
Impact of an Advanced Imaging Utilization Review Program on 
Downstream Health Care Utilization and Costs for Low Back Pain

Janessa M. Graves, PhD, MPH*,†, Deborah Fulton-Kehoe, PhD, MPH‡, Jeffrey G. Jarvik, MD, 
MPH§,∥,¶,#, Gary M. Franklin, MD, MPH‡,∥,¶,**

*College of Nursing, Washington State University (WSU), Spokane

†Community Health Analytics Initiative (CHAI), WSU, Pullman

‡Department of Environmental and Occupational Health Sciences, School of Public Health

§Department of Radiology, School of Medicine

∥Department of Neurological Surgery, School of Medicine

¶Department of Health Services, School of Public Health

#Comparative Effectiveness, Cost and Outcomes Research, University of Washington, Seattle

**Washington State Department of Labor and Industries, Olympia, WA.

Abstract

Background: Early magnetic resonance imaging (MRI) for acute low back pain (LBP) has been 

associated with increased costs, greater health care utilization, and longer disability duration in 

workers’ compensation claimants.

Objectives: To assess the impact of a state policy implemented in June 2010 that required 

prospective utilization review (UR) for early MRI among workers’ compensation claimants with 

LBP.

Research Design: Interrupted time series.

Subjects: In total, 76,119 Washington State workers’ compensation claimants with LBP between 

2006 and 2014.

Measures: Proportion of workers receiving imaging per month (MRI, computed tomography, 

radiographs) and lumbosacral injections and surgery; mean total health care costs per worker; 

mean duration of disability per worker. Measures were aggregated monthly and attributed to injury 

month.

Results: After accounting for secular trends, decreases in early MRI [level change: −5.27 (95% 

confidence interval, −4.22 to −6.31); trend change: −0.06 (−0.01 to −0.12)], any MRI [−4.34 

(−3.01 to −5.67); −0.10 (−0.04 to −0.17)], and injection [trend change: −0.12 (−0.06 to −0.18)] 
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utilization were associated with the policy. Radiograph utilization increased in parallel [level 

change: 2.46 (1.24–3.67)]. In addition, the policy resulted in significant decreasing changes in 

mean costs per claim, mean disability duration, and proportion of workers who received disability 

benefits. The policy had no effect on computed tomography or surgery utilization.

Conclusions: The UR policy had discernable effects on health care utilization, costs, and 

disability. Integrating evidence-based guidelines with UR can improve quality of care and patient 

outcomes, while reducing use of low-value health services.
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low back pain; workers’ compensation; diagnostic imaging; early imaging; evidence-based 
guidelines; MRI; costs; utilization; time series; policy evaluation

Advancements in technology and radiologic research have resulted in a rapid increase in the 

use of advanced diagnostic imaging in the last decade.1,2 From 1996 to 2002, utilization of 

complex diagnostic testing, such as magnetic resonance imaging (MRI), among a national 

sample of workers’ compensation claimants rose 57%.3 The rise in medical technology 

innovations is cited as a primary driver of high and increasing health care costs in the 

United States.4,5 Further, overuse of advanced imaging has been linked to increases in 

downstream health care utilization.6,7 These trends have prompted health care groups 

and governmental agencies to implement utilization review (UR) programs that encourage 

use of clinical practice guidelines while controlling inappropriate imaging utilization and 

associated costs.2,8,9

Advanced imaging procedures, specifically MRI, are common diagnostic procedures in 

adults with nonspecific acute low back pain (LBP). Acute LBP is neither anatomically nor 

histologically characterized, so providing a definite diagnosis is challenging. Although MRI 

are useful in imaging neurological structures of the back and diagnosing early osteomyelitis, 

discitis, or hematomas,10 it has relatively low specificity and provides equivocal evidence of 

structural anomalies that could be attributable to acute LBP.11,12 Because most nonspecific 

LBP episodes spontaneously resolve within 6 weeks without treatment,13,14 the American 

College of Radiology (ACR) Appropriateness Criteria for LBP assert for uncomplicated, 

nonspecific LBP without indication of more severe disease/condition (red flags), “early 

MRI” (in the first 6 wk of symptoms) is not recommended.15,16

Over the last 15 years, a number of studies have identified extensive overuse of MRI of 

the lumbar spine for LBP.17 Given that LBP is among the most common occupational 

injuries, lumbar MRI has been identified as a frequently overused diagnostic imaging 

test by workers’ compensation systems.18,19 Among Washington State (WA) workers’ 

compensation claimants with LBP, over one third received an MRI after their injury, with 

∼20% receiving an early MRI within the first 6 weeks of injury.20 Early MRI may reveal 

relatively common neurological abnormalities that are unassociated with LBP, such as disk 

herniation, which is found in 52% of asymptomatic patients.21 The result is a cascade of 

care that may not address the true source of pain. Early MRI for LBP is associated with 

increased health care utilization and costs,22–26 without clear indicators of improved health 

care outcomes (compared with radiography or later MRI).27,28
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In 2009, the state of Washington enacted legislation that formed an advanced imaging 

management work group tasked with identifying and implementing strategies to improve 

adherence to clinical practice guidelines for advanced imaging.29 State agencies, such as the 

Department of Labor and Industries (L&I), were directed to implement strategies to control 

high-cost, high-use imaging studies, as recommended by the work group. On June 1, 2010, 

L&I implemented prior authorization based on ACR Appropriateness Criteria to control the 

rising use of advanced diagnostic imaging, including UR requiring prior authorization. For 

LBP claims, in the absence of red flags, MRI requests during the first 6 weeks after injury 

were denied. Before this time, providers treating workers with LBP were not required to 

follow specific guidelines or send referrals before ordering a lumbar MRI. The L&I UR 

program resulted in considerable cost savings (advanced imaging costs declined from an 

estimated $30 million in 2009 to $14 million in 2013).9

The purpose of this study was to evaluate the impact of an advanced imaging UR policy 

on health care utilization, costs, and disability outcomes among Washington workers with 

occupational LBP. We hypothesized a decrease in overall health care utilization and costs 

with no negative effect to worker disability.

METHODS

Data Sources and Study Population

We used administrative and medical claims data from the WA workers’ compensation 

program, which cover two thirds of all nonfederal Washington workers (the remainder 

are employed by large, self-insured companies, for whom complete data are unavailable). 

This population includes workers with occupational injuries that occurred and were treated 

within Washington. The study included adult claimants (18 y old and above) with accepted 

claims filed between June 1, 2006 and May 31, 2014 for back sprains or strains based on 

Occupational Injury and Illness Classification System (OIICS) version 1.01 body part codes 

231 (back-lumbar), 233 (back-sacral), and 238 (multiple back regions) and nature codes 

021 (sprains or strains of joints, ligaments, muscles, or tendons) and 011 (displacement or 

dislocation of bone or cartilage). Data were collected for all workers for up to 6 months (183 

d) after injury.

Worker and Injury Characteristics

Worker demographic characteristics that were extracted from administrative data included 

sex and age at the time of injury. Claim (injury) characteristics included body part injured, 

nature of injury, attorney involvement in the claim (yes, no), and total disability duration in 

the 6 months postinjury.

Outcome Measures

Medical billing data were used to identify procedure types, dates, providers, and allowed 

charges for all services associated with the work-related injury claim. A variable indicating 

the duration of time between injury and first MRI (among workers who received an MRI) 

was created. Outcomes for this study are separated into 3 major categories: medical costs, 

utilization, and disability outcomes at 6 months.
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Total health care costs included total per-worker allowed costs for medical services in the 

6 months postinjury. Costs were adjusted for inflation to 2014 US dollars using Consumer 

Price Index for Medical Care annual averages.30 The aggregate cost measure was calculated 

as the mean total cost per claim, attributed to the month of injury.

Utilization measures included the following procedures defined using Current Procedural 

Terminology, 4th edition codes: lumbar imaging [computed tomography (CT), MRI, or 

radiography], lumbosacral injections, and lumbar surgery (see Table, Supplemental Digital 

Content 1, http://links.lww.com/MLR/B562, which lists Current Procedural Terminology, 

4th edition codes for utilization measures). Because it is not possible to distinguish whether 

>1 code per day is attributed to a single or multiple procedures, we counted a maximum 

of 1 distinct procedure per day. The proportion of workers receiving early MRI, any 

MRI, surgeries, and injections was calculated for each month. Claims data were used 

to determine the number of days of disability (wage replacement) benefits to estimate 

cumulative disability duration (d) in the 6 months after injury and the percent of workers 

receiving disability benefits.

Statistical Analyses

To examine potential changes in the patient population or injury types which could influence 

temporal trends in health care costs or utilization, we examined differences in patient 

demographic and injury characteristics, were compared across in prepolicy and postpolicy 

time periods using independent t tests. Outcome measures were also examined bivariately 

across time periods using t tests.

We used interrupted time series models31,32 to evaluate changes in monthly aggregated 

outcome measures in the prepolicy period (June 2006–May 2010) compared with the 

postpolicy period (June 2010–May 2014). This approach is the preferred methodology 

for evaluating the impact of policy change on population-level outcomes, as it accounts 

for characteristics of autocorrelation and nonstationarity that exist in longitudinal data.33 

Interrupted time series analysis allows for evaluation of both changes in level (shift in 

intercept immediately after the policy change) and trend (change in slope or trend over 

time, before or after the policy change). Regression estimates are based on the model Yt 

=βo+β1Tt+β2Xt+β3XtTt+εt where βo represents the intercept (starting level of the outcome 

variable at the beginning of the series), β1 estimates the trend (trajectory) of the outcome 

until the policy change in June 2010, β2 represents the shift in the level of the outcome after 

the policy change, β3 represents the difference between prepolicy and postpolicy trends of 

the outcome, and β1+β3 estimates the trend of the outcome after the policy change (see Fig., 

Supplemental Digital Content 2, http://links.lww.com/MLR/B563, for a graphical depiction 

of coefficients).

Three groups of time series models were constructed to describe changes in outcomes over 

time: 6 health care utilization models (early MRI, any MRI, CT, radiography, surgery, and 

injections), 1 health care cost model, and 2 models describing disability duration and the 

percent of workers receiving disability over time. The models were conducted using the itsa 
command in Stata (with Newey-West SEs).31 The UR policy was fully implemented on June 

1, 2010 (no “phase-in” period), with 48 months duration in each prepolicy and postpolicy 
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time period. To adjust for temporal trends in worker characteristics, monthly aggregated 

measures for age (mean) and sex (proportion of male claimants) were included. In the health 

care utilization models, we adjusted for disability (proportion of claimants who received 

wage replacement compensation). Calendar month was fitted in the models as a possible 

confounder. We tested for autocorrelation in models using the Cumby-Huizinga general test 

for autocorrelation in models (using the Stata user-written program actest).34 It showed 

autocorrelation present at lag of 1 month (P < 0.001), which was incorporated in the models.

As a post hoc sensitivity analysis, we examined the possible influence of a separate UR 

policy for spinal injections implemented by the Washington Healthcare Authority in June 

2011,35 as it may influence the findings in level or trend change associated with the early 

MRI policy. The post hoc model for injection utilization was constructed as above, with an 

additional intervention point of June 2011.

All analyses were conducted using in Stata MP/14.2. The University of Washington and 

Washington State University Institutional Review Boards approved the study.

RESULTS

A total of 77,036 accepted claims for back sprains/strains were identified from June 1, 

2006 to May 31, 2014. Among these workers, 912 were excluded from the study for the 

following reasons: claims only occurred 6 months after injury (N=790), rejected claims 

(N=6), inconsistent injury dates (N=1), missing sex data (N=5), and hospitalization within 1 

week of injury (N=115). The final sample size equaled 76,119 workers. Workers injured in 

prepolicy years were slightly younger and more frequently male than postpolicy years (Table 

1). Injuries were frequently lumbar sprains/strains. T tests comparing aggregated data from 

prepolicy and postpolicy time periods showed significant differences in monthly mean age 

and proportions of male workers and sprains/strains (P < 0.01), as well as the proportion of 

lumbar injuries (P=0.013).

Health Care Utilization

MRI—Before the policy change, 11.5%–12.8% of workers received early MRI on average, 

compared with 6.9%–5.2% after the policy was implemented (Table 2). T tests comparing 

monthly proportions of workers who received early MRI before and after the policy change 

were statistically significant (P < 0.01). Overall, the mean proportion of workers who 

received any MRI (irrespective of timing) in the 6 months after injury decreased from 

21.2% before the policy change to 15.6% afterwards (P < 0.01). The mean duration between 

injury and first MRI (among workers who received an MRI) increased from 48.5 days (SD, 

42.0; median, 35; interquartile range, 17–68) before the policy to 64.1 days (SD, 44.3; 

median, 53; interquartile range, 30–90) after the policy (Supplemental Digital Content 3, 

http://links.lww.com/MLR/B564, depicts mean duration from injury to first MRI before and 

after the policy).

Regression models showed a significant decrease in utilization over time for early MRI and 

any MRI (Table 3). After policy implementation, the proportion of workers who received 

early MRI decreased significantly at a rate of 0.04% each month [95% confidence interval 
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(CI), −0.01 to −0.06], compared with the prepolicy trend (Table 3). The change in trend 

between time periods (β3) was significantly negative, as was the level change after the policy 

(β2: −5.27; 95% CI, −4.22 to −6.31) (Fig. 1A).

The trend in the proportion who received any MRI changed after the policy (Table 3), 

resulting in a significant deceasing trend of −0.07% (95% CI, −0.05 to −0.09). There was a 

significant level change in utilization for any MRI immediately following the policy change 

by −4.34% (β2, 95% CI, −3.01 to −5.67) (Table 3 and Fig. 1B).

Other Imaging Modalities

The proportion of CT imaging did not change across time intervals (Table 2). We observed 

no significant changes in trend of CT utilization (Table 3). The proportion workers who 

received radiographs increased over time (Table 2). A significant level change in the 

utilization of radiographs was observed after the policy, with an increase of 2.46% (95% 

CI, 1.24–3.67) (Table 3).

Surgery and Injections

Over 96 months, 1184 injured workers underwent at least 1 surgery after injury (1.6%), 

and the proportion of workers who received surgery was similar before and after the policy 

change (Table 2). Injections were utilized more frequently (6.0% overall); however, the 

mean proportion of workers who received injections decreased significantly over time (P < 

0.01, Table 2).

Time series models did not show material effects of the early MRI policy on surgery 

utilization (Table 3) beyond a small decreasing trend in the proportion of workers with 

surgery after the policy change (β1+β3). The change in trend in the monthly proportion 

of workers who received injections (β3) was significantly negative after the policy change 

(compared with the rate beforehand), by −0.12% workers per month (95% CI, −0.06 to 

−0.18), which influenced the significant decreasing trend in injection utilization after the 

policy (Table 3). This decrease is discernable graphically (Fig. 1D). Results from the post 

hoc sensitivity analysis that included an additional intervention timepoint corresponding to 

the June 2011 injection policy did not materially change our findings of injection utilization 

(results not shown).

Health Care Costs

Over the 8-year study period, the mean total reimbursed costs per worker was $2928 (SD, 

3754). Mean health care costs were slightly higher before the policy change compared with 

afterwards, although this difference was not statistically significant (Table 2). The changes 

in mean total claim costs over time reflected in time series analysis indicate a significant, 

increasing trend in costs over the period before the policy change and a significant negative 

trend in costs afterwards (Table 3), resulting in a negative change in trend (−6.91, 95% 

CI,−3.76 to −10.01) (Fig. 2A).
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Disability Duration

The mean duration of disability (per worker) was 17.1 days before the policy 

implementation, compared with 16.0 days afterward. The proportion of workers who 

received disability decreased significantly over time (Table 2). The policy was associated 

with a significant, negative change in level and trend for mean disability duration and the 

percent of workers receiving disability (Table 3 and Fig. 2B, C). The mean duration of 

worker disability decreased by 1.36 days immediately after the policy change, followed by a 

significant downward trend of −0.06 days per month (Table 3).

DISCUSSION

The rising use of advanced imaging has contributed to mounting health care costs in the 

United States.4,5 Although guidelines to address overuse of imaging have been developed, 

such as the ACR Appropriateness Criteria on LBP,15 guidelines and other voluntary efforts 

alone have not been shown to reduce provider use of inappropriate advanced imaging.36 

Approaches to ensuring appropriate care that integrate targeted clinical decision support 

and utilization “hard stops,” can effectively reduce unnecessary utilization beyond provider 

education alone.37 Our study examined a statewide policy that required prospective UR and 

adherence to clinical practice guidelines for use of MRI for workers’ compensation claims 

for nonspecific, acute LBP,9 which was associated with decreases in imaging and health 

care costs. The approach described in this study may be of value to state agencies, insurers, 

provider groups, and health care organizations. Importantly, the utility of this and similar 

approaches aligns with the mandate from the Centers for Medicare and Medicaid Services 

(to be implemented in January 2020) requiring use of clinical decision support tools with 

appropriate use criteria for advanced imaging (including MRI for LBP).38,39

These results are consistent with findings from a prospective cohort study of Washington 

workers’ compensation claimants, which showed that compared with workers who did not 

receive early MRI, those who did had significantly higher health care costs and an increased 

the likelihood of subsequent lumbar injections and surgery.22,23,28 It should be noted that the 

time period for this study occurred during the Great Recession, during which cost of living 

adjustments decreased substantially, as did allowed reimbursement amounts for health care 

services, such as MRI. These changes could contribute to the relatively modest impact on 

costs.

Advanced imaging utilization has declined nationwide since its peak in the mid-2000s 

to late-2000s.40 The trends observed in this study may reflect this decline; however, the 

significant level change in MRI utilization implies a strong association with the UR policy. 

Also, the trend in MRI utilization did not change prepolicy versus postpolicy, suggesting 

a limited effect of the policy on the pace of MRI utilization over time. This may be 

explained by the fact that the policy targeted unnecessary early MRI, not MRI overall. In the 

workers’ compensation population, early MRI has been commonly cited as an overutilized 

service.18,19 Restricting utilization of this service could result in an immediate decrease in 

MRI utilization (and sustained lower rates over time) with no change in the trend over time.
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Our findings showed a significant trend change in lumbosacral injection utilization 

associated with the UR policy change. One year after the early MRI policy implementation, 

in June 2011, the WA Health Technology Clinical Committee released a guideline limiting 

coverage for specific types of therapeutic spinal injections.35 The injection policy, while 

not concurrent with the early MRI policy, could have contributed to the significant negative 

trend change observed in the postintervention period in this study. However, sensitivity 

analyses did not indicate this among the worker population. Additional research is needed to 

examine the effect of the injection policy on a broader population of patients for whom this 

procedure may be specified.

The findings from this policy evaluation are consistent with these previous studies, 

illustrating a significant reduction disability duration and percent of workers receiving 

disability benefits after implementation of the policy (Fig. 2C). Although these changes 

in disability outcomes appear modest, it is worth noting that this study focused solely 

on a policy change to limit unnecessary use of imaging. The key to preventing workers’ 

transition to long-term disability is to avoid over-testing, which may lead to inappropriate 

interventions, and to implement stepped care management to address the psychosocial 

barriers to recovery. Proactive interventions involving provider and organizational support 

and incentives can significantly reduce disability days and costs among workers with back 

pain.41

Health systems and insurers employ UR programs in an effort to reduce unnecessary care 

while maintaining health outcomes. The Washington L&I has a history of using evidence-

based guidelines to inform UR of high-cost, low-value services.9,42 This study illustrates 

the integration of evidence-based guidelines and UR into a statewide policy as an informed 

approach to improving the quality of care of injured workers and preserving limited health 

care resources.

This study has limitations. First, interrupted time series analyses can control for secular 

trends in utilization; however, models may not contain unknown or unmeasured confounders 

temporally related to the policy change.32 Second, this study relied on administrative 

data that lack detailed information on injury severity and patient outcomes, which may 

contribute to utilization of services and health care costs. To avoid including severely injured 

workers in the study, we excluded workers hospitalized at the outset of their injury. We also 

adjusted for the monthly proportion of workers who received disability benefits (a marker 

for injury severity) in health care utilization models. Because data in regression models were 

aggregated at the month-level, including granular individual-level variables was not possible; 

however, we did control for mean age and proportions of male workers. Nonetheless, it is 

possible that residual confounding remained. Third, we were unable to examine whether 

the UR program resulted in changes in quality of care or self-reported health outcomes. 

However, disability duration is a key workers’ compensation outcome measure to examine 

whether workers experienced poorer recovery over time. Disability duration is frequently 

used as a proxy for recovery in workers’ compensation studies and is significantly associated 

with workers’ expectation of returning to work.43
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Despite these limitations, this study has several strengths. First, it is a population-based 

study with near universal data collection on all paid claims, eliminating the likelihood of 

dropout due to enrollment changes, as can be the case with claims data. Second, time series 

analysis is one of the strongest quasiexperimental designs to estimate intervention effects 

in a nonrandomized setting.44 This analysis structure allows for the controlling of trends in 

utilization before the policy change and addresses maturation and history biases.32 Pre-post 

designs, which are often used to evaluate health services programs, do not address these 

important threats to internal validity.45 Finally, this natural experiment of a statewide policy 

consisted of the universal implementation of the policy at a single timepoint, without a 

phase-in period. This allows us to better model and estimate the association between time, 

intervention point, and outcomes.

Implementation of a mandatory UR program through a state policy can impact the utilization 

not only of the target care (ie, MRI), but also associated downstream care. Future research 

could examine the impact of similar UR programs on overutilized services and health care 

resources, such as pain medication. In addition, given that our data showed a significant 

level change in lumbar radiographs after the policy change, it may be worthwhile to examine 

a possible substitution effect for early MRI, with consideration for risks associated with 

radiation dose.

This study shows a measurable impact of a statewide policy for advanced imaging 

management within a single-payer workers’ compensation system. Strategies focused 

beyond the clinical provider, such as patient-centered delivery innovations, may contribute 

an additional impact and reduction in unnecessary care and improved outcomes.46
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FIGURE 1. 
Utilization of early MRI (A), any MRI (B), lumbosacral surgery (C), and lumbar injections 

(D) among Washington State workers’ compensation claimants with acute low back sprains 

and strains from June 1, 2006 to May 31, 2014. MRI indicates magnetic resonance imaging.
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FIGURE 2. 
Total costs per workers’ compensation claim (A), mean disability duration (B), and percent 

of workers receiving disability (C) (wage replacement) benefits among Washington State 

workers’ compensation claimants with acute low back sprains and strains from June 1, 2006 

to May 31, 2014.
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 th
e 

po
lic

y 
(c

om
pa

ri
ng

 p
re

po
lic

y 
an

d 
po

st
po

lic
y 

tim
e 

pe
ri

od
s)

 

(β
3)

, a
nd

 th
e 

ch
an

ge
 in

 o
ut

co
m

e 
le

ve
ls

 a
ttr

ib
ut

ab
le

 to
 th

e 
po

lic
y 

(β
2)

. M
od

el
s 

in
cl

ud
e 

co
va

ri
at

es
 r

ep
re

se
nt

in
g 

m
on

th
ly

 a
gg

re
ga

te
 m

ea
su

re
s 

of
 c

la
im

an
t s

ex
 (

pr
op

or
tio

n 
m

al
e)

 a
nd

 a
ge

 (
m

ea
n)

. U
til

iz
at

io
n 

an
d 

co
st

 m
od

el
s 

al
so

 a
dj

us
t f

or
 th

e 
pr

op
or

tio
n 

of
 w

or
ke

rs
 w

ho
 r

ec
ei

ve
d 

w
ag

e 
re

pl
ac

em
en

t c
om

pe
ns

at
io

n.

C
I 

in
di

ca
te

s 
co

nf
id

en
ce

 in
te

rv
al

; C
T,

 c
om

pu
te

d 
to

m
og

ra
ph

y;
 M

R
I,

 m
ag

ne
tic

 r
es

on
an

ce
 im

ag
in

g.

Se
pa

ra
te

 m
od

el
s 

w
er

e 
es

tim
at

ed
 f

or
 e

ac
h 

ou
tc

om
e;

 s
ig

ni
fi

ca
nc

e 
is

 d
es

ig
na

te
d 

as
 f

ol
lo

w
s:

* P 
<

 0
.0

5.

**
P 

<
 0

.0
1.
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