
Observational Study of the Downstream
Consequences of Inappropriate MRI of the Lumbar Spine
Josephine C. Jacobs, PhD1,2 , Jeffrey G. Jarvik, MD, MPH3, Roger Chou, MD4,5,
Derek Boothroyd, PhD6, Jeanie Lo, MPH1, Andrea Nevedal, PhD2, and Paul G. Barnett,
PhD1,2

1Health Economics ResourceCenter (HERC), VA Palo Alto HealthCare System,Menlo Park, CA, USA; 2Center for Innovation to Implementation, VA
Palo Alto Health Care System, Menlo Park, CA, USA; 3Departments of Radiology, Neurological Surgery and Health Services, University of
Washington, Seattle, WA, USA; 4Department of Clinical Epidemiology andMedical Informatics, Oregon Health & Science University, Portland, OR,
USA; 5Department of Medicine, Oregon Health & Science University, Portland, OR, USA; 6Quantitative Research Unit, Stanford University Medical
School, Stanford, CA, USA.

BACKGROUND: Contrary to guidelines, magnetic reso-
nance imaging (MRI) is often ordered in the first 6 weeks
of new episodes of uncomplicated non-specific low back
pain.
OBJECTIVE: To determine the downstream conse-
quences of early imaging.
DESIGN: Retrospective matched cohort study using data
from electronic health records of primary care clinics of
the U.S. Department of Veterans Affairs.
PARTICIPANTS: Patients seeking primary care for non-
specific low back pain without a red flag condition or an
encounter for low back pain in the prior 6 months (N =
405,965).
EXPOSURE: MRI of the lumbar spine within 6 weeks of
the initial primary care visit.
MAIN MEASURES: Covariates included patient demo-
graphics, health history in the prior year, and baseline
pain. Outcomes were lumbar surgery, prescription opioid
use, acute health care costs, and last pain score recorded
within 1 year of the index visit.
KEYRESULTS:EarlyMRIwas associatedwithmore back
surgery (1.48% vs. 0.12% in episodes without early MRI),
greater use of prescription opioids (35.1% vs. 28.6%), a
higher final pain score (3.99 vs. 3.87), and greater acute
care costs ($8082 vs. $5560), p < 0.001 for all
comparisons.
LIMITATIONS: Reliance on data gathered in normal clin-
ical care and the potential for residual confounding de-
spite the use of coarsened exact matching weights to ad-
just for baseline differences.
CONCLUSIONS: The association between early imaging
and increased utilization was apparent even in a setting
largely unaffected by incentives of fee-for-service care.
Reduced imaging cost is only part of the motivation to
improve adherence with guidelines for the use of MRI.
Early scans are associated with excess surgery, higher
costs for other care, and worse outcomes, including po-
tential harms from prescription opioids.
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INTRODUCTION

Low back pain is the second most common symptomatic reason
for physician office visits,1 and the associated health care costs
are rapidly rising.2 One reason for this increase is the inappropri-
ate use of advanced imaging, particularly magnetic resonance
imaging (MRI), for uncomplicated non-specific low back pain.3

Routine use of MRIs in low back pain cases is common, with 16
to 21% of low back pain patients in commercial health care plans
and 12% of Medicare patients receiving an MRI.4, 5 Clinical
guidelines recommend that new episodes of non-specific low
back pain not complicated by red flag conditions should be
treated with conservative therapy and that MRI is not indicated
in the first 6 weeks of onset.6 However, studies have found that
26 to 44% of spine MRIs are not guideline-concordant.7–10

There is growing evidence that the consequences of inappro-
priate imaging for uncomplicated non-specific low back pain
extend beyond the direct costs of an MRI. Potential downstream
consequences include subsequent referrals and interventions per-
formed as a result of imaging. Rates of lumbar spine procedures,
including surgery, epidural steroid injections, and facet joint
injections, are also increasing and are part of the higher costs
associated with inappropriate imaging.11–13 There is no evidence
that these additional procedures lead to better outcomes, and they
may even result in more harm than benefit.11, 12, 14, 15 The
downstream effects of early MRI of the lumbar spine on costs,
procedures, and opioid use remain underexplored in the literature,
while the effects on pain outcomes have yet to be studied. This
study fills these gaps, exploring the association between early
MRI and surgery, opioid use, cost, and the course of patient pain.
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METHODS

We conducted a retrospective matched cohort study of new
episodes of uncomplicated non-specific low back pain. We
used data from the U.S. Department of Veterans Affairs (VA)
Corporate DataWarehouse, a national repository of extracts of
electronic health records. A summary of the databases used
can be found in Appendix 1. The study protocol was approved
by the Administrative Panels for the Protection of Human
Subjects of Stanford University.

Cohort

Individuals were eligible for inclusion if they had a visit
for uncomplicated low back pain in a VA primary care
clinic between June 1, 2015, and June 30, 2016. Un-
complicated low back pain visits were characterized
with a diagnosis of non-specific pain of the lower back:
lumbar sprain, strain, spondylosis, or disk degeneration.
Visits characterized exclusively by diagnosis codes for
generalized back pain were excluded: unspecified back-
ache (ICD-9 code 724.5), other dorsalgia, or unspecified
dorsalgia (ICD-10 codes M5489 and M549). Visits were
excluded if they were also characterized with a specific
diagnosis of myelopathy, radiculopathy, sciatica, injury
to the coccyx, spinal stenosis, or disk herniation.
Visits were excluded if there was a “red flag” condition, as

defined by the Medicare performance measure for appropri-
ateness of lumbar spine MRI (LS-MRI),16 present in VA
hospital and outpatient data. These conditions included trauma
in the prior 45 days; lumbar spine surgery in the past 90 days;
cancer, neurologic impairment, infections, or injection drug
use in the past year; or autoimmune, inflammatory, conditions,
neoplastic abnormalities, radiation therapy, or congenital mal-
formation in the last 5 years (i.e., a lookback period beginning
June 1, 2010).
We considered a visit the start of a new episode if there was

no VA-provided or VA-sponsored care in the prior 6 months
with a diagnosis involving pain to the thoracic, lumbar, sacral,
or sacrococcygeal spine. When patients had more than one
episode in the study year, the first episode was selected for
study. Less than 5% of patients had multiple episodes in the
study year.

Early MRI Scan

Scans were identified using Current Procedure Terminology
codes for LS-MRI (72148, 72158). Scans provided within 6
weeks of the index visit were deemed “early,” which is con-
sistent with guidelines for treatment of low back pain.6

Matching Approach

Patients with early MRI were matched to patients with-
out an early MRI using coarsened exact matching
(CEM). CEM assigns individuals from each group to
strata within which individuals share the same coarsened

values.17–19 Individuals exposed to an early MRI were
assigned a value of 1. Unexposed individuals were
assigned a weight that accounts for the number of
exposed and unexposed observations within that strata
and the total number of exposed and unexposed obser-
vations that were matched. The matching was based on
patient baseline characteristics: demographics (age and
sex); index visit pain score, having an assigned primary
care provider; residing ≥ 40 miles from the nearest VA
facility; and a history of a pain condition, a mental
health condition, or a prescription for opioids in the
previous 12 months.

Outcome Measures

Time Horizon.Outcomes were measured from 43 to 365 days
post-index visit, and costs were also measured for the first 42
days. We excluded the 42-day post-index visit, as this was the
time period used to assess whether an individual received an
early MRI scan.

Probability of Lumbar Surgery. Lumbar-related spinal
surgeries included surgical procedures conducted on the
lumbar, lumbosacral, and thoracolumbar regions in an
inpatient or outpatient setting. Surgeries provided in the
hospital were identified with ICD-9 or ICD-10 procedure
codes. Surgeries provided in outpatient settings were identi-
fied using CPT codes when the encounter included a diagnosis
code for low back pain.

Opioid Use. Opioid prescriptions were defined as long-acting
opioids, short-acting opioids, and tramadol, with doses con-
verted to morphine equivalents using Centers for Disease
Control conversion factors.20

Pain Score.During most encounters, VA patients are asked to
report their pain on a scale from 0 to 10. We used the first
value recorded on any given date. Values were found for
95.0% of index visits. Follow-up scores recorded 43–365 days
after the index visit were found for 77.4% of episodes. We
used the last score reported in this period. The mean time to
this follow-up was 272 days after the index visit.

Cost. Cost was tallied for the 6-week period of exposure to
early MRI as well as the follow-up period from weeks 7 to 52.
Sub-totals were calculated for back-related care and care un-
related to the back. Sub-totals were also calculated for outpa-
tient and inpatient care. Costs included both VA-provided care
and care purchased by VA. The costs of long-term care and
homeless domiciliary services were excluded. Hospital stays
were considered back-related if the primary diagnosis was for
low back pain; outpatient visits were considered back-related
if any of the assigned diagnoses was back-related (no diagno-
sis is considered primary in outpatient records).
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Statistical Analyses

Baseline characteristics of patients with early MRI were com-
pared with those of patients without early MRI by calculating
the standardized difference of the means using pooled vari-
ance. Both a raw standardized difference and a CEM-weighted
standardized difference were compared.
The association between early MRI and each outcome

was determined by multivariable regressions adjusted
with CEM weights and controlling for baseline covari-
ates: demographics (age and sex); primary care provider
characteristics (whether the patient was assigned to a
provider, whether the assigned provider was seen on
the index visit, provider’s panel size, and type of clinic
visited at the index visit); case-mix (pain score at the
index visit, history of opioid use in the prior year, time
between the index visit and the last low back pain visit,
total VA costs in the prior year, and total morphine
equivalents in the prior year); and indicators for chronic
conditions, mental health diagnoses, and pain conditions.
Logistic regression was estimated for the lumbar surgery

and prescription opioid outcomes. The adjusted absolute pro-
portion of each outcome was found as the mean of the pre-
dicted values of the logistic regression. Log-binomial and
Poisson regressions were used to estimate relative risks.21

Generalized linear model (GLM) regressions were specified
for continuous variables. Box-Cox regression was used to
identify the link function and a modified Park test was used
to identify the appropriate distribution.22 GLM with a log link
and gamma distribution accommodates the skewed distribu-
tion and heteroscedastic errors of costs.23, 24 These specifica-
tions were used for all cost outcomes except acute cost in the
first 42 days of the episode, for the appropriate distributional
assumption was inverse normal. Absolute difference in means
between those with an early scan and the comparison group
was estimated as the difference in the mean antilog of the fitted
values, with standard errors estimated using the delta meth-
od.25 The ratio of costs of the early MRI group relative to the
comparison group was estimated by adding one to the regres-
sion parameter for the indicator of early exposure to MRI. The
parameter for an indicator variable in a log model represents
the proportional change, so adding one to this value is the ratio
of the fitted value of observations with the indicator (those
with early MRI) to the fitted value of observations without the
indicator.
Two-part models were used to accommodate the large

number of zero values for the last recorded pain score and
quantity of opioid use outcomes.26 Logistic regression
modeled the probability of a non-zero value, while GLM
regressions were used for the second part. An identity link
and inverse normal distribution were specified for the last
recorded pain score. A log link and Poisson distribution were
specified for the quantity of opioids. We estimated the distri-
bution of the standard errors using 1000 bootstrap replicates.26

Analyses were conducted using Stata version 15.27

RESULTS

There were 1.17 million VA primary care visits for non-
specific low back pain in the year ending June 30, 2016
(Fig. 1). Applying our exclusion criteria resulted in a cohort
of 442,284 observations. Another 22,465 persons were ex-
cluded because of missing pain and clinic information from
their index visit. An additional 14,133 persons were excluded
because they could not be matched using CEM. Almost all
(99.9%) unmatched observations were episodes without an
early scan. This left 405,965 observations for study, or
91.7% of the 442,284 episodes of uncomplicated non-
specific low back pain.
There were 9977 individuals (2.46%) who received a LS-

MRI within 6 weeks of their index visit. Table 1 compares
patients with non-specific low back painwho received an early
scan with those who did not and summarizes the standardized
difference in the means for each variable of interest with and
without CEM weights. Patients with an early scan were youn-
ger, were less likely to have an assigned primary care provider,
were less likely to have seen their assigned primary care
provider, had higher baseline pain, were less likely to have
had a back pain episode in the previous 24 months, had fewer
chronic conditions, and were less likely to have a diagnosis of
hypertension or ischemic heart disease in the prior year. After
CEM adjustment, all standardized differences had an absolute
value of less than 10%, a frequently used criterion for adequa-
cy of propensity adjustment.21

Table 2 summarizes unadjusted means and proportions of
the outcome variables during the follow-up period. Compared
with patients who did not receive an early scan, patients with
an early MRI had more lumbar surgery (1.49% vs. 0.09%),
were more likely to receive a prescription for opioids (36.7%
vs. 28.5%), and had a higher pain score at follow-up (3.87 vs.
3.28) (p < 0.001). The unadjusted analysis found no difference
in the mean quantity of prescription opioids used (1.61 thou-
sand mg of morphine equivalents (MME) for those with an
early scan vs. 1.60 for those without one, p = 0.51). Patients
with an early MRI had greater costs for acute care during the
initial exposure period ($2254 vs. $1100) and in the follow-up
period ($7501 vs $5112). The costs of care related to back
pain, care not related to back pain, inpatient services, and
outpatient services were greater in the group that had an early
scan. These differences were statistically significant (p <
0.001).
Table 3 presents CEM-weighted analyses with adjustment

for baseline covariates. CEM weighting and covariate adjust-
ment resulted in a small attenuation of the estimated associa-
tion between early scans and outcomes. Using the adjusted
log-binomial model, receipt of an early scan was associated
with a higher risk of lumbar surgery (adjusted relative risk
12.7 [95% CI 10.3–15.5]). The adjusted absolute percentages
were 1.48% among episodes with an early MRI vs. 0.12% for
those without an early MRI. In the adjusted Poisson model,
early MRI was also associated with a greater likelihood of
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receiving a prescription for opioids (adjusted relative risk 1.23
[95% CI 1.20–1.27]). Among those receiving an early MRI,
the adjusted absolute percentage receiving prescription opi-
oids in the follow-up period was 35.1%, compared with 28.6%
in the comparison group. Results of the adjusted two-part
models indicated that in the follow-up period, early MRI
recipients received a greater mean quantity of prescription
opioids (1.9 thousand MME (i.e., 5.9 MME/day) vs. 1.81
thousand (i.e., 5.6 MME/day) in the comparison group (p =
0.03)) and had a higher pain score (3.99 vs. 3.87 in the
comparison group (p < 0.001)).
The adjusted GLM regressions indicated that early

scans were associated with higher costs in the follow-
up period. The adjusted mean acute care cost of patients
receiving an early MRI was $8082 compared with
$5560 in patients not receiving an early MRI (p <
0.001), an absolute difference of $2522 (95% CI
2202–2841). This difference represented $1347 greater
cost for back pain care (95% CI 1198–1497) and $1155
greater cost for other health services (95% CI 903–
1407). The difference can also be represented as $938
greater cost of inpatient care (95% CI 649–1228) and
$1635 additional cost for outpatient care (95% CI 1477–

1793). The early MRI group incurred $1219 greater
costs during the first 42 days of the episode, when the
MRI was provided (95% CI 1125–1313).

DISCUSSION

This study found that an MRI of the lumbar spine provided
early in episodes of non-specific low back pain was associated
with more surgery, greater costs of care, greater prescription
opioid use, and worse pain at follow-up. Lumbar surgery was
13 times more likely in the group with early MRI compared
with that in those without an early scan (1.48% vs. 0.09%).
This is consistent with other observational studies, where
surgery was 5 to 20 times more likely among those receiving
an early MRI.3, 12, 28 Absolute rates of surgery in this study
weremuch lower than in these other studies, however. In those
studies, lumbar surgery was provided in 14–22% of those with
an early scan and in 1–3%without an early scan. These studies
had approximately 10 times that rate of lumbar surgery that we
observed in VA.
Despite additional surgeries and higher rates and doses of

opioid prescriptions, recipients of early scans had worse pain
at follow-up relative to the comparison group. This result was

Primary care visits for non-specific LBP
(n = 1,171,441 visits; 829,290 persons)

Excluded visits (n = 705,649)
• Visits also coded for specific LBP (n = 57,758 visits)
• Visits with LBP in prior 6 months (n = 543,676 visits)
• Red-flag condi�on present (n = 97,417 visits)
• Philippines or US Territory (n = 6,553 visits)
• Missing pa�ent iden�fier (n = 245 visits)

Primary care visits mee�ng criteria 
(n = 465,792 visits; 442,284 persons)

Matched cohort for analysis 
(n = 405,695 persons) 

Excluded, missing data (n = 22,465 persons)
• Missing baseline pain score (n = 22,212 persons)
• Missing clinic type (n = 244 persons)

Excluded, second or later episode in year (n = 23,508 visits)

Unique persons mee�ng criteria 
(n = 442,284 visits; 442,284 persons)

Cohort for propensity matching 
(n = 419,828 persons) 

Observa�ons without propensity match (n = 14,133 persons) 

Figure 1 Effect of exclusion criteria on the size of study cohort.
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consistent with studies that have found no health benefit from
earlyMRI.29, 30 This study found that acute care costs incurred

in the follow-up period were 1.4 times greater in the early scan
group ($8082 vs. $5560). This was smaller than in other

Table 1 Baseline Characteristics of Veterans with Non-specific Low Back Pain, by Groups Defined by Subsequent Exposure to Early Lumbar
MRI

Patient characteristic With early MRI (N = 9,977) Without early MRI (N = 395,718) Standardized difference in means

Unweighted After CEM adjustment

Patient age (mean, in years) 52.2 56.5 − 0.277 − 0.057
< 40 years (%) 24.9 18.4 0.159 0.000
40–50 years (%) 19.0 15.3 0.098 0.088
51–60 years (%) 21.2 20.4 0.019 − 0.014
61–70 years (%) 25.7 29.4 − 0.084 − 0.062
71+ years (%) 9.2 16.4 − 0.218 0.000
Female gender (%) 7.1 5.5 0.066 0.000
Travel distance to nearest VA clinic (miles) 16.5 16.2 0.018 0.042
Travel distance to nearest VA tertiary hospital (miles) 101.5 99.3 0.023 0.040
Travel distance to nearest VA tertiary hospital > 40 miles (%) 70.5 71.6 − 0.025 0.003
Patient had an assigned primary care provider (%) 90.3 93.3 − 0.110 0.000
Patient saw assigned primary care provider (%) 80.2 84.8 − 0.120 − 0.017
Index visit at satellite clinic 52.5 58.7 − 0.125 − 0.102
Baseline pain score (numeric)
Baseline pain score 0 (%) 12.7 31.8 − 0.472 0.000
Baseline pain score 1 (%) 1.8 2.4 − 0.041 0.000
Baseline pain score 2 (%) 3.6 4.5 − 0.046 0.000
Baseline pain score 3 (%) 8.5 8.5 0.000 0.000
Baseline pain score 4 (%) 9.8 8.8 0.035 0.000
Baseline pain score 5 (%) 12.3 10.8 0.049 0.000
Baseline pain score 6 (%) 12.8 9.9 0.091 0.000
Baseline pain score 7 (%) 13.7 9.8 0.121 0.000
Baseline pain score 8 (%) 13.9 8.6 0.167 0.000
Baseline pain score 9 (%) 5.6 2.7 0.142 0.000
Baseline pain score 10 (%) 5.4 2.3 0.165 0.000
Back pain visit in prior 6–12 months (%) 37.6 39.4 − 0.037 − 0.036
Back pain visit in prior 12–24 months (%) 23.4 26.7 − 0.076 − 0.058
No visit for back pain in last 24 months (%) 39.0 33.9 0.106 0.088
Total cost in the year prior to the index visit (mean $US) 4482 3802 0.084 0.064
History of any opioid prescription in prior year (%) 19.7 20.0 − 0.006 − 0.047
Received 1–900 mg of opioids in prior year (%) 8.1 7.0 0.044 0.020
Received 901–3600 mg of opioids in prior year (%) 5.9 6.5 − 0.025 − 0.038
Received > 3600 mg of opioids in prior year (%) 5.7 6.5 − 0.033 − 0.062
Number of chronic health conditions in prior year (mean) 1.51 1.73 − 0.153 − 0.082

Acid-related diseases (%) 10.0 13.0 − 0.095 − 0.067
Arthritis (%) 6.9 7.2 − 0.014 − 0.014
Asthma (%) 3.7 4.1 − 0.018 − 0.028
Congestive heart failure (%) 1.5 2.4 − 0.071 − 0.049
Chronic obstructive pulmonary disease (%) 10.4 11.9 − 0.048 − 0.028
Diabetes (%) 18.0 20.9 − 0.074 − 0.041
Headache (%) 10.7 9.5 0.042 − 0.012
Hepatitis C (%) 2.2 2.4 − 0.014 − 0.028
Hypertension (%) 43.2 49.6 − 0.129 − 0.049
Ischemic heart disease (%) 8.1 11.4 − 0.110 − 0.038
Prostatic hyperplasia (%) 8.0 10.9 − 0.098 − 0.019
Peripheral vascular disease (%) 3.2 3.6 − 0.026 0.007
Renal failure (%) 2.9 4.3 − 0.071 − 0.032
Stroke (%) 2.5 3.0 − 0.031 − 0.001

Mental health diagnosis in prior year (%) 42.2 39.0 0.067 − 0.005
Alcohol abuse (%) 4.3 4.1 0.013 − 0.005
Alcohol dependence (%) 3.3 3.2 0.007 − 0.006
Drug dependence or abuse (%) 3.7 3.5 0.013 − 0.022
Bipolar disorder (%) 27.1 24.8 0.052 − 0.002
Depression (%) 2.7 2.4 0.019 0.001
Post-traumatic stress disorder (%) 23.3 20.0 0.080 0.017
Schizophrenia (%) 0.8 1.1 − 0.036 − 0.039

Diagnosis of painful condition in prior year (%) 66.5 63.4 0.066 0.000
Abdominal pain (%) 4.8 3.8 0.047 0.028
Arthropathy (%) 11.9 12.8 − 0.025 − 0.020
Back and neck pain (%) 8.6 6.6 0.077 0.050
Fibromyalgia (%) 1.9 1.4 0.033 0.011
Headache or migraine 10.7 9.5 0.041 − 0.012
Joint pain (%) 34.7 30.4 0.091 0.016
Limb pain (%) 9.9 8.2 0.059 0.031
Neuropathy (%) 16.9 14.2 0.074 0.050
Osteopathy (%) 20.8 20.6 0.003 0.007
Central pain syndrome or chronic pain (%) 8.1 7.7 0.013 − 0.009
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studies, where the MRI group had 3–8 times the cost of the
comparison group.3, 12, 27

The finding that early MRI was associated with great-
er use of opioids over the follow-up period appears to
be a unique contribution of this study—one that is
especially important given concerns over hazards
resulting from over-prescription of opioids for pain.
We found only one clinical trial that considered this
outcome, and it found no significant association between
early MRI and prescription opioid use.29 Other studies
did not consider this outcome.3, 12, 28, 31

Early MRI was provided to 2.46% of this cohort. This is a
lower rate than in other studies where the denominator was
MRI scans as opposed to primary care visits for low back pain.
It may also be lower than expected because VA providers are
salaried and not affected by financial incentives present in fee-
for-service settings. Self-referral drives some of the high use of
LS-MRI in patients sponsored by Medicare,32 although Fed-
eral statutes on self-referral may have reduced this practice. In
addition, it is possible that VA providers are less likely to

practice “defensive medicine,” as malpractice liability in the
VA system is the responsibility of the Federal government.
This study used electronic health records to assemble the

largest cohort used to estimate the downstream conse-
quences of early MRI. The size of this cohort (N =
405,965) was more than 10 times the size of other obser-
vational studies3, 12, 28 and more than 400 times the size of
clinical trials that addressed this issue.29, 31 While large
cohort studies have the advantage of gathering evidence
from generalized, real-world experience, they must address
the problem of selection bias: patients were not randomized
to receive an early scan. Older methods, including simple
covariate adjustment33 and inclusion of a propensity score
as covariate,28 have now been replaced by more advanced
methods of matching.3, 18, 19 This study used CEM while
also controlling for covariates, including prior year health
expenditures, prior year use of prescription opioids, history
of medical and psychiatric conditions, and use of back pain
services.

Table 3 Propensity and Covariate Adjusted Means and Marginal Effects of Study Outcomes in Veterans with Non-specific Low Back Pain

Outcome Adjusted mean p Absolute difference
[95% CI]

Relative risk/ratio of ad-
justed means* [95% CI]

With early
MRI (N =
9977)

Without early MRI
(N = 395,718)

Lumbar surgery (%) 1.48 0.12 < 0.001 1.36 [1.12–1.60] 12.7 [10.3–15.5]
Prescription opioid use (%) 35.1 28.6 < 0.001 6.8 [6.0–7.8] 1.23 [1.20–1.27]
Quantity of prescription opioid,
1000 mg of morphine equivalents
(mean)

1.90 1.81 0.03 0.13 [0.01–0.24] 1.06 [1.00–1.13]

Last recorded pain score (mean) 3.99 3.87 < 0.001 0.15 [0.09–0.22] 1.04 [1.02–1.06]
Costs 2016 $US (mean)
Acute costs, 0–42 days

after index visit
2391 1171 < 0.001 1219 [1125–1313] 1.71 [1.67–1.75]

Acute care costs, 43–365
days after index visit
Back pain care 2054 706 < 0.001 1347 [1198–1497] 2.07 [1.99–2.14]
Other than back pain care 6018 4863 < 0.001 1155 [903–1407] 1.21 [1.17–1.26]
Inpatient care 2371 1433 < 0.001 938 [649–1228] 1.50 [1.38–1.63]
Outpatient care 5861 4226 < 0.001 1635 [1477–1793] 1.33 [1.30–1.35]

Total acute care cost, 43–365 days
after index visit

8082 5560 < 0.001 2522 [2202–2841] 1.37 [1.33–1.41]

*Relative risks were calculated for binary outcomes and ratios of adjusted means for continuous variables

Table 2 Unadjusted Means of Outcomes and Cost in Veterans with Non-specific Low Back Pain, by Exposure to Early Lumber MRI

Outcome With early MRI (N = 9977) Without early MRI (N = 395,718) p

Lumbar surgery (%) 1.49 0.09 < 0.001
Prescription opioid use (%) 36.7 28.5 < 0.001
Quantity of prescription opioids, 1000 mg of morphine
equivalents (mean [standard deviation])

1.61 [5.96] 1.60 [6.03] 0.51

Last recorded pain score (mean [standard deviation]) 3.87 [3.12] 3.28 [3.18] < 0.001
Costs 2016 $US (mean [standard deviation])
Acute care costs, 0–42 days after index visit 2254 [5348] 1100 [3089] < 0.001
Acute care costs, 43–365 days after index visit

Care related to back pain 1825 [1825] 617 [4516] < 0.001
Care not related to back pain 5676 [12,382] 4496 [11,887] < 0.001
Inpatient care 1920 [11,211] 1204 [9451] < 0.001
Outpatient care 5581 [7600] 3909 [7741] < 0.001

Total acute care cost, 43–365 days after index visit 7501 [15,029] 5112 [13,357] < 0.001
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LIMITATIONS

In using matching to address selection bias, we rely on the
untestable assumption that observable characteristics ex-
plained the exposure of interest. As such, we cannot be certain
that downstream surgeries, costs, pain levels, and opioid use
directly resulted from early MRIs. Our measures of the poten-
tial benefit of earlyMRI were limited. Pain data were extracted
from electronic health records completed during routine clin-
ical care. Although just 5% of the cohort weremissing the pain
score at baseline, 23% of the cohort did not have a pain score
in the follow-up period. We assumed that missingness was not
associated with outcomes, but as pain is correlated with care
seeking, data are more likely to be missing in persons with less
pain. The pain reported was not necessarily specific to the
lumbar spine.

CONCLUSION

This study confirms that early LS-MRI is associated with
increased surgery and higher costs. It expands upon prior
studies by finding that early MRI is associated with worse
pain and greater use of prescription opioids. AnMRI provided
early in episodes of uncomplicated non-specific low back pain
not only is, therefore, an unnecessary expense, but also is
associated with greater expenditures for other services, worse
outcomes, and the potential harms of prescription opioids:
their side effects, risk of abuse, and potential for overdose.
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