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ABSTRACT 

There remains a discord among orthodontists regarding the usefulness of a lateral 

cephalogram radiograph as a part of diagnostic records for treatment planning.  Today, 

orthodontists take diagnostic lateral cephalograms largely based on a personal preference, 

rather than following any evidence-based approached for determining whether taking the 

radiograph will affect treatment planning. 

The aim of this study is to identify patients with the type of malocclusion for 

which the availability of a lateral cephalogram radiograph will affect the treatment plan.  

This would prevent patients, whose treatment plan would not benefit from a diagnostic 

lateral cephalogram, from receiving unnecessary ionizing radiation.   

The data for this study was obtained from responses to two questionnaires, mailed 

five weeks apart, to ten orthodontists with clinical experience.  Primarily, the 

orthodontists were required to treatment plan twenty cases, twice, once with full 

diagnostic records including a lateral cephalogram radiograph and once without.  Six 

orthodontists completed both questionnaires. 

Based on the data, it was found that for approximately 25% of patients having a 

lateral cephalogram radiograph does affect treatment planning.  These patients present 

with bilateral, sagittal dental malocclusions, matching significant soft-tissue profile 

disharmony and at least one arch with a moderate arch length discrepancy.    

A larger, follow-up study is suggested to further investigate the relationship 

between malocclusion, lateral cephalogram radiographs, and treatment planning.  
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CHAPTER 1 

INTRODUCTION 

For the most part in the history of orthodontics, there has been a somewhat 

dogmatic attitude towards diagnostic record taking.  The American Association of 

Orthodontists has stipulated their recommendations for what diagnostic records should be 

taken, which in turn is considered by many to be the ‘golden standard.’  Nonetheless, 

presently there are a wide variety of opinions and rationales behind what diagnostic 

records are actually necessary.  Which set or combination of diagnostic records really 

affects treatment planning? 

While it is understood that there is no potential for real harm to patients in taking 

certain types of records (i.e. study models, photographs), not all records are as benign- 

namely, radiographs.  At present, the majority of radiographs being taken as a part of 

orthodontic diagnostic records are panoramic and lateral cephalograms.  The usefulness 

of the former has not been brought into question as much as that of the latter.  In fact, a 

1991 study by Atchison et al. found that many orthodontists were comfortable and 

confident in their ability to treat without the use of any radiographs. 

The cumulative and deleterious effects of ionizing radiation have long been 

known and studied.  Ionizing radiation causes the production of micronucleated cells 

which have been linked with an increasing risk of cancer (Angelieri, 2010).  Dental 

radiographs are the most frequent source of artificial ionizing radiation.  The knowledge 

of this prompts us to ask, are lateral cephalogram radiographs truly necessary?  Does the 

availability of a lateral cephalogram radiograph effect how orthodontists treatment plan?  

If so, which types of malocclusion are most affected?   
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These types of questions are all the more poignant with increasing public attention 

squarely on issues relating to the dangers of dental radiographs.  Such was the case in 

2010 with an article published in the New York Times and a study published in 2012 

linking dental radiographs with meningioma (Claus et al., 2012). 
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CHAPTER 2 

REVIEW OF THE LITERATURE 

 

2.1 The Need for Cephalometrics in Orthodontics 

Orthodontics is a specialty that is primarily concerned with the relationships 

between component parts of the dentofacial complex (Downs, 1952).  The introduction of 

cephalometry by Broadbent in 1926 and the incorporation of the Broadbent-Bolton 

radiographic approach in 1931 gave orthodontists the ability to longitudinally track 

growth changes in the same individual, and provide visualization of the component parts 

of the dentofacial complex (Graber, 1954; Broadbent et al., 1975; Downs, 1952).  Before 

the availability of cephalograms, the study of head anatomy offered a problem in four 

dimensions; these were in the area of height, width, depth and time.  The advent of 

cephalometry addressed three of these dimensional problems, specifically, in the areas of 

height, depth, and time (Down, 1952).  For the first time, cephalograms enabled 

orthodontists to visualize how soft tissue responded to skeletal changes and occasionally 

muscle function (Steiner, 1959).  From a patient management perspective, the advent of 

cephalograms allowed orthodontists to identify skeletal disharmony and inform patients 

of such issues prior to starting treatment (Jacobson and Jacobson, 2006).   

Cephalograms were primarily treated as a research tool with an institutional 

nature.  Even from the beginning, cephalometrics was seeking to set a standard whereby 

orthodontists could calibrate diagnosis and treatment goals (Graber, 1954).  Today, 

cephalograms are used clinically and for research (Quintero et al., 1999). 

Downs provided the first practical way of incorporating cephalometric 

radiography into clinical practice (Steiner, 1959).  Downs used cephalograms, which 
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allowed orthodontists to accurately visualize the skeletal structures which supported the 

soft tissue of the face, to develop numerical norms to guide treatment planning decisions 

(Downs, 1952).  Downs’ cephalometric analysis effects treatment planning by visualizing 

several key components of the patients’ dentofacial complex; these include visualization 

of the anterior-posterior relationship of the denture bases, description of the facial 

skeletal profile, position of incisal edges for information about denture base protrusion, 

axial inclination of incisors, and prediction of patient growth potential (Downs, 1952).        

Steiner, another early proponent of using cephalometry, was a particularly 

important figure in advocating the use of these radiographs in the everyday clinical 

practice of orthodontists.  Steiner’s practical approaches to the use of cephalograms lead 

to his creation of a series of acceptable compromise measurements, where patients 

receiving orthodontic treatment can maintain excellent facial esthetics (Jacobson and 

Jacobson, 2006).   Steiner stressed that information gained from cephalograms is mainly 

circumstantial data which necessitates the integration of other evidence before it becomes 

of real value (Steiner, 1953).  Steiner stated that cephalometric analysis provides 

clinicians a more coherent set of guidelines that all orthodontists can comprehend; 

cephalometrics also provided an opportunity to assess problems and solutions in 

treatment planning, as well as critically evaluating treatment results (Steiner, 1959).  

Steiner stated that cephalometrics had great value in comparative studies and that they 

were equally capable of showing the shortcomings of treatment (Steiner, 1959).    

Tweed was another early pioneer in the use of cephalometry.  After taking a 

cephalometrics course at the University of Seattle under the instruction of Drs. Moore, 

Wylie, Downs and Ridel, Tweed returned feeling that the current use of cephalometrics 
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was not focused enough on clinical application for the everyday orthodontist (Tweed, 

1954).  Tweed felt that most orthodontists desired a cephalometric technique that would 

benefit their treatment planning ability rather than enhance their knowledge of growth 

and development (Tweed, 1954).  To satisfy this need, Tweed developed the Tweed 

Triangle- cephalometric parameters for basing extraction decisions and the position of 

teeth that resulted in excellent facial esthetics (Tweed, 1954).  Tweed further espoused 

the benefits of cephalometrics by stating that visual estimation of lower incisor 

inclination was far less accurate than measurements taken from a lateral cephalogram 

(Tweed, 1954). 

A recent study by Moffitt (2011) aimed to determine the frequency with which 

orthodontists discovered significant pathologies on lateral cephalograms during the 

course of their careers.  This study was designed to better understand the regularity at 

which lateral cephalogram radiographs should be taken.  Results showed that 

approximately half of all orthodontists surveyed reported discovering at least one life-

affecting pathology on a lateral cephalogram of their patients (Moffitt, 2011).    

 

2.2 The Use of Cephalograms and Diagnostic Records in Orthodontics 

It is widely accepted that proper orthodontic diagnosis is possible only with a full 

complement of diagnostic records, which include radiographic information.  The 

American Association of Orthodontists has provided a set of clinical guidelines which 

includes a recommendation for what pretreatment diagnostic records should be taken 

prior to comprehensive orthodontic treatment.  It can be said that these recommendations 

are considered as the ‘gold standard’ for orthodontists to follow.  Accordingly, the ‘gold 

standard’ for diagnostic records consists of intra- and extra-oral photographs, dental 
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casts, intraoral and/or panoramic radiographs, and cephalometric radiographs and/or 

CBCT (American Association of Orthodontists, 2008).   

The AAO guidelines are formulated from relevant clinical and scientific 

literature, clinical evidence from orthodontists, and general professional consensus 

(American Association of Orthodontists, 2008).  The AAO clinical guidelines state that 

cephalometric radiographs allow clinicians to evaluate craniofacial structures and 

dentition, as well as discovering any anomalies or pathology.  In the United Kingdom, 

guidelines for taking cephalograms for clinical use are:  the presence of a skeletal 

discrepancy where a functional or fixed appliance is to be used, patients with moderate 

skeletal discrepancies in an academic setting, and growth assessment for patients 

treatment planned for combined orthodontic-orthognathic surgery (Devereux et al., 

2011). 

There remains a large degree of ambiguity amongst orthodontists regarding which 

types of diagnostic records to take.  Much of this uncertainty is based on the fact that 

orthodontists find different records useful.  Questions surrounding the efficiency of 

treatments and diagnostic information can usually be answered by studies in clinical 

epidemiology; unfortunately, these studies have not been broadly applied in orthodontics 

(Han et al., 1991).  It is widely believed that in fact there is no diagnostic ‘gold standard’ 

in orthodontics.  Rather, certain diagnostic records should be taken based on the benefit 

the patient would receive without otherwise having them (Han et al., 1991).  A study by 

Han et al. (1991) investigated the effect of providing incremental information from 

diagnostic records on treatment decisions and found, beyond the availability of study 

models, the additions made little difference (Han et al., 1991).  
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In contrast to the ABO, a review of radiology literature by Dykhouse et al. 

showed that there is no ‘gold standard’ for the type of diagnostic radiographs which 

should be taken on orthodontic patients (Dykhouse et al., 2007).  This finding is 

corroborated by Atchinson et al. (1991).  A recent follow-up questionnaire for 

orthodontists, that is part of a twenty-two year treatment study, showed that panoramic x-

rays were the sole radiograph taken by almost all the respondents prior to treatment and 

by the majority after treatment (Keim et al., 2008).  It is evident that orthodontists take 

different amounts of diagnostic records despite the AAO’s clinical guidelines 

recommendations.  The study also showed that since the last questionnaire in 2002, there 

was a decline in the overall percentage of respondents who regularly used cephalometric 

analysis, and respondents were more likely to use an ‘eyeball’ analysis (Keim et al., 

2008).   

A similar study by Atchison et al. (1991) investigated the contribution of 

pretreatment radiographs to orthodontists’ decision making.  Results of the study showed 

that the majority of orthodontists were very capable of diagnosing and treatment planning 

without the use of any radiographs and showed a significant degree of confidence in 

doing so (Atchison et al., 1991).  The evidence based study demonstrated that in 

approximately seventy percent of orthodontic cases the lateral cephalogram had no effect 

on the treatment plan (Atchison et al., 1991).  The results of this study demonstrate that 

evidence is lacking to support the routine acquisition of lateral cephalograms for all 

orthodontic patients, even though lateral cephalograms appear to be diagnostically critical 

in certain cases. A closely related recent study found that in most cases a clinical exam, 

study models and photographs were adequate for treatment planning (Bruks et al., 1999).  
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Paralleling Atchison et al., Bruks et al. found that in certain cases lateral cephalograms 

can have a major impact on diagnosis.  

 

2.3 Radiographs and Radiation Risks 

While it is known that patients receive ionizing radiation from radiographs, there 

is uncertainty regarding how much is harmful.  Dental x-rays comprise the most frequent 

artificial source of ionizing radiation to people living in the United States (Claus et al., 

2012).  Radiosensitive structures in the maxillofacial region are: salivary glands, bone 

marrow, thyroid glands, and brain (White and Mallya, 2012; Ludlow et al., 2008; Claus 

et al., 2012; Gijbels et al., 2005).  Ionizing radiation damages DNA and DNA protein 

cross-links, increasing the frequency of micronucleated cells in patients undergoing 

radiographs (Angelieri et al., 2010).  Elevated levels of these cells are indicative of an 

increased risk of cancer (Angelieri, 2010).  It has been stated that any given dose of 

ionizing radiation can cause cancerous changes, and no dose threshold exists below 

which radiation is known to be predictably safe (Abbott, 2000).   

The long term effects of ionizing radiation include radiation induced leukemia, 

malignancy, and genetic diseases (Ludlow et al., 2008).  The International Commission 

on Radiological Protection revised guidelines for estimating the radiosensitivity of tissues 

in the maxillofacial area.  The revised guidelines found that the risk associated with 

dental radiographs is far higher than previously estimated, particularly with panoramic x-

rays; the commission concluded that radiographs pose a small, but real risk (Ludlow et 

al., 2008).  Several studies have found similarly that the potential carcinogenic effects of 

dental x-rays are low- especially in the case of cephalometric radiographs (Abbott, 2000; 

Gilda and Maillie, 1993; Buch and Fensham, 2003).   
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A recent study by Claus et al. (2012) investigated the relationship between dental 

x-rays and meningiomas; exposure to ionizing radiation is the most consistent 

environmental risk factor currently known for meningioma.  Meningiomas accounted for 

a third of all brain tumors from 2004-2006 in the US (Claus et al., 2012).  The results of 

the study suggest that dental radiographs could be associated with an elevated risk of 

developing intracranial meningioma, especially in young patients when x-rays are taken 

frequently (Claus et al., 2012).  Many authors argue that it is difficult to demonstrate a 

clear cause and effect relationship between dental x-rays and malignancy due to the 

extended latent period, which can extend from ten to twenty years (Abbott, 2000).  There 

is, however, a general consensus amongst authors that clinicians should be selective when 

taking radiographs on patients, ensuring each x-ray provides additional information that 

benefits diagnosis and treatment planning (Abbott, 2000; Ludlow et al., 2008; White and 

Mallya, 2012).            

 

2.4 Radiation Risk Perception 

An investigation of available literature in this area finds that there are differing 

perceptions regarding radiation; this is particularly evident when comparing the general 

public’s perception versus most experts on radiation and its consequences (Slovic, 1996).  

An early psychometric study by Slovic (1996) found that different types of exposure to 

radiation were perceived differently; for example, lay people did not find radiographs to 

be as risky as did experts.  Studies from the US, Canada and Sweden all show that the 

public generally view medical radiographs favorably- presenting high benefit and low 

risk (Kunreuther et al., 1988).  Even though the public may find some sources of 

radiation less risky than others, several studies have shown that a high proportion believe 
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that cancer is likely to occur at some point due to exposure to radiation (Slovic et al. 

1993).    

Interaction of the public’s perception of risk with social and establishment forces 

can cause political and economic ramifications (Slovic, 1996).  Kasperson et al. explain 

how the synergy of psychological, social, cultural and political factors ‘amplify risk’ and 

show the effect of media coverage on the public’s perception of risk (Kasperson et al., 

1988).  Kasperson states that increasing media coverage of an event raises the public’s 

perception of danger associated with that event.  In recent years several articles and 

studies pertaining to radiation risks have garnered much attention from the public.  A 

2010 New York Times article titled, ‘Radiation Worries for Children in Dentists’ Chairs’ 

was widely circulated by media outlets, as was a 2012 study by Claus et al. which linked 

dental x-rays and meningioma.  Further research in the domain of social amplification 

demonstrate that even small incidents can be amplified to result in the reduction of public 

confidence, resistance of patients to submit to necessary procedures, increased litigation 

against clinicians, and demands for more stringent regulation  (Burns et al., 1993).  

 

2.5 Cephalograms and Orthodontic Treatment Planning 

There are numerous recommendations made to orthodontists about what type of 

diagnostic records should be routinely taken on patients for accurate treatment planning- 

these recommendations include the use of lateral cephalograms (Graber and Vanarsdall, 

2000; Proffit and Fields, 2000).  Many believe that taking a pretreatment cephalogram 

complies with a ‘gold standard’ for diagnostic records, despite the fact this claim is 

unsupported by evidence and the actual role of cephalograms in treatment planning 

remains uncertain (Graber and Vanarsdall, 2000; Proffit and Fields, 2000; Bruks et al., 
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1999; Nijkamp et al., 2008).  Some authors believe that cephalometric radiographs should 

be taken for assessing possible signs of pathology or injury (National Council on 

Radiation Protection and Measurements, 2003).         

Nijkamp et al. (2008) found that the literature provides no cost-benefit analysis 

for the routine use of cephalometric radiographs, or any evidence that their use effects 

treatment planning by reduction in treatment time, quality of treatment, or predictability 

of results (Nijkamp et al., 2008).  Some studies have demonstrated that the efficiency of 

diagnostic cephalometric radiographs on treatment planning orthodontic cases is not 

proven (Bruks et al., 1999 and Han et al., 1999).  Additional studies have found that 

while the availability of lateral cephalograms failed to affect treatment decisions in the 

majority of cases, some were changed in a fundamental way; extraction decisions were 

more influenced by a lateral cephalogram (Devereux et al., 2011 and Pae et al., 2001).  

The study by Devereux et al. found that a lateral cephalogram provided additional 

diagnostic information for patients with Class I dentition- Class II skeletal base dentition, 

but also concurred with other studies in saying that there was a lack of evidence which 

supported the routine use of a diagnostic cephalogram for treatment planning (Devereux 

et al., 2011).  Pae et al. found that lateral cephalogram radiographs could affect treatment 

planning in bimaxillary protrusive and Class II Division 2 malocclusion cases (Pae et al., 

2001).   
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CHAPTER 3 

AIMS OF THE INVESTIGATION 

 

The aim of this study is to determine the types of malocclusion where the use of a 

diagnostic lateral cephalogram radiograph will have an effect on orthodontists’ ability to 

treatment plan.  If this can be determined, orthodontists can make patient-specific 

decisions regarding when a lateral cephalogram radiograph is necessary, thereby 

minimizing patient exposure to ionizing radiation.  
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CHAPTER 4 

MATERIALS AND METHODS 

Twenty previously treated patients were selected from the private offices of 

Harold Slutsky, DMD (Philadelphia and Bensalem, Pa.) to be the subjects in this study.  

Subjects were selected by Dr. Slutsky based on an equal distribution of varying degrees 

of dental and skeletal malocclusion.  An attempt was made to select subjects with equal 

distributions of gender and race.  Subjects selected for this study presented with full 

permanent dentition, age between 9-65 years old, and have completed treatment from 

2010-2012 at the offices of Philadelphia Braces.  Most subjects fell into the age category 

of 8-13 years old.  All subjects had pretreatment records consisting of panoramic 

radiograph, lateral cephalogram radiograph, study models, intraoral photographs and 

extra oral photographs.  

 All patients selected for this study had their records de-identified of any personal 

information prior to acquisition by investigators by staff members of Dr. Slutsky.  

Patients in this study were identified as Patient 1-20.  All pretreatment records were 

digitized and placed on a USB flash-drive.  Study models were digitized using Ortho 

Insight 3D model scanner (Motionview Software, LLC) and lateral cephalogram 

radiographs were traced on a computer using Dolphin Imagining (Patterson Dental 

Supply, Inc.).   All lateral cephalograms were traced by Dr. Harold Slutsky and his 

associate orthodontists. 

Ten orthodontists with a minimum of five years of clinical practice experience 

were chosen to answer the questionnaire regarding the twenty subjects.  First, each 

orthodontist was mailed a package including a USB flash-drive with all digitized 
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pretreatment records for all twenty subjects, twenty questionnaire forms (one per 

subject), directions for filling out the questionnaire, and a pre-paid envelope for returning 

all materials to Temple University Department of Orthodontics (Philadelphia, Pa.) as 

soon as the questionnaires were completed.  The initial mailing, which included a lateral 

cephalogram radiograph for each subject, was designated T1.  Five weeks later, a second 

mailing was performed, T2, with packages similar to those from T1, except digitized 

lateral cephalograms were omitted for all twenty subjects.  The use of an extended time 

period between T1 and T2 was to reduce the likelihood of orthodontists recalling the 

cases from T1.  In addition, Patient 1-20 were reordered in the second mailing, T2, to 

further decrease the chances of orthodontists recalling the cases from T1.   

Once questionnaires from T1 and T2 were returned, statistical analysis was 

performed to determine any significance between the availability of a lateral cephalogram 

radiograph and its relationship in determining the treatment of different malocclusions. 
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CHAPTER 5 

RESULTS 

In total, six orthodontists completed both sets of questionnaires to the 

specifications required.  This means that each of the six orthodontists completed a set of 

questionnaires pertaining to twenty patients, once with the availability of a lateral 

cephalogram (T1) and once without (T2).   

The principal investigator and an assistant then transferred the information from 

the questionnaires into modalities which allowed for further statistical and qualitative 

analysis. 

 

 
 

Table 1 shows how orthodontists responded to the question of whether they felt a 

lateral cephalogram was necessary to formulate a treatment plan at T1 and T2.  Because 

six orthodontists evaluated twenty patients, twice, there are a total of 120 decisions.   

Employing a McNemar test, it was found that there was a significant change 

(McNemar Test Chi-Square = 9.00, p = 0.002) in the perceived need for a cephalogram 

between T1 and T2.  Results demonstrated that when orthodontists were not given a 

lateral cephalogram as part of diagnostic records (T2), they were more likely to respond 

that a lateral cephalogram was not necessary for formulating a treatment plan (Table 1, 
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Appendix B).  It can be stated that when orthodontists in this study were not presented 

with a lateral cephalogram, they were more comfortable to treatment plan with the 

remaining records.  In fact, orthodontists found the availability of a lateral cephalogram 

less necessary when they did not have it (T2), versus when they did (T1).    

Next, a nested, random effects model was used to determine if there is any 

significant change in treatment plan, controlling for the availability of a cephalogram 

between T1 and T2.  It was found that the orthodontists participating in this study were 

31 times more likely (95% CI: 21 to 47) to change a treatment plan if they felt that a 

cephalogram was necessary in the second time period, T2.  

Essentially, orthodontists were far more inconsistent in treatment planning when 

they felt that they needed a cephalogram and could not treatment plan based on other 

diagnostic records.  This complements earlier results, such that when no cephalogram 

was presented (T2), they were viewed as less necessary; except, when the orthodontist 

doubts their ability to treatment plan in certain instances without a cephalogram, a high 

degree of treatment planning inconsistency appears.   

Table 2 shows how often the six orthodontists changed their treatment plans, 

according to patient.  A chi-square analysis showed that there was no statistically 

significant difference in treatment plan between orthodontists (Table 2).  In addition, 

using an inter-class correlation coefficient, an agreement of 18% (95% CI: 2% to 89%) 

was found between orthodontists.  This demonstrates poor, non-significant rater 

agreement.   
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Despite the lack of statistical significance, the Tables 2, A-C and Appendix A 

show us data available to be analyzed with a qualitative approach and assessed further in 

the discussion.  For instance, the results showed that treatment plans for patients 1, 7, 10, 

and 16 showed no changes between T1 and T2 by any orthodontist.  In contrast, 

treatment plans changed most for patients 12 and 18 between T1 and T2. 

Table 4 takes into account the years of clinical experience for each of the six 

orthodontists in the study- the average years of clinical experience was 24.17.   

Table 5 takes the data from Tables 2 and Appendix B to describe how many 

treatment plan changes occurred between T1 and T2.  On average, the orthodontists 

changed their treatment plans 5.50 times out of twenty.  The least amount of changes in 
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treatment plan was observed with Orthodontist 2 and 6, who changed treatment in 20% of 

decisions.   

 

Table 3.  Orthodontists’ clinical experience and specialty training 

Orthodontist Training Program Clinical experience (years) 

1 Temple University 10 

2 Eastman 17 

3 Univ. of Maryland 29 

4 Temple University 22 

5 Temple University 25 

6 Temple University 42 

 

 

Using Table 3, we can see that Orthodontists 2 and 6 are far apart in years of 

clinical experience and were trained at different programs.  Orthodontist 3 changed their 

treatment the most, in 50% of decisions.  Orthodontist 3 was trained at a different 

program from Orthodontists 2 and 6, and has years of clinical experience between both. 

Table 6 compares years of experience with treatment changes and finds a 

correlation of 0.08, which is poor.  Therefore, it was found that there was a non-

significant relationship between years of clinical experience and changes in treatment 

plan between T1 and T2.   

Tables 4, 5, and 6 depict the absence of any significant relationship between 

clinical experience and number of treatment plan changes. 
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Table 4. Descriptive Statistic Years of Experience 

 
 

Table 5. Descriptive Statistic Number of Changes 

 
 

Table 6. Correlation 

 
 
 

Table 7 presents the combined results for orthodontists’ clinical experience, the 

number of cases in which treatment plans were changed, and specifically in which 

patients these changes occurred. 

Table 7.  Orthodontist experience and treatment changes 
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Reasons why changes in treatment plan were made were also assessed, 

qualitatively.  Questionnaire responses by all six orthodontists (Appendix A) were 

analyzed for treatment plan change between T1 and T2.  Table 8 represents the 

distribution and frequency of the five main reasons orthodontists changed treatment 

plans, and in which patient.  

Table 8.  Reasons for treatment plan change 

 
 
  

Results from Table 8 demonstrate that, from most to least frequent, reasons for a 

change in treatment plan from T1 to T2 were due to extraction decisions (extraction 

versus non-extraction), biomechanics, surgical treatment type, extraction pattern, and the 

decision to treat or not treat.  Change in treatment was much more attributable to a 

change in extraction decision as compared to the other four categories.  Conversely, it 

was far rarer to see indecision of whether to treat or not being the reason for treatment 

change. 
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CHAPTER 6 

DISCUSSION 

 

The present study was successful in partially achieving the aims of this 

investigation by giving orthodontists generalized guidelines for determining when it is 

most appropriate to take a diagnostic lateral cephalogram radiograph for the purposes of 

treatment planning.  Specifically, our investigation has begun to show the population of 

malocclusions within which having a lateral cephalogram radiograph will affect the 

resultant treatment plan. 

This study also demonstrated two statistically significant findings.  First, 

orthodontists were more inclined to feel that a lateral cephalogram was necessary for 

treatment planning when it was part of diagnostic records, as opposed to when it was not.  

Second, orthodontists are far more likely to change their treatment plan when a lateral 

cephalogram is not available and they feel it is necessary for treatment planning.  Both of 

these observations will be further explored in this discussion. 

Of the ten orthodontists surveyed for this study, a total of six completed a two part 

questionnaire aimed at evaluating how lateral cephalograms effect treatment planning for 

specific malocclusions.  A response rate of 60%, a limited number of total participants 

and subjects (Patient 1-20) were some obvious weaknesses of the study.  An additional 

weakness of the study was the inability of orthodontists to clinically evaluate patients in 

person before formulating treatment plans. 

Results showed that there was a statistically significant difference in the perceived 

need for a lateral cephalogram to formulate a treatment plan between T1 and T2.  At T2, 
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where no lateral cephalogram was available, orthodontists were more likely to state that a 

cephalogram was not necessary to treatment plan.  It is possible that many of the 

orthodontists surveyed do not routinely use lateral cephalograms for treatment planning, 

whether they take the radiograph or not.  Therefore it is plausible that these orthodontists 

are comfortable treatment planning cases without a cephalogram, and unsurprising that 

they do not find this additional radiograph necessary when they have other diagnostic 

records available.  A study by Atchison et al. (1991) showed that most orthodontists were 

comfortable diagnosing and treatment planning without the use of any radiographs.  A 

previous study has showed that beyond study models, additional diagnostic information 

made little difference regarding treatment decisions (Han et al. 1991). 

Conversely, results also show that orthodontists felt that it was more important to 

have a lateral cephalogram at T1 when it was available.  If orthodontists, who do not 

routinely analyze cephalograms for treatment planning purposes, were presented with this 

radiograph as part of diagnostic records, it is plausible that they were made to assess 

additional diagnostic information which they would otherwise ignore.  In doing so, 

orthodontists may be compelled to feel that the additional information from a lateral 

cephalogram is indeed necessary as diagnostic information, and therefore necessary for 

treatment planning. 

Orthodontists were far more likely to change a treatment plan between T1 and T2 

if they felt a lateral cephalogram was necessary for treatment planning at T2.  The 

majority of orthodontists in this study may be comfortable routinely treatment planning 

without a lateral cephalogram.  Similarly a study by Keim et al. found that the majority of 

orthodontists responding to a questionnaire reported that a panoramic x-ray was the only 
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radiograph taken as part of their diagnostic records (Keim et al. 2008).  In the instances 

that the orthodontists were not comfortable treatment planning a case without a 

cephalogram (T2), and stated that it was necessary, treatment plans changed with high 

frequency because it is likely that orthodontists are not used to or calibrated to treatment 

plan in this manner.  It stands to reason, therefore, that orthodontists display 

inconsistencies when treatment planning cases with diagnostic records which they are not 

accustomed to.   

There was no statistical significance between orthodontists, the residency 

programs they attended, years of clinical experience and changes in treatment plan from 

T1 to T2.  Even in comparing orthodontists 2 and 8, who responded most similarly on the 

questionnaires, it is evident that both were trained at different orthodontic residencies and 

have a difference of twenty-five years in clinical practice.  While the treatment 

philosophies taught at orthodontic residencies differ from one program to another, the 

same program can also undergo these changes over time.  Hence, it can be seen that 

orthodontists from the same residency program may treatment plan differently.  

Orthodontists also evolve in terms of their treatment philosophies over the course of their 

careers.  Clinical experience, continuing education, and new technologies and research in 

the field contribute to this.  It is entirely possible for two orthodontists trained at the same 

program at the same time to depart on treatment planning philosophy. 

A statistical analysis of the questionnaire responses by orthodontists was used in 

an attempt to determine the specific reasons why orthodontists changed their treatment 

plans from T1 to T2- in particular, which reason was most commonly cited.  In this study, 

five main reasons for treatment plan change were:  (1) extraction pattern, (2) extraction 
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vs. non-extraction (extraction decision), (3) biomechanics, (4) surgical plan, and (5) no 

treatment (Table 8).  This showed that extraction decision was the most likely reason for 

a change in treatment plan from T1 to T2.  This differs from a similar study conducted by 

Devereux et al. which found extraction pattern to be the most frequent reason for change 

(2011).  The findings from this study support the widely held belief that part of the 

decision to extract teeth can be derived from the information available in a lateral 

cephalogram.  Lateral cephalograms show incisor angulations and this was frequently 

cited by orthodontists in the study as reasons for why they felt this radiograph was 

necessary for treatment planning.   

This study showed that orthodontists changed treatment plans about 25% of the 

time from T1 to T2.  This can be interpreted as meaning approximately 75% of patients 

may be consistently treated by the same orthodontist without a lateral cephalogram.  

Further, in these instances, patients can be spared the needless radiation exposure. 

The main objective of this study is to determine which kinds of patient are in this 

25%- patients for which the availability of a lateral cephalogram effects treatment 

planning. Who are these patients?  How can they be identified?  In order to answer this 

question, a qualitative analysis of the data was necessary. 

Patients 1, 7, 10 and 16 are representative of the approximately 75% of patients 

for who a cephalogram had no effect on treatment planning (Figures 1-4).  None of the 

orthodontists in this study changed their treatment plan from T1 to T2 in these patients.   

Patient 1 has an SNA, SNB and FMA all within normal limits.  The patient is 

skeletally Class II due to an ANB that is over one standard deviation from the norm; 
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mildly, the maxilla is forward and the mandible is back.  The upper arch has mild spacing 

and overbite is moderate. 

Patient 7 has a high SNA, while SNB and FMA are within normal limits.  The 

patient is Class II skeletal due to the prognathic maxilla.  The upper arch has mild 

spacing and overbite is moderate. 

Patient 10 has a high SNA, while SNB and FMA are within normal limits.  The 

patient is Class II skeletal due to the prognathic maxilla.  The upper arch has moderate 

spacing and overbite is severe. 

Patient 16 has a high SNA and SNB.  The patient is skeletally Class I due to the 

relative balance between the prognathic maxilla and mandible.  The FMA is low, there is 

mild spacing in the upper arch and overbite is moderate. 

On average, this group of patients had the following cephalometric measurement: 

SNA of 87.7°, SNB of 82.7°, and ANB of 5°.  Corresponding ranges for these 

cephalometric averages were 83.2° to 90.1°, 78.2° to 88.3°, and -0.5° to 8.3°.  Patients 1, 

7, and 10 have the following in common- a mild to moderate, Class II skeletal 

relationship which presents clinically as a convex overall soft-tissue profile.  Patient 16 

presents with a Class I skeletal base relationship and a straight overall soft-tissue profile.  

In addition, all of these patients presented with a Class I dental malocclusion with the 

exception of Patient 7, who was Class II subdivision Right.  Patient 10 had moderate 

maxillary arch length discrepancy- the rest of the patients had minimal arch length 

discrepancies.   
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Figure 1.  Patient 1 
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Figure 2.  Patient 7 
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Figure 3.  Patient 10 
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Figure 4.  Patient 16 
 

 Patients 12 and 18 represent the smaller segment (approximately 25%) of 

patients for who the availability of a cephalogram does seem to affect an orthodontist’s 

ability to treatment plan (Figures 5-6).   

Patient 12 has a low SNB and FMA.  SNA is within normal limits and the patient 

is skeletally Class II due to a retrognathic mandible.  There is moderate crowding in the 

upper arch, slight crowding in the lower arch and overbite is severe.  This study suggests 

that the cephalogram for this patient influences treatment planning (Figure 7).  It is likely 

that orthodontists rely on information available from a cephalogram that is important to 
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their treatment planning decisions; information like the position of alveolar bone and 

inclination of incisors.  Although it is clinically obvious that this patient is skeletally 

Class II, only a cephalogram can show the exact nature of the underlying skeletal 

disharmony as well as the vector of mandibular growth.  This additional information is 

critical in helping orthodontists determine the need for extractions and the use of 

functional appliances. 

Patient 18 has a normal SNA, SNB and FMA.  This patient is skeletally Class I. 

The upper arch has moderate crowding, the lower arch has mild spacing and there is an 

anterior dental cross-bite.  Like Patient 12, the cephalogram influenced treatment 

planning- probably for similar reasons (Figure 8).  While it is clinically obvious that the 

patient is in anterior dental cross-bite, without a cephalogram the orthodontist cannot 

know precisely the position of the skeletal bases, alveolar bone and inclination of 

incisors.  This information is necessary for helping orthodontists decide whether it is 

possible to reposition incisors to alleviate the cross-bite, and if extractions are required to 

accomplish this objective.  Here again, a cephalogram provides information as to the 

mandibular vector of growth.  

On average, this group of patients had the following cephalometric measurement: 

SNA of 80°, SNB of 75.8°, and ANB of 4.2°.  Corresponding ranges for these 

cephalometric averages were 79.1° to 81°, 72.7° to 78.9°, and 2.1° to 6.4°.  These patients 

also share some commonalities.  Both patients presented with bilateral, sagittal dental 

malocclusions which matched the significant overall soft-tissue profile.  For example, 

Patient 12 was Class II dental and skeletal with a significant convex soft-tissue profile.  

Similarly, Patient 13 was Class III dental, Class I skeletal with a significant concave soft-
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tissue profile.  Both patients also had at least one arch with moderate arch length 

discrepancy.   

 

Figure 5.  Patient 12 
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Figure 6.  Patient 18 
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Figure 7.  Lateral cephalogram for Patient 12 

 

 

 

 

 

 

 

 

 

 

 

 



34 
 

 
 

Figure 8.  Lateral cephalogram for Patient 18 
 

In comparing the two groups of patients, we can see that the average 

cephalometric measurement for SNA and ANB were closer to traditional norms in the 

group comprised of Patients 12 and 18.  This is interesting given that this is the group for 

which patient treatment plans were most affected by a lateral cephalogram.  Based on 

these findings, it may be suggested that traditional cephalometric measurements may not 

be well suited as a tool in decision making for treatment planning as previously thought.  

Further, it may be stated that orthodontists are more prone to treatment plan based on 

how patients present clinically- influenced more by soft-tissue profile versus underlying 

skeletal relationships shown on a lateral cephalogram radiograph.   
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The present study uses broader parameters to define the patients in which having 

lateral cephalogram effects treatment, compared to Devereux et al. (2011).  That study 

showed that a Class I dental, slight Class II skeletal malocclusion showed differing 

treatment plans with and without a lateral cephalogram.  

Our study offers promising new results that lead us in the right direction with 

regards to limiting patient exposure to ionizing radiation.  Studies on phantom heads have 

shown that the equivalent dose to tissues and organs in the head and neck area for a 

lateral cephalogram are far less than a panoramic, and even less compared to a full mouth 

series (Ludlow et al., 2008).  Regardless, studies have proven that the risks associated 

with low-dose radiation are real; this study is part of an effort to eliminate unnecessary 

exposure in the name of diagnostic record taking (Scarfe, 2012).  Orthodontists should 

start treatment with diagnostic records that require the least amount of radiation exposure 

to patients, and take radiographs solely on a patient-specific basis when it is felt that the 

information in a radiograph will influence diagnosis or treatment planning (Lorenzoni et 

al., 2012; White and Mallya, 2012). 

Particular discretion should be used when deciding which radiographs are 

necessary for treatment planning the pediatric patient, especially as they constitute a large 

proportion of orthodontic patients.  Children have been shown to be far more sensitive to 

radiation carcinogenesis than adults, so ionizing radiation poses an even greater risk for 

the pediatric patient (Brenner et al., 2001; Smith-Bindman et al., 2009).  The reasons are: 

(1) the increased rate of cellular growth and organ development in children mean more 

radiosensitive tissues, (2) younger patients have a longer life for the stochastic effects of 

radiation exposure to become harmful, (3) effective doses are increased in children, and 



36 
 

(4) without using exposure-reducing techniques, radiation doses for younger patients are 

greater than in adults (Brenner et al., 2001). 

A continued and robust interest in research similar to this study will be of great 

benefit to the well-being of orthodontic patients and may help change orthodontists’ 

misconceptions about when and why to take lateral cephalograms. It is believed that a 

large number of orthodontists routinely take these radiographs on all patients as a type of 

defensive medicine. For these orthodontists, the lateral cephalogram is taken so that, in 

case of a medical malpractice claim, they will not be accused of failing to meet the 

standard of care.  Unfortunately, since it is not taken for medical necessity, trusting 

patients are exposed to ionizing radiation for the wrong reasons. 

Further research can play an integral role in objectively redefining the American 

Association of Orthodontists (AAO) guidelines for the use of lateral cephalograms.  

Current guidelines are vague and have the tendency to redirect orthodontists back to 

relying on their individual judgment.  If the AAO could come up with very specific 

guidelines on when to take cephalograms and when they are not needed (e.g. Class I 

malocclusions with no crowding), then orthodontists could feel confident not taking 

cephalograms routinely without worrying about potential claims of failing to meet the 

standard of care. 

If the standard of care is changed, orthodontic residents can begin to be trained to 

evaluate on a case by case basis when to take a cephalogram, rather than to expose every 

patient to ionizing radiation as is now routinely the norm in every residency in the United 

States.  Unfortunately, after several years of intense training to routinely take a 
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cephalogram on every patient, residents often enter private practice continuing to take 

these x-rays without questioning the medical necessity. 

The American Board of Orthodontics, which for many years has been the ‘gold 

standard’ in orthodontics, routinely requires pre-treatment cephalograms and post-

treatment cephalograms on all patients.  A review of these required records is also 

indicated, since post-treatment cephalograms may fulfill intellectual curiosity, but are 

they really necessary in every case?  While progress cephalograms may be indicated in 

certain situations, do we have to expose patients to ionizing radiation routinely to state 

that an orthodontist can become a Diplomate of the American Board of Orthodontics?       
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CHAPTER 7 

CONCLUSIONS 

Preliminary data from this study suggests: 

● A larger, follow-up study is needed to further investigation the relationship between 

malocclusion, lateral cephalogram radiographs, and treatment planning. 

●  For approximately 75% of patients, the availability of lateral cephalogram radiograph 

does not affect treatment planning.   

● For approximately 25% of patients, having lateral cephalogram radiograph does 

effect treatment planning.   

● Orthodontists’ treatment planning is mostly influenced by patients’ clinical 

presentation, particularly Angle classification and overall soft-tissue profile. 

● It is suggested that orthodontists do not need to take diagnostic lateral cephalogram 

radiographs on patients who present with a Class I dental relationship, have minimal arch 

length discrepancies in maxillary and mandibular arches, and mild overall 

convex/straight soft-tissue profile. 

● Orthodontists should take a diagnostic lateral cephalogram radiograph on patients 

with bilateral Class II dental malocclusion, corresponding significant convex overall soft-

tissue profile, and at least one arch with moderate arch length discrepancy.  

● Orthodontists should take a diagnostic lateral cephalogram radiograph on patients 

with bilateral Class III dental malocclusion, corresponding significant concave overall 

soft-tissue profile, and at least one arch with moderate arch length discrepancy.  
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Responses for Orthodontist 2 
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Responses for Orthodontist 3 
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Responses for Orthodontist 4 

 

 

 

 

 

 

 

 

 

 



47 
 

Responses for Orthodontist 5 
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Responses for Orthodontist 6 
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APPENDIX B 
 

Quantitative Data 
 

Need for lateral cephalogram at T1 

T1 
  

ORTHODONTIST (1-6) PT NEED CEPH (y/n) 

orthodontist 6 1 Y 

orthodontist 6 2 Y 

orthodontist 6 3 Y 

orthodontist 6 4 Y 

orthodontist 6 5 Y 

orthodontist 6 6 Y 

orthodontist 6 7 Y 

orthodontist 6 8 Y 

orthodontist 6 9 Y 

orthodontist 6 10 Y 

orthodontist 6 11 Y 

orthodontist 6 12 Y 

orthodontist 6 13 Y 

orthodontist 6 14 Y 

orthodontist 6 15 Y 

orthodontist 6 16 N 

orthodontist 6 17 y 

orthodontist 6 18 y 

orthodontist 6 19 y 
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orthodontist 6 20 y 

orthodontist 5 1 N 

orthodontist 5 2 Y 

orthodontist 5 3 Y 

orthodontist 5 4 N 

orthodontist 5 5 Y 

orthodontist 5 6 Y 

orthodontist 5 7 N 

orthodontist 5 8 Y 

orthodontist 5 9 Y 

orthodontist 5 10 Y 

orthodontist 5 11 Y 

orthodontist 5 12 Y 

orthodontist 5 13 N 

orthodontist 5 14 Y 

orthodontist 5 15 Y 

orthodontist 5 16 Y 

orthodontist 5 17 N 

orthodontist 5 18 Y 

orthodontist 5 19 Y 

orthodontist 5 20 Y 

orthodontist 4 1 Y 

orthodontist 4 2 Y 

orthodontist 4 3 Y 

orthodontist 4 4 Y 
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orthodontist 4 5 Y 

orthodontist 4 6 Y 

orthodontist 4 7 Y 

orthodontist 4 8 Y 

orthodontist 4 9 Y 

orthodontist 4 10 Y 

orthodontist 4 11 Y 

orthodontist 4 12 Y 

orthodontist 4 13 Y 

orthodontist 4 14 Y 

orthodontist 4 15 Y 

orthodontist 4 16 Y 

orthodontist 4 17 Y 

orthodontist 4 18 Y 

orthodontist 4 19 Y 

orthodontist 4 20 Y 

orthodontist 3 1 Y 

orthodontist 3 2 Y 

orthodontist 3 3 Y 

orthodontist 3 4 Y 

orthodontist 3 5 Y 

orthodontist 3 6 Y 

orthodontist 3 7 Y 

orthodontist 3 8 Y 

orthodontist 3 9 Y 
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orthodontist 3 10 Y 

orthodontist 3 11 Y 

orthodontist 3 12 Y 

orthodontist 3 13 N 

orthodontist 3 14 Y 

orthodontist 3 15 Y 

orthodontist 3 16 N 

orthodontist 3 17 N 

orthodontist 3 18 Y 

orthodontist 3 19 Y 

orthodontist 3 20 N 

orthodontist 2 1 Y 

orthodontist 2 2 Y 

orthodontist 2 3 Y 

orthodontist 2 4 Y 

orthodontist 2 5 Y 

orthodontist 2 6 Y 

orthodontist 2 7 N 

orthodontist 2 8 Y 

orthodontist 2 9 Y 

orthodontist 2 10 Y 

orthodontist 2 11 Y 

orthodontist 2 12 Y 

orthodontist 2 13 N 

orthodontist 2 14 Y 



53 
 

orthodontist 2 15 Y 

orthodontist 2 16 Y 

orthodontist 2 17 Y 

orthodontist 2 18 Y 

orthodontist 2 19 Y 

orthodontist 2 20 Y 

orthodontist 1 1 Y 

orthodontist 1 2 Y 

orthodontist 1 3 Y 

orthodontist 1 4 N 

orthodontist 1 5 N 

orthodontist 1 6 Y 

orthodontist 1 7 N 

orthodontist 1 8 Y 

orthodontist 1 9 Y 

orthodontist 1 10 N 

orthodontist 1 11 Y 

orthodontist 1 12 Y 

orthodontist 1 13 N 

orthodontist 1 14 N 

orthodontist 1 15 Y 

orthodontist 1 16 N 

orthodontist 1 17 N 

orthodontist 1 18 Y 

orthodontist 1 19 Y 
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orthodontist 1 20 N 

 
 
 

Need for lateral cephalogram at T2 
 

T2 
   

ORTHODONTIST (1-6) PT NEED CEPH (y/n) TX PLAN CHANGE (y/n) 

orthodontist 6 1 Y N 

orthodontist 6 2 Y N 

orthodontist 6 3 Y N 

orthodontist 6 4 N N 

orthodontist 6 5 Y N 

orthodontist 6 6 Y Y 

orthodontist 6 7 Y N 

orthodontist 6 8 Y N 

orthodontist 6 9 Y N 

orthodontist 6 10 Y N 

orthodontist 6 11 Y Y 

orthodontist 6 12 Y N 

orthodontist 6 13 Y N 

orthodontist 6 14 Y Y 

orthodontist 6 15 Y N 

orthodontist 6 16 N N 

orthodontist 6 17 N N 

orthodontist 6 18 Y N 

orthodontist 6 19 Y N 

orthodontist 6 20 Y N 
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orthodontist 5 1 N N 

orthodontist 5 2 Y N 

orthodontist 5 3 Y N 

orthodontist 5 4 N N 

orthodontist 5 5 Y Y 

orthodontist 5 6 Y N 

orthodontist 5 7 N N 

orthodontist 5 8 Y N 

orthodontist 5 9 Y Y 

orthodontist 5 10 Y N 

orthodontist 5 11 N N 

orthodontist 5 12 Y Y 

orthodontist 5 13 N N 

orthodontist 5 14 Y Y 

orthodontist 5 15 Y N 

orthodontist 5 16 N N 

orthodontist 5 17 N N 

orthodontist 5 18 Y Y 

orthodontist 5 19 Y Y 

orthodontist 5 20 Y N 

orthodontist 4 1 Y N 

orthodontist 4 2 Y N 

orthodontist 4 3 Y Y 

orthodontist 4 4 Y N 

orthodontist 4 5 Y Y 

orthodontist 4 6 Y N 

orthodontist 4 7 Y N 
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orthodontist 4 8 Y Y 

orthodontist 4 9 Y N 

orthodontist 4 10 Y N 

orthodontist 4 11 Y N 

orthodontist 4 12 Y Y 

orthodontist 4 13 Y N 

orthodontist 4 14 Y N 

orthodontist 4 15 Y Y 

orthodontist 4 16 Y N 

orthodontist 4 17 Y N 

orthodontist 4 18 Y Y 

orthodontist 4 19 Y N 

orthodontist 4 20 Y Y 

orthodontist 3 1 Y N 

orthodontist 3 2 Y Y 

orthodontist 3 3 Y Y 

orthodontist 3 4 Y Y 

orthodontist 3 5 N N 

orthodontist 3 6 Y N 

orthodontist 3 7 Y N 

orthodontist 3 8 Y Y 

orthodontist 3 9 Y Y 

orthodontist 3 10 Y N 

orthodontist 3 11 Y Y 

orthodontist 3 12 Y Y 

orthodontist 3 13 Y Y 

orthodontist 3 14 Y N 
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orthodontist 3 15 Y Y 

orthodontist 3 16 N N 

orthodontist 3 17 N N 

orthodontist 3 18 Y Y 

orthodontist 3 19 Y N 

orthodontist 3 20 Y N 

orthodontist 2 1 N N 

orthodontist 2 2 Y Y 

orthodontist 2 3 Y N 

orthodontist 2 4 N N 

orthodontist 2 5 N N 

orthodontist 2 6 Y N 

orthodontist 2 7 N N 

orthodontist 2 8 N N 

orthodontist 2 9 Y Y 

orthodontist 2 10 N N 

orthodontist 2 11 Y Y 

orthodontist 2 12 Y N 

orthodontist 2 13 N N 

orthodontist 2 14 Y N 

orthodontist 2 15 Y Y 

orthodontist 2 16 N N 

orthodontist 2 17 N N 

orthodontist 2 18 Y N 

orthodontist 2 19 Y N 

orthodontist 2 20 Y N 

orthodontist 1 1 N N 
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orthodontist 1 2 Y Y 

orthodontist 1 3 Y N 

orthodontist 1 4 N N 

orthodontist 1 5 N N 

orthodontist 1 6 Y Y 

orthodontist 1 7 N N 

orthodontist 1 8 Y N 

orthodontist 1 9 N N 

orthodontist 1 10 N N 

orthodontist 1 11 Y N 

orthodontist 1 12 Y Y 

orthodontist 1 13 N N 

orthodontist 1 14 N Y 

orthodontist 1 15 Y N 

orthodontist 1 16 N N 

orthodontist 1 17 N N 

orthodontist 1 18 Y Y 

orthodontist 1 19 Y N 

orthodontist 1 20 N N 

 


