
High signal intensity within the disk space on T1-
weighted images is a unique and unusual feature of MR

imaging. Calcification of the disk is known to be respon-
sible for this phenomenon, and protein contained in flu-
id within the disk space is another cause (1, 2). Within
this space, vacuum cleft-associated high signal intensity
was revealed by T1-weighted imaging, a phenomenon
which could not be explained by the mechanism men-
tioned above.

It is well known that vacuum clefts in the disk space
appear as signal voids on both T1 and T2-weighted im-
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Purpose: To determine the possible mechanism by which an area of high signal inten-
sity appears on T1-weighted MR images adjacent to a vacuum cleft in intervertebral
disks.
Materials and Methods: We analyzed a total of 14 disks in nine patients in whom a vac-
uum cleft with T1-signal hyperintensity was observed. Lesions were present from
T11-12 to L5-S1 using a 1.5-T whole-body imager, sagittal spine-echo T1-weighted and
gradient-echo images (flip angle, 20。and 60。) were obtained. In order to identify the
vacuum cleft, using plain radiographs in all patients and CT scans in two were also ob-
tained. A 3% agar-gel block containing empty slits to form a magnetic susceptibility
difference, a phantom was designed. The air spaces were 1.6 mm in thickness, 25 mm
in width, and 20 to 25 mm in depth with 1.6-mm spacing. 
Results: In all patients, vacuum clefts were confirmed by plain radiographs and CT
scans. At the level containing air, T1-weighted images (both spin-echo and gradient-
echo) showed a signal void resulting from the intervertebral disk vacuum cleft. A hy-
perintense band adjacent to the vacuum cleft was, however, observed. A gradient-echo
image with a 60。flip angle showed a brighter signal intensity than one with a 20。an-
gle. Our phantom study gave the same results. 
Conclusion: The magnetic susceptibility artifact may be responsible for the T1-signal
hyperintensity observed adjacent to the vacuum cleft in intervertebral disks. In addi-
tion, in order to generate signal hyperintensity, the desiccating disk material must con-
tain a certain amount of water molecules. 
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ages (3). One recent study reported that a vacuum cleft
can demonstrate T2-signal hyperintensity (4), though on
T1-weighted images, no such hyperintensity has been
reported. 

Based on the observation that due to magnetic suscep-
tibility, high signal intensity often occurs adjacent to the
paranasal sinus, we hypothesized that T1-signal hyper-
intensity adjacent to a vacuum cleft in the intervertebral
disk was due to the magnetic susceptibility artifact. 

In this study, we aimed to determine whether this arti-
fact was responsible for the high signal intensity ob-
served adjacent to a vacuum cleft in the intervertebral
disk, and to explain why this intensity did not appear
constantly. 

Materials and Methods

Clinical study: We analyzed the findings of nine pa-
tients (M: F=4:5, aged 51-80 years) with vacuum clefts
in whom T1-signal hyperintensity was observed.
Among 23 disk spaces containing a vacuum cleft, 14
disks showed T1-signal hyperintensity adjacent to the
cleft. Disk levels at which this hyperintensity was ob-
served were T11-12 (n=2), T12-L1 (n=3), L1-L2
(n=2), L2-3 (n=2), L3-4 (n=1), L4-5 (n=2), and L5-
S1 (n=2). 

A 1.5-T MR scanner (Signa, GE Medical System,

Milwaukee, U.S.A.) was used to obtain sagittal spin-
echo T1-weighted (TR/TE: 500/25) and gradient-echo
images (TR/TE: 80/4.4-12.1) with flip angles of 20。and
60。(512×256 matrix, 4 mm slice thickness, 0.4 mm in-
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Fig. 1. Phantom was designed with 3% agar-gel block contain-
ing empty slits to form magnetic susceptibility difference. The
air spaces were 1.6 mm in thickness, 25 mm in width, and 20
to 25 mm in depth with 1.6 mm spacing.

A CB
Fig. 2. A. Plain radiograph, and B. Axial CT scan with sagittal reconstruction image show vacuum cleft in the T12-L1 intervertebral
disk. There is no demonstrable calcification in the disk. 
C. Spine-echo sagittal T1-weighted image shows bands of bright signal intensity adjacent to vacuum cleft in the T12-L1 interverte-
bral disk. 



tersection gap, 10.67 kHz bandwidth, and 280 mm
FOV). In order to maximize the magnetic susceptibility
artifact, the frequency encoding gradient was perpen-
dicular to the long axis of the vacuum cleft (5). In order
to exclude the presence of calcification, the plain radi-
ograph of all patients were reviewed, and for the same
purpose, two also underwent CT scanning (HiSpeed
Advantage, GE Medical System, Milwaukee, U.S.A.). 

Phantom study: To simulate a solid tissue structure
containing water, a 3% agar-gel block with slits contain-
ing air was devised. We thus achieved a magnetic sus-
ceptibility difference between air and agar-gel without
any intervening material. The air spaces were 1.6 mm in
thickness, 25 mm in width, and 20 to 25 mm in depth,
with 1.6-mm spacing (Fig. 1). The same imaging proto-
cols as in the clinical study were applied.
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A CB
Fig. 4. A. Spin-echo T1-weighted image shows bands of bright signal intensity at the air-agar interface toward the frequency encod-
ing direction. Signal voids are seen in the air spaces. 
B. Gradient-echo images with flip angle 20。, and C. flip angle 60。show brighter signal intensity than spin-echo T1-weighted image,
especially gradient-echo with flip angle 60。. The signal intensity ratio of air-agar interface to background agar-gel is 1.24 in figure
A, 1.45 in the figure B, and 1.51 in the figure C.

A B

Fig. 3. A. Gradient-echo sagittal images
with flip angle 20。, and B. flip angle
60。show patchy bright signal intensity
adjacent to vacuum cleft in the T11-
T12, more pronounced in the gradient-
echo with flip angle 60。.



During each sequence, vacuum cleft-related signal hy-
perintensity was assessed in patients and in the phan-
tom study in terms of intensity and direction. To quanti-
tatively analyse the degree of high signal intensity, the
region of interests (ROI) were drawn both in the high
signal area adjacent to the vacuum cleft and in the un-
derlying disk. The signal intensity ratio of the high sig-
nal area to the underlying disk was then determined by
clinical study. The ROI method was also employed in
the phantom study to estimate the signal intensity ratio
of the high signal area at air-agar interface to back-
ground agar-gel. 

Results

Clinical study: In all patients, the levels of vacuum
cleft were confirmed by plain radiographs, and in two
patients by CT scans. Disc spaces contained no demon-
strable calcification or fat (Figs. 2A, 2B).

At the level containing air, T1-weighted images
showed a signal void resulting from the intervertebral
disk vacuum cleft. In all patients, a hyperintense band
adjacent to the vacuum cleft was, however, also found
(Fig. 2C). Gradient-echo images with a 60。flip angle
showed brighter signal intensity than those with a 20。
angle (Fig. 3). The signal intensity ratio of the high signal
area adjacent to the vacuum cleft to underlying disk was
2.04 on 20。flip angle images, and 3.41 on 60。images. 

Phantom study: On all sequences, high signal intensi-
ty was observed at the air-agar interface. In contrast
with the background signal from agar-gel, gradient-echo
images, especially those with a 60。flip angle, showed
brighter signal intensity than spin-echo T1-weighted im-
ages. The signal intensity ratio of the air-agar interface to
background agar-gel was 1.24 on spin-echo T1-weighted
images, 1.45 on 20。flip angle images and 1.51 on 60。
images. High signal intensity occurred adjacent to the
empty slits in all directions, being especially prominent
in the frequency encoding direction. Signal voids, on the
other hand, were observed in the empty slits containing
air (Fig. 4).

Discussion

Hyperintensity on T1-weighted images is observed in
cases involving hemorrhage, or where material contain-
ing high levels of protein, fat, or calcification is present.
An intervertebral disk is one of the least vascular struc-
tures in the body, and in the absence of trauma, is not

expected to be a site of hemorrhage. Similarly, proteina-
ceous material does not accumulate there. Degenerative
disk changes, on the other hand, are common, and calci-
fication of a degenerated disk is a well-known phenome-
non (6). Major et al (1) reported that calcification of an
intervertebral disk results in increased signal intensity
on T1-weighted images, and calcification can therefore
explain most of the hyperintense disks seen on T1-
weighted images. Bangert et al (2), however, reported
that approximately 28-48% of intervertebral disks
which showed increased signal intensity on T1-weight-
ed images did not demonstrate calcification on CT scans
or plain radiographs. Their report therefore suggested
that calcification alone could not fully explain the hyper-
intense signals seen on T1-weighted images. We also ob-
served disks with a vacuum cleft which showed high
signal intensity on T1-weighted images but no demon-
strable calcification on plain radiographs or CT scans.
We have already encountered some cases that due to
the magnetic susceptibility artifact showed high signal
intensity adjacent to paranasal sinus and mimicked an
intraocular pathologic condition. We believe that this ar-
tifact can explain the high signal intensity shown by a
disk with vacuum clefts. 

The magnetic susceptibility artifact occurs when ma-
terial becomes partially magnetized in the presence of
an applied external magnetic field. When two separate
tissues with great difference in magnetic susceptibility
are placed a within uniform magnetic field, the suscepti-
bility artifact occurs at an interface such as the tissue-air
or tissue-fat plane, as found in paranasal sinuses, the
skull base, and sellae. These differences in susceptibility
lead to distortions in the local magnetic environment,
causing altered spin relaxation properties which may
generate signal loss, misregistration and accelerated T1
relaxation (7). Because there is more time for protons to
dephase and a lack of refocusing of the 180。pulse, mag-
netic susceptibility artifacts are more prominent in im-
ages acquired with longer TE or a gradient-echo se-
quence with increased flip angle (8). 

We hypothesized that if the magnetic susceptibility ar-
tifact was responsible for the high signal intensity seen
on T1-weighted images adjacent to the vacuum cleft,
high signal intensity should be more pronounced on gra-
dient-echo images with increased flip angle and longer
TE. In our study, all disks, as well as the phantom,
showed a more pronounced high signal intensity on gra-
dient-echo images, especially on those with a 60。flip
angle. Moreover, our phantom study showed that a high
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signal intensity occurred in all directions, being particu-
larly prominent in the direction of the frequency encod-
ing gradient. This finding is consistent with those report-
ed by Frazzini et al (5). 

In summary, our phantom study successfully simulat-
ed a vacuum cleft in the intervertebral disk space and
demonstrated high signal intensity on T1-weighted im-
ages. These results thus suggested that the magnetic sus-
ceptibility difference might be responsible for the ob-
served high signal intensity adjacent to the vacuum
cleft. 

On the other hand, we have encountered several cases
in which vacuum cleft-related high signal intensity was
not revealed by T1-weighted imaging, and have tried to
explain why it is that not all disks with a vacuum cleft
create high signal intensity on such images. We current-
ly conjecture that in order to create high signal intensity
on T1-weighted images, a desiccating disk must contain
an adequate amount of free protons, in one which is
completely desiccated, the absence of high signal inten-
sity is due to a lack of protons.

In conclusion, the magnetic susceptibility artifact may
be responsible for the high signal intensity seen on T1-

weighted images adjacent to a vacuum cleft in the inter-
vertebral disks. 
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자기공명 T1-강조영상에서 진공 틈새와 관련된 추간판 고신호강도: 
임상 및 모형 연구1
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목적: 자기공명 T1-강조영상에서 진공 틈새를 가진 추간판에서 보이는 고신호강도의 기전에 대해 알아보고자 하

였다. 

대상과 방법: 추간판 진공 틈새를 보이면서 T1-강조영상에서 고신호강도를 보이는 9명의 환자를 대상으로 하였다.

14 개의 추간판이 고신호강도를 보였으며 위치는 T11-12 에서 L5-S1까지 이었다. 1.5-T 자기공명영상장치를

이용하여 스핀에코 T1-강조영상과 경사에코영상 (숙임각, 20˚와 60˚)들을 얻었으며 추간판 진공 틈새를 확인

하기 위해 모든 환자에서 단순 촬영을, 2명의 환자에서 컴퓨터 단층촬영을 시행하였다. 

모형은 공기로 찬 틈새를 함유하고 있는 3% 한천-겔 블록을 고안하여 자기화율 차이를 만들었다. 모형내의 공기

틈새의 두께는 1.6 mm, 너비는 25 mm, 깊이는 20-25 mm이며 간격은 1.6 mm로 하였으며 환자에서와 같은 방

법으로 자기공명영상을 실시하였다. 

결과: 모든 환자에서 단순 촬영과 컴퓨터 단층촬영에서 추간판 내에 진공 틈새가 있음을 확인하였다. 공기가 있는

부위는 스핀에코 T-1 강조영상과 경사에코영상에서 모두 신호소실을 보였으나 진공 틈새 주위에서는 고신호강도

를 볼 수 있었다. 특히 경사에코영상 숙임각 20˚에서보다 숙임각 60˚에서 신호강도가 증가하였다. 모형연구에서

도 동일한 결과가 관찰되었다. 

결론: 자기공명 T1-강조영상에서 보이는 진공 틈새주위의 고신호강도는 자기화율 인공물에 의한 것으로 여겨지며

이러한 인공물이 나타나기 위해서는 건조한 추간판 내에 잔여 물 양성자들이 있어야 할 것으로 생각된다. 


