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Abstract

Although intraoral radiographs still remain the imaging method of choice for the evaluation of endodontic patients, in recent years, the utilization of cone beam computed tomography (CBCT) in endodontics showed a significant jump. This case series presentation shows the importance of CBCT aided diagnosis and treatment of complex endodontic cases such as; root resorption, missed extra canal, fusion, oblique root fracture, non-diagnosed periapical pathology and horizontal root fracture. CBCT may be a useful diagnostic method in several endodontic cases where intraoral radiography and clinical examination alone are unable to provide sufficient information.
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Core tip: The use of cone beam computed tomography in endodontics is increasing rapidly. Units with small field of views offering high-resolution images of teeth and related structures are specifically recommended in cases where two-dimensional systems fail to provide sufficient information. Future research should be directed towards developing units that offer higher-definition dental images with lower effective doses. 
INTRODUCTION

Radiology has always been an important diagnostic tool in endodontic treatment. Intraoral imaging provides the highest spatial resolution of any imaging method currently available in clinical endodontics. However, since spatial information is lost when it is collapsed into a two-dimensional (2D) image, two or three intraoral radiographs taken from different angles are recommended in many cases. In addition, the diagnostic effectiveness of intraoral radiography is influenced by a number of variables, including beam angulation, exposure time, receptor sensitivity, processing, viewing and display conditions, superimposition of anatomic structures along with tooth and lesion location[1-4]. In contrast to intraoral techniques, which can provide only limited information about lesion origin, location, size and extent, cone beam computed tomography (CBCT) devices are able to acquire three dimensional (3D) reconstructions of the dento-maxillofacial region with high levels of hard tissue detail. Whereas conventional CT scanners emit a fan-shaped X-ray beam and require a stack of multiple slices to obtain a complete image, CBCT systems operate by focusing a cone-shaped beam on a 2D detector that performs one pass or less around the patient’s head to produce a series of 2D images. A reconstruction algorithm is then applied to the image data set and thereby reconstructed data sets can be oriented in a versatile way, and then visualized and reformatted for an optimal assessment. The main advantages of CBCT over medical CT are the size of the scanner, the cost and its ease of use for dental applications along with lower effective radiation doses[5,6].
Although intraoral radiographs still remain the imaging method of choice for the evaluation of endo​dontic patients the use of CBCT in endodontics showed a significant jump in recent years. Limited field of view (FOV) CBCT with relatively low patient doses and small voxel sizes should be considered the imaging modality of choice for diagnosis in patients who present with contradictory or non-specific clinical signs and symptoms associated with untreated or previously endodontically-treated teeth[7].
The purpose of these case series was to show the importance of CBCT aided diagnosis, and treatment of complex endodontic cases. We present 6 different cases diagnosed and treated with the aid of CBCT. Our case series included an external root resorption (ERR), a periapical pathology in a missed extraroot canal of a mandibular premolar, an oblique root fracture in a maxillary molar, a fusion in a mandibular second molar, a missed periapical pathology in a canine and a horizontal root fracture (HRF) in a central incisor that occurred due to an accident.

CASE REPORT

Case 1

A 40 years old famale patient was referred to our clinic with a recent history of an acute pain in the left maxillary posterior region. Maxillary left second molar tooth was tender to percussion and its distal soft tissues were painful on palpation. Also, there was a > 7 mm periodontal pocket when probbed distally. The tooth responded to sensitivity tests (cold test and electric pulp test) positively. Periapical radiographic findings did not show caries or any periapical pathology (Figure 1A). A detailed radiological assessment with CBCT images showed the presence of an ERR in relation with the whole buccodistal root (Figure 1B and C). At this initial visit pulp tissue was removed and available root canals were prepared and filled with calcium hydroxide. A week later, all clinical symptoms disappeared. Resorptive buccodistal root canal was then obturated with mineral trioxide aggregate (MTA)-Angelus (Angelus, Londrina, Paraná, Brazil) orthogradically. Other canals were finally obturated with gutta-percha and AH Plus (Dentsply DeT-rey GmbH, Bensheim, Germany). The coronal portion of the tooth was restored with amalgam. The patient was followed up for 1 year. The tooth was completely asymptomatic and no radiographic signs of pathology were evident on periapical radiography taken after 1 year (Figure 1D). 

Case 2

A 35 years old male patient was referred to our clinic with an acute pain in his right mandibular first premolar tooth that was treated two years earlier. The tooth was sensitive to vertical percussion. Periapical radiography of the tooth showed a radiolucent area at the periapical region. The root canal treatment seemed to be properly conducted (Figure 2A). However, panoramic/axial CBCT images (Figure 2B) and cros-sectional CBCT images (Figure 2C) showed that there was one more non-treated root canal along with a periapical lesion. At this initial visit root canals were prepared and then filled in with calcium hydroxide (Sultan Healthcare Inc., NJ, United States). A week later root canal was finally obturated with gutta-percha and AH Plus (Dentsply DeT-rey GmbH, Bensheim, Germany). The tooth was restorated with composite resin (Figure 2D). At six months follow up the tooth was completely asymptomatic and there was no pathological change on radiographic assessment. 

Case 3

A 22 years old male patient was referred to our clinic with the complaint of persistent pain on left maxillary molar tooth during mastication. Patient history revealed that he used to punch on his left chick molar region when he got annoyed. Clinical and panoramic radiographic examination showed a carious maxillary 1st molar tooth (Figure 3A). The tooth responded to sensitivity tests (cold test and electric pulp test) positively. During root canal treatment the clinician felt as if buccodistal root canal was very short and she was unclear about the pathway of the root canal after taking a periapical radiography. Therefore, a CBCT scanning was requested and cross-sectional CBCT images revealed an oblique radiolucent root fracture line in the middle third of the buccodistal root (Figure 3B). At this initial visit root canals were prepared and filled in with calcium hydroxide. A week later firstly fracture line was sealed and filled with MTA-Angelus (Angelus, Londrina, Paraná, Brazil) and finally root canals were obturated with gutta-percha and AH Plus (Dentsply DeT-rey GmbH, Bensheim, Germany). The coronal portion of the tooth was restorated with composite resin. Another CBCT image was obtained in order to assess the fractured region 1 year after the initial treatment. CBCT imaging showed no resorption or fracture at 1 year follow up (Figure 3C). The tooth was also clinically asymptomatic at 2 year follow up.

Case 4

A 18 years old female patient presented to our clinic with the complaint of persistent pain on right mandi​bular molar tooth. Upon clinical intraoral exami​nation, a fused mandibular second molar tooth with an occlusal caries was noticed. Percussion created an increase in the intensity of pain. The tooth was non-responsive to sensitivity tests with cold and electric. On periapical radiography, presence of caries was detected and presence of a periapical lesion was suspected (Figure 4A). The left mandibular second molar appeared to be normal in shape on panoramic radiography (Figure 4B). CBCT imaging was obtained in order to assess the complex canal morphology in detail. Panoramic and axial CBCT images showed that mandibular 2nd and 3rd molars were fused and there was apparent periapical radiolucency (Figure 4C and D). Root canals were prepared and filled in with calcium hydroxide/iodoform paste (Vitapex; Neo Dental Chemical Products Co. Ltd., Tokyo, Japan). A week later, all clinical symptoms disappeared. Root canals were finally obturated using single cone technique with guta percha and AH Plus. The coronal portion of the teeth was restorated with amalgam. The tooth was re-evaluated six months later with periapical radiography (Figure 4E). Radiographically there was no sign of periapical pathology and clinically tooth was asymptomatic.

Case 5

A 22 years old male patient was referred to our clinic with the complaint of persistent pain on left maxillary canine tooth when biting. On clinical examination, the tooth seemed to be intact (Figure 5A). However, sensitivity tests were negative. Periapical radiographic findings showed no periapical pathology or a carious lesion (Figure 5B). Sagittal CBCT images showed a periapical radiolucency (Figure 5C). At this initial visit, root canal was prepared and filled with calcium hydroxide (Sultan Healthcare Inc., NJ, United States). A week later, all clinical symptoms disappeared. Root canal was finally obturated using single cone technique with guta percha and AH Plus (Figure 5D). The coronal portion of the tooth was restorated with composite resin. The patient did not come to regular periodic examinations.

Case 6

A 25 years old female patient came to our clinic 1 wk after a car accident. She had pain and mobility in her right canine and incisors and there was an incisal crown fracture in right central incisor (Figure 6A). Canine and incisor teeth did not respond to cold and electric tests. Intraoral radiographs taken from two different angels showed periapical radiolucencies in canine and incisors but they were unable to show a suspected HRF (Figure 6B and C). However, with CBCT Kodak 9000 3D (Eastman Kodak Co, Rochester, NY, United States) CMOS sensor with optical fiber, offering a single 5 cm × 3.8 cm FOV at 0.076 mm voxel we managed to detect a HRF in right central incisor along with alveolar bone fracture in cross-sectional views (Figure 6D). Canine and incisors were splinted with orthodontic wire and composite resin for 2 wk (Figure 6E) and then obturated using single cone technique with guta percha and AH Plus (Figure 6F). 

DISCUSSION

Units with small FOVs offering high-resolution images of teeth and related structures with relatively low radiation dose are specifically recommended in cases where 2D systems fail to provide sufficient information regarding peri-treatment decision-making and surveillance of periapical tissues over time[7]. According to AAE and AAOMR Joint Position Statement published in 2015, several application areas were included for the use of limited FOV CBCT in endodontics. Assessment of complex root canal morphology and dental anomaly, evalua​tion of consistent periapical pathosis and differen​tia​tion between radiolucencies mimicking apical lesions and persistent idiopathic facial pain were among useful indications. Pre-surgical assessment by determining the exact location of root apices in relation to adjacent anatomical structures such as mandibular canal and maxillary sinus was also recommended. CBCT may help in identifying endodontic treatment com​plications, such as overextended obturation material, separated endodontic instruments, calcified canals and perforations. Besides, follow up of non-healing endodontic treatment and decision of further treatment plan with CBCT was recommended. A CBCT image was suggested in the diagnosis and management of dentoalveolar trauma. Finally, the use of CBCT was recommended in order to localize and differentiate between external and internal root resorption and invasive cervical resorption[7].

ERR is defined as the loss of mineralized dental tissue. Inflammation or infection and pressure caused by impacted teeth, masses, or orthodontic move​ment are among the etilogical factors related to pathological ERR[8]. The current technique for diagnosing ERR is intraoral periapical radiography. Most cases are discovered during routine examinations and are usually in their late stages resulting in tooth extraction. Therefore, the early and accurate diagnosis is very important, in terms of treatment planning and prognosis. Intraoral periapical radiography man not provide sufficient information regarding location, size and extent of resorptive lesions due to projection of the lingual and buccal cortices, multiple roots, and adjacent anatomical structures[9,10]. In case 1, periapical radiography was unable to show any resorption cavity due to inherent limitations of the technique. CBCT provided very useful information regarding the exact location, size and extent of the resorption cavity. As the lesion involved only 1 root, treatment with MTA was conducted. MTA was used as the repair material in this case due to its capacity to promote hard tissue formation and to inhibit osteoclastic bone resorption[11]. 

The thorough knowledge of root canal space anatomy is a basic prerequisite for the successful completion of endodontic treatment[12], especially in cases where extra root canals are suspected[13]. Proper care and attention must be given in identifying extra roots and canals[14]. Mandibular premolars are the most difficult teeth for endodontic treatment due to their complicated root canal anatomy[15]. In case 2, we detected an extra canal along with periapical radiolucency in a mandibular premolar tooth by using CBCT imaging. CBCT images facilitated better visualization of the extra canal that was not visible on periapical radiography and enabled treatment of the extra canal. 

Vertical-oblique root fracture is an important threat to prognosis of the tooth during and after root canal treatment[16,17]. Clinically, it may be confused with periodontal disease or a failed root canal treatment[18,19]. Radiographic diagnosis is also difficult since not all the classical radiographic signs of root fracture may be present in every case. CBCT has been used in recent studies with a high accuracy and sensitivity in detecting root fracture[20,21]. Film and digital periapical radiographs have many limitations in the detection of root fractures because of their 2D nature, especially when fractures are mesiodistally originated. In case 3, CBCT imaging facilitated visualization of the oblique fracture in 3D. Besides, a one year follow up CBCT image taken after treatment in order to assess any resorption or fracture in the region revealed no apparenet pathology. 

Fusion of teeth is a developmental anomaly, which stem from the union of two teeth originating both in primary and the permanent dentition. Fusion rarely occurs in the mandibular posterior teeth[22,23]. The union of two discrete tooth germs results in fusion, leading to the formation of a single tooth that show separate pulp cavities[24]. Physical forces which produce close contact between two developing teeth have an influence in its formation along with hereditary factors for rendering[25]. In case 4, we detected that mandibular 2nd and 3rd molars were fused and caries along with periapical radiolucency was observed. CBCT images facilitated better visualization of complex root canal orifice and thereby risk of complications during treatment was eliminated to some extent. 

Apical periodontitis (AP) is a chronic inflammatory disorder of periradicular tissues caused by etiological agents of endodontic origin[26]. Advanced stage AP is characterized by inflammation and changes of periapical bone structure[27]. Periapical lesions may only become visible on intraoral radiographs when they produce nearly 30%-50% of mineral bone loss[28]. In case 5, a periapical radiography was unable to show any periapical radiolucency. Therefore, a CBCT image was obtained in order to determine the exact etiology of the pain. 

HRF is most frequently observed in the maxillary anterior region of male patients due to trauma associated with accidents, sports injuries and fights. The diagnosis of HRF is based on the radiographic demonstration of a fracture line or lines and/or mobility of the coronal segment of the tooth. Fracture can be overlooked when the X-ray beam does not pass along the fracture line, and therefore in many cases, two or three intraoral radiographs taken from different angles are recommended. The interpretation of root fracture on intraoral radiographs can be problematic, particularly where displacement of the fragments has not yet occurred due to edema or granulation tissue[3,29]. In case 6, 1 wk after a traumatic accident we were unable to detect a HRF line on two differently angulated periapical radiographs. This may be due to angulation of the beam. It is also possible that displacement of the fragments did not occur at the time of imaging.
Due to differences technical factors, radiation doses from different CBCT scans can vary between devices. The reported effective doses for the CBCT unit used in the present case series is in the range 28 to 122 Sv[30]. This is higher than the effective doses from periapical radiography taken with E-speed film with rectangular collimation (1 to 3 Sv) and round collimation (1 to 5 Sv)[31]. Not only endodontic diagnosis can be made better using CBCT when compared to periapical radiography, but also lesions can be assessed in several views. However, comparative radiation dosages should be weighed against diagnostic benefits in selecting the appropriate imaging modality for specific purposes. 
Effective doses with CBCT units are still higher when compared to intraoral imaging. Although, limited FOV which is suggested for endodontic purposes offers less radiation in comparison to large FOV, clinicians should use caution when prescribing CBCT imaging. It can be expected that the development of units that offer higher-definition dental images with lower effective doses, dose-risk relationships at low radiation levels and patient treatment outcome after CBCT scanning will lead to further refinement of referral criteria and this would help clinician to more reliably and frequently refer patients for CBCT examination[5].

COMMENTS

Case characteristics

Root resorption, missed extra canal, fusion, oblique root fracture, non-diagnosed periapical pathology and horizontal root fracture. 

Clinical diagnosis

Pain, discomfort and sometimes swelling.

Differential diagnosis

Resorption, caries, and fractures can be thougt for differential diagnosis. 

Imaging diagnosis

Conventional two dimensional methods and cone beam computed tomography (CBCT) were utilizied.

Pathological diagnosis

Resorption, periapical pathology and root fracture. 

Treatment

Root canal treatment was the main method of choice.

Related reports

This study presents several cases which are useful for a clinician to better understand the use of CBCT for clinical diagnosis and treatment planning.

Term explanation 

CBCT: Cone beam computed tomography; MTA: Mineral trioxide aggregarate.

Experiences and lessons

This case series presentation shows the importance of CBCT aided diagnosis and treatment of complex endodontic cases.
Peer-review

This is a good paper.
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Figure Legends
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Figure 1  Radiological assessment of maxillary left second molar. A: Periapical radiography of the left maxillary second molar tooth taken with an X-ray generator, Evolution X3000 2C/1 New Life (New Life Radiology, Grugliasco, TO, Italy) operated at 70 kVp, 8 mA and 0.3 s. using Kodak Insight F Speed Film (Kodak, Rochester, NY, United States) shows no apparent pathology; Cross sectional (B) and sagittal CBCT (C) images of the same tooth obtained by Planmeca ProMax 3D Max CBCT unit (Planmeca Oy, Helsinki, Finland) with a flat panel sensor, operating at 96 kVp, 8.0 mA, using High Definition, 0.15 mm3 voxel size, and a 55 mm × 50 mm FOV. The exposure time was 15.405 s and the DAP (mGy*cm2) value was 513 mGy*cm2. Arrows show external resorption of the buccodistal root apparently; D: Follow up periapical radiography taken 1 year after root canal treatment showed no sign of pathology. CBCT: Cone beam computed tomography; FOV: Field of view; DAP: Dose area product.
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Figure 2  Radiological assessment of mandibular 1st premolar tooth. A: Periapical radiography of the right mandibular 1st premolar tooth showed a radiolucency at the periapical region. The root canal treatment seemed to be properly conducted; Panoramic (upper) and axial (lower) CBCT images (B) and (C) cros-sectional CBCT images of the same tooth obtained by Planmeca ProMax 3D Max CBCT unit (Planmeca Oy, Helsinki, Finland) with a flat panel sensor, operating at 96 kVp, 8.0 mA, using High Definition, 0.15 mm3 voxel size, and a 55 mm × 50 mm FOV shows an unfilled root canal related to periapical radiolucency; D: Periapical radiography of the same tooth taken after treatment. CBCT: Cone beam computed tomography; FOV: Field of view.
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Figure 3  Radiological assessment of left 1st maxillary molar tooth. A: Cropped panoramic radiography showed a caries lesion in the left 1st maxillary molar tooth; B: Cross-sectional CBCT images revealed an oblique radiolucent root fracture line in the middle third of the buccodistal root of maxillary 1st molar tooth; C: Sagittal CBCT images showed no resorption or fracture at 1 year follow up. The same periapical and CBCT units and settings with Case 1 and Case 2 were used. CBCT: Cone beam computed tomography.
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Figure 4  Radiological assessment of right mandibular 2nd molar tooth. A: On periapical radiography, presence of caries and a periapical lesion was detected in a fused right mandibular 2nd molar tooth; B: The contrary left mandibular second molar was normal in shape on panoramic radiography; Panoramic CBCT (C) and axial CBCT (D) images showed that mandibular 2nd and 3rd molars were fused; E: The tooth was re-evaluated six months later with periapical radiography. The same periapical and CBCT units and settings with Case 1, 2, and 3 were used. CBCT: Cone beam computed tomography.
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Figure 5  Clinical and radiological assessment of maxillary canine tooth. A: Clinical appearance of the canine tooth; B: Periapical radiographic findings showed no periapical pathology or carious lesion; C: Sagittal CBCT images showed a periapical radiolucency; D: Periapcial radiography of the treated tooth. The same periapical and CBCT units and settings with Case 1, 2, 3 and 4 were used. CBCT: Cone beam computed tomography.
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Figure 6  Clinical and radiological assessment of maxillary anterior teeth. A: Clinical intraoral appearance of the patient; B and C: Intraoral radiographs taken from two different angels showed periapical radiolucencies in canine and incisors but they were unable to show a suspected horizontal root fracture (HRF); D: With CBCT Kodak 9000 3D (Eastman Kodak Co, Rochester, NY, United States) CMOS sensor with optical fiber, offering a single 5 cm × 3.8 cm FOV at 0.076 mm a HRF of central incisor along with alveolar bone fracture was detected in cross-sectional views; E: Intraoral appearance of the patient after splinting of canine and incisors; F:Periapical radiography showing treatment of canine and incisors with guta percha and AH Plus. CBCT: Cone beam computed tomography.
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