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Abstract: Objective: The purpose of the study was to evaluate and compare effect of Aluminum 
Calcium Phosphate (AlCaP) bone substitute with and without chitosan membrane around single tooth 
implant replacement in alveolar bony defects. Materials and Methods: Aluminum Calcium Phosphate 
(AlCaP) bone substitute and Sugar Mediated Chitosan Guided Bone Regeneration Membrane 
(SMCsM) were prepared at Bioceramics Dept., National Research Centre. Ten patients with one 
missing single rooted tooth with localized marginal defects of the alveolar ridges were selected. 
Patients were divided into two groups, Group I; implants were installed surrounded by (AlCaP) bone 
substitute and SMCsM. group II implants were surrounded by AlCaP bone substitute. Changes in 
bone height and density were measured at 9 and 12 months using periapical radiograph. Radiogrphaic 
analysis was performed utilizing the computer program image. Comparison of data were made using t-
test Results: Radiographic evaluation revealed no statistical significant difference in the amount of 
vertical bone loss around implants of both groups at nine and twelve months. On the other hand, there 
was statistically significant increase in bone density in group I (SMCsM & AlCaP) compared to group 
II (AlCaP only) at nine and twelve month’s intervals. Conclusions: AlCaP bone substitute enhanced 
the regeneration of peri-implant bone, and the chitosan guided bone regeneration membrane resulted in 
further increase of bone density. 
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INTRODUCTION 

 
As the number of patients selecting implant restorations as treatment modality continues to grow, the 

implant designs and surgical techniques are continue to undergo modifications to fulfill the prosthetic 
requirements and esthetic demands of these patients (Vogel, 2007). Such changes include surface treatment of 
the implant with innovative materials and from the two-stage surgical approach to one-stage techniques with 
immediate or delayed loading protocols (Misch, 2008) 

The osseointegration and the success of dental implant are well documented and proven, (Feine & Carlsson, 
2003). However, there are situations, when systemic medical conditions or local factors that may preclude or 
complicate the success of dental implants (Bezzon et al. 2008). Local factors are mainly related alveolar bone 
loss in terms of reduced bone density and volume.  Resorption of the alveolar ridge may result from periodontal 
disease, tooth extraction and/ or trauma that may necessitate ridge augmentation by bone graft prior to or at 
implant placement (Misch, 2008).  

Several methods are available to augment the edentulous site including; Block bone grafts, particulate graft 
(autograft, allograft and xenograft), distraction osteogensis and membranes. In addition to bone substitute 
(alloplast) materials and guided bone regeneration, the selection of the material and/ or technique depends on the 
size of the bone defect. (Misch, 2008) 

The current gold standard for augmentation of alveolar bone is autograft however; this procedure has 
several disadvantages as it requires additional surgery, pain, potential complication of the donor site, insufficient 
volume of harvested bone and increased treatment cost (Moore et al. 2001 and Secortecci et al. 2001).  

Bioactive ceramics are the largest family of alloplasts used for bone augmentation is calcium phosphate 
(CP). The most commonly used groups CP are hydroxy-apatite (HA) group and β- tricalcium phosphate (β-
TCP). These bioactive ceramics are characterized by their osteoconductive properties since they act as substrate 
for bone growth but they are neither osteogenic nor osteoconductive (Misch, 2008). They are supplied in 
different shapes that vary from thin films and nano-sized powders to porous or dense bodies (Bayazit et al 
2010). 
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Aluminum Calcium Phosphate (AlCaP) is a new bioactive ceramic material with components similar to 
those of natural bone (Misch, 2008). Calcium aluminates plays an important role as it facilitates the application 
of the material in the bony defect, allows dynamic degradation and promotes the formation of new tissue thus 
accelerate healing of surrounding bone.  In addition, the concentration of phosphorus in (AlCaP) affects the rate 
of ossification of the bone and resorption of the graft material (Hürzeler et al. 1996 and Mayfield, 2001). 

The concept of the guided bone regeneration (GBR) utilizing membranes is among the methods used to 
reconstruct deficient alveolar bone.  It is a predictable and well documented surgical approach for lateral ridge 
augmentation (Aghaloo Sonic & Hwang, 2010). Of the recent materials used as membrane is chitosan. It is 
available in a variety of useful forms and its’ unique chemical and biological properties has led to many medical 
applications (Mao et al, 2004; Brandenberg et al.2004 and Wenling et al, 2005). In dentistry, chitosan was 
successfully used as resorbable membrane as well as tissue engineering scaffold (Muzzarelli et al.1993).  In 
addition, it was proven that chitosan has osteogenic potential that promote the healing of bony defects following 
tooth extraction (Bryant, 1998). 

Inorganic membranes have attracted more and more attentions because of its endurance to harsh 
environment such as high temperature, strong acid and alkali, as well as corrosive systems (Nair & Harold, 
2008). Among all kinds of inorganic membranes, Al2O3 membranes are the most widely used substrate for its 
stability and availability (Han et al., 2011).                                       

Chitosan is a polycationic and biocompatible polysaccharide composed of glucosamine and N-acetyl 
glucosamine that is chemotactic for neutrophils and stimulates wound. It was previously shown that chitosan 
depletes complement proteins from plasma, suggesting that chitosan activates complement.  Recently, a 
comprehensive collective research work on chitosan and its applications is documented with the participation of 
one of the present authors (Burno Sarmo & Joes Das, 2012).  Novel biodegradable membrane based on chitosan 
matrix with sugar was achieved through the cross linking the hydrophilic chitosan-polyethylene glycol (PEG) 
membrane. The chemical reaction was found to be through amine bonds (C=N) between sugar and amino 
groups in chitosan as proved by Fourier transform infrared spectroscopy (FTIR), thermogravimetric analysis 
(TGA) (Casettari et al., 2012). 

Three-dimensional chitosan matrices were fabricated via a sintered microsphere technique. Chitosan with 
three degree of deacetylation (DD%) of 69%, 79% and 97% were obtained using a thermomechanochemical 
technique by varying the applied pressure and NaOH solution concentration. The prepared chitosan were 
comprehensively characterized by proton nuclear magnetic resonance, elemental analysis (EDAX), viscosity 
measurements, thermal analyses and X-ray diffraction (XRD). The compressive modulus of the sintered 
microsphere matrix (662.26 ± 54.53 MPa) was in the range of human cancellous bone (10–2000 MPa), making 
it suitable for bone tissue engineering (TE) applications (Abdel-Fattah et al., 2007). Wang & Hon, (2003) 
reported pH-sensitive and well degradable property of the sucrose-mediated membrane for biomedical 
application. It was proved to support the attachment and growth of NIH 3T3 fibroblasts. 
 
Aim of the study: 

 
The aim of the study was to evaluate and compare effect of Aluminum calcium phosphate (Al Ca P) bone 

substitute with and without chitosan membrane around single tooth implant replacement in alveolar bony 
defects.  
 

MATERIALS AND METHODS 
 
I. Preparation of AlCaP Ceramic: 

Starting materials are aluminum hydroxide (AlOH3) (May Baker Ltd., England), calcium hydroxide 
(CaOH2) (Riedel, Seelze-Hannover, Germany) and ammonium mono-hydrogen phosphate (NH4)2HPO4 (Merk), 
powders were mixed according to the molar ratios1:3:1 corresponding to 24.29, 34.57 and 41.13 weight % of 
Al2O3: CaO: P2O5. Each mixture was wet ground using alcohol for 3 h in porcelain ball mill, dried, ground and 
passed through 125 µm sieve. The pressed samples were fired at 1250◦C in a muffle furnace with heating rate 
5◦C /min and kept in furnace till cooling. Samples were kept in a desiccator for further analysis. 
 
II. Preparation Of Polyblend Membrane: 

 A clear solution of chitosan /aqueous acetic acid (3g/2%) was prepared along with   PEG (600LR) solution 
(70:30) at room temperature. The amount of sucrose (5-10 wt %) was then added and heated to obtain a clear 
solution at 120oC. The reaction mixture solution was kept at 24 h in ambient temperature then poured and spread 
into glass Petri dishes to obtain the membrane. After curing for 2 days at 68oC, membrane was neutralized with 
10% (w/v) sodium hydroxide (NaOH) followed by rinsing with deionized water and dried at 30oC for 60 min. 
The thickness of the polyblend membrane varied from 50-60 μm.                                                                                                         
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Characterization of Samples:  
ALCaP Samples: 

The phase purity of samples was examined by X-ray diffractometer (Philips P.W: 1730) with Cu K target, 
C/S 1000 or 400, Ni filter and ( = 1.54 Å, T (ºC) = 2, 40 KV, 25 ma). The FT-IR spectra were measured using 
KBr pellets made from a mixture of powder from each sample and was assessed from 400 to 4000 cm-1 using 
(Jasco, FT/IR 300 E, Fourier Transform Infrared Spectrometer, Serial No. 4140109, and Japan). The 
thermogravimetric (TGA) analysis of the prepared samples was carried out at a rate = 10°/min using (Shimadzu 
TGA-50H) under nitrogen flow over rate 30 ml/min. The morphology of the prepared samples was examined 
with SEM, JXA 840A Electron Probe Microanalyzer (JEOL, Japan). Sugar mediated chitosan membrane.  
Detailed investigations such as thermal and structural analyses are not included as it is under patenting 
procedure. 
 
2. Ceramics Phase: 

a- X-Ray Diffraction analysis (XRD):   
The XRD pattern of the prepared AlCaP (K131) is consisting of 1:3:1 molar ratios of Al2O3: CaO: P2O5 

powder records the corresponding peaks to beta tricalcium phosphate (-TCP) phase at dÅ = 2.8550, 2.5457, 
2.1651 and 2.0832. Aluminum phosphate (AlPO4) phase recorded peaks at dÅ = 4.1106, 3.1728 and 2.8550. 
Additionally, calcium aluminates (CaAl2O4) phase is registered at dÅ = 3.4371, 2.5757, 2.4993, 2.3775 and 
2.0832 besides, C12 A7 at dÅ = 2.9760 and 2.6800 (Fig.1). 

 
Fig. 1: XRD analysis of AlCaP powder (K131). 

 
2-FT-IR analysis:  

Several bands characterizing stretching and bending modes of phosphates are recorded (Fig.2). PO4
3- 

stretching mode of vibration: The bands at 1140, 1090, 1040, 1000, 980 and 950 cm-1 represent the stretching 
mode of vibration appear in the spectrum of AlCaP (K131) powder. The bands at 1140, 1000, 980, 950 and 900 
cm-1 have lower O.D values. The bands recorded at 1090 and 1040 cm-1 along with 980 and 950 cm-1 are 
characteristic of -TCP. The bands at 600, 560, 500 and 450 cm-1 are characteristic of the bending modes of 
phosphates group denoting -TCP formation. The band at 715 cm-1 appeared  and assigned to octahedral (Al-
O6) and (Al-O4) stretch  proving effect of high calcium oxide content on this band (Osiris,1987).  Hydroxyl 
group (OH): The band at 3440 cm-1 appears in the spectrum of the filler as other bands at 2920 and 2850 cm-1 
which represent OH adsorbed on the surface also appeared. The band at 640 cm-1 assigned for OH libration 
vibration mode. Therefore, the OH groups could be attached to calcium aluminates (C12A7) structure which is 
characterizing AlCaP filler. It was previously recorded by the present authors that this particular filler had a 
composition of aluminum phosphate (AlPO4) and -tricalcium phosphate (-TCP) (Abd El-Fattah and 
Mohamed, 1994)  
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Fig. 2: FT-IR analysis of AlCaP powder (K131). 
 
3-Thermal analysis (TGA): 

The AlCaP (K131) shows thermal stability up to 148oC with weight loss 0.43% (Fig.3). The weight loss 
reaches (0.49%) with an endothermic peak at 319oC denoting evolution of structural water molecules. The total 
weight loss became 0.926% .This could be attributed to the development of calcium aluminates phases in the 
structure (Abd El-Fattah and Mohamed, 1994)  

 
Fig. 3: TGA analysis of AlCaP powder (K131) 

 
4-SEM analysis: 

The SEM of AlCaP sample revealed larger melted areas which are attributed to development of calcium 
aluminates phases. Also, parallel laths and tightly bounded grains with higher porosity are clearly observed 
(Fig.4a). Also, the elemental line analysis for image of SEM indicated high calcium content compared to 
phosphorus content in AlCaP (K131) sample confirming the presence of high calcium element content in the 
prepared AlCaP structure (Fig4b). 

 
 

 

a
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Fig. 4:  SEM image of (a) AlCaP powder (K131) and  

     (b) its elemental line analysis 
 

Surgical procedures: 
 
This study has received approval from the Research Ethics Committee of National Research center for the 

use of human subjects. The participants signed informed consent forms as well as an Approved Human Subject 
form. Ten patients, five males and five females with age ranging from 20 to 50 years were selected from the 
Outpatient Clinic of the Oral Surgery Department, Faculty of Dentistry, and Alexandria University. Each patient 
having one missing single rooted tooth with localized marginal defects of the alveolar ridges.  All patients were 
free from any systemic diseases affect bone or soft tissue healing. The patients were divided according to the 
pattern of their treatment modalities into two groups of five patients each: 

 Group I:   dental implants were installed surrounded by (AlCaP) bone substitute and chitosan guided 
tissue regeneration membrane. 

Group II: dental implants were installed and surround by (AlCaP) bone substitute without chitosan 
membrane.  

Two stages surgical protocol was followed, implants (TUT threaded acid etched) were installed in 
conventional manner using surgical stent for accurate repositioning of the implants (figs. 5-10).  

 
                                                   
      
 
 
 
 
 
 
 

Fig. 5: Reflection of flap and insertion of the surgical stent 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6: Drilling implant site 
 
 
 
 
 
 

b
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Fig. 7: implant installation                                                    
 
 
 
 
 
 
 
 
 

Fig. 8: bone material graft material  
                                           
The bone graft material (AlCaP,Bioceramics Dept., National Research Centre) was sprinkled on the 

exposed alveolar bone (Fig. 8) and the chitosan  membrane (Chitosan,  Bioceramics Dept., National Research 
Centre) was adapted over the graft material for group I patients (Fig 9) where as for group II patients no 
membrane was used.  

 

 
 

Fig. 9: SMCsM Membrane placement                                 
 
 
 
 
 
 
 
 

Fig. 10: Repositioning the flap. 
 
Immediate post-operative radiograph “base line radiograph” at time of implant was taken as “base line 

radiograph”. After healing period (6 months) implants were uncovered and conventional steps were followed for 
construction of implant crowns. Implants were evaluated after 9 and 12 months radio graphically to measure 
changes in bone height and density around implants using radiographic stent and an aluminum step wedge for 
standardization and densitometry. Radiographic analysis was performed utilizing the computer program image 
“J”. 
 
Results: 

All statistical analyses were performed using SPSS software package (Statistical Package for Social 
Sciences, version 10, SPSS Inc, Chicago, IL, USA). The mean and standard deviation were calculated.  
Comparisons of data were made t-tests. Paired- t- test was used to detect significant differences within each 
group regarding the effect of time on bone height and density. Student –t- test was applied to detect any 
significant differences between the two groups. Significant difference was set up at P< 0.05. 
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a) Vertical bone loss (mm): 
Radiographic evaluation revealed no statistical significant difference in the amount of vertical bone loss 

around implants of both groups at nine and twelve months (P>0.05) (Fig.11). The mean vertical bone loss for 
group II was (1± 0.316) and (0.75± 0.274) which was higher than that of group I (0.625±0.250) and (0.375 
±0.479) at nine and twelve months intervals respectively. However, this result was statistically insignificant 
(P>0.05) at nine and twelve months. 
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Fig. 11: Comparison of Vertical bone loss (mm) of   Group I and Group II at 9 and 12 months 

 
b) Bone density measurement: 

Within group I: The mean bone density demonstrated significant increase (109 ±16.31) in density compared 
to pre-operatively (65±12.83) records (P <0.05).  Also, at twelve months the mean bone density records revealed 
statistically significant increase in density (152.8 ±12.68) compared to nine months interval (109 ±16.31) (P 
<0.05).  

Within group II: As for group I there was a statistically significant increase in bone density at nine and 
twelve month’s intervals. Being (57± 6), (77.8 ± 4.82) and (95± 5.15) respectively (P<0.05).  

Group I versus group II: 
Comparison between group I and II revealed statistically significant increase in bone density in group I 

compared to group II at nine and twelve month’s intervals. 
The mean bone density for group I was (109 ±16.31) and (152.8 ±12.68) while for group II it was (77.8 ± 

4.82) and (95± 5.15) at nine and twelve months respectively (P<0.05). 
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Fig. 12: Comparison of bone density of Group I and Group II pre-operatively, at 9 and 12 months 

 
Discussion: 

Nowadays, implant dentistry is a safe, well documented and proven treatment modality for restoring 
completely and partially edentulous patients.  There are various implant designs and surface treatment available.   

In this study, radiographic evaluation revealed no statistical significant difference in the amount of vertical 
bone loss around the implants of  both groups at 9 and 12 months this could be explained by the fact that the loss 
of alveolar bone during first year of implant placement is multifactorial (Misch, 2008). On the other hand, there 
was statistically significant increase of the optical bone density which appears during the follow up intervals 
within each group. This could be attributed to the role of (AlCaP) as revealed in this study.      

Aluminum calcium phosphate (AlCaP) bone substitute had a composition similar to calcium phosphate 
ceramics that in turn have a composition similar to that of bone. Calcium phosphate ceramics (e.g. 
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hydroxyapatite) have been successfully used in the treatment of periodontal bone defects and in augmentation of 
resorbed alveolar ridges (Wafa I Abdel- Fattah & Mohamed, 1994; Quirynen et al, 2002 and Heydecke et al. 
2003). AlCaP seemed to be successful in treatment of marginal bone defects in this study as proven by 
increasing optical bone density around the installed implants during the follow up periods.  This is in agreement 
with finding of in vitro study conducted by Wafa I. Abdel- Fattah & Mohamed, (1994& 1997) that demonstrates 
the role (AlCaP) to enhance osteointegration. 

The guided tissue regeneration membrane utilized in this study was basically a chitosan membrane, a 
naturally occurring resorbable biopolymer with a chemical structure similar to hyaluronate, has been implicated 
as a wound healing agent in mammals (Oesterle et al. 1993). Chitosan  did not only prove successful as a 
biocompatible resorbable membrane, and as a Tissue Engineering scaffold; according to Mochizuki et al (2003), 
the peptide-chitosan  membranes showed higher attachment activity of fibroblasts at low doses compared with 
attachment to the peptide alone in regenerating soft tissues. The present study which utilized chitosan membrane 
proves the osteogenic potential of this membrane. This could explain the statistical significant increase in bone 
density of group I compared to group II. The mechanism by which the membrane had such effect could 
attributed to the three dimensional architecture provided by the chitosan  membrane that allowed an organized 
cell attachment and proliferation generating some kind of a thin bone cortex that can account for the higher bone 
density measurements. These results were in agreement with Muzzarelli et al.,(1989 and 1993) who studied 
osteoinduction exerted by methylpyrrolidinnone chitosan and the reconstruction of periodontal tissue with 
chitosan. And also the agreement with the work of Ito (1991) and Kawakami et al (1992) who studied the 
osteoinductive properties of Chitosan bonded to hydroxyapatite. 

As a conclusion these materials seems to be promising in the treatment of marginal alveolar bone defects 
around dental implants. AlCaP bone substitute significantly increased the bone density profile, and chitosan 
added more to these parameters, consequently, we may recommend the use of AlCaP in cases of minor marginal 
bone defects and the use of chitosan in the areas of relatively larger bone loss. 

 
Conclusions: 

Within the limitation of this study the following could be concluded: 
AlCaP bone substitute enhanced the regeneration of peri-implant bone, and the chitosan guided bone 

regeneration membrane resulted in further increase of bone density 
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