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Percutaneous vertebroplasty immediately
relieves pain of osteoporotic vertebral
compression fractures and prevents prolonged
immobilization of patients

Abstract To assess the immediate
efficacy of percutaneous vertebro-
plasty (PVP) in relief of pain and
improving mobility of patients with
vertebral compression fractures
(VCF) secondary to osteoporosis,
205 cases (175 patients) underwent
250 percutaneous injections of
polymethylmethacrylate (PMMA;
unilateral, 247 levels; bilateral, 3
levels) into vertebrae under CT and
fluoroscopic guidance for 34
months. Patients were prospectively
asked to quantify their pain on a vi-
sual analog scale (VAS) before and
a day after PVP. The interval to mo-
bilization was recorded in those
who were immobilized because of
pain and/or bed-rest therapy (115
cases). PVP was technically suc-
cessful in all patients, with three
cases of minimal complications.

The mean VAS score available for
196 cases was improved from
7.22+1.89 (range, 3—10) to
2.07+1.19 (range, 0-10) by PVP.
Ninety-four of 115 immobilized
cases (81.7%) were mobile by 24 h
after PVP, and the mean value was
1.9+2.8 days. The incidence of re-
current and new fractures was
15.6% in 4-25 months (mean, 15.3
months). PVP is a safe and effective
treatment for relieving the pain as-
sociated with osteoporotic VCF and
strengthening the vertebrae, avoid-
ing refractures. This therapy leads
to early mobilization and avoidance
of the dangers of conservative ther-
apy of bed-rest.
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Introduction

The prevalence of osteoporotic vertebral fracture is in-
creasing with the aging of the population. Some epi-
demiological investigations indicate its higher preva-
lence especially in Japan compared with that in Western
countries [1].

The vertebral fractures frequently cause persistent
back pain, which significantly impairs mobility and
quality of life. External bracing, narcotics and analgesics
have been conventionally used for pain control; there-
fore, some patients are confined bed-rest, and the pain
generally continues for 4 weeks to a few months. Long-
term immobilization may accompany high hospitaliza-

tion expense, functional impairment of the musculoskel-
etal system and/or progression of dementia in elderly pa-
tients. As in femoral neck fracture, osteoporotic vertebral
fracture is also becoming one of the socioeconomic
problems in advanced countries [2].

Since the first percutaneous vertebroplasty (PVP) was
reported in 1987 for treatment of a painful hemangioma
in the cervical spine of a young female patient [3], the
indications of PVP have extended to vertebral compres-
sion fractures (VCF) secondary to osteoporosis [4—6].

Recently accumulating evidence indicates that PVP
provides both early pain relief and strengthening of the
bone of the vertebrae, with long-lasting effectiveness, and
that it has the potential to become the standard therapy in-
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stead of the present conventional one [7-9]. PVP is now
well accepted in the treatment of osteoporotic vertebral
fractures, painful hemangiomas and metastatic vertebrae.
Although PVP seems to be promising in solving the so-
cioeconomic problems that osteoporotic vertebral fractures
have, this procedure is still performed in a restricted num-
ber of institutions because of doubt about its safety and
concern about its technical difficulty. Therefore, the proce-
dure should be simple and safe in order to spread widely.

In this study we performed PVP on a large series of
patients with poor mobility from painful VCF associated
with osteoporosis and demonstrated its high efficacy, an-
alyzing the degree of pain relief in each case. We also
found an advantage to the guidance of computed tomo-
graphy (CT) on the safety and technical easiness in the
circumstance of a fractured pedicle, although active fluo-
roscopy is necessary to determine whether a cement leak
has occurred.

Materials and methods

Patient population

Two hundred and fifty PVP were performed in our institution be-
tween December 2001 and August 2003 on 205 consecutive cas-
es with thoracic and/or lumber VCF because of osteoporosis.
The total number of patients was 175, and 25 underwent PVP
twice or more because of recurrent fractures. The patient popula-
tion was composed of 150 women and 55 men [age range, 52-99
years; mean and standard deviation (SD), 77.9+8.5 years]. All
patients were referred because their pain was resistant to conven-
tional medical management, including bed-rest, analgesics
and/or external bracing. The delay between fracture documenta-
tion and PVP was 1-255 days (mean and SD, 18.7+34.3 days).
The distribution of vertebral levels was as follows: TS5, 2; T6, 1;
T7,4;7T8,5;T9, 6; T10,9; T11, 21; T12, 53; L1, 59; L2, 48; L3,
23; L4, 12; L5, 7 (Table 1). PVP was approved by our institu-
tional review board, and informed consent was obtained from
each patient after a detailed review of the potential risks and
benefits of the procedure.

Patient selection

Patient selection was limited to persons with focal, intense, deep
pain associated with the evidence of plain X-ray films and mag-
netic resonance (MR) images, which were routinely taken prior to
the procedure in all patients but one who was implanted with a
cardiac pacemaker. In this case, a bone scan was performed to
confirm a new vertebral fracture. The patients had demonstrated a
less-than-satisfactory response to conservative therapy consisting
of bed-rest, external bracing and/or analgesics for more than 1
week. In some cases, PVP was performed a few days after suffer-
ing the fractures because the intense pain was not reduced by the
conservative therapy, and the patients could not tolerate it. The di-
agnosis of osteoporosis was made mainly by plain X-ray films and
combined with the analysis of bone mineralization in some cases.

MR imaging criteria were to be acute or subacute compression
fractures with a high signal band in a vertebral body on fat-sup-
pressed, T2-weighted images (Fig. 1), which reflects bone edema,
or chronic ones with osteonecrosis or a cavity secondary to pseu-
doarthrosis and with bone edema to some degree (Fig. 2). The
posterior vertebral wall appeared intact in all cases.

Table 1 Levels of fracture

Vertebral level Number of fracture

T5 2
T6 1
T7 4
T8 5
T9 6
T10 9
T11 21
T12 53
L1 59
L2 48
L3 23
L4 12
L5 7
Total 250

Often the accompanying radiating pain obscured the level of
vertebral collapse on physical examination, and multiple preexist-
ing compression fractures made it difficult to define the responsi-
ble vertebrae on plain X-ray films. Thus, MR imaging was useful
in determining the appropriate site to be treated.

Exclusion criteria were bleeding disorders, systemic infection,
lack of a definable level of vertebral collapse on physical and im-
aging examinations or a patient’s disagreement with receiving
PVP. Relative contraindications included the patient’s inability to
lie prone for about 1 h, which was required for the procedure, or
neurological symptoms or signs because of compression from ver-
tebral body collapse.

PVP technique

All procedures were performed in a consistent manner at each site.
After administration of analgesics in the form of a suppository (25-
mg diclofenac sodium, Voltaren; Novartis Pharma, Tokyo, Japan)
30 min prior to the procedure, the patients were placed in a prone
position on the CT table without fluoroscopic facility (HiSpeed
Dx/i; GE Medical Systems, Milwaukee, WI) in sterile conditions.
General anesthesia, sedation or prophylactic antibiotics were not
used in each case. Cushions were placed under the patients’ shoul-
ders and waists so that the pain might be eased. Monitoring of heart
rate and pulse oximetry was carried out continuously throughout
the procedure. The blood pressure was monitored externally and
recorded automatically at 3-min intervals. A single-plane mobile
C-arm (Stenoscope; GE Medical Systems, Milwaukee, WI) was
positioned in front of the CT gantry. The needle puncture was done
using a unilateral, transpedicular approach under CT guidance, ex-
cept in three cases using the bilateral approach. The treated verte-
bral body was localized with CT images, and the puncture point
was determined by placing a radio-opaque marker on the skin over-
lying the responsible vertebra. The end point for needle placement
was set within the anterior one-third of the vertebral body, close to
the midline. After calculating the angle and depth for the presumed
needle route, local anesthesia was fully administrated using a 23-
guage, 6-cm long needle with 1% lidocaine. Leaving the needle
used for local anesthesia inserted into the puncture site, a CT image
was again obtained to check the angle and depth of the needle.
Then, a small skin incision was made at the puncture site. Accord-
ing to the calculated angle and depth, a 13-gauge bone biopsy nee-
dle (Osteo-Site Bone biopsy needle; Cook, Bloomington, IN) was
advanced half way to the cortex of the pedicle, its direction
checked with CT, and then it was further advanced to the vertebral
body with a slight twisting motion. If the needle was out of the pre-
sumed route, correction of the needle angle was made.
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Fig. 1 Sagittal MR images ob-
tained in an 80-year-old wom-
an. a T2-weighted image (WI),
b T1WI and c fat-saturated
T2WI. She was hospitalized for
control of low back pain and
immobilization secondary to a
recent osteoporotic compres-
sion fracture of the L3 vertebral
body. Plain films showed the
fractures at multiple levels, and
it was difficult to localize the
level responsible for pain.
T2WI demonstrated fractures at
T12,L2, L3 and L4. MRI was
helpful in identifying acute or
subacute fracture, indicated by
a low signal on T1WI with a
corresponding high signal on
fat-saturated T2WI at L3

Fig. 2 Sagittal MR images obtained in a 74-year-old woman with
continuous back pain. a T1-weighted image (WI), b T2WI and
¢ fat-saturated T2WI. A low signal band was observed at T12
body in each MR image, corresponding to small gas in d CT im-
age. Fat-suppressed T2WI demonstrated a high signal area around
it, indicating that a pseudoarthrosis with vacuum cleft induced by
osteo-necrosis (so-called Kummell disease) was acutely injured.
PVP reduced the VAS score from 8 to 1, and made it possible to
walk the next day

Verifying that the needle tip was within the proper position of
the vertebral body using CT, the CT venograrm was then obtained
just after injection of 3 ml of contrast medium (iopamidol, Iopam-
iron 300; Schering, Berlin, Germany) through the needle to check
for extravertebral leakage and/or drainage into perivertebral veins.

If direct communication of the needle tip with major venous outlets
indicated by unopacification of intervening bone marrow was sup-
posed, correct replacement of the needle was required. Therefore,
the needle tip should be placed within the anterior one-third of the
body. Intraosseous CT venography was also useful in determining
the rate of the following bone cement injection. Usually, we inject-
ed the cement at the rate of 1.5-3.0 ml/min. When the venography
revealed abundant paravertebral veins and/or leakage around the
vertebral body, nevertheless the needle tip was in the proper posi-
tion, and polymethylmethacrylate (PMMA) was injected more
slowly than usual. Biopsy was not performed in each case.

We used PMMA cement (Surgical Simplex P; Howmedica,
Rutherford, NJ) for vertebroplasty. After fully mixing the powder
PMMA component and the liquid PMMA component at a 2:1 ratio,
the mixture was divided into 1-ml syringes and cooled with cold
water to avoid rapid polymerization of the mixture. There were nei-



ther antibiotics nor additives to increase radio opacity in the
PMMA. Under continuous lateral fluoroscopic control using a sin-
gle-plane, mobile, C-arm unit, the PMMA mixture was injected
slowly, with particular attention to the region of the disc space, the
vena cava and the epidural space, until the PMMA reached the pos-
terior one-quarter of the vertebral body, or the PMMA leaked into
the paravertebral tissue or the disc space.

Finally, CT was carried out in all cases to assess the extent of
filling and to look for cement leaks, and then the procedure was
completed.

A single pedicle approach was used in each case, but in three cas-
es, the PMMA did not pass the midline of the vertebral body after the
first injection; a second injection was done on the other side in the
same manner. The second injection was done after having pulled the
first needle in each case. A new needle was used for each pedicle.

The patients were placed in a supine position for 1 h after the pro-
cedures. They were permitted to stand and to walk a day after the pro-
cedure. They were recommended to resume normal daily activities as
tolerated, but preferably to avoid lifting heavy objects.

Evaluation of the efficacy of PVP

We used a visual analog scale (VAS) with 11 levels ranging from 0
(no pain) to 10 (the strongest pain having ever been experienced)
for clinical assessment. Each patient was prospectively asked to
quantify his or her pain on a VAS before the treatment on the PVP
day and a day after that by the same radiologists or nursing staff.
Each patient was administered a separate sheet of VAS and evalu-
ated the pain he or she felt most powerfully in an analgesic-free
state. Delayed VAS score was not administered because the pur-
pose of this study was to assess the immediate efficacy of PVP.

The efficacy was also evaluated retrospectively by comparing the
intervals to mobilization in which the conservative therapy and PVP
required in those who were immobilized because of pain and/or bed-
rest therapy. The conservative therapy group was composed of 80
patients (male, 24; female, 56; mean age, 77.8 years) who were ad-
mitted to our hospital with vertebral fractures secondary to osteopo-
rosis between December 1998 and November 2001, and they were
treated only with the conservative therapy. Mobilization was deter-
mined with the patients’ return to pre-fracture function.

The incidence of recurrent and new vertebral fractures after
PVP was also evaluated. The patients who developed new back

Fig. 3 A 69-year-old woman with acute multiple compression
fractures. PVP was performed at L1, L2 and L4. a The intraosse-
ous CT venogram showed abundant veins around L2 body. There-
fore, we injected the cement more slowly than usual; the injection
rate was 30 s/ml for first the 2 ml, then 50-60 s/ml for another
3 ml. b,c On CT scan after procedure, there was no cement leak,
and the cement was distributed uniformly in the vertebral body

pain during the follow-up period were brought back for MR imag-
ing of the thoracic and lumbar spine. The new fractures were de-
termined by the MR images and corresponding clinical findings.

Statistical analysis

Statistical analysis was performed by using the Wilcoxon signed
rank test to assess the difference of mean VAS scores between pre-
and post-procedure. The Mann-Whitney U test was used to com-
pare the mean value of ambulation of the conservative therapy
group with that of the PVP group. Differences were considered
statistically significant at P<0.05. All data were presented as mean
+SD.

Results

We were successful with the transpedicular approach in all
cases. There was no exclusion because of technical diffi-
culty, even in a case of severe vertebral collapse (Figs. 3, 4,
5. Paravertebral or costvertebral approaches were not nec-
essary for optimal needle placement. The maximum num-
ber of levels treated in each session was three. The mean
volume of PMMA injected in each vertebral body was
3.9+1.0 ml (range, 1.5-7.0 ml). The time required for the
procedure of each vertebra was 30—40 min, and the total
time for each case was 30-90 min.

Among the 205 patients treated, the VAS analysis was
available for 196 cases, because nine patients found it
difficult to understand this scaling system. As shown in
Table 2, the mean VAS score for these 196 cases was
7.22+1.89 (range, 3—10) before PVP; however, it fell sig-
nificantly to 2.07+1.19 (range, 0-10) a day after the pro-
cedure (P<0.0001). The pain was improved in 189 cases
(96.4%) and disappeared completely in 44 of them. It did
not change in six cases (3.1%) and increased in one case
(0.5%) after PVP (Table 3). There was no case in which
the dosage of analgesics was increased after PVP.

The mean value until ambulation of the conservative
therapy group except for seven cases was 23.9+27.5 days
(range, 1-175). The excluded seven cases (8.8%) be-
came bed-ridden after suffering vertebral fractures. On
the other hand, 115 cases in the PVP group became im-
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Fig. 4 An 80-year-old man who had had PVP in the L4 body pre- VAS score was improved from 10 to 3 by injecting 5 ml of ce-

viously complained of continuous back pain with ineffective con- ment, and he could walk again the next day. b Lateral radiograph
servative therapy for 53 days. a The lateral radiograph showed a and c transverse axial CT after PVP showed distribution of the
compression fracture with a vacuum cleft in the L1 body. The cement into the osteo-necrotic area of the vertebral body

Fig. 5 Axial CT obtained in a
77-year-old woman. a Pre-pro-
cedural CT showed a compres-
sion fracture of the L1 body, a
fracture of the left pedicle and
deformity of the right pedicle.
b CT obtained to check the an-
gle and depth. ¢ CT demonstra-
ted the needle through the left
pedicle into the vertebral body.
d CT after procedure showed
the vertebral body filled with
the cement. The pre-procedural
VAS score was improved from : ule 79
10 to 3, and she could walk ; f :i::x: gt:: ‘:-Ii:f ;7
again the next day after PVP 3: distance Slem, angle 36
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Table 2 Pre-procedural and post-procedural VAS scores

VAS score Number of cases
Pre-procedural Post-procedural

10 30 1

9 19 1

8 46 3

7 37 1

6 16 6

5 35 15

4 7 10

3 6 26

2 0 38

1 0 51

0 0 44
Mean VAS + SD 7.22+1.89 2.07+£1.19*

* P<0.0001 compared with pre-procedure (Wilcoxen signed rank
test).

Table 3 Evaluation of pain relief

Pain No. of patients
Disappeared 44
Improved in some degree 145
No change 6
Increased 1
Total 196

mobilized because of fractures, and the mean value until
ambulation was 1.9+2.8 days after PVP (P<0.0001). All
could walk again within 18 days after PVP (Table 4).

Three cases of minimal complications were ob-
served including two cases of transient nausea immedi-
ately after the cement injection and one case of hemato-
ma besides the treated vertebra. They required no medi-
cal treatment and improved with observation alone.
Leakage of the bone cement outside the vertebral body
was noted on post-procedural CT scan for 189 levels
(75.6%). The site of the leakage was the epidural vein
in 119 levels, the paravertebral vein in 42 levels, the
paravertebral soft tissue in 23 levels and the adjacent
disc in 73 levels. Despite the high incidence of leakage,
no clinical symptoms were seen. No major complica-
tions such as pulmonary embolism, osteomyelitis or ra-
dicular neuritis were observed. There was no signifi-
cant change in blood pressure, heart rate or blood oxy-
gen saturation.

The recurrent and new fractures developed at 37 verte-
brae in 32 of 205 cases during 4-25 months (mean 15.3
months) of the follow-up period. The recurrent fracture at
the treated level occurred in one vertebra, and the new
fractures at the different levels were at 36 vertebrae. Of
36 vertebrae, 21 were adjacent levels to the treated verte-
brae.

Table 4 The interval to mobilization in conservative therapy and
PVP groups

Days Number of cases
Conservative therapy group  PVP group
1 1 94
2 3 8
3 1 2
4 1 0
5 1 3
6-10 11 5
10-20 26 3
21-30 13 0
31< 16 0
Bedridden 7 0
Total 80 115
Mean + SD (days) 23.9+27.5 1.9+2.8%

* P<0.0001 compared with conventional therapy group (Mann-
Whitney U test).

Discussion

In this study, we clearly demonstrated that PVP has high
efficacy in immediate pain relief. PVP is reported to re-
duce the pain of osteoporotic vertebral compression frac-
ture in over 90% of patients [6, 10—15]. We also obtained
a similar result (96.4% improvement rate) judging from
the analysis of pre-procedural and post-procedural VAS
scores and from the period until the resumption of ambu-
lation. This effect was long lasting without a recurrence
at the treated vertebra except in one case. Therefore, it
has great potential to avoid various problems associated
with prolonged bed-rest, including high medical ex-
pense, deterioration in osteopenia and function of the
musculoskeletal system and progression of dementia in
elderly patients. PVP also has benefits to prevent the de-
velopment of delayed neural palsy and kyphosis induced
by slowly progressing destruction of vertebrae without
fundamental reinforcement. Persistent back pain may
also cause psychological disorders such as sleep disor-
ders or depression [16, 17]. Thus, PVP is likely to con-
tribute to improving not only the quality of life of indi-
vidual patients, but also the socioeconomic problems
that VCF possess.

In Table 3, one case of “increased” and six cases of
“no change” had radicular pain caused by degenerative
spinal stenosis in addition to focal, deep pain related to
the vertebral fractures (data not shown). After PVP, the
pain from the vertebral fractures was reduced, however,
the radicular pain was remained. Therefore, accompany-
ing radicular pain caused by degenerative spinal stenosis
is likely to predict the ineffective outcome of PVP, al-
though PVP has the potential to relieve radicular pain
from the fracture-induced vertebral instability.

In this study, the delayed VAS score was not adminis-
tered. The pain at the puncture site continued for a few
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days in some cases; thus, VAS scores would have im-
proved further if VAS had been evaluated later.

One of the technical difficulties in this procedure is to
position the needle tip in the proper area safely and sure-
ly. Generally, fluoroscopic guidance such as a single-
plane C-arm unit or biplane fluoroscopy has been mainly
used during needle insertion, and there are few reports
on CT guidance [18, 19]. The use of CT was thought to
be complex and costly. Moreover, routine CT examina-
tions may have to be stopped during PVP in some insti-
tutions where a CT unit especially available for PVP is
not installed. However, we took CT guidance in all cases
because it had many advantages exceeding these disad-
vantages. As shown in this study, by taking CT images
several times for making corrections of the needle posi-
tion during PVP, we were able to minimize the complica-
tions associated with needle insertion into one case of
paravertebral hematoma. The height loss of the vertebral
body of more than 80% is generally considered to be one
of the exclusion criteria because of technical reasons in
some series [20]. In such a case, CT guidance was also
useful in advancing the needle into a severely collapsed
vertebral body accurately and safely as shown in Fig. 5.
Therefore, if the possible route for advancing the needle
is found on CT images, even a case of severely de-
stroyed vertebra can become an indication for PVP.

A great portion of complications is associated with the
needle insertion or with PMMA injection, and the inci-
dence is believed to be 10% or less [6, 14, 21, 22]. There
are many reports pointing out the adverse effect of
PMMA on the cardiovascular and/or respiratory system in
total hip arthroplasty [23-27], while Kaufmann et al. dem-
onstrated no association between PMMA injection and
systemic cardiovascular derangement in PVP [28]. Actu-
ally, we did not notice any significant change in blood
pressure, heart rate or blood oxygen saturation during and
after PVP. This difference may be partly due to the differ-
ence in the quantity of PMMA used between PVP and hip
arthroplasty. Furthermore, we used a smaller quantity of
PMMA (1.5-7.0 ml, average 3.9 ml per vertebra) than that
reported in the literature [6, 12, 18, 29]. However, that did
not change the efficacy of PVP as shown in this study.
Uniform distribution of PMMA 1in a vertebral body is like-
ly to be important to fix an unstable vertebra rather than

the quantity of PMMA. Partial distribution could induce a
fracture at the treated vertebra, as seen in our study. From
this point of view, the utilization of CT is also helpful in
checking the distribution.

The other problem associated with PMMA injection
is extravertebral cement leakage,the incidence of which
has been reported to be 11-72.5% with CT or plain X-
ray films [10, 13, 19, 29-33]. We checked the leakage
using post-procedural CT, which detected even a very
small quantity leakage, resulting in the high incidence
(76.1%). Although we did not observe the leakage-asso-
ciated complications such as myelopathy, radiculopathy
or pulmonary embolism, special care should be taken to
minimize the cement leakage by reducing the quantity of
PMMA and/or its injection speed. To minimize the ce-
ment leakage, a bi-plane C-arm unit or CT fluoroscopy
should be used while PMMA is injected. However, in
case these are not available, a lateral fluoroscopic image
is thought to be sufficient to check the leakage because
the cement leakage to the lateral side of the vertebral
body does not become a significant problem.

There has been some controversy about the potential

risk of a new vertebral fracture adjacent to a cemented
vertebra. Grados et al. showed a slight but significant in-
creased risk of vertebral fracture in the vicinity of a ce-
mented vertebra, compared with that in the vicinity of un-
cemented fractured vertebra (odds ratio 2.27 vs. 1.44)
[11]. This phenomenon might occur by shifting the normal
load transmission through the spine. We observed a simi-
lar incidence (12.4%) to that reported by Uppin et al. after
PVP [34], whereas Lindsay et al. observed that women
who developed a vertebral fracture have a risk for addi-
tional fracture within the next year of 19.2% [35]. There-
fore, PVP may not necessarily increase the incidence of a
new vertebral fracture. In the future, a more physiological
substance capable of inducing bone induction and/or for-
mation could be substituted for PMMA.
Acknowledgments The authors thank Masato Fujiwara, MD;
Susumu Sasaki, MD; Nobuaki Kawaraya, MD; Yasuhiro Shigaki,
MD; Akitsugu Nishiyama, MD; Osamu Shiroeda, MD; Hiroko
Ujigawa, MD; Tetsumi Nakagawa, RT; Keiji Imai, RT; Satoshi
Kandani, RT; and Kasumi Akai, RN for their collaboration and
support in this study.

References

1. Ross PD, Fujiwara S, Huang C,

2. Chrischilles E, Shireman T, Wallace R

4. Debussche-Depriester C, Deramond H,

Davis JW, Epstein RS, Wasnich RD,
Kodama K, Melton LJ III (1995) Verte-
bral fracture prevalence in women in
Hiroshima compared to Caucasians or
Japanese in the US. Int J Epidemiol
24:1171-1177

3.

(1994) Costs and health effects of
osteoporotic fractures. Bone
15:377-386

Galibert P, Deramond H, Rosat P,

Le Gars D (1987) Preliminary note

on the treatment of vertebral angioma
by percutaneous acrylic vertebroplasty
[in French]. Neurochirurgie
33:166-168

Fardelonne P, Heleg A, Cebert JL,
Cartz L, Galibert P (1991) Percutane-
ous vertebroplasty with acrylic cement
in the treatment of osteoporotic verte-
bral crash fracture syndrome.
Neuroradiology 33S:149-152



367

10.

12.

13.

. Deramond H, Depriester C, Galibert P,

le Gars D (1998) Percutancous verte-
broplasty with polymethylmethacry-
late: technique, indications and results.
Radiol Clin North Am 36:533-546

. Jensen ME, Evans AJ, Mathis JM,

Kallmes DF, Cloft HJ, Dion JE (1997)
Percutaneous polymethylmethacrylate
vertebroplasty in the treatment of com-
pression fractures: technical aspects.
Am J Neuroradiol 18:1897-1904

. Mathis JM, Eckel TS, Belkoff SM,

Deramond H (1999) Percutaneous ver-
tebroplasty: a therapeutic option for
pain associated with vertebral com-
pression fracture. J] Back Musculoskel-
etal Rehabil 13:11-17

. Mathis JM, Barr JD, Belkoff SM,

Barr MS, Jensen ME, Deramond H
(2001) Percutaneous vertebroplasty:

a developing standard of care for verte-
bral compression fractures. Am J Neu-
roradiol 22:373-381

. Evans AJ, Jensen ME, Kip KE,

DeNardo AJ, Lawler GJ, Negin GA,
Remley KB, Boutin SM, Dunnagan SA
(2003) Vertebral compression frac-
tures: pain reduction and improvement
in functional mobility after percutane-
ous polymethylmethacrylate vertebro-
plasty—retrospective report of 245
cases. Radiology 226:366-372

Cortet B, Cotten A, Boutry N,

Flipo RM, Duquesnoy B, Chastanet P,
Delcambre B (1999) Percutaneous ver-
tebroplasty in the treatment of osteopo-
rotic vertebral compression fractures:
an open prospective study. J Rheumatol
26:2222-2228

. Grados H, Depriester P, Cayrolle G,

Hardy N, Deramond H, Fardellone P
(2000) Long-term observations of ver-
tebral osteoporotic fractures treated

by percutaneous vertebroplasty.
Rheumatology (Oxford) 39:1410-1414
Zoarski GH, Snow P, Olan W],
Stallmeyer MJ, Dick BW, Hebel JR,
De Deyne M (2002) Percutaneous
vertebroplasty for osteoporotic com-
pression fractures: quantitative
prospective evaluation of long-term
outcomes. J Vasc Interv Radiol
13:139-148

Heini PF, Walchli B, Berlemann U
(2000) Percutaneous transpedicular
vertebroplasty with PMMA: operative
technique and early results. A prospec-
tive study for the treatment of osteopo-
rotic compression fractures.

Eur Spine J 9:445-450

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. Barr JD, Barr MS, Lemley TJ,

McCann RM (2000) Percutaneous
vertebroplasty for pain relief and spinal
stabilization. Spine 25:923-928

Peh WC, Gilula la (2003) Percutaneous
vertebroplasty: indications, contraindi-
cations, and technique. Br J Radiol
76:69-75

. Silverman SL (1992) The clinical

consequences of vertebral compression
fracture. Bone 13:527-S31

Haczynski J, Jakimiuk AJ (2001)
Vertebral fractures: a hidden problem
of osteoporosis. Med Sci Monit
7:1108-1117

Gangi A, Kastler BA, Dietemann JL
(1994) Percutaneous vertebroplasty
guided by a combination of CT and
fluoroscopy. Am J Neuroradiol
15:83-86

Cyteval C, Sarrabere MP, Roux JO,
Thomas E, Jorgensen C, Blotman F,
Sany J, Taourel P (1999) Acute osteo-
porotic vertebral collapse: open study
on percutaneous injection of acrylic
surgical cement in 20 patients. Am J
Roentgenol 173:1685-1690

Amar AP, Larsen DW, Esnaashari N,
Albuquerque FC, Lavine SD,
Teitelbaum GP (2001) Percutaneous
transpedicular polymethylmethacrylate
vertebroplasty for the treatment of
spinal compression fractures.
Neurosurgery 49:1105-1114

Kim AK, Jensen ME, Dion JE,
Schweickert PA, Kaufmann TJ,
Kallmes DF (2002) Unilateral
transpedicular percutaneous vertebro-
plasty: initial experience. Radiology
222:737-741

Weill A, Chiras J, Simon JM, Rose M,
Sola-Martinez T, Enkaoua E (1996)
Spinal metastases: indications for and
results of percutaneous injection of
acrylic surgical cement. Radiology
199:241-247

Convery FR, Gunn DR, Hughes JD,
Martin WE (1975) The relative safety
of polymethylmethacrylate. A con-
trolled clinical study of randomly se-
lected patients treated with Charnley
and ring total hip replacements. J Bone
Joint Surg Am 57:57-64

Ereth MH, Weber JG, Abel MD,
Lennon RL, Lewallen DG, llstrup DM,
Rehder K (1992) Cemented versus
noncemented total hip arthroplasty—
embolism, hemodynamics, and intra-
pulmonary shunting. Mayo Clin Proc
67:1066-1074

Modig J, Busch C, Olerud S, Saldeen
T, Waernbaum G (1975) Arterial hypo-
tension and hypoxaemia during total
hip replacement: the importance of
thromboplastic products, fat embolism
and acrylic monomers. Acta
Anaesthesiol Scand 19:28-43

26.

27.

28.

29.

30.

31.

Rudigier JF, Ritter G (1983) Pathogen-
esis of circulatory reactions triggered
by nervous reflexes during the implan-
tation of bone cements. Res Exp Med
(Berl) 183:77-94

Dahl OE, Johnsen H, Kierulf P, Molnar
I, Ro JS, Vinje A, Mowinckel P (1992)
Intrapulmonary thrombin generation
and its relation to monomethylmetha-
crylate plasma levels during hip arthro-
plasty. Acta Anaesthesiol Scand
36:331-335

Kaufmann TJ, Jensen ME, Ford G,
Gill LL, Marx WF, Kallmes DF (2002)
Cardiovascular effects of polymethyl-
methacrylate use in percutaneous
vertebroplasty. Am J Neuroradiol
23:601-604

Peh WC, Gilula LA, Peck DD (2002)
Percutaneous vertebroplasty for severe
osteoporotic vertebral body compres-
sion fractures. Radiology 223:121-126
Cortet B, Cotten A, Boutry N,
Dewatre F, Flipo RM, Duquesnoy B,
Chastanet P, Delcambre B (1997)
Percutaneous vertebroplasty in patients
with osteolytic metastases or multiple
myeloma. Rev Rhum Engl Ed
64:177-183

Yeom JS, Kim WJ, Choy WS, Lee CK,
Chang BS, Kang JW (2003) Leakage
of cement in percutaneous transpedic-
ular vertebroplasty for painful
osteoporotic compression fractures.

J Bone Joint Surg Br 85:83-89

32.

33.

34.

35.

Perez-Higueras A, Alvarez L,

Rossi RE, Quinones D, Al-Assir [
(2002) Percutaneous vertebroplasty:
long-term clinical and radiological
outcome. Neuroradiology 44:950-954
Cotten A, Boutry N, Cortet B,
Assaker R, Demondion X, Leblond D,
Chastanet P, Duquesnoy B, Deramond
H (1998) Percutaneous vertebroplasty:
state of the art. Radiographics
18:311-320

Uppin AA, Hirsch JA, Centenera LV,
Pfiefer BA, Pazianos AG, Choi IS
(2003) Occurrence of new vertebral
body fracture after percutaneous
vertebroplasty in patients with osteo-
porosis. Radiology 226:119-124
Lindsay R, Silverman SL, Cooper C,
Hanley DA, Barton I, Broy SB,
Licata A, Benhamou L, Geusens P,
Flowers K, Stracke H, Seeman E
(2001) Risk of new vertebral fracture
in the year following a fracture.

J Am Med Assoc 285:320-323



