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ABSTRACT 
 

Bone graft is widely used within orthopaedic surgery especially in revision joint arthroplasty and 

spine fusion. The early implant fixation in the revision situation of loose joint prostheses is 

important for the long term survival. Bone autograft has been considered as gold standard in many 

orthopaedic procedures, whereas allograft is the gold standard by replacement of extensive bone 

loss. However, the use of autograft is associated with donor site morbidity, especially chronic pain. 

In addition, the limited supply is a significant clinical challenge. Limitations in the use of allograft 

include the risk of bacterial contamination and disease transmission as well as non-union and poor 

bone quality. Other bone graft and substitutes have been considered as alternative in order to 

improve implant fixation. Hydroxyapatite and collagen type I composite (HA/Collagen) have the 

potential in mimicking skeletal bones. The osteoconductive properties of the composite might be 

improved by adding bone marrow aspirate (BMA), which can be harvested during surgery. Other 

alternative to bone graft are demineralised bone matrix (DBM) and human cancellous bone (CB). 

DBM is prepared by acid extraction of human bone and includes bone collagen, morphogenetic 

proteins and growth factors. The combination of DBM with CB and with allograft might improve 

the healing potential of these grafts around non-cemented orthopaedic implants and thereby the 

implant fixation. 

 Study I investigates the effect of HA/Collagen composite alone and in combination 

with BMA on the early fixation of porous coated titanium implants. In addition, the study compares 

also the effect of autograft with the gold standard allograft.  By using a sheep model, the implants 

were inserted in the trabecular bone of femoral condyles. The test biomaterials were placed in a 

well defined peri-implant gap. After the observation period, the bone-implant specimens were 

harvested and evaluated mechanically by a destructive push-out test and analyzed histological 

qualitative and quantitative. Study II investigates the effect of DBM alone and in combination with 

CB or allograft. The control group in study I and II was allograft. Study III is a methodological 

study and investigates the potential systematic bias by applying the traditional sampling method, 

which includes evaluating the mechanical fixation by using the superficial part and the histological 

analysis by using the profoud part of the implant. The implants in this study were inserted in the 

proximal humerus and only allograft was used in the peri-implant gap.  
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 In study I, the mechanical testing showed failure by the preloading in the composite 

group with and without BMA. There were no bone ongrowth and sparely bone formation in the gap 

by the composite group. Adding BMA to the composite has no beneficial effect on implant fixation. 

No significant difference between autograft and allograft on mechanical fixation, bone ongrowth 

and bone formation. In study II the combination of DBM with CB or allograft showed no 

significant differences on the mechanical testing and histological analysis to the control group, 

whereas DBM alone showed significant low mechanical fixation, low bone ongrowth and low bone 

formation. Study III showed no significant difference between the sampling methods. 

 In conclusion, HA/Collagen composite alone or in combination with BMA has no 

effect on the early fixation of porous coated titanium implants. Autograft has comparable effect on 

allograft with regard to early implant fixation. The combination of DBM with CB may represent an 

alternative to allograft. In study III, mechanical testing and histological analysis can be applied 

either from the superficial or the profound part of the implant. By applying the histological analysis 

from the superficial part and the mechanical testing from the profoud part, an extra section is 

required. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 



 9 

DANSK RESUMÉ 
 

Knogletransplantation er meget udbredt inden for ortopædisk kirurgi især i forbindelse med 

udskiftning af kunstige led og stivgørende rygoperationer. Den tidlige protese forankring i 

forbindelse med udskiftning på grund af løsning er vigtig for langtidsoverlevelse af protesen. 

Autograft betragtes som guld standard i mange ortopædiske procedure, mens allograft er guld 

standard ved erstatning af omfattende tab af knoglemasse. Dog er anvendelse af autograft forbundet 

med morbiditet fra donor stedet, især kroniske smerter. Desuden er den begrænsede mængde en 

væsentlig klinisk udfordring. Begrænsninger i anvendelsen af allograft omfatter risikoen for 

bakteriel forurening, overførsel af sygdom samt manglende heling og ringe knoglekvalitet. Andre 

knogletransplantat og knogle erstatningsmaterialer anses som alternative med henblik på at forbedre 

implantatfiksering. Hydroxyapatit og kollagen type I komposit (HA/Collagen) har potentiale til at 

efterligne skeletknogler. Den osteokonduktivt egenskab kan eventuelt forbedres ved at tilsætte 

knoglemarvaspirat (BMA), som kan høstes under operationen. Andre alternative til 

knogletransplantation er demineraliseret knoglematrix (DBM) og menneskelige cancellous knogle 

(CB). DBM fremstilles ved syre ekstraktion af menneskelige knogle og indeholder knogle kollagen, 

morfogenetiske proteiner og vækstfaktorer. Kombination af DBM med CB eller allograft kan 

eventuelt forbedre helingspotentialet af disse grafts omkring ucementerede ortopædiske implantater 

og dermed implantatfiksering. 

 Studie I undersøge effekten af HA/Collagen komposit alene og i kombination med 

BMA i den tidligere fiksering af porøs belagte titanium implantater. Derudover sammenligner 

studie I effekten af autograft med guldstandarden allograft. Ved anvendelse af får modeller blev 

implantater indsat i trabekulær knogle i femur kondylerner. De testede biomaterialer blev placeret i 

et veldefineret peri-implant gap. Efter observationsperioden, blev knogle-implantat prøver taget ud 

og evalueret mekanisk med en destruktiv push-out test og analyseret histologisk, kvalitativt og 

kvantitativt. Studie II undersøger effekt af DBM alene og i kombination med CB eller allograft. 

Kontrolgruppen i studie I og studie II var allograft. Studie III er en metodologisk studie, som 

undersøger, om en systematisk bias indføres ved anvendelse af den traditionelle testmetode, som 

anvendt i studie I og II. Ved denne traditionelle metode udføres den mekanisk test fra den 

overfladiske del af implantatet, mens histologisk analyse udføres fra den dybe del af implantatet. 

Omveksling af denne metode kan sandsynligvis påvirke data evaluering. Implantater i dette studie 

indsættes i proksimale humerus og kun allograft anvendes i den peri-implant gap. 
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 I studie I, viste den mekaniske test svigt af prøverne i den før-fase af belastning i 

komposit gruppe med og uden BMA. Der var ingen knogle indvækst og sparsomt knogledannelse i 

gabet i den kompositte gruppe. Tilføjelse af BMA til komposit har ingen gavnlig effekt på 

implantatfiksering. Ingen signifikant forskel mellem autograft og allograft vedrørende 

implantatfiksering, knogle indvækst og knogledannelse. In studie I og II med kombination af DBM 

med CB eller allograft viste ingen signifikant forskel i den mekaniske test og histologiske analyse 

sammenlignet med kontrolgruppen, mens DBM alene viste signifikant lav mekanisk fiksering, lav 

knogle indvækst and knogledannelse. Studie III viste ingen signifikant forskel mellem de to test 

metoder. 

 Det kan konkluderes, at HA/Collagen komposit alene eller i kombination med BMA 

ingen effekt har i den tidlige fiksering af porøst belagte titanium implantater. Autograft har 

sammenlignelig effekt ved allograft med hensyn til tidlig implantfiksering. Kombination af DBM 

med CB kan være alternativer til allograft. I studie III, mekanisk testning og histologiske analyser 

kan udføres enten fra den overfladiske del eller fra den dybe del af implantatet. Ved udførelse af 

den histologiske analyse fra den overfladiske del og den mekaniske test fra den dybe del af 

implantatet er et ekstra snit nødvendig. 
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DEFINITIONS 
 

Allograft Tissue transplantation between individuals within the same species. 

Autograft Tissue transplantation within the same individual. 

Bioactive The property of the material to directly bond with the new forming 

bone[66].     

Bone volume fraction Dimensionless unit, calculated as bone volume of specimen divided by 

its total volume. Unit: percent [20].   

Osteoinductive The ability to induce osteogenesis by orthotopic transplantation [111] 

Osteoconductive  The ability of the material to serve as scaffold or template to guide bone       

formation of the newly forming bone along their surface [66]. 

Osteogenic   Osteogenic cells, which will directly lay down new bone matrix[73]. 

Stereological methods Precise tools for obtaining quantitative information about three-

dimensional structures, based on observations made on two 

dimensional sections [40,82]. 

Tissue engineering Repair, replacement or regeneration of living tissue using biomaterials, 

cells and factors, alone or in combination [94,101] 

Ultimate shear strength Determined from destructive testing, and calculated from the first point 

with maximal strength [20]. 

Stiffness Determined from destructive testing, and calculated as the slope of the 

load-displacement curve. 

Failure energy Maximal absorbed energy before failure. Determined from destructive 

testing, and calculated as the area under the load-displacement curve. 
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ABBREVIATIONS 
 

BMA  Bone marrow aspirate 

BMP  Bone morphogenetic protein 

CB  Cancellous bone 

CFU  Colony Forming Unit 

DBM  Demineralised bone matrix 

HA  Hydroxyapatite 

LM  Light microscopy 

  SD  Standard deviation 

THA  Total Hip Arthroplasty 

TKA  Total Knee Arthroplasty 
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INTRODUCTION 
 
 
Clinical background 

The need for bone graft or substitutes is increased especially within spine fusion, revision hip 

arthroplasty, treatment of fractures and tumours in addition to reconstructive surgery. The incidence 

of revision hip arthroplasty is increasing due to increased primary total hip arthroplasty (THA) and 

the trend to perform THA on young patients [36,89].  

In the presence of an implant, bone graft or substitutes should not only replace the 

bone loss but also provide an optimal environment, which can ensure a sufficient biological fixation 

of the implant. Two factors contribute to the fixation of non-cemented implant: The primary 

mechanical fixation and the secondary biological fixation [50]. The primary stability is defined as 

the biomechanical stability immediately after implant insertion. In the clinical situation, the primary 

fixation by press fit insertion is crucial for the secondary fixation. The secondary fixation is caused 

by the biological response, which results in bone ongrowth, affected by many factors: The 

chemistry and surface texture of the implant [15,86], the quality and quantity of the surrounding 

bone [30,96] and the presence of gap and micromotion [8,102,103]. In the clinical situation, 

achievement of early implant fixation is very important for the long-term survival [76]. 

 

Basic characteristics of bone graft materials 

In bone formation, a bone graft may have one or more functions: Osteogenic, osteoinductive or 

osteoconductive function. Osteogenic material such as autograft is defined as one that contains 

living cells, which are capable of differentiation into bone directly [6,73]. Osteoinductive material 

such as demineralised bone matrix (DBM) has the ability to induce bone formation when implanted 

at heterotopic sites, i.e. implantation in the tissues, where bone does not naturally grow [5]. 

Osteoconductive material such as hydroxyapatite (HA) provides a biocompatible matrix that 

passively supports vascular invasion, cellular infiltration and new bone formation [6,73]. The 

optimal bone substitute should provide all three functions. A combination of different substitutes 

may result in additional, functional properties to the end material, so-called composites. The 

following table (Table 1) shows the different graft materials used in the present studies and their 

properties. 
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Bone graft and substitutes 

Autograft 

The currently use of autograft in orthopaedic surgery, especially by spinal fusion surgery, remains a 

well established procedure. Autograft provides osteogenic, osteoinductive and osteoconductive 

properties. In contrast to allograft, autograft contains bone cells that ensure an osteogenic and 

osteoinductive potential. However, the well documented donor site, morbidity and the limited 

supply represent clearly clinical challenges [97,99,104]. The use of autograft in the revision 

arthroplasty is limited due to larger defects. Only few studies are available, which compare the 

effect of autograft with allograft on fixation of implants, experimentally. In study I, autograft 

harvested from the femur during surgery, was used and compared with allograft effect.    

 

 

Material Osteogenic Osteoinductive Osteoconductive 

Autograft + + + 

Allograft - - + 

BMA + + - 

HA/Collagen - - + 

DBM - + + 

CB - - + 

 

Table 1: Presented the graft materials used in the present studies and their characteristics. The sign 

(+) indicates the presence and (-) the lack of the characteristic [31,32,111]. BMA = Bone marrow 

aspirate; HA = Hydroxyapatite; DBM = demineralised bone matrix; CB = Cancellous bone.  

 

Allograft 

Despite the disadvantages of allogenic bone graft, including the risk of disease transmission 

[108,115], allograft is still widely used as graft material and act as gold standard, where the use of 

autograft is limited. Allograft has osteoconductive properties [6]. The biomechanical properties of 

allograft can be influenced by many factors which are used in preparing allograft for clinical use. 

Deep freezing might affect the strength of allograft [56]. In addition, gamma irradiation may 

influence the mechanical properties of bone allograft [41,80]. Allograft strength can be reduced 
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significantly by gamma irradiation. Moreover, Hamer et al. [41] reported dose-dependant reduction 

in strength and in the ability of the graft to absorb energy before failure. However, Balsly et al [4] 

found that low-dose irradiation does not affect the strength and the elastic modulus of bone graft. 

The inability to develop a clear relationship between mechanical strength and gamma irradiation 

dose in the literature may be the result of variable conditions under which allograft tissue was 

irradiated. The processing of all allograft used in study I; II and III was performed by the same 

method to avoid variation between the groups (see later).   

  

Bone marrow aspirate (BMA) 

It is well known that bone marrow stromal cells have an osteogenic potential [33]. Osteogenic cells 

are cells capable of differentiating into bone-forming cells and producing bone or. Bone marrow 

harvested by aspiration contain osteoblastic progenitor with other bone marrow-derived cells that 

are rich in cytokines [32]. It also provides a degradable biologic matrix of fibrin, which can be 

revascularized rapidly. By auto-transplantation in combination with ceramic scaffold, such as HA, 

bone formation could occur [59]. The use of bone marrow aspirate to support bone formation 

around non-cemented implants is promising, but still in the experimental phase [26,60]. The 

combination with bone graft and synthetic bone substitutes may improve bone ongrowth and 

thereby enhance early implant fixation. The advantage of using percutaneous BMA, applicated 

directly to the scaffold material, is the easy handling, as it can be performed during surgery and 

demands no additional processing. Study I included the combination of HA/Collagen composite 

with BMA. 

 

Hydroxyapatite/Collagen composite 

In recent years, the options for bone tissue engineering have increased dramatically. Synthetic bone 

substitutes have several advantages over autograft and allograft such as the unlimited supply and 

easy sterilization and storage. Hydroxyapatite (HA) Ca10 (PO) 6 (OH) 2 is a calcium phosphate 

ceramic. Chemically, the composition resembles that of bone mineral [38,66]. It is a biodegradable, 

bioactive material with osteoconductive properties (Table 1). Several other materials such as 

calcium carbonate, CaCO3; calcium sulphate, CaSO4 2H2O are also bioactive, biodegradable, and 

osteoconductive, but they do not have the chemical composition similar to that of bone mineral 

[66]. Limitations in using HA alone to enhance bone formation and thereby implant fixation are still 
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a clinical challenge due to a limited strength and variable rate of resorption [38,66,77]. Furthermore, 

the inability of the bioactive bonded interface to remodel in response to applied load [42,102]. 

 Collagen is the main bone matrix component (mainly collagen type I). It serves a 

number of important functions, including tissue binding and mechanical support by providing 

tensile strength and ductility [14,22]. The use as bone substitute becomes more interesting due to 

the biocompatibility and the osteoinductive properties (Table 1). Studies on large animal models 

reported also osteoinductive activities [67,70]. The combination with HA may improve the 

properties of the composite (study I). 

   

Demineralised bone matrix (DBM) 

Demineralised bone matrix is prepared by acid extraction of the mineral phase of bone, leaving 

collagen and non-collagenous proteins including growth factors [31]. The processing includes 

dehydration of bone chips followed by demineralization in HCL. The residual acid is eliminated by 

rinsing in sterile water, ethanol, and ethyl ether [31,92].  This processing procedure makes DBM to 

the least immunogenic allograft bone type [112]. DBM has osteoinductive properties [111]. 

Commercially, DBM is available in several products which may differ in compositions and forms. 

A number of materials such as hyaluronic acid, glycerol, gelatine or calcium sulfate can be used as 

a carrier medium [37]. In study II, the used DBM material contained no carrier. Physical forms 

include freeze-dried powder, crushed granules or chips, and gel or paste [31]. The osteoinductive 

activities of DBM can be attributed to the bone morphogenetic proteins (BMPs) [111]. BMPs are 

multi-functional growth factors that belong to the transforming growth factor-beta (TGF-β) super-

family [10]. Several experimental and clinical studies have demonstrated the osteoinductive 

capability of BMP-2 and BMB-7 [18,28,52,64,69,113]. Other growth factors in the non-collagenous 

proteins of the extra cellular matrix, such as platelet derived growth factor (PDGF), vascular 

endothelial growth factor (VEGF) and insulin growth factor (IGF), might also play a role in the 

induction of osteogenesis [29,45], but there are only few studies which have tested these factors 

separately with regard to implant fixation. The effect of DBM or BMPs on bone ongrowth and 

implant fixation is also sparely reported [13,98] 
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Cancellous bone (CB) 

Freeze-dried human cancellous bone (CB) is an osteoconductive allograft. In contrast to DBM, CB 

is calcified bone graft. Freeze-dried CB is clinically in use and commercially available in chips or 

crushed. Freeze-dried CB is created principally by defatting, freeze-drying and sterilisation [54,55]. 

In addition to the osteoconductivity of the graft, freeze-dried CB has many others advantages. 

Firstly, the reconstruction of the defatted bone chips is suggested to improve the mechanical 

strength of CB bone allograft [110]. Secondly, the antigenicity is reduced in comparison to fresh-

frozen allograft [35]. Furthermore, it can be stored sterile at room temperature (15 – 30 ̊ C) and it 

requires no additional preparation prior to transplantation. Finally, the cost of freeze-dried CB 

seems to be similar to that of harvesting procedure of autograft [71]. No studies were found that 

compared the cost of CB with allograft. However, the reduced osteoinductive capability of freeze-

dried CB is a clear limitation. Despite several clinical studies with promising results of freeze-dried 

CB [17,62], no conclusion can be made to determine the clinical effectiveness of freeze-dried CB in 

comparison to fresh-frozen allograft in uses associated with revision THA according to a Cochrane 

review [7]. The combination of freeze-dried CB and DBM (Study II) may improve the biological 

properties of the material. 
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PURPOSES AND HYPOTHESIS OF THE STUDIES 

 

Study I investigates whether HA/Collagen composite alone or in combination with 

BMA has an effect on early implant fixation. In addition, study I investigates differences between 

autograft and allograft on implant fixation. We hypothesized that the HA/Collagen composites had 

a comparable effect to the gold standard allograft, that autograft would result in better fixation than 

allograft, and that BMA could be beneficial for implant fixation. 

Study II investigates the early effect of DBM alone or in combination with CB or 

allograft on implant fixation. We hypothesized that DBM in combination with allograft or CB may 

enhance new bone formation and improve implant fixation through promoting bone ongrowth. 

Study III investigates the potential systematic bias by applying the sampling method 

which includes evaluating the mechanical fixation by using the superficial part and the histological 

analysis by using the profoud part of the implant. We hypothesized that this sampling method has 

no effect on data evaluations and that the mechanical testing and histological analysis can be 

applied either from the superficial or the profound part of the implant 
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METHODOLOGICAL CONSIDERATIONS 
 

Animal model 

Animal models are often used in experimental research of human disease. They can not replace 

human studies. However, several advantages make an animal model preferable in some situations. 

Experiments can be standardised to obtain closely controlled conditions and specific variable can be 

investigated separately while keeping others constant. Animal can serve as its own control as in the 

present studies.  

In the present studies sheep was chosen as the animal model because sheep has bone size and 

weight (51.5-89 kg in these studies) that allow the placing of many implants at the same time [81]. 

Furthermore, bone mass offers sufficient bone samples for mechanical testing and 

histomorphometry [82]. Other advantages of sheep as an animal model are the unlimited supply, 

they are easy to handle and house and give the possibility of euthanization. In general, sheep is 

more accepted as research model than companion animals such as dogs. Recently studies confirm 

that sheep pathophysiology in many ways resembles that of humans [21,120].  

In the present studies adult sheep was chosen (age 4-8 year in these studies) in order to mimic the 

clinical situation. It is well known that age has a significant influence on architectural, mechanical 

and physical properties of trabecular bone in sheep [78,79] and in human [23,25]. In despite of the 

difference in the trabecular microarchituctur and density of sheep bone compared to humans 

[68,78,88], the patters in which the changes occur during the period of growth seem to be 

comparable. Other limitation to orthopaedic’s experiments that sheep has larger capacity of bone 

healing and remodelling than humans. On the other hand this limitation gives the possibility to 

shorten the observation period. 

 

Ethical considerations 

The animal experimental protocol was in accordance with the Danish Animal Research guidelines, 

and approved by the Danish Animal Experiments and Inspectorates. The animals were delivered by 

a local sheep farm (Fåreburg, Køge Aps., Denmark). Postoperatively, the sheep were kept for 2 – 4 

days in the animal facilities of the Biomedical Laboratory, University of Southern Denmark. The 

rest of the observation period the sheep were allowed out-doors activities. The observation and 

handling of the sheep were carried out by educated staff. 
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Implant model 

The implant material was chosen to resemble the clinical situation. Titanium alloy is often used for 

non-cemented joint prosthesis. Titanium has an elastic modulus (stiffness) of (110,000) which is 

more closely to that of human bone (20,000 MPa) than cobalt-chrome (210,000 MPa) [82]. The 

elastic modulus of prosthesis components might influence the stress distribution in the bone 

[82,114]. In the clinical situation of THA and TKA, an elastic modulus of a component that closely 

to that of bone might protect the stress shielding phenomenon [114]. Similar investigations were 

reported in the situation of Total knee arthroplasty (TKA) [11,72,90]. Another advantage of 

titanium and its alloys is the higher corrosion resistance in comparison to cobalt-chrome [82]. 

Furthermore, titanium is a non-ferromagnetic implant that provides a reduced artefacts problem by 

magnetic resonance imaging (MRI) [63]. In all of the present studies, titanium alloy implants (Ti-

6Al-4V) were used. The implants were made of 90% titanium, 6% aluminium and 4% vanadium. 

All implants had a circumferential gap of 2 mm and are plasma-sprayed porous coated. The 

influence of surface texture on implant fixation has been demonstrated previously [84]. Plasma 

sprayed porous coated implants have been shown to provide better fixation than grit-blasted 

implants [84]. In all studies, the used implants had the same shape and were produced by the same 

manufacture (Biomet Inc., Warsaw IN, USA) (Figure 1). These allow us to optimize the 

experiments’ conditions and eliminate confounder, related to implants’ material.  

 

 

 
Figure 1: The porous coated titanium implant with a length of 10 mm and a diameter of 6 mm, and 

a footplate and top washer of 10 mm in diameter. The circumferential gap is of 2 mm.  
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Design of the studies 

The paired study design was applied in all studies. The animals were their own control to avoid the 

biological variation. Both study 1 and II compare three different treatments with a control group. 

The implants were inserted into the medial and lateral femoral condyles. Thus, four implants were 

inserted in each sheep. In study I the gap was filled with: HA/Collagen; HA/Collagen-BMA; 

autograft or allograft. In study II with: DBM; DBM/CB; DBM/allograft or allograft. The 

implantation site was alternated between right and left, medial and lateral to avoid potential risk of 

systematic bias due to possible differences between the locations, and to eliminate any surgeon-

related bias. In all studies, we aimed to eliminate most of the confounder as possible. The same 

implant model was used, and the operations were performed by the same team. Furthermore, the 

implants were inserted extra-articulary to avoid the effect of micromovement and joint fluid. . 

Previous studies showed differences in the microstructure between medial and lateral tibial 

condyles as well as differences in the strength of medial and lateral femur condyles [24,44]. The 

blinding was not possible in study I and II due to the clear differences in the materials used, both in 

the consistence and in the appearance, macroscopically and microscopically.  

In study III, which is a methodological study (described under purpose of the studies), only allograft 

was used. The implants were inserted extraarticularly into the right and left proximal humerus. 

Thus, two implants were inserted in each sheep. Postoperatively, the specimens were randomly 

allocated to either the superficial or the profound group before preparation (Figure 6). The 

mechanical testing and histomorphometry could not be blinded due to the visible footplate. The 

observation period was five weeks in study I and six weeks in study II and III. These observation 

periods were chosen in order to match the clinical situation. The early prosthetic instability might 

result in loosening of the components and thereby influences the long term survival [76]. Finally, 

the observation periods seem to be adequate for bone formation and bone ongrowth to the implant 

surface in the control group allograft [53]. Study II does not include a group with CB alone a non-

treated gap due to the limited number of implants that can be inserted in the femoral condyles.  

Autograft. Autograft was always collected from the bone removed during drilling of the four holes 

in the femoral condyles.  

BMA. BMA was aspirated from the proximal part of the tibia and mixed with HA/Collagen 

composite before insertion in the gap (Figure 2). To evaluate how the HA/Collagen composite field 

out the peri-implant gap when adding BMA, one sheep served as control to the time zero. BMA was 
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chosen in order to provide an osteogenic capacity to the composite. Furthermore, the harvesting and 

the application during the surgery are easy to handle. 

Allograft. The allograft used was harvested from the femoral head of a donor sheep. The morselized 

bone was stored at – 80 ̊ C. Before implantation, the graft was thawed at room temperature (Figure 

3). In study I and II allograft served as the control group as it is the gold standard in revision 

surgery of loose hip prosthesis. In study III only allograft was used to avoid variation between the 

groups. 

HA/Collagen. HA/Collagen was in form of hallow cylinder and was described in details in paper I 

and previously [106].  

Accell® DBM100 and CB. DBM was in putty form and provided by Iso Tis OrthoBiologics Inc., 

USA (Viking Medical Scandinavia ApS, Denmark). The applications alone direct in the gap or 

mixed with CB or allograft in ratio of 1:3 before implantation. This ratio was chosen in order to 

mimic the natural composition of human bone, which does not differ significantly from the mineral 

composition of mature sheep [91]. CB was in crushed form and provided by the same manufacturer 

(Figure 3).  
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Figure 2: Study I, HA/Collagen substitute around the titanium implant by adding BMA 

 

 

 

 
Figure 3: Graft material used in study II: Demineralised bone matrix (DBM), allograft and 

Cancellous bone (CB) 

 

 

Surgery 

The surgical procedure and the operation team were the same in all studies in order to eliminate 

confounding related to surgeon or anaesthesiologist. In study I and II the implants were inserted in 

trabecular bone of the femoral condyles in order to mimic the clinical situation in which a gap exists 

between the trabecular bone and the non-cemented implant (Figure 4). The non weight-bearing 

position and the extraarticularly location were selected in order to avoid possible confounders 

concerning micro-motion and joint fluid. In study III, the implants were inserted in the proximal 

humerus. The test material was fitted in the 2 mm circumferential gap, which has a volume of 0.5 

ml. The gap volume was calculated from the formula: 
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(π x r2 x h) – (π x core r2 x h)  

π = 3.14 

r = radius = 0.5 cm 

h = length = 1 cm 

Core r = core radius = 0.3 cm 

Thus, (3.14 x 0.5 cm x 1 cm) – (3.14 x 0.3 cm x 1 cm) = 0.502 cm3 = 0.5 ml 

The postoperative care was identical in all animals and all studies.  

 

 

 
Figure 4: The defect in the distal femoral condyle (a), inserting the implant (b), the circumferential 

gap (c) and the top washer covering after the graft material is placed (d). 

  

 

Specimen preparation 

After the observation period the sheep were euthanized and the bone at the implantation site were 

harvested. Sections for mechanical testing and histological analysis were performed with a water-

cooled band saw (EXAKT-Cutting Grinding System, Germany). In study I and II, the superficial 

section was served for the mechanical testing and the profound section for histological analysis 

(Figure 5). This sectioning method was compared with the opposite method in study III. In this 

methodological study the right and the left implant in each animal were randomly allocated either to 

perform the mechanical testing from the superficial part and the histological analysis from the 

profound part, or to perform the mechanical testing from the profound part and the histological 
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analysis from the superficial part of the implant. Thus, by allocating one to a sampling method the 

other site will consequently be allocated to the other sampling method (Figure 6). By choosing this 

design we were able to evaluate the differences between superficial and profound part with regard 

to histology and implant fixation. Specimens for histological analysis were dehydrated 70 – 100 % 

in ethanol containing 0.4 % basic fuchsin and embedded in methyl methacrylate. For the staining 

method light green was used. The penetration depth of the light green into bone is 5 – 10 m after 12 

minutes of staining [83]. This method allow a clearly discrimination between soft tissue, bone and 

implant [39]. 

 

 

 

 
Figure 5: Exact cutting Grindig System. Section of the specimen for mechanical testing (superficial 

part) and histological analysis (profound part) 
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Figure 6: Sketch showing design of study III. During preparation, the right and left implant from 

each animal were randomly allocated either to perform the mechanical testing from the superficial 

part and the histological analysis from the profound part, or to perform the mechanical testing from 

the profound part and the histological analysis from the superficial part of the implant. 

 

 

 

Vertical section 

Specimen sectioning for histomorphometry was performed using the vertical section method in 

order to avoid bias estimation of the surface area [40,82]. In contrast to volume estimation, unbiased 

estimation of surface area require uniform oriented (isotropic) tissue [82]. However, trabecular bone 

has a preferred orientation. Moreover, the anisotropy increased in aging cancellous bone through 

remodelling process to best support mechanical loading [20]. In case of loaded bone implant, the 

surrounding trabeculae rearrange orientation to adapt the new situation [114]. The vertical section 

method was applied in all studies [82,87]. Sectioning was taken parallel to the vertical axis from a 

randomly selected position (Figure 7). The vertical axis was defined before sectioning and could be 

identified in each section. Four sections with a thickness of approximately 20 – 25 µm were 
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obtained from each specimen using a hard tissue microtom (Instrumentmakerij, Medeja, The 

Netherlands). 

 

 

 

 
Figure 7: Sectioning for histological analysis. The vertical section method as described in text was 

used [82,87]. Specimens embedded in methyl methacrylate. The staining method is light green. 

 

 

 

Mechanical testing 

Bone-implant interface was tested mechanically by a destructive push-out test in all studies I – III. 

Other mechanical test options such as destructive pull-out test, removal torsion test [3,12], and non-

destructive compressive test [19,25], and fatigue test [48] might be considered. The more clinic 

relevant test that may reflect the forces, act at a hip prosthesis, seems to be fatigue test 

[48,49,74,118,119]. Daily activities can be considered as a rebated load on the implant-bone 

interface, which influence the survival of the implant component significantly. The fatigue life of an 

implant can be defined as the number of stress cycles an implant will withstand before it fails [27]. 

Limitation of fatigue test is that a stress level has to be defined, so-called fatigue limit below which 

the material can be exposed to an infinite number of stress cycles. This will require more test 

specimens. The test is difficult to standardise due to the different substitutes used in the studies and 

thereby difference properties of the interface. The push-out test in the present studies was applied 

using an 858 Bionix MTS hydraulic material testing system (MTS system Cooperation, 

Minneapolis, Minnesota, USA). The thickness of the specimens was measured. By testing, the 

samples were placed on the metal platform with a central hole. A preload of 2 N was applied to 

define the contact position [85]. A cylindrical testing column pushes out the implant with 

displacement rate of 5 mm/minute.  The implant-bone interface was tested to failure (Figure 8). The 
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load – displacement curve as previously described was recorded [82]. The ultimate shear strength 

(MPa), stiffness (MPa) and Failure energy (KJ/cm2) were calculated. The specimens in each study 

were tested in random order the same day and under the same conditions without changing the 

setup. 

 

 

 

 
Figure 8: Destructive push-out test was applied in order to test the bone-implant interface. The load-

displacement curve (3) showed the maximum strength before failure (ultimate shear strength). The 

failure energy is the area under the curve and the stiffness represented by the slope of the curve. 

 

 

Histomorphometry 

To obtain quantitative estimation about three-dimensional structures from two-dimensional 

sections, stereological method was performed [40]. An Olympus BX 50 Microscope was used. The 

evaluation in study I performed with the C.A.S.T Grid software program (CAST, Olympus 

Denmark A/S), and study II and III were evaluated with the Grind software program provided by 

(newCASTTM , Visopharm, Denmark). The evaluation methods and setup were the same in all 

studies. The field of vision was transferred to a computer monitor by a video camera attached to the 
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microscope. New bone was differentiate from, remnants of bone graft, and remnants of substitute, 

fibrous tissue and bone marrow. Tissue ongrowth to the implant surface was estimated using the 

linear intercept technique [40]. Isotropic uniform random (IUR) test lines were superimposed on the 

microscopic field and the type of tissue in contact with the implant was registered. The volume 

fraction was estimated using point counting method [40]. Regions of interest (ROI) were defined 

(Figure 9). The gap divided into two zones of approximately 500 microns in width. Zone I, close to 

the implant, and zone II close to the host bone. Approximately 20 counting frames in study I, and 

30 in study II and III per zone were registered. At least 100 hits per tissue and implant were 

counted.  

 

 

 
Figure 9: Sketch showing the regions of interest (ROI) in a vertical section, zone I (Z I) close to the 

implant (I) and zone II (Z II) close to the host bone (HB). 

  

 

Statistical analysis 

The statistical analysis was performed with the SPSS Statistic 18 software (SPSS Inc., Chicago, IL, 

USA). T-test was performed to compare paired groups for normally distributed data. By not 

normally distributed data a non-parametric test, Friedman followed by Wilcoxon signed-rank test 

were applied. A p-value < 0.05 was considered significant. One implant in study I and one in study 

III were considered as an outlier due to extreme high values by the mechanical testing. Outliers 
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detection were performed by using Dixon test[105]. One implant in study III showed sub-optimal 

cutting and was insufficient to the mechanical testing. 

 

Sample size calculation 

The sample size estimation was calculated from formula: 

N1 = N2 = 2 (t2α + tβ)2 x SD2 / MIREDIF2 [1] 

Where α is the risk of error of first kind and β is the risk of error of second kind. MIRDIF is the 

minimal clinically relevant difference. The critical value for 2α (t2α) = 1.96 for a confidence level of 

95%, and the critical value for β (tβ) is 0.84 due to the selected power (1 – β) = 80%. The standard 

deviation (SD) of 50% and MEREDIF of 70% were selected based on previous studies using 

histomorphometric and mechanical data for the assessment of early implant fixation in large animal 

models [51,82]. According to these assumptions, at least 7 animals should be included. Each study 

includes 8 sheep. 

In study I there was tendency towards greater implant fixation in Autograft group. Therefore, a 

retrospective sample size calculation was performed (see later). By using the data of the mechanical 

testing, the titanium implant fixation on the sheep femoral bone using allograft resulting in strength 

of 0.69 MPa (± 0.59 MPa) SD. Autograft increase the implant fixation in the same gap model by 

0.44 MPa, which is selected as the minimal relevant difference (MIREDIF). Based on these 

considerations, a sample size of 29 animals should be included in order to investigate differences 

between autograft and allograft on implant fixation. 

 In study III retrospective sample size estimation was performed by using the 

histological data. The mean of the bone ongrowth in the superficial part of the implant was 19.6 % 

(± 7.26) SD. By analysis from the profound part of the implant, the bone ongrowth increase by 5.4 

%. By using the formula above, 28 sheep should be included in order to reveal a significant 

difference between the sampling methods. By using the mechanical data, the strength in the 

profound part was 0.25 MPa (± 0.25) SD. By applying the test from the superficial part of the 

implant, the strength increased by 0.15 MPa. According to the formula above, a number of 47 sheep 

should be included in order to reveal differences with regard to mechanical fixation. In addition, a 

retrospective power calculation was performed to estimate the risk of an error of the second kind. 

By using the histological data in study III and the formula above, the value of β was calculated to be 

0.29. Thus, the risk of an error of second kind is 29%, and the study has a power of 71%. 
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RESULTS 
 

Study I 
Mechanical testing: The mechanical testing showed no significant difference between autograft 

and allograft. Failure energy was 196.7 kJ/cm2 (20.5 – 301.5) in the autograft group compared to 

103.1 kJ/cm2 (3.0 – 277.3) in the allograft (p= 0.31). HA/Collagen and HA/Collagen-BMA groups 

showed failure in the preloading indicating no bone ongrowth to the implant surface, therefore 

push-out test could not be performed (Table 2) and (Figure 10). 

 

 

 

Table 2: Study I, Mechanical testing: there were no statistical differences between autograft and 

allograft, median (range). 

 

 

 

 
Autograft  

(N=7) 
Allograft 

(N=8) P-value 

Stiffness (MPa) 8.6 (0.5-19.3) 3.3 (0.2-9.2) 0.06 

Strength (MPa) 1.0 (0.1-2.5) 0.5 (0-1.6) 0.12 

Failure Energy kJ/cm2 196.7 (20.5-301.5) 103.1 (3-277.3) 0.31 



 32 

 
Figure 10: Study I, Mechanical testing: Paired plot of failure energy in kJ/cm2 in autograft and 

allograft group. Each line represents an animal. One implant was considered as an outlier. 

 

 

Histology: Qualitative histology showed remnants of HA/Collagen and HA/Collagen-BMA in zone 

I. The substitute’s material was replaced by fibrous tissue in some of the samples (Figure 11). 

Thus, the implant surface was covered with remnants material, fibrous tissue or bone marrow. Little 

bone formation was observed in zone II in both groups. No fibrocartilage was observed in any 

groups. Autograft and allograft showed new bone formation on the implant surface and in both zone 

I and II (Figure 12). 
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Figure 11: Study I, HA/Collagen-BMA group, transversal macroscopic section showed remnants of 

HA/Collagen material around the implant (I). The histological vertical section showed mainly 

fibrous tissue (FT) in zone II and remnants of HA/Collagen in zone I. New bone formation (NB) 

close to the host bone (HB). BM: Bone marrow. LM, section stained with light green and basic 

fuchsin; 10x and 20x magnification.  
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Figure 12: Study I, Allograft group, histological section showed bone ongrowth to the implant 

surface (NB) (arrows); BG: Remnants bone graft; FT: Fibrous tissue; BM: Bone marrow. LM, 

section stained with light green and basic fuchsin; 10x and 20x magnification. 

 

 

Histomorphometry: Bone ongrowth was increased significantly in the autograft and allograft 

groups compared with the HA/Collagen, and HA/Collagen-BMA groups, where several of the 

implants did not have any bone ongrowth. There was no statistically difference in bone ongrowth 

between the allograft and autograft groups (Table 3). There was no effect of adding BMA to the 

HA/Collagen composite. There was statistically significant greater fraction of bone volume in the 

gap in the autograft and allograft groups compared with the HA/Collagen and HA/Collagen-BMA 

groups (table 4). Again, there was no statistical significant difference between allograft and 

autograft groups. No significant difference in bone volume between the HA/Collagen and 

HA/Collagen-BMA groups. Bone formation close to the original bone (Zone II) was greater than in 

Zone I in the HA/Collagen and HA/Collagen-BMA groups, whereas there was no difference in the 

allograft and autograft groups. 
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* P < 0.05 compared with autograft and allograft  

Table 3: Study I, Histomorphometric data for bone ongrowth and remnants substitute presented as 

percentage of total implant surface, median (range). N=8 

 
 

 
* P < 0.05 compared with autograft and allograft # P < 0.05 compared with zone I 

Table 4: Study I, Histomorphometric data for volume fraction divided in two zones. The specific 

tissue volume is presented as a percentage of total count in each zone of the gap, median (range) 

N=8 

 

 

 
Tissue ongrowth Autograft Allograft HA/Collagen HA/Collagen + 

BMA 

 
New bone 24.5 (11.1–55.2) 25.3 (14.9–30.3) 

 
0 (0–3.1)* 

 

 
0 (0–21.6)* 

 
 
Fibrous tissue 69 (28.9–84.9) 71.5 (59.6–77.8) 46.3 (29.4–71)* 36.3 (21.9–78.6)* 

Remnants 
HA/Collagen - - 43.6 (27.6-61.6) 40.2 (17.5-54.9) 

 
 Autograft Allograft HA/Collagen HA/Collagen + BMA 

Zone I  
            

New bone 
Remnants bone 

Remnants HA/Coll 
Bone marrow 
Fibrous tissue 

 
 

22.6 (7.5-33.1) 
18.2 (1.6-34.4) 

- 

5.2 (3.9-19.7) 
47.7 (34.9-85.8) 

 
 

21.8 (10.4-27.9) 
15.2 (7.0-26.8) 

- 
11.4 (6.7-34.4) 
44.9 (36.9-58.1) 

 
 

1.8 (0-7.5)* 
- 

37 (13.3-60.5) 

3.7 (0-6.8) 
56.2 (25.4-75.5) 

 
 

0.3 (0-4)* 
- 

30.6 (17.1-73.6) 
2.3 (0-9.3) 

57.9 (17.1-82.5) 
 
Zone II  
   

New bone 
Remnants bone 

Remnants HA/Coll 
Bone marrow 
Fibrous tissue 

 
 
 

24.3 (10.2-38.1) 
24.0 (2.5-31.4) 

- 
14.3 (5.6-17.6) 

41.4 (24.3-73.3)# 

 
 
 

23.7 (12.9-34.8) 
20.2 (12.1-33.5) 

- 
17.2 (5.5-45.6) 

36.5 (12.9-60.4)# 

 
 
 

4.4 (0.7-9.3)* # 
- 

18.5 (6.2-60.6)# 
3.5 (0.8-10.3) 

67.1 (37.0-88.8)# 

 
 
 

1.8 (0-9.1)* # 
- 

24.9 (8-48)# 
5.3 (0.7-12.8) 

66.5 (39.2-76.7) 
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Study II 

Mechanical testing: The strength and the failure energy were not statistically different between 

DBM/CB, DBM/allograft and the allograft groups although that allograft alone and DBM/allograft 

were 4-8 folds higher than DBM/CB (Table 1). Implants treated with DBM alone had significantly 

lower mechanical fixation than the other implants with regard to strength and energy (Table 5). 

 

 

 

* P < 0.05 compared with control group (allograft) 

   Table 5: Study II, Mechanical testing: Stiffness, strength and failure energy. Data presented in 

median (range). N=8 

 

 

Histology: New bone formation was observed in the gap in all groups. Remnants of bone graft 

(both allograft and CB) were observed with new bone around the graft. In the DBM group new 

bone appeared as small colonies (Fig. 13) in the gap especially close to the original bone, but with 

no bone ongrowth to the implant surface. Instead, fibrous tissue and bone marrow were in direct 

contact to the implant surface.  

Histomorphometry: Bone ongrowth was without significant difference in the allograft, DBM/CB 

and DBM/allograft groups but with statistically significantly lower rate in the DBM group (Table 

6). Bone marrow on the implant surface was significantly higher in the DBM group compared with 

the control group allograft. No significant difference was observed in new bone volume among all 

substitute groups (Table 7). Remnants of bone graft in DBM/allograft group were significantly 

lower than in the allograft group in the zone II.  

 
DBM DBM/CB DBM/Allograft Allograft 

 
Stiffness (Mpa) 0.19 (0.1-0.76) 0.99 (0.6-33.39) 3.61 (1.6-392.32) 7.23 (.49-19.57) 

Strength (MPa) 0.01 (0.01-0.09) * 0.12 (0.02-5.09) 0.47 (0.16-4.07) 0.68 (0.06-2.15) 

Failure Energy 
kJ/cm3 1.2 (0.4-7.6) * 11.2 (0.4-700.9) 45.6 (25.6-584.6) 97.0 (5.8-368.9) 
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Between zones in the allograft group, new bone formation in zone I was significantly higher than in 

zone II. Zone I in the DBM/CB, DBM/allograft and allograft groups showed lower remnants of 

bone graft and higher fibrous tissue compared with zone II (p<0.05).  

 

 

 

 

a b 

Figure 13: Study III, DBM group showed new formed bone (NB) in the gap without contact to the 

implant surface (I). Only bone marrow (BM) (a) or fibrous tissues (FT) (b. red arrow) are in direct 

contact with the implant surface. LM, section stained with light green and basic fuchsin; 10x and 

20x magnification. 

 

 

 

* P < 0.05 compared with control group (allograft) 

 
 DBM DBM/CB DBM/Allograft Allograft 

New bone 3.5 * 
(0.2-17.2) 

23.6  
(9.5-38.0) 

22.7  
(16.2-39.4) 

22.4  
(13.0-29.2) 

Fibrous tissue 74.9 
 (45.5-94.8) 

71.6  
(53.3-82.6) 

66.5  
(50.2-77.9) 

62.4  
(55.8-79.3) 

Bone marrow 18.5 * 
(1.4-37.3) 

3.2 
(0-37.2) 

5.8 
(1.8-28.7) 

11.6 
(0.1-20.5) 
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Table 6: Study II, Histomorphometric data of tissue ongrowth presented as percentage of total count 

in the gap, data presented in median (range). N = 8 

 

 

 

* P < 0.05 compared with the control group (allograft)  

Table 7: Study II, Histomorphometric data of tissue volume in percentage in the gap. Zone 1 and 

zone 2. Data presented in median (range). N = 8: Zone I in the DBM/CB, DBM/allograft and 

allograft groups showed lower remnants of bone graft and higher fibrous tissue compared with zone 

II (p<0.05) 

 

 

 

 

 

 

 

 

 

 

 

 

 
 DBM DBM/CB DBM/Allograft Allograft 

Zone I  
            

New bone 
Remnants (bone/CB) 

Fibrous tissue 
Bone marrow 

 
 

20.1 (8.9-39.7) 
- 

61.7 (48.8-76.8) 
3.9 (8-36) 

 
 

23.4 (12.2-30.1) 
9.5 (0-24.2) 

56.1(32.2-76) 
11.8 (2.2-33.6) 

 
 

21.7 (16.9-24.5) 
13.5 (8.7-38.9) 
43.9 (16.6-59.4) 
16.7 (4.3-26.6) 

 
 

22.3 (12.4-33.3) 
23.9 (5.9-47.6) 
31.8 (17.0-57.9) 
21.3 (12.8-32.7) 

 
Zone II  
   

New bone 
Remnants (bone/CB) 

Fibrous tissue 
Bone marrow 

 
 
 

24.3 (16.7-40.5) 
- 

55 (31.670.4) 
8.9 (1.6-43.2) 

 
 
 

20.2 (9.1-33) 
18 (7-39.4) 

34.8 (18.8-68) 
21.1 (5.2-51.99 

 
 
 

19.8 (13.3-22.6) 
22.4 (18.4-24.8) * 

31 (13.2-41.5 
26.3 (14.9-37.3) 

 
 
 

17.6 (10.7-24.8) 
36.8 (24.8-37.1) 
18.9 (12.7-32.8) 
25.5 (15-35.8) 
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Study III 

Mechanical testing: The shear stiffness, strength and the failure energy in the superficial group 

were greater than those in the profound group. The differences were not statistically significant (P = 

0.60, P = 0.61 and P = 0.58 respectively) (Table 8) and (Figure 14) 

 

                 

Table 8: Study III, Mechanical testing: Stiffness, strength and failure energy. Data presented as 

mean (±SD). 

 

 

 

 
Mechanical properties Superficial 

(N=8) 
Profound 

(N=6) 

 
P-value 

 
Stiffness (MPa) 2.99 (±2.34) 1.98 (±2.01) 

 
0.42 

 
Strength (MPa) 0.40 (±0.35) 0.25 (±0.25) 

 
0.32 

 
Failure energy KJ/m² 38.77 (±37.42) 28.03 (±28.18) 

 
0.40 
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Figure 14: Study III, Mechanical testing: Paired plot of failure energy in kJ/cm2 in autograft and 

allograft group. Each line represents an animal. One implant was considered as an outlier and one 

was excluded due to a suboptimal cutting. 

 

 

 

Histology: Bone formation and bone ongrowth were observed in both groups. The remnants bone 

graft in the gap was surrounded by new bone, fibrous tissue or bone marrow. Bone ongrowth to the 

implant surface was interrupted by fibrous tissue and bone marrow. In both groups, bone ongrowth 

was observed partially isolated from the bone graft in the gap. 

Histomorphometry: In the superficial group, the bone volume was 5% higher whereas bone 

ongrowth was 6% lower that those of the profound group. Both differences were not statistically 

significant (Table 9 and 10) (Figure 15 and 16).  

 

 

 

Table 10: Study III, Histomorphometric data for tissue ongrowth presented as percentage of total 

count in the gap in mean (±SD). N= 8 

 

 
Tissue Superficial  Profound 

 
P-value 

 
Bone 19.63 (±7.26) 25.03 (±13.13) 

 
0.29 

 
Fibrous tissue 60.23 (±13.75) 63.84 (±12.17) 

 
0.58 

 
Bone marrow 21.79 (±16.44) 18.30 (±16.60) 

 
0.70 
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Figure 15: Study III, Paired plot of bone ongrowth value in percentage of total count in the gap. 

Each line represents an animal. 

 

 

 
Tissue Superficial  Profound 

 
P-value 

 
Bone 46.65 (±3.98) 41.04  (±11.67) 

 
0.18 

 
Fibrous tissue 33.88 (±6.85) 33.54 (±10.09) 

 
0.94 

 
Bone marrow 19.94 (±6.10) 26.50 (±10.17) 

 
0.07 
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Table 9: Study III, Histomorphometric data for Tissue volume presented as percentage of total 

count in the gap in mean (±SD). N = 8 

 

 

 
Figure 16: Study III, Paired plot of volume fraction of bone tissue presented as percentage of total 

count in the gap. Each line represents an animal. 
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DISCUSSION 
 

This thesis investigated the early effect of different bone grafts, bone substitutes and composites on 

mechanical fixation and bone healing around titanium implant. Study I investigated the effect of 

HA/Collagen composite with and without BMA, and study II investigated the effect of DBM alone 

or in combination with CB or allograft. All graft and substitutes were compared with the control 

group of allograft. Study III is a methodological study and aimed to investigate, whether a 

systematic bias could occur by sampling either from the superficial or the profound part of the 

implant as in study I and II. Study I showed no effect of the composite on implant fixation, alone or 

in combination with BMA. Study II showed comparable effect of DBM/CB and DBM/allograft 

with the control group. The effect of DBM alone on implant fixation is significantly lower than the 

control group. Study III showed no evidence of systematic bias by sampling from either the 

superficial or profound part of the implant. Thus, mechanical testing and histological analysis can 

be performed either from the superficial or the profound part of the specimens without introducing 

bias in the present model. 

 

Bone grafts and bone substitutes 

 The main purpose of using bone graft or bone substitutes is to initiate, induce or 

support bone repair. Bone graft that can initiate bone repair must have osteogenic or inductive 

properties which mean the ability to form bone directly from bone cells that can lay down bone 

matrix. Bone autograft and BMA is representative for this group of materials. Inducing bone repair 

can take place by stimulating bone cells to form bone or by stimulating progenitor bone cells to 

differentiate into bone-forming cells. Several materials such as DBM, BMP or growth factors are 

capable to this osteoinductive property. Supporting bone repair requires graft materials or bone 

substitute with osteoconductive properties. The main function of these materials is to host bone 

cells, allow cellular infiltration and guide vascular invasion. Representative for this group are 

allograft or synthetic substitutes such as calcium phosphate ceramics.  

Autograft harvested from cancellous bone has in addition to osteogenic potential 

osteoinductive and osteoconductive properties and therefore considered as the gold standard in 

several orthopaedic procedures while some of disadvantages limited the use of the graft in other 

procedures. It requires additional surgery with the corresponding risks. Donor site morbidity such as 

chronic pain, infections, and hematoma are well reported in the literature [97,99]. Sasso et al. [97] 
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reported in a prospective multicenter study evaluating pain from donor site that 31% of patients had 

persistent pain 24 month postoperatively. In addition, the limited supply is a clearly clinical 

challenge in situations, where great amount of graft material is required. Therefore, by revision of 

hip and knee prosthesis, alternative graft materials are needed.     

 Osteoinductive properties can be found in BMP, growth factors and products 

including these substances such as DBM. Advantages of such materials are the easy handling, the 

high osteoinductive potential and the low immunogenicity due to the extensive processing [112]. 

Disadvantages are the need of a carrier medium which might reduce the stimulation effect on bone 

formation. Moreover, the lack of osteogenic and osteoconductive properties limits the clinical use 

of these materials.  

The combination with osteoconductive materials such as allograft and synthetic bone substitutes is 

attractive and promising. The ideal bone graft should provide all the three properties. However, 

depending on the host bone and the surgical situation implantation without one or more property 

might be appropriate. In the situation of hip and knee revision arthroplasty, the implantation will 

take place in a peri-implant gap in region of cancellous bone. Thus, osteogenic potential expected to 

be sufficient in young, healthy bone. Otherwise, the augmentation with osteogenic material such as 

BMA could be relevant.      

 Osteoconductive materials that have clinical relevance are bone allograft and synthetic 

bone substitutes. The need of bone graft within revision arthroplasty has increased in the recent 

years due to the increased numbers of joint replacement and increased life expectancy. Allograft is 

still remains as the gold standard in this situation and is traditionally harvested during primary 

surgery of hip and knee arthroplasty. Bone banking is currently a well established procedure in 

orthopaedic surgery. Therefore, the supply in large amount is possible. On the other hand, several 

disadvantages are still clinical challenges. Firstly, the cellular contents of allograft do not survive 

the processing procedure. This leads to the loss of the osteogenic potential of the graft material. 

Secondly, the immunogenicity potential of fresh-frozen is not total eliminated despite the freezing 

process [6,112]. Thirdly, the risks of bacterial contamination and transmission of viral diseases exist 

despite donor screening and processing of the graft material [6,108,115]. Finally, the most of the 

donated bone is harvested from old donors, and previous studies have shown that bone volume and 

mechanical properties of human cancellous bone are reduced by aging [19,23]. Augmentation of 

allograft with osteoinductive material such as BMP, growth factors or DBM might improve the 

healing potential and require further researches.  
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Synthetic bone substitutes have been developed to overcome the disadvantages of autograft and 

allograft. The properties of these substitutes are depending on the material that included in the 

substitutes. Combination of various bone substitutes so-called composites may improve the 

properties of the end product. However, the clinical application is limited due to the lack of 

documented effect. 

 

The effect of HA/Collagen on implant fixation 

Study I investigates the early effect of HA/Collagen composite on implant fixation. 

The main outcome was insufficient implant fixation and minimal bone formation in the gap. The 

composite did not fix the implant and showed failure by the preloading. This poor outcome could 

also be confirmed in the histological analysis. Both bone volume and ongrowth to the implant 

surface were significantly lower than the control group of allograft. HA/Collagen was not capable 

to act as an osteoconductive material in the present model. This could be explained by the swelling 

of the composite in the gap and thereby limited cells diffusion and vascular invasion. The majority 

of the tissue in the gap in the composite group was fibrous tissue or remnants of the composite. This 

result is in accordance with other studies [47,117]. The literature reporting on defect healing by 

using HA/Collagen composites are controversial. Wang et al. [117] observed also fibrous tissue 

formation in a rabbit model by using HA/Collagen composite in a closed cylindrical femoral defect 

of 6 x 10 mm. Itoth et al. [47] used a HA/Collagen alone and in combination with BMP for fusion 

of the cervical spine in dogs. Poorly visible callus formation after 10 – 12 weeks was reported in the 

group of HA/Collagen alone, whereas callus formation occurred as early as two weeks in the BMP-

treated group. In contrast, bone formation was reported by using a HA/Collagen composite in 

beagle tibiae after 12 weeks [58] . The current study focused on the early effect of the composite on 

implant fixation. The differences in the substitutes used in each study, and the different animal 

model make a comparison difficult. The question is whether HA/Collagen can be used clinically in 

a closed defect. The sealing effect, as described above, is a clear limitation. Another limitation of 

HA/Collagen is the poor mechanical characteristics [38,77]. In addition, the collagen acts as 

xenograft as it often obtained from animal sources. In the present study it was harvested from 

equine tendon and this includes the potential of antibody formation. Previous investigations 

reported immunogenicity problems by using collagen from animal in human in which collagen was 

used as carrier for osteogenic proteine-1 (OP-1) [34]. Patients receiving OP-1 develop antibodies 

against collagen.     
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The strength of the used HA/Collagen composite is the composition in ratio of 3:1 

which mimics the natural composition of human bone. Furthermore, the pore size of the composite 

was between 250 – 450 µm, which is the recommended size for HA scaffolds [57,61,109].  Tsuruga 

et al. [109] demonstrated in an ectopic model, that the optimal pore size for attachment, 

differentiation and growth of osteoblast and vascularisation is approximately 300 – 400 µm. Other 

important characteristic for scaffold’s material is the porosity. A high porosity with an average of 

85 % will enhance cell and tissue penetration [100]. We used a composite with 86 % porosity. The 

porosity of the composite was reduced to 11 % postoperatively and this seems to be the best 

explanation for the failed bone formation.    

 The effect of the composite on implant fixation did not improved by the addition of 

BMA. We suggest that the sealing effect as described above has also occurred in HA/Collagen-

BMA group immediately postoperatively as verified in our time zero control implant. This 

observation supports our theory that the swelling of the composite limits the ability of cells 

diffusion and vascular growth into the composite material. Other explanation could be the low 

count of colony forming units (CFU) in the aspirate. The count of CFU in one aspirate of our 

animal showed 4 CFU aspirate harvested from the tibia compared with 21 CFU harvested from the 

iliac crest bone. In a rabbit model, Tay et al. [107] observed 100% fusion rate by using BMA 

harvested from tibia and femur in combination with a type HA/Collagen. However, the closed gap 

model is not the same as the spine fusion model where the composite can expand freely and 

consequently allow more permeability. 

 Study I compared also the effect of autograft with allograft with regard to implant 

fixation, which is sparely reported in the literature. Therefore, autograft was included in study I to 

investigate whether there is a difference to allograft. No statistically significant differences in both 

mechanical testing and histological analysis were found. Our result is in accordance with McDonald 

et al. [75], where autograft was compared with allograft in a revision model. The implant fixation 

by revision surgery was performed with autograft, allograft or non-graft. Autograft showed 

significantly greater strength than non-grafted group. However, the study includes 4 – 6 animals, 

whereas our study includes 8 animals, and showed also tendency towards greater mechanical 

fixation in autograft group. Therefore, an error of the second kind should be considered. Thus, a 

retrospective sample size calculation was performed (see previously). 
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The effect of DBM on implant fixation 

In study II, the effect of DBM alone and in combination with CB or allograft was evaluated with 

regard to implant fixation. The results showed that volume fraction of new bone in the DBM alone 

group were comparable to the control group (Table 6). (This suggested that bone was formed in the 

presents of DBM. However, bone ongrowth to the implant surface was significantly lower than the 

control group allograft (Table 7). This observation could be confirmed by the mechanical testing 

(Table 5). This might be explained by the poor osteoconductive properties of DBM. The lack of 

porosity in the DBM hinders the vascular growth into the graft and cells diffusion to the implant 

surface.  

 In Study II we did not test the osteoinductive property of DBM, which has required an 

ectopic implantation. The quality of the commercial available DBM products is donor dependant 

[2], and DBM products from different manufactures are suggested to having different activity 

[65,116]. Moreover, the osteoinductive capacity of DBM products from the same manufacture 

might differ from batch to batch due to the different donors and secondary the variability in the 

included growth factors and BMPs [2,93]. However, the DBM used in the present study is a 

commercial available product and controlled by the manufacturer. Each batch of DBM is evaluated 

for osteoinductive potential, using an in vitro assay [46]. 

In study II, the DBM/CB group showed comparable results to the control group, 

allograft. This finding makes a test with CB alone interesting in order to investigate the isolated 

effect. Study II indicates also the relevance of a negative control, where the gap leaves empty. An 

implant without graft material or substitutes in the gap will allow the possibility to investigate the 

effect of DBM alone. Moreover, the critical size defect on this model could be estimated. It is 

unknown, whether a peri-implant gap of 2 mm will heal spontaneously after 6 weeks in sheep. The 

healing depends on several factors. Firstly, it is depending on the healing potential of the host bone 

and the filling material in the gap. The healthy and well vascularised bone provides optimal 

environments for bone repair [43] Normally, the gap healing around a non-cemented implant 

expected to occurs according to the secondary fracture healing via endochondral or 

intramembranous ossification. The gap size seems to determine the way to the healing process. 

Gaps smaller than 0.5 mm will heal through intramembranous ossification, which means direct 

bone formation via differentiation of mesenchymal stem cells (MSCs) into osteoprogenitor cells and 

osteoblast, whereas larger gaps will heal through intramembranous and endochondral ossification 

[9,82,95]. In the last case the MSCs that lie farther away from the undamaged bone will 
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differentiate into chondroblast that forms fibrocartilage, which can be replaced by woven bone [43]. 

By filling the gap with bone graft or substitutes, the healing depends on the characteristics of the 

filling material as described previously. Secondly, the surface texture of implants is known to play a 

role in the mechanical fixation [15,16,86]. Porous coated implants e.g. provide greater surface area 

than non-porous coated implants and it might be effective in retaining blood clot [15]. Finally, 

micromotion influences the gap healing and might enhance implant fixation [84]. The negative 

control is therefore relevant to be considered. However, the number of implants that can be placed 

in every femoral condyle is limited, and we chose to evaluate four different grafts with in the 

present study. 

    

The sampling method and the risk of systematic bias 

Study III estimates the potential systematic bias of the traditional test methods used in study I and 

II. In both studies, we systematically performed the mechanical testing from the superficial part of 

the implant and the histological analysis from the profound part. The aim of study III was to 

evaluate whether the altering of the sampling method, which includes the testing of the specimens 

either from the superficial part or the profound part of the implant, will show significant different 

results, which may give systematic bias (Figure 6). The results showed no significant differences 

between the two sampling methods. However, the mean of bone ongrowth in the profound part was 

higher but not significant than the superficial part, and the mean of bone volume in the superficial 

part was higher but not significant (Table 10 and figure 13). The mechanical data did not confirm 

these trends, as the mean of strength and failure energy was a little but not significant higher, when 

the test performed from the superficial part of the implant. A higher bone volume superficially, 

although not significant, may explain these differences. However, it might be possible that these 

differences indicate an error of the second kind. Therefore, retrospective sample size estimation was 

performed for bone ongrowth and mechanical fixation. The calculation showed that a number of 28 

or 47 sheep respectively should be included in order to reveal significant differences. The 

retrospective power calculations showed that the study allow 29% risk of the second kind, thus, the 

study has a power of 71%. The alternative sampling method, which is not applied in the present 

studies, requires an extra section in preparation of the specimen with the exact saw. We do not 

introduced bias by systematic sampling as described in study I and II. Thus, we will continue to 

perform this sampling method in further studies.  

 



 49 

CONCLUSION 
 
Study I. HA/Collagen in ratio of 70/30 has no effect on early fixation of porous coated titanium 

implant in this animal model. Adding BMA to HA/Collagen composite had no beneficial effect on 

implant fixation. Allograft was comparable to autograft with regard to bone healing around the 

implant. 

 Study II. Adding DBM to allograft or to a commercial available CB resulted in 

comparable bone ongrowth and mechanical fixation compared with the gold standard, allograft. 

Implants treated with DBM alone had low mechanical fixation. In perspective, the combination of 

DBM with CB, which can be used off the shelf, may represent an alternative to allograft. This 

finding has to be demonstrated clinically.  

 Study III. No potential systematic bias was observed by applying the sampling method 

which includes evaluating the mechanical fixation by using the superficial part and the histological 

analysis by using the profoud part of the implant. Mechanical testing and histological analysis can 

be applied either from the superficial or the profound part of the implant.     
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SUGGESTIONS FOR FUTURE STUDIES 
 
Augmentation of various osteoconductive materials with an osteoinductive or osteogenic material 

represents an attractive research field. A number of investigations in the present studies could be 

subject to further research. In the revision situation of THA, concentrated BMA in combination 

with HA scaffolds is promising and require further adjustment. Furthermore, the combination of 

DBM with HA scaffolds or CB with concentrated BMA is a possibility for experimental research. 

The use of DBM with CB or allograft should be tested in clinical studies. The current studies were 

performed on healthy animals. It is relevant to test the different bone substitutes on e.g. osteoporosis 

bone. 

Further clinical studies should be focused on the factors causes loosening of hip and knee 

prosthesis. The quality of the host bone play important role on secondary implant fixation. 

Therefore, it is relevant to investigate the bone quality and quantity in the revision situation of hip 

and knee arthroplasty. This will give an estimate of which type of bone graft or substitutes is 

needed. Furthermore, it is relevant to investigate the difference in bone quality between cemented 

and non-cemented hip prosthesis in the revision situation and it is more interesting to compare 

revision and primary situation with regard to quality and quantity of the host bone. Finally, the 

medical treatment with calcium and D-vitamin might influence the secondary implant fixation. 

Investigations in this area by using Radiostereometry (RAS) methods are interesting field of 

researches.  
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Abstract: Replacement of extensive local bone loss especially

in revision joint arthroplasty and spine fusion is a significant

clinical challenge. Allograft and autograft have been consid-

ered as gold standards for bone replacement. However, there

are several disadvantages such as donor site pain, bacterial

contamination, and non union as well as the potential risk of

disease transmission. Hydroxyapatite and collagen compo-

sites (HA/Collagen) have the potential in mimicking and

replacing skeletal bones. This study attempted to determine

the effects of newly developed HA/Collagen-composites with

and without bone marrow aspirate (BMA) on enhancement of

bone implant fixation. Method: Titanium alloy implants were

inserted into bilateral femoral condyles of eight skeletally

mature sheep, four implants per sheep. The implant had a

circumferential gap of 2 mm. The gap was filled with: HA/Col-

lagen; HA/Collagen-BMA; autograft or allograft. Allograft was

served as the control group. The observation period was 5

weeks. The sheep were euthanized and both femurs were

harvested. A push-out mechanical test and histological analy-

sis were performed. Results: No significant differences were

seen in the mechanical properties and histomorphometry

between autograft and allograft groups. The implants in both

the HA/Collagen and HA/Collagen-BMA groups were mostly

surrounded by fibrous tissue. Thus, mechanical testing of

these samples was impossible. The histomorphometry

results showed significantly more new bone and bone

ongrowth in the allograft and autograft group compared with

the HA/Collagen and HA/Collagen-BMA groups, but no signif-

icant difference between HA/Collagen and HA/Collagen-BMA.

Conclusion: Autograft and allograft have similar effect on fix-

ation of bone implants. HA/Collagen composite with or with-

out BMA has no effect on the early fixation of bone implants

in this sheep model. VC 2012 Wiley Periodicals, Inc. J Biomed Mater

Res Part B: Appl Biomater 100B: 759–766, 2012.
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INTRODUCTION

Replacement of extensive local bone loss especially in revi-
sion joint arthroplasty is a significant clinical challenge and
both autogenous and allogenic cancellous bone grafts have
been used as the gold standard. However, it is well known
that there is morbidity associated with harvesting of auto-
genous bone graft and limitation in the availability of bone
quantity both of autograft and allograft.1–4 Disadvantages of
using allograft include the risk of bacterial contamination
and non-union as well as the potential risk of disease trans-
mission.5,6 Alternative options are attractive and continue to
be sought. Hydroxyapatite (HA) is a synthetic bioactive
material with osteoconductive properties, which has been
demonstrated in experimental studies.7,8 The limitation
of HA alone is the lack of osteoinductive properties which
limits the clinical use of the material.9

Collagen type I is an organic part of bone and extra-
cellular matrix, and has a number of important functions,
including tissue binding and support which play a role
for biocompatibility, osteoconductivity and the ductility of
bone.10,11

Hydroxyapatite and collagen type I (HA/Collagen) have
been used as a composite material and are found to
enhance osteoblast differentiation12,13 and to accelerate
osteogenesis.14 BMA contains osteoprogenitor cells, which
are important for bone formation15–17 and the osteogenic
effect of BMA alone or in combination with other osteocon-
ductive biomaterial has been confirmed in several stud-
ies.18–22 However, little is known about its effects on the
fixation of bone implants.

The substitute used in this study (HA/Collagen) (Insti-
tute of Science and Technology for Ceramic, Italy) is a
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biohybrid composite scaffold that was developed applying a
previously reported process of nucleation of Mg-doped
hydroxyapatite nanocrystals onto self-assembling type I col-
lagen fibers.23 The resulting mineral phase was non-stoichi-
ometric and amorphous, with chemico-physical features
comparable to those of newly deposited, natural bone
matrix. The advantage of this composite is the ability to be
formed in different shapes and sizes, which fit in the site of
the host bone.

This study aimed to evaluate the effects of the HA/Colla-
gen composites with or without BMA, allograft, and auto-
graft on implant fixation. The authors hypothesized that the
HA/Collagen composites had a comparable effect to the gold
standard allograft, that autograft would result in better fixa-
tion than allograft, and that BMA could have beneficial for
implant fixation.

MATERIALS AND METHODS

Eight skeletally mature female sheep with a mean age of
6 years (4–8), and body weight of 70 kg (59–89) were
included in the study. The sheep were treated in compliance
with Danish laws for the use of experimental animal. This
study was approved by the Danish Animal Experiments
Inspectorate.

Study design
The gap-model used has been described in detail in previ-
ous studies before.24 The implant is cylindrical in shape and
has a plasma-sprayed porous-coating made of titanium alloy
(Ti-6A1-4V (6% aluminium, 4% vanadium, and 90% tita-
nium)) (Biomet, Warsaw, IN). The implant is 10 mm in
length and 6 mm in diameter, and has a footplate and a top
washer of 10 mm in diameter. This gives a circumferential
gap around the cylinder of 2 mm, which has a volume of
0.5 mL. The implant size was chosen according to the anat-
omy at the implantation site of sheep distal femur trabecu-
lar bone. The implants were inserted extra-articularly into
the medial and lateral femoral condyles. Thus, four implants
were inserted in each sheep. The gap was filled randomly
with one of the following four materials: HA/Collagen
composite; HA/Collagen composite mixed with bone
marrow aspirate (HA/Collagen-BMA); autograft; or allograft.
Allograft was served as the control group. The aim of the
present study was to investigate the effect of HA/Collagen
composite in a gap situation around an implant which might
simulate a revision situation. Therefore allograft was consid-
ered as the control group.

Graft materials
Autograft. Autologous bone graft was collected from
the bone removed during drilling of the four holes in the
femoral condyles.

BMA. The bone marrow was aspirated from the proximal
part of the tibia by using a bone-marrow aspiration needle
13G � 6 cm during surgery (Angiotech Pharmaceutical,
Vancouver, Canada). The needle was advanced into the
marrow cavity percutaneously and approximately 2 mL was

aspirated. The aspirate was mixed with HA/Collagen com-
posite before insertion in the gap. To evaluate how the com-
posite filled out the peri-implant gap when adding BMA,
one sheep served as control to the time zero. The sheep
was operated with the same method as described below
and euthanized immediately after the surgery under the
same anaesthesia. The preparation of the specimen followed
the same procedure as described below.

Allograft. Allograft bone was harvested from the femoral
head and femoral condyles of a donor sheep. The prepara-
tion was performed under sterile conditions. The soft tissue
and cartilage were removed from the bone. The bone was
milled in a bone mill (Ossano Scandinavia ApS, Stokholm,
Sweden). The morselized bone was placed into small sterile
glass tubes and stored at �80�C until transplantation.

HA/Collagen. Biohybrid composite scaffolds resembling the
composition of bone tissue were developed applying a
previously reported process of nucleation of Mg-doped
Hydroxyapatite nanocrystals onto self-assembling collagen
fibers.23,25,26 The resulting mineral phase was non-stoichio-
metric and amorphous, with chemico-physical features com-
parable to those of newly deposited natural bone matrix.
The organic component, working as matrix mediating the
mineralization process, was type I collagen extracted from
equine tendon using a standardized manufacturing method
of OPOCRIN Spa, Italy and supplied as acetic gel (an aque-
ous acetic buffer solution with pH 3.5 containing 1 wt % of
pure collagen). The equine tendons, from a certificated
slaughterhouse, rigorously controlled by the veterinary
authorities, were finely ground and suspended in water,
then a specific enzymatic treatment for the removal of the
telopeptidic portion of the molecule. Type I collagen was
selected for the synthesis of the biohybrid composite due to
(i) its good physico-chemical stability and processability and
(ii) high safety and biocompatibility profile, related to the
removal of all telopeptides, which are potentially responsi-
ble for immunological reactions. The mineral phase, repre-
sented by magnesium-hydroxyapatite (MgHA), was directly
nucleated onto collagen fibers during their self-assembling.
Magnesium ions were introduced to increase the physico-
chemical, structural, and morphological affinities of the com-
posite with newly formed natural bone.27 Synthesis of the
biohybrid composite MgHA/Collagen (70/30 wt %): 244 mL
of H3PO4 (0.040 M) solution (Aldrich, 85% pure), added
with 70 g of 1 wt % collagen gel, was dropped in a basic
suspension containing 1.203 g of Ca(OH)2 (Aldrich, 95%
pure) and MgCl2 (Merck, A.C.S, ISO) in 184 mL of distilled
water to yield a composite MgHA/Collagen (HA/Collagen)
material in the ratio 70/30 wt %. The amount of MgCl2 was
calculated to obtain a molar ratio XMg (Mg/Ca) ¼ 5% in
the mineral phase. The drop-wise addition procedure was
performed under stirring and assuring a slow decrease of
pH23 up to neutrality (total dropping time for the consid-
ered volumes 30 min). The synthesized material was treated
with the cross-linking agent 1,4-butanediol diglycidyl ether
(BDDGE) (Aldrich, 95%) through immersion for 48 h in a
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BDDGE aqueous solution (2.5 mM), setting up a BDDGE/col-
lagen ratio equal to 1 wt %. The composite characterization
was described in detail previously.26

Surgery
The surgical procedures were performed under general
anaesthesia. The animals were premedicated with Rompun
(xylacinhydrochloride, 20 mg/mL, Bayer animal health
GmbH, Germany) 0.2 mg/kg and the anaesthesia was
induced by Rapinovent (propofol 10 mg/mL, Shering-plough
animal health GmbH, Germany) 3mg/kg and maintained by
2% isoflurane in 40% oxygen and 60% atmospheric air in
automatic-assisted ventilation.

Under sterile conditions, a 7 cm skin incision was made
above the femoral condyle. The bone was gently exposed at
the implantation site, and the periosteum was retracted.
Care was taken not to harm the ligaments. A guide Kirsch-
ner wire was inserted �15 mm into the bone perpendicular
to the bone surface using a levelled drill. A 12 mm deep
cylindrical cavity was then drilled with a 10 mm drill. A low
speed was used to avoid thermal injury to the surrounding
bone. The bottom was levelled with a flat drill. The cavity
was cleaned from bone parts and rinsed with saline-water.
The implant was inserted in the hole and the circumferen-
tial gap was filled with the relevant material as described
above. Regarding auto- and allograft a 0.5 cm3 was fitted
into the gap with a stainless steel hollow cylinder without
compression. HA/Collagen composite and HA/Collagen-BMA
was placed and formed around the implant cylinder before
insertion. The hole was closed with the top-washer. The
wound was closed in layers. The sheep were allowed free
activity after surgery. Postoperative analgesia was achieved
with Temgesic (buprenorphinum, 0.3 mg/mL, Shering-
plough animal health GmbH, Germany) 0.01 mg/kg
for 3 days. Prophylactic Ampivent (ampicillin 810 mg/g,
Boehringer Ingelheim, Denmark A/S.) 0.2 mg/kg was
administrated before and after surgery for a period of
5 days. The observation period was 5 weeks. The sheep
were euthanized with overdose of pentobarbital (200 mg/
mL). Both distal femurs were harvested and kept frozen at
�20�C until preparation.

Sample preparation
Bone-implant specimens (�20 mm in diameter and 10 mm
in length) were cut orthogonally to the long axis into two
parts with water cooled diamond band saw (EXAKT-Cutting
Grinding System, Germany). One 3.5 mm think implant-bone
sample was taken from the superficial part of the specimens
and kept at �20� until mechanical testing. The other sample
of 6.5 mm in thickness was dehydrated in graded ethanol
70–100% containing 0.4% basic fuchsine, and embedded in
methyl methacrylate (TechnovitVR 9100 NEW, Heraeus Klzer
GmbH, Wehrheim, Germany) for histological sectioning.

Mechanical testing
The implant-bone interface was tested to failure by a
destructive push-out test on a 858 Bionix MTS hydraulic
material testing machine (MTS system cooperation, Minne-

apolis, MN) as described previously.24,28 The specimens
were placed on a metal support jig with a hole diameter of
7.5 mm giving a clearance of 0.75 mm. The upper testing
column had a diameter of 5 mm, and a preload of 2 N
was applied. The displacement rate was 5 mm/min. The
force-deformation curve was recorded during testing, and
converted to stress–strain curve. Shear stiffness (MPa/mm),
ultimate shear strength (MPa), ultimate shear strain, and
failure energy (kJ/cm2) were calculated.

Histology
To get unbiased estimates, we used the vertical section
method.29 Four sections per sample were obtained parallel
to the long axis of the implant using a microtome (Medaja
microtome, the Netherlands). The start position from the
central part of the implant was randomly chosen. The
surface was counterstained with 2% light green giving the
mineralized bone a green color. We distinguished between
new bone formation and remnants of bone graft due to
their morphological characteristics. Remnants of bone graft
were identified by regular parallel alignment of lamellas
including oval cell lacunae without nucleic material. The
new bone appears with small number of randomly oriented
collagen fibers, and round cell lacunae including nucleic
material. Fibrous tissue was colored red and distinguished
from bone marrow by its visible fibers, the small amount of
cells without fat vacuoles which were present in the bone
marrow. The HA/Collagen-composite was easily to distin-
guish from the other tissues by green color and no accuracy
of cells.

Histomorphometry
The histomorphometric analyses were done using an Olym-
pus BX 50 Microscope. The field of vision was captured to a
monitor and lines and points were superimposed from the
C.A.S.T-Grid software (Olympus, Denmark A/S). Bone
ongrowth was defined as bone in direct contact with
implant or porous coating surface and was estimated by
using line interception technique and the volume fraction in
the gap was estimated by point counting.30 The gap zone
was divided into two zones of �500 l in width; zone I close
to the implant surface and zone II close to the surrounding
host trabecular bone (Figure 1). We were not able to blind
the specimens due to the easy identification of the bone
substitute.

Statistical analysis
The statistical evaluation of data was performed with the
SPSS Statistics 18 software (SPSS Inc. Chicago, IL). The data
were not normal distributed according to the Q–Q plot. Data
were presented as medians (ranges).

The non-parametric Friedman test followed by Wilcoxon
signed-rank test was applied. A p value <0.05 was consid-
ered as significant. One implant was excluded from the
analyses due to the extreme values by the mechanical
testing [Figure 2(a–c)]. This outlier would lead to inflating
the variance of the data set, and obscuring the effect.31

Outliers detection were performed by using Dixon test.32
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RESULTS

All sheep completed the study without complications. No
change in the body weight was noted.

Mechanical testing
The mechanical testing showed no significant difference
between autograft and allograft [Figure 2(a–c)]. Failure

energy was 196.7 kJ/cm2 (20.5–301.5) in the autograft
group compared to 103.1 kJ/cm2 (3.0–277.3) in the allograft
(p ¼ 0.31). HA/Collagen and HA/Collagen-BMA groups
showed failure in the preloading indicating no bone
ongrowth to the implant surface, therefore push-out test
could not be performed.

Histology
New bone formation was present in the autograft and allo-
graft groups with remnants of bone graft. Remnants of auto-
graft and allograft were present and surrounded by a layer
of newly formed woven bone. Fibrous tissue was in direct
contact with the Ti implant interrupted by new formed
bone or bone marrow.

In the HA/Collagen and HA/Collagen-BMA groups the
majority of tissue in the gap was fibrous tissue and bone
marrow. A small amount of new bone formation was pres-
ent in zone II (close to the original bone) [Figures 1and
3(a)]. In both groups of HA/Collagen, remnants of the mate-
rial were present in zone I (close to the implant surface) in
some of the implants [Figure 3(b)]. A thin layer of fibrous
tissue interrupted by the composite material or bone mar-
row was present on the Ti implant surface No cells were
observed inside the composite.

FIGURE 1. Vertical view of the porous coated titanium implant (I)

showing two regions of interest, �500 l each, Z I: Zone I is close to

the implant surface and Z II: Zone II is close to the host bone (HB).

[Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]

FIGURE 2. The mechanical properties in autograft (n ¼ 7) and allograft (n ¼ 8): stiffness (a), strength (b), and failure energy (c). Excluded outlier:

implant no. 5 in the autograft group. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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No fibrocartilage was observed in any of the groups. No
signs of infection were observed and no foreign body reac-
tions were demonstrated. The remnant composite appeared
with less porosity than before implantation.

The control implants to time zero showed swelling of
the composite resulting in closure of the pores in both com-
posite groups [Figure 3(c)]. The porosity before implanta-
tion in the gap was 86% which was reduced to 11.5% in
the control to time zero.

Histomorphometry
Bone ongrowth was increased significantly in the autograft
and allograft groups compared with the HA/Collagen, and
HA/Collagen-BMA groups, where several of the implants did
not have any bone ongrowth. There was no statistical differ-
ence in bone ongrowth between the allograft and autograft
groups (Table I). There was no effect of adding BMA to the
HA/Collagen composite. There was statistically significant
greater fraction of bone volume in the gap in the autograft

and allograft groups compared with the HA/Collagen
and HA/Collagen-BMA groups (Table II). Again, there was
no statistical significant difference between allograft and
autograft groups.

No significant difference in bone volume between the
HA/Collagen and HA/Collagen-BMA groups. Bone formation
close to the original bone (Zone II) was greater than in
Zone I in the HA/Collagen and HA/Collagen-BMA groups
whereas there was no difference in the allograft and auto-
graft groups.

DISCUSSION

The current study investigated the effects of a newly devel-
oped HA/Collagen composite alone and in combination with
BMA on the early fixation of porous coated titanium
implant. In addition, the study compared the effect of auto-
graft on implant fixation with that of allograft.

The strength of the study is that the model is clinical
relevant and it is situated in trabecular bone of the distal

FIGURE 3. (a) HA/Collagen-group showed little bone formation in zone II. HB: Host bone, NB: New bone, FT: Fibrous tissue, I: Implant, Light mi-

croscopy, section stained with light green and basic fuchsin; 4� magnification. (b) HA/Collagen (HA) after the observation period of 5 weeks

showing partial resorption of the composite, which is replaced with fibrous tissue (FT) close to the host bone (HB). The rest of the substitute is

left close to the implant site with fibrous tissue at the implant surface. Section stained with light green and basic fuchsin; 4� magnification. (c)

Implant-substitute at time zero the histological, vertical section of the circumferential gap showed HA/Collagen (HA) with clearly reduced

porosity due to swelling after implantation; Host bone (HB); Implant (I). (d) Autograft group. The section shows bone ongrowth to the implant

surface (red arrow). NB: new bone; BG: bone graft (autograft); FT: Fibrous tissue; I: Implant. Light microscopy, section stained with light green

and basic fuchsin; 10� magnification. (e) Allograft group. The section shows bone ongrowth to the implant surface (red arrow). NB: new bone;

BG: bone graft (allograft); FT: Fibrous tissue; I: Implant. Light microscopy, section stained with light green and basic fuchsin; 10� magnification.

[Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

ORIGINAL RESEARCH REPORT

JOURNAL OF BIOMEDICAL MATERIALS RESEARCH B: APPLIED BIOMATERIALS | APR 2012 VOL 100B, ISSUE 3 763



femur which is comparable to the clinical situation for joint
replacements. In addition, a controlled gap model was used,
which systematically has been treated with well-defined
amounts of graft material where allograft has served as the
gold standard.

The results showed poor fixation in HA/Collagen com-
posite with or without BMA. In fact, very few of the
implants had bone ongrowth and they all failed during
preloading of the mechanical testing. The implants in the
composite groups were surrounded by fibrous tissue only
whereas implants in the autograft and allograft groups were
surrounded by both new bone and fibrous tissue. This find-
ings did not support the hypotheses that the HA/Collagen
alone or in combination with BMA had an effect on the
early implant fixation.

Histological evaluation showed sparsely new bone for-
mations close to host bone (Zone II) in the HA/Collagen
composite whereas Zone I was filled with mostly fibrous tis-
sue. The observation that none of the HA/Collagen implants
had bone ongrowth might be explained by several causes.
The swelling of the composite in the early postoperative
period was demonstrated by the control implant at time
zero. The swelling resulted in reduced porosity leading to
difficulty for the permeability of material and closure of the
pores. As a consequence, cell invasion, vascularization, and
bone ingrowth were hardly possible [Figure 3(b,c)]. Thus,
instead of serving as an osteoconductive material, the com-
posite had sealed off the gap from the host bone. In con-
trast, the same HA/Collagen composite was demonstrated

to have a good bone formation and fusion rate comparable
with autograft in a long-term (18 weeks) spinal fusion
sheep model (Koroma et al., manuscript in preparation).
The differences in behavior of the composite between the
models might be explained by the closure of permeability in
the confined implant gap, whereas in the postero-lateral
spine fusion model, the HA/Collagen composite was free to
expand, and had nice permeability. In addition, the current
study investigated the early effect of the composite (5
weeks). Another reason for none bone ongrowth of the HA/
Collagen implants could be the fact that the absorption of
the composite and bone formation always began at the site
of host bone in zone II. This was indicated by the sparsely
bone formation in both composite groups and the higher
volume of fibrous tissue in zone II (Table II). Whereas the
remnants of the composite zone I was significantly higher
than zone II (Table II).

The current study had shown that adding BMA to HA/
Collagen composite did not increase the osteoconductive
properties of the substitute. This could also be explained by
the same sealing effect of adding BMA to the HA/Collagen
composite before implantation. It is not believed that the
failure was caused by a fall in pH and micromotion of the
implant. The ionic composition and pH of the microenviron-
ment may influence the biologic activity of the bone marrow
cells.33 However, the composite was tested for cytotoxity by
using cell culture isolated from human bone marrow in
vitro, and morphological, biochemical, and molecular level
showed no cytotoxic effect of the material. To avoid

TABLE I. Histomorphometric Data for Ongrowth of Bone and Fibrous Tissue to the Implants Surface Presented as Percentage

of Total Implant Surface, Median (range) N ¼ 8

Tissue Ongrowth Autograft Allograft HA/Collagen HA/Collagen þ BMA

New bone 24.5 (11.1–55.2) 25.3 (14.9–30.3) 0 (0–3.1)* 0 (0–21.6)*,#

Fibrous tissue 69 (28.9–84.9) 71.5 (59.6–77.8) 46.3 (29.4–71)* 36.3 (21.9–78.6)*
Remnants HA/Collagen – – 43.6 (27.6–61.6) 40.2 (17.5–54.9)

* p < 0.05 compared with autograft and allograft.
# p ¼ 1.0 compared with HA/Collagen.

TABLE II. Histomorphometric Data for Tissue Volume in the Gap Divided into Two Zones

Autograft Allograft HA/Collagen HA/Collagen þ BMA

Zone I

New bone 22.6 (7.5–33.1) 21.8 (10.4–27.9) 1.8 (0–7.5)* 0.3 (0–4)*
Remnants bone 18.2 (1.6–34.4)*** 15.2 (7.0–26.8) – –
Remnants HA/Coll – – 37 (13.3–60.5) 30.6 (17.1–73.6)
Bone marrow 5.2 (3.9–19.7)** 11.4 (6.7–34.4) 3.7 (0–6.8) 2.3 (0–9.3)
Fibrous tissue 47.7 (34.9–85.8) 44.9 (36.9–58.1) 56.2 (25.4–75.5) 57.9 (17.1–82.5)

Zone II

New bone 24.3 (10.2–38.1) 23.7 (12.9–34.8) 4.4 (0.7–9.3)*,# 1.8 (0–9.1)*,#

Remnants bone 24.0 (2.5–31.4)*** 20.2 (12.1–33.5) – –
Remnants HA/Coll – – 18.5 (6.2–60.6)# 24.9 (8–48)#

Bone marrow 14.3 (5.6–17.6) 17.2 (5.5–45.6) 3.5 (0.8–10.3) 5.3 (0.7–12.8)
Fibrous tissue 41.4 (24.3–73.3)# 36.5 (12.9–60.4)# 67.1 (37.0–88.8)# 66.5 (39.2–76.7)

The specified tissue volume is presented as a percentage of total count in each zone of the gap, median (range) N ¼ 8.

* p < 0.05 compared with autograft and allograft.

** p ¼ 0.08 compared with allograft.

*** p ¼ 0.78 compared with allograft.
# p < 0.05 compared with zone I.

764 BABIKER ET AL. FIXATION OF TITANIUM IMPLANTS



extensive micromotion, the implant was inserted extra-artic-
ular and transversally in a non weight bearing position in
the femoral condyle. Minimal micromotion cannot be total
eliminated but several earlier studies using the same model
have shown good bone ongrowth in addition to that failure
did not take place in the control group.24

Several studies have shown bone formation using HA/
Collagen combination after longer observation time, e.g. 8–
12 weeks.34–37 In the current study, only the early effect of
HA/Collagen on implant fixation was investigated. The for-
mation of fibrous tissue in the HA/Collagen group in the
current study was reported by other author. Wang et al.38

used HA/Collagen-substitute in a rabbit model which
including a 6 mm � 10 mm cylindrical bone defect in the
femoral condyle. The large part of the defect was filled with
fibrous tissue and inflammatory cells infiltration after 8
weeks in a histological evaluation. The implanted collagen
fibers were still visible at this stage. Rammelt et al.11

showed histologically and immunohistochemically, in a rat
press fit model without metal implants, a high bone remod-
eling potential by addition of collagen to HA. However, a
press fit model is not as clinical relevant as a gap model. In
addition, the different evaluation methods make the com-
parison difficult.

In the present study, no foreign body reaction of the col-
lagen composite material was noted. Other studies using
collagen has shown similar findings.39–41 Lind et al.41 dem-
onstrated in an otherwise similar model as the present
study, a clearly strong effect of osteogenic proteine 1/colla-
gen composite on mechanical fixation and bone formation
around HA-coated implants. The study showed also
enhanced bone ongrowth and implant fixation significantly
in the group with collagen alone. However, an additional
osteoinductive effect was achieved by adding OP1 to the col-
lagen. Baas et al.39 reported improvement of implant fixa-
tion by using beta-tricalcium phosphate (b-TCP) grafted
with extracellular matrix proteins (Colloss E) which is
extracted from equine bone. The poorly fixed b-TCP control
implants in the same study were covered by fibrous tissue.
However, Colloss E contain native osteogenic growth factors,
which is an additional osteogenic signal to b-TCP.

Surprisingly, there were no statistical differences
between autograft and allograft group in mechanical and
histomorphometric results. Mechanical data showed a tend-
ency towards better fixation of autograft compared to allo-
graft. However, this was not supported by histomorphomet-
ric results with equal bone ongrowth to the implant surface
and comparable gap healing [Figure 3(d,e)] (Table I). The
discrepancy between the mechanical properties and histo-
morphometry might be explained by greater volume of
bone marrow in zone I in the allograft group relative to the
autograft group (Table II). The discrepancy might also be
explained by different trabecular architecture between auto-
graft and allograft. Previous investigations have shown that
the type and orientation of the trabecular structure play an
important role in the mechanical properties of trabecular
bone.42 Although the difference was not statically signifi-
cant, it might influence the quality of implant fixation.

To authors knowledge, no clinical studies are available
that compare the effects of autograft with allograft on
implant fixation. Only few experimental studies have been
reported. McDonald et al.43 showed a porous-coated femoral
component implanted in dogs. A revision surgery using
autograft or allograft was done after 6 weeks. There was no
statistically significant difference between autograft and al-
lograft by the mechanical testing or histological analysis and
this supported the study finding.

In conclusion, the present study has demonstrated that
MgHA/Collagen composite with the ratio of (70/30) has no
effect on the early fixation of porous coated titanium
implant in this sheep model. Adding bone marrow aspirate
to this composite has no beneficial effect on implant fixa-
tion. Allograft was compared to autograft with regard to
bone healing around the implant.
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Abstract: 

 

Introduction: Allogenic bone graft has been considered the gold standard in connection with bone 

graft material in the revision joint arthroplasty. However, the lack of osteogenic potential and the 

risk of disease transmission are clinical challenges. The use of osteoinductive materials, such as 

demineralised bone matrix (DBM) alone or in combination with allograft or commercially available 

human cancellous bone (CB), may replace allograft as they have the capability of inducing new 

bone and improving implant fixation through enhancing bone ongrowth. The purpose of this study 

was to investigate the effect of DBM alone, DBM with CB, or allograft on the fixation of porous-

coated titanium implants.  

Material and Methods: DBM100 and CB produced from human tissue were included (IsoTis 

OrthoBiologics, Inc. USA). Both materials are commercially available. DBM granules are placed in 

pure DBM and do not contain any other carrier. Titanium alloy implants (Biomet Inc.) of 10 mm in 

length and 10 mm in diameter were inserted bilaterally into the femoral condyles of 8 skeletally 

mature sheep. Thus four implants with a concentric gap of 2 mm were implanted in each sheep. The 

gap was filled with: 1) DBM; 2) DBM/CB with ratio of 1:3; 3) DBM/allograft with ratio of 1:3; or 

4) allograft (Gold standard), respectively. Standardised surgical procedure was used. At sacrifice, 6 

weeks after implantation, both distal femurs were harvested. The implant fixation was evaluated by 

mechanical push-out testing to test shear mechanical properties between implant and the host bone 

and by histomorphometry. Non-parametric tests were applied. A p-value <0.05 was considered 

significant. 

Result: Mechanical fixation showed that the strengths among the DBM/CB, the DBM/allograft and 

allograft groups were not statistically different. The strength of the DBM group was 0.01 MPa, 

which was statistical significantly lower than the other three groups (P < 0.05). Histomorphometry 
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results showed that the bone ongrowth in the DBM group was statistical significantly lower than the 

other three groups, while the volume fraction of new bone showed no significant difference among 

all the groups.    

Conclusion: Our data have revealed that adding DBM to CB or to allograft resulted in comparable 

mechanical properties relative to the gold standard, allograft. We found inferior early effect of 

DBM alone on the fixation of porous coated titanium implant in this animal model, while the long 

term effects have to be investigated. The combination of DBM with CB, which can be used off the 

shelf, may represent an alternative to allograft. A cost benefit analysis is necessary before 

application in clinical trial. 

Key words: Demineralised bone matrix; cancellous bone; Implant fixation; mechanical properties; 

histomorphometry; Bone graft; Arthroplasty  
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Introduction:  

The use of allogenic bone graft in the reconstructive orthopaedic surgery is well established. It is 

the gold standard within revision joint arthroplasty. Allograft has good osteoconductive proprieties 

and might be osteoinductive [16]. The lacking of osteogenic potential is a clear limitation. 

Disadvantages of fresh-frozen allograft include the risk of bacterial or viral contamination as well as 

the potential risk of disease transmission [28,31]. Moreover, the processed allograft has a significant 

reduced mechanical strength due to the preparation processes such as high-dose radiation and 

freeze-drying [3,18]. The use of autogenous bone graft in the revision joint arthroplasty is limited 

due to several causes. It is well known that there is morbidity associated with harvesting of 

autogenous bone graft and limitation in the availability of bone quantity [10,23,25,27]. Due to the 

disadvantages of both allo- and autograft, alternative options are being considered. Attention has 

focused on osteoinductive material such as demineralised bone matrix (DBM). It can be produced 

through acid extraction of cortical bone leaving matrix proteins, growth factor and collagen. In 

1965, Marshall Urist described ectopic bone formation by using demineralised bone matrix defined 

as osteoinductive properties [29]. DBM has the ability to induce a complex of biologic responses 

that result in cellular differentiation and endochondral ossification [29]. The clinical effect has been 

demonstrated with different results. Its application has focused on spine fusion, fractures and as 

extender to other grafting material in repairing cysts and well supported skeletal defects [14]. 

Regarding implant fixation within revision arthroplasty, only few clinical trials and animal studies 

have been published [4,26]. 

 Other alternative to allograft is human cancellous bone (CB) which is a commercial 

available material. It has been shown to have osteoconductive, but lacks osteoinductive and 

osteogenic potential [3]. A combination with an osteoinductive material such as DBM could 

improve the properties of the material. The aim of this study was to investigate the early effects of 
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DBM alone and in combination with allograft or human cancellous bone on fixation of porous-

coated titanium implants. It was hypothesized that DBM in combination with allograft or CB may 

induce new bone formation and improve implant fixation through enhancing bone ongrowth. 

 

Materials and Methods: 

Eight skeletally mature female sheep with a mean weight of 72.2 kg (51.5 – 86) and a mean age of  

6.6 year (4-8) were included in the study. The sheep were treated in compliance with Danish laws 

for the use of experimental animal. This study was approved by the Danish Animal Experiments 

Inspectorate. 

 

Study design: 

The gap-model has been described in detail in previous studies before [2,21]. The implant is 

cylindrical in shape and has a plasma-sprayed porous-coating made of titanium alloy implants (Ti-

6A1-4V) (6% aluminium, 4% vanadium and 90% titanium) (Biomet Inc.,Warsaw IN). The implant 

is 10 mm in length and 6 mm in diameter, and has a footplate and a top washer of 10 mm in 

diameter. This gives a circumferential gap around the cylinder of 2 mm with a volume of 0.5 ml. 

The implant size was chosen according to the anatomy at the implantation site of sheep in the distal 

femur in trabecular bone. The implants were inserted extra-articularly into the medial and lateral 

femoral condyles. Thus, four implants were inserted in each sheep. The gap was filled with one of 

the following 4 materials: 1) DBM; 2) DBM/CB with ratio of 1/3; 3) DBM/allograft with ratio of 

1/3; 4) allograft. Allograft served as the control group. 

 

Graft materials 

DBM. Accell® DBM100 putty and Cancellous bone (CB) were provided by Iso Tis OrthoBiologics, 

inc. USA (Viking Medical Scandinavia ApS, Denmark). Both materials are processed from human 
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tissue. All tissue used is recovered by tissue banks in the USA in accordance with standards 

established by the American association of tissue bank (AATB) and they are commercially 

available. DBM granules are placed in pure DBM and do not contain any others carrier material. 

CB is offered as crushed bone in size of 1-4 mm. 

Allograft. Allograft bone was harvested from the femoral head and femoral condyles of a donor 

sheep. The preparation was performed under sterile conditions. The soft tissue and cartilage were 

removed from the bone. The bone was milled in a bone mill (Ossano Scandinavia ApS, Stokholm, 

Sweden). The morselized bone was placed into small sterile glass tubes and stored at –80 ºC until 

transplantation.  

 

Surgery: 

The surgical procedures were performed under general anaesthesia. The animals were premedicated 

with Rompun (xylacinhydrochlorid, 20 mg/ml, Bayer animal health GmbH, Germany) 0.2 mg/kg 

and the anaesthesia was induced by Rapinovent (propofol 10 mg/ml, Shering-plough animal health 

GmbH, Germany) 3mg/kg and maintained by 2% isoflurane in 40% oxygen and 60% atmospheric 

air in automatic-assisted ventilation. 

Under sterile conditions, a 7 cm skin incision was made above the femoral condyle. 

The bone was gently exposed at the implantation site, and the periosteum was retracted. Care was 

taken not to harm the ligaments. A guide Kirschner wire was inserted approximately 15 mm into the 

bone perpendicular to the bone surface using a levelled drill. A 12 mm deep cylindrical cavity was 

then drilled with a 10 mm drill. Low speed was applied to avoid thermal injury to the surrounding 

bone. The bottom was levelled with a flat drill. The cavity was cleaned from bone parts and rinsed 

with saline-water. The implant was inserted in the hole and the circumferential gap was filled with 

the relevant material as described above. A volume of 0.125 ccm DBM was mixed with 0.375 ccm 
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CB or allograft prior implantation in the gap. This volume ratio was chosen due to the physiological 

composition of the bone. In the group with DBM alone a 0.5 ccm DBM was used. The hole was 

closed with the top-washer. The hole was closed with the top-washer. The wound was closed in 

layers. The sheep were allowed free activity after surgery. Postoperative analgesia was achieved 

with Temgesic (buprenorphinum, 0.3 mg/ml, Shering-plough animal health GmbH, Germany) 0.01 

mg/kg for 3 days. Prophylactic Ampivent (ampicillin 810mg/g, Boehringer Ingelheim, Denmark 

A/S.) 0.2 mg/kg was administrated before and after surgery for a period of 5 days. The observation 

period was 5 weeks. The sheep were euthanized with overdose of pentobarbital (200mg/ml). Both 

distal femurs were harvested and kept frozen at -200C until preparation. 

 

Sample preparation: 

Bone-implant specimens were cut orthogonally to the long axis into two parts with water cooled 

diamond band saw (EXAKT-Cutting Grinding System, Germany). One 3.5 mm thick implant-bone 

sample was taken from the superficial part of the specimens and kept at -200 until mechanical 

testing. The other sample of 6.5 mm in thickness was dehydrated in graded ethanol 70-100% 

containing 0.4% basic fuchsine, and embedded in methyl methacrylate (Technovit® 9100 NEW, 

Heraeus Klzer GmbH, Wehrheim, Germany) for histological sectioning.  

 

Mechanical testing: 

The implant-bone interface was tested to failure by a destructive push-out test on a 858 Bionix MTS 

hydraulic material testing machine (MTS system cooperation, Minneapolis, Minnesota, USA) as 

described previously [20,21] The specimens were placed on a metal support jig with a hole diameter 

of 7.5 mm giving a clearance of 0.75 mm. The upper testing column had a diameter of 5 mm, and a 

preload of 2N was applied. The displacement rate was 5 mm/min. From the load-deformation, curve 
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shear stiffness (MPa/mm), ultimate shear strength (MPa), and failure energy (kJ/cm2) were 

calculated. 

 

Histology 

In order to get unbiased estimates, we used the vertical section method [22]. Four sections per 

sample were obtained parallel to the long axis of the implant using a microtom (Medaja microtom, 

the Netherlands). The start position from the central part of the implant was randomly chosen. The 

surface was counterstained with 2% light green giving the mineralized bone a green color. We 

distinguished between new bone formation and remnants of bone graft due to their morphological 

characteristics. Remnants of bone graft were identified by regular parallel alignment of lamellas 

including oval cell lacunae without nucleic material by using polarized light. The new bone appears 

with small number of randomly oriented collagen fibers, and round cell lacunae including nucleic 

material. We were not able to distinguish between allograft and CB. Fibrous tissue was colored red 

and distinguished from bone marrow by its visible fibers, the small amount of cells without fat 

vacuoles which were present in the bone marrow. 

 

 Histomorphometry: 

The histomorphometric analysis was performed using an Olympus BX 50 Microscope. The field of 

vision was captured and transferred to a monitor and lines and points were superimposed from the 

C.A.S.T-Grid software (Visiopharm, Denmark A/S). Bone ongrowth was defined as bone in direct 

contact with implant or porous coating surface and was estimated by using line interception 

technique and the volume fraction in the gap was estimated by point counting [8]. The gap zone was 

divided into two zones of approximately 500 microns in width; zone I was close to the implant 
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surface and zone II close to the surrounding host trabecular bone (Fig 1.). We were not able to blind 

the specimens due to the easy identification of the bone substitute. 

 

Statistical analysis: 

The statistical evaluation of data was performed with the SPSS Statistics 18 software (SPSS Inc. 

Chicago, IL, USA). The data were not normally distributed according to the Q-Q plot. The non-

parametric Friedman test followed by Wilcoxon signed-rank test was applied. A p-value <0.05 was 

considered significant.  

The sample size estimation was calculated from formula: 

N1 = N2 = 2 ( t2α + tβ)2 x SD2 / MIREDIF [1], where α is the risk of type I error and β is the risk of 

type II error. MIRDIF is the minimal clinically relevant difference. The critical value for 2α = 1.96 

for a confidence level of 95%, and the critical value for β is 0.84 due to the selected power (1 – β) = 

80%. The standard deviation (SD) of 50% and MEREDIF of 70% were selected according to 

previous studies [11-13]. Based on these assumptions, at least 7 sheep should be included. Thus, 8 

sheep were included in the study.  

  

Results: 

All sheep completed the study without complications. No change in body weight during the 

observation period was noted. 

 

Mechanical testing 

The strength and the failure energy were not statistically different between DBM/CB, 

DBM/allograft and the allograft groups, although the allograft alone and DBM/allograft were 4-8 

folds higher than DBM/CB (Table 1). Implants treated with DBM alone had significantly lower 

mechanical fixation than the other implants with regard to strength and energy (Table 1). 
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Histology: 

New bone formation was observed in the gap in all groups. Remnants of bone graft (both allograft 

and CB) were observed with new bone around the graft. In the DBM group new bone appeared as 

small colonies (Fig. 2) in the gap especially close to the original bone but with no bone ongrowth to 

the implant surface. Instead, fibrous tissue and bone marrow were in direct contact to the implant 

surface.    

 

Histomorphometry:  

Bone ongrowth. Bone ongrowth was without significant difference in the allograft, DBM/CB and 

DBM/allograft groups but with statistically significantly lower rate in the DBM group (Table 2). 

Bone marrow on the implant surface was significantly higher in DBM group compared to the 

control group allograft.  

Bone volume. No significant difference was observed in new bone volume among all substitute 

groups (Table 3). Remnants of bone graft in DBM/allograft group were significantly lower than in 

the allograft group in zone II.  

Between zones in the allograft group, new bone formation in zone I was significantly higher than in 

zone II. Zone I in the DBM/CB, DBM/allograft and allograft groups showed lower remnants of 

bone graft and higher fibrous tissue compared with zone II (p<0.05).  

 

Discussion: 

This study has investigated the effects of commercially available graft material, DBM alone and in 

combination with allograft or CB, on fixation of porous coated titanium implants. The results 

showed that the combination of DBM with CB stimulates bone formation and bone ongrowth to the 

implant surface compared to DBM alone. This effect was comparable with the control group 
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allograft, and thereby confirmed our hypothesis that DBM in combination with CB may induce new 

bone formation and improve implant fixation through enhancing bone ongrowth. DBM alone, 

showed new bone formation in the gap which is comparable to the control group allograft, but no 

mechanical fixation due to the lack of bone ongrowth.  

 Autograft is the gold standard in many orthopaedic reconstructive procedures. 

However, allograft remains the gold standard in revision surgery of loose hip and knee 

replacements due to major bone loss. The aim of the present study was to investigate the effects of 

the DBM, CB/DBM and DBM/allograft in a gap situation around an implant which might simulate 

a revision situation. Therefore, allograft was considered as the control group. The study was 

designed to test three different substitutes or substitute combinations with the control group. It is 

relevant to investigate the effect of CB alone in order to test the osteoinductive potential of DBM, 

or to compare various doses of DBM, when mixed with other substitutes. In addition, a negative 

control group with empty gap is also needed to investigate the real effect of DBM alone. 

Furthermore, an empty gap will estimate the critical size defect on sheep which is sparely reported 

in the literature. However, investigation of these relevant issues, require further experiments. 

The study has several strengths. Firstly, the model is considered to be clinically 

relevant. The critical sized defect model has been established in trabecular bone of the distal femur 

of large animal, which is comparable to the site of joint replacements in the normal clinical setting. 

Moreover, the bone quality in sheep in terms of porosity is close to that of human in contrast to e.g. 

the dog [5,6,17]. Porosity is a major determinant of the mechanical properties of bone [17]. 

Secondly, we have used a controlled gap model, which has been systematically treated with well-

defined amounts of graft material where allograft has been served as the gold standard. Thirdly, the 

design avoids the variation among individuals [22]., Finally, we used the vertical section method to 

avoid unbiased histological estimation [22]. The study has also several limitations. Firstly, the 
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implants were inserted in non-weight-bearing position without micromotion which might influence 

bone healing [19]. However, weight-bearing may add an extra variable that is difficult to control. 

Secondly, by extra-articularly implantation, the physiological environment with the joint fluid is 

missing. We choose this model to eliminate a potential strong confounder as the various substitutes 

used in the study might have different reactions with the joint fluid. Thirdly, a destructive 

mechanical test was performed, which is not a physiological test. However, it is easier to 

standardize than a physiological test such as fatigue test. 

Human CB is a calcified, proceeded bone graft. In contrast to fresh-frozen allograft, 

CB is defatted, freeze-dried and gamma irradiated. This process makes it possible to store CB 

sterile in room temperature. However, the arranged procedure might affect the mechanical and 

biological properties of the material [3,9,18]. Supplement with an osteoinductive material such as 

DBM aimed to give the composite DBM/CB additional potential to support bone formation. In the 

present study, the combination of DBM and CB showed to have the same degree of bone ongrowth 

as allograft suggesting that the materials had at least osteocondutive properties and may also be 

inductive.   

Despite the fact that new bone formation in DBM group was comparable to that of the 

control group, the mechanical test showed inferior effect on implant fixation. This could be 

explained by very low bone ongrowth due to reduced or lack of osteoinductive properties of the 

biomaterial. The poor outcome of DBM alone can most likely not be attributed to the use of human 

DBM as it is well known that the BMPs are not species specific [30]. Several studies had showed 

ectopic or orthotopic bone formation by using DBM or BMPs [15,24,29,32], which we have not 

tested. However, the manufacturer controls each DBM batch with regard to efficiency of the 

material. In addition, our result is in accordance with Cook et al. [4]. Literature reports concerning 

the use of DBM on a peri-implant gap is sparely [7]. Shih et al. [26] investigate in a canine non-
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weight-bearing gap model the effect of DBM on implant fixation, and showed significantly better 

effect of DBM compared to allograft. However, the DBM used was mixed with mesenchymal stem 

cells, which expected to provide osteogenic capacity to DBM. In addition, the study evaluates the 

effect after 6 month and not the early effect as in the present study.  

 

Conclusion:  

This study investigated the efficacy of commercially available DBM and human cancellous bone on 

implant fixation in sheep. Our data have revealed that adding DBM to allograft or to a 

commercially available CB resulted in comparable bone ongrowth and mechanical fixation with the 

gold standard, allograft. Implants treated with DBM alone had low mechanical fixation.  

In perspective, the combination of DBM with CB, which can be used off the shelf, may represent an 

alternative to allograft. This finding has to be demonstrated clinically.  
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Figure 1: Sketch of a vertical section of the porous coated titanium implant (I) and the regions of 
interest, Z I: Zone I close to the implant surface and Z II: Zone II close to the original bone (OB). 
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Figure 2: Histological section from the DBM-group showing new bone formation in the gap but no 
bone on the implant surface. HB: Host bone, NB: New bone, FT: Fibrous tissue, Light microscopy, 
section stained with light green and basic fuchsin; 10x magnification. 
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Table 1: Mechanical testing: Stiffness, strength and failure energy. Data are presented in median 
(range). N = 8 
* P < 0.05 compared with control group (allograft) 
 
 
 

 
* P < 0.05 compared with control group (allograft) 
Table 2: Histomorphometric data of tissue ongrowth presented as percentage of total count in the 
gap, median (range). N = 8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
DBM DBM/CB DBM/Allograft Allograft 

 
Stiffness 0.19 (0.1-0.76) 0.99 (0.6-33.39) 3.61 (1.6-392.32) 7.23 (.49-19.57) 

Strength (MPa) 0.01 (0.01-0.09) * 0.12 (0.02-5.09) 0.47 (0.16-4.07) 0.68 (0.06-2.15) 

Failure Energy 
kJ/cm3 1.2 (0.4-7.6) * 11.2 (0.4-700.9) 45.6 (25.6-584.6) 97.0 (5.8-368.9) 

 
 DBM DBM/CB DBM/Allograft Allograft 

New bone 3.5 * 
(0.2-17.2) 

23.6  
(9.5-38.0) 

22.7  
(16.2-39.4) 

22.4  
(13.0-29.2) 

Fibrous tissue 74.9 
 (45.5-94.8) 

71.6  
(53.3-82.6) 

66.5  
(50.2-77.9) 

62.4  
(55.8-79.3) 

Bone marrow 18.5 * 
(1.4-37.3) 

3.2 
(0-37.2) 

5.8 
(1.8-28.7) 

11.6 
(0.1-20.5) 
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* P < 0.05 compared with the control group (allograft) 
Table 3: Histomorphometric data of tissue volume in percentage in the gap. Zone 1 and zone 2. 
Median (range). N = 8; Zone I in the DBM/CB, DBM/allograft and allograft groups showed lower 
remnants of bone graft and higher fibrous tissue compared with zone II (p<0.05) 

 
 DBM DBM/CB DBM/Allograft Allograft 

Zone I  
            

New bone 
Remnants (bone/CB) 

Fibrous tissue 
Bone marrow 

 
 

20.1 (8.9-39.7) 
- 

61.7 (48.8-76.8) 
3.9 (8-36) 

 
 

23.4 (12.2-30.1) 
9.5 (0-24.2) 

56.1(32.2-76) 
11.8 (2.2-33.6) 

 
 

21.7 (16.9-24.5) 
13.5 (8.7-38.9) 
43.9 (16.6-59.4) 
16.7 (4.3-26.6) 

 
 

22.3 (12.4-33.3) 
23.9 (5.9-47.6) 
31.8 (17.0-57.9) 
21.3 (12.8-32.7) 

 
Zone II  
   

New bone 
Remnants (bone/CB) 

Fibrous tissue 
Bone marrow 

 
 
 

24.3 (16.7-40.5) 
- 

55 (31.670.4) 
8.9 (1.6-43.2) 

 
 
 

20.2 (9.1-33) 
18 (7-39.4) 

34.8 (18.8-68) 
21.1 (5.2-51.99 

 
 
 

19.8 (13.3-22.6) 
22.4 (18.4-24.8) * 

31 (13.2-41.5 
26.3 (14.9-37.3) 

 
 
 

17.6 (10.7-24.8) 
36.8 (24.8-37.1) 
18.9 (12.7-32.8) 
25.5 (15-35.8) 
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Abstract: 

Introduction: The mechanical properties of bone can largely be explained by bone density and the 

anisotropic orientation of the trabecular bone. The type of trabecular structure known play an 

important role in determining the mechanical properties of cancellous bone. Gap-healing and 

implant fixation could be affected by the various quality and quantity of bone in the local 

environment. Thus, implant fixation in one part might differ to the other part of the implant. This 

study aimed to investigate the influence of the sampling method on data evaluation.  

Material and Methods: Titanium alloy implants (Biomet Inc.) of 10 mm in length and 10 mm in 

diameter were inserted bilaterally into the proximal humerus of 8 skeletally mature sheep. Thus two 

implants with a concentric gap of 2 mm were implanted in each sheep. The gap was filled with 

allograft. Standardised surgical procedure was used. At sacrifice, 6 weeks after surgery, both 

proximal humeri were harvested. The specimens were randomized to superficial or profound 

groups. By the superficial group, mechanical testing or histological analysis was carried out from 

the superficial part of the implant. By the profound group, the mechanical testing or histological 

analysis was performed from the profound part of the implant.  

Result: The mechanical fixation, bone volume and bone ongrowth showed no statistically 

significant differences. By mechanical testing, a slight tendency to increased strength, and failure 

energy were observed in the superficial group. By the histomorphomety, bone ongrowth was 

slightly increased and volume fraction was decreased in the profound group.    

Conclusion: histological analysis and mechanical testing can be applied from the superficial or 

profound part of the implant. 

 

Key words: Bone graft; Titanium implant; Bone healing; implant fixation; Sheep model; 

histomorphometry  
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Introduction:  

Gap healing and implant fixation are mainly influenced by surface design and texture, biological 

response and biomechanical factors such as micromotion in addition to host factors. Surface texture 

of titanium implants is known to play a role in implant anchorage [12]. Tissue response in the peri-

implant gap depends on the quality and quantity of the host bone. The type of trabecular structure is 

known to determine the mechanical properties of cancellous bone [5]. The mechanical properties of 

bone can largely be explained by bone density and the anisotropic orientation of the trabecular bone 

[6,8]. By inserting a loaded implant such as non-cemented femoral stem, an adaptive remodeling of 

the surrounding bone could occur [14]. By unloaded implants, the mechanical stimulus signal is 

missing – Stress shielding – thus, bone loos can occur [3,14]. Bone formation in the peri-implant 

gap is known to occur through contact osteogenesis and distance osteogenesis, also called bi-

directional healing [4,9]. Two key elements are necessary to ensure the process of contact 

osteogenesis: firstly the osteoconduction, which is the migration of differentiating osteogenic cells 

to the implant surface, and secondly the bone formation from those cells, so-called de novo bone 

formation [4]. Distance osteogenesis occurs through bone formation on the surface of old bone in 

the peri-implant site. Many factors that influence the peri-implant bone healing are known, but still 

several aspects have to be investigated. Little is known about the healing pattern of peri-implant 

tissue in different site of the same implant with the same topography. Moreover, the mechanical 

properties of the interface may differ significantly in the same gap. By estimation of bone volume 

and bone ongrowth in a peri-implant gap, the sampling method could influence the data evaluating. 

Unbiased systematic sampling is therefore important to ensure sufficient data evaluation.  

This study investigates the risk of systematic bias by applying the sampling method 

which includes evaluating the mechanical fixation by using the superficial part and the histological 

analysis by using the profoud part of the implant. We hypothesized that this sampling method has 
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no effect on data evaluation and that the mechanical testing and histological analysis can be applied 

either from the superficial or the profound part of the implant.    

 

Materials and Methods: 

Eight skeletally mature female sheep with a mean age of 5.7 years (5 – 8) and weight of 72.2 kg 

(51.5 – 86) were included in the study. The sheep were treated in compliance with Danish laws for 

the use of experimental animal. This study was approved by the Danish Animal Experiments 

Inspectorate. 

 

Study design: 

The gap-model has been described in detail in previous study before [2,12]. The implant is 

cylindrical in shape and has a plasma-sprayed porous-coating made of titanium alloy implants (Ti-

6A1-4V) (6% aluminium, 4% vanadium and 90% titanium) (Biomet Inc.,Warsaw IN). The implant 

is 10 mm in length and 6 mm in diameter, and has a footplate and a top washer of 10 mm in 

diameter. This gives a circumferential gap around the cylinder of 2 mm, which has a volume of 0.5 

ml. The implant size was chosen according to the anatomy at the implantation site of the sheep in 

the proximal humerus in trabecular bone. The implants were inserted bilaterally, extra-articularly 

and transversely into the proximal humerus. Thus, two implants were inserted in each sheep. The 

gap was filled with allograft.  

For preparation of the specimens for mechanical and histological analysis we used to different 

sampling methods. The right and the left implant in each animal were randomly allocated either to 

perform:  

I) The mechanical testing from the superficial part and the histological analysis from the profound 

part of the implant. 

Or to perform: 
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II) The mechanical testing from the profound part and the histological analysis from the superficial 

part of the implant. (Figure1). By choosing this design we were able to evaluate the differences 

between superficial and profound part with regard to histology and implant fixation, but on different 

leg. 

 

Bone allograft 

Allograft bone was harvested from the femoral head and femoral condyles of a donor sheep. The 

preparation was performed under sterile conditions. The soft tissue and cartilage were removed 

from the bone. The bone was milled in a bone mill (Ossano Scandinavia ApS, Stokholm, Sweden). 

The morselized bone was placed into small sterile glass tubes and stored at –80 ºC until 

transplantation.  

 

Surgery: 

The surgical procedures were performed under general anaesthesia. The animals were premedicated 

with Rompun (xylacinhydrochlorid, 20 mg/ml, Bayer animal health GmbH, Germany) 0.2 mg/kg 

and the anaesthesia was induced by Rapinovent (propofol 10 mg/ml, Shering-plough animal health 

GmbH, Germany) 3mg/kg and maintained by 2% isoflurane in 40% oxygen and 60% atmospheric 

air in automatic-assisted ventilation. 

Under sterile conditions, a 7 cm skin incision was made above the proximal humerus. 

The bone was gently exposed at the implantation site, and the periosteum was retracted. A guide 

Kirschner wire was inserted approximately 15 mm into the bone perpendicular to the bone surface 

using a levelled drill. A 12 mm deep cylindrical cavity was then drilled with a 10 mm drill. Low 

speed was used to avoid thermal injury to the surrounding bone. The bottom was levelled with a flat 

drill. The cavity was cleaned from bone parts and rinsed with saline-water. The implant was 
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inserted in the hole and the circumferential gap was filled with allograft. The hole was closed with 

the top-washer. The wound was closed in layers. The sheep were allowed free activity after surgery. 

Postoperative analgesia was achieved with Temgesic (buprenorphinum, 0.3 mg/ml, Shering-plough 

animal health GmbH, Germany) 0.01 mg/kg for 3 days. Prophylactic Ampivent (ampicillin 

810mg/g, Boehringer Ingelheim, Denmark A/S.) 0.2 mg/kg was administrated before and after 

surgery for a period of 5 days. The observation period was 6 weeks. The sheep were euthanized 

with an overdose of pentobarbital (200mg/ml). Both humerus were harvested and kept frozen at -

200C until preparation. 

 

Sample preparation: 

Bone-implant specimens (approximately 20 mm in diameter and 10 mm in length) were cut 

orthogonally to the long axis into two parts with water cooled diamond band saw (EXAKT-Cutting 

Grinding System, Germany). The specimens were randomized into two groups. In the first group, a 

3.5 mm thick implant-bone sample was taken from the superficial part of the specimens and kept at 

-200 until mechanical testing. The other sample of 6.5 mm in thickness was dehydrated in graded 

ethanol 70-100% containing 0.4% basic fuchsine, and embedded in methyl methacrylate 

(Technovit® 9100 NEW, Heraeus Klzer GmbH, Wehrheim, Germany) for histological sectioning. 

In the second group, the superficial part of the specimens of 6.5 mm was served for histological 

sectioning and the profound part of 3.5 mm was served for mechanical testing (Figure 1).   

 

Mechanical testing: 

The implant-bone interface was tested to failure by a destructive push-out test on a 858 Bionix MTS 

hydraulic material testing machine (MTS system cooperation, Minneapolis, Minnesota, USA) as 

described previously [11,12] The specimens were placed on a metal support jig with a hole diameter 
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of 7.5 mm giving a clearance of 0.75 mm. The upper testing column had a diameter of 5 mm, and a 

preload of 2N was applied. The displacement rate was 5 mm/min. The load-deformation curve was 

recorded during testing. Shear stiffness (MPa), ultimate shear strength (MPa) and failure energy 

(kJ/cm2) were calculated. 

 

Histology 

In order to get unbiased histological estimates we used the vertical section method [13]. Four 

sections per sample were obtained parallel to the long axis of the implant using a microtom (Medaja 

microtom, the Netherlands). The start position from the central part of the implant was randomly 

chosen. The surface was counterstained with 2% light green giving the mineralized bone a green 

color. Fibrous tissue was colored red and distinguished from bone marrow by its visible fibers, the 

small amount of cells without fat vacuoles which were present in the bone marrow. 

 

 Histomorphometry: 

The histomorphometric analysis was performed using an Olympus BX 50 Microscop. The field of 

vision was captured to a monitor and lines and points were superimposed from the C.A.S.T-Grid 

software (Visiopharm, Denmark A/S). Bone ongrowth was defined as bone in direct contact with 

implant or porous coating surface and was estimated by using line interception technique and the 

volume fraction in the gap was estimated by point counting [7].  

 

Statistical analysis: 

The statistical evaluation of data was performed with the SPSS Statistics 18 software (SPSS Inc. 

Chicago, IL, USA). The data were normally distributed according to the Q-Q plot. A parametric 

two-sample paired t-test was applied. Data were presented as means and standard deviation (SD). A 
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p-value <0.05 was considered significant. One implant was considered as an outlier due to extreme 

high values by the mechanical testing, in contrast to the histomorphometric values, which was 

inconsistent with the others histomorphometric results. However, statistical tests without exclusion 

the outlier were performed. No change in the end result could be found. The presented results are 

after the exclusion of the outlier.  

  

Results: 

All sheep completed the study without complications. No change in the body weight was noted. 

One specimen in the profound group was insufficient prepared for push-out test and was therefore 

excluded. 

 

Mechanical testing 

There was no difference in stiffness, strength and the failure energy between the superficial group 

and profound group. (Table 1).  

 

 

  

 

 

 

 

 
 
Table 1: Mechanical test data presented as mean (±SD). N = 8 in the superficial group and 6 in the 
profound group  
 

 
Push-out test Superficial Profound 

 
Stiffness (MPa) 2.99 (±2.34) 1.98 (±2.01) 

 
Strength (MPa) 0.40 (±0.35) 0.25 (±0.25) 

 
Failure energy KJ/m² 38.77 (±37.42) 28.03 (±28.18) 
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Histology: 

Bone formation and Bone ongrowth were observed in both groups. The remnants bone graft in the 

gap was surrounded by new bone, fibrous tissue or bone marrow. Bone ongrowth to the implant 

surface was interrupted by fibrous tissue and bone marrow.   

 

Histomorphometry:  

No difference in the bone volume superficial group, between profound group, (Table 2-3) (Figure 2-

3)  

 

 
Table 2: Histomorphometric data for Tissue volume presented as percentage of total count in the 
gap. Mean (±SD). N = 8 
 

 

 
Table 3: Histomorphometric data for tissue ongrowth presented as percentage of total count in the 
gap. Mean (±SD). N= 8 

 
Tissue Superficial  Profound 

 
Bone 46.65 (±3.98) 41.04  (±11.67) 

 
Fibrous tissue 33.88 (±6.85) 33.54 (±10.09) 

 
Bone marrow 19.94 (±6.10) 26.50 (±10.17) 

 
Tissue Superficial  Profound 

 
Bone 19.63 (±7.26) 25.03 (±13.13) 

 
Fibrous tissue 60.23 (±13.75) 63.84 (±12.17) 

 
Bone marrow 21.79 (±16.44) 18.30 (±16.60) 
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Discussion: 

The aim of this study was to investigate the effect of the sampling method on data evaluation. The 

results showed no statistically significant differences between the sampling methods. But there was 

a little difference towards greater bone ongrowth and lower bone volume in the profound group, 

whereas mechanical fixation was better in the superficial group. The results confirm our hypothesis 

that the mechanical testing and histological analysis can be applied either from the superficial part 

or from the profound part of the implant. 

The strength of the study is that each animal was served as its own control. The design 

avoids the variation among individuals [13]. In addition, we have used a controlled gap model, 

which systematically has been treated with well-defined amounts of allograft. A limitation of the 

study is that it was not blinded and that the test is not done on the same implants i.e. not from the 

same leg. This was impossible due to the various preparation procedures and the visible footplate in 

the histological section.   

The relationship between bone ongrowth and mechanical fixation was demonstrated in 

similar animal model previously [2,10]. The increased mechanical fixation superficially could be 

explained by the higher bone volume. The high volume superficially could also be a result of 

accelerated bone resorption in the profound part of the implant. This finding could be confirmed by 

the high volume of bone marrow in the profound part (Table 2). Another explanation for high bone 

volume superficially could be that the implant was inserted primary with more bone graft in the 

superficial part, which leads to solid fixation relatively to the profound part. To avoid compression 

in the gap, care was taken during filling with allograft, thus less graft volume surrounding the 

profound part was the consequence of this. However, it is interpretation of a little but and not 

statistically significant differences. These differences may indicate an error of the second kind. 
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Thus, retrospective sample size estimation was performed by using the histological data and the 

formula: 

N1 = N2 = 2 (t2α + tβ)2 x SD2 / MIREDF2 [1] 

The critical value for t2α = 1.96 for a confidence level of 95%, and the critical value for tβ is 0.84 

due to the selected power (1 – β) = 80%, the mean of the bone ongrowth in the superficial part of 

the implant was 19.6 % (± 7.26) SD. By analysis from the profound part of the implant, the bone 

ongrowth increase by 5.4 %. Based on these considerations 28 sheep should be included in order to 

reveal significant differences between the sampling methods. In addition, the risk of an error of the 

second kind was calculated retrospectively and found to be 29%. Thus, the study has a power of 

71%. This indicates that the differences between the sampling methods are lower than expected. 

Adjustment at this level of the sampling seems to contribute to a low variance with regard to the 

total observed variance. Other studies showed similar investigations. Overgaard et al. evaluated the 

efficiency of systematic sampling by estimation of variance of bone ongrowth to the implant surface 

in human [13]. The analysis showed that the major contribution to the total variation was the true 

biological variation between humans, whereas variance from section and fields of view only 

contributed to a minor degree. West et al. estimated the number of neurons in human hippocampus 

using unbiased stereological principles, and demonstrated that three fourths of the total variance 

was related to real biological differences [15]. However, optimizing the sampling method at lower 

level may reduce the workload significantly without affecting the data quality [13].   
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Conclusion:  

No potential systematic bias was observed by applying the sampling method which includes 

evaluating the mechanical fixation by using the superficial part and the histological analysis by 

using the profoud part of the implant. Mechanical testing and histological analysis can be applied 

either from the superficial or the profound part of the implant.   
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Figure 1: Sketch showing design of study III. During preparation, the right and left implant from 

each animal were randomly allocated either to perform the mechanical testing from the superficial 

part and the histological analysis from the profound part, or to perform the mechanical testing from 

the profound part and the histological analysis from the superficial part of the implant.  
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Figure 2: Showed bone volume in % in all sheep. Tendency to increase bone volume in superficial 
group. No significant difference. 
 
 

 
Figure 3: Showed bone ongrowth in % in all sheep. Tendency to decrease bone ongrowth to implant 
surface in superficial group. No significant difference 
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