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ABSTRACT: We performed magnetic resonance im-
aging on sixty-seven individuals who had never had low-
back pain, sciatica, or neurogenic claudication. The
scans were interpreted independently by three neuro-
radiologists who had no knowledge about the presence
or absence of clinical symptoms in the subjects. About
one-third of the subjects were found to have a substantial
abnormality. Of those who were less than sixty years
old, 20 per cent had a herniated nucleus pulposus and
one had spinal stenosis. In the group that was sixty years
old or older, the findings were abnormal on about 57

per cent of the scans: 36 per cent of the subjects had a
herniated nucleus pulposus and 21 per cent had spinal

stenosis. There was degeneration or bulging of a disc at
at least one lumbar level in 35 per cent of the subjects
between twenty and thirty-nine years old and in all but

one of the sixty to eighty-year-old subjects. In view of
these findings in asymptomatic subjects, we concluded
that abnormalities on magnetic resonance images must
be strictly correlated with age and any clinical signs and
symptoms before operative treatment is contemplated.

Magnetic resonance imaging is being used increasingly

for the diagnosis of conditions causing acute how-back pain

and sciatica. Some investigators have proposed that mag-

netic resonance imaging should replace, rather than sup-

plement, myelography’2. Several have reported that the

sensitivity of magnetic resonance imaging for the diagnosis

of herniated nucleus pulposus and spinal stenosis is equiv-

alent to or better than that of computerized tomography,

even when computerized tomography is combined with my-

elography or discography2’58. Magnetic resonance imaging

is sensitive enough to detect a partial or complete tear of

the anulus fibrosus that is undetectable with other non-in-

vasive imaging modalities’4.
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Despite the high sensitivity of magnetic resonance im-

aging, there is still a question about whether the modality

is acceptably specific, especially when it reveals abnormal

findings in the absence of clinical signs and symptoms9.

Specificity is ordinarily defined by percentages of false-

positive and false-negative results, and it is determined most

often in symptomatic patients. However, a considerable

number of abnormalities are found on the magnetic reso-

nance images of asymptomatic subjects. An abnormal find-

ing on magnetic resonance imaging in an asymptomatic

subject is not necessarily a false-positive result, since such

a lesion cannot be correlated with an anatomical lesion in

subjects who are not operated on. Thus, in this report on

asymptomatic subjects, we use the term magnetic-resonance

positive to allow inference about the specificity of the find-

ings and to allow calculation of the prevalence of abnormal

findings.

Three studies have demonstrated high incidences (24

to 37 per cent) of abnormal findings on discograms, mye-

lograms , and computerized tomography scans of asymp-

tomatic subjects3’4”3. To our knowledge, analogous data

have not been generated for magnetic resonance imaging.

The purpose of this investigation was to determine the prey-

alence of positive findings on magnetic resonance images

of the lumbar spine in asymptomatic subjects.

Materials and Methods

Magnetic resonance imaging of the lumbar spine was

performed on sixty-seven volunteers, who ranged in age

from twenty to eighty years (average, forty-two years).

There were thirty men and thirty-seven women. The subjects

were recruited through advertising in several general news-

papers, and the respondents, as well as their spouses (when

eligible) were chosen to obtain the correct balance of sex

and age for three groups (Fig. 1). The volunteers were

screened with a standardized questionnaire, and only those

who had no history of pain in the back, sciatica, or neu-

rogenic claudication were included in the study. Any epi-

sode of non-radiating low-back discomfort that had lasted

more than twenty-four hours or had necessitated time off

from work was grounds for excluding the candidate from

the study. Volunteers were also excluded if they had had

sciatica (pain or sensory abnormalities in the buttocks or
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FIG. I

Demographic data for sixty-seven asymptomatic volunteers.

404 S. D. BODEN ET AL.

ThE JOURNAL OF BONE AND JOINT SURGERY

lower limbs) or if walking caused pain or a sensory abnor-

mality in a lower limb.

Once the subject was entered in the study, multiplanar

magnetic-resonance imaging was done from the first lumbar

to the first sacral vertebra with a 1 .5-tesla imaging system

(Signa, General Electric, Milwaukee, Wisconsin). A sagittal

localizing series was performed with a repetition time of

400 milliseconds, an echo time of twenty milliseconds, a

slice thickness of five millimeters with one-millimeter in-

tervals, and a thirty-two to thirty-six-centimeter field of

view. For the sagittal images (twenty-four-centimeter field

of view), a multiple spin-echo technique was used, with a

repetition time of 1000 milliseconds, to produce five-mil-

himeter-thick slices at one-millimeter intervals after four

excitations. Two echoes were generated; the first had an

echo time of twenty milliseconds (Tl weighted) and the

second, an echo time ofseventy milliseconds (T2 weighted).

For axial sequences, which were angled through the disc

space, four-millimeter-thick slices at one-millimeter inter-

vals were acquired with a repetition time of600 milliseconds

and an echo time of twenty milliseconds.

The sixty-seven studies of the asymptomatic subjects

were mixed randomly with thirty-three scans that had been

made with the same scanner on patients who had well de-

fined clinical symptoms of either a herniated disc or spinal

stenosis. Those symptoms correlated with an unequivocal

abnormality on the magnetic resonance image, as previously

interpreted by neuroradiologists who were not associated

with the study. Thus, 100 scans were presented, in random

sequence, to three of us who are neuroradiologists (D. 0.

D. , T. S. D. , and N. J. P.) and who had no information

about the patients or the subjects. At the level of each disc,

any important diagnoses (herniated nucleus pulposus and

spinal stenosis) were identified, as were findings of less-

certain importance (bulging and degeneration of a disc). In

addition to rating the severity of the abnormality, the neu-

roradiologist rated his certainty about the diagnosis (definite,

probable, or possible).

Since precise radiographic definitions of lesions in the

lumbar discs remain subject to variations between readers,

this study was designed to yield a spectrum of independent

interpretations from three expert neuroradiologists. Her-

niated nucleus pulposus was considered to be an extrusion,

mainly focal, of disc material beyond the osseous confines

of the vertebral body, resulting in displacement of epidural

fat, nerve root, or thecal sac. A bulge was defined as a

diffuse, usually non-focal protrusion of non-osseous ma-

terial beyond the normal disc space. The basic criterion for

a diagnosis of stenosis of the spinal canal was non-disco-

genic loss of signal in the epidural fat with compression of

neural tissues within the canal. Degeneration of the disc

TABLE I

CORRELATION OF AGE WITH ABNORMAL MAGNETIC-RESONANCE IMAGES

OF THE LUMBAR SPINE IN SIXTY-SEVEN ASYMPTOMATIC SUBJECTS

Percentage of Subjects Who Had an Abnormal Finding

20-39 Yrs. Old 40-59 Yrs. Old 60-80 Yrs. Old
(N = 35) (N = 18) (N = 14)

All abnormal

findings

Reader 1 26 28 57

Reader 2 20 22 64

Reader 3 20 17 50

Average* 22 (7) 22 (3) 57 (7)

Herniated discs 21 22 36

Spinal stenosis 1 0 21

* Figures in parentheses represent the number of subjects in each age

group for which the interpretations of all three readers were in complete

agreement.
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Magnetic resonance image interpreted by three neuroradiologists as showing herniation of the disc between the fifth lumbar and first sacral vertebrae
in a thirty-three-year-old subject who had never had low-back pain or sciatica.

was considered to be present when there was loss of height

of the disc space and a decreased signal on T2-weighted

sequences.

At the level of each disc, each neuroradiologist scored

the findings of the magnetic resonance image quantitatively

and objectively and assessed the importance of any abnormal

finding subjectively. The results from each reader were av-

eraged, and the diagnosis and the severity of the lesion were

tabulated according to the subject’s age. Only the findings

that the interpreters had labeled as probably or definitely

abnormal were recorded as abnormal findings. The over-all

number of abnormal magnetic-resonance images included

only those that were considered to demonstrate very sub-

stantial abnormalities. Findings that were graded as being

less important to the diagnosis were tabulated separately.

The consistency of interpretation among the neuroradiolo-

gists was also assessed. Finally, the percentage of asymp-

tomatic subjects who had abnormal findings was calculated,

thus establishing the prevalence of abnormal magnetic-res-

onance images of the lumbar discs of asymptomatic sub-

jects.

Results

The three neuroradiologists independently interpreted

the magnetic resonance images as being substantially ab-

normal for about 28 per cent (nineteen) of the sixty-seven

asymptomatic subjects. Herniated nucleus pulposus was

noted in about 24 per cent (sixteen subjects) and stenosis

of the spinal canal, in about 4 per cent (three subjects).

Three more subjects had evidence of herniated nucleus puh-

posus on the magnetic resonance image, but the average of

the readings of the three neuroradiologists resulted in a rating

of ‘ ‘less than probable” . Therefore, these subjects were not

included in the group that had an abnormal scan.

The prevalence of abnormal findings was the same in

the asymptomatic men and women, but it varied according

to the ages of the subjects (Table I). In the twenty to thirty-

nine-year-old and forty to fifty-nine-year-old groups, the

prevalence of abnormal scans averaged about 20 per cent

(seven of thirty-five and four of eighteen, respectively). In

the sixty to eighty-year-old group, however, it averaged

about 57 per cent (eight of fourteen). The most common

important abnormalities in the oldest group were herniated

nucleus pulposus (about 36 per cent, or five of fourteen)

and stenosis (about 21 per cent, or three of fourteen),

whereas all but one of the subjects who were less than sixty

years old and had an abnormality had a herniated disc.

Figure 2 shows a magnetic resonance image of a thirty-

three-year-old subject who never had back pain. All three

interpreters thought that the scan showed a substantially

herniated disc between the fifth lumbar and first sacral ver-

tebrae. Most of the herniated discs were between the fourth

and fifth lumbar or the fifth lumbar and first sacral levels

(Fig. 3).
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Distribution of herniated nucleus pulposus (HNP) as seen on magnetic
resonance images of the lumbar spine in asymptomatic individuals.
Twenty-nine levels in twenty-one volunteers were involved.

At least one bulging disc was seen in about 54 per cent

(nineteen) of thirty-five subjects who were less than sixty

years old and in 79 per cent (eleven) of the fourteen subjects

who were sixty years old or older. Similarly, at least one

degenerated disc was noted in 34 per cent (twelve) of the

thirty-five subjects in the youngest group and in all but one

of the subjects in the oldest group (Fig. 4). In the subjects

who were less than sixty years old, the degeneration in-

volved an average of two levels, whereas in each of the

subjects who were sixty years old or older, it involved an

average of three levels. Approximately half of the degen-

erated discs also bulged, and this prevalence did not vary

with age. In contrast, the proportion of bulging discs that

were also degenerated increased from about one-third in the

subjects who were less than sixty years old to about two-

thirds in the older group.
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In all but one of the thirty-three symptomatic patients,

the findings on the magnetic resonance image correlated

with the operative diagnosis. In the exceptional patient, who

had spinal stenosis, one of the involved levels was not

identified by two of the three readers.

The three neuroradiologists agreed regarding the pres-

ence or absence of abnormal findings on the magnetic res-

onance image at 99 per cent of the 500 disc levels (five in

each subject) from both the symptomatic patients and the

asymptomatic subjects. The subjective assessments of the

severity of the findings varied somewhat, but over-all the

three readers agreed completely on the exact diagnosis at

86 per cent of the levels, two agreed on the diagnosis at 98

per cent, and there was no consensus regarding the diagnosis

at only 2 per cent of the levels. With regard to the 335 disc

levels of the asymptomatic subjects alone, all three neu-

roradiohogists agreed on the diagnosis at 90 per cent of the

levels, and two agreed on the diagnosis at 99 per cent. When

there was disagreement, it usually did not involve the pres-

ence or absence of an abnormality but rather the precise

score of its severity and importance.

Discussion

Substantial percentages of individuals who never had

low-back pain or sciatica but had abnormal myelograms (24

per cent), computerized tomography scans (36 per cent), or

discograms (37 per cent) have been reported3’4’3. In the

present study, about 30 per cent of an asymptomatic pop-

ulation had a major abnormality on a magnetic resonance

image of the lumbar spine. The finding that an asymptomatic

individual has more than a one-in-four chance of having an

abnormal magnetic-resonance image emphasizes the danger

of predicating a decision to operate on the basis of any

diagnostic tests in isolation, without clinical information.

A diagnosis that is based on magnetic resonance imaging,

U
� STENOSIS

D BULGING DISC

0 DEGEN DISC

AGE (YEARS)

FIG. 4

Incidences of herniated nucleus pulposus (HNP), spinal stenosis. a bulging disc. and a degenerated disc on the magnetic resonance images of sixty-
seven asymptomatic individuals.
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in the absence of objective clinical findings, may not be the

cause of the patient’s pain, and an attempt at operative

correction could be the first step toward disaster.

Comparison of the results of the present study with

those of investigations of other types of imaging in asymp-

tomatic subjects must be undertaken with caution. As we

have noted, many abnormal findings are age-dependent. The

study of discograms by Holt and the study of myelograms

by Hitselberger and Witten differed from our study with

regard to the mean age of the subjects. In fact, the results

of the other two studies were not analyzed according to age.

In contrast, Wiesel et al. studied computerized tomography

scans in an asymptomatic population in which the distri-

bution of age was comparable with that in ours. For the

subjects who were less than forty years old, the incidences

of abnormalities were similar in the two studies, but for the

subjects who were forty or older, our data suggested that

magnetic resonance imaging may yield fewer positive find-

ings than computerized tomography does (approximately 35

per cent compared with approximately 50 per cent). Mag-

netic resonance imaging may be even more superior than

the studies suggested because the computerized tomography

was done at the fourth and fifth lumbar and the fifth lumbar

and first sacral levels only, while the magnetic resonance

images demonstrated herniated discs at the third and fourth

lumbar levels as well. In fact, 13 per cent (four) of all

twenty-nine herniated discs in our asymptomatic subjects

were at these levels.

As with computerized tomography, subjects who were

sixty years old or older were found to have a far higher

percentage of abnormal magnetic-resonance scans than did

those who were younger than sixty. Thus, an abnormal

magnetic-resonance image in a younger patient is more

likely to be a true indication of the cause of the complaints.

For individuals who are sixty years old or older, it is less

likely that the lesions demonstrated by magnetic resonance

imaging are of clinical importance.

The interpretations of the three neuroradiohogists in our

study varied substantially less than those ofthe investigators

of the computerized tomography scans’3. In our study, the

neuroradiologists agreed completely about 60 per cent of

the scans, whereas the investigators did so about only 1 1

per cent of the computerized tomography scans. As noted

earlier, the disagreements in our study mainly concerned

the severity of the findings. Accordingly, one might infer

that magnetic resonance imaging is better than computerized

tomography for assessing the size and importance of lesions

and of neural compression. However, that inference could

be validated only if the same team of radiologists interpreted

both computerized tomography scans and magnetic reso-

nance images for the same group of patients.

The sensitivity of magnetic resonance imaging also

enabled us to study the incidence and distribution of bulging

and degenerated discs. In addition to the surprisingly high

prevalence of those findings in asymptomatic subjects of all

ages (twenty years old or older), the interrelationships of

the two findings differed from what had been expected.

Although many authors have considered bulging of a disc

to be caused by degeneration56, in our asymptomatic sub-

jects only half of the degenerated discs bulged, and only

half of the bulging discs were also degenerated. In addition,

in the older subjects, the prevalence of degeneration was

more increased than that of bulging. These relationships

may suggest that factors other than degeneration result in

bulging, or possibly that the T2-weighted magnetic-reso-

nance-imaging sequences do not detect all lesions that are

indicative of degenerated discs’5.

In analyzing the reliability of data hike ours, it is im-

portant to consider the selection of subjects as related to the

design of the study. For the asymptomatic subjects in this

study, the distribution of age and sex (Fig. 1) was similar

to the typical spectrum for patients who have how-back

pain’’0”. Our three groups contained approximately equal

numbers of men and women (by design) and most subjects

were less than sixty years old. In addition, in our study, the

distribution of the levels of the herniated discs was similar

to that in a large study of patients who were treated for

herniation of a lumbar disc”.

Another important aspect of our selection of subjects

was the exclusion of those who had any history of back

pain, sciatica, or neurogenic claudication. It is possible,

especially with older patients, that an episode of pain in the

back might be forgotten, but we tried to minimize this error

by using a standardized questionnaire that elicited the nec-

essary information with several different avenues of ques-

tioning. Subjects whose reliability was questionable or who

had problems with memory were excluded from the study.

We designed the prospective study to maximize the

reliability of the neuroradiologists’ estimates of the abnor-

mahities on the magnetic resonance images. The asympto-

matic volunteers were examined with a complete and

standardized imaging protocol that was identical to the one

used for the symptomatic patients. Precautions were taken

so that the scans of the asymptomatic subjects could not be

distinguished on a technical basis from those of the symp-

tomatic patients. We randomized the sequence in which the

scans were read so that the neuroradiologists’ interpretation

would be blind and unbiased by knowledge of the clinical

situation. The forced-choice design of the score sheet ne-

cessitated evaluation of each disc level for the four objective

findings and was intended to minimize inadvertent under-

reporting of findings. Finally, our three neuroradiologists

differed in training, experience, and type ofpractice (private

or academic), so that the spectrum of interpretation for each

scan would be as wide as possible.

In conclusion, the high incidence of bulging and de-

generated lumbar intervertebral discs seen on the magnetic

resonance images of asymptomatic subjects confirms ob-

servations that have been made with computerized tomog-

raphy and myelography studies that these findings are part
of a normal, or at least common, aging process. The finding

of an abnormal lumbar disc on a magnetic resonance image

is most reliable in symptomatic patients who are less than

sixty years old. It is less reliable in older patients. In this
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study, the prevalence of abnormal magnetic-resonance im- per cent of asymptomatic subjects emphasizes the dangers

ages for asymptomatic subjects who were less than forty of predicating a decision to operate on the basis of diagnostic

years old was comparable with that reported by Wiesel et tests - even when a state-of-the-art modality is used -

al. for computerized tomography scans. Finally, the finding without precise correlation with clinical signs and symp-

of substantial abnormalities of the lumbar spine in about 28 toms.
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