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Abstract Objective.This prospec- companied by medullary edema ad-
tive study was designed to determingacent to the vertebral endplates. In
the MRI features, clinical signifi- one of the vascularized disks, hernia-
cance, and correlation to histopathotion was also found. In seven pa-
logic findings of secondary vascular-tients, ventral diskectomy was per-
ized degenerative intervertebral formed. Histopathologic findings
disks. confirmed disk vascularization in six
Materials and methodgifty-three of seven cases.

patients with localized painful spine ConclusionsDegenerative, band-
syndrome were investigated prospedike disk vascularization is a feature
tively by contrast-enhanced MRI.  which is associated with local pain.
Pain was not predominantly radiat- It is demonstrated by contrast-en-
ing and there was no clinical evi-  hanced MRI. Degenerative disk vas-
A. Stabler, M.D. []) - J. Scheidler, M.D. dence of spinal infection. In all pa- cularization is an important differen-

M. Seiderer, M.D. - M. Reiser, M.D. tients sagittal SE T1-weighted, fast- tial diagnosis to bacterial spondylo-
Elep_irtmegt of laieagnostic Radiology, SE T2-weighted or turbo-STIR, and diskitis. It can be a cause of pain in
Inikum torosshadern, . Tl-weighted frequency-selective fat-patients with postdiskectomy syn-

gzrr%h;?,gm's"asse 15, D-81377 Munich, - ¢\, 5 oressed images were obtained. drome.
) ResultsWe identified 37 vascular-
M. Weiss, M.D. ized disks in 26 patients. In 18 pa- Key words Gd-DTPA -

D t t of Pathology, . . .
Kﬁrﬂﬁhm%]roosshgdeorﬁ%unich, Germany tients the changes had occurred  Intervertebral disk, degeneration -

spontaneously, in 6, the affected diskntervertebral disk, vascularity -

éé};;??nignh{lb?'Orthopedic Surgery had been operated on previously, ankllagnetic resonance imaging (MRI) -
Klinikum Grosshadern, Munich, 2 patie_nts had spond_ylol_isthesis. In Fat-su_ppression .

Germany 15 patients, vascularization was ac- Postdiskectomy syndrori

Introduction Patients with chronic, severe localized back pain are

usually investigated by computed tomography (CT)
Degeneration of intervertebral disks is part of the normaid/or MRI in addition to plain films, in order to rule out
aging process. Spinal radiographs of 70-year-old indivigerniated disks, spinal stenosis, or facet joint disease.
uals show reduced height of at least one intervertebrakese patients may have negative imaging studies apart
disk space and osteophytic lipping in almost all [1-3Ftom degenerative loss of disk height at one or more lev-
Dehydration and disintegration of the disk leads to isls. Flexion and extension studies may fail to demon-
creased segmental mobility. Some cases of intervertelbtedte radiologically evident segmental instability. We
disk degeneration are accompanied by medullary edefimand patients suffering from severe localized back pain
(Modic type | reaction) in the adjacent vertebrae. If this whom the only finding on MRI was a band-like en-
becomes chronic it may lead to fatty degeneration (Meancement of disk tissue following Gd-DTPA adminis-
dic type Il) and sclerosis (Modic type Ill) of the medultration. Disk tissue of adult individuals is devoid of ves-
lary cavity [4-T7]. sels and therefore does not exhibit the early contrast en-
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hancement related to vascularity [8]. In some patiers;
however, disk degeneration is followed by ingrowth of
vascularized granulation tissue causing secondary vasc
larization of the disk material [8, 9]. Our study was cony|.
ducted to describe the clinical, MRI, and histopathologic
features of this complication of degenerative disk dis-

ease.
10

Patients and methods

Between May 1993 and August 1994, 53 selected patients wer
prospectively investigated by contrast-enhanced MRI of the spine|.
The ages of the patients ranged from 31 to 72 years, with a mea
of 52 years. In accordance with the patients’ symptoms, 42 lumb
and 11 thoracic examinations were conducted. Clinical evaluati®
was performed by the orthopetic surgeon (A.K.). The selection cri-
terion was a severe localized painful back syndrome defined By 1 | ocation of 37 degenerative vascularized disk segments in
clinical investigation and without predominant sciatic or radlatl% patient:
pain. Major disk herniation was excluded by CT in 45 patients pri- )
or to MRI. All patients had biplane spinal radiographs. Ten pa-
tients had a history of previous disk surgery, which had been pgints meningitis carcinomatosa was found and in 15 (including
formed 3 months to 15 years previously (mean 5.3 years). five patients with MS) no pathologic processes were demonstrat-
No patient had any clinical or laboratory evidence of bacterigy.
infection. Leukocyte counts and sedimentation rates were within |mage evaluation was by two musculoskeletal radiologists who
the normal range and none of the patients had fever. Patients véfithed a consensus diagnosis as to disk enhancement, adjacent
a history of cancer were excluded. No patient had motor, sens@ghe marrow edema, fatty bone marrow degeneration, disk hernia-
or other ﬂeurologlca' deficits. Clinical and radlologlcal fO”OW-Uﬁon’ spondy|o|isthesis' Spina| stenosis and other path0|ogic condi-
of all patients was performed after 3—21 months. _ tions. T1-weighted and fat-suppressed images were rated against
In seven patients, the affected disk had been excised and w&sh other as equal or superior in demonstrating contrast enhance-
available for histologic and microbiological examination. Indicanent. To confirm the subjective image interpretation, the signal in-
tion for surgery (ventral diskectomy, vertebral fusion, and dorsghsity of enhancing disks before and after Gd-DTPA administra-
internal fixation) was based on radiological and clinical findinggon was measured over regions of interest (ROI). Enhancement
and was not inﬂuenced by MRI flndlngs Besides normal H&ﬁtas calculated as percentage of signa| increase.
staining for visualization of vascularity, immunohistological prep-
aration with antibodies to S-100 protein was performed for detec-
tion of neural fibers in the areas of neovascularization.
MRI was performed using a spinal surface coil (FOV 25 cm) Results
a field strength of 1.0 tesla (Impact; Siemens AG, Erlangen, Ger-
many) or 1.5 tesla (Vision; Siemens AG). Slice thickness was SIYﬁQ i i i _
mm, matrices applied were 256x256 or 512x300. In all patieng I Shg\éved Clont;_isﬁcenh?ncﬁmer}lt In 3.7 dISkS. IE 26 pa
sagittal T1-weighted spin-echo (SE) images (TR/TE:SSG'— nts ( male, . ema e). In all patients wit more
500/15-17 ms) were acquired before and after administrationtd@n one enhancing disk<8), there was one predomi-
Gd-DTPA (0.1 mmol/kg b.w.). Either sagittal fast-SE T2-weightedantly affected segment. Only lumbar and lower thoracic

ms) or opposed phase gradient-echo (GRE) images (T&£5B0 R
ms/17 ms/90°) were obtained for T2-weighted image contr as by far the most frequently affected (16/37), fol

Forty-two patients were examined with frequency-selective fa@wed by the L4/5 disk (10/37). Six patients exhibited

suppressed T1-weighted pulse sequences (TR/TE= 670/15 msgaitrast enhancement in two disks, one patient in three
ter Gd-DTPA administration. T1-weighted images were acquirglisks and, in one other four, disks showed contrast en-
immediately after contrast material injection, frequency-selectiﬁgﬁmCement Of the 11 additional vascularized disks —

T1-weighted images thereafter. Axial images were obtained in . .
cordance with imaging findings but were not included in the stufi-» Not the predominantly affected disks — 10 showed

evaluation. _ circumscribed, punctate contrast enhancement in the an-
_Tl-weighted pre- and post-Gd-DTPA thoracic and lumbgulus fibrosus, while one also showed a band of contrast
spine imaging studies of 34 age-matched control subjects Welhancement.

evaluated retrospectively for enhancement of disk material. TheseS. tient ith enh ing disks had und disk
examinations had been performed to rule out or confirm a spinal =X PalleNts with-enhancing disks had unaergone dis

mass in the presence of neurologic deficits. The patients hadStgery prior to the MRI study (failed back surgery syn-
history of chronic, localized back pain; although some patierdsome). Disk surgery had been performed 3 months
suffered from back pain to varying degrees, pain was not the r&fl)’ 5 months r=1), and between 2 and 15 years

son for the MRI studies. Subsequently, multiple sclerosis (M3)_ : : : .
was diagnosed in seven patients, ten patients had intraspina 4) prior to MRI. Enhancing disk material was found

mors (astrocytoma, ependymoma, meningioma, schwannond¥)the previously operated level in all six patients. Epidu-
five had metastases, and two vertebral hemangiomas. In two f@d-scar tissue was identified in four of these six patients.

T9/10 T10/11 T11/12 Ti2L1 Lij2 L2/3 L3/4 L4/5  L5/S1
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Fig. 2 T1l-weighted SE images (500/15 ms) befokg &nd after Fig. 3A—C Patient 3 months after disk operation on L4/5. Bone
contrast administratiorB]. The L4/5 disk is reduced in height andnarrow edema is present adjacent to the endplates of B4/5 (
there is anterior and posterior bulging of the annulus fibro&us (After intravenous Gd-DTPA administration, the anterior portion of
Bands of contrast enhancement along the adjacent vertebral éne-annulus fibrosus of the L4/5, L2/3, L3/4, and L5/S1 disks and
plates are demonstrated after intravenous injection of Gd-DTE¥#e posterior part of the annulus of the L2/3 disk exhibit definite
(b), which is shown with high contrast on the T1-weighted frenhancementB). Although the most affected disk, L4/5, has in-
quency-selective fat-suppressed image (670/15@hsThe L4/5 creased signal intensity on T2-weighted imagi@y, (o infection

and L5/S1 disks have reduced signal intensity on the fast-SE Was present. The patient was operated and pain-free immediately
weighted imageld; 4000/90 ms), indicating degenerative diseasafter fusion of L4/5 was performed. On histologic examination
Note also contrast enhancement within the localized bone mar@vad culture of the specimen, no organisms were found and no
edema adjacent to the endplaias signs of infection were present
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In 20 patients with enhancing disks, no surgery had be i = z T Rt
performed previously. 3 ~ g T '
Two patterns of contrast enhancement were found. -
21 of the primarily affected disks, bands of enhancemc. =
adjacent to the neighboring vertebral endplates were
tected, while the central portion of the disk did not e
hibit any enhancement (Fig. 2). All these segments wi
reduced in height. In five patients only circumscribe H, { / ; P
(punctate) areas of contrast enhancement confined to/* 3 ; T e 1 f 1

annulus were detected. Secondary involved levi M\ T 9 g
showed this pattern of enhancement (Fig. 3). Contr ”\t# « i Ay v
material enhancement in vascularized disks was mark =< 42 Y

the increase in signal intensity after Gd-DTPA admini = = ' : ; ’ oy &
tration ranging from 143% to 277%, with a mean « 7 - ; = .

192%. Enhancing disks revealed low signal intensity + = "£.° | . o a ke
T2-weighted pulse sequences in five and high signal - - o

tensity in three patients. Fig. 6 Capillary vascularization in the inner annulus fibrosus of

In 14 patients with enhancing disks, erosions of thgf intervertebral disk. (H&E, x10¢
adjacent endplates with small cartilaginous herniations
into the cancellous bone of the vertebrae were foundin addition to normal SE T1-weighted images, SE T1-
(Fig. 4). In the rest, no alterations of the endplates weveighted frequency-selective fat-suppressed sequences
detected. Patients with erosive changes in the endplatese available for 19 of the 26 patients with enhancing
were significantly older (mean 55.7 years) than thodisks. There was no difference in detection of enhancing
without (mean 48.2 yearp<0.05,t-test). areas. Fat-suppressed images revealed no additional en-

Bone marrow of the vertebral bodies adjacent to thancing lesions, but demonstrated the findings with
enhancing disks showed signal alterations in 23 of Bigher lesion-to-bone-marrow contrast (Fig. 2, 5). The
segments. Sixteen segments exhibited areas of decreasattast between enhancing annulus fibrosus tissue and
signal on T1-weighted images with increased signal epidural fat was also increased. Bone marrow edema ob-
tensity on T2-weighted, STIR, or opposed GRE imagssured on conventional T1-weighted post-Gd-DTPA im-
(bone marrow edema, granulation tissue), eight segmeages was demonstrated on enhanced fat-suppressed im-
were accompanied by high-signal-intensity bone marrages in 13 segments (Figs. 2, 5).
on T1-weighted images (fatty degeneration). In one caseAt operation on seven patients with enhancing disks,
both decreased and increased signal on T1-weighted fhe disks were found to be disintegrated. Parts of these
aging was found in the same vertebra (Fig. 5). GRE seven disks were available for microbial cultures and his-
guences sensitive to susceptibility effects showed arégmathologic examination with H&E staining. Six of the
of signal loss in seven patients due to bony sclerosissasen disks showed focal capillary vascularization of the
shown on the conventional films. At the other levels ahnulus fibrosus (Fig. 6). Additionally, in two patients
the patients with enhancing disks, no bone marrow efigly developed granulation tissue was detected in the
ma was detected, whereas in the remaining 27 patiansulus fibrosus and in neighboring fibrous tissue as
without enhancing disks five Modic type | reactions wexeell. It also contained dissected peripheral nerves, de-
found. tected by immunohistochemical reaction with antibodies

to S-100 protein. Cultures of the specimens revealed no
organisms.

Fig. 4A-C Patient with severe local back pain without radiating ON Spinal radiographs, reduction of the disk space
sciatica. The L3/4 disk is reduced in height and erosions of #h@s found in all cases with band-like vascularizations.
endplates are seeA). Following intravenous Gd-DTPA adminis-Osteophytic lipping was absent or minimal in 28 of 37

tration, a band-like enhancement in the diskspace and in the V%@gments and moderate in 9. Sclerosis of the adjacent
bral erosions are foundB). T2-weighted imaging shows high sig- : . ) . .
nal within the degenerated L3/4 disk with signs of aseptic inflafj€"t€brae (hemispherical spondylosclerosis) was found in

mation C) nine patients, and marked sclerosis was present in two.

Fig. 5A—C Spondylolisthesis L5/S1. T1-weighted imaging shows N!ne pegﬂent_s with d.ISk enhancement on MR.I ShOV.VEd
anterior displacement of L5 with disk herniation, rupture of tH#as inclusions in the disk space on CT. These intradiskal
posterior longitudinal ligament, and fatty degeneration in the p@as accumulations had the same appearance as gas inclu-
terior part of L5 f). Linear disk enhancement parallel to the possions frequently found in degenerated disks.

terior parts of the endplates, epidural enhancement, and enhanceA” 26 patients showing enhancement within disks
ment of bone marrow edema is seen following intravenous Gd-

DTPA administration B). Enhancement is demonstrated with beflad suffered from severe local pain over the region of the
ter contrast on frequency-selective fat-suppressed imaginy ( affected disk. In all patients the pain had persisted for
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weeks at least, and in six patients for years, with acuteOur results indicate that vascularization within the
exacerbations. The pain was triggered or aggravateddisk space is responsible for early contrast enhancement
exercise and movement and disappeared at rest. S@retMRI. Disk degeneration and formation of vascular-
patients had additional radicular symptoms. In one iakd granulation tissue was detected more than half a
these patients, disk herniation was found, in two pregentury ago [8]. As yet, however, little attention has been
ously operated patients epidural scarring was preseguaid to this phenomenon in medical imaging. Ross et al.
while in four cases no alterations of the nerve roots cowdre the first to demonstrate that tears of the annulus fi-
be found on MRI. Only 5 of 37 vascularized diskisrosus could be diagnosed using Gd-DTPA [12]. Seven
showed posterior disk bulging impinging upon the duraf our 26 patients with disk enhancement subsequently
sac. Eight patients had more than one affected disk. Timelerwent surgery with posterior spondylodesis by inter-
26 patients with enhancing disks did not show a signifial fixation and ventral diskectomy. On histopathologic
cant difference in their pain scores to the 27 without diskamination of the diskectomy specimens, vascular gran-
enhancement. ulation tissue was detected in six of seven cases. Only in
There was no band-like vascularity in any of the disksree of these six patients did macroscopic examination
of the 34 patients of the control group. In five patientduring surgery succeed in intentifying the disk vascular-
punctate Gd-DTPA uptake was noted in the dorsal pedtion. In one patient with positive MRI, histologic con-
of the annulus fibrosus, at the L4/5 level in two patienfgmation of vascularity failed. As the disk is usually de-
and at the L5/S1, L3/4, and T11/12 levels respectivelystioyed and cannot be removed as a whole, a negative
the remaining three patients. The difference between tigtological study does not necessarily exclude the pres-
control group and the back pain group in regard to bamahce of vascularity.
like disk enhancement was highly significapk@.001, Owing the reduced water content in the nucleus
t-test). pulposus and the central areas of the annulus fibrosus,
low signal intensity in T2-weighted sequences is found
in disk degeneration [3, 5, 13, 14]. Enhancing disks re-
Discussion vealed low signal intensity on T2-weighted pulse se-
guences in five and increased signal intensity in three pa-
The intervertebral disks of neonates and infants are wedhts. Therefore, increased signal intensity within the
vascularized [8-10]. The vessels enter the disk from tliek space on T2-weighted images cannot be considered
ossification center of the vertebra and from the longitudin unambiguous sign of septic spondylitis, but may also
nal ligaments. For this reason, the intervertebral disksrepresent highly vascularized degenerative disk lesions
children up to the age of 1.5-2 years show definite eairiythe thoracic and lumbar spine.
enhancement after intravenous Gd administration [11].Intervertebral disk degeneration is a normal feature of
These vessels rapidly obliterate during childhood, aading. Even in asymptomatic individuals the frequency
from the age of about 13 years pathological examinatiohdisk degeneration increases in an almost linear rela-
shows no vessels in disks [8—10]. tionship with age, and most individuals over the age of
From the age of about 15 years, the annulus fibrosisyears show disk degeneration [2, 3, 15]. Hypervascu-
shows oval or irregular areas of mucoid degeneratidarity and band-like contrast enhancement were found in
When these become larger, small circular tears in the aur patients only when disk height was reduced. On spi-
nulus fibrosus may result. The normal fibrous structunal radiographs, bony spurs were minor or absent. There-
disappears and the lamellae may hyalinize [9, 10]. Cirdare, mechanical instability may play an important role
lar tears do not communicate with the nucleus pulposimsdisk vascularity. Probably the radiological definition
From the age of 20 years, the circular tears may progresmstability needs to be adjusted, since segments with-
to radial tears extending from the nucleus pulposus to thé translatory movement of more than 2 mm were un-
outer areas of the annulus fibrosus. In accordance vgthble at operation and the enhancing disks were all dis-
the location of mucoid degeneration, radial tears are iotegrated to a certain degree at operation. When bony
cated posteriorly or dorsolaterally in the lower lumba&ontact is present at corresponding endplates, even minor
segments and anteriorly in the thoracic segments. As sowvements in these segments can irritate the endplates,
as radial tears reach the outer part of the annulus fibrossulting in localized pain.
and the longitudinal ligaments, vascularized granulation Pain in patients with disk enhancement was indepen-
tissue can invade the tear and the adjacent disk. Althodgimt of concomitant bone marrow edema. Histologic ex-
healing by scar tissue formation is possible, disk degeremination of the disks revealed the presence of dissected
ation frequently progresses to complete disintegrationrafrve fibers in the vascularized tissue in two patients.
the disk. In advanced cases, Hirsch, Schajkowicz, axerve endings are normally present only in the outer part
Hassler found the disk tissue to be replaced by a higbfythe annulus fibrosus, which is still vascularized. Vas-
vascularized granulation tissue [9, 10]. Later on, scarriaglarity is mandatory for the presence of nerve endings.
is found and vascularity is reduced. We were able to demonstrate the presence of dissected
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nerve fibers in central parts of vascularized disks in twow edema to neighboring normal bone marrow or epi-
specimens by positive immunohistochemical reactioiral fat was better on fat-suppressed enhanced images.
with antibodies to S-100 protein. Secondary band-like vascularization of degenerated
Vascularization of disk tissue in patients with degemtervertebral disks is accompanied by local pain and is a
erative disk disease, like disk herniation, representcandition that can be diagnosed on MRI. Correlation
complication in the degenerative process. It may téth surgical specimens suggests that the presence of a
found in symptomatic patients with back pain who haand of contrast enhancement along the vertebral end-
had previous disk surgery. It is well known that postopgiates indicates disintegration of the entire disk. Punctate
ative granulation (scar) tissue demonstrates contrast @okake in the outer parts of the annulus was also found in
hancement. This enhancement is confined to the artrees control group and indicates the presence of limited
where the surgeon’s instruments were, the epiduaanular defects that are not necessarily symptomatic.
space, and, in the case of removal of the disk, in the diskn disk degeneration, erosions of the adjacent verte-
space [16-18]. Marked enhancement is only seen up torél endplates may be present, but the peripheral cortical
months postoperatively. Five of our previously operatbdne of the vertebra is intact and often sclerosis can be
patients underwent surgery 2—15 years ago. One patiénind. Disk infections, on the other hand, are frequently
diagnosed 3 months postoperatively, demonstrated \vassociated with destruction of the cortical borders of the
cularity in the anterior part of the annulus; this part @€rtebra; the distinct dark rim of the endplate is then of-
the annulus was not operated on (Fig. 3). Just as pati¢esfocally not visible on T1-weighted images. A gas in-
are likely to develop bone marrow edema after chemomliision on CT helps to distinguish degenerative disk vas-
cleolysis, probably due to the sudden increase in seglarization in erosive osteochondritis from spinal infec-
mental instability with insufficient bony compensatiortjon.
mechanical instability after herniation or removal of the There is a high prevalence of degenerative lumbar
nucleus may also play the key role in the developmentdidks in the MRI studies of people without back pain
disk vascularity in patients who have had surgery. [19], and all degrees of disk degeneration can be found
Probably, diagnosis of a vascularized disk was frgenerally in asympatomatic populations [20]. However,
qguently missed in the past due to the methods of invebtnd-like vascularity in the disk space at the disk-verte-
gation. MRI technique was aimed at demonstrating diskal junction was associated with severe painful back
herniation, disk bulging, spinal stenosis, facet hypertmyndromes in all of our patients. As bony changes and
phy, or bone marrow changes; paramagnetic contrggtirs at the endplates were absent or only moderately
agents were rarely used. For the assessment of epiddeskloped, segmental instability may play a causative
scarring, contrast-enhanced sequences were mostly este in the development of disk vascularity. Secondary
ployed in the axial plane, and thus disk enhancemeigk vascularization is a clinical condition which can
could be missed [16-18]. easily be diagnosed only by means of contrast-enhanced
Frequency-selective fat-suppressed sequences MRI. Therefore, MRI protocols in the work-up of pa-
helpful, but not essential to detect vascularized disks. Ymts with painful back syndromes should include the
did not miss any lesion in our 19 affected segments use of paramagnetic contrast medium and sagittal imag-
conventional enhanced T1l-weighted images by compiag after contrast injection, if CT studies have not shown
ing the latter with the unenhanced images, but the calisk herniation or other significant findings that could
trast of enhancing disk material or enhancing bone mexplain the patients’ symptoms.

References

1. Resnick D. Degenerative disease of the4. Masaryk TJ, Boumphrey F, Modic MT, 7. Modic MT, Masaryk TJ, Ross JS, Cart-
vertebral column. Radiology 1985; Tamborello C, Ross JS, Brown MD. er JR. Imaging of degenerative disk
156: 3-14. Effects of chemonucleolysis demon- disease. Radiology 1988; 168:

2. Powell MC, Wilson M, Szypryt P, strated by MR imaging. J Comput As- 177-186.
Symonds EM, Worthington BS. Preva- sist Tomogr 1986; 10: 917-923. 8. Bohmig R. Die Blutgefal3versorgung
lence of lumbar disk degeneration ob- 5. De Roos A, Kressel H, Spritzer C, Da-  der Wirbelbandscheiben, das Verhalten
served by magnetic resonance in symp- linka M. MR imaging of marrow des intervertebralen Chordasegments
tomless women. Lancet 1986; 2: changes adjacent to end-plates in de- und die Bedeutung beider fir die
1366-1367. generative lumbar disk disease. AJR Bandscheibendegeneration. Arch Klin

3. Tertti MO, Salminen JJ, Paajanen 1987; 149: 531-534. Chir 1930; 158: 374-424.
HEK, Terho PH, Kormano MJ. Low- 6. Modic MT, Steinberg PM, Ross JS, 9. Hirsch C, Schajkowicz F. Studies on
back pain and disk degeneration in Masaryk TJ, Carter JR. Degenerative structural changes in the lumbar annu-
children: a case-control MR imaging disk disease: assessment of changes lus fibrosus. Acta Orthop Scand 1952;
study. Radiology 1991; 180: 503-507. in vertebral body marrow with MR 22:184-231.

imaging. Radiology 1988; 166:
193-199.



126

10. Hassler O. The human intervertebral 14. Boden SD, Davis DO, Dina TS, Pa- 18. Hamm B, Harding B, Traupe H, Mayer

disc. Acta Orthop Scand 1970; 40: tronas NJ, Wiesel SW. Abnormal mag- M. Diagnostischer Stellenwert der kon-
765-772. netic-resonance scans of the lumbar trastmittel-unterstitzten MR-

11. Sze G, Bravo S, Baierl P, Shimkin PM.  spine in asymptomatic subjects. J Bone Tomographie in der Diagnostik des
Developing spinal column: gadolini- Joint Surg Am 1990; 72: 403—-408. Postdiskektomie-Syndroms. Eine
um-enhanced MR imaging. Radiology 15. Friberg S, Hirsch C. Anatomical and prospektive Untersuchung von 109 Pa-
1991, 180: 497-502. clinical studies on lumbar disc degen- tienten. Fortschr Rontgenstr 1993; 159:

12. Ross JS, Modic MT, Massaryk TJ. eration. Acta Orthop Scand 1950; 19: 269-277.

Tears of the annulus fibrosus: assess- 222-242. 19. Jensen MC, Brant-Zawadzki MN, Obu-
ment with Gd-DTPA-enhanced MR im-16. Hueftle MG, Modic MT, Ross JS, Mas-  chowski N, Modic MT, Malkasian D,
aging. AJR 1990; 154: 159-162. aryk TJ, Carter JR, Wilber G, Bohl- Ross JS. Magnetic resonance imaging

13. Sether LA, Yu S, Haughton VM, Fi- mann HH, Steinberg PM, Delamarter of the lumbar spine in people without
scher ME. Intervertebral disk: normal RB. Lumbar spine: postoperative MR back pain. N Engl J Med 1994; 331:
age-related changes in MR signal in- imaging with Gd-DTPA. Radiology 69-73.
tensity. Radiology 1990; 177: 385-388. 1988; 167: 817-824. 20. Buirski G, Silberstein M. The symp-

17. Ross JS, Delamarter RB, Hueftle MG, tomatic lumbar disk in patients with
Masaryk TJ, Aikawa M, Carter JR, Van low-pack pain. Spine 1993; 18:
Dyke CC, Modic MT. Gadolinium- 1808-1811.

DTPA-enhanced MR imaging of the
postoperative lumbar spine: time
course and mechanism of enhance-
ment. AJR 1989; 152: 823-834.



