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Computed Tomography of
the Asymptomatic
Postsurgical Lumbar Spine:
Analysis of the Physiologic Scar

Computed tomography (CT) has been shown to be an effective noninvasive means
of imaging the lumbar spine in patients with suspected disk disease. The clinical and
radiographic evaluation, however, of patients with new or recurrent symptoms after
surgery for disk disease is fraught with difficulty. This report describes CT changes
seen in seven asymptomatic volunteers scanned at various intervals after disk surgery
and discusses the implications of these findings.

A most difficult diagnostic problem from both clinical and radiographic stand-
points is the evaluation of patients with recurrent symptoms after lumbar disk
surgery. The causative factors may include recurrent disk herniation at the
operative level, postoperative scarring or arachnoiditis, disk herniation at a
remote level, infection, spinal stenosis, cyst and meningocele formation, and
mechanical instability [1]. The most common causes are recurrent herniation and
postoperative scarring; the myelographic differentiation between them is at best
difficult and considered by many to be impossible [2-9]. High-resolution com-
puted tomography (CT) has been shown to be effective in evaluating preoperative
patients with suspected disk disease [10], and it has also been used extensively
in the evaluation of the postoperative patient with recurrent symptoms. It requires
some knowledge of CT findings of normal physiologic healing and fibrosis after
disk surgery. Such information is lacking in the literature. To provide a ‘‘baseline”
for the CT evaluation of symptomatic postoperative patients, we scanned a series
of seven asymptomatic volunteers at intervals ranging from 4 weeks to 7 months
after surgery for lumbar disk disease.

Subjects and Methods

Seven volunteers were scanned using a General Electric CT/T 8800 scanner equipped
with a digital radiographic image capability (ScoutView) for identifying scanning planes. A
slice thickness of 5 mm was used to decrease partial-volume effects that occur with thicker
cuts. Scanning features included 120 kVp, 760 mAs, and 0.75 mm pixel size.

Only the level of surgery was studied. Four to five scans were obtained routinely; two to
three scans through the surgically violated disk space, one 5 mm below the space, and one
5 mm above the space. All scans were obtained parallel to the disk plane and adjacent
vertebral body end-plates with the patient supine. Intravenous contrast material was not
used.

The asymptomatic volunteers were scanned from as early as 4 weeks to as late as 7
months into the postoperative period. Several volunteers had had preoperative CT scans
as part of their initial workup. The surgical procedure performed on all volunteers included
in this report was the same. It consisted of a hemilaminectomy, partial medial facetectomy,
and radical disk removal done by a single neurosurgeon (M. V. B.).
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Results

Several features were seen consistently (table 1). Four
subjects had an eccentric ‘‘vacuum’ phenomenon (figs. 1—
3), a finding seen as early as 5 weeks and as late as 7
months postoperatively. One patient scanned 5 weeks after
surgery had vacuum gas within the spinal canal in addition
to gas at the disk space (fig. 2).

The four subjects with a nonstenotic canal displayed
retraction of the dural tube toward the side of surgery (figs.
3 and 4). These individuals also displayed intraspinal soft
tissue of relative hyperdensity to the dural tube on the side
of surgery blending anteriorly with the disk coursing around
the lateral aspect of the dural tube, and extending poste-
riorly to the laminectomy defect (figs. 1, 3, and 4). Concom-
itant findings included effacement of normal epidural fat
(figs. 1-4), loss of distinction of the ipsilateral nerve root

TABLE 1: CT Features of Postoperative Spine in Asymptomatic
Subjects
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Feature

Eccentric vacuum phenomenon
Gas within spinal canal . ... .. .. .. . o
Dural tube retraction toward surgical side (in non-
stenotic canal) 4
Intra- and extraspinal tissue accumulation 5
Effacement of epidural fat .. .. .. ... ... ... . .. .. 4
2

7

3

Loss of distinction of ipsilateral nerve root . . . . . . .
Decrease in height of surgically violated disk space
Loss of definition of intraspinal contents . . . . ..
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(fig. 3), and extension of the soft tissue into the neural
foramina in both cases in which a foraminal disk had previ-
ously been removed (figs. 1 and 4).

The three subjects with a stenotic spinal canal had loss of
definition of intraspinal contents (fig. 5). In addition, all
seven cases had a decrease in the height of the surgically
violated disk space as seen on the digital radiograph.

Discussion

In our routine clinical practice only symptomatic patients
undergo postoperative radiography. In these symptomatic
patients we consistently find vacuum changes, increased
density obliterating nerve root and dural tube landmarks on
the side of surgery, effacement of epidural fat, and retraction
of the dural tube. While our series of asymptomatic volun-
teers is admittedly small, every one of these asymptomatic
postoperative patients had several or all findings commonly
seen in the symptomatic postoperative patient.

The vacuum phenomenon was a consistent feature in the
asymptomatic volunteers. It is commonly seen in patients
without a history of previous surgery and is thought to result
from liberation of gas, usually nitrogen, into fissures within
the degenerated disk material [11]. A vacuum formation may
also be seen when the disk is injured [12] secondary to
either metabolic disease, which interferes with nutrition of
the disk, or to simple mechanical trauma, such as occurs
during disk removal. The gas in the region of the disk shortly
after surgery probably represents sequelae of the recent
surgical manipulation, while that seen 6 or 7 months after

Fig. 1.—L4-L5 disk space 6 months after surgery for extruded right
foraminal disk. Eccentric vacuum phenomenon is apparent. Band of hyper-
dense soft tissue courses around anterolateral aspect of dural tube on right
extending from disk margin out through right intervertebral foramen and
posteriorly to laminectomy defect (arrow). Moderate hypertrophy of facet
joints and postoperative changes in right paraspinal musculature are also
apparent.

Fig. 2.—L4-L5 interspace 4 weeks after surgery. Gas extends from disk
margin around left lateral aspect of dural tube to laminectomy defect. Post-

operative changes in left paraspinal musculature as well as moderate amount
of facet joint hypertrophy on right are seen.

Fig. 3.—L5-S1 interspace 7 months after surgery for central disk hernia-
tion. Vacuum phenomenon in eccentric location. Band of hyperdense soft
tissue extends anteriorly from disk margin around lateral aspect of dural tube
to laminectomy defect on left. Nerve root on right is seen distinctly while no
definitive nerve root is appreciated on left. Retraction of dural tube toward
side of surgery on left. Postoperative changes in left paraspinal musculature
are apparent.
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Fig. 4.—Pre- and postoperative L4-L5 inter-
space in patient with severe right lower extremity
pain and radiculopathy. A, Soft-tissue density pro-
truding through right intervertebral foramen (ar-
row) was proven surgically to represent herniated
disk material. B, 7 months after surgery. No symp-
toms. Marked retraction of dural tube toward side
of surgery. Band of soft-tissue density extends
around lateral aspect of dural tube from hemilam-
inectomy defect posteriorly to disk margin ante-
riorly and through foramen laterally adjacent to
vertebral body. Postoperative changes in right
paraspinal musculature are appreciated.

Fig. 5.—Pre- and postoperative L4-L5 inter-
space in patient with severe spinal stenosis and
facet joint hypertrophy bilaterally. A, Soft tissue
extending to left lateral aspect of canal was proven
surgically to represent herniated disk material.
Residual droplets of Pantopaque within canal.
Dural tube is not seen distinctly. B, 5 months after
surgery; no symptoms. Band of slightly hyper-
dense soft tissue anteriorly and along left antero-
lateral aspect of spinal canal. Exact boundaries of
dural tube remain poorly defined. Postoperative
changes in left paraspinal musculature are noted.

surgery is a reflection of postoperative degenerative disk
phenomenon.

Dural tube retraction toward the side of surgery is con-
sistent with postoperative healing and scar formation with
subsequent cicatrization and adhesions of the thecal sac.
While we would expect to see this change in all patients as
a result of normal physiologic healing, the only asympto-
matic volunteers who did not demonstrate this change were
those with a stenotic canal. Lack of space for movement of
the dural tube precludes this displacement.

A band of hyperdense soft tissue (relative to the dural
tube) on the side of surgery coursing from the disk margin
around the lateral aspect of the dural tube and extending to
the laminectomy defect was seen in all subjects with a canal
capacious enough to demonstrate intraspinal contents. This
presumed fibrous tissue extended laterally through the

CT OF POSTOPERATIVE LUMBAR SPINE
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neural foramina, simulating recurrent lateral herniation in
those symptomatic volunteers operated on for a laterally
herniated disk (figs. 1 and 4). Effacement of epidural fat and
loss of distinction and displacement of nerve roots occurred
in four of the volunteers secondary to healing and scar
formation.

Early in our experience with symptomatic postoperative
patients, scans were obtained both before and after in-
travenous contrast administration. We found intravenous
contrast enhancement to be of no value in differential diag-
nosis, and indeed no significant changes other than some
enhancement of epidural venous structures could be seen.
For this reason and for ethical considerations, contrast
material was not administered to our group of asymptomatic
volunteers. Measurements of attenuation coefficients for
known herniated disk material were compared with those of
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areas of postoperative fibrosis in these asymptomatic vol-
unteers, and no significant differences were found.

All the findings seen in our asymptomatic postoperative
volunteers occur in symptomatic patients. While scarring
and subsequent nerve root retraction are commonly impli-
cated as a cause for recurring symptoms, they were seen in
all asymptomatic patients with a sufficiently large spinal
canal and were indistinguishable from those in symptomatic
patients. Hasso (Hasso AN, personal communication) has
seen contralateral displacement of the dural tube with re-
current herniated disk, but we have not yet observed this
finding. Therefore, we agree with Williams et al. [10], Carrera
et al. [13], and Haughton et al. [14] that the CT differentiation
of symptomatic scarring from asymptomatic fibrosis and
from small clinically significant recurrent disk herniation is
usually extremely difficult. Larger recurrent herniations may
be easier to discern against a background of fibrosis on
plain CT. Similarly, the finding of a vacuum in the postop-
erative period provides no diagnostic information.

The postoperative appearance of the spine will necessar-
ily depend on the type of surgery performed. Two basic
surgical procedures are used for the treatment of herniated
lumbar disks. The less radical technique is an interlaminar
approach with laminotomy and limited removal of disk frag-
ments. The more radical approach, and the one we use in
our subjects, consists of a hemilaminectomy with partial
medial facetectomy and radical disk removal. The former
method of treatment involves sectioning of the ligamentum
flavum with disk fragment removal and preservation of epi-
dural fat, while the latter involves removal of bone and
ligamentum flavum as well as epidural fat. Radical disk
removal implies that the surgeon has attempted complete
disk removal. Up to 50% removal of disk is usually accom-
plished.

Our observations in postoperative subjects without symp-
toms indicate herniated disk material, especially small frag-
ments, may be difficult if not impossible to discern. Because
of the partial-volume phenomenon it is necessary to have a
relatively large mass of nuclear material for unequivocal
demonstration. CT myelography with water-soluble contrast
material might be helpful in differentiating between the two
entities by the subtle changes in the contour of the dural
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tube caused by herniated disk material [15]. Thatis currently
under investigation.
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