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Background: Large segmental bone defects caused by trauma, infection, or bone tumor resection are difficult to cure and
have been a problem in the field of bone repair for decades. The objective of this study was to discuss the effi-
cacy of combined therapy of free periosteum and bone allograft in treating bone defects and to provide a the-
oretical basis for clinical application of this therapy.

Material/Methods: A unilateral tibia cortical defect model in New Zealand white rabbits was established according to Girolamo
method. Total 48 rabbits were randomized into 3 groups: a simple bone defect group (n=16), an autogenous
bone graft group (n=16), and a periosteum and bone allograft combined therapy group (n=16). The efficacy was
evaluated by imaging inspections and scoring, HE staining, and RT-PCR in postoperative weeks 2, 4, 8, and 12.

Results: The results of imaging and histopathological inspections in the study indicated that in postoperative weeks 4,
8, and 12 the experimental and control groups had statistically significant differences in Lane-Sandhu radio-
graphic scoring and relative bone density when compared with the simple bone defect group (P<0.05). The RT-
PCR results suggested that the expression of SPP-1, BMP-2, and VEGF in the experimental group was higher
than in the control group (P<0.05) and the expression of Col lal in the control group was higher than in the
experimental group (P<0.05).

Conclusions: Efficacies of the combined therapy (periosteum combined with bone allografting) and the criterion standard
therapy (autogenous bone grafting) are equivalent in treating bone defects in New Zealand white rabbits.
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Background

Large, segmental bone defects caused by trauma, infection,
or bone tumor resection are difficult to cure and have been
a problem in the field of bone repair for decades. At present,
available therapies include periosteum graft repairing, bone
autograft and allograft transplantation, artificial material fill-
ing, bone lengthening technology, and tissue engineering tech-
nology [1-3]. These methods are efficacious to some extent in
treating bone defects, but all have some deficiencies, includ-
ing rapid bone degradation, bone allograft resorption, bone
nonunion, and the risk of refracture. Autogenous bone grafts,
the criterion standard for bone defect treatments, have many
advantages, including fewer postoperative complications and
high osteogenic capability. Zouboset et al. [4] used modified
Matti-Russe technique with autogenous bone transplantation
for treatment of scaphoid non-union and pseudarthrosis and
achieved satisfactory results. Xue Tao Xie et al. [5] succeed
in using free vascularized fibular graft in combination with a
locking plate on a 47-year-old female patient. These reports
all suggest that autogenous bone graft transplantation could
efficiently cure bone defect. Because material resources are
limited, autogenous bone grafts are not applicable where there
are large amounts of bone defects. Therefore, it is important to
find a therapy that can fill bone defects effectively with stents
made of convenient materials as well as promoting rapid bone
formation. Maculéet et al. [6] used combined therapy of fas-
cia lata and allograft in treating large-scale bone loss after to-
tal knee arthroplasty, which achieved satisfactory results. This
methods offer us a new way of thinking about treatment of
bone defects. Based on both the creeping substitution theory
and bone induction theory, the combined therapy of vascular-
ized periosteum and bone allograft became the best method
for treating bone defects caused by a variety of reasons [7].

Periosteum can be divided into 2 layers — the outer one is the fi-
brous layer and the inner one is the germinal layer. The fibrous
layer prevents non-osteogenic cells from growing into a bone de-
fect. The germinal layer has a small amount of fibrous material
and is rich in vessels and cells, including osteoprogenitor cells, os-
teoblasts, osteoclasts, and vascular endothelial cells. It has a high
osteogenic capability, so it also is called the osteogenic layer [8—
11].Using histomorphology and ultrastructure CT examinations,
several researchers have found that removing periosteum from
living autogenous bone leads to a 73% decrease in new bone
and cartilage, a 10-fold decrease in new vessels, and a 75% de-
crease in osteoclasts [12]. Poussa et al. [13] examined microan-
giographic technology and found that capillaries formed, with-
out a blood supply, in the first day after free periosteum grafting.
Capillaries can enter directly into the germinal layer of the free
periosteum through the surrounding soft tissues and support the
osteogenesis. Berggren et al. [14] evaluated bone grafting and
periosteum grafting by using scintigraphic scans and found that

ANIMAL STUDY

osteogenesis progressed faster in periosteum, suggesting that
a free periosteum graft has a great osteogenic capability and is
able to repair both bone nonunion and bone defects.

In simple periosteum grafting, however, there is no stent fill-
ing the bone defect. Moreover, simple periosteum grafting can-
not achieve the therapeutic goal. Filling and osteoconduction
in large segmental bone defects are crucial for bone healing.
Allograft bone transplantation has developed rapidly since it
was first used clinically by MacEwen 1980. The healing process
of allograft bone transplantation involves revascularization of
bone allograft, formation of new bone, the union of the host’s
bone bed and the graft, and the fulfillment of bone incorpora-
tion. Radiological and histological studies in massive bone al-
lografts, however, confirmed that the repair process of cortical
bone allografts was extremely slow. The newly formed bone
could only permeate into the necrotic bone by a few millime-
ters [15]. With such limited osteogenic effect and repair capa-
bility, the incidence of bone allograft nonunion and early-stage
fracture incidence reached 20% [16]. In our study design, bone
allografts, wrapped with periosteum, were able to repair bone
defects. The osteoconduction and stent effect of bone allografts
can support the creeping substitution repair process. In addi-
tion, the periosteum itself has capabilities of early osteogen-
esis and osteoinduction, promoting the bone healing process.

The aim of this study was to discuss the possible repair mech-
anism of the combined therapy of free periosteum and bone
allografts in treating bone defects and to provide the theoret-
ical basis for the clinical application of this therapy.

Material and Methods

Experimental animals

A total of 48 New Zealand white rabbits, each weighing 2-3 Kg,
were kept for 1 week prior to the study with the same feed and
under the same living conditions. There were 3 groups with 16
rabbits each — a blank group, an autogenous bone transplant
group (control group), and a group with allografts with bone
membrane transplants (experimental group).

Bone allograft harvest

Allograft bone was harvested from limbs of New Zealand
white rabbits (mature and of either sex), trimmed to segments
2-2.5cm long, and used in the subperiosteal implantation.

Grafts were stripped of soft tissue, cleaned with detergent, hy-
drogen peroxide, and ethanol sonication washes, and then al-
lowed to dry fully [17]. Samples were irradiated by Cobalt-60
(25 kGy) for sterilization, and then stored at —20°C until used.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License




ANIMAL STUDY

Table 1. Lane-Sandhu radiographic scoring system.
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Degree of bone formation No new born formed 0
 The area of new bone accounts for 25% of the defectarea 1
 The area of new bone accounts for 50% of the defectarea 2
 The area of new bone accounts for 75% of the defectarea - 3
' The area of new bone accounts for 100% of the defectarea - 4
 Degree ofunion Fracture line is fully visible | o
 Fracture line is partially visible 2
Fracture line is not visible 4
 Degree of medullary cavity remodeling  No sign of remodeling o
 Recanalization of medullary cavity 2
 Cortical bone structure forms after recanalization of medullary cavity - s

Subperiosteal implant and bone defect surgeries

All animals, which were obtained from the Southern Medical
University (Guangzhou, Guangdong, China) had surgeries
that were performed according to an approved protocol cre-
ated by the Southern Medical University Animal Care and
Use Committee. In the subperiosteal implant study, 48 New
Zealand white rabbits (mature of either sex) weighing 2-3 Kg
were assigned randomly to 3 different experimental groups
(n=16): blank group, control group, and experimental group.
Anesthesia was induced with 2% sodium pentobarbital by in-
travenous injection (1 ml/kg IP). Following anesthetization, the
skin was sterilized with 0.5% iodophor. A longitudinal incision
was made through the skin and periosteum over the surface
of the left tibia and over the sagittal suture. For creating the
tibia bone defect models, a 15-mm bone defect was created
according to the method of Girolamo [18]. For the blank group,
no allograft was replaced in the defect; in the control group,
autogenous bone was replaced in the defect; and in the exper-
imental group, periosteum was elevated over the defect bones
to a diameter of 2 cm before the allograft was replaced. Then,
the periosteum was closed with a 5-0 running nylon suture.
The skin was closed with a 0-0 running nylon suture. Penicillin
was given once a day by intramuscular injection after closure
for 3-5 days to prevent infection. Rabbits were given free ac-
cess to food and water and monitored for complications or ab-
normalities. At 2, 4, 8, and 12 weeks post-surgery, 12 rabbits
were anesthetized with 2% sodium pentobarbital and injected
intravenously with a barbiturate (100 mg/kg) for euthanasia.

X-Ray examination

Radiographs were taken at 2, 4, 8, and 12 weeks after the ex-
periments, and points were allotted according to the Lane-
Sandhu scoring system [19]. All the points were given by 3 in-
dependent examiners who were trained in the Lane-Sandhu

system. The points were given according to the degree of bone
formation, connections, and bone marrow recanalization. For
bone formation, fully formed was given 4 points and no bone
formation was given zero points. For the degree of connec-
tion, according to the clearance of fracture line, was given zero,
2, and 4 points. No fracture line detected was given 4 points,
and a clear fracture line was given zero points. For bone mar-
row recanalization, according to the degree of recanalization,
zero, 2, or 4 points was given. The Lane-Sandhu radiographic
scoring system is explained in Table 1.

Bone density detection (BMD)

Measurement of BMD was conducted using a Hologic QDR-
2000/Plus DXA instrument (70 kVp/140 kVp). After carefully
separating the tibia at the site of modeling and completely
removing the superficial muscles and soft tissues, BMD was
expressed in grams per cm?.

Histology

Following in vivo X-Ray scanning and ex vivo bone density de-
tection, 24 tibia samples were fixed in 10% buffered forma-
lin for 7 days and decalcified using an HCl and EDTA decalci-
fying solution for 3 days at 4°C with agitation. The bone was
cut in half and centered at the defect or implant. The sample
was stored in 70% ethanol until paraffin embedding for he-
matoxylin and eosin (H&E) staining.

Fluorescence quantitative PCR detection

Total mRNA was extracted from the 24 tibia samples with the
TRizol reagent (Invitrogen, Carlsbad, CA). PrimeScript RT Master
Mix (Takara, Japan) was used to synthesize the first strand of
complementary DNA. Briefly, 2 pg of total RNA was used to
synthesize cDNA. Products were amplified using a SYBR Green
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Table 2. List of PCR primers.

PCR F (5-3’)

COL1A1 TTCAGCTTTGTGGACCTCCG
a2 GGGTGGAACGACTGGATTGT
et GCGTGGAMACCCAMAGTCAC
ves TICATGGAAGTCTACCGGCG
CcaDH CATGAGAAGTATGACAACAGCCT
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R (5-3’)

GTTCTGCACGCATGTGACTG

AGTCCTTCCACGATACCAAAGT

PCR Kit (Roche). The amplification condition consisted of incu-
bations at 95°C for 1 min, 60°C for 1 min, and 72°C for 1 min,
for a total of 40 cycles. The 7900 HT Real-Time PCR System
(Applied Biosystems, Carlsbad, CA) was used to detect real-
time PCR. Expression level was normalized against endoge-
nous GAPDHs for related gene expression. Primer sequences
for gPCR are listed in Table 2.

Statistical significance

The results are presented as mean + standard error of the
mean. All statistical analysis was performed by SPSS 13.0 (San
Rafael, CA), using the homogeneity test of variance, a one-way
General Linear ANOVA, followed by a SNK-t test. Significance
was asserted at p<0.10 for homogeneity test of variance, and
p<0.05 for one-way General Linear ANOVA and SNK-t test.

Results

Gross examination

After 2 weeks, the defects could be seen clearly, and they
were replaced by soft tissue. But at 4, 8, and 12 weeks into
the study, the defects were replaced by firm tissue, which pro-
vided stability to the defect area in all the groups. The newly
formed tissue showed continuity with the surrounding tissues.

Radiological examination

After 2 weeks into the study, the bone density at the bone de-
fect site was low in all 3 groups. A shadow of residual bone al-
lograft was visible in both the control and experimental groups.
No obvious bone callus formation was observed any of the 3
groups. At 4 weeks, a few bone calluses formed around the
bone defect site, and the density at the bone defect site de-
creased in the blank group. In the control group and exper-
imental group, the bone density at the bone defect site de-
creased, but was higher than in the blank group. The bone
allograft shadow also was visible. The shadow of the bone al-
lograft, as well as bone callus formation, was more obvious in

the experimental group than in the control group. At 8 weeks,
bone callus formation was visible around the bone defect site,
and the local density at the bone defect site was lower than
the surrounding bones in the blank group. In the control group,
the bone density at the bone defect site was slightly lower than
the surrounding bones, no obvious bone callus was observed,
and a small amount of bone allograft residual was visible. In
the experimental group, the bone density at the bone defect
site was slightly lower than the surrounding bones, but the
situation was better than in the blank group and worse than
in the control group; bone callus formation was observed, and
a small amount of bone allograft residual was visible. At 12
weeks, a small amount of bone callus formed around the bone
defect site, and the density at the bone defect site decreased
in the blank group. In the control group and the experimental
group, bone density at the bone defect site was equivalent to
the surrounding bones, and a shadow of bone allograft resid-
ual was visible (Figure 1).

Lane-Sandhu score

Lane-Sandhu scoring was performed on the bone defect sites
of all the animals in all 3 groups. Homogeneity test of variance
was performed on Lane-Sandhu scores at all postoperative
time points in the blank, control, and experimental groups, and
the results verified the homogeneity of variance of the scores
(P>0.10). Then, multiple sample averages were compared pair-
wise by SNK-t test. The results suggested that there were no
statistically significant differences among the scores obtained
from the blank, control, and experimental group in postopera-
tive week 2 (P»0.05). In postoperative weeks 4, 8, and 12, how-
ever, the average scores obtained from the experimental and
control groups were higher than in the blank group (P<0.05),
but there was no statistically significant difference between
the average scores in the experimental and control groups
(P>0.05) (Table 3, Figure 2).

Bone density detection

The bone densities at the bone defect sites in the animals
from all 3 groups were measured and the results are shown
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Blank group

Autogenous bone

Periosteum
+ allograft

Figure 1. Imaging inspection results at different
time points in the 3 groups, where the
circled sites are bone defect regions
and the sites pointed by arrows are
shadows of residual bone allografts.
At postoperative week 2, in the
blank group, the defect can still be
seen clearly, while in the autogenous
group and combined therapy group,
the bone allograft was visible, but
the defect area started to become
vague. At postoperative week 4 point,
in the blank group, 1 animal had a
refracture, but in the other 2 groups,
no refracture can be seen, the bone
density at the bone defect sites was
lower than in surrounding bones,
and shadows of bone allograft were
visible. At postoperative week 8, in the
blank group, the defect area can be
seen clearly, with bone density lower
than in the surrounding area, while in
the autogenous group and combined
therapy group, the bone density at
the defect site was lower, but it was
higher than the blank group, and
shadows of bone allograft are visible.
At postoperative week 12, in the blank
group, 1 animal had a refracture and
reunion, while in the autogenous
group and combined therapy group,
no animals had refracture, and the

in Table 4 and Figure 3. Homogeneity test of variance was per-
formed on the bone density values at all postoperative time
points in blank, control, and experimental groups, and the re-
sults verified the homogeneity of variance of the bone densi-
ty values (P>0.10). Then, multiple sample averages were com-
pared pairwise by SNK-t test, and the results suggested that,
in postoperative week 2, the bone density results obtained
from the control group were higher than in the experimental
(P<0.05) and blank groups (P<0.05). In postoperative weeks 4,
8, and 12, the averages obtained from the experimental and
control group were higher than in the blank group (P<0.05), but
there were no statistically significant differences between the
averages from the experimental and control groups (P>0.05).

Tissue and histochemical examination

A large amount of erythrocyte diapedesis was observed in the
blank group (Figure 4A) during the second week of the study.
In that same time frame, a large amount of inflammatory cell
infiltration and erythrocyte diapedesis was observed around
the bone allograft in both the control group (Figure 4B) and
experimental group (Figure 4C) in that time period. No obvious
bone trabecula formation was observed in any of the groups.

bone density at the defect site was
equivalent to the density of the
surrounding bones, and a small
amount of bone allograft residual was
visible.

During week 4 of the study (Figure 4D), the blank group showed
increased inflammatory cell infiltration and a small amount of
vasculogenesis occurred. In the control group (Figure 4E), inflam-
matory cell infiltration increased compared with before, and a
large amount of vasculogenesis was observed; new bone trabec-
ulas were visible at the distal-proximal joint of the bone defect
region formed near the vessels. The joint site presented a grad-
ual creeping substitution situation where the new bones and
the sequestrums interwove together. In the experimental group
(Figure 4F), inflammatory cell infiltration occurred around the bone
allograft, but the infiltration amount was less than in the blank
group, and new vessels and new bone trabeculas had formed.

During week 8, vasculogenesis was observed and the inflam-
matory cell infiltration and erythrocyte diapedesis decreased
significantly in the blank group compared with before. In the
control group (Figure 4G), new bone trabeculas were visible at
the distal-proximal joint of the bone defect region. Compared
with week 8, the new bone trabeculas were more ordered and
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Table 3. Lane-Sandhu radiographic scoring results (X+s).
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Group 2 weeks 4 weeks 8 weeks 12 weeks
Blank group 0.52+0.12 0.63+0.23 1.64+0.94 2.36+0.74
Control group 0.61+0.11 3.97+0.17 6.16+0.34 8.7610.64
Experiment group 0.58+0.18 3.3310.67 5.7310.77 7.93+0.57
10 2.0
[ Blank group [ Blank group
I Control group _ I Control group
8- I Experiment group 3 M Experiment group
g g 1.5
= =
o -
2 £
£ 6 =
s k=)
<) z 1.0
k] =
B 4] b
o £
— 5 ’l‘ é 0.5+
] H
w1 BN 00
2 weeks 4 weeks 8 weeks 12 weeks 2 weeks 4 weeks 8 weeks 12 weeks
Time after operation Time after operation

Figure 2. The Lane-Sandhu radiographic score of the three
groups. There were no statistical difference among
the three groups 2 weeks after the surgical procedure
operation (P>0.05). In the time point of 4, 8, 12 weeks
after the surgical procedure, the control group and the
experiment group had a higher score than the blank
group (P<0.05), but no statistical differences could
be observed between the control and the experiment
groups (P>0.05).

Table 4. Relative value of bone density (X5) (g/cm?).

Figure 3. In postoperative week 2, the bone density results
obtained from the control group were higher than
in the experimental group (P<0.05) and in the blank
group (P<0.05). In postoperative weeks 4, 8, and 12,
the averages obtained from the experimental and
control groups were higher than in the blank group
(P<0.05), but there were no statistically significant
difference between the averages from experimental
and control groups (P>0.05).

Group 2 weeks 4 weeks 8 weeks 12 weeks
Blank group 0.398+0.019 1.002+0.104 1.087+0.083 1.169+0.067
CContolgroup 063820024 130110054 141920039 1593:0028
CExperimentgoup 0593:0018  1239:0029 133740051 150810072

there was no obvious erythrocyte diapedesis; inflammatory cell
infiltration was as observed in the experimental group (Figure
4H). New bone trabeculas were found around the distal-proxi-
mal joint of the bone defect region; both the bone allograft and
the joint presented a creeping substitution situation where the
new bones and the sequestrums interwove together. Therefore,
the arrangement was rather disordered and there still was a
small amount of inflammatory cell infiltration.

During week 12 of the experiment, in the blank group, a small
amount of inflammatory cell infiltration was still visible, and
the inflammatory cells were found to embrace and decompose

the necrotic bones in the blank group. In the control group, the
new bone trabeculas were ordered and there was no obvious
inflammatory cell infiltration or erythrocyte diapedesis. In the
experimental group, the new bone trabeculas were ordered,
but there still was a little bone allograft residual (Figure 41) and
the bone allograft was embraced by the inflammatory cells.

Fluorescence quantitative PCR detection
The result of SPP-1 test (Figure 5) suggested that SPP-1 gene

expression in the experimental group was higher than in the
control group (P<0.05) in postoperative weeks 2, 4, and 8. The
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Figure 4. HE staining results at all time points in the 3 groups: the region pointed to by the arrow is necrotic bone allograft. (A) large
amount of erythrocyte diapedesis occurred in week 2 in the blank group (200x magnification); (B, C) a small amount of
erythrocyte diapedesis and a considerable amount of inflammatory cell infiltration were observed in week 2 in the control
group and experimental group (200x magnification); (D) a large amount of inflammatory cell infiltration and a small amount
of vasculogenesis took place in week 4 in the control group (200x magnification); (E) during week 4 in the control group, the
new bone trabeculas were disordered and many new vessels formed (200x magnification); (F) inflammatory cells wrapped
the necrotic bone allograft in week 4 in the experimental group (200x magnification); (G) the new bone trabeculas were
more ordered in week 8 than before in the control group (200x magnification); (H) during week 8 in the experimental
group, the grafting site presented a creeping substitution situation where the new bones and the sequestrums interwove
together, so the arrangement was rather disordered (200x magnification); (I) the residual bone allograft was wrapped by the
inflammatory cells in week 12 in the control group (400x magnification). Picture Caption: the site pointed to by the arrow is
bone allograft and the circled site is the creeping substitution region where new bones and sequestrums interwove together.

difference in expression was highest in postoperative week 4
(P<0.01). The result of BMP-2 test suggested that the BMP-2
gene expression in the experimental group was higher than
in the control group (P<0.01) in postoperative weeks 2 and
4. The result of Col lal test suggested that the gene expres-
sion in the control group was higher than in the experimen-
tal group (P<0.05) in postoperative weeks 2, 4, 8, and 12. The
expression in postoperative weeks 2 and 12 was significant-
ly higher in the control group than in the experimental group
(P<0.01). The result of the VEGF test suggested that VEGF gene
expression in the experimental group was higher than in the
control group (P<0.05) in postoperative weeks 2 and 4. The
difference in expression was highest in postoperative week

4 (P<0.01). The aforementioned results demonstrated that in
the bone defect repair therapy by periosteum combined with
bone allograft, the repair effect is conducted through increas-
es in SPP-1, BMP-2, and VEGF gene expression. In autogenous
bone therapy, the repair effect is conducted through the in-
crease in Col loil gene expression.

Discussion

In studies of bone defects, the establishment of a bone de-
fect model is crucial to the success of the experiments. An
appropriate bone defect model should be selected according
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Figure 5. Fluorogenic quantitative PCR results of SPP-1, BMP-2, Col la1, and VEGF expression in the control and experimental groups.
(A) is the SPP-1 expression, the results suggested that the SPP-1 gene expression in the experimental group was higher than
in the control group (* P<0.05) in postoperative weeks 2, 4, and 8; the difference in expression was highest in postoperative
week 4 (** P<0.01). (B) is the BMP-2 expression. The results suggest that the BMP-2 gene expression in the experimental
group was higher than in the control group (** P<0.01) in postoperative weeks 2 and week 4. (C) is the Col lal expression,
which suggests that Col lal gene expression in the control group was higher than in the experimental group (* P<0.05) in
postoperative weeks 2, 4, 8, and 12. The expression in postoperative weeks 2 and 12 was significantly higher in the control
group than in the experimental group (** P<0.01). (D) is the VEGF expression. The result suggests that VEGF gene expression
in the experimental group was higher than in the control group (* P<0.05) in postoperative week 2 and 4. The difference in

expression was highest in postoperative week 4 (** P<0.01).

the objective of the study. So far, there have been many ani-
mal models reported. Rabbits are used frequently in orthope-
dic experiments, especially in treatment efficacy studies, be-
cause rabbit bones have bone defect characteristics similar to
the biomechanical performance of human bones [20]. Pazzaglia
et al. conducted an experiment with New Zealand white rab-
bits and found that hind limbs have a Haversian system, able
to bear more weight [21], which is similar to the lower limbs
of humans. An earlier study indicated that an 8-mm diame-
ter round bone defect in the tibia meets the requirement of
an experimental animal model of bone defect [18]; this mod-
el can be used in biocompatibility, osteoinduction capability,
and osteogenic capability studies on bone-substitute materi-
als. It does not need external fixation, reducing the factors af-
fecting the bone defect healing and thus lowering the risk of
secondary fracture. It provides an important animal model for

the development of bone-substitute stent materials and how
bone defects repair themselves.

The efficacy showed in this study was objectively assessed by
the Lane-Sandhu scoring system [19] by 3 independent exam-
iners familiar with the scoring criteria. The results suggested
that there were no statistically significant differences at the
4 postoperative time points between the experimental group
(bone defect treated by periosteum combined with bone al-
lograft) and the criterion standard group (bone defect treated
by autogenous bone graft). The bone density at the bone de-
fect sites also was evaluated, and the results also suggested
that the combined therapy of periosteum and bone allograft
could recover the bone density at the defect sites. Therefore,
we proved that the combined therapy of periosteum and
bone allograft could attain similar efficacy to autogenous
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bone grafting in treating bone defects and could be taken as
an optional therapy when autogenous bone is not sufficient.

Imaging inspections and HE staining results showed part of
the mechanisms of periosteum repair of bone defect. In post-
operative week 2 in the simple periosteum wrapping group,
erythrocytes accounted for most infiltrates, which was con-
sistent with the infiltrate condition after normal fractures. In
postoperative week 2 in the simple autogenous bone grafting
group and the periosteum and bone allograft combined ther-
apy group, inflammatory cells accounted for most infiltrates.
Combined with the fact that imaging inspections showed
that the bone allograft still existed, inflammatory cell infiltra-
tion was considered to be related to the bone allograft. This
could be explained by the manifestations of the control group
in postoperative week 12. In postoperative week 12, a small
amount of bone allograft residual was still visible by the im-
aging inspection in the control group, so the HE staining re-
sult showed that inflammatory cells were still infiltrating and
wrapping the bone allograft. With regard to the therapeutic
mechanism, the repair in the blank group (bone defect group)
is conducted through the formation of bone calluses, so dif-
ferent extents of bone callus formations were found in all an-
imal groups. In the blank group at postoperative time points,
and in the control group and experimental group, the filling
is performed on the bone allograft, so no obvious bone callus
formation was observed at the defect area.

The healing mechanisms of the experimental and control
groups were quite different, however. This was shown by the
relevant gene expression situation: in our study, we found
that the expression of SPP-1, BMP-2, and VEGF in the experi-
mental group was higher than in the control group, especially
in postoperative weeks 2 and 4 (P<0.05). These genes prob-
ably participated in the therapeutic process of bone allograft
combined with periosteum, but in the autogenous bone graft
therapy, the main repair mechanism was to increase the ex-
pression of Col lal (P<0.05).

What is the reason for such results?
SPP-1 is the gene sequence of osteopontin (OPN), which plays

an important role in the mineralization and absorption process
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of bone matrix [22]. Its major effect is to regulate the balance
of bone metabolism. Although it plays a crucial role in the acti-
vation of osteoclasts [23-27], the expression of SPP-1 is affect-
ed by various growth factors and differentiation factors, such as
BMP-2 and VEGF [28]. In postoperative weeks 2 and 4, the gene
expression of BMP-2 and VEGF in the experimental group was
higher than in the control group, and this probably affected the
expression of SPP-1, leading to the increase in OPN expression,
thus the SPP-1 expression was higher in control group in week
2, 4, and 8. The reason for the elevations in BMP-2 and VEGF
expression was probably that the active protein factors were
destroyed during the production process of bone allograft, but
the activity of protein factors was not affected during the pro-
duction process of autogenous bone. This was further evidenced
by the fact that collagen | (Col lo1) expression was lower in the
experimental group than in the control group. A total of 80% of
collagens are expressed in bones, keeping the integrity of bone
tissue, so the bone allograft contains a large amount of Col lal
proteins, thus impacting the protein production.

Conclusions

The aim of this study was to observe the efficacy and mech-
anism of the combined therapy of periosteum and bone al-
lograft in critically-sized defect models in New Zealand white
rabbits. The results of the study suggest that the efficacies of
the combined therapy (periosteum combined with bone al-
lograft) and the criterion standard therapy (autogenous bone
grafting) are equivalent in treating bone defects. The mech-
anisms of the 2 therapies, however, probably were different.
The mechanism of combined therapy of periosteum and bone
allograft may involve the increase in the expression of OPN,
BMP-2, and VEGF, while the autogenous bone graft therapy
may be related to the increase in the expression of Col lal.
Additional study of these effects is needed.
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