Clin Oral Invest (2013) 17:897-904
DOI 10.1007/s00784-012-0751-z

ORIGINAL ARTICLE

Histological evaluation of bone healing using organic bovine
bone in combination with platelet-rich plasma
(an experimental study on rabbits)

Marwa Q. Kurikchy - Natheer H. Al-Rawi -
Rafah S. Ayoub - Shatha S. Mohammed

Received: 7 October 2011 /Accepted: 3 May 2012 /Published online: 23 May 2012

© Springer-Verlag 2012

Abstract

Objectives This study was carried out to histologically as-
sess the effect of bone grafting materials extracted from
bovine origin on the bone healing process either alone or
when mixed with autologous platelet-rich plasma which
could be used in many procedures of oral and maxillofacial
bone and implant reconstructive surgery.

Materials and methods Sixteen rabbits were used; three
intrabony defects in the femur bone of each rabbit were created,
one left unfilled for normal healing process and served as
control, the second filled with xenogenic graft (Gen-Ox-lyoph-
ilized bovine bone organic matrix), and the third filled with
(Gen-Ox-lyophilized bovine bone organic matrix) mixed with
autologous platelet-rich plasma . Histological examination of
the sections was performed after staining with H&E and Van
Geison stains. The histomorphometric analysis including
counting of bone cells (osteoblasts, osteocytes, and osteoclasts)
with performance of osteon diameter and lamellar thickness at
the end of the fourth week postoperatively was obtained.
Results 1t has been shown that with the use of autologous
platelet-rich plasma in combination with the xenogenic bone
graft prepared from bovine origin, new bone formation and
neovascularization were enhanced significantly when com-
pared with xenogenic graft alone.
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Conclusion The addition of PRP to xenogenic bone substitute
in small bone defects of the rabbit femur showed a histomorpho-
metric increase in bone formation (at the fourth week of healing).
Clinical relevance Platelet concentrate might be used to
accelerate the osseointegration of enosseous dental implants.
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Introduction

Although autogenous bone graft is considered the gold stan-
dard in functional rehabilitation and treatment of bone loss [1],
autografting is limited by the amount of bone that can be
retrieved, morbidity, and risk of infection [2, 3]. There is a
continuing search for bone substitutes to avoid or minimize
the need for autologous bone grafts. Biomaterials can be used
for replacing autografts [3] and organic bone matrix; an
osseoconductive biomaterial is used for these purposes [4].
In vivo, studies have demonstrated the feasibility of using
xenogenic bone in orthognathic [2] and trauma surgeries [5].
Xenografts like Gen-Ox® have been widely used as bone graft
materials due to abundant sources and accessible processing;
however, the results remain controversial, with different out-
comes according to the type of defect [6] and variable resorp-
tion rate [7]. The association of biomaterials with repair
promoters like platelet-rich plasma (PRP) is promising [8].
Platelet-rich plasma has received significant attention because
it is an autologous product with simple in-operatory prepara-
tion and purported wide-ranging therapeutic effects [9]. The
use of PRP offers a potentially useful adjunct to autologous,
allogenic, and xenogenic graft materials in oral and maxillofa-
cial bone and implant reconstructive surgeries. PRP can be
defined as a volume of autogenous plasma that has a platelet
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concentration above the baseline, and it is produced by centri-
fugation of the patient's own blood. So, it is the suspension of
growth factors that has been demonstrated to induce healing
and regeneration in soft as well as hard tissues [10]. Platelets
release multiple wound healing growth factors and cytokines,
including platelet-derived growth factor (PDGF), transforming
growth factor B1 and B2 (TGF-B1 and B2), vascular endothe-
lial growth factor (VEGF), platelet-derived endothelial growth
factor, basic fibroblast growth factor, and platelet activating
factor-4 [11, 12]. For several years, PRP has been thought to
promote bone healing, but there are contradicting reports about
its clinical efficacy. Several studies in humans show that PRP
has a beneficial effect on bone healing [13—16]. Studies on
animals reveal conflicting results; some were positive and
others were negative [17-22]. The inconsistency of these
results prompted this study on the effect of PRP on bone
regeneration with a xenograft. This study examined histolog-
ically the influence of PRP when used as an adjunct to Gen-Ox
bovine organic bone in the repair of small bone defects.

Materials and methods

Sixteen healthy male New Zealand rabbits aged 6—9 months
and weighing between 2 and 2.5 kg were used as experimental
animals. Approval was obtained from the animal care com-
mittee at the College of Medicine, University of Saladdin,
Iraq. Platelet-rich plasma was prepared using a technique
described by Shayestah et al. [23]. Briefly, 5 mL of autologous
blood withdrawn from each rabbit was initially centrifuged at
1,200 rpm for 20 min to separate PRP and platelet-poor
plasma (PPP) portions from the red blood cell fraction. The
PRP and PPP portions were again centrifuged at 2,000 rpm for
15 min to separate the PRP from the PPP. The platelet count
was carried out in the blood sample drawn, and the PRP
sample of each rabbit was counted using a manual method
under a microscope [24]. The platelet count in PRP was about
2-3-fold of that in peripheral blood. The PRP was activated
before application with 10 % calcium chloride solution [10].
After activation, PRP turned into a gel-like substance with
adhesive properties and mixed with organic bovine bone
(Gen-Ox-organic®, Braumer SA, Brazil) in a ratio of 0.5 mL
of PRP with 30 mg of organic bovine bone [23].

Surgical procedure

All surgical procedures were performed under systemic
anesthesia (40 mg/kg ketamine and 5 mg/kg intramuscular
xylazine). The bone surface of the femur was exposed by a
latero-longitudinal incision. Three identical bone defects of
3 mm were created using a small round bur with a distance
of approximately 4 mm between each hole [25] (Fig. 1). The
created holes were dried of blood and were treated with one
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Fig. 1 Three identical bone defects in the femur

of the following two treatment modalities: (1) grafting with
Gen-Ox-organic bovine bone alone or (2) grafting with
Gen-Ox-organic bovine bone mixed with PRP. The last hole
was left without grafting and served as control. All experi-
mental areas were covered with the soft tissue flap with
resorbable 4/0 suture (Vicryl, Johnson & Johnson, Somer-
ville, NJ) and with 4/0 black silk suture for femoral skin.
The rabbits recovered from anesthesia without complica-
tions. They were given pain medication (25 mg diclofenac
sodium) during the first 3 days after surgery and an antibi-
otic (ampiclox 500 mg I.M.) for 1 week to prevent infection.

Experimental protocol

Four rabbits were sacrificed at the end of each healing
period (i.e., at the end of the first, second, third, and fourth
weeks postoperatively). The left femoral bone was resected
without encroaching on the grafted area using a bone saw.
The bone piece with the defect and the attached soft tissue
were removed and immediately fixed in 10 % phosphate-
buffered formaldehyde solution for 48 h. Thereafter, tissue
blocks were decalcified with 50 % formic acid and 20 %
sodium citrate for 4 weeks, dehydrated with graded alco-
hols, and embedded in paraffin. The histological sections of
4—-6 um obtained were stained with H&E and Van Gieson
stains. Histological analysis of bone filling in the defective
area, new bone formation, histological evaluation of collagen
fibers, inflammatory cells, bone-forming cells, bone trabecu-
lae, and neovascularization were assessed. Cell counting,
diameter of the osteon, and lamellar thickness of the Haver-
sian system were also assessed. For bone cell counting, osteo-
blasts, osteoclasts, and osteocytes were counted at the fourth
week postoperatively (PO) for control and experimental
groups according to the Qassim method [26]. Counting was
performed in five randomly selected sites of each section at
40x magnification. The osteon diameter of 10 randomly se-
lected sites was done using the measuring ruler of Visapan at
40%. The mean wall thickness was calculated as: Y2(osteon
diameter — Haversian canal diameter) [27]. The results
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obtained were submitted to ANOVA and Duncan ¢ test using
SPSS.18 (Chicago, IL). Differences were considered sta-
tistically significant if P<0.05.

Results

During the experiment, all animals remained in good health
and did not show any complications. No evidence of infec-
tion or fracture of the surgically treated site was observed.

s um

LR

Fig. 2 At the end of the first week: a control group: / blood clot, 71
granulation tissue. b Gen-Ox only group: / multiple clots, // granula-
tion tissue. ¢ Gen-Ox + PRP: [ areolar tissue, // newly formed blood
vessels (H&E, x100-150)

Qualitative assessment

Light microscopic examination of the decalcified sections
showed the following

One-week results In group I (control group), the defective area
showed newly formed granulation tissue with a large blood clot
filling the defect site (Fig. 2a). In group II (Gen-Ox® only),
dense granulation tissue was seen around multiple blood clots
filling the defect (Fig. 2b). In group III (Gen-Ox®plus PRP), we
observed a little new bone formation mainly from the edges of
the defect with a central area of fibrovascular connective tissue
(Fig. 2c).

ginous callus, /I cartilage, /I bone spicule. b Gen-Ox only group: /
newly formed bone spicules, // fibrocartilage. ¢ Gen-Ox + PRP group:
1 bone spicules, /I Fibrous tissue (H&E, x35)
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Fig. 4 At the end of the third
week: a control group: / bone
trabeculae. b Gen-Ox only
group: osteoblast cells and pri-
mary osteon. ¢ Gen-Ox + PRP
group: / primary osteon and
osteocytes (H&E, x100-150). d
Gen-Ox + PRP group: primary
osteons (Van Geison, x90)

Two-week results In group I, a dense mixture of fibrocarti-
laginous callus and hyaline cartilage was seen with newly
formed bone spicules starting from the edge of the defect
(Fig. 3a). In group II, the newly formed bone spicules
appeared more mature with more organized fibrocartilage
callus formation (Fig. 3b). Group III showed well-
vascularized bone marrow, and increased number and dis-
tribution of bone spicules were observed. (Fig. 3c).

Three-week results Group 1 showed continuous healing
through the formation of new bone trabeculae extending

Fig. 5 At the end of the fourth
week: a control group: newly
formed bone. b Gen-Ox only
group: / newly formed osseous
tissue, /7 original bone (H&E,
%x100-150). ¢ and d Gen-Ox +
PRP group: / osteon, /I original
Haversian canal, /] newly
formed Haversian canal (Van
Geison, x370)
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from the edge of the defect and diffused along the callus
(Fig. 4a). Group II: more bone trabeculae with many prima-
ry osteon formations with active osteoblasts were seen
(Fig. 4b). In group III were more bridging of new bone with
increased surface area of bone trabeculae and prominent
primary osteon formation (Fig. 4c).

Four-week results Group 1 was characterized by newly
formed osseous tissue with irregular distribution of osteo-
blasts and osteocytes and few number of osteoclasts. Prima-
ry osteons were formed but with few number (Fig. 5a).
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Table 1 Statistical analysis for histopathological findings at the end of the fourth week postoperatively
Experimental Mean no. of P value Mean no. of P value Mean no. of P value Osteon P value Lamellar P value
groups osteoblasts/ osteocytes/ osteoclasts/ diameter (1) thickness (p)

unit area unit area unit area
Control (group I) 13.60+1.5 P<0.05 61.67+5.4 2.00+1.14 NS 22.75+4.0 7.12+1.59

Gen-Ox bovine 24.60+2.7 P<0.05

bone only
(group 1II)
Gen-Ox bovine
bone + PRP
(group III)

13.20+1.2 98.67+1.2

77.00£11.5 P<0.05 2.75+£0.5

23.50+2.66 P<0.05 7.83+1.12 P<0.05

1.67+0.3 37.00+3.15 13.87+1.80

NS nonsignificant

In group II, More mature bony tissue was observed
with little number of primary osteons and a significant
increase in the number of osteoblasts (Fig. 5b). Group
III revealed a well-formed osseous tissue with still ir-
regular distribution of bone cells. The number of oste-
ocyte was significantly increased indicating bone
maturity, and the diameter of the osteon with lamellar
thickness was significantly increased when compared
with other groups (Fig. 5c¢ and d).

Quantitative assessment

Cell counting was performed at the end of the fourth week
PO for all tested groups. The number of osteoblasts in Gen-
Ox-treated groups was significantly higher than other
groups (P<0.05); however, the number of osteocytes was
significantly higher in the Gen-Ox + PRP group than other
groups (P<0.05). No significant difference in number of
osteoclasts was observed among groups. Regarding osteon
diameter and lamellar thickness, a significant increase was
observed in the Gen-Ox + PRP group than other groups
(Table 1, Fig. 6).

Discussion

One of the dilemmas in oral and maxillofacial surgery is the
question of how to treat extensive bone injuries accompanied
with tissue loss. Large bone defects cannot heal spontaneously,
preventing the natural repair of the damaged bone. Therefore,
the use of graft material became a must. Although autogenous
grafts are commonly used in such cases, the need for additional
intervention increases the duration of surgery and the risk of
infection, pain, and discomfort at the donor site. During the last
decade, several bone grafting materials produced from bovine
bone, with physicochemical characteristics similar to those of
human bone, have been developed for use in oral and orthope-
dic surgeries as an alternative to autologous grafts [28]. The
performance of organic bone replacement is not very clear, but
some studies in orthognathic and trauma surgeries [2, 8] dem-
onstrated good results. Bovine organic bone was rapidly
absorbed, and the histological analysis demonstrated that oste-
oblastic activity is significantly increased; this indicates a
marked osteoinductive ability of the material. The newly
formed bone seen in this study is not different from that seen
by others [29]. Therefore, an attempt was made to accelerate the

Fig. 6 Histomorphometric
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process of bone healing through mixing bovine organic matrix
with PRP [14].

PRP is a potent mitogenic and chemotactic factor for
both fibroblasts and osteoblasts. It is a strategic vehicle
for growth factors that influence bone regeneration [10].
Platelets are a natural source of growth factors that play
an important role in the wound healing process [12]. In in
vivo studies, PDGFs have shown to stimulate bone for-
mation and consistently enhance wound fill [30, 31].
Increasing the concentration of platelets in bone defect
may lead to improved bone formation. However, the
association of PRP to biomaterials remains controversial
[32]. Some in vivo studies demonstrated the effectiveness
of PRP associated with bone substitutes for treating peri-
odontal defects or for sinus floor augmentation [33].
Hanna [34] found that periodontal infrabony defects trea-
ted with bovine-derived xenograft and PRP have signifi-
cant reduction in pocket depth and increased clinical
attachment levels when compared with defects treated
only with bovine-derived xenografts. In the present inves-
tigation, both lamellar thickness and osteon diameter were
significantly enhanced in bony defects treated with bovine
organic matrix mixed with PRP. This finding is in accor-
dance with Fuerst and colleagues [35] who documented
that dental implants placed in conjunction with PRP
achieve accelerated bone-to-implant contact during the
early stage of implant healing. Other studies [21, 22]
found no effect of PRP in new bone formation in the
PRP-treated bone graft. Although the potential clinical
applications for PRP are numerous and have shown prom-
ising benefits, a number of studies question the efficacy of
this growth factor product. Raghoebar [36], for example,
found no beneficial effect on wound healing or bone
remodeling when PRP was added to subantral augmenta-
tion grafts. Sanchez [37] found that the addition of PRP to
xenografts in the treatment of peri-implant defects dem-
onstrated low regeneration potential. One explanation for
the discrepancies in many recent PRP studies is that all
PRP preparation systems are not created equal. The vari-
ation in the concentration of the platelets may play an
important role in the conflicting results reported in vari-
ous animal experimental studies using PRP. In the present
study, the platelet count used was about three times the
usual baseline platelet count. The high concentration of
PRPs used in this study might lead to the expectation that
when a small amount of bone graft is mixed with a large
volume of PRP, the bone cells either residing in the
adjacent tissue or transferred in the graft would be ex-
posed to various growth factors present in PRP for acti-
vation and hence new bone formation. The histological
evaluation of Gen-Ox-lyophilized bovine bone organic
matrix was assessed in this study at different intervals. It
reveals that the material has good osteogenic property; it
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induces mesenchymal cell recruitment, differentiation of
chondroblasts, cartilage formation, vascular ingrowth, and
eventually, bone formation. This biomaterial is a biocom-
patible, osteoconductive grafting material with no sign of
foreign body reaction and/or severe inflammation. Adding
PRP to this biomaterial did not affect its biocompatibility. The
same findings were seen in other studies [38—41]. The trabec-
ular bone maturation (from woven bone to lamellar bone) was
seen in all tested groups; however, the amount of lamellar
bone was significantly greater in the Gen-Ox + PRP group
than the other; this could be attributed to the combined effect
of bone morphogenic proteins present in Gen-Ox bovine
organic bone matrix and the growth factors release from the
platelet concentrate that stimulate bone formation such as
PDGF, IGF, and VEGF [11, 12], since PDGF induces the
proliferation of mesenchymal cells, angiogenesis and macro-
phage recruitment which are crucial for bone regeneration
[42]. Marx et al. [14] observed the same finding when PRP
was used in combination with autogenous bone graft, and they
suggested that such combination could increase the rate of
osteogenesis and qualitatively enhance bone formation. Fur-
thermore, Kim et al. [43] reported that PRP in combination
with bovine cancellous bone allografts increased bone forma-
tion in calvarial defects in rabbits. More basic researches into
the optimal concentration of PRP and the optimal bone defect
size are necessary to capitalize on the ability of platelet growth
factors to enhance bone formation in a graft.

Conclusion

On the basis of the observations presented in this study, it
can be concluded that when PRP is used as an adjunct to
Gen-Ox-lyophilized bovine organic matrix in the repair of
small bone defects, faster bone healing would take place.
Additional randomized, controlled clinical studies evaluat-
ing PRP long-term effects are certainly warranted and may
someday put this question to rest.
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