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Cone-beam computed tomography (CBCT) has 

become a vital tool in implantology, playing a key role in 

both pre- and post-surgical phases. Preoperatively, CBCT 

provides detailed three-dimensional evaluation of 

anatomical structures, offering precise information on 

bone quality and quantity, as well as the location of 

critical structure. This accuracy enhances surgical 

planning, reducing intra- and postoperative risks and 

ensuring more precise implant placement. Post-surgically, 

CBCT is equally important for monitoring 

osseointegration and detecting potential complications, 

such as failed integration, infections, or implant 

misalignment. Its high-resolution imaging capabilities 

enable clinicians to make accurate therapeutic 

adjustments, improving treatment outcomes. Overall, 

CBCT improves decision-making in implantology, 

offering greater predictability and safety compared to 

traditional two-dimensional radiography, significantly 

enhancing the success rates of implant-based oral 

rehabilitation procedures. 

 

 

In recent years, dentistry has experienced significant 

advances, especially in the digital area, impacting 
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Introduction 

diagnosis, planning and surgical treatment. [1] 

Radiographic examinations are a fundamental part of this 

evolution, providing dentists with a detailed view of 

dental and maxillofacial structures. However, it is 

essential to obtain patients' informed consent before 

carrying out these examinations, ensuring that they 

understand the benefits and potential associated risks. 

 

Conventional radiographs, such as intraoral and 

extraoral radiographs, are commonly used in clinical 

practice to aid diagnosis and treatment planning.2 

However, these techniques have limitations, as they only 

offer a two-dimensional representation of three-

dimensional structures.3,4 This can result in distortions, 

overlapping images and difficulties in accurately 

assessing certain anatomical details, such as the 

relationship between hard and soft tissues.3,4 To 

overcome these limitations, advanced imaging techniques 

have become necessary, with CBCT (Cone Beam 

Computed Tomography) being one of the main 

innovations.3 CBCT was specifically developed for 

maxillofacial imaging, providing three-dimensional 

images of high resolution and precision. [5, 6] 

 

Since its introduction in the late 1990s, it has become 

an essential tool in clinical practice. [7] Compared to two-

dimensional radiographs, CBCT offers images without 

distortion or overlap, allowing an accurate assessment of 

anatomical structures and significantly improving the 

predictability of surgical procedures.8 In oral 

implantology, CBCT is used in the pre-surgical phase to 

assess bone quantity and quality, identify the location of 

vital structures such as the inferior alveolar canal and 

maxillary sinuses, and define the ideal positioning of 

implants. [9] This precision facilitates surgical planning 

and reduces the risk of intra- and post-operative 

complications. [9] 

 

 

 

In addition, CBCT eliminates the need for invasive 

techniques such as surgical flap elevation, resulting in 

minimally invasive surgeries with shorter operative times, 

less post-operative discomfort and faster recovery for the 

patient. [10] In the post-operative period, CBCT 

continues to play an important role in monitoring the 

osseointegration of implants and in the early detection of 

possible complications, such as infections or failures in 

bone integration.10 The ability to generate detailed three-

dimensional images allows clinicians to accurately assess 

the progress of treatment and carry out corrective 

interventions when necessary [9]  In addition, it is 

possible to monitor bone loss over time, which is crucial 

for the long-term success of implants. [10] 

 

Despite its advantages, CBCT has some limitations, 

including higher radiation exposure compared to two-

dimensional scans and difficulties in accurately assessing 

soft tissue.11 Image artifacts, especially in the presence of 

metal restorations, can also be a challenge. 11 However, 

the constant advancement of technology has mitigated 

many of these limitations, making CBCT increasingly 

efficient and safe. Given its potential to improve 

diagnostic and therapeutic accuracy, CBCT has become 

indispensable in several areas of dentistry, including 

implantology, oral and maxillofacial surgery, endodontics, 

orthodontics, and periodontology.1 Its ability to provide 

detailed three-dimensional data contributes to more 

effective and safer treatments, significantly improving 

clinical results and patients' quality of life. 

 

CBCT: Development, Principles and Clinical 

Implications 

 

The discovery of X-ray wavelengths by Wilhelm Conrad 

Röntgen in the 19th century represented a significant 

milestone in the history of medicine. [12] Since then, 

diagnostic imaging has evolved considerably, 

incorporating various technologies. [12] Three-

dimensional radiographic images have developed to meet 

the demands of advanced treatment technologies, driving 

the emergence of new therapeutic strategies. [12] 

 

Cone Beam Computed Tomography (CBCT) emerged 

from Computed Tomography, initially developed by 

Godfrey Hounsfield in 1967. [13] Originally conceived to 
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provide three-dimensional cross-sectional images 

economically and efficiently for radiotherapy and later for 

angiography in 1982, CBCT was delayed in commercial 

availability for around 10 years, being introduced in 

Europe in 1998 and in the USA in 2001. [13] Columbia 

Scientific Inc. launched 3D software in 1988, followed by 

the publication of research on CBCT in 1990. [13] With 

the adoption of CBCT in dentistry, professionals have 

been able to deepen their knowledge and obtain a more 

detailed view of the underlying structures, simplifying the 

decision-making process and facilitating the identification 

of bone defects. [13] 

 

Cone Beam Computed Tomography (CBCT) is a 

radiographic technique that generates precise three-

dimensional images of hard tissue structures. [14] The 

term “cone beam” describes the shape of the beam that 

examines the patient in a circular motion around the 

vertical axis of the head. The head retention mechanism is 

crucial, regardless of the patient's position, and during a 

360° examination, the X-ray source and a detector array 

move simultaneously. [14, 15, 16, 17] The reading 

software aggregates the axial slice images and, using 

specific algorithms, reconstructs 3D images in DICOM 

format, ensuring high spatial resolution. [17, 18] A CBCT 

radiology report should include patient identification, 

technical details of the examination, radiological findings 

and diagnostic interpretation. The findings section should 

address intra-oral and extra-oral observations, such as the 

condition of the alveolar bone and structures such as the 

temporomandibular joint. The diagnostic interpretation 

should provide a differential diagnosis and 

recommendations for additional examinations, if 

necessary. [18] 

 

CBCT in Pre-Surgical Evaluation in Implantology  

The appropriate choice of preoperative images is crucial 

for the surgical planning of implants. In all areas of the 

maxilla and mandible, there are anatomical structures that 

require detailed three-dimensional analysis, allowing for 

the selection of implant size and length, as well as 

assessing the height and width of the alveolar ridge and 

the proximity of adjacent structures. The American 

Academy of Oral and Maxillofacial Radiology (AAOMR) 

recommends the use of cross-sectional images, such as 

CBCT, for implant surgeries, as this provides benefits that 

influence surgical planning and results. [10, 19]  

 

In recent years, software for surgical planning with CBCT 

images has been developed, allowing dentists to simulate 

implants of different sizes to identify the most suitable 

one. [19] 

 

CBCT also plays an essential role in the creation of 

drilling guides, increasing accuracy in implant 

positioning, and facilitating the assessment of bone crest 

and density, critical factors for implant success and 

integration. In addition, its use is associated with the 

maintenance of stable peri-implant tissues, better 

aesthetic results and reduced risks such as peri-implantitis. 

[20, 21, 22] 

 

Anatomy structures 

Nasopalatine Canal 

The nasopalatine canal (NPC) requires precise 

evaluation in implantology, and CBCT is an essential tool 

for this purpose, providing precise and detailed data that 

helps with surgical planning. CBCT allows the exact 

measurement of the length and diameters of the canal, as 

well as morphological classification, identifying 

important anatomical variations such as single canals, 

double canals or Y-shaped bifurcations. This information 

is crucial to avoid complications, such as injuries to the 

nasopalatine nerve, which can result in sensory 

disturbances or bleeding. [23, 24] 

 

In 2021, Rai et al observed that the majority of 

individuals had funnel-shaped (38.4%), cylindrical 

(38.0%), hourglass (19.6%) and fusiform (4.0%) CNP. 

The most common NPC curvature was inclined (71.3%), 

followed by 15.6% of curvatures being oblique, 12.3% 

vertical and 0.8% curved. [24] (Fig.1) 

 

In addition, CBCT allows the definition of a 2 mm safety 

margin around the NPC, which significantly reduces the 
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risk of damage to the neurovascular bundle during 

implant placement. [25,26] 

 

This assessment is especially important in cases where 

the nasopalatine foramen is very close to the osteotomy 

area, and expansion of the area is often recommended to 

ensure implant stability and long-term osseointegration 

success. [23, 27] 

 

 

Figure 1: CBCT image in the sagittal plane, showing 

the different shapes of the nasopalatine canal: 

cylindrical, fusiform, hourglass and funnel-shaped. 

[24] 

 

Nasal Fossa 

The nasal fossa (NF) is a crucial anatomical structure 

within the nasal cavity, responsible for respiratory and 

olfactory functions. It is divided into regions such as the 

nasal vestibule, the maxilloturbinal region and the 

ethmoid region.  

 

The NF is connected to the pterygopalatine fossa (PPF), 

which is located posterior to the maxillary sinus and 

establishes communications with various anatomical 

areas, including the nasal cavity and the orbit. [28, 29, 30] 

(Fig.2) 

Figure 2: Nasal cavities with soft tissue. 

 

In implantology, the NF is an important reference point 

due to its proximity to the maxillary sinus, which can lead 

to dental implants migrating into the NF, requiring 

extraction via rhinoscopy. Placing implants in the 

transnasal bone between the maxillary sinus and the NF 

allows the use of extralong implants to support full-arch 

prostheses. [31, 32, 33] 

 

However, a significant challenge in placing implants in 

the NF is the risk of perforation, which can be 

asymptomatic and cause symptoms such as mucopurulent 

discharge and nasal discomfort. The extension of implants 

into the nasal cavity is associated with rhinosinusitis and 

rhinitis. [33, 34]  (Fig.3). 

 

 

 

 

 

 

 

 

 

Figure 3: Placement with exposure of the implant in 

the nasal fossa [31] 
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Canalis Sinuosos 

The canalis sinuosus (CS) is a crucial anatomical 

structure in dental implantology, especially in the anterior 

maxilla. It is a neurovascular canal that originates from 

the nerve of the infraorbital canal, through which the 

superior alveolar nerve passes, sloping medially between 

the nasal cavity and the maxillary sinus, reaching the 

premaxilla in the region of the canines and incisors. 

(Fig.4) CS is usually bilateral, although it can rarely be 

unilateral. [35] 

 

Its length is little discussed in the literature, with an 

average of around 55 mm in the maxilla and a vertical 

distance between the infraorbital foramen and the SC 

ranging from 0 to 9 mm. [35, 36] 

 

The relevance of the SC in the rehabilitation of the 

anterior maxillary region is evident, especially when 

using the canine abutment as a support for implants. 

Contact with the neurovascular bundle of the superior 

alveolar nerve can compromise osseointegration and 

induce temporary or permanent paresthesia, as well as 

bleeding. [37] 

 

Due to its discreet nature on standard radiographs, the SC 

is often overlooked in implant planning, being identified 

as a radiolucent image in the periapical region of the 

canines and maxillary lateral incisors. [38] 
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Figure 4: a) Presence of SC in CBCT cross-sections in the region of tooth 13.37 b) Presence of SC and 

anatomical variation of 2,1mm of diameter in 11. 

 

 

Maxillary Sinus 

In the context of implantology and the 

osseointegration process, the maxillary sinus (MS), also 

known as the Highmore antrum, plays a crucial role. 

Located in the body of the maxillary bone, the MS is 

pyramidal in shape, with an average height of 

approximately 33 mm, a width of 23 mm and an 

anteroposterior length of around 34 mm.  

 

As the largest of the paranasal sinuses, its functions 

include phonatory resonance, air conditioning and 

equalization of pressures in the nasal cavity, and it is lined 

by Schneider's membrane. Sensory innervation is 

provided by branches of the maxillary nerve, especially 

the posterior superior alveolar branch. [39, 40, 41, 42] 

These advancements represent a promising area for future 

research. 

 

The anatomical relationship between the SM and the 

roots of the maxillary posterior teeth is critical in implant 

placement, as resorption of the alveolar process following 

tooth loss can lead to pneumatization of the SM, making 

implant placement difficult and increasing the risk of 

complications such as perforation of the sinus membrane 

and sinusitis. [43, 44] (Fig.5). 

 

The use of CBCT in pre-surgical planning allows for 

a detailed assessment of the anatomy of the MS, 

facilitating the identification of complications and 

informing the appropriate surgical approach. [45, 46, 47] 
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Figure 5: Image of an oblique sagittal section showing the relationship between the healthy maxillary sinus 

and the roots of the posterior teeth. 

Septa 

The maxillary sinus cavity is often subdivided by septa, 

which are thin walls of cortical bone that protrude from 

the sinus floor. These septa can be classified as primary, 

formed during maxillary development, and secondary, 

which develop after tooth loss and irregular 

pneumatization of the sinus floor. The prevalence of septa 

ranges from 10% to 58% in the literature. [48, 49] (Fig.6) 

 

Implant planning in the maxilla is challenged by bone 

atrophy of the alveolar process, especially in the distal 

region. The reduction in bone height increases the need 

for elevation of the maxillary sinus floor, which is 

influenced by the presence of septa, as the adhesive force 

of the Schneiderian membrane is greater in these areas. 

[49] 

 

Although septa have been considered clinically 

insignificant, complications such as perforation of 

Schneider's membrane have been reported, often 

associated with their presence. To ensure successful sinus 

augmentation and avoid complications, assessment of the 

septa before surgery is crucial. The use of CBCT-based 

digital implant planning software enables the detection of 

risks related to maxillary sinus septa. [48, 49] 
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Figure 6: Orientation of septa on CBCT: (1) sagittal, (2) coronal, (3) transverse. [49] 

 

 

Posterior superior alveolar artery  

The posterior superior alveolar artery (PSAA), a branch 

of the maxillary artery originating from the external 

carotid artery, supplies blood to the maxillary molars, the 

maxillary sinus and the surrounding gingival tissues. This 

artery normally runs along the lateral wall of the MS and 

can have branches, significantly influencing surgical 

procedures in the area.[50, 51] (Fig.7) 

 

The proximity of the PSAA to the MS and the alveolar 

ridge is critical when planning the placement of dental 

implants, as its location can impact surgical techniques, 

especially in elevations of the MS, where the risk of 

arterial injury is high. Understanding the anatomy of the 

PSAA enables safer surgical interventions, minimizing 

complications such as excessive bleeding. [52, 53, 54] 

The PSAA anastomoses with the infraorbital artery in the 

oral cavity. In cases of bleeding during osteotomy, it can 

be controlled by compression or cauterization, with a 

larger diameter of the compromised vessels resulting in 

more abundant bleeding. [55] 

 

A study by Hakiem Tawfiew et al. (2023) revealed a 

higher prevalence of PSAA in women than in men, 

suggesting a lower risk of hemorrhage in surgical 

procedures in women. [56] 
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Figure 7: Types of PSAA: A- Intrasinusoidal; B- Intraosseous; C- Superficial. [51] 

 

Mentonian Hole 

The mentonian hole (MB) is an anatomical structure 

located on the anterior surface of the mandible, varying in 

position both horizontally and vertically. Fishel et al. 

(1976) observed that 70% of the BM are located between 

the premolars, while 22% are located in their apical area. 

Most BM are above the level of the premolar apices, 

functioning as a channel for the mentonian nerve, which 

innervates the lower lip, chin and buccal gingiva of the 

lower incisors. [57, 58]  (Fig.8) 

 

Correctly determining the position of the BM is crucial to 

ensure adequate local anesthesia and minimize injuries 

during surgical procedures. The inferior alveolar nerve 

often passes a few millimeters in front of the BM, 

forming the so-called anterior loop, which must be 

respected when positioning implants. [59] 

 

Complications related to the BM can include lesions of 

the mentonian nerve, resulting in paresthesia of the lower 

lip, impacting the patient's quality of life. The anatomy of 

the BM varies between populations, with an average 

distance from the midline of the mandible of 

approximately 25 mm, influenced by age and gender. [59, 

60]

 

 

 

 

 

 

 

 

Figure 8: A) 3D reconstruction of the mentonian hole on the right side; B) 3D reconstruction of the mentonian 

hole bilaterally. 
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Sublingual hole and canal 

Dental implants are currently the main choice for the 

prosthetic rehabilitation of edentulous patients. However, 

the placement of implants in the anterior region of the 

mandible can cause perforation of the lingual cortex, 

resulting in severe bleeding due to the proximity of the 

arteries connected to the lingual hole. The lingual hole, 

located on the inner surface of the mandible, serves as an 

entrance to the bony canals and is a route for branches of 

the sublingual and submentonian arteries, increasing the 

risk of surgical complications. [61] 

 

A descriptive study by Vásquez (2019) analyzed 225 

CBCT scans and found that the distance between the 

lingual hollow and the alveolar ridge was slightly greater 

in women, while the length of the hollow was greater in 

men. The course of the lingual canal is upward in most 

cases, but 28% have a downward course. [61, 62] 

 

Installing implants close to the lingual canal can damage 

nerves, causing complications such as anesthesia and 

paresthesia. It is recommended to maintain a distance of 2 

mm between the implants and the neurovascular bundle 

of the lingual hole to minimize these risks.63 (Fig.9) 

 

Figure 9: a) Implant in contact with the lingual canal; 

b) Implant not in contact with the lingual canal. [63] 

 

 

Mandibular canal 

The mandibular canal, also known as the inferior alveolar 

canal, is a bony canal that houses the inferior alveolar 

nerve and the inferior alveolar artery, forming the inferior 

alveolar vasculonervous bundle. It extends from the 

mandibular pit to the mental pit. [64, 65] (Fig.10). 

 

Radiographically, the canal appears as a well-defined 

radiotransparent line, delimited by radiopaque lines. The 

location of the mandibular canal is crucial for dental 

implant surgery, as damage to the inferior alveolar nerve 

can result in temporary or permanent paralysis, with an 

incidence of between 6.5% and 37%. Inadequate bone 

length assessments and the use of very long implants 

increase this risk. Therefore, accurate assessment of the 

canal position prior to implant placement is essential. [66] 

 

Implants in the posterior region of the mandible face 

challenges, especially in cases of bone atrophy. The 

reduced vertical distance between the alveolar crest and 

the roof of the canal requires the vertical safety distance 

to be at least 6 mm to avoid nerve damage. Chavarry 

(2019) suggests that implants vestibular to the mandibular 

canal may be an effective alternative for rehabilitating 

posterior atrophic ridge. [67] 
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Figure 10: Mandibular canal a) 3D reconstruction b) Secundary canals in contact with implants c) Panoramic 

reconstruction showing bilateral incisal and mandibular canals. 

 

Assessment, Planning and Prevention in the Surgical 

Context 

CBCT is a fundamental technology in the assessment of 

bone density in implantology, allowing a precise three-

dimensional analysis of the quantity and quality of bone 

available for the placement of dental implants. This tool 

provides a detailed visualization of bone structures and 

their anatomical relationships and is essential for pre-

surgical planning and predictable results. [68] 

 

Studies show that high bone density is associated with a 

higher success rate and primary stability of implants.69 

Lekholm and Zarb (1985) classified bone density into 

four types based on the proportion of cortical and 

trabecular bone, with implants in type I, II and III bone 

having a higher survival rate compared to type IV bone. 

[70] 

 

Bone density, measured in Hounsfield Units (HU) in 

conventional tomography, can also be assessed by gray 

values in CBCT, helping to determine the quality of the 

bone and influencing surgical planning. [71, 72] 

 

CBCT improves all aspects of implantology, from 

diagnosis to surgical execution and post-operative follow-

up. A study by Buser et al. (2013) revealed that the use of 

CBCT in early implants resulted in stability of the peri-

implant tissues and a reduced risk of mucosal recession, 

with successful maintenance of the facial bone wall in 95% 

of patients. Detailed analysis of adjacent anatomical 

structures, such as the residual alveolar ridge, maxillary 

sinus and mandibular canal, is crucial to avoid 

complications such as neurosensory lesions or perforation 

of the sinus membrane. [19, 73] 

 

CBCT offers a 3D analysis that makes it possible to 

determine the height, width and quality of the bone, 

identify important anatomical structures and fabricate 

surgical guides. Studies by Suomalainen et al. (2008) 

indicate that CBCT measurements are reliable and 

accurate for implant planning. In addition, the AAOMR 

reinforces the importance of accurate diagnoses to ensure 

implant success. [19] 

 

In the context of preventing surgical complications, 

CBCT also plays a role in detailed pre-surgical analysis, 

complemented by assessment of the medical and dental 

history. Patients with diseases such as diabetes or who 

take specific medications, such as bisphosphonates, may 

be at greater risk of complications, requiring an adapted 

approach. [74, 75] 

 

In addition, smoking cessation and oral hygiene education 

are crucial to prevent conditions such as peri-implantitis 

and increase implant longevity. [76]  

 

Informed consent is vital to ensure that patients 

understand the risks and benefits of the procedure. [77] 
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CBCT in the Post-Surgical Phase: Assessment of Bone 

Loss and Post-Operative Surgical Complications 

 

Cone Beam Computed Tomography (CBCT) plays a 

crucial role in the post-surgical phase of dental implants, 

especially in the assessment of peri-implantitis. This 

imaging modality makes it possible to monitor the 

condition of the bone graft and the position of the implant, 

facilitating effective planning and ensuring correct 

positioning in relation to critical anatomical structures, 

such as the inferior alveolar nerve. [21, 78] 

Assessing the success of implants involves clinical and 

radiographic examinations. Although 2D intraoral 

radiographs are useful, they have limitations, such as 

image overlap, while CBCT excels in detecting peri-

implant defects, especially in assessing bone loss related 

to peri-implantitis. CBCT is recommended in cases of 

persistent pain or the need for bone augmentation, 

allowing for a more precise analysis of bone morphology. 

[10] 

 

Figure 11: Implant in contact with mandibular canal. 

 

3D CBCT images offer a better morphological 

assessment and volumetric data on bone, which is 

particularly relevant in the context of bone healing and 

monitoring peri-implantitis. Studies indicate that early 

detection of marginal bone loss, often associated with 

peri-implantitis, is essential for the long-term success of 

implants. [10, 79] 

 

In the post-operative phase, CBCT is essential for 

assessing complications such as lesions in neurovascular 

structures and peri-implant bone loss. Initial crestal bone 

loss is common and can be influenced by factors such as 

surgical trauma and microgap, with direct implications 

for peri-implant health. [80, 81]  

The ability of CBCT to identify the extent of bone 

loss and classify peri-implant bone defects allows for 

more effective treatment planning for peri-implantitis. In 

addition, the assessment of peri-implantitis is crucial for 

maintaining implant health. CBCT has shown high 

accuracy in the early detection of marginal bone loss, 

compared to intraoral radiographs, with a sensitivity of 

100% compared to 69-63% for radiographs. [82] 

This underlines the importance of CBCT in the 

assessment and management of peri-implantitis. 

Complications such as nerve damage can occur after 

implant placement, resulting in paresthesia, which is often 

painless. [83]  

Infection is a common cause of implant placement 

failure, requiring adequate antibiotic prophylaxis, now 

recommended for a maximum of three days after surgery. 

[84, 85] 

 

Finally, the presence of bruising after surgery is a 

normal condition that should be communicated to patients. 

[86] The combination of CBCT with rigorous clinical 

follow-up is fundamental to the long-term success of 

implant treatments, especially with regard to the 

management of peri-implantitis. 
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Figure 12: a) Implant with periimplantitis. b) panoramic reconstruction with 2 implants in 36 y 37 c &d) same 

implants of b) showing periimplantitis (arrow) in 36 and normality in 37 

 

 

 

 

Implantology has transformed oral rehabilitation by 

offering long-lasting and aesthetic solutions to tooth loss. 

The advancement of implant techniques is linked to the 

evolution of imaging technologies, with CBCT being an 

essential tool in today's practice. In the pre-surgical phase, 

CBCT provides a detailed three-dimensional view of 

bone and soft tissue structures, allowing the analysis of 

bone quality and quantity, and the identification of 

anatomical limitations. This results in more precise 

surgical planning, reducing risks and increasing the  

 

predictability of results. After surgery, CBCT is crucial in 

monitoring healing and assessing results, ensuring the 

correct position of the implant. In conclusion, it is 

essential to improve students' knowledge of CBCT by 

dedicating more curricular time to this advanced imaging 

modality, which is becoming standard in various dental 

specialties. 
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