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Purpose: In 2004 only 68% of women in Oklahoma over the age of 40 reported having a mammogram in
the past 2 years, compared with 75% nationally. Strategies to improve mammography rates have been
numerous but have generally included single strategies, such as physician education, practice audit and
feedback, and reminders; flow sheets and results have been mixed. The purpose of this randomized
controlled trial was to determine the impact of a practice facilitator and “best practice” interventions on
mammography rates in a practice-based research network.
Methods: A total of 16 practices participated; 8 were assigned to intervention and 8 to usual care.
Pre- and post-audits of mammography rates were conducted. Intervention practices received feedback
with benchmarking, academic detailing, and the assistance of a practice enhancement assistant to help
with practice redesign over a 9-month period.
Results: The groups differed significantly for both the proportion of mammograms offered to eligible
patients (P ⴝ .043) and for the proportion of patients with current mammograms (P < .015). For the
control group, 38% of eligible women were offered a mammogram and 202 (35% of those eligible) actually did have documentation that a mammogram had been performed. Fifty-three percent of the eligible patients in the intervention group were offered a mammogram and 52% of those eligible (n ⴝ 332)
did have documentation in the chart that the mammogram had been completed.
Conclusion: The results suggest that these interventions can improve mammography rates in a range
of practice settings. These findings are consistent with other studies that have tested multicomponent
interventions. (J Am Board Fam Med 2008;21:326 –333.)
The United State Preventive Services Task Force1
recommends screening mammography, with or
without a clinical breast examination, every 1 to 2
years for women aged 40 and older based on reasonable evidence that it signiﬁcantly reduces mortality from breast cancer.2–9 Although this evidence
is strongest for women aged 50 to 69, most studies

indicate a mortality beneﬁt for women aged 40 to
49 and that the evidence is also generalizable for
women older than 70.
Mammography rates for Oklahoma women have
lagged behind national rates. For example, in 1999
Oklahoma ranked 44th in the nation for women
over 40 reporting ever having had a mammogram.10
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ﬁed and conﬁrmed through practice audits. Exemplar approaches to individual steps are then assembled into a uniﬁed strategy, evaluated, and
disseminated. Results using this approach have
been encouraging. By tapping into the wisdom of
clinicians who have “solved” parts of the problem
and combining their methods, an integrated, effective approach can usually be found.22–24
The purpose of this project was to apply the best
practices research methodology, in combination
with a multicomponent implementation intervention (audit with feedback and benchmarking, academic detailing, and practice facilitation), to the
problem of breast cancer screening within community practices that are members of a practice-based
research network, with the goal of improving mammography rates.
Methodology
During a 15-month period, we ﬁrst used the best
practices research methodology22 and then a multicomponent implementation intervention for
breast cancer screening within the Oklahoma Physicians Resources/Research Network. Exemplars
(those having mammography rates exceeding 80%
of eligible patients) were identiﬁed using audit data
from 48 Oklahoma Physicians Resources/Research
Network clinicians from a concurrent unrelated
project directed at colorectal cancer screening. An
investigator (JWM) identiﬁed and queried 5 of these
physician exemplars around the state and characterized their methods, identifying both general principles and speciﬁc techniques (see Table 1).
Once a set of principles and techniques was
identiﬁed from interviews with exemplars and a
literature review, 16 physicians (from 16 different
practices) were solicited for participation in a randomized, controlled trial. Most practitioners were
in solo practice (10 of 16). The others were in
academic practice or in a group practice. In the
intervention sites (4 solo, 2 academic, 2 group) the
practice enhancement assistants (PEAs) worked
with the enrolled practitioner and his/her assigned
nurse to make selected changes that the practitioner felt would improve his/her ability to screen
and refer women for mammograms. The clinicians
in academic practice had lower volumes than the
other clinicians because of fewer clinic days. There
was no overlap between intervention and usual care
practices because there were 16 clinicians from 16
different practices.
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For that same year, 68.1% of Oklahoma women
over age 40 reported having a mammogram within
the past 2 years compared with 72.8% nationally.
This discrepancy between state and national rates
widened and in 2006, Oklahoma women over age
40 who reported having a mammogram within the
past 2 years was 67.7% compared with 76.5% of
women nationally.11
Support for mammography screening in Oklahoma increased on May 10, 2004, when Governor
Brad Henry signed a bill allocating $2.5 million for
breast cancer and cervical screenings for low-income Oklahomans. This removed a potential barrier for women of low income. Acting on a separate
mandate from the Center for Medicare/Medicaid
Services, the Oklahoma Foundation for Medical
Quality launched a statewide campaign to raise the
state’s mammography rate in 2004 and provide
education for Oklahoma women on the affordability of mammograms.
Reasons reported by women for not having a
mammogram have included such things as uncertainty about effectiveness; confusing and contradicting recommendations (eg, every year versus every other year and age 50 and older vs age 40 and
older); lack of ﬁnancial incentives12,13; lack of
time14; and, perhaps most importantly, the lack of a
systematic approach to screening within primary
care ofﬁce settings.15
Strategies to improve mammography rates have
been numerous but have generally included single
strategies such as physician education, practice audit and feedback, reminders, and ﬂow sheets,16 –18
and results have been mixed. Although integrated
systematic approaches have been tested and have
shown improvement,19,20 interventions are more
likely to approach the screening problem by focusing only on physician behavior consistent with the
following outcomes described by Rufﬁn et al21:
“. . . investigators are beating on a black box (physician behavior) with a variety of tools to modify the
delivery of preventive services. The result is only
marginal change or no change. Before we can intervene successfully in physician behavior, we need
a far more basic understanding of physicians’ practice behaviors.”
One methodology showing promise in affecting
physician performance is the “best practices research” method developed by Mold and Gregory.22
In this model, exemplars for the steps comprising a
particular behavior under consideration are identi-

1. Make a commitment to provide prevention services, both
personally and as a practice, focusing on the most
important preventive services and making sure that all
eligible patients are offered those services. Think about
preventive services at every visit with every patient.
Suggestions for critical adult preventive services include:
a. Colorectal cancer screening for all ages 50 and older;
b. Mammography for women beginning at age 40;
c. Cervical cancer screening for women ages 18 to 65;
d. Inﬂuenza vaccination for all ages 50 and older and
anyone else who wants it;
e. One-time pneumococcal vaccination for all ages 50 and
older.
2. Use a clinician/nurse reminder system of some type such
as:
a. Preventive services ﬂow sheet;
b. Special mammography stickers for women older than 40;
c. Preventive services reminder card that nurses complete.
3. Make the mammography appointment for the patient.
(Don’t ask the patient to do it.) Caveats include:
a. Ask the patient what day and time would be best (before
they leave the ofﬁce) so that the appointment made by your
ofﬁce will be convenient for them;
b. Discuss potential barriers with patients who have missed
or delayed their mammograms and ask them what it would
take to get them in for their mammography.
4. Use only 1 mammography center for almost all of your
patients. Select the referral center based on the following:
a. Appointments should generally be available within 2
weeks;
b. Mammography center should always send a report to the
patient and to you;
c. Mammography center should let you know when
patients miss their scheduled appointment;
d. Mammography center should send a reminder to the
patient every year (or as indicated);
e. Mammography center should do further testing without
bothering you for additional orders.
5. Schedule well adult examinations on a regular basis to
catch up on any preventive services that have been missed.

Physicians were randomly assigned to the intervention and usual care groups using an internet
randomizer.25 The 8 physicians assigned to the
intervention group received (1) audit results and a
comparison with the network benchmark (benchmark data were obtained through chart audits from
another project); (2) academic detailing of exemplar
principles and information from the medical literature; (3) services of a practice facilitator for 9
months; and (4) information technology support if
requested. Practices were free to choose (or not)
from the identiﬁed exemplar strategies or to modify
them as necessary to ﬁt the practice constraints of
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their individual settings. The PEAs were trained in
the exemplar methods and were skilled in quality
improvement techniques. The “Plan, Do, Study,
Act” rapid cycle quality improvement process was
used to implement incremental changes and make
adjustments as required.26 The PEAs spent at least
2 days per month at each practice and helped the
practitioners design their interventions and facilitate the “Plan, Do, Study, Act” process. The role of
the PEA was to provide information and feedback
to guide the practice redesign activities. The remaining 8 practices comprised the usual care group
and received no feedback or practice change facilitation.
Data Collection
A research assistant audited all practices at baseline
and again after the 9-month intervention to determine the rates of mammography (deﬁned as documentation of a mammogram within the past 2
years) before and after the intervention period.
Data items for the chart audit included patient
demographic characteristics, such as age, race/ethnicity, insurance type, education, marital status,
number of visits in the past 12 months, whether or
not a mammogram had been recommended, and
whether mammography screening (binary; 1 ⫽ yes,
0 ⫽ no) had occurred. When documentation
showed that a mammogram had been recommended within the time period of interest it was
noted on the data form. However, these patients
remained in the denominator. Patients for whom
documentation indicated that they had refused a
mammogram were removed from the denominator.
Eligible patients were women 50 years of age or
older who had at least one visit to the practice in
the 12 months before the study implementation
and who did not have a diagnosis of breast cancer.
A target sample size was 100 randomly selected
charts per physician for each data collection period
(or as many as were eligible in the case of physicians
who did not practice full-time). For the audit after
intervention, women who were 50 years of age or
older who had seen the clinician during the last 6
months of the intervention period (or in the last 6
months of the 9-month period after the pre-audit
for the usual care group) and who did not have a
diagnosis of breast cancer were included. Lists of
eligible patients were generated from billing
records or electronic medical record systems and
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Table 1. Methods Used By Primary Care Clinician
Exemplars to Achieve High Rates of Mammography
Screening in Their Patients

Rate
Before/After
Intervention
Clinician
(%)

Method 1

A

28/71

Very committed
to prevention

B

48/75

Very committed
to prevention

C

35/56

Very committed
to prevention

D

35/52

Very committed
to prevention

E

62/70

Very committed
to prevention

F

25/28

Prevention was
not a priority

G

56/56

Committed to
prevention

H

21/21

Prevention was
not a priority

Method 2

Method 4

Nurses check chart at
each visit for all
prevention services
needed
Nurses checked
mammogram
eligibility at each
visit
Nurses checked
mammogram
eligibility at each
visit
Nurses checked
mammogram
eligibility at each
visit

Appointment was Appointments were
made at checktracked and
out
followed up if
not kept
Referral was
Appointments were
made at checktracked and
out
followed up if
not kept
Appointment was Used one referral
made at checkcenter
out

Nurses asked eligible
women about
mammography
Nurses asked eligible
women about
mammography
Nurses checked
mammogram
eligibility at each
visit

Referral was
made at checkout
Referral was
made at checkout
Referral was
made at checkout

then systematically sampled to achieve the desired
number of 100 charts. If review of the chart revealed that this patient belonged to another clinician, it was skipped and the next chart on the list
was substituted. All eligible charts were abstracted
if the available number was less than 100.
At the conclusion of the intervention, the PEAs
summarized the methods used to improve mammography screening by each practice. In addition,
the PEAs were asked to rate the practices’ commitments to changing their ofﬁce systems to improve
delivery of preventive services. This information
was used to provide more detail regarding the interventions that were implemented. Table 2 summarizes the exemplar methods used by each intervention practice.
Data Analysis
Descriptive statistics were calculated for both the
pre and post chart audit data. Comparisons were
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Method 3

Referral was
made at checkout

Method 5

Women eligible for
a mammogram
were contacted
for an
appointment

Used one center
but expected
patients to selfrefer

made between groups for the baseline data to determine the degree to which the randomization
process resulted in groups that were equivalent on
the demographic characteristics. Given that the
randomization was at the clinician level, comparisons of mammography rates were made at that level
using t tests on the calculated difference scores
between percentage rates before and after the intervention. Because of the clustering of patients
within clinician practices, we also conducted a RaoScott27 2 test, which produces an adjusted 2 with
1 degree of freedom that accounts for the design
effect caused by clustering, as an additional conﬁrmation. We also calculated the interclass correlation coefﬁcient. Availability of data for race/ethnicity, marital status, and education varied widely by
provider resulting in some missing data (68% of
usual care group, 55% of the intervention group for
race/ethnicity; 40% of the usual care group and
25% of the intervention group for marital status)
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Table 2. Methods Used by Intervention Practices to Improve Mammography Screening

Usual Care Practices (n ⫽ 8)*

Patient age‡

Intervention Practices (n ⫽ 8)†

Before

After

Before

After

x ⫽
66.3; s ⫽ 3.8

x ⫽
67.2; s ⫽ 3.1

x ⫽
66.9; s ⫽ 3.26

x ⫽
65.6; s ⫽ 2.5

⬎.05

36
64
40

34
66
35

37
63
40

39
61
52

⬎.05

Insurance status (%)
Private
All other
Current mammogram (%)‡

P

.015

*Total patients of usual care group before interevention, 688; after intervention, 576.
†
Total patients of intervention group, before intervention, 678; after intervention, 639.
‡
t test of change scores.

such that reasonable comparisons could not be
made. Therefore, these items were not included in
the analyses. There were 28 missing values for
insurance codes, and 70 “other” insurance types
that included “none” or “unknown type” or “Indian
Health Service.” When comparing Medicaid and
Medicare patients by intervention or usual care
groups, there were 349 and 358 patients, respectively, in each group. For the analysis after the
audit, insurance status was not a factor in mammography rates.
Protection of Human Subjects
The study was submitted to the University of Oklahoma Health Sciences Center Institutional Review
Board and approved. All patient data were de-identiﬁed and all practices within the network had current HIPAA compliant Business Associate agreements with the University of Oklahoma Health
Sciences Center that permitted research assistants
to view their patient records. Participating physicians signed statements of informed consent.

Results
Table 3 contains the results of the comparison of
the demographic before and after intervention and
outcome variables by group. There was no difference in mean age or percentage of patients who
were insured privately or by other means at either
data collection period. Mammography rates also
did not differ at baseline. Groups, however, did
differ in the change rates for mammograms offered
at the study’s conclusion (P ⫽ .043). Thirty-six
percent of eligible women in the usual care group
were offered a mammogram and 35% of those
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eligible had documentation that a mammogram
had been performed. Fifty-four percent of eligible
patients in the intervention group were offered a
mammogram and 52% of those eligible had documentation that the mammogram had been completed. The percent of patients with current mammograms at baseline was identical for both groups
(40%). The t test comparing mean change scores
resulted in t ⫽ 2.78, 14 degrees of freedom, and
P ⫽ .015, suggesting that the intervention group
increased their mammography rates more than the
usual care group.
Differences between the intervention and usual
care groups using the Rao-Scott 2 analysis to account for clustering also revealed a signiﬁcant difference between the 2 groups (xRS2 ⫽ 17.49; degree
of freedom ⫽ 1; P ⬍ .0001). The intraclass correlation coefﬁcient was .114 based on 8 clusters per
group with an average size of 75.8. Only 2 of the
usual care practices showed an improvement,
whereas 3 had rates that dropped across the study
period. Mammography documentation for the intervention group ranged from a low of 21% to a
high of 75%; however, 6 of the 8 practices improved their mammography rates, 2 remained the
same, and none declined.
In all the practices that improved their rates, the
physician was highly motivated (estimated by the
PEA based on leadership and involvement in
the intervention) to improve, and a system for
screening and referral was put into place. That did
not mean that the strategy required physician action. Most practices used strategies that empowered the medical assistant to check charts at the
time a patient presented to the clinic and determine
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Table 3. Comparison of Usual Care and Intervention Practices’ Demographic Characteristics and Outcomes Before
and After Intervention

Discussion
The purpose of this randomized controlled trial
was to determine the impact of a multicomponent
intervention on mammography rates, including a
practice facilitator and “best practice” methods.
The results suggest that this intervention can improve mammography rates in a range of practice
settings. Given the low mammography rates in the
state of Oklahoma, having proven strategies that
increase the number of women who choose mammography screening could potentially reduce the
burden of breast cancer within the state through
early detection, when treatment is more likely to be
efﬁcacious. These ﬁndings are consistent with
other studies that have tested multicomponent interventions that included modiﬁed academic detailing, patient education, physician reminders, audit
and feedback, prompt and reminder systems;28
physician education, and a practice facilitator to
help redesign ofﬁce routines including ﬂow sheets;
physician education, provider prompts, patient reminders, printed patient education materials, and
transportations assistance.20,29
It should be noted that the overall current mammography rates in both the intervention and usual
care practices were lower than the reported overall
state rate, which is based on telephone interviews
with patients. One likely explanation is that women
who receive gynecological care from a sub-specialist may also receive referrals from that specialist for
mammography and the reports of results are returned to the referring physician rather than the
family physician. Lack of documentation of this in
the chart (even though possibly known to the physician) would be reﬂected by no offer of a referral
and no current mammogram noted. Lack of docu-
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mentation of referrals and patient refusals could
also have contributed. It is likely that some patients
selected for the chart audits were not continuity
patients, in that they could qualify for the audit by
age, sex, and having had only one visit during the
relevant time period. The likelihood of a mammography referral in the case of a ﬁrst visit prompted by
an acute problem would be low. It is also possible
that the time limit (eg, a qualifying visit could occur
within days of the audit) precluded an opportunity
for some patients to schedule and receive a mammogram.
Despite having access to the multicomponent
translational intervention, 2 of the intervention
practices did not improve their mammography
rates. When practice characteristics including years
in practice, age, type of practice, and patient characteristics (including age and insurance type) were
compared, no signiﬁcant differences were found
between those who improved and those who did
not. For one of the practices that did not change,
the physician attributed the low rate of mammograms to the lack of initiative by the patients and
felt that it was their responsibility to self-refer for
mammography. Consistent with that attitude, only
21% of eligible patients in that practice were offered a mammogram. The other practice that did
not improve, although an aggressive method was
implemented, required the nurse to review each
patient chart for current mammogram status and to
signal the physician if a mammogram were needed.
No change was observed in the overall rate at this
practice, which was just under 60%. They also had
an adherence to recommendation rate around 98%
and the age of the patients did not differ from the
overall mean, so it is not clear why the rate did not
improve.
These practices were typical of many small practices where the ofﬁce stafﬁng consists of a receptionist, billing clerk, nursing or medical assistant,
and a clinician. Of the 4 practices that improved the
most (17 to 43 percentage points), 2 were in academic practices, one was in a group practice, and
one was in solo practice. Given a desire to increase
screening and referral for mammography, our
study suggests that rates can be improved by selecting a process to identify those patients who need a
mammogram and making a referral (or appointment for the mammogram) at that time. The consistency among successful improvers was the ofﬁcewide commitment to and participation in the
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whether the patient was eligible for a mammogram,
and if so to schedule it. One practice generated a
list of women who did not have evidence of a
current mammogram in the chart and sent each
one a reminder that it was time to schedule their
mammogram; this resulted in a 49% increase in
their mammography rate. Another practice with a
high rate of improvement used an information
technology strategy that involved tracking all referrals and providing that information to the physician
so that follow-up could be initiated when a referral
appointment was not kept. This strategy resulted in
a 56% increase.
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