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Postoperative Lumbar CT: Technique, Results, and 
Indications 
Othmar Schubiger1 and Anton Valavanis2 

Seventy-seven patients with recurrent radicular symptoms 
after operation for lumbar disk herniation were examined by 
plain computed tomography (CT) and by intravenously enhanced 
CT. With the latter technique, scar tissue and recurrent disk 
herniation can be distinguished: scar tissue shows definite con
trast enhancement whereas recurrent disk herniation remains 
unenhanced. Nerve roots surrounded by scar tissue are often 
visualized on the postcontrast scan as rounded lucencies. Sym
metrical undisplaced nerve roots were identified in 88% of cases 
of hypertrophic scar formation; this finding excludes recurrent 
disk herniation. Dural calcifications were found in five patients 
with hypertrophic scar formation. The authors conclude that CT 
with contrast enhancement should be the method of choice for 
evaluating patients with recurrent radicular symptoms after op
eration for disk herniation. 

Recurrence or persistence of radicular symptoms after operation 
for lumbar disk herniation is a common problem [1]. Almost 10% of 
spinal computed tomographic (CT) examinations at our institution 
are performed in patients who have had surgery for disk herniation . 
About 5% of lumbar spine operations are reoperations, mostly for 
recurrent disk herniation but rare ly for neurolysis in hypertrophic 
scar formation. 

The diagnostic modalities capable of distinguishing the two main 
causes of recurrent radicular symptoms are scant [2, 3]. The c linical 
picture is often more conclusive than the radiodiagnostic informa
tion . Recurrent disk herniation usually presents with acute onset 
after a symptom-free interval , whereas the symptoms of hyper
trophic scar formation often begin shortly after surgery and pro
gress slowly. 

Myelography with oily contrast media is seldom useful for distin
guishing hypertrophic scar format ion from recurrent disk hern iation 
[4]. Myelography with water-soluble contrast media may better 
demonstrate irregularities of the dural sac, but prec ise differentia
tion of the two conditions cannot be made [5]. We analyzed the 
value of intravenously enhanced CT for the differentiation of recur
rent disk herniation and hypertrophic scar formation in an earlier 
commu nicat ion [6] . This report detail s our further experience in a 
larger series of patients. 

Materials and Methods 

Over a 2 year period, patients with recurrent radicular symptoms 
after operat ion for disk herniation were studied both by unenhanced 
CT and by intravenously enhanced CT at the operated level. The 
examinations were performed on a GE 8800 CT / T scanner. Five to 

seven contiguous slices 5 mm th ick were obtained parallel to the 
intervertebral disk space . Con trast-enhanced scans were obtained 
immediately after bolus inject ion of a water-so luble contrast med ium 
in the concentrat ion of 600 mg iod ine/ kg body weight. 

Of 146 patients examined, 77 had operat ive or myelograph ic 
confirmation of the diagnosed condition and are evaluated here . 
The patients wi th recurrent disk herni ations all had surgica l confir
mation, whereas only 11 (2 3%) of the patients with hypertrophic 
scar formation had reoperation . In th e group of 77 patients, 89 

levels had been previously operated (66 patients at one level, 10 
patien ts at two levels, one patient at three levels). The prior surgery 
was performed 6 weeks to 17 years (mean, 3.9 years) before the 
CT study. 

Results 

At 47 levels scar formation was identified on contrast-enhanced 
CT scans by one of fou r patterns [6]: (1) scar formation confined to 
the lateral border of the dural sac and extending anteriorly to the 
intervertebral d isk: nine cases (19%) (fig . 1 A) ; (2) more extensive 
scar formation involving the lateral margin of the dural sac at the 
level of the intervertebral disk space and extending into the lateral 

recess and / or the intervertebral foramen: 19 cases (40%) (fig . 1 B); 
(3) nodular scar: seven cases (15%) (fig . 1 C); (4) c ircular scar , 
enc irc ling and often constrict ing the dural sac: 12 cases (26%) (fig . 
1D). 

In all cases of hypertrophic scar formation, the scar ti ssue was 
iso- or slightly hyperdense compared with the du ral sac on unen
hanced CT images and showed a homogeneous or somewhat 
mottled contrast enhancement. Th is enhancement was usually more 
intense in cases with recent operation bu t was also identified many 
years after su rgery in some patients. 

Eleven patients had recurrent disk herniation without additional 
scar formation (fig. 2A) , whereas 2 1 pat ients had evidence of both 
hypertrophic scar formation and recurrent disk herniation (fig . 2B) . 
The herniated disk material showed no enhancement, whereas sca r 
formation presented as an enhancing band surrounding the disk 
herniation in 15 cases and was more nodular in six cases. 

In 16 patients osseous hypertrophy was found . In nine of th ese, 
osseous hypertrophy was restricted to or more pronounced on the 
level and side previously operated (figs . 2A and 3). In three cases 
the hypertrophy was bilateral and in four cases there was a diffuse 
hypertrophy also at other levels not previously operated. In four 
cases the osseous hypertrophy was accompanied by hypert roph ic 
scar formation , while in two cases an additional recurrent disk 
herniation was found . 
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Fig. 1.- Contrast-enhanced CT. Four pattern s of hypertrophic scar for
mati on. A , Type 1. Small epidural scar ( arrow) . Small enhanc ing rim extends 
lateral to dural sac from fenestration of lamina to intervertebral disk space. 
No indentation of dural sac. B, Type 2. More ex tensive epidural scar. Thick 
enhanc ing band lateral to dural sac ( curved arrow) extends c learly into 
intervertebral foramen (arrowhead). Normally positioned nerve root (straight 
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Fig . 2. -Contrast-enhanced CT. Recurrent disk herni ation. A , Without 
additional scar formation. Area o f recurrent hern iation (white arro w) is hy
perd ense compared with dural sac and does not enhance after contrast 
administration. Small free disk frag ment on left (curved arrow) . Unilateral left
sided osseous hypertrophy of superi or articular process with impingement 
on lateral recess (arrowhead). B, With small focus of hypert rophic scar 
formation. Site of recurrent herniation (s traight arrow) is nonenhanc ing and 
surrounded by enhancing rim (arrowheads ) which proved to be fibrous scar 
tissue. Displaced left nerve root (open arrow) appears as lucent area sur
rounded by small ring of enhanc ing scar tissue. Normally positioned right 
nerve root (curved arrow). 

In 24 cases the pathway of the exiting nerve root was completely 
obliterated by hypertrophic scar formation and was not discernible 
on th e precontrast scan. In 1 8 of these, the exiting nerve root was 
vis ible on the postconstrast scan as a nonenhancing lucent round 
area. It was not significantly distorted in 15 cases (figs. 18 and 1 D). 
On ly two cases of hypertrophic scar formation showed dislocat ion 
of the nerve root, whereas in a patient with concomitant recurrent 
disk hern iation the nerve root that was surrounded by scar ti ssue 
was c learl y displaced by hern iated disk material (fig . 28) . 

c D 

arrow) is embedded in scar ti ssue. C, Type 3. Nodular scar (arrow) . Nodular 
enhancing lesion in lateral recess. Exiting nerve root not seen. D, Type 4 . 
Circular scar (arrowheads). Dural sac appears as enhancing ring, perhaps 
representing arachnoiditis. Irreg ular enhancement of epidural space probably 
corresponds to minor epidural scar formation. Symmetrical ex iting nerve 
roots are poorly visualized. Small dural calci fication on right (arrow) . 

3 4 

Fig . 3. - Contrast-enhanced CT. Unilateral osseous hypertrophy on pre
viously operated side (arrow) . No scar formation. 

Fig. 4. - Con trast-enhanced CT. Severe arachnoiditi s. Significantly en
hanc ing mass (arrowhead) inside dural sac, which appears as enhancing ring 
(arrow). Myelog raphy showed total block at thi s leve l. 

Five pat ients with hypertrophic scar formation demonstrated 
small linear ca lc ifications of the dura (fig . 1 D) . In three cases of 
severe arachnoiditis, one with a total block on myelography, there 
was diffuse enhancement of th e dural sac (fig . 4). 

Discussion 

Therapy for recurrent rad icular symptoms after operat ion for disk 
herniati on depends largely on the et iology of th e recurrence of the 
nerve root compression. Patients with recurrent disk herniat ion 
often become symptom-free after reoperation, whereas the condi
tion of patients with hypertrophic scar formation usually remains 
unchanged [1]. There is no obvious explanat ion why some patients 
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reac t with the formation of abundant scar tissue whereas other 
patients tolerate surgery without such reaction . Pat ien ts with hy
pertrophic scar formation are likely to react in the same way after 
a second operat ion; med ical therapy is therefore the treatment of 
choice in cases of hypertrophi c scar formation (1]. 

The myelographic appearance of hypert rophic scar formation is 
shortening or obliterat ion of th e exiting nerve root pouches as well 
as irregularity and deformity of the dural sac . These changes are 
better demonstrated with water-soluble contrast media than with 
oily contrast media and are specific in cases of arachnoidit is with 
involvement of the entire circumference of the dural sac (7]. How
ever, in patients with focal changes confined only to parts of the 
dural sac or confined to the epidural space, myelographic differ
entiation of the condition from recurrent disk herniation may be 
difficult or impossible (4 , 7]. 

CT of the lumbar spine not on ly demonstrates the outlines of the 

dural sac but also d irec tly visualizes th e intraspinal soft tissues 
surround ing the sac. Unfortunately, th e tissu e attenuat ion va lues as 
expressed in Hounsfield units are not specific for recurrent disk 
hern iation and hypertrophic scar formation. The density of scar 
tissue usually is equal to or slightly greater than that of the dural 
sac. The CT density of herniated disk material varies from slightly 
to clearly hyperdense (8]. Precise differentiation of recu rrent disk 
herniation and hypertrophic scar formation by plain CT is on ly 
possible in lesions with significant hyperdensity or even calc ification 
(i.e., disk material). Our experience indicates that the use of in tra
venous contrast media is a good method for enhancing this differ
entiation. The vascularized fibrous scar ti ssue shows significant 
contrast enhancement , whereas th e nonvascularized disk materi al 
remains unenhanced . Contrast enhancement occurs not only in the 
early stages of scar formation with hypervascular granulation ti ssue 
but also persists for years. Lesser degrees of enhancement are 
observed in older scar tissue. 

The shape of the lesion is another useful c riterion for differentia
tion of recurrent disk herniat ion from hypertrophic scar formation . 
Recurrent disk herniation usually presents as a nodular lesion in 
con tinuity with the intervertebral disk space, whereas hypert roph ic 

scar formation in most cases presents as a band like lesion . Nodular 
hypertrophic scar formation is th e least common form (occurring in 
about 15% of cases) and can be distinguished from recu rrent disk 
herniation by contrast enhancement. The band like type of hyper
trophic scar formation should also be investigated with intravenous 
contrast injection in order to exclude or detect coexisting recurrent 
disk herniation . The ringlike enhancement enc irc ling the dural sac 

corresponds to the myelographic picture of a concentrica lly sten
osed dural sac as seen in cases of arachnoiditis, whereas the other 
CT patterns of hypertrophic scar formation are likely to represent 
epidural fibrosis or inflammation. 

Of special interest is the course of the exiting nerve roots. In only 
two cases with hypertrophic scar formation was th ere asymmetry of 
the two exi ting nerve roots. In one case in which recurrent disk 

herniation was combined with hypertroph ic scar formation, the 
nerve root appeared as a hypodense area surrounded by enhanc ing 
scar ti ssue and was c learly displaced by th e herniated disk material. 
Symmetry of the ex iting nerve roots was also observed in cases 
with total amputation of th e nerve root sheaths on myelog raphy and 
is therefore extremely helpful : the demonstration on contrast-en
hanced CT images of symmetric , normally positioned nerve roots 

embedded in enhanc ing scar ti ssue excludes the presence of 
addi tional recurren t d isk herniation . Minor dislocations of the ex iting 

nerve roots in cases of severe compression of the dural sac (9] are 
rare in ou r experience and do not indica te the presence of addi tional 
recurrent disk herniation . On ly sign ificantly displaced nerve roots 
are suspic ious for the presence of addit ional recurrent disk hernia
tion. 

Dural ca lc ifica tion with hypert roph ic scar formation has been 
reported in one case of arachnoiditis ossificans (1 0]. Our fi ve cases 
with dural ca lc ification were not examined with oi ly contrast media, 
which might have presented a similar pic ture on CT. These local 
calc ifications may represent a very mi ld form of arachnoiditis ossi· 
fi cans. 

One of the three cases with significant intradural contrasl en
hancement showed complete block on myelog raphy. All three cases 
presented wit h the c ircular pattern of hypertrophic scar formation, 
suggesting the presence of arachnoiditis. Since the capill aries of 
th e nerve roots have tight junc tions and nerve roots norm ally do not 
enhance, intradural contrast enhancement may be due to granu la
tion tissue surrounding the c lumped nerve roots. 

Hypertrophic osseous changes after surgery for disk herniation 
are frequently described (11]. Four of our cases also had evidence 
of diffuse osseous hypertrophy at other levels not previously oper
ated. In three other cases, CT demonstrated bi lateral osseous 
hypertrophy after unilateral surgery. But in nine patients the hyper
trophic changes were restricted to the operated side and level (or 
were more pronounced there than at other levels not operated); 
four of these pat ients had sign ificant hypertrophic scar formation 
adjacent to the osseou s hypertrophy . 
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