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Abstract This research aimed to develop an experimental animal model for the evaluation  

of the posterior maxillary alveolar bone and further selection of the design for a dental 

implant with high osseointegration potential. 

Ten dried skulls of common adult dogs, Canis familiaris, were used in this study.  

In order to achieve the experimental model, two working methods were performed: imaging 

morphometry and direct morphometry. The measurements were accomplished for the 

purposes of determining the dimensions of the buccal and palatal alveolar cortical bone in 

the target location, the maxillary premolar region. The width and height of available bone 

were also recorded. Data analysis was performed using Student’s t-test (P ≤ 0.05) and  

the Stata MP/13 software. 

Comparable results were obtained by both imaging and direct morphometry methods. 

The experimental implant was customized from the dimensional point of view and 

considering the most appropriate implant design. 
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Introduction 

Using animals with experimental purpose is quite an 

old scientific practice, which is still developing, due to its 

benefits to medical research [1]. 

European and Romanian legislations in force advocate 

for a reduction in the number of experimental studies on 

animals and recommend the use of alternative methods [2, 

3]. However, when these studies are carried out, different 

procedures should be performed under anesthesia in order 

to reduce stress and to eliminate any type of pain [2, 3]. 

The number of animals used in scientific experiments 

remains high even in the third millennium. In Germany, 

for example, in 2001, approximately 2,126,000 animals 

were used in experiments (D.I. SĂLĂVĂSTRU [4]).  

Experiments on animals obtain results with a high 

degree of relevance to humans, due to the phylogenetic 

comparisons and morphophysiological similarities between 

animals and humans (A. POLL & al [5], X. STRUILLOU 

& al [6], J.C. SALEN [7], A. POLL & al [8]). 

In this case, some particular morphological patterns at 

the maxillary bone level may suggest certain predisposition 

to post-treatment complications (A.M. ENACHE & al [9]).   

Most higher education institutions have created 

ethics committees that endorse animal research or not. 

Unfortunately, only a small part of the members of these 

committees have research skills, and for this reason the 

researcher reaches the point of ‘reporting’ with much detail 

all experimental procedures. These reporting procedures 

may lead to delays or even cause the study to stop (D.I. 

SĂLĂVĂSTRU [4]).   

Implant-supported oral rehabilitation is a current 

therapeutic option in dental medicine.  The union between 

implant and bone is called osseointegration, and it was first 

introduced as a concept by Per-Ingvar Branemark in 1969 

(R.S. JAYESH and V. DHINAKARSAMY [10]). He defined 

osseointegration as ‘A direct connection between living 

bone and a load-carrying endosseous implant at the light 

microscopic level’ (R.S. JAYESH and V. DHINAKARSAMY 

[10]). Nowadays osseointegration is considered ‘a new 

field of clinical usage of biotechnology’ (R.S. JAYESH 

and V. DHINAKARSAMY [10]).  

Different factors are responsible for the success of 

dental implant treatment, including the topography of the 

edentulous space and the type of subsequent restoration 

(D.I. SĂLĂVĂSTRU [4]). Hence dental implant location 

is one of the aspects that could influence the outcome of 

such treatment (L. TOLSTUNOV [11]). Due to the insuf-

ficient bone quality and quantity, the posterior maxilla is 

considered to be one of the most challenging anatomic 

locations for the dental implant placement (D. DOLANMAZ 

& al [12]). 

The aim of this study was to quantitatively and 

qualitatively evaluate the posterior maxillary alveolar bone 

in order to develop the design of a dental implant with high 

potential for osseointegration and ultimately increase the 

long-term performance of dental implant treatment in this 

anatomic region. 

An experimental animal model was used in this 

respect, namely the domestic dog, Canis familiaris, 

because of the dimensional and embryological similarities 

between the canine and human maxillae and mandibles, as 

illustrated by a careful literature review (X. STRUILLOU 

& al [6], C. TUTT [13]). 
 

Materials and Methods 

The skulls of ten medium-sized dogs, common breed, 

Canis familiaris, which died from natural causes, were used 

for the study. The research was organized and carried out 

in accordance with the legislation in force.  

The maxillary premolar region was selected as the 

target location for the appropriate experimental model, due 

to the anatomical configuration of the maxilla and because 

of the direct access for future surgical procedures. 

Measurements on bucco-palatal sections were performed 

for the purpose of determining the size of the buccal and 

palatal alveolar bone plates, as well as the dimensions and 

quality of the available bone. The tooth topography in the 

alveolar processes and the neighborhood of the maxillary 

sinus floor and the nasal floor were also analyzed. 

In order to define the experimental model, two 

working methods were established: imaging morphometry 

and direct morphometry on canine dried skulls.  

Direct morphometry on canine dried skulls 

The measurements were carried out on the ten canine 

dried skulls. Five bucco-palatal sections were bilaterally 

performed in the maxillary premolar region, resulting in a 

total of 100 sections. The sectioning was performed with  

Ø 30 mm and Ø 40 mm mandrel mounted cutting edge 

diamond discs, using a dental micromotor at conventional 

speed. The sectioning instruments were provided by a 

dental office. 

The maxillary sections were measured with a digital 

Workzone calliper (Globaltronics GmbH, Singapore) in 

order to determine the thickness of the alveolar external 

bone plates and the width of the alveolar processes.   

Imaging morphometry on canine dried skulls 

The measurements regarding the thickness of the 

alveolar external bone plates and the width and height of 

the alveolar processes were completed through computed 

tomography (CT) scans on the maxillary premolar regions. 

The CT scans were performed using the 6-slice configu-

ration computed tomography scanner (Siemens Somatom 6 

CT scanner), with the following technical parameters: 0.85 

pitch, 1.25 mm thickness of sections, 6x1 mm section 

collimation, 120 kV and 45 mA. The bucco-palatal sections 

were bilaterally performed through the maxillary alveolar 

process at the level of the first three premolars, resulting in 

a total of 60 bucco-palatal maxillary sections, 30 on the 

right sides and 30 on the left sides. The width of the sections 

represents the real thickness of the reconstructed images. 
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Figure 1. Bucco-palatal section at the level of the left 

maxillary second premolar: 

1 - the thickness of the alveolar buccal bone plate; 

2 - the bucco-palatal width of the alveolar process. 

Figure 2. Bucco-palatal section at the level of the left 

maxillary second premolar: 

1 - the height of the available bone;  

2 - the thickness of the alveolar palatal bone plate; 

3 - the thickness of the alveolar buccal bone plate; 

4 - the width of the available bone; 

5 - the thickness of the maxillary sinus floor. 
 

 

 

Figure 3. CT image: coronal section through alveolar processes  

in the maxillary premolar region: 

1 - the width of the maxillary alveolar process; 

2 - the height of the maxillary alveolar process. 
 

 

Figure 4. CT image: bucco-palatal section at 

the level of the maxillary left second premolar: 

1 - the width of the maxillary alveolar process; 

2 - the height of the maxillary alveolar process; 

3 - the nasal fossa. 

 

Results 

The data obtained were statistically processed.  

The arithmetic mean, standard deviation (SD), standard 

error (SE), median, minimum and maximum values were 

calculated. Data were compared with the Student’s t-test. 

The test was used bilaterally, and the statistical significance 

threshold was set at p ≤ 0.05. The results were analyzed 

using the Stata MP/13 software. 

After the morphometric and radiographic analysis of 

the quality of the available bone, and taking into account 

medical literature data, it was determined that the available 

bone was D2-D3 categories of density (D.I. SĂLĂVĂSTRU 

[4]). In 50% of the cases the density of the available bone 

in the right maxillary premolar region was D2 and in 50% 

of the cases it was D3. In 46% of the cases the density of 

the available bone in the left maxillary premolar region  

was D2, while in 54% of the cases it was D3, as shown  

in figures 5-6. 

The results obtained by direct morphometry performed 

on maxillary bucco-palatal sections were analyzed and 

statistically processed using the Student’s t-test, as pre-

sented in Tables 1-4.  

Table 1 shows the results on the size (thickness) of  

the alveolar buccal bone plate (mm) determined by direct 

morphometry performed on the maxillary premolar region 
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both on the right and the left sides. The values vary between 

0.3-1.4 mm. The mean of the alveolar buccal bone plate 

thickness was higher in the D2 bone on both the right and 

the left maxillary sides. The mean of the alveolar buccal 

bone plate thickness on the right side was 0.82 mm, 

compared to 0.81 mm on the left side. The SD value was 

0.24. This alveolar bone plate is rather thin. 

 

 

Figure 5. The density of the available bone in the right 

maxillary premolar region. 

 

Figure 6. The density of the available bone in the left 

maxillary premolar region. 
 

 

Table 1. The thickness of the alveolar buccal bone plate  

(determined by direct morphometry on maxillary bones of canine dried skulls) 

The alveolar buccal bone plate (mm)  

Side Bone 
density 

N 
% 

Mean SD Minimum Median Maximum 

Right D2 25 50 0.85 0.21 0.5 0.8 1.22 

 D3 25 50 0.79 0.26 0.3 0.7 1.4 

 Total 50 100 0.82 0.24 0.3 0.8 1.4 
 Student’s t-test D2 vs. D3; p = 0.393 

Left D2 23 46 0.83 0.21 0.5 0.8 1.3 

 D3 27 54 0.80 0.27 0.4 0.74 1.2 

 Total 50 100 0.81 0.24 0.4 0.8 1.3 

 Student’s t-test D2 vs. D3; p = 0.641 

Student’s t-test right part vs. left part; p = 0.884 

N: Number of sections; SD: standard deviation; Student’s t-test: analysis of variance. 
 

 

Table 2. The thickness of the alveolar palatal bone plate 

(determined by direct morphometry on maxillary bones of canine dried skulls) 

The alveolar palatal bone plate (mm)  

Side  Bone 
density  

N 
% 

Mean SD Minimum Median Maximum 

Right D2 25 50 1.42 2.22 0.6 1.0 1.2 

 D3 25 50 1.05 0.32 0.58 1.03 1.6 

 Total 50 100 1.23 1.58 0.58 1.0 1.2 
 Student’s t-test D2 vs. D3; p = 0.418   

Left D2 23 46 1.50 2.52 0.6 1.0 1.3 

 D3 27 54 1.02 0.29 0.56 1.0 1.62 

 Total 50 100 1.24 1.72 0.56 1.0 1.3 

 Student’s t-test D2 vs. D3; p = 0.329 

Student’s t-test right part vs. left part; p = 0.979 

N: Number of sections; SD: standard deviation; Student’s t-test: analysis of variance.  
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Table 2 presents the results on the size (thickness) of 

the alveolar palatal bone plate (mm) determined by direct 

morphometry performed on the maxillary premolar region 

on both the right and the left sides. The measured values 

vary between 0.56-1.62 mm. The mean of the alveolar 

palatal bone plate thickness was also higher on the D2 bone, 

both on the right and the left maxillary sides. The mean  

of the alveolar palatal bone plate thickness was 1.23 mm  

on the right side, while on the left side it was 1.24 mm.  

The SD value was 1.65. The alveolar palatal bone plate is 

thicker than the alveolar buccal bone plate. 

 

 

Table 3. The width of the available bone (determined by direct morphometry on maxillary bones of canine dried skulls) 

The width of the available bone (mm)  

Side Bone 
density  

N 
% 

Mean SD Minimum Median Maximum 

Right D2 25 50 5.79 1.04 4.2 5.7 8 

 D3 25 50 5.95 1.22 3.2 5.7 8.2 

 Total 50 100 5.87 1.2 3.2 5.7 8.2 

 Student’s t-test D2 vs. D3; p = 0.625 

Left D2 23 46 5.67 0.99 4 5.5 7.6 

 D3 27 54 6.00 1.20 3.3 5.8 8.3 

 Total 50 100 5.85 1.11 3.3 5.65 8.3 

 Student’s t-test D2 vs. D3; p = 0.295 

Student’s t-test right part vs. left part; p = 0.914 

N: Number of sections; SD: standard deviation; Student’s t-test: analysis of variance.  
 

 

Table 3 shows the width of the available bone deter-

mined by direct morphometry performed on the maxillary 

premolar region, both on the right and the left sides.  

The width varies between 3.2-8.3 mm. The mean of the 

available bone width is lower in the D2 bone compared to 

the D3 bone, both on the right and the left maxillary sides. 

The mean of the available bone width on the right maxillary 

premolar region was 5.87 mm, while on the left side it 

was 5.85 mm. So the values of the bone width on the 

right and on the left sides were relatively close, at a SD  

of 1.15. These values show that in terms of width, the 

available bone has the appropriate size to accept an 

endosseous implant, dimensionally close to the implant 

used in the human species. 
 

 

Table 4. The height of the available bone  

(determined by direct morphometry on maxillary bones of canine dried skulls) 

The height of the available bone (mm)  

Side  Bone 
density  

N 
% 

Mean SD Minimum Median Maximum 

Right D2 25 50 8.94 0.90 7.2 9 11 

 D3 25 50 8.99 1.35 7 8.6 12.1 

 Total 50 100 8.96 1.14 7 9 12.1 

 Student’s t-test D2 vs. D3; p = 0.625 

Left D2 23 46 8.95 1.03 7.3 9.1 11.5 

 D3 27 54 9.09 1.32 7 9 13 

 Total 50 100 9.03 1.19 7 9.05 13 

 Student’s t-test D2 vs. D3; p = 0.295 

Student’s t-test right part vs. left part; p = 0.914 

N: Number of sections; SD: standard deviation; Student’s t-test: analysis of variance.   
 

 

Table 4 illustrates the height of the available bone 

determined by direct morphometry performed on the 

maxillary premolar region, both on the right and the left 

sides. As can be seen in Table 4, the height of the available 

bone varies between 7-13 mm. The mean of the available 

bone height is also lower in the D2 bone, both on the right 

and the left maxillary sides, compared to the D3 bone. 

The mean of the available bone height on the right maxillary 

premolar region was 8.96 mm, and on the left side it was 

9.03 mm. So, the two bone areas were dimensionally close 

in terms of bone height. SD was 1.16. The results show that 

the available bone height in the maxillary premolar region 

is suitable to accept an endosseous implant, dimensionally 

close to the implant used in the human species. 

Tables 5 and 6 show imaging measurements (CT 

measurements) regarding the characteristics of the available 

bone, analyzed and statistically processed with the help  

of the Student’s t-test.  
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Table 5. The height of the available bone (measurements on CT images of canine dried maxillary bones) 

The height of the available bone (mm)  

Side N Mean SD Minimum Median Maximum 

Right 10 8.32 0.62 7.2 8.3 9.5 

Left 10 8.25 0.69 7.6 8.05 10 

Student’s t-test right part vs. left part; p = 0.815   

N: Number of canine dried skulls; SD: standard deviation; Student’s t-test: analysis of variance. 
 

 

Table 5 presents the results regarding the height of the 
available bone on the right and left maxillary premolar 
regions, measured on CT images. Measurements vary 
between 7.2-10 mm. The mean of the bone height on the 
right maxillary premolar region was 8.32 mm, while on  
the left maxillary premolar region it was 8.25 mm. 
Therefore, the two bone areas are dimensionally close  
in terms of bone height at a SD value of 0.65.  

The imaging results regarding the height of the 
available bone are comparable to those obtained through 
direct morphometry. So, this result emphasizes the 
previous observation regarding the volume of the available 
bone, which was found appropriate to accept an endosseous 
implant, dimensionally close to the implant used in the 
human species.  

 

 

Table 6. The width of the available bone (determined on CT images of dried canine maxillary bones) 

The width of the available bone (mm) 

Side N Mean SD Minimum Median Maximum 

Right 10 5.93 0.83 4.8 5.85 7 

Left 10 5.85 1.25 3.8 5.75 7.9 

Student’s t-test right part vs. left part; p = 0.867 

N: Number of canine dried skulls; SD: standard deviation; Student’s t-test: analysis of variance.  
 

 

Table 6 shows the results concerning the width of the 
available bone on the right and left maxillary premolar 
regions, measured by imaging methods (CT). This size 
varies from 3.8 mm to 7.9 mm. 

The mean of the available bone width was found to be 
5.93 mm on the right maxillary premolar area and 5.85 mm 
on the left maxillary premolar area. Thus, the two bone 
areas (left and right maxillary premolar areas) were 
considered to be dimensionally close in terms of bone 
width, at a SD value of 2.04.  

The imaging results regarding the bone width are also 
comparable to those obtained by direct morphometry, 
demonstrating that the available bone size in the canine 
species is suitable for an endosseous implant, dimensio-
nally close to the implant used in the human species. 
 

Discussion 

The maxillary premolar region, a challenging anato-
mical region for dental implant placement, due to bone 
density and neighborhood anatomical structures, was 
selected as the target experiment location. 

After gathering the results obtained both by imaging 
morphometry and by direct morphometry regarding the 
dimensional characteristics of the available bone, the 
features of the future experimental dental implant to be 
applied at the level of the target area have been established, 
namely a conical body shape, 8 millimeters length, 3 mm 
diameter of the cervical area and 2 mm diameter of the 
apical portion. This implant model was further customized 
in terms of dental implant material, implant body design 

and surface topography. For this purpose descriptions from  
a thorough specialized literature review were correlated 
with the morphometric data obtained in this study. 

There is a competition between ceramics and titanium 
as dental implant materials (R.B. OSMAN and M.V. 
SWAIN [14]). It is well known that bioactive ceramics are 
integrated into bone metabolism and achieve a better 
physical-chemical connection with the bone (adhesion 
osteogenesis) (G.E. ROMANOS [15]). However, they 
provide future bone-implant contacts which are similar to 
bone-titanium implant contacts (G.E. ROMANOS [15]). 
These days, inert ceramics (oxide ceramics) are used for 
dental implants production, zirconium oxide (zirconia) 
being the most appreciated in this category (R.B. OSMAN 
and M.V. SWAIN [14]). Pure titanium and titanium alloys 
are commonly used as dental implant materials due to 
their excellent mechanical strength, chemical stability and 
biocompatibility (H. KIM & al [16]). Titanium biocom-
patibility is closely related to surface roughness, chemical 
treatment and surface characteristics (H. KIM & al  
[16]). Research also indicates similar osseointegration 
and biocompatibility for zirconium oxide and titanium 
implants (B. MÖLLER & al [17]). 

Pure titanium (unalloyed titanium) Grade II was 
decided to be used as dental implant material in our 
experimental studies. 

A threaded implant body design was selected for our 
experimental model. As Misch has described, implant 
threads have three primary functions: the maximization  
of initial fixation and bone contact, the enhancement of  
the functional area and the stress dissipation at the  
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bone-implant interface (C. MISCH [18], M.M. OSWAL  
& al [19]). Increased stability and stress-induced bone 
formation are also achieved by using threaded dental 
implants (M.M. OSWAL & al [19]).  

Although clinical evidence is unclear about the effects 

of the shape of dental implant threads on primary stability, 

the thread design may have an effect on primary stability in 

the case of low density bone. This effect was not described in 

the cases with high density bone (D.I. SĂLĂVĂSTRU [4]).  

In accordance with the results of our study, we 

decided that the experimental implant should have a 

progressive increase of the thread depth (lesser depth in 

the coronal portion and greater depth in the apical portion), 

rounded edge threads and 1.25 mm pitch. 

The influence of dental implant surface roughness on 

osseointegration has been demonstrated in vitro, as well as 

in vivo. Cell attachment, much better for rough surfaces, is 

correlated with a higher degree of synthesis of growth 

factors (K. KIESWETTER and Z. SCHWARTZ [20],  

D. BUSER & al [21]). Increasing complexity of the dental 

implant surface morphology influences integration, parti-

cularly at the trabecular bone level (M. WONG & al [22]). 

The implant surface topography and its impact on healing 

play an important role in terms of biological criteria that 

can guide the development of future tissue at the bone-

implant interface. Different research groups have shown 

that the biological response can be influenced by the 

implant surface modifications (C.M. STANFORD [23]),  

D. ARYA & al [24]). Altering our experimental implant 

surface topography was performed by sandblasting with 

200 μm aluminium oxide particles. 

Many experimental animal studies have been develo-

ped over the last decade, in order to increase long-term 

performance of dental implants (C. OGUNSALU & al [25], 

C. OGUNSALU & al  [26], K. KON & al [27]). 

On such experimental models, histopathological and 

immunohistochemical studies on autogenous bone grafts 

integration and bone, epithelium and connective tissue 

integration to dental implants can be further performed  

(V. NIMIGEAN & al [28], V. NIMIGEAN & al [29],  

V. NIMIGEAN & al [30]). Other experimental models 

were aimed at investigating the histological and immuno-

histochemical changes of pulp tissue exposed to different 

biomaterials (M.J. TUCULINA & al [31]). 

Experimental animal models may, however, be 

limited by scientific constraints in their applicability to 

the human species. Besides, the increased regulatory 

restrictions also limit to some extent the experimental 

animal models (A. KNIGHT [32], M. LEIST & al [33], 

W. LILIENBLUM & al [34]). 
 

Conclusions 

The benefits of experimental animal studies must  

be viewed with caution and should not be considered 

indispensable in the field of clinical research. Also, these 

models should always be subordinated to well-defined 

scientific goals. 
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