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ABSTRACT

Background: Autologous periosteal grafting is used as
treatment for articular cartilage defect. Objective: To
study the effect of bone morphogenetic protein (BMP)
on articular cartilage regeneration following perio-
steal grafting. Methods: 16 healthy 15-week-old New
Zealand white rabbits of both sexes (32 knees) were
randomly divided into experimental group (group A)
and control group (group B). A 4.0 mm diameter
full-thickness articular cartilage defect was created in
the femoral intercondylar fossa in all rabbits. Fol-
lowing this, a 4.0 mm diameter section of the perio-
steum was harvested from the anteromedial part of
the upper tibial bone. In group A (eight rabbits, 16
knees), the cartilage defect was covered with perio-
steum, into which 20 pug BMP and 20% Pluronic were
injected. In group B (eight rabbits, 16 knees), the car-
tilage defect was covered with periosteum, into which
the same dosage of 0.9% NS (Normal saline) and 20%
Pluronic were injected. All rabbits were sacrificed at
4, 8, and 12 weeks postoperatively, the cartilage defect
areas were examined macroscopically and micro-
scopically, and the morphology of the chondrocytes
and collagen fibers were examined by scanning elec-
tron microscopy. Results: The filling of the defects
with regenerated tissue was observed in both the
group. The most notable improvement was that the
cartilage regeneration in group A was obviously supe-
rior to that in group B, with the total histological
score in group A significantly higher. Conclusion:
BMP is an effective factor that could promote regen-
eration of articular cartilage and lead to successful
cartilaginous resurfacing following periosteal grafting.
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1. INTRODUCTION

The repair of the articular cartilage is one of the most
widely researched areas in modern medicine. Injury and
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defects of articular cartilage can lead to traumatic arthri-
tis, because of limitations in self-regeneration and self-
repair of cartilage. It has been shown [1] that a consider-
able number of undifferentiated mesenchymal stem cells
(MSCs) exist extensively in the periosteum, which have
the potential for multipotent differentiation and great
capacity for self-renewal, similar to hemopoietic stem
cells (HBSCs) in the blood.

Periosteum as a type of mesenchymal tissue, can be
transplanted into defect areas in articular cartilage for
repair and regeneration, because of its three primary re-
quirements for tissue engineering [2] (i.e. provides ma-
trix, source of stem cells and growth factors). It has been
proved that this procedure in the long term showed im-
proved results [3].

Bone morphogenetic proteins (BMPs) are family of
growth and differentiation factors, belonging to the
transforming growth factor £ superfamily [1,4]. In 1965,
the capability of bone induction of decalcified bone ma-
trix was first reported by Urist [5]. It is well known that
BMPs are pleiotropic morphogens, and they induce new
cartilage and bone formation in ectopic sites by a devel-
opmental sequence that mimics limb development and
morphogenesis [6], and the application of BMPs can
have a positive stimulatory function on repair and regen-
eration [4].

In this experiment, we performed a control study to
verify the effects of BMP on articular cartilage regenera-
tion following periosteal grafting.

2. MATERIALS AND METHODS
2.1. Preparation of the Pluronic Gel

20 mg Pluronic F-127 (Sigma Corp.) was slowly added
to a clean glass bottle containing 100 ml distilled water.
The glass bottle with the mixture of Pluronic gel and
distilled water was oscillated under 4°C for 4 h, until the
flocculent particles were completely dissolved. The glass
bottle containing the mixture was then irradiated under
Cobalt60 for 3000 cGy until all bacteria were eradicated,
which was confirmed by bacterial culture.
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2.2. Experimental Animals

16 healthy 15-week-old New Zealand white rabbits,
weighing 2.5 - 3.0 kg, were used in this study. All fore
knees (32 in total) were used for analysis.

2.3. Preparation of Models

A 20 g/L solution of barbital sodium was injected
through the auricular vein at a dosage of 200 mg/kg for
general anesthesia. After shaving and disinfecting the
operating area, a medial parapatellar approach of a
Scm-long incision was used and the patella was dislo-
cated laterally to expose the knee joint. A 4.0 mm di-
ameter drill was then applied to create a full-thickness
cartilage defect in the middle part of the femoral inter
condylar fossa. Then 4.0 mm diameter of periosteum was
excised from the anteromedial part of the upper tibial
bone for free grafting.

2.4. Experimentation

The rabbits were randomly divided into experimental
group (eight rabbits, 16 fore knees) and control group
(eight rabbits, 16 fore knees) in accordance with sortition.

Experimental group (group A): 20 pg BMP (Sigma
corp.) was microinjected into the cartilage defect, and the
defect area was sealed with 20% Pluronic gel. The perio-
steum obtained from the tibial bone was used as a graft
for coverage with its cambium layer facing up to the
knee joint. The edge of the graft was fixed by suture with
the surrounding bone.

Control group (group B): 20 nug 0.9% NS (Normal sa-
line) was microinjected into the cartilage defect, and the
defect area was sealed with 20% Pluronic gel. The perio-
steum was also grafted similarly to the experimental group.

After finishing grafting, all debris was removed and
the joint was closed by suturing. All rabbits were raised
freely in a cage without external fixation of the affected
limbs. 4, 8 and 12 weeks after surgery, the rabbits were
sacrificed by anesthesia, the operated knee joints were
excised, carefully cleaned of all neighboring tissues,
subjected to macroscopic, histological and ultrastructural
study.

2.5. Statistical Analysis

Software SPSS11.0 version was used for statistical
analysis by the first author with the experimental data. A
P value of <0.05 denotes a statistically significant dif-
ference.

3. RESULTS
3.1. Inclusion of the Experimental Animals

All 16 rabbits were included in the analysis.
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3.2. Macroscopic Study

In all rabbits, there was a small volume of yellowish,
lucid synovial fluid in the knee joints, and there was no
contracture of the articular capsule, amotio of repair tis-
sue, or swelling and hyperemia of the synovium. The
surrounding cartilage kept well.

Four weeks after surgery, in the experimental group,
the cartilage defect area was replaced by semitransparent,
smooth, pink and slightly swollen cartilage-like tissue,
which formed a clear boundary from the surrounding
cartilage. In the control group, the cartilage defect was
covered by white, opaque, soft periosteum, the basilar
surface of which was cardinal red, and a clear separation
from the surrounding tissue. Eight weeks later, in the
experimental group, the repair tissue was smooth, pink,
flexible, and the boundary with the surrounding cartilage
was obscure. In the control group, the periosteum re-
mained white, soft, rough with no flexibility, and a clear
separation from the surrounding surface. At 12 weeks, in
the experimental group, the color and texture of the re-
pair tissue grafted on the cartilage defect was similar to
that of normal cartilage and the boundary with the sur-
rounding cartilage was disappearing. The surface of the
repair tissue was almost at the same level as the sur-
rounding tissue. Compared with the experimental group,
the repair tissue in the control group was mostly smooth,
but had only soft texture and no flexibility. However, the
boundary between the repair tissue and surrounding sur-
face had become obscure.

Total mean scores of the two groups according to the
macroscopic scoring system described by Carranza-
Bencano et al. [7] are shown in Table 1. Analysis of
variance was performed using Dunnett’s test, compared
with the control group. Although the scores were higher
in group A (experimental group), there was no statistic-
cally significant difference between the two groups (p >
0.05).

3.3. Histological Study under Microscopy

4 weeks after surgery, in experimental group, the area of
cartilage defect was filled with cells and matrix, with the
cambium layer of periosteum increasing and differenti-
ating. The basilar part of the cambium layer began to
form a fibrous connection with the surrounding tissue

Table 1. Macroscopic scores of each group at different time
points according to Carranza-Bencano scoring system [7].

Group Weeks 4 Weeks 8 Weeks 12
Control 8 10 12
Experimental 10 13 14

P >0.05, vs control group.
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(Figure 1(a)). In the control group, the cambium layer
increased slightly, there was very little differentiation,
and there was no binding with the surrounding tissue
(Figure 2(a)). Eight weeks later, in the experimental
group, the characteristic morphology of fibrous cartilage
was visible; the periosteum graft had thickened and con-
tained round or ovate cells. The cell density exceeded
that of normal cartilage with an obvious cartilage capsule.
The repair tissue was slightly higher than its surrounding
surface and some hyaline cartilage was visible (Figure
1(b)). In the control group, no periosteum thickening
occurred, few round or ovate cells were visible and no
hyaline cartilage formation was detected. A very small
amount of fibrous cartilage could be seen and there was a
clear boundary with the surrounding tissue (Figure 2(b)).
Twelve weeks postoperatively, the defects in the expe-
rimental group healed well and there was a reduced cell
density and uniform matrix. The cell shape and align-
ment were similar to normal cartilage. Among the ex-
perimental knees, eight knees showed excellent healing
with the surrounding cartilage; most of the cartilage re-
generated from the periosteum was hyaline in six knees,
and there was incomplete binding with the surrounding
tissue. Vertical cartilago styliformis (typical articular
cartilage) was seen in two knees (Figure 1(c)). In the
control group, the surface of the grafted tissue was rough,
the formation of fibrous tissue was obvious, and only a
small amount of fibrous cartilage could be observed. No
hyaline cartilage or reintegration with the surrounding

(b)

tissue could be found (Figure 2(c)).

The scores of microscopic histology according to
Wakitani score system [8] are shown in Table 2. Analy-
sis of variance was performed using Dunnett’s test, com-
pared with the control group. The total score on the his-
tological grading were significantly better in group A
(experimental group) than group B (control group), P <
0.05.

3.4. Ultrastructural Study under SEM

In the experimental group, 4 weeks after surgery, there
were round cells with orbicular-ovate nuclei and irregu-
lar processes next to fibrous tissue in the repair tissue
(Figure 3(a)). After another 8 weeks, the introcession of
nucleus, abundant rough endoplasmic reticulum (RER)
and glycogenosome in endochylema, with microfilament
(MF) and sap cavity, and irregular collagen fibrils were
seen in the matrix (Figure 3(b)). Twelve weeks post-
surgery, in the experimental group, clear nuclear mem-
branes, well-distributed chromoplasm, round cells with
active proliferation, abundant rough endoplasmic reticu-
lum (RER) with a distention of layers, small round mi-
tochondria, developed Golgi apparatus, sap cavity, and
lipid droplets in endochylema were observed. Further-
more, mature hyaline cartilage had formed and there was
a productive secretion of cartilage matrix from the abun-
dant cells. The intercellular spaces were linked to the
cartilage matrix with a fluffy prominence on the surface

©

Figure 1. Histological study of the grafting periosteum in experimental group (Haematoxylin-eosin staining, x100). (a) 4

weeks; (b) 8 weeks; (c) 12 weeks.

(b)

©

Figure 2. Histological study of the grafting periosteum in control group (Haematoxylin-eosin staining, x100). (a) 4 weeks;

(b) 8 weeks; (¢) 12 weeks.
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Table 2. Histological scores of each group at different time
points according to Wakitani scoring system [8] (X = s,
point).

Group Weeks 4 Weeks 8 Weeks 12
Control 9.67+0.55 8.64 + 0.86 7.02+0.61
Experimental 4.03 +0.88 341+0.27 3.06+0.48

P <0.05, vs control group.

(Figure 4(c)). In the control group, a stratified alignment
of fibrous tissue presented at 4 weeks (Figure 4(a)). At 8
and 12 weeks, most of the repair tissue was also in a
stratified alignment of fibrous tissue, with only a little
inactive fibrous cartilage (Figures 4(b) and (c)).

4. DISCUSSION

The periosteum consists of fibre and cambium layers.
The cambium layer is strongly multipotent and has a
large capacity for self-renewal, with copious mesenchy-
mal stem cells (MSCs) [1,9,10]. The MSCs can quickly
differentiate into cells of osteoblast lineage and gradually
differentiate into cartilage and osteocytes when stimu-
lated with specific factors [11,12].

Basic research has revealed the good potential of pe-
riosteal grafting for cartilage regeneration [9,10,13], and
recent study has shown the process of cartilage regenera-
tion following periosteal autograft [14]. Periosteal trans-
plantation has become an effective approach to repair
cartilage defects [15]. Its use in bioengineering applica-

(2
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tions is practicable and there have been numerous studies
reporting favorable results [16-19].

It has been well known that autogenic periosteum is an
ideal material for cartilage repair, which can also be in-
duced and enhanced by certain growth-differentiation
factors, such as cartilage growth factor (CGF), trans-
forming growth factor £ [20], fibroblast growth factor
(bFGF) [21] and bone morphogenetic protein (BMP)
[16,22].

BMPs are family of growth and differentiation factors
that are chemotactic and concentration-dependent, and
that promote karyokinesis and induce differentiation. The
functions of BMPs have been reported in many in vitro
studies. In structure, BMP is a dimer formed by disulfide
bonds, the bionomics of which are the induction of bone
and cartilage regeneration, which can strongly promote
alignment, differentiation and direction of bone and car-
tilage formation [13]. Furthermore, it has been shown
that cartilage defect can be repaired following direct in-
jection of BMP into the knee joints of rabbits without
periosteal grafting [16]. Another studies on cartilage re-
pair using growth-differentiation factors were also re-
ported, such as recombinant human bFGF application
following periosteal grafting [21] and pre-injection of
TGFB1 into the periosteum for grafting [20], both of
which were effective for promoting the quality of regen-
erated cartilage. But to our knowledge, no previous study
regarding the method of using BMP as an enhancing
factor by the direct injection into the cartilage defect fol-
lowing periosteal grafting has been reported.

Figure 3. Ultramicrostructure of the grafting periosteum in experimental group under scanning electron microscopy

(x7000); (a) 4 weeks; (b) 8 weeks; (¢) 12 weeks.

(©

Figure 4. Ultramicrostructure of the grafting periosteum in control group under scanning electron microscopy

(x7000); (a) 4 weeks; (b) 8 weeks; (¢) 12 weeks.
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In this study, BMP was injected into the cartilaginous
defect area following periosteal grafting to enhance the
regeneration of new cartilage. Compared with the control
group, BMP could significantly promote the process and
efficacy of cartilage regeneration and repair.

As for the choose of Pluronic F-127 as the carrier, be-
cause it has the following advantages: 1) Satisfactory
biocompatibility and biodegradability, with a degrada-
tion rate matching cartilage regeneration; 2) Suitability
for injection because it undergoes liquefaction at 4°C and
solidification at 37°C; 3) It is non-antigenic and non-
immunogenic, and seldom reacts with other proteins and
biomolecules [23].

But our follow-up period was short and the durability
of the repair tissue was not given. Further investigations
are needed.
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