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Abstract Background: The anterior loop described as the mental neurovascular bundle traversing inferiorly and anteriorly to the mental foramen, which then loops back to exit the foramen. It has a significant clinical importance in surgical procedure of interforaminal area such as implant surgeries, orthognathic surgery, osteotomy and also for placement of plates and screw for fixation of fracture.



Objectives: This study conducted to use cone beam computed tomography for the evaluation of prevalence, length and position of anterior mental loop in Kurdish sample in relation to age, sex and side of mandible.



Materials and Methods: In a retrospective and prospective study a sample of 134 mandibular canals from 71 Kurdish patients were evaluated for the prevalence of the anterior mental loop. These patients underwent cone beam computed tomography in the Radiology Department of Denta Center in Erbil city for various clinical conditions. The length of the loop was measured between two parallel lines. Also, for the position of the loop four distances were measured in cross section at middle point of the length of the mental loop: superior border of the loop to the crest of the ridge, inferior border of the loop to the inferior cortical plate, most buccal point of the loop to the buccal cortical plates and from the most lingual point of the loop to the outer surface of the lingual cortical plate. All of the patients were imaged using NewTom GiANO CBCT unit with different field of view. These images were processed with NewTom GiANO software (NNT 5.1).
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Results: Anterior mental loop were identified in 85.1% of the cases with the mean length of 1.4mm (range 0.3-3.0 mm). The mean + SD of the distance from the loop to the alveolar crest, inferior border of mandible, outer surface of the buccal cortical plate and lingual cortical plate were (17.8+3.4), (9.2 + 1.6), (1.5 + 0.4), and (4.2 + 1.5) respectively. There is no statistically significant relation between the prevalence of the loop and its length and age of the patient, and side of the mandible (P>0.05) the only changes occurred if with the male having statistically significant (p=0.020) longer loop than female.



Conclusions: The anterior loop has high prevalence in a sample of Kurdish populations studied here. There were no relations between prevalence of the loop and any of study variables (age, sex and sides of mandible). The loop tend to be located inferio- buccally within the mandible. And we also found out that cross-sectional images from CBCT is an accurate preoperative assessment prior to oral implant surgery or other surgeries to improve understanding of the anatomical structures of most distal area in the interforaminal region.
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Introduction: Mental foramen (MF) represent an important anatomical structure in the mandible. Neurovascular bundle in mental area requires good evaluation and localization to avoid trauma during surgical procedures. Complications, such as altered sensations, numbness and pain often occur if these vital structures are not properly identified. The final part of the inferior alveolar nerve sometimes passes below the lower border and the anterior wall of the mental foramen. After giving off the smaller mandibular incisive branch, the main branch curves back to enter the foramen and emerges to the soft tissues as the mental nerve (Juodzbalys et al., 2010 a; Apostolakis and Brown, 2012). So the anterior loop is where the mental neurovascular bundle crosses anterior to the mental foramen then doubles back to exit the MF. It is an important anatomic structure in the most distal area of the interforaminal region that is relevant for mandibular surgery, such as the placement of osseointegrated implants, open reduction of a mandibular fracture, and orthognathic surgery (Bavitz et al., 1993; Uchida et al., 2009) Clinical identification of the anterior loop with the use of a probe has been suggested. However, it is recognized that it is not possible to differentiate between an anterior loop and an incisive canal by probing (Greenstein and Tarnow, 2006). Radiography provides the clinician with information not readily available by any other diagnostic methods. However, the ability of conventional two dimensional radiological methods (panoramic tomography, periapical radiographs and etc.) to reveal the anterior loop is limited. Also, the reliability and accuracy are questioned because of the potential for radiographic artifacts to lead to false positives findings. (Hu et al., 2007; Ngeow et al., 2009) The use of medical CT with special dental software programs has been recognized as a useful adjunct to implant surgery (White et al., 2001). Kaya and his group reported that CT revealed a higher prevalence of mental loops compared with 1
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panoramic radiography. Besides, it is more useful to visualize and measure the mental loop in low bone densities. However, its use is complicated by limited availability of implant software, cost and the potentially high radiation dose to the patient (Kaya et al., 2008; Li et al., 2013). Cone beam computed tomography (CBCT) is a new imaging modality which provides comparable images of the maxillofacial region to medical CT with a reduced radiation dose and cost, and proved reliability and accuracy of measurements done with CBCT. It has changed the way for approaching dental diagnosis and treatment planning by enabling better visualization of the anatomy of the mandibular canal. This helps to extract the maximum information needed for diagnosis and treatment (Sherrard et al., 2010; Liu et al., 2010; and Mardini and Gohel 2014). In this study, CBCT scans were used to evaluate anterior mental loop in a sample of Kurdish population and provide information on changes in its prevalence, length and position in respect to age, sex and sides of mandible.
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Aims of the Study: The aims of the study is to use CBCT for the evaluation of prevalence, length and position of anterior mental loop in a sample of Kurdish population and their changes in relation to age, sex and side of mandible.
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1.1 Anatomy of the Mandible: Mandible is the largest and strongest bone in the face. It has a horizontally curved body that is convex forwards, and two broad rami that ascend posteriorly. The rami bear the coronoid and condylar processes. It shows various morphological features which may show changes with references to age, sex and race (Nirmale, 2012).



1.1.1 Mandibular Canal: Mandibular canal (MC) is one of the most important anatomical structures in the mandible, because it carries inferior alveolar neurovascular bundle: inferior alveolar nerve (IAN), inferior alveolar artery, vein, and lymphatic vessels (Tammisalo et al., 1992). Knowledge of anatomy of the mandibular canal and their variations are essential for anesthesia of the lower teeth, and to safeguard patient’s vital structures during certain dental and oral interventions, and various dental replacement methods (Greenstein et al., 2008).



1.1.2 Mental Foramen: The mental foramen (MF), the place where the mesial portion of the mandibular canal is exposed, is a reference structure with a great clinical applicability. It is the place where the mental nerve pass through (Moiseiwitsch and Hill, 1998). There are many variations with regards to the size, shape, location and direction of the opening of the MF. The shape of MF can be round or oval; diameter ranges from 2.5 to 5.5 mm, (Gershenson et al., 1986; Neiva et al., 2004 and Al-Khateeb et al., 2007).



The location of MF differs in the horizontal and vertical planes. The position of MF was recorded as either in the line with the longitudinal axis of a tooth or as lying between the teeth. These variations may be related to race. For example, horizontally 4
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the foramen is often found ﬂanked by the apices of premolars in white individuals and next to the apex of the second mandibular premolar among Chinese subjects (Fishel et al., 1976; Wang et al., 1986). Atypically, the foramen may be situated by the canine or the ﬁrst molar (Wang et al., 1986; Ngeow et al., 2003). In these situations, the incisive canal starts where the mental nerve emerges from the mandible (Figure 1-1). The position of the foramen also varies in the vertical plane. Pertinently, it was reported that in the ﬁrst premolar area of 936 patients, the foramen was situated coronal to the apex in 38.6% of the cases, at the apex in 15.4% of the cases, and apical to the apex in 46.0% of the cases. The foramen’s location, in relations to the second premolar, was coronal to the apex in 24.5% of the cases, at the apex in 13.9% of the cases, and apical to the apex in 61.6% of the cases. Thus, caution must be exercised especially when placing immediate implants in the premolar area. This is because in 25% to 38% of the cases the foramen is located coronal to the bicuspid’s apex (Fishel et al., 1976)



Figure 1-1. Anatomical variations of the mental foramen (MF) position in the horizontal plane in relation to the roots of teeth. (Juodzbalys et al., 2010 b) Colors: Blue = mandibular incisive canal (MIC). 7



Red = mental canal (the anterior opening of the mandibular canal). Yellow = mandibular canal. 1 = distance from MF to midline of the mandible



8



2 = distance from MF to the inferior border of the mandible. 3, 4, 5, 6, 7 and 8 = possible MF location zone in the horizontal plane in relation to the roots of teeth
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1.1.3 Inferior Alveolar Nerve: The trigeminal nerve, the fifth cranial nerve, has three main branches: ophthalmic, maxillary, and mandibular. The mandibular nerve gives rise to the inferior alveolar nerve (IAN) (Norton, 2007). The IAN is the largest branch of the mandibular nerve. It enters the mandibular canal on the medial surface of the ramus through the mandibular foramen and runs with the inferior alveolar artery constituting the inferior alveolar neurovascular bundle. In the canal, the nerve gives off two terminal branches: the mental nerve (Figure1-2) a larger branch that emerges from the mental foramen and innervate the skin of the chin as well as the mucosa of the lower lip and the incisive nerve, a smaller branch, which continues to travel in the mandible and provides sensory innervation to the premolar, canine, incisor teeth and their associated gingiva (Rodella et al., 2012).



Figure (1-2) Mandible, the inferior alveolar nerve and the mental nerve (Agur and Dalley, 2005).



The IAN may present in different anatomic configurations. It may lower gently as it proceeds anteriorly, or there can be a sharp decline or the nerve can drape downward in catenary fashion (curled as hanging between two points), (Anderson et al., 1991).
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The IAN crosses from the lingual to the buccal side of the mandible. Often, by the first molar, it is located midway between the buccal and lingual cortical plates of bone, (Miller et al., 1990). The mental nerve (MN) is one of the terminal branches of the IAN. It emerges through the mental foramen and branches out into three parts. One of them descends to the skin of the chin and the other two ascend to the skin and mucosa of the lower lip. (Wadu et al., 1997). The location and emergence of this nerve have been described in several studies and their changes in relation with age and the teeth presence was also reported (Tebo and Telford 1950; Montagu, 1954).



1.1.4 Pattern of Emergence of Mental Nerve: Whilst the emphasis of some research has been on the exact positioning of the mental foramen, a number of studies have addressed the path of emergence of the mental neurovascular bundle. (Tebo and Telford, 1950; Montagu, 1954; Bavits et al., 1993). Kieser et al., (2002) classified the path of emergence of MN into posterior, anterior, and right-angled or multiple. They investigated the path of emergence of the mental canal and MN in a number of human population groups. The most common pattern of emergence in Caucasoid and Maori was a posterior direction (86.7% of Caucasoid males, 90.2% of Caucasoid females; 85.5% of Maori males, 93.1% of Maori females). In black people, the most common pattern was a right-angled path of emergence (45.8% of males, 45.0% of females). Igbigbi and Lebona (2005) from their study on 70 Malawian population mandibles and Apinhasmit et al., (2006) from study of 106 Thai individual’s mandibles, recorded usual direction of MF opening having posterio-superior direction. Fabian (2007) from studying 100 Tanzanian mandibles concluded that the direction of MF opening was 44% superiorly, 40% postero-superiorly, 10% labially, 3% mesially (anteriorly) and 3% posteriorly (Figure 1-3).
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Figure 1-3. Emergence patterns of the mental canal and mental foramen opening (Juodzbalys et al, 2010 b) Colours: Blue = MIC, Red = mental canal (the anterior opening of the mandibular canal) Yellow = mandibular canal. A = superiorly, B = postero-superiorly; C = labially; D = mesially (anteriorly); E = posteriorly.



Occasionally, the mental nerve emerges from the buccal plate of bone and reenters the alveolar bone to provide innervation for the incisor teeth (Pogrel et al., 1997).
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1.2 Anterior Mental Loop (AML): 1.2.1 Definition and Location The anterior loop (AL) refers to ‘‘an extension of the inferior alveolar nerve, anterior to the mental foramen, prior to exiting the canal’’ It has also been mentioned as the anterior loop of the mental nerve, (Kuzmanovic, 2003). Other authors (Bavitz et al., 1993 and Misch, 1999) described the anterior loop as the mental neurovascular bundle traversing inferiorly and anteriorly to the mental foramen, which then doubles or loops back to exit the mental foramen (Figure1- 4). According to several studies, (Bavitz et al., 1993; Arzouman et al., 1993; Solar et al., 1994; Rosenquist, 1996), AML considered as an anatomical variation and exist only in portion of the population.



Figure 1- 4. The anterior loop of the mental nerve: length variations from the most anterior point of the loop to most anterior wall of the foramen. Colors: blue = MIC, red = mental loop, yellow = mandibular canal. 1 = length of the AL. (Juodzbalys et al., 2010 b)
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1.2.2 Importance of Anterior Loop Detection Although the anterior loop of the inferior alveolar nerve is described with relative detail in an oral anatomy books but it was the advent of implant surgery that resurrected the interest of the surgeons to this structure, (Kaya et al, 2008). Surgery performed in the anterior mandible requires comprehensive knowledge of the anatomical variations in the course of the mental canal (Zoud and Doran, 1993). This is particularly important when performing mandibular osteotomies or placing endosseous implants in the interforaminal area. Postsurgical complications are possible when anatomy of anterior loop of mental nerve is not identified and is subsequently injured. These complications may be caused by direct intraoperative (mechanical) or indirect postoperative trauma (ischemia) or peri-implant infection (Ritter et al, 1992; Ellies, 1992). Violation of mental area during an osteotomy can result in injury of the inferior alveolar nerve, mental nerve, or adjacent blood vessels. This may cause one of the following conditions: paresthesia (numb feeling), hypoesthesia (reduced feeling), hyperesthesia (increased sensitivity), dysthesia (painful sensation), or anesthesia (complete loss of feeling) of the teeth, the lower lip, or surrounding skin and mucosa. In addition, damage of related blood vessels may trigger excessive bleeding and the incidence of altered lip sensations ranged from 7% to 11%. This occurs despite of the exposition of the mental foramen as part of the surgical procedure and placement of implants at least 3mm in front of the mental foramen, (Sharawy and Misch, 1999; Bartling et al., 1999; and Kim, 2006).
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1.3 Detection of Anterior Loop of Mental Nerve with Different Diagnostic Methods: For the identification of the anterior mental loop and for the measurement of its length a number of anatomical studies with or without the use of a radiographic component have been conducted. A smaller number of studies used solely radiological diagnostic methods for the detection of the anterior loop. They are as following:



1.3.1 Dissection Studies without Comparison to Radiographs: Cadaver dissection studies furnished the highest level of evidence concerning the presence of the anterior mental loop. A purely anatomical study by Hu et al. (2007), designed to clarify the branching patterns of the mental nerve and the intraosseous course of the mental nerve branches. An anterior loop was identified in 61.5 % of the 31 Korean hemifaces dissected (16 out of 31 cases). The authors found a mean distance between the anterior margin of the mental foramen and the anterior loop of 1.74mm (range 0.73 to 2.63, 16 cases). In the rest of their specimens a straight and a vertical pattern of entrance of the mental nerve to the mental foramen was identified 23% and 15% of the cases respectively without the formation of a loop. Uchida et al. (2007) in 75 Japanese hemimandibles reported that an anterior loop was present in 62.7% of the specimens (47 out of 75 hemimandibles) with a mean length of 1.5mm with the longest length being measured 6mm. The results were statistically significant for the differences between sex with males having longer anterior loops, and for the age group of 48-59 that had a significantly longer anterior loop. The authors concluded that it is possible gender related physique or aging to play a role. In another investigation to access the vulnerability of the inferior alveolar and mental nerves during horizontal or sliding osteotomy of the mentum, and using 30 fresh Korean hemimandibles the authors found that the anterior loop advances 5 ±1 .8mm anteriorly. They used dissections at intervals of 5mm and a vernier caliper for 11
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measurements. They did not report the number of specimens in which the anterior loop occurs and, since the slices were done in the coronal plane at 5mm intervals, the accuracy of their measurements of the anterior loop should be seen with caution (Hwang et al, 2005). The detection of anterior loop in 60% (22 of 37) of dissected cadaver mandibles has been reported by Solar and his co-workers. They investigated the course of the mental nerve within the mandible. The length of the loops ranged from 0.5 to 5 mm (mean: 1 mm). Accordingly, they recommended that implants should be placed 6 mm anterior to the mental foramen to avoid possible injury to the mental foramen (Solar et al, 1994). However, Kieser et al. (2002) stated that they could not identify any anterior loops. They stated that the 3 dimensional anatomy of the path of emergence of the mental nerve complicates linear measurements and may create an overestimation of the extent of the loop on radiographs. It is impressive, however, that in their study the authors describe a posterior directed emergence of the mental nerve in the great majority of their cases in dry skulls. As seen in their reports, that pattern of emergence seems to create a measurable anterior loop in almost the 80% of their sample. Their conclusion came in support of an earlier study by Rosenquist (1996) who first challenged the existence of an anterior loop. Rosenquist dissected the ramification of the inferior alveolar nerve unilaterally in 58 patients during surgery. In 43 of them no loops were found. In 13 cases the loop was 0.5 mm, and in 2 cases the loop was 1mm long. The visibility and the adequacy of the dissection during surgery can be questioned. Neiva et al. (2004) dissecting 22 Caucasian skulls found that an anterior loop was present in 88% of the cases with a mean length of 4.13mm and a range of 1 – 11mm. They identified the presence or the absence of anterior loops by probing the mesial cortical wall of each mental foramen. A positive reading determined the presence of an anterior loop, and its length was measured using a probe with the measurements recorded to the nearest millimeter. In this study the longest loop found 12
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to be 11mm, longest than any other study. It is possible that the insertion of the probe at the mesial cortical wall of the mental foramen indicated a part of the incisive canal which was subsequently interpreted as an anterior loop.



1.3.2 Dissection Studies with Comparison to 2D Radiographs: 1.3.2.1 Periapical Radiograph: Bavitz et al. (1993) dissected 47 mental nerve regions on cadavers to determine the exact relationships between the mental foramen, the inferior alveolar nerve and the incisive and mental nerves. The most anterior position in which the mental nerve was encountered was 1mm mesial to the mental foramen. In the same study and before the dissection, periapical radiographs were taken. With periapical radiographs the mean length of the anterior loop was measured 2.5mm (range 0.0 to 7.5 mm) for dentate specimens and 0.6 (0.0 to 2.0mm) for edentulous cases. They reported no correlations between the radiographic views of the loop versus the clinical view. They stated that what is seen on the periapical radiographs as an anterior loop could be a large incisive canal or can be caused by the mylohyoid line and / or sublingual fossa. In another anatomical /radiological study Mardinger et al. (2000) tried to identify clinically the length of the anterior loop. They tried to determine the accuracy of radiographs in identifying its presence and dimensions. In doing so, they used 46 hemimandibles and an anterior loop was clinically present (dissection) in 13 hemimandibles (28%). The length of the anterior loop ranged from 0.4 to 2.19mm. Of the radiographically diagnosed loops (periapical views) 40% of them were not seen clinically. They concluded that the periapical radiological appearance of the anterior mental loop does not reveal the true ramification of the inferior alveolar nerve. The imaging field with periapical radiography is restricted and its reproducibility is limited. Moreover, the film plane can rarely be placed parallel to the alveolar process. This is because the target film distance is difficult to fix or standardize (Van der Stelt, 2005). So the angulation of the periapical film affects the perceived location of the canal with respect to the bone crest (Resnik, 2008). For instance, if the x-ray beam is 13
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perpendicular to the canal not the ﬁlm, elongation will occur. Also, the canal will appear further from the crest than it really is. Conversely, when the x-ray beam is perpendicular to the ﬁlm but not parallel to the canal, foreshortening happens (Greenstein and Tarnow, 2006).



1.3.2.2 Panoramic Radiograph: After dissecting 22 head specimens, Kuzmanovic and his coworkers (2003) identified an anterior loop on 7 of them (32%) with a length range from 0.11 to 3.31mm (mean 1.2mm). Before the dissection panoramic radiographs were taken and evaluated by two observers for the appearance of the anterior loop. They found that the anterior loop appeared to be present in six radiographs (27%) and its length ranged from 0.5 to 3mm. Kappa statistics showed only slight agreement between radiographic interpretations and anatomical dissection with the radiographs always either over- or underestimating the length of the loop. Arzouman et al. (1993) looked at the 25 adult skulls using panoramic with and without radiopaque markers placed into the MC and AL. The AL was also recorded directly using flexible tubing (2 mm in diameter). Significantly, fewer loops were detected in radiographs as compared with anatomical assessments. A significant loop (> 2 mm) was identified in 92% to 96% of the direct measurement, whereas panoramic radiographs identified only 56% and 76% with and without radiopaque markers respectively. The average length of the AL based on direct measurements was 6.95 mm, whereas radiographic measurements were 3.18 mm and 3.45 mm using two panoramic machines. In a study by Jacobs et al. (2004) with the use of the panoramic radiographs of 545 consecutive patients, an anterior loop could be identified in 11% of the images only in 3 % with good visibility. No measurement of the length of the loop was attempted by the authors. Misch and Crawford (1990) noted an anterior loop in the 12% of 324 patients with panoramic radiographs with an average length of 5mm. Yosue and Brooks (1989)
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examined 297 panoramic radiographs and noted that an AL (termed continuous type MF in their study) was present only 21%. (Ngeow et al., 2009) tried to evaluate the capability of panoramic radiographs to visualize the anterior loop. Using 2 panoramic devices, 97 radiographs and 2 observers they found that an anterior loop was identified in 39 of them (40.2%) with a close agreement between the 2 observers. No attempt was made to measure the length of the loop. Ngeow et al. reported that the AL was only visible in 39 (40.2%) panoramic radiographs. The authors stated that the panoramic radiography is not sufficient for pre-surgical implant planning in the mental region. This needs to be supplemented with other modalities such as 3D for better visualization of the area. The major limitations of panoramic are: 



The panoramic radiograph is a 2-dimensional (2-D) image of 3-dimensional (3D) structures. Consequently, it does not demonstrate the buccal-lingual dimension of the maxillofacial structures (Angelopoulos and Aghaloo, 2011).







Panoramic radiography has a variable magnification that ranges from 10% to 30%. Sometimes, this varies in different areas within the same panoramic image. Also, image magnification is more variable when positioning errors are encountered (Angelopoulos and Aghaloo, 2011).







Lower resolution, potential overlapping of anatomical structures, and presence of phantom images can artificially produce apparent changes. Thus, they may hide some of important vital structures. For example, cervical spine images often overlap on the anterior mandible (Figure 1-5) (White et al., 2001).







Image is often related to the bone density and difficult to accurately identify vital structures (White et al., 2001).
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Figure 1-5: Superimposition of the Cervical Spine may be seen on the Center of the Panoramic Film. (Karjodkar, 2006)



Investigations that compared 2D radiographic and cadaveric dissection data with respect to identifying the AL reported that radiographic assessments result in a high percentage of false-positive and false-negative findings (Bavitz et al., 1993; Arzouman et al., 1993; Mardinger et al., 2000; Kuzmanovic et al., 2003; Ngeow et al., 2009).



1.3.3 Role of Computed Tomography (CT) Scan in Detection of Anterior Loop of Mental Nerve: CT is an X-ray imaging technique that produces 3D images of an object by using a series of two-dimensional (2D) set of image data to mathematically reconstruct a cross-section of it. This system measures the attenuation of X-rays entering the body from many different angles. The computer then reconstructs the part under observation in a series of cross sections or planes (Cotti and Girolamo, 2004). Medical CT (high resolution CT or Spiral CT) with cross-sectional imaging modalities has been used to identify the anterior mental loop (Jacobs et al., 2002 and 2004). 16
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Watanable et al. (2010) used CT to examine the size and the morphology of the mandible and the location of the mandibular canal. They used CT data of 79 Japanese patients (136 sides). They stated that they could identify an anterior loop at a distance of 6mm from the mental foramen in the 55% of all the sides with a diameter of 2.6±0.5mm. In another study the anterior mental loop was evaluated, comparing panoramic radiography with Spiral CT of 73 patients. The prevalence of anterior mental loop was 28% for panoramic and 34% for CT. The mean length of the mental loop in panoramic radiographs was 3.71 ±1.35 and 3.00 ±1.41 mm in SCT. There was a good correlation between the 2 radiographic methods (r = 0.66) but low reproducibility for both methods (0.36, 0.42). It was also reported that CT revealed a higher prevalence of mental loops compared with panoramic radiography. Also, CT can be more useful to visualize and measure the mental loop in low bone qualities (Kaya et al., 2008). Jacobs et al. (2002) visualized MIC and the occasional presence of an anterior loop by SCT, demonstrates the potential value of cross-sectional imaging of the anterior mandible for the purpose of pre-surgical planning. The average linear errors occurred during routine bone assessments for panoramic films, periapical films and CT scans (Table1-1) concluded that CT scans are more accurate than conventional radiographs (Jacobs et al., 2002; Sonick et al., 1994). Table 1-1: mean linear radiographic errors with respect to different x-ray techniques. (Sonick et al., 1994)
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However, the use of CT scan is complicated, its limitations include:  Limited availability, difficulty in image interpretations, high radiation dose and high cost to the patient (Juodzbalys and Wang, 2010).  Motion artefacts can be caused by patient movement during acquisition of axial scans. Patient motion can cause mal-registration of data which appears as decreased sharpness in the reconstructed image (Luthra et al., 2012).  Pediatric patients, uncooperative patients, and those with neuromuscular disorders cannot remain stationary for the time necessary to acquire the data (Luthra et al., 2012).  Metal-derived artefacts can be caused by metallic restorations, root canal filling materials and implants. These artifacts appear as bright or dark streaks and they degrade image quality (Bellaiche, 2001; Ganz, 2008).



1.4 Cone-beam Computed Tomography (CBCT): CBCT is a diagnostic tool that has revolutionized diagnosis and treatment planning in the dental field. This technology has been given several names including dental volumetric tomography, cone-beam volumetric tomography, dental computed tomography, and cone-beam imaging. The most frequently applied and preferred term is cone-beam computed tomography because it is a digital analog of ﬁlm tomography in a more exact way than is traditional computed tomography (CT) (Scarfe and Farman, 2012; Jaju and Jaju, 2014).



1.4.1 History of CBCT: First generation CBCT was ﬁrst used in 1982 at the Mayo Clinic Biodynamics Research Laboratory (Rochester, MN, USA) to perform angiography. Hence, CBCT system was extended to other medical sections ﬁnding its best application in dentistry and maxillo-facial region (Robb, 1982). 18
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Although the CBCT principle has been in use for almost 3 decades, the technology transfer to dentistry first occurred only in 1996. With the development of inexpensive x-ray tubes, high-quality detector systems and powerful personal computers of affordable systems become commercially available (Luminati and Eugenio, 2014).



Italian inventors, Tacconi and Mozzo in 1996 developed a CBCT system for the maxillofacial region that was designed and produced by QR Srl of Verona, Italy. This unit, the NewTom QR-DVT 9000, became the first commercial CBCT unit marketed specifically to the dental market and it was initially introduced in Europe in 1999 (Tyndall and Rathore, 2008).



The NewTom QR-DVT 9000 was similar to conventional CT having the patient lying down with an open bore where the radiation exposes the patient. Instead of a fan of radiation (used in conventional CT units), a cone of radiation is used to expose the patient, hence the name cone beam computed tomography. As new CBCT units were created, companies started using seated or standing options. With continued updates to the units, the sizes have become smaller similar to pantomograph machine (Gonzalez, 2014).



1.4.2 Technology of CBCT: In general there are four components to CBCT image acquisition as the followings (Scarfe and Farman, 2012):  X-ray generation.  Image detection system.  Image reconstruction.  Image display. 19
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1.4.2.1 X-ray Generation The radiation source consists of a conventional low-radiation X-ray tube with circular collimation so that the resultant beam is in the shape of a cone, hence the name “cone beam.” (Baba et al., 2002) The cone beam produces a more focused beam and much less radiation scatter compared with the conventional fan shaped CT devices (Mah and Hatcher, 2003). This significantly increases the X-ray utilization and reduces the X-ray tube capacity required for volumetric scanning (Sukovic, 2003). It has been reported that the total radiation is approximately 20% of conventional CTs and equivalent to a full mouth periapical radiographic exposure (Mah et al, 2003). CBCT can therefore be recommended as a dose-sparing technique compared with alternative standard medical CT scans for common oral and maxillofacial radiographic imaging tasks (Ludlow and Ivanovic, 2008). During the scan rotation, each projection image is made by sequential single-image capture of the remnant x-ray beam by the detector. Technically, the easiest method of exposing the patient is to use a constant beam of radiation during the rotation and allow the x-ray detector to sample the attenuated beam in its trajectory. However, this results in a continuous radiation exposure to the patient, much of which does not contribute to the formation of the image. It is preferable to pulse the x-ray beam to coincide with the detector sampling. This means that actual exposure time is markedly less than scanning time. This technique reduces patient radiation dose considerably. Pulsed x-ray beam exposure is a major reason for considerable variation in reported cone-beam unit dosimetry (Scarfe and Farman, 2012). On some CBCT units both kilovoltage peak (kVp) and miliamperage (mA) are automatically modulated in near real time by a feedback mechanism detecting the intensity of the transmitted beam. This process known generically as automatic exposure control. On other machines, exposure settings are automatically determined by the initial scout exposure. This feature is highly desirable because it is operator independent. The variation in exposure parameters together with the presence of pulsed 20
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x-ray beam and size of the image ﬁeld are the primary determinants of patient exposure. (Scarfe and Farman, 2008)



A. Scan Volume or Volume Size(s): The size of the “field of view” or FOV describes the scan volume of a particular CBCT machines and is dependent on the detector size and shape, beam projection geometry and the ability to collimate the beam. Beam collimation limits the x-radiation exposure to the region of interest (ROI). Also, it ensures that an optimal FOV can be selected based on disease presentation. Smaller scan volumes generally produce higher resolution images. (Scarfe et al., 2009) In general, CBCT units can be classified into small, medium, and large volume based on the size of their FOV, (Figure 1-6). Small volume CBCT machines are used to scan from a sextant or a quadrant to one jaw only. They generally offer higher image resolution. Medium volume CBCT machines are used to scan both jaws while large FOV machines allow the visualization of the entire head that is commonly used in orthodontic and orthognathic surgery treatment planning. The main limitation of large FOV CBCT units is the size of the field irradiated. There is a reduction in image resolution as compared with intraoral radiographs or small FOV CBCT machines with inherent small voxel sizes. Limiting the scan volume should be based on the clinician’s judgment for particular situation. Small volume CBCT machines are becoming more popular. They provide the following advantages over larger volume CBCT: (Benavides et al., 2012; Jaju and Jaju, 2014) 1. Increased spatial resolution. 2. Decreased radiation exposure to the patient. 3. Smaller volume to be interpreted. 4. Less expensive machines. (Benavides et al., 2012)
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Figure 1-6: Different fields of view to meet all clinical needs. (Howerton, 2010)



B. Scan Factors: During the scan, single exposures are made at certain degree intervals providing individual 2D projection images known as basis, frame, or raw images. These images are similar to lateral and posterior-anterior cephalometric radiographic images each slightly off set from one another. The complete series of images is referred to as the projection data. The number of images comprising the projection data throughout the scan is determined by the frame rate (number of images acquired per second), the completeness of the trajectory arc, and the speed of the rotation. The number of projection scans comprising a single scan may be fixed or variable. More projection data provides more information to reconstruct the image. It also allows greater spatial and contrast resolution; increase the signal-to-noise ratio, produces smoother images; and reduce metallic artifacts. However, more projection data usually necessitates a longer scan time, a higher patient dose, and longer primary reconstruction time. In accordance to the ‘‘as low as reasonably achievable’’ (ALARA) principle, the number of basis images should be minimized to produce an image of diagnostic quality (Scarfe and Farman, 2008).



1.4.2.2 Image Detection System: Current CBCT unit scan can be divided into groups based on detector type: an image intensifier tube/charge-coupled device (IIT/CCD) combination or a flat-panel imager (Miles, 2013). 22



Chapter One



Literature Review



.



The IIT/CCD configuration comprises an x-ray IIT coupled to a CCD by way of a fiber optic coupling. Flat-panel imaging consists of detection of X rays using an ‘‘indirect’’ detector based on a large-area solid-state sensor panel coupled to an x-ray scintillator layer. Flat-panel detector arrays provide a greater dynamic range and greater performance than the IIT/CCD technology. (Baba et al., 2002 and 2004.) As stated by International Commission on Radiological Protection (ICRP) in 1991. Image intensifiers may create geometric distortions that must be addressed in the data processing software, whereas flat-panel detectors do not suffer from this problem. This disadvantage could potentially reduce the measurement accuracy of CBCT units using this configuration. IIT/CCD systems also introduce additional artifacts.



A. Pixel vs. Voxel Information: A pixel “picture element” is a small rectangle from 20 to 60 microns. The unit area is the same whether an intraoral sensor, a thin-film-transistor (TFT) screen or the image intensifier/solid-state combination device is used. Charged coupled device (CCDs) and Complementary metal–oxide–semiconductor (CMOS) arrays for intraoral sensors are megapixel arrays. That is, they have 1 million pixels or more. In flat-panel detectors, for example the Planmeca ProMax 3D, there may be as many as 120 million pixels. However, the “pixel” in a CBVI machine is really a “voxel,” or volume element, sometimes described as an “isotropic pixel.” This unit area is a volume or cube with the same length on each side (Miles and Danforth, 2008). In conventional medical CT the pixel is “non-isotropic”. It has two equal sides but the third or “z”- plane, has a selectable width anywhere from 1.0 mm to 1.0 cm or more (Figure 1-7). The slice thickness of CBCT units is as little as 0.12 mm. The dimension of each side of the volume element for the CBCT would be only about 0.15 mm, or seven times thinner than the medical voxel on each side (Miles and Danforth, 2008). The resolution and detail of CBCT imaging is determined by the individual volume elements or voxels produced from the volumetric data set (Scarfe and Farman, 2008).
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Figure 1-7. Comparison of volume data sets obtained isotropically (left) and anisotropically (right). (Scarfe and Farman, 2008)



1.4.2.3 Image Reconstruction: Once the basis projection frames have been acquired, it is necessary to process these data to create the volumetric data set. This process is called primary reconstruction. Reconstruction times vary depending on the acquisition parameters (voxel size, FOV, and number of projections), hardware (processing speed, data throughput from acquisition to workstation computer, and software (reconstruction algorithms) used. Reconstruction should be accomplished in an acceptable time (less than 5 minutes) to complement patient ﬂow (Farman and Scarfe, 2009).
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1.4.2.4 Image Display: Both 2D and 3D images can be generated from the original image volumes. However, 2D slices have proven to be most effective for detailed diagnosis. Therefore, CBCT units initially reconstruct the projection data to provide standard viewing layouts in three orthogonal planes: sagittal, coronal, and axial. (Zöller and Neugebauer, 2008), (Figure 1-8). Basic enhancements include zoom or magnification, window/ level, the capability to add annotation, and measurement algorithms. Previously unavailable with analog film, image enhancement algorithms are able to optimize image appearance (Farman and Scarfe, 2009).



Figure 1-8: Initial presentation of cone beam computed tomography image slices in three orthogonal planes (Farman and Scarfe, 2009).



25



Chapter One



Literature Review



.



A. Multiplanar Reformatting: Reformatting images at a nonorthogonal or oblique orientation referred to as multiplanar reformatting (MPR) has become the most common approach of displaying information from a 3Ddataset. The orientation of this formatting is viewer derived and can be linear oblique (useful for temporomandibular joint assessment) as shown in (Figure 1-9), curved oblique (providing a “panoramic” image) or serial transplanar (providing sequential contiguous cross-sectional imaging), (Figure 1-10) (Gonzalez, 2014).



Figure 1-9: Temporomandibular joint view with cross-sectional slices (Gonzalez, 2014).



Figure 1-10 Multiplanar reformation. A thick axial image simulating an occlusal image (A) with an MPR oblique curved line (white solid) and resultant “ panoramic ” in (B) and serial crosssectional 1-mm-thick images (C) . The axial and panoramic images are used as reference images to show the location of the cross-sectional images (Scarfe and Farman, 2012).
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The images can be manipulated in the thickness of data, and direction of viewing can be altered. Reconstructed pantomograph and lateral cephalometric skulls (Figures 1-11 and 1-12) are possible without distortion from standard 2D radiography. (Gonzalez, 2014)



Fig.1-11 Sample reconstructed Pantomograph by created in i-CAT Vision software. (Miles and Danforth, 2008)



Fig.1-12. Sample reconstructed lateral cephalometric skull (Gonzalez, 2014).
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B. 3D Rendering: The most common form of 3D rendering offered in CBCT software is indirect volume rendering, which determines the grays of the voxels to create a 3D image with both teeth setting and bone setting (Figure 1-13). Another form of 3D rendering is referred to as direct volume rendering, or maximum intensity projection (MIP)(Figure 1-14), (Gonzalez, 2014).



Figure1-13. (a) 3D rendered view with teeth setting; (b) 3D rendered view with bone setting. (Gonzalez, 2014)



Figure.1-14. Maximum intensity projection (MIP) view (Gonzalez, 2014)
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1.4.3 Advantages of CBCT: 1. Variable FOV: Collimation of the CBCT primary radiograph beam, if available, prevent exposure of areas other than region of interest. An optimal FOV can be selected for each patient based on disease presentation and the region designated to be imaged. (Scarfe et al., 2009) 2. Sub-millimeter resolution: CBCT units use megapixel solid state devices for X ray detection providing a minimal voxel resolution of between 0.07mm and 0.25mm isotropically, exceeding most high grade multislice CT capabilities in terms of spatial resolution. This nominal resolution approaches the required resolution for the most discerning tasks in orthodontics—the determination of periodontal ligament space, particularly in cases of suspected ankylosis. Limitation of patient movement is necessary at this resolution. (Farman and Scarfe, 2009 and Kau et al, 2011)



3. Rapid scan time: For the reason that CBCT acquires all basis images in a single rotation, scan time is rapid (10–70 seconds) and comparable with that of medical spiral multi-detector CT systems. Although faster scanning time usually means fewer basis images from which to reconstruct the volumetric data set and motion artifacts due to subject movement are reduced (Scarfe et al., 2006).



4. Dose reduction Reports indicate that CBCT patient absorbed dose is significantly reduced when compared with conventional CT (only 3 -20 percent of that of conventional CT) (Ludlow and Ivanovic, 2008; Karjodkar, 2011 and Adibi et al., 2012).
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5. Isotropic voxel: CBCT uses a 2D detector and the same high resolution is obtained in the longitudinal slice (body axis direction) and lateral slice (transverse direction).This voxel representation is known as isotropic. For this characteristic coronal (multiplaner reformatting MPR) of CBCT data has the same resolution as axial data (Miles and Danforth, 2008). 6. Real-time analysis and enhancement: Reconstruction of CBCT data is performed natively using a personal computer. As the original data are isotropic, it can be reoriented such that the patient’s anatomic features are re-aligned. This is particularly important for cephalometric analysis. The availability of cursor-driven measurement algorithms provides the clinician with an interactive capability for real-time dimensional assessment. (Horner et al, 2008) 7. Image display and enhancement: CBCT units initially reconstruct the projection data to provide standard viewing layouts in three orthogonal planes—sagittal, coronal, and axial. Basic enhancements include zoom or magnification, window/ level, the capability to add annotation, and measurement algorithms. (Adibi et al, 2012). 8. Multiplanar reformatting (MPR): It has become the most common approach of displaying information from a 3D dataset. Several anatomic structures are not particularly well visualized and represented as displayed in the sagittal and/or coronal planes, and MPR can be useful in these instances (Benavides et al, 2012). 9. Cost: Reduced cost of CBCT machine (compared to conventional CT scanner) related to production of the X-Ray source that is not much different from those used in conventional intraoral and panoramic tube heads. This makes them suitable for dental hospitals or specialist dental practices (Horner et al., 2008; Adibi et al, 2012) 30
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1.4.4 Application of CBCT in Dentistry: 1.4.4.1 CBCT in Oral and Maxillofacial Surgery: Major uses of CBCT examination in oral surgery practice include surgical extraction of third molars and other impacted teeth, tracing of the inferior alveolar canals (Figure 1-15), evaluation of cysts and tumors, maxillofacial fracture diagnosis (Figure 1-16), orthognathic surgical planning and follow-up, inflammatory conditions of the jaws and the sinuses and as an aid in diagnosing unexplained symptoms of pain. (Ahmad et al., 2012).



Figure 1-15. Three-dimensional reconstruction showing impaction of a right second molar due to ankylosis and its relationship to the inferior alveolar nerve. (Tamimi and El Said, 2009)



Figure 1-16: 3D reconstruction and the coronal section is showing discontinuity suggestive of fracture in relation to the posterolateral wall of the left maxillary sinus. (Patil et al., 2012)
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1.4.4.2 CBCT in Dental Implantology: CBCT has revolutionized the way dental implant practice is performed in dental clinics and hospitals. Type and size of the planned implant, its position within the bone, its relationship to the planned restoration and adjacent teeth and/or implants, and its proximity to vital structures can be determined before performing surgery (Tetradis et al, 2010). Evaluation of quality of bone at implant site to assess the feasibility of placing dental implants in the jaws. This ensures that every possible precaution has been made to reduce the risk of involvement of the nerves in the lower jaw, and the sinuses and nose in the upper jaw as well as evaluation of the status of previously placed implants. Figure 1-17, (Madhav, 2011). CBCT is the preferred option for implant dentistry as it provides greater measurement accuracy when compared to two-dimensional (2D) imaging, while utilizing lower doses of radiation. (Macleod and Heath, 2008; Howerton and Mora, 2008; Tischler, 2008; Dreiseidler et al.,2009)



Figure1-17. Reconstructed panoramic and 3D image showing virtual implant placement. Cross section showing height and width of the bone in this region (Patil et al, 2012).
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1.4.4.3 Evaluation of the Hard Tissues (bones) of the Tempromandibular Joint (TMJ): CBCT is rapidly growing as the imaging modality of choice to evaluate the osseous components of the TMJ. This modality provides high-resolution multi-planar images of the TMJ, and more importantly, at a lower radiation dose compared with medical CT. CBCT provides essential information to aid in the diagnosis of a variety of TMD, including osteoarthritis, inﬂammatory arthritis, trauma and development disorders.CBCT allows examination of TMJ anatomy without superimposition and distortion to facilitate analysis of bone morphology, joint space and dynamic function in all three dimensions (Barghan et al, 2012) . More complex situations such as the unilateral condylar hypoplasias can also be easily visualized in easily compared using the many tools and features in third-party CBCT imaging software. (Figure 1-18), (Miles, 2012).



Figure 1-18. Color reconstructed view of the left condyle. This condyle is obviously remodeled and hypoplastic relative to the right (Miles, 2012).
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1.4.4.4 CBCT in Endodontic: Image enhancement algorithms like zoom magnification, window/level adjustments, and text or arrow annotation can be applied. The cursor-driven measurement algorithms that make real-time dimensional assessment possible and they are free from distortion and magnification (Scarfe et al, 2009). CBCT should be limited to difﬁcult endodontic cases such as: • Identiﬁcation of accessory canals, complex morphology, and root canal system anomalies including determination of root curvature, such as in the case of maxillary molars. • Cases of contradictory or non-speciﬁc signs and symptoms. • Poorly localized symptoms associated with a previously treated tooth. • Anatomic superimposition unresolved with 2D imaging. • Diagnosis of non-endodontic pathology. • Assessment of intra or postoperative complications. • Diagnosis and management of dento-alveolar trauma especially root fractures, luxation and/or displacement of teeth and alveolar fractures. • Localization and differentiation of external from internal root resorption or invasive cervical resorption from other conditions, and the determination of appropriate treatment and prognosis. • Pre-surgical planning for apical surgeries to determine the exact location of root apex/apices. Also to evaluate the proximity of adjacent anatomical structures. • Intra- or postoperative assessment of endodontic treatment complications, such as overextended root canal obturation material, separated endodontic instruments, calcified canal identification and localization of perforations. (Figure 1-19), (Tyndall and Kohltfarber, 2012).
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Figure 1-19:



B



A. Cross sections showing overextended root canal filling material with a periapical area of very low density suggestive of a periapical pathology. B. Root piece with a



C



periapical pathology. C. Horizontal root fracture of the first premolar. D E



D. Vertical root fracture of canine. E. External resorption of the distal root of 1st molar.



F



F. Internal resorption seen in 1st premolar. G



G. post-endodontic treatment in 34. (Patil et al, 2012).



1.4.4.5 CBCT in Orthodontics: CBCT is a powerful imaging modality that provides orthodontists with 3-D images of their patients’ craniofacial skeleton, dentition and soft tissue which vary from ideal when malocclusion is diagnosed. With continued advancements in software development to manipulate CBCT images, the diagnostic and treatment planning value of these images will rise considerably in the near future (Nervina, 2012).
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Accurate measurements of tooth volume and tooth position aid in accelerated treatment times and more precise treatment. Along with tooth position, density of bone and size of arches, the orthodontist also has an accurate evaluation of the temporomandibular joint and position of the condyles. Impacted teeth are easily identified and position either buccal or lingual can be confirmed prior to movement or removal. Both MPRs and 3-D projections give the clinician a complete picture of the problems and the treatment course. (Figure 1-20), (McEowen, 2014).



Figure 1-20: CBCT-reconstructed Cephalogram created using InVivo5 Dental software (Al-Ali et al., 2012).
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1.4.4.6 CBCT in Periodontology: It plays a role in the assessment of three-dimensional defects, especially furcation and infra-bony defects, in which defect morphology directly inﬂuences treatment planning and prognosis of teeth. (Du Bois et al., 2012). It has also been used to obtain detailed morphologic descriptions of bone as accurately as direct measurement with a periodontal probe (Nirmale, 2012; Cha et al., 2007). CBCT can also be used to assess furcation involvement of periodontal defects and allow clinicians to evaluate postsurgical results of regenerative periodontal therapy (Tetradis et al., 2010).



1.4.4.7 Applications of CBCT in Forensic Dentistry: Age estimation is an important aspect of forensic dentistry. The pulpo-dentinal complex (dentin, cementum, and the dental pulp) shows physiologic and pathological changes with advancing age. Typically, extraction and sectioning are required to quantify these morphological changes, which is not always a viable option. CBCT, however, provides a noninvasive alternative (Erickson et al., 2003; Yang et al., 2006).



1.4.4.8 CBCT in Obstructive Sleep Apnea (OSA): Sleep apnea is characterized by an intermittent cessation or diminution of airﬂow during sleep that may result in signiﬁcant pulmonary and cardiac consequences. It is associated with signiﬁcant morbidity and mortality. (Koo et al., 2008 and McCrilli et al., 2009) The use of CBCT imaging for diagnosis and treatment planning in the management of OSA is gaining in popularity as the machines become more available to the practitioner. There are many advantages to its use. The primary ones being the ability to look at 3-D volumes rather than the standard 2-D images used to date and the ability of the clinician to manipulate the data (Figure 1-21). However, the normal 37
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values for these volumetric datasets in both the OSA and normal populations is still being determined. As these data are measured, the use of CBCT for both preoperative planning and for postoperative evaluation of therapeutic interventions will become increasingly important (Strauss and Wang, 2012).



Figure 1-21: A 3-D construct showing a patient’s bony landmarks and airway (Strauss and Wang, 2012).
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1.4.5 Limitations of CBCT: While there has been enormous interest, current CBCT technology has limitations related to the "cone beam" projection geometry, detector sensitivity and contrast resolution. These parameters create an inherent image "noise" that reduces image clarity such that current systems are unable to record soft tissue contrast at the relatively low dosages applied for maxillofacial imaging. (Madhav et al., 2011) Another factor that impairs CBCT image quality is image artifact such as streaking, shading, rings and distortion. Streaking and shading artifacts due to high areas of attenuation (such as metallic restorations), and inherent spatial resolution may limit adequate visualization of structures in the dento-alveolar region. (Figure 1-22), (Gonzalez, 2014).



Figure 1-22: Streaking artefact causing image degradation. ( Jaju et al., 2013)



39



Chapter One



Literature Review



.



1.4.6 Role of CBCT in Detection of Anterior Loop: CBCT is a new imaging modality which provides comparable images of the maxillofacial region to medical CT, with a reduced radiation dose and cost, (Kamburoglu et al., 2009; Chan et al., 2010 and Hatcher, 2010). Fatemitabar and Nikgoo (2010) found that there was no statistically signiﬁcant difference in terms of the accuracy of the linear measurements between CBCT and multi-slice spiral CT (MSCT). Both yielded sub-millimeter accuracy for linear measurements on an ex vivo specimen (referring to measurements done in or on tissue from an organism in an external environment). Recently, it has been shown that the depiction of ﬁne anatomic features in the mandible associated with neurovascular structures is consistent between CBCT and MSCT images (Naitoh et al., 2010). Therefore, the MSCT or CBCT measurements for jaw bone anatomic structure are considered to be sufﬁciently reliable. There are several studies that have revealed the structure of the anterior loop by CBCT. (Uchida et al., 2009; Apostolakis and Brown, 2012; Parnia et al., 2012) For example a comparison between CBCT and anatomical measurements for measuring anterior loop of mental nerve was undertaken on 7 hemi-mandibles. The prevalence of anterior loop was 62.7% with the mean length of 1.5 SD of 1.4. The writers stated that the statistical comparison showed no discrepancies between CBCT and anatomical measurements with the mean discrepancy being 0.05mm. (Uchida et al 2009). Apostolakis and Brown (2012) used CBCT scans of patients, taken for various reasons, to provide information on the prevalence and on the length of the anterior loop of the inferior alveolar nerve. They found in 48% of the cases an anterior loop that was identified with the mean length of 0.89 mm. In another study on characteristics of anatomical landmarks in the mandibular interforaminal region using cone-beam computed tomography in Iranian population, anterior loop was observed in 84.4% of the sample. The mean size of anterior loop was 3.54 mm with SD=1.41 with no
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significant effect of gender on the visibility of the anatomical landmarks (Parnia et al., 2012).



1.5 Relation of Anterior Loop with Race: It was shown in number of studies that the prevalence of the anterior loop of mental nerve is related with race. For example, the prevalence of anterior loop in the population of Belgium was only 7% (Jacobs et al., 2002). However, in white Americans the prevalence reached up to 88% (Neiva et al., 2004). Watanabe and his group found the loop in 55% of their sample in Japanese population (Watanabe et al., 2010). Kaya et al, (2008) evaluated the anterior loop of the mental nerve in Turkish population with Spiral CT. Their material was 73 patients in which the prevalence of the mental loop was 34%. The mean length of the mental loop in 3.00 ±1.41 mm. In another study, anterior loop was found in 84.4% of a sample in Iranian people with the mean length of 3.54±1.41mm (Parnia et al, 2012). Table 1-2 shows a summary of the different studies and their results that are different according to their countries.
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Table 1-2: Studies made with difference techniques to measure the prevalence of anterior mental loop in different populations (Li et al., 2013; Greenstein and Tarnow, 2006 and Al-Nakib and Rasul, 2013 ) Methodology



%



Mean Length or Range (mm)



Country



Li et al. 2013



SCT



83.1



2.09 (0-5.31)



China



Al-Nakib and Rasul, 2013



OPG



6.25%



-



Kurdish



Apostolakis and Brown, 2012



CBCT



48



0.89 ± 1.17



Greece



Parnia et al. 2012



CBCT



84



3.54 ± 1.41



Iran



CT scan



36



5.30 ± 2.10



Brazil



Benninger et al. 2011



Dissected Cadavers



0



0



America



Watanabe et al. 2010



CT scan



55



6



Japan



Ngeow et al. 2009



Panoramic Radiographs



40.2



-



Malaysia



Uchida et al. 2009



Dissected Cadavers + CBCT



71



1.9 ± 1.7



Japan



SCT



34



3.00 ± 1.41



Turkey



Panoramic Radiographs



28



3.71 ± 1.35



Dissected Cadavers



62.7



1.5 ± 1.4



Japan



Anatomical only



61.5



1.74 (0.73-2.63)



Korea



Hwang et al. 2005



Dissected Cadavers



-



5.0 ± 1.9



Korea



Neiva et al. 2004



Dissected Cadavers



88



4.13 ± 2.04



America



Jacobs et al. 2004



Panoramic Radiographs



11



-



Belgium



Kuzmanovic et al.2003



Panoramic Radiographs



27



Range: 0.5 to 3.0



New Zealand



Author



de Oliveira Júnior et al, 2011



Kaya et al.2008



Uchida et al. 2007 Hu et al. 2007
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Dissected Cadavers Jacobs et al. 2002



SCT



7



42



-



Belgium
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Mardinger et al. 2000



Dissected Cadavers



Periapical



28



Range: 0.40 to 2.19 mm



19



Range: 0.5 to 2.95 mm,



Radiographs



Israel



Rosenquist, 1996



Surgical Procedures on Actual Patients



25.8



0.56 (0 -1)



Sweden



Solar et al. 1994



Anatomical only



60



1 (0.5 – 5)



Sweden



Bavitz et al. 1993



Dissected Cadavers



11



1



USA



Periapical Radiographs



54



2.5



Panoramic Radiographs



12



5



Misch and Crawford, 1990
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2.1 Sample: From 450 CBCT scans of Kurdish patients taken for various clinical purposes in the Radiology Department of Denta Center in Erbil city, a sample of 71 subjects was selected to include for the present study. About 31of the cases attend the center during our sample collection time and the remaining 40 subjects were selected from the archive of the center according to the following criteria:  The front part of the body of the mandible bilaterally, at least 2cm distal to the mental foramen and down to the lower cortical border, had to be included in the volume.  No pathology affecting the position of the mandibular canal and mental foramen should be identified by imaging.  The images must be of adequate diagnostic quality.  All patients were within the age range of 18-40 years old.



Exclusion criteria includes:  Patients with a history of bone disease, congenital abnormalities, fracture, tumors, or cysts in the interforaminal region which might have affected the visualization and measurement of the various parameters.  Poor quality images due to patients movement or metal artifacts.  CBCT scans of patients with implants in mental area. Consequently, from a total of 71 scans (142 sides of mandible), 134 mandibular canals were selected. The remaining 8 sides were neglected because of poor quality images, and the final number of cases (134) were categorized by sex (male and female), side (right and left) and ages groups, whether 18-28 years old, or 29-40 years old.
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2.2 Machine: All patients were imaged using NewTom GiANO CBCT unit with different field of view (110 mm X 80 mm), (110 mm x 50 mm), (80mm x 80 mm) and exposure factors were set automatically for each patient (Figure 2-1).



Figure 2-1: NewTom GiANO CBCT machine. (QR-Verona, Italy)
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The acquired images were processed with NewTom GiANO software (NNT 5.1). The slice thickness was 0.15 for the axial slices, 10 mm for Panorex view and 1mm with 0.5 steps between the slices for the cross sections. Figure 2-2.



Figure 2-2: NNT viewer, MPR section.



46



Chapter Two



Material and Methods



.



2.3 Patient Preparation and Positioning: For the archived images, patient preparations and positioning procedures were done under standardized conditions by well practiced senior radiologist. The new patients were prepared as followings:  The imaging procedure about to be performed is explained to the patients.  Patients were asked to remove all metallic objects form the head and neck areas. This includes eyeglasses, jewelry (including earrings and piercings), and metallic partial dentures.  They were instructed to sit on a chair, lean his/her head onto the head support and grab the handles on either side, Figure 2-3.  Each CBCT unit has a unique method of head stabilizations, varying from chin cups to posterior or lateral head supports to head restraints. Motion of the patient can be minimized by application of one or more methods simultaneously. For our patients head restraints was used.  Facial topographic reference planes (e.g., the mid sagittal plane, Frankfort Figure 2-3: patient positioning in



horizontal) or internal references (e.g.,



CBCT machine.



occlusal plane, palatal plane) are adjusted to coincide or be aligned with external laser lights.  Patients were instructed to hold the dentition together ﬁrmly during the scan. Separation of the teeth were particularly useful in single arch scans where scattering from metallic restorations in the opposing arch could be reduced. 47
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 The patients were told to remain as still as possible before exposure, to breathe slowly through the nose, not to swallow and close their eyes. This latter suggestion reduces the possibility of the patient moving as a result of following the detector as it passes in front of the face.



2.4 Measurements: The measurement were made in three views:



2.4.1 Axial View: On the appropriate selected axial slice for each side two points were selected: Point (A), the most anterior part of the mental foramen was marked (Figure 2-4).



Anterior part of mental foramen (A)



Anterior Part of mental foramen



Figure 2-4: Diagram and axial section from CBCT scan at the level of mental foramen showing anterior part of the foramen. 48
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Again using the axial views, the second point (B) was selected as the most anterior part of the mental nerve. It was defined as the most mesial area of the mental nerve just before a sudden reduction of the width (constriction) of the nerve that was noted as the incisive nerve divided to pass anteriorly in the incisive canal ( Apostolakis and brown, 2012), (Figure 2-5).



Most anterior part of the loop (B)



Figure 2- 5: Diagram and axial section from CBCT scan through the mandible showing the anterior part of the mental loop . 49
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2.3.2 Panorex View: This view is used to re-evaluate the previous two points (anterior wall of mental foramen and most anterior point of the mental nerve), and measure the length of the loop. The length was measured between two parallel lines. Line (A) passes through anterior wall of mental foramen. Line (B) passes through anterior part of the loop. These two lines should be parallel to each other and perpendicular to a line tangent to the inferior border of the mandible (Uchida et al., 2009), measuring the length between two lines should also be parallel to the line tangent to the inferior border. (Figure 2-6).



B A



B A



Figure 2-6: Panorex view of CBCT scan used to re-evaluate the two points and measuring the distance between the two lines (length of the loop). 50
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2.3.3 Coronal Cross-Section: For the position of the loop four distances were measured in cross-section at middle point of the length of the mental loop: 1. From the most superior border of the loop to the alveolar crest (SAL). 2. From the most buccal border of the loop to the outer surface of the buccal cortical plate (BAL). 3. From the most lingual border of the loop to the outer surface of the lingual cortical plate (LAL). 4. From most inferior border of the loop to the outer surface of the inferior cortical plate (IAL). (Figure 2-7)



SAL



BAL LAL IAL Figure 2-7: A coronal cross section of CBCT scan at middle point of the length of the mental loop showing the position of the loop to the surrounding bone.
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2.5 Statistical Analysis: All data have been analyzed using SPSS (version 20 software) computer program. Statistical analysis includes:  Descriptive Statistics:  Prevalence of the anterior mental loop was calculated.  The mean values, range, SD of the length of the loop and distances from the loop to the outer surfaces of the surrounding bone were calculated and categorized by side, sex, and age group.  Distribution chart was produced for the length of the loop and the four distances.



 Inferential Statistics:  To find out the relationship between prevalence of anterior mental loop and age, sex, side, two by two table for comparisons were made using Chisquared test.  To compare the differences in length of the loop between male and female, and right and left, we used independent sample t-test for two group comparisons.  To find out the relationship between length of the loop and age we used Pearson correlation coefficient.  To compare differences of distances from the loop outward within age groups, sex, and side, independent sample t-test for two group comparisons were used.  Ten cases (20 sides), representing the 17.5% of the total cases were reexamined by another examiner, and after two weeks by the same examiner. Intraclass correlation coefficient (ICC) was used to provide an estimate of the reliability of the measurements. Also the range of absolute errors between
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the two measurements and the average absolute mean error of the two measurement attempts were calculated.  Finally, Bland–Aldman analysis was undertaken to investigate whether or not there is a relationship between the two measurements of the mean length of the loop.  All p values were based on 2-sided tests, and p < 0.05 was considered statistically significant.
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3.1 Study Population: The study sample included 134 mandibular canals. The mean + SD of age of cases was 30.6 + 5.9 years, ranged from 18 to 40 years. About 63% of the patients in this study were 29 to 40 years old, and 37% of the patients was 18 to 28 years old, Figure 3-1.



70%



Percentage



60% 50% 40% 30% 20% 10%



0% 18-28 29-40 Age (year)



Figure 3-1. Age distribution of population in the study.
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The percentage of female (61.2%, n=82) within the study population was much higher than male (38.8%, n= 52), Figure 3-2. While the percentage of right side of the mandible (52.2%) was slightly more than the left side (47.8%), Table 3-1.



Male , 38.80%



Female, 61.20%



\



Figure 3-2. Sex distribution of population in the study.



Table 3-1. Distribution of the study population according to the sides of mandible. Sides Number Percentage Right Left Total



70 64 134



52.2 47.8 100.0
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3.2 Prevalence of Anterior Mental Loop: Results indicated that out of 134 mandibular canals of 71 patients, 114 sides (85.1%) have AML (Figure 3-3.), 46 (40.4%) of them were male and the remaining 68 (59.6%) were females, and the relationship was not statistically significant between the prevalence and sex of the subjects, P>0.05, (Table 3-2). 85.10%



90%



80% 70%



Precentage



60%



50% 40% 30% 14.90%



20% 10% 0%



NO



YES



Anterior mental loop



Figure 3-3. Prevalence of anterior mental loop.



Table 3-2. Relationship between prevalence of anterior mental loop and sex of the subject. Prevalence, Sex



Number (%) No



Yes



Male



6 (30.0)



46 (40.0)



Female



14 (70.0)



68 (59.6)



Total



20 (100.0)



114 (100.0)



Chi=0.768, df = 1, P=0.268
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According to the age groups the association was also not statistically significant, P>0.05, though there are higher prevalence of anterior mental loop within the second age group 72 (63.1%) compared to the first group, 42 (36.9%) as shown in Table 3-3. Table 3-3 Relationship between prevalence of anterior mental loop and age classes. Prevalence Number (%)



Age Class (years)



No



Yes



18 – 28



8 (40.0)



42 (36.9)



29 – 40



12 (60.0)



72 (63.0)



Total



20 (100.0)



114 (100.0)



Chi=0.73, df =1, P=0.486 Regarding the sides, also the relationship was not statistically significant between the prevalence and the side, P>0.05 (Table 3-4). Table 3-4. Relationship between prevalence of AML and sides of mandible. Prevalence Side of Mandible



Number (%) No



Yes



Right



12 (60.0)



58 (50.9)



Left



8 (40.0)



56 (49.1)



Total



20 (100.0)



114 (100.0)



Chi=0.568, df =1, P=0.306
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3.3 Length of Anterior Mental Loop The length of AML of entire population under study ranged from 0.3mm to 3.0 mm, with the mean + SD of length was (1.4 + 0.6). The longest loop measured in this study was 3.0 mm only in one case, and the data collected from the study was considered to be normally distributed, (Figure 3-4).



Length



Figure 3-4. Distribution of length of anterior mental loop in this study.
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Concerning the relationship between length and age classes, the mean length (1.51mm) for the first age group (18 – 28 years) was higher than the mean length (1.27mm) of the second age group (29– 40 years). The difference was not statistically significant, and the correlation between age and length was negative (r= -0.61, P=0.520), (Table3-5). Table 3-5. Relationship between length of AML and age of the study population. Length (mm)



Age (year)



Mean



SD



P value (Pearson Range



T test value



Correlation coefficient , r)



18 – 28



1.51



0.59



0.5 – 3.0



29 – 40



1.27



0.64



0.3 – 2.0



0.520 1.992



(-0.61)



It can be seen from the Table (3-6) that male patients had statistically significant longer (1.53mm) loop than females (1.25mm) with p=0.020. However, there are no significant difference in the length of the loop between sides of the mandible. Table 3-6. Differences between length of anterior mental loop in sex and sides of mandible. Length (mm)



Sex



Side



P value



Mean



SD



Range



(t value)



Male



1.53



0.66



0.5 – 3.0



0.020



Female



1.25



0.59



0.3 – 2.0



(2.354)



Right



1.46



0.68



0.50 – 3.0



0.106



Left



1.26



0.56



0.3 – 2.70



(1.693)
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3.4 Position of Anterior Mental Loop: The mean + SD of SAL, IAL, BAL, LAL was (17.8+3.4), (9.2 + 1.6), (1.5 + 0.4), and (4.2 + 1.5) respectively. Figure (3-5), Table (3-7).



SAL



BAL



LAL



IAL Figure 3-5: A coronal cross-section at middle point of the length of the mental loop showing the distances from the loop to the surrounding bone surfaces.



Table 3-7. The mean, SD, and range of the distances surrounding AML. Distances



Mean (mm)



SD (mm)



Range(mm)



SAL



17.8



3.4



4.8 – 26.0



IAL



9.2



1.6



5.8 – 14.6



BAL



1.5



0.4



0.5 – 2.6



LAL



4.2



1.5



0.5 – 7.5
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Regarding the changes of these distances in relation to the age of the groups, the only significant change were in the IAL where the mean + SD in age first group was (8.7 + 1.5), and (9.4 + 1.6) in the second group of 29-40 years. The remaining were not significant (Table 3-8). Table 3-8. Mean + SD of distances from ALMN within age groups. Age classes SAL



IAL



BAL



LAL



Number



Mean



SD



P value (t value)



18-28



42



18.3



2.4



0.208



29-40



72



17.5



3.8



(1.268)



18-28



42



8.7



1.5



0.037



29-40



72



9.4



1.6



(0.210)



18-28



42



1.4



0.4



0.387



29-40



72



1.5



0.5



(0.189)



18-28



42



4.5



1.7



0.100



29-40



72



3.9



1.4



(0.147)



The mean of SAL, IAL and LAL were significant more in male than in female, but there were no changes in BAL in relation to sex (Table 3-9). Table 3-9. Mean + SD of distances from anterior loop with sex.



SAL



IAL



BAL



LAL



Sex



Number



Mean



SD



Male



46



18.5



2.7



0.046



Female



68



17.3



3.7



(2.018)



Male



46



9.6



1.6



0.012



Female



68



8.8



1.5



(2.546)



Male



46



1.5



0.5



0.181



Female



68



1.4



0.4



(1.318)



Male



46



3.8



1.5



0.049



Female



68



4.4



1.5



(1.992)
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Regarding the differences between the sides, as can be seen from Figure 3-6, it was slight and not statistically significant with p=0.106.



20 18



16 14 12 10 8



6 4 2 0



SAL



IAL



BAL Right



LAL



Left



Figure 3-6. Mean of distances from anterior loop with sides of the mandible.



3.5 Accuracy of the Measurements: The inter-examiner agreement, as calculated with intraclass correlation coefficient (ICC) was excellent, with r = 0.928 for the left side and r = 0.959 for the right side, Table 3-10.



Table 3-10. Inter-examiner agreement between the researcher and a specialist. Intraclass Correlation



95% Confidence Interval



Both



0.953



0.852 to 0.983



Left



0.928



0.730 to 0.982



Right



0.959



0.845 to 0.989 62
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In the reproducibility study the difference between each measurement ranged between 0.5 and -0.5 with a mean absolute difference in the length of the loop for the inter-examiner measurements of -0.14, and the mean absolute difference in the length for intra-examiner measurements was -0.01 ranging from -0.5 to 0.5, Table 3-12. Bland–Aldman analysis of the results revealed that a change on the mean length of the loop is not related to a change in the difference (error) between the measurements. The arithmetic mean of the error in the measurements done in the same time by two examiner was -0.14 (95% CI - 0.01, - 0.22) (Figure 3-7) and for the measurements repeated after two weeks was -0.01 (95% CI -0.18, 0.12) (Figure 3-8) with the apparent bias just expected by the sampling variation. 0.6 0.4



+1.96 SD 0.30



0.2 0.0



Mean -0.14



-0.2 -0.4



-1.96 SD -0.57



-0.6 -0.8



0.5 1.0 1.5 2.0 2.5 3.0 Mean Measure author and Mean of of measured bybyresearcher andMeasure_by_specialist measured by specialist



Figure 3-7. Bland–Altman plot with the arithmetic mean (-0.14 mm), the 95% CI of the limits of agreement (mean ± 1.96SD) and the 95% CI of the mean of differences for inter- examiner agreement.
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0.8 +1.96 SD 0.62



0.6 0.4 0.2



Mean -0.01



0.0 -0.2 -0.4



-1.96 SD -0.64



-0.6 -0.8



0.5 1.0 1.5 2.0 2.5 3.0 3.5 of Measure by authorand andmeasured Measureafter after22weeks wks MeanMean of measured by researcher



Figure 3-8. Figure 1. Bland–Altman plot with the arithmetic mean (-0.01 mm), the 95% CI of the limits of agreement (mean ± 1.96SD) and the 95% CI of the mean of differences for intra-examiner agreement.



The intra-examiner agreement, as calculated with intraclass coefficient was excellent, with r = 0.933 for the left side and r = 0.876 for the right side.



Table 3-11. Intra- examiner agreement repeated after two weeks by the researcher. Intraclass Correlation



95% Confidence Interval



Both



0.923



0.805 to 0.969



Left



0.933



0.729 to 0.983



Right



0.876



0.483 to 0.969
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Discussion: The anterior extension of mental loop has a significant clinical importance in surgical procedures of interforaminal area. In implant dentistry, the definition of a safety zone is mandatory for implant placement anterior to mental foramen. Orthognathic surgery and osteotomy during genioplasty are procedures that require a thorough knowledge of anterior extension of mental loop. Another example is placement of plates and screws for fixation of fractures of the para-symphyseal area near the mental foramen. In order to assess this important structure in anterior part of mandible this study was conducted as first study using CBCT in this region.



4.1 Prevalence of AML: The results in the present study show high prevalence rate of anterior loops (85.1%) in Kurdish population. These data has been taken from records of young adult patients in both sex and within the age range of 18-40 years old. In general, the presence of anterior mental loop is debatable. Its prevalence has been reported as varying from 0 to 88 % in different countries. As several studies documented and confirmed its presence, and others support the absence of a clinically significant anterior loop of the mental nerve. Data in Table 1-2 shows different diagnostic methods providing divergent results, and studies using the same analytical techniques attain dissimilar outcomes. Varied results may be attributed to  Different criteria used to deﬁne the anterior loop.  Dissimilar diagnostic techniques: surgical cadaver dissections alone, or comparing them to panoramic ﬁlms or periapical ﬁlms, and CT or CBCT scans.  Diverse ﬁndings in patients which may be related to their age, medical conditions, race, etc. In 2002, Keiser et al. in an anatomical study reported that no anterior loop could be found in a large sample of Negro, Maori and Caucasian units (skulls and cadavers). However, in that study the main pattern of emergence for the mental nerve was 65
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posterior inclination of mental nerve. It is obvious that such a pattern of emergence creates an anterior loop that would have been accounted for in our study. Benninger et al. (2011) dissected 15 Caucasian cadavers to identify 30 mental nerves. They found that the loop lacked mental nerve rami anterior to the mental foramina in 26 cases, and mental nerve rami measured less than 1.0 mm anterior to foramen in four cases. Therefore, their study supported the absence of a clinically signiﬁcant anterior loop of the mental nerve, and contradicts the historic literature regarding the anterior loop structure. The difference in ﬁndings may be due to the limited number of cadavers that were examined (30 total structures), age (mean 74 years), race or different methodology. In general, no enough information on the cadavers were mentioned in any of the anatomical studies. Moreover, they are possibly of old age patients with systemic disease that could cause changes in their body structures. In contrast to the above finding, high prevalence of AML was found in several other studies. For example, Neiva et al. (2004) in a cadaver study reported the anterior loop was present 88% of the time and its length ranged from 1 to 11 mm (mean 4.13 mm). In Chinese population anterior loop was found in 83.1% of the study sample (Li et al., 2013). The results in our study are similar to another study in Persian population (Parnia et al., 2012) that reported 84.4% prevalence. The reason for this similarity beside close ethnic group maybe related the use of 3D radiograph (CBCT) in both study that provided different depths and higher resolution images compared to panoramic radiograph. This is most probably the only reason for the extreme difference in the results between the present study and the previous study in Sulaimani City which reported the incidence of anterior loop only in 6.25% of the population (Al-Nakib and Rasul, 2013). According to our data, there was a clinically insignificant difference in the prevalence of AML between the right and left sides of the mandibles, between sex , or 66
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between different age groups. These results are similar to those reported by Apostolakis and Brown (2012) and Li et al., (2013).



4.2 The Length of Anterior Mental Loop: The length of the loop in our study ranged from 0.3 to 3.0 mm. with the mean value of 1.4 + 0.6 mm. The longest loop measured was 3.0 mm. Besides questionable existence of AML, previous studies have shown significant variations of its length ranging from 0.4 to 11 mm. This wide variation may relate to several reasons. The first and most important is the method used for detection and measurement of the loop in each study. The longest loop reported until now was 11 mm in an anatomical study (Neiva et al., 2004). However, it should be mentioned that Neiva et al. identified the loop by probing the mesial cortical wall of the mental canal, and it is possible that the reported large prevalence and loop size actually reflected penetration into the incisal canal. In this regard Misch (1999) cautioned that opening on the mesial aspect of the mental foramen leading to the incisal canal often feels the same as the anterior loop. Also Rosenquist, (1996) concluded that there are a small number of short anterior loops of which their measurements taken during surgical procedures performed on actual patients. Taking into account the various factors that could have affected the surgical field, their conclusion should be viewed with caution. Other studies have shown that panoramic radiographs do not accurately identify the prevalence or the extent of the anterior loop (Arzouman et al., 1993; Kuzmanovic et al., 2003; Jacobs et al., 2004; Kaya et al., 2008; and Ngeow et al., 2009). Therefore, the validity of the studies where panoramics were used as a sole method for detection and measurement is questioned. It is our intention to exclude these particular studies from the present discussion. Kaya et al., (2008) evaluated anterior loop of mental nerve in both panoramic radiograph and spiral computerized tomography. They indicated that in panoramic 67
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radiography there is significant overestimation in mental loop length measurements when compared with SCT images especially in poor bone qualities. The writer related his results to overlapping of radiopaque structures, especially superimposition of cervical spines in the anterior region, may hide the loop in panoramic images. (Kaya et al., 2008). Besides the bucco-lingual cross-sectional images of SCT have better ability to show boundaries of mandibular canal, mental foramen and anterior loop more clearly in patients of all ages and both sex. (Jacobs et al., 2002) In this study we used CBCT of living patients as diagnostic method for anterior mental loop considering its advantages over panoramic radiography and its comparatively less radiation and higher resolution than spiral CT. It has a spatial resolution of 0.1mm isotropic voxel (Loubele et al., 2006). Uchida et al., (2009) found that the differences between the CBCT and anatomic measurements of the anterior loop length were smaller than the level of resolution and thus not significant. Therefore, the CBCT measurements for AML are considered to be sufficiently reliable. There are several studies that have revealed the structure of the anterior loop by CBCT. For example Apostolakis and Brown (2012) reported the mean length of 0.89+ 1.17 mm in Greeks, Parnia et al. (2012) found 3.54 + 1.41 in Persian people and in Chinese population with the use of spiral computed tomography the mean length was 2.09 ± 1.34 mm. (Li et al., 2013). Also, in Turkish population the length was 3.00 ± 1.41mm. (Kaya et al., 2008). These considerable variations between the studies from different countries summarized in (Table 1- 2) may be due to differences in ethnic groups. According to our results there was no signiﬁcant difference in length of the loop between sides and age of the patients However, a significantly longer loops were found in males (1.53mm) than in females (1.25 mm) and this may be due to anatomical variations of mandibular dimensions between male and female. These results are
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similar to those found in other studies. (Uchida et al., 2009; Apostolakis and Brown 2012 and Li et al., 2013).



4.3 Distances from Anterior Mental Loop to the Surrounding Cortical Plates and its Relative Position: The course and spatial position of the mandibular canal at different points have been focused on in several studies.(Levine et al., 2007, Angel et al., 2011,Nagadia et al., 2011, Balaji et al., 2012, Kwon et al., 2012, and Nair et al., 2013). However, as far as we know, the position of the mental anterior loop has not been mentioned before in the literature. In the this study we tried to measure all the distances from the midpoint of the mental loop to the crest of the ridge, inferior border of the mandible, buccal cortical plate and lingual cortical plate. We used these measurements for defining the relative position of the loop within the mandible. The mean of SAL (17.8) was significantly higher than the mean of IAL (9.2) indicates that the loop is located more inferiorly. While in bucco-lingual position of the loop, the mean of LAL (7.5) was significantly more than the mean of BAL (0.4) indicating the buccal localization of the loop. In terms of clinical significance, these measurements should be considered in several surgical procedures, such as implant placement and osteotomies in anterior mandible and monocortical fixation screw in mandibular fracture which is frequently in close proximity to the nerve. A better understanding of the intrabony anatomy of the anterior mental loop, and its relationship to local anatomical landmarks may decrease the risk of inadvertent injury associated with these operative procedures. Regarding patient associated variables, the linear distance between the loop and superior, inferior and lingual cortical plates were significantly more in male than that of female. These results come as a confirmation of the results of Watanabe et al. (2010). They reported that the height of mandibular bone in male subjects was 69
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significantly greater than that of females. Also the width in male subjects was slightly but not significantly greater than that of females. The actual effect of aging on the position of the loop cannot be confirmed in this study. This is because the age is limited from 18 to 40 years. The change in dimensions of mandibular bone with age was not significant except for the linear distance from the loop to the inferior border of the mandible. This is probably due to narrowing of the canal with age and the results are too close to be insignificant. The age was limited in the present study to include adults with no systemic or local diseases that could effect on the prevalence and position of the loop. Ngeow et al. (2009) mentioned that the visibility of the loop reduced with the age of subject increased, probably due to reduced calcification of the cortex. Besides, tooth loss and periodontal disease in old age are the most common causes of alveolar bone resorption which also would effect on our results of the linear distances between the loop and the cortical surfaces of the mandible. Lastly, this limitation in the age of subjects lead to exclusion of high number of patients resulting in small sample size which is one of the limitations in this study beside the limited availability of CBCT machine.
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5.1 Conclusions: 1.Cross-sectional images from CBCT is an accurate preoperative assessment prior to oral implant surgery or other surgeries to improve understanding of the anatomical structures of most distal area in the interforaminal region. 2. The anterior loop is with high prevalence (85.1%) in a sample of Kurdish population studied here. Also there was no relation between prevalence of the loop and any of study variables (age, sex and sides of mandible). 3.The length of the loop ranged from 0.3 to 3.0 mm, with the mean of 1.4mm and males subjects had longer loop than female ones. 4.The loop located inferio- buccally within the mandible.



5.2 Suggestions for Future Studies: 1. CBCT can be used to identify location and measure the diameter of incisive canals. 2. Pattern of emergence of mental nerve can also be identified using cross sectional images. 3. Conducting longitudinal studies to examine the mental area to recognize the age effect on the presence of anterior mental loop. 4. Comparing prevalence of anterior mental loop in dentate and edentulous patients. 5. Correlation between size and shape of mental foramen position and length.



5.3 Clinical Considerations: CBCT images is preferred to be used, because it is free of magnification and superimposition of neighboring structures. This resulted in very clear images that better depict anterior mental loop, and its measurements yields important information for each case before any surgery in anterior mandible.



71



References



.



References



A Adibi Sh, Wenjian Zhang, Tom Servos, Paula N. O’Neill. Cone beam computed tomography in dentistry: what dental educators and learners should know. J Dent Educ. 2012;76(11):1437-42. Ahmad M, Jenny J, Downie M. Application of cone beam computed tomography in oral and maxilla facial surgery. Aust Dent J. 2012;57 1:82-94. Agur A M R, Arthur F. Dalley. Grant’s atlas of anatomy. Eleventh edition. Philadelphia: Lippincott Williams & Wilkins; 2005. p.661 Al-Ali O, Sawan Nasser, Kaddah Ayham, Uysal Tancan. Precision in Cephalometric Measurements: Comparison of cone beam CT lateral cephalogram and direct digital lateral cephalogram. Int Poster J Dent Oral Med 2012,14 2, 590. Al-Khateeb T, Al-Hadi Hamasha A, Ababneh KT. Position of the mental foramen in a northern regional Jordanian population. Surg Radiol Anat. 2007;29(3) : 231-7. Al-Nakib LH, Sarkawt Khidhir Rasul. Evaluation of the anterior loop of the mental nerve incidence and extension in different age groups in Sulaimania city using digital panoramic imaging system. J Bagh College Dentistry. 2013;25(1), 99-104. Anderson L C, Kosinski TF, Mentag PJ. A review of the intraosseus course of the nerve of the mandible. J Oral Implantol.1991; 17: 394-403 Angel J S, Mincer Harry H, Chaudhry Jahanzeb, Scarbecz Mark. Cone-beam computed tomography for analyzing variations in inferior alveolar canal location in adults in relation to age and sex. J Forensic Sci. 2011; 56:1,216- 219. Angelopoulos C, Aghaloo T. Imaging technology in implant diagnosis. Dent Clin North Am. 2011;55(1):141-58. 72



References Apinhasmit W, Chompoopong S, Methathrathip D, Sansuk R, Phetphunphiphat W. Supraorbital notch/foramen, infraorbital foramen and mental foramen in thais: anthropometric measurements and surgical relevance. J Med Assoc Thai. 2006;89(5):675-82. Apostolakis D, Brown JE. The anterior loop of the inferior alveolar nerve: prevalence, measurement of its length and a recommendation for interforaminal implant installation based on cone beam CT imaging. Clin Oral Implants Res 2012 23:1022–1030 Arzouman MJ, Otis L, Kipnis V, Levine D. Observations of the anterior loop of the inferior alveolar canal. Int J Oral Maxillofac Implants. 1993;8 (3):295-300.



B Baba R, K Ueda , M Okabe, Using a ﬂat-panel detector in high resolution cone beam CT for dental imaging. Dento maxillo fac Radiol 2004. 33, 285–290. Baba R, Konno Y, Ueda K, Ikeda S. Comparison of flat-panel detector and image-intensifier detector for cone-beam CT. Comput Med Imaging Graph, 2002. 26(3): 153-8. Balaji S M, N R Krishnaswamy, S Manoj Kumar, Thavarajah Rooban. Inferior alveolar nerve canal position among South Indians: A cone beam computed tomographic pilot study. Annals of Maxillofac Surg. 2012;2:1,51-55. Barghan S, S Tetradis, SM Mallya. Application of cone beam computed tomography for assessment of the temporomandibular joints. Aust Dent J.2012; 57: 109–118 Bartling R, Freeman K, Kraut RA. The incidence of altered sensation of the mental nerve after mandibular implant placement. J Oral Maxillofac Surg 1999; 57: 1408-1412. 73



.



References Bavitz JB, Harn SD, Hansen CA, Lang M. An anatomical study of mental neurovascular bundle-implant relationships. Int J Oral Maxillofac Implants: 1993. 8:563–567 Bellaiche N. Imaging in oral implantology. In: Implants and restorative dentistry. Scortecci G-M, Misch C-E, Benner K-U. 1st ed. Martin Dunitz publication; London: 2001. 178-196. Benavides E, Rios HF, Ganz SD, An CH, Resnik R, Reardon GT, Feldman SJ, et al. Use of Cone Beam Computed Tomography in Implant Dentistry: The International Congress of Oral Implantologists Consensus Report. Implant Dent. 2012; 21(2):78-86. Benninger BMD, Dan Miller, Anand Maharathi, Winthrop Carter. Dental Implant Placement Investigation: Is the Anterior Loop of the Mental Nerve Clinically Relevant? J Oral Maxillofac Surg. 2011; 69:182-185.



C Cha JY, Mah J, Sinclair P. Incidental findings in the maxillofacial area with 3dimensional cone beam imaging. Am J Orthod Dentofacial Orthop. 2007; 132(1): 714. Chan HL, Misch K, Wang HL. Dental imaging in implant treatment planning. Implant Dent. 2010; 19:288–298 Cotti E. & Girolamo C., Advanced radiographic techniques for the detection of lesions in bone, Endodontic Topics. 2004; 7: 52–72



D de Oliveira Júnior MR, Saud AL, Fonseca DR, De-Ary-Pires B, Pires-Neto MA, de Ary-Pires R. Morphometrical analysis of the human mandibular canal: a CT investigation. Surg Radiol Anats. 2011;33(4):345-52. 74



.



References Dreiseidler T, Mischkowski RA, Neugebauer J, Ritter L, Zöller JE. Comparison of cone-beam imaging with orthopantomography and computerized tomography for assessment in presurgical implant dentistry. Int J Oral Maxillofac Implants. 2009;24 (2):216–225. Du Bois AH, B Kardachi, PM Bartold. Is there a role for the use of volumetric cone beam computed tomography in periodontics. Aust Dent J. 2012; 57 (1): 103– 108.



E Ellies LG. altered sensation following mandibular implant surgery; a retrospective study. J Prosthet Dent. 1992; 68:664-671. Erickson M, Caruso JM, Leggitt L. Newtom QR-DVT 9000 imaging used to confirm a clinical diagnosis of iatrogenic mandibular nerve paresthesia. J Calif Dent Assoc. 2003;31(11):843–845



F Fabian FM. Position, shape and direction of opening of the mental foramen in dry mandibles of Tanzanian adult black males. Ital J Anat Embryol. 2007; 112(3) : 169-77 Farman A.G. and Scarfe William C .The Basics of Maxillofacial Cone Beam Computed Tomography. Semin Orthod. 2009;15(1): 2-13. Fatemitabar SA, Nikgoo A. Multichannel computed tomography versus conebeam computed tomography: linear accuracy of in vitro measurements of the maxilla for implant placement. Int J Oral Maxillofac Implants. 2010;25:499–505 Fishel D, Buchner A, Hershkowith A, Kaffe I. Roentgenologic study of the mental foramen. Oral Surg Oral Med Oral Pathol 1976; 41:682-686.



75



.



References



.



G Ganz S-D. Computer aided design/Computer aided manufacturing applications using CT and cone Beam CT Scanning technology. Dent Clin North Am. 2008; 52: 777-808. Gershenson A, Nathan H, Luchansky E. Mental foramen and mental nerve: changes with age. Acta Anat (Basel). 1986;126(1):21-8. Gonzalez Sh M. Interpretation basics of cone beam computed tomography. John Wiley & Sons.2014. 3-9 Greenstein G, Cavallaro J, Romanos G, Tarnow D. Clinical recommendations for avoiding and managing surgical complications associated with implant dentistry: a review. J Periodontol. 2008; 79(8):1317-29. Greenstein G, Tarnow D. The mental foramen and nerve: clinical and anatomical factors related to dental implant placement: a literature review. J Periodontol. 2006 77: 1933–1943.



H Hatcher DC. Operational principles for cone-beam computed tomography. J Am Dent Assoc. 2010; 141(3): 3S–6S Horner K, Drage N, Brettle D. 21st century imaging. 1st ed.London: Quintessence Publishing Co Inc.2008. Howerton WB, CBCT Imaging: Discussing the Field of View Concept. http://www.osseonews.com/cbct-imaging-discussing-the-field-of-view-concept/#top. Accessed at: 9 of July 2014, 7:36 pm. Howerton WB, Mora MA. Advancements in digital imaging: what is new and on the horizon? J Am Dent Assoc. 2008; 139 (l):20S–24S.



76



References Hu KS, Yun HS, Hur MS, Kwon HJ, Abe S, Kim HJ. Branching patterns and intraosseous course of the mental nerve. J Oral Maxillofac Surg. 2007; 65(11):228894. Hwang K, Lee WJ, Song YB, Chung IH. Vulnerability of the inferior alveolar nerve and mental nerve during genioplasty: an anatomic study. J.Cranio fac.Surg. 2005 discussion 14;16(1):10-14.



I Igbigbi PS, Lebona S. The position and dimensions of the mental foramen in adult Malawian mandibles. West Afr J Med. 2005;24(3):184-9. International Commission on Radiological Protection. 1990 Recommendations of the International Commission on Radiological Protection, ICRP Publication 60. Ann ICRP 1991; 21: 1–201.



J Jacobs R, Mraiwa N, van Steenberghe D, Gijbels F, Quirynen M. Appearance, location, course, and morphology of the mandibular incisive canal: an assessment on spiral CT scan. Dento-Maxillo-Fac Rad 2002; 31(5):322-327. Jacobs R, Mraiwa N, Van Steenberghe D, Sanderink G, Quirynen M. Appearance of the mandibular incisive canal on panoramic radiographs. Surg Radiol Anat 2004; 26(4):329-333. Jaju PP, Mayuri Jain, Ajita Singh, Akanksha Gupta. Artefacts in cone beam CT. Open J Stomatol. 2013; 3: 292-297. Jaju PP , SP Jaju. Clinical utility of dental cone-beam computed tomography: current perspectives. Clin Cosmet Investig Dent. 2014:6; 29-43. 77



.



References



.



Juodzbalys G, Wang HL, Sabalys G. Anatomy of mandibular vital structures. part I: mandibular canal and inferior alveolar neurovascular bundle in relation with dental implantology. J Oral Maxillo fac Res 2010 a; 1(1):e2. Juodzbalys G, Wang HL, Sabalys G. Part II: Mandibular incisive canal, mental foramen and associated neurovascular bundles in relation with dental implantology. J Oral Maxillofac Res 2010 b; 1(1):e3. Juodzbalys G., Hom-Lay Wang. Guidelines for the identification of the mandibular vital structures: practical clinical applications of anatomy and radiological examination methods. J Oral Maxillofac Res 2010; l(2): e1.



K Kamburoğlu K, Kiliç C, Ozen T, Yüksel SP. Measurements of mandibular canal region obtained by cone-beam computed tomography: a cadaveric study. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2009; 107(2): e34–42 Karjorkar FR. Textbook of dental and maxillofacial radiology.2nd edition. Jaypee brothers medical publisher LTD, New Delhi, 2006, 279-283. Kau CH, Kenneth Abramovitch, Sherif GK , Marko Bozic. Cone Beam CT of the Head and Neck: An Anatomical Atlas. Springer-Verlag Berlin Heidelberg 2011. Kaya Y, Sencimen M, Sahin S, Okcu KM, Dogan N, Bahcecitapar M. Retrospective radiographic evaluation of the anterior loop of the mental nerve: comparison between panoramic radiography and spiral computerized tomography. Int J Oral Maxillofac Implants. 2008;23(5):919-925. Kieser J, Kuzmanovic D, Payne A, Dennison J, Herbison P. Patterns of emergence of the human mental nerve. Arch.Oral Biol. 2002;47(10):743-747. Kim IS, Kim SG, Kim YK, Kim JD. Position of the mental foramen in a Korean population: a clinical and radiographic study. Implant Dent. 2006;15(4):404-11. 78



References



.



Koo BB, Dostal J, Ioachamescu O, Budur K. The effects of gender and age on REM-related sleep-disordered breathing. Sleep Breath 2008;12:259–264. Kuzmanovic DV, Payne AG, Kieser JA, Dias GJ. Anterior loop of the mental nerve: a morphological and radiographic study. Clin Oral Implants Res. 2003; 14(4): 464-471. Kwon H K, Kyu-Bong Sim, Jae-Min Lee. Evaluation of the course of the inferior alveolar canal in the mandibular ramus using cone beam computed tomography. J Korean Assoc Oral Maxillofac Surg. 2012;38:231-9



L Levine Marci H, Allison L Goddard, Thomas B Dodson. Inferior alveolar nerve canal position: a clinical and radiographic study. J Oral Maxillofac Surg. 2007; 65(3): 470-4. Li Xiao, Zhu-Kun Jin, Hui Zhao, Kai Yang, Jian-Min Duan, Wei- Jian Wang. The prevalence, length and position of the anterior loop of the inferior alveolar nerve in Chinese, assessed by spiral computed tomography. Surg Radiol Anat. 2013; 35: 823–830 Liu Y, Olszewski R, Alexandroni ES, Enciso R, Xu T, Mah JK. The validity of in vivo tooth volume determinations from cone beam computed tomography Angle Orthod. 2010;80(1):160-6. Loubele M, Maes F, Schutyser F, Marchal G, Jacobs R, Suetens P. Assessment of bone segmentation quality of cone-beam CT versus multi slice spiral CT: A pilot study. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2006;102(2):225-34. Ludlow, J.B. and Ivanovic M. Comparative dosimetry of dental CBCT devices and 64-slice CT for oral and maxillofacial radiology. Oral Surg Oral Med Oral Pathol Oral Radiol Endod, 2008. 106(1): 930-8.



79



References Luminati T. and Eugenio T. CBCT Systems and Imaging Technology. In: Caruso P. Enzo S. editors. Cone Beam CT and 3D Imaging: a Practical Guide. Springer; Verlag, Italia.2014.1-12. Luthra R., Palwinder K, Puneet Sh., Implant radiology: The journey so far..... J Dent Impl. 2012; 2 :2.117-120.



M Macleod I, Heath N. Cone-beam computed tomography (CBCT) in dental practice. Dent Update. 2008; 35(9):590–592, 594. Madhav V.N.V. Cone Beam computed tomography: in implantology. Indian J of Dent Sci. 2011;5: 3,10-15. Mah J, Hatcher D. Current status and future needs in craniofacial imaging. Orthod Craniofac Res. 2003; 6(1):179-82. Mah JK1, Danforth RA, Bumann A, Hatcher D. Radiation absorbed in maxillofacial imaging with a new dental computed tomography device. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2003; 96(4): 508-13. Mardinger O, Chaushu G, Arensburg B, Taicher S, Kaffe I. Anterior loop of the mental canal: an anatomical-radiologic study. Implant Dent. 2000; 9(2):120-5. Mardini Sh and Gohel A. Exploring the mandibular canal in 3 dimensions: an overview of frequently encountered variations in canal anatomy. (2014) http://www.aadmrt.com/static.aspx?content=currents/mardinigohel_fa ll_08 (Accessibility verified January 25, 2014, 12:39 AM) McCrilli J M, Jennifer Haskell, Bruce S. Haskell, Michelle Brammer, Douglas Chenin, William C. et al. Obstructive sleep apnea and the use of cone beam computed tomography in airway imaging: a review. Semin Orthod. 2009;15(1):63– 69 80



.



References McEowen D. Clinical and diagnostic advantages of PreXion 3-D imaging system. Cone beam: the international C.E. magazine of cone beam dentistry. 2014; 1 (1): 6-9. Miles D.A. Temporomandibular Joint Imaging Using CBCT: Technology Now Captures Reality, http://learndigital.net/articles/2012/Temporomandibular-JointImaging-Using-CBCT.pdf Miles DA, Robert Danforth A. A Clinician’s Guide to Understanding Cone Beam Volumetric Imaging (CBVI). Academy of Dental Therapeutics and Stomatology. 2008.2-8. Miles D A. Atlas of cone beam imaging for dental applications, 2nd edition. Hanover Park: Quintessence Publishing Co, Inc.2013. Miller CS, Nummikoski PV, Barnett DA, Langlais RP. Crossectional tomography. A diagnostic technique for determining the buccolingual relationship of impacted mandibular third molars and the inferior alveolar neurovascular bundle. Oral Surg Oral Med Oral Pathol. 1990;70: 791-797 Misch CE, Crawford EA. Predictable mandibular nerve location: a clinical zone of safety. Int J Oral Implantol. 1990; 7(1):37-40. Misch CE. Root form surgery in the edentulous mandible: Stage I implant insertion. In: Misch CE. Implant Dentistry, 2nd ed. St. Louis: The CV Mosby Company; 1999:347-370. Moiseiwitsch J RD , Hill C. Position of mental foramen in North American, white population. Oral Surg Oral Med Pathol Oral Radiol Endod. 1998; 85:457-60. Montagu MF. The direction and position of the mental foramen in the great apexes and man. Am J Phys Anthropol.1954; 12(4):503–18.



81



.



References



N Nagadia R, Tay AB, Chan LL, Chan ES. The spatial location of the mandibular canal in Chinese: a CT study. Int J Oral Maxillofac Surg. 2011;40(12):1401-5. Naitoh M1, Nakahara K, Suenaga Y, Gotoh K, Kondo S, Ariji E. Comparison between cone-beam and multislice computed tomography depicting mandibular neurovascular canal structures. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2010;109:e25–e31 Nair Umadevi P, Mehran H Yazdi, Gautam M Nayar, Heath Parry, Rujuta A Katkar1, Madhu K Nair. Configuration of the inferior alveolar canal as detected by cone beam computed tomography. J Conserv Dent. 2013; 16(6): 518–521. Neiva RF, Gapski R, Wang HL. Morphometric analysis of implant-related anatomy in Caucasian skulls. J Periodontol. 2004; 75 (8):1061-7. Nervina JM. Cone beam computed tomography use in orthodontics. Australian Dent J. 2012; 57: (1): 95–102. Ngeow WC, Dionysius DD, Ishak H, Nambiar P. A radiographic study on the visualization of the anterior loop in dentate subjects of different age groups. J Oral Sci. 2009; 51(2):231-237. Ngeow WC, Yuzawati Y. The location of the mental foramen in a selected Malay population. J Oral Sci 2003; 45:171-175. Nirmale VK, UW Mane, SB Surke, CV Diwan. Morphological Features of Human Mandible. Int J Recent Trends in Sci Tech. 2012; 3: 2, 38-43. Norton NS. Netter’s Head and Neck Anatomy for Dentistry. Philadelphia: Saunders, 2007 :86-96



82



.



References



.



P Parnia F, Moslehifard E, Hafezeqoran A, Mahboub F, Mojaver-Kahnamoui H. Characteristics of anatomical landmarks in the mandibular interforaminal region: a cone-beam computed tomography study. Med Oral Patol Oral Cir Bucal. 2012; 17: 420–425 Patil NA, Gadda Rohit, Salvi Rohini. Cone Beam computed tomography: adding the third dimension. J Contemp Dent. 2012; 2(3):84-88. Pogrel M A, Smith R, Ahani R. Innervation of the mandibular incisors by the mental nerve. J Oral Maxillofac Surg 1997;55:961-963.



R Resnik RR, Louise T Kircose, Misch CE. Diagnostic imaging techniques. In: Misch CE. Contemporary Implant Dentistry, 3nd ed. St Louis: CV Mosby Company. 38-67. 2008 Ritter EF1, Moelleken BR, Mathes SJ, Ousterhout DK. The course of the inferior alveolar neurovascular canal in relation to sliding genioplasty. J Craniofac Surg 1992;3:20-24 Robb RA. The dynamic spatial reconstruction: an x-ray video fluoroscopic CT scanner for dynamic volume imaging of moving organs. IEEE Trans Med Imag. 1982; 1:22–3. Rodella LF, B Buffoli, M Labanca, R Rezzani. A review of the mandibular and maxillary nerve supplies and their clinical relevance. Arch o bio. 2012; 57:323-334 Rosenquist B. Is there an anterior loop of the inferior alveolar nerve?. Int J Perio Restor Dent. 1996; 16(1):40-45.



83



References



S Scarfe WC, farman AG. Cone-beam computed tomography. In: White S C, M J Pharoah. Oral Radiology principle and interpretation. Sixth edition. India: Elsevier Inc; 2012, 225-243. Scarfe WC, Allan G. Farman. What is Cone-Beam CT and How Does it Work? Dent Clin N Am. 2008; 52; 707–730. Scarfe WC, Farman AG, Sukovic P. Clinical applications of cone-beam computed tomography in dental practice. J Can Dent Assoc. 2006; 72(1):75-80 Scarfe WC, Levin MD, Gane D, Allan G Farman. Use of cone beam computed tomography in endodontics. Int J Dent. 2009. Sharawy M, Misch CE. Anatomy for dental implants. In: Misch CE, Contemp Implant Dent. 2nd ed .St. Louis: The CV Mosby Company; 217-224,1999. Sherrard JF, Rossouw PE, Benson BW, Carrillo R, Buschang PH. Accuracy and reliability of tooth and root lengths measured on cone beam computed tomographs. Am J Orthod Dentofacial Orthop. 2010; 137(4):100-8 Solar P, Ulm C, Frey G, Matejka M. A classiﬁcation of the intraosseous paths of the mental nerve. Int J Oral Maxillofac Implants. 1994;9:339-344. Sonick M, Abrahams J, Faiella RA. A comparison of the accuracy of periapical, panoramic, and computerized tomographic radiographs in locating the mandibular canal. Int J Oral Maxillofac Implants. 1994;9: 455-460. Strauss RA, and N Wang, Cone beam computed tomography and obstructive sleep apnea. Aust Dent J. 2012; 57 :(1): 61–71 Sukovic P. Cone beam computed tomography in craniofacial imaging. Orthod Craniofac Res. 2003;6: (1), 31-6.



84



.



References



.



T Tamimi D, El Said Khaled. Cone Beam computed tomography in the assessment of dental impactions. Seminars in Orthodontics. 2009; 15: 1, 57-62. Tammisalo T, Happonen RP, Tammisalo EH. Stereographic assessment of mandibular canal in relation to the roots of impacted lower third molar using multi projection narrow beam radiography. Int J Oral Maxillo fac Surg. 1992;21(2):85-9. Tebo HG, Telford IR. An analysis of the variations in position of the mental foramen. Anat Rec 1950;107(1):61–6. Tetradis S, Anstey P, Graff-Radford S. Cone beam computed tomography in the diagnosis of dental disease. J Calif Dent Assoc. 2010;38(1):27–32 Tischler M. In-office cone beam computerized tomography: technology review and clinical examples. Dent Today. 2008;27(6):102, 104, 106. Tyndall DA, Kohltfarber H. Application of cone beam volumetric tomography in endodontics. Australian Dental Journal 2012; 57:(1): 72–81. Tyndall DA, Rathore S. Cone-beam CT diagnostic applications: caries, periodontal bone assessment, and endodontic applications. Dent Clin North Am. 2008;52(4):825–841.



U Uchida Y, Noguchi N, Goto M, Yamashita Y, Hanihara T, Takamori H, et al. Measurement of anterior loop length for the mandibular canal and diameter of the mandibular incisive canal to avoid nerve damage when installing endosseous implants in the interforaminal region: a second attempt introducing cone beam computed tomography. J Oral Maxillofac Surg. 2009; 67:744–750 Uchida Y, Yamashita Y, Goto M, Hanihara T. Measurement of anterior loop length for the mandibular canal and diameter of the mandibular incisive canal to 85



References avoid nerve damage when installing endosseous implants in the interforaminal region. J Oral Maxillofac Surg. 2007;65(9):1772-1779.



V Van der Stelt PF. Filmless imaging: the uses of digital radiography in dental practice. J Am Dent Assoc 2005;136(10):137987.



W Wadu SG, Penhall B, Townsend GC. Morphological variability of the human inferior alveolar nerve. Clin Anat 1997;10:82-87. Wang TM, Shih C, Liu JC, Kuo KJ. A clinical and anatomical study of the location of the mental foramen in adult Chinese mandibles. Acta Anat (Basel) 1986; 126:29-33. Watanabe H, Mohammad Abdul M, Kurabayashi T, Aoki H. Mandible size and morphology determined with CT on a premise of dental implant operation. Surg Radiol Anat. 2010;32(4):343-349. White SC, Heslop EW, Hollender LG, Mosier KM, Ruprecht A, Shrout MK, et al. Parameters of radiologic care: An official report of the American Academy of Oral and Maxillofacial Radiology. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2001 May;91(5):498511.



Y Yang F, Jacobs R, Willems G. Dental age estimation through volume matching of teeth imaged by cone-beam CT. Forensic Sci Int. 2006; 159(1):S78–S83



86



.



References Yosue T, Brooks SL. The appearance of mental foramina on panoramic radiographs. I. Evaluation of patients. Oral Surg Oral Med Oral Pathol. 1989; 68(3):360-4.



Z Zöller J E, Jörg Neugebauer. Cone-beam volumetric imaging in dental, oral and maxillofacial medicine: fundamentals, diagnostics and treatment planning. Quintessence Publishing Co. Ltd.2008. Zoud K, Doran GA. Microsurgical anatomy of inferior alveolar neurovascular plexus. Surg Radiol Anat. 1993;15:175-179.



87



.



Appendices



.



Appendix I: Patient’s case sheet. Patient’s name:



Case No.



Age:



Gender:



Right



Left



Presence



Presence



Length in mm



Length in mm



Position in mm



BAL



Position in SAL mm BAL



LAL



LAL



IAL



IAL



SAL
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Appendix II: The Reproducibility Study. Side



Length measured



Length repeater by



Length measured



Intra-



Inter-



by author(mm)



author after 2 weeks



by specialist



examiner



examiner



R



2.4



2.2



2.7



0.5



-0.2



L



2.7



3



2.2



-0.5



0.3



R



1.5



1.2



l.8



0.3



-0.3



L



0.9



1.3



1.2



0.3



0.4



R



1.9



2.2



1.9



0



0.3



L



0.9



1.3



0.9



0



0.4



R



1.2



1.2



1.1



-0.1



0



L



0.8



0.9



1



0.2



0.1



R



1.4



1.6



1.5



0.1



0.2



L



1.8



1.3



2.2



0.4



-0.5



R



2.1



1.7



2.1



0



-0.4



L



0.9



0.6



0.9



0



-0.3



R



2.3



1.9



2.4



0.1



-0.4



L



1.4



1



1.4



0



-0.4



R



0.8



1.1



1.1



0.3



0.3



L



0.9



1



0.9



0



0.1



R



1.5



2



1.8



0.3



0.5



L



1.5



1.8



1.9



0.4



0.3



R



2



1.9



2.2



0.2



-0.1



L



0.9



0.8



1.3



0.4



-0.1
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Appendices Appendix III: Measurements of the length and position of anterior mental loop.



Appendix III. A: 3D Reconstruction shows vertical and horizontal location of the sections. Axial-section through the mental foramen for locating the loop and measuring the length of the loop in the reconstructed Panorex view:
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Appendices Appendix III. B: Cross-sections used to measure the distances from the loop to the surrounding cortical plate surfaces:
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نسبة انتشار و طول و موقع النهاية الملتوية للعصب الذقني في شريحه من الكورد باستخدام جهاز المفراس ذو الحزمة المخروطية



رسالة مقدمة الى سكول طب االسنان في جامعة السليمانية كجزء من متطلبات الحصول على شهادة الماجستر في اشعة الفم والوجه والفكين



من قبل ماردين عثمان رشيد بكالوريوس جراحة الفم واالسنان



باشراف أ.م.د .لمياء ألنقيب بكالوريوس جراحة الفم واالسنان ماجستر في اشعة الفم والوجه والفكين



مشرف مساعد أ.م.د .ابراهيم سعيد كاطع بكالوريوس جراحة الفم واالسنان بورد في جراحة الفم والوجه والفكين



الخالصة المقدمة: امتداد العروة االمامية للعصب الذقنى يظهر عندما تعبر الحزمة الوعائية العصبية الذقنية الى االمام و تحت و تعود ثان ية للدخول فى الثقب الذقنى .و تعتبر منطقة نهاية العصب الفك االسفل منطقة مهمة بالنسبة للعمليات الجراحية التى تجرى فيها كجراحات زرع االسنان و الجراحة التقويمية و وضع لوحات ومسامير لتثبيت الكسور.



اهمية الدراسة: اجريت هذه الدراسة باستخدام جهاز المفراس ذو الحزمة المخروطية لتقييم نسبة حدوث و طول و موقع العروة االمامية للعصب الذقنى في شريحه من الكورد و تم دراستها نسبة للعمر و الجنس و الجهه للفك االسفل.



المواد و طريقة العمل: تم استخدام  ٤٣١قناة من الفك االسفل من  ١٤مريض كورد ي بواسطة جهاز المفراس القطعي.و تم دراسة طول االلتواء في نهاية العصب بواسطة خطين متوازنين باالضافة الى دراسة المسافات لالبعاد االربعة بالنسبة للمقطع العرضي.



النتائج : وجد العروة االمامية للعصب الذقنى  ١.٥٤٪من مجموع الحاالت المدروسة بمعدل الطول  ٤.١ملم و كانت القياسات المحيطة بمنطقة العصب هى ( )٤٥١ +٤٥.( )٤٥١+٢٥٤( ،)٣٥١+١٥١و ( )٤٥. +١٥٤باتجاه القمة باتجاه الحد السفلي للفك االسفل ,باتجاه السطح الخارجي للوحة القشرية الشدقية  ,باتجاه اللوحة السنخية , القشرية اللسانية على التوالي.



االستنتاجات : معدل انتشار التواء العصب عالية جدا في العينة المدروسة من االكراد و ال تعتمد على الجنس و العمر و جهة الفك  .كان الطول االلتواء يتراوح بين  ٤٥٣ملم الى  ٣ملم و بمعدل  ٤.١ملم .وجد ان طول العروة االمامية للعصب الذقنى في الذ كور اكثر من االناث و يوجد العصب في الجهة الخارجية السفلى من الفك االسفل.



بةبةكازٍيَياىى ئاميَسى تيصكى جوَزى (كوَىبيه ضيتى ) بؤ دؤشييةوةى ِزيَرةى بالَويى،دزيَرى و شويَيى ثيَصة ضةماوةى دةمازى ضةىاطة لة ىيَواٌ منوىةيةك لة خةلَكى كوزددا



ىامةيةك ثيَصكةط كسا بة دةضتةى ئةجنومةىى ضكولَى ثصيصكى دداٌ لة شاىكؤى ضميَناىى وةك بةشيَك لة داواكازيةكاٌ بؤ بةدةضت ٍيَياىى ثمةى ماضتةز لة بوازى تيصكى دةو و شةويمطةو زِوو



لة اليةٌ مازديً عومساٌ زِةشيد بةكالؤزيؤس لة ثصيصكى ىةشتةزطةزى دةو و دداٌ



بة ضةزثةزشيت ثسؤفيطؤزى يازيدةدةز د.ليماء حسني قيي



ضةزثةزشتيازى يازيدةدةز ثسؤفيطؤزى يازيدةدةز د.ابساٍيه ضعيد طاطع  4102ز



 4102ك



 0221هـ



ثوختة ثيَصةكى 3 ثيَصة ضةماوةى دةمازى ضةىاطة دةزدةكةويَت كاتيَك ضةثكة دةمازى ضةىاطة دةزدةضيَت بةزةو ثيَصةوةو خوازةوة جازيَكى تس دةطةزِيَتةوة و لة زِيَى كوىى ضةىاطةوة ديَتة دةزةوة  .ئةو حالَةتة طسىطيةكى تايبةتى ٍةية لة كاتى ئةجناو داىى ٍةموو جؤزة ىةشتةزطةزيةك كة لةو ىاوضةيةدا ئةجناو دةدزيَت وةكو ضاىدىى دداٌ ،ىةشتةزطةزى زِاضت كسدىةوةى ضاىطة ،ليَكسدىةوةى ئيَطك وة ٍةزوةٍا لة كاتى بةكازٍيَياىى بسغو بؤ جيَطري كسدىى شكاوى لة ىاوضةكةدا



مةبةضت لةو ليَكؤلَييةوةية 3 ئةو ليَكؤلَييةوةية ئةجناو دزاوة بة بةكازٍيَياىى ئاميَسى تيصكى جوَزى (كوَىبيه ضيتى ) بؤ ٍةلَطةىطاىدىى زِيَرةى بالَويى  ،دزيَرى و شويَيى ثيَصة ضةماوةى دةمازة ضةىاطة لة ىيَواٌ ذمازةيةك لة خةلَكى كوزدا  ،وة ٍةزوةٍا دؤشييةوةى ثةيوةىدياٌ لةطةلَ تةمةٌ و زِةطةش و ٍةزدوو الى شةويمطةى خوازوو.



كةزةضتةو شيَواشى كازكسدٌ3 منووىةى ليَكوَلييةوةكة ثيَكَاتووة لةتيصكة ويَيةى  431زِيَسِةوى شةويمطةى خوازوو لة  14ىةخؤشى كوزددا كة ضةزداىى ضةىتةزى (ديَيتا)ياٌ كسددوة لة شازى ٍةوليَس ،ئةو ويَياىة بةكازٍيَيساوٌ بؤ شاىييى زِيَرةو دزيَرى و شويَيى ثيَصة ضةماوةى دةمازى ضةىاطة ،دزيَرى ئةو ثيَصة ضةماوةية ديازيكساوة بة ٍؤى كيَصاىى دوو ٍيَمَى تةزيب بة يةكرت وة شويَيةكةى دؤشزاوةتةوة بة ديازيكسدىى دووزيةكةى لة زِووى ئيَطكى دةوزوبةزيةوة لة ٍةزضوازالوة (ضةزةوة ،خوازةوة  ،ىاوةوة  ،دةزةوة )



ئةجناو 3 لة كوَي  431الي شةويمطةي خوازو لة  441ال دا ثيَض ضةماوةي دةمازي ضةىاطة دوَشزاوةتةوة بة زيَرةي  ، %1..4بة دزيَري 4.1ممه وةٍةزوةٍا ٍةز ضواز دةوزي لة ثيَصة ضةماوةي دةمازي ضةىاطة بوَضةز زِوي ئيَطكي دةوزوبةزي



لة ضواز الوة ) ضةزةوة  ،خوازةوة  ،ىاوةوة  ،دةزةوة(



بسييت بوو



(  )4.1 ± 4.. ( ، ) 4.1 ± 2.9 ( ، )3.1 ±41.1و (  ) 4.. ± 1.9يةك بةدواي يةكدا  .دةزكوتووة كة ٍيض جياواشيكى بةزضاو ىية لة ىيَواٌ زِيَرةى بالَوى ثيَصة ضاماوةى دةمازى ضةىةطة وة دزيَريةكةى بة تةمةىى ىةخوَشةكاٌ و الكاىى شويمطة خوازةوة  .تاكة طوَزاىكازى ئةوةية لة منووىة ىيَسييةكاىدا دزِيَرى ثيَصة ضةماوةى دةمازى ضةىةطة شياتسة وةك لة منووىة ميَييةكاىدا .



دةزئةجناو 3 لةو ليَكوَلَييةوةيةدا دةزكةوتووة كة زِيَرةي ثيَصة دةمازي ضةماوةي ضةىاطة لة ئاضتيَكى شوَز بةزشةداية لةىيَواٌ خةلَكي كوزدا و ٍيض ثةيوةىدية ىية لةىيَواٌ زِيَرةي ئةو ضةماواىةوة ية و زِةطةش و تةمةٌ و اليةىةكاىي شةويمطةي خوازو ٍ ،ةزوةٍا دةزدةكةويَت كةدزيَري ئةو دةمازة ضةماوةية دةكةويَتة ىيَواٌ  4.3ممه بوَ 3ممه و ئةو دزيَرية شياتسة لة زِةطةشي ىيَسيية دا بةبةزاوزدكسدىي لةطةأل زِةطةشي ميَييةدا وة شويَين ئةو ضةماىةوةية دةكةويَتة بةشي دةزةوة و خوازةوة لةىاو شةويمطةي خوازوودا  .وة ٍةزوةٍا بوَماٌ دةزكةوت كة تيصكة ويَيةكاىى (كوٌَ بيه ضيتى )ٍة لَطة ىطاىدىيَكى دزوضتة وة دةتواىسيَت بةكاز بيَيسيَت ثيَض ئةجنامداىى ىةشطةزطسى زواىدىةوةى دداٌ و ىةشتطةطسى تس بوَ ضاك تس تيَطيصنت لة ثيَكاٍاتةى تويَكازيةكاىى بةشى دواى ىاوضةى ىاو كوىى دةمازةكة .
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الر ِح ِيم الر ْح َم ِن َّ بسم هللا َّ علَّ ْمتَنَا ِإنَّ َك { قَالُواْ ُ س ْب َحان ََك الَ ِع ْل َم لَنَا إِالَّ َما َ نت ْالعَ ِلي ُم ْال َح ِكي ُم } أَ َ



صدق هللا العظيم سورة البقرة()23
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