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Abstract 

Background: Low back pain is a common emergency department (ED) complaint that does not always necessitate 
imaging. Unnecessary imaging drives medical overuse with potential to harm patients. Quality improvement (QI) 
interventions have shown to be an effective solution. The purpose of this QI intervention was to increase the percent-
age of appropriately ordered radiographs for low back pain while reducing the absolute number.

Methods: A multi-component intervention led by a clinician champion including staff education, patient education, 
electronic medical record modification, audit and peer-feedback, and clinical decision support tools was imple-
mented at an urban public hospital Emergency Department. In addition to the total number ordered, Choosing 
Wisely and American College of Radiology recommendations were used to assess appropriateness of all ED thoracic 
and lumbar conventional radiographs by chart review over eight months.

Results: The percent of appropriately ordered radiographs increased from 5.8 to 53.9% and the monthly number of 
radiographs ordered decreased from 86 to 47 over the eight-month initiative. There were no compensatory increases 
in thoracic or lumbar computed tomography (CT) scans during this time frame.

Conclusion: A multi-component QI intervention led by a clinician champion is an effective way to reduce the overu-
tilization of thoracic and lumbar radiographs in an urban public hospital emergency department.

Keywords: Low back pain, Emergency department, Radiographs, X-rays, Thoracic, Lumbar, Appropriate, Choosing 
wisely, Medical overuse, Quality improvement

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Low back pain is one of the most common presenting 
complaints in U.S. Emergency Departments (ED) [1]. 
Attempts to quantify the prevalence of low back pain 
suggest there are between two and three million ED vis-
its annually, accounting for almost 4.4% of all ED visits 

in the U.S. [2, 3]. In addition to a history and physical, 
evaluation of low back pain in the ED often includes 
imaging tests. However, overuse of medical imaging for 
back pain is widely recognized as a problem and a grow-
ing concern [4].

There is potential for patients harm from overutiliza-
tion through additional testing and imaging, incidental 
findings, increased length of stay, unnecessary follow-up 
referrals, invasive procedures, exposure to excess radia-
tion, increased likelihood of surgical interventions, and 
increased patient and institutional cost [5]. Studies of 
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care for low back pain correlate imaging as an important 
driver of non-financial costs and have shown this image 
overutilization fails to improve clinical outcomes [6]. 
The average cost of an ED visit in the U.S. ranges from 
$290–690 [7], but if the chief complaint is back pain and 
requires imaging the cost can be as high as $2000 [8]. 
The cost of thoracic and lumbar radiographs vary widely 
across the country in the range of $100 – $1000 [9]. 
Whether paid by patient, insurance company, or facility 
itself; inappropriate studies confer little to no benefit to 
the patient. Unnecessary imaging studies are therefore a 
conduit for the delivery of low-value care.

The decision to order imaging tests when a patient pre-
sents with low back pain depends on a detailed history 
and physical examination as well as the presence of “red 
flags”, signs and symptoms identifying high risk condi-
tions such as trauma, cancer, infection, or spinal cord 
involvement. In the absence of “red flag” indicators, non-
traumatic acute low back pain less than four weeks in 
duration generally self resolves and does not necessitate 
imaging nor intervention [10].

Medical overuse is a complex problem, with some clear 
common drivers. Physician cited motivators are fear 
of missing a diagnosis, fear of litigation, and perceived 
improved patient satisfaction. The patient motivators 
most overwhelmingly cited is their desire for imaging, 
irrespective of their knowledge of the risks of ionizing-
radiation [11]. Evidence suggests multi-component 
interventions are successful at implementing clinical 
guidelines that reduce the use of a service. Examples of 
successes include decreased utilization of antibiotics [12], 
radiographs in the ICU [13], and cardiac imaging [14].

We hypothesized that a multi-component intervention 
led by a clinician champion in the ED over the course of 
eight months would increase the proportion of thoracic 
and lumbar radiographs ordered that meet appropriate-
ness criteria and decrease the absolute number of those 
imaging tests ordered.

Methods
This was a prospective quality improvement (QI) inter-
ventional study of all patients receiving conventional 
lumbar and thoracic radiographic imaging in our Emer-
gency Department from June 2019 to January 2020. The 
primary outcome was the percentage of appropriately 
ordered radiographs. The secondary outcome was the 
absolute number of radiographs completed.

Ethics and approval to consent
The study was performed in accordance with the Dec-
laration of Helsinki and methods were performed in 
accordance with the relevant guidelines and regulations. 
The study was approved by the Albert Einstein College 

of Medicine Institutional Review Board #2020–11,068 
under the waiver of informed consent and HIPAA 
authorization. This manuscript was prepared in accord-
ance with the Standards for Quality Improvement 
Reporting Excellence (SQUIRE 2.0) [15] guidelines for 
the reporting of quality improvement work.

Study setting and population
Setting
Safety net urban hospital Emergency Department in the 
Bronx, New York, with a large Emergency Medicine Resi-
dency Program having >100,000 annual visits. Staffing 
in our lower acuity zone (two residents, two advanced 
practice providers (APPs), and two attendings from 
7 am-11 pm) where most non-traumatic low back pain 
patients are evaluated, and where our intervention was 
more concentrated. The hospital is a level one trauma 
center serving a limited resource population and a mem-
ber of the nation’s largest public health hospital system. 
More than 70% of these patients identify as either His-
panic or African American, and almost a third are unin-
sured on arrival. In our adult emergency department, 
“back pain” constitutes approximately 5% of all chief 
complaints and over 2% of our discharge diagnoses.

Study population
Patients 21 years and older presenting to the ED from 
June 2019 to January 2020 whom received a thoracic or 
lumbar conventional radiograph were identified by radi-
ology work list review and chart review. There were no 
exclusion criteria.

Intervention
Our intervention had five components: physician edu-
cation, patient education, a clinical decision support 
tool, audit and feedback, and Electronic Medical Record 
(EMR) modification. The entire intervention for this QI 
initiative was led by one of the authors who served as the 
clinician champion in the ED.

1. Physician and provider education

 Education of the physicians and advance practice 
providers were done in several stages over time. At 
resident educational conferences two separate ses-
sions were conducted. “What is medical overuse and 
why does it create harm?” was presented in May 2019 
(one month prior to the start of the intervention) to 
garner interest in the topic and recruit resident cli-
nician champions, and “Evaluating Low Back Pain in 
the Urban Emergency Department” in August 2019 
(two months into the intervention). The topic was 
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also discussed and reviewed at bi-weekly faculty 
meetings.

2. Patient education
 Patient education was implemented in three phases 

beginning at the start of the intervention (June 
2019). First, when registering for care, patient edu-
cation material in both English and Spanish about 
low back pain evaluation from the Choosing Wisely 
website was available for patients to pick up on their 
own [16]. Second, the same educational material was 
posted on the walls of patient rooms in the low acu-
ity zone of the ED. Third, face-to-face education of 
the patients was done by the treating physician. In 
all phases, patient education consisted of presenting 
the indications for radiographs, the risks of imaging 
without red flag indicators as well as expected disease 
courses.

3. Clinical decision support tool
 We used the Choosing Wisely (CW) [17] and the 

American College of Radiology (ACR) [18] recom-
mendations for low back pain imaging to develop 
“Red Flag” indicators for low back pain imaging in the 
setting of low back pain in the ED. All providers were 
given a clinical decision support tool in the form 
of a best practice advisory (BPA) card (Fig.  1) with 
these Red Flag indicators in their mailboxes and at 
faculty and at residency conferences. The BPA cards 
are approximately two by three-inch laminated cards 
that can easily fit into a lab coat or scrub pocket. In 
addition, BPA cards were physically attached to the 
upper right-hand corner of each computer in the ED 
where providers would be entering orders. The intent 
of BPA cards was to serve as an easily accessible clini-
cal reminder when determining the need to order 
imaging for low back pain patients. The BPA cards 
were redistributed every other month as needed.

4. Audit and feedback

 At the beginning of each month, the highest utilizers 
of radiographic imaging for low back pain from the 
prior month were identified via audit of the EMR: five 
attending physicians and five residents or Advanced 
Practice Providers. Feedback was given to each pro-
vider in the form of a face-to-face discussion involv-
ing a review of the BPA card material. The feedback 
was conducted by one of the authors based on a prior 
existing relationship with the highest utilizers.

5. EMR Modification

 Within the EMR of our ED, we have departmen-
tal favorite orders that are available on a quick list 

intended to save time when placing common orders. 
We removed the quick-order option for thoracic and 
lumbar radiographs, thereby necessitating providers 
to search for the order manually if needed.

Data collection and analysis
Data on thoracic or lumber radiographs for patients 
with low back pain was obtained from the Department 
of Radiology logs of imaging performed in the ED from 
three months prior to beginning the QI initiative until 
eight months after. In addition to radiographs, counts of 
thoracic or lumbar CT scans completed on patients with 
low back pain seen in the ED were collected during the 
same time interval. This was done to assess if providers 
were replacing radiograph orders with CT orders. Mag-
netic Resonance Imaging is not readily available in our 
ED, reserved only for emergencies, and typically neces-
sitates an inpatient hospitalization and therefore was not 
assessed for this project.

Medical record numbers from the logs were used to 
identify patients in the EMR for evaluation of imaging 
appropriateness. Using CW [7] and ACR [8] criteria for 
imaging in the setting of back pain, we defined appro-
priateness as back pain lasting less than four weeks with 
at least one red flag (Fig.  1). To determine appropriate-
ness a chart review was done on all patients who received 
conventional lumbar and thoracic radiographs in our ED 
using these appropriateness criteria. Chart review was 
split evenly and conducted by three residents and one 
attending physician. Each chart reviewer had 10% of their 
charts reviewed by a second reviewer to assess inter-rater 
reliability, of which 100% was noted.

The proportion of patients with an appropriate tho-
racic or lumbar radiograph was calculated and reported 
by month, along with a total count of the number of low 
back pain patients with a thoracic or lumbar radiographs 
or CT scan ordered. As a QI initiative, no statistical tests 
of significance were performed because of the lack of a 
control group.

Results
Over the course of the eight-month intervention a total 
of 432 thoracic and lumbar radiographs were performed 
and the absolute number of radiographs ordered monthly 
decreased from 86 to 47 (Fig.  2). This compares to an 
average monthly number of 90 thoracic or lumbar radio-
graphs ordered over the three months prior to the QI ini-
tiative. The percent of appropriate radiographs ordered 
increased from 5.8 to 53.2% over the same period. A 
separate count of the number of computed tomography 
(CTs) of the thoracic and lumbar spine performed for low 
back pain demonstrated no evidence of replacing radio-
graphs with CT scans (Fig. 3).
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Discussion
A multi-component QI intervention led by a clinician 
champion resulted in a reduction in the number of radio-
graphs ordered to evaluate low-back pain and an increase 
in the proportion of those ordered that were appropri-
ate. In addition, there was no evidence that these imag-
ing tests were replaced by available alternative imaging. 
To our knowledge this is the first evaluation of a clinician 

champion lead initiative that addresses thoracic and 
lumbar radiograph reduction in the ED setting using a 
multi-component QI intervention. By engaging clini-
cians through education, audit and feedback and provid-
ing them with a clinical decision support tool, the total 
number of unnecessary radiographs ordered decreased 
by almost 44% and of those that were ordered, the pro-
portion that were appropriate increased by 10-fold. Over 

Fig. 1 Best Practice Advisory card containing red flag indicators for imaging of low back pain
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Fig. 2 Monthly radiographs and percent that met appropriateness criteria

Fig. 3 Absolute monthly radiographs and CT scans
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eight months we demonstrated through a multi-compo-
nent intervention that this could be addressed and sub-
stantially reduced.

The results demonstrate some fluctuation in the appro-
priateness criteria on its trajectory of overall improve-
ment and there may be a few causes. Our health system 
transitioned our hospital to a new electronic medical 
record the very end of July which could have made docu-
mentation more challenging the first month afterwards. 
Our hospital has a very significant presence of resident 
physicians, who rotate through the emergency depart-
ment monthly necessitating repetitive in-servicing of 
quality initiatives. We also believe the quality of docu-
mentation improved overall from this initiative thus not 
having a true reverse linear relationship between appro-
priateness and absolute reduction.

Our results are consistent with previous studies which 
highlight evidence that QI interventions can address 
the issue of reducing image utilization. A QI interven-
tion at a high-volume pediatric ED in California used 
similar methods to reduce abdominal radiographs for 
patients presenting with constipation [19]. Relying heav-
ily on physician education in the form of lectures, and 
audit and feedback, they reduced the number of pediat-
ric patients that received unnecessary abdominal radio-
graphs by 50% over a 12-month period. Another QI 
intervention in a pediatric ED sought to reduce chest 
radiographs for patients presenting with bronchiolitis 
[20]. They employed physician education lectures and 
posted imaging guidelines at each computer station, and 
reduced radiographs for bronchiolitis patients by 44% at 
the end of a four-month period.

The dissemination of official guidelines alone may lead 
to successful outcomes in QI interventions. However, it 
has been shown that the addition of clinician champions 
led to higher rates of success. A literature review study-
ing interventions that attempted to reduce low value care 
defined by Choosing Wisely found that interventions led 
by clinician champions reached their intended outcomes 
71% of the time [21]. This underscores the importance 
of clinician-led initiatives when attempting to improve 
quality of care.

Concerned the reduction of radiographs could have 
the unintended consequence of an increase in CT scans 
of the thoracic and lumbar spine we assessed the abso-
lute number ordered as well. As a level one trauma center 
that does a significant number of these CT scans, there 
were no demonstrated special cause variation around the 
median during our QI project. Further, the number of 
radiographs in the three months prior to the intervention 
demonstrate stable common cause variation.

The average physician to disposition time for patients 
presenting with back pain being discharged from our 

emergency department is approximately ninety min-
utes. A conventional radiograph from ordered to read 
time also averages approximately ninety minutes. This 
implies that by decreasing the utilization of radiographs, 
the patient throughput time improves dramatically which 
also has an outlying effect on the door to first provider 
time by freeing up space in the ED for patient evaluation 
and treatment.

Limitations
A limitation of this intervention is the lack of a control 
group. Without a control, we cannot be certain that this 
was not just a natural phenomenon that would have 
occurred without the intervention. ED volumes are 
dynamic and vary monthly due to multiple factors, and 
our study period was limited from June to January in 
an academic emergency department, making it possible 
that other factors could affect the number of radiographs 
ordered.

Low rates of radiograph appropriateness prior to the 
intervention could be due to poor documentation, but 
there was demonstrated consistent improvement at the 
same time of absolute reduction. Our institution changed 
from a legacy EMR (Quadramed) which utilized blank 
word type documents to EPIC the last week of July which 
may have had an impact on documentation thorough-
ness. It was not possible to calculate the rates of x-ray 
utilization in our diverse level one trauma emergency 
department automatically and would necessitate a sub-
stantial manual chart abstraction thus it was chosen to 
evaluate x-rays performed for appropriateness.

It is also possible that the observed impact of our inter-
vention could be explained by the Hawthorn effect, in 
which one’s awareness they are being audited leads to 
changes in their behavior to improve their performance.

We did not measure the prolonged effects of this ini-
tiative to measure full sustainment but have used this 
opportunity to parlay additional clinician champion initi-
atives in other modalities leading to sustained awareness 
of overuse as a medical concern.

Conclusion
We conclude a multi-component intervention led by 
a clinician champion is an effective means to reduce 
utilization of thoracic and lumbar conventional radio-
graphic imaging in a public hospital ED for patients with 
non-traumatic acute low back pain. Further research is 
needed to validate these findings and explore the sustain-
ability of these results.

Additional research quantifying unnecessary imaging 
to subsequent incidental findings, procedures, follow-
up, and lengths of stay in the hospital would further the 
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value of using QI interventions to improve the delivery 
of high-quality care.

Healthcare expenditures are continually on the 
rise, and with an aging population this will continue 
to increase. Reducing medical overuse in the ED is 
an opportunity to reduce the burden of disease on 
patients, facilities, and systems. While ED visits are 
increasing, ED imaging is increasing disproportionately 
faster [22]. This leads to opportunities for intervention 
and improved patient outcomes.
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