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Abstract Background. The relation between abnor-
malities in the lumbar spine and low back pain is contro-
versial. We examined the prevalence of abnormal findings
on magnetic resonance imaging (MRI) scans of the lum-
bar spine in people without back pain.

Methods. We performed MRI examinations on 98
asymptomatic people. The scans were read independ-
ently by two neuroradiologists who did not know the clini-
cal status of the subjects. To reduce the possibility of
bias in interpreting the studies, abnormal MRI scans from
27 people with back pain were mixed randomly with the
scans from the asymptomatic people. We used the fol-
lowing standardized terms to classify the five interver-
tebral disks in the lumbosacral spine: normal, buige
(circumferential symmetric extension of the disk beyond
the interspace), protrusion (focal or asymmetric exten-
sion of the disk beyond the interspace), and extrusion
(more extreme extension of the disk beyond the inter-
space). Nonintervertebral disk abnormalities, such as fac-
et arthropathy, were also documented.

Results. Thirty-six percent of the 98 asymptomatic

HE lifetime prevalence of low back pain is ap-

proximately 80 percent; 31 million Americans
have low back pain at any given time.! In the United
States, low back pain is second only to the common
cold as the reason patients cite for seeking medical
care. The estimated cost of medical care for patients
with low back pain exceeds $8 billion annually.? Al-
though there has been no increase in the incidence of
this problem, over the past 30 years the rate of disabil-
ity claims related to low back pain has increased by 14
times the rate of population growth.'

The relation between abnormalities in the lumbar
spine and low back pain is controversial. Previous au-
topsy studies, as well as myelography, computerized
tomography (CT), and magnetic resonance imaging
(MRI), have shown abnormalities in a substantial
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subjects had normal disks at all levels. With the results of
the two readings averaged, 52 percent of the subjects had
a bulge at at least one level, 27 percent had a protrusion,
and 1 percent had an extrusion. Thirty-eight percent had
an abnormality of more than one intervertebral disk. The
prevalence of buiges, but not of protrusions, increased
with age. The most common nonintervertebral disk abnor-
malities were Schmorl’s nodes (herniation of the disk into
the vertebral-body end plate), found in 19 percent of the
subjects; annular defects (disruption of the outer fibrous
ring of the disk), in 14 percent; and facet arthropathy (de-
generative disease of the posterior articular processes of
the vertebrae), in 8 percent. The findings were similar in
men and women.

Conclusions. On MRI examination of the lumbar
spine, many people without back pain have disk bulges
or protrusions but not extrusions. Given the high preva-
lence of these findings and of back pain, the discovery by
MRI of buiges or protrusions in people with low back pain
may frequently be coincidental. (N Engl J Med 1994,331:
69-73.)

number of people without back pain.>® A recent study
using MRI reported a high prevalence of disk herni-
ation in people without symptoms and urged caution
in relating symptoms to such lesions,® although the
nomenclature was not precise. The term “herniation”
can be used to describe a wide spectrum of abnormali-
ties involving disk extension beyond the interspace,
from a bulge to a frank extrusion; therefore, the report-
ed data on the prevalence of herniation can be mis-
leading. Well-defined morphologic terms may be more
useful in describing this abnormality and may corre-
late better with symptoms.

Using a well-defined morphologic nomenclature,
we examined the prevalence of abnormal disks as well
as other findings in MRI examinations of the lumbo-
sacral spine in people without back pain. In addition,
we correlated the level of physical activity by the
study participants with disk abnormalities.

METHODS

We studied 98 people (50 men and 48 women) without symptoms
of back pain, from 20 to 80 years old (mean age, 42.3 years). Vol-
unteers were recruited by distributing flyers in the hospital, mailing
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Table 1. Prevalence of Bulges, Protrusions, and Ex-
trusions on MRI Scans in 98 Asymptomatic Sub-
jects and 27 Symptomatic Subjects.*

BuLGE PrOTRUSION  EXTRUSION
no. of subjects (%)

Evaluator 1
Asymptomatic subjects 52 (53) 30 (31) 2(2)
Symptomatic subjects 23 (85) 14 (52) 8 (30)

Evaluator 2
Asymptomatic subjects 50 (51) 23 (23) 0
Symptomatic subjects 18 (67) 15 (56) 6 (22)

Average of the two

evaluators
Asymptomatic subjects 51 (52)
Symptomatic subjects  20.5 (76)

26.5 (27) 1(D)
14.5 (54) 7 (26)

*Bulge, protrusion, and extrusion are defined in the Methods section.

an announcement to all staff physicians, and advertising in
the hospital newspaper. Participants did not need to be affiliat-
ed with the hospital. Applicants completed a consent form approved
by the Investigational Review Board and were interviewed by one
of us. Those with a history of back pain lasting more than
48 hours or any lumbosacral radiculopathy were excluded (about
20 patients). To reduce bias in the interpretation of the MRI
scans, abnormal scans from 27 people with back pain were selected
and mixed randomly with the scans from the 98 people without
symptoms.

The level of physical activity was scored as follows: 0, no exercise;
1, occasional exercise (less than weekly); 2, weekend exercise;
3, workouts three or four times a week; and 4, workouts five or more
times a week or regular workouts that included strenuous activity
such as weightlifting or horseback riding.

All MRI scans were obtained at Hoag Memorial Hospital with
1.5-T imagers (Signa, General Electric, Milwaukee; and Magnetom
SP4000, Siemens Medical Systems, Iselin, N.J.). The studies con-
sisted of four spin—echo sequences: a coronal localizer with a repeti-
tion time and echo time (TR/TE) of 400/15 msec, a sagittal view
with a TR/TE of 300-600/11-23 msec, an axial view with a TR/TE
of 700-900/11-15 msec, and a sagittal view with a TR/TE (dual-
echo sequence) of 2500-2600/16-21 and 90-105 msec. Techni-
cal specifications included a slice thickness of 3 and 4 mm for sa-
gittal and axial sequences, respectively; a field of view of 26 and 20
cm for the sagittal and axial images, respectively; and a matrix
of 192 by 256. The T,-weighted axial sequences were stacked
slices extending from the inferior aspect of L3 through the inferior
aspect of S1. There were two excitations for the T,-weighted axi-
al and sagittal images, with one excitation for the Typ-weighted sagit-
tal images.

All studies were read at the Cleveland Clinic by two experienced
neuroradiologists familiar with the MRI imagers used. The readers

Table 2. Number of Subjects with Bulges, According to the Age of
the Subject and the Location of the Bulge.*

BULGE AT LEAST

AGE (YR) LocaTioN oF BULGE AT ONE LEVEL

L1-2 L2-3 L3-4 [4-5 L5-S1

no. of subjects no. of subjects (%)

20-29 (n = 20) 00 00 40 512 42
30-39 (n = 28) 211 v 41 6/8 4/3
40-49 (n = 23) 10 12 38 710 5/8

7/4 (35/20)
1179 (39/32)
13/15 (57/65)

50-59 (n = 17) 33  5/4 108 9/6  12/9 13/14 (76/82)
=60 (n = 10) o1 174  4/5 516 4/5 8/8 (80/80)
Total (n = 98) 6/5 811 25/22 32/32 29/27 52/50 (53/51)

*For each pair of data, the first number refers to the first evaluator’s result, and the second
number to the second evaluator’s result.
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did not know the clinical status of the subjects. All identifying infor-
mation and dates were obscured. Readings were carried out in
groups of 9 to 11 studies per session, which included 1 to 4 studies
from people with symptoms. The readers independently evaluated
the status of the 5 intervertebral disks in the lumbosacral spine in all
125 subjects (a total of 625 disks).

The terms used to classify disks were defined as follows: normal,
no disk extension beyond the interspace; bulge, circumferential
symmetric extension of the disk beyond the interspace (around the
end plates); protrusion, focal or asymmetric extension of the disk
beyond the interspace, with the base against the disk of origin
broader than any other dimension of the protrusion; and extrusion,
more extreme extension of the disk beyond the interspace, with the
base against the disk of origin narrower than the diameter of the
extruding material itself or with no connection between the material
and the disk of origin. This terminology was selected on the basis of
the findings of a companion study that evaluated interobserver and
intraobserver variability when different nomenclatures were used to
describe disk abnormalities in the same 125 MRI studies. In that
study, all scans were read independently at least twice by the two
neuroradiologists (evaluator 1 and evaluator 2), with a minimum of
two weeks between the readings. The data in the current study are
based on the second reading in the companion study, in which the
terms we selected (normal, bulge, protrusion, and extrusion) were

Table 3. Number of Subjects with Protrusions, According to the
Age of the Subject and the Location of the Protrusion.*

PROTRUSION AT LEAST

AGE (YR) LOCATION OF PROTRUSION AT ONE LEVEL
L1-2 L2-3 L3-4 [L4-5 LS-S1
no. of subjects no. of:'ubjms (%)
20-29 (n = 20) 00 00 00 312 21 513 (25/15)
30-39 (n = 28) 1”71 171 1/1 512 212 6/6 (21/21)
40-49 (n = 23) o1 00 110 5/3 4/4 8/7 (35/30)
50-59 (n = 17) 00 11 21 2/4 0/0 515 (29/29)
=260 (n = 10) 00 21 1/0 4/0 3n 6/2 (60/20)

Total (n = 98) 172 43 52 1911 118 30723 (31/23)

*For each pair of data, the first number refers to the first evaluator’s result, and the second
number to the second evaluator’s resuit.

used for the first time. With these definitions, an interobserv-
er agreement of 80 percent (for all 125 subjects) was found
(kappa = 0.59).°

Nonintervertebral disk abnormalities were assessed on the basis
of a consensus by two other readers at Hoag Memorial Hospital. .
The following abnormalities were recorded: Schmorl’s nodes, facet
arthropathy, spondylolysis, spondylolisthesis, annular defects, and
stenosis of the central canal or neural foramen. The criteria for
stenosis of the central canal and neural foramen were obliteration of
the epidural fat with flattening of the thecal sac and obliteration of
the perineural fat, respectively.!

For statistical analyses, the prevalence of disk abnormalities ob-
served by the two readers was determined according to the subjects’
sex, age, and physical-activity score, with the use of a generalized
linear model for correlated binary data.!' All tests of significance
were two-tailed.

REsuULTS

Table 1 summarizes the prevalence of disk bulges,
protrusions, and extrusions in the MRI studies. With
the results of the two readings averaged, 52 percent
of people without symptoms had a bulge at at least
one intervertebral disk, 27 percent had a protru-
sion, and 1 percent had an extrusion. Thus, 64 percent
of these people without back pain had an interverte-
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bral disk abnormality, and 38 percent had an abnor-
mality at more than one level.

The prevalence of bulges and protrusions according
to the age of the subjects and the location of the ab-
normalities in the intervertebral disk space are pre-
sented in Tables 2 and 3. The prevalence of bulges
and protrusions was highest at L4-5 and L5-S1; there
were few abnormalities at L1-2. The MRI scan of
an asymptomatic subject with a disk protrusion and
its schematic representation are shown in Figure 1.
No significant relation was found between sex and
the prevalence of bulges (data not shown) or between
age and the prevalence of protrusions (Table 3).
The prevalence of disk bulges increased with age
(P<<0.001) (Table 2), and this trend was present for
each disk level. Figure 2 shows a circumferential
disk bulge. Age was also significantly associated with
the presence of more than one disk abnormality.

A

Figure 1. A Disk Protrusion in a 24-Year-Old Woman without
Back Pain.

The T,-weighted sagittal image (TR/TE, 2500/102 msec) (Panel
A) shows an L5-S1 protrusion (black arrow) with a small annular
defect, as evidenced by the focus of high signal intensity at the
posterior disk margin (white arrow). The T,-weighted axial image
(TR/TE, 800/11 msec) (Panel B) shows the left paracentral disk
protrusion, with subtle posterior displacement of the left S1 nerve
root (arrow). A schematic axial representation (Panel C) depicts
the left paracentral disk protrusion.
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Sixty-seven percent of the 27 people who were 50
years of age or older had multiple abnormalities, as
compared with 27 percent of the 71 younger partici-
pants (evaluator 1, 20 of 27 older subjects vs. 21 of 71
younger subjects; evaluator 2, 16 of 27 vs. 18 of 71;
P<0.001).

The prevalence of disk abnormalities varied little
with the physical-activity score. However, among the
48 people who exercised regularly (a score of 3 or 4),
the prevalence of protrusions at L5-S1 was 16 per-
cent, as compared with 4 percent among the 50 people
who were more sedentary (evaluator 1, 8 of 48 people
who exercised regularly vs. 3 of 50 who were more
sedentary; evaluator 2, 7 of 48 vs. 1 of 50; P = 0.05).

The most common nonintervertebral disk abnor-
malities in people without symptoms were Schmorl’s
nodes (herniation of the disk into the vertebral-body
end plate), in 19 percent of the subjects; annular de-
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Pedicle
/' Disk protrusion
Superior facet T
: Lamina
Inferior facet 4
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Figure 2. A Disk Bulge in a 21-Year-Old Man without Back Pain.

The T,-weighted (TR/TE, 2500/102 msec) image shows a midline

sagittal section through a circumferential disk buige at L5-S1

(black arrow). In addition, the small focus of high signal intensity

at the posterior margin (white arrow) is compatible with a small
annular fissure.

fects (disruption of the outer fibrous ring of the disk),
in 14 percent; and facet arthropathy (degenerative dis-
ease of the posterior articular processes of the verte-
brae), in 8 percent. Seven percent of the asymptomatic
subjects had spondylolysis, 7 percent had spondylo-
listhesis, 7 percent had stenosis of the central canal,
and 7 percent had stenosis of the neural foramen.

Di1scussION

We found a high prevalence of abnormalities in the
lumbar spine on MRI examination of people without
back pain. Only 36 percent of those examined had a
- normal disk at all levels. About half had a bulge at at
least one intervertebral disk, and about a quarter had
at least one disk protrusion. Given the high prevalence
of back pain in the population, the discovery of a
bulge or protrusion on an MRI scan in a patient with
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low back pain may frequently be coincidental. There-
fore, the clinical picture should be correlated with the
MRI results. Abnormalities of the lumbar spine by
MRI examination can be meaningless if considered in
isolation.

Only a small number of the asymptomatic people
we studied had disk extrusions on MRI examination.
Appropriate statistical comparisons of people with
symptoms and those without symptoms cannot be
made from our data, because the scans for those with
symptoms were selected retrospectively. However, our
data are consistent with the hypothesis that the preva-
lence of extrusions in people with symptoms of back
pain may be substantially higher than in people with-
out symptoms. Previous studies using CT and MRI>¢
did not distinguish between protrusions and extru-
sions. The term “herniation” may be too generic for
clinical relevance. Classification of protrusions and
extrusions may be more helpful in characterizing the
findings.

The presence of disk abnormalities in the lumbar
spine of asymptomatic people is well known. In a
study of 33 people presumed to have been free of back
pain, postmortem examination of the entire spine
showed a 39 percent prevalence of posterior disk pro-
trusions.* In another study, 24 percent of 300 myelo-
grams in people without symptoms showed abnor-
malities of the lumbar disk.*> Wiesel et al. used CT to
examine 52 people without symptoms and found the
prevalence of herniated disks to be 19.5 percent in
people under the age of 40 years and 26.9 percent in
those over the age of 40°; however, only the L4-5 and
L5-1 intervertebral disks were evaluated.® In our
study, one third of the participants had disk exten-
sions beyond the interspace at the L1-2, L2-3, or
L.3—4 levels. Using MRI in 67 people without symp-
toms, Boden et al. found herniated disks in 20 percent
of the people less than 60 years old and in 36 percent
of those 60 years of age or older.® In another study,
MRI examination of 41 women without symptoms
showed that 54 percent had a disk bulge or herniation
at one or more disk spaces,® although only 13-4, -
L4-5, and L5-1 levels were examined.

In our study, the prevalence of disk bulges, but not
protrusions, increased with age. Since protrusions are
less common than bulges, a larger study might have
demonstrated a similar association between age and
protrusions.

Annular “tears” may be painful, possibly because
of leakage of the contents of the nucleus pulposus into
the epidural space, with related nerve irritation.'? An-
nular defects have been demonstrated by MRI.'* The
14 percent prevalence of annular defects in our study
may be an underestimate. The reported prevalence of
posterior radial tears at autopsy in asymptomatic peo-
ple is 40 percent for those between the ages of 50 and
60 years and 75 percent for those between 60 and 70."*
Annular tears may lead to disk degeneration." In our
study, all the disks with annular fissures also had a
decreased signal on the Tjy-weighted image, and all
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but one had an associated bulge or protrusion. These
findings support the contentions that annular defects
are generally associated with disk degeneration and
that such defects are frequently asymptomatic.

Abnormalities other than disk disease, such as
facet arthropathy, have been cited as an important
and often overlooked source of low back pain and sci-
atica. Abnormal facets can be injected with cortico-
steroids. Our study underscores the difficulty of estab-
lishing facet disease as the source of pain, since
8 percent of our subjects without back pain had facet
arthropathy.

In conclusion, on MRI examination of the lumbar
spine, many people without back pain have disk
bulges or protrusions but not extrusions. Because
bulges and protrusions on MRI scans in people with
low back pain or even radiculopathy may be coinci-
dental, a patient’s clinical situation must be careful-
ly evaluated in conjunction with the results of MRI
studies.
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