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Twenty patients were enrolled in a prospective study to evaluate MR imaging in the 
differentiation of epidural scar and herniated disk material. Fourteen patients had 
surgical verification of imaging findings. In 12 (86%) of these patients, the MR interpre­
tations fully agreed with the observations at surgery. Careful integration of the findings 
on sagiHal and axial T1-weighted images with more T2-weighted axial images was 
important for analysis. Anterior and lateral recess scars were hypo- or isointense on T1-
weighted sequences and hyperintense on more T2-weighted sequences relative to the 
"parent" anulus intensity. Free fragments demonstrated a slightly hyperintense signal 
intensity on T1-weighted images relative to epidural fibrosis but had a similar hyperin­
tense signal intensity on T2-weighted sequences. Prolapsed or extruded disk fragments 
were hypo- or isointense relative to the parent anulus on all sequences. 

Morphology, epidural location, mass effect, and often signal intensity were the 
important parameters by which scar and herniated disk could be differentiated with MR. 

Epidural fibrosis and recurrent or residual disk herniation are among the common 
causes of the failed back surgery syndrome (FBSS) [1]. This syndrome is charac­
terized by intractable pain and various degrees of functional incapaCitation after 
removal of herniated lumbar intervertebral disk and/or bone. Its reported incidence 
ranges from 10 to 40% [1 , 2]. 

Reoperation on scar tissue generally leads to a poor surgical result, in contradis­
tinction to removal of herniated disk [3, 4]. The imaging goal , therefore, is to 
preoperatively distinguish scar from disk. When unenhanced CT is used in the 
preoperative assessment, scar can be separated from herniated nucleus pulposus 
(HNP) in approximately 43% of cases [5]. IV contrast-enhanced CT increases the 
rate of overall correct diagnosis from 74 to 87% [5-7]. Anecdotal reports by us 
and others suggest that MR may also have a role in the workup of FBSS [8, 9]. In 
particular, scar was shown to have an increased signal , and HNP decreased on 
images with longer echo times (TEs) and repetition times (TRs) [9]. To help further 
define the role of MR in distinguishing scar from HNP we undertook this prospective 
study on a group of FBSS patients with a high likelihood of reoperation. The 
surgical findings were compared with the MR interpretations to gain some measure 
of objective accuracy. IV CT, if available, was also entered into the analysis. 

Subjects and Methods 

Twenty patients (14 men and six women 18-72 years old; average age, 46.3 years) were 
admitted to the study from July 1985 to April 1986. The patients were referred for enrollment 
if clinical history and/or physical examination revealed the presence of the FBSS and there 
was a strong likelihood that further surgery would be required . Although not part of the entry 
criteria, most referring physicians requested a plain-film metrizamide myelogram and subse­
quent CT metrizamide myelogram as part of the diagnostic evaluation. 

Of the 20 patients enrolled , 14 had repeat surgery and a complete MR examination. In 
nine of the 14, IV CT was performed also. 



170 BUNDSCHUH ET AL. AJNR:9 , January/February 1988 

IV CT was performed on a Siemens DRH scanner operating at 
125 kVp with 4-mm slices and 2-mm overlaps. The plane of section 
was angled to the disk space in question with the aid of a lateral 
scout image (topogram). The precontrast scan, obtained at 620 mAs, 
was initiated at the caudal midvertebral body and carried through the 
postoperative disk space to the cephalad midbody level. With the 
patient motionless, a 100-ml bolus of Angiovist 292 was injected 
through a heparin lock attached to an 18- to 21-gauge needle that 
had been placed prior to scanning. The postcontrast scan was then 
begun, usually from midbody to midbody, while the remaining 200 ml 
of contrast material was injected slowly. In an effort to optimize 
contrast resolution on the post contrast scan and to prevent excessive 
tube heating, an 830 mAs technique was only used for the postcon­
trast set of images. Contrast differences were first optimized on the 
postcontrast scan (window ;0:::500, center ;0:::25) and then applied to 
precontrast images. Total examination time ranged from 45 to 60 
min. 

The MR examinations were performed on a 1.5-T superconductive 
unit· with a copper foil-wrapped, 12.7-cm-circular surface coil oper­
ating in a receive mode only. A 50-cm body coil served as the 
radiofrequency transmitter. A complete MR study consisted of four 
separate acquisitions. All sequences used a 256 x 256 acquisition 
and display matrix, 4-mm slice thickness, and 2-mm interslice gap. 
Sagittal sequences were both T1-weighted (TR = 500 msec, TE = 
17 msec) and T2-weighted (TR = 2000 msec, TE = 90 msec). Axial 
T1-weighted (TR = 500 msec, TE = 17 msec), spin-density-weighted, 
and T2-weighted (TR = 2000 msec, TE = 30 or 90 msec) acquisitions 
were obtained angled to the disk space in question. 

Preoperative IV CT and MR examinations were evaluated inde­
pendently. With IV CT, the presence or absence of aberrant soft 
tissue within the bony spinal canal or neural foramina at the operated 
level was determined. Once identified, its location within the epidural 
space, enhancement characteristics , and presence or absence of 
mass effect were noted. 

Plain CT and IV CT criteria for differentiating scar from disk have 
been discussed [5, 6, 10-14]. Briefly, scar has been said to enhance 
uniformly. It generally conforms to the available epidural space, is 
most prominent above or below the disk space, can retract the dural 
tube, and usually has a preenhancement density of 50-75 H. Recur­
rent HNP, on the other hand, has mass effect, occurs at the disk 
space, and is often directly contiguous with the anulus. Theoretically, 
it should not enhance. The density of disk material on the Siemens 
DRH scanner (field of view = 15 cm) is generally between 90 and 
120 H, with free disk fragments occasionally appearing somewhat 
less dense. 

Protruded or extruded disk herniations were prospectively pre­
dicted on MR if the abnormal soft-tissue mass was contiguous with 
the intervertebral disk (best seen on sagittal images), exhibited mass 
effect, was located in the anterior epidural space or lateral recess 
space, and was hypo- or isointense when compared with the parent 
anulus in all sequences. Free fragments, however, were found to be 
hyperintense on more T2-weighted images and also had mass effect. 

Epidural scar was prospectively predicted when aberrant soft 
tissue lacked mass effect, was not directly contiguous with the 
intervertebral disk, was hyperintense on T2-weighted images when 
compared with the parent anulus [9] , and was often associated with 
previous bone removal. Other items evaluated on the MR study 
where applicable were (1) appearance of the anterior internal vertebral 
veins and retrocorporeal anastomoses; (2) bone changes secondary 
to surgery, including lateral or posterolateral fusion; (3) artifacts; (4) 
facet subluxation; (5) lateral and/or central stenosis; and (6) abnormal 
paraspinal muscle intensity. 

• Siemens Magnetom. 

Before surgery, all imaging studies were reviewed with the surgeon 
and predictions were made by the radiologist as to the nature of the 
observed abnormal extradural soft tissue. The surgeon subsequently 
and methodically identified all aberrant soft tissue seen on the pre­
surgical imaging studies and noted its composition by location (for 
example, scar in the left epidural space, free disk fragment in the 
lateral recess). 

Results 

Table 1 summarizes the MR, surgical, and IV CT findings . 
At surgery one patient had a herniated disk only, nine had 

both scar and bulging or herniated disk, three had scar only, 
and one had both scar and bony foraminal stenosis. In 12 of 
the 14 patients all MR findings were confirmed at surgery. Of 
the MR scans that were inconsistent with surgical findings 
(cases 4 and 8), one revealed what appeared to be a small 
disk anterior to a large scar occupying the right anterior and 
lateral epidural space (Fig. 1). This predicted herniated disk 
was not documented at surgery. In the other case, MR 
predicted a small scar, and a much larger one was actually 
found (Fig . 2). 

The morphologic configuration of the protruded and ex­
truded disk (Fig . 3) material in this study was consistent on 
both the axial and sagittal images and demonstrated conti­
guity of the aberrant soft tissue with remaining disk. Signal 
intensities were consistent with those reported previously and 
were either isointense with the anulus of the disk of origin or 
hYPointense on all imaging sequences. 

Free fragments were seen at or near the disk space, were 
well circumscribed, and exerted mass effect. When related to 
the disk of origin, two were increased on T1-weighted images 
and two were isointense. All four were hyperintense on both 
spin-density- and T2-weighted images (Figs. 2 and 4). 

The anterior internal vertebral veins and retrocorporeal 
anastomoses were a potential cause of confusion and had a 
variety of axial MR appearances. Marked hypointensity was 
the most common finding on all imaging sequences (Fig . 5) , 
although hyperintensity was noted occasionally on T1-
weighted images and less often on the other sequences (Fig. 
6). 

The intenSity characteristics of epidural scar varied accord­
ing to location. All anterior scars were hypo- to isointense 
relative to the adjacent anulus on T1-weighted images, obli­
terating the high signal intensity of the normal epidural fat, 
and were hyperintense on spin-density- and T2-weighted 
sequences . In general, lateral scars exhibited similar charac­
teristics, but not as consistently . More posteriorly toward the 
laminectomy site, the signal intensity of the scar became even 
more variable. However, increased signal intensity was gen­
erally seen in the paras pinal musculature at the operative site 
with T2-weighted acquisitions in the sagittal plane. 

Of the nine patients in whom IV CT was performed, IV CT 
and surgical results agreed in eight. The surgical findings in 
this group included six herniated disks and surrounding scars, 
one epidural scar only, one scar and stenosis, and one anular 
bulge and scar (with the scar entrapping a nerve root). The 
one disagreement (IV CT in case 4) was rated as such 
because it was an indeterminate study (Fig. 2). A nonenhanc-
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TABLE 1: Correlation of MR and IV CT with Surgical Findings in Failed Back Surgery Syndrome 

Case 
Surgery MR Agreement T1 T2 SD IV CT Agreement No. 

L ant extruded disk L5-S1 Yes Hypo Hypo Hypo Yes 
R ant epidural scar Yes Iso Hyper Hyper Yes (enhancing) 

2 L lat recess free disk fragment Yes Iso Hyper Hyper Yes 
L4-L5 

L lat recess scar Yes Iso Hyper Hyper Yes (enhancing) 
3 L neuroforaminal prolapsed Yes Iso Iso Iso Yes 

disk L5-S1 
Ant midline & L lat scar Yes Iso Hyper Hyper Yes (enhancing) 

4 L lat recess free fragment L4- Yes Iso Hyper Hyper No (enhancing) 
L5 

Large L ant, L recess, & L lat No: small ant scar Hypo Hyper Hyper Yes (enhancing) 
scar No: small lat recess scar Hypo Hypo Hypo 

5 R, L ant, & R, L lat scar L4- Yes Iso Hyper Hyper Not performed 
L5 

6 Ant, L lat, & L lat recess scar Yes Iso Hyper Hyper Enhancing ant and lat recess 
& bony foraminal stenosis scar; nonenhancing lat scar 
L3-L4 (? streak or beam-hardening 

artifact) 
7 L lat recess free disk fragment Yes Hyper Hyper Hyper Not performed 

L5-S1 
8 Rant & lat scar L5-S 1 No: R ant disk Hypo Hyper Hyper Not performed 

Yes: ant & lat scar Iso Hyper Hyper 
9 R lat recess scar L4-L5 Yes Hyper Iso Hyper Not performed 

10 Rant & lat recess free frag- Yes Hyper Hyper Hyper Yes (enhancing) 
ment L5-S1 

Rant & R lat scar Yes Iso Hyper Hyper 
11 L lat recess extruded disk L4- Yes Iso Iso Iso Yes 

L5 
L ant scar Yes Iso Hyper Hyper Yes (enhancing) 

12 R ant extruded disk L5-S1 Yes Iso Iso Iso Yes 
R ant scar Yes Iso Hyper Hyper Yes (enhancing) 

13 Bulging disk L4-L5 Yes Iso Iso Iso 
R lat scar Yes Iso Hyper Hyper Yes (enhancing) 

14 L ant free fragment Yes Iso Hyper Hyper Not performed 
L ant, L lat recess , & L lat Ant & lat recess scar Iso Hyper Hyper 

scar 

Note.-In prolapse, the herniated nucleus pulposus (HNP) is confined by outer anulus; in extrusion, HNP extends beyond anulus; with free (sequestered) 
fragment, HNP is no longer in contact with parent nucleus. T1 = T1-weighted sequence; T2 = T2-weighted sequence; SD = spin-density-weighted sequence; L = 

left; R = right; ant = anterior; lat = lateral; hypo = hypointense relative to anulus of "parent" intervertebral disk; hyper = hyperintense; iso = isointense. 

ing hypodense left L5 lateral recess mass was thought to 
represent either a swollen L5 nerve root or a small free disk 
fragment. At a slightly more caudal portion of the lateral 
recess and the left anterior epidural space, there was a 
heterogeneously enhancing mass consistent with either scar 
or free disk. Surgery revealed a large free disk fragment in 
addition to a mildly swollen L5 nerve root in the above 
locations. Because the IV CT study at these levels was ranked 
indeterminate before surgery, it was rated a disagreement; 
however, at the mid-L4 level , scar was correctly predicted. 

All of the surgically confirmed anterior epidural or lateral 
recess scars and five of six lateral epidural scars were be­
lieved to enhance with IV CT. Six of nine posterior scars 
enhanced. In the comparison of IV CT and MR, there was 
good agreement in the identification of herniated disk and 
lateral recess or anterior scar, where MR had demonstrated 
high signal on spin-density- and T2-weighted images. There 
was less agreement posteriorly, where fewer scars appeared 

to be of increased intensity on spin-density- or T2-weighted 
images than were seen to enhance on IV CT. In addition, IV 
CT appeared to better depict what had been reported to 
represent dural tube or perineural scarring in one patient [6]. 
No abnormal signal intensity could be appreciated on MR in 
these locations. IV CT demonstrated enhancement of the 
peripheral portion of several minimally bulging disks, a free 
disk fragment, and the exposed disk surface at a grade 2 
spondylolisthesis. Increased signal intensity on the axial spin­
density- or T2-weighted images was found only with the latter 
two IV CT findings. 

In case 4, the MR findings of a herniated free disk fragment 
appeared more obvious than on IV CT findings because the 
substantial mass effect was better appreciated on MR. In 
addition, there was confusion on IV CT over whether the 
non enhancing mass was a free disk fragment or an entrapped 
nerve root. 

Certain miscellaneous findings are worthy of note. Post-
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A B 
Fig. 1.-Case 8: epidural scar. 
A, Axial image (TR = 500 msec, TE = 17 msec) at superior end plate of S1. Large abnormal soft-tissue structure (curved arrow), which is isointense 

with thecal sac and left S1 nerve root, is present, with more hypointense structure located anteriorly (straight white arrow). This soft-tissue structure 
appears to encompass region of right S1 nerve root. Laminectomy site (black arrows). 

8 and C, Axial images at LS-S1 level. TR = 2000 msec, TE = 30 (8) and 90 (C) msec. Signal intensity of soft-tissue structure appears to parallel that 
ot CSF within thecal sac, and to a lesser extent, epidural fat. Anterior structure that was hypointense on T1-weighted image is now slightly increased in 
signal intensity. This soft-tissue structure was predicted to represent herniated free disk fragment. At surgery, only exuberant epidural fibrosis was 
identified in same location as soft-tissue mass surrounding S1 nerve root. Epidural fibrosis was also noted in posterior laminectomy site on right, which 
also shows increased signal intensity on these more T2-weighted sequences (A , black arrows). 

operative bone changes were well appreciated on IV CT and, 
although not as conspicuous, were identified on axial MR 
images as focal areas of marrow disruption (laminectomy) or 
contour changes of the cortex of the apophyseal joints (fa­
cetectomy). Facet subluxation, spurious pseudomeningo­
celes, and conjoint nerve roots (Fig. 7) were readily identified 
with MR, and MR findings were similar to those of plain CT 
and IV CT. Lateral or posterolateral fusion masses often 
appeared centrally hyperintense on T2-weighted axial images, 
presumably because of their marrow content. A large signal 
void was noticed on one MR study without evidence of an 
abnormality on CT. However, a metal drill had been used 
during the interbody fusion procedure, and we presume that 
small metal filings were responsible for the MR artifact. Lateral 
bony stenosis was suggested when the lateral recess or 
neural foramen was narrowed by markedly hypointense struc­
tures representing cortical bone. All bone changes, whether 
degenerative or secondary to surgical intervention, were more 
obvious on IV CT, although with some experience similar 
findings could be identified on MR. 

Discussion 

FBSS has many causes. Excluding spondylolisthesis, the 
most significant lesions associated with this syndrome are 
recurrent/residual disk herniation, epidural fibrosis (scarring), 
lateral and/or central stenosis, and adhesive arachnoiditis [1 , 
14). Other factors that are each believed to be responsible 
for less than 5% of cases are (1) direct nerve injury, (2) chronic 
mechanical pain, (3) pseudoarthrosis, and (4) wrong-level or 
wrong-side surgery [1). It is important to distinguish scar from 

disk preoperatively, as removal of scar tissue generally leads 
to a poor surgical result when unaccompanied by disk material 
[3, 4) . In one study that followed 52 postoperative patients 
who underwent reoperation, only one patient with exclusive 
scar had long-term pain relief [4). In all likelihood, this was 
from the propensity of epidural scar to become at least as 
exuberant as it was before removal. 

Only brief accounts of the MR appearance of the postop­
erative spine exist in the radiology literature [9). In general, 
the T2-weighted signal intensity of scar has been reported to 
be increased when compared with the adjacent postoperative 
intervertebral disk. Our study, although small , indicated that, 
by using the criteria of epidural location, morphologic config­
uration, signal intensity, and mass effect, MR has an accuracy 
comparable to IV CT for the identification of surgically reme­
dial pathology. 

Sagittal and axial images together were complementary in 
the evaluation. Axial sections provided an excellent depiction 
of the spatial distribution of aberrant soft tissue and reliable 
determination of the presence or absence of mass effect. The 
signal intensity of extrathecal soft tissue was better appreci­
ated on axial than on sagittal images; however, the latter 
helped demonstrate contiguity of aberrant soft tissue when 
present with disk, thus suggesting herniation. Reviewing the 
signal intensity of the "mass" on axial T1-, spin-density-, and 
T2-weighted acquisitions together allowed an accurate pre­
diction of the type of herniation and reliably distinguished 
protruded fragments from scar tissue (Fig . 3). This differentia­
tion requires careful scrutiny because it can be difficult on MR 
to differentiate a free fragment from scar in the anterior 
epidural space or lateral recesses. 
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Fig. 2.-Case 4: free disk fragment and epidural scar. 
A and B, Pre-(A) and post-(B) contrast IV CT scans at lower L4 level. Uniform enhancement of curvilinear scar occupying left anterior, lateral, and 

posterior epidural space as well as lateral recess (arrows). Note residual water-soluble contrast material remaining in thecal sac 1 day after CT metrizamide 
myelogram. 

C, Axial MR image (TR = 500 msec, TE = 17 msec) at lower L4 level. All components of epidural scar are hypointense. 
D, Axial MR image (TR = 2000 msec, TE = 90 msec) at lower L4 level. Only left anterior scar is bright (curved arrow). Ventral midline hypointensities 

(straight arrow) represent portion of anterior internal venous system. 
E and F, Pre-(E) and post-(F) contrast IV CT scans at inferior end plate of L4 (2 mm caudal to A and B). Hypodense, nonenhancing left L5 lateral recess 

mass is consistent with free disk fragment or swollen nerve root (arrow). 
G, Axial MR image (TR = 2000 msec, TE = 30 msec) at L4-L5 disk level shows isointense left lateral recess structure with mass effect. 
H, Axial MR image (TR = 2000 msec, TE = 90 msec) at L4-L5. Lateral recess mass is now hyperintense, suggesting scar, but because of mass effect 

abnormal soft tissue is more consistent with free fragment. High signal intensity is also seen in tissues at laminectomy site and in paraspinal musculature. 
I, Intraoperative photograph. Top of photograph is posterior aspect of patient, left is superior. Naked left superior articular facet of L5 (curved solid 

black arrow) cradles free disk fragment (white arrow) in lateral recess. Small straight black arrows delineate traversing left L5 root sleeve; larger straight 
black arrows designate curvilinear epidural scar. Open arrow depicts unaffected dural tube at mid L5 level. 
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As noted in our study, the signal intensity of free disk 
fragments can be increased relative to the anulus, particularly 
on T2-weighted sequences. Similar signal-intensity changes 
can also be observed in epidural scar (Fig. 8). In our small 
group of patients, half the surgically proved free disk frag­
ments also showed a hyperintensity on the T1-weighted 
sequences relative to epidural fibrosis or anulus. As shown in 
Table 1, no surgically demonstrated free disk fragment ap­
peared hypointense relative to the anulus. Scar, on the other 
hand, appeared slightly hypointense or isointense on the T1-
weighted image where it could be separated easily from fat, 
which is hyperintense. Without the subtle difference in signal 
intensity of the posteromedial scar and free disk on the T1-
weighted image in case 10 (Fig. 4), we would have predicted 
that only free disk material occupied the right anterior epidural 
space and lateral recess. This distinction is much less obvious 
on the T2-weighted sequences. Also, both epidural scar and 
fat usually conform to the available space, while herniated 
disk tends to compress and distort it. Therefore, mass effect 
may be the only finding that will aid in the discrimination of 
free disk fragment and anterior or lateral recess scar. 

Exceptions to these patterns may exist, however, that 
make the intensity differences cited above just guidelines, at 

Fig. 3.-Case 1: extruded disk and epidural 
scar. 

A, Plain-film myelogram. Compressed left S1 
nerve root at LS-S 1 interspace (arrows). 

B, CT metrizamide myelogram at LS-S1 . Left 
anterior soft-tissue density appears to displace 
S1 nerve root medially and posteriorly. Note right 
laminectomy and medial facetectomy. 

C and D, Pre-(C) and post-(D) IV CT scans at 
LS-S 1. Nonenhancing left anterior mass with me­
dial enhancement (black arrow) is consistent 
with disk and midline scar. Laminectomy scar 
(ligamentum flavum having been removed) does 
not enhance (white arrow). 

E, Axial MR image (TR = 2000 msec, TE = 90 
msec) at LS-S1. Hypointense left anterior mass 
is associated with ventral midline hyperintensity. 
Laminectomy site is also bright. Right central 
scar and left anterior extruded intervertebral 
disk were found surgically. 

E 

best. The morphology of the aberrant soft tissue and the 
presence or absence of mass effect may be the best indica­
tors of the presence or absence of HNP (Fig. 4). 

The mechanism for hyperintensity of scars on T2-weighted 
images is not understood. It could be related to an increase 
in spin density relative to dense fibrosis or peripheral anulus 
[20]. Likewise, the reason for the increased signal intensity 
of free fragments , when compared with protruded or extruded 
herniated disk fragments , is unknown. It is possible that in 
these free fragments more nuclear material has been extruded 
relative to anular material. With a 4-mm slice thickness, there 
is less problem with partial-volume averaging, which may 
explain why earlier reports with a 1 O-mm slice thickness more 
consistently demonstrated decreased signal intensity of disk 
fragment [8, 9, 16]. 

The variable appearance of the lumbar vertebral veins could 
complicate the differential diagnosis of an anterior nodular 
structure. The common marked hYPointensity, when noted 
on all axial sequences, could be explained by high-velocity 
signal loss [21] (Fig. 6). Conversely, hyperintense veins on all 
sequences could be attributed to slow laminar flow (that is, 
flow-related enhancement) (Fig . 7), and were best appreciated 
near the entry slice of a multisection acquisition [18]. Since 
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Fig. 4.-Case 10: free disk fragment and scar. 
A and B, Pre-(A) and post-(B) IV CT scans at 

lateral superior end plate of 51. Nonenhancing 
right anterior and recess herniated disk fragment 
(open arrow) with enhancing posterior and me­
dial scar (straight white arrow) are suggested. 
Thecal sac is largely obliterated (solid curved 
arrow). Mild enhancement is present at both 
laminectomy sites. 

C, Axial MR image (TR = 700 msec, TE = 17 
msec) at superior endplate of 51. Hyperintense 
right anterior and lateral recess mass (open ar· 
row) is covered by isointense left posteromedial 
band of soft tissue (straight arrows). Note isoin­
tense right and generally hyperintense left lami­
nectomy sites (short and long curved black ar· 
rows, respectively). 

0, Axial MR image (TR = 2000 msec, TE = 30 
msec) at superior endplate of 51. All aberrant 
soft tissue in ventral and right lateral canal is 
now hyperintense. At surgery, a free disk frag­
ment with left posteromedial scar was found. A 
Free disk fragment was predicted because of 
mass effect and hyperintense appearance of 
aberrant soft tissue on all imaging sequences. 
T1-weighted image helps separate hyperintense 
free fragment from isointense scar. 

c 

B 

o 

Fig. 5.-Normal patient. Axial MR images at lower L4 level. TR = 500 msec, TE = 17 msec (A) ; TR = 2000 msec, TE = 30 msec (B); TR = 2000 msec, 
TE = 90 msec (C). Hypointense appearance of medial (white arrows) and lateral (black arrows) right and left anterior internal vertebral veins is well 
appreciated on all sequences. 

m05t venous blood flow is weakly cardiosynchronous as well 
as laminar [22] , there is a potential for the occurrence of 
cardiac pseudogating. Ebb and flow in the vertebral veins has 
been established under physiologic conditions; a flow rate of 

approximately 5-7 cm/sec has been estimated to occur in 
veins of similar size [15] . Therefore, a laminar flow rate of 1-
1 0 cm/sec, depending on physiologic conditions and the 
addition of an occasional pseudogating effect, could explain 
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Fig. 6.-Case 6: epidural scar and bony foraminal stenosis. 
A and B, Pre-(A) and post-(B) IV CT scans at mid L4 level. Enhancement of soft tissue in anterior epidural space and left lateral recess with small 

rounded structure of lower attenuation within (arrow) . 
C, Axial MR image (TR = 2000 msec, TE = 90 msec) at mid L4 level. Soft tissue in anterior epidural space is noted to be hyperintense and extends to 

left lateral epidural space. Hypointense left L4 nerve root is again noted (solid arrows), surrounded by high signal intensity of anterior and lateral epidural 
scar. Predominantly fatty tissue (open arrow) is at laminectomy site. 

o 

Fig. 7.-A and B, Pre- and post- IV CT scans 
at mid LS level. Enhancement of basivertebral 
vein (arrow) and associated retrocorporeal an­
astomoses of veins. 

C, Axial MR image (TR = 2000 msec, TE = 30 
msec) at mid LS level. Arrow indicates Sl com­
ponent of conjoint LS-S 1 nerve-root sleeves. 
Note hyperintense retrocorporeal anastomoses 
(small arrowheads) and basivertebral veins 
(large arrowheads). 

D, Axial MR image (TR = 2000 msec, TE = 90 
msec) at mid LS level. Veins are again noted to 
be hyperintense (arrowheads). 
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Fig, 8.-Case 14: free disk fragment and epi­
dural scar. 

A, Sagittal MR image (TR = 500 msec, TE = 
17 msec) off midline to left. Large soft-tissue 
mass appears contiguous with posterior margin 
of L4-L5 disk occupying almost entire left lateral 
neural canal. Posterior margin of soft-tissue 
mass is indistinct as it merges with posterior 
paraspinal soft tissues. 

B, Sagittal MR image (TR = 2000 msec, TE = 
90 msec) through same plane. Central portion of 
this region of soft tissue now shows well-circum­
scribed oval mass of increased signal intensity 
surgically proved to be free disk fragment. Note 
high signal intensity of scar tissue surrounding 
mass, both of which are similar to adjacent CSF. 
L4-L5 disk shows marked decrease in signal 
intensity consistent with severe degenerative 
changes. 
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the multiple MR appearances of these vessels [21 , 22]. The 
asymmetric, multiecho technique used in our study did not 
allow the phenomenon of even-echo rephasing to be appre­
ciated. 

Surface-coil MR has the advantage of demonstrating a 
larger area than IV CT does. It also has multidimensional 
imaging capabilities, providing orthogonal views for further 
characterization of a region. The disadvantages of MR include 
lack of conspicuity of cortical bone, poorer spatial resolution 
secondary to interslice gap, and, most importantly, decreased 
signal-to-noise on T2-weighted images. Parenthetically, this 
latter factor, coupled with technical difficulties, was respon­
sible for the dropout of seven of the initially enrolled patients. 
Other minor disadvantages that have been reported previ­
ously include the cost ; the potential for inducing claustropho­
bia; and the inability to image patients with aneurysm clips, 
pacemakers, and other types of metallic foreign bodies. 

Prospective studies of IV CT with surgical confirmation of 
findings have shown an accuracy of 74-87% [5-7]. A similar 
accuracy was found in our small group. The procedure, 
however, is not without problems, and IV CT has been 
controversial in recent years. 

Contrast enhancement on CT is related to the concentration 
of iodinated molecules within vascular lumina as well as their 
disperSion into the local extracellular spaces via intercellular 
gaps and the intracellular process pinocytosis [17, 19]. The 
ability to document vascular density along with the easy 
detectability of iatrogenic and degenerative bone changes are 
the strengths of IV CT. Its disadvantages include some op­
erator dependence, radiation , the high iodine load (87.6 gl), 
and the ability to effectively examine only one disk space iJer 
session . 

The reason for the uniform enhancement of scar on IV CT 
and the lack of enhancement of disk is said to be related to 
the local vascular density [6, 12]. The peripheral anulus has 
also been specifically reported not to enhance [14]. We have 
noted that a significant number of scars, particularly in a 
posterior epidural location, do not enhance (Fig . 5) , whereas 
disk surfaces that are directly exposed to the surrounding 
paravertebral tissues occasionally do enhance. Anular and 
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herniated disk enhancement has also been described recently 
[7 , 23]. Thus, although an increase in local vascular density 
is presumed to be the means of scar enhancement on IV CT, 
the true mechanism is by no means totally clear. 

In a sense, our study of the FBSS is incomplete. Neither 
MR nor IV CT findings were correlated with patient symptoms, 
nor were clinical follow-up findings included that would help 
determine the impact of these studies on the overall success 
rate of reoperation . In addition , a large patient population with 
surgical verification of findings would have been desirable, as 
would have been an attempt to assess the changes in scan 
appearances over time. Nevertheless, the results of this study 
suggest that MR may represent a noninvasive, initial test in 
the diagnostic evaluation of FBSS, with IV CT reserved for 
situations in which MR results are equivocal. 
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