form
(which facilitates its application for filling cavities)
could be used on its own or in association with
factors that induce healing, for treating osteochondral
defects or critical lesions. The aim of this study was to
evaluate the surface, coloring, continuity, consistency
and healing of osteochondral defects that had been
produced in rabbit femoral condyles and were filled
with sugarcane biopolymer gel (SCBQG), after 90, 120
and 180 days, in comparison with a control group.

METHODS

A controlled experimental study was conducted
using 16 young adult New Zealand White rabbits, aged
six or seven months and weighing between 2 and 2.5
kg, without abnormalities of the locomotor system.
They came from the vivarium of the Experimental
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Surgery Center, Federal University of Pernambuco.
The procedures were carried out under veterinary
supervision and were approved by the Ethics Committee
for Animal Experimentation of the Biological Sciences
Center, Federal University of Pernambuco (CEEA-
UFPE). The animals were confined in metal cages but
could walk freely, and were fed with standard pelletized
feed and water ad libitum.

Surgical technique

The rabbits were subjected to general anesthesia
consisting of 5% ketamine hydrochloride at a dose of
50 mg/kg of weight, in association with 10% chloral
hydrate at a dose of 0.5 ml/kg of weight, and this
was complemented with local anesthesia consisting
of 5 ml of 2% xylocaine, diluted in 9 ml of distilled
water. After the surgical area had been shaved and
antisepsis had been applied, a medial parapatellar in-
cision was made, followed by arthrotomy and lateral
dislocation of the patella to enable better viewing.
With the knee flexed, each femoral condyle was ex-
posed and, with the aid of a metal trephine, osteo-
chondral defects measuring 3.2 mm in diameter and
4.0 mm in depth were produced in the femoral con-
dyles of each knee. The animals were divided into
two groups: the study group, consisting of the right
knees, in which the medial and lateral condyles were
filled with SCBG, using an insulin syringe to inject
the gel into the defects; and the control group, con-
sisting of the left knees, in which the defects in the
medial and lateral condyles were left unfilled. The
rabbits were sacrificed as follows: 90 days after the
surgical procedure (six rabbits), 120 days (five rab-
bits) and 180 days (five rabbits). Subsequently, the
anatomical specimens were resected and immersed
in Bouin’s solution, with the aim of then conducting
a macroscopic evaluation (Figure 1A - H).

Macroscopic evaluation

The assessment criterion used for comparative
study on the osteochondral defects produced in the
rabbit knees was macroscopic inspection, as proposed
by Ribeiro et al”, using the following qualitative pa-
rameters: surface, coloration, consistency, continuity
and healing of the defect.

Joint surface — classified as planar, uneven or irregular;
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Figure 1 — (A) Operative incision; (B) Dislocation of patella; (C, D and
E) Production of defects using trephine; (F) Filling of defects using
sugarcane biopolymer gel; (G and H) Suturing of the skin.

Coloration — classified as translucent when the natural
color of the cartilage was seen; opaque when the color
was natural but without shine; or discolored when the
color was not natural;

Consistency of the repair — classified as firm or softened,;
Continuity — assessment of the leveling and integration
of the repair with the adjacent cartilage; classified as
less than 50% if there was no integration; between 50
and 75% if there was partial integration of the defect;
and greater than 75% if there was full integration of
the defect with the cartilage surface.
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Healing of the defect — this related to filling of the
entire lesion with healing tissue and was classified
as total, when the defect was completely healed, or
partial, divided into four categories: greater than or
equal to 75%; less than 75% and greater than or equal
to 50%; less than 50% and greater than or equal to
25%; less than 25% and down to 0%.

For the inspections, two simultaneous evaluators
were used, who agreed about the evaluations of
each quality observed. To classify the osteochondral
defects, a Nikon SM2800® stereoscopic microscope
was used, coupled to a Nikon Coolpix 5400® camera,
which were made available by the Department of
Morphology of the Aggeu Magalhaes Laboratory,
Recife, PE.

In the statistical analysis, absolute and relative
frequency distributions were obtained, and the
chi-square test was used to investigate whether there
was homogeneity of distribution between the two
groups. The data were input to the Excel spreadsheet
and were analyzed using the GraphPad Prism
statistical software, version 4.0. The significance level
was taken to be 5% (p < 0.05).

RESULTS

The results from the dependent variables
proposed for the different groups of animals are in
Tables 1, 2, 3 and 4.

For the rabbits sacrificed after 90 days,
application of the chi-square test to investigate
the homogeneity of frequency distribution in the
study and control group, according to qualitative
evaluation of the lateral and medial condyles in
relation to the variables of surface, coloration,
consistency, continuity and healing of the defect,
produced the following results for the lateral
condyle: p = 0.1767, p = 0.2636, p = 1.000*, p =
0.2899 and p = 0.1342%*, respectively; and for the
medial condyle: p=0.3998, p=0.7881, p = 1.000%*,
p=0.3012 and p = 1.000*, respectively (Table 1).

For the rabbits sacrificed after 120 days,
application of the chi-square test to investigate
the homogeneity of frequency distribution in the
study and control group, according to qualitative
evaluation of the lateral and medial condyles in
relation to the variables of surface, coloration,
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Table 1 — Frequency distribution of the variables of surface, coloration, consis-
tency, continuity and healing of the defect in animals sacrificed 90 days after the
surgical procedure.

Rabbits: 6/7/8/13/19/22

Groups
Study Control
Parameters Condyles (right knee) Condyles (left knee)
Condyles | medial lateral medial
n % n % n % n %
Surface
Planar 4 66.7 | 5 | 833 1 16.7 3 50.0
Uneven 2 333 | 1 16.7 4 66.6 2 33.3
Irregular 0 0.0 0 0.0 1 16.7 1 16.7
Coloration
0 0,0 1 16,7 2 33,3 2 33,3
Translucent 0 0.0 1 16.7 2 33.3 2 33.3
Opaque 2 333 | 1 16.7 2 33.3 1 16.7
Discolored 4 66.7 | 4 | 66.6 2 33.3 3 50.0
Consistency
0 0,0 0 0,0 0 0,0 0 0,0
Firm 6 | 1000 | 6 | 1000 | 6 100.0 6 100.0
Not firm 0 0.0 0 0.0 0 0.0 0 0.0
Continuity
0 0,0 0 0,0 2 33,3 2 33,3
None
(< 50%) 2 333 | 3 | 50.0 1 16.7 2 33.3
Partial 0 0,0 0 0,0 0 0,0 0 0,0
(<502 75%) 4 66.7 | 3 | 50.0 3 50.0 2 33.3
Total (< 75%) 0 0.0 0 0.0 2 33.3 2 33.3
Healing of the defect
Total 3 500 | 2 | 333 1 16.7 3 50.0
Partial 0 0.0 0 0.0 0 0.0 0 0.0
<100% >75% | 1 16.7 | 2 | 33.3 1 16.7 1 16.7
< 75% 2 50% 0 0.0 1 16.7 3 49.9 2 33.3
< 50% > 25% 0 0.0 0 0.0 1 16.7 0 0.0
< 25% to 0% 2 333 | 1 16.7 0 0.0 0 0.0
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consistency, continuity and healing of the defect,
produced the following results for the lateral condyle:
p = 1.000*, p = 1.000*, p = 1.000*, p = 0.5238 and p
= 0.1429%*, respectively; and for the medial condyle:
p = 1.000*, p = 1.000*, p = 1.000*, p = 0.4444 and p
= 1.000*, respectively (Table 2).

For the rabbits sacrificed after 180 days, application
of the chi-square test to investigate the homogeneity of
frequency distribution in the study and control group,
according to qualitative evaluation of the lateral and
medial condyles in relation to the variables of surface,
coloration, consistency, continuity and healing of the
defect, produced the following results for the lateral
condyle: p = 1.000*, p = 0.3678, p = 1.000*, p =
0.3678 and p = 1.000%*, respectively; and for the medial
condyle: p = 0.2635, p = 0.4444*, p = 1.000*, p =
0.2635 and p = 0.1667*, respectively (Table 3).

For all the three groups analyzed, application of
the chi-square test to investigate the homogeneity of
frequency distribution in the study and control group,
according to qualitative evaluation of the lateral and
medial condyles in relation to the variables of surface,
coloration, consistency, continuity and healing of the
defect, produced the following results for the lateral
condyle: p=10.722, p=10.430, p=1.000*, p = 1.000*
and p = 0.0518*, respectively; and for the medial
condyle: p = 1.000*, p = 0.551, p = 1.000*, p =
0.279* and p = 0.190, respectively (Table 4).

The result from the statistical test used to
investigate the frequency differences found in the
different groups did not reject the nullity hypothesis
between the variables.

Photographs of the right knee (study group) and
left knee (control group) in one rabbit from each
sacrifice group can be seen in Figures 2A - F.

DISCUSSION

In the model used, rabbits were chosen as the
experimentation animal because this is the spe-
cies most commonly used for repairs of osteo-
chondral defects:").

It was decided to use a trephine to produce the de-
fects because this made it possible to create uniform
defects. This tool os frequently used in studies on the
healing of osteochondral lesions*-!7, Regarding the
dimensions of the defect produced, we chose to use
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Table 2 — Frequency distribution of the variables of surface, coloration,  Table 3 — Frequency distribution of the variables of surface, coloration,
consisten cy, continuity and healing of the defect in animals sacrificed  consistency, continuity and healing of the defect in animals sacrificed 180

120 days after the surgical procedure. days after the surgical procedure.
Rabbits: 1/2/3/4/5 Rabbits: 23/26/27/30/32
Groups Groups
Study Controle Study Control
Condyles Condyles
. Condyles Condyles
right knee left knee,
(rig ) (e ) (right knee) (left knee)
Parameters lateral medial lateral medial
Parameters lateral medial lateral medial
n % n % n % n %
n % n % n % n %
Surface
Surface
PI . . . .
anar 8 |600 ) 3 | 6001 31600 3 ) 600 Planar 3/600| 2 |400]| 4 |800]| 4| 800
Uneven 2 40.0 2 40.0 2 | 40.0 2 40.0 Uneven 5 | 40.0 1 20.0 1 20.0 | 1 20.0
Irregular 0 0.0 0 0.0 0 0.0 0 0.0 ||'|'egU|ar 0 0.0 2 40.0 0 0.0 0 0.0
Coloration Coloration
Translucent 2 | 40.0 2 400 | 2 | 40.0 2 40.0 Translucent 0 0.0 0 0.0 1 200 | O 0.0
Opaque 0 0.0 0 0.0 0 0.0 0 0.0 Opaque 11200 | 2 | 40.0 0 0.0 0 0.0
Discolored 3 | 600 ]| 3 60.0 | 3 | 60.0 3 60.0 Discolored 4 1800 3 60.0 4 80.0 | 5 | 100.0
Consistency Consistency
Firm 5 [100.0| 5 |100.0| 5 |100.0| 5 |100.0 Firm 51000} 4 | 800 | 5 11000} 5 | 100.0

Not firm 0 0.0 0 0 0 0.0 0 0.0 Not firm 0| 00 1 20.0 0 00 | O 0.0

Continuit
Continuity inuty

None 2 | 40,0 | 2 | 40,0 4 80,0 | 4 80,0
None 3 1600 O 0,0 11200 2 40,0

(< 50%) 2 | 40.0 | 2 | 40.0 4 80.0 | 4 80.0
(< 50%) 3 1600 0 0.0 11200 2 40.0

Partial 11200 | 1 20,0 0 0,0 1 20,0
Partial 0 0,0 0 0,0 0 0,0 0 0,0

(£50>75%) | 2 | 40.0 | 2 | 40.0 1 200 | O 0.0

(<50>75%) | 2 | 400 | 5 (1000 4 | 80.0 | 3 60.0

Total (<75%) | 1 | 200 | 1 | 200 | 0 | 00 | 1| 200

Total (<75%) | 0 | 0.0 0 00 | 0| 00 0 0.0
Healing of the

Healing of the defect defect
Total 3|600| 1 2001|200/ 2 | 400 Total 3600 2400 | 4 | 800 4 800
Partial 0olo0o| o] o0o|o0o]|00]| o] 00 Partial ] 0] 00 0] 00 ] 000 0] 00
<100% >
<100%>75%| 0 | 0.0 | 2 | 400 | 2 | 400 | 1 | 200 759 1200 0] 00| 0 |00|0]| 00
<75%>50% | 0 | 00 | 1 | 200 | 2 |400| 1 | 200 <75%550% | 1 12001 0 | 00| o | oo lol oo
<50%=>25% | 0 | 00 | 1 | 200 | O | 00 [ 1 | 20.0 <50%>25%| 0| 00 | 0 | 00 | 1 |200| 1| 200
<25%1t00% | 2 |400| 0 | 00 |0 | 00 | 0 | 00 <25%1t00% | 0 | 00 | 3 |600| 0 | 00| 0] 00
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Table 4 — Frequency distribution of the variables of surface, coloration,
consistency, continuity and healing of the defect in all the animals sac-

rificed in all the groups.

Total of 16 samples: 90/120/180 days

Groups
Study Control
Condyles Condyles
(right knee) (left knee)
Parameters lateral medial lateral medial
n % n % n % n %
Surface
Planar 10 | 62.5 10 | 62.5 8 50.0 10 62.5
Uneven 6 37.5 4 25.0 7 43.8 5 31.3
Irregular 0 0.0 2 12.5 1 6.2 1 6.2
Coloration

Translucent 2 125 3 18.8 5 31.3 4 25.0

Opaque 3 18.8 3 18.8 2 12.5 1 6.2

Discolored 11 | 68.8 10 | 62.4 9 56.3 11 68.8

Consistency
Firm 16 | 100.0 | 15 |[93.8| 16 100.0 | 16 100
Not firm 0 0.0 1 6.2 0 0.0 0 0.0
Continuity
None 8 50,0 10 | 62,3 8 50,0 5 31,3
(< 50%) 7 43.8 5 31.3 6 37.5 8 50.0
Partial

(<50 > 75%) 8 50.0 10 | 62.3 8 50.0 5 31.3

Total (< 75%) 1 6.2 1 6.2 2 125 3 18.8

Healing of the defect
Total 9 56.3 5 31.3 6 37.5 9 56.3
Partial 0 0.0 0 0.0 0 0.0 0 0.0

< 100% = 75% 2 12.5 4 |25.0 3 18.8 2 12.5

< 75% > 50% 1 6.2 2 12.5 5 31.3 3 18.8

< 50% > 25% 0 0.0 1 6.3 2 12.5 2 12.5

< 25% to 0% 4 25.0 4 |25.0 0 0.0 0 0.0
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Figure 2 — Photograph of the right and left knees: (A and B) 90 days after
surgery; (C and D) 120 days after surgery; (E and F) 180 days after surgery.

a diameter of 3.2 x 4.0 mm, in animals weighing 2
to 3 kg, since this would be compatible with the size
of the rabbits’ knees3-17).

Among the surgical techniques so far used for
filling in osteochondral lesions, no technique of
proven efficiency has yet been found(®!3-162420) This
is mainly due to the difficulties in achieving integra-
tion with hyaline cartilage, which has still not been
reproduced artificially.

Techniques for stimulating the osteochondral
tissue, such as perforations, abrasion, debridement
and microfractures, promote excessive proliferation
of fibroblasts, which results in formation of tissue
known as fibrocartilage, with lower resistance than
shown by the original hyaline cartilage'%!,

Tissue transplantation to cover osteochondral de-
fects, such as periosteal and perichondrial tissue,
which is rich in mesenchymal cells, also does not

induce differentiation of these cells in chondro-
cytes(-7:16.24:26)
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Transplantation of cartilaginous and
mesenchymal cells at different stages of
differentiation has been studied in various
models, but histological analysis has not shown
the presence of hyaline cartilage. Although the
initial results have been encouraging, other studies
are needed in order to confirm whether or not this
cartilage is present(!,7»%:12:16.24-33)

Osteochondral transplantation techniques,
carried out by means of removing osteochondral
blocks from autologous or heterologous donor
areas, have not regenerated the cartilage(!16:2427-33),
These techniques are mainly used in cases of
traumatic lesions, with satisfactory results®®3%.

Use of artificial materials such as polyglycolic
acid, fibrin glue, collagen gel and carbon blocks,
with the aim of filling osteochondral defects,
has already been described. However, this has
been seen to produce a severe inflammatory
reaction®#812.18.25.33-35 "[Jge of this type of material,
in association with culturing of mesenchymal cells
in order to boost their growth potential, seems to
be the future of new advances!!-7-8:12:24.32-33),

Sugarcane biopolymer has already been used
experimentally as a substitute for other tissues,
in a support device for urinary incontinence®®,
as a replacement for vascular prostheses®*-*?, as a
coadjuvant in wound healing®®, as a replacement
for the tympanic membrane®?, in repairs to the
dura mater®® and in bladder tissue®®”. Because
these studies have shown that this biopolymer
presents low cytotoxicity to these tissues, along
with biocompatibility and integration, it was
decided to apply this it to filling osteochondral
defects in femoral condyles, and also because
there would be no need to remove autografts.
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