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Early Bone Marrow Edema Pattern of the Osteoporotic
Vertebral Compression Fracture : Can Be Predictor
of Vertebral Deformity Types and Prognosis?
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Objective : To evaluate whether an early bone marrow edema pattern predicts vertebral deformity types and prognosis in osteoporotic vertebral
compression fracture (OVCF).

Methods : This retrospective study enrolled 64 patients with 75 acute OVCFs who underwent early MRI and followed up MRI. On early MRI, the low
Sl pattern of OVCF on T1WI were assessed and classified into 3 types (diffuse, globular or patchy, band-like). On followed up MRI, the vertebral deformi-
ty types (anterior wedge, biconcave, crush), degree of vertebral body height loss, incidence of vertebral osteonecrosis and spinal stenosis were as-
sessed for each vertebral fracture types.

Results : According to the early bone marrow edema pattern on T1WI, 26 vertebrae were type 1, 14 vertebrae were type 2 and 35 vertebrae were
type 3. On followed up MRI, the crush-type vertebral deformity was most frequent among the type 1 OVCFs, the biconcave-type vertebral deformity
was most frequent among the type 2 OVCFs and the anterior wedge-type vertebral deformity was most frequent among the type 3 OVCFs (p<0.001).
In addition, type 1 early bone marrow edema pattern of OVCF on T1WI were associated with higher incidence of severe degree vertebral body height
loss, vertebral osteonecrosis and spinal stenosis on the follow up MRI.

Conclusion : Early bone marrow edema pattern of OVCF on T1WI, significant correlated with vertebral deformity types on the follow up MRI. The se-
vere degree of vertebral height loss, vertebral osteonecrosis, and spinal stenosis were more frequent in patients with diffuse low Sl pattern.
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INTRODUCTION

bone marrow edema and the fracture line . The low SI pattern
of acute OVCF on T1WI can be seen as focal, band-like, or dif-

Osteoporotic vertebral compression fracture (OVCEF) is the
most common fracture seen in patients with osteoporosis. The
diagnosis of the OVCF may be suspected during the clinical eval-
uation and confirmed with radiologic findings, such as radiogra-
phy; CT and MRI. Especially; the MRI is the gold standard for the
investigation of vertebral bone marrow edema in OVCE. The
T1WT and the fat-suppressed T2WT have been useful in detec-
tion of the faint bone marrow edema which is associated with
acute OVCE"***'7,

The signal intensity (SI) of OVCFs differs according to the
fracture ages. In the acute stage (<2 months), OVCFs show low
SI on T1WTI and high SI on T2WI, in correspondence to the

fuse”. Due to fatty marrow changes of bone marrow edema,
chronic OVCFs show an absence of low SI of vertebral body on
T1WTI otherwise”.

Three types of vertebral deformity are usually described;
wedge, biconcave, and crush deformities”. All types of deformi-
ty were associated with height loss, which was more high degree
in patients with crush deformity”.

To our knowledge, there are no prior study discussed the re-
lationship between the low SI pattern, according to early bone
marrow edema pattern on T1WI and the vertebral deformity
types on the follow up MRI in patients with acute OVCE If verte-
bral deformity types can be predicted immediately after acute
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OVCE more proactive treatment can be initiated relatively early.
The purpose of this study was to evaluate the predictability of
vertebral deformity types and prognosis using early bone mar-
row edema pattern of OVCF on TIWL

MATERIALS AND METHODS

Patients

From May 2009 to January 2013, 234 patients with thoraco-
lumbar VCE who underwent lumbar spine MRI were retro-
spectively reviewed. The inclusion criteria were as followed; 1)
patients >50 years, 2) recent history of back pain after a minor
trauma of less than 2 months, 3) lumbar bone marrow density
T-score of less than -2.5, 4) underwent conservative treatment,
5) patients who underwent follow up lumbar spine MRI. Exclu-
sion criteria were as followed; 1) VCFs show absence of low SI
of vertebral body on T1WI of initial MRI (n=104), 2) patholog-
ic VCFs related to malignancy (n=7) or spine infection (n=9), 3)
underwent surgical procedure before underment follow up
MRI (n=47).

Finally, 64 patients were enrolled with 75 acute OVCFs (Table
1). 10 men and 54 women with a mean age of 69.4 years (range,
56-85 years) were included. In 5 of the 64 patients, OVCFs were
diagnosed in more than one vertebral body (4 patients had 2
involved vertebrae and 1 patient had 3 involved vertebrae).
Thirty-four fractures were in the thoracolumbar junction (T11-

Table 1. Results of osteoporotic vertebral compression fractures

Characteristics Finding
Sex (female : male) 5.4(54:10)
Mean age (years) 69.4 (56-85)
Mean follow-up interval of MRI (months) 25.77 (1-98)
OVCEF location
T11 3/75 (4%)
Ti12 17175 (22.7%)
L1 14/75 (18.7%)
L2 11/75 (14.7%)
L3 13/75 (17.3%)
L4 13/75 (17.3%)
L5 4/75 (5.3%)
Low SI patterns of VB on initial MRI
Type 1 26175 (34.7%)
Type 2 14/75 (18.7%)
Type 3 35/75 (46.7%)
Verebral deformity type on follow-up MRI
Anterior wedge 21/75 (28%)
Biconcave 26/75 (34.7%)
Crush 17/75 (22.7%)
No change 11/75 (14.7%)

Data in parentheses are case numbers and percentage. Type 1 : diffuse low Sl
(>90% involvement), Type 2 : globular or patchy low SI (non-band like), Type 3 :
band like low Sl (parallel the adjacent end plate). p<0.001. OVCF : osteoporotic
vertebral compression fracture, Sl : signal intensity, VB : vertebral body

L1), and 41 fractures were in the lumbar vertebral column. The
mean follow up interval of MRI was 25.7 months (range between
1-98 months).

Image protocol

Lumbar spine MRI was performed with a 1.5 Tesla (GE Medi-
cal Systems, Milwaukee, WI, USA and Siemens, Erlangen, Ger-
many) or 3 Tesla (Achieva, Philips Medical System, the Nether-
lands). Axial and sagittal TIWTI [repetition time (TR)/echo time
(TE), 350-467/9], T2WI (TR/TE, 2750-3300/116-117) and fat-
suppressed T2WI were obtained with fast spin echo techniques.
Typical imaging parameters were as followed : echo train length,
20; matrix number, 384-448x256; slice thickness, 4 mm; field
of view (FOV), 290-300x290-300 mm for the sagittal plane
and echo train length, 14; matrix number, 320-400x256-284;
slice thickness, 4 mm; field of view (FOV), 160-180x160-180
mm for the axial plane.

Early bone marrow edema pattern of OVCF on T1WI

Three musculoskeletal radiologists retrospectively reviewed
the lumbar spine MRIs independently and any inconsistencies
were resolved by consensus. Acute OVCFs were defined as VCFs
with low SI on TIWT and high SI on fat-suppressed T2WT1 in cor-
respondence to the bone marrow edema, discontinuity of the
vertebral cortex, or fracture line'”. The low SI pattern of OVCFs
on T1WI were classified into three types. Type 1 was defined as
diffuse low SI (more than 90% of vertebral body involvement),
type 2 was defined as globular or patchy low SI (non-band like)
and type 3 was defined as band like low SI (parallel the adjacent
end plate) (Fig. D

Vertebral deformity types, measurement of vertebral
body height loss, incidence of osteonecrosis and spinal
stenosis

The vertebral deformity types of OVCFs were evaluated on
the follow up MRIs. Vertebral deformity was defined as height
reduction in the vertebral body with more than 20% compared
with the height of adjacent vertebral bodies. The vertebral de-
formity types of OVCFs on follow up MRI were classified into
three types based on the center of the most height reduction of
vertebral body. The vertebral deformity types are classified as
anterior wedge, biconcave or crush deformity depending on
whether anterior, middle, or posterior portion of vertebral body
was most diminished in height'”. In addition, an entire height
reduction with retropulsed fragment at the posterior wall of the
vertebral body was defined as crush deformity (Fig. 2).

In addition, in order to determine the patient’s prognosis ac-
cording to the early bone marrow edema pattern on TIWI, in-
cidence of vertebral osteonecrosis, spinal stenosis and the de-
gree of vertebral body height loss were evaluated on the follow
up MRIs. Vertebral osteonecrosis was defined as VCF with “in-
travertebral vacuum cleft sign” or “fluid sign”"****”. The intra-
vertebral vacuum cleft sign was defined as the collection of in-
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Fig. 1. The low Sl types of OVCF according to the early bone marrow edema pattern on TIWI. A : Type 1 pattern with diffuse low signal intensity of
VICF. B : Type 2 pattern with globular low signal intensity of VCF. C : Type 3 pattern with band-like low signal intensity of VCF. S : signal intensity, VCF :
vertebral compression fracture.

S

Fig. 2. The vertebral deformity types of the follow up MRI. A : Anterior wedge deformity which is defined as VB height most decline in the anterior 1/3

portion of VB. B : Biconcave deformity which is defined as VB height most decline in the middle 1/3 portion of VB. C : Crush deformity which is defined
as entire VB collapse with diffuse posterior bulging contour. VB : vertebral body.

travertebral air, which appears as an area of low SI on all MRI
sequences. The fluid sign was defined as the collection of intra-
vertebral fluid, which appears as an area of low SI on TIWI and
high SI on T2WI, adjacent to the fractured vertebral endplate.
The degree of vertebral body height loss were assessed compar-
ing with the vertebral body height on the initial MRI. The se-
vere degree vertebral body height loss was defined if the height

reduction in the vertebral body showed more than 40%"?.

Statistical analysis

Statistical Package for the Social Sciences (SPSS) was used for
statistical analysis (SPSS 12.0, SPSS Inc., Chicago IL, USA). Fre-
quency analysis was performed with the Fisher’s exact test or
ANOVA test. A p-value of less than 0.05 was considered to in-
dicate a significant difference.

RESULTS

According to the early bone marrow edema pattern on TIWI,
26 (34.6%) showed type 1 pattern, 14 (18.7%) showed type 2
pattern and 35 (46.7%) showed type 3 pattern. On the follow up
MR, 21 (28%) showed an anterior wedge deformity, 26 (34.7%)
showed a biconcave deformity and 17 (22.7%) showed a crush
deformity. 11 (14.7%) OVCFs showed a height reduction less than
20% in the vertebral body (Table 1).

The mean age was 73.5 years in type 1 group, 66.3 years in the
type 2 group, and 68.8 years in the type 3 group. The difference
was statistical significant (p<0.005). Among 26 patients of type
1 group, 5 patients (19.23%) who the conservative management
failed, underwent surgical intervention (3 patients : laminecto-
my with posterior instrumentation, 1 patient : laminectomy, 1 pa-
tients : partial corpectomy and cylinder insertion with posterior
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Table 2. The relationships between early bone marrow edema pattern on T1WI and vertebral deformity types on follow-up MRI

Vertebral deformity types Low SI types of OVCF on TIWI
on follow-up MRI Type 1 (n=26) Type 2 (n=14) Type 3 (n=35)
Anterior wedge deformity (n=21) 3/26 (11.5%) 1/14 (7.1%) 17/35 (48.6%)
Biconcave deformity (n=26) 9/26 (34.6%) 10/14 (71.4%) 7/35 (20%)
Crush deformity (n=17) 13/26 (50%) 1/14 (7.1%) 3/35 (8.6%)
No change of VB configuration (n=11) 1/26 (3.8%) 2/14 (14.3%) 8/35 (22.9%)

Data in parentheses are case numbers and percentage, p<0.001. Type 1 : diffuse low Sl (>90% involvement), Type 2 : globular or patchy low SI (non-band like), Type 3 :
band like low Sl (parallel the adjacent end plate). S : signal intensity, VB : vertebral body

Fig. 3. A 77-year-old man with OVCFs at the L3 and L5 vertebral bodies.
A : Sagittal TIWI of initial MRI shows band-like low signal intensity (type
3 pattern) of VCF at the L3 vertebral body and diffuse low signal intensity
(type 1 pattern) of VCF at the L5 vertebral body. B : Sagittal T1WI of fol-
low up MRI taken after 4 months shows anterior wedge deformity of
VCF at the L3 vertebral body and crush deformity of VCF at the L5 verte-
bral body. L5 vertebral body exhibits severe degree vertebral body
height loss (>40%) and posterior bulging with spinal stenosis. He failed
conservative management and underwent surgical treatment (laminec-
tomy with posterior instrumentation). OVCFs : osteoporotic vertebral
compression fractures, VCF : vertebral compression fracture.

instrumentation). All 14 patients of type 2 group were managed
with conservative treatments. Among 35 patients of type 3 group,
5 patients (14.29%) who the conservative management failed,
underwent surgical intervention (laminectomy with posterior
instrumentation).

The results of the relationship between the low SI of OVCFs
according to early bone marrow edema pattern on TIWI and
vertebral deformity types of OVCFs on the follow up MRI are
shown in Table 2. For each low SI type according to the early bone
marrow edema pattern on T1WI, the frequency of vertebral de-
formity type was assessed. Among 26 OVCFs with type 1 low SI
pattern, 3 OVCFs (11.5%) showed anterior wedge deformity, 9
OVCFs (34.6%) showed biconcave deformity and 13 OVCFs
(50%) showed crush deformity on the follow up MRI (Fig. 3). 1
OVCEF (3.8%) showed no change of vertebral body configuration.
Among 14 OVCFs with type 2 low SI pattern, 1 OVCEF (7.1%)
showed anterior wedge deformity, 10 OVCFs (71.4%) showed
biconcave deformity (Fig. 4, 5) and 1 OVCEF (7.1%) showed crush
deformity on the follow up MRI. 2 OVCES (14.3%) showed no
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Fig. 4. 67-year-old woman with OVCF of the T12 vertebral body. A :
Sagittal T1WI of initial MRI shows acute VCF of the superior T12 end-
plate with globular low signal intensity (type 2 pattern). B : Sagittal T1WI
of follow up MRI taken after 61 months shows chronic VCF of the T12
vertebral body with biconcave deformity. Note the chronic inflammatory
changes and fatty infiltration of bone marrow below fractured superior
end plate. Note the severe degree vertebral body height loss (>40%).
OVCFs : osteoporotic vertebral compression fractures, VCF : vertebral
compression fracture.

Fig. 5. 61-year-old woman with OVCF of the L3 vertebral body. A :
Sagittal TIWI of initial MRI shows acute VCF of the L3 vertebral body
with patchy low signal intensity (type 2 pattern). B : Sagittal T1WI of fol-
low up MRI taken after 5 months shows chronic VCF of the L3 vertebral
body with biconcave deformity. Note the mild degree vertebral body
height loss. OVCFs : osteoporotic vertebral compression fractures, VCF :
vertebral compression fracture.

changes of the vertebral body configuration. Among 35 OVCFs
with type 3 low SI pattern, 17 OVCFs (48.6%) showed anterior
wedge deformity (Fig. 3), 7 OVCFs (20%) showed biconcave de-
formity and 3 OVCFs (8.6%) showed crush deformity on the fol-
low up MRI. 8 OVCFs (22.9%) showed no change of the verte-

140



Early Bone Marrow Edema Pattern of OVCF | SE Ahn, et al.

Table 3. The relationships between low Sl patterns of OVCF according to the early T1-weighted MRI-based classification and risk factors

. Low SI types of OVCF on TIWI
Risk factors p-value
Type 1 (n=26) Type 2 (n=14) Type 3 (n=35)
Mean VB height loss on f/u MRI 39.31% 31.71% 29.24% 0.113
Severe (>40%) VB height loss on f/u MRI 14/26 (53.9%) 4/14 (28.8%) 13/35 (37.1%) <0.001
Vertebral osteonecrosis 9/26 (34.6%) 1/14 (7.1%) 2/35 (5.7%) <0.001
Spinal stenosis 16/26 (61.5%) 1/14 (7.1%) 6/35 (17.1%) <0.001

Data in parentheses are case numbers and percentage. Type 1 : diffuse low SI (~90% involvement), Type 2 : globular or patchy low SI (non-band like), Type 3 : band

like low Sl (parallel the adjacent end plate). S : signal intensity, VB : vertebral body, f/u :

bral body configuration. In summary, differences of the vertebral
deformity types of OVCFs were visible on the follow up MRIs,
according to the early bone marrow edema pattern on TIWL
Crush deformities were more frequent in patients with type 1 low
SI pattern on T1WTI (13/26, 50%), biconcave deformities were
more frequent in patients with type 2 low SI pattern (10/14,
71.4%) and anterior wedge deformities were more frequent in
patients with type 3 low SI pattern (17/35, 48.6%). The difference
was statistical significant (p<0.001).

The results of the patient’s prognosis according to early T1-
weighted MRI-based classification are shown in Table 3. The
mean vertebral body height loss was 39.3% in the type 1 group,
31.7% in the type 2 group, and 29.2% in the type 3 group. The
mean vertebral body height loss was higher in type 1 bone mar-
row edema pattern on T1WI, but the difference was not statisti-
cal significant (p=0.113). However, the incidence of severe de-
gree vertebral body height loss (height reduction more than
40%) was significantly higher in the type 1 group (53.9%) than
in type 2 group (28.6%) or type 3 group (37.1%).

Also the incidence of vertebral osteonecrosis and spinal ste-
nosis was significantly higher in the type 1 group than in others.
Among 26 subjects of the type 1 group, 9 (34.6%) showed ver-
tebral osteonecrosis, among 14 subjects of the type 2 group, 1
(7.1%) showed and among 35 subjects of the type 3 group, 2
(5.7%) showed. The difference was statistical significant (p<0.001).

Among 26 subjects of the type 1 group, 16 (61.5%) showed
spinal stenosis, among 14 subjects of the type 2 group, 1 (7.1%)
showed and among 35 subjects of the type 3 group, 6 (17.1%)
showed. The difference was statistical significant (p<0.001).

DISCUSSION

The diagnosis of the OVCF may be suspected during the clin-
ical evaluation and confirmed with radiologic findings such as
radiography, CT and MRI. Morphologic features of OVCFs in-
clude the height reduction in vertebral bodies and various ver-
tebral body deformities on plain radiographies. But due to inad-
equate film quality false-negative rates of plain radiography from
27% to 45% were reported in previous studies'”. The CT is one
of the most suitable imaging techniques for the evaluation of
bone structures can be used to establish the degree of cortical
bone destruction. The MRI is considered as useful for the differ-
entiation between chronic and acute fractures and for early diag-
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follow up

nosis especially, because the bone marrow edema which are as-
sociated with fractures of the vertebral body are clearly shown as
SI changes.

Patients with OVCFs were managed with conservative treat-
ments, including pain control, short period of bed rest and a
brace regularly. The most of the patients showed a successful pain
relief 3 months after the fracture™". Some patients who the
conservative management failed and the pain continued because
of a severe degree vertebral body height loss or kyphosis may be
candidates for invasive therapies such a vertebroplasty, balloon
kyphoplasty and posterior lumbar interbody fusion (PLIF). The
patients with OVCEF that have >40% loss of vertebral height loss,
or >30 degrees of kyphosis often can be treated with surgical in-
tervention'”. However no obvious consensus has been reached
yet about the surgical indications in the OVCFs treatment with
the after failure of conservative management exemption. Also
numerous controversies exist about the time point of surgical
treatment”*'*"""*"”, Therefore if vertebral deformity types and
degrees of OVCF can be predicted at early stage, more active
treatment can be initiated relatively early.

In this study acute OVCFs were classified into three types of
low SI pattern according to the early bone marrow edema pat-
tern on TIWTI and the relationship between the low SI pattern
and final vertebral deformity types of OVCFs on follow up MRI
were assessed on the follow. Differences of the final vertebral de-
formity types of OVCFs according to the early bone marrow ede-
ma pattern on T1WI were statistical significant (p<0.001). Es-
pecially, when the acute OVCFs showed diffuse low SI on TIWI,
the most frequent vertebral deformity type on the follow up MRI
was the posterior portion of vertebral body height loss or an en-
tire height reduction with retropulsed fragment at the posterior
wall of the vertebral body.

In addition, in the present study, the severe degree vertebral
body height loss (height reduction more than 40%) was more fre-
quent in patients with diffuse low SI pattern on T1WT of initial
MRI. According to previous study, higher rates of initial verte-
bral collapse (more than 28.5%) are known as risk factors for
conservative treatment failures in patients with OVCF'".

Also, associated vertebral osteonecrosis and spinal stenosis
was more frequent in patients with diffuse low SI pattern on
T1WI of initial MRI. These results were similar to the results of
a previous study reported by Kanchiku at al.”, where the rela-
tionship between SI patterns of OVCFs based on MRI and pa-
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tient’s outcome were examined. In that study the signal changes
of OVCFs were classified into six types based on TIWTI in the
center of the vertebral bodies (total, anterior, posterior, superior,
inferior, and central). There was found no intraspinal protru-
sion in the inferior and superior types and the neurological sta-
bility was achieved but otherwise there was found a high fre-
quency of intraspinal protrusion in the total and posterior types.
And OVCEFs associated with vertebral osteonecrosis were
known for their poor prognosis'*'**>****. Therefore, for subjects
with acute OVCFs, especially with diffuse low SI pattern on
T1WI, an appropriate treatment based on a MRI diagnosis of
low SI pattern early after the injury should be concerned to pre-
vent the progression of the vertebral deformity or the affected
vertebral body to a severe degree vertebral collapse.

The present study had several limitations. Like in the most ret-
rospective studies, the MRI follow up periods were not uniform
for each patient. In addition, we only included patients who un-
derwent conservative treatment and underwent follow up MRL
A further limitation was the number of type 2 subjects compared
to the numbers of type 1 or type 3 subjects. But to our knowledge,
this report is the first study for a description of the relationship
between the early bone marrow edema pattern on TITWI and the
vertebral deformity types on follow up MRL It is also the first
study for a prognosis evaluation for patients under the use of ear-
ly bone marrow edema pattern on TTWL

CONCLUSION

In conclusion, early bone marrow edema pattern of OVCF
on TIWI, significant correlated with vertebral deformity types
on the follow up MRI (p<0.001). Poor prognostic factors such
as higher rates of vertebral body height loss, crush deformity
and severe degree vertebral body height loss (height reduction
more than 40%) on the follow up MRI were more frequent in
patients with diffuse low SI type according to the early bone mar-
row edema pattern on TIWI. In addition, vertebral osteonecro-
sis and spinal stenosis on the follow up MRI were more frequent
in patients with diffuse low SI type. Therefore the diffuse low SI
type according to the early bone marrow edema pattern on TIWI
can be considered as one of the poor prognostic factors for the
acute OVCFs.
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