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Abstract

Introduction: From the few studies that have investigated the frequency and costs of
various medical and dental procedures received by TMD patients, results suggest that TMD
subjects utilize significantly more health-care services and have highgr associated costs
than non-TMD subjects. To contribute to an understanding of dental care services
provided for TMD patients, this study analyzed the frequency and type of dental care
utilization among TMD subjects over a six-year study period. The specific aims were to
compare dental utilization patterns for TMD and non-TMD subjects in various age groups,
by gender, and for different categories of dentistry. In addition, the frequency and type of
dental care services provided to TMD patients were compared before and after the initial

TMD-related diagnosis.

Methods: Dental care utilization rates were examined among Kaiser Permanente Northwest
(KPNW) members with a TMD-related diagnosis between January 1998 and December
2003 and compared with members without a TMD diagnosis. The selection criteria
employed to assemble this population of subjects was based on extraction of third molars
and TMD status. From KPNW’s electronic database, 4,968 members were identified as
having had at least one 3" molar extraction during the study period and matched by age
and gender to patients who did not have a third molar extraction during this time period.
Patients with TMD diagnostic codes (N=751) in the epicare utilization file were identified
from these groups and matched by age, gender, and third molar status to members without
a TMD diagnosis during the study period (1-to-2 case/control ratio). The data was

analyzed using t-tests.



Results: The mean age of TMD subjects was 31 and 67% were female. TMD subjects
utilized approximately 10% to 20% more dental services across all categories of dentistry
studied than comparison subjects, or about one more dental procedure per year. There was
evidence to indicate a positive linear relationship between overall dental utilization rates
and age, with a significant increase in utilization with each ascending age cohort. An
exception was higher utilization rates in adolescents for preventive, extraction, and
orthodontic services. Females had higher dental utilization rates than males in all groups
and in all categories of dentistry. Utilization of dental services was consistently higher in
the extraction group across all parameters studied (i.e., age, gender, and dental category),
and found to be statistically significant for all procedures combined in both case and
comparison subjects. After a TMD diagnosis, major differences were not found in dental
care seeking patterns among TMD and non-TMD patients. Dental procedures provided for

subjects were dominated by diagnostic and preventive services (~60%).

Conclusions: TMD subjects were consistently greater utilizers of dental services overall
and across all categories of dentistry studied. Gender and age were important factors, with
increased utilization in females and older patients. In addition, TMD diagnosis did not
affect dental utilization patterns, indicating that most TMD patients continue to seek

routine dental treatment in spite of their disorder.



Introduction

Temporomandibular disorder (TMD) is a collective term that embraces a number of
clinical conditions involving the masticatory musculature and/or the temporomandibular
joint (TMJ) and associated s£ructures (McNeill et al. 1990). According to the American
Dental Association, the term “temporomandibular disorder” refers to a cluster of disorders
characterized by: pain in the preauricular area, the temporomandibular joint, or the muscles
of mastication; limitations or deviations in mandibular range of motion; and noises in the
TMJ during mandibular function (Laskin et al. 1983). TMD pain is the most common
chronic orofacial pain condition; frequent complaints are jaw joint pain, headaches,
caraches, and dizziness. Other signs and symptoms include limited mandibular movement,
abnormal occlusal wear, closed or open lock upon function, and TMJ sounds, usually
described as crepitus, clicking, and popping (Glaros et al. 1995, Okeson 1996). TMD has
been reported in 8% to 15% of the population, with peak prevalence from 35 to 45 years,
and falls to about 4% for women and even lower for men age 65 and older. It is twice as

common in women as in men (Von Korff et al. 1988, LeResche 1997).

Signs and symptoms of TMJ problems are often transient and overlap, making diagnosis
and treatment complex and controversial (Greene, Laskin 1983, Dworkin, LeResche et al.
1990). Moreover, signs and symptoms that will progress to more serious conditions are
inconsistent and lack a predictable pattern (Okeson, Hayes 1986, McNeill et al. 1990).
There is abundant evidence that TMD is a chronic disorder. However, there is little
evidence that chronicity of TMD and clinical signs progress toward noticeable physical

deterioration or decreased oral function. Therefore, it has been speculated that TMD may
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represent a set of largely self-limiting conditions that do not become associated with
progressive pathophysiologic deterioration, as major clinical signs and symptoms of TMD
do not increase in prevalence with age, and in fact, TMD-related pain diminishes
appreciably after the age of 65 (Rugh, Solberg 1985, Dworkin, LeResche et al. 1990,
Dworkin 1994). In summary, TMD is transient, self-limiting, and often without serious

long-term effects.

There does not appear to be a common etiology for TMD and although many factors
associated with TMD have been identified, most have not proven to be causal. These
include trauma to the masticatory system (i.e., parafunctional habits or direct blows), poor
occlusal or skeletal relationships, systemic factors (i.e., neurologic, endocrine-related,
rheumatologic, infectious, metabolic, or neoplastic disorders), and psychosocial factors

(Okeson 1996).

Cross-sectional studies have shown 45% to 75% of adults have at least one sign of joint
dysfunction (i.e., movement abnormalities or joint sounds) and 33% describe at least one
symptom during their life span, usually manifested by pain (Schiffman et al. 1990, Okeson
1996, McNeill 1997). However, only 5% of the population with signs and symptoms of
TMD actually seek or need treatment (Rugh, Solberg 1985, Dworkin, Huggins et al. 1990,
Schiffman et al. 1990), and the gender distribution of those seeking care is
disproportionately female (4:1 or higher; Von Korff et al. 1988, LeResche 1997).

The majority of TMD patients achieve adequate relief of symptoms with a conservative

model of noninvasive, reversible management (Griffiths 1983, McNeill et al. 1990,
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McNeill 1997). Some of these therapies include patient education and self-care, cognitive
behavioral intervention, pharmacotherapy, physical therapy, and interocclusal splints
(Griffiths 1983, McNeill 1997, Okeson 2003). The goals of treatment should include
reduction of pain, reduction of adverse loading, improvement of function, and restoration

of normal, daily activities (Griffiths 1983).

From the few studies that have investigated the frequency and costs of various medical and
dental procedures received by TMD patients, results suggest that TMD subjects utilize
significantly more health-care services and have higher associated costs than non-TMD
subjects (Shimshak et al. 1997, Shimshak, DeFuria 1998, White et al. 2001). To contribute
to an understanding of dental care services utilized by TMD subjects, this study analyzes
the frequency and type of dental care procedures in a large health maintenance organization
(HMO) over a six-year study period (1998 to 2003). The specific aims were to compare
dental utilization patterns for TMD and non-TMD subjects in various age groups, by
gender, and for different categories of dentistry. In addition, dental utilization rates for
TMD patients were compared before and after receiving their initial TMD-related

diagnosis to see if associated symptoms affected dental treatment decisions.
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Literature Review

Definition

Temporomandibular disorder (TMD) is a collective term that embraces a number of
clinical conditions involving the masticatory musculature and/or the TMJ and associated
structures (McNeill et al. 1990). It is considered to be a subclassification of
musculoskeletal and rheumatologic disorders and is generally characterized by orofacial
pain and masticatory dysfunction (McNeill 1997). TMD pain is the most common chronic
orofacial pain condition, usually located in the muscles of mastication, the TMI, or the
preauricular area (Laskin et al. 1983, Glaros et al. 1995, Okeson 1996, LeResche 1997).
Common complaints are jaw joint pain, headaches, earaches, and dizziness. Other signs
and symptoms include limited or deviated mandibular range of motion, abnormal occlusal
wear, closed or open lock upon function, and TMJ sounds during mandibular function,
usually described as crepitus, clicking, and popping (Dworkin, Huggins et al. 1990, Okeson

1996).

Epidemiology

TMD is a condition which is associated with young adults, primarily women.
Epidemiologic studies of TMD report a prevalence of 8% (males) to 15% (females) in adult
populations as characterized by pain in the muscles of the face, the TMJ, or inside the ear
for at least a period of six months (Von Korff et al. 1988). Temporomandibular pain peaks
for women in the child bearing years (25 to 44 age bracket) and falls to about 4% for
women and even lower for men age 65 and older, suggesting that it is not a progressive

condition (Von Korff et al. 1988, Brattberg et al. 1989). Cross-sectional studies have
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shown 45% to 75% of adults have at least one sign of joint dysfunction (i.e., movement
abnormalities, joint sounds) and 33% describe at least one symptom during their life span,
usually manifested by pain (Schiffman et al. 1990, Okeson 1996, McNeill 1997).
However, only 5% of the population with signs and symptoms of TMD actually seek or
need treatment (Rugh, Solberg 1985, Schiffman et al. 1990). The prevalence of TMD is
1.5 to 2 times more common in women than in men, and the gender distribution of those
seeking care is disproportionately female (4:1 or higher; Von Korff et al. 1988, LeResche

1997).

The 1989 National Health Interview Survey (NHIS) reported similar results (Lipton et al.
1993). The prevalence of jaw joint pain alone, for at least a period of six months, was
found to be 6.9% in females and 3.5% in males. Women reported jaw joint and face pain
twice as often as men, and whites were found to have the greatest estimated prevalence for
jaw joint and face pain of all the ethnic groups. The estimated prevalence rate for each
type of orofacial pain was consistently highest among those living in the western United

States (Lipton et al. 1993).

Signs and Symptoms

Rugh and Solberg (1976) recognized three symptoms that indicate TMD. These symptoms
include: pain and tenderness of the muscles of mastication and TMJ; sounds during
condylar movements, such as popping, clicking, or crepitus; and limitations in mandibular
movements. Other common symptoms reported include dizziness, ringing of the ears, and

headaches (Fricton 1991, Glaros et al. 1995). The most common complaint of clinical
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patients appears to be persistent pain (Greene et al. 1969), and relief from chronic orofacial
pain is the principal reason persons seek treatment (Dworkin, LeResche et al. 1990). Von
Korff et al. (1988) found that TMD-related pain was reported by 12.1% of their study
population, occurring with about the same prevalence as abdominal or chest pain but less

commonly than back pain or pain from headaches.

Clicking, popping, and crepitus sounds are generally a benign condition and have been
found in 25% to 45% of the population (Laskin et al. 1983, Schiffman et al. 1990).
Clicking immediately following opening and closure of the teeth has been shown to be the
result of posterior displacement of the condyle on the affected side. Popping sounds are
due to slipping of the articular disc, associated with hypermobility of the condyle
anteriorly. Crepitus sounds are associated with perforations in the disc and are frequently
found in degenerative joint disease (Moss, Garrett 1984). Joint sounds and amount of
vertical jaw opening usually remain fairly constant over time, whereas pain tends to
fluctuate and then markedly decline in frequency after age 45 to 50 (Laskin et al. 1983,

Dworkin 1994).

Signs and symptoms of TMJ problems are often transient and overlap, making diagnosis
and treatment complex and controversial (Greene, Laskin 1983, Dworkin, LeResche et al.
1990). Moreover, signs and symptoms that will progress into more serious conditions are
inconsistent and lack a predictable pattern (Okeson, Hayes 1986, McNeill et al. 1990).
Because TMDs encompass many disorders of the masticatory musculature, diagnosis based

on a single sign or symptom has led to inflated prevalence. It has been difficult to compare
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epidemiologic studies of TMDs, because there is no standardized method for evaluating the

subjective and objective characteristics of the disorder (Schiffman et al. 1990).

Abundant evidence indicates that TMD is a chronic disorder. However, there is little
evidence that chronicity of TMD and clinical signs progress toward noticeable physical
deterioration or decreased oral function, despite the fact that the principal subjective
symptom—pain—recurs during a number of years (Dworkin, Huggins et al. 1990).
Allerbring et al. (1993) found changes of pain intensity over time in 68% of patients with
chronic orofacial pain without any obvious pathological findings. Therefore, TMD may
represent a set of largely self-limiting conditions that do not become associated with
progressive pathophysiologic deterioration, as major clinical signs and symptoms of TMD
do not increase in prevalence with age, and in fact, TMD-related pain diminishes
appreciably after the age of 65 (Rugh, Solberg 1985, Dworkin, LeResche et al. 1990,
Dworkin 1994). In summary, TMD is transient, self-limiting, and often without serious

long-term effects.

Etiology

Controversy exists because of the limited knowledge regarding the etiology, natural
history, or course of TMD. There appears to be no common etiology for these conditions.
Many factors associated with TMD have been identified, but whether they are risk factors,
causal in nature, or purely coincidental to the problem is often debated (McNeill 1997).

Studies show that most factors have not proved to be causal (Okeson 1996).
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To better understand their role in the progression of TMD, these etiologic factors can be
classified as predisposing, initiating, or perpetuating (McNeill 1997). Predisposing factors
include systemic (i.e., neurologic, rheumatologic, infectious, or neoplastic disorders),
metabolic, or psychological conditions that can increase the risk of developing TMD.
Initiating factors lead to the onset of symptoms and are primarily related to trauma to the
masticatory system and poor occlusal or skeletal relationships. Perpetuating factors, such
as parafunction, hormonal factors, or psychosocial factors interfere with healing by
sustaining or enhancing the progression of TMD, complicating its management (McNeill

1997).

Certain neurotransmitters (i.e., norepinephrine and serotonin) and exogenous hormones
(i.e., estrogen and progesterone) have been implicated in both pain and depression (Laskin
1983, Dao, LeResche 2000). Studies on gender and pain perception have suggested
differences between the sexes in the endocrine and neuroimmune systems. This may help
explain why women are more likely to report or seek treatment for pain than men. It has
been proposed that there are biologic differences in the way noxious stimuli are processed
between the two sexes, and women have a more sensitive perceptual apparatus than men
(Dao, LeResche 2000). Women also generally report lower pain thresholds and tolerance
than men (Dao, LeResche 2000). The frequent occurrence of pain may be associated with
fluctuating hormonal states in the reproductive cycle (i.e., menstruation and ovulation).
LeResche et al. (1997) examined the possible relationship between post-menopausal
hormone replacements and temporomandibular pain. They found that the odds of secking

treatment for TMD were approximately 30% higher among those receiving estrogen
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compared with individuals not exposed. A clear dose-response relationship was evident
and suggested that decreasing hormonal levels in post-menopausal women may be a factor
contributing to a lower prevalence of TMD seen in women over the age of 65. Another
example of possible pain modulation by hormonal states was illustrated by Dao et al.
(1998). Their study showed that pain levels in myofascial patients who used oral
contraceptives were significantly more stable over time because the drugs controlled
hormonal fluctuations seen in women of child-bearing ages. Differing social rules for the
expression of pain may also explain the higher prevalence rates of TMD and greater health-
care utilization for women. For example, men have different coping strategies for pain,
including denial, talking the problem down, or using tension-reducing activities, such as

alcohol consumption, smoking, or drug abuse (Dao, LeResche 2000).

TMD is commonly regarded as a psychophysiologic disorder and the importance of
psychosocial factors in TMD patients has been increasingly emphasized (Johansson et al.
2004). Presently, no scientific evidence supports the routine use of psychologic testing in
the diagnosis of TMD, and psychological or psychosocial variables are not incorporated in
current TMD diagnostic schemes (Rugh, Soldberg 1976, Griffiths 1983, Dworkin,
LeResche et al. 1990). Somatization, depression, and higher health-care utilization have
been heavily implicated in chronic pain conditions, including TMD (Dworkin, Massoth
1994, Dworkin 1994). Somatization has been described as having three components:
predisposition to report many non-specific symptoms, such as pain complaints; tendency to
seek medical treatment; and emotional disturbance (Dworkin 1994). TMD is a chronic

condition that shares the major characteristics of other common chronic pain conditions,
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most notably headache and back pain. All three of these conditions show comparable
prevalence rates for depression (Dworkin 1994). Von Korff et al. (1988) reported on a
survey concerning common pain conditions of approximately 1,000 adult enrollees of a
large HMO in Seattle. They found that on average, persons with a pain condition had
higher levels of anxiety, depression, and non-pain somatic symptoms (poorer self-rating of
health status and more family stress). Seventeen percent of the subjects with orofacial and
TMD pain reported a fair to poor health status (compared with 9% with no pain); 31%
reported a great deal of family stress (compared with 14% with no pain); and 11% reported

possible major depression (compared with 2% with no pain).

Trauma to any component of the masticatory system can spontaneously initiate loss of
structural integrity and function and can be a major cause of TMD. Trauma has been
described as any force applied to the masticatory structures that exceeds that of normal
functional loading, including direct blows, parafunctional habits, previous dental treatment,
or deep pain input (Okeson 2003). Trauma can be divided into three major categories:
iatrogenic causes, macrotrauma, and microtrauma. Some iatrogenic causes include
intubation during general anesthesia, third molar extractions, long dental procedures, and
cervical traction. Macrotrauma is considered any sudden force that can result in structural
alterations, such as a direct blow to the face or injury from a motor vehicle accident.
Microtrauma is a small force that is repeatedly applied over a long period of time, such as
clenching, bruxing, or other parafunctional habits that cause excessive loading over time.
Toller (1976) estimated that 40% of TMD patients exhibit nocturnal bruxism.

Parafunctional habits are common and usually do not result in TMD symptoms. However,
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these habits have been suggested as initiating or perpetuating factors in certain subgroups
of TMD patients or when concurrently presented with other common etiologic factors of
TMD (McNeill 1997). Parafunctional activities usually occur on a subconscious level and
are often stress-induced. They cause increased tonicity of the muscles of mastication.
Other common oral habits associated with TMD include tongue and cheek biting, chewing
on pens, playing certain musical instruments, resting the head on the hand, and phone

bracing with the chin (Moss, Garrett 1984).

The role of previous dental treatment and TMD is unclear. Using a questionnaire given to
39 patients with chronic orofacial pain for greater than six months, Allerbring and
Haegerstam (1993) found that one-third of the patients connected the onset of their
symptoms with a previous dental treatment. However, in a longitudinal epidemiological
study of approximately 1,000 patients, Dworkin, Huggins et al. (1990) reported that extent
of dentistry, presence of fixed or removable prostheses, and prevalence of missing teeth did
not distinguish cases from controls. This data implies that extent and type of dentistry,
either as potential sources of trauma or as modifiers of the occlusion, do not appear to be

related to the presence or absence of TMD pain.

Deep pain input produces a muscle response known as protective co-contraction (i.e.,
muscle splinting). This represents the response of the masticatory muscles to injury or
threat of injury by limiting its use (Okeson 2003). For example, it is common for a patient
with a toothache to have limited opening and a normal opening when the tooth pain is

resolved. If protective co-contraction continues for several hours or days, the muscle tissue
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can become compromised and a local muscle problem may develop. Clinically, this

response can present as TMD and is often misdiagnosed and mistreated.

Occlusion, Orthodontic Treatment, and TMD

Occlusal condition and skeletal relationships and its association with TMD have been
debated for years. Recent studies do not support the role of occlusion in the etiology of
TMD. Excursive interferences, centric relation/centric occlusion discrepancies, crossbites,
openbites, and increased overbite and overjet are all factors that may or may not be
associated with TMD. Whether these factors are related to the cause or the result of the
disease has yet to be determined (Dworkin, Huggins et al. 1990, Okeson 1996). It has also
been concluded in the literature that the loss of posterior teeth does not increase the risk of
TMD, nor does restoration of missing teeth with partial dentures or bridges have a
preventive or treatment effect on TMD (Witter et al. 1994, Tallents et al. 2002). However,
Pullinger et al. (1990) found that missing mandibular posterior teeth in the presence of
osteoarthritis accelerated osteoarthritic changes. When five or more posterior teeth were
missing, the odds ratio for TMD was greater than 2:1. This might suggest that loss of
posterior teeth represents a cumulative risk factor in the presence of internal derangement

of the TMJ (Tallents et al. 2002).

In recent years concern has arisen regarding the effect of orthodontic treatment on disc
derangement disorders. Some authors have suggested that certain orthodontic treatments
can lead to disc derangement disorders (Witzig, Spahl 1987). However, several long-term

studies of orthodontically treated populations dispute this contention and have concluded
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that orthodontic treatment neither increases nor decreases the risk of developing TMD later
in life (i.e., the incidence of TMD symptoms in orthodontically treated patients is no
greater than that of the untreated general population; Egermark et al. 2005). TMD is rare in
children prior to puberty (LeResche 1997). Significant numbers of adolescents and young
adults have signs and symptoms of TMD, but they are mostly of a mild character and tend
to fluctuate over time with both improvement and impairment in the individual (Henrikson
et al. 1999). Concomitant orthodontic treatment does not establish a cause-and-effect
relationship between the treatment and the symptoms (Lindquist 1988). Henrikson et al.
(1999) found a decreased prevalence of several signs and symptoms of TMD after
orthodontic treatment in subjects with Class Il malocclusions compared to before
treatment, and subjects with untreated Class 1l malocclusions showed a slightly increased
prevalence of signs and symptoms of TMD during the same period. Subjects with normal
occlusion in the same study were found to have an overall lower prevalence of signs and

symptoms of TMD compared to treated and untreated Class 11 subjects.

The role of premolar extractions in orthodontic treatment has also been heavily debated.
Some authors believe that extraction of premolars causes collapse of the vertical
dimension, over-retraction of the premaxilla, retroclination of the maxillary incisors,
deepening of the bite, and premature anterior incisal interferences (Witzig, Spahl 1987).
They claim that this is turn leads to distalization of the mandible, posterior displacement of
the condyles, and subsequent TMD. No evidence in the literature indicates that premolar
extraction treatment causes distal mandibular displacement and subsequent posterior

condylar displacement. In fact, the literature supports the view that condyles are in a more
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concentric position at the end of orthodontic treatment (Gianelly 1988). This centric
relation position, with the condyles positioned in their most superior and anterior position
in the fossae, should be a goal of orthodontic treatment (McLaughlin, Bennett 1995).
Numerous studies have substantiated that orthodontic patients, treated with or without
extractions, demonstrate no higher incidence of TMD than non-orthodontic patients.
(Janson, Hasund 1981, Larsson, Ronnerman 1981, Dibbets, van der Weele 1991,
Kremanak et al. 1992). Kremanak et al. (1992) found that the only statistically significant
differences of TMD symptoms were small and in the direction of improvement by patients

in both the extraction and non-extraction groups.

Management of TMD

As mentioned previously, only 5% of the population with signs and symptoms of TMD
actually seek or need treatment (Rugh, Solberg 1985, Schiffman et al. 1990). Although
TMD is a chronic pain condition, most patients tolerate their condition without significant
disruption in their ability to cope adequately, thus maintaining adaptive levels of
psychosocial function. For those who do seek treatment, high success rates have been
reported, from 80% to 100%, for treatments as diverse as physiotherapy, occlusal
adjustment, psychologic counseling, biofeedback, and pharmaceutical management
(Okeson, Hayes 1986, Dworkin 1994). Despite these reports of high cure rates, many
people suffer from TMD as a chronic pain condition and will seek treatment repeatedly.
Patients may continue to seek treatment because available treatment methods have short-
lived effects or because TMD pain often recurs during a number of years (Dworkin 1994).

It is also important to recognize the ages for which success rates have been reported. TMD
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treatment is especially successful for middle-aged and older persons, which may account
for the apparent stability of clinical signs and the diminution of TMD pain with advancing

age (Von Korff et al. 1988, Dworkin, Huggins et al. 1990, Bertoft 1996).

TMD can mimic a variety of disorders because there is no common etiology, and diagnosis
and management is complicated (Dworkin, LeResche et al. 1990). Patients often seek care
from multiple providers, including otolarynologists, internists, neurologists, chiropractors,
physical therapists, and dentists. Dworkin (1994) found that 11% of functional TMD
patients sought treatment for their disorder from one to five providers, while 50% of
dysfunctional TMD patients had seen five or more TMD providers. Glaros et al. (1995)
looked at data obtained retrospectively from 257 patients seen at the University of Missouri
Facial Pain Center. Seventy percent of the patients were referred by a dentist and 12%
were referred by a physician. Patients reported seeing an average of 3.2 providers before
coming to the Facial Pain Center, usually at least one dentist, and 40% consulted with one
or more physicians. Twenty percent of the patients were told at each consultation that they

had no diagnosable condition and were advised to seek additional consultation elsewhere.

The majority of TMD patients achieve good relief of symptoms with a conservative model
of noninvasive, reversible management (Griffiths 1983, McNeill et al. 1990, McNeill
1997). Greene and Laskin (1983) reported that 74% (130 of 175 subjects) of patients
treated with a wide variety of conservative, reversible techniques were greatly improved or
totally free of symptoms at the end of treatment. In follow-up visits, with a mean of five

years of time elapsing, 90% of the subjects reported doing well. Among these subjects,
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53% described themselves as asymptomatic and 37% as experiencing only minor residual
or recurrent symptoms. Researchers concluded that “major alterations of mandibular
position or dentoalveolar relationships do not appear to be necessary for obtaining either
short-term or long-term success, and therefore, they can be generally regarded as
inappropriate treatment for this disorder.” In a similar study, Okeson and Hayes (1986)
looked at long-term effects of the symptoms of TMD after conservative treatment, mostly
occlusal splint therapy. After a minimum of two years post-treatment, 110 patients ranging
in age from 18 to 67 were asked about their TMD pain. Eighty-five percent reported no
pain, and 79% said the treatment they received helped them completely or considerably.
The results suggest that conservative treatment was generally adequate in the long-term

management of pain.

The American Dental Association’s “Report of the President’s Conference on the
Examination, Diagnosis and Management of TMD” (Griffiths 1983) recommended
guidelines for clinical examination and management of TMD. Because TMD can mimic a
variety of disorders, a multidisciplinary treatment approach should be utilized in both
assessment and management of TMD (Glaros et al. 1995). Based on literature reviews
presented at the conference, the researchers emphasized conservative, reversible therapies
that include patient education and self-care, cognitive behavioral intervention,
pharmacotherapy, physical therapy, and interocclusal splints (Griffiths 1983, McNeill
1997, Okeson 2003). Recommended goals of treatment include reduction of pain,
reduction of adverse loading, improvement of function, and restoration of normal, daily

activities.
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Instruction in self-care includes patient education, habit awareness and modification, and
home physiotherapy programs (i.e., heat, ice, massage, and range of motion exercises).
Cognitive behavioral intervention is aimed at habit reversal through progressive relaxation,
hypnosis, and biofeedback. Common pharmacologic agents include the use of non-
addictive narcotics, anti-inflammatory drugs, muscle relaxants, anxiolytics, and
corticosteroids. Less frequently used, but sometimes indicated, are low-dose
antidepressants. The tricyclic antidepressants are effective for treating tension-type
headaches, musculoskeletal pain, stress, and nocturnal bruxism (by decreasing REM sleep).
Physical therapy helps to relieve muscle pain, reduce inflammation, and strengthen muscle
activity. Some common treatments include posture training, isotonic and isometric muscle
exercises, electrotherapy, ultrasound, and acupuncture. Anesthetic agents can also be
beneficial, such as application of vapocoolant sprays followed by stretching. Orthopedic
appliances have reported a 70% to 90% rate of success (Clark 1984). They are used to alter
occlusal relationships, redistribute occlusal forces, prevent wear and mobility of the teeth,
and reduce bruxism. Occlusal adjustment therapy is considered irreversible and should
only be considered on an individual basis. Scientific literature has not shown that occlusal
problems cause TMD, and therefore occlusal adjustment therapy should not be used

routinely (Griffiths 1983, McNeill 1997).

Surgery should be considered only after failure of currently acceptable non-surgical
treatment. The decision for surgical intervention must be based on clearly defined criteria
of intracapsular pathologic conditions or anatomic derangement (Griffiths 1983). Surgical

management may vary from closed surgical procedures (arthrocentesis and arthroscopy),
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open surgical procedures (arthrotomy), or subcondylar osteotomies (condylotomy; McNeill

1997).

Utilization of Health Care Services

Studies on the utilization of medical and dental services among TMD patients are scarce.
Shimshak, Kent, and DeFuria (1997) compared the medical claims history of 1,819 patients
diagnosed with TMJ disorders to matched controls (Blue Cross Blue Shield of
Massachusetts). The study found that the total medical claim payments and utilization of
professional care services was twice as high for patients with TMJ disorders as it was for
subjects without TMJ disorders. The most notable categorical differences in claims
between cases and controls were in the fields of dentistry, general medical practice, oral

and maxillofacial surgery, otolaryngology, and physical therapy.

In a subsequent study, Shimshak and DeFuria (1998) compared health-care utilization
patterns of 1,713 TMD patients and matched controls using a large New England HMO
database. Inpatient, outpatient, and psychiatric claims were examined over a wide range of
diagnostic categories. For some of these categories (nervous, respiratory, circulatory, and
digestive) the inpatient to outpatient differences in utilization and costs were as high as 3 to
1 for TMD versus non-TMD patients. The psychiatric claims for TMD patients were at

least twice as high as those for the non-TMD subjects.

White, Williams, and Leben (2001) compared the use and cost of medical and dental care

services for TMD patients and matched comparison subjects from Kaiser Permanente
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Northwest over a six-year period (1990-1995). They found that patients with TMD used
more of all types of services and had higher costs. Gender was an important factor as well
in utilization and cost. Female TMD subjects and comparison subjects had higher costs
than their male counterparts. On average, TMD cases had significantly more dental visits
(7.46 versus 5.28) and dental procedures (23.1 versus 17.2) than comparison subjects
during the six-year study period. TMD cases also received significantly more
pharmaceutical dispensings (1.7 times more). Most notably TMD cases had a mean
number of antidepressant and narcotic analgesic dispensings that were approximately 2.5
times greater than comparison subjects. TMD patients also received more radiographic

procedures, had more outpatient visits, and received more inpatient services.

Humpbhrey et al. (2002) studied 40 patients seeking care for TMD in the Orofacial Pain
Center at the University of Kentucky using a survey of oral health habits and a clinical
exam. Results indicated that a majority of TMD patients (63%) reported a change in
seeking routine professional care because of their disorder, and a substantial number of
TMD patients reported that dental office appointments were unpleasant because of jaw pain
or limited opening. Nevertheless, most TMD patients continued to seek routine dental

treatment in spite of their disorder.

Johansson et al. (2004) looked at factors associated with an increased risk for TMJ pain.
They found patients with high dental utilization rates and dissatisfaction with dental care to
have a significantly increased risk for TMJ pain. Higher dental utilization rates may have

been due to treatment sought for TMD symptoms, or as a result of mechanical damage
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(tooth and filling fractures) inflicted by bruxism, as bruxism was also shown to be strongly
correlated with TMD symptoms. Patients who experienced TMD-related symptoms in the
facial and dental regions may have assumed it was caused by previous dental visits,

resulting in dissatisfaction with their treatment.

To contribute to an understanding of dental care services provided for TMD patients, this
study analyzes the frequency and type of dental care utilization among TMD subjects from
Kaiser Permanente Northwest (KPNW), a large HMO, over a six-year study period (1998
to 2003). Dental utilization patterns were examined by comparing various age groups,
gender, and different dental procedures. In addition, the frequency and type of dental care
services provided to TMD patients were compared before and after the initial TMD-related

diagnosis.
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Aims and Hypotheses

This study had the following specific aims:

(1) To examine the frequency of dental care services and potential differences in types of
dental procedures between KPNW members who had a TMD-related diagnosis and those
who did not have a TMD-related diagnosis during the six-year study period (1998 to 2003);
(2) To explore dental utilization patterns in TMD and non-TMD patients by age cohort
(every ten years);

(3) To explore gender differences in dental utilization patterns among TMD and non-TMD
patients;

(4) To compare the frequency and type of dental care services provided to TMD patients

before and after the initial TMD-related diagnosis.

The null and alternative hypotheses were as follows:

1. Null hypothesis: Members of KPNW who had a TMD-related diagnosis will have the

same overall dental utilization rate as those members who did not have a TMD-related
diagnosis.

Alternative hypothesis and expected findings: Members of KPNW who had a TMD-

related diagnosis will have a greater overall dental utilization rate than those members
who did not have a TMD-related diagnosis. Studies on health-care utilization rates in
TMD patients have found that these patients utilize two to three times more
professional care services and have higher associated costs than non-TMD patients.
Therefore, dental utilization rates will be higher in TMD patients than non-TMD

patients overall and across all age cohorts.
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2. Null Hypothesis: Dental utilization rates for each procedural category of dentistry will

be the same in TMD and non-TMD patients.

Alternative hypothesis and expected findings: Utilization rates for each procedural

category of dentistry will be different in TMD and non-TMD patients. Procedures
which require prolonged periods of jaw opening (restorative, endodontics, fixed
prosthodontics) or increased forces to the mandible (oral and maxillofacial surgery)
could be potential risk factors for developing TMD due to an increased risk of trauma
to the masticatory musculature or temporomandibular structures. Therefore, greater
dental utilization rates would be expected for these categories of dentistry in TMD
patients. Conversely, diagnostic and preventive procedures may have lower utilization
rates in TMD patients because these patients may avoid routine biannual visits if

associated discomfort is expected.

Null Hypothesis: Dental utilization rates will be the same across all age cohorts overall

and in each procedural category of dentistry.

Alternative hypothesis and expected findings: Dental utilization rates will increase

with each ascending age cohort in all categories of dentistry, with the exception of
higher utilization for preventive services in children and adolescents. Previous studies
have shown a bimodal pattern of dental utilization, peaking in children and adolescents
and then again in patients over the age of 45. Higher utilization in older patients is
most likely due to an increased need for maintenance of restorations and periodontal

therapy.
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4. Null Hypothesis: Dental utilization rates will be the same in males and females for

both TMD and non-TMD patients.

Alternative hypothesis and expected findings: Dental utilization rates will be higher in

females for both TMD and non-TMD patients when compared with their male
counterparts because females have greater health awareness and are higher utilizers of

health-care services.

Null Hypothesis: For patients who have had a TMD-related diagnosis during the study

period, utilization rates of dental procedures will be the same before and after the initial
diagnosis.

Alternative hypothesis and expected findings: For TMD patients, utilization rates of

dental procedures will be different before and after the initial TMD diagnosis for
reasons similar to those when comparing TMD and non-TMD patients. After
recognition of TMD, there will be an increase in the frequency of overall dental
utilization because of increased utilization rates found in previous studies among TMD
patients. However, procedures that could be potential risk factors for the development
of TMD, due to increased forces to the mandible or prolonged periods of jaw opening
(i.c., oral and maxillofacial surgery, fixed prosthodontics, restorative, and endodontics),
may have higher utilization rates before TMD diagnosis. A minimum of one year
should elapse before and after TMD diagnosis to allow time for associated symptoms to

develop and affect dental treatment decisions.
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Materials and Methods

Institutional Review Board Approval

Approval for use of human subjects for this project was obtained from Oregon Health and
Sciences University (OHSU) Institutional Review Board (IRB) on March 1, 2006 (IRB
approval #2235). Waiver of IRB authorization for this study was granted to the University
of Washington in association with the University of Washington study 02-3863-E/A,
principal investigator Greg Huang, “Third Molar Extraction as a Risk Factor for TMD”

(IRB approval #0241).

Case and Control Subjects

Dental care utilization rates were examined among Kaiser Permanente Northwest (KPNW)
members with a TMD-related diagnosis (code 524.60-524.69; using the ICD-9-CM codes:
International Classification of Diseases, 9" Revision, Clinical Modification) and compared
with members without a TMD diagnosis. This project was a retrospective records review
with anonymous data retrieval, available electronically from the Kaiser Permanente Dental
Clinic Program (KPDCP), a large HMO in Portland, Oregon. Because TMD care is
covered under both medical and dental programs, with nominal copayments, Kaiser is an

excellent source for investigating the association between TMD and dental utilization.

From KPNW’s electronic database, 4,968 members were identified as having had at least
one 3™ molar extraction from January 1, 1998 to December 31, 2003. From this group, 199
cases had received a TMD-related diagnosis during the study period. Additionally,

members who did not have a third molar extraction during the study period were identified
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and matched by age and gender to the extraction subjects (1-to-3 case/control ratio;
N=14,904). Of these additional non-extraction members, 552 cases with TMD diagnostic
codes in the epicare utilization file were identified. All TMD cases (N=751) were matched
by age, gender, and third molar group to members without a TMD diagnosis during the
study period (1-to-2 case/control ratio). Two controls were matched with each case in
order to increase the statistical power of the study. Information on these cases’ and
controls’ dental history during the six-year study period was obtained from an electronic

database.

The selection criteria employed to assemble this population of subjects was based on
extraction of third molars and the presence of TMD and was therefore a non-random
sample. All subjects had a minimum of six years continuous medical and dental
enrollment in KPNW, with the study period being January 1, 1998 to December 31, 2003.
The inclusion criteria for the project from which these subjects were drawn were as
follows:
1. For extraction subjects:
e No record of third molar removal or TMD during the first three
months of continuous enrollment.
e No record of TMD diagnosis prior to the reference date.
e A minimum of one year of follow-up after the date of third molar

removal.
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2. For non-extraction subjects:
e Matched to extraction subjects for age, gender, and time of
enrollment.

e No record of TMD diagnosis prior to the reference date.
The initial selection process for this study population was based on third molar extraction
status for the purpose of a different research project. The specific aim of the other study
was to characterize the association between third molar removal and temporomandibular
disorders. Because third molar removal might be associated with other patterns of dental
utilization, it was decided to stratify the analyses for the present study based on third molar
extraction during the study period. Therefore, the following groups were compared: 1)
case (TMD) and control (non-TMD) subjects without third molar extractions during the
study period, and 2) case and control subjects with the extraction of at least one third molar

during the study period.

Dental Utilization

Dental utilization rates for specific types of procedures were analyzed and compared for
the case and control subjects. Gender differences in dental utilization patterns were also
explored. In addition, dental utilization trends for case and control subjects were divided
into decade of life age cohorts to analyze any age-related patterns. Dental utilization
patterns were also investigated for TMD patients a minimum of one year before and one
year after the initial TMD-related condition was identified to allow time for associated

symptoms to develop and potentially affect dental treatment decisions.
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The schematic below illustrates the selection process:

Dental Utilization Rate (DUR) for Group 1: Non-Extraction Subjects
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After omitting patients with an initial TMD diagnosis during the first (1998) and last

(2003) year of the six-year study period, 373 non-extraction, TMD subjects were identified

for the analysis of dental utilization rates before and after the initial TMD-related

diagnosis.
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Dental Utilization Rate (DUR) for Group 2: Extraction Subjects

Group 2: At least one 3
molar extraction from 1/98
to 12/03 (N=4,968)

DUR for matched |

.~ controls w/o TMD
5 (N=398)

e e e b l_ = -
=0 IR i el =

DUR before TMD

~ diagnosis (minimum 1-

- year period; N=138)

b i § L ﬁm“ﬁ'i&?ﬁ%?
DUR after TMD
‘diagnosis (minimum 1-

- year period; N=138)

N=199

1908 | 1999 | 2000 ! 2000 ' 2002 | 2003

After omitting patients with an initial TMD diagnosis during the first (1998) and last

(2003) year of the six-year study period, 138 extraction, TMD subjects were identified for

the analysis of dental utilization rates before and after the initial TMD-related diagnosis.

The dental utilization rate was calculated by dividing the total number of procedures of a

particular dental category by the product of the number of subjects who had those

procedures performed and the number of years in the study period. Therefore, the dental

utilization rate is the mean number of procedures performed each year.

Dental Utilization Rate (DUR ) = # procedures/[(N)(# years)]
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For example, in the TMD, non-extraction group (N=552), 2, 787 restorative procedures

were performed during the six-year study period. Therefore:

DUR = 2,787/[(552)(6)] = 0.84

In the TMD, non-extraction group an average of 0.84 restorative procedures were

performed each year from January, 1998 to December, 2003.

Dental Utilization Categories

In addition to calculating overall dental utilization rates for each subject group, rates for

specific categories of dentistry were analyzed, using the American Dental Association’s

CDT-3/2000 (Current Dental Terminology) procedural codes, for types of treatment

performed. The following categories of dental care were examined (see Appendix A for a

complete list of procedures in each category):

l.

2.

8.

9.

Diagnostic (i.e., radiographs, exams)

Preventive (i.e., dental prophylaxis, sealants, OHI, fluoride treatment)

Restorative (i.e., amalgam and composite restorations, single crowns, inlays/onlays)
Endodontics (i.e., root canal treatment, pulpotomy, apicoectomy)

Periodontics (i.e., scaling and root planing, gingivectomy, grafts, flap curettage)
Removable Prosthodontics (i.e., partial, immediate, and complete dentures)

Fixed Prosthodontics (i.e., fixed bridges)

Oral and Maxillofacial Surgery (i.e., extractions, pathology, osteotomies)

Orthodontics

10. Adjunctive General Services (i.e., emergency treatment, nightguards, bleaching)
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All procedures related to TMD treatment were excluded so that dental utilization rates
would not be artificially inflated for TMD patients in the oral and maxillofacial category

and overall.

Statistical Analysis

For all parameters investigated (age, gender and dental category), t-tests were performed to
compare mean dental utilization rates between the case and control groups. Paired t-tests
were used to compare dental utilization rates before and after the initial TMD diagnosis. A
regression analysis identified if a linear relationship existed between dental utilization rate
and age. P-values were reported with a .05 level of significance. The statistical program

used for analysis was SAS Version 9.1.
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Results

Age and Gender Distribution

The age and gender distribution of the non-extraction and extraction TMD subjects are
shown in Table I. Since TMD subjects were age and gender matched with non-TMD
subjects, the controls have identical distributions with twice as many subjects. In the non-
extraction group, the mean age for TMD subjects was 32 and 69% of the subjects were
female. In the extraction group, the mean age was 30 and 65% were female. There were
approximately twice as many females than males in the study population in both the non-
extraction and extraction groups (Appendix B). The percent distribution of subjects
remained fairly consistent in the first four age cohorts and then sharply declined to 3% to
4% for subjects over the age of 60.

Table I. Age and gender distribution summaries for non-extraction & extraction TMD
subjects

Non-Extraction, TMD Subjects (N=352) Extraction, TMD Subjects (7V=1 99)

Age Male % Female % Age  Male % Female %o
Mean Age: 32 yrs iMean Age: 30yrs

10-19 36 21% 70 18% | 10-19 16 23% 37 28%

20-29 42 24% 123 32% i 20-29 16 23% 35 27%

30-39 31 18% 85 22% " 30-39 19 28% 23 18%

40-49 31 18% 60 16% ! 40-49 8 12% 24 18%

50-59 23 13% 30 8% 1 50-59 6 9% 10 8%
60+ 10 6% L 3% 60+ 4 6% 1 1%

Total 173 379 ' 69 130
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Dental Utilization for CDT Categories

Dental utilization rate (DUR) is defined as the mean number of dental procedures per year.
Mean utilization rates for selected categories of dentistry are shown in Tables II and I1I,
and in Fig. 1. In the non-extraction group (Table II), TMD cases had about 5.95 dental
visits per year over the six-year study period, versus 5.18 in the comparison group. This
difference of approximately 0.75 procedures per year was found to be statistically
significant (P<.001). In all CDT categories (except oral and maxillofacial surgery), TMD
subjects had the same or higher DURs as comparison subjects. These differences were
significant for diagnostic, preventive, and adjunctive general services (P<.05). In both the
case and control groups, about 68% of the services were diagnostic and preventive,
followed by 14% of restorative services. The lowest percentage of services utilized was for

fixed prosthodontics (~0.4%; Appendix C).

Table II. Dental utilization rate (mean number of procedures per year) for TMD and non-
TMD subjects in the non-extraction group

DUR for TMD  DUR for Non-TMD Ratio
CDT Category: (N=552) (N=1,104) P-Value TMD/non-TMD
Diagnostic ) 2.27 1.90 okok 1.2
Preventive 1.78 1.60 * 1.1
Restorative 0.84 0.73 NS 1.2
Endodontics 0.07 0.08 NS 1.0
Periodontics 0.24 0.20 NS 1.1
Prosthodontics, removablc 0.13 0.11 NS 1.2
Prosthodontics, fixed 0.02 0.02 NS 1.3
Oral & Maxillofacial Surgery 0.06 0.09 * 0.6
Orthodontics 0.20 0.21 NS 0.9
Adjunctive General Services 033 0.24 Hokok 1.4
Total: 5.95 5.18 *kk 1.1

NS=not significant; *=P<.05, **=P<.01, ***=P<.001
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In the extraction group (Table 11I), TMD cases had about 8.64 dental visits per year, versus
7.90 in the comparison group, over the six-year study period. Similar to the non-extraction
group, the TMD extraction subjects were greater utilizers than non-TMD subjects in almost
every CDT category (except oral and maxillofacial surgery and removable prosthodontics),
and this was found to be significant for diagnostic and adjunctive general services (P<.05).
In both the case and control groups, about 60% of the services were diagnostic and
preventive, followed by 13% of restorative services. As expected, there was higher
utilization for oral and maxillofacial surgery procedures in the extraction group (6.8% to
8.6%) than for the non-extraction group (0.9% to 1.8%; Appendix C). Dental utilization
rates in all dental categories were higher for both TMD and non-TMD subjects in the
extraction group when compared to the non-extraction group, and found to be statistically

significant for all dental procedures combined (P<.0001).

Table III. Dental utilization rate (mean number of procedures per year) for TMD and non-
TMD subjects in the extraction group

DUR for TMD DUR for Non-TMD Ratio

CDT Category: (N=199) (N=398) P-Value TMD/non-TMD
Diagnostic 2.82 2.40 o 1.2
Preventive 2.40 2.24 NS 1.1
Restorative 1.12 1.02 NS 1.1
Endodontics 0.14 0.10 NS 14
Periodontics 0.44 0.39 NS 1.1
Prosthodontics, removable 0.09 0.19 * 0.5
Prosthodontics, fixed 0.05 0.04 NS 1.3
Oral & Maxillofacial Surgery 0.59 0.68 NS 0.9
Orthodontics 0.33 0.29 NS 1.1
Adjunctive General Services 0.66 0.55 * 1.2

Total: 8.64 7.90 NS 1.1

NS=not significant; *=P<.05, ¥*=P<.01, ***=P<.001
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Fig. 1 Dental utilization rate (mean number of procedures per year from 1998-2003) by CDT category for
case and control subjects in both the non-extraction and extraction groups. The dental utilization patterns for
each of the groups have similar distributions in each CDT category, with TMD subjects utilizing more
services than non-TMD subjects. Also noted is that extraction subjects have higher utilization rates than non-
extraction subjects in each dental category, especially for oral & maxillofacial surgery.
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Dental Utilization by Age and CDT Category

Dental utilization rates for each CDT category by age cohort were analyzed for case and
control subjects. The percent distribution of procedures performed and dental utilization
rates in each dental category by age cohort are detailed in Appendix E. With the exception
of oral and maxillofacial surgery, TMD subjects used the same or more services in all
categories of dentistry. Statistically significant differences for all ages combined were
found in the diagnostic, preventive, oral and maxillofacial surgery, and adjunctive general

services categories (P<.05).

In the “Diagnostic” category (Table IV & Fig. 2), dental utilization rates were greatest
above the age of 50 and increased with each ascending age cohort in both the non-
extraction and extraction groups. Dental utilization rates for TMD subjects were higher in
all age cohorts when compared to non-TMD subjects, and found to be statistically different
(P<.05) for the non-extraction group between the ages of 20 and 59, and for the extraction
group in the 20 to 29 and 50 to 59 year age cohorts.

Table IV. Dental utilization rate (mean number of procedures per year) by age for the

“Diagnostic” CDT category, comparing TMD and non-TMD subjects in both the non-
extraction and extraction groups

Diagnostic, Non-Extraction Diagnostic, Extraction
DUR for TMD DUR for DUR for DURfor TMD ~ DUR for DUR for

Age (N=352)  Non-TMD (N=1,104) all subjects P-Value Age (N=199)  Non-TMD (N=398)  all subjects P-Value
10-19 1.72 1.60 1.64 NS 10-19 239 2.34 2.35 NS
20-29 1.96 1.71 1.80 ¥ 20-29 2.57 2.06 223 *
30-39 2.30 1.97 2.08 * 30-39 2.82 237 252 NS
40-49 2.80 2.11 2.34 it 40-49 3.29 2.72 291 NS
50-59 315 237 2.63 ” 50-59 377 2.7 3.10 .

60+ 2.81 241 2.54 NS 60+  4.07 337 3.60 NS
Total: 221 1.90 2.02 s Total: 2.32 240 2.54 EE

NS=not significant; *=P<.05, **=P<.01, ***=P<.001
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Fig. 2 Dental utilization rates comparing TMD and non-TMD subjects by age cohort in both the non-
extraction and extraction groups for the “Diagnostic” CDT category. There was a linear increase in DUR

with each ascending age cohort for all groups.

In the “Preventive” category (Table V and Fig. 3), dental utilization rates were bimodal,
being highest in the 10 to 19 (3.34 procedures) and 60+ (3.19 procedures) year age cohorts
for the extraction group and the 10 to 19 (2.21 procedures) and 50 to 59 (1.78 procedures)
year age cohorts for the non-extraction group. Dental utilization rates for TMD subjects
were higher in almost all age cohorts when compared to non-TMD subjects, but only found

to be statistically different in the non-extraction group for the 40 to 49 year age cohort and

overall (P<.05).
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Table V. Dental utilization rate (mean number of procedures per year) by age for the
“Preventive” CDT category, comparing TMD and non-TMD subjects in both the non-
extraction and extraction groups

Preventive, Non-Extraction Preventive, Extraction
DUR for TMD DUR for Nen-TMD  DUR for DUR for TMD  DUR for Non-TMD  DUR for

Age (N=552) (N=1,104) all subjects ~ P-Value Age (N=199) (N=398) all subjects  P-Value
10-19 2.21 2.21 2.21 NS 10-19 3.19 3.41 3.34 NS
20-29 1.64 1.45 1.52 NS 20-29 2.23 1.86 1.98 NS
30-39 1.47 1.44 1.45 NS 30-39 2.01 1.67 1.78 NS
40-49 1.77 1.31 1.47 Hkk 40-49 1.81 1.78 1.79 NS
50-59 1.97 1.68 1.78 NS 50-59 2.20 1.79 1.93 NS

60+ 1.99 1.56 1.71 NS 60+ 3.60 2.98 3.19 NS

Total: 1.78 1.60 1.66 * Total: 240 2.24 2.30 NS

NS=not significant; *=P<.05, **=pP<.01, ***=P<.001

Preventive
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Dental Utilization Rate

10-19 20-29 30-39 40-49 50-59 60+

| Age (years)
Fig. 3 Dental utilization rates comparing TMD and non-TMD subjects by age cohort in both the non-
extraction and extraction groups for the “Preventive” CDT category. DURs were bimodal, being highest in
the youngest (10-19 years) and oldest (60+ years) subjects.
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For “Oral and Maxillofacial Surgery” (Table VI & Fig. 4), the DURs for case and

comparison subjects were greatest in the 60+ year age cohorts for the non-extraction group

(0.20 procedures) and in subjects 10 to 19 years in the extraction group (0.79 procedures).

For most age cohorts, utilization was the same or higher in non-TMD subjects, but only

found to be statistically significant for subjects ages 10 to 19 in the non-extraction group

(P<.01) and overall. Dental utilization rates were much higher for the extraction group and

'seemed to decrease or stay the same with increasing age, whereas utilization increased with

age in the non-extraction group.

Table VI. Dental utilization rate (mean number of procedures per year) by age for the
“Oral and Maxillofacial Surgery” CDT category, comparing TMD and non-TMD subjects
in both the non-extraction and extraction groups

Oral & Maxillofacial Surgery, Non-Extraction

Oral & Maxillofacial Surgery, Extraction

DUR for TMD  DUR for Nen-TMD  DUR for DUR for TMD  DUR for Non-TMD ~ DUR for

Age (N=552) (N=1,104) all subjects  P-Value Age (N=199) (N=398) all subjects  P-Value
10-19 0.03 0.08 0.06 b 10-19 0.82 0.78 0.79 NS
20-29 0.03 0.04 0.03 NS 20-29 0.65 0.58 0.60 NS
30-39 0.06 0.06 0.06 NS 30-39 0.46 0.70 0.62 NS
40-49 0.10 0.17 0.15 NS 40-49 0.36 0.78 0.64 NS
50-59 0.08 0.17 0.14 NS 50-59 0.45 0.53 0.50 NS
60+ 0.13 0.23 0.20 NS 60+ 0.40 0.52 0.48 NS
Total: 0.06 0.09 0.08 L Total: 0.59 0.68 0.65 NS

NS=not significant; *=P<.05, **=P<.01, ***=P<.001
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Fig. 4 Dental utilization rates comparing TMD and non-TMD subjects by age cohort in both the non-
extraction and extraction groups for the “Oral & Maxillofacial Surgery” CDT category. DURs were
significantly higher in the extraction group, decreasing with age, yet DURs increased with age in the non-
extraction group. There were also higher utilization rates in non-TMD subjects than in TMD subjects.

Dental utilization rates for all other dental categories (Appendix E) were generally low, and
the differences in utilization between case and comparison subjects were insignificant,
although usually higher in TMD subjects. There was a gradual increase in utilization rate
with increasing age for restorative, periodontic, removable and fixed prosthodontics, and
adjunctive general services. Orthodontic procedures were dominated by the 10 to 19 year
age cohort and endodontic procedures followed a bell-shaped pattern, with utilization

highest in middle-aged subjects.
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Overall Dental Utilization by Age

Mean utilization rate for all dental services combined by age cohort are shown in Tables
VII & VIII and Fig. 5. In the non-extraction group (Table VII), statistically significant
differences between the TMD and non-TMD groups were found in subjects ranging in age
from 30 to 59 (P<.05), with higher DURs for TMD subjects. For all subjects combined
(TMD and non-TMD), dental utilization was greatest in the 50 to 59 year age cohort with
an average of 7.24 procedures per year, followed by the 60+ year (6.60 procedures) age
cohort. For both TMD and non-TMD subjects, a significant positive linear relationship
exists between dental utilization and age (slope=0.23, P<.0001). However, slightly higher
utilization rates in adolescents (ages 10 to 19) were also found (~5.6 procedures).

Table VII. Dental utilization rate (mean number of procedures per year) by age for TMD
and non-TMD subjects in the non-extraction group

DUR for TMD  DUR for Non-TMD ~ DUR for Ratio
Age (N=552) (N=1,104) all subjects P-Value  TMD/non-TMD
e

10-19 5.50 5.67 5.61 NS 1.0
20-29 4.78 4.29 4.46 NS 1.1
30-39 5.77 4.88 5.18 * 1.2
40-49 7.09 5.49 6.02 " 1.3
50-59 8.42 6.64 7.24 s 1.3

60+ 7.13 6.33 6.60 NS I
Total: 5.95 5.18 5.44 1.1

NS=not significant; *=P<.05, ¥**=P<.01, ***=P<.001

In the extraction group (Table VIII), the only statistically significant difference in DUR
between TMD and non-TMD subjects was found in the 20 to 29 year age cohort.
However, DURs for TMD subjects were higher in all age cohorts, except for ages 10 to 19
where it was about the same. For all subjects combined (TMD and non-TMD), the DUR

was highest in the 60+ year age cohort with an average of 11.6 procedures per year,
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followed by the 50 to 59 year age cohort (9.8 procedures). As in the non-extraction group,

a positive linear relationship was found with a significant increase in dental utilization with

age (slope=0.18, P<.0001), except for higher utilization rates in the 10 to 19 year age

cohort (~8.8 procedures) similar to those in subjects ages 40-49.

Table VIII. Dental utilization rate (mean number of procedures per year) by age for TMD
and non-TMD subjects in the extraction group

DUR for TMD DUR for Non-TMD DUR for Ratio
| Age (N=199) (N=398) all subjects P-Value TMD/non-TMD

10-19 8.72 8.83 8.79 NS 1.0

20-29 7.54 6.37 6.76 » 1.2

30-39 7.96 7.42 7.60 NS 1.1

40-49 8.85 8.55 8.65 NS 1.0

50-59 11.39 8.97 9.78 NS 1.3

60+ 14.60 10.08 11.59 NS 1.4

Total: 8.64 7.90 8.15 1.1

NS=not significant; *=P<.05, **=P<.,01, ***=P<.001
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Fig. 5 Dental utilization rates comparing TMD and non-TMD subjects by age cohort in both the non-
extraction and extraction groups. TMD subjects had greater DURs than non-TMD subjects in all age cohorts,
except 10-19 years, where it was about the same. Extraction subjects had greater DURs than the non-

extraction subjects in all age cohorts. The highest DURs in all groups were found in subjects above the age
of 50, and there was a significant positive linear increase in DUR with age.
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Dental Utilization by Gender

Dental utilization for all dental procedures combined, by gender, is detailed in Table IX

and Fig. 6. Females had higher DURs than their male counterparts in all groups. A

significant difference between the female subjects (6.21 versus 5.38 procedures, P<.01) and

overall for the non-extraction group was found when comparing TMD and non-TMD

subjects.

Table IX. Overall dental utilization rate by gender in the extraction & non-extraction

groups
Non-Extraction
TMD group (N=552) Non-TMD group (N=1,104) P-Value
# Subjects  # procedures % Total Proc. DUR # Subjects  # procedures % Total Proc. DUR
Male 173 5,580 28%  5.38 346 9,867 29% 4.75 NS
Female 379 14,116 72%  6.21 758 24,455 71% 5.38 i
Tortal 552 19,696 100%  5.95 1,104 34,322 100% 5.18 b
Extraction
TMD group (N=199) Non-TMD group (N=398) P-Value
# Subjects  # procedures % Total Proc. DUR # Subjects  # procedures % Total Proc.  DUR
Male 69 3418 33%  8.26 138 5,935 31% 717 NS
Female 130 6.896 67%  8.84 260 12,933 69%  8.29 NS
Total 199 10,314 100%  8.64 398 18,868 100%  7.90 NS

NS=not significant; *=P<.05, **=P<.01, ***=P<.001

Dental Utilization Rate

Fig. 6 Overall dental utilization rate by gender (mean number of procedures per year) for TMD and non-
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TMD subjects in both the non-extraction and extraction groups. When comparing the four groups (by gender,
extraction status, and TMD status) females, TMD subjects, and extraction subjects had higher dental
utilization rates in all cases.
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Tables X & XI detail DURs by gender (case and comparison groups combined) for each
CDT category. In the non-extraction group (Table X), females had a significantly higher
overall DUR, with 5.65 procedures per year versus 4.96 procedures for the males (P<.01)
and had the same or higher utilization rates for each dental category, except periodontics
and oral and maxillofacial surgery. Significant differences between the two sexes were
found in diagnostic, preventive, endodontic, periodontic (males higher), orthodontic, and
adjunctive general services (P<.05). The percent distribution of procedures performed in

each of the categories for males and females in both groups is listed in Appendix F.

Table X. Dental utilization rate (mean number of procedures per year) by gender for all
non-extraction subjects (TMD and non-TMD)

DUR for DUR for Ratio

CDT Category: Males (N=519) Females (N=1,137) P-Value Male/Female
Diagnostic 1.86 2.10 ok 0.9
Preventive 1.50 1.73 *x 0.9
Restorative 0.70 0.80 NS 0.9
Endodontics 0.06 0.08 *x 0.7
Periodontics 0.28 0.19 * 1.5
Prosthodontics, removable 0.12 0.12 NS 1.0
Prosthodontics, fixed 0.02 0.02 NS 1.0
Oral & Maxillofacial Surgery 0.09 0.07 NS 1.3
Orthodontics 0.12 0.24 * 0.5
Adjunctive General Services 0.21 0.30 Hokk 0.7

Total: 4,96 5.65 o 0.9

NS=not significant; ¥*=P<.05, **=P<.01, ***=P<.001
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In the extraction group (Table XI), females also had a significantly higher overall DUR,
with 8.47 procedures per year versus 7.53 procedures for the males (P<.05), and the same
or higher utilization rates in each dental category, except periodontics where males had
higher DURs. Significant differences between the two sexes were found in diagnostic,

preventive, and adjunctive general services (P<.05).

Table XI. Dental utilization rate (mean number of procedures per year) by gender for all
extraction subjects (TMD and non-TMD)

DUR for DUR for Ratio

CcDT Category: Males (N=207)  Females (N=390) P-Value Male/Female
Diagnostic 2.34 2.64 ok 0.9
Preventive 2.07 2.42 * 0.9
Restorative 1.06 1.05 NS 1.0
Endodontics 0.10 0.12 NS 0.9
Periodontics 0.47 0.37 NS 13
Prosthodontics, removable 0.15 0.16 NS 0.9
Prosthodontics, fixed 0.03 0.05 NS 0.6
Oral & Maxillofacial Surgery 0.61 0.67 NS 0.9
Orthodontics 0.19 0.36 NS 0.5
Adjunctive General Services 0.51 0.63 * 0.8

Total: 7.53 8.47 * 0.9

NS=not significant; *=P<.05, **=P<.01, ***=P<.001



TMD Subjects Before and After Initial Diagnosis

Tables XII & XIII detail the dental utilization rates for TMD subjects who had an initial
TMD-related diagnosis between 1999 and 2002, excluding subjects with an initial
diagnosis in 1998 or 2003. In the non-extraction group (Table XII), 373 out of 552 TMD
subjects were identified within the inclusion criteria. Over the six-year study period, a
mean of 2.86 years had elapsed before and 3.14 years after the initial TMD-related
diagnosis. A statistically significant increase in DUR after the initial diagnosis was found
for all procedures combined (5.57 before and 6.09 after, P<.01). In fact, dental utilization
was equal or higher in all dental categories (except orthodontics) after TMD diagnosis, but

only found to be statistically significant for preventive and periodontic services (P<.001).

Table XII. Dental utilization rate (mean number of procedures) for TMD subjects before

and after initial TMD diagnosis in the non-extraction group
*Minimum of one year before and after initial TMD diagnosis during the study period; N=373

DUR Before DUR After Ratio

CDT Category: TMD Diagnosis TMD Diagnosis P-Value Before/After
Diagnostic 222 2.24 NS 0.99
Preventive 1.61 1.89 *EK 0.85
Restorative 0.78 0.91 NS 0.86
Endodontics 0.06 0.09 NS 0.70
Periodontics 0.15 0.28 *ohok 0.53
Prosthodontics, removable 0.12 0.16 NS 0.72
Prosthodontics, fixed 0.02 0.03 NS 0.62
Oral & Macxillofacial Surgery 0.06 0.06 NS 0.89
Orthodontics 0.23 0.12 NS 1.98
Adjunctive General Services 0.33 0.33 NS 1.00
Total: 5.57 6.09 ** 0.91

*Mean Time (years): 2.86 3.14

NS=not significant; *=P<.05, ¥**=P<.01, ***=P<.001
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In the extraction group (Table XIII), 138 out of 199 TMD subjects were identified within
the inclusion criteria. Over the six-year study period, a mean of 2.98 years for the selected
subjects had passed before and 3.01 years after the initial TMD-related diagnosis. The
overall dental utilization rate was slightly higher before the initial TMD-related diagnosis
(8.71 before, versus 8.35 after), and there were no significant differences in any of the
dental categories. Most DURs were about the same or higher before TMD diagnosis.
Utilization was highest in the diagnostic, preventive, and restorative categories both before
and after the initial TMD-related diagnosis in the non-extraction and extraction groups.
Percent distribution of procedures for TMD subjects (before and after initial diagnosis) in

each dental category is detailed in Appendix G.

Table XIII. Dental utilization rate (mean number of procedures) for TMD subjects before

and after initial TMD diagnosis in the extraction group
*Minimum of one year before and after initial TMD diagnosis during the study period; N=138

DUR Before DUR After Ratio

CDT Category: TMD Diagnosis TMD Diagnosis P-Value Before/After
Diagnostic 3.00 2.73 NS 1.10
Preventive 2.25 2.54 NS 0.88
Restorative 1.10 1.01 NS 1.10
Endodontics 0.12 0.18 NS 0.66
Periodontics 0.48 0.46 NS 1.05
Prosthodontics, removable 0.07 0.06 NS 1.16
Prosthodontics, fixed 0.03 0.01 NS 2.35
Oral & Makxillofacial Surgery 0.60 0.55 NS 1.08
Orthodontics 0.42 0.20 NS 2.05
Adjunctive General Services 0.64 0.60 NS 1.07
Total: 8.71 8.35 NS 1.04

*Mean Time (years): 2.98 3.01

NS=not significant; *=P<.05, **=P<.01, ***=P<.001
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Discussion

This study examined the use of dental services for a group of KPNW members on the basis
of having received a TMD diagnosis during a six-year time period, and results showed that
patterns of care in this TMD population were consistent with previous studies (Shimshak et
al. 1997, Shimshak, DeFuria 1998, White et al. 2001). Relative to previous studies, this
investigation extends these observations over a broader scope of dental treatment and
patient age range and includes an analysis of utilization patterns in TMD patients before

and after an initial diagnosis for TMD.

Demographics

The selection of subjects for this study was initially dependent on third molar extraction
status. Subjects identified with a third molar extraction during the study period were
matched by age and gender with subjects who did not have a third molar extraction during
the study period. This resulted in a non-random sample, skewed toward younger-aged
subjects because the distribution of the study population was based on third molar
extraction. The mean age was approximately 31 for all TMD subjects and there were twice
as many females as males. The sample in the study by White et al. (2001) had a mean age
of 40.5, and approximately 80% were female. For the present study, in both groups, over
half of the TMD subjects ranged in age from 20 to 49 (57% to 67%) and then decreased
dramatically to 3% to 4% in subjects over the age of 60. These findings are consistent with
most TMD studies, which report prevalence of TMD to be greatest in young females, and
then diminish appreciably when subjects reach the age of 65 (Von Korff et al. 1988,

Brattberg et al. 1989, LeResche 1997, Dao, LeResche 2000).
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Dental Utilization

For all subjects combined (case and comparison subjects in the non-extraction and
extraction groups), dental care utilization was dominated by diagnostic, preventive, and
restorative services. In both the TMD and non-TMD groups, 60% to 68% (extraction and
non-extraction groups, respectively) of the total services performed were diagnostic or
preventive services; approximately 14% were restorative services. These findings are
almost identical to those found in previous studies. White et al. (2001) reported that in
both the TMD and non-TMD groups, about 60% of the services were diagnostic or
preventive and about 15% were restorative procedures. Del Aguila et al. (2002) reported
from a random patient population (1.25 million subjects from Washington Dental Service),
unrelated to TMD status, that diagnostic and preventive procedures accounted for 66% to
67% (reported for 1993 and 1999) of all services, and approximately 17% were services

related to caries (restorative treatment).

The findings of this study indicated that the TMD population consisted of greater utilizers
of dental services when compared to non-TMD subjects. In all categories, except oral and
maxillofacial surgery, TMD subjects had the same or higher dental utilization rates as
comparison subjects. Unlike previous studies reporting health care utilization rates to be
two to three times higher in the TMD population, this study found overall dental utilization
rates of TMD subjects to be an average of 1.1 to 1.2 times higher than non-TMD subjects.
However, a direct comparison to previous studies may not be reliable because these studies
analyzed health-care utilization and did not address dental utilization (Shimshak et al.

1997, Shimshak, DeFuria 1998). White, Williams, and Leben (2001) did compare medical
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and dental utilization rates for TMD and non-TMD subjects from Kaiser Permanente
Northwest over a six-year period (1990-1995). They found that patients with TMD used
more of all types of services and had higher costs. On average, TMD cases (N=5,247) had
significantly more dental visits (7.46 versus 5.28) and dental procedures (23.1 versus 17.2)
than comparison subjects during the six-year study period, equating to approximately one
more dental procedure per year (3.85 procedures for case subjects versus 2.87 procedures
for comparison subjects) and about 35% more utilization. In the present study, non-
extraction TMD subjects had an average of 5.95 procedures per year, versus 5.18
procedures for comparison subjects (P<.001). In the extraction group, TMD subjects
experienced 8.64 procedures per year, versus 7.90 for non-TMD subjects. Similar to the
findings by White et al. (2001), TMD subjects utilized 10% to 20% more dental services
overall, or approximately one more procedure per year than non-TMD subjects. Although
both the non-extraction and extraction groups had the same point value difference between
case and comparison subjects (0.75 procedures), it was only found to be statistically
significant in the non-extraction group. This finding is most likely due to increased
statistical power in the non-extraction group, which had almost three times the number of
subjects than the extraction group. Based on the results of this study, the hypothesis that
members of KPNW who received a TMD-related diagnosis would have greater overall
dental utilization rates than comparison subjects was well supported, with approximately

10% to 20% more dental services utilized.

For each treatment category, TMD subjects utilized significantly more diagnostic,

preventive, and adjunctive general services than non-TMD subjects (P<.05). Because the
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diagnostic and preventive categories comprise the majority (~65%) of total procedures
performed and have the highest utilization rates, statistically significant differences
between case and comparison subjects is an interesting clinical finding. Furthermore,
TMD subjects had the same or higher utilization rates for all other dental categories, except
oral and maxillofacial surgery, and this pattern was consistent in both the non-extraction

and extraction groups.

It was also hypothesized that utilization rates for each procedural category of dentistry
would be different in TMD and non-TMD patients. Dental procedures that require
prolonged periods of jaw opening or increased forces to the mandible could be potential
risk factors for developing TMD due to an increased risk of trauma to the masticatory
musculature or temporomandibular structures (Allerbring, Haegerstam 1993, Okeson
2003). In addition, it has been found that the odds of acquiring internal derangement of the
TMD are doubled when five or more posterior teeth are missing (Pullinger et al. 1993). To
follow, greater dental utilization rates would be expected in TMD patients for categories of
dentistry related to these types of procedures (i.e., restorative, endodontics, fixed and
removable prosthodontics, and oral and maxillofacial surgery). This hypothesis does not
appear to be supported in this study. Although there was a trend for TMD subjects to have
the same or slightly higher utilization rates for restorative, endodontic, and fixed
prosthodontic procedures, the differences were not found to be statistically significant, and
dental utilization rates for oral and maxillofacial surgery and removable prosthodontic
procedures were actually higher in non-TMD subjects (P<0.05). These findings were

similar to those of Dworkin, Huggins et al. (1990), who reported that extent of dentistry,
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presence of fixed or removable prostheses, and prevalence of missing teeth did not
distinguish cases from controls. The results were also consistent with literature concluding
that the loss of posterior teeth does not increase the risk of TMD, and restoration of missing
teeth with partial dentures or bridges does not seem to have a preventive or treatment effect
on TMD (Witter et al. 1994, Tallents et al. 2002). Therefore, these procedures were not

found to be risk factors for the development of TMD.

Conversely, it was hypothesized that diagnostic and preventive procedures may have lower
utilization rates in TMD patients because these patients may avoid routine dental visits if
associated discomfort is expected or there is no perceived need. The results in the present
study indicated that dental utilization rates for diagnostic and preventive procedures were
significantly higher in the TMD population. These findings were consistent with those of
Humphrey et al. (2002). These researchers surveyed 40 patients seeking care for TMD in
the Orofacial Pain Center at the University of Kentucky on oral health habits. Results
indicated that a majority of TMD patients (63%) reported a change in seeking routine
professional care because of their disorder. A substantial number of TMD patients (73%)
reported that dental office appointments were unpleasant because of jaw pain or limited
opening, while only 5.1% of the control group expressed the same problem. Nevertheless,
similar to the present study, it was concluded that most TMD patients continue to seek

routine dental treatment in spite of their disorder.

Assessing risk factors from this data is difficult due to a lack of information on dates of

TMD diagnosis and third molar extraction and because information on utilization of each
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dental category was restricted to a six-year time period. Dental history prior to 1998 may
have played a role in the development of TMD. Furthermore, fluctuations and
inconsistencies in the results became more apparent as the analyses focused on lower
utilized categories. Therefore, conclusions cannot be made about a cause-and-effect
relationship between extractions or utilization for specific dental categories and the

development of TMD.

Age

For both the non-extraction and extraction groups, there was evidence to indicate a
significant positive linear relationship between overall dental utilization and increasing age
(P<.0001). The highest utilization rates occurred over the age of 50, except for slightly
higher utilization in the youngest age cohort who were comparable to those of subjects 40
to 49 years old. When comparing TMD and non-TMD subjects, DURs were greater in
TMD subjects across all age cohorts in both groups, except the youngest age cohort in

which utilization rates were about the same.

For most categories of dentistry in both TMD and non-TMD subjects, utilization gradually
increased with each ascending age cohort. Utilization for children and adolescents (ages 10
to 19) was dominated by diagnostic, preventive, restorative, orthodontic, and oral and
maxillofacial surgery procedures (in the extraction group only; most likely from 3" molar
extractions). For patients aged 20 to 39, utilization of diagnostic, preventive, and
restorative procedures remained equivalent to those for younger patients. Utilization of

orthodontic and surgical procedures was relatively minor, while steady increases occurred
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for endodontics, periodontics, prosthodontics, and adjunctive general services. Utilization
of all services (except orthodontics) continued to rise through ages 40 to 49, and peaked in

the 50 to 59 and 60+ year-old cohorts.

Patterns of care were highly associated with patient age and consistent with other studies.
Del Aguila et al. (2002) found a distinct bimodal pattern in Washington Dental Service
patients, with patient distribution peaking at ages 6 to 12 and then from ages 45 to 54 for
dental services. Costs for dental care in children and adolescents were dominated by
diagnostic, preventive, extractions of impacted teeth, orthodontics, and restorative services,
whereas dental care in adults was dominated by restorative and endodontic treatment, as
well as increasing needs for prosthodontics and periodontal services. In the future,
utilization trends with increasing age will most likely remain unchanged. However, the
distribution of patients receiving dental services may shift to higher age cohorts due to

increased use of fluoride in younger generations and longer average life-spans.

This study hypothesized that dental utilization rates would progressively increase with age
because of an increased need for maintenance of restorations or periodontal disease, with
the exception of higher utilization in adolescents for preventive services. This was
generally supported in both the extraction and non-extraction groups, with the highest
overall dental utilization rates in subjects above the age of 50. This trend was also seen for
most categories of dental services, except for increased utilization rates in children and
adolescents for diagnostic, preventive, orthodontic, and oral and maxillofacial surgery

(extraction group only) procedures. The hypothesis that dental utilization would be higher
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in TMD patients than in comparison subjects across all age cohorts was also well

supported.

Gender

The results of this study in regard to gender were consistent with literature indicating that
females are higher utilizers of health-care services than their male counterparts (Dao,
LeResche 2000, White et al. 2001). There are many theories as to why women are more
likely to report or seek treatment for pain than men. Studies on gender and pain perception
have suggested differences between the sexes in the endocrine and neuroimmune systems.
Certain neurotransmitters (i.e., norepinephrine and serotonin) and exogenous hormones
(i.e., estrogen and progesterone) have been implicated in both pain and depression (Laskin
1983, Dao, LeResche 2000), and the frequent occurrence of pain may be associated with
fluctuating hormonal states in the reproductive cycle (i.c., menstruation and ovulation).
LeResche et al. (1997) examined the possible relationship between post-menopausal
hormone replacements and temporomandibular pain. They found that the odds of seeking
treatment for TMD were approximately 30% higher among those receiving estrogen
compared with individuals not exposed. A clear dose-response relationship was evident
and suggested that decreasing hormonal levels in post-menopausal women may be a factor
contributing to a lower prevalence of TMD seen in women over the age of 65. Another
example of possible pain modulation by hormonal states was illustrated by Dao et al.
(1998). Their study showed that pain levels in myofascial patients who used oral
contraceptives were significantly more stable over time because the drugs controlled

hormonal fluctuations seen in women of child-bearing ages. Differing social rules for the
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expression of pain may also explain the higher prevalence rates of TMD and greater health-
care utilization for women. For example, men have different coping strategies for pain,
including denial, talking the problem down, or using tension-reducing activities, such as

alcohol consumption, smoking, or drug abuse (Dao, LeResche 2000).

For all subjects combined (case and comparison), females had significantly higher overall
utilization rates than males in both the non-extraction (P<.01) and extraction (P<.05)
groups. More specifically, females had the same or higher utilization rates in every dental
category, except periodontics which were higher in males. Female TMD and non-TMD
subjects had greater utilization rates than their male counterparts in the extraction and non-
extraction groups, and male and female TMD subjects had higher utilization rates than non-
TMD subjects of the same sex in both groups. This was statistically significant for females
in the non-extraction group. Male TMD subjects had similar utilization rates as female
comparison subjects. Therefore, the hypothesis that dental utilization rates would be higher

in females than males for both TMD and non-TMD subjects was well supported.

Timing of TMD Diagnosis

The hypothesis that dental utilization rates would be significantly different before and after
a TMD diagnosis was not well supported in this study. An inclusion criteria for this study
population required that a minimum of one year elapse before and after the TMD patient’s
initial diagnosis to allow time for associated symptoms to develop and affect dental
treatment decisions. This decreased the TMD sample size, and therefore the statistical

power, by approximately 30% due to a shorter study period for this particular analysis (four

64



years instead of six years). Procedural codes related to TMD treatment were eliminated to
avoid artificially inflating utilization rates after TMD diagnosis in the oral and

maxillofacial surgery category and overall.

Similar to expected findings when comparing utilization rates for TMD and non-TMD
subjects, this study predicted an increase in overall dental utilization after recognition of
TMD because of increased utilization rates found in previous studies among TMD patients
(Shimshak et al. 1997, Shimshak, DeFuria 1998, White et al. 2001). However, procedures
that could be potential risk factors for the development of TMD, due to increased forces to
the mandible or prolonged periods of jaw opening (i.e., oral and maxillofacial surgery,
restorative, fixed prosthodontics, and endodontics; Allerbring, Haegerstam 1993, Okeson
2003), may have higher utilization rates before TMD diagnosis. In the non-extraction
group, mean utilization rates for all procedures combined (P<.05) and in each dental

~ category were greater affer TMD diagnosis, except for orthodontics. Conversely, in the
extraction group, dental utilization for most dental categories and for all procedures
combined was higher before TMD diagnosis. The results do not support a cause-and-effect
relationship between type of dental procedure and timing of TMD diagnosis given the lack
of a consistent or statistically significant pattern in each group, which may be due to a
smaller sample size. However, consistent with the findings of Humphrey et al. (2002), it
appears that TMD patients continue to seek routine dental treatment in spite of their

disorder.
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Extraction versus Non-Extraction

Third molar removal might be associated with other patterns of dental utilization.
Therefore, it was decided to analyze dental utilization rates separately for the non-
extraction and extraction groups. Because of a lack of information on when third molar
extractions occurred in relation to the time of TMD diagnosis and the possibility that the
non-extraction group had third molar extractions prior to the study period, we cannot assess

the removal of third molars as a risk factor for the development of TMD in this study.

Dental utilization rates were consistently higher in the extraction group than in the non-
extraction group for all parameters studied (i.e., age, gender, and dental category), and this
difference was statistically significant for all dental procedures combined (8.6 versus 6.0 in
TMD subjects; 7.9 versus 5.2 in non-TMD subjects; P<.0001). The increased utilization in
TMD subjects when compared to non-TMD subjects was of similar magnitude in both
groups (0.7 to 0.8 more procedures), with about 10% to 20% more services utilized across
all categories, but was only found to be significant in the non-extraction group. This may
be because the sample size for the non-extraction group was almost three times larger than
the extraction group, resulting in increased statistical power. Because the inter- and intra-
group utilization patterns and proportions for TMD and non-TMD subjects were identical
in both the non-extraction and extraction groups, DURs in each group for all parameters
studied could be combined and analyzed conjointly. It was necessary to initially analyze
utilization rates separately for each group in order to determine if the patterns were the

same or different.
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Limitations

The principal limitation in this study was in the project design. The ideal study design to
assess differences in dental utilization rates for TMD and non-TMD patients would be a
randomized or consecutive sampling, which would result in a representative sample. In the
present study, the distribution of the study population was initially based on their exposure
status to third molar extractions, resulting in a non-random sample skewed toward
younger-aged subjects (mean age of 31). Unlike the study by White et al. (2001), it was
not a representative sample of all TMD patients from Kaiser, and there was about a ten-
year difference in mean age for case subjects (31 versus 41) for the two studies. White et
al. had a random study population of 5,247 TMD subjects (from the same KPNW database)
for dental utilization analysis, versus 751 non-random TMD subjects in the present study.
Some reasons for this large difference in sample size include: the subjects for the present
study were chosen based on third molar extraction, reducing the sample size for identifying
TMD patients; and White et al. identified TMD subjects based on all TMD codes for
procedural and discharge diagnoses (including TMD clinic visits and any TMD-related
procedure), whereas the present study identified case subjects using codes only related to a
TMD diagnosis (ICD-9-CM codes 524.60-524.69). It is also interesting to note that the
average number of dental procedures utilized per year for both case and comparison
subjects were much higher in the present study (5.2 to 8.6 procedures for this study versus
2.9 to 3.6 procedures for White et al.). There is no clear explanation for this difference;
however, this study period (1998 to 2003) was eight years later than that for White et al.
(1990 to 1995), so it is possible that dental benefit coverage at Kaiser may have been

different during these two time periods. Despite the differences between the two studies in
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sample size, age, and number of procedures, the distribution patterns of dental utilization
were very similar. In both studies, TMD subjects experienced about one more dental
procedure per year, with utilization rates being 1.2 to 1.4 times higher in TMD subjects for
White et al. and 1.1 to 1.3 times higher in the present study throughout all age cohorts. A
difference in utilization rate of 0.1 is relatively minor and suggests that the findings in the

present study are significant, despite having a non-random sample.

Another limitation was the scheme utilized to classify case and comparison subjects. This
study used retrospective insurance claims data to determine third molar information and
TMD status. There are inherent limitations in any study on the reliability of claims data,
versus direct observation of treatment or chart verification. The occurrence of the disorder
was inferred from patient claims in the database, identifying TMD subjects from a
diagnosis code (ICD-9-CM codes) specific for temporomandibular disorders. Fortunately,
KPNW has conducted several studies which demonstrate excellent agreement between the
electronic data in their databases and the actual procedures documented in patient charts
(0.5% disagreement). In addition, control subjects may have had TMD, but either never
sought treatment or received treatment using non-TMD procedural codes.
Misclassification of TMD patients as controls would likely narrow the differences in mean
utilization rates, since these patients may have received treatment for their symptoms
without corresponding claims being submitted as a TMD procedure. In this study, TMD
procedural codes were excluded to prevent inflated utilization rates in oral and

maxillofacial surgery procedures and overall.
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Despite these possible limitations, this study provided utilization profiles of subjects with
TMD and yielded important insight into their dental care experiences across a wide range
of dental services. Results of this study have shown that TMD subjects are more likely to
seek dental treatment. However, more research is needed to investigate the prevalence of

TMD disorders and associated patterns of dental utilization.
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Conclusions

The following conclusions can be drawn from this study:

TMD subjects were consistently greater utilizers of dental services (10% to 20%
increase in DUR) overall and across all categories of dentistry studied, and they
utilized approximately one more dental procedure per year than comparison
subjects.

Dental utilization rates were consistently higher in the extraction group across all
parameters studied (i.e., age, gender, and dental category), and found to be
statistically significant for all dental procedures combined in both case and
comparison subjects. Utilization patterns for all subjects were comparable in both
the extraction and non-extraction groups.

There was evidence to indicate a positive linear relationship between overall dental
utilization rates and age, with a significant increase in utilization with each
ascending age cohort. Some exceptions were higher utilization rates in adolescents
for preventive, extraction, and orthodontic services.

After a TMD diagnosis, major differences were not found in dental care seeking
patterns among TMD and non-TMD patients.

Females had higher dental utilization rates than males in all groups and in all
categories of dentistry.

Dental care utilization was dominated by diagnostic and preventive services

(~60%).

70



References

Allerbring M, Haegerstam G. Characteristics of patients with chronic idiopathic orofacial

pain. Acta Odontol Scand 1993; 51:53-8.

American Dental Association: Current Dental Terminology; CDT-3/2000. American

Dental Association, 1999.

Bertoft G. Screening of medical and dental history of patients with chronic orofacial pain

and discomfort using a questionnaire. Swed Dent J 1996; 20:95-106.

Brattberg G, Thorslund M, Wikman A. The prevalence of pain in a general population.

The results of a postal survey in a county in Sweden. Pain 1989; 37:215-22.

Clark GT. A critical evaluation of orthopedic interocclusal appliance therapy: design,

theory, and overall effectiveness. JADA 1984; 108:359.

Dao TT, Knight K, Ton-That V. Modulation of myofascial pain by the reproductive

hormones: A preliminary report. J Prosthet Dent 1998; 79:663-70.

Dao TT, LeResche L. Gender differences in pain. J Orofac Pain 2000; 14:169-83.

Del Aguila M, Anderson M, Porterfield D, Robertson P. Patterns of oral care in a

Washington state dental service population. JADA 2002; 133:343-51.

71



Dibbets JMH, van der Weele L. Extraction, orthodontic treatment, and craniomandibular

dysfunction. AJODO 1991; 99:210-19.

Dworkin SF. Perspectives on the interaction of biological, psychological and social factors

in TMD. JADA 1994; 125:856-63.

Dworkin SF, Huggins KH, LeResche L, Von Korff M, Howard J, Truelove E, Sommers E.
Epidemiology of signs and symptoms in temporomandibular disorders: clinical signs

in cases and controls. JADA 1990; 120:273-81.

Dworkin SF, LeResche L, Von Korff MR. Diagnostic studies of temporomandibular
disorders: challenges from an epidemiologic perspective. Anesth Prog 1990; 37:147-

54.

Dworkin, SF, Massoth, DL. Temporomandibular disorders and chronic pain: disease or

illness? J Prosthet Dent 1994; 72:29-38.

Egermark I, Carlsson GE, Magnusson T. A prospective long-term study of signs and

symptoms of temporomandibular disorders in patients who received orthodontic

treatment in childhood. Angle Orthodontist 2005; 75:645-50.

Fricton JR. Recent advances in temporomandibular disorders and orofacial pain. JADA

1991; 122:25-32.

72



Gianelly AA. Condylar position and extraction treatment. AJODO 1988; 93:201-205.

Glaros AG, Glass EG, Hayden WJ. History of treatment received by patients with TMD:

A preliminary investigation. J Orofac Pain 1995; 9:147-51.

Greene CS, Laskin DM. Long-term evaluation of treatment for myofascial pain-

dysfunction syndrome: a comparative analysis. JADA 1983; 107:235-38.

Greene CS, Lerman MD, Sutcher HD, Laskin DM. The TMJ pain-dysfunction syndrome

heterogeneity of the patient population. JADA 1969; 79:1168.

Griffiths RH. Report of the President’s Conference on the Examination, Diagnosis, and

Management of Temporomandibular Disorders. JADA 1983; 106:75-77.

Henrikson T, Nilner M, Kurol J. Symptoms and signs of temporomandibular disorders

before, during, and after orthodontic treatment. Swed Dent J 1999; 23:193-207.

Humphrey SP, Lindroth JE, Carlson CR. Routine dental care in patients with

temporomandibular disorders. J Orofac Pain 2002; 16:129-34.

Janson MA, Hasund A. Functional problems in orthodontic patients out of retention. Eur J

Orthod 1981; 3:173-79.

73



Johansson A, Unell L, Carlsson G, Soderfeldt B, Halling A, Widar F. Associations
between social and general health factors and symptoms related to temporomandibular
disorders and bruxism in a population of 50-year-old subjects. Acta Odontol Scand

2004; 62:231-37.

Kremanak CR, Kinser DD, Harman HA, Menard CC, Jakobsen JR. Orthodontic risk
factors for temporomandibular disorders (TMD). I: Premolar extractions. AmJ

Orthod Dentofacial Orthop 1992; 101:13-20.

Larsson E, Ronnerman A. Mandibular dysfunction symptoms in orthodontically treated

patients ten years after completion of treatment. Eur J Orthod 1981; 3:89-94.

Laskin DM, Greenfield W, Gale E, et al. The President’s conference on the examination,
diagnosis and management of temporomandibular disorders. Chicago: American

Dental Association, 1983.

LeResche L. Epidemiology of temporomandibular disorders: implications for the

investigation of etiologic factors. Crit Rev Oral Biol Med 1997; 8:291-305.

LeResche L, Dworkin SF, Sommers EE, Truelove EL. An epidemiologic evaluation of
two diagnostic classification schemes for temporomandibular disorders. J Prosthet

Dent 1991; 65:131-37.

74



LeResche L, Saunders K, Von Korff MR, Barlow W, Dworkin SF. Use of exogenous

hormones and temporomandibular disorder pain. Pain 1997; 69:153-60.

Lindquist JT. Extractions and TMJ. J Am Dent Assoc 1998; 117:556.

Lipton JA, Ship JA, Larach-Robinson D. Estimated prevalence and distribution of reported

orofacial pain in the United States. JADA 1993; 124:115-21.

McLaughlin RP, Bennett JC. The extraction-nonextraction dilemma as it relates to TMD.

Angle Orthod 1995; 65:175-86.

McNeill C. Management of temporomandibular disorders: concepts and controversies. J.

Prosthet Dent 1997; 77:510-22.

McNeill C, Mohl ND, Rugh JD, Tanaka TT. Temporomandibular disorders: diagnosis,

management, education, and research. JADA 1990; 120:253-63.

Moss RA, Garrett JC. Temporomandibular joint dysfunction syndrome and myofascial

pain dysfunction syndrome: a critical review. J Oral Rehab 1984; 11:3-28.

National Center for Health Statistics; International classification of diseases. 9" revision:

Clinical modification. Hyattsville, MD: National Center for Health Statistics, 1980.

75



Okeson JP. Orofacial Pain. Carol Stream: Quintessence Publishing Co., 1996:113-58.

Okeson JP. Management of Temporomandibular Disorders and Occlusion, 5Med. St.

Louis: Mosby, 2003:191-233, 149-89.

Okeson JP, Hayes KD. Long-term results of treatment for temporomandibular disorders:

an evaluation by patients. JADA 1986; 112:473-78.

Pullinger AG, Baldioceda F, Bibb CA. Relationship of TMJ articular soft tissue to

underlying bone in young adult condyles. J Dent Res 1990; 69:1512-18.

Rugh ID, Solberg WK. Psychological implications in temporomandibular pain and

dysfunction. Oral Sci Rev 1976; 7:3-30.

Rugh JD, Solberg WK. Oral health status in the United States: temporomandibular

disorders. J Dent Ed 1985; 49:398-405.

Schiffman EL, Fricton JR, Haley DP, Shapiro BL. The prevalence and treatment needs of

subjects with temporomandibular disorders. JADA 1990; 120:295-303.

Shimshak DG, DeFuria MC. Heath care utilization by patients with temporomandibular

joint disorders. J Craniomandib Prac 1998; 16:187-93.

76



Shimshak DG, Kent RL, DeFuria MC. Medical claims profiles of subjects with

temporomandibular joint disorders. J Craniomandib Prac 1997; 15:150-58.

Tallents RH, Macher DJ, Kyrkanides S, Katzberg RW, Moss ME. Prevalence of missing
posterior teeth and intra-articular temporomandibular disorders. J Prosthet Dent 2002;

87:45-50.

Toller P. Non-surgical treatment of dysfunctions of the temporomandibular joint. Oral

Sciences Review 1976; 7:53.

Von Korff M, Dworkin SF, LeResche L, Kruger A. An epidemiologic comparison of pain

complaints. Pain 1988; 32:173-83.

White BA, Williams LA, Leben JR. Health care utilization and cost among health
maintenance organization members with temporomandibular disorders. J Orofac Pain

2001; 15:158-69.

Witter DJ, De Haan AF, Kayser AF, Van Rossum GM. A 6-year follow-up study of oral

function in shortened dental arches. Part 1: Occlusal stability. J Oral Rehabil 1994,

21:113-25.

Witzig JW, Spahl TJ. The clinical management of basic maxillofacial orthopedic

appliances. PSG Publishing, 1987:156.

77



Appendices

Appendix A. CDT-3, Version 2000 (Current Dental Terminology) Procedural Codes

Dental Category:
Description of Procedure CDT-3/Kaiser Codes*

Diagnostic (D0100-0999, K10006-10009)

Clinical Oral Evaluations DO120-0170, K10006-10009
Radiographs/Diagnostic Imaging DO0210-0350
Tests and Laboratory Examinations (diagnostic casts & photos) DO0O415-0471
Oral Pathology Laboratory D0472-0999

Preventive (D1000-1999, K10097-11999, K20180-20190)

Dental Prophylaxis (adult & child) D1110-1120

Topical Fluoride Treatment, Varnishes, Rx D1201-1205, K10097-10999

Other Preventive Services (sealants, OHI, counseling) DI310-1351, K11351-11999, K20180-20190
Space Maintenance D1510-1550

Restorative (D2000-2999, K20248-22382)

Amalgam Restorations D2110-2161

Resin-Based Composite Restorations D2330-2394, K22330-22382
Gold Foil Restorations D2410-2430

Inlay/Onlay Restorations D2510-2664

Single Crown Restorations D2710-2799, K20248

Other Restorative Services (veneers, temporary crowns, core build-ups, etc.) D2910-2999

Endodontics (D3000-3999, K30120-39599)

Oral Evaluation, Vital Bleaching K30120-39599
Pulp Capping (direct & indirect) D3110-3120
Pulpotomy D3220-3221
Endodontic Therapy D3230-3348
Apexification/Recalcification Procedures/Root Amputation D3351-3353
Apicoectomy/Periradicular Services D3410-3470
Other Endodontic Procedures (hemisection, canal prep for post) D3910-3999

Periodontics (D4000-4999, K40120-44910)

Periodontal Evaluations K40120-40437, K44120

Surgical Services (gingivectomy, flap curettage, crown lengthening, grafting, etc.) D4210-4274, K40472-42998
Non-Surgical Periodontal Services (scaling and root planing, chemotherapeutic

agents) D4320-4381, K42999, K44341-44342
Other Periodontal Services (periodontal maintenance, etc.) D4910-4999, K44428-44910

Prosthodontics, removable (D5000-5999, K50120-60160)

Oral Evaluation D50120-50160, K60120-60160
Partial, Immediate, and Complete Dentures D5110-5281, K55000-56003
Adjustments to Dentures D5410-5422

Repairs, Relines, Rebase Procedures D5510-5761

Interim Prosthesis D5810-5821

Other Removable Prosthetic Services (overdenture, tissue conditioning, etc.) D5850-5999
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Prosthodontics, fixed (D6200-6999)
Fixed Partial Denture Pontics, Retainers, and Crowns D6210-6793
Other Fixed Partial Denture Services (precision attachments, connector bar, etc.) D6920-6999

Oral and Maxillofacial Surgery (D7000-7999, K70120-79310,
K88120-88220)

Surgical Evaluation, H&P report K70120-79310
Cleft Palate Evaluation K88120-88220
Extractions D7110-7140
Surgical Extractions D7210-7250
Other Surgical Procedures (biopsy, fiberotomy, exposure of impacted tooth, etc.) D7260-7291
Alveoloplasty/Vestibuloplasty for Dentures D7310-7350
Removal of Tumors, Cysts, Neoplasms, Inflammatory Lesions, Bone Tissue D7410-7490
Surgical Incision and Drainage D7510-7560
Treatment of Fractures (simple & compound with open & closed reduction) D7610-7780
Reduction of Dislocation & Management of TMJ Dysfunction D7810-7899
Other Repair Procedures (mandibular osteotomy, LeFort I-II1, frenectomy, bone

graft) D7910-7999

Orthodontics (K80700-80799) K80700-80799

Adjunctive General Services (D9000-9999, K19150-19242)

Emergency Treatment of Dental Pain D9110

Anesthesia (local, general, IV sedation) D9210-9248, K19150-19242
Professional Consults/Visits (hospital or house call, after hour office visit) D9310-9440

Drugs D9610-9630

Misc. Services (desensitizing agent, mouthguard, occlusal adjustment, bleaching) D9910-9999

*D=4-digit CDT-3 Code and K=5-digit Kaiser Code
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Appendix B. Demographic Profile by Age and Gender

Table 1. Age and Gender Distribution for Non-Extraction Subjects
All Non-Extraction Subjects (N=1,656)

Male Female Total Female:Male

Age # % # % # % Ratio
10-19 108 21% 210 18% 318 19% 1.9
20-29 126 24% 369 32% 495 30% 2.9
30-39 93 18% 255 22% 348 21% 2.7
40-49 93 18% 180 16% 273 16% 1.9
50-59 69 13% 90 8% 159 10% 1.3

60+ 30 6% 33 3% 63 4% 1.1
Total 519 100% 1,137 100% 1,656 100% 2.2

Table I1. Age and Gender Distribution for Extraction Subjects

All Extraction Subjects (N=597)
Male Female Total Female:Male

Age # % # % # % Ratio
75—19 48 23% 111 28% 159 27% 2.3
20-29 48 23% 105 27% 153 26% 2.2
30-39 57 28% 69 18% 126 21% 1.2
40-49 24 12% 72 18% 96 16% 3.0
50-59 18 9% 30 8% 48 8% 1.7
60+ 12 6% 3 1% 15 3% 0.3
Total 207 100% 390 100% 597 100% 1.9
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Appendix C. Distribution of Procedures by CDT Category

Table I. Number of Procedures by CDT Category for Non-Extraction Subjects

CDT Category: TMD group (N=552) Non-TMD group (N=1,104)
# procedures % total proc. # procedures % total proc.

Diagnostic 7,525 38.2% 12,580 36.7%
Preventive 5,897 29.9% 10,601 30.9%
Restorative 2,787 14.2% 4,838 14.1%
Endodontics 243 1.2% 509 1.5%
Periodontics 779 4.0% 1,355 3.9%
Prosthodontics, removable 447 2.3% 732 2.1%
Prosthodontics, fixed 74 0.4% 115 0.3%
Oral & Maxillofacial Surgery 187 0.9% 615 1.8%
Orthodontics 652 3.3% 1,381 4.0%
Adjunctive General Services 1,105 5.6% 1,596 4.7%

Total: 19,696 100% 34,322 100%

Table II. Number of Procedures by CDT Category for Extraction Subjects

CDT Category: TMD group (N=199) Non-TMD group (N=398)

# procedures % Total # procedures % Total
Diagnostic 3,371 32.7% 5,721 30.3%
Preventive 2,871 27.8% 5,353 28.4%
Restorative 1,332 12.9% 2,445 13.0%
Endodontics 170 1.6% 239 1.3%
Periodontics 521 5.1% 927 4.9%
Prosthodontics, removable 109 1.1% 455 2.4%
Prosthodontics, fixed 54 0.5% 86 0.5%
Oral & Macillofacial Surgery 699 6.8% 1,629 8.6%
Orthodontics 394 3.8% 693 3.7%
Adjunctive General Services 793 7.7% 1,320 7.0%
Total: 10,314 100% 18,368 100%
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Appendix D. Distribution of Procedures by Age

Table I. Number of Procedures Per Decade of Life for Non-Extraction Subjects (1998-
2003)

TMD group (N=552) Non-TMD group (N=1,104)

Age # Subjects # procedures % total proc. # Subjects # procedures % total proc.
10-19 106 3,499 17.8% 212 7,209 21.0%
20-29 165 4,737 24.1% 330 8,499 24.8%
30-39 116 4,014 20.4% 232 6,797 19.8%
40-49 91 3,869 19.6% 182 5,996 17.5%
50-59 53 2,679 13.6% 106 4,226 12.3%

60+ 21 898 4.6% 42 1,595 4.6%
Total 552 19,696 100% 1,104 34,322 100%

Table II. Number of Procedures Per Decade of Life for Extraction Subjects (1998-2003)

TMD ) group (N=199) Non-TMD group (N=398)

Age # Subjects  # procedures % total proc. # Subjects # procedures % total proc.
1-0-19 53 2,772 26.9% 106 5,618 29.8%
20-29 51 2,306 22.4% 102 3,899 20.7%
30-39 42 2,006 19.4% 84 3,738 19.8%
40-49 32 1,699 16.5% 64 3,285 17.4%
50-59 16 1,093 10.6% 32 1,723 9.1%

60+ 5 438 4.2% 10 605 3.2%
Total 199 10,314 100.0% 398 18,868 100.0%
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Appendix E. Distribution of Procedures and Dental Utilization Rate for each CDT

Category

Table 1. Number of Procedures Per Decade of Life in the “Diagnostic” CDT Category for

the Non-Extraction Group (1998-2003)

Diagnostic, Non-Extraction

TMD group (N=552)

Non-TMD group (N=1,104)

Age # Subjects # procedures % total proc. # Subjects # procedures % total proc.
10-19 106 1,093 14.5% 212 2,037 16.2%
20-29 165 1,944 25.8% 330 3,390 26.9%
30-39 116 1,602 21.3% 232 2,736 21.7%
40-49 91 1,530 20.3% 182 2,302 18.3%
50-59 53 1,002 13.3% 106 1,507 12.0%

60+ 21 354 4.7% 42 608 4.8%
Total 552 7,525 100.0% 1,104 12,580 100.0%

Table 11. Number of Procedures Per Decade of Life in the “Diagnostic” CDT Category for

the Extraction Group (1998-2003)

Diagnostic, Extraction

TMD group (N=199)

Non-TMD group (N=398)

Age # Subjects # procedures % total proc. # Subjects # procedures % total proc.
10-19 53 760 22.5% 106 1,486 26.0%
20-29 51 786 23.3% 102 1,263 22.1%
30-39 42 710 21.1% 84 1,192 20.8%
40-49 32 631 18.7% 64 1,046 18.3%
50-59 16 362 10.7% 32 532 9.3%
60+ 5 122 3.6% 10 202 3.5%
Total 199 3,371 100.0% 398 5,721 100.0%
Table 11I. Dental Utilization Rate (mean number of procedures per year) by Age for the
“Diagnostic” CDT Category, Comparing TMD and Non-TMD Subjects in Both the Non-
Extraction and Extraction Groups
Diagnostic, Non-Extraction Diagnostic, Extraction
DUR for DUR for DUR for DUR for DUR for DUR for
Age TMD Subjects Non-TMD  all subjects P-Value Age TMD Subjects Non-TMD  all subjects  P-Value
10-19 1.72 1.60 1.64 0.3169 10-19 2.39 2.34 2.35 0.7311
20-29 1.96 1.71 1.80 0.0155 20-29 2.57 2.06 2.23 0.0052
30-39 2.30 1.97 2.08 0.0246 30-39 2.82 2.37 2.52 0.1676
40-49 2.80 2.11 2.34 0.0002 40-49 3.29 272 291 0.0590
50-59 315 237 2.63 0.0023 50-59  3.77 277 3.10 0.0335
60+ 2.81 241 2.54 0.3902 60+ 4.07 3.37 3.60 0.3314
Total: 2.27 1.90 2.02 Total: 282 2 40 254
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Fig 1. Dental utilization rates comparing TMD and non-TMD subjects by age cohort in both the non-
extraction and extraction groups for the “Diagnostic” CDT category. There was a linear increase in DUR
with each ascending age cohort for all groups.
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Table IV. Number of Procedures Per Decade of Life in the “Preventive” CDT Category
for the Non-Extraction Group (1998-2003)

Preventive, Non-Extraction
TMD group (N=552)

Non-TMD group (N=1,104)

Age # Subjects # procedures % total proc. # Subjects # procedures % total proc.
10-19 106 1,403 23.8% 212 2,817 26.6%
20-29 165 1,628 27.6% 330 2,878 27.1%
30-39 116 1,021 17.3% 232 2,008 18.9%
40-49 91 967 16.4% 182 1,433 13.5%
50-59 53 627 10.6% 106 1,071 10.1%

60+ 21 251 4.3% 42 394 3.7%
Total 552 5,897 100.0% 1,104 10,601 100.0%

Table V. Number of Procedures Per Decade of Life in the “Preventive” CDT Category for
the Extraction Group (1998-2003)

Preventive, Extraction

TMD group (N=199)

Non-TMD group (N=398)

Age # Subjects # procedures % total proc. # Subjects # procedures % total proc.
10-19 53 1,014 35.3% 106 2,168 40.5%
20-29 51 683 23.8% 102 1,137 21.2%
30-39 42 507 17.7% 84 840 15.7%
40-49 32 348 12.1% 64 685 12.8%
50-59 16 211 71.3% 32 344 6.4%

60+ 5 108 3.8% 10 179 3.3%
Total 199 2,871 100.0% 398 5,353 100.0%

Table VI. Dental Utilization Rate (mean number of procedures per year) by Age for the
“Preventive” CDT Category, Comparing TMD and Non-TMD Subjects in Both the Non-

Extraction and Extraction Groups

Preventive, Non-Extraction

Preventive, Extraction

DUR for DUR for ~ DUR for DUR for DUR for DUR for
Age TMD Subjects Non-TMD  all subjects P-Value Age TMD Subjects Non-TMD  all subjects  P-Value
10-19 221 221 221 0.9738 10-19 3.19 341 3.34 0.5656
20-29 1.64 1.45 1.52 0.1175 20-29 223 1.86 1.98 0.1012
30-39 1.47 1.44 1.45 0.8407 30-39 2.01 1.67 1.78 0.1528
40-49 1.77 1.31 1.47 0.0005 40-49 1.81 1.78 1.79 0.9193
50-59 1.97 1.68 1.78 0.2536 50-59 2.20 1.79 1.93 0.1845
60+ 1.99 1.56 1.71 0.1759 60+ 3.60 2.98 3.19 0.5678
Total: 1.78 1.60 1.66 Total: 2.40 2.24 2.30
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Fig 2. Dental utilization rates comparing TMD and non-TMD subjects by age cohort in both the non-
extraction and extraction groups for the “Preventive” CDT category. DURs were bimodal, being highest in
the youngest (10-19 years) and oldest (60+) subjects.
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Table VII. Number of Procedures Per Decade of Life in the “Restorative” CDT Category
for the Non-Extraction Group (1998-2003)

Restorative, Non-Extraction

TMD group (N=552) Non-TMD group (N=1,104)

Age # Subjects # procedures % total proc. # Subjects # procedures % total proc.
10-19 106 357 12.8% 212 827 17.1%
20-29 165 626 22.5% 330 1,182 24.4%
30-39 116 671 24.1% 232 917 19.0%
40-49 91 592 21.2% 182 994 20.5%
50-59 53 438 15.7% 106 679 14.0%

60+ 21 103 3.7% 42 239 4.9%
Total 552 2,787 100.0% 1,104 4,838 100.0%

Table VIII. Number of Procedures Per Decade of Life in the “Restorative” CDT Category
for the Extraction Group (1998-2003)

Restorative, Extraction

TMD group (N=199) Non-TMD group (N=398)

Age # Subjects # procedures % total proc. # Subjects # procedures % total proc.
10-19 53 228 17.1% 106 516 21.1%
20-29 51 331 24.8% 102 615 25.2%
30-39 42 308 23.1% 84 501 20.5%
40-49 32 234 17.6% 64 438 17.9%
50-59 16 181 13.6% 32 286 11.7%

60+ 5 50 3.8% 10 89 3.6%
Total 199 1,332 100.0% 398 2,445 100.0%

Table IX. Dental Utilization Rate (mean number of procedures per year) by Age for the
“Restorative” CDT Category, Comparing TMD and Non-TMD Subjects in Both the Non-
Extraction and Extraction Groups

Restorative, Non-Extraction

Restorative, Extraction

DUR for DUR for  DUR for DUR for DUR for DUR for

Age TMD Subjects Non-TMD all subjects P-Value Age TMD Subjects Non-TMD  all subjects  P-Value
10-19 0.56 0.65 0.62 0.4316 10-19 0.72 0.81 0.78 0.5762
20-29 0.63 0.60 0.61 0.6488 20-29 1.08 1.00 1.03 0.7140
30-39 0.96 0.66 0.76 0.0080 30-39 1.22 0.99 1.07 0.3405
40-49 1.08 0.91 0.97 0.3054 40-49 1.22 1.14 1.17 0.7500
50-59 1.38 1.07 1.17 0.2275 50-59 1.89 1.49 1.62 0.4193
60+ 0.82 0.95 0.90 0.6874 60+ 1.67 1.48 1.54 0.7810

Total: 0.84 0.73 0.77 Total: 1.12 1.02 1.05
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Fig 3. Dental utilization rates comparing TMD and non-TMD subjects by age cohort in both the non-
extraction and extraction groups for the “Restorative” CDT category. There is an increasing DUR with age
for all groups, except for a slight decline in the 60+ age cohort.
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Table X. Number of Procedures Per Decade of Life in the “Endodontics” CDT Category
for the Non-Extraction Group (1998-2003)

Endodontics, Non-Extraction
TMD group (N=552)

Non-TMD group (N=1,104)

Age # Subjects # procedures % total proc. # Subjects # procedures % total proc.
10-19 106 15 6.2% 212 63 12.4%
20-29 165 58 23.9% 330 139 27.3%
30-39 116 83 34.2% 232 128 25.1%
40-49 91 53 21.8% 182 110 21.6%
50-59 53 29 11.9% 106 56 11.0%

60+ 21 5 2.1% 42 13 2.6%
Total 552 243 100.0% 1,104 509 100.0%

Table XI. Number of Procedures Per Decade of Life in the “Endodontics” CDT Category
for the Extraction Group (1998-2003)

Endodontics, Extraction
TMD group (N=199)

Non-TMD group (N=398)

Age # Subjects # procedures % total proc. # Subjects # procedures % total proc.
10-19 53 8 4.7% 106 4] 17.2%
20-29 51 20 11.8% 102 59 24.7%
30-39 42 74 43.5% 84 66 27.6%
40-49 32 29 17.1% 64 50 20.9%
50-59 16 35 20.6% 32 18 7.5%

60+ 5 4 2.4% 10 5 2.1%
Total 199 170 100.0% 398 239 100.0%

Table XII. Dental Utilization Rate (mean number of procedures per year) by Age for the
“Endodontics” CDT Category, Comparing TMD and Non-TMD Subjects in Both the Non-
Extraction and Extraction Groups

Endodontics, Non-Extraction

Endodontics, Extraction

DUR for DUR for ~ DUR for DUR for DUR for DUR for

Age TMD Subjects Non-TMD  all subjects P-Value Age TMD Subjects Non-TMD  all subjects  P-Value
10-19 0.02 0.05 0.04 0.1121 10-19 0.03 0.06 0.05 0.1195
20-29 0.06 0.07 0.07 0.4656 20-29 0.07 0.10 0.09 0.3307
30-39 0.12 0.09 0.10 0.3463 30-39 0.29 0.13 0.19 0.1468
40-49 0.10 0.10 0.10 0.8990 40-49 0.15 0.13 0.14 0.7115
50-59 0.09 0.09 0.09 0.9239 50-59 0.36 0.09 0.18 0.0049
60+ 0.04 0.05 0.05 0.7246 60+ 0.13 0.08 0.10 0.5973

Total: 0.07 0.08 0.08 Total: 0.14 0.10 0.11
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Fig 4. Dental utilization rates comparing TMD and non-TMD subjects by age cohort in both the non-
extraction and extraction groups for the “Endodontics™ CDT category. There is a bell-shape distribution of
DURs, with higher utilization in the middle-aged subjects.



Table XIII. Number of Procedures Per Decade of Life in the “Periodontics” CDT
Category for the Non-Extraction Group (1998-2003)

Periodontics, Non-Extraction

TMD group (N=552) Non-TMD group (N=1,104)

Age # Subjects # procedures % total proc. # Subjects # procedures %o total proc.
10-19 106 8 1.0% 212 8 0.6%
20-29 165 46 5.9% 330 306 22.6%
30-39 116 205 26.3% 232 362 26.7%
4049 91 168 21.6% 182 347 25.6%
50-59 53 263 33.8% 106 291 21.5%

60+ 21 89 11.4% 42 41 3.0%
Total 552 779 100.0% 1,104 1,355 100.0%

Table XIV. Number of Procedures Per Decade of Life in the “Periodontics” CDT
Category for the Extraction Group (1998-2003)

Periodontics, Extraction
TMD group (N=199)

Non-TMD group (N=398)

Agc_ # Subjects # procedures % total proc. # Subjects # procedures % total proc.
10-19 53 3 0.6% 106 11 1.2%
20-29 51 32 6.1% 102 83 9.0%
30-39 42 98 18.8% 84 288 31.1%
40-49 32 152 29.2% 64 358 38.6%
50-59 16 144 27.6% 32 150 16.2%
60+ 5 92 17.7% 10 37 4.0%
Total 199 521 100.0% 398 927 100.0%
Table XV. Dental Utilization Rate (mean number of procedures per year) by Age for the
“Periodontics” CDT Category, Comparing TMD and Non-TMD Subjects in Both the Non-
Extraction and Extraction Groups
Periodontics, Non-Extraction Periodontics, Extraction
DUR for DUR for DUR for DUR for DUR for DUR for
Age TMD Subjects  Non-TMD  all subjects  P-Value Age TMD Subjects Non-TMD  all subjects  P-Value
10-19 0.01 0.01 0.01 0.4561 10-19 0.01 0.02 0.01 0.4619
20-29 0.05 0.15 0.12 0.0012 20-29 0.10 0.14 0.13 0.4931
30-39 0.29 0.26 0.27 0.7129 30-39 0.39 0.57 0.51 0.2338
40-49 0.31 0.32 0.31 0.9210 40-49 0.79 0.93 0.89 0.6260
50-59 0.83 0.46 0.58 0.0423 50-59 1.50 0.78 1.02 0.0694
60+ 0.71 0.16 0.34 0.0116 60+ 3.07 0.62 1.43 0.0372
Total: 0.24 0.20 0.21 Total: 0.44 0.39 0.40
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Fig 5. Dental utilization rates comparing TMD and non-TMD subjects by age cohort in both the non-
extraction and extraction groups for the “Periodontics” CDT category. There is a gradual increase in DUR
for all groups (slight decline 60+), except for the TMD, extraction group where a sharp increase is noted at
60+ years.
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Table XVI. Number of Procedures Per Decade of Life in the “Removable Prosthodontics”
CDT Category for the Non-Extraction Group (1998-2003)

Removable Prosthodontics, Non-Extraction

TMD group (N=552) Non-TMD group (N=1,104)

Age # Subjects # procedures % total proc. # Subjects # procedures % total proc.
10-19 106 4 0.9% 212 13 1.8%
20-29 165 36 8.1% 330 79 10.8%
30-39 116 98 21.9% 232 65 8.9%
40-49 91 168 37.6% 182 242 33.1%
50-59 53 121 27.1% 106 204 27.9%

60+ 21 20 4.5% 42 129 17.6%
Total 552 447 100.0% 1,104 732 100.0%

Table XVII. Number of Procedures Per Decade of Life in the “Removable
Prosthodontics” CDT Category for the Extraction Group (1998-2003)
Removable Prosthodontics, Extraction

TMD group (N=199) Non-TMD group (N=398)

Age # Subjects # procedures % total proc. # Subjects # procedures % total proc.
10-19 53 20 18.3% 106 9 2.0%
20-29 51 32 29.4% 102 35 71.7%
30-39 42 10 9.2% 84 122 26.8%
40-49 32 18 16.5% 64 161 35.4%
50-59 16 15 13.8% 32 97 21.3%

60+ 5 14 12.8% 10 31 6.8%
Total 199 109 100.0% 398 455 100.0%

Table XVIIIL Dental Utilization Rate (mean number of procedures per year) by Age for
the “Removable Prosthodontics” CDT Category, Comparing TMD and Non-TMD Subjects
in Both the Non-Extraction and Extraction Groups

Removable Prosthodontics, Non-Extraction Removable Prosthodontics, Extraction
DUR for DUR for  DUR for DURfor ~ DURfor  DUR for
Age  TMD Subjects Non-TMD  all subjects  P-Value Age TMD Subjects Non-TMD  all subjects P-Value
10-19 0.01 0.01 0.01 0.5463 10-19 0.06 0.01 0.03 0.0455
20-29 0.04 0.04 0.04 0.8697 20-29 0.10 0.06 0.07 0.3717
30-39 0.14 0.05 0.08 0.0472 30-39 0.04 0.24 0.17 0.0442
40-49 0.31 0.22 0.25 0.4051 40-49 0.09 0.42 0.31 0.1294
50-59 0.38 0.32 0.34 0.7200 50-59 0.16 0.51 0.39 0.1520
60+ 0.16 0.51 0.39 0.2466 60+ 0.47 0.52 0.50 0.9334
Total: 0.13 0.11 0.12 Total: 0.09 0.19 0.16
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Fig 6. Dental utilization rates comparing TMD and non-TMD subjects by age cohort in both the non-
extraction and extraction groups for the “Removable Prosthodontics™ CDT category. DURs are highest in the
60+ age cohort (except TMD, non-extraction subjects) and utilization increases with increasing age.
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Table XIX. Number of Procedures Per Decade of Life in the “Fixed Prosthodontics” CDT
Category for the Non-Extraction Group (1998-2003)
Fixed Prosthodontics, Non-Extraction

TMD group (N=552) Non-TMD group (N=1,104)

Age # Subjects # procedures % total proc. # Subjects # procedures % total proc.
10-19 106 6 8.1% 212 7 6.1%
20-29 165 14 18.9% 330 30 26.1%
30-39 116 16 21.6% 232 15 13.0%
40-49 9l 23 31.1% 182 35 30.4%
50-59 53 11 14.9% 106 28 24.3%

60+ 21 4 5.4% 42 0 0.0%
Total 552 74 100.0% 1,104 115 100.0%

Table XX. Number of Procedures Per Decade of Life in the “Fixed Prosthodontics” CDT
Category for the Extraction Group (1998-2003)
Fixed Prosthodontics, Extraction

TMD group (N=199) Non-TMD group (N=398)

Age # Subjects # procedures % total proc. # Subjects # procedures % total proc.
10-19 53 0 0.0% 106 1 12.8%
20-29 51 2 3.7% 102 1 1.2%
30-39 42 7 13.0% 84 54 62.8%
40-49 32 17 31.5% 64 9 10.5%
50-59 16 22 40.7% 32 7 8.1%

60+ 5 6 11.1% 10 4 4. 7%
Total 199 54 100.0% 398 86 100.0%

Table XXI. Dental Utilization Rate (mean number of procedures per year) by Age for the
“Fixed Prosthodontics” CDT Category, Comparing TMD and Non-TMD Subjects in Both
the Non-Extraction and Extraction Groups

Fixed Prosthodontics, Non-Extraction Fixed Prosthodontics, Extraction
DUR for DUR for ~ DUR for DUR for DUR for DUR for

Age  TMD Subjects Non-TMD  all subjects  P-Value Age TMD Subjects Non-TMD  all subjects  P-Value
10-19 0.01 0.01 0.01 0.6559 10-19 0.00 0.02 0.01 03111
20-29 0.01 0.02 0.01 0.9139 20-29 0.01 0.00 0.00 0.3432
30-39 0.02 0.01 0.01 0.3639 30-39 0.03 0.11 0.08 0.2410
40-49 0.04 0.03 0.04 0.6649 40-49 0.09 0.02 0.05 0.0416
50-59 0.03 0.04 0.04 0.7175 50-59 0.23 0.04 0.10 0.1213

60+ 0.03 0.00 0.01 0.0719 60+ 0.20 0.07 0.11 0.2264
Total: 0.02 0.02 0.02 Total: 0.05 0.04 0.04
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Fig 7. Dental utilization rates comparing TMD and non-TMD subjects by age cohort in both the non-
extraction and extraction groups for the “Fixed Prosthodontics” CDT category. Highest DURs are found in
the TMD, extraction subjects above the age of 50 years.
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Table XXII. Number of Procedures Per Decade of Life in the “Oral & Maxillofacial
Surgery” CDT Category for the Non-Extraction Group (1998-2003)

Oral & Maxillofacial Surgery, Non-Extraction
TMD group (N=552) Non-TMD group (N=1,104)

Age # Subjects # procedures % total proc. # Subjects # procedures % total proc.
10-19 106 18 9.6% 212 106 17.2%
20-29 165 26 13.9% 330 76 12.4%
30-39 116 42 22.5% 232 82 13.3%
40-49 91 57 30.5% 182 185 30.1%
50-59 53 27 14.4% 106 108 17.6%

60+ 21 17 9.1% 42 58 9.4%
Total 552 187 100.0% 1,104 615 100.0%

Table XXIII. Number of Procedures Per Decade of Life in the “Oral & Maxillofacial
Surgery” CDT Category for the Extraction Group (1998-2003)

Oral & Maxillofacial Surgery, Extraction
TMD group (N=199) Non-TMD group (N=398)

Age # Subjects # procedures % total proc. # Subjects # procedures % total proc.
10-19 53 260 37.2% 106 494 30.3%
20-29 51 200 28.6% 102 353 21.7%
30-39 42 115 16.5% 84 351 21.5%
40-49 32 09 9.9% 64 298 18.3%
50-59 16 43 6.2% 32 102 6.3%

60+ 5 12 1.7% 10 31 1.9%
Total 199 699 100.0% 398 1,629 100.0%

Table XXIV. Dental Utilization Rate (mean number of procedures per year) by Age for
the “Oral & Maxillofacial Surgery” CDT Category, Comparing TMD and Non-TMD
Subjects in Both the Non-Extraction and Extraction Groups

Oral & Maxillofacial Surgery, Non-Extraction Oral & Maxillofacial Surgery, Extraction
DUR for DUR for ~ DUR for DUR for DUR for DUR for
Age TMD Subjects Non-TMD all subjects P-Value Age TMD Subjects Non-TMD  all subjects P-Value
10-19 0.03 0.08 0.06 0.0078 10-19 0.82 0.78 0.79 0.2264
20-29 0.03 0.04 0.03 0.2298 20-29 0.65 0.58 0.60 0.3705
30-39 0.06 0.06 0.06 0.9553 30-39 0.46 0.70 0.62 0.0883
40-49 0.10 0.17 0.15 0.3306 40-49 0.36 0.78 0.64 0.0532
50-59 0.08 0.17 0.14 0.2781 50-59 0.45 0.53 0.50 0.6082
60+ 0.13 0.23 0.20 0.3932 60+ 0.40 0.52 0.48 0.7264
Total: 0.06 0.09 0.08 Total: 0.59 0.68 0.65
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Fig 8. Dental utilization rates comparing TMD and non-TMD subjects by age cohort in both the non-
extraction and extraction groups for the “Oral & Maxillofacial Surgery” CDT category. DURs were
significantly higher in the extraction group, decreasing with age, yet DURs increased with age in the non-
extraction group. There are also higher utilization rates in the non-TMD subjects.
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Table XXV. Number of Procedures Per Decade of Life in the “Orthodontics” CDT
Category for the Non-Extraction Group (1998-2003)

Orthodontics, Non-Extraction

TMD group (N=552)

Non-TMD group (N=1,104)

Age # Subjects # procedures % total proc. # Subjects # procedures % total proc.
10-19 106 527 80.8% 212 1,197 86.7%
20-29 165 86 13.2% 330 74 5.4%
30-39 116 5 0.8% 232 108 7.8%
40-49 91 33 5.1% 182 1 0.1%
50-59 53 1 0.2% 106 1 0.1%

60+ 21 0 0.0% 42 0 0.0%
Total 552 652 100.0% 1,104 1,381 100.0%

Table XXVI. Number of Procedures Per Decade of Life in the “Orthodontics” CDT
Category for the Extraction Group (1998-2003)

Orthodontics, Extraction

TMD group (N=199)

Non-TMD group (N=398)

Age # Subjects # procedures % total proc. # Subjects # procedures % total proc.
10-19 53 275 69.8% 106 546 78.8%
20-29 51 3 0.8% 102 59 8.5%
30-39 42 8 2.0% 84 26 3.8%
40-49 32 107 27.2% 64 2 0.3%
50-59 16 I 0.3% 32 60 8.7%

60+ 5 0 0.0% 10 0 0.0%
Total 199 394 100.0% 398 693 100.0%

Table XXVII. Dental Utilization Rate (mean number of procedures per year) by Age for
the “Orthodontics” CDT Category, Comparing TMD and Non-TMD Subjects in Both the
Non-Extraction and Extraction Groups

Orthodontics, Non-Extraction

Orthodontics, Extraction

DUR for DUR for  DUR for DUR for DUR for ~ DUR for
Age  TMD Subjects Non-TMD all subjects  P-Value Age TMD Subjects Non-TMD  all subjects P-Value
10-19 0.83 0.94 0.90 0.6684 10-19 0.86 0.86 0.86 0.9837
20-29 0.09 0.04 0.05 0.3160 20-29 0.01 0.10 0.07 0.3821
30-39 0.01 0.08 0.05 0.2279 30-39 0.03 0.05 0.04 0.7762
40-49 0.06 0.00 0.02 0.1642 40-49 0.56 0.01 0.19 0.1313
50-59 0.00 0.00 0.00 0.6175 50-59 0.01 0.31 0.21 0.5001
60+ 0.00 0.00 0.00 - 60+ 0.00 0.00 0.00 -

Total: 0.20 0.21 0.20 Total: 0.33 0.29 0.30
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Fig 9. Dental utilization rates comparing TMD and non-TMD subjects by age cohort in both the non-
extraction and extraction groups for the “Orthodontics” CDT category. The DUR was highest in the 10-19
year age cohort for all groups.
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Table XXVIIL. Number of Procedures Per Decade of Life in the “Adjunctive General
Services” CDT Category for the Non-Extraction Group (1998-2003)

Adjunctive General Services, Non-Extraction

TMD group (N=552) Non-TMD group (N=1,104)

Age # Subjects # procedures % total proc. # Subjects # procedures % total proc.
10-19 106 68 6.2% 212 134 8.4%
20-29 165 273 24.7% 330 345 21.6%
30-39 116 271 24.5% 232 376 23.6%
40-49 91 278 25.2% 182 347 21.7%
50-59 53 160 14.5% 106 281 17.6%

60+ 21 55 5.0% 42 113 7.1%
Total 552 1,105 100.0% 1,104 1,596 100.0%

Table XXIX. Number of Procedures Per Decade of Life in the “Adjunctive General
Services” CDT Category for the Extraction Group (1998-2003)

Adjunctive General Services, Extraction

TMD group (N=199) Non-TMD group (N=398)

Age # Subjects # procedures % total proc. # Subjects # procedures % total proc.
10-19 53 204 25.7% 106 336 25.5%
20-29 51 217 27.4% 102 294 22.3%
30-39 42 169 21.3% 84 298 22.6%
40-49 32 94 11.9% 64 238 18.0%
50-59 16 79 10.0% 32 127 9.6%

60+ 5 30 3.8% 10 27 2.0%
Total 199 793 100.0% 398 1,320 100.0%

Table XXX. Dental Utilization Rate (mean number of procedures per year) by Age for the
“Adjunctive General Services” CDT Category, Comparing TMD and Non-TMD Subjects
in Both the Non-Extraction and Extraction Groups

Adjunctive General Services, Non-Extraction Adjunctive General Services, Extraction
DUR for DUR for  DUR for DUR for DUR for DUR for
Age  TMD Subjects  Non-TMD all subjects P-Value Age TMD Subjects Non-TMD  all subjects P-Value
10-19 0.11 0.11 0.11 0.9462 10-19 0.64 0.53 0.57 0.0828
20-29 0.28 0.17 0.21 0.0065 20-29 0.71 0.48 0.56 0.0067
30-39 0.39 0.27 0.31 0.0276 30-39 0.67 0.59 0.62 0.5552
40-49 0.51 0.32 0.38 0.0026 40-49 0.49 0.62 0.58 0.2257
50-59 0.50 0.44 0.46 0.5640 50-59 0.82 0.66 0.72 0.4633
60+ 0.44 0.45 0.44 0.9319 60+ 1.00 0.45 0.63 0.1295
Total: 0.33 0.24 0.27 Total: 0.66 0.55 0.59
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Fig 10. Dental utilization rates comparing TMD and non-TMD subjects by age cohort in both the non-
extraction and extraction groups for the “Adjunctive General Services” CDT category. DURs were fairly
consistent across all age cohorts for the extraction subjects. For non-extraction subjects, a gradual increase in
utilization with increasing age was noted.
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Appendix F. Distribution of Procedures by CDT Category and Gender

Table I. Number of Procedures by CDT Category and Gender for Non-Extraction Subjects
(1998-2003)

CDT Category: Male (N=519) Female (N=1,137)
# procedures % total proc. # procedures % total proc.

Diagnostic 5,793 38% 14,312 37%
Preventive 4,673 30% 11,825 31%
Restorative 2,190 14% 5,435 14%
Endodontics 173 1% 579 2%
Periodontics 862 6% 1,272 3%
Prosthodontics, removable 371 2% 808 2%
Prosthodontics, fixed 61 0% 128 0%
Oral & Maxillofacial Surgery 292 2% 510 1%
Orthodontics 364 2% 1,669 4%
Adjunctive General Services 669 4% 2,032 5%

Total: 15.448 100% 38,570 100%

Table II. Number of Procedures by CDT Category and Gender for Extraction Subjects
(1998-2003)

CDT Category: Male (N=207) Female (N=390)
# procedures % total proc. # procedures % total proc.
Diagnostic 2,906 31.1% 6,186 31.2%
Preventive 2,566 27.4% 5,658 28.5%
Restorative 1.317 14.1% 2,460 12.4%
Endodontics 130 1.4% 279 1.4%
Periodontics 583 6.2% 865 4.4%
Prosthodontics, removable 184 2.0% 380 1.9%
Prosthodontics, fixed 34 0.4% 106 0.5%
Oral & Maxillofacial Surgery 758 8.1% 1,570 7.9%
Orthodontics 237 2.5% 850 4.3%
Adjunctive General Services 638 6.8% 1,475 7.4%
Total: 9,353 100% 19,829 100%
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Fig 1. Dental utilization rate by gender and CDT category for both the non-extraction and extraction groups.
Females had higher DURs than males for most categories, and the extraction group had higher DURs than the
non-extraction group.
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Appendix G. Distribution of Procedures Before and After Initial TMD Diagnosis

Table I. Number of Procedures by CDT Category for TMD Subjects Before and After

Initial TMD Diagnosis in the Non-Extraction Group (1998-2003)
*Minimum of one year before and after initial TMD clinic visit during study period; N=373

CDT Category: Before TMD Diagnosis After TMD Diagnosis
# procedures % total proc. # procedures % total proc.

Diagnostic 2,366 39.8% 2,618 36.7%
Preventive 1,719 28.9% 2,207 31.0%
Restorative 836 14.1% 1,060 14.9%
Endodontics 65 1.1% 102 1.4%
Periodontics 157 2.6% 323 4.5%
Prosthodontics, removable 124 2.1% 188 2.6%
Prosthodontics, fixed 21 0.4% 37 0.5%
Oral & Maxillofacial Surgery 59 1.0% 73 1.0%
Orthodontics 249 4.2% 138 1.9%
Adjunctive General Services 347 5.8% 382 5.4%

Total: 5,943 100.0% 7,128 100.0%

Table I1. Number of Procedures by CDT Category for TMD Subjects Before and After
Initial TMD Diagnosis in the Extraction Group (1998-2003)

*Minimum of one year before and after initial TMD clinic visit during study period; N=138

et

CDT Category: Before TMD Diagnosis After TMD Diagnosis
# procedures % total proc. # procedures % total proc.

Diagnostic 1,234 34.4% 1,135 32.7%
Preventive 925 25.8% 1,056 30.4%
Restorative 455 12.7% 418 12.0%
Endodontics 50 1.4% 76 2.2%
Periodontics 197 5.5% 190 5.5%
Prosthodontics, removable 30 0.8% 26 0.7%
Prosthodontics, fixed 14 0.4% 6 0.2%
Oral & Maxillofacial Surgery 246 6.9% 229 6.6%
Orthodontics 171 4.8% 84 2.4%
Adjunctive General Services 264 7.4% 250 7.2%

Total: 3,586 100.0% 3,470 100.0%
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Fig 1. Dental utilization rate (mean number of procedures per year) by CDT category for TMD subjects
before and after initial TMD diagnosis in both the non-extraction and extraction group (minimum of one year
before and after initial TMD diagnosis during the study period). DURs for all categories of dentistry were
similar before and after TMD diagnosis for both the extraction and non-extraction groups.
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