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PREFACE 
 

 

This book provides new research on computed tomography. Chapter One 

presents strategies for computer-aided designing of surgical guides for dental 

implant procedures based on cone beam computed tomography (CBCT). 

Chapter Two gives an in depth analysis of using CBCT in anatomic variations 

of the mandibular canal and the mental foramen. Chapter Three discusses the 

use of CBCT for an accurate analysis of the nasopalatine canal. Chapter Four 

reviews the use of CBCT to assess morphometric characteristics of the greater 

palatine canal. Chapter Five reviews and discusses the application of state-of-

art content based image retrieval schemes in pathological risk analysis of lung 

computed tomography images. 

Chapter 1 – Reconstruction of missing teeth with dental implants is a 

frequently used procedure in the rehabilitation of the stomatognathic system. 

An important factor in the success of the therapy, is proper planning of the 

implant position in the alveolar bone using three-dimensional imaging. The 

transfer of the planned position of the implants in the patient’s mouth during 

surgery is a difficult stage in the procedure. This chapter presents the design 

strategies for surgical guides based on CBCT and scans of the intraoral 

situation. The use of these guides during surgical procedures helps to carry out 

the implant placement in a predictable, fast and minimally invasive manner. It 

also helps to increase the predictability and safety of the treatment, to reduce 

pain and to shorten the recovery time after surgery. 

Chapter 2 – Cone beam computed tomography (CBCT) is increasingly 

being used as a diagnostic tool in dentistry, especially in the field of oral 

surgery. Its high resolution three dimensional images reveal anatomic 

structures more clearly. 
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The mandibular canal hosts the inferior alveolar nerve and vessels, which 

are critical anatomic structures for surgical procedures. The mandibular canal 

in several cases doesn’t appear uniformly as a single canal, it may present 

various branching patterns. These bifid mandibular canals must be taken into 

consideration to avoid clinical complications.  

A number of classifications have been developed on anatomic and 

panoramic radiography surveys. However, the true incidence of bifid 

mandibular canal is underestimated on panoramic images due to the two-

dimensional nature of panoramic radiography. The overlap of anatomic 

structures such as soft palate, airway, milohioid groove, and submandibular 

fossa may interfere with the visualization of these neurovascular bifid canals. 

Also, the buccolingual type of canals may be missed on panoramic images, but 

can be easily identified on CBCT images. CBCT allows for better depiction of 

small vascular canals regardless trabecular pattern.  

The mental foramen is a bilateral opening in the anterolateral region of the 

mandible through which the mental nerve emerges. The mental nerve 

represents one of the terminal branches of the inferior alveolar nerve, and 

supplies the lower lip, cheeks, chin, and the vestibular gingiva of mandibular 

incisors. Although the mental foramen is one of the most important 

neurovascular landmarks in the anterior mandible, its identification is not 

always possible using panoramic radiographs. The visualization on panoramic 

images is influenced by mental foramen size, trabecular pattern, mental 

foramen emergence, and patient’s age. However, a CBCT image improves 

mental foramen depiction, offering advantages over two-dimensional 

radiological images. 

The mental foramen usually remains as a single structure, however in 

some cases, the mental nerve branches before exiting the mandible originating 

small foramina in the area surrounding the mental foramen known as 

accessory mental foramina. This anatomic landmark is not rare, it has been 

reported a rate of occurrence up to 20% in CBCT studies, and its position is 

crucial for surgical procedures involving this region, such as surgical 

rehabilitation after mandibular trauma, bone harvesting from the chin, root 

resection of mandibular premolars, and particularly for dental implants 

placement.  

An accessory mental foramen located above the mental foramen directly 

affects the treatment planning using dental implants, since their position may 

limit surgical procedures. This was found in up to 4% of the population, which 

means it is necessary to consider these accessory foramina to the main mental 

foramen. An accessory mental foramen located closely to the apex of the 
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lower teeth can simulate false periapical pathology. By using the CBCT, 

continuity with the mandibular canal can be easily identified which avoids 

unnecessary damage. Therefore, a CBCT image examination may be a very 

important aid before surgical treatments in the mandible. 

Chapter 3 – The nasopalatine canal is an anatomic limitation that 

interferes with implant placement when ridge resorption is present. The 

nasopalatine canal is connected to the nasal cavity through the foramina of 

Stenson, and to the oral cavity through the incisive foramen. The nasopalatine 

canal contains the terminal branch of the descending nasopalatine artery and 

the nasopalatine nerve. Due to nasopalatine canal anatomy being highly 

variable, for dental implant treatment planning and placement, a precise 

anatomic description is necessary. 

The critical region anterior to the nasopalatine canal is defined as an 

anatomic area that should not invaded surgically, to avoid neurovascular 

complications and failure of implant osseointegration. Due to bone ridge 

resorption after tooth loss, the nasopalatine canal can occupy up to 58% of 

buccal plate width, the area available for implant placement. This critical 

region may be evaluated with accuracy three dimensionally using cone beam 

computed tomography (CBCT) to ensure proper implant position. 

This chapter shows the morphometric characteristics of the nasopalatine 

canal, the nasopalatine angle, the dimensions of the buccal bone plate, and the 

palatal bone plate relative to the nasopalatine canal. This description is based 

on the analysis of three anatomic planes by CBCT. 

Chapter 4 – Lorem ipsum dolor sit amet, consectetuer adipiscing elit. 

Maecenas porttitor congue massa. Fusce posuere, magna sed pulvinar ultricies, 

purus lectus malesuada libero, sit amet commodo magna eros quis urna. Nunc 

viverra imperdiet enim. Fusce est. Vivamus a tellus. Pellentesque habitant 

morbi tristique senectus et netus et malesuada fames ac turpis egestas. Proin 

pharetra nonummy pede. Mauris et orci. Cone Beam Computed Tomography 

(CBCT) is a useful tool for evaluating the greater palatine canal 

morphometrically on the three anatomic planes. The greater palatine canal is 

located in a critical anatomic area and has a great clinical relevance. The 

pterygopalatine fossa is connected to the oral cavity by the greater palatine 

canal. The pterygopalatine fossa contains the maxillary nerve, the maxillary 

artery, the venous rami and the pterygopalatine ganglion. The palatine nerves 

descend since pterygopalatine fossa through the greater palatine canal. The 

greater palatine nerve emerges on the palate through the greater palatine 

foramen and the lesser palatine nerves emerge through the lesser palatine 

foramina. The position of the greater palatine foramen is of great interest to 
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dentists, maxillofacial surgeons and otolaryngologists for anesthetic purposes, 

and also for obtaining connective tissue grafts for periodontal purposes. The 

greater palatine canal allows blocking of the maxillary nerve and therefore 

allows anesthesia of the sinus, the maxillary teeth, the tissue palatal and the 

nasal region. Due to the greater palatine foramen being hidden by palatal 

mucosa thickness, a clinical and radiological location is necessary for 

treatment planning of several oral surgical procedures. CBCT images of the 

greater palatine foramen describe the dimensions and position of each greater 

palatine foramen with respect to different landmarks. An exact location of the 

greater palatine foramen is necessary to avoid damaging the greater palatine 

neurovascular bundle. Morphometric classifications of the greater palatine 

canal are important to applying anesthesia correctly and to avoid hemorrhagic 

risks. It is necessary to keep in mind that the greater palatine canal is a bone 

structure with numerous morpho-anatomical variations. The anatomy of the 

greater palatine canal can be a limiting factor in the block of the maxillary 

nerve. Nowadays, CBCT images provide an exhaustive anatomic description 

of the greater palatine foramen and the greater palatine canal in the axial, 

sagittal and coronal slices. 

Chapter 5 – Lung cancer is one of the most concerned diseases around the 

world. Generally, its mortality is very high because the malignant tissue of 

lung cannot be checked out timely. Once cancerous cells in pulmonary 

parenchyma are detected in the early stage, the cure rate can be enhanced. A 

large collection of high resolution computed tomography (CT) images and 

their diagnostic information make it possible to analyze a new suspected case 

based on these historical data using data mining technologies. Although lung 

CT images provide us much valuable pathological information about 

cancerization,it is tough to extract and utilize it directly due to its irregularity 

in content. Thus, applying the current content based image retrieval (CBIR) 

schemes to assess a medical image can produce an exciting and promising 

effect. In this chapter, we will review and discuss the application of the state-

of-art CBIR schemes in pathological risk analysis of lung CT images. 
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ABSTRACT 
 

Reconstruction of missing teeth with dental implants is a frequently 

used procedure in the rehabilitation of the stomatognathic system. An 

important factor in the success of the therapy, is proper planning of the 

implant position in the alveolar bone using three-dimensional imaging. 

The transfer of the planned position of the implants in the patient’s mouth 

during surgery is a difficult stage in the procedure. This chapter presents 

the design strategies for surgical guides based on CBCT and scans of the 

intraoral situation. The use of these guides during surgical procedures 

helps to carry out the implant placement in a predictable, fast and 

minimally invasive manner. It also helps to increase the predictability and 
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safety of the treatment, to reduce pain and to shorten the recovery time 

after surgery. 

 

Keywords: surgical guides, guided surgery, dental implants, cone beam 

computed tomography 

 

 

INTRODUCTION 

Implantoprosthetic treatment is becoming a very popular form of 

treatment for patients with missing teeth (Bornstein et al., 2008). Traditional 

prostheses replace only the occlusal surface or an anatomical crown of the lost 

teeth (Silveira Rodrigues et al., 2013). In these prosthetic appliances, the 

transmission of occlusal forces take place through the oral mucosa or 

periodontium of the remaining teeth (Bornstein et al., 2008). Thus, 

transmission of the chewing forces in traditional prosthetic restorations is 

carried out in a non-physiological manner. This is because soft tissues are not 

adapted to transfer the chewing forces. Loading the oral soft tissues with 

dentures which carry on repeated bite load, often leads to micro-injuries, 

inflammations, fungal, bacterial and viral infections. In addition, the mucosa, 

when subjected to occlusal loads, undergoes involution and thinning due to 

compression of blood vessels. The mucosal load gets deeper into the alveolar 

bone and the process may lead to bone loss and consequently, deficits of the 

prosthetic field. It should be noted that the prostheses supported by the oral 

mucosa are mobile and must be removed by the patient at least for hygienic 

procedures. Such prostheses are perceived as uncomfortable and awkward in 

many cases (Silveira Rodrigues et al., 2013). Prosthetic restorations supported 

by periodontium of the remaining dentition also lead to non-physiological 

loading as a result of occlusal loading. This may lead to some degree of 

overload of the teeth and consequently, loosening and loss. Prostheses 

supported by periodontium are often fixed, that is, attached permanently to the 

residual dentition of the patient (Silveira Rodrigues et al., 2013). They cannot 

be taken out of the mouth by the patient. In addition to the adverse impact on 

the residual dentition, fixed dentures cannot be modified and expanded in most 

cases. The prosthesis must be manufactured again; this is time-consuming and 

it involves expensive treatment procedures. 

The major solutions in reconstructive dentistry which, in addition to 

restoring the lost tooth crown also rebuilds its root, are implantoprosthetic 

restorations (Ramos et al., 2015). The basic element in these reconstructions is 
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the dental implant. It is an element in the shape of a cylinder or a cone with a 

threaded surface which is placed in the alveolar bone. This element is made of 

a biocompatible material, which nowadays in most cases is either titanium or 

an alloy of titanium, aluminum and vanadium. Zirconium dioxide is also often 

used in modern dentistry. Biocompatibility of the materials means that the 

human body does not recognize the material that make up the appliances and 

therefore treats it as a foreign body. It does not trigger a cascade of immune 

mechanisms that are responsible for the rejection of the implanted material. 

Thus, the alveolar bone heals around a dental implant in an undisturbed way. 

This leads to a fully functional connection between the bone and the implant. 

This process is called osseointegration (Javed and Romanos, 2010; Heinemann 

et al., 2015). The prerequisite for the process of osteointegration, is a 

minimum of 1mm thickness of the bone around the implant (Javed and 

Romanos, 2010). Therefore, it is extremely important to choose the correct 

location for the placement of the implant. In cases of alveolar bone deficits, it 

is necessary to carry out additional procedures aimed at augmenting the 

alveolar bone and restoring the place to host the implant (Malara, 2013). 

The dental implant is an artificial tooth root, through which occlusal 

forces are transferred to the alveolar bone. An implant abutment is attached to 

the implant. It is a part that passes through the alveolar mucosa and enables 

attachment to the prosthetic suprastructure. There are many types of prosthetic 

superstructures. These may include crowns or bridges and overdentures. 

It should be noted that the biomechanics of dental implants is not 

completely identical with the natural biomechanics of the teeth (Ramos et al., 

2015). In the case of natural teeth, there is no direct connection between the 

bone and the surface of the root. Between these two structures, there is an 

intermediary tissue called periodontium. Periodontal membrane absorbs 

occlusal forces and can regulate the masticatory muscle activity in the 

feedback mechanism due to the presence of proprioreceptors. Hence, the load 

is transmitted to the teeth. In the case of implants, there is a direct connection 

between the bone and the implant and there is no connective tissue with 

proprioreceptors between the two layers. Therefore, there is no mechanism 

that regulates the chewing forces and no tissue to cushion these forces. Thus, 

the implantoprosthetic restorations may be exposed to an overload of occlusal 

forces (Silveira Rodrigues et al., 2013). 

As stated above, the existence of a layer of the bone surrounding the 

implant with a minimum thickness of 1mm is a prerequisite for osseo-

integration at the implantation site. Furthermore, it is very important to place 

the implant at a site and avoid damaging the neighbouring anatomical 
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structures. This mainly affects the inferior alveolar nerve in the mandible. A 

damage to the nerve leads to unpleasant sensory disorders in the lower lip. For 

the maxilla, attention must be paid to the location of maxillary sinus and the 

floor of the nasal cavity. Failure to maintain an appropriate distance from these 

structures may cause perforation, inflammation and functional disorders (Liaw 

et al., 2015). 

A classic approach to determining the location for implant placement 

involves the execution of two-dimensional images of the jaw bones. The 

images are primarily panoramic x-rays, which are a summation of the 

visualized curved jaw bone structures on the plane. They allow an assessment 

of the vertical dimension available in the alveolar bone. It is possible to 

perform the measurements of the distance from the top of the alveolar ridge to 

the floor of the maxillary sinus, the floor of the nasal cavity and the inferior 

alveolar nerve canal (Dreiseidler et al., 2009). These measurements must be 

supplemented by intraoral measurement of the width of the alveolar process at 

the site of implantation. The measurement is done by subtracting from the total 

width of the alveolar ridge and the thickness of the mucous membrane 

covering the bone at the place (Perez et al., 2005). In order to perform these 

measurements, it is necessary to obtain the plaster model of the jaw, which is 

cut in width at the site of the planned implant placement (Figure 1). Then, it is 

necessary to create a template on which the sites of thickness measurements 

are marked. Oral mucosa is anesthetized and a previously formed template is 

introduced to the oral cavity. Then, at the respective measuring points the 

mucosa is pierced with a sharp probe until it reaches the surface of the bone 

(Figure 2). The readings of the thickness of the mucosa is transferred to the 

cross-section of the cast which makes the plotting of a cross-sectional outline 

of the bone possible (Figure 3). It should be noted that this study is relatively 

invasive, time consuming and subject to measurement error. 

Implantological assessment most times requires the use of computed 

tomography to check the three-dimensional anatomy of the alveolar process 

before implant placement procedures (DeVos et al., 2009). For dental imaging, 

cone beam computed tomography (CBCT) is commonly used. The three-

dimensional tomographic examination makes it possible to measure the 

available alveolar bone in vertical and transversal dimensions without 

additional clinical procedures (Cyganek and Siebert, 2009). 
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Figure 1. The plaster model of the jaw is cut in width at the site of the planned implant 

placement. 

 

Figure 2. The mucosa is pierced with a sharp probe until it reaches the surface of the 

bone at the respective measuring points. 

 

Figure 3. The readings of the thickness of the mucosa are transferred to the cross-

section of the cast which allows plotting a cross-sectional outline of the bone. 
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With the development of modern imaging techniques, there has been a 

change in the approach to implantological treatment planning. In the past, it 

involved placing the implants at the most surgically suitable position of  

the alveolar process. That is, at places where there was sufficient volume  

of bone tissue. This approach was called “surgically-driven implantology”. 

Unfortunately, in many cases, this approach turned out wrong from the 

perspective of a prosthetic suprastructure. Therefore, the present approach is 

applied to the reverse. First, the future design of the prosthetic restoration is 

planned, and only then is the location and a number of the implants adjusted. 

This approach is called “prostetically-driven implantology” (Papaspyridacos  

et al., 2012). 

The planning of the restoration and position of the necessary implants are 

both performed virtually on the computer screen based on data from CBCT 

scans and the registered intraoral situation. The problem is to transfer the 

planned position of the implants to the patient’s mouth during surgery 

(Greenberg, 2015; Meloni et al., 2014; Giordano et al., 2012). One of the 

possible methods is the use of surgical guides - appliances which allow for 

accurate drilling during preparation of the implant bed in bone. The drill is 

conducted through special holes in the surgical guide. As a result, the implant 

is placed in the alveolar bone in a pre-planned position (Mora et al., 2014). 

The aim of this paper is to present strategies developed for designing 

surgical implant guides based on CBCT and scans of the intraoral situation. 

Strategies will be presented based on the real clinical case of a patient who has 

a significant deficit of alveolar bone previously subjected to augmentation 

procedures to improve the conditions for the implant placement. 

 

 

APPLICATION OF CAD/CAM TECHNOLOGY  

TO DESIGNING AND MANUFACTURING OF  

SURGICAL IMPLANT GUIDES 
 

The use of CAD/CAM technology makes it possible to produce a surgical 

guide that will not only allow the placement of the implants after the 

previously designed one on the basis of CBCT scans path, but also, function as 

a mock-up with the use of appropriate mounting screws - as immediate 

restoration. To do this, it is necessary to apply suitable materials which 

provide appropriate aesthetics of the whole appliance in the production 

process, and to ensure that the system that attaches the template to the 



Strategies for Computer-Aided Designing of Surgical Guides … 7 

previously introduced implants uses plugs to close the pilot drill holes 

(Henriques et al., 2012; Mugoni et al., 2015; Roht et al., 2016)). 

More time is taken to implement procedures for preparing a patient for the 

implantation procedure by carrying out early, routine CBCT examination. On 

the basis of CBCT, the bone anatomy can be assessed and the position of the 

implant may be planned together with the future design of the prosthetic 

suprastructure (Galanis et al., 2007). This way, common errors associated with 

the placement of dental implants outside the dental arch or at the place which 

makes it impossible to provide a satisfactory appearance of the whole 

prosthesis can be avoided. This procedure can be used both in cases of single 

tooth loss as well as multiple teeth or edentulous cases. 

Production of the surgical guide requires close collaboration between an 

engineer and a dentist in the area of: 

 

1. Designation of the areas of the alveolar process where dental implants 

can be placed from the clinical point of view. 

2. Determination of the planned design of the restoration at the end of 

the treatment and the paths along which the dental implants can be 

favourably introduced from aesthetic point of view (using teh mock-

up or traditional wax-up techniques). 

3. Manufacturing a three-dimensional model of the base of the alveolar 

bone based on CBCT. 

4. Combining the three-dimensional model of the alveolar bone with a 

three-dimensional model of the teeth and soft tissue in the oral cavity 

prepared on the basis of traditional intraoral impressions or a three-

dimensional scan taken directly in the mouth. 

5. Manufacturing the project of the restoration on the basis of a three-

dimensional model of teeth and soft tissue in the mouth 

6. Planning the placement of implants using a model created in point 4 

and the three-dimensional project of the restoration from point 5. 

7. Planning technological holes for guiding the pilot drill adjustment to 

the specific implant system. 

8. Designing the final surgical guide. 

9. Selection of the material from which the surgical guide will be made. 

10. Manufacturing of the guide with 3D printing or CAD/CAM 

technology. 
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The stages described above require close cooperation between an 

implantologist and a dental engineer. Only the cooperation of the entire team 

at every step of the surgical guide production can develop the optimal design, 

taking into account all aspects shown earlier. In everyday practice, the 

planning of implant treatment is often done solely on CBCT without using a 

design software to ensure optimal technical effects (for example sufficient 

length of the implant abutments) and aesthetics. The proposed strategy varies 

widely from everyday practice. The dentist plans the whole treatment and the 

dental technician is supposed to produce only the final prosthesis. This 

strategy is proposed to promote the team work between the dental engineer 

and the dentist. They would have to develop a surgical guide at the planning 

stage and collaborate closely with the clinician until the final restoration has 

been made. 

The dental engineer, using available engineering software is required to 

complete the following tasks: 

 

 correct creation of a 3D model of the alveolar bone based on CBCT 

 correct selection of parameters and generation of the model related 

properly to the model of soft tissue and teeth 

 verification of implant treatment plan presented by implantologist in 

terms of endurance of the planned restoration on the basis of available 

materials 

 verification of the correct location of the implants based on the 

combined two models: the model of alveolar bone and intraoral model 

 proper selection of material to prepare a guide 

 manufacturing of the guide based on CAD/CAM technology. 

 

The range of clinical tasks during the preparation of the surgical guide is 

limited to an assessment of the situation in the mouth and an assessment of the 

quality of the bone. Implantologist must ensure that the patient qualifies for an 

implant treatment and specify the scope restorative constructions (for example 

fixed or removable solutions with regard to the number of implants). 

Properly prepared surgical guides will accelerate the implantation 

procedure, reduce invasiveness, shorten recovery time of the patient and allow 

the preparation of the restoration without traditional impressions. In certain 

cases, it will also allow production of suprastructures for immediate implant 

loading. 
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CONVERSION OF DIGITAL IMAGING  

AND COMMUNICATIONS IN MEDICINE FORMAT 

TO STEREOLITHOGRAPHY FORMAT 
 

For the success of the whole procedure, it is extremely important to 

properly convert the data from CBCT stored in DICOM format (ang. Digital 

Imaging and Communications in Medicine) in the form of slices defined by 

the resolution of the CBCT machine (usually from 100 to 200 micrometers) to 

three-dimensional stereolithography format (STL) used in software design 

(CAD) and manufacturing (CAM) (Almog et al., 2001). 

It is also important to ensure proper quality of the CBCT scan. Due to 

limitations in the construction of detectors, the standard resolution of the 

CBCT machine oscillates within the range of 100-300 microns and in the case 

of imaging of the entire skull, it is up to 500 microns. As a result of the 

additional processing of the image in post-production, it is possible to achieve 

a greater resolution, but in most cases the image quality is poor. Resolution of 

200 micrometers is sufficient for diagnosis in almost every clinical case. The 

values of radiation that reach the detectors are processed to be displayed in 

grayscale using rays to pass the useful values (VOI LUT). They provide 

definitions of the data module, which matches the values stored in the software 

to those that are to be displayed on the monitor screen. 

Before creating the three-dimensional model, the DICOM format image 

must be filtered in order to select the processing area of  the bone where the 

implants should be placed. Filtration is carried out by analyzing the image 

histogram, which is a vector with the number of elements equal to the number 

of existing levels of brightness. Subsequent elements of the histogram hist (q) 

determine the cardinality of the pixel brightness q (Figures 4 and 5). A 

tomogram contains information describing the space in the shape of a cylinder 

of a certain size (in this case, it is a cylinder with a height of 4 cm and 6 cm in 

diameter). This contains data that describe the space around the patient as well 

as information about the soft tissues and about the bone, which is in the area of 

interest. After extracting the area of interest and performing a visual inspection 

of the displayed data, it is possible to generate three-dimensional model in a 

format stereolithography (STL). This is widely used in manufacturing 

procedures. Files saved in STL format describe the body as a triangular mesh 

with a predefined deviation, which should be less than the minimum precision 

of the milling machine used to produce the final product. 
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Figure 4. A 3-D image of the bone achieved by manual adjustment of the histogram 

under visual control. 

 

Figure 5. A histogram scale used for the reconstruction of a 3D image of the bone. 

An important issue related to combining the model of the bone in STL 

format and the intraoral situation registered by traditional impressions or an 

intraoral digital scan is to provide the appropriate reference points which will 

allow proper combination of these two models. This is a step which requires 

some technical and clinical expertise. 

 

 

STRATEGIES FOR DESIGNING THE SURGICAL GUIDES 
 

It is possible to distinguish two methods of combining the model of the 

alveolar bone (Figure 6) from the model of intraoral situation (Figure 7) using: 
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1. Geometrical external markers. 

2. Integrated internal markers. 

 

 

Figure 6. Model of the alveolar bone achieved from CBCT. 

 

Figure 7. Model of the intraoral situation achieved from digital intraoral scans. 

The first method involves the use of physical geometrical markers 

(minimum of 3), which need to be installed on the oral mucosa (Figure 8) or 

teeth adjacent the area of implantation using a temporary cement or gutta-

percha before taking CBCT images (Figure 9). The markers need to be 

scanned at the same time in the oral cavity. During the combination process, 

the markers enable proper superimposition of the images. It is important that 

both CBCT and the intraoral scans are taken nearly at the same time, because 

even the smallest shift of the markers’ position will affect the accuracy of 

mapping.  
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Figure 8. Markers visible on the STL model of the bone. 

  

Figure 9. Markers visible on the model of the intraoral situation. 

Also, it is advisable to use intraoral scans instead of traditional 

impressions. By doing so, it will be possible to scan the markers intraorally. 

The markers can also be placed on the plaster models. However, in this case, 

the risk of error is greater. The most important issue is to ensure that the 

markers remain in the impression mass, so that the same physical markers may 

be placed on the model. This is necessary because of the relatively low 

accuracy when mapping the cast sharp edges, especially at the stage of 

releasing the plaster model from the impression material. Thus, the models can 

be connected virtually to the images obtained from CBCT. 

The other method is based on the use of characteristic points of reference 

located on the model of the bone and also the model of the intraoral situation. 

A dental engineer must determine these points at the beginning of the 

procedure. If there is a patient with residual dentition, this procedure requires 

selecting characteristic points of the teeth adjacent to the implant area that is 

clearly visible on both sides of the area for the planned implantation. Points 

that are at some distance to the implantation area which will serve as the 

reference points have to be determined. For the upper teeth, a good reference 

point is the middle point of torus palatinus as it is covered with a very thin 

layer of soft tissue (Figure 10) - basically with negligible thickness - which 
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allows for precise positioning of both models along the lines defined by the 

anatomical structure. This solution is specially recommended for restorations 

of edentulism where there is no possibility of finding other markers. In the 

case of the lower teeth, this method is impossible. The designer must look for 

areas where the mucosa is very thin. It is usually where the patient has had no 

teeth for many years. It is also possible to use the areas that have been 

subjected to load and exerted by removable dentures. If the areas fulfilling the 

criteria described above cannot be found, it is necessary to use the first 

method. For the second method, it is is very important that the designer has 

some experience in finding proper reference points. At the same time, the 

model of the bone must include a merger of the soft tissue and the hard tissue.  

The models with visible markers prepared in the way described above 

should be superimposed with the use of designing software. This is going to be 

the digital master cast on which the prosthetic suprastructure as well as the 

surgical guide will be designed. 

The designing process must start with the determination of the position of 

the upper (maxillary) and the lower (mandibular) models in the central 

occlusion position. Then, the shape of the dental arch (Figure 11) and the 

shape of the artificial teeth (Figure 12) are designed. The relation of the teeth 

against the opposing dentition must be checked (Figure 13). At this stage, 

consideration should be given to the characteristics of the material from which 

the final restoration will be made so as to not to reach the minimum thickness 

and be made permanent. 

 

 

Figure 10. Reference points along torus palatinus at the area of very thin mucosa 

covering the bone. 
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Figure 11. The shape of the dental arch has been planned. 

 

Figure 12. The number and the shape of the teeth have been planned. 

 

Figure 13. The occlusion has been checked against the opposing dentition. 
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The designer must also decide whether it is necessary to restore the soft 

tissue and teeth, or just the teeth, as well as specify the intended size and shape 

of the teeth. At the same time, how the final prosthesis is going to be attached 

to the implants must be decided. There are options of screw-retained 

suprastructures or cemented suprastructures. In the case of screw-retained 

suprastructures, it is necessary to plan the placement of implants so that they 

would be parallel to one another. In the case of the bone deficit, it is possible 

to apply screw-retained suprastructures. The last solution is the use of special 

mounting screws to allow the angled transmission of forces. Such a solution, 

however, requires the use of special switches with a larger diameter that 

cannot always be applied. The decision on fixing the final suprastructure 

should be taken on the basis of the possibility of implantation in each case at 

the stage of preparing the surgical guide. 

Having checked the proper design of the arch and the shape of the teeth, 

the designer may proceed to plan the location of the implants in the bone in 

such a way that they are directly underneath the artificial teeth of the 

suprastructure (Figures 14 and 15). At the same time, all the implants must be 

fully engaged in the alveolar bone (Figure 16). Here, it is important to position 

the implant within a safe distance between the edge of the bone and the vital 

anatomical structures. This margin should be about 1.5mm, and the distance 

between the implants should be at least 2mm. Violation of these parameters 

can take place only with the approval of the implantologist. 

The last step during preparation of the surgical guide is to design tunnels 

for a pilot drill which will help in finding the proper position during the 

implant bed preparation. The tunnel makes it easy to perform osteotomies for 

the implants at the pre-planned angles and the required depth. For this purpose, 

the implant system must be determined before designing the surgical guide. 

 

 

Figure 14. Position of the implants has been planned on the model of the intraoral 

situation. 
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Figure 15. The position of the implants has been checked in accordance to the position 

of the artificial teeth. 

 

Figure 16. The full engagement of the implants in the bone has been checked on the 

virtual model created on the basis of CBCT. 

The surgical guide can play three roles. The first and most important is 

that it makes it possible to perform the implantation in very difficult cases. The 

second role is that it gives the patient an idea about the desired effect of 

treatment at the beginning of the treatment process. With some adjustments, 

the surgical guide may also be used as a provisional suprastructure. The 

tunnels for drills must be covered with acrylic material. 

The final task for the designer is to choose the material from which the 

surgical guide will be made. Generally, two materials are available. The first is 

poly(methyl methacrylate) (PMMA) (Figures 17 and 18). In this case, the 

tunnels for the drill must be covered with steel sleeves with the diameter 

corresponding to the chosen implant system. The other option is to make the 

surgical guide from zirconia. The second solution allows the manufacturing of 

the surgical guide as a monoblock, with minimal risk of contamination of the 
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tunnels for drills with chips produced as a result of accidental touching the 

walls of the guide with drill. This solution also helps to provide greater 

accuracy and better shape tiny details on the guide. Zirconia surgical guide 

after painting and coating with glaze can be used as a temporary bridge. To 

use the PMMA guide as a bridge, it is necessary to replace the metal sleeves 

for drills with acryllic plugs. 

It is also possible to manufacture the guides from chrome cobalt alloys or 

titanium alloys (Henriques et al., 2012; Mugoni et al., 2015). In this case, the 

guide can be used as a temporary or even permanent bridge. However, it is 

time consuming and more complex than manufacturing the surgical guides 

from PMMA or zirconia. 

 

 

Figure 17. Milling proces of the surgical guide made from PMMA. 

 

Figure 18. The surgical guide made of PMMA after milling and finishing process. 
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CONCLUSION 
 

Computer-aided design of surgical guides based on CBCT scans is an 

efficient method that improves the effectiveness of implant placement 

procedures. This method reduces the time required for preoperative diagnosis. 

It also allows the introduction of implants in accordance with the pre-planned 

position in a predictable manner and in accordance with the requirements of 

the prosthetic superstructure. With surgical guides, a surgical procedure can be 

carried out in a quick and minimally invasive manner. The use of surgical 

guides in most cases helps to avoid flap surgeries and minimize the 

postoperative morbidity. It also helps increase the safety of the procedure, 

minimize the risk of postoperative complications, reduce pain after surgery 

and shorten the recovery time. 
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ABSTRACT 
 

Cone beam computed tomography (CBCT) is increasingly being 

used as a diagnostic tool in dentistry, especially in the field of oral 

surgery. Its high resolution three dimensional images reveal anatomic 

structures more clearly.  

The mandibular canal hosts the inferior alveolar nerve and vessels, 

which are critical anatomic structures for surgical procedures. The 

mandibular canal in several cases doesn’t appear uniformly as a single 

canal, it may present various branching patterns. These bifid mandibular 

canals must be taken into consideration to avoid clinical complications.  

                                                           
* Corresponding author email: mariamercedes.suarez@usc.es 
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A number of classifications have been developed on anatomic and 

panoramic radiography surveys. However, the true incidence of bifid 

mandibular canal is underestimated on panoramic images due to the two-

dimensional nature of panoramic radiography. The overlap of anatomic 

structures such as soft palate, airway, milohioid groove, and 

submandibular fossa may interfere with the visualization of these 

neurovascular bifid canals. Also, the buccolingual type of canals may be 

missed on panoramic images, but can be easily identified on CBCT 

images. CBCT allows for better depiction of small vascular canals 

regardless trabecular pattern.  

The mental foramen is a bilateral opening in the anterolateral region 

of the mandible through which the mental nerve emerges. The mental 

nerve represents one of the terminal branches of the inferior alveolar 

nerve, and supplies the lower lip, cheeks, chin, and the vestibular gingiva 

of mandibular incisors. Although the mental foramen is one of the most 

important neurovascular landmarks in the anterior mandible, its 

identification is not always possible using panoramic radiographs. The 

visualization on panoramic images is influenced by mental foramen size, 

trabecular pattern, mental foramen emergence, and patient’s age. 

However, a CBCT image improves mental foramen depiction, offering 

advantages over two-dimensional radiological images. 

The mental foramen usually remains as a single structure, however in 

some cases, the mental nerve branches before exiting the mandible 

originating small foramina in the area surrounding the mental foramen 

known as accessory mental foramina. This anatomic landmark is not rare, 

it has been reported a rate of occurrence up to 20% in CBCT studies, and 

its position is crucial for surgical procedures involving this region, such 

as surgical rehabilitation after mandibular trauma, bone harvesting from 

the chin, root resection of mandibular premolars, and particularly for 

dental implants placement.  

An accessory mental foramen located above the mental foramen 

directly affects the treatment planning using dental implants, since their 

position may limit surgical procedures. This was found in up to 4% of the 

population, which means it is necessary to consider these accessory 

foramina to the main mental foramen. An accessory mental foramen 

located closely to the apex of the lower teeth can simulate false periapical 

pathology. By using the CBCT, continuity with the mandibular canal can 

be easily identified which avoids unnecessary damage. Therefore, a 

CBCT image examination may be a very important aid before surgical 

treatments in the mandible. 

 

Keywords: mandibular nerve, bifid mandibular canals, accessory mental 

foramen, mandibular anatomy, CBCT imaging, surgical planning 
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INTRODUCTION 
 

Cone beam computed tomography (CBCT) is increasingly being used as a 

diagnostic tool in dentistry, especially in the field of oral surgery. Its high 

resolution three- dimensional images reveal anatomic structures more clearly. 

Oral and maxillofacial two-dimensional images have several superimpositions. 

The overlap of anatomic structures such as soft palate, airway, mylohyoid 

groove, and submandibular fossa may interfere with the visualization of these 

neurovascular canals, so that fine structures can be identified to a limit extent. 

Other mandibular structures such as the presence of large mandibular tori, 

difficult the depiction of the mandibular canal by attenuating the cortical 

contrast of the mandibular canal [1]. During surgical treatment, the position of 

neurovascular structures is based on the surgeon´s capability for interpretation 

these images and the limits the recognition of individual anatomical variations. 

Oral surgeons are acquainted with normal neurovascular landmarks, however 

anatomical variation must be considered. These individual deviations are often 

present and may hamper surgical procedures.  

CBCT technology provides multiplanar reconstructions which allow 

identifying variations in anatomic structures better than 2D images. Size is an 

important factor for depiction of anatomic landmarks, and the volumetric 

CBCT data provides valuable sectional images which are essential in depicting 

fine anatomic landmarks. Also, CBCT scans may be analyzed by means of 

modern computed tomography software, then it may be possible a detailed 

dynamic study prior to surgeries. 

 

 

MANDIBULAR CANAL 
 

Anatomy 
 

The mandibular canal hosts the inferior alveolar nerve and vessels, which 

are critical structures for surgical procedures. The inferior alveolar nerve is the 

largest branch of the mandibular nerve. It runs through the infratemporal fossa 

before entering into the lower jaw through mandibular foramen. Then, it 

courses together with the inferior alveolar artery into the mandibular canal 

constituting the inferior neurovascular bundle. The inferior alveolar artery runs 

in a superior and lingual position inside the mandibular canal. It is exclusively 

situated bucally in the mandibular ramus. The inferior alveolar nerve is located 
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anterior and medial at the mandibular foramen in 60% of cases. Less often it is 

situated laterally (20%), posteriorly (10%) or, independently (10%) from the 

artery [2]. The mandibular canal gives off the following terminal branches: the 

mental nerve, the larger branch that emerges from the mental foramen, and the 

incisive nerve that continues inside the mandible to innervate the anterior teeth 

and gingiva. Anatomic dissections have revealed branches from the inferior 

alveolar nerve, arising high in the infratemporal fossae, and passing  

through one or various small foramina in the retromolar region supplying the 

mandibular molars, area denominated retromolar foramina. These foramina 

may also be the exit of mandibular branching originated in the mandibular 

ramus. The fibers passing through the retromolar foramen innervate part of the 

temporal and buccinators muscles, the retromolar trigone, the buccal mucosa, 

the buccal gingiva of molars and premolars, and the pulp of the third molar. 

Vessels from inferior alveolar artery have been identified coursing the 

retromolar foramen to get anastomosis with branches of the buccal and facial 

arteries [3, 4]. 

Other anatomic important variations for surgeries are the presence of an 

anterior loop, partial obliterations of the canal, and the presence of accessory 

mental foramina. The potential presence of these variations must be taken into 

consideration to avoid clinical complications. 

 

 

Figure 1. CBCT reconstructions of a mandible to identify the three-dimensional course 

of the mandibular canal. The mandibular canal is highlighted in cross-sectional and 

panoramic views (Planmeca Romexis Software®). 
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Mandibular Canal on CBCT 
 

Since its entering from the internal surface of the mandible, the 

mandibular canal appears as radiolucent duct which may courses downwards 

progressively, go ahead and down more sharply, or in a catenary curve form 

(Figure 1). It generally moves forward close to the mandibular lingual cortical 

surface. However, it may courses next to the buccal cortex in wide mandibles. 

This was observed in 6% of mandibles. The diameter of the canal ranges from 

2.6 mm to 4.3 mm [5-9].  

The mandibular canal is not identified in all panoramic radiographies. It 

has been reported that it is only recognized in 63% of cases, with a clear 

visibility in only 25% [10, 11]. The presence and position of the mandibular 

canal by panoramic radiographs can be considered presumptive, and their 

presence occasionally cannot be asserted firmly. The visibility of the 

mandibular canal on panoramic radiography is influenced by the degree of 

corticalization of the canal. The canal is better identified in the mental foramen 

region, and in the posterior mandibular region, next to the third mandibular 

molar, because the canal walls become denser in those areas. The mandibular 

canal is also better visualized in younger patients, and those presenting high 

bone densities. The CBCT is an important tool for proper identification of the 

mandibular canal in those areas where the canal has a poor corticalization, or 

showing low cancellous bone density. 

 

 

Bifid Mandibular Canals on CBCT 
 

The mandibular canal does not often appear uniformly as a single canal, 

due to an incomplete fusion during the embryologic development, then it may 

present various branching patterns. The mandibular canal may often give rise 

to medial, lateral, inferior and superior branches. Oliver [12] describes the 

mandibular canal as a single canal in only 60% of the mandibles, and with 

various branching patterns through its intraosseous course in the others. The 

bifid mandibular canal constitutes a relatively common anatomic variation in 

the population. CBCT studies provide rates up to 65%. However, the 

panoramic radiography reveals a very low prevalence of bifid mandibular 

canals, ranging from 0.08% to 16.8% (Table 1). The true incidence of bifid 

mandibular canal is underestimated on panoramic images due to the two-

dimensional nature of panoramic radiography. Also, it has been reported that 

only 45% of bifid canals present a complete corticalization, thereby hampering 
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its depiction on panoramic radiographs [13]. Compared to panoramic 

radiography, CBCT allows for better depiction of small vascular canals 

regardless trabecular pattern. 

 

Table 1. Review of the prevalence of the bifid mandibular canals, 

comparison between panoramic radiography and CBCT.  

The prevalence is higher in CBCT studies  

(n/d: no data analysis, no diff.: no statistical significant differences) 

 

Bifid mandibular canals (BMC) on panoramic radiography (PAN) 

 PAN 

(N)  

BMC 

prevalence 

(%) 

Gender Age 

Nortjé [14,15] (1977–

1978) (South Africa) 

3612 0.9% No diff. No diff. 

Durst and Snow[16] 

(1980) (USA) 

1024 8.3% n/d n/d 

Grover and Lorton 

[17] (1983) (USA) 

5000 0.08% 4 male / 0 

females 

n/d 

Langlais [18] (1985) 

(USA) 

6000 0.9% No diff. n/d 

0.01%(10s);0.21%(20s);

0.18%(30s); 

0.11%(40s);0.08%(50s);

0.01%(50s) 

Zografos [19] (1990) 

(Greek) 

700 0.4% No diff. n/d 

Sanchis [20] (2003) 

(Spain 

2012 0.3% >freq. 

women 

No diff. 

Bogdan[21] (2006) 

(Hungary) 

1000 0.2% No diff. n/d 

Kim [22] (2011) 

(South Korea) 

1000 0.03% n/d n/d 

Kashabah [23] (2013) 

(Syria) 

2400 0.9% No diff. n/d 

Neves [24] (2013) 

(Brazil)  

127 7.4% n/d n/d 

Kuczynski [25] 

(2014) (Brazil) 

3024 1.9% n/d n/d 

Muinelo-Lorenzo 

[26] (2014) (Spain) 

225 16.8% No diff. No diff. 

Kalantar [27] (2015) 

(Iran) 

5000 1.2% No diff. No diff. 
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Bifid mandibular canals on CBCT 

 CBCT

(N)  

BMC 

prevalence 

(%) 

Gender Age 

Yi [29] (2015) (China) 216 18%  n/d n/d 

Shen [13] (2014) 

(Taiwan) 

308 41.2% n/d n/d 

Rashsuren [9] (2014) 

(Korea) 

500 22.6% No diff. No diff. 

6.6%(20s);11.2%(30s); 

9.1%(40s);14.2%(50s);1

4.6%(60s) 

Leite [30] (2014) 

(Brazil) 

250 12% n/d n/d 

Muinelo-Lorenzo [26] 

(2014) (Spain) 

225 36.8% >freq. 

males 

No diff. 39.3%(<50s), 

33.6%(≥50s) 

Kang [31] (2014) 

(Korea) 

1933 10.2% No diff. No diff. 

Neves [24] (2014) 

(Brasil) 

127 9.8% n/d n/d 

Orhan [32] (2013) 

(Turkey) (children) 

63 42.8% n/d No diff. 

Fu [8] (2012) (Taiwan) 

(TC) 

173 30.6% >freq. 

males 

n/d 

de-Oliveira [33] 

(2012) (Belgium) 

100 19% No diff. No diff. 

Orhan [34] (2011) 

(Turkey) 

242 66.5% No diff. n/d 

Kuribayashi [35] 

(2010) (Japan) 

310 15.6% No diff. n/d 

Naitoh [36] (2009) 

(Japan) 

122 64.8% No diff. n/d 

 

A number of bifid mandibular canals classifications have been developed 

on anatomic and panoramic radiography studies. The most widely used 

classification on CBCT has been conducted by Naitoh [36]. Four types of bifid 

canals were determined (Figures 2-3): 

 

 Retromolar canal. The canal branches from the mandibular canal in 

the mandibular ramus, and courses upwards reaching the retromolar 

area. Retromolar area consists of a triangular depression, delimited 

medially by the temporal crest, and laterally by the anterior border of 

the mandibular ramus. The opening of the retromolar canal is 

denominated retromolar foramen.  
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 Anterior canal. It originates from the upper surface of the canal, and 

may confluence or not with the canal. 

 Dental canal. The bifurcation runs to the dental root of the third or 

second molar 

 Buccolingual canal. The bifid canal exits from the main canal in a 

lingual or buccal direction. 

 

The diameter of the bifid canals on cross-sectional slices varies from 1 to 

2.2 mm, approximately, and they reach 1 to 1.5 cm of length on sagittal slices 

[8, 9, 13, 31, 33, 34]. About 49% to 65% of bifid canals exceed half the 

diameter of the mandibular canal. Anterior and retromolar are the longest 

types of bifid canals. The confluence of the bifid canal and the mandibular 

canal originates an upper and a lower angle. The upper angle ranges, on 

average, from 120º to 150º, depending on the type of bifurcation. Because of 

their shape, anterior canals and retromolar canals have the highest and the 

lowest upper angle, respectively. The inferior angle is on average between 30º 

and 40º, and retromolar and anterior canals present the highest and the lowest 

inferior angles, respectively [13, 26, 34]. The most predominant types of 

bifurcation are retromolar and anterior canals, both accounts for 75% of 

bifurcations. 

 

 

Figure 2. Naitoh’s classification of bifid mandibular canals: 1 Retromolar canal. 2A 

Anterior canal with confluence. 2B Anterior canal without confluence. 3 Dental canal. 

4A,B Buccolingual canals. 
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Figure 3. Types of bifid mandibular canals: A Panoramic reconstruction showing a 

retromolar canal and an anterior canal arising from the retromolar canal in the right 

side. The left side also presents a retromolar canal. B Lingual canal on a cross-

sectional image from the mandibular ramus. C Sagittal reconstruction of a 

hemimandible with anterior canal showing confluence with the mandibular canal. D 

Sagittal reconstruction of a hemimandible with a dental canal to the molar apex (i-CAT 

Vision software®). 

The retromolar foramen is a structure that has been recently considered 

since it constitutes the entry of certain neurovascular structures in the 

mandible, apart from being the exit of bifid retromolar canals. It is commonly 

unilateral, with a size ranging from 1 to 2 mm. The prevalence of retromolar 

foramina on CBCT has been reported to be between 1.7% and 75.4% [35, 37]. 

 

 

Clinical Implications of Bifid Mandibular Canals  

and Retromolar Foramen 
 

Performing surgeries in the mandible implies to take into account the 

possible complications of the bifid canal lesion. The CBCT is a useful tool 

before any surgical procedures such as dental implant placement. The bifid 

canals may be localized in potential sites for implants placement, thus it could 

be injured during the drilling procedure. The implant position may be modified 

to avoid sensory disturbances or profuse bleedings. Also, it may increase the 

risk of peri-implant formation of fibrous tissue causing inadequate outcome in 

osseo-integration. The presence of retromolar canals must be considered 
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before bone harvesting from the mandibular ramus for augmentation 

procedures, and before the removal of third molar teeth. The retromolar area 

represents a donor region for bone harvesting, and the presence of bifid 

retromolar canals could difficult it. The retromolar foramen is pierced by 

nervous and vascular content which may be injured during the flap reflection. 

It is necessary to identify its course to avoid vascular and neural injuries. The 

presence of bifid dental canals also presents clinical importance during 

routinary procedures such as dental extractions and root canal treatment  

[9, 36]. 

CBCT analysis for mandibular fractures is very helpful for proper 

alignment of the mandibular canal. Also, it may reveal bifurcations of the 

mandibular canal. The presence of these bifurcations further complicated the 

proper positioning of the fragments. A thorough volumetric analysis must be 

conducted to identify possible bifurcations to avoid entrapment or 

impingement of the neurovascular canals during the fracture healing. 

In daily clinical practice, there are cases in which adequate anesthesia is 

not achieved using an inferior alveolar blockage. The presence of bifid 

mandibular canals, especially in the retromolar region, may be the reason for 

failing. The presence of a bifurcation should be considered when anaesthesia is 

reached in the ipsilateral lip and mental area, but no dental anaesthesia is 

achieved after inferior alveolar blockage. The CBCT allows identifying 

patients with bifurcations more clearly than panoramic radiography, helping us 

to perform alternative anaesthetic procedures, such as Akinosi and Gow Gates 

techniques. The presence of a retromolar canal may also be the cause of 

inadequate anesthesia in the retromolar and buccal mucosae.  

Patients with removable dentures can present important bone resorption in 

the retromolar area. In some cases, the prostheses may produce pain due to the 

pressure exerted on the neurovascular bundle, when a retromolar canal 

emerges through the retromolar foramen. In these cases, identify this variant 

requires prosthesis design modification. 

 

 

MENTAL FORAMEN 
 

Anatomy 
 

The mental foramen is a bilateral opening in the anterolateral region of the 

mandible through which the mental nerve emerges. The mental nerve 

represents one of the terminal branches of the inferior alveolar nerve, and 
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supplies the lower lip, cheeks, chin, and the vestibular gingiva of mandibular 

incisors. The mental foramen usually remains as a single structure, however, in 

some cases, the mental nerve bifurcates, before exiting the mandible, 

originating small foramina in the area surrounding the mental foramen known 

as accessory mental foramina [38]. 

 

 

Mental Foramen on CBCT 
 

The mental foramen is one of the most important neurovascular landmarks 

in the anterior mandible, but its identification is not always possible using 

panoramic radiographs. The visualization on panoramic images is influenced 

by mental foramen size, trabecular pattern, mental foramen emergence, and 

patient’s age. However, CBCT allows a depiction of mental foramen in 100% 

of cases [39, 40] (Figure 4). 

 

 

Figure 4. Sectional CBCT showing the left mental foramen (Planmeca Romexis 

Software®). 

The mental foramen is commonly oval and located midway between 

alveolar crest and the lower mandibular border. The mental foramen has on 

average a diameter ranging from 2.3 to 3 mm, a height ranging from 2.6 to 3.7 

mm, and width from 3.2 to 4.1 mm [32, 41-44]. It is generally located 

coronally to the inferior alveolar canal, and close to the apex of the second 

inferior premolar, or between the two inferior premolars. Its position is 
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superior to the premolar apexes between 25% and 38% of patients. Mental 

nerve and foramen may vary in their location, emerging direction, 

morphology, size, and number. Mental foramen is located approximately 12-

15 mm from the mandibular inferior border, and on average 28 mm lateral to 

the midline [42, 45]. Its position may range from 22 to 31 mm to the midline, 

and between 9 and 15 mm to inferior border. Variations in mental foramen 

characteristics and position with respect to the dentition are determined by 

gender, age, periodontal disease and bone loss after tooth extraction. 

 

 

Accessory Mental Foramen on CBCT 
 

The accessory mental foramen is usually single and unilateral but it was 

reported cases with up to four accessory foramina (Figure 5). This anatomic 

landmark is not rare, it has been reported a rate of occurrence up to 14% in 

CBCT studies (Table 2). It was described passing through the cortical 

mandibular surface the presence of other different small foramina called 

buccal or nutritional foramina [46]. They are smaller in size and do not 

communicate with the mandibular inferior alveolar nerve. They are a passage 

for the lower lip, submental, and facial nerves deep into the cancellous bone. 

 

Table 2. Review of prevalence of the accessory mental foramina. 

Comparison between panoramic radiography and CBCT.  

The prevalence of accessory mental foramina is markedly higher in 

CBCT studies (n/d: no data analysis, no diff.: 

 no statistical significant differences) 

 

Accessory mental 

foramina (AMF) on 

panoramic radiography 

(PAN) 

PANs  

N (N hem.) 

AMF 

prevalence 

% (% hem.) 

Gender Age 

Muinelo-Lorenzo [47] 

(2015) (Spain) 

344 (688) 6.3% 

(3.1hem.) 

No diff. No diff. 

Capote [48] (2015) (Brazil) 500 (1000) (3% hem.) n/d n/d 

Kqiku [49] (2013) 

(Kosovo) 

500 <1% n/d n/d 

Neves [24] (2013) (Brazil) 127 (254) (1.2% hem.) n/d n/d 

Naitoh [50] (2011) (Japan) 365 ≈3.7% n/d n/d 

Al-Khateeb [51] (2007) 

(Jordan) 

860 (1720) 10% n/d n/d 



Anatomic Variations of Mandibular Canal and Mental Foramen 35 

AMF on CBCT CBCTs  

N 

AMF 

prevalence 

% 

Gender Age 

Muinelo-Lorenzo [47] (2015) 

(Spain) 

344 13% No diff. No diff. 

Iwanaga [52] (2015) (Japan) 63 14.3% n/d n/d 

Carruth [41] (2015) (USA) 106 6.6% n/d n/d 

Khojastepour [39] (2015) 

(Iran) 

156 5.1% No diff. No diff. 

Leite [30] (2014) (Brazil) 250 3.2% No diff. No diff. 

Cantekin [53] (2014) (Turkey) 275 6.5% 

(children) 

No diff. n/d 

Santos [54] (2013) (Brazil) 58 5.1% n/d n/d 

Neves [24] (2013) (Brazil) 127 7.4% n/d n/d 

Göregen [55] (2013) (Turkey) 315 6.3% No diff. n/d 

Orhan [32] (2013) (Turkey) 63 6.3% 

(children) 

n/d n/d 

Sisman [56] (2012) (TC) 

(Turkey) 

504 2%* No diff. No diff. 

Kalender [42] (2012) (Turkey) 193 6.5% No diff. n/d 

Imada [44] (2012) (Brasil) 100 3% n/d n/d 

de Oliveira-Santos [33] (2012) 

(Belgium) 

100 14% n/d n/d 

Oliveira Santos [57] (2011) 

(Belgium) 

285 9.4% No diff. No diff. 

Naitoh [50] (2011) (Japan) 365 7.7% n/d n/d 

Naitoh [58] (2010) (Japan) 28 7.1% n/d n/d 

Haktanir [59] (2010) (Turkey) 

CT 

285 9.4% No diff. No diff. 

Naitoh [36] (2009) (Japan) 157 7% No diff. No diff. 

Katakami [43] (2008) (Japan) 150 10.7% n/d n/d 

 

 

Clinical Implications of Mental Foramen and Accessory  

Mental Foramina 
 

The position of the mental foramen and the accessory mental foramina are 

crucial for surgical procedures involving this region, such as surgical 

rehabilitation after mandibular trauma, bone harvesting from the chin, root 

resection of mandibular premolars, and particularly for dental implants 

placement (Figures 6-8). 
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Figure 5. Cross-sectional CBCT image representing the mental foramen (1), and an 

accessory mental foramen (2). Cross-sectional and sagittal drawings of a mandible 

with an accessory mental foramen. 

 

Figure 6. CBCT reconstructions of a 65-year-old male patient with an accessory 

mental foramen in the left hemimandible. The accessory mental foramen is placed 

posteriorly and inferiorly to the mental foramen (Planmeca Romexis Software®). 

An accessory mental foramen located above the mental foramen directly 

affects the treatment planning using dental implants, since their position may 

limit surgical procedures (Figure 9). This was found in up to 4% of the 

population, which means it is necessary to consider these accessory foramina 

to the main mental foramen [47, 57]. An accessory mental foramen located 
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closely to the apex of the lower teeth can simulate false periapical pathology. 

By using CBCT, continuity with the mandibular canal can be easily identified 

avoiding diagnostic mistakes. Therefore, a CBCT image examination may be a 

very important aid before surgical treatments in the mandible. 

 

 

Figure 7. Multiplanar reconstructions of mandible to view the mental foramen three-

dimensional position before implant placement. There is no accessory mental foramen. 

A radiopaque scanning template allows a more precise location of the mental foramina 

(Planmeca Romexis Software®). 

 

Figure 8. Distribution of the position of the accessory mental foramina with respect to 

the mental foramen. CBCT studies have observed that between 11% and 50% of the 

accessory mental foramina are located above the mental foramen apex (i-CAT Vision 

software®). 
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Figure 9. A1, A2, A3 Sagittal, axial and panoramic reconstructions of a 31 years old 

male patient with an accessory mental foramina located posteriorly with respect to the 

right mental foramen (i-CAT Vision® software). B The accessory mental foramina 

cannot be identified with panoramic radiography (Sidexis® neXt Generation). 
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ABSTRACT 
 

The nasopalatine canal is an anatomic limitation that interferes with 

implant placement when ridge resorption is present. The nasopalatine 

canal is connected to the nasal cavity through the foramina of Stenson, 

and to the oral cavity through the incisive foramen. The nasopalatine 

canal contains the terminal branch of the descending nasopalatine artery 

and the nasopalatine nerve. Due to nasopalatine canal anatomy being 

highly variable, for dental implant treatment planning and placement, a 

precise anatomic description is necessary. 

The critical region anterior to the nasopalatine canal is defined as an 

anatomic area that we should not invade surgically, to avoid 

neurovascular complications and failure of implant osseointegration. Due 

to bone ridge resorption after tooth loss, the nasopalatine canal can 

occupy up to 58% of buccal plate width, the area available for implant 

placement. This critical region may be evaluated with accuracy three 
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dimensionally using cone beam computed tomography (CBCT) to ensure 

proper implant position. 

This chapter shows the morphometric characteristics of the 

nasopalatine canal, the nasopalatine angle, the dimensions of the buccal 

bone plate, and the palatal bone plate relative to the nasopalatine canal. 

This description is based on the analysis of three anatomic planes by 

CBCT. 

 

Keywords: computed tomography, cone beam, incisive canal, nasopalatine 

canal, incisive foramen, foramina of Stenson, buccal bone plate, palatal 

bone plate, premaxilla bone 

 

 

INTRODUCTION 
 

Cone beam computed tomography (CBCT) is a tridimensional 

radiological technique for evaluating any bone structure of the patient, 

obtaining adequate precision on the three anatomic planes, despite obtaining 

only one base image (axial slice) through which the other image planes 

(sagittal and coronal slices) are reconstructed. In this chapter we evaluate 

different anatomic structures of the oral and maxillofacial region, in particular 

from the region of the nasopalatine canal. 

 

 

Premaxillary Region 
 

The nasopalatine canal is an anatomic limitation that interferes with 

implant placement when ridge resorption is present [1-4]. Radiological studies 

with CBCT make it possible to analyze anatomic variations of the nasopalatine 

canal [5, 6] and to determine the degree of buccal bone plate resorption in the 

anterior maxilla region after tooth loss [7-15]. The critical region anterior to 

the nasopalatine canal is defined as an anatomic area that we should not invade 

surgically, to avoid neurovascular complications and failure of implant 

osseointegration. Due to bone ridge resorption, the nasopalatine canal can 

occupy up to 58% of buccal plate width, the area available for implant 

placement. Buccal bone plate resorption occurs after tooth extractions, dento-

alveolar trauma, periradicular and periodontal pathology, or because of tumors 

or cysts. The pattern of bone resorption has been studied by many authors, [7-
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14] and it is generally horizontal, from the buccal surface to the palatal surface 

of the buccal bone plate [11]. 

This critical region may be evaluated with accuracy three dimensionally to 

ensure proper implant position. In general, the accuracy of measurements 

using linear CBCT is adequate [16-18]. However, it should be noted that 

measurement accuracy may be affected by the quality of the image due to 

attenuation of soft tissues, metal artifacts, patient movement, and variation of 

the radiation used in CBCT [19]. 

In the sagittal slice, the following anatomic structures are present in CBCT 

(Figure 1). In this chapter we will evaluate the nasopalatine canal and the 

adjacent premaxillary bone. 

 

 Anterior nasal spine 

 Premaxillary bone 

 Alveolar bone processes 

 Vomer 

 Stenson foramina 

 Nasopalatine canal 

 Incisive foramen 

 Nasal fossa 

 Palatine processes of maxillary 

 Transversal palatine suture 

 Horizontal plate of palatine bone 

 Posterior nasal spine 

 

 

Nasopalatine Canal: Brief Anatomic Description 
 

Williams et al. [20] describes the nasopalatine canal as being located in 

the midline of the palate, posterior to the roots of the central maxillary 

incisors. The nasopalatine canal is connected to the nasal cavity through the 

foramina of Stenson, and to the oral cavity through the incisive foramen. The 

nasopalatine canal contains the terminal branch of the descending nasopalatine 

artery and the nasopalatine nerve [20, 21]. In addition, it contains fibrous 

connective tissue, adipose tissue, and even minor salivary glands. Inadequate 

attention to this anatomic region may lead to nerve injury and impede dental 

implant osseointegration [22, 23]. 
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Figure 1. Anatomic structures: (a) anterior nasal spine, (b) premaxillary bone, (c) 

alveolar bone processes, (d) vomer, (e) Stenson foramina, (f) nasopalatine canal, (g) 

incisive foramen, (h) nasal fossa, (i) palatine processes of maxillary, (j) transversal 

palatine suture, (k) horizontal plate of palatine bone, and (l) posterior nasal spine. 

Due to the nasopalatine canal anatomy being highly variable, for dental 

implant treatment planning and placement, a precise anatomic description is 

necessary for carrying out adequate implant treatment planning and insertion 

of dental implants [22, 24-29]. 

 

 

Analysis Using CBCT: Nasopalatine Canal Evaluation 
 

For an analysis of the complete nasopalatine canal we must study the three 

anatomic planes and determine landmarks for careful study that are 

reproducible. This section will show how to systematically study the anterior 

area of the premaxilla, step by step, in a simultaneous 3D study, using linear 

measurements and the location of a simple landmark from which to develop 

the rest of the analysis. 

Measurements of the nasopalatine canal, buccal bone plate, and palatal 

bone plate are carried out in three locations, level 1, level 2, and level 3 

(Figure 2), defined in the following sections. 
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Axial Slice 

To begin the analysis we focus first on the axial slices; CBCT images 

allow identifying the incisive foramen at level 1, the diameters of the 

nasopalatine canal at level 2, and the Stenson foramina at level 3. 

 

 

Figure 2. Levels to standardize analysis of the nasopalatine canal. level 1: incisive 

foramen; level 2: midpoint of the nasopalatine canal length; level 3: Stenson foramina. 

The principal evaluations that scientific research [30-32] performs are: 

 

• Level 1: buccal-palatal diameter (bpD1) and transversal diameter 

(tD1) of nasopalatine canal 

• Level 2: buccal-palatal diameter (bpD2) and transversal diameter 

(tD2) of nasopalatine canal 

• Level 3: in most cases only a morphological analysis can be 

performed, due to low image quality in the nasal floor region 

 

Sagittal Slice 

On the sagittal slices, CBCT images allow identifying the complete course 

of the nasopalatine canal. The principal evaluations that scientific research 

[30-32] performs are: 

 

• Nasopalatine canal length 

• Level 1: nasopalatine canal sagittal diameter (SD1) 

• Level 2: nasopalatine canal sagittal diameter (SD2) 

• Level 3: nasopalatine canal sagittal diameter (SD3) 
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Coronal Slice 

On the axial slices, CBCT images allow identifying the complete course 

of the nasopalatine canal. The principal evaluations that scientific research 

[30-32] performs are: 

 

• Level 1: coronal diameter of nasopalatine canal (CD1) 

• Level 2: coronal diameter of nasopalatine canal (CD2) 

• Level 3: coronal diameter of nasopalatine canal (CD3) 

 

 

Detailed Analysis of Nasopalatine Canal in CBCT 
 

The measures presented in the previous section are explained below in 

detail; we obtain a complete analysis of the nasopalatine canal on three levels 

and in the three anatomic planes. 

 

Level 1 

 

Level 1, Axial Slice 

In the axial slice we must first locate the nasopalatine canal in the anterior 

region of the premaxilla, when the incisive foramen is completely closed 

(Figure 3). This is the first landmark and it is named level 1. To visualize the 

closed incisive foramen it is necessary to perform a dynamic vision in the axial 

plane. 

 

 

Figure 3. Localization of level 1. The incisive foramen is completely closed in axial 

slice. 
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Buccal-palatal diameter of nasopalatine canal at level 1. The bpD1 

corresponded to the maximum diameter between the buccal and palatal bone 

cortical of the nasopalatine canal (Figure 4). 

 

 

Figure 4. Axial plane. bpD1: buccal-palatal diameter of nasopalatine canal at level 1; 

tD1: transversal diameter at level 1. 

 

Figure 5. Simultaneous localization, level 1, in the three anatomic planes due to 

placement of the cursors in the center of the nasopalatine canal in the axial plane. 

Transversal diameter of nasopalatine canal at level 1. The tD1 is the 

maximum diameter perpendicular to bpD1 (Figure 4). At this time level 1 is 

located, and it is recommended to perform measurements in the sagittal and 

coronal planes to optimize working time (Figure 5). 
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Level 1, Sagittal Slice 

Sagittal diameter of nasopalatine canal at level 1. SD1 corresponded to 

the maximum diameter between the buccal and palatal bone cortical of the 

nasopalatine canal (Figure 6). 

 

 

Figure 6. Sagittal plane. SD1: sagittal diameter of nasopalatine canal at level 1. 

 

Figure 7. Coronal slice. CD1: coronal diameter of nasopalatine canal at level 1. 
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Level 1, Coronal Slice 

Coronal diameter of nasopalatine canal at level 1. CD1 corresponded to 

the maximum diameter between both bone corticals of the nasopalatine canal 

(Figure 7). 

 

Level 2 

To locate level 2, move the horizontal line to the middle point of the 

length of the nasopalatine canal on the sagittal plane. Nasopalatine canal 

length is defined as the distance from the incisive foramen to the foramina of 

Stenson (Figure 8). 

 

Level 2: Sagittal Slice 

Sagittal diameter of nasopalatine canal at level 2. SD2 corresponded to 

maximum diameter between the buccal and palatal bone cortical of the 

nasopalatine canal (Figure 8). At this time level 2 is located simultaneously in 

the axial and coronal planes, and it is recommended to perform measurements 

in these planes to optimize working time (Figure 9). 

 

Level 2, Axial Slice 

Buccal-palatal diameter of nasopalatine canal at level 2.  

 

 

Figure 8. Sagittal slice, localization of level 2. LNC (length of nasopalatine canal); 

½LNC: midpoint of LNC to locate level 2; SD2: sagittal diameter of nasopalatine canal 

at level 2. 
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Figure 9. Simultaneous localization level 2 in the three anatomic planes due to 

placement of the cursors in the center of the nasopalatine canal in the axial plane. 

The bpD2 corresponded to the maximum diameter between the buccal and 

palatal bone cortical of the nasopalatine canal. (Figure 10). 

Transversal diameter of nasopalatine canal at level 2. The tD2 is the 

maximum diameter perpendicular to bpD2 (Figure 10). 

 

Level 2, Coronal Slice 

Coronal diameter of nasopalatine canal at level 2. 

 

 

Figure 10. Axial slice. bpD2: buccal-palatal diameter of nasopalatine canal at level 2; 

tD2: transversal diameter at level 2. 
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Figure 11. Coronal slice. CD2: coronal diameter of nasopalatine canal at level 2. 

CD2 corresponded to the maximum diameter between both bones cortical 

of the nasopalatine canal (Figure 11). 

 

Level 3 

To locate level 3, move the horizontal line to the foramina of Stenson on 

the sagittal plane (Figure 12). 

 

 

Figure 12. Sagittal slice, localization of level 3. SD3: sagittal diameter of nasopalatine 

canal at level 3. 
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Figure 13. Simultaneous localization, level 3, in the three anatomic planes due to 

placement of the cursor in the center of the nasopalatine canal in the axial plane. 

Level 3, Sagittal Slice 

Sagittal diameter of nasopalatine canal at level 3. SD3 corresponded to 

the maximum diameter between the buccal and palatal bone cortical of the 

nasopalatine canal (Figure 12). At this time level 3 is located simultaneously 

in the axial and coronal planes, and it is recommended to perform 

measurements in the coronal plane to optimize working time. The axial slice 

cannot be measured due to a low-quality image at the foramina of Stenson 

(Figure 13). 

Coronal diameter of nasopalatine canal at level 3. CD3 corresponded to 

the maximum diameter between both bones cortical of the nasopalatine canal 

(Figure 14). 

 

 

Figure 14. Coronal slice. CD3: coronal diameter of nasopalatine canal at level 3. 
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Figure 15. Sagittal shapes of nasopalatine canal. (a) funnel-like; (b) cylindrical;  

(c) hourglass-like; and (d) banana-like. 

 

Figure 16. Sagittal direction and course of nasopalatine canal. (a) vertical straight;  

(b) vertical curved; (c) slanted straight; and (d) slanted curved. 

 

Classifications of the Anatomic Variants  

of Nasopalatine Canal in the Three Dimensions 
 

Sagittal Shapes of Nasopalatine Canal 

In sagittal slices, the nasopalatine canal may present the following 

anatomic variants [27] (Figure 15): 

 

 Funnel-like. The nasopalatine canal presents a wide incisive foramen 

and narrow foramina of Stenson. 

 Cylindrical. The incisive foramen and foramina of Stenson have a 

similar width. 

 Hourglass-like. The nasopalatine canal has a narrow isthmus in the 

middle. 

 Banana-like. The nasopalatine canal has a wider area in its medial 

portion, i.e., it has the shape of a banana or half-moon. 

 

Sagittal Direction and Course of Nasopalatine Canal 

The nasopalatine canal can also be classified according to its sagittal 

direction and course [28] (Figure 16). The nasopalatine canal direction is 
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considered vertical when the canal is perpendicular from the nasal floor to the 

oral cavity, and it is considered oblique when it is not perpendicular. 

The nasopalatine canal course is considered straight when the canal 

connects the foramina of Stenson and incisive foramen without breaking the 

linearity; and, the nasopalatine canal course is considered curved when the 

linearity from the foramina of Stenson is changed to the incisive foramen. 

Four categories are distinguished: 

 

 Vertical straight (Ia) 

 Vertical curved (Ib) 

 Slanted straight (IIa) 

 Slanted curved (IIb) 

 

Coronal Shapes of Nasopalatine Canal 

In coronal slices, the anatomic variants of the nasopalatine canal were 

classified into three groups [24] (Figure 17): 

 

 Single canal. The nasopalatine canal does not show septations from 

the incisive foramen to the foramina of Stenson. 

 Two parallel canals. The nasopalatine canal shows one septation from 

the incisive foramen to the foramina of Stenson. 

 Variations of the Y-type canal. The nasopalatine canal shows one or 

more septations at the foramina of Stenson portion. 

o Ya, with one incisive foramen and two foramina of Stenson 

o Yb, with one incisive foramen and three foramina of Stenson 

o Yc, with one incisive foramen and more than three foramina of 

Stenson 

 

 

Figure 17. Coronal shapes of nasopalatine canal. (a) single canal; (b) two parallel 

canals; (c) Ya-type canal; (d) Yb-type canal; and (e) Yc-type canal. 
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Additionally, a patient could have a combination of nasopalatine canal 

coronal shapes—all nasopalatine canal slices were analyzed travelling from 

the anterior to the posterior view, i.e., performing a dynamic vision of the 

coronal plane (Figure 18). 

 

Axial Shapes of Nasopalatine Canal 

In axial slices, the anatomic variants of the nasopalatine canal are 

classified according to the number of incisive foramina and the number of 

foramina of Stenson. 

 

 

Figure 18. Anteroposterior radiological succession on coronal plane. (a) nasopalatine 

canal with a single canal; (b) anastomosis of a single canal with two parallel canals; 

and (c) nasopalatine canal with two parallel canals. 

 

Figure 19. Axial slices at level 1. (a) one incisive foramen; (b) two; and (c) three 

incisive foramina. 

 

Figure 20. Axial slice at level 3. (a) one Stenson foramen; (b) two; (c) three; (d) four; 

and (e) five Stenson foramina. 
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The number of openings in the incisive foramen and the openings in the 

foramina of Stenson are shown in CBCT images Figures 19 and 20. 

 

 

Conventional 2D Radiographs Versus CBCT Images 
 

Intraoral and panoramic radiographs are the basic X-rays used in dentistry 

[33]. These radiological images serve to get an overview of the jaw or skull, to 

detect impacted teeth, to determine jaw pathology for medium or large size, 

and to evaluate the temporomandibular joint [34]. 

These radiological techniques represent a very important contribution to 

visualize the oral and maxillofacial structures. However, being 2D projections, 

they have limitations, such as certain magnification; overlapping anatomic 

structures and pathological entities; nonexact determination of the relationship 

between teeth and surrounding anatomic structures; [35] and, although these 

2D images allow visualization of the mesial, distal, and apical areas, they do 

not allow analysis of the buccal and lingual areas [36-38]. 

Conventional computed tomography (CT) and CBCT are radiological 

techniques that allow a 3D study. CBCT was developed as an alternative to 

CT. CBCT emits a cone beam X-ray, presenting lower radiation than CT. The 

irradiated area can be selected, which allows obtaining data of segmented 

anatomic areas with faster data acquisition and thus fewer artifacts are 

generated by the movement of patients. This is more economical than CT. 

However, CBCT has disadvantages compared to CT, such as less detail of 

soft tissues, more scattered radiation, and a greater number of artifacts due to 

dental restorations (e.g., amalgam reconstructions, fixed prostheses, implants) 

[16, 17, 39]. 

When the nasopalatine canal is analyzed with 2D radiographs, limitations 

versus CBCT are clear, as highlighted below (Figure 21): 

 

 Elongation of anatomic structures (incisors and nasopalatine canal) 

 Unclear for locating the incisive foramen 

 Unclear for locating foraminas of Stenson 

 Inability to do anteroposterior anatomic study 

 Inability to specify shape of the nasopalatine canal 
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Figure 21. (a) 2D radiography of nasopalatine canal; (b) axial slice of nasopalatine 

canal on CBCT; (c) sagittal slice of nasopalatine canal on CBCT; and (d) coronal slice 

of nasopalatine canal on CBCT. 

 

Clinical Implications 
 

Due to the close relationship between the nasopalatine canal and the roots 

of the upper central incisors, careful radiological analysis is necessary when 

rehabilitation with dental implants is planned in this area. To this we must add 

that the anterior maxillary area is the area with the highest aesthetic demand, 

so dental implant placement should not be based only on surgical positioning 

splints, because we can cause damage to the nasopalatine canal [1, 3, 4]. The 

analysis must be completed with a 3D radiological study. Thus, the correct 

position of the dental implant is planned without damaging the nasopalatine 

canal, if necessary with assessment of bone regeneration of the buccal bone 

plate. 

Recent studies [30, 32, 40, 41] show variability in morphology and in the 

number of nasopalatine canal channels; therefore CBCT is recommended to 
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help assure better anesthesia and to avoid any complications arising from 

surgery. 

The nasopalatine canal contains the most nerves, arteries, and veins 

nourishing the premaxillary region. Invasion of the nasopalatine canal  

should be avoided to not cause neurovascular complications and paresthesias. 

Therefore, another clinical implication is the necessity of assessing the 

direction and course of the nasopalatine canal for dental implant placement in 

this region. 

Evaluation of a single anatomic plane on CBCT does not provide 

statistically significant information [32] from the nasopalatine canal or the 

premaxilla region. This can generate an inaccurate clinical idea of nasopalatine 

canal morphometry, which can cause complications in the surgery. Therefore, 

careful analysis in the three anatomic planes is of fundamental clinical 

relevance to avoid the failure of osseointegration [42] and subsequent medical 

problems, [24, 43] such as hemorrhages and/or sensory dysfunction, during 

placement of dental implants or any other procedure in the vicinity of the 

nasopalatine canal area. 
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ABSTRACT 
 

Lorem ipsum dolor sit amet, consectetuer adipiscing elit. Maecenas 

porttitor congue massa. Fusce posuere, magna sed pulvinar ultricies, 

purus lectus malesuada libero, sit amet commodo magna eros quis urna. 

Nunc viverra imperdiet enim. Fusce est. Vivamus a tellus. Pellentesque 

habitant morbi tristique senectus et netus et malesuada fames ac turpis 

egestas. Proin pharetra nonummy pede. Mauris et orci. Cone Beam 

Computed Tomography (CBCT) is a useful tool for evaluating the greater 

palatine canal morphometrically on the three anatomic planes. The 
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greater palatine canal is located in a critical anatomic area and has a great 

clinical relevance. The pterygopalatine fossa is connected to the oral 

cavity by the greater palatine canal. The pterygopalatine fossa contains 

the maxillary nerve, the maxillary artery, the venous rami and  

the pterygopalatine ganglion. The palatine nerves descend since 

pterygopalatine fossa through the greater palatine canal. The greater 

palatine nerve emerges on the palate through the greater palatine foramen 

and the lesser palatine nerves emerge through the lesser palatine 

foramina. The position of the greater palatine foramen is of great interest 

to dentists, maxillofacial surgeons and otolaryngologists for anesthetic 

purposes, and also for obtaining connective tissue grafts for periodontal 

purposes. The greater palatine canal allows blocking of the maxillary 

nerve and therefore allows anesthesia of the sinus, the maxillary teeth, the 

tissue palatal and the nasal region. Due to the greater palatine foramen 

being hidden by palatal mucosa thickness, a clinical and radiological 

location is necessary for treatment planning of several oral surgical 

procedures. CBCT images of the greater palatine foramen describe the 

dimensions and position of each greater palatine foramen with respect to 

different landmarks. An exact location of the greater palatine foramen is 

necessary to avoid damaging the greater palatine neurovascular bundle. 

Morphometric classifications of the greater palatine canal are important 

to applying anesthesia correctly and to avoid hemorrhagic risks. It is 

necessary to keep in mind that the greater palatine canal is a bone 

structure with numerous morpho-anatomical variations. The anatomy of 

the greater palatine canal can be a limiting factor in the block of the 

maxillary nerve. Nowadays, CBCT images provide an exhaustive 

anatomic description of the greater palatine foramen and the greater 

palatine canal in the axial, sagittal and coronal slices. 

 

Keywords: cone-beam computed tomography, greater palatine foramen, 

greater palatine canal, lesser palatine canal, lesser palatine foramina, 

palatal region 

 

 

INTRODUCTION 
 

Cone Beam Computed Tomography (CBCT) is a promising technique  for 

evaluating different anatomic structures of the oral and maxillofacial region. 

CBCT is a useful imaging modality to evaluate through the multiplanar 

images, the entire bony volume creating 3D-reconstructions not only of jaw  
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structures but also other areas of interest for clinicians. In the maxilla, CBCT 

images enable an exact reproduction of numerous anatomic structures as 

follows: 

 

 Maxillary sinus 

 Schneider membrane 

 Nasal cavity and paranasal sinus 

 Facial sutures and bones 

 Temporomandibular joint 

 Anterior region of maxilla 

 Root and canal morphologies dental 

 

On the other hand, CBCT images are essential in the diagnosis, treatment 

planning and post-therapeutic evolution of different dental and bone 

pathologies, related to periodontics, orthodontics, endodontics, implantology 

and restorative dentistry. In this sense, it is necessary to have an exhaustive 

anatomic description of neurovascular structures. In the palatal region, the 

greater palatine bundle is of interest to oral and maxillofacial surgeons, 

dentists and otolaryngologists. 

 

 

Palatal Region 
 

The palatal region originates at the top wall of the oral cavity and the 

osseo-membranous septum separating the oral cavity of the nasal cavities. 

Morphologically it represents a concave shape, both anteroposterior and 

transverse directions, covered entirely by oral mucosa. Above and laterally, it 

is limited by the upper dental arch, and a posterior ends in a free edge. It 

presents a palatal raphe on the midline, where at an anterior level it ends at the 

incisive papilla (at the incisive foramen) and at a posterior level it ends in the 

uvula. It also presents anteriorly and laterally narrow and irregular protrusions, 

denominated palatal transverse folds or palatal ridges. In the palatal region two 

anatomical structures are differentiated, the hard and soft palates [1]. 

The hard palate is formed by the palatine process of the maxilla in its two 

previous thirds and horizontal plates of the palatine bones in its posterior third. 

The palatine processes originate in the upper region of the medial side of each  
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alveolar process. Both palatine processes are linked by the midline palatal 

suture. The posterior portion of the hard palate is formed by the horizontal 

plates of the palatine bones. The palatine bone is formed by a horizontal plate 

and a vertical plate. The vertical plate is formed by its internal surface and part 

of the side wall of the nasal cavity. The horizontal plate has a smooth top face 

(nasal) forming part of the floor of the nasal cavities, and a lower rough face 

(buccal) forming the most posterior portion of the palatal vault, in which the 

lateral and medial palatal grooves are observed. Its posterior edge, confined to 

hard palate, and gives insertion to the palatal aponeurosis and muscles of the 

soft palate. The horizontal plate is projected medially from the underside of 

the palatine bone and joins with its partner in the midline, and on the same side 

with the palatine process of the maxilla. Above, both horizontal plates are 

linked with both palatine processes of the maxilla by the transverse palatine 

suture or palate-maxillary suture. The union of both horizontal plates in the 

midline and its backward projection from hard palate originates the posterior 

nasal spine. Both palatine bones contribute to the formation of the palatal 

vault, the nasal cavities, the orbit and the pterygomaxillary fossa [2-4]. 

 

 

Figure 1. Anatomic structures of the palatal region: 1) palatine process of the maxilla, 

2) horizontal plate of the palatine bone, 3) alveolar process, 4) pyramidal process of the 

palatine bone, 5) hook pterygoid, 6) maxillary tuberosity, 7) midline palatal suture, 8) 

transverse palatine suture, 9) incisive foramen, 10) greater palatine foramen, 11) lesser 

palatine foramen, 12) palatine grooves, 13) posterior nasal spine, 14) anterior nasal 

spine, and 15) maxillary sinus. 
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In the palatal region, the following anatomical structures are present on 

CBCT images (Figure 1): 

 

1. Palatine processes of the maxilla 

2. Horizontal plate of the palatine bone 

3. Alveolar processes 

4. Pyramidal process of the palatine bone 

5. Hook pterygoid 

6. Maxillary tuberosity 

7. Midline palatal suture 

8. Transverse palatine suture 

9. Incisive foramen 

10. Greater palatine foramen 

11. Lesser palatine foramen 

12. Palatine grooves 

13. Posterior Nasal Spine 

14. Anterior Nasal Spine 

15. Maxillary sinus 

 

 

Greater Palatine Canal and Greater Palatine Foramen 
 

The pterygopalatine fossa is a complicated anatomical structure with the 

shape of a reverse pyramid. Inside is located the neurovascular bundle formed 

by the maxillary nerve, accompanied by the artery, the vein branches, and the 

pterygopalatine ganglion [5]. The pterygopalatine fossa presents numerous 

communications with other anatomical regions, such as the infratemporal 

fossa, the middle cranial fossa, the oral cavity, the orbit, the nasal cavity, the 

nasopharyngeal, and the cranial cavity [6]. At a lower level, the 

pterygopalatine fossa communicates with the oral cavity through the greater 

palatine canal, which leads to the greater palatine foramen on the surface of 

the palate. 

 

Greater Palatine Neurovascular Bundle: Innervation  

and Vascularization 

The maxillary nerve is the second branch of the trigeminal nerve (V2) 

with a wholly sensory function. The maxillary nerve enters in the 

pterygopalatine fossa through the round foramen resulting in numerous 

collateral branches. Attached to the maxillary nerve, the sphenopalatine 
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ganglion of Meckel is located where the greater palatine nerve (above) and the 

minor palatine nerves (middle, rear or accessories) originate. The greater 

palatine nerve is the main trunk of the palatine nerves. It emerges on the palate 

through the greater palatine foramen, innervating the mucosa of the hard palate 

and periodontal tissue of molars and premolars. 

In its intra-canal route the inferior nasal nerve innervates the lower 

turbinate mucosa. The palatine nerves initially descend together from the 

pterygopalatine fossa through the greater palatine canal, and in the lower third, 

the lesser palatine nerves are separated from the greater palatine canal to the 

pyramidal process. The lesser palatine nerves lead to the palate through the 

lesser palatine foramina. Its function is to innervate the membranous soft 

palate, the tonsils and the uvula [7]. The greater palatine nerve is accompanied 

by the descending palatine artery, the collateral branch of the internal 

maxillary artery. The greater palatine neurovascular bundle formed by the 

arteria, the vein, and the nerve descends from the pterygopalatine fossa 

through the greater palatine canal, emerging on the palate through the greater 

palatine foramen. 

On the palate, the greater palatine nerve runs forward in a groove almost 

up to the incisor teeth where it anastomoses with branches of the nasopalatine 

bundle. 

 

 

Radiologic Analysis 
 

A descriptive analysis of the greater palatine canal, greater palatine 

foramen and pterygopalatine fossa has been reported on High Resolution 

Computed Tomography (HRCT) [8-13] and CBCT studies [14-19] (Table 1): 

 

A View on HRCT Based to Literature: Greater Palatine Foramen and 

Greater Palatine Canal 

The following measurements have been determined on HRCT images  

[8-13]: 

 

 Distance from the greater palatine foramen to the sphenopalatine 

foramen 

 Distance from the greater palatine foramen to the orbital floor 

 Distance from the greater palatine foramen to the midline maxillary 

suture 
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 Distance from the greater palatine foramen to the posterior border of 

the hard palate 

 Distance from the greater palatine foramen to the alveolar ridge 

 Distance from the greater palatine foramen to the incisive foramen  

 Distance from the greater palatine foramen to the tip of pterygoid 

hamulus 

 Distance from the greater palatine foramen to the posterior nasal spine 

 Distance from the greater palatine foramen to the occlusal plane 

 Distance from the greater palatine foramen to the anterior teeth  

 Anteroposterior and transversal diameters of the greater palatine 

foramen 

 Position of the greater palatine foramen in relation to the upper molars 

 Length of the greater palatine canal 

 Height of the pterygopalatine fossa 

 Volume of the pterygopalatine fossa 

 Mucosal thickness of the greater palatine canal 

 Angle between the greater palatine foramen and the hard palate 

 Angle between the greater palatine canal and vertical axis of the 

pterygopalatine fossa 

 Angle among midline maxillary suture and incisive foramen and 

greater palatine foramen 

 Evaluation of the presence of the greater palatine foramen posterior 

palatine crest 

 Number of the lesser palatine foramen 

 Evaluating of the greater palatine foramen opening direction 

 

A View on CBCT Based to Literature: Greater Palatine Foramen and 

Greater Palatine Canal 

The following measurements have been determined in the axial, sagittal 

and coronal slices [14-19]: 

 

Axial Slices 

CBCT images allow identifying the greater palatine foramen in axial 

slices. The principal objectives of the CBCT studies [16, 17, 19] on this plane 

were analyzed: 
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 Distance from the greater palatine foramen to the midline maxillary 

suture 

 Distance from the greater palatine foramen to the buccal bone plane 

 Distance from the greater palatine foramen to the posterior nasal plane 

 Distance from the greater palatine foramen to the anterior nasal spine 

 Distance from the greater palatine foramen to the alveolar ridge 

 Anteroposterior and transversal diameters of the greater palatine 

foramen 

 Position of the greater palatine foramen in relation to the upper molars 

 

Table 1. HRCT and CBCT studies of the greater palatine foramen  

and greater palatine canal 

 

Authors Type of 

study 

Anatomic structures 

Das et al., 2006  HRCT Greater palatine foramen 

Douglas et a.l, 2006 HRCT Greater palatine foramen, greater palatine canal, 

pterygopalatine fossa 

McKinney et al., 2010 HRCT Greater palatine foramen, greater palatine canal, 

pterygopalatine fossa 

Howard et al., 2010 CBCT Greater palatine canal 

Hwang et al., 2011 HRCT Greater palatine foramen, pterygopalatine fossa 

Kang et al., 2012 HRCT Greater palatine foramen 

Sheikki et al., 2013 CBCT Greater palatine canal 

Ikuta et al., 2013 CBCT Greater palatine foramen 

Tomaszewska et al., 

2014 

HRCT Greater palatine foramen, lesser palatine 

foramen 

Rapado et al., 2015 CBCT Greater palatine foramen, greater palatine canal 

Yilmaz et al., 2015 CBCT Greater palatine foramen 

Aoun et al., 2015 CBCT Greater palatine foramen 

 

Sagittal Slices 

CBCT images allow identifying the greater palatine canal in sagittal 

slices. The principal objectives of the CBCT studies [14, 15, 17] on this plane 

were the following: 

 

 Length of the greater palatine canal 

 Anatomic paths of the greater palatine canal 

 Diameter of the greater palatine canal 
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Coronal Slices 

CBCT images allow identifying the greater palatine canal in coronal 

slices. The principal objectives of the CBCT studies [14-17] on this plane were 

the following: 

 

 Length of the greater palatine canal 

 Anatomic paths of the greater palatine canal 

 Diameter of the greater palatine canal 

 Distance from the greater palatine canal to the midline maxillary 

suture 

 

 

A Detailed Analysis on CBCT: Greater Palatine Foramen  

and Greater Palatine Canal 
 

CBCT images show the morphoanatomical characteristics of the greater 

palatine foramen and the greater palatine canal in the three anatomical slices: 

axial, sagittal and coronal. 

A thorough knowledge of the greater palatine foramen and canal requires 

the use of different anatomical landmarks on the three anatomical planes. 

 

 

Figure 2. Distance from the greater palatine foramen to the midline maxillary suture. 
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Axial Slices 

Axial slices show the distance and position of the greater palatine foramen 

in respect to various anatomical structures (bone or tooth) identified in the 

palatal region: 

Distance from the greater palatine foramen to the midline maxillary 

suture (Figure 2). Greater palatine foramen distance to the midline maxillary 

suture has a range between 6-20.5 mm [16, 17, 19]. 

Distance from the greater palatine foramen to the posterior nasal plane 

(Figure 3). 

The posterior nasal plane represents the most posterior point of the 

posterior nasal spine. Greater palatine foramen distance to the posterior nasal 

plane has a range between 0-9.75 mm [17]. 

Distance from the greater palatine foramen to the anterior nasal spine 

(Figure 4). The anterior nasal spine is located at a distance of greater palatine 

foramen between 39.05-60 mm [17, 19]. 

 

 

Figure 3. Distance from the greater palatine foramen to the posterior nasal plane. 
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Figure 4. Distance from the greater palatine foramen to the anterior nasal spine. 

 

Figure 5. Distance from the greater palatine foramen to the alveolar ridge. 
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Distance from the greater palatine foramen to the alveolar ridge  

(Figure 5). Greater palatine foramen distance to the buccal bone plate has a 

range between 5-19.75 mm [17]. 

 

 

Figure 6. Diameters of the greater palatine foramen: a) anterior-posterior diameter and 

b) tranverse diameter. 

 

Figure 7. Position of the greater palatine foramen: A) distal to the third molar, B) 

opposite to the third molar, C) between the third and second molar, and D) opposite to 

the second molar. 
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Diameters of the greater palatine foramen: a) anterior posterior diameter, 

was defined as the distance from the most anterior to posterior point of the 

foramen; b) transverse diameter, was defined as the distance from the most 

medial to distal point of the foramen (Figure 6). The anterior-posterior 

diameter has a range of 3.64-9.46 mm. The transverse diameter has a range of 

1-4.50 mm [17]. 

Regarding the position of the greater palatine foramen with respect to the 

maxillary molars, the greater palatine foramen is usually located opposite the 

third maxillary molar. 

However, other possible locations of the greater palatine foramen are 

distal to the third molar, between the third and second molar, and opposite the 

second maxillary molar (Figure 7) [16, 18, 19]. 

Morphology of the greater palatine foramen presents different anatomical 

variations (Figure 8). 

Furthermore, in the posterior palatal region, the greater palatine foramen is 

accompanied by the presence of one or more foramina, through which the 

lesser palatine nerves emerge on the palate (Figure 9). 

 

 

Figure 8. Anatomical variations of the greater palatine foramen in axial slices: a) 

circular, b) drop of water, c) oval, d) banana, e) eight, f) diamond, g) smoke, h) 

teardrop, i) kidney, j) triangle, k) crescent, and l) slot. 

 

Figure 9. Palatine lesser foramina in axial slices. 
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Sagittal Slices 

Sagittal slices show the anatomy of the greater palatine canal from the 

lower portion of the pterygopalatine fossa until its emergence on the palate 

(Figure 10). 

To display the union of the greater palatine canal and the pterygopalatine 

fossa, it is necessary to perform a dynamic vision of the sagittal plane on 

CBCT (Figure 11). 

 

Greater Palatine Canal Length 

The greater palatine canal length has been examined by several CBCT 

researchers based on different landmarks. Howard et al. [14] were the first 

authors determining the greater palatine canal length on CBCT images. They 

established the pterygoid canal as the superior limit of the greater palatine 

canal and the greater palatine foramen as the inferior limit. 

 

 

Figure 10. Sagittal image of the pterygopalatine fossa, greater palatine canal and 

greater palatine foramen. 

 

Figure 11. Sagittal slices showing the anatomic communication of the pterygopalatine 

fossa with the hard palate trough the greater palatine canal. 
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Sheikhi et al. [15] use the same landmarks to determine the greater 

palatine canal length. 

Sagittal slices allow determining the point where the greater palatine canal 

flared to the pterygopalatine fossa as the superior limit of the canal. This is 

another landmark to determine greater palatine canal length. Greater palatine 

canal length has a range between of 8.06-40 mm [14, 15, 17]. 

 

 

Figure 12. Anatomic routes of the greater palatine canal in sagittal slices: A) anterior-

inferior direction, B) inferior and anterior-inferior direction, and C) inferior, anterior-

inferior and inferior direction. 
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Anatomic Routes of the Greater Palatine Canal 

The greater palatine canal presents different anatomic routes from the 

pterygopalatine fossa to the hard palate in sagittal slices (Figure 12) [14, 15]: 

 

 Route anterior-inferior from the pterygopalatine fossa.  

 Route with inferior direction, changing to anterior-inferior direction. 

 Route with inferior direction, changing firstly to anterior-inferior 

direction, and finally to inferior direction. 

 

According to the greater palatine foramen morphology, the canal presents 

different anatomical variations (Figure 13). 

Besides, the sagittal slices show the lesser palatine canal through which 

the lesser palatine nerves emerge on the hard palate (Figure 14). 

 

Coronal Slices 

Coronal slices show the anatomy of the greater palatine canal from the 

lower portion of the pterygopalatine fossa until its emergence on the palate 

(Figure 15). 

Besides, coronal images allow measuring the length of the greater palatine 

canal. 

 

 

Figure 13. Anatomical variants of the greater palatine canal: a) hourglass, b) “E” 

shape, c) “” shape, d) straight, e) waterfall, and f) curve canals. 
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Figure 14. Sagittal image of the greater palatine canal, greater palatine foramen, lesser 

palatine canal and lesser palatine foramen. 

 

Figure 15. Coronal image of the greater palatine canal, greater palatine foramen, lesser 

palatine canal and lesser palatine foramen. 

Anatomic Routes of the Greater Palatine Canal 

The greater palatine canal presents different anatomic routes from  

the pterygopalatine fossa to the hard palate in coronal slices (Figure 16)  

[14, 15]: 

 

 Route directed inferiorly from the pterygopalatine fossa.  

 Route with inferior-lateral direction, changing to inferior direction. 

 Route with inferior-lateral direction changing to inferior-medial 

direction. 

 Route with inferior-lateral direction, changing first to inferior 

direction, and finally to inferior-medial direction. 
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Figure 16. Anatomic routes of the greater palatine canal in coronal slices: A) inferior-

lateral and inferior direction, B) inferior-lateral and inferior-medial direction, C) 

inferior direction, and D) inferior-lateral, inferior and inferior-medial direction. 

 

CLINICAL IMPLICATIONS 
 

An exhaustive knowledge of the greater palatine foramen and greater 

palatine canal are necessary for dentists, maxillofacial surgeons and 

otolaryngologists. The position and location of the greater palatine foramen is 

key to the realization of various therapeutic procedures as follows: dental 
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treatments (restorative, implants, dental extractions, drain abscesses), 

periodontal treatments (harvesting sub-epithelial connective tissue grafts), 

maxillary (orthognathic osteotomy Le Fort, oral maxillofacial syndromes  

and chronic pain), and nasal (maxillary sinus surgery, septo-rhinoplasty). 

Anesthesia applied through the greater palatine canal affects the maxillary 

teeth, palate and gingival tissue, half face skin, nasal cavity and sinuses. 

Moreover, administration of anesthesia through the greater palatine canal 

reduces intraoperative bleeding during endoscopic sinuses surgery and septo-

rhinoplasty, and allows better control of the posterior epistaxis [9]. 

A detailed anatomic description of the greater palatine canal is  

necessary to avoid clinical complications derived from the technique of 

maxillary nerve block. These complications include diplopia, strabismus, 

ptosis, intravascular injection, anesthesia into the nasopharynx, damage to 

neural tissue, pterygopalatine fossa and/or infratemporal abscess, meningitis 

and anesthetic failure [8, 10]. 

In this sense, is very important to know the anatomical variations of the 

greater palatine foramen and greater palatine canal for anesthetic planning of 

different dental and/or surgical treatments. The bone morphology of these 

structures could be a limiting factor in access to the pterygopalatine fossa and, 

therefore maxillary nerve block. 
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ABSTRACT 
 

Lung cancer is one of the most concerned diseases around the world. 

Generally, its mortality is very high because the malignant tissue of lung 

cannot be checked out timely. Once cancerous cells in pulmonary 

parenchyma are detected in the early stage, the cure rate can be enhanced. 

A large collection of high resolution computed tomography (CT) images 

and their diagnostic information make it possible to analyze a new 

suspected case based on these historical data using data mining 

technologies. Although lung CT images provide us much valuable 

pathological information about cancerization, it is tough to extract and 

utilize it directly due to its irregularity in content. Thus, applying the 

current content based image retrieval (CBIR) schemes to assess a medical 

image can produce an exciting and promising effect. In this chapter, we 
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will review and discuss the application of the state-of-art CBIR schemes 

in pathological risk analysis of lung CT images. 

 

Keywords: pulmonary parenchyma, high resolution computed tomography, 

content based image retrieval, risk analysis 

 

 

INTRODUCTION 
 

With the development of the medical imaging techniques, a large amount 

of high-quality computed tomography (CT) images accumulated a lot, which 

contained much precious pathological information. For most of cancers, 

especially the lung cancer that is the most fatal cancer in the world [1], 

necessary medical treatment may greatly prolong one’s life if the patient can 

obtain precautions and early therapy. In most cases, late therapeutic process 

may torment the patient’s body and spirit. Serious end-stage lung disease is 

incurable not only because of the undeveloped medical technology but also the 

great economic costs on therapy. To some extent, it is insignificant for the 

latent patients to merely detect the disease when they felt unwell, because  

they may possibly miss the best treatment period. The main focus for the 

researchers should be seeking some methods that can make some early 

warning about patients’ hidden healthy crisis with the help of abundant 

medical pathological data. In this case, imperative precautions about lethal 

factors of the lung cancer are extremely imminently. Compared with  

the past, present medical data are plentiful, including literal information, 

graphic information and video information, which provide challenges and 

opportunities for researchers to explore significant physical rules and then to 

help sub-healthy people against latent diseases. CT imaging technology 

developed fast and was applied to lesion detection in different parts of human 

body, especially in the lung. Actually lung CT images reflect the health 

condition of the whole pulmonary, but radiologists can hardly interpret it 

roundly. In this situation, the computer played an important role to help them 

to solve this problem. Many scholars have designed image retrieval systems 

based on the image’s content by means of computer’s strong calculation and 

analysis abilities [2]. The content based medical image retrieval system 

(CBMIRS) can compensate human’s deficiencies, which is proved to be a 

useful computer aided diagnosis (CAD) system [3]. 

As medical imaging skills developed and the CAD technology improved, 

more and more superb images and precise locations of lesion are accumulated 
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and depicted. In the Meantime, advanced picture archiving and 

communication systems (PACS) are built in some hospitals [4]. Associated 

with the other two systems, Hospital Information Systems (HIS) and 

Radiology Information Systems (RIS), PACS is mainly used to obtain, 

transmit, preserve and display medical images under the DICOM standard [5]. 

Although some valuable information is indeed contained in those medical 

images, we do not know how to take advantage of it adequately. In recent 

years, there are many researchers focusing on information and image  

retrieval based on the textual record, the image content or both of them [6]. 

Generally, textual records are written by doctors and only reflect their 

unilateral viewpoints of diagnosis. However, the image content has multiple 

perspectives, which is difficultly illustrated by only one person.  

Researchers have focused on mainly two kinds of retrieval ways. One way 

is using vision image form to make the correlation analysis, which is known as 

the query-by-visual-example (QBVE) [7], and the other way is to retrieve 

images by semantic content, which is named as semantic retrieval [8]. 

Through validation by other researchers, vision similarity alone can hardly 

reflect real correlations [9]. Moreover, complex and deep semantic retrieval is 

still required to realize and develop. Presently scholars have proposed some 

effective medical image retrieval systems, such as Image Yale Image Finder 

(YIF), Retrieval for Medical Application (IRMA) and iMedline [10]. Through 

analyzing both the vision similarity and semantic relevance, these systems  

can seek out the optimal image we want. However, other experiments also 

showed that the lung nodule detection can be implemented through viewing 

conventional film or videotaped helical CT images [11]. During past several 

years, researchers have always been working on clinical problems, such as 

lesion detection and disease assessment [12, 13]. At the same time, some 

scholars have already made risk prediction about breast cancer pathology by 

analyzing image content [14, 15]. It is certain that abundant unaware 

information may be found with the help of progressive detecting methods. 

According to subjects’ habits, environment and heredity, researchers may 

conclude the risk factors of pulmonary diseases [16], but few of them focus on 

the early pathological phenomena of pulmonary. In this chapter, detailed 

diagnostic information about the pulmonary parenchyma is provided by the 

radiologists. The method designed by this chapter can sum up correlation of 

tissue structures among pulmonary images. 
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IMAGE PREPARATION AND RETRIEVAL SYSTEM 
 

Data Set 
 

CBIR systems need us to prepare image data that contain details of 

characteristics made by specialists, so we can validate the CBIR systems’ 

performance. A total of 115 patients’ clinical lung CT images with specific 

pathological diagnostic information were supplied by Guangdong medical 

college. Among these patients, there were 49 females and 66 males and the 

youngest and oldest of them was 39 and 85 years old, respectively. A return 

visit was completed for each patient and 27 of the patients died or suffered 

from recidivation, which can be considered as persuasive labels of malignancy 

of lung cancer. Among these lung CT images, nine pathological characteristics 

about the lung were diagnosed, including lobulation, density, periphery 

symptom, relation to pleura, gene RRM1 level, gene ERCC1 level, anaplastic 

lymphoma kinase (ALK), immunohistochemical (SABC) gene ERCC1, and 

cancer pathology. Before we analyzed these characteristics of pulmonary 

parenchyma tissues, several steps of image preprocessing should be taken. 

 

 

Pulmonary Parenchyma Segmentation 
 

The content of provided lung CT images almost including equipment, 

clothes, thoracic tissues and other systematic noises outside the pulmonary 

parenchyma, were not inappropriate to make analysis. To make these lung CT 

images suitable for big data processing, a fast and efficient lung content 

cutting method was designed, which is displayed in Figure 1. All the lung CT 

images were processed in five steps. First, global maximum between-class 

variance (OTSU) method was executed for classifying the raw lung image into 

two classes: the white part and the black part [17]. Second, considering 

peculiarities of pulmonary morphology, this system adopted a self-adaptive 

disc to eliminate noise in the whole images, such as impulses and bubbles. 

Third, pulmonary contour was recognized through analyzing the relative 

position information between the thorax and lung. Fourth, by combining both 

of the erosion and dilation operators based on 8-connected region standard, 

this study eliminated the esophagus between the two pulmonary lobes and 

smooth the contours of pulmonary lobes. Finally, the whole lung content was 

segmented. Through reverse enhancement, which can make gray images 

linearly inverted within the gray level range, we obtained a quite obvious 

pulmonary parenchyma. 
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Figure 1. Pulmonary parenchyma segmentation flow chart. 

 

 

Figure 2. Lung CT images processing performance: from original images to  

image words. 

Interference and noises outside of the lung content can be seen clearly 

from the original lung CT image (Figure 2. (a)). After processing the original 

pulmonary image, the whole pulmonary parenchyma is segmented, which is 

shown in Figure 2. (b). 

 

 

Feature Selection and Vocabulary Construction 
 

Analyzing the content of images based on patches [18], this system 

designed a rectangle of N × N pixels. The rectangle is just a standard sliding 

window which is used to extract image words (Figure 2. (c)). The definition of 

a word is explained as follows: 

Definition 1: There is a hypothetical image space I∈R2, where I has the 

size of x × y pixels, if there is another image space w∈R2 and w is part of I 
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(w∈I), where w is signified as l × l pixels (l < x & l < y), then w is named as a 

word.  

Using the standard sliding window created by this system, each lung 

content image was sampled. To avoid omitting any parts of the pulmonary 

parenchyma, this system set half of the word length as the sampling step 

length. As the word length used in this study was 32 pixels, so the sampling 

step was set as 16 pixels. Besides, the sampling window moved in vertical or 

horizontal direction during image words collection. However, a very small 

step length was inadvisable as the huge amount of blocks greatly aggravate the 

computational burden. This study also designed a word selection criterion, that 

is, any word whose pixels contain more than 90% pulmonary pixels was 

regarded as a valid word. Hence, each lung CT image can consist of a group of 

valid words. After word selection from the original image data, a large number 

of words were generated and can be taken as a corpus that contained most all 

the fragments of lung content. Generally, the corpus was so big that it will cost 

much time to analyze an unknown image. This study refined a vocabulary 

from the corpus for improving the image analysis ability. The definition of a 

vocabulary is as follows: 

Definition 2: There exists a hypothetical word set V that contains K 

words, if these K words are obviously different from each other and any other 

word can belong to one of them, then V is addressed as a vocabulary and K is 

the size of the vocabulary. 

To generate the image word and vocabulary, the system took two steps: 

word feature selection and vocabulary construction. Generally, texture features 

play an important role in expressing pixels tissues within an image. This 

system synthesized diverse texture features, including the gray level co-

occurrence matrix (GLCM), Tamura features and the rotation invariant local 

binary pattern (riLBP), which were proposed by previous scholars, to represent 

each image word. GLCM is a gray level spatial dependence matrix, which 

reflects spatial relationship of pixels using statistical methods. The element (X, 

Y) of GLCM signified the number of times that a pixel of value X had a 

specific location relationship with a pixel of value Y [19]. After generation of 

the GLCM, correlation, contrast, homogeneity, entropy and energy can be 

calculated. Tamura feature is another famous texture feature that is defined 

and depicted by Tamura et al. in 1978 on the basis of human visual perception 

[20]. It contains toughness, regularity, contrast, coarseness, directionality and 

line-likeness. What’s more, LBP is a straightforward and effective texture 

descriptor that shows a central pixel’s neighboring pixels using the simple 

comparison operator [21]. In this system p1, p2, …, p8 represent eight pixels 
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around the central pixel pc. Through comparison between pc and pi  

(i = 1,...,8) which are shown in Equ.(1) and (2), we can obtain a binary number 

of eight-bits. Thus every pixel has a LBP code. 
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To reduce the complexity LBP encoding, this system adopted the rotation 

invariance local binary pattern (riLBP), that any code of LBP and its rotated 

codes can be seen as the same code. Through riLBP encoding, 34 different 

binary numbers were generated. In consequence, the rotation invariance 

histogram of riLBP codes was drawn and can be used to express an image. 

After finishing different kinds of texture features extraction, each image word 

can be denoted as a 1 by M feature vectors and M represented the number of 

texture feature values. 

 

 

Figure 3. Vocabulary distribution of the image words extracted from original lung CT 

images based on fixed clustering start points K-means algorithm. (a) is the vocabulary 

distribution of this study and (b) is the standard normal distribution. 

To avoid the heterogeneity and irregularity of vocabulary, this study 

improved K-means cluster method through fixing the clustering start points in 

advance. During the generation of vocabulary, the center points of K-means 

adjusted in a limited spatial position automatically [22]. As literary words are 

approximate to normal distribution, this chapter tried to construct an image 

word distribution with a very similar standard normal distribution (Figure 
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3.(b)). The experiment demonstrated that method of uniformly distributing 

cluster start points in a specific range can acquire a good approximation 

(Figure 3.(a)). 

 

 

LDA Model for Image Retrieval and Analysis 
 

In this system, an advanced probabilistic topic model named latent 

Dirichlet allocation (LDA) was used for analyzing the content of lung CT 

images. The LDA model can be interpreted as a kind of three-level 

hierarchical Bayesian model that has already been utilized in web text 

classification, document modeling and collaborative filtering [23, 24]. 

Through ceaseless development and research, the LDA model acquired very 

good performance in these fields and can expand into medical image analysis. 

As the characteristics of pulmonary parenchyma have been provided by 

radiologists, thus these characteristics can be considered as themes of lung 

content and each pulmonary image had its own distribution of themes. Based 

on their theme distributions, the correlation between any two images can be 

analyzed.  

After the decomposition of each image into image words, the basic 

elements of LDA model were ready. In this system, LDA consisted of three 

important components: image word (sub-image with N × N pixels), the 

pulmonary image, and the topic (characteristic of pulmonary parenchyma). In 

this study, there are hypotheses that the image word was expressed by wi, 

(i∈{1, 2, …, V}); V is the number of words in the vocabulary, which was 

preset according to the size of the corpus; the pulmonary image was expressed 

by P={ w1, w2, …, wN}, which was a group of N image words; the image 

corpus was expressed by C={P1, P2, …, PM}, where M is the number of 

pulmonary images in the corpus. Additionally, we also took symbol z to 

represent the topic, which can be beneficial to latter discussion. The topic 

number is an important parameter influencing the results of the system. 

However, it does not have a fixed optimum value and needs to be modulated 

in accordance with different data set. 

Evolved from probabilistic latent semantic analysis (PLSA) and latent 

semantic indexing (LSI), LDA has a strong summarizing ability [25]. In LDA 

model of this system, original pulmonary images can be considered as the 

image corpus and every pulmonary image was taken as a group of image 

words with some special meanings in it. In addition, the group of image words 

of each pulmonary contained random image topic mixtures, where every topic 
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also had a random collection of image words [26]. In other words, image word 

layer, pulmonary image layer and image topic layer constituted the whole 

LDA model. 

The details of generative process of one random pulmonary image in the 

image corpus are illustrated in follow three steps: 

 

1.  Randomly choose the size of an image N ~ Poisson(e) 

2.  Randomly choose the number of topics T ~ Dir(α) 

3.  Randomly choose each of the N image words wi in the pulmonary 

image: 

(a) Choose a topic zi ~ Multinomial(T) 

(b) Choose an image word wn according to the probability p(wi|zi,b) 

that is a polynomial conditional probability. 

 

To utilize the LDA model, parameter initialization is required, including 

setting the number of words in the vocabulary (K) and the number of topics 

(T). Both of them construct a matrix β of K × T size and any element in β is 

represented by βij = p(wj = 1|zi = 1). The value of β can be inferred through 

multi-iterations as discussed later. The probability density function of K-

dimensional Dirichlet variable θ on (K-1) simplex function is displayed in 

Equ.(3): 
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where the Г(x) is a Gamma function of multiple parameters and has a K-

dimension parameter vector α={α1, α2, …, αK}(αi > 0). The parameters α will 

also be figured out through estimation algorithms. The joint distribution of 

prior parameter θ, image topic z and image word w are shown as follows:  
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Then the conditional probability of a image p(w|α, β) can be expressed as 

Equ.(6): 
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( | , ) ( , , | , )
N

N

z

p w p z w d          (6) 

 

Finally, the conditional probability of the image corpus p(C|α, β) can be 

acquired in Equ.(7): 

 

1

( | , ) ( | ) ( , | , , )
N

M

d N d d

zd

p C p p z w d       


 
  

 
    (7) 

 

Above are some probability functions that explained the generative 

process of an image on the basis of the LDA model. To adequately take 

advantage of LDA model for image analysis, reasonable parameters should be 

correctly estimated. As mentioned above, α was K dimensions parameters of 

Dirichlet function and the matrix β was the parameter combination of vector 

φk(k∈[1,K]) and b which is the parameter vector of φk. According to previous 

experiments and experience, the values of parameters α and b can be set in the 

beginning of running the LDA model. The primary task of us is to compute 

parameters zn, θd and φk by iterating a series of probability functions for 

deducing topic distribution on each pulmonary image. Blei D M et al. used 

(expectation maximization) EM algorithm to search for a group of parameters 

zn, θd and φk that can make the LDA model robust and efficient [26]. However, 

this system instead adopted Gibbs sampling that was validated to contribute to 

quickly approaching optimal parameters [27]. Based on the Gibbs sampling 

criterion, the topic distribution of an image corpus was generated through 

above functions: 

 

( | , )i i mk ktp z k z w        (8) 

 

where, 
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
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
   (9) 
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Finally, we can obtain the topic distribution of any pulmonary image by 

analyzing the image words it contained. Then a pulmonary image can be 

expressed as a topic vector Pθ={θ1, θ2, ... , θT}, where θi is the probability of 

topic i of this pulmonary image and T is the number of topics. To figure  

out the correlation between two images, a distance measurement method, 

Kullback-Leibler Divergence (KLD), was used in this system [28]. The 

computational formula of KLD is shown as follows: 

 

2 2

1

( || ) (log log )
T

KLD t t t

t

D x y p p q


    (11) 

1 2{ , ,..., }Tx p p p
 (12) 

 

1 2{ , ,..., }Ty q q q
 (13) 

 

 

EXPERIMENTAL RESULTS 
 

Unlike general pictures, lung CT images do not have very clear features 

that can be easily recognized by naked eyes. By feat of the LDA image 

retrieval system (LDAIRS), we can make image correlation analysis between 

any two images. Thus we can retrieve similar images according to their 

correlations. Using statistical method to analyze the retrieval results, we can 

make risk assessments and early precautions on a patient’s lung disease. 

Predictions can be made using statistical analysis method. The retrieval results 

of LDAIRS were measured with precision and recall, the formulas of which 

are expressed as Equ. (13) and (14). 

 

    

   

number of correct feedback images
P 100

number of feedback images
    (13) 
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number of correct feedback images
R 100

number of entire correct images
    (14) 

 

where P and R represent the precision rate and recall rate, respectively. 

 

 

Figure 4. Precision and recall curve between proposed method and Gabor based 

retrieval method. 

 

This chapter validated the performance of LDAIRS using 345 pulmonary 

images equally selected from 115 patients. As the number of pulmonary 

images with detailed diagnostic was very limited, so the leave one out  

cross validation method was executed. To illustrate the image retrieval ability 

of LDAIRS, this chapter made a comparison between this method and the 

global Gabor features based retrieval method (Figure 4) [29]. The results 

displayed that the LDAIRS obviously outperform the Gabor based method  

on medical image retrieval. As it was mentioned above, every pulmonary 

image was diagnosed on nine pathological characteristics. Each characteristic 

of pulmonary can be seen as a searching target label. The optimum retrieval 

results were that all the characteristics of feedback images were equal to those 

of the target pulmonary. In this chapter, we conclude two kinds of retrieval 

results. First, if all the characteristics of the feedback images were equal to 

those of the target image, these feedback images were regarded as the global 

matching images which can be also called an identical tissues here. Second, if 
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partial characteristics of feedback images were equal to those of the target 

image, a feedback image was the local matching image which was also called 

a similar tissue.  

The LDAIRS can summarize the latent correlation among the images 

through multiple iterations without requiring supervised information. To start 

the LDAIRS, we first initialized the number of words in the vocabulary (K) 

and the number of topics (T). The values of K and T need to be preset based  

on both of the characteristic and size of the data set. Using the same values  

of T and K, this study repeatedly tested the effectiveness of random words 

distribution and normal words distribution with uniform clustering center 

points. Through retrieving 50 pulmonary images according to a target 

pulmonary image, we obtained the retrieval results in Table 1. The average 

retrieval accuracy of random word distribution was 0.63±0.06 and that  

of normal word distribution was 0.70±0.03. This experimental results 

demonstrated that normal distribution were more appropriate for describing 

pulmonary image words.  

LDAIRS was adept in summarizing characteristics of pulmonary 

parenchyma. To demonstrate the retrieval performance of LDAIRS on 

different pulmonary characteristics, this chapter conducted ten times 

experiments to analyze the characteristics of a random selected pulmonary 

image. This experiment can be divided into five steps. First, the target 

pulmonary image was decomposed into image words. Second, the topic 

distribution of the whole image words was renewed by LDAIRS. Third, each 

pulmonary image was defined by a topic vector, including the target 

pulmonary image. Fourth, the relevance ranking between the target pulmonary 

image and each pulmonary image in the image corpus was listed. In the end, 

results of the target pulmonary image’s characteristics were given by statistical 

analysis. Through assessing the top 100 correlated images, we obtained the 

prediction results which are displayed in Table 2. It is obvious that the 

retrieval accuracy of similar tissues outperformed that of identical tissue. From 

the retrieval results, we can make an assessment that how the characteristics  

of an unknown pulmonary image are. The characteristic among the retrieval 

results that had the biggest ratio can be considered as the predictive 

characteristic of the target pulmonary image. In Table 2, the minimum 

probability value of characteristic (squamous carcinoma) is 0.78 ± 0.04 and 

the maximum probability value of characteristic (ALK without mutation) is 

0.98 ± 0.01. Moreover, all characteristics of the target pulmonary image can be 

given probability values, which can be seen as the significant reference for 
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radiologists. Hence, near-term morbidity of disease about lung can also be 

evaluated by experts. 

 

Table 1. Retrieval results of random words distribution  

and normal words distribution 

 

No. 

of test 

Topic Vocabulary 

Size 

Random words 

distribution 

Normal words 

distribution 

Right Wrong Right Wrong 

1 5 400 32 18 34 16 

2 5 500 34 16 37 13 

3 5 700 29 21 35 15 

4 5 800 30 20 34 16 

5 10 500 27 23 36 15 

6 10 600 36 14 38 12 

7 10 900 33 17 35 15 

8 15 300 34 16 33 17 

9 15 600 30 20 35 14 

10 15 700 29 21 35 15 

 

Table 2. Performance of retrieval results of each characteristic 

 

Characteristics of test image Same characteristics Standard deviation 

Lobulation 0.90 0.02 

Density 0.85 0.05 

Periphery 0.86 0.03 

Pleural 0.87 0.04 

RRM1 0.86 0.03 

ERCC1 0.88 0.04 

ALK 0.98 0.01 

ERCC1 0.86 0.02 

Cancer 0.78 0.04 

Identical tissue 0.76 0.03 

 

 

DISCUSSION 
 

Based on the idea of CBIR system, LDAIRS was first used for evaluating 

the pathological changes of pulmonary parenchyma. Much significant 
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information was contained in lung CT images. Each pulmonary image in the 

image corpus had diagnostic information about the characteristics of the lung. 

In LDAIRS, the LDA model was generated just based on the original 

pulmonary without using diagnostic information. The topic distribution of 

each image words was constructed and the correlation between each 

pulmonary image was created. Parameters in the system played an important 

role to improve the predictive ability of our system. By adjusting the 

parameter K and T, the retrieval effectiveness of different situation can be 

shown in Table 3. However, the selection of optimal parameters K and T were 

heuristic. According to experiments and the peculiarity of our image corpus, 

the optimum parameters can be achieved.  

 

Table 2. Performance of different groups of parameters 

 

Vocabulary Size 5 topics 10 topics 15 topics 

200 0.50 ± 0.07 0.55 ± 0.04 0.48 ± 0.07 

300 0.53 ± 0.08 0.59 ± 0.06 0.52 ± 0.02 

400 0.55 ± 0.04 0.72 ± 0.01 0.62 ± 0.06 

500 0.59 ± 0.06 0.72 ± 0.08 0.64 ± 0.03 

600 0.66 ± 0.03 0.76 ± 0.03 0.72 ± 0.07 

700 0.67 ± 0.03 0.69 ± 0.05 0.67 ± 0.09 

800 0.64 ± 0.02 0.73 ± 0.04 0.70 ± 0.02 

900 0.68 ± 0.05 0.77 ± 0.05 0.68 ± 0.03 

1000 0.71 ± 0.03 0.73 ± 0.10 0.59 ± 0.08 

 

Checking the diagnostic information provided by radiologists, we 

understood that pulmonary images had nine pathological characteristics. 

Hypothetically the possible optimum number of topics (T) was nine. The 

number of image words cropped from the entire image corpus was 

approximately 42000. In the circumstances, we assumed that the vocabulary 

sizes were multiples of one hundred words, including numbers from 200 to 

1000, that is, nine different sizes of vocabulary. This chapter tested different 

groups of parameters (K and T) on this image corpus, which is displayed in 

Table 3. The results demonstrated that the average retrieval accuracy of 10 

topics (0.69 ± 0.07) was better than that of 15 topics (0.61 ± 0.09) and that of 5 

topics (0.62 ± 0.07). Moreover, choosing 10 topics in LDAIRS, the retrieval 

accuracy of 600 words and 900 words were 0.76 ± 0.03 and 0.77 ± 0.05, which 

were much better than others. Considering the computation cost both 600 
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words and 900 words, this chapter took 600 words and 10 topics as the optimal 

parameters. 

It was known that more topics can increase the categories in the image 

corpus. In the same time, so many topics may cause coercive categorizing, 

which may break the strong correlation among some the pulmonary images. 

As was illustrated in Table 3, when the number of topics was set to 15, the 

retrieval performance was worse than that of 10 topics. This phenomenon was 

called over-categorization, which was still a challenging problem for 

researchers [30]. Different medical image corpus may have different special 

characters, so we need to approximate the perfect parameters with the help of 

the specific problem and professional knowledge. As a consequence, with the 

provided lung CT images, 10 topics and 600 words were the more suitable 

parameters. 

 

 

CONCLUSION 
 

The chapter introduces a novel LDAIRS for medical image retrieval and 

pathological analysis. To give a pertinent assessment on the status of 

pulmonary parenchyma, pathological changes of pulmonary parenchyma on 

different characteristics are the crucial indicators. Focusing on these 

pathological characteristics, the proposed LDAIRS can provide meaningful 

analysis about the tissue characteristic of pulmonary parenchyma. In LDAIRS, 

the number of words in the vocabulary and the number of topics are important 

parameters, which should be set depending on the size of used corpus. By 

means of LDAIRS, radiologists may easily do diagnosis without reducing 

accuracy. Combined with some deep learning technologies, such as 

convolutional neutral network (CNN), the LDAIRS may acquire more 

promising performance of risk assessment about pulmonary pathological 

changes. 
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