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Prospective Comparison of Changes in Lumbar Spine MRI
Findings over Time between Individuals with Acute Low Back
Pain and Controls: An Exploratory Study

J. Hush, “'C.G. Maher, "“'M. Crites-Battie, ).G. Jarvik, ““T.S. Jensen, and "M . Hancock

). Panagopoulos, ““/).S. Magnussen,

ABSTRACT

BACKGROUND AND PURPOSE: The clinical importance of lumbar MR imaging findings is unclear. This study was an exploratory investi-
gation of whether lumbar spine MR imaging findings change more commonly during a 12-week period in individuals with acute low back
pain compared with pain-free controls.

MATERIALS AND METHODS: Twenty individuals with recent-onset low back pain and 10 pain-free controls were recruited into an
exploratory prospective cohort study. All participants had a lumbar spine MR imaging at baseline and repeat MR imaging scans at1, 2, 6, and
12 weeks. The proportion of individuals who had MR imaging findings that changed during the 12-week period was compared with the same
proportion in the controls.

RESULTS: In 85% of subjects, we identified a change in at least 1 MR imaging finding during the 12 weeks; however, the proportion was
similar in the controls (80%). A change in disc herniation, annular fissure, and nerve root compromise was reported more than twice as
commonly in the subjects as in controls (65% versus 30%, 25% versus 10%, and 15% versus 0%, respectively). Caution is required in
interpreting these findings due to wide confidence intervals, including no statistical difference. For all other MR imaging findings, the
proportions of subjects and controls in whom MR imaging findings were reported to change during 12 weeks were similar.

CONCLUSIONS: Changes in MR imaging findings were observed in a similar proportion of the low back pain and control groups, except

for herniations, annular fissures, and nerve root compromise, which were twice as common in subjects with low back pain.

ABBREVIATIONS: HIZ = high-intensity zone; LBP = low back pain

ow back pain (LBP) is very common and the leading cause of
disability worldwide." Nevertheless, little progress has been
made in identifying highly effective treatments.”” Currently
>90% of LBP is classified as nonspecific back pain, indicating that
it is not possible to identify a specific cause of the pain for most
individuals.* A better understanding of the nociceptive contribu-
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tors to LBP may result in the development of more effective
treatments.

MR imaging has the potential to identify pathoanatomic con-
tributors to LBP, yet the importance of these MR imaging findings
remains unclear.”” It is possible that certain MR imaging findings
are part of the normal aging process, and various studies have
highlighted the presence of pathoanatomic lumbar spine find-
ings in the MR images of asymptomatic patients.>” Therefore,
it is unclear whether “abnormal” MR imaging findings reflect
nociceptive contributors to the experience of back pain or
whether they are normal structural variants unrelated to the
pain experience.

Most previous MR imaging studies were cross-sectional in de-
sign and, thus, provide limited evidence of the clinical importance
of MR imaging findings. A recent systematic review and meta-
analysis of these studies concluded that while many findings were
common in individuals without LBP, several findings were sub-
stantially more common in those with LBP.®

Relatively few longitudinal studies have investigated the clini-
cal importance of MR imaging findings.” There are even fewer
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studies that have performed repeat MR imaging investigations on
the same individuals across time, and those that have reported
them had mostly long follow-up periods between scans. Long
follow-ups provide little evidence about the clinical importance of
MR imaging changes with time. Therefore, there is a need to in-
vestigate whether MR imaging findings change during the short-
term in individuals with a recent-onset episode of LBP. Change
could be either an improvement or worsening of an MR imaging
finding with time. Comparison with pain-free participants is re-
quired to distinguish whether any changes in MR imaging find-
ings are clinically relevant.

Therefore, the aims of this exploratory study were to deter-
mine the following:

1) Whether lumbar spine MR imaging findings change more
commonly during a 12-week period in individuals with acute
nonspecific LBP compared with a pain-free control group.

2) Which MR imaging findings change most commonly dur-
ing the 12-week period in individuals with acute nonspecific LBP.

MATERIALS AND METHODS

This exploratory study followed an inception cohort of 20 indi-
viduals with recent-onset LBP and compared them with a cohort
of 10 pain-free controls. Subjects were assessed by a physiothera-
pist and then underwent an MR imaging scan on the same day.
Repeat MR imaging scans at 1-, 2-, 6-, and 12-week follow-ups
were obtained for all participants. Ethics approval for this study
was obtained from Macquarie University Human Research Ethics
Committee (reference No. 5201300630).

Participants

Subject Participants. Potential participants were identified by
physiotherapists or chiropractors working in primary care. A re-
searcher contacted interested potential participants as soon as
possible after their referral to screen them for eligibility. Those
who met the inclusion criteria were scheduled for a baseline MR
imaging scan as soon as possible.

Inclusion Criteria. Individuals were eligible for the study if they
met all of the following criteria: presented to a primary care prac-
titioner with recent-onset LBP of <2 weeks’ duration, with or
without associated leg pain; available to enroll in the study and
undergo initial MR imaging within 3 weeks from the onset of the
pain episode; average pain intensity of =4 on an 11-point Numer-
ical Pain Rating Scale 24 hours before the initial MR imaging;
sudden-onset episode of LBP (pain intensity increased by =4
points on the Numerical Pain Rating Scale during <24 hours);
and age younger than 55 years.

Exclusion Criteria. Patients were excluded if they had a clinical
presentation suggesting the presence of the following conditions:
radiculopathy (myotomal weakness/loss of reflexes/paraesthesia),
canal stenosis (bilateral leg pain or symptoms, worsened with
extension and improved with flexion), fracture, cancer, in-
flammatory joint diseases, infection, or cauda equina syn-
drome; contraindication to MR imaging; previous spinal
surgery; or lumbar symptoms that could not be reproduced
during physical examination.

Control Participants. Control participants were a convenience
sample recruited from students and staff in the university depart-
ment where the study was performed. To be eligible, they needed
to have had no LBP during the past 12 months. Because we had 20
subjects and 10 controls, we recruited the controls to achieve
matching with subjects in terms of average age, sex, and history of
previous episodes of LBP.

MR Imaging Evaluation

All participants were imaged on a high-field-strength system (3T
Verio; Siemens, Erlangen, Germany). The study used the spine
coil in combination with an anterior phased array coil. A stan-
dardized protocol was used for all participants, which com-
menced with a sagittal short tau inversion recovery sequence (TR,
3000 ms; TE, 35 ms; T1, 215 ms) and a sagittal T2 FSE sequence (TR,
4500 ms; TE, 101 ms). Both sagittal sequences used a 320-mm FOV
with a 4-mm section thickness and a 1-mm intersection gap.

After the sagittal scans, the study was reviewed by an experi-
enced radiologist who made a clinical judgment of the spinal level
that appeared most involved. The protocol then included ultra-
high-resolution focused axial T2 imaging (2-mm sections with an
intersection gap of 0.2 mm through the ROI; TR, 3000 ms; TE, 87
ms; in-plane resolution, 0.54 X 0.43 mm).

An axial-volume steady-state sequence was undertaken with
the ROI in the midsection of the axial acquisition. This was de-
signed to cover 1 disc above and below the level of interest, with
the sequence angled to the disc of interest. The parameters were
section thickness, 1 mm with no gap; FOV, 100 mm; TR, 5.58 ms;
and TE, 2.41 ms. A sagittal high-resolution acquisition was also
acquired, centered on the ROIL The parameters were section
thickness, 2 mm; intersection gap, 0.5 mm; FOV, 100 mm; TR,
5800 ms; and TE, 88 ms.

All participants received their baseline MR imaging findings in
the form of reported scans at the week 1 follow-up MR imaging
appointment. To reduce the likelihood of reported MR imaging
findings causing concern in participants,'® we included, with the
report, a letter stating: “Your MR imaging has been reviewed by a
specialist radiologist and there is no evidence of any serious cause
of your pain such as a fracture or cancer. We have included a full
report; however, it is very important that you realize these find-
ings discussed are common in people with and without back pain
and it is best to consider them normal age-related findings.”

Repeat Images

Repeat images were obtained with the same MR imaging scan-
ner sequences for both the standard MR imaging and the fo-
cused MR imaging at follow-up time points: 1 week, 2 weeks, 6
weeks, and 12 weeks from the baseline scan for all participants.
Participants did not receive the images or reports of follow-up
MR imaging scans.

Reporting of Scans

MRIs were evaluated by an experienced radiologist (J.S.M.). All
images were de-identified during coding so that the radiologist
was blinded to whether a person was a subject or control. The
radiologist first reported on the presence of all MR imaging find-
ings of interest (high-intensity zone [HIZ],"" Modic change, disc
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Table 1: MRI findings and the method of assessment at each spinal level

MRI Finding

Method of Scoring at Each Spinal Level

Disc degeneration
Signal intensity loss
Disc height loss
Modic changes
Annular fissure

Scale of Pfirrmann et al; 1-5"

Hypointense, intermediate, hyperintense™

Absent, mild, moderate, severe™

According to Fardon et al"* combined task force; present or absent
According to Fardon et al"* combined task force; present or absent

HIZ

Disc herniation

Canal stenosis

Spondylolisthesis or retrolisthesis
Edema (posterior elements)
Nerve root compression

Facet joint arthropathy

Present or absent™
Present or absent

According to April and Bogduk™ and Fardon et al"* combined task force; present or absent
According to Fardon et a
None, mild, moderate, severe”

[* combined task force; normal, protrusion, extrusion, sequestration

No contact, contact, contact and deviation, compression15
None, mild, moderate, severe'

Table 2: Baseline characteristics and MRI findings of participants

worsening of a pathoanatomic finding

LBP Participants

Control Participants ~ on MR imaging. We also assessed def-

Variable (n =20) (n=10) inite changes and probable changes
Female sex (No.) (%) 9 (45%) 5(50%) separately. For each individual MR
i (mefm) (SD).(yr) 374(94) 39.8(94) imaging finding (eg, HIZ), we deter-
=2 previous episodes (%) 55% 50% ined wheth h individual had
Pain intensity (mean) (SD) (NPRS) 5.95 (1.47) 0 mined w .et er cac ) %n tvidual ha
Duration of current episode (median) (IQR) (day) 6.5(3.3-9.5) 0 the following: 1) definite or probable
Disc degeneration =3 (No.) (%) 16 (80%) 6(60%) change, 2) definite change, or 3) prob-
Sisnal intensity loss (No.) (%) 12 (60%) 4(40%) able change at any time point.
blise he|ght loss (No) (%) 2(10%) 2(20%) Each definite or probable MR imag-
Modic changes (No.) (%) 6(30%) 2(20%) . .
Annular fissure (NoJ (%) 3(15%) 1(10%) ing change that occurred with time was
HIZ (No.) (%) 10 (50%) 6(60%) also reported as either an improvement
Disc herniation total (No.) (%) 20 (100%) 9 (90%) or a worsening compared with baseline
Canal stenosis (NO-) (%) . ' 2(10%) 0(0%) MR imaging. If an MR imaging finding
Spond.yl.ol|sthe5|s or retrolisthesis (No.) (%) 6(30%) 4 (40%) both improved and worsened at differ-
Facet joint arthropathy (No.) (%) 11(55%) 4 (40%) foll . ) d
Bone edema (posterior elements) (No.) (%) 0(0%) 1(10%) er?t N OVY_UP time points (compare
Nerve root compression (No.) (%) 10 (50%) 2(20%) with baseline), we reported the change at

Note:—IQR indicates interquartile range; NPRD, Numerical Pain Rating Scale. or closest to the 12-week time point.
degeneration, disc height, disc signal intensity, annular fissure,  Analysis

disc herniation [protrusions and extrusions], central canal steno-
sis, spondylolisthesis or retrolisthesis, facet joint pathology, and
nerve root compromise'>'?) at baseline, following standardized
protocols. A description of the MR imaging findings and the
methods by which they were scored can be found in Table 1. We
reported HIZs when there was an area of high intensity in the
outer annulus with no clear connection to the signal of the nu-
cleus pulposus.'" Each follow-up MR imaging was then compared
with the baseline scan to identify whether any change had oc-
curred. All findings were documented on a standardized report-
ing form, and the radiologist was asked to report whether the
change in MR imaging from baseline to follow-up was definite or
probable.

To determine the intrarater reliability of the change scores
assessed, the same radiologist reported on all images a second
time >2 months after the original reporting. He remained
blinded to whether the participant was a subject or control, and to
the original reports.

Outcome

We assessed whether each individual had an MR imaging find-
ing (any type) that the radiologist considered a definite or
probable change at any time point from baseline. A change
could be an appearance, disappearance, improvement, or a
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Logistic regression models were used to compare the proportion
of subjects who had any MR imaging finding that definitely or
probably changed to the same proportion in the controls. Similar
models were used to compare the proportions of subjects and
controls with definite or probable changes of specific MR imaging
findings (eg, HIZ). Because this was an exploratory study, we
emphasized the magnitude of differences between subjects and
controls rather than the statistical significance when presenting
and interpreting the results.

The intrarater reliability for MR imaging findings was investi-
gated with the « statistic. All analyses were conducted with SPSS,
Version 22.0 (IBM, Armonk, New York).

RESULTS

Between March 2014 and May 2015, twenty subject participants
and 10 control participants were enrolled into the study. Baseline
characteristics of the participants, including baseline MR imaging
findings, are shown in Table 2. The groups were well-matched for
sex, age, and history of =2 previous episodes. All 20 subjects had
pain in the lumbar region, and 3 had pain extending below the
knee. The median duration of pain in the subjects was 6.5 days.
Seventeen of the 20 subjects (85%) reported >50% reduction in
pain at the 12-week follow-up (or last follow-up conducted), and
3 of the 20 subjects (15%) reported minimal or no change in their
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FIG 1. Bar chart showing proportions of subjects and controls for whom a definite or probable change occurred in MR imaging findings with
time. DD indicates disc degeneration; SI, signal intensity; DH, disc herniation; MC, Modic changes; Spondy/Retro, spondylolisthesis or

retrolisthesis.

FIG 2. Images of an annular fissure from 1 participant with LBP show-
ing an example of definite change.

Visual Analog Scale (=1-point change). All control participants
remained pain-free. The reliability was moderate for identifying
change in the HIZ (k = 0.60), annular fissures (k = 0.51), Modic
changes (k = 0.53), and disc herniations (k = 0.67). For all other
findings, there were no findings reported on at least 1 reading, so
Kk values could not be calculated.

Of the 20 subjects, 17 (85%) completed all 5 MR imaging scans.
One participant withdrew after his 2-week scan. Two further subjects
and 2 control participants missed 1 scan each. Thus, a total of 144 of
a possible 150 (96%) MR imaging scans were performed.

The On-line Table and Fig 1 present the data on definite, prob-
able, and definite or probable change for subjects and controls for
each MR imaging finding and any MR imaging finding during the
12-week period. Change was most commonly reported for the
MR imaging findings of disc herniations, HIZ, and annular fis-
sures. Examples of definite change in serial MR images are shown
in Figs 2 and 3. An example of probable change is shown in Fig 4.
For the outcome of definite or probable change in any MR imag-

FIG 3. Images of disc herniation from 1 participant with LBP showing
evidence of definite change.

FIG 4. Images of a high-intensity zone from 1 participant with LBP
showing evidence of probable change.

ing finding during the 12 weeks, similar proportions were found
for subjects (85%) and controls (80%) (odds ratio, 1.4; 95% CI,
0.2-10.2). When we investigated specific MR imaging findings, a
change in disc herniation, annular fissure, or nerve root compro-
mise was reported more than twice as commonly in subjects as in
controls (65% versus 30%; OR, 4.3; 95% CI, 0.8-22.2; and 25%
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Table 3: Proportion of participants in whom MRI findings worsened or improved during a 12-week period®

Controls Subjects with LBP
Worsened or Worsened or
MRI Findings/Subjective Change Worsened Improved Improved Worsened Improved Improved
Disc degeneration 1/10 0/10 1/10 2/20 0/20 2/20
=10% =0% =10% =10% =0% =10%
Disc signal intensity /10 0/10 /10 2/20 0/20 2/20
=10% =0% =10% =10% =0% =10%
Disc height 1/10 0/10 1/10 0/20 0/20 0/20
=10% =0% =10% =0% =0% = 0%
HIZ 0/10 4/10 4/10 5/20 3/20 8/20
=0% =40% =40% =25% =15% =40%
Annular fissure 0/10 1/10 1/10 2/20 3/20 5/20
=0% =10% =10% =10% =15% = 25%
Modic changes 1/10 1/10 2/10 1/20 2/20 3/20
=10% =10% =20% =5% =10% =15%
Disc herniation 0/10 3/10 3/10 7/20 6/20 13/20
=0% =30% =30% =35% =30% = 65%
Facet joint arthropathy 0/10 0/10 0/10 0/20 0/20 0/20
=0% =0% =0% =0% =0% =0%
Central canal stenosis 0/10 0/10 0/10 0/20 0/20 0/20
= 0% =0% = 0% =0% =0% = 0%
Spondylolisthesis or retrolisthesis 0/10 0/10 0/10 0/20 0/20 0/20
=0% =0% =0% =0% =0% =0%
Edema 0/10 1/10 1/10 0/20 0/20 0/20
=0% =10% =10% =0% =0% =0%
Nerve root compromise 0/10 0/10 0/10 2/20 1/20 3/20
= 0% =0% = 0% =20% =10% =15%

?If a particular MRI finding both improved and worsened at different follow-up time points (compared with baseline), we reported the change at or closest to the 12-week time

point.

versus 10%; OR, 3.0; 95% CI, 0.3-29.9, respectively); however,
confidence intervals were very wide, so they must be treated with
caution. A change in nerve root compromise was reported in 15%
of subjects and no controls. For all other MR imaging findings, the
proportions of subjects and controls in whom MR imaging find-
ings were reported to change during 12 weeks were relatively sim-
ilar. When findings were evaluated separately for definite and
probable changes, the results were similar (On-line Table). No
MR imaging changes (definite or probable) were reported in ei-
ther subjects or controls for facet joint arthropathy, canal stenosis,
and spondylolisthesis or retrolisthesis.

Table 3 presents the number of MR imaging findings that ei-
ther improved or worsened during the 12-week follow-up. For the
MR imaging findings, such as herniations, annular fissures, HIZs,
Modic changes, and nerve root compromise, in which change
with time was common, we noted both worsening and improve-
ment during the follow-up period.

DISCUSSION

Principal Findings

Changes in most MR imaging findings were observed in a similar
proportion of the LBP and control groups, except for herniations,
annular fissures, and nerve root compromise, which were more
than twice as frequent in the LBP subjects. Caution is required in
interpreting these novel findings due to the wide confidence
intervals and nonstatistically significant differences. No MR
imaging changes were reported in either subjects or controls
for facet joint arthropathy, canal stenosis, and spondylolisthe-
sis or retrolisthesis.
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Study Strengths and Weaknesses

One important strength of this study is the prospective design,
in which MR imaging changes were tracked longitudinally for
5 serial images, for both those with an acute episode of LBP and
a control group. We are not aware of any previous study like
this. Furthermore, the control group was well-matched for age,
sex, and previous episodes of LBP. Additional strengths in-
clude use of the same MR imaging scanner for all imaging and
very high rates of follow-up (96% of all possible follow-up
occasions).

The use of a subjective evaluation of changes in MR imaging
findings could be considered a weakness of the study, despite
being made by a highly experienced radiologist with a strict
protocol and standardized reporting form. MR imaging re-
porting was only conducted by 1 radiologist, which is a limita-
tion of the study. The sample size was small because this was an
exploratory study, which has likely resulted in our findings
being underpowered. The subjects with LBP were selected and
were not a consecutive series presenting to care. We aimed to
recruit a relatively young sample, with recent sudden-onset
pain because we thought that this population provided the best
opportunity to identify changes in MR imaging findings dur-
ing a relatively short time if they occurred. Our findings are
unlikely to generalize to a more heterogeneous population of
individuals with LBP. Our study also used focused imaging
performed on 5 occasions during 12 weeks. This type and fre-
quency of imaging are not representative of, or proposed for,
clinical practice. Instead, the study aimed to provide a novel
understanding of pathology identifiable on MR imaging.



Compatrison with Other Studies

We are not aware of any study that has compared change in MR
imaging findings in subjects with LBP and controls without LBP.
Only 1 other study, by Modic et al,' has used repeat MR imaging
in patients with LBP during the short-term (6 weeks). In the
Modic study, it was reported that disc herniations reduced or
disappeared in 15% of subjects during the 6-week observation
period.'® In comparison, we report a definite or probable change
in disc herniation in 65% (13/20) of subjects during 12 weeks. In
our study, 46% of the definite or probable changes (6/13) re-
ported were the result of herniations reducing or disappearing,
while in 54% (7/13) of subjects, the herniation appeared or wors-
ened. Modic et al reported that nerve root compromise reduced
or disappeared in 17% of patients with LBP. In our study, we
found that 15% (3/20) of subjects had a definite or probable
change in nerve root compromise. However, in 1 subject, this was
a result of the nerve root compromise reducing or disappearing,
while in the other 2 subjects, the nerve root compromise
worsened.

Interpretation and Implications

An interesting and somewhat unexpected finding of our study was
that some MR imaging findings changed in a relatively high pro-
portion of our controls, as well as our cases. This was particularly
the case for disc-based MR imaging findings such as disc hernia-
tion. One possible reason for the changes in MR imaging findings
in pain-free controls is that they were “true” changes across time
occurring despite the controls having no current LBP. Another
possibility is that the changes over time in both groups were arti-
facts of the repeat imaging sectioning being at slightly different
points on follow-up scans, so the images looked different, but the
appearance was not due to any real change over time. Future
studies may choose to compare subjects with acute LBP to a con-
trol group with no history of previous LBP to provide a clearer
contrast.

Most patients reported substantial clinical improvement in
pain during the 12 weeks; however, some MR imaging findings
that changed were reported as worsening. This discrepancy ques-
tions the clinical importance of the MR imaging findings of wors-
ening or improving, as reported. This study did not aim to inves-
tigate the direct relationship between changes in MR imaging
findings over time and change in clinical symptoms; very large
studies are required to examine this relationship adequately. Al-
though speculative, it is possible that what was reported as a wors-
ening may, in fact, be a marker of the healing process, like bone
fractures that can become more evident on x-ray during the first
few weeks after a fracture despite healing occurring and pain re-
ducing. This is an important area for future research.

In the past 2 decades, there has been growing understanding
that LBP is a complex perceptual experience influenced by envi-
ronmental and psychological factors, in addition to nociceptive
signal generation from peripheral lumbar structures.'”'® It is
possible that the influence of such factors may, at least in part,
explain the study finding that changes in some MR imaging find-
ings over time were observed in a similar proportion of subjects
with LBP and controls.

The focused imaging protocol used in this study is novel and

may provide insight into important MR imaging changes with
time. However, it may also be overly sensitive and identify unim-
portant changes. Future investigation into the optimal methods
of imaging to identify important changes in MR imaging findings
is required.
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