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The relationship between change in mandibular position from
centric relation to habitual centric occlusion and the

radiographic state of the temporomandibular joint (TMJ) in pre
orthodontic patients.

Andrew H. Trosien, D.D.S., M.S.

Abstract

Much research and many hypotheses have been formed regarding the relationship

of the occlusion to temporomandibular disorders. Osseous changes visible

radiographically are regarded as evidence of temporomandibular disorders. A habitual bite

position which differs from a best-fit condyle position is regarded as evidence of poor

occlusion. This study attempted to analyze the relationship between these two variables.

The temporomandibular joints of 29 preorthodontic adolescents were imaged via

tomography and subjectively interpreted for condylar length as well as the presence or

absence of osseous morphology changes associated with condylar degeneration. Objective

measures of anterior, posterior, and superior joint spaces with the condyle imaged in the

closed mouth position were made. An objective measure between the condyle and the

eminence of the glenoid fossa with the condyle in the open mouth position was also made.

The amount of occlusal slide between the patient’s best fit natural bite and their centric

relation position was characterized and measured at the level of the condyle via mounted

models and the Condylar Position Indicator (CPI). Horizontal, vertical and overall

magnitude measures were recorded for both right and left condyles. A transverse measure

was also made. Low correlations of R=-0.31 and R=0.31 were found between subjective

size of the condyle vs. gender and subjective size of the condyle vs. age, respectively. A

low correlation of R=0.33 was found between magnitude of CR-CO discrepancy vs. age,

A low correlation between gender vs. Small anterior or posterior joint space was found.

None of the tomogram factors were significantly correlated with the Condylar Position

Indicator data, Correlations significant after Bonferroni correction (0 = 05/51 = .001) s
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lus flattening (R=0.67 d Sclerosis or flattening (R=0.52). These results do not

Support the hypothesis that positive tomogram findings for OSSeous changes are correlated

with CPI values of CR-CO discrepancies. The findings do indicate that osseous changes

are correlated with a subjective assessment of condylar size,
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I. BACKGROUND, SIGNIFICANCE, AND SPECIFIC AIMS

A. INTRODUCTION

Temporomandibular disorders (TMDs) are a collection of diseases involving the

temporomandibular joint (TMJ), muscles of mastication, and associated structures.

While the etiology of TM disorders is generally considered multifactorial (Ash 1986;

McNamara 1995), it is unknown how the different components of the masticatory

complex contribute to temporomandibular disorders. Clearly, though, many subsets of

TMD develop subsequent to articulator conditions such as osteoarthritis, and internal

derangement (Westling 1992; McNeill 1993). The etiology and pathogenesis of these

conditions are, however, primarily unknown.

Clinically, patients with TMD present with inconsistent skeletal and dental

findings as well as cyclical TMD signs and symptoms and are therefore difficult to treat.

Such variability decreases the effectiveness of the clinician in providing optimal, timely

care. Furthermore, effective diagnostic screening procedures and predictive tests to

identify TMJ arthropathies are scarce. The clinician must rely on corrected X-ray

tomography or magnetic resonance imaging for disease identification usually after the

problem has manifested itself. In order to prevent TMDs it would be of paramount value

to recognize those individuals who are predisposed to these disorders. This requires

knowledge of the etiology and pathogenesis of TMDs. Apart from trauma and

rheumatoid diseases, few etiologies have been identified.

B. TEMPOROMANDIBULAR DISORDERS

TMD is a term encompassing a range of signs and symptoms of the masticatory

complex (Clark 1987; McNeill 1993). Patients with TMDs frequently complain of pain

in the orofacial region, limited or asymmetric mandibular movement, and TMJ sounds
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such as clicking, popping, and crepitus. Although the relative contribution of the

masticatory muscles and the TMJ to TMDs is variable, a portion of these disorders is

related to diseases of the joint. These arthropathies include deviation in form, disc

displacement, dislocation, inflammation, ankylosis, osteoarthrosis, and osteoarthritis

(Laskin 1995). The latter two conditions comprise the focus of this study.

1. Osteoarthrosis of the TMJ

Osteoarthrosis is a degenerative, non-inflammatory condition of the joint

characterized by structural changes of the joint surfaces (DeBont 1985). Clinically,

patients present without pain. Often, this condition is accompanied by crepitus, limited

range of motion, and deviation to the affected side during opening(Rasmussen 1981).

Radiology reveals evidence of structural bony changes with recortication. The cause of

this condition is thought to be due to a physiologic imbalance between the stress applied

to the joint, and the joint tissues' ability to withstand the stresses of loading (Bland 1985).

2. Osteoarthritis of the TMJ

Osteoarthritis is defined as a degenerative condition with secondary inflammation

of the TMJ. It is typically slowly progressive and usually self-limiting, but it may have

remission and cartilage regeneration characterized by articular cartilage deterioration and

secondary bone formation. Clinically, patients present with joint tenderness, limited

range of motion with deviation on opening to the ipsilateral side, and crepitus. Radiology

shows evidence of structural changes (Lindvall 1976; Cholitgul 1990).

C. PREVALENCE, ETIOLOGY, AND PATHOGENESIS OF TMJ DISEASES

1. Prevalence

The literature is replete with epidemiologic studies on the prevalence of TMD.

However, lack of consistency in definition, data collection, analytic approaches,
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classification, and diagnostic criteria complicate interpretation of the results. Cross

sectional studies of non-patient adult and child populations reveal 75% positive findings

for one or more clinical signs and 50% positive findings for one or more symptoms of

TMD (Rugh 1985; Krononen 1987; Schiffman 1990). Joint sounds or deviation on

mouth opening occur in approximately 50% of this population (Huber 1990).

Radiographic signs have been shown to occur in 16% of the pre-orthodontic child

population (Dibbets 1977). These signs and symptoms generally increase in frequency

and severity from the second decade of life (Agerberg 1989; Salonen 1990) resulting in

the majority of TMD patients in the 15-45 year old age range (Howard 1991). This

increase in prevalence may be due to the time needed for factors to affect the joint. Thus,

a lack of correlation between malocclusion and TMD in 6 to 8 year olds stands in contrast

to a positive correlation in 13-15 year olds (Grosfeld 1977) suggesting that eruption of

the permanent dentition may be a factor.

2. Gender Distribution of TMDs

Recent studies on non-patient populations report that women tend to have a

greater incidence of TMD symptoms such as clicking, joint and muscle tenderness, and

headaches (Clark 1987; McNeill 1993). A large proportion of these females are within

the child bearing age range of 13-45 years old (Carlsson 1976; Isaacson 1986). However,

there appears to be no gender difference in radiologic signs in child populations (Dibbets

1977; Dibbets 1985; Peltola 1995) indicating a possible relationship to hormones or other

pubertal changes.

3. Proposed Etiologies of TMDs

Contemporary research successfully supports only trauma and rheumatoid

diseases as universally accepted etiologies for TMD. There are, however, a number of

less accepted theories on potential etiologies. Psychosocial factors, systemic joint laxity,

endocrine factors, pain threshold, and anatomic factors have all been cited as possible

causes (Dworkin 1983; Abubaker 1991; McCreary 1991; Seligman 1994).
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a. Psychosocial factors

In comparison to healthy controls, some patients with TMD experience more

anxiety (McCreary 1991). Chronic TMD patients have been shown to be psychosocially

similar to subjects with lower back pain and headaches (Turk 1990). Other research has

shown that TMD patients and healthy controls are not different with regard to personality

type or coping with stress (Schnurr 1990). Despite the diversity of opinion, the general

consensus among academic investigators is that TMD cannot be definitively attributed to

psychosocial factors.

b. Systemic joint laxity and endocrine factors

Because TMJ internal derangement and osteoarthritis are more common in

females than males (Solberg 1982; Bates 1984; Westling 1992), and joint hypermobility

is more prevalent in females (Westling 1992), a correlation between these conditions has

been suggested. The perception that many TMD patients are females in the child-bearing

years, and increased levels of hormones are thought to be responsible for joint laxity, has

led some to suspect a relationship. In one study, high estrogen receptor levels were found

in symptomatic females (Abubaker 1991). Another study, however, revealed no

correlation between TMJ internal derangement and the presence of estrogen receptors in

the TMJ disc (Campbell 1993). It is presently unclear what role hormones, and the

resultant joint laxity, play in TMD.

c. Pain threshold

The pain threshold theory is predicated on the idea that the prevalence of TMD is

similar for males and females, but women report it more readily that men (Dworkin

1983). Other investigators found the opposite, in that men report painful medical

conditions more frequently that do women (Davis 1981). Regarding TMD, the higher

incidence of TMJ internal derangement in females has been validated by autopsy

(Solberg 1982), so gender differences appear to be more than differences in pain

threshold.
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d. Anatomic factors

Anatomic factors are defined as “maladaptive biochemical factors that can be

genetic, developmental, or iatrogenic in nature” (McNeill 1993). Included in this

category are skeletal discrepancies and inter- and intra-arch discrepancies. While

controversial, malocclusion has historically been suggested as a primary factor in the

etiology of TMD (Egermark-Eriksson 1983; Pullinger 1993; McNamara 1995). Occlusal

factors such as working and non-working interferences, Angle classification, posterior

occlusal support, and discrepancies between centric relation (CR) and centric occlusion

(CO) have been thought to be predisposing or contributing factors in TMD. Balancing

interferences (Roth 1973) and anterior and posterior crossbites (Egermark-Eriksson 1982;

Egermark-Eriksson 1983) have been shown to be correlated to TMD signs or symptoms.

Other studies, however, have shown no association between TMD and such occlusal

factors (Lieberman 1985; Castaneda 1989; Seligman 1994). The disparity between the

results of studies examining these factors is likely due to their examination of different

TMD symptoms or signs, differences in population ages, and the fact that symptoms are

not disease states (McNamara 1995). Further, because occlusal factors probably do not

act in isolation of each other, only multifactorial analyses are likely to reveal proper

correlations (McNamara 1995).

D. OCCLUSAL SLIDES AND TMD

During biting, the mandible tends to position itself in a manner as defined by the

habitual closure position of the teeth, i.e. centric occlusion. If the mandible is positioned

such that the condyle is placed against the temporomandibular disc along the posterior

slope of the eminence of the glenoid fossa, it is said to be in centric relation. When the

condyle is in the centric relation position it is positioned anteriorly and superiorly in the

glenoid fossa. When the teeth meet in centric occlusion, the condyle travels in some

direction, typically posteriorly and inferiorly, away from the centric relation position



(Wood 1992; Shildkraut 1994). An occlusal slide is the discrepancy between these two

positions (often times measured at the level of the occlusion). The unrelated processes of

dental eruption and mandibular condyle growth might logically not coordinate effectively

to permit the condyle to be seated against the disc and the glenoid fossa while the

dentition is maximally intercuspated. However, if the mandibular condyle shortened due

to degeneration, the relationship of the condyle to the fossa during maximum

intercuspation would clearly be changed. In fact, studies have found correlations

between first contact in centric relation or centric relation/centric occlusal slide and

TMDs (Pullinger 1993). Clinical studies have also revealed radiographic diagnoses of

condylar remodeling and CR-CO slides in the same patients (Nickerson 1982). It should

be noted, however, that these studies rely primarily on intraoral visual assessment and

measurement of the slide at the occlusal level.

The accuracy of measuring a change in mandibular position from habitual

occlusion to centric relation is of paramount importance when this variable is under

scrutiny, and should therefore be performed with the most unbiased and accurate

instrument. Furthermore, because shortening of the condyle may be what leads to such

an occlusal slide, measurement should be taken at the level of the condyle, not the teeth.

There are four techniques currently used to evaluate this discrepancy between centric

relation and centric occlusion: Intraoral visual assessment, measurements from hand held

casts, measurements from articulated casts mounted with an arbitrary facebow, and

measurements from articulated casts mounted with a kinematic hinge-axis facebow. The

first two methods measure the discrepancy at the teeth. The second two methods aim to

measure the discrepancy at the mandibular condyle. Articulated casts are thought to

provide a more accurate measure of this variable (Shildkraut 1994; Utt 1995). The

facebow is designed to transfer the closure path of the patient’s mandible to an

articulator. When opening or closing in the centric relation position, the mandible rotates

as a hinge around an axis which passes through the center of rotation of each condyle

:
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(Lucia 1983). The kinematic hinge axis facebow records the actual axis. The arbitrary

facebow estimates the position of the axis. The error in such estimation may cause a

difference in the measured CR-CO discrepancy when the articulated casts are rotated

from the open wax-bite mounting position to the closed tooth contact position. This
difference at the occlusal level has been shown to be approximately 0.15 mm for wax

bites of 2 mm (Piehslinger 1995) and at the condylar level to be between 0.10 and 0.47

mm (Wood 1992). Studies using arbitrary facebows to measure condylar position have

found vertical or horizontal CR-CO discrepancies of greater than 2.0 mm in 18.7% (Utt

1995) to 52% (Shildkraut 1994) of the sample. Transverse discrepancies greater than 0.5

mm have been shown in 15.9% of a sample (Utt 1995).

E. CURRENT TREATMENT MODALITIES FOR TMD

Since there is little understanding and agreement as to the etiology and

pathogenesis of TMDs, contemporary treatment is widely varied and primarily aimed at

relief of symptoms. The diagnosis of TMD is typically made from a clinical exam,

anamnestic questionnaire, and radiologic imaging.

1. TMD Clinical Exam and Questionnaire

Many clinical exams and questionnaires have been developed by different researchers

(Helkimo 1974; Dworkin 1992; Egermark 1992; Pilley 1992). Due to a lack of validation

and consistency of these different approaches, interstudy comparison has been difficult.

Only recently has a validated set of criteria been designed for TMD research (Dworkin

1992).

2. TMJ Imaging

Imaging techniques designed to view the TMJ have included panoramic films,

corrected tomograms, computer tomography (CT), magnetic resonance imaging (MRI),

transmaxillary films, and arthography (Helkimo 1974; Petersson 1988; Cholitgul 1990;

Raustia 1994). While MRI is necessary to locate the position of the temporomandibular
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disk in the TMJ (Dixon 1995), panoramic radiographs, transmaxillary radiographs, and

frontal/A-P tomographs have all been used to examine the bony contour of the condyle

and the glenoid fossa for osseous changes possibly associated with joint degeneration. Of

these techniques, tomography has been shown to have the highest intraobserver

reproducibility in terms of grading the condition of the bony condyle and glenoid fossa

(Petersson 1988; Cholitgul 1990). When comparing sagittal tomogram interpretation to

histologic sections of the samples, the diagnostic accuracy has been shown to be high

(80-87%), and sensitivity and specificity were shown to be between 67% and 90%, and

73% and 93%, respectively (Cholitgul 1990). Further, calibrated interobserver agreement

has been shown to be high (Cholitgul 1990). Sagittal corrected tomograms allow

visualization of the glenoid fossa, which has been shown to have signs as frequently as

the condyle (Rohlin 1986; Eliasson 1992). Panoramic x-rays, although less elucidating

than corrected tomograms, have been useful in assessing condylar signs in some studies

(Dibbets 1977; Dibbets 1985; Dibbets 1989; Peltola 1995). Panoramic radiographs have

been shown to detect 62% of the condylar remodeling found with transpharyngeal x-rays

(Nickerson 1982).

Destruction of the mandibular condyle may occur as a result of trauma, disease,

imbalance in normal hormone levels, or abnormal stress and strain. Condylar

degeneration as a result of increased stress or strain typically results in a progression of

changes to the articulating surface of the condyle. These changes are considered adaptive

when they result in a remodeling of the articulating surface such that there is less stress

(Hatcher 1987). Changes may continue beyond adaptation and result in morphologic

joint destruction. Pathologic remodeling of the condyle occurs as a continuum from

minor adaptive changes to destruction (Hatcher 1987). The pathogenic sequence is

subchondral sclerosis, flattening of the articular surface, disc displacement without

reduction, erosions, joint space narrowing, reduction in condylar size, development of

congruent articular surfaces, osteophytosis, and subchondral bone cysts (Hatcher 1987).
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Studies examining the TMJ via tomography classify these, as well as ankylosis, as

radiographic signs.

F. HYPOTHESIS, SPECIFIC AIMS, AND SIGNIFICANCE

The idea that a degeneration of the mandibular condyle may result in a shorter

condyle supports the assumption that for the newly shortened condyle to be in position on

the TM disc, a change in the interocclusal contact relationship or the teeth must take

place. Conversely, if the teeth are brought into occlusion, the condyle would move away

from its position in the glenoid fossa. The hypothesis generated from this idea is that the

more significant the condylar degeneration noted, the more significant the CR-CO

discrepancy. The specific null hypothesis of this study was: Those patients with positive

tomographic signs of TMJ disease exhibit the same degree of CR-CO discrepancy as

those with negative tomographic signs.

The specific aims of this study were to:

(1) determine the direction and amount of CR-CO discrepancy in the

adolescent pre-orthodontic patient,

(2) determine if the incidence of radiographic signs is different between those

with large CR-CO discrepancies and those with small CR-CO discrepancies,

(3) determine and compare by objective and quantitative measures the presence

and severity of clinical and radiographic TMJ disease in subjects with large and

small CR-CO discrepancies.

Methods included center cut corrected tomography imaging for TMJ assessment,

articulated models for CR-CO measurement, and a questionnaire for TMD evaluation.

The results of this study may help elucidate the etiology of TMD. If a correlation

between CR-CO discrepancies and radiographic findings exists, societal benefits may be

realized in the future by permitting prognostication, diagnosis, and biologically rational



treatment, both orthodontically and for TM disorders. Unnecessary radiography and

imaging may be eliminated, as the clinical measure of CR and habitual discrepancies may

predict the findings of such imaging. A rationale may be developed for eliminating these

discrepancies early to prevent pathologic condylar remodeling. Developments of

treatment strategies to alter the CR to habitual discrepancy could vastly improve the

orthodontic and maxillofacial management of patients.
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II. MATERIALS AND METHODS

- -

-

A. RECRUITMENT AND CRITERIA FOR INCLUSION OF SUBJECTS

Procedures for subject recruitment and investigation were developed and º
performed in accordance with established protocols for human research. Prior to * ,

initiation of the study, approval was obtained from the Committee on Human Research at --

the University of California at San Francisco.

The study included the CPI data of 62 subjects. Tomogram data was gathered for .*

29 of these 62 subjects. The sample was comprised of 19 females and 10 males. The age j
s

ranges were from 12 to 18.8 years with an average of 15.5+7.7 years for the males and

12.2 to 19.3 years with an average of 15.7+7.7 years for the females. Subjects were

recruited from the pool of patients presenting for initial orthodontic care in the UCSF

Orthodontic Clinic and met the following inclusion criteria:

-Patients must meet all of the following criteria:
º

#
º• Less than 21 years of age.

- -

:• No previous history of trauma to the jaws.
*-/

• No medical history of diseases or conditions affecting the
t

ºgrowth and development of the orofacial complex.

• No previous orthodontics including extractions of teeth for

orthodontic purposes. ~
s

s:

-Patients must meet one of the following criteria: 2.', . . .

• No primary teeth }
• Retained primary teeth due to absence of succedaneous teeth ■ º
• Retained primary teeth with the permanent successor(s) * ..., .

also in emergence into the oral cavity. º º

11



Once a subject's eligibility for inclusion into the study was verified, the patient,

and parent, for minors, were invited to give consent for study participation and to sign the

consent form (Appendix A) along with the examiner.

B. PATIENT EVALUATION AND DATA COLLECTION

Patient data was derived from: (1) a patient questionnaire, (2) radiographic

corrected tomography TMJ examination (supplemental to the standard orthodontic

radiographic survey), and (3) Condylar Position Indicator (CPI) measurements. The

questionnaire was used to assess history of trauma to the orofacial complex and previous

orthodontic treatment prior to subject recruitment. The radiographic TMJ evaluation was

designed to provide pertinent information as to the severity and classification of joint

disease. A quantitative assessment of Centric Relation-Centric Occlusion discrepancy

was determined by the CPI.

1. Questionnaire

Subjects were required to complete the standard UCSF Orthodontic Clinic

medical and dental health history form (Appendix B). This health history questionnaire

was used to rule out previous orthodontics, trauma or diseases affecting the orofacial

complex.

2. Centric Relation-Centric Occlusion Discrepancies

Subjects’ Centric Relation-Centric Occlusion discrepancies were measured from

casts mounted on a Panadent Articulator (Panadent Corporation, Grand Terrace, CA) in

CR and CO. The method of recording CR and CO was adopted from Utt (Utt 1995) and

Wood (Wood 1994) as follows. A single thickness piece of pink dental wax (10X wax,

Moyco Industries Inc., Philadelphia, PA), approximately the same size as the subjects

dental arch shape, was softened in 60°C tap water. The subject was seated upright. The

wax was placed against the subject's maxillary teeth and the subject was asked to bite as

he/she normally bites. The subject was told to bite through the wax but not to grind the

#
º º
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teeth. The wax piece was removed and chilled in cold water. The subject was then

reclined in the dental chair at a 45 degree angle to the floor. A 30 mm wide, 15 mm long,

and four sheets thick piece of Delar Bite Registration Wax (Delar Corp., Lake Oswego,

OR) was then softened fully in the heated water and placed over the subject’s maxillary

canines and incisors. Four thicknesses were used to completely disclude the posterior

teeth and allow the mandibular condyle to move further superiorly and anteriorly in the

centric relation position for the second wax bite (Wood 1994). The subject was asked to

relax his/her mandible. The operator guided the subject's mandible into the Centric

Relation position by placing downward pressure on the chin point via the operator's

thumb and upward pressure on the gonial angles via the operator’s index and middle

fingers. The subject was then asked to slowly close while being guided by the operator.

The subject was asked to stop when the closest distance between a maxillary and

mandibular tooth was 2 mm. This piece of wax was then removed and chilled in cold tap

water. Once hardened, the wax bite was trimmed with a scalpel blade to reveal only cusp

tip indexing. The wax bite was placed into the subject's mouth and the process was

repeated to check for accuracy. The wax bite was retaken if any inaccuracy was detected.

A second, two layer, piece of Delar wax (20 mm wide and as long as the subject’s

intermolar width) was softened in heated water. This piece was placed across the

subject’s maxillary arch such that the first molars and second premolars were covered.

The hard anterior wax bite was then set in place on the maxillary teeth and the patient

was asked to bite firmly into the anterior piece of wax. The patient was asked to open

and the wax bites were removed and placed into cold water. The posterior wax bite was

checked for accuracy and repeated if necessary.

Casts of the subject’s maxillary and mandibular teeth were made with an

irreversible hydrocolloid material (Type I - Fast set Alginate, Meer Dental Corp., Canton,

MI) and type IV high-strength dental stone (Vel-Mix, Kerr Manufacturing Co., Romulus,

MI). Dental compound was heated and placed in dime-sized increments in the incisor
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and molar regions of the Panadent bitefork. The compound was then softened in the

heated water and pressed against the subject's maxillary teeth to provide cusp tip

indexing. The compound was then chilled in cold water. The bitefork was again placed

onto the subject’s maxillary teeth and the subject was instructed to hold it firmly in

position with his/her thumbs. An arbitrary hinge axis facebow was placed into the

subject's ears, registered at nasion and locked to the bitefork. The dental casts were then

mounted with fast-set mounting stone (Snow White Plaster #2, Kerr Manufacturing Co.,

Romulus, MI) using the CR wax bites and bitefork on a Panadent articulator (Panadent

Corporation, Grand Terrace, CA).

The Panadent Condylar Position Indicator (CPI) was used with the CR and CO

wax bites to record the sagittal, transverse, and vertical change of the articulator's

condyle analogs as described by Shildkraut for the SAM articulator Mandibular Position

Indicator (Shildkraut 1994). The technique includes the following steps. The maxillary

and mandibular dental casts were placed on the upper and lower members of the CPI.

CPI grid papers were placed on the condyle analogs and the midline of the CPI. The CR

wax bites were placed between the dental casts to mimic the subject's CR bite. Red

articulating paper was then used to mark the CR position on the grid papers for the right

and left condyle analog and the midline. The CO wax bite was then put into position

marked on the grid papers with blue articulating paper (Figure 1).

The distances between the CR and CO points on the right and left grid papers

were measured in a vertical and horizontal dimension to 0.01 mm accuracy with a digital

caliper. The distance between CR and CO on the midline paper was measured in a

transverse dimension as well.

:
*
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Superior

Posterior Anterior

+

Inferior

• CR point
• CO point

Figure 1. CPI graph paper, right side condyle. CO=centric occlusion point.
CR=centric relation point. CO point shown is posterior and inferior to CR point.

3. Reproducibility of CPI

For nine consecutive patients, three facebow transfers, three CO bites, three CR bites, and

three CPI analyses were done on the same day. The technique for these subjects was

altered to allow triplication of each step before proceeding to the next step. The

impressions were not triplicated. The triplicated measures were mounted with the first

set of wax bites and bitefork, measured with the CPI, then remounted with the Second set

of wax bites and bitefork, remeasured on the same CPI grid papers, and then remounted

with the final set of wax bites and bitefork and remeasured on the same CPI grid papers.

These data were collected to analyze the reproducibility of the procedure. For this

portion of the study, the CR and CO positions were each measured from the central cross

hairs on the CPI paper for each of the three trials. In order to include these subjects in the

sample, the distances between the CR and CO points for the first trial were measured

according to the standard methods for this study

4. Radiographic Evaluation of the TMJ

Corrected tomography was used to quantify and qualify TMJ disease.

2.
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a. Radiographic quantification of TMJ disease

The following diagnostic radiographs were taken on experimental subjects: (1)

submentovertex radiograph (used to make the corrected TMJ tomograms), (2) right and

left anterior-posterior center-cut corrected tomograms in closed and open mandibular

positions, and (3) right and left coronal center-cut corrected tomograms in closed

mandibular position. For each tomogram, the subject's head was positioned such that the

Frankfort-Horizontal Plane was parallel to the floor.

The tomograms were evaluated by a trained dental radiologist blinded as to the

name, sex, age, and history of the patients. Right and left tomograms were analyzed in

terms of osseous morphology and condyle-fossa spatial relationships.

i. Osseous morphology

The tomograms were scored for presence or absence of condylar sclerosis,

flattening, erosion, osteophytes, subchondral bone cysts, and size, on a scale of 0

3 for normal to severely changed morphology, as defined by the following:

Sclerosis: The diagnosis of sclerosis is made when the subcortical bone

under the articular surface of the condyle is more radiopaque than other

areas within the condyle.

Condylar flattening: The nonpathologic condyle is rounded in form.

When the articulating surface of the condyle is congruent with the

adjacent surface of the glenoid fossa or eminence, but is not rounded, it is

considered flattened. Two or more tomographic projections must confirm

flattening for the diagnosis to be made.

Condylar Erosion: The diagnosis of condylar erosion is made when the

normally smooth cortical surface of the condyle is interrupted by

concavities visible as areas of decreased density.

Osteophytosis: An osteophyte is an adaptive response of a bony surface to

increase its cortical surface area, via bony outgrowth, thereby lowering the

2.
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stress at any given point. In the TMJ, osteophytes are most commonly

seen projecting from the anterior surface of the condyle.

Subchondral bone cyst. When the remodeling process undermines the --
articular surface of the condyle a cyst results. A well defined local area of

radiolucency below an intact cortical outline of the articular surface of the E. :

condyle.

Size: A subjective measure of the vertical height of the condyle was

made. Condyles were assigned a size number of 0,1,2, or 3,

corresponding to a condyle of normal, mildly, moderately, or severely

shortened length.

ii. Condyle-fos ial relationshi

The closed lateral tomograms were assessed for condylar position and

joint spaces. Measurements were made from the Frankfort-Horizontal plane.

This plane was transferred from the cephalometric headfilm by superimposing the

condylar axis from the headfilm on the condylar axis from the tomogram. º
Condylar axes were determined by the following method. 1) A circle was drawn

*w
/ f

,in the most proximal portion of the tracing of the condyle such that the

t
- s'-circumference of the circle was tangent to as much of the border of the condyle as

possible (Figure 2). 2) Another circle was drawn in a position inferior to this such

that the circumference of the new circle was tangent to the center of the previous
-

circle as well as the anterior and posterior borders of the condyle. 3) This was
*. º

repeated for the length of the condyle and then the centers of the circles were > /
–

connected on an arc to create an estimate of the condylar axis. º
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Transferred Frankfort
Horizontal plane

Estimated
condylar axis

Figure 2. Condylar axis determination for transfer of Frankfort-Horizontal
Plane. Line tangent to top of glenoid fossa is the transferred Frankfort
Horizontal Plane. Line through centers of circles in condyle is the condylar axis.

The reference points for the joint spaces were then drawn, as in Figure 3.

The superior reference point was determined as the point on the glenoid fossa that

was closest to the transferred Frankfort-Horizontal Plane. The superior reference

point was created by drawing a line parallel to the transferred Frankfort

Horizontal Plane which was also tangent to the superior surface of the condyle.

The anterior (and posterior) reference points were created by drawing a line

tangent to the anterior (and posterior) outline of the condyle which also passed

through the superior reference point on the glenoid fossa. The point at which the

lines touched the condyle were the reference points. The joint spaces were

measured with a Boley Guage from the reference point on a line perpendicular to

the tangent line to the corresponding wall of the glenoid fossa. All joint space

measurements were made to the nearest 0.1 mm.
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Figure 3. Joint Space Measurements. PJS = Posterior Joint Space, SJS =
Superior Joint Space, AJS = Anterior Joint Space. Lines extending from outline
of condyle to outline of fossa are the length of each joint space.

The open lateral tomograms were assessed for distance of condylar

translation. This measurement was made along a line connecting the closest point

on the eminence and condyle (Figure 4). This measurement was made to the

nearest 0.1 millimeter.

Open
Distance

Figure 4. Open Distance=space between condyle and eminence on the open
mouth position tomogram. Line connecting condyle and eminence shows that
this space is measured at the shortest distance.

tà
-

3.
t3.

19



5. Statistics º
a. Reproducibility of CPI

The within-variation for the three CR position locations and three CO position
- -

locations and the between-variation for these two groups were computed to generate

intraclass correlations. Correlations were done for each of the 5 measurements as well as -

the magnitude difference. The data collected is effective at 80% power to detect a

correlation of 0.8 vs. 0.4 between the three measurements for a subject (Donner 1987).

Intraclass correlations for the three trials or replicates for the magnitude difference

between CR and CO were also computed. The intraclass correlation coefficient (ri)was

computed according to the following formula:

SOI. - . CITO *

r = no. of trials t

. - + mean sq. error º

no. of trials -
.*.*,
~ *

The t-value for the probability of the value being significantly different from zero was £ º
computed as: === ---

(Sample size - 2)” (r.) /
f § º(1- r2)!/?

which follows a t-distribution with sample size-2 degrees of freedom. º

b. CPI data vs. tomogram data

Spearman rank correlations between study variables and right/left side, subject
-g=

ºf v
-

age, and subject gender were computed. Regressions were run for those variables

showing a moderate or better correlation to remove the effect of right/left side, subject 2... .

age, and subject gender. Spearman rank correlations between the CPI measurements and

the tomogram data were then computed since some measures (e.g. morphology) are on |
'o.

the ordinal scale and rank correlations are less influenced by extreme values. There were º
- - Ç

º l t -

20



III. RESULTS

A. REPRODUCIBILITY OF CPI

The raw data for the nine subjects for which three replicate CPI measures were made are

shown in Table C1 (Appendix C). The CPI data for the right and left sides shows the

horizontal and vertical distance between the CR and CO points as measured in the sagittal

plane on the CPI graph papers. The hypotenuse was also calculated to give the distance

(magnitude) between the CR and CO points. A transverse measure is also shown.

Intraclass correlations for CR and CO are shown in Table 1. The last two rows in

Table 1 show the overall statistics for all measures combined. The results show low

intraclass correlation coefficients and therefore indicate low correlations among the three

CR points and among the three CO points. Intraclass correlations for the distance

between CR and CO in each trial are shown in Table 2. These results show a higher

intraclass correlation coefficients and therefore indicate a moderate to strong correlation

º

for the distance between CR and CO for the three trials.

>
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Table 1. Intraclass correlations for CR and CO.
Expected

Degrees Mean || Mean sq. mean sq. Prob.
Measure | Sum of sq. | Freedom | sum of sq. | error error II (r1=0)
L.Vert. 7.28 8 0.91 0.28 0.10 0.272 | .006

L.Horiz. 2.42 8 0.30 0.16 0.02 0.126 || 090

L.Mag. 4.99 8 0.62 0.17 0.07 0.315 .002

R.Vert. 7.85 8 0.98 0.43 0.09 0.174 || 040

R.Horiz. 4.89 8 0.61 0.27 0.06 0.173 || 041

R.Mag. 6.07 8 0.76 0.22 0.09 0.289 | .004

Trans. 0.18 8 0.02 0.02 -0.00008 || -0.003 | .464

Combined 10.47 8 1.31 0.39 0.03 0.062 | .001

Combined 10.47 8 1.31 0.33 0.03 0.076 | .0002
L=Left. Vert.=Vertical. Horiz=Horizontal. Mag. =Magnitude. Trans.=Transverse.
Rho= R correlation value. Prob. = 0, probability value.

Table 2. Intraclass correlations for CR-CO trials.
Expected

Degrees Mean Mean sq. mean sq. Prob.
Measure | Sum of sq. | Freedom | sum of sq. error CITOT II (r1 =0)
L.Vert. 13.79 8 1.72 0.24 0.50 0.677 | .0002

L.Horiz. 4.03 8 0.50 0.20 0.10 0.336 | .050

L.Mag. 8.69 8 1.09 0.15 0.31 0.683 | .0002

R.Vert. 19.80 8 2.47 0.51 0.66 0.563 || 003

R.Horiz. 14.32 8 1.79 0.26 0.51 0.663 | .0003

R.Mag. 12.37 8 1.55 0.19 0.45 0.703 || 0001

Trans. 0.72 8 0.09 0.03 0.02 0.417 | .021
L=Left. Vert.=Vertical. Horiz=Horizontal. Mag-Magnitude. Trans.ETransverse.
Rho= R correlation value. Prob. = 0, probability value.

B. CPI DATA
CPI data from mounted casts were obtained for 62 subjects. CPI data were

obtained for each subject who was approached and eligible to be included in the study.

Consequently, CPI data was obtained for more than the subjects receiving tomograms
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(n=29). All data is included for the purposes of comparison to other studies. Actual CPI

measurements are shown as Left Vertical, Left Horizontal, Right Vertical, Right

Horizontal, and Transverse. Left and Right Distances are computed values generated as

the hypotenuse of the vertical and horizontal values. Table C2 (Appendix C) lists the

values and component vectors for all of the CPI data. Table 3 lists the means, standard

deviations, and ranges for these measures.

Table 3. Descriptive statistics for all CPI data.
Range

Measure Mean I Std. Dev. | Minimum | Maximum

Tº■■ wºm orge To: TT; *T5
Right Horizontal T 0.01 0.72 -1.65 2.28

Right Magnitude 1.18 0.78 0.09 3.21

Left Vertical 0.6 0.82 T2 2.69

Left Horizontal –0.02 0.75 -1.56 3.13

Left Magnitude 1.06 0.68 0.14 3.32

Transverse 0.29 0.3 O 1.8

Figure C1 (Appendix C) shows the graphic distribution of the CO points around a

central CR (0,0) reference. It should be noted that these graphs are a vertical mirror

image of the CPI graph papers because the Y axis of the CPI graph paper is inverted.

Figure 5 shows a count of the CO points in each quadrant for all of the CPI data. The

data show that in a majority of the cases the CO point was in a position posterior and

inferior to the CR point.
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Superior

6% (n=7) 18% (n=22)
+ Anterior

22% (n=27)
Posterior

55% (n=68)
+

Inferior

Figure 5. CPI quadrant data for all subjects. Right and left sides are
combined. Axes correspond to CPI graph paper axes. Intersection of axes
corresponds to centric relation position point for each subject. Percents and
numbers of sample are shown.

Figure 6 shows a count of the CO points in each quadrant for the sample of subjects who

had CPI and tomogram data. The data again indicate that in the majority of cases the CO

point was located posterior and inferior to the CR point.

Superior

3% (n=2) 24% (n=14)
* Anterior

17% (n=10)
Posterior

55% (n=32)
+

Inferior

Figure 6. CPI quadrant data for all subjects who also had tomograms. Right
and left sides are combined. Axes correspond to CPI graph paper axes..
Intersection of axes corresponds to centric relation position point for each
subject. Percents and numbers of sample are shown.

Figures 5 and 6 are displayed as CPI graphs (with an inverted Y axis). The central cross

hairs correspond to the CR reference point. The percent and number in each quadrant

indicates the number of CO points that were found in this quadrant of the CPI papers (i.e.

where the condyle was positioned in centric occlusion).
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C. OSSEOUS MORPHOLOGY AND CONDYLE-FOSSA SPATIAL

RELATIONSHIPS

Table C3 (Appendix C) lists the data for the osseous morphology and condyle

fossa spatial relationships with the CPI data. Table 4 shows the means, standard

deviations, and ranges of these variables. The data show the 0-3 (none-severe) subjective

scoring of the morphology as well as an objective measure of the length (size) of the

condylar process. Data for subject #123's left condyle is missing due to tomograms of

low diagnostic value. Measurements of the joint spaces in the closed sagittal tomograms

are given in millimeters. The space in millimeters between the condyle and the eminence

in the open sagittal tomogram is listed as distance. The Posterior-Anterior placement of

the condyle within the fossa is given as a subtracted value: posterior joint space minus

anterior joint space. A vertical relationship of the condyle (Superior-Distance) is given as

a subtracted value: Superior joint space minus open joint space (distance). Data for the

posterior joint space of the left condyle of subject #123 and the open distance of the right

condyle of subject #151 are missing due to tomograms of low diagnostic value.
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Table 4. Descriptive statistics for pooled right and left CPI and
tomogram variables in sample.

Range
Measure Mean I Std. Dev. Minimum | Maximum

Vertical 0.33 1.15 TT5 *T5
Horizontal 0.04 0.9 -1.65 3.13

Magnitude 1.36 0.82 0.09 3.32.
ranSVerSC 0.33 0.38 O 1.8

Sclerosis 0.3 0.5 0

Flattening 0.3 0.5 0

Size (Subj.) 0.27 .5 0

Min. PA TTT 0.68 0.4 3.5

Post.-Ant. 0.15 1.76 —5.3 2.8

Sup.-Dist. 1.3 1.37 -1.6 4.2

Vertical, Horizontal, Magnitude, Transverse= CPI values.
Sclerosis, flattening, subjective size (Size Subj.), Minimum
Posterior or Anterior joint space (Min. P,A), posterior minus
anterior joint space (Post-Ant), Superior minus open joint space
(Sup-Dist) = tomogram values.

D. SEX AND AGE DISTRIBUTION

Spearman rank correlations (rs)between age, gender, side (right or left) and the

relevant variables studied (CPI, spatial relationships, and morphology) are listed in Table

5. All study variables were ranked to prevent non-normal distributions and extreme

values from influencing the results and to allow comparisons with categorical variables

(e.g. side). Mild correlations were found for size (subjective) and gender, size

(subjective) and age, magnitude and age, and minimum P.A and age. Linear regressions

were performed for these study variables to remove the influence of gender or age, so the

residuals could be used for the further correlation analyses called partial correlations,

which assess the associations above and beyond that for gender or age.
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Table 5. Spearman correlations of sex, age, and side with
study variables.
RANK Sex Age Side

s:Ts■ ; –0.31 0.31 –0.06

Quadrant 0.04 0.07 -0.24

Magnitude 0.15 0.33 0.16

Vertical 0.09 0.03 0.04

Horizontal –0.13 0.12 –0.02

Post. - Ant. –0.08 -0.03 -0.20

Sup-Dist. 0.18 0.10 0.13

Min. PA 0.36 0.01 0.12

Sclerosis –0.13 0.19 –0.05

Flattening -0.20 0.15 –0.05

Scl.--Flat. –0.18 0.19 –0.05

Scl. or Flat. -0.24 0.23 –0.04

Size (Subj.) = Subjective size. Post.-Ant. = Posterior
Anterior. Sup.-Dist. = Superior-Distance. Min. P,A =
Minimum joint space, Posterior or Anterior. Scl. =
Sclerosis. Flat. = Flattening.

E. CORRELATIONS BETWEEN STUDY VARIABLES

Table 6 shows the rs values of Spearman correlations for ranked CPI measures

with ranked tomogram data. The magnitude sagittal CR-CO discrepancy and the vertical

and horizontal measures were included in the analysis. The quadrant of the CO point in

reference to the CR point was also included in the analysis. The only osseous

morphologies analyzed were sclerosis and flattening because all subjects' joints had

Scores of zero for all other morphologies. The sum of the sclerosis and flattening scores,

as well as the presence of sclerosis or flattening, were also included for analysis. The

minimum posterior or anterior joint space (Min. P.A) value is equal to the smaller of

either the posterior joint space or anterior joint space.
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Table 6. Spearman correlations of CPI data with tomogram data.
Rank Quadrant TMagnitude TVertical THorizontal
sºrtsm■ , 005. 0.08 0.08 0.02

Post. - Ant. –0.06 –0.07 –0.21 0.01

Sup. - Dist. 0.07 0.18 OT: –0.15

Min. PA –0.16 0.11 0.04 0.06

Sclerosis 0.15 0.12 0.30 -0.24

Flattening 0.20 0.23 0.20 0.06

Scl. -- Flat. 0.20 T0.19 0.29 –0.10

Scl. or Flat. 0.13 0.16 0.25 –0.07

Size (Subj.)=Subjective size. Post.-Ant:=Posterior-Anterior. Sup.-
Dist.=Superior-Distance. Min. P,A=Minimum joint space,
Posterior or Anterior. Scl.–Sclerosis. Flat.=Flattening.

Table 7 shows Spearman correlations between the subjective size of the condyle

and the interpreted osseous morphology data. Very low rs values indicating no

correlation were found between subjective size and the condyle-fossa spatial

measurements. Significant correlations were found between the subjective size and the

osseous morphologic changes (significant after Bonferroni correction with O. = .05/51 =

.001). Sclerosis vs. subjective size was moderately well correlated (R=0.48). Flattening

vs. subjective size was well correlated (R=0.70). The combined variables of sclerosis and

flattening as well as sclerosis or flattening were also correlated with subjective size

(R=0.67 and R=0.52, respectively).
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Table 7. Spearman correlations between tomogram data (osseous
morphology and joint space measurements) and Subjective Size of the
condyle.

anked Size (Subj.)
Fºst - Ant. -0.06

Sup. - Dist. –0.04

Min. P,A 0.28

Sclerosis 0.48%

Flattening 0.70%

Scl. -- Flat. 0.67;

Scl. or Flat. 0.52%

Size (Subj.)=Subjective size. Post.-Ant.=Posterior-Anterior. Sup.-
Dist.=Superior-Distance. Min. P,A=Minimum joint space, Posterior or
Anterior. Scl.–Sclerosis. Flat.=Flattening. * significant after Bonferroni
correction (P's .05/51 = .001).

Table 8 shows the Spearman rank correlation coefficients for the condyle-fossa

spatial measurements with the osseous morphologic changes. The low rs values indicate

low to no correlations for these variables.

Table 8. Spearman correlations between joint space
measurements and. Osseous l

t. - Ant. . -

1S

... +

. Or -

t.-Ant. = or-Anterior. Sup.-Dist. = Superior
Distance. Min. P,A = Minimum joint space, Posterior
or Anterior. Scl. = Sclerosis. Flat. = Flattening.
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IV. DISCUSSION

Previous studies have attempted to find associations between temporomandibular

joint health and CR-CO discrepancies. The present study differed from previous studies

in the use of more reliable and objective measures of TMJ health (via tomography) and

occlusal slides (via the Condylar Position Indicator). The findings of this research

demonstrate minimal correlation between the radiographic state of the TMJ and measures

of the CPI. Therefore, we cannot reject the null hypothesis that those patients with

positive tomographic signs exhibit the same degree of CR-CO discrepancy as those with

negative tomographic signs. However, the results of this research show that positive

tomogram findings and occlusal slides are present in the pre-orthodontic population.

Such findings agree with studies of different age groups (Pullinger 1993; Peltola 1995;

Utt 1995)

The adolescent population was chosen as the sample for several reasons. It is

possible that the reason temporomandibular disorders increase in incidence with age is

due to the cumulative experience of the TMJ and surrounding structures. The

multifactorial theory of TMJ etiology may be attributed more to the fact that an older

individual has several aberrant conditions than to all of these conditions contributing to

the demise of TMJ health; i.e. more factors may be present than are actually affecting the

joint. Adolescents will likely have fewer of the suspected factors leading to TMDs. The

inclusion criteria of permanent dentition was used to ensure the possibility of occlusal

factors.

The exclusion criteria of no history of trauma, orthodontics, extraction of

permanent teeth, or congenital abnormalities affecting the orofacial complex were used to

eliminate any idiosyncratic life experiences. All of the criteria used for exclusion were
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based on hypotheses that such factors may play a role in the development of TMDS

(Reynders 1990; Pullinger 1993; Greene 1995; Laskin 1995).

The state of the TMJ was assessed radiographically because this technique

permitted visualization of bony changes that may be attributed to deterioration of the

joint. Osteophytes of the mandibular condyle, for instance, are typically considered a

pathological sign. In the similarly functioning knee joint, though, Small osteophytes are

often found without any apparent deterioration (Danielsson 1970). Radiographic

interpretation alone is insufficient to distinguish osteoarthrosis from remodeling (Oberg

1971). Despite this caution, it must also be considered that many studies have shown

these signs of osseous change to be measures of disorder. Positive radiographic signs of

the condyle during adolescent orthodontics have been shown to be a weak precursor of

pain later in life (Dibbets 1989). In cases of severe remodeling of the condyle, marked

retrognathia can be seen (Larheim 1981). Additionally, osseous changes generally are

not found in the TMJ of asymptomatic individuals without internal derangement (Brooks

1992).

In contrast to radiographic signs of bony changes in the TMJ, other signs and

symptoms often cited as diagnostic for joint problems may not be pathologic at all. Joint

sounds such as clicking and popping are generally regarded as sequellae of an internal

derangement. Although joint sounds are more prevalent in individuals seeking care for

TMD than for those who are not (Dworkin 1990), it has also been shown that joint

sounds are present in up to 94% of adults (Pollman 1980). Although it has been

hypothesized that internal derangement of the TMJ in children may contribute to

retrognathia with possible asymmetry (Schellhas 1993), a study of 70 asymptomatic

individuals revealed 24% with MRI diagnoses of internal derangement. Such conflicting

data has lead to a controversy in the relevance of sounds in the TMJ.

Of the available methods for assessing CR-CO discrepancies, measurements

generated from mounted models with the Condylar Position Indicator are the most
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objective and offer the lowest possibility of bias. Intraoral measurements of occlusal

slides does not mask the operator to the occlusion and facial characteristics of the patient.

Additionally, measurements of occlusal slides at the level of the teeth do not provide any

evidence for what is happening in the TMJ. The CPI distinguishes itself from these

methods by approximating the change in position of the mandibular condyle when the

mandible shifts from CR to CO. Because this study attempted to correlate CR-CO

discrepancies with pathologic signs of the condyle, it is logical that these discrepancies

should be assessed at the level of the condyle as well.

Theoretically, the CR position is the most superior and anterior position of the

condyle in the glenoid fossa. Therefore, when the condyle changes position in

conjunction with the intercuspation of the teeth, the condyle must move in a direction

other than anterior or superior, viz. posterior and inferior. However, as with other studies

(Utt 1995), this study showed several subjects exhibiting CO positions superior or

anterior (and even both superior and anterior) to the CR position. This could be

measurement error in the recording of either CR or CO. Alternatively, because the

subject must open slightly for the CR wax-bite, the TM disc may be reducing during the

CR bite. The CO bite is then taken with the mandible in a more closed position, allowing

the disc to dislocate, which then permits a more anterior and superior movement of the

condyle. Another possibility is that when the teeth are in occlusion the condyle is pressed

against the disc sufficiently to distort the disc to allow the condyle to move more

superiorly and anteriorly. The results of this study for the CPI measurements are in

accord with previously reported data (Utt 1995), in that for most cases, the CO point was

in a position that was anatomically posterior and inferior to the CR position. The least

frequent location of CO was posterior and superior to the CR position.

Analysis of the gender and age of the subjects revealed low correlations with the

variables studied. However, three variables did show a low level of correlation with

study variables. The relationship between the minimum posterior or anterior joint space
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(Min. P.A and gender does not have an obvious explanation. The relationship between

magnitude and age might be due to a subject's jaw function becoming accustomed to the

intercuspation of the teeth and therefore developing a tooth-determined bite.

Alternatively, an older subject might have had more opportunity for degeneration of the

condyle and, therefore, a larger shift. The inverse correlation between condylar size

(subjective) and gender may be explained by the fact that girls tend to reach their pubertal

growth spurt earlier than boys. Since this phenomenon occurs in the age group that was

studied, this may explain why the females tended to have longer appearing condyles than

the males. The relationship of size (subjective) to age is easily explained by growth.

Regressions were performed for these variables to remove the influence of age and/or

gender from subsequent partial correlations.

Repetitive CPI measurements were made on 9 of the test subjects in an effort to

address the controversial reliability of this technique. Previous studies have shown a low

reproducibility of CPI measurements in the same subjects (Wear 1990; Gaither 1997).

The high variability appears to be due to the CO measurement (Wear 1990), since the CR

measurement has been shown to be reproducible (Wear 1990; Piehslinger 1993; Wood

1994). The results of this study indicate that the variation between subjects in the CR and

CO groups was not significantly larger than the variation within subjects in these groups.

Although, the probability values for many of the measures studied were less than 0.05,

indicating correlations different than zero, the r values were very low. Even the best r,

value (for left distance) was only 0.3. However when the distance between CR and CO

for each repeated measure was examined for reproducibility the variations between trials

was smaller than the distance between CR and CO, indicating that this measure of

distance was reliable. The intraclass correlation values for the left distance and right

distance were the highest, at 0.68 and 0.70, respectively. The left vertical and right

horizontal measures also had intraclass correlation values approaching 0.70. For all

measures there were significant differences from zero at PSO.05. These findings can be
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explained with the previous studies' results in that while a patient may alter the habitual

biting position from trial to trial, the magnitude difference between this bite and the

operator manipulated CR position remains relatively constant. This is logical because

preorthodontic patients do not typically have stable bites, which allows them to bite in
several slightly different CO bites. Each of these CO bites is, however, different from the

CR bite by about the same amount.

The CPI data were compared to the tomogram data in several ways. The basic

analysis was to compare the CPI values (right and left vertical, horizontal, and

magnitude) to the tomogram data for osseous morphology. The transverse variable was

not used in the analysis due to the low reliability in measurement. The rs values for the

tomogram to CPI correlations were all very low, indicating a lack of correlation. None

were significant. Because those subjects with CO superior or anterior to CR may have

dislocated discs, the general direction of the CO point as related to the CR point was also

of interest. The quadrant that CO was marked in reference to CR was therefore analyzed.

Spearman correlations were also very low for this measure, and none were significant.

The low correlation between the osseous morphology and the CPI data may be

due to a low sensitivity of corrected tomograms in detecting bony lesions. Although

corrected tomograms have been shown to have a sensitivity greater than the 0.70

generally accepted as necessary for a TMD imaging test (Dixon 1995), early arthritic

changes of the condyle may be undetectable (Dixon 1995). In fact, studies have shown

sensitivity as low as 25% for diagnosing holes less than 11 mm in diameter (Gonclaves

1974) and poor detection rates for moderately severe arthritic lesions with exposed bone

and sloughed soft tissue (Rohlin 1986). An additional complication is that the validity of

these signs may not all be the same. One study found diagnosis of an osteophyte to be

almost always accurate, while a diagnosis of sclerosis was most frequently false

(Cholitgul 1990). Such problems with validity are not necessarily due to a lack of

accuracy, but may be a matter of diagnosis. For instance, what appears to be sclerosis on
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a tomogram may be accurately measured, yet normal, bone of unusual width (Lindvall

1976)

Consideration must also be given to the fact that although the degeneration of the

mandibular condyle progresses through stages of sclerosis, flattening, erosion,

osteophyte, and subchondral bone cyst, the progression from each stage to the next may

not be associated with the same increase in morbidity. For instance, the change from

sclerosis to flattening may be of minor consequence compared to that from flattening to

erosion. Such a lack of parallelism of progression makes the rank ordering for statistical

purposes more difficult, i.e. it is unclear whether an individual who has flattening is twice

as bad as an individual with just sclerosis. Further, because the progression moves in

order through all of the stages, it is initially counterintuitive that a condyle would exhibit

flattening, but no sclerosis. Yet, such was the case in 5 of the joints studied. In the event

that the sclerosis somehow remodeled away, it is unclear whether a condyle with

flattening but no sclerosis is in a less pathologic state than a condyle with both sclerosis

and flattening.

The CPI data was also analyzed with respect to the relationship of the condyle to

the glenoid fossa as measured on the tomograms. Because degeneration of the articular

surface would also lead to a shortening of the condyle process, it would be expected that

a larger distance would exist between the condyle and the fossa when the patient was in

CO (which is the closed position of the tomogram). Therefore a larger CR-CO

movement would accompany those joints which exhibited a large anterior joint space in

the closed-mouth tomogram. A small posterior joint space would be expected to also be

associated with a large CR-CO discrepancy because the condyle must move significantly

forward from the CO position to reach the CR position. Because the size of the fossa and

the size of the condyle vary from individual to individual, the posterior-anterior variable

was generated to provide the relative location of the condyle in the sagittal plane. The

min. P,A variable was generated to indicate if the condyle was particularly close to either
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the posterior or anterior wall. Correlations of these variables with the CPI data were very

low and did not corroborate these hypotheses.

Typically a dislocated disc reduces on opening of the jaw so that when the

mandible is in its most open position the disc should be interposed between the condyle

and the eminence. When the jaw closes, the disc dislocates and the condyle is permitted

to contact the disc or approximate the fossa without touching the disc at all. Subtraction

of the open distance measurement from the superior joint space should provide an

indication of such a dislocation. Correlations between this subtraction generated variable

and the CPI data were too low to be of consequence.

Because the degenerative process potentially leads to a shortened condyle, the

size (as subjectively assessed on the tomograms) was compared to the other tomogram

variables. No relationship was seen between the size (subjective) and the joint space

variables. However, significant relationships were noticed between this size

measurement and the four variables measuring sclerosis and flattening. This may be due

to the aforementioned theory of the degenerative process or, because the same operator

analyzed these variables there may be some bias. However, the rs values were large, with

size (subjective) vs. flattening showing a correlation of 0.70, and size (subjective) vs.

sclerosis + flattening correlating at 0.67.

Lack of correlations might be due to lack of power, i.e. too few patients studied.

However, “post-hoc" power analysis (with 58 condyles) had 80% power to detect a

correlation of 0.70 as a significant difference from a null hypothesis correlation of 0.30

and to detect 0.64 as significantly different from 0.20. Thus, the lack of significant

correlations in this study does not seem to be from lack of power.

The clinical significance of the correlations that were found is that if a cause

effect relationship can be assumed, sclerosis and flattening will cause a shorter condyle.

This may appear obvious for flattening, as the nature of the flattening is to remove points

of increased stress. However, the subjective measuring of size was more global for the
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entire condyle than just for a few points on the articular surface. Further, sclerosis need

not occur in the presence of any removal of hard tissue. Correlation of size with sclerosis

and flattening indicates that a relatively large amount of hard tissue has been removed

when Osseous changes are apparent.

If, on the other hand, the correlation is actually a result of the opposite cause

effect relationship, i.e. that short condyles tend to become flat or sclerotic, this is still of

concern. Orthodontists are typically wary of treatment on patients with short condyles

because of a possible history of some sort of shortening. To find that these condyles are

predisposed to osseous changes of some degree of morbidity would be of great

importance.

The validity of measuring joint spaces from corrected tomograms is equivocal.

That it is common practice to evaluate the position of the condyle on such films is due to

the fact that other methods of TMJ radiography are inferior in this regard (Lewis 1964;

Eckerdal 1979). However, even tomography, when compared to gross anatomical

dissections, may still be slightly inaccurate. Although these discrepancies are typically

on a low level (Eckerdal 1979) they may have had some impact on the data collected in

this study. It is unclear whether there might be a bias in assessing joint spaces on

corrected tomograms, but such biasing, in conjunction with any tomogram-assessment

discrepancies, might show up in the subtracted values of joint spaces. The extremely low

R values shown in the correlations with the joint space measurements make it unlikely

that such small inaccuracies could be responsible.
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V. SUMMARY AND CONCLUSIONS

Much research and many hypotheses have been formed regarding the relationship

of occlusion to temporomandibular disorders. Osseous changes visible radiographically

are regarded as evidence of temporomandibular disorders. A habitual bite position which

differs from what is believed to be a more ideal condyle position is regarded by many

orthodontists as evidence of poor occlusion. This study attempted to analyze the

relationship between these two variables. The temporomandibular joints of 29

preorthodontic adolescents were imaged via tomography and interpreted for joint spaces,

osseous morphology, and condylar length. The amount of occlusal slide between the

patient’s best fit natural bite and their centric relation position was characterized and

measured at the level of the condyle via mounted models and the Condylar Position

Indicator. None of the tomogram factors was significantly correlated with the Condylar

Position Indicator data. Significant correlations were found between the subjectively

interpreted size of the condyle and the degree of sclerosis and flattening of the articular
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VII. APPENDIX A

UNIVERSITY OF CALIFORNIA,
SAN FRANCISCO

CONSENT TO PARTICIPATE
IN A RESEARCH STUDY

The relationship between change in mandibular
position from centric relation to maximum
intercuspal position and the health of the

TemporomandibularJoint (TMJ) in
pre-orthodontic patients.

A. PURPOSE AND BACKGROUND

Art Miller, Ph.D., Charles McNeill, D.D.S., and Andrew Trosien, D.D.S., from the
Departments of Growth and Development and the Center for Temporomandibular
Disorders and Orofacial Pain, are conducting a study to help understand the causes of
temporomandibular joint (jaw joint) problems. Because I am a healthy person will all of
my permanent teeth, I am being asked to participate in the study.

B. PROCEDURES

If I agree to be in this study, the following will happen:

1. I will complete a questionnaire regarding my age and history of pain in my jaw
joint. This should take about 10 minutes to complete.

2. I will receive a thorough clinical and X-ray examination of my jaw joints, the
TMJs. (The TMJs are the ball and socket joint, located just in front of the ears,

that
connects the lower jaw to the head. This examination, used for research purposes,
is commonly done for patients. This testing should take approximately 30

minutes.

3. I may be withdrawn from the study without my consent if the researchers
believe it is in my best interest, or if I fail to follow study procedures.

Participation in this study will take a total of about 40 minutes additional to the standard
orthodontic records.

All study procedures will be done in the Orthodontic Clinic at the University of
California, San Francisco, School of Dentistry.

C. RISKS/DISCOMFORTS

Participation in research may involve a loss of privacy, but information about me will be
handled as confidentially as possible. My name will not be used in any published reports
about this study
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The amount of radiation I will be exposed to is relatively small. These doses of radiation
could be potentially harmful, but the risks are so small that they are difficult to measure.
If I have had a lot of x-rays already or if I might be pregnant, I should discuss this with
the investigator.

T i C sation for Iniury:

If I am injured as a result of being in this study, treatment will be available. The costs of
such treatment may be covered by the University of California, depending on a number
of factors. The University does not normally provide any other form of compensation for
injury. For further information about this, I may call the office of the Committee on
Human Research at (415) 476–1814.

D. BENEFITS

I will not directly benefit from participating in this study. It is hoped that the information
gained from this study will help the investigators learn more about the cause of jaw joint
problems, which may provide better methods to diagnose and treat this condition.

E. COSTS

I will not be charged for any of the study treatments of procedures.

F. REIMBURSEMENT

I will receive no reimbursement for participation in this study.

G. QUESTIONS

This study has been explained to me by Dr. Trosien and my questions were answered. If
I have any other questions about he study, I may call Dr. Trosien at (415) 476-9011.

H. CONSENT

I have been given copies of this consent form and the Experimental Subject's Bill of
Rights to keep.

PARTICIPATION IN RESEARCH IS VOLUNTARY. I have the right to decline to
participate or to withdraw at any point in this study without jeopardy to my medical or
dental care.

If I wish to participate, I should sign below.

Date Subject's Signature

Date Parent/Guardian's Signature
(Minors)

Date Person Obtaining Consent

12 Aug 1996

:
*■ \

■

s -

~
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Name

VIII. APPENDIX B

(ORTHODONTIC PATIENT FORM)
Today's date /-/–

(Last) (First) [] M

Social Security Number: /-/ Pale of Birth——/— Sex D F
Phone # - Home( ) Work ( )

Address City State Zip

Employer Address State Zip

Referred by Family Dentist Family Physician

Method of Payment (if treatment is pursued): Cash Insurance Medi-Cal Other

COMPLETE THIS SECTION IF PATIENT IS A MINOR:

Father's name Mother's name

Address Address

City Zip City Zip

Home # Work # Home # Work #

Do mother, father and child reside together?

I certify that I am the parent or legal guardian of the above child.

Date last seen by your dentist

[] Yes
D. Yes

Gum trouble / bleeding D. Yes
D. Yes
[] Yes
D. Yes

Previous orthodontics

Sores in mouth

Fear of dentists

Speech problems

Nail biting / lip biting

Please explain any "Yes" answers to the above questions and give dates when appropriate:

Number of children in family

(Signature)

(DENTALHISTORY)

[] No
D. No
[I] No
D. No
[I] No
[] No

Reason for visit to your dentist

Thumb / finger sucking [] Yes
Dental surgery D Yes

Difficulty chewing D. Yes
[] Yes

Blow / injury to jaws / face [] Yes
Jaw joint problems

Grinding (bruxing) teeth D. Yes

[I] No
D. No
D. No
D. No
[] No
[] No

D. Yes D. No

Pain in head, face or jaws D. Yes D. No
[] Yes D. No

Noise or click in jaw joint [T] Yes [T] No

[] Yes [] No
D. Yes [] No

Clenching teeth

Headaches

Excessive snoring

Nose breathing difficult

How many times a day does the patient brush? How many times a week does the patient floss?

:g

. º

s .i
|

-

-
-

* \ .
Did patient's mother have an orthodontic problem? D. Yes D. No
Did patient's father have an orthodontic problem?

Please describe in your own words what concerns you have about your teeth or your child's teeth.

Dal Yes [T] No

was it treated? D. Yes D. No
was it treated. D Yes D No

ortho form 3

} : * ** * * *
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( MEDICAL HISTORY )
Date of last visit to a physician — Reason for visit

Allergies D Yes D. No Glaucoma D Yes D. No
Asthma D. Yes D. No Epilepsy [] Yes D. No

Diabetes D. Yes D. No Injuries to Head or Neck D. Yes D. No
Liver Disorders DJ Yes DJ No Auto Accident DJ Yes DJ No
Lung Disorders D Yes DJ No Neck Pain D Yes D. No
Stomach Disorders DJ Yes Dal No Back Pain [] Yes D. No
Kidney Disorders DJ Yes D. No Arthritis D. Yes D. No

Heart Disorders D. Yes D. No Prolonged Bleeding D Yes D. No
Rheumatic Fever DJ Yes DJ No Thyroid Abnormalities [] Yes D. No
High Blood Pressure D Yes D. No Hormone Abnormalities D. Yes D. No
Stroke [] Yes D. No Replacement Joint D Yes D. No

Heart Murmur D. Yes D. No Replacement Heart Valve D Yes D No

Please explain any "Yes" answers to the above questions and give dates when appropriate:

Eye Problems [] Yes
Ear Problems [] Yes
Nose or Throat Problems D Yes
Emotional Problems D. Yes

Stress Counseling D. Yes
Allergy to Dental Injection Dal Yes
Hepatitis or Positive Test [] Yes
Any Blood Disorder D Yes
Tonsils/Adenoids Removed DJ Yes
Fainting or Dizzy Spells [] Yes

Radiation Treatment Da Yes
Drug Reaction (list below) D Yes

D. No

[] No º
D. No * , ; ;
DJ No … tº

D. No ; :

[] No
D. No
D. No
D. No
D. No
[] No
D. No

Have you been hospitalized in the last 5 years? [] Yes [] No If Yes, please explain:

Do you take medication now?

Are you seeing a physician now?

Are there any diseases that seem to particularly affect your parents or relatives? D. Yes D. No If Yes, what?

If female, are you pregnant? D Yes D. No if so, how many months?

Is there any other health information we should know?

| CERTIFY THE ABOVE TO BE TRUE TO THE BEST OF MY KNOWLEDGE, AND I HAVE READ AND UNDERSTAND THE
UCSF ORTHODONTICS INFORMATION SHEET.

(Date)

Thank you for making this first orthodontic visit. This questionnaire will

(Signature)

provide a confidential
history of the patient in order that the orthodontist will be able to make a more complete

examination. When the orthodontist has completed the examination, the findings and
recommendations will be discussed with you.
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IX. APPENDIX C

Table C1. CPI values for three trials on nine subjects.

aR-ºm-Rºman-co-ºmroºmsºn

Condylar Position Indicator
Subject Right Right Left Left Transverse

Code Vertical Horizontal Vertical Horzontal
CR 146A O. 16 O.1 O.74 O.19 O.21
CR 146B O.08 0.26 0.74 O.19 O.21
CR 146C 0.66 O.1 1.07 O 0.09
CO 146A -0.77 1.15 O.39 1.26 O.58
CO 146B 0.41 0.31 0.74 O.19 O. 16
CO 146C 0.22 0.5 0.53 0.73 0.07
CR 147 0.36 0.2 0.64 O.19 O.02
CR 147B 0.34 O.19 0.7 0.05 0.02
CR 147C 0.34 O.19 0.64 0.19 O
CO 147A -0.56 1.34 0.06 1.16 0.05
CO 147B -0.11 0.35 0.59 O.39 0.32
CO 147C O.15 0.5 1.07 O.39 0.05
CR 170 0.22 0.09 O.69 -0.05 O. 16
CR 17OB O.18 0.32 0.75 -0.21 O. 16
CR 17OC O.18 0.32 0.66 0.09 0.24
CO 17OA 0.92 0.37 1.39 –0.37 0.26
CO 17OB 1.37 0.11 1.35 -0.17 0.04
CO 17OC 0.51 O.51 O.77 O.5 0.24
CR 168A 0.4 O 0.7 O. 14 0.46
CR 168B 0.48 -0.28 0.7 -0.05 0.22
CR 168C 0.48 -0.28 O.7 O. 14 0.24
CO 168A. 1.71 0.55 1.37 O.98 O. 12
CO 168B 0.21 1.83 O.39 0.84 O
CO 168C 0.08 1.61 –0.16 1.16 O
CR 169A O O.63 0.68 0.44 O.2
CR 169B 0.19 0.22 0.64 0.34 0.32
CR 169C O 0.34 O.68 O. 14 0.2
CO 169A -0.28 0.79 O.57 O.82 0.06
CO 169B -0.17 O.39 0.51 0.6 0.06
CO 169C 0.83 -0.14 1.22 -0.11 O.19
CR 162A 0.22 0.15 0.73 O.18 O.31
CR 162B 0.16 0.39 O.38 0.28 O.31
CR 162C 0.16 0.39 O.2 0.66 O.31
CO 162 O.89 O.32 1.55 0.23 O
CO 162B 0.26 0.86 O.7 O.41 O.08
CO 162C O 1.03 0.66 0.74 O.1

- *

i| º

|
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Table C1 (cont.). CPI data for three trials on nine subjects.
Condylar Position Indicator

Subject Right Right Left Left Transverse
Code Vertical Horizontal Vertical Horzontal

CR 163A 0.22 0.11 O.94 O 0.14
CR 163B O 0.44 0.51 O.5 0.13
CR 163C O 0.53 0.77 O. 1 O.3
CO 163A 2.49 -0.49 3 O O.09
CO 163B 1.8 0.23 2.6 0.15 O.O7
CO 163C 3.14 -0.53 3.27 -0.28 0.09
CR 171A 0.07 0.29 0.79 0.06 O. 15
CR 171B 0.07 0.29 0.58 O.19 O. 15
CR 171C 0.07 O.29 0.79 0.06 0.15
CO 171A -0.84 2.57 O.58 O.19 O.17
CO 171 B -0.59 2.5 -0.19 O.93 O.19
CO 171C 1.57 1.44 1.76 -1.13 0.82
CR 173A 0.16 0.24 O.95 O. 16 0.36
CR 173B 0.1 0.54 O.83 -0.06 O. 13
CR 173C O 0.52 0.73 0.26 O.29
CO 173A 1.14 0.48 1.25 -0.06 0.36
CO 173B 1.72 1.2 1.4 -0.63 0.13
CO 173C 1.14 0.21 O.95 O. 16 O.36
CR=Centric Relation. CO=Centric Occlusion.
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Table C2. CPI data for all subjects measured.
Subject Right Right Left Left Transverse Right Left

|D Vertical Horizontal | Vertical | Horizontal Magnitude I Magnitude
113 2.02 -1.20 2.25 -0.68 0.62 2.35 2.35

116 –0.16 -0.61 1.01 -0.80 0.00 0.63 1.29

118 1.00 -O. 10 0.51 -0.65 0.16 1.00 0.83

119 0.10 –0.10 0.00 0.14 0.14 0.14 0.14

120 O.25 0.22 O.31 0.08 0.00 0.33 0.32

121 2.17 -0.67 1.96 -1.55 0.00 2.27 2.50

122 1.60 -0.67 1.28 -0.78 0.13 1.73 1.50

123 -1.32 1.15 -1.20 0.22 0.66 1.75 1.22

124 0.50 1.58 -0.20 0.00 0.35 1.66 0.20

125 1.10 -0.10 O.70 -1.03 0.68 1.10 1.25

126 0.41 -O. 11 0.59 0.15 0.00 0.42 0.61

127 1.00 -0.48 0.88 -1.36 0.48 1.11 1.62

128 0.62 -0.44 O.75 -0.94 0.18 0.76 1.20

129 -0.85 0.28 0.00 O.60 0.60 0.89 0.60

130 -0.30 0.30 0.08 0.94 0.25 0.42 0.94

131 1.27 -0.54 0.27 0.45 0.10 1.38 0.52

132 0.21 0.00 –0.16 0.53 0.18 0.21 0.55

133 2.13 -1.65 1.64 -0.43 0.22 2.69 1.70

134 0.13 0.00 1.38 -1.26 0.53 0.13 1.87

135 0.77 -0.63 1.20 –0.15 0.70 0.99 1.21

136 0.81 -0.12 0.00 -0.43 0.76 0.82 0.43

137 0.19 -1.36 0.64 1.40 1.80 1.37 1.54

138 0.77 –0.27 0.41 -0.14 0.00 0.82 0.43

139 1.71 -0.64 1.45 -0.60 0.25 1.83 1.57

140 2.05 0.00 1.11 0.29 0.25 2.05 1.15

142 0.93 0.65 1.16 0.10 0.20 1.13 1.16

143 1.96 -0.96 1.90 -0.44 O. 14 2.18 1.95

103 0.55 0.05 0.32 0.07 O.17 0.55 0.33

104 0.76 –0.17 1.49 -0.05 0.15 O.78 1.49

105 2.22 -0.45 1.89 -0.26 0.21 2.27 1.91

106 0.25 0.00 O.69 0.00 0.31 0.25 0.69

1 O7 O.43 -0.20 0.47 0.00 0.31 O.47 0.47

108 1.24 0.78 1.44 0.51 0.50 1.46 1.53

109 O.73 -0.12 0.44 -0.18 0.00 0.74 0.48

11 O 0.31 0.81 0.25 0.00 0.10 O.87 0.25

111 0.45 0.00 0.20 -0.20 0.00 0.45 0.28

112 2.67 -1.46 1.61 -1. 10 0.08 3.04 1.95

117 O.74 -0.28 1.25 -0.67 0.00 0.79 1.42
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Table C2 (cont.). CPI data for all subjects measured.
Subject Right Right Left Left Transverse Right Left

|D Vertical Horizontal | Vertical Horizontal Magnitude LMagnitude
141 0.08 0.53 -0.84 0.38 0.59 0.54 0.92

144 1.16 -O. 11 1.02 0.59 0.65 1.17 1.18

145 3.19 -0.33 1.10 –0.75 0.94 3.21 1.33

146 –0.93 1.05 -0.35 1.07 0.40 1.40 1.13

147 -0.92 1. 14 -0.58 0.97 0.28 1.46 1.13

148 2.63 -0.08 2.69 –0.15 0.20 2.63 2.69

149 -0.11 0.34 0.22 -0.77 0.28 0.36 0.80

150 -0.05 -0.07 O. 11 -0.37 0.09 0.09 0.39

151 0.93 –0.35 0.40 0.12 0.00 0.99 0.42

154 0.00 -0.17 0.20 O.71 0.76 O.17 0.74

155 -0.81 0.91 O.17 -0.17 0.25 1.22 0.24

156 0.49 -0.14 0.39 0.50 0.55 0.51 0.63

157 -1.45 1.26 -0.97 0.83 0.13 1.92 1.28

158 -1.39 1.10 -1.11 3.13 0.00 1.77 3.32

1.59 1.51 -0.55 0.31 -0.13 0.00 1.61 0.34

160 0.93 -0.32 0.74 -1.09 0.09 0.98 1.32

161 0.44 –0.04 0.77 0.32 0.23 0.44 0.83

163 2.27 -0.60 2.06 0.00 0.08 2.35 2.06

162 0.67 O.17 0.82 0.05 0.33 0.69 0.82

170 O.70 0.28 O.70 -0.32 0.16 O.75 O.77

171 –0.91 2.28 -0.21 0.13 0.15 2.45 0.25

168 1.31 0.55 0.67 0.84 0.46 1.42 1.07

169 -0.28 0.16 -O. 11 0.38 0.20 0.32 0.40

173 0.98 0.24 0.30 -0.22 0.36 1.01 0.37

152 -0.60 0.90 -0.67 0.68 0.10 1.08 0.95

y
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Figure C1. CPI data scatterplots, right condyle. Each dot is one subject's CO point. CR
is 0,0. Upper left quadrant corresponds to anatomic inferior-posterior quadrant. Bottom
right quadrant corresponds to anatomic anterior superior.
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Figure C1 (cont.) CPI data scatterplots, left condyle. Each dot is one subject’s
CO point. CR is 0,0. Upper left quadrant corresponds to anatomic inferior-posterior
quadrant. Bottom right quadrant corresponds to anatomic anterior superior.
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TableC3(cont.).CPIandtodata. Patient
I
Right
|
Left
I

SclerosisFlattening|Erosion
|

Osteophyte
|
SBC
|
Size
I
AntSupPostDistance
|
Min.Post-AntSup-Dist IDP

123001.94.33.6
1
1.91.7

2.253.3
||
2.2–2.2 1.52.620.51.50.5 1

3.23.31.2
1
2.3

2.34.32.81.4|2.30.5 23.73.73.121.7 1.43.820.71.40.6 1
3.72.51.1
1
1.5

4.91.31.22.81.2–3.7 1.41.11.61.71.40.2 3.421.61.61.6-1.8 1
3.12.90.9
|
1.9

2.44.23.12.40.7 32.822.22-1 2.22.22.31.5
||
2.20.1 3.13.22.42.52.4–0.7 2.33.33.31.4

||
2.3
1

1.43.21.42.21.40 0.84.13.61.2
||
0.82.8 1.33.23.71.71.32.4 20.30.61.9

||
0.6-1.4

1.52.63.91.91.52.4 3.84.633.53–0.8 1.1332.91.11.9 21.51.71.2
|
1.7–0.3

x01.30.90.41.4
||
0.4-0.9

=Sunecyst.=anteriorJointspace.Sup=superiorJointspace.t=posteriorjointspace.
spacedistance.Min.P.A=mimimumjointspace,eitheranterioror
posterior.Post-Ant=posterior
jointspaceminusanteriorjoint space.Sup-Dist=superior

jointspaceminusopeningjointspacedistance.

0

0

0

0

138 113 112 161 150 151 163

0 0 1 1 0 0 1 1 1 0 0 1 0 0 0

157

(
)

159 158 149 154

56

3.3 1.7 2.1 2 2.9 0.6 3.1 2.6 -1.5 -0.6 0.4 2.2 4.2 0.6 0.7 0.7 1.9 1 2.9 1.5 -1.6 0.7 1.1 0.1 0.3 -0.5
ningjoint

*-_-**-*-ºr-----———*…-**

--
-*~*.().



TableC3(cont.).CPIandtomogramdata. Patient
I
Right
|
Left
I

Sclerosis
|

Flattening|Erosion
|

Osteophyte
|
SBC
|
Size
||
AntSupPost
|

Distance
|
Min.
|

Post-Ant
|

Sup-Dist IDP,A
171X1l00012.53.240.6
||
2.51.52.6

x0000001.51.53.71.1
|
1.52.20.4

160X0000002.82.91.50||1.5
-1.32.9

x0000002.431.10||1.1-1.33

155x0000001.923.51.3
|
1.91.60.7

X00000|1.502.143.61.4
||
2.11.52.6

148X00O0O05.71.90.40.9
||
0.4—5.3
1

01O0013.32.41.82.2
|
1.8
-1.50.2

x

SBC=subchondral
bonecyst.

Ant=anteriorjointspace.Sup=superiorjointspace.

spacedistance.Min.P,A=mimimumjointspace,eitheranterioror
posterior.Post-Ant=posterior
jointspaceminusanteriorjoint space.Sup-Dist=superior

jointspaceminusopeningjointspacedistance.
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Post=posteriorjointspace.Distance=opening
joint
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