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BACKGROUND AND PURPOSE: Presence of bone marrow edema (BME) in osteoporotic vertebral
compression fractures (VCF) detected by MR imaging as selection criterion for percutaneous verte-
broplasty (PV) is speculative. To clarify significance of BME in VCF, we assessed pain response after
PV in patients with VCF with full BME versus patients with VCF with absent BME.

METHODS: From a cohort of patients with painful VCF selected for PV, pain response in 14 patients
with absent BME in VCF was prospectively compared with pain response in 31 patients with full BME
in VCF. Pain was evaluated before PV and at 1 and 3 months after PV with visual analog scores and
analgesics used. Back pain in general and at treated vertebral levels was assessed.

RESULTS: Pain decrease after PV at treated levels was observed in 10 (71%) patients with absent
BME in VCF at both follow-up periods and in 29 (94%) patients with full BME 1 month after PV and 30
(97%) at 3 months after PV. Differences between the groups were significant (P � .04 at 1 month; P �
.01 at 3 months). Pain response was not affected by other patient or imaging characteristics. General
back pain after PV was comparable in both groups after PV (P � .08 at 1 month; P � .4 at 3 months).

CONCLUSION: Pain decrease after PV in patients with VCF is more frequently observed when full BME
is present. Because 71% of patients with VCF with absent BME responded favorably on pain, PV
should not be withheld based on absence of BME alone.

The role of imaging procedures before percutaneous verte-
broplasty (PV) in patients with symptomatic osteoporotic

vertebral compression fractures (VCF) remains largely specu-
lative. In patients with multiple VCF or in patients with dis-
crepancy in location of pain and level of VCF, MR imaging can
be helpful in selecting the symptomatic VCF. MR imaging is
sensitive for the detection of bone marrow edema (BME) in
VCF.1-4 Presence of BME in VCF is associated with (sub)acute
fractures.1-4 Some investigators have suggested that presence
of BME in VCF is predictive of a favorable response to PV.1,5,6

Most VCF demonstrate no BME on MR imaging and are not
considered for PV, unless back pain in patients is immobiliz-
ing and can be related to collapsed vertebral bodies on fluoro-
scopically guided examination. The relation between prepro-
cedural BME in painful VCF with pain response after PV has
not been evaluated prospectively.

In the present study, we investigated the relation between
BME and pain response after PV. Because we expected maxi-
mal differences to be found between patients with absent BME
and those with full BME, patients with partial BME were ex-
cluded. From a cohort of 127 patients with painful VCF se-
lected for PV, we prospectively included 31 patients with full
BME in VCF on preprocedural MR imaging and 14 patients
with absent BME in VCF. Relief of pain in the first trimester
after PV was compared across groups.

Patients and Methods

Patients
Between March 2002 and March 2005, 127 consecutive patients un-

derwent PV of painful osteoporotic VCF in our hospital. All patients

were discussed by a multidisciplinary team consisting of endocrinol-

ogists, orthopedic surgeons, and radiologists. The inclusion criteria

for VCF to be treated by PV were: (1) VCF with height loss of the

vertebral body, (2) immobilizing back pain refractive to medical ther-

apy for at least 6 weeks and related to the VCF, (3) focal tenderness on

fluoroscopy-guided physical examination related to the level of the

VCF, and (4) bone attenuation T scores less than �2.0 with no indi-

cation of underlying disease.

Preprocedural Imaging Protocol
Preprocedural imaging consisted of anteroposterior and lateral radio-

graphic examinations of the spine. When PV was considered, total

spine MR imaging was performed on a 1T or 1.5T MR imaging scan-

ner. MR imaging sequences consisted of sagittal T1-weighted (repe-

tition time [TR], 400 ms; echo time [TE], 13 ms), T2 turbo spin echo

(TSE)-weighted (TR, 3500 ms; TE, 120 ms) and short � inversion

recovery (STIR) images (TR, 2500 ms; TE, 70 ms), and transverse T2

TSE weighted images (TR, 2500 ms; TE, 120 ms) at the level of VCF

with BME. All MR images had 512 matrices. Section thickness was 4

mm. Field of view in sagittal plane images was 350 mm and 225 mm in

transverse images. BME in the collapsed vertebral body was defined as

decreased signal intensity on T1-weighted images and increased sig-

nal intensity on STIR images.1 BME extent was assessed as a percent-

age of volume of the collapsed vertebral body and classified into ab-

sent (0%), partial (5%–95%), and full (100%) (Figs 1– 4). Shape and

grade of every treated VCF was scored by 2 radiologists in consensus

using the semiquantitative visual grading scale of vertebral deformi-

ties according to Genant et al.7 Shape of VCF was classified on the
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basis of reduction in anterior height (wedged), middle height (bicon-

cave), and posterior height (crush). Grade of VCF was classified as a

percentage of height reduction in mild (15%–25%), moderate (26%–

40%), and severe (�40%).

Study Population
Of 127 consecutive patients selected for PV, 45 were prospectively

included in this study: 14 patients had absent BME in treated VCF

(group I) and 31 patients had full BME in treated VCF (group II). The

14 patients with absent BME were treated with PV because focal ten-

derness related to the level of the VCF was present on physical exam-

ination and no other underlying spinal cause for their pain was evi-

dent. Before the procedure, Institutional Review Board approval and

patient informed consent were obtained.

Procedure
PV was performed under local anesthesia on a biplane angiographic

unit (Integris BN 3000 Neuro; Philips Medical Systems, Best, The

Netherlands). In most cases, a bilateral transpedicular approach

was used; in 1 case, a unilateral transpedicular approach was used.

Under continuous fluoroscopic guidance, polymethylmethacrylate

(PMMA) bone cement was injected manually using 1.0-mL syringes

and 11 or 13 gauge bone biopsy needles (Cook Europe, Bjaeverskov,

Denmark). Until June 2003, Simplex-P (Howmedica, Limmerick,

Ireland; n � 3) and Palacos LV-40 (Schering-Plough Europe, Brus-

sels, Belgium; n � 11) PMMA bone cements were used, to which 6.0 g

of sterile barium sulfate was added for radio-opacity. Later, custom-

made Osteopal V (Biomet Merck, Ried b. Kerzers, Switzerland; n �

16) and Osteo-Firm (Cook Europe; n � 30) were used. The amount of

cement injected in each vertebral body was noted. Immediately after

PV, a CT scan with multiplanar reconstructions of treated levels was

made to assess cement deposition and to identify possible cement

leakage or other local complications that might not have been noted

under fluoroscopy.

Clinical Follow-Up
All 45 patients filled out pain questionnaires before PV and at 1 and 3

months after PV. Pain questionnaires consisted of a Visual Analog

Score (VAS) for back pain and recording of analgesic use. VAS was

indicated on a 10-point scale ranging from 0 (no pain) to 10 (worst

pain in the patient’s life).8 Prescribed analgesic use was classified into

(0) no medication, (1) use of paracetamol (acetaminophen), (2) use

of nonsteroidal anti-inflammatory drugs, and (3) use of opiate deriv-

atives. In addition, at follow-up, after PV patients were asked whether

pain was located at the treated level or at another level. Three months

after PV, MR imaging was performed to evaluate presence of new

VCF at other levels or other spinal pathology at another level. Fol-

low-up MR imaging consisted of sagittal T1-weighted and STIR im-

ages and transverse T2 TSE-weighted images at the level of new VCF

or other spinal pathology if present.

Statistical Analysis
Characteristics of both groups were compared to evaluate possible

other differences besides BME extent in treated VCF that could have

Fig 1. Lateral STIR and T1-weighted MR images of various osteoporotic vertebral compression fractures with absent, partial, and full bone marrow edema (BME) before percutaneous
vertebroplasty (PV) and lateral radiographic images after PV.

1580 Voormolen � AJNR 27 � Aug 2006 � www.ajnr.org



influenced pain evolution after PV with �2 (categorical variables) or

unpaired t test (continuous variables). Changes in VAS at different

points in time were assessed by subtraction of scores at both follow-up

intervals. Differences in type of analgesic use at every follow-up pe-

riod were quantified by defining analgesic use as an ordinal variable

from 0 (no analgesic use) to 3 (use of opiate derivatives). Paired t test

was used to compare changes in VAS and Wilcoxon paired sample test

to compare type of analgesics used before and after PV. Differences in

VAS score and type of analgesics used at follow-up intervals between

patients from both groups were evaluated by linear regression analy-

sis. Regression coefficients for patients with VCF with absent BME

versus full BME were calculated with corresponding 95% confidence

limits.9 Differences in characteristics (see Table 1) in patients with

unchanged pain and in patients with relief of pain at treated levels

after PV were tested with �2 (categorical variables) or unpaired t test

(continuous variables).

Results

Preprocedural Patient and Imaging Characteristics
Characteristics in patients with absent BME (group I) and
with full BME (group II) in VCF are summarized in Table 1.
Most patients were elderly women with wedged osteoporotic
VCF of 6 months’ duration. Most patients indicated high VAS
pain scores and used strong analgesics. Besides the extent of
BME in treated VCF, patients in group II had on average more
severe graded VCF treated by PV and had nearly 1 cc less
cement injected per VCF. All other characteristics were com-

parable in the 2 groups. Vertebral levels treated by PV ranged
from T7 through L5.

Postprocedural Clinical Outcome
No technical failures or procedural morbidity occurred. Dur-
ing follow-up, pain and use of analgesics was significantly less
compared with scores before treatment in both groups (P �
.001) (Figs 5 and 6). Mean change in VAS for pain after PV was
not different in both groups at both follow-up periods. Pa-
tients with full BME in treated VCF used fewer analgesics 1
month after PV. At 3 months after PV, analgesic use was com-
parable in both groups. Table 2 shows decrease in mean VAS
and analgesics used during follow-up in both groups.

At both follow-up intervals, 10 patients (71%) with absent
BME in treated VCF indicated no pain at treated levels or
considerably less pain. Twenty-nine (94%) and 30 patients
(97%) with full BME in treated VCF had good clinical re-
sponse of treated levels at 1- and 3-month follow-up, respec-
tively. The rest of the patients experienced unchanged pain
and had no response to PV treatment. Some patients from
both groups indicated back pain at other untreated levels. Five
patients (11%), all with full BME in treated VCF, developed
new VCF in untreated vertebral bodies. Of these 5 patients, 1
(2%) had immobilizing pain; the others indicated no new pain
symptoms from their new VCF. One patient with absent BME
and 6 patients with full BME in treated VCF had pain at un-
treated levels with a normal MR imaging at painful levels. Ta-

Fig 2. Osteoporotic vertebral compression fracture of L2 with absent bone marrow edema (BME) treated by percutaneous vertebroplasty (PV). Lateral STIR and T1-weighted MR images
of the lumbar spine before and after PV. In the middle, lateral and anteroposterior radiographic images after PV.
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ble 3 demonstrates pain outcome scores at follow-up after PV
in both groups. Patients with full BME in treated VCF had
significantly better relief of pain on the treated level than pa-
tients with absent BME. No difference in back pain in general
after PV was found in either group.

Apart from BME in treated VCF before PV, basic charac-
teristics in patients with unchanged pain after PV (n � 6 at
1-month and n � 5 at 3-month follow-up) did not differ from
patients with relief of pain. In the group of patients with absent
BME in treated VCF before PV, characteristics between pa-
tients with unchanged pain after PV (n � 4) and patients with
relief of pain (n � 10) were comparable.

Discussion
We found a favorable response on pain in VCF treated with PV
in 94%–97% of patients with full BME and in 71% of patients
with absent BME. These results indicate that presence of BME
in VCF is a strong predictor of favorable response on pain
relief after PV and that PV in patients with absent BME should
not be withheld based on absence of BME alone. Pain response
after PV was independent of other patient or imaging charac-
teristics. Relief of back pain in general after PV treatment was
comparable in patients with full and absent BME.

In the preprocedural work-up of symptomatic VCF con-
sidered for PV, MR imaging has additional diagnostic value in
evaluation of soft tissue, musculoskeletal and myelum, or
nerve root compromise. Moreover, the most significant aspect
of MR imaging is its sensitivity to show presence, location, and

extent of BME in collapsed osteoporotic vertebral bodies.
Characteristic changes in marrow signal intensity in VCF sup-
posedly indicate age and healing stage of VCF.1-4 In general,
fractures less than 30 days old are hypointense on T1-weighted
images and hyperintense on T2-weighted and STIR sequences.
Approximately 1 month after vertebral collapse, most osteo-
porotic VCF become isointense to normal bone marrow on
T1- and T2-weighted sequences. Fully healed VCF demon-
strate either return to normal marrow signal intensity or, in
the presence of sclerosis, may appear hypointense on T1- and
T2-weighted sequences. Based on these observations, VCF
with BME are considered (sub)acute and candidates for PV
with favorable response to pain.1,5,6 On the other hand, VCF
without BME chronic or healed and therefore not good can-
didates for PV.

Early PV of subacute VCF with presence of BME on MR
imaging has given excellent clinical results regarding pain.10-12

In earlier years of PV treatment, cases of chronic symptomatic
osteoporotic VCF were not treated because of poorer clinical
outcomes in individual cases. However, recent studies have
demonstrated good clinical outcomes in patients with chronic
VCF, even though not as excellent as in patients with acute
VCF.13,14 A recent study in chronic VCF of more than 1 year’s
duration without BME on MR imaging demonstrated clinical
benefit from PV in 80% of patients.5 Patients with absent BME
in treated VCF in our prospective study also showed substan-
tial relief of pain in 71%. Equally important was that in all
studies, clinical symptoms of patients did not worsen after PV.

Fig 3. Osteoporotic vertebral compression fractures of L1 and L3 with partial bone marrow edema (BME) treated by percutaneous vertebroplasty (PV). Lateral STIR and T1-weighted MR
images of the lumbar spine before and after PV. In the middle are lateral and anteroposterior radiographic images after PV.
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Therefore, absence of BME in symptomatic VCF with pain
related to the collapsed level on fluoroscopically guided imag-
ing, is no absolute contraindication for successful clinical out-
come after PV, but the chance of a good outcome after PV is
less likely. In our small patient group with absent BME in VCF,
we found no difference in characteristics in patients with pain
relief and unchanged pain after PV. Characteristics of patients
with symptomatic VCF with absent BME need to be evaluated
in large series to select more properly patients with VCF with
absent BME that would benefit from PV.

The aim of our study was to compare differences in pain
response after treatment by PV of patients with absent or full
BME in treated VCF, not to assess trends of pain response after

PV depending on percentage of BME in treated VCF. To eval-
uate maximum differences in patient groups with painful VCF
selected for PV on preprocedural MR imaging, we have pur-
posely selected patients with 0% BME and 100% BME and
excluded patients with partial BME (5%–95%). Because sig-
nificant difference in pain response is found in patients with
full BME compared with absent BME, it would be of further
interest to investigate trends in pain response of patients with
painful VCF with various percentages of BME ranging from
absent to full BME.

In our study, patients with either full or absent BME in

Fig 5. Visual analog score (VAS) for pain both preprocedure (0 months) and at follow-up
periods after percutaneous vertebroplasty (PV) in patients with absent bone marrow edema
(no BME) in treated vertebral compression fractures and patients with full BME in treated
VCF. Fig 6. Analgesic use both before percutaneous vertebroplasty (PV) (0 months) and at

follow-up periods after PV in patients with absent bone marrow edema (no BME) in treated
vertebral compression fractures (VCF) and patients with full BME in treated VCF. NSAID
indicates nonsteroidal anti-inflammatory drug.

Fig 4. Osteoporotic vertebral compression fracture of L1 with full bone marrow edema (BME) treated by percutaneous vertebroplasty (PV). Lateral STIR and T1-weighted MR images of
the lumbar spine before and after PV. In the middle, lateral and anteroposterior radiographic images after PV.
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treated VCF had fractures of less than 6 months’ duration
(median), and no significant difference between both groups
existed. In all patients treated, VCF still caused severe pain,
although the period of 1 to 3 months after fracture was already
passed. In contradiction to previous studies on marrow
changes from the acute to the chronic phase of osteoporotic

VCF, we observed full BME in VCF up to 2 years after initial
fracture. In addition, absence of BME in VCF was not always
associated with absence of pain symptoms at the fractured
level. Observations from previous studies need to be re-exam-
ined in larger populations with lasting incapacitating pain
from osteoporotic VCF to determine the moment of bone

Table 1: Characteristics of patients with absent bone marrow edema (no BME) in treated osteoporotic vertebral compression fractures (VCF)
(group I) and patients with full BME (full BME) in treated VCF (group II) prior to percutaneous vertebroplasty (PV)

Group I, No BME Group II, Full BME P value
Total no. of study patients 14 31
Mean age, y (range) 71 (47–88) 75 (51–88) .5

Median 69 70
Women (%) 12 (86) 27 (87) .9
No. of VCF treated by PV 22 38 .01
Patients with multiple treated VCF (%) 7 (50) 7 (23) .1
Mean age treated VCF, (no) (range) 8.3 (3–36) 4.7 (2–24) .07

Median 5.5 3.0
Extent bone marrow edema in treated VCF

Absent (0%) 22
Full (100%) 38

Shape of treated VCF
Wedge (%) 17 (77) 28 (74) .7
Biconcave (%) 5 (23) 9 (24)
Crush (%) 1 (2)

Grade of treated VCF
Mild (%) 14 (64) 8 (21) �.01
Moderate (%) 8 (36) 14 (37)
Severe (%) 16 (42)

Mean injected cement volume, mm3 (range) 3.5 (1.2–5.5) 2.7 (1.0–4.5) �.01
Median 4.0 2.5

Mean initial VAS (range) 8.6 (7–10) 8.6 (6–10) .9
Median 8.0 9.0

Initial analgesic use
No (%) 14 0 .2
Paracetamol (%) 14 16
NSAID (%) 29 29
Opiate derivative (%) 43 55

Note:—VAS indicates visual analogue score; NSAID, nonsteroidal anti-inflammatory drug.

Table 2: Decrease in mean visual analogue score (VAS) for pain and analgesics used at 1 and 3 months after percutaneous vertebroplasty
(PV) in patients with vertebral compression fractures (VCF) with absent bone marrow edema (no BME) prior to PV and patients with full BME
(full BME) in treated VCF

Follow-up Period after PV

1 Month 3 Months

Mean Decrease
VAS

Mean Decrease
Analgesics

Mean Decrease
VAS

Mean Decrease
Analgesics

No BME 5.1 43% 0.4 0%
Full BME 5.8 84% 0.5 13%
Regression coefficient .7 .9 .09 .07
99% Confidence interval �1–2.4 0.1–1.7 �0.7–0.9 �0.4–0.5

Table 3: Pain response at both follow-up intervals after percutaneous vertebroplasty (PV) in patients without bone marrow edema (BME) in
treated vertebral compression fractures (VCF) prior to PV and patients with severe BME in treated VCF prior to PV

Follow-up Period after PV

1 Month 3 Months

No BME Severe BME P Value No BME Severe BME P Value
Pain unchanged at treated level(s) 4 (29%) 2 (6%) .04 4 (29%) 1 (3%) .01
Pain decrease at treated level(s) 10 (71%) 29 (94%) .04 10 (71%) 30 (97%) .01
Back pain decrease in general 9 (64%) 27 (87%) .08 9 (64%) 23 (74%) .4
Pain at untreated other level with

no diagnostic substrate
1 (7%) 2 (6%) .9 1 (7%) 6 (19%) .3

Symptomatic new VCF 0 1 (3%) .5
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marrow signal intensity change to normal. Besides, it would be
interesting to examine the relation between change of BME to
normal and relief of pain symptoms in the natural history of
osteoporotic VCF.

Effect of pain response after PV is within the first day
after treatment and remains constant thereafter. Follow-up
period after PV chosen in our study was accordingly 3
months. Measurement of pain relief after PV was not eval-
uated with standardized back pain questionnaires. How-
ever, we believe differences in preprocedural and postpro-
cedural VAS for pain and use of analgesics is indicative of
pain outcomes after PV. In particular, changes in VAS for
pain at painful treated vertebral levels gives accurate pain
assessment compared with more general back pain ques-
tionnaires, in our opinion. This is illustrated by comparable
outcomes in general back pain after PV in patients from
both groups in our study. Commonly, elderly patients with
osteoporotic VCF not only have pain symptoms caused by
the VCF but also have musculoskeletal back pain caused by
degenerative disease and stature changes.

As a guideline for clinical practice, we propose that pa-
tients with absent BME in painful VCF on MR imaging but
with local back pain upon fluoroscopy-guided manual pal-
pation at the level of the vertebral compression fracture
should be informed about the reasonable chance of unaf-
fected pain symptoms after PV treatment. Because a sub-
stantial number of patients with absence of BME in VCF do
have benefit from the procedure, PV can be performed in
selected cases with positively motivated and well informed
patients.

Our study is in concordance with the observation that PV
in VCF with presence of (severe) BME gives pain relief, irre-
spective of duration of VCF. Except for extent of preproce-
dural BME in VCF on MR imaging, no other characteristic was
associated with pain outcome. Physical examination, particu-
larly fluoroscopy-guided manual palpation, may help to select
the symptomatic vertebral level but is not always conclusive.

The role of MR imaging required before PV is important and
no longer empiric in patient selection.

Conclusion
Decrease of pain after PV in patients with VCF is more fre-
quently observed when BME is fully present. Because 71% of
patients with VCF with absent BME responded favorably in
regards to pain relief, PV should not be withheld based on
absence of BME alone.

References
1. Do HM. Magnetic resonance imaging in the evaluation of patients for percu-

taneous vertebroplasty. Top Magn Reson Imaging 2000;11:235– 44
2. Modic MT, Steinberg PM, Ross JS, et al. Degenerative disk disease: assessment

of changes in vertebral body marrow with MR imaging. Radiology 1988;166:
193–99

3. Baker LL, Goodman SB, Perkash I, et al. Benign versus pathologic compression
fractures of vertebral bodies: assessment with conventional spin-echo, chem-
ical-shift, and STIR MR imaging. Radiology 1996;199:541– 49

4. Yamato M, Nishimura G, Kuramochi E, et al. MR appearance at different ages
of osteoporotic compression fractures of the vertebrae. Radiat Med 1998;16:
329 –34

5. Brown DB, Glaiberman CB, Gilula LA, et al. Correlation between preproce-
dural MRI findings and clinical outcomes in the treatment of chronic symp-
tomatic vertebral compression fractures with percutaneous vertebroplasty.
AJR Am J Roentgenol 2005;184:1951–55

6. Alvarez L, Perez-Higueras A, Granizo JJ, et al. Predictors of outcomes of per-
cutaneous vertebroplasty for osteoprotic vertebral fractures. Spine 2005;30:
87–92

7. Genant HK, Wu CY, van Kuyk C, et al. Vertebral fracture assessment using a
semiquantitative technique. J Bone Miner Res 1993;8:1137– 48

8. Huskisson EC. Measurement of pain. Lancet 1974;2:1127–31
9. Gardner MJ, Altman DG, eds. Statistics with confidence: confidence intervals

and statistical guidelines. London: BMJ Books; 1989.
10. Mathis JM, Barr JD, Belkoff SM, et al. Percutaneous vertebroplasty: a develop-

ing standard of care for vertebral compression fractures. AJNR Am J Neurora-
diol 2001;22:373– 81

11. Kallmes DF, Jensen ME. Percutaneous Vertebroplasty. Radiology 2003;229:
27–36

12. Stallmeyer MJ, Zoarski GH, Obuchowski AM. Optimizing patient selection in
percutaneous vertebroplasty. J Vasc Interv Radiol 2003;14:683–96

13. Brown DB, Gilula LA, Sehgal M, et al. Treatment of chronic symptomatic
vertebral compression fractures with percutaneous vertebroplasty. AJR Am J
Roentgenol 2004;182:319 –22

14. Kaufmann TJ, Jensen ME, Schweickert PA, et al. Age of fracture and clinical
outcomes of percutaneous vertebroplasty. AJNR Am J Neuroradiol 2001;22:
1860 – 63

AJNR Am J Neuroradiol 27:1579 – 85 � Aug 2006 � www.ajnr.org 1585


