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Abstract 
This research was conducted in order to create an animal experimental model which would 

allow the study of the integration of autogenous bone grafts used in implant dentistry. When the 

augmentation of the available bone is necessary, using mandibular autografts is the first choice, with 

specialised literature presenting numerous clinical situations which have benefitted from surgical 

treatment of bone quantity deficits.  

The material used in the study was represented by seven dried skulls of adult domestic dogs, Canis 

familiaris, which died by natural causes. In order to define the experimental model, we utilized two 

morphometric work methods, morphometry through CT (Computed Tomography) imaging, and 

morphometry performed directly on dried canine skulls. The measurements were performed in order to 

determine the dimensions of the mandibular and maxillary buccal cortical bones and the width of the 

alveolar processes.  

Both imaging and direct morphometry revealed that the thickness of the buccal alveolar compact and 

the width of the alveolar process were significantly larger in the posterior mandible than in the lateral 

maxillary region, on both the right and left sides. On the basis of the results, we established that the 

posterior region of the mandibular body should be the donor site, and the lateral region of the 

maxillary body should be the recipient site. The experimental model involved the creation of a 

maxillary bone defect and its augmentation with an autogenous mandibular bone graft. 

The present research is useful in order to select the adequate experimental model for a particular 

scientific purpose. 
 

Keywords: implant dentistry, alveolar bone bioactive capacity, biomaterial-driven bone 

regeneration 

 

Background 
This article proposes an animal experimental model, morphologically similar to the 

human maxilla and mandible, which enables the study of the integration of mandibular 

corticocancellous autografts applied in maxillary bone defects, and, later, the study of the 

epithelial and connective tissues integration to dental implants in grafted areas.   
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Introduction 
Using mandibular autografts is the most frequent alternative for the reconstruction of 

resorbed alveolar bone, in implant dentistry (A. POLL [1]).    

Recent scientific advances in the field of implant dentistry have enabled the 

development of new biotechnologies, especially bone regeneration techniques using 

biomaterials (A. POLL & al. [2]). Experimental animal models are useful in the evaluation of 

biologic behaviour of such materials and clinical success of the procedures, as in vitro models 

cannot replicate the complexity of the human anatomy.  

It would be ideal that an experimental model for the study of the integration of bone 

autografts to have, embryologically and morphologically, similar biological traits in the donor 

and recipient areas (A. POLL [1], S. ISAKSSON [3], B. KLINGE & al. [4]). 

Using animals with experimental and scientific purpose is quite an old scientific 

practice, which is still developing due to its advantages [5]). Also, the introduction and 

development of new biotechnologies and therapeutic devices necessitate the use of adequate 

animal models, which present bone healing and morphology similar to that of the human 

species (N. MARDAS & al. [6]). Most studies regarding the integration of bone autografts 

used in implant dentistry, had as an experimental model the calvarian bones (the parietal 

bones) of various animals, these experimental models being very easy to repeat (M.A.W. 

MERKX [7]).  

The experimental specimens used in such studies must be of a large enough size to 

allow for standard x-rays investigations, without other nearby anatomical structures 

overlapping. Also, these must be easily manoeuvred, have a known background, and well 

documented growth and development of the maxillo-mandibular structures. Thus, we have 

considered that a medium-sized domestic dog, Canis familiaris, is morphologically, 

volumetrically, and embryologically similar to the human model, and could meet these 

criteria (A. POLL [1]). 

Other research regarding the integration of bone grafts used in implant dentistry 

described different experimental models, such as the experimental model using a rabbit as 

specimen (B.K. ATIYA & al. [8]), the experimental model using a rat as specimen (P. KORN 

& al. [9], D.M. LEVY & al. [10]), the experimental model using a goat as a specimen (D. 

ZOU & al. [11]), the experimental model using a pig as a specimen (C. OGUNSALU & al. 

[12]), the experimental model using a cat as specimen (A.M. SILVA & al. [13]). 

The comparison of embryological development and morphological similarities in 

animals and humans is the basis for experimental studies. Even though the results of 

experimental studies cannot be transferred directly to the human species, the development of 

animal models in research means obtaining results with a high degree of relevance for human 

species (A. POLL [1]), X. STRUILLOU & al. [14], D.I. SALAVASTRU & al. [15]). 

Achieving such an experimental model represents a biotechnological procedure useful 

for the assessment of bioactive capacity of the alveolar bone of the maxilla and the mandible. 

 

Material and methods 
Following documentation through specialised literature, we established that the animal 

which would best meet the requirements of the adequate experimental models for our 

purpose, the study of the integration of autogenous bone grafts used in implant dentistry, is 

the domestic dog, Canis familiaris. Due to the anatomical configuration of the canine maxilla 

and mandible, as well as the direct accessibility, necessary for future surgical procedures, we 

decided that the maxillary lateral region and the posterior mandible were adequate 

anatomically, one as recipient and the other as donor sites. In the process of establishing the 

experimental model, the measurements focused on these areas.  
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Seven dried skulls of adult dogs, which died from natural causes, were used for the 

study. The research was organised and completed according to the legislation in force.  

The measurements were completed in order to determine the average dimensions of 

the maxillary and mandibular buccal bone plates, the average width of the maxillary and 

mandibular alveolar processes, and also to determine the nearby presence of anatomical 

obstacles like the maxillary sinus or the mandibular canal. 

In defining the experimental model, we established two methods of working, 

consisting of morphometric determinations through CT (Computed Tomography) imaging of 

dried canine skulls and morphometric determinations performed directly on dried canine 

skulls. 

Morphometry through CT imaging of dried canine skulls 

The measurements (in mm) of the thickness of the buccal bone plates and the width of 

the alveolar processes were completed through CT, in the lateral maxillary region and in the 

posterior mandible. Thus, three buccal-palatal sections were completed through the maxillary 

alveolar process, at the level of the first three premolars, on both the left and right sides, and 

in the mandible, three buccal-lingual sections were completed through the alveolar process at 

the level of the last premolar and at the level of the last two molars, on both the left and right 

sides. Overall, a total of 84 sections were completed, 42 in the maxilla and 42 in the mandible, 

21 on the right side and 21 on the left side. 

These sections were also analysed according to the presence of nearby anatomical 

elements (maxillary sinus and mandibular canal).   

The measurements were completed using the 6-slice configuration computed 

tomography scanner (Siemens Somatom 6 CT scanner), with a series of technical parameters, 

such as 0.85 pitch, 1.25 mm thickness of sections, 6x1 mm section collimation, 120 kV and 

45 mA. The width of the sections represents the real thickness of the reconstructed images. 

 

 
Figure 1. CT - coronal section through maxilla and mandible with  

the measurements of predetermined parameters. 

 

Morphometry performed directly on dried canine skulls 

The measurements and analyses were also completed on the seven dried canine skulls, 

which were sectioned, each maxilla having 6 bilateral buccal-palatal sections completed, at 

premolar level, obtaining, thus, a total of 84 sections, 42 on the right sides and 42 on the left 

sides. On the mandibles, 6 bilateral buccal-lingual sections were also completed, in the 

posterior region, at the level of the third and fourth premolars, the three molars and distal to 

the last molar, also obtaining a total of 84 sections, 42 on the right sides and 42 on the left 

sides. 

These sections were completed using Ø 40 mm abrasive diamond blades on the edge, 

attached to a mandrel, using a dental micromotor, at regular speed. 
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The maxillary and mandibular sections were measured with a digital Workzone 

calliper (Globaltronics GmbH, Singapore). 

 

 
 

Figure 2. Buccal-palatal sections through the maxillary alveolar process in the premolar region: 1 - 

thickness of the buccal bone plate; 2 - width of the alveolar process. 

 

 

 
 

Figure 3. Buccal-lingual section through the mandible, in the premolar region: 

1- thickness of the buccal bone plate; 2 - width of the alveolar process. 

 

The data obtained were statistically analysed using Stata MP/13 software package. 

The average was calculated, along with standard deviation (SD), standard error (SE), 95% 

confidence interval on the average (95% CI), median, minimum and maximum values. The 

data were compared with the Student’s t-test, which was used bilaterally, and the statistical 

significance threshold was established for p ≤ 0.05.  

 

Results 
The results obtained regarding measurements through CT imaging are presented in 

tables from 1 to 4, where N represents the number of sections. 
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Table 1. Thickness of the right buccal bone plate (mm).  

Bone region N Mean SD SE 95% CI Minimum Median Maximum 

Lateral maxilla 21 0.70 0.04 0.20 0.61-0.79 0.40 0.68 1.10 

Posterior mandible 21 1.73 0.04 0.19 1.64-1.82 1.50 1.70 2.20 

Student’s t-test, p < 0.0001 

 

Table 2. Thickness of the left buccal bone plate (mm). 

Bone region N Mean SD SE 95% CI Minimum Median Maximum 

Lateral maxilla  21 0.70 0.04 0.19 0.61-0.79 0.38 0.70 1.00 

Posterior mandible  21 1.69 0.04 0.19 1.60-1.78 1.50 1.70 2.10 

Student’s t-test, p < 0.0001  

 

Table 3. Width of the alveolar processes on the right side (mm). 

Bone region N Mean SD SE 95% CI Minimum Median Maximum 

Lateral maxilla  21 6.01 0.17 0.76 5.66-6.36 4.70 6.00 7.90 

Posterior mandible 21 7.77 0.22 1.02 7.30-8.23 5.90 7.60 10 

Student’s t-test, p < 0.0001 

 

Table 4. Width of the alveolar processes on the left side (mm). 

Bone region N Mean SD SE 95% CI Minimum Median Maximum 

Lateral maxilla  21 5.92 0.16 0.75 5.58-6.27 4.70 6.00 7.50 

Posterior mandible  21 7.79 0.20 0.91 7.38-8.20 5.90 7.60 9.50 

Student’s t-test, p < 0.0001 

   

The results obtained regarding direct morphometry on dried canine skulls are 

presented in tables from 5 to 8, where N represents the number of sections.  

 
Table 5. Thickness of the right buccal bone plate (mm). 

Bone region N Mean SD SE 95% CI Minimum Median Maximum 

Lateral maxilla  42 0.77 0.03 0.19 0.71-0.82 0.39 0.77 1.1 

Posterior mandible  42 2.01 0.05 0.33 1.91-2.11 1.6 1.9 3 

Student’s t-test, p < 0.0001                      

 

Table 6. Thickness of the left buccal bone plate (mm). 

Bone region N Mean SD SE 95% CI Minimum Median Maximum 

Lateral maxilla 42 0.76 0.03 0.20 0.69-0.82 0.35 0.765 1.15 

Posterior mandible 42 1.98 0.06 0.37 1.86-2.10 1.60 1.85 3.10 

Student’s t-test, p < 0.0001 

 

Table 7. Width of the alveolar processes on the right side (mm). 

Bone region N Mean SD SE 95% CI Minimum Median Maximum 

Lateral maxilla 42 5.77 0.10 0.65 5.57-5.98 4.8 5.775 7.25 

Posterior mandible 42 9.52 0.29 1.88 8.93-10.11 7 8.80 14 

Student’s t-test, p < 0.0001                      

 

Table 8. Width of the alveolar processes on the left side (mm). 

Bone region N Mean SD SE 95% CI Minimum Median Maximum 

Lateral maxilla 42 5.72 0.11 0.74 5.49-5.95 4.5 5.525 8 

Posterior mandible 42 9.49 0.29 1.89 8.9-10.07 6.7 9 13.5 

Student’s t-test, p < 0.0001                       
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Discussion 
No significant statistical differences were found both through direct and imaging 

morphometrics, regarding the thickness of the buccal bone plate in the target studied areas 

(anterior, medial or posterior) of the same specimen. The minimum thickness of the maxillary 

buccal bone plate was 0.35 mm, and the maximum thickness was 1.15 mm.    

The width of the alveolar process expanded towards the posterior extremity of the 

target area. The minimum determined width of the maxillary alveolar process, in the 

predetermined area, was 4.50 mm, the maximum determined width was 8.00 mm, and the 

maxillary sinus (anatomical obstacle for implants placement) was located at a certain distance 

to the alveolar process. Similar results were also found in other morphometric studies (D.I. 

SALAVASTRU & al. [15], V. NIMIGEAN & al. [16]). 

In the posterior mandible, there were significant dimensional differences regarding the 

thickness of the buccal bone plate, it becoming thicker towards the posterior, so that, distal to 

the penultimate molar, it had its greatest thickness, 3.10 mm, with the smallest thickness in 

the anterior region of the predetermined target area, 1.50 mm. The minimum width of the 

mandibular alveolar process, in the predetermined area, was 5.90 mm, and the maximum 

width was 14.00 mm. The mandibular canal was situated close to the buccal bone plate, and at 

0.0-3.5 mm to the dental apices, distance which grew progressively from the molar region to 

the premolar region, on a similar trajectory to that found in humans. The fundamental 

difference between the two species regarding the trajectory of the mandibular canal in the 

posterior region of the mandibular body is that in the canine species, the mandibular canal is 

located near the buccal bone plate, whereas in humans, it is situated near the lingual bone 

plate, which could mean that this canal is an anatomic obstacle, deserving of special attention 

during bone graft harvesting in this region. 

From a statistical perspective, both through imaging, and through direct morphometry, 

the thickness of the buccal bone plate was significantly greater in the posterior mandible 

compared to the lateral maxillary area, on both the right and left sides (p < 0.0001).   

Also, from a statistical perspective, both through imaging and through direct 

morphometry, the width of the alveolar process was significantly greater in the posterior 

mandible compared to the lateral maxillary area, on both the right and left sides (p < 0.0001).   

Correlating the results obtained, we established the posterior mandibular body as 

being the donor region, and the lateral region of the maxillary body, corresponding to the 

alveolar portion of the second or third maxillary premolars, as being the receiving region. 

Thus, we completed a canine experimental model to study the use of a mandibular autogenous 

graft for the augmentation of a maxillary bone defect. 

What is more, other authors used in their studies canine experimental models in order 

to study bone regeneration in the case of autografts applied at the maxillary level (N. 

POUREBRAHIM & al. [17], A. ORYAN & al. [18]). 

In the last decade many experimental studies on animal models were developed in 

order to increase the long-term performances of dental implants. These studies have shown 

that larger segments of bone autografts ensure a better conservation of bone volume and 

maintain bone height eight weeks after being applied (C. OGUNSALU & al. [19], C. 

OGUNSALU & al. [20], K. KON & al. [21]). 

Unfortunately, there are no precise regulations between scientists regarding the basis 

of experimental research. The only criterion for the choice of a certain experimental research 

topic is its relevance, which cannot, however be judged in the short-term. A concept to 

systematically assess the relevance of the in vitro tests must be developed in order to increase 

quality and to finally achieve an evidence-based biomedical research (F.P. GRUBER and T. 

HARTUNG [22]).  
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Animal experimental models can be limited by scientific constraints regarding 

applicability to the human species, and due to the increase of regulation restrictions (A. 

KNIGHT [23], M. LEIST & al. [24], W. LILIENBLUM & al. [25]). 

It may be recommendable that requests for animal experimentation take into 

consideration the differences between species, and include detailed arguments regarding the 

necessity of their completion. Also, prior to approval, the authorities should have the right to 

request the modification of the experimental protocol, for example, regarding the study design 

or the number of specimens (M. FOSTER and M. BRADDOCK [26], S.C. SARTORETTO & 

al. [27]). 

 

Conclusions 
There are studies that gravely undermined the hypothesis which proved that animal 

experimental models are irreplaceable for the progress of clinical research. However, 

overestimation of the clinical benefits of experimental research could be an error. 

The canine experimental model can be considered appropriate for the assessment of 

the integration of biomaterials used for bone regeneration in implant dentistry.  

This study should help researchers in the field select the most adequate experimental 

model for each scientific purpose.   
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