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SKCNEPUMEHTAABHASA MOAEAb OCTEONOPO3A AAbBEOASAPHbIX
KOCTEU ¥ OBEL, AAl CPABHUTEABHOTO NCCAEAOBAHMUS
OCTEOIEHHbIX CBOUCTB MATEPUAAOB
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1 CTaBponoAbCKHMit rOCYyAQPCTBEHHbIN MEAULIMHCKUI YHUBEPCUTET, Poccuickas Pesepaums
2 yHusepcuteT Apaa, PymMbiHus

3 YHuBepcuTteT PpaHkdpypTa-Ha-MaitHe, TepMmaHus

4 YHuBepcuTteT ButTeH - Xepaekke, ButteH, Fepmanus

In the study was investigated the suitability of the mandibular ridge in osteoporotic sheep for comparative dental
implant research, to establish histological protocols for this model, to study the effect of variations in healing of tooth
extraction sockets and of an acute 12mm bone defects. The hypothesis tested was the post-extraction osteoporotic
sheep mandible and the acute 12mm bone defect in osteoporotic sheep is a suitable model for comparative dental
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implant research. Seven young female sheep with an average body weight of 30 kg have been used in this proof of
principle study. Sixmonths prior to the studies start, animals had been neutered by ovariectomy to induce osteoporosis.
In the first phase, extraction of the incisors was performed bilaterally in each osteoporotic sheep. Following tooth
extraction, in accordance with the literature two standardized box-shaped defects (12 mm acute bone defects) were
surgically created at the buccal aspect of the alveolar ridge in the buccal sextantin a split-mouth design. As the second
phase after 12 weeks, block sections were obtained from the experimental sites. Descriptive histological analysis
on non-decalcified and decalcified sections was carried out. Bone density (BMD) was measured using radiographic
images and initial quantitative analysis was provided to study the bone architecture of our Osteoporotic Sheep Model.
Significant microstructural evolutions were found on the bone compartment biopsies. The bone volume fraction (BV/
TV) decreased by approximately 25 % at six months post-ovariectomy. Histologic analysis of the periodontal/bone
compartment sections stained with different stains revealed typical changes in the periodontal/bone compartments
of the osteoporotic sheep. At 12 weeks, defect healing was mainly characterized by an ongoing bone formation and
mineralization. Bone loss at investigated anatomical sites was in excess of 25 % which is sufficient to categorize these
animals as osteoporotic supporting the stated hypothesis and suggests that the mechanism of bone loss could differ
temporally as well as anatomically.

Keywords: osteoporotic sheep model, bone densification, qualitative histology

Bblnn n3yyeHbl BO3MOXHOCTU MCMNONb30BaHUS 061aCcTu rpebHs HUXKHEN YeNtoCTN OCTEONOPO3HbIX OBELL A5 MPOo-
BeEHNSA CPABHUTENIbHOrO MCCNEeO0BaHUS YCTAHOBKU AEHTAsIbHbIX VMMIAHTATOB, WU3Y4YEHUS Pa3/IMYHbIX BapuaH-
TOB 3aXMBMIEHNSA NMOCTIKCTPAKUMOHHBIX M apTUPULMANbHbIX KOCTHbIX AedEeKTOB pasMepoM A0 12 MM Npu OueHke
OCTEOreHHOro noTeHuuana MmaTepmasnoB pPas3siMyHOro NpPoncxoxaeHus. Cemb MONOAbIX OBEL, UCMOJIb30BaHbl B AaH-
HOM MCCnefoBaHUM Ois OOoKa3aTenbCTBa PEIEBAHTHOCTUM MoAenu. 3a LWecTb MeCSLEB A0 Havyana UCcCcrneaoBaHus
7 monopbix 0BeL, co cpenHeit maccoi Tena 30 Kr 6bIIM CTEPUIM30BaHbLI MyTEM OBapUaKTOMUN ANS UHAYLMPOBAHUS
ocTeonopo3a. BHavane npoBeneHa GunartepanbHas 3KCTPaKUMs pe3uoB Yy BCEX XXMBOTHbIX, MOCJE Yero Ha LWe4yHOM
Kpae anbBEONSPHOro rpebHsa b co3aaHbl 2 CTaHOAPTU3NPOBAHHbLIX AedekTa Kybunyeckon dopmbl (12 mm) no oa-
HOMY C KaxOoln CTOPOHbI. Yepesd 12 Henenb nosy4veHbl 6J10KM U3 3KCNepMMeHTasbHbIX obnacTei. BbinosHeH onu-
caTesbHbIi TMCTONOIMYECKNI aHann3 AeKkanbUMOULNMPOBAHHBLIX U HeaekanbuMULMPOBaHHbLIX CPE30B, U3MepeHa
NMA0OTHOCTb KOCTU (BMD) ¢ ncnosnb3oBaHneM peHTreHorpaduieckmnx n3obpaxeHuii U NPOBEAEH ee NepBOHaYasbHbIN
KOJIMYECTBEHHbIN aHaNn3 C LLEeSbio U3YYEHNS KOCTHOM apxuTekTypbl. Hepes 12 Hepenb 3axmneneHne gedekra xapak-
TepnsoBanoch rmaBHbIM 06pa3oM NpoaoXamLMMCs GOPMUPOBAHNEM KOCTU U MUHepanm3auuen. NMotepu KOCTHOMN
TKaHu B uccrnefyembix 06nacTsax yepesd 6 MecsueB Nocne 0BapuaKToMmm coctaBunm 25 %, 4To No3BONISET CYAUTb O
HaNM4YnUM OCTEONOPO3a Y AAHHbIX XMBOTHbIX. OTO TaKXe NOATBEPXAAET BblABMIAEMYIO FMNOTE3Y, YTO MEeXaHU3M pe-

MoaennpoBaHUA KOCTHOW TKaHU MOXET OT/In4aTbCs Nno BpeEMEHN N aHATOMNYECKNM MPU3HaKaM.

Knio4eBbie cnoBa: Moaesb OCTeorioposa y osedu, njioTHOCTb KOCTeU, rmcTosnorusi

required for in vivo experiments to investigate

newly developed dental implants and new
osteoinductive biomaterials for augmentation of
alveolar bones at risk for changes due to the aging
process (FDA 1994) [5]. Especially different aspects
of alveolar bone healing supported by stem cell
applications can be studied in animal models [7, 19].

The jaw of domestic sheep has been used as a
suitability model on the for dental implant research [2]. Any
animal model used for dental implant research should be
consist of both cortical and cancellous bone, and resemble
human mandible with respect to physical dimensions,
embryological development and physiology [11].

A current clinical challenge in the field of dental
implantology is to obtain a stable implant fixation in weak
bone situations of elderly patients. The life expectancy
of patients has progressively increased over the last
century and will continue to do so for many years to come.
As a direct consequence, many more patients need
dental implantology as the quality of their alveolar bone
progressively deteriorates with age. In the case of elderly
patients, the early phase of osseointegration of dental
implants is particularly delicate as the bone is already weak
at the time of surgery. In this case, the resorption of a small
amount of bone near the implant may induce a dramatic
decrease in early fixation, accelerating the failure process.
Therefore, questions regarding whether aging and
osteoporosis negatively affect the success rate of dental
implants remain unanswered. This could be due to the lack
of studies comparatively evaluating the same biomaterial in
healthy, aged, and osteoporotic large-sized animals.

Reproducible and suitable animal models are

Although there are well-established intra-oral
mandibular models for dental implantology in dogs, pigs
and primates, this is not the case for osteoporotic sheep.
The long-bones of sheep and the maxillofacial sites in the
sheep have been used to model the healing of implants,
however, very little work has been done on the use of
the Osteoporotic Sheep Model. However, the literature
supports the contention that the sheep are suitable
animal species for both bone defect and for intra-oral
dental implant research and furthermore, sheep are
an important species for biomedical research in the
Euroasian region [4, 9, 10, 13]. Duncan [3] refers to non-
critical size defects in the posterior mandible, and the use
of the posterior mandible for implant placement following
extraction of premolar teeth. The paper by Trisi et al. [15]
refers to implant placement in the sheep iliac crest.

The aim of this study was to investigate the suitability
of a post-extraction site and an acute mandibular ridge
bone defect in osteoporotic sheep for comparative dental
implantology, to establish preliminary histological protocols
for this model, to generate baseline descriptive data in this
model, to study the effect of variations in healing of tooth
extraction sockets. The hypothesis tested was the acute
mandible bone defect in osteoporotic sheep is a suitable
model for comparative dental implant research.

Material and Methods. Osteoporotic Sheep Model.
Seven young female sheep with an average body weight
of 30 kg were used in this proof of principle study. Animal
handling and surgical procedures has been approved by
the local ethical committee at the Stavropol State Medical
University (number 98/4, of 10/03/2011). Six months
prior to the study’s start, animals had been neutered by
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ovariectomy to induce osteoporosis. The sheep were
starved overnight and general anaesthesia induced
with Thiopental 20 mg/kg (i. v.) and maintained with
Halothane and Nitrous oxide. Aseptic techniques and
sterile instruments were used throughout the procedure.
Genthamycine (10 mg/kg i. m.) was administered pre-and
post- operatively. In each animal, aleft flank laparotomy was
used to gain access to the reproductive tract, both ovaries
were located and removed, and the laparotomy closed with
sutures. Sheep were maintained caged, Diet supplemented
with pellets for six months following ovariectomy.

Changes in the microarchitecture of alveolar bone have
been investigated through 3D tomography analysis and bone
density measurements 6 months after the day of ovariectomy
using one control animal. The study was performed in two
surgical phases. In the first phase, mandibular incisors and
surrounding bone were removed and posterior surgical
defects created bilaterally in each osteoporotic sheep. In
phase two, the block specimens were retrieved.

All animals tolerated surgery well and regained
full weight-bearing mobility by postoperative day
3. Seventeen days after the operation they were returned
to external stabling until the day of experimental surgery.
No signs of inflammation, gross infection, or tissue
reaction were observed after ovarectomy.

Study design/Surgical protocol. Surgical Phase
1 (tooth extraction and defect creation) 6 months after
ovariectomy. In the first surgery, anaesthesia was induced
as described above. Two bone blocks containing incisors
(split-mouth design) were carefully removed after
reflection of mucoperiosteal flaps and tooth separation
creating an acute-type segmental defect after 30 days +
6 months after ovarectomy (first pair of animals =
4.2 weeks), after 60 days + 6 months after ovariectomy
(second pair of animals = 8.5 weeks), and after 120 days +
6 months after ovariectomy (third pair of animals =
17 weeks), overall 12 bone blocks containing teeth.

Following tooth extraction, two standardized box-
type segmental defects for each sheep (9 mm in height
from the crestal bone, 6 mm in depth from the surface
of the buccal bone, and 12 mm in width mesio-distally)
were prepared in the buccal bone with a carbide bur. The
corresponding lingual bone plates were left intact. The
defect sizes were standardized by the use of a periodontal
probe (PCP12, Hu-Friedy Co., Chicago, IL, USA).

All osteotomy procedures were performed under
copious irrigation with sterile 0.9 % physiological saline.
After wound closure using 4-0 sutures, the sites could heal
for 12 weeks. Postoperative analgesics and antibiotics
were employed and the animal were maintained in pens.

Surgical Phase Il (Retrieval of specimens). After
12 weeks, block sections obtained of the experimental
sites. The blocks were processed and sectioned
through the center of the defect. The sections were
stained with different stains for comparison. Qualitative
histological analysis was carried out and the periodontal/
bone compartment and the bone compartments were
compared as described in the «Histological investigation».

Monitoring of the bone mineral density (BMD) using
one control animal. We have used radiographic images
(TOSHIBA Aquilion 64, TSX-101A) to study the bone
architecture of our Osteoporotic Sheep Model, namely,
to analyze pathological bone conditions, and to study
tissues structure and properties. To acquire sheep
alveolar bone CT images, the CT conditions were the
following: 293x293x100 um voxel size (virtually degraded
resolution), temporal bone protocol, 120 kVp, 300 mAs,
150 mm field of view, 12 mm away from distal.

Inaccordance to Duncan [2] distal to the lower canines
is an edentulous diastema extending in a posterior
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direction for 2-3 cm and terminating at the first premolar
tooth. The dimensions of this area are approximately
45mm antero-posteriorly, by 10 mm bucco-lingually,
and by 20 mm corono-apically (vertical height). A
preliminary histological investigation (results not shown)
found that this region of the mandible comprises a thin
(3=5mm in width) but dense cortex of lamellar bone
surrounding a sparsely-trabeculated marrow cavity
which is haematogenous in young sheep but becomes
progressively more adipocytic as the animal ages. As
lower jaw BMD could not be determined using standard
human regions of interest (ROI) a modified manual
method was used. In brief the sheep head was scanned
from the physiological «flexed» normal position in the
sheep, without rotation to maximize visibility of the lower
jaw. The head was taped to the scanner bed to prevent
movement. The lower jaw was analyzed with two fixed
subregions extending 3cm distally from the edentulous
diastema and bisecting the lower jaw along the midline.

Image segmentation has been applied to the acquired
sheep alveolar bone CT images using Osiris, Version 8.0.2.
Various regions window levels/widths (contrast) were applied
to establish a clear separation between the cortical bone
and the trabecular bone. The set up image segmentation
has been performed with a contrast region, which was
shown by coloring on the trabecular bone region for clear
separation during 3D reconstruction. The segmented
images have been accumulated layer-by-layer following the
Z-plane and reconstructed as a 3D image. The Hounsfield
unit (HU) measurements have been used quantitatively to
express bone density of our experimental animals.

Histological investigations. Paraffin embedding. The
periodontal/bone and the bone specimens were routinely
processed for serial decalcified sections. Specimens
were fixed in 10 % neutral buffered formalin solution for
48 hours and decalcified in 5 % trichloroacetic acid for
15 days, then dehydrated in ascending grades of alcohol,
cleared in xylene and embedded in paraffin. Blocks were
cut to 6-um-thin slides and were stained with hematoxylin-
eosin (HE), TB stain, Azan trichrome stain, and van
Gieson's stain. Those stained sections were viewed with
a light microscope for image analysis of the periodontal/
bone compartment and of the bone compartment.

Embedding in  methylmethacrylate.  Technovit
9100 New (Heraeus Kulzer, Wehrheim, Germany) is a
polymethyl methacrylate (PMMA)-based technical resin
as we described previously [18]. Briefly, the embedding
procedure consists of four major steps:

— a general fixation and dehydration step;

— a pre infiltration step;

— an infiltration step;

— a polymerization step.

The tissue blocks were sectioned at 5um using a
RM 2155 Microtome (Leica, Bensheim, Germany) using
special size D carbide knives (Slee, Mainz, Germany).

Histological analyses. The following histological
investigations were performed:

— ldentification of mineralized bone in the created
12mm acute bone defects after 12 weeks;

— changes in the periodontium/bone compartments
of the osteoporotic sheep (osteoblasts, osteocytes,
osteoid, osteoclasts, vessels and collagen connective
tissues) after 30 days, 60 days, and 120 days healing.

For the preliminary histological measurements of
the changes in the periodontium/bone compartment of
osteoporotic sheep, similar rectangles were fitted into
the periodontal area and the area of the pristine bone
covering the same amount of tissue in both areas.

For the preliminary evaluation of the bone remodeling
in the 12mm acute bone defects after 12 weeks the
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following landmarks were identified in the stained
sections: the bottom of the bone defect (BD), and the
coronal extension of the alveolar crest adjacent to the
defect area (BC).

Results and Discussion. BMD measurements using
the control animal. BMD of lower jaw in the control animal
was analyzed using two fixed subregions (R1 and R2) ex-
tending 3 cm distally along the body of the jaw from the
edentulous diastema and bisecting the lower jaw along
the midline. The Hounsfield units we have found clear-
ly support the hypothesis of Osteoporotic Sheep model
used in our proof of principle study. Significant micro-
structural evolutions were measured on the bone com-
partment biopsies (Fig. 1).

2 50.0

J0L00KV

WD=11.8mm

Fig. 1. Three-dimensional microtomographic description
of alveolar crest biopsies microarchitecture (a) before
ovariectomy and (b) 6 months after ovariectomy taken

from the acute 12 mm bone defect. The difference illustrates
the induction of osteoporosis

Histological observations. Histologic analysis of
the periodontal/bone compartment sections stained
with different stains revealed typical changes in the
periodontium of the osteoporotic sheep. Especially on the
apical area of the root surface, disarranged periodontal
tissue could be observed at all time schedules (after 30
days, 60 days, and 120 days), indicating the influence of
the osteoporotic processes after the ovarectomy in the
cementum/ligament compartment. The periodontal/
bone compartment was surrounded by multi nucleated
giant cells, showing an inflammatory response to the
osteoporotic processes as an disruption of normal
bone physiology due to the uncoupling of estrogen and
cytokine-mediated osteoblastic control of osteoclast
functions. Minor root resorption, dentinoclast-like cells
and ankylosis could be observed in some specimens. In
a higher resolution there was expression of mononuclear
cells along the cementum-periodontium line suggesting
an involvement in osteogenesis.

Toluidine blue is very well suited for detecting cell
nuclei, osteoblasts and the underlying, non-calcified
osteoid regions that consist mainly of chondroitin sulfate
and osteocalcin. The insets show non-calcified osteoid
and osteoid-forming osteoblasts at higher magnification
(Fig. 2). The effect of ovarectomy on the trabecular bone
was evident from low power microscopy of stained tissue
sections. In all specimens of the bone compartment a
typical lamellar arrangement around Haversian canals
interspersed with osteocytes in lacunae, characteristic
of secondary bone has been shown. No evidence of
acute or chronic inflammatory infiltrate was found in
any of the samples. Margins of the bone compartment
revealed osteoblast-like cells and the presence of a large
quantity of osteocytes in lacunae. The central portions of
the bone compartment revealed fewer osteocytes with
a higher number of empty lacunae; blood vessels were
always present. The defects did not fully heal within the
time periods used (after 12 weeks). There was marked
variability in the amount of healing. In some 12-week
specimens which were sectioned horizontally, woven
bone had extended from the cut edges of the critical-size
defect. Woven bone extended from the entire endosteal
surface of the marrow cavity particularly at the margins of
the defect where the endosteal woven bone merged with
the less exuberant periosteal reaction. Isolated spicules
of bone were seen calcifying within the soft-tissue that
filled the defect. Histological examination of the animal
pairs over the time schedule of the proof of principle study
showed variations in healing responses between animals.
Marked hyperplasia of the superior and inferior cortex
occurred in all specimens. Sheep pair 1 had complete
closure of the defect, although the area of regenerated
bone comprising the lateral cortex was less mature and
thinner than the lingual cortex. Sheep pair 2 had a thin
but complete area of new bone bridging the defect. Both
sub-periosteal and sub-endosteal hyperplasia occurred
in the lingual cortex opposite the defect wall. Sheep pair
3 had a defect with fibrous connective tissue filling the
remaining gap, however the immature nature of the bone
flanking the defect suggested that incomplete healing
might eventually have taken place. Sub-endosteal
hyperplasia was evident (histological results not shown).

In general, histological observation demonstrated
obvious differences with respect to the pattern of bone
regeneration between the animal pairs. Areas of newly
formed bone were characterized by an intense staining
of the mineralized matrix and the numerous osteocytes
located in large lacunae. In particular, TB staining
indicated that new trabeculae of woven bone mainly
arised from open bone marrow spaces of the adjacent
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alveolar bone defect. The subsequently formed primary
spongework of woven bone covered the defect area in
coronal and lateral directions. In all of the animals, the
peripheral part of the spongiosa appeared to be higher
mineralized than in the center.

7

120 days

Fig. 2. Representative histological views of periodontal/bone

compartment after 30 days, 60 days, and 120 days of periodontal/
bone remodeling in tooth extraction defects of osteoporotic sheep

(different stains)

At 12 weeks, defect healing was mainly characterized
by an ongoing bone formation and mineralization. In
particular, histological observation revealed a continuous
filling of the intertrabecular spaces in all of the animals
and subsequently a transformation into
primary osteons. This was particularly true for
the central parts of the defect areas. However,
a similar amount of bone resorption was
identifiable in the peripheral compartments,
obviously resulting from a retarded bone
remodelling in our osteoporotic sheep model
(Fig. 3).

The ideal «tool» for the scientific evaluation
of new surgical materials and procedures is
an appropriate animal model. This allows both
a qualitative, histological description of the
healed site, and a quantitative or histometric
analysis of the amount of new tissue
produced. Newton B. et al. [12] commented
that «strategies for selecting an experimental
animal model also require clear understanding
of spontaneous bone defect healing, to
correlate experimental data obtained from
humans. Interspecies differences may be
overcome thanks to the knowledge of healing
in «criticial size defects».

changes seeninthe human skeleton [16], and at the same
time should be reproducible, meet appropriate ethical
standards and be economical and efficient. Most basic
investigations of osteoporosis have been conducted in
the rat [4], but this model has limited utility because it
lacks true lamellar bone and hence does not undergo
trabecular remodelling in the same way as human
bone, especially in younger animals [14]. Long-term
bone loss following ovariectomy alone in the rat is
not as dramatic as the bone loss in postmenopausal
women [1] and cortical bone studies are limited due
to the absence of Haversian systems.

Consequently, there is a need for a large animal
model for use in osteoporosis- (age-) related research
to facilitate preclinical evaluation of biomaterials and
dental implants as well as surgical and mechanical
treatments in alveolar bone regeneration.

The amount of growth factors and the number of
bone cells capable of being stimulated by a bioactive
surface of newly developed implants or by bone
substitute materials as well as by stem-cell supported
dental bone regeneration decrease as a consequence
of patient aging and conditions such as estrogen
deficiency [1]. Therefore, the challenge for the future
is to extend these findings to studies on compromised
bones with osteopenia and osteoporosis and to
apply the concept to humans with aging bones and
degenerative diseases. The present proof of principle
study was designed to evaluate the influence of tooth
extraction and of a creating of an acute 12 mm bone
defect on bone remodeling in a osteoporotic sheep
model assessing:

(a) the osteoporotic sheep mandible as a
standardized model;

(b) the osteoporotic deficiency as simulating
aging processes;

(c) the bone quality of two different experimental
sites by histological analyses and lower jaw BMD
measurement.

Perhaps the most significant observation from
this proof of principle study, which was undertaken

Various animal models have been utilized
to investigate the osteoporotic condition in
order to facilitate preclinical testing of newly
developed biomaterials and to evaluate new
treatment options in dental implantology. The
ideal animal model should mimic the anatomy,
biomechanics, cell biology and pathological
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Fig. 3. Representative histological views of 12 mm CSD in osteoporotic
sheep at base-line (A) and after 12 weeks (B) of bone remodeling (HE stain,
van Gieson's stain). In particular, new trabeculae of woven invaded within
and circumferentially around the defect area. Defect filling was mainly
characterized by an ongoing bone formation and mineralization, resulting
in a continuous filling of the intertrabecular spaces. This was particularly
true for the central part of the defect areas
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to characterize a potential large animal model of
osteoporosis, was the progressive reduction in BMD at
two anatomical sites (post extraction site of frontal teeth
and 12 mm acute bone defect) within 6 months after
ovarectomy. The total ovariectomy that resulted in this
bone deficit did not adversely affect the general health
of the sheep, and even though all animals gained weight
during the course of the study they were not obese. Bone
loss at both anatomical sites was in excess of 25 % which
is sufficient to categorize these animals as osteoporotic
supporting the stated hypothesis and suggests that the
mechanism of bone loss could differ temporally as well
as anatomically.

In general, it was observed that both of treatment
procedures resulted in considerable histological values
typically for osteoporotic changes during the entire
healing period of 30 days, 60 days, and 120 days for
the periodontal/bone compartment and for 12 weeks
after creation of an acute 12 mm bone defect in the
osteoporotic sheep pairs. While all of the animals
exhibited a pronounced bone formation in the center of
the defect areas, the ingrowth of bone generally appeared
to be lower in comparison with the native bone structures
at the basic time.
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