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Magnetic Resonance Enhancement Patterns at the Different Ages of
Symptomatic Osteoporotic Vertebral Compression Fractures

O XA [f_'xzu XK OrdF 2
T O O = O O T - EE
RKOHZETF Ot
o 1T O

M2 AP0 EFE AP 58S

Ja Yeon You, MD, Joon Woo Lee, MD, Jung Eun Kim, MD, Heung Sik Kang, MD

Department of Radiology, Seoul National University Bundang Hospital, Seongnam, Korea

Purpose: To investigate the magnetic resonance (MR) enhancement patterns of
symptomatic osteoporotic vertebral compression fracture (VCF) according to the frac-
ture age, based on the successful single-level percutaneous vertebroplasty (PVP) cases.
Materials and Methods: The study included 135 patients who underwent con-
trast-enhanced MR imaging and successful PVP from 2005 to 2010 due to a single-
level osteoporotic VCFE. Two radiologists blinded to the fracture age evaluated the
MR enhancement patterns in consensus. The MR enhancement patterns were clas-
sified according to the enhancing proportion to the vertebral height and the pres-
ence or extent of a non-enhancing cleft within the enhancing area on sagittal
plane. The Fisher' exact test, Kruskal-Wallis test and Mann-Whitney U test were per-
formed to assess the differences in the MR enhancement patterns according to the
fracture age.

Results: Symptomatic VCFs show variable MR enhancement patterns in all fracture
ages. A diffuse enhancing area can be seen in not only the hyperacute and acute
V/CFs but also the chronic symptomatic VCFs. Symptomatic VCFs having a segmen-
tal enhancing area were all included in the hyperacute or acute stage. Most symp-
tomatic osteoporotic VCFs had a non-enhancing cleft in the enhanced vertebral
body (128/135, 94.8%). There was no statistical difference of the enhancement pat-
tern according to the fracture age.

Conclusion: Symptomatic VCFs show variable MR enhancement patterns in all
fracture ages. The most common pattern is a non-enhancing cleft within a diffuse
enhanced vertebra.
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INTRODUCTION

The cases of osteoporotic vertebral compression fracture (VCF)
have rapidly increased with the rise of the elderly population (1,
2). Recently, percutaneous vertebroplasty (PVP) has been wide-
ly used to manage back pain and improve the mobility of the os-
teoporotic VCF patients (3, 4). However, it is often difficult to
determine the symptomatic level in the osteoporotic VCF pa-
tients because of the recurrent episodes and the multilevel in-
volvement. Most of the elderly with osteoporotic VCF also have

other diseases causing back pain, such as spinal stenosis, degen-
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erative change and spinal disc herniation. Conventional radiog-
raphy and CT are helpful to detect VCF but often fail to deter-
mine the symptomatic level in patients with vague symptoms
and multiple compression deformities (5, 6). Magnetic reso-
nance (MR) imaging has become an important tool for the eval-
uation of symptomatic osteoporotic VCF and the preoperative
planning of PVP. However, most previous studies have evaluat-
ed the MR imaging in osteoporotic VCF by focusing only on the
extent of edema on the T1-weighted, T2-weighted and fat-sup-
pressed T2-weighted images (6, 7).

For considering PVP in osteoporotic VCF at our institute, for
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several years, we have routinely added the contrast-enhanced
fat-suppressed T1-weighted sagittal images to detect marrow
edema easily and differentiate osteoporotic VCF from the ma-
lignant or infective vertebral collapse, because it is indistinguish-
able especially in the acute phase (1, 8-10). In our experience,
some cases have shown different enhancement patterns of mul-
tiple osteoporotic VCFs in the same patient. In these patients, it
can be somewhat difficult to know which level of VCF is a recent
fracture, causing the new-onset back pain. Hence, we wanted to
determine the relations between the MR enhancement pattern
and the fracture age of symptomatic VCE However, few studies
have examined the MR enhancement patterns in benign osteo-
porotic VCF according to the exact fracture age thus far. We hy-
pothesized that if we selected the patients who had symptom im-
provement after PVP for a single-level VCE we could conclude
that the level of VCF was the cause of the symptoms. Moreover, if
we investigated the MR enhancement pattern of that level of
VCEF in these patients, we could obtain information about the
MR enhancement patterns of symptomatic osteoporotic VCF ac-
cording to the fracture age.

The purpose of our study was to investigate the MR enhance-
ment patterns of symptomatic osteoporotic VCF according to

fracture age, based on the successful single-level PVP cases.

MATERIALS AND METHODS

Patient Selection

The institutional review board approved this retrospective
study and waived the requirement of obtaining the written in-
formed consent. The study group comprised 406 consecutive
patients who underwent PVP performed by an experienced
musculoskeletal radiologist in the institutional radiology de-
partment from Jan 2005 to Dec 2010. The medical records and
imaging studies of these patients were screened by another radi-
ologist to select the successful PVP for the single-level osteopo-
rotic VCE The inclusion criteria were as follows: 1) presence of
contrast-enhanced MR imaging before PVP; 2) PVP for a osteo-
porotic VCF; 3) successful outcome after the single-level PVP;
4) clear onset time of back pain demonstrated on the medical
records. A successful outcome was defined as a reduction in the
visual analog scale score of more than 50% on the chart docu-

mentation after PVP. From our electronic medical database, 242
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patients were excluded for the following: patients who under-
went only a non-enhanced MR imaging or simple radiography
before PVP (n = 98); patients who confirmed pathologic com-
pression fractures (n = 19); patients who had been performed
multi-level PVP in one session (n = 120); and patients who had
ineffective outcome after PVP (n = 5) or inadequate medical re-
cord on the definite onset time (n = 29). Finally, 135 patients (M :
F =32:103, mean age = 75.2 + 8.4 years; age range 51-96 years)
were enrolled in our study. The baseline clinical information (i.e.,
age, sex), the interval between the onset time of back pain and

MR imaging, and the VCF level were recorded for each patient.

MR Protocol

MR was performed at 1.5 T (Gyroscan Intera; Philips, Best,
Netherlands), according to the standard protocol at our institu-
tion. The T1-weighted, T2-weighted, and contrast enhanced fat-
suppressed T'1-weighted images were obtained in both sagittal
and axial planes with 4-mm slice section thickness. The field of
view of sagittal and axial planes was 320 x 320 mm and 170 x
170 mm. The T1-weighted spin-echo sequence was obtained
with a repetition time (TR)/echo time (TE) of 400-750/8-22
msec for sagittal and axial planes. The T2-weighted spin-echo-
sequence was obtained with TR/TE of 2500-4000/100-120 msec
for sagittal plane and with TR/TE of 3000-9500/100 msec for
axial plane. The fat-suppressed T1-weighted spin-echo sequence
with contrast-enhancement was obtained with TR/TE of 400-
650/8-20 msec for sagittal and axial planes, using a non-ionic
linear chelates gadodiamide (Omniscan, GE Healthcare, Prince-
ton, NJ, USA, 2 mL/sec, total 15 mL).

Analysis of Fracture Age and MR Image

VCFs are divided into four different stages according to the
fracture age: hyperacute (up to 7 days), acute (from 8 to 30 days),
subacute (from 31 to 90 days) and chronic stage (more than 90
days). Two radiologists (15 years and 3 years of experience, re-
spectively), who were blinded to the fracture age, reviewed the
MR images in consensus, focusing on the enhancement pattern.
We classified the MR enhancement patterns of symptomatic os-
teoporotic VCF according to the enhancing proportion to the
total vertebral height and the presence or extent of the non-en-
hancing cleft within the enhancing area, as seen in the most

extensively enhanced sagittal plane of the contrast-enhanced fat-
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suppressed T1-weighted imaging. The classification criteria
were as follows. Pattern A defined vertebra in which enhance-
ment was present in 50% or more of the vertebral body height,
including a non-enhancing cleft in 50% or more of the enhanc-
ing area (i.e., a large non-enhancing cleft within diffuse enhanc-
ing area). Pattern B defined vertebra in which enhancement was
present in 50% or more of the vertebral body height, including a
non-enhancing cleft in less than 50% of the enhancing area (i.e.,
a linear or band-like non-enhancing cleft within diffuse enhanc-
ing area). Pattern C defined vertebra in which enhancement was
present in 50% or more of the vertebral body height without a
non-enhancing cleft (i.e., the absence of or a punctate non-en-
hancing cleft with diffuse enhancing area). Pattern D defined
vertebra in which enhancement was present in less than 50% of
the vertebral body height with a non-enhancing cleft of the en-

hancing area (i.e., a linear or band-like non-enhancing cleft with-

Table 1. Relation of Different Enhancement Patterns to Fracture Age*
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in segmental enhancing area). Pattern E defined vertebra in
which enhancement was present in less than 50% of the vertebral
body height without a non-enhancing cleft (i.e., absence of non-
enhancing cleft within segmental enhancing area). The schemat-
ic diagrams and examples are shown in Fig. 1. The presence of
intravertebral hypointense signal alteration or fluid-filled gap on
T2-weighted sagittal image was also evaluated. Based on the cor-
relation with a non-enhancing cleft on the contrast-enhanced
T1-weighted image, the T2-weighted image findings were divid-
ed into four types. For type 1, there was well-correlated intraver-
tebral hypointense signal alteration or fluid-filled gap on the T2-
weighted image with a non-enhancing cleft on the contrast-
enhanced T1-weighted image. For type 2, even though there
was a definite non-enhancing cleft on the contrast-enhanced
T1-weighted image, there was no correlated intravertebral hy-

pointense signal alteration or fluid-filled gap on the T2-weighted

Pattern’ Pattern A Pattern B Pattern C Pattern D Pattern E Total
Hyperacute 40 19 6 1 67
Acute 18 23 0 3 45
Subacute 1 6 0 0 18
Chronic 3 2 0 0 5
Total 72 50 6 4 135

Note.—*Fracture age; hyperacute = upto 7 days, acute = from 8 to 30 days, subacute = from 31 to 90 days, chronic = more than 90 days.

'Pattern; Pattern A = a large non-enhancing cleft within diffuse enhancing vertebral body, Pattern B = a linear or band-like non-enhancing cleft within dif-
fuse enhancing vertebral body, Pattern C = the absence of or a punctate non-enhancing cleft within diffuse enhancing vertebral body, Pattern D = a linear
or band-like non-enhancing cleft within segmental enhancing vertebral body, Pattern E = the absence of non-enhancing cleft within segmental enhancing
vertebral body

| | [EEE-

Pattern A

Pattern B Pattern C Pattern D Pattern E

Fig. 1. Schematic diagrams and examples of magnetic resonance enhancement patterns. Pattern A shows a large non-enhancing cleft within
diffuse enhancing area. Pattern B shows a linear or band-like non-enhancing cleft within diffuse enhancing area. Pattern C shows the absence of
or a punctate non-enhancing cleft within diffuse enhancing area. Pattern D shows a linear or band-like non-enhancing cleft within segmental
enhancing area. Pattern E shows the absence of non-enhancing cleft within segmental enhancing area.
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image. For type 3, in reverse, there was definite intravertebral hy-
pointense signal alteration or fluid-filled gap on the T2-weighted
image without a correlated non-enhancing cleft on the contrast-
enhanced T1-weighted image. For type 4, there was neither in-
travertebral hypointense signal alteration or fluid-filled gap on
the T2-weighted image, nor a non-enhancing cleft on the con-

trast-enhanced T1-weighted image.

Statistical Analysis

The Fisher’s exact test was used to analyze the relation between
the fracture stage and the MR enhancement pattern. The rela-
tionship between the exact fracture age and the MR enhance-
ment pattern were tested by Kruskal-Wallis test. The subgroup
analysis according to the presence of diffuse enhancement or in-
ternal non-enhancing cleft was done using Man-Whitney U test.
Statistical analyses were performed using SPSS, version 17 soft-
ware (SPSS, Chicago, IL, USA). Statistical significance was as-
sumed at p value less than 0.05.

RESULTS

The interval between trauma or the back pain onset and MR
imaging ranged from 0 days to 300 days (mean, 14.7 days). Ac-
cording to the fracture age, 67 patients were assigned to hyper-
acute stage, 45 patients to acute stage, 18 patients to subacute
stage and 5 patients to chronic stage. Most symptomatic VCFs
were included in the hyperacute and acute stage (112/135, 82.9%).
Only five patients were included in the chronic stage (over 3
months). In patients with symptomatic VCFs, the first lumbar
spine was the most commonly involved, and the twelfth thorac-

ic spine was the second most common level.

Correlation with Fracture Age and MR Enhancement
Pattern

All osteoporotic VCFs showed enhancement on the contrast-
enhanced fat-suppressed T1-weighted imaging. The most fre-
quent enhancement pattern of symptomatic osteoporotic VCFs
was Pattern A (72/135, 53.3%) (Table 1). The second most fre-
quent enhancement pattern was Pattern B (50/135, 37.0%). The
proportion of Pattern A and B in all fracture ages was over 90%
(122/135, 90.3%).

Pattern A was the most common pattern in the hyperacute,
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subacute and chronic stages. In the acute stage (n = 45), Pattern
B (n =23, 51.1%) was the most common pattern. Pattern A (n =
18, 40.0%) and Pattern E (n = 3, 6.7%) in the acute stage were
followed in order. Patterns D and E were seen in the hyperacute
or acute stage, but were not shown in the subacute and chronic
stages.

The Fisher’s exact test indicated no significant relation be-
tween the fracture stage and the MR enhancement pattern. The
Mann-Whitney U test showed that the presence of the diffuse
enhancing area or the internal non-enhancing cleft was not sig-
nificantly associated with exact fracture age. In addition, the
Kruskal-Wallis test showed no significant relationship between
the exact fracture age and the five enhancement patterns.

Most symptomatic vertebras, except in seven cases (128/135,
94.8%), had at the least a linear or band-like non-enhancing cleft
in the enhanced vertebral bodies (i.e., Patterns A, B and D). The
non-enhancing clefts on the contrast enhanced T1-weighted
image were well-correlated with intravertebral hypointense sig-
nal alteration or fluid-filled gaps on the T2-weighted image in
119 patients (88.8%, type 1). In type 1, the non-enhancing clefts
were frequently much larger and clearer than intravertebral hy-
pointense signal alteration or fluid-filled gap on the T2-weight-
ed images. Nine patients (6.7%) were included in type 2. There
were no cases in type 3. Seven patients (5.2%) with Patterns C

and E were all included in type 4.

DISCUSSION

Contrast-enhanced MR imaging has been used to evaluate
acute VCFs, especially to discriminate the malignant from be-
nign VCFs, although there are some limitations (9, 11, 12). How-
ever, few studies have examined the MR enhancement patterns
of benign osteoporotic VCFs according to the fracture age. Ac-
cording to our study, symptomatic VCFs show variable MR en-
hancement patterns in all fracture ages. We also observed the
following interesting results. First, the diffuse enhancing area (in
50% or more of the vertebral body height) can be seen in not
only the hyperacute and acute VCFs but also the chronic symp-
tomatic VCFs. Second, symptomatic VCFs having a segmental
enhancing area (in less than 50% of the vertebral body height)
were all included in the hyperacute or acute stages. Third, most
symptomatic osteoporotic VCFs had a non-enhancing cleft in

J Korean Soc Radiol 2013;68(6):503-510  submit.radiology.or.kr



the enhanced vertebral body.

In our study, the most common enhancement pattern in all
fracture ages was the enhancement in 50% or more of the verte-
bral body height, including the non-enhancing cleft in 50% or
more of the enhancing area (Pattern A). The proportion of Pat-
terns A and B (i.e., diffuse enhancing vertebra, including at least
a linear or band-like non-enhancing cleft) in all fracture ages
was 90.3% (122/135). Thus, the diffuse enhancing area could be
seen in not only the hyperacute and acute VCF but also the sub-
acute and even chronic symptomatic VCFs. Previous studies re-
ported that the diffuse enhancement of the vertebral body indi-
cated acute or subacute fracture, presumably representing edema
or inflammation (13). The edema in a fractured vertebra is a re-
active progressive process that begins after the fracture event,
with the increased fluid in the bone (6). It is well-correlated with
a high signal intensity in the fat-saturated T2-weighted sequenc-
es. As the compression fracture heals, the edema typically re-
solves along with the patient’s pain (14). In our study, patients in
the chronic stage showed only Patterns A and B on the contrast
enhanced image, because their VCFs were still symptomatic
(Fig. 2). Even though the mechanism of the long-lasting bone
marrow enhancement in these patients was poorly understood,
the continuous enhancement of the bone marrow was well-cor-
related with the patient’s symptoms in our study. Therefore we
speculated that the diffuse enhancing area in any stage should
be considered the possible symptomatic level, even if it is in the

chronic stage.

A B
Fig. 2. Imaging in a 73-year woman with chronic symptomatic osteoporotic compression fracture.

A. Lateral radiography obtained 3 month after trauma shows anterosuperior compression fracture of L1 vertebra.

B. T2-weighted image obtained 7 month after lateral radiography (A) due to continuous back pain shows hypointense signal alteration in frac-
tured L1 vertebral body.
C. Contrast-enhanced fat-suppressed T1-weighted image shows non-enhancing cleft within diffuse enhanced L1 vertebra (Pattern B).
D. After percutaneous vertebroplasty, chronic back pain of the patient was markedly improved.

submit.radiology.or.kr
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The patients with VCE having a segmental enhancing area
(Patterns D and E) were all included in the hyperacute and acute
stages. It is suspected that the extent of enhancement in VCF is
related to the strength of mechanical stress. A segmental en-
hancing area in VCF is possibly made by a minor trauma, which
is quickly recovered. Another possible cause of the segmental
enhancing area in VCF in the hyperacute and acute stages is that
the MR image was performed too early to see enough inflam-
mation. In the hyperacute or acute stage, a segmental enhancing
area can be seen in the symptomatic VCE Hence, PVP should
also be considered in such cases.

Most symptomatic osteoporotic VCFs in our study had at
least a linear or band-like non-enhancing cleft in the enhanced
vertebral body (i.e., Patterns A, B and D), except for seven cases
(128/135, 94.8%). Many authors have reported the internal low
signal intensity (emptying gap) of the compressed vertebra as a
fluid sign, intravertebral cleft, intravertebral vacuum, Kiimmell’s
disease and so on (13, 15-19). Jung et al. (11) demonstrated that
the internal low signal intensity of the compressed vertebra on
the T1- and T2-weighted images is a characteristic MR finding
in acute osteoporotic VCE This internal low-signal alteration
presumably represents a fracture line or hematoma in the acute
phase and the vacuum cavity or nonunion with pseudarthritis
in the reparative stage of VCF (6, 15, 20-23). Oka et al. (13) doc-
umented that the intravertebral clefts on the T2-weighted imag-

es were frequently smaller than the unenhanced area on the

contrast-enhanced T1-weighted images. Similarly in our study,
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A

D

Fig. 3. Usefulness of contrast enhanced magnetic resonance (MR) imaging for needle positioning of percutaneous vertebroplasty (PVP). Images
in a 63-year-old woman with symptomatic compression fracture of T12 vertebra.

A. On T2-weighted image, there is no demonstrable hypointense signal alteration or fluid-filled gap at T12 vertebra.

B. However, a contrast-enhanced fat-suppressed T1-weighted image shows a large non-enhancing cleft within diffuse enhanced T12 vertebra

(Pattern A).

C. On PVP, the vertebroplasty needle tip is placed in the upper third of T12 vertebra, which is well correlated with non-enhancing cleft on con-

trast enhanced MR image.

D. The bone cement is packing at the non-enhancing cleft of T12 vertebra.

the non-enhancing clefts were much larger and clearer than the
intravertebral hypointense signal alteration or fluid-filled gap on
the T2-weighted images; hence, we could easily identify them
on the contrast-enhanced T1-weighted images. Even the intra-
vertebral hypointense signal alteration was not clearly identified
on the T2-weighted image in nine cases with obvious non-en-
hancing clefts (Fig. 3). We attempted to place the needle in the
non-enhancing cleft of the enhanced compressed vertebra dur-
ing PVP to fill the bone cement at the fracture site first. Several
recent investigators underlined that the non-enhancing portion
(emptying gap) of VCFs should be completely filled with ce-
ment to achieve immobilization and pain relief in PVP (24-27).
Oka et al. (13) reported that the unenhanced area of VCF is a re-
liable sign predicting a solid distribution of the injected cement.
Thus, a non-enhancing cleft of osteoporotic VCF on the con-
trast-enhanced MR imaging may be expected to be a marker of
the accurate needle positioning during vertebroplasty, although
further investigation is necessary (Fig. 3).

The limitations of our study include its being a retrospective
review and the positive selection bias caused by the selection
only of patients who have improved symptom after a single-lev-
el vertebroplasty. This bias may have artificially decreased the
number of patients in groups showing Patterns D and E in our
study, because we suspected that their symptoms were not se-
vere enough to receive PVP. However, the selection of patients

who underwent the successful single-level vertebroplasty was

508

necessary to clarify whether it was the symptomatic VCF or not.
The possibility of recurrent VCF on the same level by unrecog-
nized minor trauma during a follow-up cannot be completely
excluded, as our study was based on the medical records.

In conclusion, symptomatic osteoporotic compression frac-
tures show variable MR enhancement patterns in all fracture
ages. The most common pattern is a non-enhancing cleft within

diffuse enhanced vertebra.
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