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Abstract

Background: Objectives were to: (1) determine whether and how often general dentists (GDs) provide specific
dental procedures; and (2) test the hypothesis that provision is associated with key dentist, practice, and patient
characteristics.

Methods: GDs (n = 2,367) in the United States National Dental Practice-Based Research Network completed an
Enrollment Questionnaire that included: (1) dentist; (2) practice; and (3) patient characteristics, and how commonly
they provide each of 10 dental procedures. We determined how commonly procedures were provided and tested
the hypothesis that provision was substantively related to the three sets of characteristics.

Results: Two procedure categories were classified as “uncommon” (orthodontics, periodontal surgery), three were
“common” (molar endodontics; implants; non-surgical periodontics), and five were “very common” (restorative;
esthetic procedures; extractions; removable prosthetics; non-molar endodontics). Dentist, practice, and patient
characteristics were substantively related to procedure provision; several characteristics seemed to have pervasive
effects, such as dentist gender, training after dental school, full-time/part-time status, private practice vs. institutional
practice, presence of a specialist in the same practice, and insurance status of patients.

Conclusions: As a group, GDs provide a comprehensive range of procedures. However, provision by individual
dentists is substantively related to certain dentist, practice, and patient characteristics. A large number and broad
range of factors seem to influence which procedures GDs provide. This may have implications for how GDs
respond to the ever-changing landscape of dental care utilization, patient population demography, scope of
practice, delivery models and GDs’ evolving role in primary care.
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Background
The field of dentistry is undergoing substantial changes
that are relevant to the range of services that general den-
tists (GDs) provide. These include the changing picture of
dental economics and dental care utilization, demography
of patient populations, the scope of practice, changing de-
livery models, access to care, and an increased interest in
the relationship between oral health and general health
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[1,2]. One vision for the future of general dentistry is that
it serves as a segue into the health care system at large, of-
fering an opportunity to monitor, refer, or treat both oral
health and general medical conditions [3]. In that vision,
GDs function in a primary care role, and the comprehen-
siveness of the procedures that GDs provide takes on add-
itional significance.
GDs assume a dual role as providers of primary oral

health care and as gatekeepers who refer patients to spe-
cialists [4]. In 1996, about 81% of all dental visits in the
United States were provided by GDs [5]. Nonetheless, a
study of Michigan children’s Medicaid claims data found
that about 20% of dentists only provided diagnostic and
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preventive services for their Medicaid patients, meaning
that for these children Medicaid coverage was not a segue
into comprehensive primary dental care that included re-
storative care [6]. Most dental extractions are provided by
GDs, especially among lower-income patients [7]. Most
non-surgical periodontal care is provided in GDs’ offices,
and increases in demand for periodontal services are being
met mainly by GDs, not periodontists [5,8]. As long as
they are capable of providing the service to the standard
of care, GDs substitute for a specialist’s care, instead
of complementing it, which has economic and delivery
system implications [5].
Decisions made to treat or refer may be a means for

GDs to adapt to changing economic demand and the
needs of their patient population. It is known that charac-
teristics of the patient population that the GD serves can
substantially influence the specific types of services pro-
vided [9]. An Australian study led to the conclusion that
dental service rates are influenced by a large number of
small effects from a wide range of dentist, practice, and
patient factors [10]. A few studies have identified certain
dentist characteristics as being associated with provision
of endodontic, periodontal, and oral surgical services
[11-14]. However, little is known about how commonly
GDs provide directly a comprehensive range of proce-
dures, or about factors associated with this provision.
Therefore, our objectives were to: (1) determine whether
and how often GDs provide specific dental procedures;
and (2) test the hypothesis that provision is significantly
associated with key dentist, practice, and patient popula-
tion characteristics.

Methods
The large number of GDs in the United States National
Dental Practice-Based Research Network provides an
opportunity to better understand the range of services
that GDs provide. The network is a consortium of dental
practices and dental organizations focused on improving
the scientific basis for clinical decision-making [15]. It is
committed to maximizing the practicality of conducting
research in everyday clinical practice across geographically
dispersed regions and diverse practice types. The network
has a wide representation of practice types, treatment
philosophies, and patient populations, including diversity
regarding race, ethnicity, gender, geography and rural/
urban area of residence of both its practitioners and their
patients. Many details about the network are available at
its web site (http://nationaldentalpbrn.org).
Practitioners comprise a convenience sample that is re-

cruited at dental meetings, continuing education courses,
by other network practitioners, announcements from den-
tal organizations, mass mailings using dental licensure
lists, or via the network’s internet site. As part of the en-
rollment process, practitioners complete an Enrollment
Questionnaire that describes characteristics about them-
selves, their practice(s), and their patient population.
These characteristics are listed in Table 1 and are the char-
acteristics tested in this article for their association with
provision of specific dental services. The categories of den-
tal service types are also listed in Table 1. Questionnaire
items, which have documented test/re-test reliability, were
taken from our previous work in a practice-based study of
dental care and a PBRN that ultimately led to the network
[16,17]. The typical enrollee completes the questionnaire
online, although a paper option is available. This study
was approved by the University of Alabama at Birming-
ham Institutional Review Board and participants provided
informed consent.

Statistical methods
The outcomes of interest were how commonly (not at
all; occasionally; routinely) each of the 10 specific dental
procedures listed in Table 1 were provided by the GD.
Dentist, practice, and patient population characteristics
functioned as independent variables. For characteristics
that were categorical (e.g., dentist gender), two-way fre-
quency tables (with counts and percentages) were cre-
ated and statistical tests were done using Fisher’s exact
test. When the characteristic was numerical (e.g., dentist
age), one-way analysis of variance (with means and
standard deviations) was done.
The large sample size and multiple statistical comparisons

create a circumstance in which associations between dental
characteristics and procedure provision can be statistically
significant even when the magnitude of the differences is
quite small. In contrast to highlighting associations that
are statistically significant (even if corrections were made
for multiple comparisons), we chose to highlight those
that we would label “substantively related”. For the sake
of identifying specific criteria before analyses were begun,
“substantively related” was defined as occurring when the
association between the dentist/practice characteristic and
the procedure type is p ≤ 0.001 and: 1) for categorical vari-
ables, the percentage difference between any of the com-
parison groups (e.g., male dentists compared to female
dentists) is at least 10% (for example, 15% vs. 25%) for any
of “never”, “occasionally”, or “routinely” categories; 2) for
non-categorical variables, the mean value across the three
“never”, “occasionally”, or “routinely” categories demon-
strates a consistent increase or decrease across categories.
Multivariable models of the dental procedures as a func-
tion of dentist, practice, and patient population character-
istics were generated using multinomial logistic regression
(producing separate models for the outcomes “occasion-
ally” and “routinely”, using “never” as the reference cat-
egory) that accounted for possible confounding by other
covariates. All analyses were conducted using SAS version
9.3 [SAS Institute, Inc., Cary, North Carolina, USA].

http://nationaldentalpbrn.org/


Table 1 Characteristics and dental procedure categories

A. Characteristics tested for their association with provision of specific dental procedures

Dentist characteristics Practice characteristics Patient population characteristics

Gender Number of different practice locations at which
you practice

Age composition of patients

Age Practice location (rural/urban) Hispanic/Latino ethnicity composition
of patients

Hispanic/Latino ethnicity Type of main practice Race composition of patients

Race Dental specialists at same practice location Insurance coverage of patients

Year of graduation from dental school How long a patient has to wait for appointments Regularity of dental visitation by patients

Training after dental school

Membership in dental organizations

Full-time/part-timea

B. Dental procedure categories

1 Non-implant restorative (amalgams, composites, crowns, veneers, bridges, posts, foundations, etc.)

2 Esthetic procedures (procedures done for esthetic reasons only; composites, crowns, veneers, etc.)

3 Extractions (surgical and non-surgical)

4 Removable prosthetics (full and partial dentures)

5 Endodontic therapy- anteriors/premolars

6 Endodontic therapy- molars

7 Implants (prosthetic and surgical procedures for implants)

8 Periodontal therapy- non-surgical (includes scaling/root planning that you do personally)

9 Orthodontic treatment

10 Periodontal therapy- surgical
aPart-time was defined as working less than 32 hours each week in patient care.
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Results
As of October 31, 2013, a total of 4,641 persons had en-
rolled, of whom 2,993 were dentists (2,367 GDs; 615
dental specialists; 11 not specified), 1,239 were dental
hygienists, and the remainder were in some other cat-
egory, such as dental students or non-practitioners. The
2,367 GDs who had enrolled as of October 31, 2013 are
the subject of this report; the earliest enrollment date
possible was April 15, 2012. The characteristics of the
GDs in this sample are available [see Additional file 1].
Table 2 shows how commonly 10 dental procedures are
provided by GDs, in ascending order of providing them,
from “not at all” to “routinely”. Based on the percentage
of GDs who reported providing these procedures either
occasionally or routinely, we categorized these proce-
dures into three groups: “very common” (more than
75%); “common” (50%-75%); “uncommon” (less than
50%). Two to five procedure types comprised each of
these categories.
Table 3 identifies the associations between practice

characteristics and service provision that were “substan-
tively related”, using the criteria described in the Statis-
tical Methods section. Detailed full tables of results of
these associations are available [see Additional file 2]).
As shown in Table 3, several dentist characteristics were
substantively related to provision of procedures. Because
the effect of dentist gender could be confounded by year
of graduation and full-time/part-time status, regression
analyses were done to account for all three characteristics
simultaneously. After accounting for these two potential
confounders, males were still more likely to perform end-
odontic procedures (anteriors/premolars and molars), im-
plants, and surgical periodontal therapy, but gender was
no longer substantively related to esthetic and removable
prosthetic procedures.
The effect of dentist race could be confounded by the

racial distribution and insurance status of the dentist’s
patient population. Regression analyses were done to ac-
count for all three characteristics simultaneously. After
this adjustment, there was no association between den-
tist race and dental procedures.
As shown in Table 3, full-time/part-time status was

substantively related to all but one of the procedure
types. These effects remained even once dentist gender
was taken into account during regression analyses.
The type of main practice was substantively related to

most of the procedure types. Because these effects could be
confounded by insurance status of the patient population,



Table 2 Percent (number) of procedures provided by GDs, in ascending order of providing them “not at all”

Procedure type Not at All Occasionally Routinely Total

“very common” procedures

Non-implant restorative 2% (49) 2% (41) 96% (2233) 100% (2323)

Esthetic procedures 5% (109) 36% (835) 59% (1384) 100% (2328)

Extractions 5% (119) 31% (726) 64% (1473) 100% (2318)

Removable prosthetics 6% (130) 38% (876) 57% (1316) 100% (2322)

Endodontic therapy – anteriors/premolars 16% (376) 26% (605) 58% (1339) 100% (2320)

“common” procedures

Endodontic therapy – molars 38% (883) 26% (603) 36% (831) 100% (2317)

Implants 39% (889) 39% (902) 22% (514) 100% (2305)

Periodontal therapy – non-surgical 40% (917) 37% (859) 23% (541) 100% (2317)

“uncommon” procedures

Orthodontic treatment 68% (1565) 23% (532) 9% (217) 100% (2314)

Periodontal therapy - surgical 69% (1578) 26% (601) 6% (127) 100% (2306)
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regression analyses were done to account for practice type
and insurance status. Practice type remained substantively
related to the dental procedures shown in Table 3, even
after accounting for insurance status.
As shown in Table 3, several patient population char-

acteristics were substantively related to provision of spe-
cific procedures; namely, age group, ethnic and racial
distributions, insurance coverage, and visitation behav-
ior. Regression analyses were done to account for race,
insurance status, and visitation behavior simultaneously.
The associations noted in Table 3 remained, except that
the percentage of Black/African-American patients in a
practice was no longer substantively related to extrac-
tions and implants, and visitation behavior was no lon-
ger substantively related to implants.

Discussion
Provision rates for specific services
Orthodontics and surgical periodontal therapy were uncom-
mon procedures; more than two-thirds of GDs reported
that they do not do these procedures. For comparison, the
literature provides very little information about what per-
centage of GDs does any orthodontic services, but more
information is available about how commonly GDs provide
surgical periodontal therapy. A 2007 study of GDs in Virginia
[13] observed that about 24% reported doing surgical pocket
reduction, comparable to the 32% of GDs in our study who
do surgical periodontal therapy of any type. A total of 15% of
dentists in Victoria, Australia provided periodontal surgery
[18]. Doing more or less periodontal surgery may be a means
for GDs to adjust services to the demand for services overall
in their practices.
As expected, a substantially higher percentage of

GDs reported doing non-surgical periodontal therapy as
compared to surgical periodontal therapy. The 60% who
do non-surgical periodontal therapy in our study is simi-
lar to the 57% figure among dentists who were members
of the Michigan Dental Association [19]. The majority of
GDs in our study (62%) reported doing at least some
molar endodontics, and 84% do at least some anterior or
premolar endodontics. These percentages are similar
when judged by a different measure available from den-
tists in Washington State, the percentage of endodontic
care that is done by endodontists: 26% of anterior root
canal treatment was done by endodontists, 29% of pre-
molars and 50% of molars [20]. Similar to the circum-
stance with periodontal surgery, it is possible that
provision of endodontic services is a means for GDs to
adjust to the availability of dental specialists and to over-
all demand for services in their practices.
Our study queried how often dental implant services

are provided, regardless of whether these procedures
are surgical or prosthetic; 61% of GDs reporting doing
at least some implant procedures. The few other studies
available asked about the surgical placement of im-
plants, without regard to the prosthetic procedure. For
example, 16% of Virginia GDs reported performing
the surgical component of implant placement in a 2007
survey [13], and in a study of Boston University dental
school graduates, only 10% of GDs place implants [12].
Studies ultimately may emerge that evaluate across a
full range of procedures the long-term effectiveness of
procedures done by GDs as compared to specialists, or
effectiveness studies of procedures done by GDs who do
a large volume of these procedures as compared to GDs
who do not do a large volume; such studies may ultim-
ately affect the percentage of GDs who choose to do
these procedures.



Table 3 Summary of whether association between the characteristic and frequency of providing the service is “substantively related”a

Characteristic of the dentist,
practice, or patient population

Non-implant
restorative

Esthetic
procedures

Extractions Removable
Prosthetics

Endodontic-
anteriors/
premolars

Endodontic-
molars

Implants Periodontal-
non-
surgical

Orthodontic Periodontal-
surgical

Dentist gender Males do more Males do
more

Males do more Males do
more

Males do more Males do
more

Dentist age in years Older
dentists do
less

Older dentists
do more

Dentist Hispanic/Latino ethnicity

Dentist race Minority
dentists do
more

Minority dentists
do less

Minority
dentists do
more

Year of graduation from dental
school

Less-recent
graduates do
less

Less-recent
graduates do
more

Training after dental school…

No formal training program No training, do
less

No training,
do less

No training,
do less

Completed an AEGD program

Completed a GPR program

I am a FAGD FAGD do more FAGD do
more

FAGD do more FAGD do
more

FAGD do
more

Completed MAGD MAGD do more MAGD do
more

Completed some other training
program

Other training, do
more

Other
training, do
more

Other training,
do more

Member of…

American Dental Association ADA members
do more

Academy of General Dentistry AGD members
do more

AGD members
do more

AGD
members do
more

Hours in practice in patient contact
b

FT do more FT do more FT do more FT do more FT do more FT do more FT do more FT do more FT do more

Number of different locations at
which you see patients

More locations,
do less

G
ilbert

et
al.BM

C
O
ralH

ealth
2015,:11

Page
5
of

12
http://w

w
w
.biom

edcentral.com
/1472-6831//1/11



Table 3 Summary of whether association between the characteristic and frequency of providing the service is “substantively related”a (Continued)

More
locations, do
less

More
locations, do
more

Practice location Inner city
and rural do
more

Inner city and
rural do more

Non-inner city
and suburban do
more

Type of main practice (full) Non-
academic, do
more

Public funded
or HMO do
less

Non-
academic do
more

Public funded
do less

Public funded
do less

Public
funded do
less

Private and
academic do
more

Private do
more

Type of main practice (private) Private do
more

Private do
more

Private do
less

Private do
more

Private do
more

Private do
more

Private do more Private do
more

Whether your practice has at the
same location a …

Not applicable (only GDs at this
location)

If only GD
there, do more

If only GD
there, do
more

If only GD there,
do more

If only GD
there, do
more

If only GD
there, do
more

Endodontist If endo there,
do less

If endo there,
do less

If endo
there, do
less

If endo there,
do less

Oral & Maxillofacial Surgeon If oral surg
there, do less

If oral surg
there, do less

If oral surg
there, do less
remov

If oral surg
there, do less
endo

If oral surg
there, do less

Orthodontist If ortho here,
do less perio

If ortho here,
do less ortho

Pediatric dentist If pediatric
there, do less

If pediatric
there, do less

If pediatric there,
do less

If pediatric
there, do
less

Periodontist If perio
there, do
less

Prosthodontist If pros there,
do less

Other If Other there,
do less

If Other there,
do less

If Other
there, do less

If Other there,
do less

If Other there, do
less

How long a patient has to wait …

for a new patient exam appt. Less wait, do
more

Less wait, do
more

Less wait, do
more

Less wait, do
more

for a treatment procedure appt. Less wait, do
more

Less wait, do
more

Less wait, do
more
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Table 3 Summary of whether association between the characteristic and frequency of providing the service is “substantively related”a (Continued)

in the waiting room Less wait, do
more

Less wait, do
more

Less wait, do
more

Percentage of patients who are…

1-18 years old Younger
patients, do
less

Younger
patients, do
less

Younger patients,
do less

19-44 years old

45-64 years old Older patients,
do more

Older patients,
do more

Older patients,
do more

65 or older Older patients,
do more

Older patients,
do more

Percentage Hispanic patients More
Hispanic, do
less

More Hispanic,
do less

More Hispanic,
do more

More Hispanic,
do less

More
Hispanic, do
more

Percentage of patients whose race
is…

White/Caucasian More white,
do more

More white,
do less

More white, do
more

More White,
do less

Black/African-American More Black/
AA, do more

More Black/AA,
do less

American Indian/Alaska Native

Asian

Native Hawaiian/Pacific Islander

Other More Other,
do less

More Other,
do less

More Other, do
less

Percentage of patients who are…

Covered by a private insurance
program

More pvt ins,
do more

More pvt ins,
do more

More pvt ins,
do more

More pvt ins,
do more

Covered by a public program More public
ins, do less

More pub ins, do
less

Not covered by any third
party and pays out of pocket

More out-of-
pocket, do
more

More out-of-
pocket, do
less

More out-of-
pocket, do
more

More out-of-
pocket, do more

More out-of-
pocket, do
more

More out-of-
pocket, do
more

Receiving free care or
substantially reduced fees
courtesy of this practice

More free care,
do less

More free
care, do less

More free care,
do less

Percent of patients who come…
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Table 3 Summary of whether association between the characteristic and frequency of providing the service is “substantively related”a (Continued)

For one visit only More 1
visitors, do
less

More 1 visitors,
do less

More 1 visitors,
do less

Occasionally only when they
have an emergency or specific
problem

More occ
visitors, do less

More occ visitors,
do less

Irregularly whether or not
they have a problem

More irreg.,
do more

Regularly as recommended
or whether or not they have a
problem

More regular
visitors, do
more

More regular
visitors, do
more

More regular
visitors, do more

a“Substantively related” is defined as occurring when the association between the dentist/practice characteristic and the procedure type is p ≤ 0.001 and: (1) for categorical variables, the percentage difference between
any of the comparison groups (e.g., male dentists compared to female dentists) is at least 10% (i.e., 10 percentage points) for any of “never”, “occasionally”, or “routinely” categories; (2) for non-categorical
variables, the mean value across the three “never”, “occasionally”, or “routinely” categories demonstrates a consistent increase or decrease across categories.
bFT: full-time.
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Association between dentist characteristics and service
provision
Dentist gender
Several dentist characteristics were substantively related
to provision of specific services. Dentist gender was sub-
stantively related to six of the 10 service types; males
were more likely to provide each of these service types.
The salience of dentist gender is an emerging finding
across several treatment considerations in the network,
even once gender differences in dental school graduation
year and full-time/part-time status have been taken into
account. We hypothesized that dentist gender would not
be significantly related to service provision once gradu-
ation year and full-time status was taken into account.
Consequently, it is noteworthy that four of the six gen-
der/service associations remained substantively related
to service provision in multiple regressions when gradu-
ation year and full-time status were taken into account.
This does seem to be a recurring theme in most of the
literature to date: although an analysis of dental claims
data in Washington State revealed no gender differences
in practice patterns [21], other studies have observed
that male dentists are more likely to provide specific
procedures. These include studies of Nova Scotia and
Virginia GDs in which male dentists were more likely to
perform non-surgical periodontal therapy [8,14], end-
odontic services [11], and dental extractions [12,22].

Dentist race
White dentists reported doing more implant procedures
and less extractions. However, when adjusted in multiple
regressions for their patient population’s racial distribution
and insurance coverage, the association with dentist race
was no longer substantively related to service provision.

Dentist year of graduation
Less-recent graduates in the network do substantively
less extractions, but more periodontal surgery. When ad-
justed in multiple regressions for their patient popula-
tion’s insurance coverage, the association with dentist
graduation year remained substantively related to service
provision. The literature is mixed in its conclusion about
the effect of graduation year. Periodontal referrals have
been associated with year of dental school graduation
[13,18]. Endodontic referrals were less likely among GDs
with 6–10 years of experience, compared to those with
more than 10 years of experience [11].

Advanced training by the GD
Whether or not the dentist had some type of formal train-
ing after dental school graduation was substantively re-
lated to service provision, but conclusions depended upon
the type of training. When the comparison was ‘no train-
ing’ versus ‘training of any type’, those with no training
were substantively less likely to provide implant, surgical
periodontal, and orthodontic services. However, when the
analysis took the next step to incorporate more detail
about this training, those who had Fellowship in the Acad-
emy of General Dentistry (FAGD) or Mastership in the
Academy of General Dentistry (MAGD) status or those
who had completed some other type of training that did
not include an Advanced Education in General Dentistry
(AEGD) or General Practice Residency (GPR) program,
were substantively more likely to provide specific service
types; AEGD or GPR training was not substantively re-
lated to any service provision. The reasons for these differ-
ences were not queried in this study, but it is possible that
AEGD and GPR training increases experience with many
procedure types at the expense of depth with a small num-
ber of procedures, while FAGD, MAGD, or other type of
training provides greater depth of experience with a small
number of procedures, which is reflected in being more
likely to provide these specific services. A comparable pat-
tern was observed for dentists who are members of the
American Dental Association (ADA) or Academy of Gen-
eral Dentistry. In a study of Virginia GDs, those with more
advanced training, such as AEGD training, were more
likely to refer for implant placement instead of providing
these services directly [13]. In a study of AEGD and GPR
training in the United States, dentists with postgraduate
training were more likely to provide periodontal surgery
and implants, but differences in other services were not
statistically significant, except for multi-unit fixed bridges
in which GDs with advanced training were actually less
likely to provide these services [22].

Full-time status
We hypothesized that full-time dentists would be more
likely to provide a wider range of service types. Whether
the dentist was in employment on a full-time basis was
substantively related to 9 of the 10 service types; full-
time dentists were more likely to provide each of these
services when compared to part-time dentists. We are
not aware of other reports in the literature about this
phenomenon, but this could be a salient consideration
when making workforce projections.

Association between practice characteristics and service
provision
Number of practice locations
Dentists who provide care at more than one location re-
ported doing more dental extractions and less restorative
care (including esthetically-focused restorative care). We
are not aware of other reports in the literature about this
phenomenon. When adjusted in multiple regressions for
their patient population’s insurance coverage, the associ-
ation with number of practice locations remained sub-
stantively related to service provision.
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Practice location
Inner city and rural practices were more likely to pro-
vide extraction and removable prosthodontic proce-
dures, while suburban and urban practices not in the
inner city were more likely to provide implants. The lit-
erature does not provide any information to which to
compare, except regarding distance from a periodontist
and referrals. Farther distances from a periodontist have
been associated with GDs being more likely to refer
periodontal care among Virginia dentists [14], but far-
ther distances were associated with less periodontal re-
ferrals among British dentists [23], members of the
Michigan Dental Association [19], and Nova Scotia den-
tists [8]. It is not clear if GDs’ provision of periodontal
services is confounded by the GDs’ emphasis on peri-
odontal diagnosis in the practice; that is, the extent to
which periodontal diagnosis is emphasized may affect
the number of patients for whom a periodontal proced-
ure or referral is even considered.

Type of main practice
Private practices, as compared to clinics with large public
sources of funding, are more likely to provide “higher-end”
services, such as restorative care and esthetically-focused
restorative care, endodontics, implants, and orthodontics.
This finding also parallels certain patient population char-
acteristics listed later in Table 3 (insurance coverage and
dental visitation behavior).

Dental specialists on site
We hypothesized that when the GD was in a practice
setting without any specialist on site, then the GD would
be more likely to provide a wider range of services. We
also hypothesized that if a specialist was available on
site, then the GD would be less likely to provide services
that could be done by that specialist. As evident in
Table 3, both hypotheses were true. A limitation of this
study is that we do not know if the practice employs
dental hygienists. This could be a factor in how com-
monly certain procedures are provided, such as non-
surgical periodontal care, although the directions of
effect in the literature are conflicting [14,23,24].

Waiting times
We hypothesized that the shorter the wait times for new
patient examinations, treatment procedures, and in the
waiting room, then the more likely that the GD would
be to report providing a wider range of services. As evi-
dent in Table 3, these hypotheses were true.

Association between patient population characteristics
and service provision
Evident in Table 3, service provision was substantively
related to patient age group, Hispanic/Latino ethnicity,
and race, in expected directions. When adjusted in re-
gression analyses for their patient population’s insurance
coverage, age, ethnicity, and race were no longer sub-
stantively related to service provision.

Insurance coverage and visitation behavior
GDs were more likely to provide restorative care,
esthetically-focused restorative care, and endodontics
when their patient population had a higher percentage
of private insurance coverage, and correspondingly
lower-end service types when their patient population
had higher percentages with public insurance or those
who rely on free or reduced-fee care. Although the lit-
erature has a large amount of information about the role
of insurance coverage on patients’ demand for care, little
has been reported about the role of insurance coverage
and visitation behaviors on whether GDs provide a full
range of service types. A study of Michigan dentists did
report that socioeconomic status and insurance status
affected whether GDs refer their periodontal patients to
a periodontist [19]. As dental insurance changes or ex-
pands to other patient populations in the future, GDs
may adjust their mix of services to adapt to this chan-
ging demand. Other patient population characteristics
were significantly associated with provision of specific
services. It is possible that behavioral measures or dis-
ease prevalence of the patients in the practice would be
a more-direct and stronger influence on referral or
provision, so this would be a worthy avenue for future
research in this area, if such measures could be obtained
feasibly.
This study does have certain limitations that should be

kept in mind when making inferences from it. We col-
lected data via self-reports that were not validated by
other means, such as observational data or dental re-
cords abstraction. As with all self-reported data, it is
possible that participants’ responses may not reflect their
actual behavior. Also, the study questionnaire queried
how commonly specific procedures are done, but for the
sake of brevity we did not query the converse: how com-
monly procedures are referred to specialists. It is pos-
sible that these responses would have yielded different
results. Additionally, network members are not recruited
randomly, so factors associated with network participa-
tion (e.g., an interest in clinical research) may make net-
work dentists unrepresentative of dentists at large.
While we cannot assert that network dentists are en-
tirely representative, we can state that they have much
in common with dentists at large, while also offering
substantial diversity in these characteristics. This asser-
tion is warranted because: 1) substantial percentages of
network GDs are represented in the various response
categories of the characteristics listed in Table 1 [15]; 2)
findings from several network studies document that
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network GDs report patterns of diagnosis and treatment
that are similar to patterns determined from non-
network GDs [25-28]; and 3) the similarity of network
GDs to non-network GDs using the best available na-
tional source, the 2010 ADA Survey of Dental Practice
[29]. Regarding similarities to dentists in the ADA survey,
the ADA survey samples both ADA members and non-
ADA members, is based on a national probability sample,
and provides the most comprehensive information on the
characteristics of United States dentists. However, the
ADA sample is limited to dentists in private practice, is
based on a 29% response rate, and provides results from
2009. Because ADA Survey respondents cannot be practi-
tioners in public health clinics, federal or tribal facilities,
community health centers, or dental schools (provided
they do not see private patients in the dental school), com-
parisons to network practitioners are limited in that regard.
A total of 79% of ADA survey participants were general
dentists, compared to 80% of network practitioners. Gender
distribution in the ADA survey was 17% female [p. 6], com-
pared to 27% female for network practitioners. The mean
age in the ADA survey was 52.8 years [p. 5]; compared to
49.9 years for network practitioners. ADA Survey practices
with one dentist accounted for 78% of practices [p. 8], com-
pared to 81% for network dentists. A total of 64% of pa-
tients had private dental insurance in the ADA Survey
[p. 23], compared to 59% for network practitioners.

Conclusions
This study adds to the very limited literature about how
commonly GDs provide directly a comprehensive range of
procedures, and factors associated with this provision. As
a group, GDs do indeed provide a comprehensive range
of procedures. However, provision by individual dentists is
significantly associated with certain dentist, practice, and
patient characteristics. Although the study design pre-
cludes direct cause-and-effect conclusions, we infer that
effects from a large number and broad range of factors
seem to influence which procedures GDs provide in their
practices. These findings may have implications for how
GDs respond to the changing picture of dental economics
and dental care utilization, demography of patient popula-
tions, the scope of practice, changing delivery models, ac-
cess to care, and their evolving role in primary care.

Additional files

Additional file 1: Characteristics of enrolled practitioners, by
practice type. Bivariate cross-tabulations.

Additional file 2: Frequency of provision of procedure types, by
dentist, practice, and patient characteristics. Bivariate cross-tabulations.

Abbreviations
ADA: American Dental Association; AEGD: Advanced Education in General
Dentistry (residency program); FAGD: Fellowship in the Academy of General
Dentistry; GD: General dentist; GPR: General Practice Residency;
MAGD: Mastership in the Academy of General Dentistry.

Competing interests
The authors declare no competing interests.

Authors’ contributions
GHG, VVG, and JJK developed the study concept and led the design of the
questionnaire and study protocol. JLF, CM, TWO, DBR, RJG, and NDPBRNCG
contributed to questionnaire design and acquisition of data. JJK and GHG
conducted the analysis and review of the data. GHG and JJK drafted the
initial version of the manuscript. GHG, VVG, JJK, JLF, CM, TWO, DBR, RJG, and
NDPBRNCG contributed to interpretation of data and were involved in
drafting the manuscript. GHG, VVG, JJK, JLF, CM, TWO, DBR, RJG, and
NDPBRNCG provided critical revisions of the manuscript for important
intellectual content approved the final manuscript.

Acknowledgments
This work was supported by NIH grant U19-DE-22516. An Internet site devoted to
details about the nation’s network is located at http://NationalDentalPBRN.org.
Persons who comprise the National Dental PBRN Collaborative Group are listed at
http://nationaldentalpbrn.org/collaborative-group.php. Opinions and assertions
contained herein are those of the authors and are not to be construed as
necessarily representing the views of the respective organizations or the
National Institutes of Health. The informed consent of all human subjects who
participated in this investigation was obtained after the nature of the procedures
had been explained fully. The authors report no financial conflicts of interest.
The National Dental PBRN Collaborative Group includes practitioner, faculty,
and staff investigators who contributed to this activity.

Author details
1Department of Clinical and Community Sciences, School of Dentistry,
University of Alabama at Birmingham, SDB Room 109, 1530 Third Avenue
South, Birmingham, AL 35294-0007, USA. 2Department of Restorative Dental
Sciences, College of Dentistry, University of Florida, Gainesville, FL, USA.
3Westat, Rockville, MD, USA. 4Kaiser Permanente Center for Health Research,
Portland, OR, USA. 5Eastman Institute for Oral Health, Rochester, NY, USA.
6Department of Periodontics, School of Dentistry, University of Texas Health
Science Center at SanAntonio, San Antonio, TX, USA. 7HealthPartners Institute
for Education and Research, Minneapolis, MN, USA. 8General Dentist,
Winston-Salem Dental Care, Winston-Salem, NC, USA.

Received: 6 September 2014 Accepted: 14 January 2015
Published: 22 January 2015

References
1. American Dental Association Health Policy Resources Center. A profession

in transition: key forces reshaping the dental landscape. Chicago: American
Dental Association; August 2013. [http://www.ada.org/~/media/ADA/
Member%20Center/FIles/Escan2013_ADA_Full.ashx]

2. Diringer J, Phipps K, Carsel B. Critical trends affecting the future of dentistry:
assessing the shifting landscape. Report prepared for the American Dental
Association. 2013 [http://www.ada.org/~/media/ADA/Member%20Center/
FIles/Escan2013_Diringer_ES.ashx]

3. Lamster IB, Eaves K. A model for dental practice in the 21st century. Am J
Public Health. 2011;101(10):1825–30.

4. Flemmig TF, Beikler T. Economics of periodontal care: market trends,
competitive forces and incentives. Periodontol 2000. 2013;62(1):287–304.

5. Manski RJ, Moeller JF, Hupp JR. An analysis of oral surgical dental visits by
provider type, 1996. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
2002;94(6):687–91.

6. Taichman LS, Sohn W, Lim S, Eklund S, Ismail A. Assessing patterns of
restorative and preventive care among children enrolled in Medicaid, by
type of dental care provider. J Am Dent Assoc. 2009;140(7):886–94.

7. Manski RJ, Moeller JF. Use of dental services: an analysis of visits, procedures
and providers, 1996. J Am Dent Assoc. 2002;133(2):167–75.

8. Ghiabi E, Matthews DC. Periodontal practice and referral profile of general
dentists in Nova Scotia, Canada. J Can Dent Assoc. 2012;78:c55.

9. Gilbert GH. Racial and socioeconomic disparities in health from population-
based research to practice-based research: the example of oral health.
J Dent Educ. 2005;69(9):1003–14.

http://www.biomedcentral.com/content/supplementary/1472-6831-15-11-S1.pdf
http://www.biomedcentral.com/content/supplementary/1472-6831-15-11-S2.pdf
http://nationaldentalpbrn.org/
http://nationaldentalpbrn.org/collaborative-group.php
http://www.ada.org/~/media/ADA/Member%20Center/FIles/Escan2013_ADA_Full.ashx
http://www.ada.org/~/media/ADA/Member%20Center/FIles/Escan2013_ADA_Full.ashx
http://www.ada.org/~/media/ADA/Member%20Center/FIles/Escan2013_Diringer_ES.ashx
http://www.ada.org/~/media/ADA/Member%20Center/FIles/Escan2013_Diringer_ES.ashx


Gilbert et al. BMC Oral Health 2015, :11 Page 12 of 12
http://www.biomedcentral.com/1472-6831//1/11
10. Brennan DS, Spencer AJ. The role of dentist, practice and patient factors
in the provision of dental services. Community Dent Oral Epidemiol.
2005;33(3):181–95.

11. Abbott JA, Wolcott JF, Gordon G, Terlap HT. Survey of general dentists to
identify characteristics associated with increased referrals to endodontists.
J Endod. 2011;37(9):1191–6.

12. Cottrell DA, Reebye UN, Blyer SM, Hunter MJ, Mehta N. Referral patterns of
general dental practitioners for oral surgical procedures. J Oral Maxillofac
Surg. 2007;65(4):686–90.

13. Lanning SK, Best AM, Hunt RJ. Periodontal services rendered by general
practitioners. J Periodontol. 2007;78(5):823–32.

14. Zemanovich MR, Bogacki RE, Abbott DM, Maynard Jr JG, Lanning SK.
Demographic variables affecting patient referrals from general practice
dentists to periodontists. J Periodontol. 2006;77(3):341–9.

15. Gilbert GH, Williams OD, Korelitz JJ, Fellows JL, Gordan VV, Makhija SK, et al.
Purpose, structure and function of the United States National Dental
Practice-Based Research Network. J Dent. 2013;41(11):1051–9.

16. The Florida Dental Care Study. [http://nersp.nerdc.ufl.edu/~gilbert/]
17. Gilbert GH, Richman JS, Gordan VV, Rindal DB, Fellows JL, Benjamin PL, et al.

Lessons learned during the conduct of clinical studies in The Dental PBRN.
J Dent Educ. 2011;75(4):453–65.

18. Darby IB, Angkasa F, Duong C, Ho D, Legudi S, Pham K, et al. Factors
influencing the diagnosis and treatment of periodontal disease by dental
practitioners in Victoria. Aust Dent J. 2005;50(1):37–41.

19. Lee JH, Bennett DE, Richards PS, Inglehart MR. Periodontal referral patterns of
general dentists: lessons for dental education. J Dent Educ. 2009;73(2):199–210.

20. Hull TE, Robertson PB, Steiner JC, del Aguila MA. Patterns of endodontic
care for a Washington state population. J Endod. 2003;29(9):553–6.

21. del Aguila MA, Leggott PJ, Robertson PB, Porterfield DL, Felber GD. Practice
patterns among male and female general dentists in a Washington State
population. J Am Dent Assoc. 2005;136(6):790–6.

22. Atchison KA, Bibb CA, Lefever KH, Mito RS, Lin S, Engelhardt R. Gender
differences in career and practice patterns of PGD-trained dentists. J Dent
Educ. 2002;66(12):1358–67.

23. Linden GJ, Stevenson M, Burke FJ. Variation in periodontal referral in two
regions in the UK. J Clin Periodontol. 1999;26(9):590–5.

24. Brown LF, Spencer AJ, Keily PA. Service mix in general dental practices
employing and not employing dental hygienists. J Clin Periodontol.
1994;21(10):684–9.

25. Norton WE, Funkhouser E, Makhija SK, Gordan VV, Bader JD, Rindal DB, et al.
Concordance between clinical practice and published evidence: findings
from the National Dental Practice-Based Research Network. J Am Dent
Assoc. 2014;145(1):22–31.

26. Anabtawi MF, Gilbert GH, Bauer MR, Reams G, Makhija SK, Benjamin PL, et al.
Rubber dam use during root canal treatment: findings from The Dental
Practice-Based Research Network. J Am Dent Assoc. 2013;144(2):179–86.

27. Gordan VV, Garvan CW, Heft MW, Fellows J, Qvist V, Rindal DB, et al.
Restorative treatment thresholds for interproximal primary caries based
on radiographic images: findings from The Dental PBRN. Gen Dent.
2009;57(6):654–63.

28. Gordan VV, Garvan CW, Richman JS, Fellows JL, Rindal DB, Qvist V, et al.
How dentists diagnose and treat defective restorations: evidence from The
Dental PBRN. Oper Dent. 2009;34(6):664–73.

29. American Dental Association Survey Center. The 2010 Survey of Dental
Practice. Chicago: American Dental Association; July 2012.

doi:10.1186/1472-6831-15-11
Cite this article as: Gilbert et al.: Provision of specific dental procedures
by general dentists in the National Dental Practice-Based Research
Network: questionnaire findings. BMC Oral Health 2015 :11.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://nersp.nerdc.ufl.edu/~gilbert/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Statistical methods

	Results
	Discussion
	Provision rates for specific services
	Association between dentist characteristics and service provision
	Dentist gender
	Dentist race
	Dentist year of graduation
	Advanced training by the GD
	Full-time status

	Association between practice characteristics and service provision
	Number of practice locations
	Practice location
	Type of main practice
	Dental specialists on site
	Waiting times

	Association between patient population characteristics and service provision
	Insurance coverage and visitation behavior


	Conclusions
	Additional files
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References

