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ABSTRACT 

 

Objective: to assess the prevalence of incidental findings on pre-treatment 

panoramic radiographs in an orthodontic population. Secondary objectives included 

assessing the need for referral as a result of these findings and evaluating the 

quality of the radiographs. 

Materials and Methods: 300 randomly selected radiographs of males and females 

between 10-60 years old without a known systemic disease/syndrome were 

systematically analyzed. The "prevalence and bias-adjusted kappa" test was used to 

calculate intra- and inter-rater reliability. A customized data entry form was used to 

systematically analyze and record the radiographs by the main investigators. 

Results: positioning errors were frequent (99%) with the most common being the 

tongue dropping from the palate during the exposure, the presence of anatomical 

ghost images and chin positioning errors. The number of errors in each panoramic 

image varied between 1 and 5, with a mean of 2.7 errors per image. 62.6% of the 

patients showed at least one incidental finding, for a total of 313 findings. The most 

common findings were hypodontia (21%), followed by impacted third molars 

(9.5%) and other impacted teeth (8.3%). Findings outside the tooth-bearing region 

included idiopathic osteosclerosis (7.9%), calcified stylohyoid ligaments (7.6%) 

and mucous retention pseudocysts (6.7%).  

Conclusions: radiographic technical errors are common but preventable in most 

cases. Orthodontists are responsible for the interpretation of the images prescribed 
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and must be aware of potential of incidental findings. The prevalence of incidental 

findings in our study was higher than previously reported.  20% of the incidental 

findings needing a referral for further evaluation/treatment, with impacted teeth 

representing the most common cause for referral. 

Key words: panoramic radiograph, incidental findings, orthodontics, positioning 

errors 
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CHAPTER I 

 
     
 1.1 General Introduction 

 Prior to initiating treatment, orthodontists are expected to take a detailed medical 

and dental history and perform a comprehensive clinical examination of the hard 

and soft tissues of the craniofacial complex. Additional diagnostic tools may 

include intraoral and extraoral photographs, study models, and a radiographic 

examination, which classically includes panoramic and cephalometric radiographs 

and, if applicable, a hand-wrist film. Other imaging techniques that may be used in 

special circumstances are occlusal and periapical radiographs  and, more recently, 

cone-beam computed tomography (CBCT) imaging. It has been reported in the 

literature that more than 90% of orthodontists request radiographs for their patients 

and that the panoramic radiograph is the most commonly requested imaging 

technique.  (Bondemark, Jeppsson, Lindh-Ingildsen, & Rangne, 2006)   A 

questionnaire-based study by Atchison (1986) reported that more than 90% of 

surveyed orthodontists request a lateral cephalogram and panoramic radiographs in 

patients with a permanent dentition, and 70% reported ordering them for patients in 

the early mixed and deciduous dentition.   (Atchison, 1986)  

 The lateral cephalometric radiograph provides quantitative data concerning the 

dental and skeletal hard and soft tissue morphology and growth pattern of the 

craniofacial region. Panoramic radiographs give the orthodontist a broad view of 

the stomatognathic system by eliminating the superimposition of structures that 
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occurs in the cephalogram technique but it does not have the ability to provide 

quantitative growth data analysis like the cephalogram.  

 The panoramic view allows better examination of the dentition for the detection 

of congenitally missing and supernumerary teeth, length and shape of roots, 

abnormal ectopic eruption and impactions, evaluation of eruption pattern and tooth 

position. In addition, both these radiographs can detect hard and soft tissue 

pathoses, which may not be evident on a routine visual examination. Incidental 

radiographic findings are defined as discoveries unrelated to the original reason for 

prescribing the radiograph. Knowledge of the expected frequency of incidental 

abnormalities, in the orthodontic patient population sensitizes the clinician to the 

frequency and range of expected findings and thus increases the acumen and 

efficiency of the orthodontist for radiographic interpretation.  Although in many 

cases such findings may not require medical or dental management, a minority may 

be clinically significant. (Bondemark et al., 2006) 

 

 1.2 Context and significance of the problem  
 
 Being familiar with the appearance and prevalence of skeletal and dental 

anomalies and normal variants seen in cephalometric and panoramic radiographs, 

and the ability to discern those that require follow-up from those that do not is an 

important facet of the orthodontic practice.  

 In a study by Moffit (2011), 201 out of 417 orthodontists responded to a 

questionaire and almost half of these  (49.3%) confirmed that they had identified 

one or more significant findings on a lateral cephalogram.   The types of reported 
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findings were divided into generalized tissue groups as follows: a) musculo-skeletal 

(38.4%), b) glandular (28.3%), c) other (13.1%), d) dental (11.9%), e) foreign body 

(5.1%), f) neural (2.0%) and g) vascular (1.8%). (Moffitt, 2011)      Tetradis and 

Kantor (1999) published a study that analyzed the cephalometric and dental 

radiographs of 325 orthodontic patients (134 males and 191 females; mean age of 

14.8 years) with no reported medical conditions. All radiographs had been read by 

an Oral and Maxillofacial Radiologist. Their results showed 431 notable findings of 

the maxillofacial complex, skull and/or cervical spine (e.g. intracranial 

calcifications, vertebral anomalies). Although most of them were considered non-

pathologic anomalies or anatomic variants, it is important to note that the 

orthodontist should be able to recognize them as such, and as a consequence, no 

further evaluation would be required, hence avoiding unnecessary costs and anxiety 

for the patient. However, 15 findings (3.5% of the original sample) did require 

additional evaluation by either a physician (e.g. abnormal sella turcica size; severe 

atlanto-odontoid widening; syndrome-like features; suspected sinusitis) or oral and 

maxillofacial surgeon (e.g. supernumerary teeth; dentigerous cyst; periapical 

cemental dysplasia) prior to or concurrent with the orthodontic treatment. (Tetradis 

& Kantor, 1999) 

 Almo, Illig, Carter, Friedlander, Brooks & Grimes (2004) and Guimarães 

Henriques, Kreich, Baldani, Luciano, de Melo Castilho & de Moraes (2011), 

among others, have described the fact that atheromatous lesions present in the 

carotid artery may be identified in panoramic radiographs. They reported that less 

than 10% of dentists in the United States of America review panoramic films for 
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carotid calcifications during their routine oral exams.  The vast majority of carotid 

plaques tend to accumulate at the level of the bifurcation of the internal and 

external carotid arteries, which is within the panoramic radiograph’s field of view 

(FOV); carotid calcifications are most likely to be identified on patients with a 

medical history that classifies them as at high risk for a stroke (e.g. high blood 

pressure, diabetes, atherosclerosis, among others). However, evaluation and 

diagnosis of these lesions by means of panoramic radiographs requires professional 

acuity and experience, since other radio-opaque anatomic structures in the region 

may be included in the differential diagnosis (e.g. calcified triticeal cartilage, 

calcified lymph nodes, amongst others). (Almog et al., 2004; Guimaraes Henriques 

et al., 2011). These may be missed if they are outside the focal trough of the 

machine due to patient positioning error or the pre-selected plane set by the 

manufacturer.  

 It has been estimated that between 3.5 to 8% of orthodontic patients may present 

an incidental radiographic finding in a panoramic or other 2-dimensional 

radiograph and even though most of them will not need a referral or be considered 

life-threatening, unsuspected incidental lesions of the neck and cranial base have 

been reported in the literature.  (Ahmed, Brooks, & Kapila, 2012) Orthodontists 

should avoid focusing their attention on the dentition alone and instead create the 

habit of systematically analyzing the entire image-area of the radiograph in order to 

decrease the risk of missing potentially critical information, as it is their medico-

legal duty to identify, report and refer (if appropriate) any incidental finding. 
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Failure to do so may result in the clinician’s liability as well as have a negative 

impact in the patient’s well being. 

 

 1.3 Purpose of the study 

 The main objective of this research project is to assess the prevalence of 

incidental findings on pre-treatment panoramic radiographs in an orthodontic 

population. An incidental finding is one that is discovered but is unrelated to the 

primary purpose for which the radiograph was prescribed. 

 The secondary objectives include: 

- Assessing the treatment implications resulting from the incidental findings. 

- Assessing the quality of panoramic radiographs taken in the graduate orthodontic 

clinic of the University of Manitoba. 

- Assessing the time that would take to systematically analyze the radiographs 

 

 1.4 Null hypotheses 

- Null Hypothesis # 1: Systematic interpretation of a sample of pre-treatment 

panoramic radiographs of a randomly selected orthodontic population will show no 

significant prevalence of incidental findings beyond that which has been established 

in the literature.  

- Null Hypothesis # 2: Incidental findings found will not pose any treatment 

implications. 

- Null Hypothesis # 3: Panoramic radiographs taken in the Graduate Orthodontic 

clinic of the University of Manitoba will not have technical or positioning errors. 
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CHAPTER 2 

 

2. Literature Review 

2.1 Introduction 

  In Orthodontics digital or analogue radiographs, medical computed tomography 

(CT) scans, magnetic resonance imaging (MRI), cone beam computerized 

tomography (CBCT) among others, may be prescribed in order to aid in 

understanding the growth of the craniofacial complex and assist in the diagnostic 

and treatment planning processes, as well as monitoring any documented 

abnormality. 

 In 2008, the American Association of Orthodontists completed the “Clinical 

Practice Guidelines for Orthodontics and Dentofacial Orthopedics”, a document 

derived from a professional consensus, with the purpose of ensuring proper patient 

care. Among these guidelines, the following was stated, in relation to the proposed 

diagnostic records for an orthodontic patient: 

  “Diagnostic records and tests will vary with the nature of the patient's 

condition but must be sufficient to identify the problems, formulate a diagnosis, and 

allow the development of an acceptable course of treatment. Where limited 

orthodontic procedures are anticipated, diagnostic records may vary from those 

associated with comprehensive care. Pre-treatment unaltered diagnostic records for 
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comprehensive orthodontic treatment should include the following to establish a 

baseline for documenting treatment and/or growth changes: 

  1. Extra and intraoral images, (may include digital or video images) to 

supplement the clinical findings. 

  2. Dental casts (or digital models) to assess the inter-arch and intra-arch 

relationship of the teeth, to help determine arch length and width requirements, and 

to assess arch symmetry. 

  3. Intraoral and/or panoramic radiographs to assess the condition and 

developmental status of the teeth and associated structures, and to identify any 

dental anomalies or pathology.  

  4. Cephalometric radiographs to permit evaluation of the size, shape, and 

positions of the craniofacial structures and dentition, and to aid in the identification 

of skeletal anomalies or pathology. Three-dimensional cone-beam computer 

tomography (CBCT) may be used as an alternate (imaging) source to obtain 

dentofacial information.”  (American Association of Orthodontists, 2008) 

 

2.2. Diagnostic Imaging 

 

 2.2.1 Brief history of X rays and health care 

 X-rays and their ability to penetrate human tissues were discovered by Wilhelm 

Conrad Röentgen (1845–1923), a professor of physics at the University of 

Würzburg (Germany) who announced his discovery to the world in late 1895, and 

refused to patent the technology. By January 1896 news of Röentgen’s discovery 
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had been published in several North American scientific journals and many 

scientists had duplicated the experiments. Early Canadian pioneers in the study and 

evolution of x-ray technology included Drs. Gilbert Girdwood and Alexander Pirie 

of Montréal and Dr. Maxwell S. Inglis of Winnipeg, MB. (Lipinski, 1983) After 

rapid dissemination of information about Röentgen’s discovery, the first 

documented clinical use of x-ray technology in North America occurred in 

Montréal, QC (Canada) on February 3rd, 1896, to locate a bullet in the leg of a 

patient. (Lipinski, 1983; Sullivan, 2011) 

 Only two weeks after Röentgen's discovery, Dr. Otto Walkhoff (Germany) 

completed a 25-minute exposure of the first dental radiograph ever made, picturing 

his own teeth. The obtained image showed the crowns of the maxillary and 

mandibular teeth, so it has been considered the first bitewing radiograph ever 

produced. (Langland & Langlais, 1995) It is not clear who should be assigned the 

credit for the first dental radiograph in the western hemisphere, although three 

names are commonly cited in the literature: Dr. William J. Morton (MD, New 

York), Dr. C. E. Kells (DDS, New Orleans) and Dr. William H. Rollins (DDS, MD, 

Boston) all sharing similar events at a similar time. However, the majority of the 

reports credit the first dental radiograph of a living subject made in the western 

hemisphere to Dr. C. Edmund Kells on one of his assistants.  (Langland & Langlais, 

1995) 

 Interestingly, for a few years after this amazing and groundbreaking discovery, 

professionals in the medical field showed reservation in regards to the usefulness of 

the technology, other than to diagnose fractures and foreign objects. Perhaps their 
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apprehension at the time was because the technology was discovered by a physicist 

and not a medically related professional, who knew more about the science behind 

it rather than the clinical application (Sullivan, 2011). It took a few decades of 

understanding the scope of the discovery and the vast array of possibilities behind 

its use, along with an understanding of the indications, contraindications, safe use 

and possible side effects of excessive x-ray exposure for the field of science and 

medicine to fully embrace it. Nowadays, newer imaging techniques exist including 

methods that do not use x-rays. Digital radiography has replaced analogue 

radiography to a great extent and has become an integral part of the medical and 

dental fields in the diagnostic, treatment and follow-up aspects.  

 

 2.2.2 Biologic effects and risks associated with the use of X rays 

 Ionizing radiation can pose detrimental health effects, which may not be apparent 

until 10 to 20 years post-exposure. This is called the latent period for radiation 

damage and it is characteristically decades long. Dentists and specialists must have 

a good understanding of basic concepts related to ionizing radiation, in order to 

avoid unnecessary risks derived from radiologic procedures that may be performed 

under their care, especially when treating children and adolescents with remaining 

growth. (Lam, 2011) 

 We are exposed to a wide array of naturally occurring radiation (e.g. cosmic rays, 

radon, burning of fossil fuels) and man-made sources (e.g. nuclear fallout), which 

together are called background radiation. Exposure of humans to background 

radiation has been estimated to be between 3 and 4 milli-Sieverts (mSv) per year, 
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depending largely on the geographical location. (Gavala et al., 2009; Lam, 2011) 

As described by Lam (2011), in humans, the interaction of x-rays with living 

tissues can be summarized as follows: 

   X-rays interact with H2O (water) molecules of the tissues 

 

    Generation of free radicals (unstable atoms) 

 

  Cascade of intracellular events: damage to DNA, proteins and enzymes, 

    lipid and carbohydrate molecules’  

   Although human cells have a noteworthy ability to repair the damage 

caused by ionizing radiation, repair may be incomplete or impossible at times and 

may lead to mutations and /or chromosomal abnormalities, and has been repeatedly 

associated with an increased risk of development of certain types of cancer. (Lam, 

2011). The potential effects from ionizing radiation can be classified as either 

stochastic or deterministic. A stochastic effect is characterized by: a) there is DNA 

damage, b) results from low ionizing radiation exposure, and c) there is no 

described threshold dose. Examples of stochastic effects include an increased risk 

for leukemia and several types of cancer. On the other hand, a deterministic effect 

is characterized by: a) resulting from high dose exposure to ionizing radiation, 

which will cause cell death, and b) there is a threshold level for certain types of 

effects to be clinically evident. Examples of deterministic effects are hair loss or 

death from cancer radiotherapy or accidents in nuclear plants. Conventional dental 

radiography is associated with stochastic effects rather than deterministic effects. 
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(White & Mallya, 2012) 

 Because of the potential biological effects of diagnostic ionizing radiation in 

humans, risks of radiation exposure should be carefully weighed before prescribing 

any radiograph, and should be done on a case-by-case basis.  Moreover, an 

appropriately prescribed imaging technique should provide information that most 

likely will impact the overall treatment. Barrett, Waters and Griffiths (1994) 

proposed that dentists should keep three conservative assumptions in mind: (a) 

growing patients are more vulnerable to ionizing radiation exposure and its possible 

long term effects, (b) ionizing radiation exposure effects are cumulative, (c) a 

“safe” dose of ionizing radiation is no radiation whatsoever (which is impossible 

due to background radiation). (Barrett, Waters, & Griffiths, 1984) 

 It has been estimated that the approximate organ ionizing radiation dose (when 

using the bone marrow as the organ-sensitive parameter) of a digital panoramic 

radiograph is up to 20 µSv (micro-Sieverts), which remains a fairly low dose when 

compared with a full mouth series (up to 134 µSv or a large-field cone beam CT 

scan (82-1542 µSv). (Lam, 2011). However, the focus on scatter doses to tissue-

specific areas has been replaced by the measurement of the “effective dose” which 

is a measure of scatter to the whole body using a weighting formula for type of 

radiation and type of tissue. 

 As health care professionals, we must strive to minimize the ionizing radiation 

exposure to our patients and adhere to the ALARA principle  (As Low As 

Reasonably Achievable) at all times. This principle was conceived in order to 

minimize operator and patient radiation dose, and includes three main principles: a) 
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radiation exposure is clinically justified, b) radiation technique is enhanced to 

minimize patient’s radiation exposure, and c) radiation dose limitation is in effect to 

prevent anybody from excessive unnecessary exposure. (A.G. Farman, 2007) 

 

  2.2.3 Digital imaging 

 In the late 1980’s, radiographic digital equipment was introduced to dentistry and 

since then more general and specialty dental practitioners are switching from 

conventional to digital radiography. There are three types of receptor systems 

available for digital imaging: a) solid state charged couple device (CCD), b) 

complementary metal oxide semiconductor (CMOS) detectors, and c) 

photostimulable phosphor plates (PSP).  (Farman, 2007; Lam, 2011) In the CCD 

and CMOS systems, radiation is detected by a sensor and immediately converted 

into digital data, which is then sent and stored in a computer with an immediately 

available image.  In the PSP system, radiation energy is captured for a specific time 

period and then read out by a scanner, which converts the radiation energy into 

light energy, and finally translates it into digital data with a time delay of a few 

minutes between image exposure and its availability. (Gijbels et al., 2004; Scarfe & 

Williamson, 2007) 

 Some of the advantages of digital radiology are the ability to immediately view 

and enhance the image(s), better patient communication and education, no need for 

chemicals or dark rooms and digital storage of the image(s).  (Child & Christensen, 

2010)  Moreover, it has been estimated that there is a reduction in effective 

radiation dose of about 55% when using digital intraoral sensors when compared 
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with D speed films. (Lam, 2011)  On the other hand, increased cost, need for 

training and the learning curve of a new technique are some of the challenges of 

digital imaging. (Child & Christensen, 2010) 

 

 2.3. Panoramic imaging  

 Panoramic imaging (pantomography or orthopantomography) refers to a specific 

technique that results in a single tomographic image that includes the body of the 

maxilla, body and ascending ramus of the mandible including the coronoid process, 

maxillary and mandibular dental arches and teeth, maxillary sinus, 

temporomandibular joints and upper airway. This type of imaging is possible due to 

the coordinated movement of an image receptor and the x-ray source around the 

patient’s head, which is positioned within a 3-D image layer by head holders and 

alignment beams. Structures located outside the image layer will not be effectively 

captured due to their position or patient movement in relation to the x-ray source 

and image receptor’s center of rotation. (White & Pharoah, 2004a) 

 

 2.3.1 Brief history of panoramic radiography 

 Around 1922 attempts were made to produce an image of both the upper and the 

lower jaws on a single radiographic film. The “panoramic x-ray apparatus” was 

first described and patented in 1922 by Zulauf (United States of America), who 

used a table-mounted regular tube head with a collimated vertical narrow beam to 

simultaneously expose, in a stepwise sequence by manual rotation, the upper and 

the lower jaws, using two intraoral photographic films in one package. In 1933, 
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Numata (Japan) described what he called the “parabolic radiography” method using 

a device he constructed, which allowed placement of a single intraoral film while 

the external tube head automatically rotated around the patient (Hallikainen, 1996), 

and is the methodology that most closely represents current panoramic imaging. 

 Over the next three decades much of the research was focused on the 

mathematical and engineering methods to align the tube head with the film when 

imaging the complex shapes of the craniofacial skeleton, especially in terms of 

imaging curved surfaces and designing rotation centers.  

 In terms of the mathematical background of the technique, Duchamel (France) 

was the first to publish papers in 1954. Also, Welander and his collaborators made 

important contributions to the mathematical and theoretical understanding of the 

panoramic radiography technique. Lastly, Kashima (Japan) and collaborators were 

the first to publish on computed panoramic radiography and McDavid and 

collaborators’ efforts resulted in the first digital rotational panoramic radiograph 

machine. (Hallikainen, 1996) 

 Panoramic radiography has become widely accepted and its use has increased 

exponentially over the years. By 1982, approximately 23% of all dental 

practitioners in the United States of America (USA) had access to panoramic 

machines. In 1991-1992 the number of panoramic examinations within the general 

dental services of England and Wales exceeded 1.5 million, close to 10% of all 

dental radiographic examinations. (Rushton & Horner, 1996) 

2.3.2 Basic concepts 

 Panoramic imaging has 2 basic principles: a) tomography or an image sectioning 
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technique with coordinated movement of the x-ray source and the x-ray receptor in 

opposite directions and, b) slit-beam radiography, which involves the use of a 

collimator with a slit-aperture that allows the beam to have a narrow, flat 

configuration. The joint movement of the x-ray source and the image receptor 

occurs around an image layer within which the patient will be located.  (White & 

Pharoah, 2004a; Scarfe & Williamson, 2007) 

 The best image-capture area of this imaging technique is a narrow horseshoe-

shaped zone, named the focal trough or image layer. Anatomical structures that lie 

within this zone will be depicted sharply and clearly (provided patient positioning 

and technique are correct), and it is this particular property that will allow for 

dental/osseous structures to be recorded with minimal or no superimpositions. 

Other structures, which lie outside the focal trough, may appear blurry and 

distorted. (Ludlow & Tyndall, 1999) 

 The panoramic imaging technique’s theory is complex and beyond the scope of 

this research project, so only a brief outline will be provided. For a more 

comprehensive explanation, refer to Oral and Maxillofacial Radiology textbooks. 

 2.3.2.1 Image layer (focal trough) 

 The image layer (IL) is a three-dimensional curved zone of variable thickness, set 

by the manufacturer, within which anatomical structures must be placed so their 

radiographic images are recorded as sharp and dimensionally accurate. In order to 

accomplish this, the patient must be positioned precisely with the use of head-

holders and alignment beams. The IL is usually 10-30 mm thick and includes the 
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entire width of the upper and lower jaws. (Murray & Whyte, 2002; White & 

Pharoah, 2004b) Structures that are not within the image layer will appear blurry 

and distorted. The shape of the IL may vary depending on the application mode of 

the panoramic machine (e.g. TMJ vs dentition); its size may vary as well and some 

of the factors that may affect it include: a) collimator width, b) arc path, c) speed of 

both the x-ray tube head and image receptor, d) x-ray beam alignment, amongst 

others. (White & Pharoah, 2004a) 

 2.3.2.2 Rotation center 

 Both the image receptor and the x-ray tube head are connected and designed to 

rotate around the patient at the same time but in opposite directions, around a pre-

determined rotation center(s). The position and number of rotation centers may vary 

depending on the machine used but in general the center of rotation changes as the 

x-ray tube and image receptor rotate around the patient to adjust for the curved 

shape of the dental arches, thus influencing the shape and size of the image layer. 

(Haring & Howerton, 2006) 

 

2.3.2.3 Magnification 

 Every radiographic image is subjected to magnification. The degree of 

magnification on panoramic radiographs is mostly in the horizontal plane and 

ranges from 10 to 30%, but depends heavily on the ratio of the distance of the 

anatomical structure to the image receptor and to the tube head. Therefore 

inaccuracies in patient positioning will directly affect the final image sharpness and 

magnification (Rushton & Horner, 1996) 
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 2.3.3 Panoramic x-ray units 

 A wide variety of panoramic x-ray units are currently available in the market and 

they may vary in the size and shape of the image layer, number of rotation centers, 

whether they are analog or digital and the type of software they use, as well as 

footprint size, image quality and overall cost. However, they will all have similar 

basic features and components, including:  

 a) X-ray tube head: it is similar to an intraoral tube head but rotates around the 

patient at a fixed at a negative angle (-10°). 

 b) Head positioner: it consists of a chin rest, lateral head support, a bite block with 

a notch and may include digital light beam reference lines to help in proper 

positioning of the patient. 

 c) Exposure controls: the manufacturer offers settings for the milliamperage (mA) 

and kilovoltage (kVp), but these can be individually adjusted to the patient’s age, 

size, etc. Some machines can do this automatically. 

 d) Collimator: the collimation is to a narrow vertical slit beam to minimize patient 

radiation exposure.   

 e) Digital receptor/film cassette: older analogue units operate with a radiographic 

film enclosed in a cassette with intensifying screens on both sides of the film, 

which must be handled and processed in a dark room.  Digital panoramic units 

operate with solid state electronic receptors, mostly CCD or CMOS type.  Image 

acquisition, processing, storage and display will be in a digital format and 
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eliminates the need of a dark room and the handling of harsh chemicals. (Haring & 

Howerton, 2006; Scarfe & Williamson, 2007) 

  

2.3.4 Panoramic radiograph acquisition technique 

 

  2.3.4.1 Patient preparation and positioning 

 Regardless of the technique used (digital or analogue), basic steps must be 

followed in order to prepare the patient prior to the radiographic examination: 

 a) If dealing with a female patient, ensure that the patient is not pregnant or there 

is not a chance that she could be pregnant. If the patient is pregnant, radiographic 

examinations must be deferred until after delivery, unless it is an emergency 

situation. 

 b) The patient should be instructed to remove any jewellery, intraoral prostheses, 

glasses, hairpins, hats, hearing aids, elastic bands in the hair, and any other metallic 

object from the head or neck. 

c) Proceed to explain the procedure to the patient and answer any questions he/she 

may have.  

 d) Place the lead apron on the patient and secure it. (Scarfe & Williamson, 2007). 

Ensure that it is not close to the mandible 

 e) Observe the patient during the radiation exposure 
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 Patient positioning 

 Once patient preparation is complete, proceed to position the patient following 

these steps: 

 - Instruct the patient to stand straight. If patient slumps his/her head and neck 

forward it may result in an opaque artifact in the midline. 

 - Instruct patient to bite into the notches on the bite block, to align the teeth in the 

focal trough. 

 - The patient’s head should be aligned in the antero-posterior, midsagittal and 

occlusal planes, according to the manufacturer’s directions. General principles are 

as follows: 

 a) Antero-posterior plane: although variable among different units, it is usually 

aligned between the maxillary lateral incisor and the maxillary canine or just along 

the maxillary canine fossa. 

 b) Midsagittal plane: adjust the patient’s head so that the midsagittal plane is 

perpendicular to the floor and centered in the middle of the face. In a digital 

panoramic unit, light beam reference lines may be of help in this step. Make sure 

that the patient’s head is not tilted or tipped.  

 c) Occlusal plane: adjust the patient’s head so that the occlusal plane (or Frankfort 

horizontal plane if preferred) is parallel to the floor. In a digital panoramic unit, 

light beam reference lines may be of help in this step.  

 - Instruct the patient to take half a step forward (there is a natural tendency for the 

patient to thrust their head forward) and hold tight on the unit’s hand supports. 



 30 

 - Instruct the patient to seal their lips and place the tip of the tongue on the roof of 

the mouth while remaining still during the exposure cycle. The patient is allowed to 

breathe and strongly encouraged not to hold their breath during the exposure as this 

may create dark areas on the radiograph.  

 - Select the correct exposure factors, appropriate for the age and build up of the 

patient. 

 - Proceed with the exposure, remove lead apron and dismiss the patient. 

 - Follow appropriate infection control guidelines. 

  (White & Pharoah, 2004a; Haring & Howerton, 2006; Scarfe & Williamson, 

2007) 

 

 Note that perfect positioning of the patient may be difficult or impossible to 

achieve due to swelling, pain and/or craniofacial asymmetry. In these cases, some 

panoramic radiograph units allow for modification of the thickness/position of the 

IL and exposure factors, to be able to accommodate specific individual variations. 

 

  2.3.4.2 Common positioning errors 

 Scarfe and Williamson (2007) proposed 2 sub-categories of problems that are a 

consequence of poor patient positioning technique while taking a panoramic 

radiograph: a) incorrect head position, and b) tissue projection errors. 

 

 a) Incorrect head position: improper positioning of the patient’s head may occur 

in any of the antero-posterior, horizontal or vertical planes: 
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 a.1 Antero-posterior (AP): positioning the patient either too far forward or too far 

back from not placing the teeth in the notches on the bite rod will result in 

distortion of the image, especially of the anterior region/teeth, as this region will 

now be out of the focal trough.  If the patient is positioned too far forward the 

image obtained will not be sharp, anterior teeth will appear narrow and blurry and 

there may be premolar overlapping. If the patient is positioned too far back, 

structures that would normally be within the focal trough will now be further back 

and the image obtained will be overall widened, not sharp but blurry, especially in 

the turbinates/nasal conchae region.  

 a.2 Horizontal plane: problems positioning a patient in this plane include head 

twisting or head tilting and will both result in the midsagittal plane not being 

aligned perpendicular to the axial plane during the exposure. If the patient’s head is 

twisted during the exposure, the width of the mandibular ramus, conchae, maxillary 

sinus and teeth on the side that is further away from the receptor/film will increase 

in width (including overlapping teeth’s contact) whereas the other side structures 

will decrease in width.  

 On the other hand, if the patient’s head is tilted during the exposure the lower 

border of the mandibular ramus slants to the side the head is tilted to, the occlusal 

plane will appear canted with a reduction in size on the tilted side’s teeth and 

overlapping on the opposite side’s teeth and the TMJs will be at different levels. 

Problems with twisting and tilting are most commonly due to midline facial 

structures not being aligned with the sagittal plane. 
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 a.3 Vertical plane: problems positioning the patient’s head in the vertical plane 

include the patient’s chin positioned too far upwards or too far downwards. If the 

patient’s head is tipped too far up during the exposure, flattening of the occlusal 

plane, blurring of the maxillary roots, superimposition of the hard palate on the 

maxillary root’s apices and possible cut off of the mandibular condyles/TMJ’s will 

be apparent in the acquired image.  

 If the patient’s head is tipped too far down during the exposure, a pronounced u-

shaped curvature of the occlusal plane will be apparent, as well as ill-

defined/shortened roots of mandibular incisors, blurry anterior mandible, 

condyles/TMJ’s may be cut off and finally the hyoid bone will appear as a single 

widened line. (Scarfe & Williamson, 2007)Problems are usually due to using a 

horizontal plane choice that is not the same as the manufacturer’s recommendations 

(e.g. Frankfort plane, tragal-canthus plane, ala-tragus plane, occlusal plane, 

amongst others) 

 

 b) Tissue projection errors: divided into hard tissue and soft tissue projection 

errors, these are a result of tissue superimposition/overlapping. 

 b.1 Hard tissue projecting errors: if the patient is not properly positioned  there 

may be overlapping of anatomical structures that may result in poor quality images. 

The most common superimposition is that of the cervical spine on the mandibular 

ramus (due to the patient slumping or not being fully erect) and the subsequent 

production of a radiopaque image in the midline of the mandible and sometimes the 

maxilla, which may make the mandibular or maxillary anterior dentition difficult to 
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visualize. Patient movement during the exposure can also result in “stretching” and 

distortion of the overall image, usually characterized by a step in the mandible and 

blurred structures all the way to the top of the image. 

 b.2 Soft tissue projection errors: the two most common soft tissue projection 

errors are the patient’s inability to keep the tongue firmly placed against the hard 

palate during the exposure and the patient’s inability to keep the lips firmly sealed 

throughout the exposure. Both of these errors may result in areas of radiolucency 

related to the oral and nasal airway spaces, which could obscure the image and 

make its visualization difficult.  (Scarfe & Williamson, 2007) Moreover, it may 

simulate a pathological change especially when unilateral. 

 

  2.3.4.3 Common technical errors 

 Currently the vast majority of the panoramic machines in the market are digital 

therefore chemical processing and handling technical errors are not seen. Attention 

must be paid to always follow the manufacturing company’s instructions and to 

choose the appropriate exposure factors for the radiographic technique, patient’s 

age and build.  

 Technical errors may arise from choosing inappropriate settings (mA, kVp, 

exposure time) that may affect the overall density or contrast of the digital image, 

making its interpretation difficult and jeopardizing its diagnostic value. 

 Other technical errors may include: a) forgetting to ask the patient to remove any 

jewelry, prostheses, piercings, glasses, etc., and b) artifact caused by the apron or 

thyroid shield.  (Peretz, Gotler, & Kaffe, 2012) c) choosing inappropriate 
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orientation planes. 

 

 2.3.4.4 Frequency of errors in panoramic radiographs 

 Granlund, C.M., Lith, A., Molander, B., Gröndahl, K., Hansen, K., and 

Ekestubbe, A. (2012), published a study to evaluate the frequency of errors and 

pathoses found in panoramic radiographs of orthodontic patients. After 

retrospectively analyzing 1,287 panoramic radiographs form an orthodontic 

population, they concluded that 96% of the panoramic radiographs taken (1,236 

radiographs) showed errors, with the majority showing 2 or more errors. The most 

common error (79% of the sample) was the tongue not being in to assess the 

presence of errors and of these 196 (11%) had no perceived errors and 1,586 (89%) 

presented one or more positioning errors, with the most common positioning error 

being failure to position the tongue against the hard palate (55.7%). (Dhillon et al., 

2012) contact with the hard palate, hence obscuring the image with a high-density 

area due to overexposure.  (Granlund et al., 2012)  In a another study by Dhillon, 

Raju, Verma, Tomar, Mohan, Lakhanpal and Krishnamoorthy (2012) 1,782 

panoramic radiographs were evaluated Akarslan, Z.Z., Erten, H., Güngör, K. and 

Celik, I. (2003) published a study aimed to assess the frequency of errors seen 

on panoramic radiographs taken by trained assistants. Four hundred and sixty 

(460) radiographs were evaluated, out of which 37.6% were categorized as error-

free. Once again, the most common positioning error was the patient not keeping 

the tongue against the hard palate during the exposure (46.3%). (Akarslan, Erten, 

Gungor, & Celik, 2003)  Schiff and colleagues (1986) evaluated 1,000 randomly 
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selected panoramic radiographs taken by either dental assistants, dental students, 

dental radiology technicians or faculty members and found that positioning errors 

were more frequent (98.1%) than technical errors (17.4%). The most common 

positioning error was the patient’s failure to keep the tongue against the hard palate 

during exposure, results that correspond with the studies by Akarslan et al (2003), 

Grandlund et al (2012) and Dhillon et al (2012). 

 The time spent to explain the procedure and properly position the patient to take a 

panoramic radiograph may be the most important and modifiable factor in limiting 

or even avoiding a chain of errors that could impair its diagnostic quality.  

 
 
 
 2.3.5 Anatomic landmarks 

 Conducive to a detailed, systematic and comprehensive examination of a 

panoramic radiograph, one must be able to recognize normal anatomical features of 

the craniofacial complex. Moreover, one must keep in mind that although similar in 

shape and size, anatomical structures may vary between individuals and they may 

change over time. As a rule of thumb, the systematic interpretation of the 

panoramic radiograph should start in the periphery and follow a step-by-step 

sequence until the whole periphery has been scanned. The periphery of the image is 

the area next to the margin of the film and is sometimes neglected because it is not 

directly contiguous with the dentition. It involves the middle cranial fossa and base 

of skull, the inferior rim of the orbits, part of the spinal column and the region of 

the oropharynx, base of tongue and hyoid bone. Only then should one continue on 
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to describe the mid-face and mandible, and finally the dentition. A brief description 

of the anatomical structures covered by a panoramic radiograph follows: 

 

 a) Midfacial region 

 The midfacial region includes the following craniofacial bones: maxilla, palate, 

sphenoid, ethmoid, vomer, nasal, turbinates, temporal, zygoma, frontal and part of 

the mandible. In order to systematically and effectively analyze this region, it has 

been proposed to divide it in “compartments” as follows: cortical boundaries of the 

maxilla, pterygomaxillary fissure, maxillary sinuses (floor, roof and anterior and 

posterior walls), zygomatic complex, nasal conchae, nasal cavity, maxillary 

dentition and dental alveolus. (White & Pharoah, 2009) 

 b) Mandible 

 The mandible can also be divided into the following compartments; condyle and 

TMJ (condyle and fossa), coronoid process, ramus, body and angle of the mandible, 

anterior mandible, mandibular dentition and dental alveolus. (White & Pharoah, 

2009) 

  c) Dentition 

 Maxillary and mandibular teeth and their supporting alveoli should be examined 

last and any abnormal finding regarding number, location or anatomy should be 

identified. Of special interest is the presence of third molars, their location, root 

configuration, proximity to other structures (e.g. inferior alveolar nerve canal), 

presence of associated pathosis (e.g. dentigerous cyst) and the space available for 

eruption. (White & Pharoah, 2009) 
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  d) Soft tissues and airway spaces 

 An array of soft tissues can be identified on a panoramic radiograph that include 

the tongue, soft palate, posterior wall of the nasopharynx and oropharynx, nasal 

septum, ear lobes, nose, nasolabial folds, epiglottis and retromolar pad. Likewise, a 

number of airway spaces may be identified including the maxillary sinus, 

oropharynx and nasopharynx, mastoid air cells and external auditory canal.  

(Langland, Langlais, McDavid, & Delbalso, 1989; White & Pharoah, 2004a)    

 

 2.3.6 Advantages and disadvantages of panoramic radiographs 

 2.3.6.1 Advantages 

 a. Field size: its extensive field size allows for a broad coverage of the 

craniofacial complex, making it possible to record many anatomical structures and 

any abnormal/pathologic finding in one single image, which would not be possible 

with intraoral films. (Pettit, 1971; Haring & Howerton, 2006) 

 b. Minimal radiation exposure: depending on the type of machine used, the actual 

radiation dose for a panoramic radiography utilizing a PSP sensor has been 

estimated  to be around 20 µSv, which is considered a low dose when compared to 

a digital full mouth series (FMX) that can go up to 134 µSv, about 6 times higher 

radiation dose.  (Haring & Howerton, 2006; Rushton & Rout, 2006; Lam, 2011)  

See Table 1 for more detailed information. 
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Table 1  

 
Bone Marrow Doses Associated With Oral And Maxillofacial Radiographic 
Exposure* 
 

Type of exposure Bone marrow 
dose 

Effective 
dose 

4 bitewing radiographs (PSP sensor with 
rectangular collimation or F-speed film) 

4 µSv 5.0 µSv 

Lateral cephalogram (PSP sensor) 5 µSv 5.6 µSv 
Panoramic radiograph (with a variety of 

CCD sensors) 
up to 20 µSv up to 24.3 

µSv 
Full mouth series  (PSP sensor with 
round collimation or F-speed film) 

134 µSv 170.7 µSv 

Large FOV cone-beam CT scan 82 to 1,542 µSv 68 – 1073  
µSv 

  
* Adapted and modified from Lam, E. (Lam, 2011) 
 

 c. Easy acquisition: although technique-sensitive, a  properly prepared and 

positioned patient and following guidelines from the manufacturer makes the 

technique relatively easy, non-invasive, quick  and with  minimal training  required. 

Apprehensive patients as well as those with a strong gagging reflex will find this 

technique tolerable and minimally invasive. 

 d. Patient cooperation: because the technique is simple and causes no discomfort, 

patients will be more likely to accept it and be cooperative. (Haring & Howerton, 

2006) 

 e. Affordability: although there is an initial high cost for the panoramic machine 

itself, the panoramic radiographic examination is not costly to the patient and can  

provide  a general view of the dentition and craniofacial complex for the dental 

professional and makes a great tool to educate the patient. 
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 2.3.6.2 Disadvantages: 

 a.  Distortion and overlapping: varying amounts of magnification, geometric 

distortion and overlapping may be present in the panoramic radiograph, affecting its 

quality and accuracy and impacting the ability to discern fine detail. Caries, 

periodontal disease and periapical pathology are better diagnosed with intraoral 

radiographs as these provide high resolution and fine detail.  (Haring & Howerton, 

2006; Rushton & Rout, 2006)  

 b. Focal trough limitations: anatomical structures that are far or outside the focal 

trough will not be clearly depicted and may appear blurry and distorted. (Haring & 

Howerton, 2006) 

 c. High initial equipment cost and extra space requirements: a moderate financial 

investment, appropriate space for set up and formal staff training is required when 

acquiring a new piece of technologic equipment. (Pettit, 1971; Haring & Howerton, 

2006) 

 d. Errors: the high error rate of more than 50% reported in the literature requires 

the clinician to “read through” or compensate for the error when interpreting the 

image.  

 

 2.3.7 Systematic interpretation of panoramic radiographs 

 Many methods have been described for a systematic interpretation of a panoramic 

radiograph, with an emphasis on avoiding “zoning in” on the dentition and failing 

to identify possible significant findings in the surrounding structures. The following 
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is an example of a systematic interpretation of a panoramic radiograph, as described 

by Perschbacher (2012): 

 - Assess the periphery and corners of the image (starting at one spot and 

completing a circuit), carefully scanning the orbits, articular process of the temporal 

bone, styloid process, pharynx and hyoid bone as well as the soft tissues and airway 

spaces located in this region. 

 - Examine the outer cortex of the mandible, starting at one spot and completing a 

circuit, carefully scanning the periphery and inferior border of the mandible, 

mandibular rami and coronoid process, condyle and condylar neck, as well as soft 

tissues/airway spaces located in this region. 

 - Examine the cortices of the maxilla, starting at one spot and completing a 

circuit, carefully scanning the walls and floor of the maxillary sinus, 

pterygomaxillary fissure, zygomatic process of the maxilla and continue to the 

zygomatic bones and arches. 

 - Examine the internal density of the maxillary sinus, comparing both sides. 

 - Examine the nasal cavity, nasal septum and soft/hard palate. 

 - Examine the osseous pattern of the mandible and the maxilla. 

 - Finally, examine the maxillary and mandibular alveolar processes and teeth, 

paying attention to bone-crest position, periodontal ligament, lamina dura and 

dental follicles, in a systematic sequence  (posterior of the 1st quadrant to posterior 

of the 4th quadrant in a clockwise direction). (Perschbacher, 2012) 
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3. Guidelines for prescribing radiographs in an orthodontic setting 

 In the field of Orthodontics, panoramic radiographs are useful for the assessment 

of the number of teeth, the morphology and development of the teeth and the tooth 

eruption sequence, a basic screening of the osseous status of the 

temporomandibular joints, as well as other pathoses (e.g. periodontitis, lesions of 

the jaws), which may affect the treatment plan for specific patients. Clinical 

selection criteria and the ALARA principle must also be considered in the 

prescriptive process. 

 In 1987 a panel of experts gathered by the Center for Devices and Radiological 

Health of the United States Food and Drug Administration (FDA) published a set of 

guidelines in order to assist in the appropriate use of ionizing radiation. A few years 

later in 2002, the American Dental Association (ADA) recommended the 

guidelines be reviewed and updated and a new set of guidelines was published in 

2004 and again in 2012. This panel concluded the following for all categories of 

patients: 

  “1. Intraoral radiography is useful for the evaluation of dentoalveolar 

trauma. If the area of interest extends beyond the dentoalveolar complex, extraoral 

imaging may be indicated.  

  2. Care should be taken to examine all radiographs for any evidence of 

caries, bone loss from periodontal disease, developmental anomalies and occult 

disease. 

  3. Radiographic screening for the purpose of detecting disease before 

clinical examination should not be performed. A thorough clinical examination, 
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consideration of the patient history, review of any prior radiographs, caries risk 

assessment and consideration of both the dental and the general health needs of the 

patient should precede radiographic examination.” (American Dental Association, 

2012)   

 The 2012 guidelines explain in detail what steps to follow depending on the age 

of the patient, type of dentition and type of encounter (e.g. recall patient, patient 

with periodontal disease, etc.) in order to decide the need for and type of 

radiograph(s) required. Specifically for a new/recall patient for “monitoring of 

dento-facial growth and development, and/or assessment of dental/skeletal 

relationships”, they describe four possible scenarios: a child with primary dentition, 

a child with mixed dentition, an adolescent with permanent dentition and an adult 

(dentate/partially edentulous/edentulous), where in all categories the health care 

professional is encouraged to use clinical judgment for the need and type of 

radiograph(s). It is noted that in adolescents, a panoramic radiograph or periapical 

films may be considered to assess the presence and status of developing third 

molars. (American Dental Association, 2012) 

 Atchinson et al (1992) reference two studies that were conducted regarding the 

use of clinical selection criteria for taking periapical radiographs to help in 

diagnosis and treatment planning, and showed a major decrease in the number of 

radiographs taken when selection criteria were followed.  (Atchison, Luke, & 

White, 1992)   In 1985, Atchinson et al published a study that involved an original 

questionnaire that was distributed to dental schools and thirty-nine orthodontic 

practitioners to know in which instances they ordered radiographic examinations, 
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and the results showed that more than 90% of the orthodontists ordered a lateral 

cephalogram and panoramic radiographs for patients with permanent dentition and 

70% ordered them on patients in the primary and early mixed dentition. Other types 

of radiographic examinations were ordered about 40% of the time or less. The 

number of pre-treatment radiographs the orthodontists ordered was based on their 

type of practice (private practice dentists or academic dentists) and on the age of the 

patients, with academics ordering approximately 1.4 times more radiographs than 

private practice orthodontists. The reasons they ordered panoramic radiographs in 

particular included for assessment of: a) condylar shape and position, b) molar 

position and development, c) tooth size, shape and position, d) presence of teeth, e) 

eruption sequence, f) general pathoses, g) periodontal problems, h) root 

formation/length, i) caries, j) other unidentified reasons.  (Atchison, Luke, & White, 

1991)  As expected, more orthodontists reported ordering radiographs for patients 

older than 10 years of age. Similar results were found in Nieberg & Sinclair’s study 

after surveying pre-doctoral orthodontic programs, with the majority of the schools 

requesting a panoramic radiograph, a lateral cephalogram and a full mouth series as 

part of their diagnostic records. (Nieberg & Sinclair, 1988; Atchison et al., 1992) 

 White et al (1984) published a 10-month study to find out if specific selection 

criteria for the use of panoramic radiographs in the treatment planning of patients 

could be identified. 1,424 patients were initially selected and dental clinicians were 

asked to identify signs or symptoms that caused them to order a panoramic 

radiograph for specific patients. Following the radiographic evaluation, they were 

asked to describe how much influence the radiograph had in their treatment 
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planning. As part of their results, the panoramic radiograph was more productive in 

dentulous patients if no other radiographs were ordered and definitely less 

productive in those dentulous patients for which a full-mouth set of radiographs had 

already been obtained. Finally, the most important selection criteria for the 

panoramic examination depended on if the radiograph had been ordered as a 

“general screening examination” (being a negative predictor) or if the radiograph 

was ordered for a specific examination (being a positive predictor).  (White, 

Forsythe, & Joseph, 1984)  

 4. Incidental findings in the maxillofacial region with 2-dimensional imaging 

 Incidental findings discovered on standard 2-dimensional radiographs may be of 

two types: a) a significant abnormality or pathosis or b) a harmless abnormality or 

normal anatomic variant. It is the orthodontist’s obligation to appropriately classify 

incidental findings accordingly and to treat and/or refer if necessary. A review of 

the available literature on the prevalence of incidental finding in 2-dimensional 

images follows. 

 Kuhlberg and Norton (2003) performed a retrospective cross sectional survey of 

396 orthodontic patients who were undergoing orthodontic treatment, whose 

radiographic films were examined to evaluate the incidence of pathologic findings 

by oral radiologists. Results from this study showed that significant findings (e.g. 

odontogenic cyst, ossifying fibroma, dentigerous cyst) were found in 6.2% of the 

sample, some with medical implications (0.5%). (Kuhlberg & Norton, 2003a)   

 Bondemark, Jeppsson, Lindh-Ingildsen and Rangne (2006) performed a 

retrospective study to evaluate the prevalence and location of incidental 
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pathological/abnormal findings of pre-treatment panoramic radiographs of an 

orthodontic population. The sample consisted of 496 randomly selected patients 

(232 females and 264 males; mean age 11.2 years) whose panoramic radiographs 

were analyzed by two independent examiners and re-analyzed by a third examiner 

trained in Oral Radiology. Final results showed 56 incidental findings in 43 patients 

(8.7%), with significantly more findings detected in the female group. Amongst the 

most common findings were: radio-opacities in alveolar bone (n=22), thickening of 

the mucosal lining of the maxillary sinus (n=15) and periapical inflammatory 

lesions (n=10). Although the majority of the incidental findings reported did not 

require a referral, 18 of them (32%) did require dental management (e.g. cysts, 

odontomas).  (Bondemark et al., 2006) 

  Asaumi, Hisatomi, Yanagi, Unetsubo, Maki, Matsuzaki, Honda and Konouchi 

(2008) retrospectively reviewed 1,092 panoramic radiographs of a paediatric 

population (557 males and 535 females; age range 1-19 years) and reported a 

prevalence of 6% (n=66) of incidental findings unrelated to the patients’ chief 

complaint. The incidental findings reported involved 39 missing teeth (59.1%), 24 

supernumerary teeth (20 of which were classified as mesiodens) (36.3%), 1 

odontoma (1.5%), 1 radicular cyst (1.5%) and 1 impacted tooth (1.5%). The authors 

emphasize the importance of detecting these lesions at an early age in order to 

avoid or decrease the risk of long-term problems. (Asaumi et al., 2008) 

 In a separate study, Peltola (1993) systematically analyzed a random sample of 

panoramic radiographs of 1,027 (386 males and 641 females) university students 

taken as a general screening tool. Amongst the most common findings reported: 1 
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or more unerupted third molars (76.6%) (of which 22.7% presented radiologic 

changes characteristic of pericoronitis), styloid ligament calcifications (21.5%), 1 or 

more missing third molars (16.2%), thickened maxillary sinus mucosa (13.2%), 

arthritic changes in the condyles (9%), mucous retention cysts (4%), and idiopathic 

osteosclerosis (3.5%). (Peltola, 1993a) 

 Peltola, Wolf, Mänik, Russak, Seedre, Sikel and Vink (1997) analyzed a sample 

of 392 patients between 14-17 years old with a gender ratio of 1M:2F who had 

panoramic radiographs taken as a screening tool to assess their oral health status. 

Amongst the reported findings were missing third molars (17%), maxillary sinus 

changes (16%), missing teeth (other than third molars) (14%), radio-opaque lesions 

(idiopathic osteosclerosis) (8%) and mandibular condyle changes (3%). 8 

odontogenic cysts, 2 odontomas, 2 cemento-ossifying lesions and 1 osteoma in the 

maxillary sinus were also reported. (Peltola et al., 1997a) 

 Grandlund et al (2012) published a study where 1,287 digital panoramic 

radiographs of children and adolescents (530 males and 757 females; mean age 

14.2 years) were systematically analyzed by 4 observers (3 Oral and Maxillofacial 

Radiologists and 1 Oral and Maxillofacial Radiology student) in order to evaluate 

the frequency of errors in the radiographs as well as to report the prevalence of 

incidental findings of abnormality/pathology. They reported a prevalence of 

incidental findings in 558 patients (43%), with a total of 1,221 findings detected, 

most of which were present in the dentoalveolar region, 522 in the maxilla and 539 

in the mandible. The findings were hypodontia (n=497), external root resorption 

(n=112), impacted tooth (n=109), retained root of a primary molar (n=102), 
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idiopathic osteosclerosis (n=98), supernumerary teeth (n=30), altered tooth 

morphology (n=24), periapical inflammatory lesion (n=24), hyperplastic follicle 

(n=23), displaced tooth (n=19), cyst-like lesions (n=13), marginal bone loss (n=3), 

dens invaginatus (n=2), internal root resorption (n=1), dilacerations (n=1) and other 

(e.g. unspecified bone pattern, healing defects, etc) (n=3). (Granlund et al., 2012)   

 Considering the small body of literature regarding this subject, it can be estimated 

that the prevalence of incidental findings on panoramic radiographs ranges between 

6% and 43%. A small percentage of incidental findings, may require immediate 

referral for separate treatment, sometimes for significant pathological reasons. 

Some patients may need to be observed periodically for further assessment. Since 

some of these conditions are uncommon but serious enough to require additional 

care, orthodontists and dentists in general have the responsibility of obtaining the 

maximum amount of diagnostic information from each prescribed radiograph by 

analyzing high quality radiographs and using a systematic examination protocol. 
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CHAPTER 3 

 

MATERIALS AND METHODS 
 

3.1 Ethics 

 The University of Manitoba’s Human Ethics Research Board (HREB) reviewed 

and approved the study protocol on March 04, 2013, prior to commencement of this 

retrospective study. (Ethics #HS16105 [H2013:065]) (Appendix 1) 

 

3.2 Sample selection 

 Pre-treatment digital panoramic radiographs from three hundred (300) randomly 

selected patients from the database of the Orthodontic Clinic – Faculty of Dentistry 

at the University of Manitoba (Canada) were retrospectively evaluated for 

incidental findings, not related to the primary purpose of the radiograph. 

Randomization was achieved by using an electronic specialized randomizing 

research aid (http://www.randomizer.org/form.htm).  

 The sample included males and females between the ages of 10 and 60 years old 

who attended the Orthodontic Clinic and for whom pre-treatment records had been 

taken, including a digital panoramic radiograph. Patients with a known systemic 

disease, syndrome or developmental problem affecting the craniofacial complex 

were not included in the sample. 

 All pre-treatment panoramic radiographs were taken between 2009 and 2013 at 

the Orthodontic Clinic at the Faculty of Dentistry, University of Manitoba 
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(Canada). The x-ray unit used was the KODAK® 8000C Digital Panoramic and 

Cephalometric Extraoral Imaging System (Kodak, Rochester NY, USA), and was 

operated at 71 kVp/ 6.3-10 mA (child) or 73 kVp /10-12 mA (adult), depending on 

the patient’s age and build, with an exposure time of 13 seconds. The images were 

captured using the Kodak® Orthodontic Imaging Software (Carestream Dental 

LLC, Rochester, NY, USA) and exported into Dolphin® Imaging version 8.0  

(Dolphin Imaging & Management Solutions, Chatsworth, CA, USA), from where 

they were copied into an external hard drive and given a numerical code (1-300) in 

order to maintain patients’ confidentiality and for blinding purposes. A master list 

that contains the original chart number linked to the radiographs’ number was kept 

locked in a secure location. 

 After a calibration session, two observers (SA, MS) simultaneously and 

systematically analyzed the panoramic radiographs and recorded the detected 

incidental findings according to pre-defined criteria listed in the custom data 

collection sheet (Appendix 2) The data collection sheet standardized the data entry 

which included demographic information (gender and age), quality of the 

radiographs, presence of errors during the radiograph’s acquisition, presence of 

incidental finding(s), location of the incidental finding(s) and differential diagnoses, 

understanding the limitations of being restricted to a radiographic examination 

alone, without a clinical examination and further diagnostic tests. The data was then 

entered and managed in a Microsoft® Excel sheet (version 2011) [Computer 

Software]. Redmond, WA: Microsoft. Differences in agreement during the 
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evaluation of the radiographs were solved by discussion and agreement between the 

investigators. 

 

3.3 Sample size 

 According to the available literature on this subject, the prevalence of incidental 

findings was established to be between 5-8%. (Kuhlberg & Norton, 2003b; 

Bondemark et al., 2006)   Using a prevalence of 7.5%, sample size calculations 

determined that a sample of between 250-350 subjects would be needed to obtain a 

95% confidence interval width of +/- 5%, with at least an 80% chance of capturing 

the true mean and obtaining the desired level of precision. Calculations were 

performed with SAS version 9.3 (SAS Institute, Cary NC, USA).  

 

3.4 Intra-rater and inter-rater agreement      

 To account for intra- and inter-rater agreement, 30 panoramic radiographs (10% 

of the sample) were randomly selected and separately analyzed by both 

independent investigators (SA, MS) before starting the actual research project and 

re-analyzed fourteen days later. The results between time points within and between 

the investigators were then compared.  

 The "prevalence-adjusted bias-adjusted kappa" (PABAK) test was used to 

calculate the intra- and inter-rater agreement; this is an adjusted measure with the 

goal of alleviating the effect of bias and prevalence on kappa (Κ) values. The p-
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value was considered to be significant at α<0.05 with a confidence interval of 95%. 

 

3.5 Data collection 

 3.5.1 Data collection sheet elements 

 a) Demographic information: age and gender. 

 b) Type of dentition: a) deciduous dentition (no permanent teeth erupted), b) 

mixed dentition (transition period, with permanent teeth and at least one deciduous 

tooth still present in the mouth, with the exception of retained deciduous teeth due 

to an altered eruption pattern or congenitally missing succedaneous teeth, or c) full 

or partial permanent dentition (with no deciduous teeth present). 

 c) Quality of the radiograph: subjectively analyzed by both observers, described 

as follows: 

 c.1) “Excellent”: radiograph with no perceived technical or exposure errors, 

where all anatomic structures expected to be depicted in a panoramic radiograph 

were clear. (Fig. 1) 

 c.2) “Acceptable”: radiograph with one or more technical and/or exposure errors, 

but of diagnostic value for the dentition and tooth-bearing region. (Fig. 2) 

 c.3) “Unacceptable”: poor-quality radiograph, not suitable for diagnosis. (Fig. 3) 
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Figure 1. Panoramic radiograph of excellent quality 

 

 

 

Figure 2. Panoramic radiograph of acceptable quality 
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Figure 3. Panoramic radiograph of unacceptable quality 

 

 d) Presence of errors: 

 d.1) Technical errors: errors inherent to either the x-ray machine operator and/or 

the individual being exposed. The panoramic radiograph imaging technique 

although simple and relatively easy to perform, is a technique-sensitive procedure  

that requires attention to detail.  

  d.1.1) Tongue dropped from the palate: the patient’s tongue must be 

pressed against the palate and upper teeth during exposure. Failure to do so will 

result in a crescent-shaped symmetrical radiolucency located over the anterior 

maxillary teeth and extending back towards the oropharynx, sometimes obscuring 

these regions and making its assessment more difficult. 
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  d.1.2) Patient moved: the patient must stay still during the radiation 

exposure. Failure to do so may result in notching of the inferior border of the 

mandible and blurring of the structures above the irregular notching that extends 

vertically all the way up. 

  d.1.3) Antero-posterior head positioning error:  

   d.1.3.1) Chin/dentition too far forward: if the patient’s 

chin/dentition is located too far forward (in front the focal trough) the following 

may be expected: anterior teeth appear blurry and narrow mesio-distally and a 

curved image of the spine is superimposed or close to the mandibular rami. 

   d.1.3.2) Chin/dentition too far back: if the patient’s chin/dentition 

is located too far back (behind the focal trough) the following may be expected: 

anterior teeth appear blurry and wide mesio-distally, the arches look widened and 

elongated and ghost images of the spine and/or mandibular rami/condyles may be 

present. 

  d.1.4) Vertical positioning error: 

   d.1.4.1) Chin too far upwards: if the patient’s chin is rotated too far 

up the following may be expected: flat or inverted occlusal plane, palate appears 

thick and superimposed over the maxillary incisors’ apices and the mandibular 

condyles appear at the lateral edge of the film. 

   d.1.4.2) Chin too far downwards: if the patient’s chin is rotated too 

far down the following may be expected: “v” shaped occlusal plane, blurred 



 55 

incisors, mandibular condyles located superiorly and may be cut out off the film, 

the spine forms an arch and the hyoid image shows streaks over the chin area. 

  d.1.5) Head rotated: if the patient’s head is rotated towards either side, the 

side away from the film will appear wider, blurred and overlapping of the teeth and 

nasal structures will also occur on the affected side. For the purpose of this research 

project, “head rotation” was considered by measuring both ascending rami of the 

mandible and a standard 3 mm between measurements was considered within 

normal limits. 

  d.1.6) Head tilted: if the patient’s head is tilted and the sagittal plane is not 

at right angles to the floor, the following may be expected: the mandibular condyles 

and the inferior border of the mandible will not be at the same height and the nasal 

structures may be distorted. For the purpose of this research project, “tilting” was 

measured from the head of the condyles to the edge of the film and a standard 3 

mm between measurements was considered within normal limits. 

  d.1.7) Anatomical ghost image: ghost images may be formed by dense 

anatomical structures located between the tubehead and the x-ray receptor but 

projected either superiorly or on the contra-lateral side, usually magnified and 

blurry (e.g. hard palate, mandibular rami, inferior turbinates). 

  d.1.8) Jewelry/hairpin ghost image: ghost images formed by dense objects 

located between the tubehead and the x-ray receptor (e.g. jewelry, hairpins, etc). 
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  d.1.9) Other technical error(s): 

  - Patient slumping: if the patient is not standing straight up with his/her 

neck stretched vertically, the spine may be seen as a blurry radio-opacity in the 

midline, usually with a pyramidal shape overlapping on top of the mandible and 

may extend higher up into the maxilla. 

  - Lips not sealed: if the patient does not ensure a tight lip seal around the 

bite block during radiation exposure, a large round radiolucent image will appear in 

the midline over the anterior teeth. 

  d.2) Exposure errors: these errors are inherent to inappropriate choice of 

settings by the x-ray machine operator or pre-set settings on the x-ray machine, not 

under the control of the operator. 

  d.2.1 Density error: density error which may be attributed to either an 

incorrect mA setting and/or to a combination with pre-set machine settings. It 

appears as a very dark or very white appearance of the entire film. 

  d.2.2 Contrast error: contrast error which may be attributed to either an 

incorrect Kvp setting and/or to a combination with pre-set machine settings. It 

appears like a monotonous image without sufficient differentiation between 

heterogeneous tissues (e.g. between enamel and dentin or between cortical bone 

and medullary bone). 

  d.2.3 Other exposure error(s): among them excess edge enhancement 

effect, “grainy” image (noise) and unspecified artifacts. 
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  - Excess edge enhancement effect (EEE): filters may sharpen an image by 

either removing low-frequency noise or enhancing the boundaries between areas of 

different intensities (e.g. amalgam restoration and dentin tissue).  (White & 

Pharoah, 2004a) Incorrect enhancement selection may result in artifacts that can 

interfere with a diagnosis, particularly with structures of significantly different 

densities and simulate a pathologic/abnormal finding(s). Image enhancement 

options vary depending on the operator and are task-specific. (White & Pharoah, 

2004a) 

 e) Presence of incidental finding(s): any finding(s) that were not related to the 

reason the panoramic radiograph was originally prescribed (i.e. pre-orthodontic 

treatment). 

 f) Incidental finding location and differential diagnosis: a very brief description of 

the possible incidental findings in the oral and maxillofacial region follows. For 

more detailed information please refer to an Oral and Maxillofacial Pathology text. 

 f.1.1 Abnormality in number:  

  f.1.1.1 Hypodontia: developmental problem characterized by the 

congenital absence of one or more teeth in an individual. (McNamara, Foley, & 

McNamara, 2006) 

  f.1.1.2 Oligodontia: developmental problem characterized by the 

congenital absence of six or more teeth in an individual. (McNamara et al., 2006) 
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  f.1.1.3 Supernumerary teeth: a tooth (or teeth) found in addition to the 

normal set of teeth that one expects to find in an individual (e.g. 32 permanent 

teeth; 20 deciduous teeth), which may be located anywhere in the dental arches, but 

most commonly in the maxillary anterior region.  (Garvey, Barry, & Blake, 1999) 

 f.1.2 Abnormality in shape: 

  f.1.2.1 Macrodontia: developmental shape anomaly characterized by teeth 

larger in size than what would be expected for the type of tooth. (Canoglu, 

Canoglu, Aktas, & Cehreli, 2012) 

  f.1.2.2 Microdontia: developmental shape anomaly characterized by teeth 

smaller in size than what would be expected for the specific type of tooth. (Neville, 

Damm, Allen, & Bouquot, 2002) 

  f.1.2.3 Gemination: developmental shape anomaly characterized by failure 

of a tooth bud to divide, with a resultant bifid crown, with one root and pulp canal; 

usually more prevalent in the deciduous dentition (maxillary incisors and 

canines).(Hattab & Hazza'a, 2001) 

  f.1.2.4 Fusion: developmental shape anomaly characterized by the fusion 

of two separate tooth buds during their development, usually with separate roots 

and pulp canals, occurring more in the mandible than in the maxilla. (Tomizawa, 

Shimizu, Hayashi, & Noda, 2002) 
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  f.1.2.5 Taurodontism: developmental shape anomaly characterized by an 

enlargement of the body and pulp chamber of a tooth with its roots appearing short 

in size. (Manjunatha & Kovvuru, 2010) 

  f.1.2.6 Dilaceration: developmental shape anomaly characterized by an 

angulation anywhere along the tooth, disrupting its normal axial relationship. 

(Pavlidis, Daratsianos, & Jäger, 2011) 

  f.1.2.7 Enamel pearls (a.k.a. enamel globules or nodules): developmental 

shape anomaly, where enamel tissue is found ectopically in the form of pearls or 

projections, which vary in size and have a predilection for the molar furcation 

region(Moskow & Canut, 1990a; Çolak, Hamidi, Uzgur, Ercan, & Turkal, 2014) 

 f.1.3 External root resorption (ERR): loss of cementum and dentin due to the 

usually self-limited action of osteoclasts.   (Darcey & Qualtrough, 2013) For the 

purpose of this research project, ERR was considered as a sole finding (shortened 

roots), independently of its aetiology. 

 f.1.4 Impaction: tooth retention as a result of an ectopic position of the tooth bud 

or the presence of an obstacle along its path of eruption.  (Magnusson & Kjellberg, 

2009) For the purpose of this research project, a third molar was considered 

impacted if it met 2 or more of the following criteria: a) two thirds or more of the 

tooth’s roots were formed, b) mesio- or disto-angulation of 45° or more (assessed 

“by eye” by the investigators), c) distal cusps of the second molar blocking the 

eruption of the third molar. 
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 Also, for the purpose of this research project, any tooth other than a third molar 

was considered impacted if it met 2 or more of the following criteria: a) two thirds 

or more of the tooth’s roots were formed, b) presence of an enlarged follicular sac, 

c) lack of resorption of the deciduous tooth, d) Incorrect angulation of the tooth, 

away from the expected eruption path 

 f.1.5 Retained root tip: retained root tip/fragment that may have been left behind 

either in the body of the maxilla or the mandible after a dental fracture or 

extraction. 

 f.2) Maxilla and mandible 

  f.2.1 Periapical lesion: usually a consequence of inflammatory pulp 

disease, it may manifest itself as an abscess, a granuloma or a cyst. (Fernandes & de 

Ataide, 2010)  

  f.2.2 Idiopathic osteosclerosis: localized areas of dense radiopaque bone of 

unknown etiology, usually asymptomatic and that cannot be classified otherwise. 

(Geist & Katz, 1990) 

  f.2.3 Odontoma: most common benign odontogenic tumor; it may be 

classified as compound (when it presents as rudimentary teeth, with clearly defined 

dental tissues) or complex (when it presents as an amorphous mass of hard tissue, 

not well differentiated). (Regezi, Sciubba, & Jordan, 2003)     
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  f.2.4 Dentigerous cyst: most common benign developmental odontogenic 

cyst, results from the accumulation of fluid between the tooth’s crown and the 

reduced enamel epithelium. (Neville et al., 2002) 

     
  f.2.5 Hypercementosis: benign condition characterized by the excessive 

deposition of cementum, which may be isolated or involve several teeth, with 

premolars and molars most commonly affected. It is more frequent in adults and its 

frequency increases with age. (Neville et al., 2002) 

    
  f.2.6 Cemento-osseous dysplasia (COD): common benign fibro-osseous 

lesion of the jaws, unrelated to pulpal or periodontal disease. Three types have been 

described according to their clinical and radiographic characteristics (focal, 

periapical and florid).  It affects middle-aged people with a higher prevalence in 

those of Asian and African descent. (Neville et al., 2002; Alsufyani & Lam, 2011).  

  f.2.7 Condensing osteitis: characterized by localized areas of osseous 

sclerosis associated with a focal radiolucency representing an inflammatory 

stimulus (e.g. pulpitis, pulp necrosis). (Neville et al., 2002) 

 f.3) Maxillary sinus 

  f.3.1 Thickening of mucosal lining (>3 mm): it is radiographically seen as 

a linear radio-opacity that follows the outline of the maxillary sinus floor, and it 

may or may not be related with inflammatory sinus disease (e.g. rhinosinusitis). 

Mucosal thickening smaller that 3 mm is part of the normal clearance of the sinuses 

(Guedes, 2011). Hence, for the purpose of this study only mucosal lining thickening 

of  >3 mm was considered an incidental finding to report. 
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  f.3.2 Opacification maxillary sinus: the air-filled maxillary sinuses 

should be completely radiolucent (except for their walls, which are radio-opaque) 

on a plain radiograph. An opacified maxillary sinus may be a sign of: a) a bacterial 

or fungal infection, b) the presence of a mucocele or mucous retention pseudocyst, 

or c) other less common entity (e.g. neoplasm). (Kaplan & Kountakis, 2004) 

  
  f.3.3 Mucous retention pseudocyst: benign, slow-growing lesion, seen 

radiographically as a dome-shaped, radio-opaque structure with round edges. Both 

the cortical and mucosal integrity of the sinus are preserved.  (Donizeth-Rodrigues 

et al., 2013)  

 
  f.3.4 Sinus pneumatization: maxillary sinus pneumatization is a 

physiologic process throughout infancy and adolescence that ends at around age 20, 

when the sinus is located approximately 5 mm inferior to the nasal floor.  (Sharan 

& Madjar, 2008)  Variations in the volume of the sinuses and their 

configuration may include inferior pneumatization into the dental alveolus around 

the roots of posterior teeth.  (Lawson, Patel, & Lin, 2008)  

  f.3.5 Nasal septum deviation: being a supportive structure of the nose, if 

the nasal septum is notably deviated or deformed, it may result in naso-respiratory 

dysfunction and a cosmetic problem. (Fettman, Sanford, & Sindwani, 2009) 
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 f.4) TMJ and surrounding structures 

  f.4.1 Condylar changes: for the purpose of this study condylar changes 

were reported only when the condyles exhibited obvious anatomic alterations of 

extreme flattening, asymmetric shape or grossly malformed.  

  f.4.2 Pneumatization of the articular eminence: a rare asymptomatic 

radiolucent defect occurring in the zygomatic process of the temporal bone, which 

may represent a potential complication should surgical intervention of the 

temporomandibular joint be needed. (Yavuz, Aras, Güngör, & Büyükkurt, 2009) 

 
  f.4.3 Coronoid process hyperplasia (CPH):  abnormal unilateral or 

bilateral elongation of the coronoid process of the mandible of unknown aetiology 

which, if large enough, may interfere with mouth opening. For the purpose of this 

study CPH was considered when the height of the coronoid process was equal to or 

exceeded that of the mandibular condyle when viewed in a panoramic radiograph. 

(Mulder, Kalaykova, & Gortzak, 2012) 

 
  f.4.4 Calcified stylohyoid ligament (CSHL): for the purpose of this study 

we only considered a CSHL an incidental finding when its length approached the 

angle of the mandible, as digital length measurements were excluded from the 

protocol 

 f.5) Neck and surrounding structures    

  f.5.1 Sialoliths: calcifications that develop within the salivary duct system, 

found most commonly in the submandibular and parotid glands and very rarely in 
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the sublingual or minor glands. The presence and severity of symptoms depends on 

the degree of obstruction of the salivary gland. Radiographically, they appear as 

radio-opaque masses that may be superimposed on the mandible. (Neville et al., 

2002; Boynton & Lieblich, 2014)  

  f.5.2 Calcified lymph node: radiographically it appears as a radio-opaque 

mass with defined margins.  (Bar, Zagury, London, Shacham, & Nahlieli, 2007) 

Infectious and non-infectious agents as well as some therapies (e.g. chemotherapy 

and radiotherapy) may manifest through calcified lymph nodes. Cervical 

calcifications may suggest the presence of a systemic disease and may need further 

evaluation. (Tortorich, Woods, Shintaku, & Anderson, 2013) 

  f.5.3 Tonsilloliths: calcifications that develop in enlarged tonsillar crypts, 

around foci of organic debris and bacterial colonies. No age or gender predilection 

is noted, and they are usually asymptomatic. However, in some cases they may 

promote tonsillar infections and result in pain, dysphagia and halitosis. (Neville et 

al., 2002) 

  f.5.4 Carotid atheroma: when partially calcified, atherosclerotic plaques 

may be seen in a panoramic radiograph, usually as a radio-opaque nodular mass or 

as two radio-opaque vertical lines located between 1.5 and 4 cm away from the 

angle of the mandible and anterior to the C3 and C4 vertebrae. (Chicano, Oñate 

Sánchez, Castaño, Cabrerizo Merino, & López, 2006) 
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CHAPTER 4 

RESULTS 

 

 Intra- and inter-rater agreement was calculated using the "prevalence-adjusted 

bias-adjusted kappa" test, with the p-value considered to be significant at α<0.05 

and a confidence interval of 95%. For the intra-rater agreement for investigator A 

(SA) and investigator B (MS) the agreement was excellent in terms of recognizing 

the quality of the panoramic radiographs (PAKAK values >0.9), acceptable to 

excellent in terms of describing the technical/exposure errors present on the 

panoramic radiographs (PABAK values >0.65, except only in one category of error 

–anatomical ghost image-) and excellent agreement when analyzing the presence 

and location of incidental findings.   

 In terms of the inter-rater agreement for investigators A and B the agreement was 

excellent in terms of recognizing the quality of the panoramic radiographs 

(PAKAK values >0.9), acceptable to excellent in terms of describing the 

technical/exposure errors present on the panoramic radiographs (PABAK values 

>0.65, except in four categories of errors –patient breathing, chin too far forward, 

head tilted and density error-) and excellent agreement when analyzing the presence 

and location of incidental findings. As soon as the discrepancy in describing the 

technical/exposure errors between the investigators was recognized, a set of 

guidelines was devised in order to standardize the definitions and cut off points for 

technical/exposure errors.  
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 4.1 Descriptive statistics 

 Descriptive statistics are presented as the mean age, prevalence of incidental 

findings, quality of the radiographs, presence of errors during the image acquisition, 

presence of incidental finding(s), location of the incidental finding(s) and 

differential diagnoses, within the limitations of no clinical or histologic 

information. The total sample consisted of 173 females (57.6%) and 127 males 

(42.3%), ranging from 10 to 60 years of age, with a mean age of 18 years. (Table 2) 

Table 2  

Age Distribution of the Sample 

Age group (years) n 
10-19 237 
20-29 31 
30-39 15 
40-49 11 
50-60 6 

                 

    

 4.2.1 Quality of the panoramic radiographs 

 In terms of the panoramic image quality, only 2 of the 300 radiographs were 

deemed “unacceptable” where the image was of no diagnostic value, not even for 

the dentition. The remaining 298 radiographs were classified as being of 

“diagnostic value”, even if they presented with one or more technical and/or 

exposure errors but the dentition and immediate adjacent areas were adequate for 

interpretation. 
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 When analyzing the panoramic radiographs for errors during their acquisition the 

following was found: 

           - Of the 300 panoramic radiographs analyzed in this project, 298 (99.3%) 

presented at least one technical and/or exposure error. The number of errors in each 

panoramic image varied between 1 and 5, with a mean of 2.7 errors per image.  

 - Of the technical errors the following were the most frequent: a) tongue dropped 

from the palate (82.3%), b) anatomical ghost images (64.6%), c) chin/dentition too 

far forward (26%), d) chin/dentition too far down (22.3%) and e) head tilted 

sideways (20.3%) (Table 3) 

 

Table 3  

Distribution Of Technical Errors In Panoramic Radiographs 

 

 

 

 

 

 

 

 

 

 

  

Type of error  n % 

- Tongue dropped from the palate 
- Anatomical ghost image 
- Chin/dentition too far forward 
- Chin/dentition too far down 
- Head tilted sideways 
- TMJ/condyles off image 
- Head rotated 
- Chin/dentition too far upwards 
- Lips not sealed 
- Jewelry/foreign object 
- Chin/dentition too far back 
- Patient slumping 
- Other  

247 
194 
78 
67 
61 
34 
33 
27 
24 
19 
18 
7 
5 

82.3 
64.6 
26 

22.3 
20.3 
11.3 
11 
9 
8 

6.3 
6 

2.3 
1.6 
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 Exposure errors were far less frequent, with contrast and density errors present in 

less than 4% of the sample (Table 4). However, a phenomenon called the edge 

enhancement effect was noticed throughout our sample. It was attributed to a pre-

selected filtration setting rather than to the operator’s fault.  

Table 4  

Distribution of Exposure Errors In Panoramic Radiographs 

 

 

 

    

4.2.2 Prevalence of incidental findings 

 Incidental findings were reported in 188 patients (62.6%) with a total of 313 

findings overall. The number of incidental findings and anomalies in each patient 

varied between 1 and 7. The majority of the patients (55.6%) had one finding, 

40.6% had two findings and only 8% had 3 or more findings (Fig 4). 

 

            

 Figure 4. Number of incidental findings per panoramic image  
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 The most common incidental finding was hypodontia (n=66, 21%) in the 

permanent dentition followed by third molar impaction (n=30, 9.5%), soft tissue 

calcifications (n=27, 8.6%), and impaction of other teeth (n=26, 8.3%). (Figures 5-

7) 

 

	  

Figure 5.  Hypodontia (congenitally missing both mandibular second premolars)  

 

	  

Figure 6. Third molar impaction (left mandibular third molar) 
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Figure 7. Impaction other teeth (both maxillary canines and the mandibular left 
lateral incisor and canine)  

  

	  

 Dentition-related findings (e.g. tooth impaction, tooth-shape abnormalities) were 

the most common with a total of 60.7% (n=190) of the overall findings, while 

findings in the maxilla, mandible, maxillary sinus, TMJ, neck and surrounding 

structures accounted for 39.2% (n=123) of the overall findings.   (Tables 5 and 6) 
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Table 5 

Prevalence of Dentition-Related Radiographic Incidental Findings 

 

 

 

 

Finding n % 

Tooth number abnormalities (n=69) 
    Hypodontia (total) 
             Third molar 
             Mx lateral incisor 
             Md second premolar 
             Other 
  
    Hyperdontia (total) 
            Mesiodens 
            Other  

 
66 
34 
9 
13 
10 
 
3 
2 
1 

 
21 

10.8 
2.8 
4.1 
3.1 

 
1 

0.6 
0.3 

Tooth form abnormalities (n= 65) 
      Macrodontia 
      Microdontia 
      Gemination 
      Taurodontism 
      Enamel pearl 
      Root dilaceration 
      Hypercementosis 
      Other  

 
1 
10 
1 
12 
23 
3 
1 
14 

 
0.3 
3.1 
0.3 
3.8 
7.3 
1 

0.3 
4.4 

Tooth impaction (n=56) 
       Third molars (total) 
              All third molars 
              Mx third molars only (one or both) 
              Md third molars only (one or both) 
              At least one mx and one md  
     
      Other (total) 
               Mx canine 
               Md second molar 
               Other  
 
     

 
30 
3 
2 
15 
10 
 

26 
13 
8 
5 

 
9.5 
1 

0.6 
4.7 
3.1 

 
8.3 
4.1 
   
2.5  
  1.5  
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Table 6 

Prevalence of Non-Dentition-Related Radiographic Incidental Findings 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.2.3 Need for referral 

 Of the 300 patients, 64 of them (21.3%) merited a referral to a specialist prior to 

or concurrent with the initiation of orthodontic treatment, with the vast majority 

(n=53/64; 82.8%) referred to either an Oral and Maxillofacial Surgeon or a 

Periodontist (Table 7).  

Finding n % 

Maxilla and mandible (n=40) 
       Inflammatory periapical lesion 
       Idiopathic osteosclerosis 
       Condensing osteitis 
       Enlarged follicle  
       Marginal bone loss 
       Accessory mandibular canal 
       Other 
 

 
1 
25 
1 
2 
4 
1 
6 
 

 
0.3 
7.9 
0.3 
0.6 
1.2 
0.3 
1.9 

Maxillary sinus (n=31) 
      Thickening of mucosal lining 
      Mucous retention pseudocyst 
      Sinus pneumatization 

 
5 
21 
5 

 
1.5 
6.7 
1.5 

TMJ and surroundings (n=49) 
        Condylar changes 
        Pneumatization of the articular eminence 
        Calcified stylohyoid ligament 
        Zygomatic air cell 
        Coronoid process hyperplasia 
 

 
7 
2 
24 
2 
14 

 
2.2 
0.6 
7.6 
0.6 
4.4 

Neck and surrounding soft tissues (n=3) 
        Sialolith 
        Tonsillolith 

 
2 
1 

 
0.6 
0.3 
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  Table 7 

Incidental Findings That Merited A Referral  

 

 

 

 

 

 

 The most common incidental finding that merited a referral was impacted third 

molars, followed by impacted canines and other impacted teeth (76.5%). Other 

reasons for referral included: periapical lesions, gross caries and displaced tooth 

buds, amongst others. (Table 8) 

  Table 8 

  Reasons For Referral 

 

 

 

 

 

  

      

Specialist  n % 

Referral needed (total) 
     Oral and Maxillofacial Surgeon  
     Oral Pathology 
     Periodontist 
     General Dentist 
     Further imaging 
 

64 
30 
5 
23 
2 
4 
 

21.3 
10 
1.6 
7.6 
0.6 
1.3 

Reason for referral n % 

Impacted third molars 
Impacted canines 
Impacted (other) 
Marginal bone loss 
External root resorption 
Enlarged follicle 
Displaced tooth bud 
Mesiodens 
Ankylosis 
Periapical lesion 
Gross caries 
Radioopacity of unknown origin 

30 
12 
7 
4 
2 
2 
2 
1 
1 
1 
1 
1 

46.8 
18.7 
10.9 
6.2 
3.1 
3.1 
3.1 
1.5 
1.5 
1.5 
1.5 
1.5 
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 Finally, in regards to the amount of time that it took to systematically analyze the 

panoramic radiographs, an overwhelming majority (91.3%) took under 4 minutes to 

be read, with only 5% having taken between 4 and 6 minutes to be systematically 

analyzed (Fig. 8). 

 

  

  Figure 8. Time taken for the systematic analysis of the panoramic radiographs  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 50 100 150 200 250 300 

Under 2 min 

Under 4 min 

Under 6 min 
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CHAPTER 5 

 

DISCUSSION 

 5.1 Introduction 

 Panoramic radiography is a commonly used imaging technique, which is easy to 

acquire but is very sensitive to technical procedures so proper training is required to 

obtain a good quality image. This is confirmed by the results of the present study 

where 99.3% of the 300 panoramic radiographs analyzed presented at least one 

technical/exposure error. The quality of panoramic radiographs depends on three 

critical factors: a) appropriate exposure settings in the x-ray machine, b) a well-

trained skilled operator, and c) a cooperative patient that can meet head-positioning 

requirements. In this study the radiographs were taken by different operators (i.e. 

graduate orthodontic students and registered dental assistants) at the same 

orthodontic clinic, hence the results may have been different if we had chosen 

radiographs taken by the same operator. While inter-rater and intra-rater reliability 

was assessed for the persons reading the radiographs no such studies were done for 

the machine operators since this was a retrospective study. 

	  

 5.2 Prevalence of technical/exposure errors 

 

 Existing prevalence studies for the presence of technical and/or exposure errors 

during panoramic radiograph acquisition show technical (positioning) errors are 

more frequent than exposure/processing errors, ranging from 60 to 99%. (Schiff, 
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D'Ambrosio, Glass, Langlais, & McDavid, 1986; Akarslan et al., 2003; Dhillon et 

al., 2012; Granlund et al., 2012)  Chemical processing and handling errors were not 

included in our study since the radiographs were taken with a digital panoramic 

machine. However, while errors due to chemical processing typical of analogue 

radiographs were not a consideration in this study, technical errors were still 

possible (e.g. choosing an inappropriate setting for the edge enhancement function, 

failure to use digital image processing functions such as magnification, contrast, 

brightness and filters amongst others). 

 The most common technical error found in this study was failure to keep the 

tongue against the hard palate during the exposure (82.3%). This is comparable to 

the 46% to 79% range found in previous studies by Schiff et al (1986), Rushton et 

al (1999), Akarslan et al (2003), Dhillon et al (2012) and Granlund et al (2012).  

An improper tongue position during the exposure may result in a radiolucent 

shadow over the apices of the anterior maxillary teeth, which may overexpose the 

area and complicate their assessment. This error may not be present bilaterally, and 

can result in a unilateral radiolucent image that may simulate a pathological lesion 

(e.g. globulomaxillary cyst), which may result in more diagnostic tests to be 

ordered to further investigate the imaginary lesion. 

 The presence of anatomical ghost images was the second most common technical 

error in this study, with a prevalence of 64.6%. Most studies do not consider 

anatomical ghost images a technical “error” as these represent ghost images of 

normal anatomic structures (e.g. inferior turbinate, body of the mandible, hard 

palate, amongst others) and although some may not be avoided, the majority of 
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these images can be minimized by a correct panoramic imaging technique. In this 

study anatomical ghost images were considered technical errors because they may 

sometimes obscure areas in the panoramic image and compromise the   

interpretation. The inclusion of ghost images may have yielded a higher rate of 

reported technical errors but are still important because in addition to obscuring an 

area of interest they may lead to unnecessary radiographic investigations if they are 

not recognized as an artifact. 

 A chin position that was too far forward or downward was the third most common 

technical error in this study with a prevalence of 26% and 22.3% respectively. 

Schiff et al (1986) reported a slightly lower prevalence, with the chin too far down 

being the 2nd most prevalent error at 14.4%. Granlund et al (2012) also reported 

chin position errors at a lower prevalence (11% chin downwards and 9% chin 

upwards). Similarly, Dhillon et al (2012) reported a prevalence of 17.9% and 

16.2% for chin tipped up and down respectively. The differences could be due to 

different cut off points that occur along a spectrum of chin displacement and the 

tolerability of the interpreter for image distortion. As an example, in the spectrum 

of chin displacement, the occlusal plane becomes V-shaped at the extreme chin-

downward position, more bowl-shaped with moderate displacement and saucer-

shaped with minimal displacement. This study data was recorded in a binary 

fashion, as present or absent, not on a Likert scale which is more difficult to 

analyze statistically and perhaps not necessary in this type of study. 

 Exposure errors were far less frequent in this study, with contrast and density 

errors present in less than 4% of the total sample. Exposure errors have not been 
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reported in other studies that assessed digital panoramic radiographs, probably 

because the x-ray machine settings operate with automatic exposure control and 

exposure errors are not likely to be frequent. However, although the exposure time 

is fixed, ideally the kVp and the mA should be adjusted according to patient stature, 

bone density and size.  (Scarfe & Williamson, 2007) It should be noted that long-

scale contrast (i.e. many shades of gray) and short-scale contrast (i.e. few shades of 

gray) are a personal choice but can be important depending on the circumstance. 

Short scale contrast may be a choice for examination of the dentin-enamel interface 

when restorative dentists are looking for caries but long scale contrast is much 

preferred in orthodontics as both soft tissue and bone images are desirable for 

orthodontists. Therefore one group of dentists may prefer machine settings that 

produce very gray images or stark black and white images, which may be different 

or “undesirable” to another group of dentists. 

 

 5.3 Prevalence of incidental findings 

 In dentistry, the orthopantomogram (OPG) has been used as a convenient way to 

image the entire dentition in a short time without the risk of gagging and the 

practice has always been to interpret it in the office setting rather than by a 

specialist in Radiology as is the usual practice in medicine. Dentists tend to focus 

on analyzing the dentition and the common pathoses that affect the teeth such as 

caries, periodontal disease, malocclusions and impacted teeth.  While not applicable 

in all cases, the interpretation of extra-oral radiographs in dentistry is often 



 79 

characterized by: a) less analysis of the structures around the dentition, in part 

because of a belief that intraoral films are better than extra-oral films for “details” 

while failing to see the advantages of a “panoramic” view, b) forgetting the 

radiographic manifestations of rare but serious conditions, c) focusing on the area 

on the radiograph that relates mainly to the patient’s chief complaint. When an 

abnormality is discovered that is unrelated to the chief complaint it is called an 

incidental finding and it may be either an interesting discovery or it may have a 

significant clinical implication. 

 In the literature, most of the studies on incidental findings on panoramic 

radiographs have been directed to identifying the prevalence of a few specific 

pathological conditions of the dentition such as disorders of number, eruption 

pattern and a few morphological abnormalities such as extra roots, enamel pearls or 

cysts.  There are only few studies available regarding the prevalence of a wide 

range of incidental findings in a large and presumably healthy population (e.g. 

orthodontic patients) and even fewer studies available for comparison that cover 

both a wide range of abnormalities in the dentition and contiguous maxillofacial 

structures combined with a large cohort using approaches such as simultaneous 

consensus analysis, calibration of examiners by kappa statistics, using operationally 

defined or objective diagnostic criteria, blinding to clinical information, film quality 

and use of a check list template for every case.  

 There are seven prevalence studies in the literature that cover 8 or more categories 

of incidental findings in healthy adolescents and young adults. (Peltola, 1993b; 

Peltola et al., 1997b; Bondemark et al., 2006; Asaumi et al., 2008; Kuhlberg & 
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Norton, 2003a; Pekiner, Borahan, Gümrü, & Aytugar, 2011; Granlund et al., 

2012)Four of these studies focus on the dentition/tooth-bearing region for their 

analyses  (Peltola et al 1997, Bondemark et al 2006, Asaumi et al, 2008 and 

Pekiner et al 2011).  The others included both the dentition and surrounding 

craniofacial skeleton (Granlund et al 2012, Kuhlberg & Norton 2003, Peltola 1993) 

and are most comparable to this study in design and cohort and are the major 

studies being used for a comparative analysis, especially the most recent study that 

included radiographic image quality, by Granlund and colleagues (2012).	  (Table 9)	   
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Table 9 

Similar Studies Regarding Incidental Findings In The Dentition And Craniofacial 

 Skeleton. 

 

Senye et al 

(2014) 

Granlund et al 
(2012) 

Kuhlberg & 
Norton 
(2003) 

Peltola (1993) 

Analysis focus 

Dentition & 
surrounding 
craniofacial 

regions 

Dentition and 
surrounding 
craniofacial 

regions 

Dentition and 
surrounding 
craniofacial 

regions 

Dentition and 
surrounding 
craniofacial 

regions 

Type of imaging OPG (digital) OPG (digital) 

Either 
OPG&LC or 

full 
orthodontic 

series 

OPG (analogue) 

Image 
manipulation 

No. The only 
adjustable 

features were 
brightness  & 
magnification 

Yes. Density and 
contrast were 

adjustable 
features 

Not reported No. Used magnification 

Indication for 
imaging 

Pre-orthodontic 
treatment records 

Pre-orthodontic 
treatment 
records 

Patients under 
active 

orthodontic 
treatment or 

retention 

General screening 
tool. Not an 
orthodontic 
population 

Sample size 300 1,287 396 1,027 

Age group 10-60 years; mean 
age 18 years 

Mean age 14.2 
years Not reported 19-25 years 

Reviewer of the 
images 

1 OMFP and 1 
GOR 

3 OMFR and 1 
GOMFRR 

OMFR 2 OMFR (50% 
each) 

Prevalence of IF 62.6% 43% 6% 76.6% 

Need for referral 
or treatment 

20.4% 7.8% 0.5% Not reported 

Unreported data 
& other N/A Referral reasons 

Caries, missing 
teeth, 

periodontal 
disease and 
endodontic 

lesions 

 

Medical & dental 
questionnaire used 

to supplement 
images 
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 Note: OPG = orthopantomogram; GOR = graduate orthodontic resident; OMFR = Oral 
and  Maxillofacial Radiologist; GOMFRR = graduate OMFR resident; OMFP = Oral 
and  Maxillofacial Pathologist 

 

 

 When analyzing Table 8, the following should be considered: 

a. Image manipulation may result in different frequencies of inclusion or  

  exclusion of incidental findings. 

b. Studies including a wider age range may result in an increase in the  

  prevalence of certain incidental findings. 

c. Having an OMFR interpret the images could potentially influence the  

  correct diagnosis of incidental findings. 

d. Eruption disturbances, impactions and tooth number abnormalities may be 

  over-represented in an orthodontic population and some studies did not  

  report them.                        

e. Unreported data (e.g. eruption disturbances, missing teeth, etc.) may have  

  resulted in a higher prevalence of incidental findings in those studies that  

  chose not to report it. 

 The prevalence of incidental findings (IF) in panoramic radiographs in this study 

was 62.6% with a total of 313 findings overall. This is not consistent with the study 

by Kuhlberg & Norton (2003), who reported a much lower prevalence (6%) of 

incidental findings in an orthodontic population. The higher prevalence of IF in this 

study may be attributed to the fact that we reported eruption disturbances, 

congenitally missing and supernumerary teeth, findings that may be particularly 

common in an orthodontic population; however, these are considered of potential 
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clinical significance as they may be associated with pathoses and/or may have 

treatment implications. Granlund et al (2012) reported a 43% prevalence of 

abnormalities on 1287 panoramic radiographs, which is more consistent with this 

study.	  	  

 In the present study, 26.5% of the findings were outside the tooth-bearing region, 

with calcified stylohyoid ligaments (7.6%), mucous retention pseudocysts (6.7%) 

and coronoid process hyperplasia (4.4%) being the most common. Although these 

conditions rarely require further treatment, it is wise to periodically monitor and co-

relate them with possible signs and symptoms. Granlund et al (2011) reported 13% 

of the incidental findings were found outside the tooth-bearing region, with 

thickening of the maxillary sinus mucosa (9.1%) and condylar deviation in form 

(2.6%) being the most common.  (Granlund et al., 2012)  

 Findings in the tooth-bearing region were most common in this study, with a total 

of 60.7% of the overall findings. Of these, hypodontia (21%) was the most 

prevalent, followed by third molar impaction (9.5%), and impaction of other teeth 

(8.3%).  Hypodontia was also the most common incidental finding (41%) reported 

by Granlund et al (2012) followed by apical root resorption (9%) and impacted 

teeth (8.4%). 

 Idiopatic osteosclerosis (4.4%), thickening of mucosal lining of the maxillary 

sinus (3%) and periapical inflammatory lesions (2%) were the most common 

findings reported by Bondemark et al (2003), whereas mucous retention cysts of 

the maxillary sinus (2.7%) were the most common finding reported by Kuhlberg & 

Norton (2003). This study found a slightly larger prevalence of idiopathic 
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osteosclerosis (7.9%) and mucous retention pseudocysts (6.7%) and a lower 

prevalence of thickening of the maxillary sinus mucosa (1.5%) and periapical 

inflammatory lesions (0.3%).  

 The quality of the radiographic image and the expertise of the interpreter are two 

major factors that may contribute to differences between studies. Fine bone detail 

may be lost with extraoral imaging and diagnosing periapical pathosis may be 

difficult in a panoramic radiograph. Anatomical ghost images also appear very 

frequently around the maxillary sinus complicating its radiographic diagnosis.  

 

 5.3.1 Comparison with other studies and available literature 

 A detailed discussion regarding the different groups of incidental findings found 

in this study and compared to others as well as the clinical implications follows.  
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 5.3.1.1 Soft tissue calcifications 

     Table 10. Prevalence Of Soft Tissue Calcifications: Comparison Between 

Studies 

 

Senye et 
al 

(2014) 

Granlund 
et al 

(2012) 

Peltola 
(1993) Literature 

Soft tissue 
calcifications 

(total) 
8.5% 0.2% 23.8% Usually not reported 

as a general finding 

Tonsilloliths 0.3%  Not 
specified 2.1% 

 
2-16% 

 
(de Nazaré Alves de 
Oliveira,Camila, 

Pimenta Amaral, Abdo, 
& Mesquita, 2013) 

Sialoliths 0.6% Not 
specified 0.2% 

 
1% 

 
(Lustmann, Regev, & 

Melamed, 1990) 

Calcified 
stylohyoid 
ligament 

7.6% 
Not 
specified 21.5% 

 
18.2% 

 
(Correll, Jensen, Taylor, 

& Rhyne, 1979; 
Centurion et al., 2013) 

 
 

2-28% 
 

(Harrison, 2009; More 
& Asrani, 2010) 

 
 
 
 
 
 

 
 
 The most common soft tissue calcification in all studies was the stylohyoid 

ligament. Other soft tissue calcifications that may be seen on a panoramic 

examination, in descending order of frequency are tonsilloliths, sialoliths, carotid 

artery calcification, calcified lymph nodes, anthroliths, calcified acne, synovial 
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chondromatosis and calcified triticeous cartilage.  Most of these are not clinically 

significant but some such as carotid artery calcification and synovial 

chondromatosis are medically significant. In this study non-stylohyoid ligament 

calcification accounted for only 0.9% of the incidental findings and none were of 

clinical significance. 

 The prevalence of a calcified stylohyoid ligament in this study was within the 

range reported in the literature. Of interest is the very low prevalence of all soft 

tissue calcification in the study by Granlund and colleagues, but it approximates the 

frequency of less than 1% of all the non-stylohoid calcification in this study. It is 

possible that since calcification of the stylohyoid ligament is considered to be an 

ageing phenomenon (More & Asrani, 2010), it may not be reported unless it is 

longer than 30 mm. Since image manipulation was restricted in this study, the 

defined cut off was calcification extending to the angle of the mandible (Fig 9).  

In addition, the entity of Eagle syndrome (e.g. pain associated with an elongated 

and calcified stylohyoid ligament) is not universally accepted and in this study the 

observers were blinded to any clinical data so this diagnosis could not be made in 

this study based only on radiographic criteria.  
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 Figure 9. Bilateral calcified stylohyoid ligament (its length approaching the angle 

of the mandible) 

 Tonsilloliths are usually accidentally discovered in panoramic images and are 

generally not clinically significant. Their treatment will depend on their size and the 

presence of symptoms. In case of asymptomatic patients, an “observe and follow-

up” approach is recommended. (de Nazaré Alves de Oliveira,Camila et al., 2013).  

 The presence of a sialolith obstructing a salivary gland duct may cause swelling 

and pain, and in some cases, infection of the affected salivary gland.  On occasion, 

sialoliths may be palpated, but their diagnosis is usually confirmed by means of a 

radiograph. Surgical removal and control of the salivary gland’s infection (if 

applicable) is the treatment of choice.  (Lustmann et al., 1990)   Correlation of the 

radiographic findings with a comprehensive medical/dental history and clinical 

examination is key to proper diagnosis and treatment. 
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 5.3.1.2 TMJ and surrounding structures  

   Table 11. Prevalence Of Condylar Changes And Coronoid Process Hyperplasia: 

Comparison Between Studies 

 

Senye et 
al 

(2014) 

Granlund 
et al 

(2012) 

Peltola  
(1993) Literature 

Condylar 
changes 2.2% 2.6% 10.8% 

 
>80% 

 
(at least one minor change) 

(Crow et al 2005) 

Coronoid  
process 

hyperplasia 
4.4% Not 

reported 
Not 

reported 

0.5% 
 

(Costa et al., 2012; Moretti, 
Cal, Galetto, Londoño, & 

Blanco, 2014) 
 

 Some limitations of the panoramic radiograph to evaluate the mandibular 

condyles are distortion, magnification and the fact that it is a 2-dimensional image 

of a 3-dimensional structure. Crow and colleagues (2005) suggest that incidental 

minor TMJ condyle changes occur in 87% or more of patients with or without TMJ 

pain and most represent remodelling changes. The reported prevalence of gross 

condylar changes is 4% (Crow et al 2014). Both this study and Granlund’s study 

have an almost identical prevalence of condylar changes but it is somewhat higher 

in the Peltola’s study although well within the prevalence of “minor changes”. 

 In this study the prevalence of coronoid process hyperplasia (CPH) was 

considerably higher than what has been reported in the literature, which could 

suggest a possible difference in the applied diagnostic criteria and cut off points. 
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This study used radiographic diagnostic criteria without the use of digital 

measuring tools, and involved tangential planes from the condyle vertex to the 

coronoid vertex and the superimposition of the coronoid vertex over the 

pterygomaxillary fissure. With the high error rate for poor head positioning found 

in this study as well as in the literature, it is also possible that the planes may have 

been distorted, hence affecting the inclusion criteria, yielding a higher rate of CPH.  

Another possibility is that coronoid hyperplasia was not being evaluated in similar 

studies available in the literature. Other diagnostic criteria for this entity described 

in the literature involve a cephalometric type analysis on both panoramic images or 

lateral cephalograms.  (Kubota, Takenoshita, Takamori, Kanamoto, & Shirasuna, 

1999)    CPH is a rare, usually asymptomatic, enlargement of the coronoid process 

of the mandible, but impingement on the zygomatic bone may result in various 

degrees of mandibular hypomobility and functional pain (Fig 10). In severe cases, 

surgical intervention and physical therapy to regain mandibular mobility may be 

necessary.  (Costa et al., 2012)  Due to the blinding of the observers to clinical 

information, the significance of this finding requires clinical and radiologic 

correlation. 
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Figure 10. Possible bilateral coronoid process hyperplasia 

  

5.3.1.3 Maxillary sinus 

     Table 12. Prevalence Of Maxillary Sinus Findings: Comparison Between 

Studies 

 
Senye et al 

(2014) 
Granlund et 

al (2012) 
Peltola 
(1993) Literature  

Antral 
mucosal 

thickening 
1.5% 9.6% 13.2% 12% 

Mucous 
retention 

pseudocyst 
6.7% Not reported 4.0% 

 
7%  

 
(Vallo, Suominen-

Taipale, 
Huumonen, 

Soikkonen, & 
Norblad, 2010) 

  



 91 

 The maxillary sinus findings in this study were similar to that of Granlund et al 

(2012) and the available literature, but less than that reported by Peltola (1993). 

Most of the sinus findings in this study were mucous retention pseudocysts 

(MRPC), which tend to have a higher prevalence in persons less than 40 years of 

age (Vallo, Suominen-Taipale, Huumonen, Soikkonen, & Norblad, 2010) whereas 

diffuse mucosal thickening tends to be more prevalent in persons older than 40 

years. The pattern in this study was similar to that available in the literature. MRPC 

tend to be asymptomatic, and their natural benign course may be a decrease in size 

(about 30%), remain unchanged (50–60%) and increase in size in 8-20% of the 

cases (Fig 11). Generally, treatment is not necessary and observation and follow-up 

are recommended.  (Giotakis & Weber, 2013)  The panoramic projection is not 

ideal for evaluating the maxillary sinus, in large part due to ghost images (e.g. 

inferior turbinates) and distortion due to head positioning errors, which could 

explain the differences observed amongst studies.  

 

 Figure 11. Mucous retention pseudocyst located in the right maxillary sinus 
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5.3.1.4 Enlarged follicles/dentigerous cysts 

     Table 13. Prevalence Of Enlarged Follicles/Dentigerous Cysts: Comparison 

Between Studies 

 

Senye et 
al 

(2014) 

Granlund 
et al 

(2012) 
Peltola (1993) Literature 

Enlarged 
follicle/ 

dentigerous 
cyst 

0.6% 1.8% 

% unknown. 
 

12 follicular 
cysts were 
reported 

 
1.44 cysts for every 100 

unerupted teeth 
 

(Cury et al 2007); 
 

9-38% 
 

(Zhang et al., 2010) 

 
 

  

 Dentigerous cysts are the most common type of developmental cyst and are 

usually asymptomatic and incidentally discovered on routine dental radiographs. 

Radicular cysts, ameloblastomas and odontogenic keratocysts amongst others, 

should be considered in the differential diagnosis. (Vieira Cury et al., 2009)   

Failure of a tooth to erupt in a timely manner and an enlarged follicular space 

surrounding it should alert the clinician of the possibility of a pathologic lesion that 

must be further investigated. 

 The prevalence of enlarged follicles or dentigerous cysts in this study was 

considerably lower than that reported in the available literature. However, it must 

be considered that the mean age at diagnosis and treatment for dentigerous cysts is 

in the 2nd and 3rd decades with an average age of 33 years.  (Zhang et al., 2010; AL 

Sheddi, 2012; Lin et al., 2013) The average age in this study was 18 years, which is 
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about 10 years prior to the peak age of diagnosis and treatment and may explain the 

low prevalence of dentigerous cysts.  Another factor to consider is the difficulty of 

diagnosing the early dentigerous cyst from a hyperplastic follicle. Some 

investigators have used absolute measurements of the follicular space. In this study 

the cut off for a hyperplastic follicle was twice the thickness of the cusp enamel. 

Using relative measurements rather than absolute measurements may have merit 

because magnification of the image is variable from machine to machine. 

  

5.3.1.5 Marginal bone loss 

     Table 14. Prevalence Of Marginal Bone Loss: Comparison Between Studies 

 
Senye et 

al (2014) 
Granlund et al 

(2012) 
Peltola 
(1993) Literature  

Marginal bone 
loss 1.2% 0.2% 1.2% 

 
0.18%  

 
(Apiou, Gagnot, 

Lorguilloux, & 
Houalet, 1990) 

  

 Active periodontal disease cannot be diagnosed solely on the basis of radiographic 

images; a thorough history and clinical examination is necessary. Should there be 

any evidence of active periodontal disease, orthodontic treatment must be 

postponed until it is controlled. The patient should be referred back for appropriate 

periodontal therapy and a 2-4 month healing and observation period should follow.  

(Sanders, 1999)  The prevalence of marginal bone loss would be expected to be low 
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in adolescent patient populations in general, except in specific populations (e.g. 

patients with Down’s syndrome or diabetes mellitus). While the rate of marginal 

periodontitis is comparable to that found by Granlund et al (2012) and Peltola 

(1993), it is higher than that compared to the literature. However, although this 

number may seem high, only 3 patients in this study had early periodontal bone loss 

that should be further evaluated by clinical examination. Furthermore, the age range 

of this study’s sample was much wider than the compared studies, with the 

prevalence of periodontal disease increasing exponentially with age, which may 

explain the differences amongst the compared studies.  

  

5.3.1.6 Periapical pathosis 

     Table 15. Prevalence Of Periapical Pathosis: Comparison Between Studies 

 
Senye et 

al (2014) 

Granlund 
et al 

(2012) 

Peltola 
(1993) Literature  

Periapical 
pathosis 

0.3% 
 

1.9% 
 

2.9% 
 7.5% (Locht, 1980) 

 

 The rate of periapical pathosis in this study was considerably lower than the 

prevalence reported in the literature. The DMFT (decayed/missing/filled teeth) 

index was not done for any of the pre-existing studies so it is difficult to know the 

caries burden in the populations being compared. One of the reasons why the 

prevalence of periapical pathosis in this study was so low may be because a general 

dentist clearance statement is required for every patient prior to initiating 
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orthodontic treatment at the University of Manitoba, hence, we could infer that the 

majority (if not all) of the individuals accepted in the program are deemed to be 

dentally “healthy”.  

 

 5.3.1.7 Other findings in the maxilla and mandible 

     Table 16. Prevalence Of Osteosclerosis: Comparison Between Studies 

 
Senye et al 

(2014) 
Granlund et 

al (2012) 
Peltola 
(1993) Literature  

Osteosclerosis 7.9% 8.0% 3.5% 2.3-9.7% (Halse & 
Molven, 2002) 

   

 The prevalence of ostosclerosis lesions in all studies is within the range found in 

the literature regarding this subject. However, slight variations in the prevalence 

may occur with age as a small portion of idiopathic osteosclerosis lesions may 

regress or new lesions may occur, and their size may vary as well. (Williams & 

Brooks, 1998; Halse & Molven, 2002)Although idiopathic osteosclerosis has been 

described as a developmental variation of the normal osseous architecture and 

unrelated to local stimuli, some clinical considerations should be kept in mind.  

It can arise at any age and at any location in the jaws but most commonly in the 

premolar and molar region and in some instances multiple or large osteosclerotic 

lesions may be associated with some syndromes such as colorectal neoplasia 

(Kaffe, Rozen, & Horowitz, 1992), pycnodysostosis (Hernández-Alfaro, Arenaz 

Búa, Serra Serrat, & Mareque Bueno, 2011) and Worth syndrome (Payne & 
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Dickenson, 2011). Therefore, these large/multiple lesions should merit further 

historical investigation and a thorough clinical examination before considering a 

referral. (Fig. 12) 

 

 Figure 12. Multiple foci of idiopathic osteosclerosis in the mandible  
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 5.3.1.8 Tooth Impaction 

     Table 17. Prevalence Of Dental Impactions: Comparison Between Studies 

 
Senye et 
al (2014) 

Granlund et 
al (2012) Peltola (1993) Literature  

Impactions 
(total)                                               18% 8.4% 

    76.6% 
(included 
unerupted 

teeth) 

28.3%  
 

(Chu et al., 2003)  

3rd molars 9.5% Not stated Not stated 

 
35.9-54.1%  

 
(Celikoglu, Miloglu, & 

Kazanci, 2010; Topkara & 
Sari, 2013) 

Non-3rd 
molars 8.6%   Not stated Not stated 

 
1.9-9.2%  

 
(Chu et al., 2003; 

Gunduz, Acikgoz, & 
Egrioglu, 2011; Topkara & 

Sari, 2011) 
  

 Impacted teeth may result in malocclusion, loss of arch length, migration of 

adjacent teeth, root resorption, periodontal problems and/or development of 

pathologic conditions (e.g. cysts, tumours).  (Neville et al., 2002)   Impacted 3rd 

molars are common according to the literature and our clinical experience. In this 

study the prevalence rate of impacted third molars was lower than the literature but 

the prevalence rate of other impacted teeth was about the same as reported in the 

literature regarding this subject. A major disadvantage of making a diagnosis of 

impaction in this study is that a single image did not allow for an assessment of 

eventual eruption status and the lack of application of digital measuring tools did 

not allow application of various predictive criteria as described in the literature.   
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 Instead, for the purpose of this study, non-validated qualitative criteria were 

developed and this may explain some of the variance from the literature. For 

example, to be considered impacted, a third molar had to have 2/3’s of its roots 

formed and have an angulation of 45 degrees or more away from its expected path 

of eruption. The possibility exists that there were 3rd molars with only 1/3 of their 

root formed or less and/or a less significant angulation away from their path of 

eruption and that in a few more months or years would eventually have become 

impacted and were not accounted for in this study.  

 About 10% of impacted third molars have an associated pathosis, which is usually 

in association with a horizontal type impaction, followed by the disto-angular 

position. The most frequently reported pathologic changes associated with impacted 

third molars include: a) root resorption of the adjacent molar, b) decreased alveolar 

bone height of the adjacent molar, c) cervical caries on the adjacent molar, d) 

enlarged follicle/formation of a dentigerous cyst (prevalence ranging from 0.001-

11%, depending on the diagnostic method used). (Linden, Cleaton-jones, Lownie, 

& Age, 1995; Celikoglu et al., 2010) 

 Following the third molars, upper canines are the most frequently impacted teeth, 

with a prevalence ranging from 1% to 3% of the population.  (Vilarinho & de Lira, 

2010)  Amongst the sequelae of impaction the following have been reported: 

migration of adjacent teeth and loss of arch length, internal resorption, dentigerous 

cyst formation, external root resorption of impacted and/or adjacent teeth, local 

infection associated with partial eruption, pain, ankylosis or a combination of these.  

(Bishara, 1998; Alqerban, Jacobs, Lambrechts, Loozen, & Willems, 2009) 
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Appropriately identifying and treating abnormally erupting teeth in a timely manner 

will allow for better management and clinical outcome for the patients. 

  

5.3.1.9 Other dental findings  

 a) Tooth number abnormality 

     Table 18. Prevalence Of Tooth Number Abnormalities: Comparison Between 

Studies 

 

Senye et 
al 

(2014) 

Granlund 
et al 

(2012) 

Peltola       
 (1993) Literature  

Hypodontia 10%* 41%** 5.1%* 

 
3.2-7.6%* 

 
 (Polder, Van't Hof, Van Der  
Linden, & Kuijpers-Jagtman, 

2004) 

Hyperdontia 1% 2.4% 2.2% 

 
0.1-3.8% 

 
(Neville et al., 2002) 

 
 

  
 * Not including 3rd molars 

 ** Unclear if 3rd molars included or not, but highly possible 
 

 
 Excluding third molars, the most common congenitally missing teeth are the 

mandibular second premolar and the maxillary lateral incisors followed by the 

maxillary second premolar.  (Polder et al., 2004)  Hypodontia is an important 

finding that will usually require a multidisciplinary management. A variety of 



 100 

syndromes may be associated with hypodontia such as Crouzon’s syndrome, 

Down’s syndrome, Goldenhar syndrome and Turner’s syndrome (especially if 

multiple teeth are missing). 

  The prevalence of non-3rd molar congenitally missing teeth in this study is double 

that found in Peltola’s study and also higher than that reported in the literature.   A 

plausible explanation may be that we studied an orthodontic population and neither 

Peltola (1993) nor Polder et al (2004) did. The types of patients that are referred to 

the orthodontic clinic at the University of Manitoba may be selected as “in need” of 

orthodontic treatment, with some findings (like hypodontia) having been identified 

by the general dentist, hence, such findings may be over-represented in our 

population when compared to other non-orthodontic populations.  Granlund and 

colleagues (2012) reported a prevalence of hypodontia almost 6 times higher than 

that reported in the literature, but this may be related to the fact that they may have 

chosen to include third molars as part of the “hypodontia” pool of findings, which 

would probably have yielded a considerably higher prevalence. 

 The prevalence of hyperdontia in all three compared studies (Senye et al (2014), 

Granlund et al (2012) and Peltola (1993)) is within the range reported in the 

literature (0.1-3.8%). Supernumerary teeth may be found anywhere in the dental 

arches but especially in the maxillary anterior region and they may be single, 

multiple, fully erupted or impacted. The treatment will depend on their position, 

type and relation to adjacent teeth. Cleft lip and palate, Gardner’s syndrome and 

cleidocranial dysplasia are some of the conditions that may be associated with 

supernumerary teeth. Failure of eruption, impaction, crowding, 
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displacement/resorption of other teeth and associated pathology (e.g. dentigerous 

cyst) are some of the problems that may arise from supernumerary teeth.   (Garvey 

et al., 1999)  

 b) Tooth shape abnormality 

     Table 19. Prevalence Of Tooth Shape Abnormalities: Comparison Between 

Studies 

 

Senye 
et al 

(2014) 

Granlund 
et al 

(2012) 

Peltola 
(1993) Literature  

Enamel pearls 7.3% Not 
reported 

Not 
reported 

1.1-9.7%  
(Moskow & Canut, 1990b) 

Taurodontism 4% Not 
reported 

Not 
reported 

0.2-11.3%  
(Haskova, Gill, Figueiredo, 

Tredwin, & Naini, 2009) 

Microdontia 3.1% Not 
reported 

Not 
reported 

0.8-8.4%  
(Neville et al., 2002) 

External root 
resorption 1% 9.1% Not 

reported 
No large scale studies are 
available, only case reports 

 

 Enamel pearls are relatively common and their prevalence in this study reflected 

that of the literature. They have been called by a variety of names such as 

enameloma, enamel pearl, enamel drop or enamel nodule, which have been 

associated with facilitating the more rapid progression of localized periodontal 

disease and pocket formation. (Sharma, Malhotra, Baliga, & Hans, 2013; Risnes, 

Segura, Casado, & Jiménez-Rubio, 2000)    The presence of enamel pearls in 

patients undergoing orthodontic therapy is of special consideration for two reasons: 
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a) the placement of orthodontic appliances (e.g. bands, brackets) has been closely 

related to an increase in plaque accumulation around the appliances and an 

increased difficulty in maintaining an adequate oral hygiene, and b) the presence of 

enamel pearls may facilitate periodontal breakdown, which would probably worsen 

in the presence of dental plaque. Careful follow up of these patients is important in 

order to avoid deleterious periodontal breakdown. (Fig 13) 

 

   Figure 13. Possible enamel pearl located in the furcation of the right mandibular 

first molar 

 

 The prevalence of taurodonts and microdonts in this study was similar to that 

reported in the literature. Of special interest is that a number of 

syndromes/conditions may be associated with taurodontism (e.g. Down’s 

syndrome, hypophosphatasia, ectodermal dysplasia, amelogenesis imperfecta and 

Klinefelter’s syndrome) (Haskova et al., 2009; Neville et al., 2002) and with 

microdonts (Down’s syndrome and pituitary dwarfism). In addition, taurodontism 
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is of special consideration if the affected tooth is in need of endodontic or prosthetic 

treatment or extraction. 

 The prevalence of external root resorption found in this study is low when 

compared to the results of the study by Granlund and colleagues. This difference 

may be the result of the lack of standardization when reporting incidental findings 

of ERR. Several criteria may or may not have been selected by other investigators 

when reporting root resorption. In our study the cut off was set at apical resorption 

greater than 3 mm and noticeably different when compared to the other roots of the 

same tooth or adjacent teeth. However, ERR may be classified as cervical or apical 

(depending on the resorbing location on the tooth) and as localized or multiple 

(depending on how many teeth are affected in the same individual).  (Kanas & 

Kanas, 2012) 

External root resorption (ERR) of permanent teeth is a pathologic process and 

several different types have been described in the literature. Trauma, infection, 

pressure, several systemic conditions and idiopathic causes are amongst the 

proposed etiologic factors of ERR. In this study we were unable to access the 

patient’s medical/dental history or to conduct a clinical examination in order to 

gather information regarding the possible etiologic factor(s) for ERR.  

  

 5.4 Need for referral 

 In terms of need for referral, impacted third molars (46.8%), impacted canines 

(18.7%) and other impacted teeth (10.9%) were the main reason for referral in this 

study. Other reasons for referral included: marginal bone loss, displaced tooth buds, 
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external root resorption, enlarged follicles, supernumerary teeth, ankylosis, 

periapical lesions, gross caries, and non-specific radio-opacities which could not be 

further assessed under the blinded conditions of this study. It is not surprising 

that we found a high prevalence of impacted teeth in need of referral. Orthodontists 

play a major role in identifying and treating impacted teeth, some of which may 

require the assistance of the Periodontist and/or the Oral and Maxillofacial Surgeon 

in order to be managed, as part of the interdisciplinary patient care. Two displaced 

tooth buds and one enlarged follicle/dentigerous cyst were amongst the remarkable 

referrals in this study. 

 No incidental finding in this study was classified as needing immediate attention. 

In contrast, Kuhlberg & Norton (2003) reported 2/28 findings noted in the cranial 

base and cervical spine, which needed urgent evaluation. (Kuhlberg & Norton, 

2003a) 

 

 5.5 Systematic interpretation of a panoramic radiograph 

 A systematic approach to interpretation is recommended to ensure that all 

significant findings in the image are identified. All anatomic structures need to be 

scanned starting with identifying the normal anatomy of the bony structures and 

surrounding soft tissues, followed by examination of the alveolar processes and 

finally the dentition. Considering that the patient has been exposed to radiation, one 

should obtain the maximum diagnostic information for every prescribed 

radiographic image. This study found that 91.3% of the radiographs were 
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systematically analyzed in 4 minutes or less and only 5% took between 4 and 6 

minutes. This demonstrates that it is time-efficient to evaluate the dentition and all 

the surrounding structures by following a template or protocol in order to meet a 

contemporary medico-legal standard of care. 
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5.6 Study’s strengths and limitations  

 Table 20. Study’s Strengths and Limitations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Strengths Limitations 

All panoramic radiographs were 
taken with the same machine 

Not all panoramic radiographs were 
taken by the same operator 

All panoramic radiographs were 
viewed simultaneously in the 
same computer screen by both 

investigators  

Inability to digitally process image 
(e.g. alter contrast, use of filters) 

Good intra- and inter-rater 
reliability 

Blinded design for patient 
confidentiality did not allow 

correlation of the radiographic 
finding with patient history or 
outcome for a more definitive 

diagnosis 

Good statistical power Binary data entry for a continuous 
variable for statistical simplicity 

Consensus diagnosis using 
objective cut off criteria 

Creation of (non-validated) cut-off 
points (e.g. criteria to categorize 

impacted teeth) 

Use of an analysis template for 
effectiveness and efficiency 

Limited prior literature available 
regarding this subject, thereby 

limiting comparisons 
Determination of the systematic 

analysis time of a panoramic 
radiograph, which does not seem 
to have been previously reported 

in the literature 

Use of orthodontic residents and 
orthodontic dental assistants as 

radiology technicians 

Location of incidental findings (25% 
of the findings were located outside of 

the dentition area, which is the area 
often neglected in analysis) 
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5.7 Evaluation of Null Hypotheses   

 

 Table 21. Evaluation of the Null Hypotheses 

 

 

 

 

Null hypothesis Results Accept or Reject 
#         #1: Systematic interpretation of 

a sample of pre-treatment 
panoramic radiographs of a 

randomly selected orthodontic 
population will show no 
significant prevalence of 

incidental findings beyond that 
which has been established in 

the literature 

The prevalence of 
incidental findings in 
this study was 62%, 
which is higher than 

what is reported in the 
literature. 

Reject 

#2 Any incidental findings will 
not pose any treatment 
implications for either 

orthodontic treatment or referral 
for additional treatment 

20% of the incidental 
findings noted in this 

study merited a 
referral for further 
evaluation and/or 

treatment prior to or 
concurrent with 

orthodontic therapy. 

Reject 

#3: Panoramic radiographs 
taken in the Graduate 

Orthodontic clinic of the 
University of Manitoba will not 

have technical or positioning 
errors. 

The prevalence of 
technical errors 

during the 
acquisition of the 

panoramic 
radiographs was 

99%, although the 
vast majority was 

deemed of 
diagnostically 

acceptable quality 

Reject 
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CHAPTER 6 

CONCLUSIONS AND RECOMMENDATIONS 

 

 Based on the results from this study on the prevalence of incidental findings in 

pre-treatment panoramic radiographs in an orthodontic population, the following 

conclusions can be drawn:   

 1) Technical errors are common but preventable in many cases if an adequate 

panoramic imaging technique is followed and the patient is cooperative (e.g. proper 

tongue position, breath holding). However, the literature is pessimistic about error-

free panoramic imaging and since some of these errors may compromise the image 

interpretation, it may be worthwhile to have dedicated technicians and clinicians 

who can help: a) avoid unnecessary errors in the first place, b) avoid repeating 

radiographs, c) recognize the error and compensate for it when interpreting the 

image.  

 2) The prevalence of incidental findings in this study was higher than that 

reported in other similar studies. 

 3) 20% of the incidental findings found in this study needed referral for further 

evaluation/treatment. Impacted teeth were the most common cause for referral. 

 4) Only 4 minutes or less was needed to systematically analyze each panoramic 

image in 95% of the cases, which proves that it is time-efficient to meet the 

expected standard of care in a timely manner. 
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 5) Operational or quantified definitions of diagnostic terms, use of a template or 

synoptic-type reporting and consensus reporting may lead to more standardization 

and better comparison of prevalence rates in future studies. 
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CHAPTER 7 

 

ABSTRACT AND ARTICLE 

 

7.1 Abstract 

Prevalence Of Incidental Findings On Pre-Treatment Panoramic Radiographs In An 

Orthodontic Population 

Mireya Senyea, William A. Wiltshireb, Fabio Pinheiroc,  Stephen Ahingd 

a Graduate Resident, Division of Orthodontics, University of Manitoba 
bProfessor, Program Director and Department Head, Division of Orthodontics, University 
of Manitoba 
c Assistant Professor, Division of Orthodontics, University of Manitoba 
d Associate Professor, Division Head, Oral Diagnosis and Radiology, University of 
Manitoba  

 

ABSTRACT 

 

Objective: To assess the prevalence of incidental findings on pre-treatment panoramic 

radiographs in an orthodontic population. Secondary objectives included assessing the 

need for referral as a result of these findings, evaluating the quality of the radiographs 

and the time that it took to analyze them. 

Materials and Methods: 300 randomly selected radiographs of males and females 

between 10-60 years old without a known systemic disease/syndrome were 

systematically analyzed. A customized data entry form was used to record the findings. 
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Results: positioning errors were common (99%) with the most common being the tongue 

dropping from the palate during the exposure, anatomical ghost images and chin 

positioning errors. 62.6% of the patients showed at least one abnormal finding. 

Hypodontia (21%), impacted third molars (9.5%) and other impacted teeth (8.3%) were 

the most common findings. Findings outside the tooth-bearing region included idiopathic 

osteosclerosis, calcified stylohyoid ligaments and mucous retention pseudocysts. 21% of 

the patients merited a referral, with impacted third molars, impacted canines and other 

impacted teeth amongst the most common referral reasons. Most radiographs were 

systematically analyzed in 4 minutes or less. 

Conclusions: radiographic technical errors are common but preventable in most cases. 

The prevalence of incidental findings in our study was higher than previously reported in 

similar studies.  20% of the incidental findings needing a referral for further 

evaluation/treatment, with impacted teeth representing the most common cause for 

referral.  

Key words: panoramic radiography; incidental findings; need for referral     
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ABSTRACT 

Objective: To assess the prevalence of incidental findings on pre-treatment panoramic 

radiographs in an orthodontic population. Secondary objectives included assessing the 
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need for referral as a result of these findings, evaluating the quality of the radiographs 

and the time that it took to analyze them. 

Materials and Methods: 300 randomly selected radiographs of males and females 

between 10-60 years old without a known systemic disease/syndrome were 

systematically analyzed. A customized data entry form was used to record the findings. 

Results: positioning errors were common (99%) with the most common being the tongue 

dropping from the palate during the exposure, anatomical ghost images and chin 

positioning errors. 62.6% of the patients showed at least one abnormal finding. 

Hypodontia (21%), impacted third molars (9.5%) and other impacted teeth (8.3%) were 

the most common findings. Findings outside the tooth-bearing region included idiopathic 

osteosclerosis, calcified stylohyoid ligaments and mucous retention pseudocysts. 21% of 

the patients merited a referral, with impacted third molars, impacted canines and other 

impacted teeth amongst the most common referral reasons. Most radiographs were 

systematically analyzed in 4 minutes or less. 

Conclusions: radiographic technical errors are common but preventable in most cases. 

The prevalence of incidental findings in our study was higher than previously reported in 

similar studies.  20% of the incidental findings needing a referral for further 

evaluation/treatment, with impacted teeth representing the most common cause for 

referral.  

Key words: panoramic radiography; incidental findings; need for referral     
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Introduction 

 More than 90% of orthodontists request radiographs for their patients and the 

panoramic radiograph is the most commonly requested imaging technique1. Although 

relatively easy to acquire, panoramic imaging is technique-sensitive and positioning 

errors are common and could potentially contribute to difficult image interpretation. A 

skilled and knowledgeable operator and a cooperative patient are imperative in order to 

achieve a good quality diagnostic image. 

 Panoramic imaging provides a broad view of the stomatognathic system and is 

usually indicated for the evaluation of the dentition and the surrounding craniofacial 

structures. In addition, it can detect hard and soft tissue pathoses, which may not be 

evident on a routine visual examination. Incidental findings (IF) are defined as 

discoveries unrelated to the original reason for prescribing the radiograph. Being familiar 

with the appearance and prevalence of skeletal and dental anomalies and normal variants 

seen in panoramic radiographs, and the ability to discern those that require follow-up 

from those that do not is an important facet of orthodontic practice. 

 It has been estimated that between 6% to 43% of orthodontic patients may present 

an incidental radiographic finding in a panoramic or other 2-dimensional radiograph and 

even though most of them will not need a referral or be considered life-threatening, 

serious incidental lesions of the neck and cranial base have been reported in the 

literature1-3. It is our medico-legal duty to identify, report and appropriately refer any 

incidental finding. Failure to do so may result in the clinician’s liability as well as have a 

negative impact on the patient’s well being. The objectives of this study were to: a) assess 
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the frequency of errors in panoramic imaging, b) assess the prevalence of incidental 

findings on pre-treatment panoramic radiographs in an orthodontic population, c) 

evaluate the need for referral as a consequence of such findings and, d) assess the time 

that it took to systematically analyze the radiographs.   

Materials and Methods 

 Three hundred pre-treatment digital panoramic radiographs of randomly selected 

10-60 year-old patients (127 males and 173 females), mean age 18 years, without a 

known systemic disease/syndrome were systematically analyzed. All radiographs were 

taken between 2009 and 2013 at an university graduate orthodontic clinic, using a 

KODAK® 8000C Digital Panoramic and Cephalometric Extraoral Imaging System 

(Kodak, Rochester NY, USA). The images were captured using the Kodak® Orthodontic 

Imaging Software (Carestream Dental LLC, Rochester, NY, USA) and exported into 

Dolphin® Imaging version 8.0  (Dolphin Imaging & Management Solutions, Chatsworth, 

CA, USA). 

 Two observers, 1 Oral and Maxillofacial Pathologist and 1 graduate orthodontic 

student, simultaneously and systematically analyzed the panoramic radiographs and 

recorded the detected radiographic errors, the presence and location of incidental findings 

(IF), need for referral as a result of the IF and time that it took to analyze each 

radiograph. The only adjustable settings were the degree of brightness and magnification. 

Differences in agreement during the evaluation of the radiographs were solved by 

discussion and agreement between the investigators until consensus was reached. 
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 To account for intra-rater agreement, 30 panoramic radiographs were randomly 

selected and separately analyzed by both investigators and re-analyzed 14 days later. The 

results between time points were then compared. The "prevalence-adjusted bias-adjusted 

kappa" test was used to calculate the intra-rater agreement. The p-value was considered to 

be significant at α<0.05 with a confidence interval of 95%. The data was entered in a 

custom-made data collection sheet.   

 Results 

 The intra-rater agreement was excellent in terms of recognizing the quality of the 

radiographs as well as assessing the presence and location of the IF (>0.9), and 

acceptable to excellent in terms of describing the errors present on the panoramic 

radiographs (>0.65).  

 298/300 panoramic radiographs (99%) presented at least one error (Table 1). The 

number of errors in each panoramic image varied between 1 and 5 (mean of 2.7 errors per 

image). Of the positioning errors the following were the most frequent: a) tongue dropped 

from the palate (82.3%), b) presence of anatomical ghost images (64.6%), and c) chin 

positioning errors (22-26%). Exposure errors were less frequent (4%).  
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Table 1. Prevalence of positioning errors 

 

 

 

 

 

 

 

 

 IF were reported in 188 patients (62.6%) with a total of 313 findings overall 

(Tables 2 and 3). The number of IF and anomalies in each patient varied between 1 and 7. 

The majority of the patients (55.6%) had one finding, 40.6% had two findings and only 

8% had 3 or more findings.  Dentition-related findings were the most common with a 

total of 60.7% (n=190) of the overall findings, while findings in the maxilla, mandible, 

maxillary sinus, TMJ, neck and surrounding structures accounted for 39.2% (n=123) of 

the overall findings.    

 

 

 

 

Type of error  n % 

- Tongue dropped from the palate  
- Anatomical ghost images 
- Chin/dentition too far forward  
- Chin/dentition too far down 
- Head tilted 
- TMJ/condyles off image 
- Head rotated 
- Chin/dentition too far upwards 
- Lips not sealed 
- Jewelry/foreign object 
- Chin/dentition too far back 
- Patient slumping 
- Other  

247 
194 
78 
67 
61 
34 
33 
27 
24 
19 
18 
7 
5 

82.3 
64.6 
26 

22.3 
20.3 
11.3 
11 
9 
8 

6.3 
6 

2.3 
1.6 
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Table 2. Prevalence of non-dentition related incidental findings 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Finding n % 

Maxilla and mandible (n=40) 
       Inflammatory periapical lesion 
       Idiopathic osteosclerosis 
       Condensing osteitis 
       Enlarged follicle  
       Marginal bone loss 
       Accessory mandibular canal 
       Other 
 

 
1 
25 
1 
2 
4 
1 
6 
 

 
0.3 
7.9 
0.3 
0.6 
1.2 
0.3 
1.9 

Maxillary sinus (n=31) 
      Thickening of mucosal lining 
      Mucous retention pseudocyst 
      Sinus pneumatization 

 
5 
21 
5 

 
1.5 
6.7 
1.5 

TMJ and surroundings (n=49) 
        Condylar changes 
        Pneumatization of the articular eminence 
        Calcified stylohyoid ligament 
        Zygomatic air cell 
        Coronoid process hyperplasia 
 

 
7 
2 
24 
2 
14 

 
2.2 
0.6 
7.6 
0.6 
4.4 

Neck and surrounding soft tissues (n=3) 
        Sialolith 
        Tonsillolith 

 
2 
1 

 
0.6 
0.3 
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Table 3. Prevalence of dentition-related incidental findings 

 

 

 The most common IF overall was hypodontia (n=66, 21%) in the permanent 

dentition followed by third molar impaction (n=30, 9.5%) and impaction of other teeth 

(n=26, 8.3%). (Fig 1-3)  

 

Finding n % 

Tooth number abnormalities (n=69) 
    Hypodontia (total) 
             Third molar 
             Mx lateral incisor 
             Md second premolar 
             Other 
  
    Hyperdontia (total) 
            Mesiodens 
            Other  

 
66 
34 
9 
13 
10 
 
3 
2 
1 

 
21 

10.8 
2.8 
4.1 
3.1 

 
1 

0.6 
0.3 

Tooth form abnormalities (n= 65) 
      Macrodontia 
      Microdontia 
      Gemination 
      Taurodontism 
      Enamel pearl 
      Root dilaceration 
      Hypercementosis 
      Other  

 
1 
10 
1 
12 
23 
3 
1 
14 

 
0.3 
3.1 
0.3 
3.8 
7.3 
1 

0.3 
4.4 

Tooth impaction (n=56) 
       Third molars (total) 
              All third molars 
              Mx third molars only (one or both) 
              Md third molars only (one or both) 
              At least one mx and one md  
     
      Other (total) 
               Mx canine 
               Md second molar 
               Md canine 
               Other  
 
 
 
jhjhjj 
 
hghghghg     

 
30 
3 
2 
15 
10 
 

26 
13 
8 
2 
5 

 
9.5 
1 

0.6 
4.7 
3.1 

 
8.3 
4.1 
2.5                              
0.6   
1.5 

 

1.5 
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Figure 1. Congenitally missing both mandibular second premolars 

 

 

 

Figure 2. Impacted mandibular left third molar 
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Figure 3. Non-third molar impaction 

 

  

 26.5% of the findings were outside the tooth-bearing region, with idiopathic 

osteosclerosis (7.9%), calcified stylohyoid ligaments (7.6%) and mucous retention 

pseudocysts (6.7%) being the most common. (Fig 4-6)   

 

Figure 4. Idiopathic osteosclerosis (third quadrant) 
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Figure 5. Bilateral calcified stylohyoid ligament 

 

 

 

Figure 6. Mucous retention pseudocyst (right maxillary sinus) 
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 21.3% of the IF merited a referral, with the vast majority (n=53/64; 82.8%) being 

referred to either the Oral and Maxillofacial Surgeon or the Periodontist. The most 

common IF that merited a referral was impacted third molars, canines and other teeth 

(76.5%). Other reasons for referral included: marginal bone loss, periapical lesions, gross 

caries, displaced tooth buds, amongst others.  91.3% of the orthopantomograms were 

analyzed in 4 minutes or less.     

Discussion 

           Panoramic radiography (PR) is technique-sensitive and positioning errors are very 

common. Existing prevalence studies for the presence of errors during panoramic 

radiograph acquisition show that positioning errors are more frequent than exposure 

errors, ranging from 60 to 99%. 3-6 

The most common positioning error in this study was failure to keep the tongue 

against the hard palate during the exposure (82.3%), which is higher than the 46% to 79% 

range found in previous studies.3-6 An improper tongue position during the exposure may 

result in a radiolucent shadow over the apices of the anterior maxillary teeth, which may 

overexpose the area and complicate its assessment. The presence of anatomical ghost 

images (AGI) was the 2nd most common technical error in this study (64.6%).  Although 

most studies do not consider AGI as a technical “error” as these represent ghost images of 

normal anatomic structures, we decided to include them as they may obscure areas in the 

PR and compromise its interpretation. Chin positioning errors (chin too far forward or 

downward) were the third most common technical error found in this study, with a 

prevalence of 26% and 22.3% respectively, which is slightly higher than reports from 
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other studies where the prevalence of chin positioning errors ranged between 9-17.9% 3-

4,6 Although slight chin positioning errors may not compromise the quality of the 

radiograph, pronounced deviation of the chin position may result in the condyles being 

cut off the image (chin too far down), superimposition of other anatomical structures 

(chin too far forward), and may impair the image interpretation.   

 The prevalence of IF in panoramic radiographs in this study was 62.6% with a 

total of 313 findings overall. Earlier studies by Kuhlberg and Norton (2003) and 

Bondemark et al (2006) had reported a lower prevalence of IF in orthodontic populations 

(6-8.7%). The higher prevalence of IF in this study may be attributed to the fact that we 

reported eruption disturbances, congenitally missing and supernumerary teeth, findings 

that may be particularly common in an orthodontic population, but with potential clinical 

significance as they may be associated with pathoses and/or may have treatment 

implications. More recently, Granlund et al (2012) reported a prevalence of IF of 43% 

out of the 1,287 panoramic radiographs assessed, a result that is more consistent with our 

study. 

 The most prevalent IF’s in this study were hypodontia (21%), third molar 

impaction (9.5%) and impaction of other teeth (8.3%). A reported 2-10% of the 

population exhibits congenitally missing teeth, a condition that may or may not be related 

with other dental anomalies.7 A multidisciplinary approach is usually required when 

dealing with hypodontia patients who will often have special aesthetic and restorative 

needs.  Impacted third molars are common according to the literature and our clinical 

experience. About 10% of impacted third molars have an associated pathosis, which is 

usually associated with a horizontal type impaction, followed by the disto-angular 
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position.8 The most frequently reported pathologic changes associated with impacted 

third molars include: a) root resorption of the adjacent molar, b) decreased alveolar bone 

height of the adjacent molar, c) cervical caries on the adjacent molar, and d) enlarged 

follicle/formation of a dentigerous cyst (prevalence ranging from 0.001-11%, depending 

on the diagnostic method used). 8,9   

 Following the third molars, maxillary canines are the most frequently impacted 

teeth, with a prevalence ranging from 1% to 3% of the population.10 Amongst the 

sequelae of impaction the following have been reported: migration of adjacent teeth and 

loss of arch length, internal resorption, dentigerous cyst formation, external root 

resorption of impacted and/or adjacent teeth, local infection associated with partial 

eruption, pain, ankylosis or a combination of these. (Bishara, 1998; Alqerban, Jacobs, 

Lambrechts, Loozen, & Willems, 2009) Appropriately identifying and treating 

abnormally erupting teeth in a timely manner will allow for better management and 

clinical outcome for the patients. Idiopathic osteosclerosis, calcified stylohyoid ligaments 

and mucous retention pseudocysts (MRPC) were common IF outside the tooth-bearing 

region (7.9%, 7.6% and 6.7% respectively), and within the range reported in the 

literature.14-16 Although these conditions rarely require further treatment, it is wise to 

periodically monitor and co-relate them with possible unrelated signs and symptoms. 

Slight variations in the prevalence may occur with age as a small portion of idiopathic 

osteosclerosis (IO) lesions may regress or new lesions may occur, and their size may vary 

as well.13,14   IO can arise at any age and at any location in the jaws but most commonly in 

the premolar and molar region. In some instances multiple or large osteosclerotic lesions 

may be associated with some syndromes such as Worth syndrome.15 Large/multiple 
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lesions merit further historical investigation and a thorough clinical examination before 

considering a referral.  

 It is possible that since calcification of the stylohyoid ligament is considered to be 

an ageing phenomenon17, some authors may choose not to report it unless it is longer than 

30 mm. Since image manipulation was restricted in this study, the defined cut off was 

calcification extending to the angle of the mandible. In addition, in this study the 

observers in this study were blinded to any clinical data whatsoever. Consequently, so the 

diagnosis of Eagle syndrome could not be made in this study based only on radiographic 

criteria alone. 

 MRPC tend to be asymptomatic, and their natural benign course may be a 

decrease/increase in size or remain unchanged. Generally, treatment is not necessary and 

observation and follow-up are recommended.18   

 Periapical pathosis (0.3%) and marginal bone loss (1.2%) were rare, which is not 

surprising since a general dentist clearance statement is required for every patient prior to 

initiating orthodontic treatment, so the majority of the individuals accepted in the 

program are deemed to be dentally “healthy”, with low probability of encountering active 

disease. 

 Conclusions  

 Based on the methodology of this study, the following conclusions can be drawn: 

 - Technical errors are common but preventable in many cases if an adequate 

panoramic imaging technique is followed and the patient is cooperative. 
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 - The prevalence of IF in our study was higher than that reported in similar 

studies. The most common IF were hypodontia, impacted third molars and impacted 

other teeth. 

 -  20% of the IF were in need of referral for further evaluation/treatment, with 

impacted teeth being the most common cause for referral. 

 - Operational or quantified definitions of diagnostic terms, use of a template or 

synoptic-type reporting and consensus reporting may lead to better  standardization and 

accurate comparison of prevalence rates of IF in future studies.  
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