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Abstract
Background: Modifying physician behavior to more closely align with guideline-based care can be challenging. Few effective strategies
resulting in appropriate spine-related health care have been reported. The Lumbar Imaging With Reporting of Epidemiology (LIRE)
intervention did not result in reductions in spine care but did in opioid prescriptions written.
Objectives: To estimate organizational resource needs and costs associated with implementing a pragmatic, decision support-type
intervention that inserted age- and modality-matched prevalence information for common lumbar spine imaging ﬁndings, using sitebased resource use data from the LIRE trial.
Research design: Time and cost estimation associated with implementing the LIRE intervention in a health organization.
Subjects: Providers and patients assessed in the LIRE trial.
Measures: Expected personnel costs required to implement the LIRE intervention.
Results: Annual salaries were converted to daily average per person costs, ranging from $400 to $2,200 per day (base case) for personnel
(range: $300-$2,600). Estimated total average cost for implementing LIRE was $5,009 (range: $2,651-$12,020), including conducting
pilot testing with providers. Costs associated with a small amount of time for a radiologist (6-12 hours) and imaging-ordering providers
(1-8 hours each) account for approximately 75% of the estimated total cost.
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Visual Abstract

What are the organizational costs for inserting prevalence information into
lumbar spine imaging reports?
75% of estimated costs are
associated with a small amount
of time for radiologists and
imaging-ordering providers

75%

$5,009

Time and cost estimation associated with implementing
decision support-type intervention in a health organization

Estimated total average
cost for implementing
the program from a
healthcare organization
perspective

age
modality

Lumbar Imaging with
Reporting of Epidemiology
(LIRE)

insert age-and modality-matched
prevalence information for common
lumbar spine imaging findings
Lorem ipsum

low range
$2,651
high range
$12,020

Radiologists

Imaging-ordering
providers

IT personnel

6-12 hours

1-8 hours

only a small amount
of support is needed

Pre-specified secondary outcome

reducing the number and proportion of
patients who were prescribed opioids

The LIRE intervention seems to be a relatively low cost, evidence-based,
complementary tool that can be easily integrated into the reporting of spine imaging.
VISUAL ABSTRACT

Conclusions: The process of implementing an intervention for lumbar spine imaging reports containing age- and modality-appropriate
epidemiological benchmarks for common imaging ﬁndings required radiologists, imaging-ordering providers, information technology
specialists, and limited testing and monitoring. The LIRE intervention seems to be a relatively low-cost, evidence-based, complementary
tool that can be easily integrated into the reporting of spine imaging.
Key Words: Costs, imaging, implementation, opioids, spine
J Am Coll Radiol 2021;18:1415-1422. Copyright ª 2021 Published by Elsevier Inc. on behalf of American College of Radiology

INTRODUCTION
Modifying physician behavior to more closely align with
guideline-based care can be challenging. Systematic reviews
have concluded that interventions associated with desired
changes in physician behaviors aligned with guideline-based
recommendations were often educational in nature and
multifaceted [1]. In the United States, multiple strategies
were used in response to the opioid crisis of dramatic
opioid prescribing [2]. Opioid-related guideline developers
and expert panels have focused on reducing associated risks
and encouraging appropriate prescribing, including for patients with low back pain [3-5]. There has been some
success with initiatives imposing greater restrictions on
opioid prescribing and using education approaches for
providers and patients [2]. Despite progress in slowing
increases in the rate of US deaths attributed to opioid
prescribing, a substantial burden remains, because deaths
remained consistent at approximately 17,000 per year
between 2011 and 2015 [2]. Non-guideline-based inappropriate use of opioids and potential adverse events, in
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general and with low back pain, continue to be concerning
[2,3]. Total 2017 estimated expenses for outpatient opioid
prescriptions for payers and patients were greater than $7
billion [6]. Despite these trends, and despite published
guidelines for low back pain [5], few effective strategies to
encourage appropriate spine-related health care have been
reported. General practitioners in the United States are
high-volume prescribers of opioids and often an early point
of contact for patients presenting with back issues who may
have imaging ordered to assess their condition [7].
We recently conducted a large, pragmatic, clusterrandomized trial in multiple sites in the United States to
study the effect of an intervention that incorporates standardized prevalence estimates of commonly encountered
spine imaging ﬁndings (ie, the Lumbar Imaging With
Reporting of Epidemiology [LIRE] trial) [8]. Although we
found no evidence of intervention effects in our primary
outcome of a reduction of spine-related relative value
units, among patients whose providers received the intervention, we observed a signiﬁcant effect of the intervention
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in reducing the number and proportion of patients who
were prescribed opioids, a prespeciﬁed secondary outcome
[9]. The current article estimates average expected health
care organization costs for implementing the LIRE
intervention in clinics. Our research on implementing the
LIRE intervention will inform health systems and other
stakeholders about resource needs and expected average
costs.

Time Horizon

METHODS

Estimation of Resources Used for LIRE
Implementation

Data Sources and Overview of LIRE Trial
The LIRE trial was a pragmatic, multicenter, steppedwedge, cluster-randomized controlled trial assigning primary care clinics at four large US health systems to receive
lumbar spine imaging reports containing age- and modalityappropriate epidemiological benchmarks for common imaging ﬁndings in people without back pain. We previously
published the study protocol [8] and reported study ﬁndings
[9]. For this article, we estimated implementation costs
using personnel and salary ranges of relevant providers at
participating health organizations, converting annual
salaries with beneﬁts to average daily costs. Supplemental
Table 1 demonstrates the stepped-wedge design allocation
and the temporal implementation of the intervention during
the LIRE trial [9]. Supplemental Table 2 presents examples
of the LIRE intervention text inserted in spine imaging
reports [9]. We evaluated 238,886 patients (18 years
old) in participating clinics that were randomized among
four health organizations located in ﬁve states. Participants
received spine imaging between October 2013 and
September 2016. We compared patients during 1 year
after the LIRE intervention was implemented in clinics to
1-year outcomes of control patients. Providers at control
clinics received unaltered imaging reports before their
assigned start date for implementing the LIRE intervention.
We included all patients receiving eligible imaging studies at
participating clinics who had not had lumbar spine imaging
within the prior 12 months, thus focusing on patients early
in their diagnostic expedition. We excluded only those patients who had signed a declaration opting out of research
studies.

Perspective
Our primary analysis was from a health care organization
perspective, which we deﬁned as a health organization with
groups of primary care providers (PCPs) and specialists,
which were also afﬁliated with emergency and hospital facilities. Our study included organizations employing providers whose care is reimbursed by external payers, as well as
systems providing health care through a prepaid health plan
model (ie, staff-model health maintenance organization).
Journal of the American College of Radiology
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Our time horizon for estimating personnel costs associated
with LIRE implementation was 1 month. Our estimates for
the amount of time for various types of personnel required
to implement the insertion of the intervention text were
based on interviewing a radiology IT expert (Dr. M.L.
Gunn, University of Washington, personal communication,
2020) and conﬁrmed by LIRE site radiologists.

We focused on personnel-related organizational costs associated with implementing the LIRE intervention. To estimate resource needs associated with deploying the
intervention, we used ranges of per person efforts for the
study-related resource use for each personnel type, using
average personnel costs from our LIRE sites and our study
team. Estimates for personnel time required for implementation were obtained from our radiology IT expert. As a
more generalizable estimate, we used average per employee
personnel time and cost estimates for medical providers,
project managers, and IT personnel. Our cost estimate
focused on average resources used for personnel involved in
implementing the LIRE intervention in the radiology spine
imaging IT system for report generation and for pilot testing
the intervention. We estimated base-case scenarios and low
and high ranges for each type of personnel required.
We assumed one radiologist in a health care organization
would lead the LIRE intervention implementation,
requiring a small amount of time initially (base case: 6
hours). This time could be allocated among two or more
radiologists sharing the responsibility. The radiologist would
(1) guide the radiology IT specialist to implement and test
the age-based, modality-matched LIRE intervention in spine
imaging reports, (2) direct a project manager to assist with
communication to stakeholders or process-oriented tasks,
and (3) communicate with the ordering providers on an asneeded basis related to the LIRE intervention text being
inserted in spine imaging reports. Our base-case estimate
included a small amount of time (2-4 hours) required for an
organization’s imaging-ordering providers (primary care and
specialist providers) during the initial rollout period. Multiple doctors in a system could be involved via consulting
with the radiologist leading the implementation, as well as
participating in a pilot to make sure that adding the intervention worked as expected. A range of 2 to 4 hours was
included for a radiology IT supervisor and roughly 4 to 6
hours per week for up to 1 month for a midlevel IT programmer. The supervisor would address systemwide issues
from an organizational perspective. The programmer would
work with the radiologist to insert the intervention text and
1417
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Estimation of Costs for Implementation
We estimated total average costs for the intervention
implementation during the initial rollout of 1 month.
Because we designed the LIRE intervention to require no
training of providers, we did not include training as part of
the costs. However, we included estimates for conducting
pilot testing with imaging-requisitioning providers before a
full rollout of the intervention.

*Total organization annual cost and daily cost estimates include beneﬁts rate applied to salary.
†
Daily amounts calculated based on 250 working days per year.

324
121,500
75,000
Project staff
Project manager

26,250

101,250

81,000

405

1,134
551
756
367
283,500
137,700
175,000
85,000
IT specialists
Senior programmer or manager
IT programmer (midlevel)

61,250
29,750

236,250
114,750

189,000
91,800

945
459

1,296
2,592
2,592
864
1,728
1,728
324,000
648,000
648,000
70,000
140,000
140,000
200,000
400,000
400,000
Medical doctors
Primary care providers
Radiologists
Other medical specialists

Personnel Categories

270,000
540,000
540,000

216,000
432,000
432,000

1,080
2,160
2,160

Daily Cost
High Range
($)†
Daily Cost
Low Range
($)†
Total
Organization
Daily Cost ($)†
Annual Cost
High Range
(þ20%) ($)
Annual Cost
Low Range
(20%) ($)
Total
Organization
Annual Cost ($)
Beneﬁts
(35% Rate)
($)
Base-Case
Annual
Salary* ($)

Table 1. Average annual and daily cost for personnel associated with implementation
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conduct initial pilot testing. The programmer would run
basic reports for the radiologist(s) in the initial phase of
implementation to monitor the process and identify any
problems. Our higher-range estimate of 24 hours allowed
programmer time for conducting additional testing or
addressing errors in how the intervention was working for
ordering providers. We included a range of time (3-12
hours) for a project manager to work with the lead radiologist and to communicate with the imaging-ordering providers. The manager would record and distribute meeting
summaries with required actions for implementation,
engage in follow-up activities with the programmer, manage
communication with key personnel during the pilot testing
of the intervention, and address other project needs related
to communication.

RESULTS
Table 1 presents parameter estimates used for calculating
personnel costs for the LIRE intervention implementation.
The primary personnel required for implementation were
medical doctors (radiologists, PCPs, and other specialists),
IT specialists, and a project manager. Average daily
organization costs and high and low ranges for personnel,
based on annual salary estimates with beneﬁts, were
$1,080 ($864-$1,296) for PCPs and $2,160 ($1,798$2,592) for radiologists and other specialists. Daily basecase average costs and ranges for a senior IT manager and
a mid-level IT programmer were $945 ($756-$1,134) and
$459 ($367-$551), respectively. Project management or
administrative support was estimated to cost $405 per day
with a range of $324-$486.
Our IT specialist interviews indicated that implementing LIRE would not require the purchase of a new computer
system or for organizations to incur costs associated with
modifying or updating standard IT interface engines used by
most radiology departments. Based on the characteristics of
LIRE as a relatively simple text-based addition of standardized, epidemiological information to radiology reports,
matched to age groups and imaging modalities, the intervention requires a low level of resources to implement in
radiology IT systems. Expert radiology IT guidance indicated LIRE could be implemented in 1 to 2 days with
Journal of the American College of Radiology
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Table 2. Expected average time and costs for implementing the LIRE intervention

Prevalence Information and Spine Imaging Reports

Base-Case
No. of
Hours

Low-Range
No. of
Hours†

High-Range
No. of
Hours‡

No. of
Personnel

Base-Case
No. of Days
per Person

Low-Range
No. of Days
per Person

High-Range
No. of Days
per Person

Base-Case
Cost ($)

Low-Range
Cost ($)

High-Range
Cost ($)

Primary care providers

4

2

8

2.00

0.50

0.25

1.00

1,080

432

2,592

Radiologists

6

3

12

1.00

0.75

0.38

1.50

1,620

1,296

3,888

Other medical
specialists

2

1

4

2.00

0.25

0.13

0.50

1,080

432

2,592

Senior IT specialist
(manager)

2

1

4

1.00

0.25

0.13

0.50

236

95

567

IT programmer
(midlevel)

12

6

24

1.00

1.50

0.75

3.00

689

275

1,652

Project manager or
administrative
assistant

6

3

12

1.00

0.75

0.38

1.50

304

122

729

5,009

2,651

12,020

Total estimated
personnel cost for
implementation

LIRE ¼ Lumbar Imaging With Reporting of Epidemiology.
†
Low-range cost estimates were calculated using the relevant personnel category and the "Annual Cost Low Range" column from Table 1 and low-range number of hours in Table 2.
‡
High-range cost estimates were calculated using the relevant personnel category and the "Annual Cost High Range" column from Table 1 and high-range number of hours in Table 2.
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additional time for preparatory and progress meetings, as
well as for conducting pilot testing with imaging-ordering
providers (ie, PCPs and specialists). Overall, the entire
process could be completed in 1 month, including implementing the LIRE intervention text for insertion in reports,
testing the intervention, and rolling out the LIRE intervention to several clinics within a health system.
Table 2 presents time and cost estimates for
implementing the LIRE intervention during initial rollout.
Estimated organization total base-case cost for implementing LIRE was $5,009, with low- and high-range estimates of
$2,651 and $12,020, respectively. The time for the radiologist and ordering providers accounted for approximately
75% of estimated total costs. We estimated 12 to 24 hours
(less than 10% of work time for 1 month or 15% for our
higher-range estimate) were required for a midlevel radiology IT specialist, accounting for team meetings, programming, and producing a simpliﬁed report in association
with testing the intervention. The average cost for the
midlevel specialist was $689, and a small amount of time for
an IT manager (2-4 hours) costs $236. We estimated 6 to
12 hours were needed for the lead radiologist overseeing the
implementation of the LIRE intervention, along with 4 to 8
hours of total PCP time and 2 to 4 hours for other medical
specialists to complete pilot testing.
The pilot testing would conﬁrm whether the intervention text was appropriately appearing on spine-related
radiology reports. More radiology IT personnel resources
would be needed if errors were identiﬁed during testing, if a
planned rollout is to occur systematically for clinics within a
system with speciﬁc monitoring rather than implementing
LIRE in all clinics simultaneously, or if the IT system
connectivity or consistency is suboptimal among the organization’s clinics. We included enough personnel time when
calculating the high-range estimates in Table 2 to allow for
addressing these possibilities.

DISCUSSION
We estimated average organization costs for implementing a
pragmatic health care decision support-type intervention
that inserted epidemiological information about age-related
prevalence of back conditions on spine imaging reports.
We based our cost estimates for implementing the LIRE
intervention on ranges of expected activities and salaries
obtained from our university and health care organizations
participating in the LIRE trial. Health policy stakeholders in
the United States encourage health care providers to use
evidence-based approaches to reduce costs while maintaining or improving the quality of patient experiences and
improving population-level outcomes [10]. Interventions
that improve outcomes or provide similar effectiveness and
1420

have the potential to lessen overall costs to stakeholders
align with these stated health system goals.
The opioid crisis in the United States is an example of a
multifactor, multistakeholder challenge that requires a variety of potentially helpful solutions. In some cases, opioids
are appropriate and necessary but not typically for low back
pain [5]. In cases of severe acute pain or end of life pain,
opioids are often appropriate in short durations.
However, use of caution is recommended in prescribing
opioids for longer durations for chronic pain and for any
duration in patients with mild to moderate acute pain
[3,11]. Despite myriad policies aimed at reducing opioid
use for many years, opioid prescribing in the United
States continues to add burden to the health care system
[2,6,12,13].
Although we found no evidence of intervention effects
in the LIRE trial in our primary outcome of a reduction of
spine-related relative value units during 1 year among patients whose providers received the intervention, we
observed an effect consistent with goals related to opioids.
The LIRE study showed that implementing the standardized age-matched language on spine imaging reports resulted
in a signiﬁcant reduction in the probability of providers
writing prescriptions for opioid medications after the addition of the intervention in clinics, which was a prespeciﬁed
secondary outcome. There was a small but statistically signiﬁcant reduction in patients receiving at least one prescription in 1 year for an opioid from a LIRE provider in the
intervention group compared with patients in the preintervention (control) group (adjusted opioid rate 36.2%
versus 37.0%; odds ratio ¼ 0.95 [95% conﬁdence interval:
0.91-1.00]; P ¼ .04) [9]. In addition, we did not observe
differences in safety-related end points associated with the
LIRE intervention, as measured through assessing deaths,
hospitalizations, and emergency or urgent care visits, during
the year subsequent to the intervention being inserted on
reports [9]. The LIRE trial was completed before the start of
the coronavirus disease 2019 pandemic [14].
Larger health care organizations, such as those participating in the LIRE trial, are likely to have established formal
or informal networks of providers willing to participate in
testing IT modiﬁcation rollouts. Smaller radiology groups
could inquire with their ordering providers about helping
with such testing. Testing could occur within 1 month,
depending on the size of a health organization and plans for
implementation testing in clinics. New decision supporttype radiology IT-based interventions are more expensive
to implement when they require modifying an IT system’s
interface or integrating a new “interface engine” to assist
with distributing information to providers. The LIRE
intervention does not have these barriers and could be
implemented across many clinics in a health system quickly
Journal of the American College of Radiology
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and seamlessly and at a low incremental cost to provider
organizations. It is reasonable to expect that costs will be
largely incurred in the ﬁrst month of implementing the
LIRE intervention.
Systematically adding age-based prevalence information
on imaging reports would require a low level of resources,
including a small amount of personnel time for an IT
programmer, a manager, and a radiologist. The LIRE
intervention could be implemented with roughly 1 to 2 days
of effort by a radiology IT specialist, varying with the
number of clinics, the level of experience by radiology departments for inserting text on reports, and the interconnectivity of the IT network for clinics in an organization.
Best practice recommendations include pilot testing interventions during implementation for quality assurance.
Our cost estimates ranged from approximately $2,600 to
$12,000 for initial LIRE implementation (base case:
$5,000), including costs for pilot testing by providers
ordering imaging. Our personnel and total cost estimates
allowed for a broad salary range of each personnel type
(20% of base case) and ranges of time or effort.
Opioid-related guidelines encourage appropriate opioid
prescribing and reducing the risks associated with long-term
opioid therapy [3]. In patients with acute or persistent low
back pain, opioids are recommended selectively and with
caution [5]. The LIRE patients receiving lumbar spine
imaging were early in their spine-related diagnostic process. Systematic reviews of musculoskeletal conditions and
work-related outcomes, along with other disability-related
research, indicate that early opioid prescribing can increase
subsequent health care use—including opioid use—and
prolong disability [15-18]. It is likely that multiple strategies
are needed to modify behavior in providers, such as for
changing opioid prescribing. Although we observed the
reduction in opioid prescriptions during a period of
intense pressure and several initiatives in the United States
by health systems and health care organizations to reduce
opioid prescribing [19-23], the LIRE intervention seems
to provide a positive complement to other initiatives
aimed at reducing opioid prescribing. Implementing LIRE
may provide an additional tool for health systems looking
to incorporate evidence-based information for providers.
We acknowledge that there may not be persistent annual
reductions in opioid prescribing subsequent to implementing the LIRE intervention once an initial effect is realized.
However, no intervention will have immediate effects in all
providers, so to appreciate the outcomes of the intervention
may require a longer time horizon. Despite the pragmatic
characteristics of the LIRE intervention (ie, automating the
addition of standardized epidemiological information on
radiology reports), there are inherent challenges to implementing such an intervention. Radiology information
Journal of the American College of Radiology
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systems use synchronized IT ﬁltering mechanisms for
directing patient-speciﬁc or group-speciﬁc data based on
speciﬁed criteria, often from electronic medical records or
other data sources. The imaging-related intervention would
be implemented in radiology IT systems or electronic health
record systems in an organization, which likely vary among
sites and in terms of provider access. Individual radiologists,
for example, may be able to manually modify reports or
report templates.
Potential costs and beneﬁts accruing to organizations
would depend on whether the health organization was an
insurance provider (payer) in addition to being a health care
services provider organization. Our study included both
types of health systems. In the United States, in a nonstaff
model health maintenance organization, medication prescriptions are often ﬁlled by patients at pharmacies not
afﬁliated with the health care provider and are covered and
reimbursed based on a patient’s beneﬁt package. Payers
(public or commercial) may beneﬁt from the LIRE intervention through having to pay for fewer opioid prescriptions
for plan members receiving spine imaging, all other things
equal. At approximately $70 per average opioid prescription
for payers, and an annual opioid-related outpatient prescription cost for payers and patients estimated to be greater
than $3,000, reducing only a small percentage of opioid
prescribing could have meaningful ﬁnancial effects [6].
We did not assess cost-reduction effects associated with
providers writing fewer opioid prescriptions nor downstream
effects of potentially fewer adverse events from opioid use. It
was beyond the scope of this implementation assessment to
estimate secondary effects of opioid prescription reduction,
such as costs of subsequent non-spine-related health care
use. There are inherent challenges in attributing non-spinerelated use to our pragmatic intervention. We did not collect
patient-reported outcomes in our trial, so we were not able
to assess impacts on quality of life, pain, or other symptom
measures. We do not present LIRE development costs as
part of our estimation, because these activities were conducted during the planning phase of our trial. We also did
not estimate additional personnel time that would be
required if the LIRE intervention text required updating
based on new epidemiological evidence becoming available
in the future.

TAKE-HOME POINTS
n The

process of implementing an intervention for
lumbar spine imaging reports containing age- and
modality-appropriate epidemiological benchmarks for
common imaging ﬁndings requires radiologists,
imaging-ordering providers, IT specialists, and limited
testing and monitoring.
1421
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n The

LIRE intervention seems to be a relatively lowresource-intensive, evidence-based tool that can be
quickly and easily integrated into the reporting of spine
imaging.

n The

LIRE intervention may serve as an example for other
imaging indications for adding epidemiological information to imaging reports as a decision support-type tool
for imaging-ordering providers and their patients.
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