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Mechanical testing and osteointegration of titanium implant with calcium 
phosphate bone cement and autograft alternatives 

Abstract  

The purpose of this study was to evaluate the osteointegration of a titanium (Ti) 

implant with the calcium phosphate cement (CPC) and autograft prostheses by 

pull-out test and histological examination. Stems of sixty Ti cylinders were bilaterally 

inserted into femoral medullary canals in 30 rabbits at the 1st, 4th, 12th, 26th and 70th 

postoperative week. The bone autograft and CPC were filled into the pre-trimmed 

bone marrow cavity with a polymethyl-methacrylate retarder in the distal end, and 

then a Ti cylinder was inserted into femurs. The CPC group was significantly (p<0.05) 

associated with a larger pull-out force at 4th (37%) and 12th (62%) week compared to 

the autograft group. The bone area and the bone-to-implant contact ratios of the CPC 

groups were significantly higher than that of the autograft groups at early healing 

stage. The histological exams suggest that the CPC enhanced the earlier bone 

formation around the implant at the period not longer than 12 weeks post-operation. 

We conclude that CPC graft has the higher ability to facilitate the osteointegration and 

stabilize the Ti implant at a relatively early stage than the autograft in vivo.  

 

Keywords: Autograft; Calcium phosphate bone cement; Titanium implant; Pull-out 

test; Osteointegration 



 2

Introduction 

Bone or bone-like materials used in bone grafts may come from patent-self 

(bone autograft), from a donor (allograft) or from a man-made and synthetic source 

such as the demineralized bone matrix, ceramics, polymethyl methacrylate (PMMA), 

calcium phosphate bone cements (CPC) and so on.  

Osteointegration is an important point of assessment for the success of hard 

tissue replacement prostheses and fixation implant surgeries. The interface bonding 

forces that determine the success of osteointegration derive from two elements, 

namely, the mechanical interlocking and the biological bonding of growing bone 

tissue to the implant. Implants with roughened or porous surface coatings are known 

to provide superior mechanical interlocking with the surrounding bone and achieve 

higher stability. On the other hand, biological bonding, which strongly affects an 

implant’s long-term stability, is more closely related to the implant material itself. 

Titanium (Ti) and its alloys can be extremely inert to corrosion and are widely used as 

implant stems [1]. Coatings with calcium phosphates may be enhancing bone 

ingrowth early in the ingrowth phase [2, 3], but the coatings are liable to peel off from 

the substrate; as a result the delaminated hard debris would eventually lead to chronic 

inflammation and implant failure [4-6]. 

The success of osteointegration in the clinical setting not only depends on the 

surface characteristics of the implant but is also strongly affected by the patient’s bone 

condition and the geometric fit [7]. In most cases, the bone autografts that are 

transplanted directly from one area of an individual’s skeleton or residual bone tissues 

are the preferred way to use. However, patients with poor bone quality may fail to 

achieve initial stability or lead to another fracturing problem in comparison to normal 

patients, and the former group tends to exhibit delayed osteointegration and a higher 
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failure rate [8-11]. Anatomic variation causes inadequate fitness (i.e., geometric 

mismatches between the prosthesis and the bone matrix) and may cause severe 

instability as a result of the micromovement that occurs when the prosthesis bears 

load [12-14].  

PMMA is a general cementing material for grouting to the prosthesis in clinical 

applications [15]. However, the exothermic reaction during PMMA polymerization 

and the thereafter shrinkage may be harmful to osteointegration [16] . Moreover, the 

biocompatibility benefit of a Ti implant is also negatively impacted by the presence of 

PMMA cement. Several studies have attempted to improve the biocompatibility and 

long-term stability of cemented fixations by using incorporated some additives into 

acrylic bone cement for diverse purposes. Examples include oligomer fillers based on 

amino acid (Puska et al., 2003), radiopaque agents (van Hooy-Corstjens et al., 2007), 

bioactive CaO-SiO2 based glasses (Boesel et al., 2007), antibiotics (Frutos et al., 

2010), carbon nanotubes (Ormsby et al., 2010), and titania nanotube (Khaled et al., 

2010) that have been discovered as an additive in acrylic bone cement. 

Due to its superior biocompatibility and osteoconductivity, CPC has been 

proposed as a filling material in dental and orthopedic applications [17-19]. CPC with 

a final product of hydroxyapatite (HA) is commonly a mixture of two pre-mixed Ca/P 

powders (tetra-calcium phosphate (TTCP)/dicalcium phosphate anhydrous (DCPA) or 

dihydrate (DCPD)) and a diluted phosphate-containing solution [20, 21]. Apatite is 

the main inorganic content of natural human bone and CPC after implantation will be 

resorbed partially [22, 23]. The injectable and in-situ hardening features plus excellent 

bone affinity make CPC a good candidate for bone regeneration in many clinical 

applications. In vitro studies have demonstrated that the initial stability of various 

types of prosthetic fixations can be increased with CPC injection [24, 25]. However, 
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the mechanical evaluation from an osteointegration perspective of an implant with 

CPC injection in vivo has not been comprehensively studied to date.  

Our hypothesis is that geometric mismatches between implant and bone tissues 

have higher possibility to be overcome by inserting CPC paste into the interfaces than 

bone autografts and thus enhance the initial stability (reduce micromovement). 

Furthermore, the CPC should attract osteoprogenitor cells towards the implant and the 

new regenerated bone will replace the grafted CPC to ensure biological stability. 

Materials and methods 

We use a non-dispersive bone cement (nd-CPC) which was demonstrated to 

have a non-dispersive feature by treating the reactant particles of TTCP/DCPA-based 

cement with nanocrystallites on the surfaces [26]. The detailed procedures has been 

described in our previous studies (Wang et al., 2010) and a US patent No. 7094282. 

Briefly, after the preparation CPC of well mixing equimolar in-house fabricated TTCP 

(mean particle size 12.6 µm) and mechanical grinded DCPA (2.1µm) powders, the 

nd-CPC was fabricated from powders containing 5 g of CPC, which are stirred in 1.6 

mL of 0.25 mM phosphoric acid for 1 min. The resulting mixture was then dried and 

mechanically ground. The final mean particle size of original nd-CPC powder was 6.6 

µm. The nd-CPC powders and hardening solution (25 mM phosphate, pH was 1.96) 

were sterilized by incubation for 30 min at 160 oC and autoclaving for 20 min at 120 

oC, respectively. The powder/hardening liquid ratio of CPC for implantation was 4.0 

g/mL. The Ti alloy rods were melted, cast and machined to 3 mm diameter and 40 

mm length cylinders. In order to ensure that the measured maximum pull-out forces 

are associated with the biological bonding of bone tissue and implant, the implants 

were published and acid etched to guarantee a uniform, smooth surface. The 

fabrication method for these Ti alloy implants has been described in our previous 
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paper [27]. 

Our animal study was performed at Kaohsiung Medical University Animal Center, 

Kaohsiung, Taiwan. Thirty New Zealand white rabbits (2.5~3.5 kg) were tested. 

Injection sites were shaved and cleansed with 70% ethanol and BetadineTM (povidone 

iodine 10%). All animals were operated on under general anesthesia, and experiments 

were conducted in accordance with the guidelines of the animal research committee of 

Kaohsiung Medical University. We drilled a 3.5 mm diameter and 35 mm length 

cylindrical guiding hole from the distal end of the femur and collected the residuals of 

bone marrow and debris of bone tissues from the drilled femur surface and driller. We 

then placed a 5 mm PMMA block at the bottom of the guiding hole as a retarder to 

prevent the bone grafts from leaking out (relative positions are shown in Figure 1). 

The CPC paste was prepared by mixing the nd-CPC powders with the hardening 

solution for 1 min. The collected autograft and the CPC paste were then loaded into 

the 3 mL-syringes individually. The injection of CPC (right leg) and autograft (left leg) 

were performed by moving the syringes carefully from the bottom to the surface of 

the defect. Once the bone grafts had been filled into the holes, we inserted the Ti stem 

in and wiped the excess grafts away from the joint plane. Four rabbits were sacrificed 

for the pull-out tests and two for histological samples at the 1st, 4th, 12th, 26th and 

70th postoperative week. The bilateral femurs were retrieved, and the soft tissue was 

cleaned gently. The samples were then kept in 4 oC PBS and were subjected to 

mechanical and histological testing randomly.  

For mechanical testing, the condyle was excised to expose the internal screw, and 

all samples were tested within 8 hours after scarification. The pull-out test was carried 

out (n=4) using a tester (Shimadzu AGS-500D, Kyoto, Japan) operating at a 

crosshead speed of 0.5 mm/sec. The peak load was recorded automatically until the 
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implant had been fully extracted (Fig. 2). The maximum forces (kgf) of different 

implanted time were analyzed using one-way ANOVA followed by Tukey’s post-hoc 

comparison.  

For histology, the retrieved samples were sectioned followed with formalin 

fixation immediately for both decalcified paraffin and non-decalcified plastic 

embedding. The detail are described below, the femurs were sectioned perpendicular 

to the long axis (5 mm thick) using a Buehler low-speed diamond saw at sections I, II, 

III (two slices per site) as shown in Fig. 1. For the decalcified samples, the sectioned 

bone tissue was fixed, decalcified and then the Ti stem was removed gently with 

tweezers, followed by a series of alcoholic dehydrations. After embedding in paraffin, 

5 µm-thick sections of the sample were obtained using a rotary microtome. The slices 

were then plated, deparaffinized and stained with routine hematoxylin and eosin 

(H&E). Immunohistochemical (IHC) staining was carried out as detailed in a previous 

protocol [27]. Briefly, the paraffin sections were deparaffinized and blocked with 

1.25% normal serum before incubation with anti-vitamin D receptor or anti-vimentin 

antibodies (Sigma, St. Louis, USA), diluted 1:500 or 1:100 in PBS, for 16 h at 4 oC. 

The anti-vitamin D receptor antibody labels the osteoblasts/osteoclasts (the vitamin D 

receptor is present on the membrane of osteo-related cells), and the anti-vimentin 

antibody labels the cell skeleton. Thereafter, the samples were incubated with a 

biotinylated secondary antibody, followed by visualization of immunoreaction 

products by the ABC-peroxidase method (Vector) using 3,3’-diaminobenzidine 

tetrahydrochloride (DAB) as the chromagen. We used the Image Pro software 

package to determine the total bone area (BA, in %) and the bone-to-implant contact 

ratios (BIC, in %) from combined pictures of the 10X objective lens [28]. The BA 

was defined as the percentage of bone contact areas around the implant (within a 
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predefined 4 mm diameter circle) (n=4).  

For the non-decalcified samples, the sectioned bone was fixed, dehydrated, 

embedded in MMA, and sectioned to a thickness of 250 µm. Sections were thinned 

out to a final thickness of 60 µm, polished and glued to slides with Permount (Fisher 

Scientific, Fair Lawn, NJ, USA). The sections were then stained with toluidine blue 

for optical microscopy or with Villanueva Bone Stain (Polysciences Inc., 

Pennsylvania USA) for laser confocal microscope (Leica TCS SP2, Wetzlar, Germany) 

observation.  

 

Results 

Maximum pull-out forces 

The pull-out forces of the CPC groups were gradually increased over time and 

the average values at the 4, 12 and 70th week were 7.0, 24.1 and 41.2 kgf, 

respectively (Fig. 3). Statistical analyses showed that these forces differed 

significantly in both CPC and autograft groups at different implantation times 

(p<0.0001). The pull-out forces of the CPC group were significantly greater than 

autograft group at the 4th week by 37% (p<0.05) and at the 12th week by 62% 

(p<0.001) but the forces are no significance between the two groups at long-term 

implantation (p>0.05 for 26th and 70th postoperative weeks).   

Histological results  

The femurs were X-rayed before sectioning and by assessing the X-ray images 

of the 1st week implantation (Fig. 4), we concluded that there were tissues attached to 

the implants of both groups in the distal side. However, from the cross-section view, 

some tissues seemingly left a large space aside the implant in the autograft group (Fig. 

4a sections I and II). The inner side of the tissues exhibited the same curvature as the 
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implant (arrowhead in sections I and II) implying that movement may have occurred 

after implantation of the Ti implant with autografts. The radio-opaque areas (arrows in 

Fig. 4b) close to the peripheral implant provide evidence of the presence of residual 

CPC paste. 

Figure 5 shows H&E stained specimen of the CPC and autograft groups for 

sections II and PMMA parts for sections III. For section II in the autograft group, 

there was apparent fibrous stroma around the Ti stem (Fig. 5a) till to 12th week 

implantation. By 4th week, woven new bone and small capillaries were apparent near 

the implant (Fig. 5b). After 12th week, the new bones became more compact and had 

larger areas than at 4th week (Fig. 5c).  

By contrast, when the Ti implant was inserted with CPC paste, the isolated 

island of CPC pastes were immediately captured by the new bone in the medullary 

region around the implant (Figs. 5d-f) just at 1st week implantation. The CPC 

conducted and merged into the peripheral new bone over time. The thicker and 

compact bone tissues around the implant of the CPC and autograft groups were 

observed after 12 weeks. There still exist visible fibrous tissues between the implant 

and new bone in the autografts but is not seen in the CPC groups at any time points. 

The bone marrow around the PMMA was accompanied by necrosis and hematoma at 

1st postoperative week. After 4 and 12 weeks, a few fibrous tissues were existed 

beside the PMMA and still exhibited chronic inflammation (Figs. 5g-i). 

Figure 6 shows the new bone areas (BA, in %) around the implants and 

bone-to-implant contact ratios (BIC, in %) of both the CPC and autograft groups. The 

mean BA % of both groups increased over time. By comparison of the two groups, we 

found the BA % of the CPC were significant larger than autograft groups at 1st, 4th, 

and 12th week (p<0.05). However, statistically analysis of the BA % between the two 
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groups are similar after a long-term implantation; p>0.05 for BA % between 12th, 

26th, 70th week of CPC groups and between 26th and 70th week of autograft groups.  

Same tendencies as BA % are shown in the results of BIC ratios. The BIC % of 

the CPC groups through the time are significantly different (p<0.001). There are also 

significantly differences between the BIC % of the autografts (p<0.001) over time. By 

Tukey’s comparison, the CPC groups have a significantly higher BIC % than the 

autografts at 1st, 4th, and 12th weeks (p<0.05). Noteworthy, the BIC % of the CPC 

group was reached the plateau at an early implantation time of 4th week but the 

autograft group was delayed till the 26th week. The BIC % of the CPC group at 4th 

week (80.4%) is significantly higher than that of autograft at 12th postoperative week 

(64.3%).  

The non-decalcified stained sections clearly revealed the interface between the 

growing tissues and the CPC/implant (Fig. 7). Abundant cement around the Ti was 

bordered by new bone and some loose or isolated cement particles were observed. 

These cement particles were captured by multi-nuclear macrophages (arrow in Fig. 

7b). The CPC was replaced by new bone near the periphery of the Ti at 12th 

postoperative week (Fig. 7c). The residual cement “island” near the implant was 

completely covered by peripheral trabecular bone, and the edge of the remaining 

cement seemed more round than it had been at 1st postoperative week. The CPC 

seems to have been replaced by the new gradually forming bone (Figure 7d), and the 

edge of the cement was fused by a new osteon formation (asterisk).  

Osteoclasts (OC) near the CPC were identified by IHC stain images (Fig. 8).  

The stained steoclasts (OC) coexist with osteoblasts (Ob) (arrowhead) at the 

cement/bone interface, demonstrating that the bone exhibited higher activity. The 

normal bone remodeling was occurring. The subsurface of fluorescence-stained 
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(Villanueva Bone stain) sections generate in Fig. 8c. That shows a progenitor cell (Pc) 

from bone marrow into a cement crevice at 4th postoperative weeks. After 12 weeks, 

the structures of attached bones became mature and laminar (Fig. 8d), and the 

osteocytes (Os) in the lacuna were very close to the cement. The border of the laminar 

bone (mineralized bone is a blackish-green color) was intermixed with a layer of 

osteoid/collagens that was stained a fluorescent pink color under the excitation laser 

(488/543 nm). On the other side, the CPC appeared in loose clusters (light blue 

stained), and the porosity of the remaining cement was degraded towards the bulk of 

the cement area.  

 

Discussion  

We found that when the prosthesis was implanted together with a CPC, the 

pull-out forces were significantly greater at the early bone regenerated stages of 4th 

and 12th week implantation in the CPC than in the autografts. The increased pull-out 

forces are attributed to the higher BIC and BA ratios. That means more forces are 

needed to peel-off the osteointegrated bone tissues from the Ti implant. The 

histological fresh sections in autografts (Fig. 4a) showed a gap between the Ti implant 

and the ongrowth tissues at 1st week, suggesting that major movement may have 

occurred to induce the tissue to detach from the implant at early regeneration. 

Micromotion between bone and implant can inhibit bone ingrowth and results in a 

fibrous membrane [12, 29, 30]. The phenomena of fibrous captures were also 

observed in the 1st and 4th week histological results of the autograft groups. 

On the contrary, when the CPC paste was filled into the cavity between Ti and 

the cortical bone, the in-situ hardened features of CPC is expected to enhance the 

stability of the implant and inhibit the micromotions. Our radiographs (Fig. 4b) 
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revealed that the CPC paste did not form a uniform coating on the Ti prosthesis; 

instead, it naturally filled up the voids and spaces around the Ti in the environment of 

bone marrow presence. Because the osteoconductive CPC generate the bone tissue on 

the Ti surfaces, the CPC graft provided a more stable fixation than for the autograft. 

The same result of the initial stability of press-fit femoral stems in dog bones would 

be enhanced by CPC injection [31, 32]. In order to simulate clinical usage, most 

studies to date have used threaded screws or porous surface prostheses to perform the 

mechanical testing. Therefore, increased pull-out force readings may be attributed to 

increasing friction between the cement and the prosthesis and to the force which is 

need to break the hardened cement itself.  

Hoshikara et al. [33] measured the pull-out strength of Ti cancellous screws 

with and without CPC augmentation and reported that the pull-out forces with CPC 

injection were greater than those without CPC injection on the following day and at 

3rd and 6th week implantation. However, there was no significant difference in the 

forces at these three implantation time points with CPC. In our study, the pull-out 

force on the 24 h implantation was even greater in the CPC group than in the without 

CPC group and made no difference with 6th weeks implantation. This is due to a 

different implant design and varied implant site. Moreover, their Ti screws were 

placed into an over-sized drilled hole; the pull-out force they measured represent the 

breaking strength of CPC/bone or CPC itself but not the strength of implant/bone 

especially in the early stage.  

Our study was using an implant with smooth surfaces to eliminate geometric 

effects from different screws and focus on the comparision of osseointegrated abilities 

of CPC and autograft with Ti implant. Therefore, the pull-out data directly reflect the 

de-bonding forces between the growing bone/implant. The results suggest that the 
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CPC could stabilize the implant much more firmly than with the autografts. This 

increased stability can be attributed to the increasing contacting surface (more friction 

force) of the surrounding bone/CPC composite bed, which facilitates bone ongrowth.  

The pull-out strengths and bone contact areas of the two groups increased 

gradually over time after the operation. We saw significant differences between the 

pull-out forces of the two groups at 4th and 12th week. Our BA and BIC data also 

confirm that the significances between CPC and autograft groups are shown at an 

early stage for 12 weeks implantation. Histological observations show that there is 

more bone tissue contact around the Ti of CPC group than in the autograft group (Figs. 

5, 6) at 1st week. But the increments of BA and BIC % by CPC injection 

(significantly different between the two groups) are failed to contribute to the pull-out 

force. We conjectured that although the earlier and larger amount of osteoid formation 

around the Ti in the CPC than autograft groups, the new osteoid was soft and did not 

supplement or augment the friction force. Such that the bone tissues contacted on the 

Ti became gradually mature and rigid over this period. During the stage of 4 to 12 

weeks post implantation in the CPC group, more new blood vessels, which serve to 

supply nutrition to the new bone, together with osteoblast-like cells, were observed in 

these cement zones and made more contact area of osteoid and Ti. Based on the 

higher pull-out strength, we conclude that osteointegration occurred earlier in the CPC 

than in the autograft groups and the effects were special obviously at an early 

regeneration stage (not longer than 12 weeks post-operation).  

Matching of the CPC degradation rates to the bone remodeling rates can be 

significantly affected the implantation techniques [33, 34]. Our results in this study 

suggest that with CPC graft for Ti stabilization, more new osteoid had formed at the 

periphery of the Ti after 1 week. However, a slight inflammatory response, consisting 
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of a small number of lymphocytes, plasma cells and macrophages, occurred adjacent 

to fibrous tissue after 1 week implantation in the autograft group.  

As studied by Okumura et al. [35], they concluded that bone bonding to HA is 

associated with undifferentiated stromal stem cell adhesion to the HA surface, 

followed by osteoblastic differentiation. The consequent surface-dependent cell 

differentiation results in active osteoblasts that fabricate osteoid directly onto the 

particle surface. Continual mineralization by the active osteoblasts results in mature 

bone bonding to the particles and bonding osteogenesis. As shown in our histological 

images, although some CPC was isolated into the bone spaces, these small particles 

seemed to be resorbed by the macrophages via the phagocytosis process (Fig. 7b). 

When the CPC was gradually dissolved or digested by physiological mechanism over 

time, crevices occurred. That implied CPC cement could act as a scaffold and causes 

the marrow stromal cells to attach and differentiate into osteoprogenitor cells at 4th 

week (Fig. 8c). At 4th week, the CPC provide more mechanical stability to the Ti 

implant as compared to the autografts that was due to the higher significant values of 

BA and BIC %. And by 12 weeks, a stable and mature contact interface may be 

generated (Fig. 8d), and this made the largest strength difference with CPC to the 

autograft group. In addition, bone remodeling begins as osteoblasts aggregate after the 

CPC has been dissolved by acid phosphate that is released from the osteoclasts, as 

identified with the IHC stain. The residual CPC was still existed even after 26th 

postoperative week.  

In kyphoplasty, vertebroplasty, orthopedics for the fixation of artificial joints to 

the host bone, PMMA currently represents the standard in augmentation materials. It 

is characterized, however, by lack of ossointegration, lower strength and limited 

biocompatibility. Several efforts (Puska et al., 2003; Boesel et al., 2007; Frutos et al., 
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2010; Ormsby et al., 2010; Khaled et al., 2010) have been made to improve the 

mechanical properties and biocompatibility by the addition of fibers to the cements 

and mineral particles (e.g. HA, inorganic bone, bioglass, collagen or tricalcium 

phosphate) to the bone cement to enhance its mechanical strength and 

biocompatibility respectively. The porous structure on the surfaces of the biomaterials 

is also needed for new bone ingrowth. The porogen and leaching technique is one of 

the known methods of fabrication porous scaffolds into polymeric materials (Rezwan 

et al., 2006). For an example, the addition of resorbable biooligomer to the acrylic 

bone cement matrix causes porosity formation in a moist environment due to the 

sorption of water (Puska et al., 2003).  

The durability of a cemented anthroplasty is closely related to the quality of 

fixation of bone cement to the bone, and is also dependent on the interfacial bone 

between cement and prosthesis (de Waal Malefijt et al., 1987). The bonding between 

bone and bone cement by interdigitation is the primary mechanical anchorage and the 

biological reactions in the surrounding tissues following an orthopedic surgeon refer 

to the secondary mechanical anchorage. Accordingly, PMMA usual only has the 

primary mechanical anchorage after application in fixation of artificial joints to the 

host bone. Active or over weight patient with implants fixed with PMMA are at risk 

from mantle failure, which occurs in 5% of all total joint replacement patients 

postoperatively by 10 years (Dorr et al., 1994). Bone cement of CPC approach 

exhibits a suitable degradation rate that allows the CPC to degrade properly and 

release Ca and P ions that will enhance bone formation in the early stage and get the 

secondary mechanical anchorage. Simultaneously, the CPC graft provides a greater 

bone contact surface, bridging the bone tissue to the Ti surface and thereby increasing 

the stabilization of Ti stem. This study clearly confirms the hypothesis that CPC graft 
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reinforces the prosthesis fixation process and facilitates osteointegration than the 

autograft. However, the routine use of CaP-based bone cements is not currently 

recommended for load-bearing condition directly. Because the CPC graft owns low 

resistance against flexural, tractive, and shear forces compared to PMMA, there is a 

higher risk of cement brittle failure and subsequent loss of restoration. 

Conclusion 

The calcium phosphate bone cement could promote structural stability and 

facilitate the biological bonding of growing bone tissue in a rabbit femur implantation 

model. We conclude that the better osteointegration of Ti implants at an early stage 

may be improved by reinforcement with the calcium-phosphate cement than the 

autograft alternatives. 
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Figure legends 

Figure 1 Illustration of the implantation site and histological section position.  

Figure 2 A schematic diagram of the pull-out test apparatus involved the following 

steps: 1. screwing the pin and used a rig to ensuring alignment, 2. pouring 

in cold resin to fill the mold using a 0 oC water bath, 3. pulling out. The 

system was operated at continuously rinsing with phosphate buffer solution. 

Figure 3 Pull-out strengths for the Ti stem at 1st, 4th, 12th, 26th and 70th postoperative 

week. Statistically different with increasing implantation time for both 

groups (p<0.0001). CPC groups comparison: 12w>4w, 26w>12w; 

Autografts: 12w>4w, 26w>12w, 70w>26w. 

Figure 4 Radiographs and fresh sections (cranial view) of 1 week histological samples 

for the (a) autograft and (b) CPC group. (Scale bar = 10 mm). 

Figure 5 H&E stains of paraffin sections at 1st, 4th, and 12th week. The first (a~c) 

and second row show section II for the respective autograft and CPC 

groups; and the last row (g~i) shows section III for PMMA implantation. 

fibrous stroma: F, New bone: NB, vascular tissue: V, CPC isolated islands: 

marked arrows. 

Figure 6 Percentages of bone area (BA) and bone to implant contact length (BIC) of 

CPC and autograft groups at 1st, 4th, 12th, 26th, and 70th week post 

implantation (n=4). Statistically significant difference between both groups 

is marked by ◇ for BA and ↓ for BIC; ★ means p > 0.05 of BICs within 

the region. 
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Figure 7 Photographs of toludine blue stained section I of CPC groups. Residual 

cement was covered with bone tissues (a), cement was captured by 

macrophages (arrows) (b) at 1st week. After 12 weeks post-operation, the 

residual cement augment the peripheral bone tissue (c), the edge of the 

cement was indented by a new osteon formation (marked by asterisk) (d).  

Figure 8 Immunohistochemically (IHC) stained sections of 4 weeks samples stained 

with anti-vimentin (a) and anti-vitamin D receptor (VDR) (b). Laser 

confocal images (Villanueva Bone Stain) after 4 weeks (c) and 12 weeks (d) 

implantation. Osteocytes: light yellow; Osteoid/collagens: pink; 

CPC/mineralized bone: green; Pores and crevices: blue. Ob: osteoblasts and 

marked by arrowhead; OC: osteoclast; Os: osteocytes; Pc: progenitor cell. 
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Figure 1 Illustration of the implantation site and histological section position. 
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Figure 2 A schematic diagram of the pull-out test apparatus involved the following 

steps: 1. screwing the pin and used a rig to ensuring alignment, 2. pouring 

in cold resin to fill the mold using a 0 oC water bath, 3. pulling out. The 

system was operated at continuously rinsing with phosphate buffer solution. 
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Figure 3 Pull-out strengths for the Ti stem at 1st, 4th, 12th, 26th and 70th postoperative 

week. Statistically different with increasing implantation time for both 

groups (p<0.0001). CPC groups comparison: 12w>4w, 26w>12w; 

Autografts: 12w>4w, 26w>12w, 70w>26w. 
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Figure 4 Radiographs and fresh sections (cranial view) of 1 week histological samples 

for the (a) autograft and (b) CPC group. (Scale bar = 10 mm). 
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Figure 5 H&E stains of paraffin sections at 1st, 4th, and 12th week. The first (a~c) 

and second row show section II for the respective autograft and CPC 

groups; and the last row (g~i) shows section III for PMMA implantation. 

fibrous stroma: F, New bone: NB, vascular tissue: V, CPC isolated islands: 

marked arrows. 
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Figure 6 Percentages of bone area (BA) and bone to implant contact length (BIC) of 

CPC and autograft groups at 1st, 4th, 12th, 26th, and 70th week post 

implantation (n=4). Statistically significant difference between both groups 

is marked by ◇ for BA and ↓ for BIC; ★ means p > 0.05 of BICs within 

the region. 
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Figure 7 Photographs of toludine blue stained section I of CPC groups. Residual 

cement was covered with bone tissues (a), cement was captured by 

macrophages (arrows) (b) at 1st week. After 12 weeks post-operation, the 

residual cement augment the peripheral bone tissue (c), the edge of the 

cement was indented by a new osteon formation (marked by asterisk) (d).  
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Figure 8 Immunohistochemically (IHC) stained sections of 4 weeks samples stained 

with anti-vimentin (a) and anti-vitamin D receptor (VDR) (b). Laser 

confocal images (Villanueva Bone Stain) after 4 weeks (c) and 12 weeks (d) 

implantation. Osteocytes: light yellow; Osteoid/collagens: pink; 

CPC/mineralized bone: green; Pores and crevices: blue. Ob: osteoblasts and 

marked by arrowhead; OC: osteoclast; Os: osteocytes; Pc: progenitor cell. 

 

 

 


