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Failed back surgery syndrome (FBSS) is a highly prevalent condition in patients after
spine surgery. Although magnetic resonance imaging (MRI) is the gold standard for the
diagnosis of epidural fibrosis, it is sometimes difficult to determine if epidural fibrosis
contributes to radiculopathy. Herein, we share our experience in locating radiculopathy
lesions using simultaneous positron emission tomography (PET)/MRI. 2-[18F]-FDG
(18F-fluorodeoxyglucose) simultaneous PET/MRI maps of body glucose metabolism
detected using PET can be used to correlate anatomical details provided by MRI to
offer a very clear picture of neural inflammation due to extensive epidural fibrosis.
More applications of 2-[18F]-FDG simultaneous PET/MRI in low back pain and other
musculoskeletal diseases should be further investigated in the future.

Keywords: epidural fibrosis, magnetic resonance imaging, failed back surgery syndrome, positron emission
tomography, case report

INTRODUCTION

Failed back surgery syndrome (FBSS) is defined as persistent back or leg pain after one or more
lumbar disk surgeries (1). Treatment for FBSS is often ineffective because of the difficulty in
identifying the etiology (2). Magnetic resonance imaging (MRI) is the gold standard for evaluating
spine lesions; contrast-enhanced MRI can differentiate between epidural fibrosis, spinal stenosis,
and disk herniation (3). Although substantial intra-observer and near-perfect inter-observer
agreement have been achieved for the evaluation of epidural fibrosis using MR images (4), we
are still unable to determine whether epidural fibrosis causes radiculopathy (5). Positron emission
tomography (PET)/computed tomography(CT) has been previously used to detect peripheral
nerve pathologies, including neurolymphomatosis and neuritis (6–8). However, to our knowledge,
the PET-MR findings of radiculitis after laminectomy have not been reported. Studies using PET
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to assess metabolic activity showed increased binding in the
spinal cord and compressed nerve roots in patients with radicular
pain (9). We present a patient with FBSS who presented with
refractory back pain radiating to the right leg and for whom root
entrapment by epidural fibrosis was observed using PET/MRI.

CASE REPORT

The patient was a 66-year-old woman with chronic lower back
pain. She denied any history of having systemic diseases, such

as diabetes mellitus. She failed from conservative treatment
including anti-inflammatories, muscle relaxants, analgesics and
physical therapies. After a series of conservative treatments,
she underwent, laminectomy of L5-S1 and posterior lumbar
interbody fusion of L4–S1 was performed 20 months ago.
Persistent back pain with downward radiation at the right foot
(predominantly tightness and numbness) was noted after the
operation; it correlated to the L5 or S1 dermatome. MRI revealed
extensive scars over the sides of L4 to S1, bilaterally. However,
the decision for surgical intervention was difficult to make
because the patient only had symptoms on the right side. She

FIGURE 1 | (A–C) Maximum intensity projection, MRI and PET-MR fusion images at the level of L3-L4, separately. (D–F) Maximum intensity projection, MRI and
PET-MR fusion images at the level of L5-S1, separately. Fat-suppression T1-weighted sequences in the axial plane without contrast showing increased and
homogeneous intensity within the epidural space [arrowheads in panels (B,E)], indicative of extensive scar formation. The fusion images [arrowheads in panels (C,F)]
reveal mild FDG uptake in the epidural scar with SUVmax of 2.0. The epidural fibrosis encircles the right L4 root [arrow in panel (C)] and right S1 root [arrow in panel
(F)]. The FDG uptake of the right L4 root is similar to that of the adjacent epidural scar, while the right S1 root shows intense FDG uptake with SUVmax of 4.2.

FIGURE 2 | CT-guided transforaminal injection at the level of L5-S1. Axial CT for the extent of contrast spread. (A) Visualization of the needle in the epidural space
(arrowheads) and the dye (thick arrow) blocked by the scar. (B) Contrast filling around the right S1 root (thick arrow) at the ventral epidural space.
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underwent right pedicle screw removal and decompression but
did not have any improvement after surgery. She was also treated
with radiofrequency ablation and nerve block, but the effect
was only transient and it lasted less than one day. The lower
back pain and right leg claudication worsened after 3 months,
with a visual analog scale (VAS) score of 9. The patient visited
our outpatient department due to persistent symptoms. 2-[18F]-
FDG PET-MRI scans were arranged and performed on a 3T
PET/MRI scanner (Signa PET/MRI, GE Healthcare, Waukesha,
WI, United States), which combines 3T MRI with time-of-flight
capable silicone photomultiplier-based PET. The result revealed
a faint FDG uptake (standard uptake value [SUV] = 1–2) over
the right lateral epidural scar at the level of L5/S1; the scar was
located along the course of the right S1 root, which revealed a
nodular FDG uptake (maximal SUV = 4.2). Multiple epidural
scars were seen over the sides of L4 to S1, bilaterally; however,
no abnormal FDG uptake other than at the right S1 root was
observed. The tentative diagnosis was entrapment neuropathy
secondary to epidural fibrosis (Figure 1). We arranged CT-
guided transforaminal injection of a lidocaine and contrast dye
mixed injectate for the pre-operative diagnosis of right s1 root
entrapment by an epidural scar (Figure 2). There was a good
response to lidocaine injection for 2–3 hours, however, the
symptoms recurred the following day. The diagnosis of epidural
fibrosis with right S1 root entrapment was confirmed.

DISCUSSION

Failed back surgery syndrome has become a common problem
in recent years, given the increasing rate of spine operations
to treat back pain due to the aging population. It was found
in a systematic review that the number of patients reporting
recurrent back or leg pain after discectomy ranged from 5 to 36%
(10). The post operative pain at the beginning can be caused by
the degenerative changes, hematoma formation in the epidural
or subdural space, infection, nerve injury. The progression of
these etiologies can lead to formation of the epidural fibrosis,
which worsened the symptoms due to traction of the fibrotic
tissue on adjacent nerve roots. Epidural fibrosis is reported as
a contributing factor to postoperative pain in 20–36% of FBSS
cases (11). Although patients with extensive epidural fibrosis
were shown to be 3.2 times more likely to experience recurrent
radicular pain than those with less extensive epidural fibrosis in
a previous study (4). we are still unable to determine whether
radiculopathy is caused by epidural fibrosis (5).

Positron emission tomography is a sensitive tool for
identifying hypermetabolic activity in cells, with broad utility
in cancer surveys (12). PET has unique capabilities to
provide quantitative information about the molecular and
metabolic activity of tissues, but a higher resolution of
anatomic information is needed to localize lesions (13). Hence,
simultaneous PET/MRI has been more valuable because of the
integration of metabolic activity and the detailed anatomy of
the spinal root (9). Simultaneous PET/MRI provides better
information about soft-tissue, spinal cord, and spinal disk
abnormalities than PET/CT (14). The clinical applications of

PET/MRI in the musculoskeletal system have been recently
reported (13). A study reported the role of PET in identifying
inflammation in peripheral nerves in various neuropathies (8)
in which multiple epidural scars were seen over the sides of
L4 to S1, bilaterally. However, these findings did not correlate
with the patient’s clinical symptoms. The decision for surgical
intervention was difficult to make because of the difficulty in
identifying the primary site of the radiculopathy. PET/MRI in our
case revealed increased FDG uptake at the right S1 root, which
was correlated to the epidural scar found entrapping the right
S1 root on MRI. Epidural injections were administered using a
fluoroscopic-guided transforaminal approach at the level of the
involved nerve root to confirm the primary lesion, as described
in a previous study.

In our case, contrast enhanced MRI was not performed.
According to previous study (15), although contrast
enhancement in MRI improved the visualization of nerve
roots lying in scar tissue among 16% cases and better defined
the extent of epidural fibrosis. However, it rarely altered
final diagnosis. In our cases, the epidural fibrosis over was
clearly defined in L3-L4 and L5-S1 with non-contrast MRI.
But only PET/MRI revealed the distinct nerve root lesion.
Study performed by Passavanti et al. (16) also concluded that
Gadolinium enhanced MRI images compared with unenhanced
MRI increased diagnostic confidence and agreement only in
differentiating epidural fibrosis from disk herniation mainly in
the first 6 months After 18 months, Gadolinium enhanced MRI
did neither improve confidence nor agreement. In our case,
the patient received the spine surgery 20 months before the
PET/MRI scan. Therefore, whether performing a gadolinium
MRI should show no difference.

Our case is the first to identify neural inflammation due to
extensive epidural fibrosis after laminectomy. Using PET/MRI
maps, body glucose metabolism detected using PET to correlate
anatomical details provided by MRI can offer a very clear picture
of the neural inflammation caused by extensive epidural fibrosis
(9). In our experience, simultaneous PET/MRI can aid in the
diagnosis of radiculitis in a patient with FBSS, not only for
anatomic evaluation, but also for the metabolic assessment of the
spinal roots in extensive epidural fibrosis.
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