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PREFACE

Successful orthodontic treatment of a patient depends on accurate diagnosis and treatment planning. The purpose of this book is to provide an updated use of clinical cephalometrics, an important part of diagnosis and treatment planning. An effort was made to minimize esoteric parameters that are not frequently used in clinical orthodontics and to introduce and broaden the aspects of the role of cephalometrics in diagnosis and treatment planning.

Currently, clinical orthodontics is transitioning from the two-dimensional (2D) world to the three-dimensional (3D) world. The use of cone beam computed tomography (CBCT) has changed from a rather myopic view that the use of 3D CBCTs could be unethical to a far broader acceptance. This has happened not only because of radiation and cost reduction but also as a result of research showing the benefits of 3D CBCTs. The unknown became the known. As equipment starts to break down, the clinician also evaluates the cost and benefit of new equipment and what his or her technologically savvy market expects. However, 2D cephalometrics is still the standard for clinical orthodontics, although many practices and orthodontic programs currently take 3D CBCTs. In reality, many practices and orthodontic programs globally are using 2D cephalometric measures with the 3D CBCTs. Thus, 2D cephalometrics is still very pertinent to patient treatment.

In order to teach cephalometrics, some history of cephalometrics is necessary but not to the degree that clinicians become lost in it. Cephalometric software programs make a plethora of analyses available for use because many clinicians do not restrict their analysis to those of individual treatment camps. Indeed, many of the cephalometric analyses are based on research or writings of multiple authors. In order to teach cephalometrics, both 2D and 3D cephalometry with their advantages and limitations need to be discussed, not as a philosophy but related to the craniofacial structures and their relationships. As research and product development increase, use of 3D measures might negate the use of 2D measures.

The addition of 3D CBCTs to cephalometry presents another dimension to the identification of skeletal and soft tissue landmarks. The transverse dimension is inherently integrated with the lateral dimension and is available for almost instant review without the viewer having to stitch separate images together. The internal structures of the face, skull, and airways can be reviewed for structural abnormalities and pathologies. The internal potentially driving structures of facial morphology can be viewed and measured more precisely in 3D. The authors integrate these possibilities with cephalometry and present currently evolving concepts and processes within cephalometry that the clinician needs to be aware of. Cephalometry, a measure of straight lines and angles of the hard and soft tissue of the face and cranium, is evolving into measures of areas and volumes that will need to be interpreted for clinical decisions and evaluation of outcomes. However, clinicians need to understand 2D cephalometry to be able to apply it better in 3D cephalometry.
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Note on Terminology

The hyphenation standards for cephalometric terms and landmarks used in the literature are not consistent, and many publications rely on jargon that is not universally accepted. For the sake of consistency and understanding in this book, hyphens are only used when referring to angles or landmarks that require the hyphen for clarity. Every effort has been made to remove unnecessary jargon and use clinically relevant terms and landmarks.
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Introduction to the Use of Cephalometrics

Katherine Kula, MS, DMD, MS
Ahmed Ghoneima, BDS, PhD, MSD

Cephalometrics refers to the quantitative evaluation of cephalograms, or the measuring and comparison of hard and soft tissue structures on craniofacial radiographs. It is an evolving science and art that has been woven into orthodontics and the treatment of patients. Cephalograms are an integral part of orthodontic records and are typically used for almost all orthodontic patients. The cephalometric analysis or evaluation helps to confirm or clarify the clinical evaluation of the patient and provide additional information for decisions concerning treatment.

The American Association of Orthodontists (AAO) developed the current Clinical Practice Guidelines for Orthodontics and Dentofacial Orthopedics,1 which recommend that initial orthodontic records include examination notes, intraoral and extraoral images, diagnostic casts (stone or digital), and radiographic images. These radiographic images include appropriate intraoral radiographs and/or a panoramic radiograph as well as cephalometric radiographs. A three-dimensional cone beam computed tomograph (3D CBCT) can be substituted for a cephalometric radiograph; however, the routine use of a CBCT is not generally required in orthodontics, so cephalometric radiographs are the current standard.

The AAO Clinical Practice Guidelines1 also recommend evaluating the patient’s treatment outcome and determining the efficacy of treatment modalities by comparing posttreatment records with pretreatment records. Posttreatment records may include dental casts; extraoral and intraoral images (either conventional or digital, still or video); and intraoral, panoramic, and/or cephalometric radiographs depending on the type of treatment and other factors. Many orthodontists also take progress cephalograms to determine if treatment is progressing as expected. In addition, board certification with the American Board of Orthodontics requires cephalograms and an understanding of cephalometry to explain the decisions for diagnosis, treatment, and the effects of growth and orthodontic treatment. Therefore, it is paramount that orthodontists understand how to use cephalometrics in their practice.

Basics of Cephalometrics

Cephalometrics is used to assist in (1) classifying the malocclusion (skeletal and/or dental); (2) communicating the severity of the problem; (3) evaluating craniofacial structures for potential and actual treatment using orthodontics, implants, and/or surgery; and (4) evaluating growth and treatment changes of individual patients or groups of patients. In general, a lateral cephalogram shows a two-dimensional (2D) view of the anteroposterior position of teeth, the inclination of the incisors, the position and size of the bony structures holding the teeth, and the cranial base (Fig 1-1a). A cephalogram can also provide a different view of the temporomandibular joint than a panoramic radiograph and a view of the upper respiratory tract.

[image: images]

Fig 1-1 (a and b) Lateral and frontal cephalograms.

In addition, cephalograms aid in the identification and diagnosis of other problems associated with malocclusion such as dental agenesis, supernumerary teeth, ankylosed teeth, malformed teeth, malformed condyles, and clefts, among others. They have also been used to identify pathology and can give some indication of bone height and thickness around some teeth. However, they are not very useful in identifying dental caries, particularly initial caries, and periodontal disease, so bitewing radiographs and periapical radiographs are needed for patients who are caries susceptible or show signs of periodontal disease. While some asymmetry can be diagnosed using a lateral cephalogram, an additional frontal cephalogram (Fig 1-1b) is needed to better identify which hard tissue structures are involved in the asymmetry.

Of course all of these conventional radiographs are 2D images. A 3D CBCT can replace multiple 2D radiographs and can allow the entire craniofacial structure to be viewed from multiple aspects (x, y, z format) with one radiograph (Fig 1-2). Intracranial and midline facial structures can be viewed without overlying confounding structures, and bilateral structures can be viewed independently. While the worldwide transition from 2D to 3D imaging is occurring quickly, it is still important for clinicians to understand what has been used for decades (2D), what additional 3D information is needed, and the limitations and potential of 3D imaging.

[image: images]

Fig 1-2 Software screen showing (a) coronal slice (green line in b and c), (b) sagittal slice (red line in a and c), (c) axial slice (blue line in a and b), and (d) 3D CBCT reconstruction of the same study.

The general purpose of this book is to introduce the orthodontic clinician to the use and interpretation of cephalometrics, both 2D and 3D, and to show the potential benefits of using 3D CBCTs. The purpose of this chapter is to provide the background for the current and future use of cephalometrics.

History of Cephalometrics

Prior to the use of radiographs, growth and development of the craniofacial complex was essentially a study of skull measurements (craniometry) (Fig 1-3) or soft tissue. Craniometry2 dates back to Hippocrates in the 4th century BC and is still used today in physical anthropology, forensics, medicine, and art. It is used to determine the size of cranial bones and teeth, their relationship to each other, potential differences among groups of people, and evolutionary changes in the cranium and face. Some of the current cephalometric landmarks, planes, and angles have their origin in craniometry. For example, the Frankfort plane was established in 1882 during a meeting of the German Anthropological Society as a standardized method of orienting the skull horizontally for measurements.2 The anthropologists agreed to define the Frankfort plane as a plane from the upper borders of the auditory meati (external auditory canals) to the inferior margins of each orbit. Later, this plane was modified for cephalometry to indicate that the right and left porion and left orbitale would be used to define the horizontal plane to minimize problems that asymmetry caused.
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Fig 1-3 An original Broadbent craniostat used to standardize skull position and measurement. (Courtesy of Dr Juan Martin Palomo, Case Western Reserve University.)

Craniometry, however, had limitations. Each skull represented a one-time peek or snapshot at the development of one individual—in other words, a cross-sectional data point. There was little hope of a longitudinal study. Frequently, the reason for the death of the individual was unknown, resulting in an unknown effect on the growth and development of the skull. Thus, craniofacial development was interpreted based on the skulls of children who died because of trauma, disease, starvation, abuse, or genetics. Todd,3 the chairman of the Department of Anatomy at Case Western Reserve University School of Medicine, considered the measuring of these children’s skulls as studying defective growth and development; the longitudinal effect of orthodontic treatment on growth and development could not be assessed. Animal studies using dyes were obviously limited in providing interpretation of the effect of various factors on human growth and development. Soft tissue studies, particularly longitudinal, were also limited by the lack of reproducible data. Radiographs, however, provided the opportunity to study and compare multiple patients over decades.

The use and standardization of cephalograms continually evolved from their early beginnings in the late 1800s. Similarly, during that time, orthodontics had its inception as a dental specialty. Edward Hartley Angle classified malocclusion in 1899 and was recognized by the American Dental Association for making orthodontics a dental specialty.4 Angle established the first school of orthodontics (Angle School of Orthodontia in St Louis) in 1900, the first orthodontic society (American Society of Orthodontia) in 1901, and the first dental specialty journal (American Orthodontist) in 1907.

Shortly after the discovery of x-rays by Wilhelm Conrad Roentgen in 1895,5 the use of the first facial and cranial radiographs was reported as early as 1896 by Rowland6 and later by Ketcham and Ellis.7 By 1921, B. H. Broadbent was using lateral cephalograms in his private practice.7 In 1922, Spencer Atkinson reported to the Angle College of Orthodontia that he used lateral facial radiographs to identify the position of the first molar below the maxilla’s key ridge.7 Because the radiographs also showed soft tissue, Atkinson suggested that these lateral radiographs had the potential of relating the mandible and the maxilla to the face and to the cranial base.

Initially, the comparison of cephalometric radiographs to show the effects of growth and treatment was difficult because head position and distance from the cephalometric film were not standardized. In an attempt to standardize head position, in 1921 Percy Brown designed a head holder for taking radiographic images of the face.7 In 1922, A. J. Pacini reported standardizing head position for lateral radiographs by using a gauze bandage to hold the film to the head.8 Ralph Waldron followed in 1927 by constructing a cephalometer to measure the gonial angle on a roentgenogram taken 90 degrees from the profile.9 Martin Dewey and Sidney Riesner held the patient’s head in a clamp and took a profile view with the film cassette placed against the head.10 However, for several decades there was no universal standardization of cephalometric technique, meaning that identical radiographs of the same patient could not be reproduced.

It was obvious to Broadbent11 that accurate and reliable longitudinal measurements of the head and face in three dimensions would be necessary to study growth and development of the teeth and the jaws as well as the effect of orthodontic treatment. Drawing on his previous experience of modifying Todd’s craniostat into a craniometer to standardize skull position and measurement (see Fig 1-3), Broadbent developed a craniostat that consisted of a head-holding device, two ear rods, and a nasion rest to stabilize the head of a living person relative to the radiographic film and the x-ray source (Fig 1-4). Broadbent even took impressions of the teeth while the patient was positioned in the craniostat and related them to the maxilla and mandible. He announced in 1930 that he had used a radiographic craniostat to study the longitudinal growth of the living face12 and published a description of the invention in 1931.11 Bolton’s cephalostat was modified later to include the standardization of head position for a roentgenogram from the frontal view (Fig 1-5). During the same year, a German orthodontist, H. Hofrath, also reported the development of a craniostat to standardize head position while taking lateral radiographs.13
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Fig 1-4 An original Broadbent cephalometric craniostat consisting of a head-holding device, two ear rods, and a nasion rest to stabilize the head of a living person relative to the radiographic film and the x-ray source. (Courtesy of Dr Juan Martin Palomo, Case Western Reserve University.)

[image: images]

Fig 1-5 An original Bolton cephalostat modified to standardize head position for a frontal roentgenogram. (Courtesy of Dr Juan Martin Palomo, Case Western Reserve University.)

The standardization of cephalograms allowed comparison of the same head over time. Treatment effects and comparison with other individuals could also be studied. This so impressed Congresswoman Frances Bolton that she established a long-term research study at Case Western Reserve University to examine the growth and development of the teeth and the jaws in healthy children.

Early studies by Broadbent14 and other investigators of cranial and facial development emphasized the need to identify stable landmarks in order to superimpose the radiographs. Broadbent thought that at least in early childhood, certain cranial areas were more stable than the rapidly growing face. This led to the development of the Bolton-nasion plane of orientation and a registration point (R) in the sphenoidal area as the most fixed point in the head or face14 (Fig 1-6). The Bolton-nasion plane was a line drawn from nasion, the most forward position of the frontonasal suture, at the midline to the highest point (Bolton point) on the profile of the right and left condyles of the occipital bone posterior to the foramen magnum. Bolton point was chosen rather than the superior tip of the auditory meatus because the cephalostat’s ear rods masked the auditory canals. The bilateral occipital condyles were considered to produce a single image because they were essentially close enough to each other to be on the midplane of the skull. The center ray of the radiographic machine was considered to cause little magnification shadow. A point midway on a line drawn from the center of sella turcica on a perpendicular to the Bolton-nasion plane was called registration point (R) and was used to register superimpositions of the same individual or different individuals.

[image: images]

Fig 1-6 Bolton-nasion plane of orientation and registration point (R) in the sphenoidal area. The Frankfort horizontal and the perpendicular orbital plane were used for superimpositions.

To measure facial changes after registering the Bolton-nasion plane on R, the Frankfort horizontal plane was added to the initial record of each child, and the perpendicular orbital plane (the plane perpendicular to Frankfort horizontal through orbitale) was passed through the dentition. Measurements of changes were taken from these two planes, not directly from the Bolton-nasion plane.

During the next few decades, multiple centers evaluating growth and development using cephalograms were started, and numerous orthodontists provided their data in various formats to best describe their analysis of the craniofacial complex. Some parameters were used primarily for research, while others were specifically used for clinical analysis. Many analyses or groups of parameters assumed the names of the orthodontist best known for promoting them but included measures previously used in craniometry or by other orthodontists. In some cases (eg, mandibular plane, length of mandible, and cranial base) various orthodontists published somewhat different methods of defining the structures. Wilton Krogman and Viken Sassouni attempted to validate the clinical usefulness of approximately 70 existing cephalometric analyses in 1957.15 In some cases, these differences remain today because of strongly held opinions of the different schools of orthodontics. Unfortunately, this has also led to confusion for novices in this area and to intense discussion about which cephalometric values lend more to correct diagnosis and treatment analysis. In addition, comparison of various studies is complicated when different landmarks and planes are used.

Many cephalometric values were reported as simple descriptive statistics. Descriptive statistics, which are used to indicate the center or most typical value of a data set, are called measures of central tendency and include means and medians. The mean is the average of all the numbers for that data set, and the median is the data value in the middle of all the data arranged in ascending or descending order. Means or averages are provided more commonly than medians to clinically compare cephalometric values of groups. Research studies might report one or both values depending on the purpose and the sample in the study. However, data sets with the same mean can have considerable variation in the incorporated values. The descriptive statistics used to quantitatively describe these differences are called measures of dispersion (how widely the values are dispersed). The two measures of dispersion commonly used in cephalometrics are range and standard deviation. The range of a data set is the difference between the largest and the smallest value in that data set. The larger the difference, the greater is the dispersion of the data. The standard deviation tells how much deviation there is from the mean. The larger the standard deviation, the larger is the variation of the data. Usually, all data within a data set fall within three standard deviations (±3 SD) of the mean. Clinically, some orthodontists suggest that it is more difficult to treat patients whose cephalometric values are more than one standard deviation outside the mean; however, this also depends on the particular cephalometric value.

For the most part, it is assumed that the skeletal and dental cephalometric traits have values that, if plotted, would fall within a bell-shaped curve, a normal curve. That is, if the mean was determined and designated as zero, then when standard deviations are determined and marked on each side of the mean, the normal curve would be symmetric, and most of the data would fall within three standard deviations on each side. Depending on the range and the width of the standard deviations, the curve could be taller than wide or vice versa. However, normality should always be checked because not all data sets fit a bell-shaped curve. Unfortunately, many of the classic cephalometric studies did not report adequate statistics. Therefore, a careful reading of the literature is required for knowledgeable use of cephalometrics.

Many published cephalometric studies reported descriptive statistics to quantify the results of the cephalometric parameters for samples of the population they studied. In most cases, the study included a limited number of cases (sample) compared with the entire population. Samples were used because it was too difficult or expensive to study the entire population. Obviously, the more alike the individuals in a population, the more representative the selection of the sample would be for that population. However, the criteria for the samples used in some of the early cephalometric analyses were very limiting and probably did not truly represent the population. In other cases, the samples were so small and heterogenous that the results reported appear to have little value. Some criteria for subject selection included that the subjects must have acceptable, attractive,16 or award-winning faces.17

In one study18 of 79 adults with ideal occlusions, the cephalometric measures showed a large range of values from Class II to Class III maxillomandibular relationships, high-angle to low-angle mandibles, and incisor retrusion to protrusion. Although the means measured in the study were similar to those reported in other published studies, the ranges were considerably larger. A retrospective review of the faces indicated no extremely poor or unacceptable faces, showing that good occlusion was achievable even naturally without surgery. Thus, cephalometrics alone is never used for treatment decisions.

Various factors influence cephalometric values. For example, the measurement of 2D cephalometric parameters is influenced by the diverging rays of the cephalostat striking a multidimensional object that is at a distance from the recording film, causing magnification error. Prior to standardization of the distances of the object and the film from the x-ray source, the differential was unknown unless a standardizing object was included in the film. Magnification error also varies with different machines. Some early studies did not report or correct the magnification error when they were published. (Formerly, the American Board of Orthodontics required that cases submitted for board certification show a calibration device in the cephalogram to allow for correction of magnification error.) Despite these problems, the early studies were helpful in developing a better understanding of craniofacial growth and development and provided the basis for additional investigation. However, these original publications should be analyzed carefully before they are cited or used as a basis for clinical treatment.

One of the issues in determining craniofacial changes with early cephalometrics was the selection of cephalometric reference parameters called planes to compare skeletal and dental changes. For example, early in the development of cephalometry, William B. Downs19 realized that numerous measures were being used to describe the face. He sought to determine the range and the correlations of cephalometric values for individuals with excellent occlusions by comparing various cephalometric values from a group of 10 male and 10 female potentially growing adolescents (12 to 17 years old). Downs eventually came to the conclusion that he should evaluate the face by dividing the facial skeleton from the teeth and the alveolar processes. He would classify the skeletal pattern (maxilla versus mandible) alone and then determine the relationship of the teeth and alveoli to the facial skeleton. He suggested that the variability in values comparing the facial plane to sella-nasion (SN), the Frankfort horizontal, and the Bolton plane was so small that he was not sure why one was used instead of another to evaluate the face (Fig 1-7). Downs used the Frankfort horizontal because he felt that the SN and Bolton-nasion planes separated the cranium from the face, whereas the Frankfort horizontal allowed comparison of relationships involving only the face, the structures that orthodontic treatment (with or without surgery) could control. Using four faces, he demonstrated how the facial angle (facial plane to Frankfort horizontal) described the facial type better than the facial plane to SN or the facial plane to the Bolton plane when the position of the mandible was assessed (see Fig 1-7). Contrary to many cephalometric analyses that reported the mean measure, his comparisons for angle of convexity, AB plane, and mandibular plane angle were the numerical differences from the mean of the control group. For example, if the mean angle of convexity of the control group was reported as 180 degrees, a measurement of 185 degrees in a test patient would be reported as +5.0 degrees (a negative difference indicating concave profile and a positive difference indicating convex profile), not 185 degrees. Similarly, deviations from the means of the AB plane or mandibular plane angle were read as the difference from that mean without considering the variation within the control group. Downs thought that these differences would show the difficulty of treating the case. While Downs’s study was small, did not look at sex differences, and used growing individuals for whom some cephalometric values could change with age, his cephalometric parameters and values are still used today. Numerous parameters have been introduced following his study.15

[image: images]

Fig 1-7 Sella-nasion, Frankfort horizontal, and Bolton-nasion reference planes.

During the next few decades, numerous studies emphasized the importance of reliable and standardized landmarks, parameters, and references points to determine (1) the outcome of treatment for a single patient, (2) comparison of outcomes from multiple patients undergoing similar treatment, or (3) growth prediction with or without treatment. Unfortunately, some of these landmarks have changed slightly in definition or emphasis through the century of 2D cephalometry and will change for 3D cephalometry because of the addition of the third dimension. For example, in light of 3D investigation, it is currently in question whether A-point can be considered the most forward position of the maxilla.20

3D CBCTs

3D CBCTs were first reported in 1994 and originally introduced commercially in Europe in 1996. However, it was not until 2001 that the first 3D CBCT was introduced commercially to the United States. Prior to 2007, few articles linked 3D CBCTs to orthodontics.21 Initial concerns about the high radiation dosage and its cost probably limited its use in orthodontics for a while but drove reengineering of the technology, which significantly reduced the radiation exposure and cost. Since 2007, hundreds of articles relating the use of 3D CBCTs to orthodontics have been published. The applicability of 3D CBCTs for associated orthognathic surgery and dental implants as well as need-specific orthodontics (eg, impacted teeth, craniofacial anomalies, bone thickness) has increased their usage in orthodontics and general dentistry. However, significant issues remain, including whether the landmarks and measures used in 2D cephalometry can be used in 3D cephalometry as well as the clinical relevance and use of 3D cephalometry for all orthodontic patients.

The evolution of 3D cephalometry has occurred more quickly than 2D cephalometry, probably due to worldwide digital communications. More than 50 years after the inception of lateral radiographs in orthodontics, Steiner22 indicated that cephalometrics was still not being used for clinical applications but was primarily a tool for academic studies of growth and development. On the other hand, it is predicted that in just 5 years, the global CBCT market will increase from $494.4 million in 2016 to $801.2 million in 2021, although the growth will probably not be limited to orthodontics.23

Conclusion

Patient care is performed best by educated and discerning clinicians, so it is essential that clinicians not only understand the basics of 2D cephalometry and how it relates to 3D cephalometry but also keep up to date with the evolution of cephalometry and its associated technology, software, and applications.

References

1.American Association of Orthodontists. Clinical Practice Guidelines for Orthodontics and Dentofacial Orthopedics [amended 2014]. https://www.aaoinfo.org/system/files/media/documents/2014%20Cllinical%20Practice%20Guidelines.pdf. Accessed 25 August 2017.

2.Finlay LM. Craniometry and cephalometry: A history prior to the advent of radiography. Angle Orthod 1980;50:312–321.

3.Todd TW. The orthodontic value of research and observation in developmental growth of the face. Angle Orthod 1931;1:67.

4.American Dental Association. History of Dentistry Timeline. http://www.ada.org/en/about-the-ada/ada-history-and-presidents-of-the-ada/ada-history-of-dentistry-time-line. Accessed 25 August 2017.

5.NDT Resource Center. https://www.nde-ed.org/index_flash.htm. Accessed 25 August 2017.

6.Rowland S. Archives of Clinical Skiagraphy. London: Rebman, 1896.

7.Broadbent BH Sr, Broadbent BH Jr, Golden WH. Bolton Standards of Dentofacial Developmental Growth. St Louis: C.V. Mosby, 1975:166.

8.Pacini AJ. Roentgen ray anthropometry of the skull. J Radiol 1922;42: 230–238,322–331,418–426.

9.Basyouni AA, Nanda SR. An Atlas of the Transverse Dimensions of the Face, vol. 37 [Craniofacial Growth Series]. Ann Arbor: University of Michigan Center for Human Growth and Development, 2000:235.

10.Dewey MN, Riesner S. A radiographic study of facial deformity. Int J Orthod 1948;14:261–267.

11.Broadbent BH. A new x-ray technique and its application to orthodontia. Angle Orthod 1931;1:45.

12.Broadbent BH. The orthodontic value of studies in facial growth. In: Physical and Mental Adolescent Growth [The Proceedings of the Conference on Adolescence, 17–18 October 1930, Cleveland, OH].

13.Hofrath H. Die Bedeutung der Rontgenfern und Abstandsaufname für die Diagnostic der Kieferanomalien. Fortschr Orthod 1931;1:232–258.

14.Broadbent BH. Investigations of the orbital plane. Dental Cosmos 1927;69:797–805.

15.Krogman WM, Sassouni V. Syllabus in Roentgenographic Cephalometry. Philadelphia: College Offset, 1957:363.

16.Tweed CH. The Frankfort mandibular incisor angle (FMIA) in orthodontic diagnosis, treatment planning, and prognosis. Angle Orthod 1954;24:121–169.

17.Riedal R. An analysis of dentofacial relationships. Am J Orthod 1957;43:103–119.

18.Casko JS, Shepherd WB. Dental and skeletal variation within the range of normal. Angle Orthod 1984;54:5–17.

19.Downs WB. Variations in facial relationships: Their significance in treatment prognosis. Am J Orthod 1948;34:812–840.

20.Kula TJ III, Ghoneima A, Eckert G, Parks E, Utreja A, Kula K. A 2D vs 3D comparison of alveolar bone over maxillary incisors using A point as a reference. Am J Orthod Dentofacial Orthopedics (in press).

21.Gribel BF, Gribel MN, Frazão DC, McNamara Jr JA, Manzi FR. Accuracy and reliability of craniometric measurements on lateral cephalometry and 3D measurements on CBCT scans. Angle Orthod 2011;81:26–35.

22.Steiner CC. Cephalometrics for you and me. Am J Orthod 1953;39:729–754.

23.Markets and Markets. CBCT/Cone Beam Imaging Market by Application. http://www.marketsandmarkets.com/Market-Reports/cone-beam-imaging-market-226049013.html?gclid=EAIaIQobChMI4_b899b31AIVyEwNCh1xXQseEAAYASAAEgJa0_D_BwE. Accessed 25 August 2017.


2

2D and 3D Radiography

Edwin T. Parks, DMD, MS

Two-dimensional (2D) cephalometry has been an integral component of orthodontic patient assessment since Broadbent described the technique in 1931.1 For years the only image receptor for cephalometry was radiographic film, which limited the clinician to a 2D patient assessment. Today there are multiple receptor options such as photostimulable phosphor (PSP), charge-coupled device (CCD), and derived 2D data from cone beam computed tomography (CBCT). While CBCT allows for clinicians to evaluate the patient in three dimensions, most patient assessment is still performed on 2D data. This chapter discusses the various techniques for generating traditional 2D cephalograms, cephalograms derived from three-dimensional (3D) data, radiation exposures, and advantages/disadvantages of the various techniques and image receptors.

Patient Positioning

Regardless of image receptor, proper patient positioning is essential to producing an acceptable cephalometric image.

Lateral cephalogram

The patient’s head is positioned with the left side of the face next to the image receptor, with the midsagittal plane parallel to the image receptor and the Frankfort plane parallel to the floor2 (Fig 2-1). The patient’s head should be stabilized in a cephalostat. The cephalostat is a device with two ear rods that are placed in the external auditory meatuses and a nasion guide. Head stabilization serves two purposes: (1) It diminishes patient movement, and (2) it ensures reproducibility to allow for sequential evaluation over time.

[image: images]

Fig 2-1 Proper patient positioning for a lateral cephalogram showing the cephalostat around the patient’s head.

The radiation source is positioned so that the distance between the source and the midsagittal plane is 60 inches. The receptor (or film) should be placed 15 cm (approximately 6 inches) from the midsagittal plane. The x-ray beam should be collimated to the size of the receptor, and the center of the beam should be directed through the external auditory meatus (Fig 2-2). Because of the projection geometry, structures away from the receptor will be magnified more than the structures close to the receptor.

[image: images]

Fig 2-2 Graphic representation of patient positioning for a lateral cephalogram (viewed from above).

Posteroanterior cephalogram

Patient positioning for the posteroanterior (PA) cephalogram uses the same armamentarium as the lateral cephalogram. The patient is positioned with the midsagittal plane perpendicular to the receptor (nose toward the receptor) and the Frankfort plane parallel to the floor (Fig 2-3). The source should be 60 inches from the ear rods, and the receptor should be positioned 15 cm from the ear rods.2

[image: images]

Fig 2-3 Proper patient positioning for a PA cephalogram.

Patient Protection

There has been a great deal of discussion regarding the need for shielding of the patient from the primary beam. The American Dental Association,3 National Council on Radiation Protection and Measurements,4 and US Food and Drug Administration3 have created fairly specific recommendations for patient shielding for intraoral imaging but not for extraoral imaging. Nevertheless, many of the factors involved in the recommendations are applicable to extraoral imaging. Use of fast image receptors and collimation of the primary beam to the size of the receptor significantly reduce the dose to the patient. However, these factors do not reduce the dose to zero. Consequently, there is slight potential for risk to the patient.

The effects of high doses of x-radiation are well documented, but the effects of low doses of radiation have only been inferred or derived from a model. The accepted model for determining risk from x-radiation is the linear, nonthreshold model. This model suggests that risk is directly related to radiation dose. The concept of threshold is that there is a level of exposure below which there is no risk. The nonthreshold model indicates that there is no safe dose of radiation to the patient. Ludlow et al calculated effective doses for commonly used dental radiographic examinations and reported effective doses of 5.6 microsieverts (μSv) for a lateral cephalogram (using PSP) and 5.1 μSv for the PA cephalogram (using PSP).5 For comparison, they reported an effective dose for panoramic imaging (CCD) ranging from 14.2 to 24.3 μSv and 170.7 μSv for a full-mouth series using F-speed film and round collimation.5 In a different study, Ludlow et al evaluated the effective dose from several CBCT systems and reported effective doses ranging from 58.9 to 557.6 μSv.6 For a comparison, the paper also reported an effective dose for conventional CT of 2,100 μSv for a maxillomandibular scan.6

There is a huge range of effective doses for these imaging modalities for many reasons. First, all of these systems use different exposure factors (eg, kilovoltage peak [kVp], milliamperage [mA], exposure time) and cover many different critical organs. The critical organs most commonly included in dose calculation for the maxillofacial complex are the thyroid gland, salivary glands, and bone marrow. This gets complicated pretty quickly. Now imagine what it must be like for the patient and parent when you start to describe effective dose. A better way to talk to the patient and parent is the concept of benefit versus risk. Explain to the patient and/or parent the reason you need the radiographic image (eg, asymmetry, impacted teeth) and that the risk to the patient is minimal. There is even some research that indicates that the lap apron provides no added protection from scatter radiation.7 This study, while not directly applicable, looks at the imaging modality that most closely approximates the field of view for orthodontic evaluation (panoramic). Still, it is important to realize that patients and parents are concerned about any radiation exposure. It probably takes less time to shield the patient with a lap apron than to explain why you do not need it. The thyroid collar should not be used for either 2D cephalometry or 3D CBCT.

Exposure Factors

All radiographic imaging is predicated by differential absorption of the x-ray beam by the region of interest. Multiple exposure factors need to be adjusted depending on the patient’s size and bone density. These exposure factors—kVp, mA, and exposure time—are discussed below.

Kilovoltage peak (kVp)

Kilovoltage refers to the energy or penetrating power of the x-ray beam. Peak simply refers to the highest energy in a polyenergetic beam. The mean beam energy is generally considered to be one-third of the peak. As kilovoltage increases, the beam energy and penetrating power also increase. Conversely, lower kilovoltage produces lower beam energy and generates photons that are more likely to be absorbed by the region of interest. Kilovoltage should be increased for patients with large or dense facial bones and decreased for patients with small or less dense facial bones. Most cephalometric units function in a range of 70 to 90 kVp. CBCT units function between 90 and 120 kVp.

Milliamperage (mA) and exposure time

Milliamperage is the determinant of the tube current and controls the number of photons of x-radiation that are produced in the tube head. It is often adjusted because of the density of the soft tissues of the head and neck, and it is often reported together with exposure time (seconds). Both mA and exposure time have a direct relationship with output. It is important to remember that mAs = mAs. This simply means that as long as the product of mA and exposure time remains constant, the output of the machine will also remain constant. For example, if mA is 5 and the exposure time is 0.5 seconds, the mAs is 2.5. If the milliamperage is 10, the exposure time would need to be decreased to 0.25 seconds to maintain output.

Collimation/Soft Tissue Filtration

The shape and size of the primary beam of x-radiation is controlled by collimation of the beam. The radiation beam should be collimated to the size of the image receptor. Collimating the beam to the size of the receptor decreases the exposure and dose received by the patient. The cephalometric unit should have a mechanism to filter the soft tissues of the nose and lips. Generally, the x-ray beam is generated to penetrate bony structures and will burn out soft tissue structures. The soft tissue filter attenuates the beam prior to it contacting the patient, providing some radiation protection to the patient and decreasing the energy of the beam so that the soft tissues will be enhanced in the cephalogram.

Image Distortion/Magnification

A 2D cephalogram will contain some image distortion in the form of differential magnification because a 3D object is being imaged using diverging radiation rays. Structures away from the image receptor will be magnified much more than objects that are positioned close to the image receptor. Magnification is calculated by dividing the distance from the source of radiation to the image receptor (SID) by the distance from the source to the object of interest (SOD). Based on this calculation, it is easy to see that the right and left sides of the skull will be different sizes in a lateral cephalogram. Because there is a potential for distortion just from projection geometry, it is essential to either record the distance from the center of the cephalostat to the image receptor or to establish a standard distance when evaluating sequential cephalograms.

Image Receptors

Film-based systems

Film-based cephalometry employs indirect-exposure radiographic film positioned between two intensifying screens. Intensifying screens convert x-radiation into light. Indirect-exposure film is more sensitive to light than it is to x-radiation. As a consequence, the use of intensifying screens and indirect-exposure radiographic film allows for very low exposure times. Different types of intensifying screens emit different wavelengths of light. Care must be taken to match the spectral sensitivity of the film to the light emitted from the intensifying screens. Rare-earth intensifying screens emit either green or blue light. Traditional or par screens emit purple light. If intensifying screens emit a green light, you must use green-sensitive film to produce an acceptable image. Figure 2-4 shows examples of film-based lateral and PA cephalograms.

[image: images]

Fig 2-4 Examples of film-based lateral (a) and PA (b) cephalograms.

Darkroom procedures

As with any film-based imaging, chemical processing must be performed to convert the latent or chemical image into a visible image. All film processors go through the same steps: development, fixation rinse, and drying. The function of the developer is to convert the silver ions on the film into metallic silver. The process of fixation stops the development process and renders an archival image. The quality of correctly processed film images will not change over time; unfortunately, however, most images are not correctly processed. Quality assurance in the darkroom is essential for quality film-based imaging. Quality assurance pertains to many components of the darkroom—lighting as well as the activity of the processing chemistry. Processing chemistry must be replenished every day. Developer and fixer activity diminish due to workload rather than time, so it is essential to have an ongoing program of assessing the activity of the chemistry. Finally, because direct- and indirect-exposure films require different safelight filters, make sure that the safelight in the darkroom does not fog the film prior to processing.

Digital systems

Digital receptors are divided into two groups: indirect digital and direct digital systems. PSP plates are considered to be indirect digital sensors, whereas CCD and complementary metal oxide semiconductors (CMOS) are considered to be direct digital sensors. There are many advantages to the use of digital receptors (Box 2-1). In addition to reduced exposure, a huge advantage is the ability to enhance images once they are captured. Electronic image storage and image transmission are also advantages of digital receptors compared with film-based systems. While automated analysis can be performed on a film-based image that is converted into a digital image through a process called analog to digital conversion, data is lost in the process, whereas with digital images automated analysis can be performed without any lost data. Staff efficiency is also increased with the use of digital receptors: There is no downtime spent waiting for the image to be processed.

Box 2-1 Advantages and disadvantages of digital cephalometric imaging


Advantages

•Exposure reduction

•Image enhancement

•Digital image storage

•Automated analysis

•Image transmission

•Increased staff efficiency

Disadvantages

•High initial cost

•Differences in projection geometry



There are two potential disadvantages to the use of digital receptors: (1) cost and (2) differences in projection geometry (see Box 2-1). There is no doubt that the initial cost of a digital cephalometric unit is higher than the cost of a film-based system. However, when one factors in the costs of film, processing chemistry, and lost staff efficiency, the difference in initial cost is recouped rather quickly. The issue of differences in projection geometry is covered in the section entitled “Digital Versus Conventional Cephalometry.”

PSP plates

PSP plates are image receptors that convert x-radiation into an electrical charge contained within the imaging plate. PSP plates come in all sizes (from 0 to an 8 × 10-inch plate) for cephalometry. The PSP plate is placed in the 8 × 10-inch cassette with the intensifying screens removed. The imaging plate is coated with europium-activated barium fluorohalide. The electronic information is converted into a visible image by subjecting the phosphor plate to a helium-neon laser. The PSP plate in turn emits a blue-violet light at 400 nm that is captured by the scanner and converted into a digital image. As a final step, the plate must be exposed to white light to remove the latent image; this step is performed in most scanners automatically. PSP plates are considered to be indirect digital images because the x-ray data is captured as analog or continuous data and converted into digital data in the scanner. This is the same reason that film-based images that are scanned as digital images are considered to be indirect digital images.

CCD/CMOS receptors

Direct digital cephalometric x-ray machines use either a CCD or CMOS receptor for image capture. While these two types of digital receptor differ with regard to image capture and data transfer, both generate comparable images. Some panoramic cephalometric combination machines use only one sensor that has to be moved depending on the type of image captured. Other combination machines use two sensors, which is much more efficient and decreases the risk of damaging the sensor by dropping it. The majority of these units capture an image in a scanning motion either horizontally or vertically (Figs 2-5 and 2-6). This type of image capture differs from film-based and PSP imaging, which capture the image in a single exposure. Image capture with the scanning motion requires the patient to remain motionless for up to 10 seconds. The possibility for motion artifact increases as the exposure (or in this case scanning) time increases. At least two companies (Carestream and Vatech) have produced a “one-shot” image capture system that potentially can create the same projection geometry as conventional cephalometry while significantly decreasing the time the patient must remain motionless.

[image: images]

Fig 2-5 Graphic representation of scanning motion for direct digital cephalometric units.

[image: images]

Fig 2-6 Examples of direct digital (scanned) lateral (a) and PA (b) cephalograms.

Digital Versus Conventional Cephalometry

Not all digital cephalometric images are the same. Cephalometric images captured on a PSP plate have the same projection geometry used to capture a film-based image. The majority of digital receptors, however, capture the image with a scanning motion and therefore have different magnification factors than in film-based cephalometry. Chadwick et al reported differences among several different systems that appear to be system dependent and recommended that the magnification factor be experimentally determined prior to any cephalometric analysis.8 McClure et al compared digital cephalometry with film-based cephalometry and found no differences in linear measurements; however, in their study, pretreatment cephalograms were compared with posttreatment cephalograms.9 The time frame between pre- and posttreatment images may introduce the confounder of active growth during the orthodontic treatment.

CBCT

CBCT began to appear in the late 1990s. CBCT machines consist of a radiation source shaped like a cone and a solid-state detector that rotates around the patient’s head and captures all of the scan data in a single rotation.10 This raw data is then reconstructed in the coronal, axial, and sagittal planes (also known as multiplanar reformation) (Fig 2-7). The data can be further reconstructed to produce either 2D images such as panoramic or cephalometric images (Fig 2-8) or 3D data sets11 (Fig 2-9). The images produced with CBCT are not magnified, so standard cephalometric analysis must be altered to address this difference in projection geometry.

[image: images]

Fig 2-7 Multiplanar reformation.

[image: images]

Fig 2-8 Examples of CBCT-derived lateral (a) and PA (b) cephalograms.

[image: images]

Fig 2-9 Examples of 3D reconstructions. (a) Lateral cephalometric rendering. (b) PA cephalometric rendering. (c) Submentovertex rendering.

While the name implies similarity with conventional CT, the two technologies differ in a number of ways. The most important difference for the patient is the difference in dose. Conventional CT produces a four- to tenfold higher dose than CBCT when imaging the maxillofacial region.6 There are several reasons for this difference in dose, but the fundamental difference is that CBCT captures the entire data set in one rotation, whereas conventional CT requires multiple rotations to capture the data. This single rotation decreases the dose but also is more susceptible to patient motion. If the patient moves during conventional CT imaging, only that slice of data is impacted. However, patient movement affects every voxel during CBCT image capture. Another difference has to do with the imaging of soft tissue. Conventional CT uses a high mA, which contributes to the soft tissue contrast; CBCT uses a fairly low mA, with minimal soft tissue contrast. CBCT will capture soft tissue, but the soft tissue is displayed as a fairly homogenous image.

Selection criteria

CBCT can provide a wealth of information regarding the maxillofacial regions. The ability to generate 3D images greatly enhances the treatment-planning process for many patients but may be unnecessary for some patients. The decision to scan or not to scan will be dependent on the patient’s condition. The delineation of whom to scan is called selection criteria. In 2013, the American Academy of Oral and Maxillofacial Radiology published clinical recommendations for the use of CBCT in orthodontics.12 The first recommendation is to use the appropriate imaging modality based on the patient’s clinical presentation and history.
OEBPS/images/fig2.8.jpg





OEBPS/images/fig2.9.jpg





OEBPS/images/fig2.6.jpg





OEBPS/images/fig2.7.jpg
=

(i U 3 7 o ) T e 2 2 o e

P
RIS R | | 1 T

iz
F
I

A (I A L Y T i T i ) L i

3





OEBPS/images/fig1.7.jpg
Frankfort POrion
horizontal

Bolton
point

;
Q






OEBPS/images/fig2.1.jpg





OEBPS/images/fig2.4.jpg





OEBPS/images/fig2.5.jpg
Motion

Digital
sensor

Digital

Motion

Tube
head






OEBPS/images/fig2.2.jpg
Film cassette

Tube head

60 in






OEBPS/images/fig2.3.jpg





OEBPS/images/fig1.1.jpg





OEBPS/images/title.jpg
CEPHALOMETRY N
ORTHODONTICS:
2D anp 3D

et by
Katherne Kula, s, ou, us

et ol Ootrtcs o0 G

Indiana Unvrsity School of

Indianapols,Intiana

Atmed Ghoneims, s, i, o
fatePrfessa,Orthodonti

i B tammedcoeg o e ockin

Dubal, Unted Arab Emirates

Adjnct Faculty
gt oot s 0 acl ot
Indiana Unvrsity Schoolof Dentst

Indianapols, Indiana

& auinTessence pusLIsHiNG

S, Bucion o, gl Lo, Wi, escow, Now O,
Pari,Prague, S50 Pk, Seou, Sngapere, Toyo, o





OEBPS/images/fig1.3.jpg





OEBPS/nav.xhtml






		Cover



		Half Title Page



		Title Page



		Copyright Page



		Preface



		Contents



		Contributors



		1 Introduction to the Use of Cephalometrics



		2 2D and 3D Radiography



		3 Skeletal Landmarks and Measures



		4 Frontal Cephalometric Analysis



		5 Soft Tissue Analysis



		6 A Perspective on Norms and Standards



		7 The Transition from 2D to 3D Cephalometrics: Understanding the Problems of Landmarks and Measures



		8 Cephalometric Airway Analysis



		9 Radiographic Superimposition: From 2D to 3D



		10 Growth and Treatment Predictions: Accuracy and Reliability



		11 Measuring Bone with CBCT



		12 Common Pathologic Findings in Cephalometric Radiology



		13 The Cost of 2D Versus 3D Radiology



		14 Clinical Cases



		Index













OEBPS/images/fig1.2.jpg





OEBPS/images/fig1.5.jpg





OEBPS/images/fig1.4.jpg





OEBPS/images/fig1.6.jpg
Frankfort R

Orbital plan

L

Nasion

horizontal

Bolton

;
Q






OEBPS/images/cover.jpg
CEPHALOMETRYn

ORTHODONTICS:
2D anD 3D

Edited by
Katherine Kula, ms, omp, Ms
Ahmed Ghoneima, 8os, Pho, MsD

|||||||||||||||||||





OEBPS/images/logo.jpg
QUINTESSENCE PUBLISHING

(Y\), USA





