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Abstract 
 

Bone formation and bone healing were studied in the mandible, tibia and skull bones in 
adult, healthy and estrogen deficient rabbits implanted with different bone substitutes.  
In the first study an evaluation of the differences in bone regeneration in and around solid 
(Alveograf ) and porous hydroxyapatite (Interpore 200) was undertaken. The implant 
material was placed into experimentally made bone defects and in half of the defects 
hydroxyapatite was mixed with a fibrin sealant (Tisseel ). The material alone or mixed 
with Tisseel was also placed subperiostally in the mandible. The observation time was six 
month. No difference in bone regeneration was found between solid or porous 
hydroxyapatite granulas and the addition of Tisseel did not seem to disturb the bone 
healing process. The implant material placed subperiostally did not induce bone 
formation nor did it provoke any bone resorption. The addition of Tisseel made the 
implant material much easier to handle and retain in the tissue during surgery. 
Bone healing around hydroxyapatite implants was also evaluated in the second study. 
Experimental cavities in the mandible and tibia were filled with hydroxyapatite in granules 
or blocks (Interpore 200) but now with or without autolyzed, antigen-extracted, 
allogeneic bone (AAA). Also in this study Tisseel was used to facilitate the handling of 
the material.  All cavities implanted with AAA-bone, regardless of the combination with 
hydroxyapatite or Tisseel, demonstrated excessive bone formation resembling exostosis 
formation. Thus, hydroxyapatite, both as granules and blocks, can be successfully 
combined with AAA bone utilizing the bone inductive capacity of AAA bone. 
The same model was used to study the healing in ovariectomized animals in the third 
study. Bone cavities were implanted with or without AAA bone and left to heal. The 
results indicate that the osteoinductive capacity of AAA bone is in operation also in 
animals deprived of a normal estrogen production. 
The effect of using AAA bone prior to implant insertion was studied in paper four. The 
bone-implant contact was significant higher when AAA bone had been used. The implant 
stability did not seem to be affected. 
In paper five defects were made in skull and tibial bone in estrogen deficient animals. The 
deficiency of estrogen was confirmed through blood analysis, the decrease in the weight 
of uterus and bone mineral density. The whole body scanning with DEXA showed that 
the ovariectomized animals developed osteopenia. Various degree of bone formation 
was seen in the defects due to the influence of the bone inductive substance AAA bone.  
The studies indicate that a conductive material like hydroxyapatite in granules or blocks 
could be useful in oral reconstructive surgery. The combination with AAA bone enhanced 
the bone formation in calvarial and tibial bone in healthy and estrogen deficient animals.    
Tisseel could be used to facilitate handling and retention of the material in the intended 
position during the healing process without negative effects.  
 
Key words: Bone grafts, hydroxyapatite, estrogen deficiency, demineralised bone, bone 
formation, AAA bone, bone defect, titanium implants, resonance frequency analysis 
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Introduction 
 

 
Bone tissue constitutes the major part of the skeleton, which is the main supportive organ 

of the body. The different bones are designed to withstand the particular load applied to 

them and consequently they vary in shape and composition. In addition to other functions 

the bone tissue through its cellular components serves as part of the system regulating 

the calcium metabolism. 

 

The human bone consists mainly of two tissue forms, cortical and trabecular. The 

compact cortical bone has a high mineral content mainly of hydroxyapatite, and little soft 

tissue. It can therefore withstand the forces applied on the skeletal during function. The 

soft trabecular bone on the other hand has a low content of minerals and comparatively 

more soft tissue per volume.  

 

There are three types of bone cells with progenitor cells. The osteoblasts are responsible 

for the formation of bone, the osteoclasts resorb bone and the osteocytes, sometimes 

considered mature osteoblasts, are surrounded by bone tissue exerting regulatory 

functions on bone metabolism.   

 

 

Bone healing 
 

In endochondral ossification the initially formed cartilage is later replaced by bone. In 

intramembranous ossification minerals are deposited directly into the connective tissue. 

The bone is continuously remodelling throughout life. It is adjusting to functional demands 

and consequently the turnover rate varies between different bones. The rate is high in the 

growing child and is slowing down with age. 

 

In the bone healing process two major stages are identified, primary repair and 

secondary remodelling (Schenk et al 1994).  Upon damage different cell types migrate 

into the wound and among them are stem cells. After removal of necrotic tissue by 

macrophages and giant cells various mediators are released to stimulate the process. 

Following in-growth of blood vessels a bone matrix is formed by the osteoblasts and the 
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matrix gradually becomes mineralised. The process is complex and not yet fully 

understood and both local and systemic factors affect bone formation and in the process 

both osteoblastic and osteoclastic activities are at play. 

 

 

Bone grafting  

In bone grafting different mechanisms are working more or less in concert: 

  

- new bone can be formed directly by surviving transplanted cells, which establish 

centres of bone formation. Cancellous bone and marrow grafts might provide such 

viable cells.  

- osteoconduction occurs when dead bone or other porous materials passively 

guides the in-growth of new bone. Sometimes the implanted material is resorbed. 

This is a slow process and may take years depending on the size of the segment 

and the type of implanted material. 

- osteoinduction is the phenotypic conversion of connective tissue into bone by 

appropriate stimulus. The bone morphogenetic proteins in the graft matrix can 

induce differentiation of undifferentiated mesenchymal cells in the host region into 

bone producing cells.  

 
Local factors affecting bone formation include viability of the recipient bed, interface 

stability, amount and activity of growth factors such as BMPs.   

 

Systemic factors of importance are age, gender, and somatic status such as diseases, 

drugs, and physical activity. With growing age the hormonal activity decreases and thus 

the turnover rate of bone is decreased. Hormones like calcitonin, growth hormone, 

insuline, estrogen, progesteron, glucocorticoids, thyroid hormone, and parathyroid 

hormone can influence the bone turnover and consequently the bone quality. 

  

Bone grafts are frequently required in maxillofacial surgery procedures such as alveolar 

ridge augmentation, treatment of alveolar clefts and other defects as well as 

augmentation genioplasty.  Defects in the adult facial skeleton caused by trauma, 

neoplasm, infection or congenital craniofacial deformities often require some kind of 

grafting procedure in order to replace lost bone, to stabilize the osseous segments and to 
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enhance healing. The development within the field of implant surgery has increased the 

demand for bone grafts. Recipient areas often do not have a bone volume large enough 

to harbour the implants and thus the volume has to be increased.  

Considerable efforts have therefore been made to identify and investigate different bone 

substitute materials to be used in maxillofacial surgery.  

 

However, the optimal grafting material is autogenous cancellous and cortical bone.  

Cortical bone is preferred for defects that initially require a certain form and strength in 

reconstruction. Cancellous bone is preferred in limited defects such as alveolar clefts and 

will possibly provide more viable bone cells. Harvesting autogenous bone has 

disadvantages such as most often requiring a second surgical site, which can prolong the 

operation time and increase the morbidity. Moreover autogenous bone cannot always be 

provided in sufficient amount. Therefore efforts to find substitute materials are still 

ongoing.  

 

 
Bone substitutes  

Ideally a bone substitute should  

 

• be fully biocompatible 

• actively stimulate new bone formation 

• be able to serve as an anchoring surface for host cells 

• have a structure that allows osteoconduction 

• be progressively resorbed and replaced by new bone 

• be strong 

• be commercially available in sterile form 

 

No such substitute exists today. However, a number of less ideal substitutes have been 

described throughout the years and used with varying rates of success. Different 

varieties of stainless steel were the first alloplastic materials to be used with success in 

orthopaedic surgery. Cold curing methyl methacrylate, silicon rubber, composite 

materials and degradable ceramics have also been introduced as bone substitute 

materials. 
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Substitutes for bone replacement can be classified according to their origin: 

 

• Human Alloimplant i.e. demineralised bone 

• Animal Xenoimplant i.e. deproteinised bone (BioOss) and coral  

(Alveograf, Interpore 200) 

• Synthetic Calcium salts, glass ionomer cement, bioactive glass 

 

The bone autograft remains the standard to which all substitute must be compared. Bone 

from another human, bone alloimplant, is sometimes commercially available in freeze-

dried or deep-frozen form. It contains no viable cells and therefore the term implant and 

not graft is more appropriate. In xenoimplants antigens have been removed usually 

through a process of deproteinisation. Consequently the sustained immune response 

inherent in xenoimplants resulting in demarcation by a thick layer of fibrous tissue has 

been eliminated. The original porosities of the bone are maintained (Bio-Oss®)  allowing 

for bone in-growth. Material from natural corals (Alveograf, Interpore 200) consists of 

tricalcium carbonate and through its porous structure human cells can invade the 

material. Another calcium salt is calcium sulfate also known as plaster of Paris. In the 

presence of water, it forms a moldable paste that will harden gradually. The material 

elicits a mild inflammatory response and is resorbed within 6 to 8 weeks. 

 

The architectural structure and porosity of the ceramics have been considered important 

in facilitating interface activity with the host and potentiating bone in-growth. While the 

formation of large crystals and increased density promote long lasting stability it prevents 

in-growth of natural bone. Biodegradation allows the implant to be replaced with natural 

bone. A wide spectrum of ceramic biomaterials with different properties has been tried 

with focus on mechanical strength (Piecuch et al 1983, 1984, 1986, Beirne et al 1986, 

Block et al 1980). Through high temperature and pressure techniques different ceramics 

have been transformed into solid or porous forms of hydroxyapatite. This has been of 

particular interest due to its chemical and structural similarity to bone.  
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BMP and demineralised bone matrix  

The history of bone morphogenetic proteins (BMPs) began with the observation that 

demineralised bone matrix induced ectopic bone formation in subcutaneous and 

intramuscular pockets in rodents (Urist, 1965; Van de Putte  & Urist, 1965). Urist 

described that demineralised lyophilised particles of bone had osteoinductive property, 

which he attributed to a bone morphogenetic protein (BMP) present in the demineralised 

bone matrix. A chemo sterilized bone preparation - autolyzed, antigen extracted and 

allogeneic bone (AAA-bone) - described by Urist (1975) preserves the BMP activity.  

As demineralised bone matrix related bone formation was observed to occur in ectopic 

sites, it was assumed that pluripotent mesenchymal cells were attracted to the site of 

implantation. Isolation of the bone-inducing substance revealed that certain proteins were 

responsible. 

Since 1965 it has been demonstrated that BMP is not a single entity but that bone 

formation is induced by a number of bone morphogenetic substances (Rosen et al, 1989) 

working in concert.  

BMPs belong to the transforming growth factor (TGFb) superfamily, which consists of a 

group of peptide growth factors. More than 40 related members of this family have been 

identified, including BMPs, growth and differentiation factors (GDFs), inhibins/activins, 

TGFbs and Müllerian inhibiting substance (Massague 1990, Kingsley 1994, Reddi 1998). 

The cost of manufacturing the BMPs is often high which probably is why reports on their 

clinical use have been scarce and only a few are found in the literature (Glowacki et al 

1981,1984; Sailer et al 1994).  

 

Since 1965 the bone induction process has attracted much attention. In a comparison 

between autogenous bone, AAA bone and deproteinised bone (in essence bone mineral) 

placed into bone cavities with thin walls, the AAA bone cavities were found to heal almost 

as well as those with bone autograft (Rosenquist et al 1982, Edwards JT et al 1998).  

Cartilage appears 5–10 days after implantation of active demineralised bone matrix  

(Sampath  & Reddi 1983). The cartilage mineralises by day 7–14 and is subsequently 

replaced by bone. After 21 days, haematopoietic bone marrow formation can be 

observed (Reddi et al 1987; Wang 1993). The cellular events observed are similar to 

what is seen in embryonic bone development and normal fracture repair (Reddi & 

Huggins 1972).  
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Mature osteoblasts and fibroblasts could not be induced to express osteogenic 

parameters after treatment with BMP-2 (Katagiri et al 1990). These results indicate that 

the osteogenic influence of BMPs is directed towards immature and multipotent cells. 

Mature cells seem to loose their responsiveness. In healing fractures, which contain 

many immature cells, expression of native BMPs has been demonstrated (Bostrom et al 

1995, Onishi et al 1998). 

 

 

Reconstruction with dental implants 
 

Although utilization of titanium implants, as part of oral rehabilitation is not restricted to a 

certain age group a majority of the patients subjected to implant surgery are senior. This 

is at an age when the effect of osteoporosis is increasing particularly in women. In 

addition to bone loss due to osteoporosis the edentulous alveolar ridge undergoes 

different degree of resorption due to lack of or unfavourable loading. For the patient 

wearing removable dentures retention problems are therefore raising over time. Efforts, 

which have been made to restore the alveolar crest with autogenous bone graft, yield 

poor results because of rapid total resorption of the transplant. This might not withstand 

the forces of a new removable denture. Severe bone resorption can also be due to other 

local factors such as early loss of teeth and periodontal infections.    

 

Before insertion of titanium fixtures in severely resorbed maxillas bone reconstruction is 

needed. If the need of bone is limited autogenous bone can be harvested from other sites 

nearby such as the mandibular ramus. However, if the need for bone is greater the iliac 

crest is usually chosen as donor site especially if no bone substitute is available. In the 

search for a bone substitute material, ceramics of solid or porous forms have been tried 

due to their resistance to resorption.  

 

The osseointegration of titanium implants in partly resorbed alveolar bone could be 

increased with the addition of a bone inductive substitute such as AAA-bone. This has 

been shown in a study by Wang et al (1993) where the rate of osseointegration of 

threaded cylindrical uncoated titanium implants in edentulous dogs increased when BMP 

was added.  
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Osteoporosis 
 Osteoporosis is a skeletal condition characterized by decreased density of normally 

mineralized bone (Glaser et al 1997). The reduced density impairs the mechanical 

strength causing fractures after a long latent period with no clinical signs. The World 

Health Organization (WHO) has classified osteoporosis into two categories, primary and 

secondary. Primary osteoporosis is further divided into three groups, postmenopausal, 

age-related and idiopathic. Secondary osteoporosis refers to patients in whom a 

causative factor or disease is known (WHO report 1994). 

 

WHO has established diagnostic criteria for osteoporosis based on bone density 

measurements by dual-energy x-ray absorptiometry (DEXA). According to these criteria 

the diagnosis osteoporosis is made if a patients bone mineral density (BMD) is 2.5 

standard deviations below the mean value for young normal people. 

 

Table 1. WHO’s diagnostic criteria for osteoporosis 
BMD= bone mineral density, SD= standard deviation. 

 

Group Diagnostic criteria 
Normal BMD within 1 SD of reference value 

Osteopenic BMD 1-2.5 SD below reference value 

Osteoporosis BMD 2.5 SD or more below reference 

value 

Severe osteoporosis One or more fragility fractures 

 

 

In women osteoporosis is related to menopause and is usually evident five years after its 

onset. Osteoporosis also affects the jaws (Rosenquist et al 1978, Habets et al 1988).  

Obviously the decrease in estrogen production occurring at menopause plays an 

important role in the development of osteoporosis. Through special receptors estrogen 

has a direct role in the early cell differentiation and also exerts a stimulatory effect on the 

mineralisation process. Moreover, estrogen has an inhibitory effect on prostaglandin 

synthesis (Monaghan et al 1992). Whether the decrease in estrogen production in elderly 

women explains an over-representation of these in patients with titanium implant losses 

is unknown. It could be that estrogen deficiency negatively affects bone healing. 
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Handling of material 
 

be advantageous. It acts through preventing and delaying fibrinolysis. The haemostatic 

effect on the wound minimises swelling and bleeding. The fibrin glue can also serve as a 

substrate for tissue in-growth and enhance bone formation (Arbes et al 1981, Kania et al 

1998). However, its effects on the bone wound are unclear and the normal bone healing 

process could be delayed or otherwise negatively affected (Jarzem et al 1996; Turgut et 

al 1999). Jarzem et al (1996) showed in a study on spinal fusions in dogs that the fibrin 

sealant significantly retarded bone fusion when allograft was used. Turgut et al (1999) 

demonstrated that a local fibrin sealant significantly delayed the osteogenic fusion in a 

model of corticocancellous bone grafting in cats. They concluded that a fibrin sealant is 

not suitable for fixation of bone fragments in anterior cervical fusion. 

On the other hand Kania et al (1998) showed in a rabbit model that in tibial defects filled 

with coral granules and Tisseel significantly more bone was formed than when no Tisseel 

was used. They concluded that one explanation was that the coral granules were 

retained in the defect and therefore displacement was prevented. In a clinical trial with 

heterologous cancellous bone grafting Arbes et al (1981) showed that a fibrin sealant 

enhanced the remodelling of the graft to the extent that the use of a fibrin sealant was 

justified. 

Surgeons using different bone grafts and bone substitute material must consider the 

limitations of the materials. The sterility of the graft or the implant must be maintained; 

heating or prolonged air and saline exposure must be avoided. Also an optimal host bed 

must be prepared for the graft or the implant. One of the important factors in bone 

healing is a good initial stability between the material and the recipient bone. Fibrin glue 

such as  Tisseel can therefore be useful in order to keep the implant material in position.

 If the implant material is in granular form mixing it with Tisseel produces a paste, which 

facilitates the handling of the material. Tisseel also has a haemostatic effect that could 
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Aims 
 

 

The aims of this dissertation was to study  

 

 

• bone healing when solid and porous hydroxyapatite with or without a fibrin sealant 

were placed into surgically created mandibular bone defects,  

 

• bone-implant interface when hydroxyapatite granules were placed subperiostally in 

the mandible, 

 

• bone healing when porous hydroxyapatite granules and blocks, alone or mixed with 

AAA bone granules, were placed into surgically made tibial bone defects, 

 

• bone healing of surgically made tibial  and calvarial bone defects with AAA bone 

granules in ovariectomized animals,  

 

• stability and healing of titanium implants placed in AAA bone reconstructed tibial 

defects,  
 

• the consequences of ovariectomy on the plasma content of estradiol, uterus  

      weight and bone mineral density (BMD). 
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Materials and Methods 
 
 
The implant materials used in the present studies were commercially available solid 

granules (Alveograf) and porous granules and blocks (Interpore 200). The porous 

hydroxyapatite has an osteconductive property in that it, through its pores, passively 

guides the in-growth of new bone. Thus the osteoinductive capacity of bone tissue is 

missing. 

The osteoinductive capacity is obtained by using demineralised bone or autolyzed 

antigen extracted allogeneic bone (AAA). For all the experiments presented in the papers 

the AAA bone were produced locally in the laboratory. AAA bone was prepared as 

described by Urist 1965, by Reddi and Huggins 1972 with modifications described by 

Nishimoto 1985. 

 

AAA-bone preparation 
 
Tibia, femur and humerus were removed from 4-month-old New Zealand White rabbits. 

The bones were cleaned of tendons and soft tissue and washed for 15 minutes in distilled 

pieces. The crude bone particles were demineralised three times in 0,5 M HCl for 3 hour 

with continous stirring followed by centrifugation for 10 minutes at 3000 rpm. 

Demineralised bone granulas were then washed three times in destilled water by 

continous stirring and centrifugation each for 30 minutes, three times in 95 % ethyl 

alcohol for 20 minutes and rinsed with ethyl ether in 30 minutes. The bone granulas were 

air dried over night. 

Through the process the mineral content was reduced to 30 % of the original bone and 

this was controlled through measurement of ash weights before and after the process in 

a number of samples. Only granules with the size more than 70 microns and less than 

400 microns were used.  

.  

water with continuous stirring. After 4 houer in cloroform : methanol and 72 houer in 

The ßßbones were crushed in a mill grinder. Bone granulas were sieved to obtain 70-400 um 

0,1 M phosphate buffer the bones were dried over night. 
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Animals 
 

In study I, II and IV New Zealand White adult rabbits of both gender were used. In study 

III and V only adult female rabbits were used. 

All animals were kept in their own cages and were fed a standard laboratory diet. 

 

 

Specimen preparations and analysis. 
 
In study I the bone specimens were decalcified and sections of 7 µm were stained with 

haematoxylin- eosin. A morphometric estimation of the ratio of soft/ bone tissue was 

made by a digitalisation technique. 

In studies II, III and IV ground sections were prepared. In study II microradiographs from 

sections with the thickness of 80 µm were made with a Siemens tube at 15 kV with the 

sections placed in direct contact with Kodak spectroscopic plates. In series 1, 

morphometric analysis of the sections was done by point sampling (Revell 1983). In 

series 2 the area of newly formed bone was calculated with a digitizing table ( Hipad 

digizer, Huoston Instrument, Huoston, TX,US). 

In study III sections of 80 µm microradiographs were analysed in pre-determinate areas 

and thereafter for light microscopy they were further grounded down to approximately 30 

µm for analysis of the fluorochrome labelling. 

In study IV sections were grounded down to 10 µm and the degree of bone-implant 

contact was measured in the two threads, which were situated in and just below the 

upper cortical layer. 

In study V the bone specimens were decalcified and sections of 7 µm were stained with 

haematoxylin- eosin. A morphometric estimation of the ratio of bone/soft tissue was 

made by a digitalisation technique. 

 

Blood 
 
Blood samples were obtained for estradiol analysis on two occasions, at the time of the 

insertion of AAA bone and at the time of sacrifice after twelve weeks. 2 ml blood was 

withdrawn each time from the marginal ear vein. The blood samples were allowed to clot 

and then centrifuged. The serum was stored frozen in glass tubes at – 20 ° C. The 
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estradiol concentration was measured on duplicates and on all samples at the same time 

using competitive immunoassay (Immulite 2000 Estradiol, Diagnostic Products Corp., 

Los Angeles, US). 

 

Dual energy x-ray absorptiometry (DEXA) 
 
14 of the animals, 7 control and 7 ovariectomized, were placed in a prone position and 

stored in –18 ºC. In frozen condition the bone mineral density was measured through 

dual energy x-ray absorptiometry (Lunar DPX-L) with a small animal total body 

acquisition program for animal smaller than 5 kg. With a voltage of 70.0, current 150 µA, 

fine collimation, sample size 1.2x2.4, sample interval 1/16, scan width 340 mm and scan 

length 700 mm. (Lunar DPX-L, Lunar corp., Madison, Wisconsin, US)  

 

            
Fig 1. DEXA image protocol. Bone density expressed in g/cm2. 

 

Fibrin glue 
 

In all studies human biological glue (Tisseel, Duo Quick, Immuno, Vienna, Austria) was 

used to make the implant material easier to handle and retain. The glue made from 

human blood contains fibrinogen, fibronectin, plasminogen, factor XIII, aprotenin and 

albumin as active substances, which are activated by adding thrombin and calcium 

resulting in a fibrin coagulum. 
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Fig 2. Tisseel, Duo Quick, a two component glue. 

 
The methods used in these studies are described in detail in respective papers. A brief 

summary of each follows: 

 

Paper I. 
 

Implantation of hydroxyapatite granules in standardized quantity was made with or 

without Tisseel into standardized cavities in the mandible in adult 12 rabbits (Fig 3).  

Fig 3.  Sites for implantation of hydroxyapatite granules in bone and on bone surface. 

 

Two types of hydroxyapatite granules were studied. Alveograf consists of solid 

granules of durapatite with a particle size of 500- 1200 microns and Interpore 200 

consists of hydroxyapatite with the same granule size but with porosities of 200 microns 

in size.  

Standardised amounts of the material were placed in preformed defects, 3 mm in 

diameter, in the mandibular base and also subperiostally on the medial mandibular bone 

surface.  
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The healing time was six month and 7 µm sections were made of specimens from the 

implanted sites. A morphometric estimation of the ratio soft /bone tissue in the defects 

was made by a digitalisation technique. 

 

Paper II 
 

The study consists of two series. The experimental sites were the mandible base border 

(series I) and the medial part of the proximal tibia bone (series I and II) of healthy 

rabbits.  

 

In series I, comprising 12 adult rabbits hydroxyapatite in granular form was studied. 

In series II, comprising 14 animals, hydroxyapatite in block form was used.  

AAA bone was prepared as described above by Urist et al and modified by Nishimoto et 

al. The mineral content was in this way reduced to 30 % of the original content and this 

was controlled through measurement of ash weights before and after the process in a 

number of samples. Only granules with the size more than 70 microns and less than 400 

microns were used.  

Hydroxyapatite commercially available as granules (series I) and blocks (series II) was 

used (Interpore 200).  

The observation time was in series I 5 weeks and in series II 8 weeks.  

Tisseel, fibrin glue, was added allotted to the implant material for half of the cavities. 

In series I  
six implant combinations were used:  

1) Interpore 200 alone, 

2) Interpore 200 in combination with a fibrin glue Tisseel,  

3)  AAA bone alone,  

4)  AAA bone in combination with a fibrin glue Tisseel,  

5)  Interpore 200 in combination with bone granulas (AAA bone),  

6)  Interpore 200 in combination with bone granulas (AAA bone) and a fibrin glue 

Tisseel. 
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Fig 4 Surgical defect in the tibia  Fig 5 Defect filled with granules 
 
In series II 
 
6x3 mm blocks of hydroxyapatite were placed in surgically made cavities in the medial 

proximal tibia measuring the same size and extending outside the cavity by 2 mm (Fig 6). 

Half of the blocks were covered with paste containing of AAA bone and Tisseel  and 

the other half were covered with Tisseel  alone. 

Fig 6 Block of hydroxyapatite in tibia defect covered with AAA bone (red colour) 

 

In series I, sections from specimens were studied in light microscope and morphometric 

analysis of the relationship between bone, soft tissue and hydroxyapatite in the cavities 

were made by point sampling according to Revell 1983. The amount of bone was 

calculated and expressed as percentage of the defect space available for bone 

formation. 

In series II, photographs of microradiographs were studied. The amount of bone  

formed outside the normal bone contour was calculated with a digitising table in 

conjunction with a computer. The area of newly formed bone was calculated in 

percentage of the area of the hydroxyapatite block, which extended outside the bone 

surface. 
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Paper III 
  
Of a total of 17 female rabbits 9 were made estrogen deficient through surgical removal 

of the ovaries four weeks prior to start of the bone experiment. The rest were sham 

operated. Standardized round cavities, 5 mm in diameter, were made in the medial part 

of each proximal tibia. To half of the cavities standardised amounts of AAA bone, made 

in the laboratory, were added together with Tisseel® and the other half were filled with 

Tisseel® only. At the end of the study microradiograph and ground sections were made 

and analysed. The bone and non-bone areas in selected region/area were measured. 

The percentage of bone tissue was calculated for each section. 

 

Paper IV 
 

 

18 adult New Zealand White rabbits were used in the study.  

Experimental defects, 5 mm in size, in the medial proximal tibia were reconstructed with 

AAA bone. After four weeks of healing the experimental bone areas was exposed. The 

earlier defects could easily be identified due to a dark appearance of the newly formed 

bone. An implant site for a 10 mm long implant was prepared in the center of each defect 

by using a series of drills; 1.8 mm round drill, followed by 2 and 3 mm twist drills. No 

countersink drill was used. 

Figure 7 is showing the implant placement in tibial bone. The implant was inserted in the 

centre of the defect area through the two cortical bone layers. UC: upper cortex. LC: 

lower cortex. Hatched area: reconstructed with AAA bone.  
 

 

Fig 7. Titanium implant inserted in tibia bone. 
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Fig 8. Fixture implanted in tibia. 

 

After healing implant stability was measured with frequency resonance analysis. The  

resonance frequency (Hz) of the transducer detected as a peak in an amplitude- 

frequency plot was used to describe implant stability. Measurements were made with  

the transducer beam perpendicular and parallel to the tibia.  

Sections were ground to a thickness of about 10 um and stained with 1% toluidine blue 

and 1% pyronin-G. The sections were viewed in a Leitz Orthoplan microscope equipped 

with a Leitz Microvid Morphometric System connected to a PC. With this system 

morphometric measurements could be carried out directly in the microscope. The degree 

of bone-implant contacts was measured in the first two threads, which were situated in 

and just below the upper cortical layer and the interface between implant and bone was 

studied. 

 

 

Paper V 
 

 

Out of a total of 38 female rabbits 19 were made estrogen deficient through surgical 

removal of the ovaries four weeks prior to the start of the bone experiment. The rest were 

sham operated. Two round cavities, 4 mm in diameter, were made in the cranial skull 

bone one on each side of the midline and 5 mm round cavities were made on each 

medial side of proximal tibia. To half of the cavities AAA bone and Tisseel® were added 

and the other half were left to heal with only Tisseel®. Blood sample were taken at two 

times for measurement of the estradiol level in serum. The first time 4 weeks after 

ovariectomy and the second time at the end of the study 12 weeks later. 
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The animals were sacrificed 12 weeks after bone surgery and the uteri were dissected 

free, wrapped in plastic and frozen. They were later weighed using a laboratory balance.  

The area of each bone cavity with surrounding bone was carefully excised en bloc and 

immediately frozen in isopenthane and stored at -70°C. Sections were made and the 

bone and non-bone areas in selected region/area were measured. The percentage of 

bone tissue was calculated for each section.  

 

The bone mineral density was measured through dual energy X-ray absorptiometry 

(DEXA), (Lunar DPX-L, Lunar corp., Madison, Wisconsin, US) using a small animal total 

body acquisition program for animal smaller than 5 kg. With the following settings: a 

voltage of 70.0, current 150 µA, fine collimation, sample size 1.2x2.4, sample interval 

1/16, scan width 340 mm and scan length 700 mm. 

 

Blood samples were obtained for estradiol analysis on two occasions, at the time of the 

insertion of AAA bone after four weeks and at the time of sacrifice after sixteen weeks. 

Each time 2 ml blood was drawn from the marginal ear vein. The blood samples were 

allowed to clot and then centrifuged. The serum was stored frozen in glass tubes at – 20 

° C. The estradiol concentration was measured in duplicates and on all samples at the 

same time using competitive immunoassay (Immulite 2000 Estradiol, Diagnostic 

Products Corp., Los Angeles, US). 

 

Statistics 
 

A Statistical package (SPSS 11.5, SPSS Inc., Chicago, Illinois, USA) was used for the 

analyses. The mean and standard deviation values for each measured parameter were 

used in all studies. Wilcoxon´s matched pairs signed rank test was used for paired 

analyses between control and experimental sites. The level of significance was set to p< 

0.05. 
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Results 
 
 

Combined use of hydroxyapatite and Tisseel® in experimental 
bone defects in the rabbit. 
(Paper I) 
 
 

Microscopically examination revealed that most of the hydroxyapatite granules located 

within the bony defects were surrounded by trabecular bone tissue. No differences were 

observed regarding in-growth of bone tissue between the group with solid hydroxyapatite 

granules (Alveograf) and those with porous granules (Interpore 200). The addition of 

a fibrin sealant Tisseel did not seem to either improve or inhibit bone healing. 

Regarding the subperiostally implanted hydroxyapatite granules no signs of resorption of 

the underlying bone tissue were seen. The soft tissue surrounding the implants consisted 

of dense fibrous tissue with few signs of inflammation. 

 

Table 2. Morphometric estimation of the percent soft tissue of experimental area 
implants excluded.  
 

Combinations Mean value % Standard deviation 
Alveograf  24.3  16.6 

Interpore 200 24.5  19.0 

Alveograf/Tisseel 19.6  15.3 

Interpore 200/Tisseel 20.4  15.8 
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Bone healing after implantation of hydroxyapatite granules and 
blocks (Interpore 200®) combined with autolyzed  
antigen-extracted allogeneic bone and fibrin glue.  
(Paper II) 
 

 

The bone formation was not negatively affected by the addition of a fibrin glue and the 

results were therefore calculated regardless of this addition and the groups were 

consequently reduced to three in series I. The combination of AAA bone and 

hydroxyapatite stimulated bone formation (Fig 9 and 10) more than any other 

combination (p<0.005).  

 

Series I 
 

Table 3. The amount of new bone expressed as per cent of experimental area 
implants excluded.  
 

Combinations  Amount of bone Standard deviation 
Hydroxyapatite  60.3  10.9 

Hydroxyapatite/AAA  66.4  12.5 

AAA   62.7  14.6 

Fig 9. Hydroxyapatite (HA)  Fig 10. HA granules in tibial bone  

granules In mandibular defect(1:1)  defect with AAA bone added(1:1) 
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Series II 
 

In series II the bone formation was excessive around blocks combined with AAA bone. 

When the periostal side of the block was covered by bone, bone was also formed 

throughout the block (Fig 11 and 12). 
 

 
Table 4. The amount of new bone tissue expressed as per cent of the area 
exceeding the normal bone contour. 
 

Combinations  Amount of bone Standard deviation 
Blocks with AAA bone  44.9  5.3 

Blocks alone  16.8  3.6 

 

Fig 11. Hydroxyapatite block in tibia            Fig 12. When AAA bone was added to the 

(1:1).                           block new bone was formed throughout the  

               entire block porosities(1:1). 
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Bone formation after implantation of autolyzed antigen 
extracted allogeneic bone in ovariectomized rabbits. 
 (Paper III) 
 
 

No significant differences in bone healing were found between the ovariectomized 

animals and the controls. When AAA bone was added to the bone defects the bone 

formation was considerably enhanced. This was observed to a slightly lesser degree in 

the ovariectomized animals than in the controls. 

 

 

Table 5. Percent bone volume per specified area of interest 
  

Group   Mean value  Standard deviation 
Ovariectomized                  29.3               6.6 

Control   34.6  11.1 

Ovariectomized /AAA  42.3 b  13.5 

Control/AAA  55.5 a  12.2 

 

a/ significantly different (p<0.001) from all other groups. 

b/ significantly different (p<0.005) from the ovariectomized group when no AAA bone was 

added. 

Fig 13. Healing of defect  Fig 14. Healing of defect 

in control group(1:1).   filled with AAA bone(1:1). 
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Fig 15. Healing of defect  Fig 16. Healing of defect  

In experimental group(1:1).  filled with AAA bone(1:1). 

 
 
Some of the defects did not heal completely although the defects were not of critical 

sizes (Fig 15). All defects healed when AAA bone was added and excessive bone 

formation was often observed (Fig 16).
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Integration of titanium implants in bone defects reconstructed 
with autolyzed antigen extracted allogeneic (AAA) bone 
powder prior to implant placement.  
A histological and resonance frequency analysis study in the 
rabbit. 
(Paper IV) 
  

Although the study showed a significant increase in percent bone to implant contact no 

difference were seen in implant stability. This could be explained by the fact that the 

newly formed bone around implants where AAA bone was used had a more immature 

appearance and therefore were softer. At the time when the bone has matured to a more 

lamellar type the stability would probably increase. 

 

Table 6. Results from RFA and morphometric measurements  (BIC= bone implant 
contact) in the three groups. 
 

Group 1 Defect +AAA bone Defect Statistics 

RFA (Hz) 7988 + 406 7984 + 326 Ns 

BIC (%) 68.1 + 9.8 55.8 + 8.6 p = 0.027 

    

Group 2 Defect + AAA 
bone 

No defect Statistics 

RFA (Hz) 8237 + 479 8525 + 434 ns 

BIC (%) 62.7 + 9.0 52.9 + 3.1 p = 0.043 

    

Group 3 Defect No defect Statistics 

RFA (Hz) 8626 + 508 8031 + 621 Ns 

BIC (%) 54.4 + 7.3 54.8 + 8.9 Ns 
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Healing of bone defects in osteopenic rabbits.  
Effect of autolyzed antigen extracted allogeneic bone 
substitute on calvarial and tibial bone. 
 (Paper V)  

A dramatic consequence of the ovariectomy was the decrease in uterus weight by 64 %, 

from 7.4 g in the control animals to 2.7 g in the ovariectomized animals. 

 

   
Fig 17. Uterus in control animal  Fig 18. Uterus in ovariectomized  

animal 

Analyze of estradiol concentration from blood plasma samples revealed significant 

difference between the control and experimental groups (p<0.05). There was also a 

significant decrease of the estradiol level in the experimental group by time (24 %). 

The body mineral density (BMD) measurement was made 112 days after ovariectomy 

and the decrease of the BMD was 7 % and significant (p<0.003). 

 

Table 7. Body weight, uterus weight, serum estradiol and bone mineral density. 
Mean values and standard deviations 
 

Parameter Control group Experimental group 
Body weight, initial, kg 3.8 ± 0.5 3.7 ± 0.5 

Body weight, final, kg 4.3 ± 0.5 3.9 ± 0.6 

Uterus weight, g 7.4 ± 1.7 2.7 ± 1.8 

S-estradiol, initial, pmol/l 185.5 ± 12.4 154.4 ± 8.6 

S-estradiol, final, pmol/l 182.5 ± 9.7 139.1 ± 7.1 

Bone mineral density, 

whole body, g/cm2(DEXA) 
0.522 ± 0.017 0.486 ± 0.004 
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Table 8. Percent bone volume per specified area of interest in tibial bone 
 

 

Group   Mean value  Standard deviation 
Ovariectomized                  54                         2.2 

Control   51.5   2.7 

Ovariectomized /AAA  57.4 a   1.4 

Control/AAA  55.4 b    1.7 

 

A significant higher bone volume in the tibia was seen when AAA bone was added in 

both the ovariectomized a (p<0.001) and in the control b (p<0.02) group. 

 
 
Table 9. Percent bone volume per specified area of interest in calvarial bone 
 

 

Group   Mean value  Standard deviation 
Ovariectomized                  40.9               11.6 

Control   42.5    5.6 

Ovariectomized /AAA  52  a   6.8 

Control/AAA  51.4 b    7.2 

 

A significant higher bone volume in the calvarial bone was seen when AAA bone was 

added in both the ovariectomized a (p<0.005) and in the control b (p<0.005) group. 
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Fig 17. Tibial healing without AAA  Fig 18. Tibial healing with AAA 

(htx+eosin x 10)   (htx+eosin x 10) 
 
 
 

   
Fig 19. Calvarial healing without AAA Fig 20. Calvarial healing with AAA 

(htx+eosin x 10)   (htx+eosin x 10) 
 
 

In tibia most of the defects healed in a similar faction (Fig17) and with AAA bone the 

bone healing was enhanced (Fig 18). The same was seen in the calvarium (Fig 19 and 

20). 
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Discussion 
 
 

Research animals 
 
The experimental bone healing studies were all performed on adult rabbits to allow for 

adequate precision in the sampling and preparation of bone specimens, which requires 

laboratory animals of sufficient size. In contrast to the rat the bone morphology of the 

rabbit is similar to human bone with a cortical covering layer, an inner structure of 

cancellous bone and a Haversian system. This makes examinations easier. The 

metabolic activity of the rabbit as compared to Man makes a short period of investigation 

sufficient to assess the degree of healing.  

This animal model also ensured a low morbidity for the animal with easy access to 

chosen surgical fields. The location was such that the animal’s access to the operation 

wounds was minimised. Initially (study I and II) the lower border of the mandible was 

chosen as the implant site. This bone is familiar to a maxillofacial surgeon. However, the 

rabbit mandible has a limited bone volume due to the presence of the large incisor tooth 

buds. Therefore the tibia and calvarium were selected for the further studies (study II, III, 

IV, V). 

 

Observation times 
 
Different observation times were chosen so that bone healing could be studied in 

different time perspectives.  In study I the bone healing was evaluated after a long period 

of time (6 months) and in study II (5 and 8 weeks), III (6 weeks), IV (4+4 weeks) and V 

(12 weeks) over shorter periods of time. In study I no osteoinductive effect was 

anticipated and in order for the incorporation of the implant to occur through 

osteoconduction a sufficiently long observation period was chosen. In study II bone 

healing was studied in the short term with a five-week observation time when granules 

were used and an eight-week period when porous blocks were used. Studies III and V 

were conducted on ovariectomized animals. It could seem rather obscure that six weeks 

were chosen for short-term observations and not five weeks as in study II. However, 

practical circumstances sometimes demand such alterations. The twelve-week period in 
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study V was chosen for medium long observations. When planning study IV earlier 

experiments (Sennerby, 1996) indicated that four weeks would be sufficient for enough 

bone to be formed to harbour implants. The four-week healing period after implant 

insertion was based on the experience that this period would be long enough for bone to 

form along the implants (Sennerby, 1996). However, in retrospect a slightly longer period 

might have yielded a more solid integration of the implants. 

 

The size of the experimental defects, 3 – 5 mm in diameter, or 6x3 mm when 

hydroxyapatite blocks were studied, was chosen so as to limit the morbidity and not to a 

great extent interfere with the tooth buds or weaken the bone. They were smaller than 

critical size defects, which do not heal and which are commonly used in studies of 

materials  (Glowacki et al 1981; Urist et al 1987, Ripamonti U 1992, Ripamonti et al 

1989). Defects of the size chosen heal spontaneously themselves.   
 

Implant materials  
Of all commercially available bone substitutes calcium phosphate compounds especially 

in the form of hydroxyapatite is of most interest because of the resemblance to bone 

mineral. Hydroxyapatite appears commercially in different forms and shapes. In granular 

and block forms it can be manufactured synthetically or from corals. Hydroxyapatite in its 

different forms does not elicit any foreign body reaction and has an osteoconductive 

property in that it can guide the in-growth of bone through the presence of pores.   

Calcium phosphate cements (CPCs) are composed of solid and liquid components which 

when mixed in predetermined proportions react to form hydroxyapatite (Schmitz et al 

1999). Initially the mixture is mouldable and can therefore be well adapted to most 

recipient sites. Up to date the use of CPCs has only been reported anecdotally (Schmitz 

et al 1999). It was not available at the time when the present series of studies was 

commenced. Therefore, hydroxyapatite in solid (Alveograf ®) and porous (Interpore 200 

®) granular forms has been used in the studies. Also porous hydroxyapatite in blocks 

(Interpore 200 ®) has been studied.  

As hydroxyapatite lacks the ability to induce bone formation a substance or preparation 

with such property must be added in order to stimulate bone formation. Biosynthetically 

produced bone-inducing factors are expensive and scarcely available. Moreover these 

factors work in concert and in proportions yet unknown. Therefore, autolyzed antigen 

extracted allogeneic bone (AAA) was chosen as this has the ability to stimulate bone 
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formation through the local factors present in bone matrix. The AAA bone was prepared 

according to Urist (1975) modified by Nishimoto (1985).  

Table 10. A brief outline of the preparation of AAA-bone 

 
 

Through the preparation procedure antigens were removed as even if bone has a 

relatively low antigenicity it contains enough antigens to elicit a host-versus-graft 

response. This has a negative impact on bone induction and formation. In our studies we 

followed Urist’s original recipe for antigen removal using chloroform: methanol instead of 

ethanol and we also included BMP preservation step omitted by Nishimoto. We did so 

because we did not want to compromise the preparation as the experimental basis for 

these steps has been well documented (Urist et al, 1975). We did not follow the protocol 

with regard to particulation.  

 

Step/Method Urist Nishimoto Öberg 
Removal of antigens: 
extraction of lipids, 
lipoproteins  

4 hrs in  
chloroform: methanol 
1:1, room 
temperature 

3 x 15 min in  
95 % ethanol 

4 hrs in  
chloroform: methanol 
1:1, room 
temperature 

BMP preservation 
and chemo 
sterilisation 

72 hrs in 
0.1 M phosphate  
buffer pH 7.4 
containing 10 
millimoles/liter 
iodoacetic acid and 
10 millimol/liter 
sodium azide, 37°C  

- 72 hrs in 
0.1 M phosphate 
buffer pH 7.4 
containing 10 
millimoles/liter 
iodoacetic acid and 
10 millimol/liter 
sodium azide, 37°C 

Particulation 100 - 5,000 µm 74 – 420 µm 70 - 400 µm 
Demineralisation and 
extraction of acid 
soluble proteins 

24 hrs 
0.6 M HCl in 4 °C 

3 x 1 hrs 
0.5 M HCl with 
continuous stirring 
followed by 
centrifugation for 10 
min at 3,000 rpm 

3 hrs 
0.5 M HCl with 
continuous stirring 
followed by 
centrifugation for 10 
min at 3,000 rpm 

Washing - 3 times in distilled 
water followed by 
centrifugation for 10 
min at 3,000 rpm 
3 times in 95 % 
ethanol for 20 min 
and rinsed with ether  

3 times in distilled 
water followed by 
centrifugation for 10 
min at 3,000 rpm 
3 times in 95 % 
ethanol for 20 min 
and rinsed with ether  

Drying 24 hrs 
freeze-drying at –72 
°C 

Overnight 
air-drying at room 
temperature 

Overnight 
air-drying at room 
temperature 
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Urist et al showed that particles below the size of 400 µm elicit an inflammatory reaction 

obliterating the formation of new bone, a consequence we did not see. Compared with 

whole bone matrix particulated bone showed less inflammatory response (Urist et al 

1975).     

The bone used was prepared from young adult rabbits, as ageing individuals do not 

provide AAA bone of necessary quality (Nishimoto, 1985). For the preparation different 

tubular bones were pooled disregarding the suggestion that there is a slight difference in 

osteogenic potential between demineralised bone matrixes of different embryonic origin 

(Isaksson, 1992) as this was not supported by his data.  

 

demineralisation the bones were particulated to a particle size between 70 and 400 µm. It 

has been demonstrated that smaller particles have limited osteoinductive power and 

particles larger than 400 µm are difficult to properly place in small bone defects 

(Nishimoto 1985). Demineralisation is necessary to expose the BMPs and this is 

particularly true for cortical bone with its higher content of minerals. However, it is very 

important after demineralisation to remove any residual HCl with repeated rinsing in 

sterile water, saline or neutral phosphate buffer. In Urist’s description of the method 

(1975) this step has not been mentioned. In all studies the AAA bone was prepared in 

our own laboratory immediately prior to the experiment. 

  

In the procedure used for preparing AAA bone the mineral content was maintained at 30 

% of the original content. Most of the BMPs were thereby exposed and yet some stability 

of the material was kept. Therefore both bone resorption and induction probably got a 

fast onset.  Consequently in studies II, III, IV and V no residual AAA bone material was 

seen in any histological sections. 

 

Fibrin glue 
 
In study I it became apparent that hydroxyapatite granules are difficult to retain in defects 

as well as subperiostally. When fibrin glue, Tisseel , was mixed with the implant 

material the handling became much easier. Clinically Tisseel  prevents postoperative 

bleeding and swelling but can also slow down the healing process, which may increase 

 

with age. Most of the AAA bone prepared was of cortical origin. Prior to 

The amount of BMPs per volume bone in growing cortical skeleton is high and decreases  
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the risk of infection. In the studies there were no infections and Tisseel  did not seem to 

affect bone healing in study II and I. Therefore it was throughout the studies.  

 

Preparation of sections for histological analysis 
 
In study I the bone specimens were decalcified and stained. Although considerable time 

was allowed for the chemical removal of mineral when cutting the specimens residual 

hydroxyapatite sometimes damaged the sections. Therefore in studies II, III and IV 

ground sections were prepared. For microradiographs these were 80 µm and for light 

microscopy they were further ground to approximately 30 µm (III) and 10 µm (IV). Finally 

in study V decalcified sections were prepared as no hydroxyapatite was implanted. 

Therefore routine laboratory procedures could be used. In order to demonstrate bone 

formation tetracycline was used to label bone (III). However, the attempt to measure the 

labelled areas and surfaces was aborted because of difficulties of interpretation.  

 

Morphometrics 
 

A digitising technique was used for morphometric analyses. When the area of bone 

formation was calculated the area occupied by the implant material was excluded. In 

contrast to other reports (i.e. Holmes et al, 1988) it could be argued that the space 

occupied by implant material such as hydroxyapatite, which undergoes virtually no 

resorption, cannot be filled with new bone. Consequently, in calculations such as this, 

hydroxyapatite is at a disadvantage. In study I the amount of soft tissue in the 

regenerated areas of the bone defects was expressed as per cent of the total area. In 

studies II, III and V, the amount of newly formed bone was measured as focus was on 

bone formation induced by AAA bone. In study IV the degree of bone/implant contact 

was of major interest as this was anticipated to have a bearing on implant stability. 

 

Implant stability 
 

Implant stability can be evaluated by torque measurements but this technique damages 

the specimens and renders morphological study impossible. Therefore resonance 

frequency analysis  (RFA) was carried out in study IV. This was done in two directions, 

perpendicular and parallel to the tibial bone. A strong correlation between implant stability 
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and resonance frequency amplitude has been demonstrated (Meredith, 1996). In study 

IV implants were inserted in the tibia in normal bone, in a spontaneously healed bone 

defects and in defects reconstructed with AAA-bone. Despite a larger bone-implant area 

in the latter there were no differences in implant stability between the groups. This was 

probably due to a less mature and more cellular bone in the AAA defects. With increasing 

observation time it is not unlikely that the stability would be superior in such defects.  

 
Experimental osteopenia  

Experimental osteopenia can be achieved through a calcium deficient diet, disuse or 

ovariectomy. The latter was chosen, as it is similar to the human situation and 

controllable as the consequential change in circulating estrogen could be measured. 

Estradiol is the major form of circulating estrogen and the concentration in blood plasma 

was measured on two occasions: four and twelve weeks after ovariectomy (study V). 

Already after 4 weeks the ovariectomy caused a drop in circulating estradiol by 16.8 %, 

which after another 12 weeks had decreased further to 23.8 % when compared with the 

sham operated rabbits.  

 

Another direct consequence of ovariectomy was a decrease in uterus weight. At the time 

of sacrifice the uteri were dissected free, wrapped in plastic and frozen. The uterus 

weight had decreased by 63.5 % when the two groups were compared. In a study on rats 

with the same observation time the decrease was as much as 80.8 % (Kuroda et al, 

2003). The difference is probably species dependent.  

 

It was anticipated that ovariectomy should have an effect on bone density. Therefore, this 

was measured with dual energy x-ray absorptiometry (DEXA). A computer program 

designed for small animals (small animal total body acquisition) was used. Each 

measurement took approximately one hour with a sample size of 1.2 mm and a sample 

interval of 2.4 mm. Sixteen weeks after ovariectomy the total bone mineral density (BMD) 

had decreased by 6.9 %. This comparatively small change corroborates the view that 

osteoporosis is a multifactor condition.  

Kuroda et al (2003) applied the DEXA technique on dissected mandibles and femora and 

could only disclose a difference in the femur. However, applying a more detailing method, 

avoiding the mandibular tooth buds, they found a general loss of trabecular bone of 12,5 

% in rats after ovariectomy after 109 days, which is a long observation time.     
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Hydroxyapatite and AAA-bone  
 

In maxillo-facial surgery augmentation of resorbed alveolar ridges is often required to 

facilitate prosthetic rehabilitation through improvement of denture stability and retention. 

Hydroxyapatite was a popular choice of material for this purpose. It had been reported 

(Jarcho et al, 1977, 1981; Kay et al, 1978) that cement like structure was binding the 

hydroxyapatite to bone. It was unclear whether hydroxyapatite used for augmentation 

became attached to the bone surface through in-growth of bone or if the bone surface 

adjacent to the material was in any way affected. Study I showed that subperiostally 

placed hydroxyapatite was not incorporated into or even attached to the bone surface 

other than through a dense connective tissue. The osteoconductive property attributed to 

porous hydroxyapatite was not at play when the material was not placed within a bone 

cavity. However, there did not seem to be any resorption on the bone surface bearing in 

mind that the area was not loaded.  

 

Porous hydroxyapatite placed within bone cavities becomes surrounded by trabecular 

bone and possibly also invaded by it through the process of osteoconduction. As a mean 

to improve the incorporation into bone tissue, hydroxyapatite was mixed with a material 

known for its osteoinductive property, AAA-bone, in study II. In the mixture 

hydroxyapatite might provide stability and maintain shape. Hydroxyapatite blocks were 

placed in bone cavities in an augmentative way, extending outside the normal bone 

contour. When no AAA bone was added there was an in-growth of bone into the block 

corresponding to the normal bone size. However, when covered with AAA bone the entire 

block was filled with new bone, which sometimes also extended outside the block 

surface. Similar results have been achieved when autogenous bone has been mixed with 

hydroxyapatite (Finn et al, 1980; Kent et al, 1983). The observation times (studies II - V) 

were too short for the bone to be able to mature. However, as anticipated there were no 

traces of any substance resembling AAA-bone, as this is easily resorbed, simultaneously 

releasing the bone morphogenetic factors.  
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The increasing demand for bone substitutes in oral and maxillofacial surgery is more 

obvious in elderly patients with severe resorption of the alveolar process. This situation is 

troublesome particularly when implants are to be inserted. Many factors influence the 

resorption of the alveolar process. Disuse due to long standing edentulousness is one 

important factor but systemic factors associated with osteoporosis play a part. One such 

is the decrease in estrogen production after menopause. Experimental osteopenia 

induced through a calcium deficient diet or tooth extraction (disuse) does not seem to 

impair bone healing in rats (Lundgren & Rosenquist, 1992; Rosenquist & Lundgren, 

1992). The same was true for ovariectomy in rabbits, which caused a significant drop in 

circulating estradiol and BMD (study V). Tibial and calvarial bone cavities healed in the 

same fashion regardless of the presence of ovaries (studies III and V). The healing was 

considerably improved when the cavities were filled with AAA bone. This indicates that 

AAA bone could be useful asset in the clinic together with a bone substitute also in 

estrogen deficient patients. The most obvious consequence of ovariectomy (study V) was 

the considerable decrease in the weight of the uterus, which indicates that the 

reproductive organ is the main target for the sex hormone.  

 

 

Bone healing and estrogen deficiency 
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Conclusions 
 

 

 

 

• Hydroxyapatite granules, solid or porous in form, were biocompatible and were 

well incorporated in the bone. The addition of a fibrin sealant (Tisseel) did not 

seem to interfere with bone regeneration.  

 

• Hydroxyapatite granules placed subperiostally did not stimulate bone formation 

and did not induce bone resorption. The granules were not surrounded by bone 

but by fibrous tissue. 

 

• The addition of AAA bone enhanced the bone formation and the hydroxyapatite 

implants were incorporated into newly formed bone.  

 

• Ovariectomy and the consequent decrease in circulating estradiol did not inhibit 

the stimulatory effect of AAA bone on the healing of experimental bone defects 

with no difference between the tibia and the calvarium. 

 

• The stability of implants inserted into areas previously reconstructed with AAA 

bone was found to be equal to implant inserted in normal bone.  The bone-implant 

contact was significantly higher when AAA bone was used.  

 

• Ovariectomy had a significant effect on uterus weight, concentration of estradiol in 

serum and bone mineral density.   
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