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Abstract

Objectives: Service provision should reflect the oral health of the patient.
However, patient and visit factors may influence service patterns and the appro-
priateness of care delivered. The aim of this study was to examine factors
associated with variation in dental services and to assess whether variation by
patient and visit characteristics persisted after controlling for oral health status.
Methods: A random sample of Australian dentists was surveyed during 1997-98
(response rate=60.3%). Private general practitioners (n=345) provided data on
service provision, as well as patient, visit and oral health variables from a log of
a typical clinical day (n=4,115 patients). Multivariate Poisson regression models
were run for eight service areas (e.g., diagnostic, preventive, and restorative).
Results: Significant effects (P<.05) were observed for oral health factors in all
eight models, visit factors in all eight models, patient demographics in four models,
dental knowledge/behavior in one model, and area-based socioeconomic status
in one model. Conclusions: After controlling for oral health, visit characteristics
persisted as significant predictors of services, with nonemergency visits, insur-
ance, and capital city location associated with more favorable service mix pat-
terns. Higher socioeconomic status areas and payment scale ratings also were
associated with a better service pattern in particular service areas. These findings
show that a wide range of factors, in addition to oral health, contribute to variation

in service provision. [J Public Health Dent 2002;62(3):148-57]
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The issue of variation in service pro-
vision has been noted for both medical
and dental procedures (1-3), raising
concerns about appropriateness of
care (4). A range of investigations have
attempted to explain this variation,
with service patterns being related to
a range of patient and visit factors.
Some patient factors that have been
related to service patterns include pa-
tient demographics such as age and
sex (2,5,6). Visit factors related to serv-
ice patterns include insurance status,
reason for visit, and geographic loca-
tion. Insurance coverage has been
positively associated with use and mix
of services and oral health (7-9). Serv-
ice patterns also have been associated
with reason for visit (i.e., emergency
visits, defined as relief of pain, vs
nonemergency visits), with a less fa-

vorable service mix for emergency vis-
its after controlling for insurance
status (10). Geographic location also
has been associated with service pat-
terns, with more favorable service pat-
terns within urban compared to rural
locations (11,12).

Variation -in service rates may be
acceptable under some circumstances,
such as underlying differences in the
health status of populations (13). In
dentistry, there have been attempts to
control for health status by employing
homogeneous patient populations
(14,15) or using diagnosis of main con-
dition (16). These attempts to control
for oral health status represent an in-
direct form of control, which rests on
assumptions that homogeneity of
some patient characteristics is re-
flected in health status and that a simi-

lar diagnosis provides adequate con-
trol for health status. Other analyses
have included health status in simula-
tions of treatment planning such as
role playing using actors as patients
(17) and interpretation of radiographs
(18), or have studied oral health status
as an outcome of the service provision
process (7,19). A study of factors influ-
encing the appropriateness of restora-
tive dental treatment that did include
oral health factors found that clinical
and perceived oral health status were
important explanatory variables (20).
Probability of overtreatment was
higher for adults who had more fill-
ings at baseline, while adults’ prob-
ability of undertreatment was higher
if they had fewer decayed or more
missing tooth surfaces at baseline. An-
other study looking at the quality of
restorative care found that patients
with better oral health received better
care (21). However, in general, there
has been a paucity of studies assessing
actual service rate variation with any
control for presenting oral health
status.

Given the central role that oral
health status should play in planning
and providing dental services, thelack
of control for oral health status repre-
sents a major weakness in studies of
variation in dental service rates. The
need to control for oral health status
has been recognized (15), with calls for
further studies that include measures
of oral health status to address the is-
sue of the extent to which unexplained
variation in rates of service provision
reflects differences in oral health. To
enhance the comprehensiveness of
service provision models, other factors
in addition to patient, visit, and oral
health factors—such as measures of
dental knowledge/behavior and so-
cioeconomic status (SES)—are also de-
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sirable. This paper addresses the issue
of explaining variation in service rates
by constructing service models incor-
porating a range of patient, visit, oral
health, dental knowledge/behavior,
and SES factors as independent vari-
ables. The specific aim of this study
was to examine factors associated with
variation in dental service rates, with
particular reference to the research
problem of whether variation by pa-
tient and visit characteristics persists
after controlling for the presenting
oral health status.

Methods

Sample and Response. A random
sample of 13.5 percent of dentists was
drawn from the registers of each Aus-
tralian state and territory, resulting in
a total sample of 1,202 dentists. Data
on service provision, patient and visit
characteristics, and oral health status
were collected by self-complete
mailed questionnaire during the
1997-98 period (22). A total of 676 den-
tists responded to the survey, a re-
sponse rate of 60.3 percent. Of these
676 dentists, a total of 552 were in-
cluded in the analysis, with the re-
mainder being excluded for reasons
such as ill health or retirement. Of
these 552 dentists, 451 were in general
practice, with 418 in the private sector
and 407 currently treating patients. Of
the 407 private general practitioners
currently treating patients, a total of
345 private general practitioners pro-
vided service log data from a typical
clinical day. The characteristics of
these dentists were compared with the
62 dentists who did not provide serv-
ice logs to assess potential bias. The
age distribution of the sample was not
known because the age of each dentist
was not listed on the published dental
registers. However, the age and sex
distribution of respondents were com-
pared to national data reported on the
population of registered dentists to as-
sess potential bias.

Data Items. Services provided dur-
ing a typical day were collected using
aone-day log of services. Service items
were recorded using the three-digit
coding scheme from the Australian
Dental Association’s “Schedule of
Dental Services” (23). Characteristics
of patients treated during the one-day
log (e.g., age, sex) and visit details (e.g.,
insurance status, visit type) were re-
corded at the time of service provision
by the responding dentists. The

number of patients sampled by each
dentist varied according to their typi-
cal level of activity. The data reported
here are restricted to private general
practitioners. Dentists were free to
choose which day to include in their
service log. Only sampled dentistsin a
group practice provided data. Dentists
were instructed to record services for
each patient treated regardless of
whether or how they were charged to
the patient. Patients were not identi-
fied, but were expected to make a sin-
gle visit over the one-day period of the
log. Hence, the dental visit comprised
the unit of analysis, with the number
of services provided in each area of
service being expressed as a rate per
visit, and entered in statistical models
as the number of services divided by
the number of visits. The sample of
visits included in the one-day log
would include first, intermediate, and
final visits. These were not differenti-
ated in the analysis because they were
sampled at random and hence would
provide a representative cross-section
of these visit types. Oral health vari-
ables were recorded to indicate the
status of each patient at the beginning
of the current visit. A rating of these
patients in terms of dental knowledge
and payment factors also was re-
corded using a five-point Likert scale
of items related to patient dental val-
ues (24,25). Residential postal code
was also recorded for each patient
treated and used to link with an area-
based indicator of SES derived from
census data (26).

Data Analysis. Analysis involved
examination of the distributions of de-
pendent (i.e., service rates) and inde-
pendent (i.e., patient, visit, and oral
health) variables, testing of associa-
tions between dependent and inde-
pendent variables, and construction of
multivariate models. No adjustment
was made for multiple comparisons in
the bivariate analysis. This was not
necessary, as all tests, both nonsignifi-
cant and significant, were presented
(27). Indicator variables (coded as 1,
reference as 0) were used for all inde-
pendent variables, which were en-
tered in multivariate Poisson regres-
sion models of service provision, with
number of services in each main area
of service divided by the number of
patient visits as the dependent vari-
able. Continuous independent vari-
ables were converted into dichoto-
mous variables prior to coding as indi-
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cator variables. The median was used
as a cutoff point for the area-based
indicator of SES, while scores on the
“strongly agree” side of the midpoint
were used for the factor analysis-
based scales of the dentist ratings of
patients.

Models included main effects, but
interaction terms were not included.
Interactions are difficult to detect un-
less their effects are large and there are
sufficient subjects to cover the wide
range of categories of the joint distri-
butions of the variables involved;
hence, caution is advised in accepting
and interpreting interactions (28). The
analytic strategy of the paper was to
build a comprehensive set of inde-
pendent variables that could be com-
pared across a range of service areas.
The inclusion of interaction terms
would have been unwieldy, especially
in the absence of specific hypotheses
regarding interaction. Nonsignificant
terms were retained for comparability
across the models, and their potential
value in controlling for confounding
(27). The design effect for clustering of
patients within the primary sampling
unit of dentists was calculated for each
service area and used to weight the
models to the size of the equivalent
simple random sample (29).

Results

Sample Characteristics. There was
a higher percentage of male (80.0%)
than female dentists (20.0%), and the
majority of responding dentists were
in the age groups 30-39 (27.8%) and
40-49 (29.3%) years. Male dentists had
an older age distribution than females,
with higher percentages in the age
groups 40—49 years (30.8% vs 23.2%),
50-59 years (20.3% vs 10.1%), and 60+
years (13.4% vs 0.0%). The responding
practitioners had a similar age distri-
bution compared to the dentist popu-
lation (30), with both distributions
dominated by the 30-39 and 4049
years age groups and male dentists
having an older age distribution than
female dentists. There were no signifi-
cant differences between these den-
tists who supplied service data and
responding dentists in the sample who
did not provide service data by sex of
dentist, age of dentist, practice type,
geographic location, years since
graduation, percent of time worked
and number of other dentists in their
main practice, practice activity meas-
ures (i.e., patients per hour, hours per
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year worked, patients per year, and
appointment time), and number of
full-time equivalent support staff (i.e.,
chairside assistants, hygienists, man-
agers, secretaries, other staff). The re-
sponding private general practitioners
collected data from a total of 4,115 pa-
tients (number of patients seen per
practiioner was: mean=11.9; SD=4.1).

Distributions of Independent
Variables: Patient, Visit, and Oral
Health Factors. Table 1 presents pa-
tient, visit, and oral health variables as
column percentages. The highest per-
centage of patients was in the 25-44-
year and 45-64-year age groups. The
age distribution approximated the es-
timated resident population of Aus-
tralia, with similar percentages of
those aged 65 years and older (12.0%
vs 12.2%), but higher percentages of
45-64-year-olds (30.6% vs 21.8%) and
25-44-year-olds (34.4% vs 30.9%) and
lower percentages for those younger
than 24 years of age (23.1% vs 35.2%),
with the largest difference occurring
among those younger than 5 years of
age (0.9% vs 6.9%) (31). There were
more female (54.8%) than male pa-
tients. The majority of visits were
nonemergencies (78.2%), just over half
the visits were by insured patients
(52.2%), and there were high percent-
ages of visits by previously treated pa-
tients (86.2%) and patients at capital
city locations (70.5%). Among dentate
adult patients, the majority had no
dentures (78.3%) and had 21-32 teeth
(81.7%); about half had one or more
decayed teeth (52.3%). Fewer than half
the patients had high knowledge scale
ratings (40.0%), but the majority of pa-
tients had high payment scale ratings
(59.6%). Approximately half the pa-
tients were in the lower SES area cate-
gory (50.1%). Further analysis was re-
stricted to dentate adult patients aged
18 years and older to avoid problems
of overlap in care provided to children
through private practice and school
dental services.

Associations of Services with Pa-
tient, Visit, and Oral Health Factors.
Table 2 shows the bivariate associa-
tions of services with patient, visit, and
oral health factors. The total row
shows that diagnostic and restorative
services dominated the profile of serv-
ice provided, with preventive services
also being provided at a high rate. A
large number of statistically signifi-
cant associations were observed, with
nine of the 12 independent variables

being associated with four or more of
the eight main areas of service. All
independent variables were signifi-
cantly associated with some service
areas, ranging from three out of eight
service areas for sex of patient, insur-
ance status, and the payment scale,
and up to seven out of eight service
areas for visit type and number of de-
cayed teeth.

Multivariate Models of Services
by Patient, Visit, and Oral Health Fac-
tors. Table 3 shows the rate ratios from
Poisson regression models of service
rates by the set of patient, visit, and
oral health factors. The number of sta-
tistically significant associations be-

tween the independent variables and.

the eight service areas was lower in the
multivariate models compared to the
bivariate analyses. In particular, the
knowledge scale was not significant in
any model, while the payment scale
and SES index were each significant in
only one model. However, the number
of decayed teeth was significant in
seven service area models and visit
type was statistically significant in six
service area models. Pseudo R%values
ranged from 0.025 for the diagnostic
services model to 0.203 for the extrac-
tion services model and 0.340 for the
prosthodontic services model.

Discussion

Choice of treatment is described as
an art with many factors involved
(e.g., economic, psychological, physi-
ological) and few objective rules guid-
ing what is seen as professional judg-
ment (32). The widespread variation in
dental decision making arises from
variation in identification of diagnosis
and severity of the condition, deci-
sions to treat, and selection of treat-
ment, which is influenced by differ-
ences in dentists’ beliefs or knowledge
(3). Common factors that influence
treatment planning include patient at-
tendance patterns, dentist-patient re-
lationships, treatment prognosis, atti-
tudes to risk, values of both dentist
and patient in relation to dental care,
treatment thresholds of dentists, and
financial constraints on patients (33).

Representativeness of Findings.
The findings presented here are re-
stricted to adults receiving treatment
in the private sector. In Australia, the
majority of dentists are in private prac-
tice and most adult patients receive
their dental care in the private sector
(30). Most private patients must pay
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TABLE 1
Distributions of Patient, Visit, and
Oral Health Variables

Patient, Visit, Oral
Health Variables %
Age of patient (years)

<18 15.7

18-24 74

25-44 344

45-64 30.6

265 12.0
Sex of patient

Male 452

Female 54.8
Visit type

Emergency 21.8

Nonemergency 78.2
Insurance status

Insured 52.2

Uninsured 478
Patient status

New 138

Previous 86.2
Location

Capital city 70.5

Noncapital 295
Denture status®

Present 21.7

Absent 78.3
Number of teeth*

1-20 183

21-32 81.7
Decayed teeth*

No decay 47.7

1+ decayed 52.3
Knowledge scalet

Lower rating 60.1

Higher rating 40.0
Payment scale}:

Lower rating 404

Higher rating 59.6
SEIFA Index 1

Higher SES 499

Lower SES 50.1
*Dentate, 18 years or older.

tRating of dental knowledge and following
instructions.

}Rating of being willing and able to pay for
care.

TArea-based index of relative socioeconomic
disadvantage linked to postal code.

for their dental care, either directly or
through individually purchased pri-
vate dental insurance (10). Coverage
of private dental insurance in Austra-
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lia was 40.4 percent during 1994, and
was positively associated with income
(34). 1t is likely that the results can be
generalized to represent the Austra-
lian context, as they were from a na-
tional survey based on a random sam-
ple from a comprehensive sampling
frame (i.e., all the state and territory
dental registers) that achieved an ac-
ceptable response rate (35), was re-
stricted to private general practitio-
ners who comprise the majority of
dentists in Australia, and was based
on a sample of patients with an age
distribution that approximated the es-
timated resident population of Aus-
tralia. The use of service data from a
self-selected typical day could poten-
tially introduce bias if dentists selected
a day to show their practice in the best
light. This bias should be minimized in
this study through the privacy and
confidentiality provisions of the sur-
vey process. Furthermore, a report
found there was no significant differ-
ence in service rates in all 10 main
areas of service between data collected
over a 10-day sampling period com-
pared with estimates based on one
typical day nominated from the 10-
day sampling period by the respond-
ing dentists (36).

Associations with Service Provi-
sion. Patient Demographics. Patient age
showed a range of weak to strong ef-
fects for prosthodontic, restorative,
and crown and bridge services. Age
can reflect cumulative effects of dis-
ease and treatment history, and possi-
ble cohort effects. The higher rates of
restorative services among older pa-
tients reflects a shift in emphasis to-
ward older adults who are retaining
teeth for longer, consistent with the
improved patterns observed in oral
health in Australia such aslower caries
levels among children and- declining
edentulism among adults (37). Reduc-
tions in levels of tooth loss have been
linked with increased treatment
needs, especially in the elderly (38,39).
Crown and bridge services similarly
reflect a trend toward retention of the
natural dentition with higher provi-
sion among middle-aged adults. In
Australia, there have been increases in
the number of services per visit pro-
vided to adults and also increased pro-
portions of patients in the age groups
45-64 years and 65 years or older over
the period 1983 to 1994 (6), which
point to a shift in treatment emphasis
toward middle-aged and older adults.
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TABLE 2
Bivariate Associations of Services per Visit by Patient, Visit, and Oral Health
Variables: Dentate, Aged 18 Years and Older (Poisson Regression)
[cont. page 152]

Crown &
Diagnostic  Preventive Restorative Bridge
Mean (SE) Mean (SE) Mean (SE) Mean (SE)
Patient age P<01 P<01 P<01 P<01
18-24 years 0.85 (0.05) 047 (0.04) 0.39(0.05) 0.01(0.01)
2544 years 0.69 (0.02) 0.38 (0.02) 0.66(0.03) 0.08 (0.01)
45-64 years 0.61(0.02) 0.31(0.02) 0.64(0.03) 0.14(0.01)
65+ years 0.51(0.03) 034(0.03) 0.70(0.06) 0.05(0.01)
Patient sex P<.01
Male 0.67(0.02) 035(0.02) 0.69(0.03) 0.09(0.01)
Female 0.64 (0.02) 0.36(0.02) 059(0.02) 0.09(0.01)
Visit type P<01 P<.01 P<01
Emergency 0.70(0.03) 0.09(0.01) 053(0.03) 0.03(0.01)
Nonemergency 0.67(0.02) 046(0.02 062(0.02) 0.11(0.01)
Insurance status P<01 P<.01
Insured 0.66(0.02) 042(0.02) 066 (0.03) 0.13(0.01)
Uninsured 0.65 (0.02) 0.29(0.02) 0.60(0.02) 0.06 (0.01)
Patient status P<.01 P<.01 P<.01
New 1.05{0.05) 031(0.03) 052(0.05) 0.01(0.01)
Previous 0.59 (0.01) 0.36(0.01) 0.65 (0.02) 0.10(0.01)
Location P<.05 P<01 P<.05
Capital city 0.67 (0.02) 0.39(0.01) 0.63(0.02) 0.10(0.01)
Noncapital 0.60(0.03) 0.27(0.02) 066(0.03) 0.07(0.01)
Denture status P<01 P<01 P<.01
Present 047(0.03) 0.24 (0.02) 0.53(0.04) 0.10(0.02)
Absent 0.70(002) 039(0.01) 0.66(0.02) 0.09(0.01)
Number of teeth P<.01 P<.01 P<.05
1-20 049(0.03) 022(0.02) 056005 0.07(0.02)
21-32 0.69(0.02) 0.39(.01) 065(0.02) 0.10(0.01)
Decayed teeth P<.05 P<01 P<.01 P<.01
No decay 0.68 (0.02) 048(0.02) 032(0.02) 0.13(0.01)
1+ decayed 0.61(0.02) 0.23(0.01) 0.92(0.03) 0.06(0.01)
Knowledge scale P<.05 P<01 pP<01 P<.01
Lower rating 0.68(0.02) 0.31(0.01) 0.67(0.03) 0.06(0.01)
Higher rating* 0.62(0.02) 043(0.02) 058(0.03) 0.13(0.01)
Payment scale P<01 P<.01
Lower rating 0.65(0.02) 0.29(0.02) 0.65(0.03) 0.05(0.01)
Higher ratingt 0.66 (0.02) 041(0.01) 061(0.02) 0.12(0.01)
SEIFA Index P<Dl P<01
Higher SES 0.67 (0.02) 0.41(0.02) 064(0.03) 0.11(0.01)
Lower SES} 0.64(0.02) 030(0.02) 063(0.03) 0.08(0.01)
Total 0.65(0.01) 035(0.01) 064(0.02) 0.09(0.01)
*Higher dental knowledge rating.

+Higher rating of willing and able to pay for care.

$More disadvantaged postal code area.

Predicted international trends include
an increased preventive orientation,
decreased requirements for dentures,
and shifts in restorative procedures

such as more complex restorations of
teeth in older persons (39-41). The
higher provision of prosthodontic
services observed among middle-



152

TABLE 2
Bivariate Associations of Services per Visit by Patient, Visit, and Oral Health
Variables: Dentate, Aged 18 Years and Older (Poisson Regression)

[cont. from page 151]
General/ Prostho-
Endodontic  Extraction Misc. dontic
Mean (SE) Mean (SE} Mean (SE) Mean (SE)
Patient age P<.01 P<.01
18-24 years 0.14 (0.03) 0.09(0.02) 0.04 (0.01) 0.03(0.02)
25-44 years 0.15(0.02) 0.09(0.01) 0.06(0.01) 0.04(0.01)
45-64 years 0.12 (0.01) 0.08 (0.01) 0.05(0.01) 0.14(0.02)
65+ years 0.09 (0.02) 0.08 (0.02) 0.04(0.01) 0.21(0.03)
Patient sex P<.05 P<.05
Male 015(.01) 0.10 (0.01) 0.04(0.01) 0.10(0.01)
Female 0.12(0.01) 007 (0.01) 0.06(0.01) 0.10(0.01)
Visit type P<01 P<01 P<.01 P<.05
Emergency 0.25 (0.02) 0.25(0.02) 0.10(0.01) 0.08 (0.02)
Nonemergency 0.09(0.01) 0.02(0.004) 0.03(0.004) 0.11(0.01)
Insurance status P<.01
Insured 0.13 (0.01) 0.04 (0.01) 0.05(0.01) 0.09(0.02)
Uninsured 0.13 (0.01) 0.13(0.01) 0.05(0.01) 0.11(0.01)
Patient status P<.05 P<.01 P<.01
New 0.09 (0.02) 0.15(0.02) 0.04(0.01) 0.06(0.01)
Previous 0.14 (0.01) 0.07(0.01) 0.05(0.005) 0.11(0.01)
Location P<.01 P<.01
Capital city 0.14 (0.01) 0.07(0.01) 0.05(.01) 0.08(0.01)
Noncapital 0.12 (0.02) 0.11(0.02) 0.05(.01) 0.15(0.03)
Denture status P<01 P<.01
Present 0.09 (0.01) 0.10(0.01) 0.04(0.01) 0.43(0.04)
Absent 0.14 (0.01) 0.08(0.01) 0.05 (0.01) 0.01(0.005)
Number of teeth P<.01 P<.01
1-20 0.11 (0.02) 0.15(0.03) 0.03(0.01) 0.40(0.04)
21-32 0.14 (0.01) 0.07 (0.01) 0.05(0.005) 0.03(0.01)
Decayed teeth P<01 P<01 P<.01
No decay 0.11 (0.01) 0.07 (0.01) 0.05 (0.01) 0.16 (0.02)
1+ decayed 0.15(0.01) 0.10(0.01) 0.05(0.01) 0.05(0.01)
Knowledge scale P<.01
Lower rating 0.14 (0.01) 0.11(0.01) 0.05(.01) 0.10(0.01)
Higher rating* 013(0.01) 004 (0.01) 0.05(0.01) 0.09(0.02)
Payment scale P<.01
Lower rating 0.14(0.02) 011 (0.01) 0.05(0.01) 0.09 (0.01)
Higher ratingt 0.12 (0.01) 0.06 (0.01)  0.05(0.01) 0.10 (0.01)
SEIFA Index P<01 P<01
Higher SES 0.14 (0.01) 0.05(0.01) 0.05(.01) 0.07(0.01)
Lower SES} 0.13 (0.01) 0.12(0.01) 0.05(0.01) 0.13(0.02)
Total 0.13 (0.01) 0.08 (0.01) 0.05(.03) 0.10(0.01)
*Higher dental knowledge rating.

tHigher rating of willing and able to pay for care.

$More disadvantaged postal code area.

aged adults seems counterintuitive, as
denture services generally increase
across older age groups parallel with
edentulism (6). However, the service
patterns reported reflect dentate pa-

tients and are controlled for the pres-
ence of an existing denture, as well as
number of teeth, which could account
for the pattern observed. Sex of the
patient had weak associations with re-
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storative and general/miscellaneous
services. Other analyses of dental serv-
ice patterns in Australia have detected
differences by sex of patient; however,
statistically significant differences
have been few in number and less pro-
nounced in size compared to those ob-
served for age of patient (6).

Dental Knowledge and Behavior Rat-
ings. Higher payment scale ratings
were associated with higher provision
of crown and bridge services. This is
consistent with provision of a higher
cost treatment alternative. Cost vari-
ation in treatment selection could re-
flect diagnostic criteria, risk assess-
ment, interpretation of nonclinical pa-
tient factors and interactions between
dentists and patients (42). The knowl-
edge and payment ratings had arange
of significant associations with service
rates in bivariate analyses, but most of
these effects were removed after con-
trolling for factors such as visit type
and oral health.

Visit Characteristics. Emergency vis-
its had strong negative associations
with preventive and crown and bridge
services, and positive associations
with extraction, endodontic, and gen-
eral services. Population-level survey
data for dentate adults in Australia
who had visited for a check-up in the
previous year showed little variation
in mean numbers of services received
by income or health card status (34).
However, those persons who had vis-
ited for a problem exhibited wide vari-
ations. The mean number of extrac-
tions showed a consistent increase
from the highest income group to the
lowest income group, and a slight de-
crease in fillings. Variation by card
holder status was also evident, with
those eligible for a health card (e.g.,
age pensioners, unemployed persons)
who visited for a problem having
more extractions and slightly fewer
fillings than those not eligible for a
health card. Insurance was associated
with higher preventive and lower ex-
traction rates. These patterns are con-
sistent with more favorable service
patterns for nonemergency visits and
insured patients observed in Austra-
lian private general practice (10) and
for nonemergency visits in the public
sector (43).

While there is evidence of improve-
ments in oral health as reflected in
changes in service patterns over time
within a population of insured pa-
tients (44), simulation models show
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that reductions in coverage would
have adverse effects on oral health
status with increases in percentages of
decayed teeth and untreated decay
compared to baseline (45). New pa-
tients had less crown and bridge, en-
dodontic, and restorative, but more di-
agnostic service. This pattern reflects
patients who are new at that visit,
hence the emphasis on diagnostic
services. The longer term pattern of
care for patients who change dentist
may be different. For example, in the
General Dental Service in the United
Kingdom there was overall a higher
amount of treatment received by new
patients who had changed dentist at
least once in a five-year study period,
with little difference in the number of
courses of care or scalings but higher
provision of restorations and radio-
graphs for patients who had changed
dentist (46).

Other studies have also found that
attendance patterns have an influence
on treatment provided. A comparison
of frequent and infrequent attenders
found that frequent attenders received
more restorations while infrequent at-
tenders had more extractions (47). An-
other study of attendance patterns
found that individuals who visited a
dentist infrequently had a lower
prevalence of restorations, with a
higher percentage of unsatisfactory
restorations compared to those who
visited more frequently (48). Peri-
odontal disease has also been related
to visit patterns, with severity corre-
lated with time since last dental visit
and receipt of extractions, and with
attitudes regarding the importance of
regular visits (49). Geographic loca-
tion within capital cities was associ-
ated with less prosthodontic and more
preventive services per visit. In gen-
eral, capital city residents in Australia
enjoy better health both in terms of
mortality trends (50), and oral health
status (34), and this is reflected in more
favorable patterns of dental service
provision in terms of prevention and
maintenance of a natural dentition
(51). The more favorable urban dental
service patterns have been observed
for both private general practice (11)
and the public sector (12), and have
been correlated with disparities in the
level of supply of practitioners (30).
Similar trends have been noted in the
United Kingdom with more emphasis
on extraction in regions with lower
rates of dentists to population (52).

Socioeconomic Status. Relationships
between socioeconomic status and
health have often involved considera-
tion of mortality by factors such as
occupation, income, ethnic group, and
social class (53,54). Large differentials
in mortality and morbidity have been
observed and reported to be widening
(55). Such socioeconomic differentials
have been reported for dental care in
Australia (56). For example, income,
age of leaving school, and occupation
have been associated with use of den-
tal services, and occupation with re-
ceipt of extractions (57). In this study,
there was a higher extraction rate
among patients from lower SES areas.
This is consistent with population-
level survey data for dentate adults in
Australia, with those persons who had
visited for a problem showing a con-
sistent increase in the mean number of
extractions from the highest to the
lowest income group (34).

Summary of Service Provision
Models. Oral health factors were sig-
nificant in all eight models: presence
of decayed teeth was associated with
lower provision of diagnostic, preven-
tive, crown and bridge, general/mis-
cellaneous, and prosthodontic serv-
ices and higher provision of restora-
tive and endodontic services; lower
numbers of teeth were associated with
higher extraction and prosthodontic
rates; presence of dentures was associ-
ated with lower provision of diagnos-
tic, endodontic, and restorative serv-
ices, but higher provision of prostho-
dontic services. The percentage of
patients with decayed teeth, while be-
ing high among the patients sampled,
was consistent with population-level
oral health survey data for Australia,
which showed that restoration of per-
manent teeth was indicated for 39 per-
cent of persons aged 5 years and older,
and extraction was indicated for 8 per-
cent (58). Visit factors were significant
in all eight models: emergency visits
were associated with lower rates of
preventive, restorative, and crown
and bridge services, and higher rates
of endodontic, extraction, and gen-
eral/miscellaneous services; insur-
ance was associated with higher rates
of preventive services, and lower ex-
traction rates; new patients had higher
rates of diagnostic, but lower rates of
restorative, crown and bridge, and en-
dodontic services; capital city location
was associated with a higher preven-
tive rate and a lower prosthodontic
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rate. Patient demographic factors
were significant in four models: the
reference age of 65 years or older was
associated with a higher restorative
rate, and lower rates of crown and
bridge, and prosthodontic services
compared to younger age groups,
while male patients had a higher rate
of restorative services, but a lower rate
of general/miscellaneous services.
Dental knowledge/behavior factors
were significant in one model: higher
payment scale ratings were associated
with a higher crown and bridge rate.
Area-based SES factors were signifi-
cant in one model: residence in lower
SES areas was associated with a higher
extraction rate.

Rate ratios in the range 0.0-0.3 or
22.6 indicate strong effects, 0.4-0.5 or
1.7-2.5 moderate effects, and 0.6-0.8 or
1.2-1.6 weak effects, while those in the
region of 0.9-1.1 are considered as in-
dicating no effect (59). Of the eight
service provision models, weak effects
were observed in seven models, mod-
erate effects in six models, and strong
effects in seven models. There was a
distribution of weak, moderate, and
strong effects across the models, with
four of the eight models comprising a
mixture of all three effect sizes.
Among individual variables, visit type
stood out as having predominantly
strong effects. Payment and SES had
moderate effects only. Geographic lo-
cation had only weak effects. Pseudo
R?values may range between 0 and 1,
and are based on likelihood statistics
from a model containing the inde-
pendent variables versus a model con-
taining a constant term only, rather
than a comparison of fitted to ob-
served values as obtained from linear
regression models (60). Pseudo R%val-
ues were highest for the extraction and
prosthodontic service models.

Overall, while oral health and visit
type had the greater number, and
stronger effect sizes, a range of other
variables also had important associa-
tions (e.g., insurance, location, ability
to pay, and SES status). Oral health
and visit type may interact in the for-
mulation of an ideal treatment plan.
The age of the patient represents an-
other major influence on the pattern of
treatment plan proposed. The mini-
mum point at which to intervene with
a filling has been found to vary by age
of patient and type of tooth, and was
modified for reasons of being an ir-
regular attender or having poor oral
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TABLE 3
Multivariate Poisson Regression Models of Services per Visit: Dentate, 18 Years and Older [cont. page 155]
Diagnostic Preventive Restorative Crown & Bridge
Rate Ratio (95% CI) Rate Ratio (95% CI) Rate Ratio (95% CT) Rate Ratio (95% CT)
Patient age
18-24 years 1.20 (0.88-1.63) 1.05 (0.71-1.56) 0.43 (0.30-0.60)1 0.18 (0.02-2.08)
25-44 years 1.06 (0.82-1.36) 0.95 (0.69-1.30) 0.75 (0.61-0.93)1 2.79 (1.23-6.32)§
45-64 years 1.05 (0.82-1.34) 0.80 (0.59-1.09) 0.89 (0.73-1.09) 4.36 (2.02-9.42)
65+ years Reference Reference Reference Reference
Patient sex
Male 1.05 (0.91-1.20) 1.07 (0.88-1.28) 1.14 (1.003-1.29)§ 0.93 (0.67-1.32)
Female Reference Reference Reference Reference
Visit type
Emergency 1.00 (0.86~1.18) 0.22 (0.15-0.32)% 0.77 (0.66-0.90)1 0.24 (0.12-0.49)1
Nonemergency Reference Reference Reference Reference
Insurance status
Insured 1.11 (0.96-1.27) 1.27 (1.05-1.52)§ 1.11 (0.98-1.27) 1.25 (0.87-1.80)
Uninsured Reference Reference Reference Reference
Patient status
New 1.70 (1.43-2.03)1 1.18 (0.87-1.59) 0.70 (0.57-0.86)1 0.30 (0.11-0.86)§
Previous Reference Reference Reference Reference
Location
Capital city 1.10 (0.93-1.30) 1.38 (1.07-1.77) 0.88 (0.75~1.02) 1.18 (0.76-1.82)
Noncapital Reference Reference Reference Reference
Denture status
Present 0.75 (0.60-0.95)1 0.74 (0.53-1.02) 0.78 (0.64-0.95)§ 1.50 (0.94-2.38)
Absent Reference Reference Reference Reference
Number of teeth
1-20 0.87 (0.68-1.13) 0.75 (0.52-1.09) 0.81 (0.65-1.01) 0.66 (0.37-1.17)
21-32 Reference Reference Reference Reference
Decayed teeth
No decay Reference Reference Reference Reference
1+ decayed 0.81 (0.71-0.94)1 0.55 (0.45-0.67)1 3.14 (2.70-3.64)% 0.58 (0.41-0.84)1
Knowledge scale
Lower rating Reference Reference Reference Reference
Higher rating* 0.88 (0.76-1.03) 1.08 (0.89-1.32) 0.93 (0.81-1.07) 1.16 (0.81-1.66)
Payment scale
Lower rating Reference Reference Reference Reference
Higher ratingt 1.05 (0.90-1.21) 1.22 (0.99-1.50) 0.95 (0.83-1.09) 1.72 (1.14-2.59)1
SEIFA Index
Higher SES Reference Reference Reference Reference
Lower SES} 1.01 (0.87-1.17) 0.90 (0.73-1.11) 0.92 (0.80-1.05) 0.96 (0.67-1.39)
Peudo R2 0.025 0.106 0.092 0.118
*Higher dental knowledge rating.

tHigher rating of willing and able to pay for care.
$More disadvantaged postal code area.

9P<.05 Poisson regression.
§P<.01.

hygiene (61). This ideal treatment plan
may then be subject to modification
following consideration of other fac-
tors such as access issues related to
geographic location and enabling
mechanisms such as ability to pay and

socioeconomic status. Variability be-
tween treatment planned for similar
conditions may be acceptable, provid-
ing there is a rational basis for the
choices that have been made (62). The
optimal treatment plan should be dic-

tated by what outcome can be
achieved and how valuable this is to
the patient; therefore, patient prefer-
ences are an important part of clinical
decision-making (63). Other potential
sources of influence in this process in-
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TABLE 3
Multivariate Poisson Regression Models of Services per Visit: Dentate, 18 Years and Older [cont. from page 154]
Endodontic Extraction General /Misc. Prosthodontic
Rate Ratio (95% CI) Rate Ratio (95% CI) Rate Ratio (95% CI) Rate Ratio (95% CI)

Patient age

18-24 years 1.49 (0.76-2.91) 1.22 (0.56-2.68) 0.52 (0.17-1.55) 1.15 (0.30—4.45)

25-44 years 1.51 (0.88-2.58) 1.29 (0.70-2.38) 0.87 (0.41-1.85) 2.22 (1.39-3.57)1

45-64 years 1.26 (0.74-2.12) 0.94 (0.53-1.70) 0.59 (0.28-1.26) 1.34 (0.95-1.89)

65+ years Reference Reference Reference Reference
Patient sex

Male 1.15 (0.88-1.50) 1.10 (0.79-1.54) 0.61 (0.38-0.98)§ 0.90 {0.67-1.22)

Female Reference Reference Reference Reference
Visit type

Emergency 2.81 (2.14-3.70)1 7.42 (5.02-10.97)1 341 (2.17-5.35)% 0.83 (0.57-1.22)

Nonemergency Reference Reference Reference Reference
Insurance status

Insured 1.10 (0.83-1.45) 0.50 (0.34-0.73)1 0.96 (0.61-1.52) 0.91 (0.67-1.24)

Uninsured Reference Reference Reference Reference
Patient status

New 0.47 (0.29-0.76)1 1.20 (0.81-1.78) 0.65 (0.31-1.38) 0.87 (0.49-1.52)

Previous Reference Reference Reference Reference
Location

Capital city 1.18 (0.84-1.66) 1.08 (0.74-1.57) 0.95 (0.54-1.66) 0.65 (0.46-0.91)

Noncapital Reference Reference Reference Reference
Denture status

Present 0.57 (0.36-0.91)§ 0.81 (0.48-1.36) 0.78 (0.37-1.65) 21.05(11.97-37.02)1

Absent Reference Reference Reference Reference
Number of teeth

1-20 1.44 (0.90-2.30) 2.09 (1.25-3.52)1 0.71 (0.30-1.68) 2.59 (1.75-3.81)1

21-32 Reference Reference Reference Reference
Decayed teeth

No decay Reference Reference Reference Reference

1+ decayed 1.34 (1.003-1.78)8 1.11 (0.77-1.62) 0.62 (0.39-0.98)§ 0.39 (0.28-0.55)1
Knowledge scale

Lower rating Reference Reference Reference Reference

Higher rating” 1.06 (0.79-1.43) 0.79 (0.52-1.20) 0.82 (0.51-1.33) 1.02 (0.88-1.68)
Payment scale

Lower rating Reference Reference Reference Reference

Higher ratingt 0.86 (0.65-1.15) 0.91 (0.64-1.30) 1.38 (0.85-2.25) 1.22 (0.88-1.68)
SEIFA Index

Higher SES Reference Reference Reference Reference

Lower SESt 0.92 (0.69-1.24) 1.82 (1.23-2.68)1 0.77 (0.47-1.28) 1.24 (0.87-1.75)
Peudo R? 0.057 0.203 0.065 0.340
*Higher dental knowledge rating.

tHigher rating of willing and able to pay for care.
$More disadvantaged postal code area.

§P<.05 Poisson regression.

§P<.01.

clude dentist and practice factors.
Sources of Variation in Service
Rates. Variation in service rates has
been related to practice characteristics,
patient exposure to fluoridated water,
and nonprice competition in the den-

tal market (64). Higher rates occurred
in large, busy practices in markets
with high fees. An inverse relationship
has been found between practice age
and rate of services provided, while
dental market has been found to have

both positive and negative effects on
service rates, indicating both nonprice
and price competition in the market-
place (15). Fluoridation was associated
with lower oral disease among in-
sured adults; however, fluoridation
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may or may not reduce use of restora-
tive services, depending on clinical de-
cisions of dentists (65). While clinical
needs were the primary determinant
of restorative demand, there was a
market effect where overtreatment in
the form of supplier-induced restora-
tive demand may have occurred in
fluoridated markets with a large sup-
ply of dentists as a result of less decay
and competition for patients.
Caries-related treatment decisions
have been described as a pattern-rec-
ognition process or nonanalytical
processing using scripts based on
summarized versions of the cumula-
tive experience of a provider with
similar clinical presentations (66). Use
of scripts involves a matching of sali-
ent features leading to an automatic
decision, usually to intervene. Scripts
are thought to be highly individualis-
tic and to contribute to substantial
variation in treatment decisions.
Tooth and mouth factors are likely to
be included in caries scripts, with pa-
tient-level factors likely to be involved
in treatment selection, and dentist fac-
tors influencing which salient features
are incorporated into individual caries
scripts. Investigation of restorative
treatment thresholds has indicated
that the individual experiences of a
dentist may be more important in
forming views on when to intervene
than other factors such as payment
mechanisms, practice location, or
training experiences (61). An episode
of dental care is seen as a social proc-
ess, a key element of which is the ex-
change relationship between patient
and provider, which is structured by
the environment and also the charac-
teristics of patients and providers (67).

Conclusions

Factors such as visit characteristics
were related to variation in service
rates, controlling for oral health status.
Nonemergency visits, insurance, and
capital city location were associated
with more favorable service patterns
in terms of preventive orientation and
retention of teeth. Higher SES areas
and payment scale ratings also were
associated with abetter service pattern
in terms of tooth retention in some
service areas. However, dentist and
practice characteristics may also influ-
ence variation in service rates. These
findings contribute to a better under-
standing as they show that a wide
range of factors, in addition to oral

health, confribute to variation in serv-
ice provision.
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