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Abstract
Excessive amounts of resources in healthcare are wasted due to duplicated or unnecessary health screenings, especially in the 
diagnosis of low back pain (LBP). Research shows that two-thirds of people will present with LBP at some point throughout 
their lifetime, but 20–50% of high-tech imaging procedures fail to provide information that improves the patient’s condition, 
representing unnecessary services. The purpose of this study was to evaluate the existence of unnecessary imaging for low 
back pain throughout healthcare systems in Nebraska based on what was documented in the electronic health record. This 
study was a retrospective electronic health record analysis of a limited data set focused on procedures related to imaging for 
LBP extracted from Nebraska Health Information Exchange (HIE) managed by CyncHealth. The sample included 937 patient 
records with a diagnosis of LBP who received imaging in the state of Nebraska and whose health record was recorded in the 
Nebraska HIE. To determine necessity, records were categorized in three areas including necessary imaging, likely wasteful 
imaging, or wasteful imaging based on the criteria from the “First, Do No Harm” study conducted by the Washington Health 
Alliance. Results revealed a total of 51% of low back pain imaging considered wasteful, 35% likely wasteful, and 14% nec-
essary. Based on these results, further research is warranted to determine specific demographics related to necessary, likely 
wasteful, and wasteful imaging and the purpose for performing these expensive imaging procedures.
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Background

There are hundreds of billions of unnecessary and dupli-
cated healthcare services in the United States which leads 
to extreme waster in the healthcare system [1]. Referring to 
healthcare costs from 2017, Choi, Hoban, Michelson, and 
Vichare noted the potential cost improvement of as much as 
30 to 35 percent when seeking to ameliorate certain aspects 
and qualities of the $3.5 trillion healthcare economy [2]. In 
2018, The Washington Health Alliance discovered exces-
sive amounts of money were wasted due to duplicated or 

unnecessary health screenings [3]. According to Burke and 
Ryan, “Medicare pays physicians and hospitals based on 
a variety of factors–including geographic region, indirect 
medical education, and the hospital’s ‘disproportionate 
share’- but very little based on quality” [4]. Today, electronic 
health record networks give heath care systems an opportu-
nity to address waste and the factors involved by providing a 
means of communication with other providers and identify-
ing potential duplicative services which lead to waste [5]. 
According to Kruse, Kristof, Jones, Mitchell, and Martinez, 
when an EHR is used effectively, it has great potential to 
improve efficiency and cost savings throughout the health-
care system by improving coordination and communication 
from one healthcare professional to another, which could 
avoid excessive spending on duplicated or unnecessary 
screenings [5].

Health Information Exchanges (HIE) are databases that 
store data from electronic health records (EHRs), often 
aggregated and available to demonstrate a longitudinal 
health record. Multiple studies have found that the use of 
electronic health records (EHRs) improves the quality of 
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healthcare delivered [6, 7]. HIEs further expand that impact 
through interoperability aggregating data and making it 
available to clinicians to support informed clinical decision 
making. In fact, HIEs have been shown to directly impact 
the overuse of imaging reducing duplication, specifically 
[8–12]. Additionally, they have been shown that when used 
effectively, they reduce duplicated imaging for low back 
pain, a significant factor related to waste [9]. One study 
demonstrated that most duplicated imaging occurs due to a 
lack of access to previous imaging [10]. Although this study 
shared in this article is not focused on the impact of the HIE, 
HIEs have been identified as a tool to explore to impact low 
back imaging and waste.

One significant health problem in the United States is low 
back pain, ranking as the fifth most common reason for all 
physician visits [13]. Research shows that two-thirds of peo-
ple will present with low back pain at some point throughout 
their lifetime, but 20–50% of high-tech imaging procedures 
fail to provide information that improves the patient’s condi-
tion, representing unnecessary services [14, 15]. Reduction 
in the amount of duplicated health screenings, specifically 
low back pain imaging, has the potential to financially pro-
tect patients who might have otherwise paid for identical 
tests or procedures. The Washington Health Alliance found 
that 83 percent of the imaging received by the 19,673 indi-
viduals was identified as either wasteful or likely wasteful, 
an estimated $4 million out of the $4.8 million spent [3]. A 
survey from previous research revealed that after physicians 
explained the unnecessary need for imaging related to low 
back pain, more than one third of patients still insisted on 
requiring the imaging [16]. This leads to physicians choos-
ing between satisfying their patient or preventing wasteful 
costs associated with the imaging [16]. Recent research has 
highlighted potential reasons as to why clinicians order test-
ing when it is otherwise not recommended. Almost all clini-
cians were aware that an imaging test was not indicated for 
patients with uncomplicated low back pain, which are those 
not displaying signals of severe problems, agreeing with the 
recommendation to forego testing [17]. These tests are often 
ordered because clinicians feel they have insufficient time to 
educate their patients on the risks and benefits in addition to 
having concerns regarding medical liability if tests are not 
administered and rare diagnoses are missed [17]. Many also 
specified that they cannot refer patients to a specialist with-
out first ordering imaging, even if they believe the imaging 
will be of no benefit to potential management of the patient’s 
condition [17]. Although many clinicians are aware that not 
all imaging is necessary, there is often still an obligation 
to complete imaging to rule out other health factors and to 
maintain patient satisfaction.

Acceptable criteria for use of early imaging for low back 
pain includes risk of cancer, suspicion of spinal infection, 
signs of cauda equina syndrome, and severe neurological 

deficits [18]. According to the American Academy of Family 
Physicians, low back imaging is not recommended within 
the first 6 weeks of reported pain unless there are severe 
neurological deficits or serious underlying conditions are 
suspected. If these clinical issues are not a concern, then 
imaging before 6 weeks has not been proven to improve out-
comes [13]. Although there has been research to support that 
higher restrictions on imaging guidelines do reduce waste, 
the rate of complex imaging has increased by 50% over the 
last 21 years in countries in North America, Europe, and 
Australia [19].

Wasteful imaging is a concern with the diagnosis of low 
back pain due to the large percentage of the population 
receiving early imaging even though research has shown it 
to be ineffective for improving outcomes, which serves as 
the medium for this study due to its commonality among the 
population nationwide [20]. More research needs to be done 
using HIEs to determine the extent of waste in health care. 
There is a gap in knowledge about healthcare redundancies 
for the imaging of low back pain prevalent in the state of 
Nebraska. The purpose of this retrospective electronic health 
record analysis is to evaluate the existence of unnecessary 
imaging for low back pain throughout healthcare systems in 
Nebraska to support the fundamental need for a resolution to 
the escalating healthcare costs and inefficiency of care being 
received in the United States.

Methods

Research design

This study was a retrospective descriptive study of a limited 
dataset from electronic healthcare records extracted from a 
statewide health information exchange that focused on pro-
cedures related to imaging for low back pain to examine 
necessary, likely wasteful, or wasteful services in the state 
of Nebraska. The limited data set included extracted data 
from the HIE that met the criteria in the data request. The 
data request included individual patient records that met 
the diagnosis criteria for low back pain, type of imaging 
procedure, gender, hospital location of service, age at pro-
cedure date, and whether there was a neurological diagnosis 
pre-existing the imaging procedure. The study replicated a 
portion of a previous study “First, Do No Harm” conducted 
by the Washington Health Alliance focused on low back 
pain and used their criteria for wasteful imaging [3]. Prior 
to study implementation, the proposal was reviewed by a 
data governance committee at CyncHealth, who runs the 
state’s health information exchange. Once approved by Cyn-
cHealth’s data governance committee, a data use agreement 
was created and signed prior to submission to the Univer-
sity Institutional Review Board. The study was reviewed 
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and approved through the University partner’s Institutional 
Review Board and declared non-human subject research.

As part of the data request process, the researchers 
worked with a data analyst at CyncHealth to generate the 
code set. The data included the following data elements: 
procedure code, low back pain diagnosis code, whether the 
patient had a neurological diagnosis or not, date of proce-
dure, hospital location of procedure, gender, and age at pro-
cedure date. In collaboration and based on the Do No Harm 
study, the inclusion criteria were those individuals who 
received healthcare services in the state of Nebraska with 
health records in the Nebraska Health Information Exchange 
who have been diagnosed with low back pain and had imag-
ing of their lower back [3]. In addition, the procedure codes 
for imaging were identified with the data analyst includ-
ing: XR Spine, Thoracic 3 VW; XR L-Spine 2 or 3V; XR 
Spine, Lumbrosacral, 2 or 3 views; XRAY Exam LS Spine 
23 VWS; XR L-Spine Complete >OR=4V; XRAY Spine, 
Lumbosacral, min 4 views; XRAY Exam L2 Spine 4VWS; 
72114: XR L-Spine >OR=6V W Flex & Ext; 72131: CT 
L-Spine WO; CT Lumbar Spine WO Dye; CT Lumbar Spine 
without Contrast; 72132: CT L-Spine W **; CT Lumbar 
Spine W Dye; 72148: MR MRI L-spine WO **; 72149: 
MRI SP Lumb W CM; 72158: MR MRI L-Spine W WO **.

In addition, the data set included whether or not the 
patients had a co-existing neurological condition with their 
LBP. Co-occuring neurological conditions were identified 
through ICD-10 codes for the following neurological con-
ditions: Stroke, Traumatic Brain Injury, Multiple Sclero-
sis, Transient Ischemic Attack, Epilepsy, Meningitis, Par-
kinson’s Disease, Alzheimer’s, Dementia, Mild Cognitive 
Impairment, Postpartum Psychosis, Aneurysm, Mild Trau-
matic Brain Injury/Concussion, Demyelination of Brain, 
Conversion Disorder, Posterior Encephalopathy, Subdural 
Hematoma, Cerebral Palsy, Guillain Barre, fall with head-
ache, and migraines resulting from trauma. Central nervous 
system conditions were considered neurological and periph-
eral nervous system conditions were not. The following data 
elements were included in the data request and final data set 
to be analyzed: age, gender, hospital location, neurological 
co-morbidity, and date of imaging procedure. The data set 
was delivered to the researchers following best practices in 
security and privacy as outlined in the data use agreement. 
In 2019, at the time of extraction, the data was representa-
tive of over 75% of hospitals. Since this time, legislation 
has been put in place in Nebraska that has mandated data 
sharing but this legislation was not yet in place at the time 
of the study.

Data procedures

Records were categorized in Excel into three areas includ-
ing necessary imaging, likely wasteful imaging, or wasteful 

imaging based on the criteria from the “First, Do No Harm” 
study conducted by the Washington Health Alliance [3]. 
Criteria consisted of: ’Necessary imaging’ includes MRI 
for patients with neurologic deficits or other serious under-
lying conditions or in those >70 years old. ‘Likely wasteful 
imaging’ includes X-ray lumbar spine and CT lumbar spine 
without contrast in patients with neurologic deficits or other 
serious underlying conditions or in those >70 years old. 
‘Wasteful imaging’ includes X-ray, MRI and CT of uncom-
plicated acute low back pain with no neurologic deficits or 
underlying conditions in those < 70 years old” [3].

Each record was reviewed by the research team and iden-
tified to fit into one of the 3 categories. All tracking was 
documented and performed in Excel. Upon review, a patient 
record under 70 with a neurological diagnosis who had a 
magnetic resonance imaging (MRI) was deemed necessary. 
For each record under 70 with a neurological diagnosis that 
received a computed tomography (CT) scan or x-ray were 
deemed likely wasteful. A record with a patient under 70 
years old with no neurological diagnosis who received either 
a MRI, CT scan or x-ray was identified as wasteful. For 
individuals identified as over 70 years of age, those with a 
neurological condition who received a MRI were catego-
rized as necessary while those with a neurological condition 
who received a CT scan or x-ray were identified as likely 
wasteful. Lastly, those over 70 with no neurological condi-
tion who received a MRI, CT scan or x-ray were deemed 
likely wasteful.

Researchers met consensus. If consensus could not be 
reached about the categorization, an expert clinician was 
consulted to assist with appropriate categorization. The cat-
egorization was discussed and agreed upon based on clinical 
expertise by a subject matter expert. After records were cat-
egorized, researchers determined the average amount of all 
CPT codes found in each individual category of necessary, 
likely wasteful, and wasteful tests. A chi-square test was 
completed to determine whether low back pain imaging is 
dependent upon gender. Results were entered into the matrix 
in Excel to identify which CPT codes were most wasteful.

Results

The study population includes 937 individual patient health 
records of individuals with 1,164 CPT codes of a low back 
pain diagnosis from Nebraska Health Information Exchange 
(HIE) housed within CyncHealth for January 2019-December  
2019. The sample is from health records housed in  
Nebraska’s Health Information Exchange (HIE) at CyncHe-
alth, which includes patients from health facilities that have 
an agreement with CyncHealth and received care in the state 
in Nebraska. At the time of the study, the HIE contained 75% 
of the hospitals in the state.
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Overall, 164 of the 1,164 procedure codes indicated that 
imaging was necessary with 162 MRIs, 0 CT scans and 2 
x-rays deemed as necessary. These numbers indicate that 
14.1% of low back imaging was considered necessary in 
the sample of codes. Four hundred and six were deemed 
likely wasteful with 39 CT scans, 0 MRIs and 367 x-rays 
indicating 34.9% of the sample codes were likely waste-
ful. In the wasteful categorization, a total of 26 CT scans, 
235 MRIs and 333 x-rays were deemed wasteful indicat-
ing a rate of 51.0% wasteful (Table 1 and Fig. 1). X-Ray 
imaging made up 70% of the wasteful and likely wasteful 
categories combined. While CT imaging only made up 
6.5% of the likely wasteful and wasteful categories. Of 
all MRI codes, 41.1% were considered necessary. There 
was a total of 644 CPT codes that were below the age of 
70 and 520 that were 70 years old or above. The sample 
represented 652 codes from females and 512 codes from 
males (Table 2). A Chi-Square test of gender revealed a 
p-value of 0.00004. These results reveal a significant rela-
tionship between gender and imaging. Data revealed that 
only 12.4% of records for low back imaging also had codes 
relating to a neurologic deficit (Table 3).

Discussion

This study was a replication of a study conducted within 
the state of Washington by the Washington Health Alliance 
[3]. The study found evidence to suggest the existence of 
costly and possibly avoidable redundancy regarding the 
use of imaging. In the state of Nebraska, wasteful imaging 
for low back pain constituted, not only the greatest per-
centage, but the majority of imaging, whereas fewer than 
one in five tests were deemed to be necessary. This aligns 
with the Do No Harm study in Washington as most imag-
ing performed in that study was identified as likely waste-
ful, with known wasteful imaging recognized as the next 
most significant category. Both the Washington and this 
study displayed consistency with respect to the proportion 
of testing considered necessary, wherein fewer than one 
in five tests held this categorization in the state of Wash-
ington as well [3]. Although further research is necessary, 
the studies point to a tenable parallelism between the 
redundant imaging for low back pain in these states and 
in the entire country. The findings also support research 
regarding long-standing incongruencies that exist in the 
healthcare system as it relates to expenditure, which itself 
has been extensively [21–28]. For example, adverse treat-
ment has been conservatively estimated to account for 5 
percent of total healthcare spending, and there is evidence 
to suggest that a large number of antibiotics prescribed for 
treatment are in fact medically unnecessary [29, 30]. The 
number of resources misused and wasted, which amounts 
to an expenditure of nearly a trillion dollars each year 
within the current structure, is substantial [1]. Despite this 
significant waste, the researchers believe these occurrences 
are preventable and can be mitigated. EHRs are a proven 

Fig. 1  Percentage Categories of Imaging

Table 1  Data Matrix of Imaging Categories

Count of Categories

Row Labels CT MRI XR Total Percentage

Necessary 0 162 2 164 14%
Likely Wasteful 39 0 367 406 35%
Wasteful 26 235 333 594 51%
Total 65 397 702 1164

Table 2  Gender Counts for Imaging with Low Back Pain Diagnosis 
in Sample

CPT Code Count of GENDER

Row Labels CT MRI XR Total Percentage

Female 34 207 411 652 56%
Male 31 190 291 512 44%
Total 65 397 702 1164

Table 3  Neurological Deficits Accounted for in Sample

CPT Code Count of Neurological Deficits

Row Labels CT MRI XR Total Percentage

No 57 361 602 1,020 88%
Yes 8 36 100 144 12%
Total 65 397 702 1164
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means to allow the review of data to understand waste 
and unnecessary treatment, and their implementation can 
provide hospitals with a reliable mechanism for sharing 
information. Research has indicated patients at hospitals 
where EHRs are utilized cost less to treat and have shorter 
lengths of stay than patients at facilities where they are 
not present [31, 32]. With consistent overtreatment, insuf-
ficient coordination, and a complex administration system 
hampering the efficacy and efficiency of care, when used 
for this effort, EHRs can be valuable for performance and 
quality assurance [33, 34]. EHRs connected with HIEs 
focused on interoperability of services can offer a way for 
researchers to understand population health in a holistic 
manner. EHRs, alone, can be limited in their dataset if 
not interoperable or connected to systems like a health 
information exchange.

Obviously, the reasons and rationale for use of imaging 
in low back pain varies and there are multiple factors that 
interplay as to why imaging occurs. In a study on patient 
and clinician beliefs on low back pain, imaging was often 
perceived as a reliable form of diagnosis [35]. Addition-
ally, reimbursement for imaging and concerns about miss-
ing an important diagnosis also drive the impact in why 
imaging occurs. At the same time, waste and overuse are 
factors driving up cost and the gross domestic product. A 
study from the British Medical Journal recently identified 
that more than 90% of low back imaging is unnecessary 
and low back pain “should be managed with conservative 
treatments such as advice and reassurance, exercise, physi-
cal therapy, chiropractic care, cognitive-behavioural therapy, 
or pain management” [36]. The authors indicate the imag-
ing may cause more harm by causing prolongation of the 
low back pain rather than intervention. They suggest fol-
lowing the guidelines of the “Choosing Wisely” campaign 
[36]. Patient perception appears to play a significant role in 
patient belief that imaging is an important part of diagnos-
ing low back pain [37]. Due to the perception issue, multiple 
studies have emerged on patient education about imaging 
and low back [37–39]. All of these factors demonstrate the 
complexity around imaging and low back pain that continue 
to impact its use in clinical practice. These factors call for 
multi-prong approaches that identify opportunities to reim-
burse conservative services, reduce reimbursement for imag-
ing, clinician education and patient education. The issue of 
overuse will need to continue to be monitored and studied 
as these approaches are implemented.

There are several limitations to the study that need to be 
acknowledged. First, there is the possibility that additional 
ICD codes exist which have not been included in the current 
study, which if so, may alter the values of the outcomes and 
statistical findings. Second, if the data received contained 
errors or irregularities, the interpretation of the data may 
then be flawed and not an accurate description of the current 

reality. Lastly, this study does not provide definitive evi-
dence for generalizability to the population outside of the 
state of Nebraska as well as across other diagnoses.
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