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BACKGROUND AND PURPOSE: During clinical work, we have seen increases in vertebral
body height associated with vertebroplasty, but our literature search revealed no reports as to
how often and to what degree those increases occur. The purpose of this study was to document
the frequency and degree of changes in vertebral body height after vertebroplasty.

METHODS: The heights of 85 vertebral bodies in 37 patients were measured before and after
vertebroplasty. In addition, one adjacent vertebral body was measured in each patient as a
control. Twenty-six patients had compression fractures in the thoracic spine, and 24 patients
had compression fractures in the lumbar spine. Vertebroplasty was performed with a bilateral
transpedicular approach by injecting polymethylmethacrylate, under biplane fluoroscopic con-
trol. Measurements were performed on preoperative MR images and on postoperative CT
sagittal reformations. Anterior, central, and posterior vertebral body height measurements
were obtained in the midsagittal plane.

RESULTS: The average increase in vertebral body height was 2.5 mm anteriorly, 2.7 mm
centrally, and 1.4 mm posteriorly. Thirteen of 85 treated vertebrae remained unchanged. All
control vertebral bodies also remained unchanged.

CONCLUSION: Vertebral body height often increases during vertebroplasty. The clinical
significance of increasing vertebral body height is unknown.

Percutaneous vertebroplasty was described in 1987
(1) for the treatment of aggressive vertebral heman-
gioma. It was later applied to osteolytic metastasis
and osteoporotic compression fractures (2–10). The
goal of percutaneous vertebroplasty is to alleviate
spinal pain by stabilizing the fracture and strengthen-
ing the bone of vertebrae through the percutaneous
injection of cement into the vertebral body. Although
our literature search revealed no randomized studies,
the procedure has been proved to be safe and effec-
tive in clinical work, and multiple case studies have
documented an approximately 80% success rate for
pain relief (1–10). During the clinical use of vertebro-
plasty, we have seen an increase in the vertebral body
height in some patients as the cement is being in-
jected. Our investigation sought to determine the
frequency of increases and degree of increase in ver-
tebral body height during vertebroplasty.

Methods

Patients
We performed vertebroplasty in 37 patients (16 men and 21

women; age range, 45–93 years; mean age, 78 years) because of
painful compression fractures. The causes of fractures were
osteoporosis (30 patients), metastases (three patients), multi-
ple myeloma (two patients), and lymphoma and myelodysplasia
(one patient each). A total of 85 vertebral bodies were treated
in these 37 patients. Most of the fractured vertebrae were
located around the thoracolumbar junction. The locations and
numbers of the treated vertebrae were as follows: T4 (n � 1),
T5 (n � 1), T6 (n � 4), T7 (n � 4), T8 (n � 5), T9 (n � 4), T10
(n � 9), T11 (n � 11), T12 (n � 7), L1 (n � 12), L2 (n � 10),
L3 (n � 9), L4 (n � 6), and L5 (n � 2).

Vertebroplasty Technique
Vertebroplasty was performed through a bipedicular ap-

proach by using 13-gauge bone biopsy needles (Osteo-site;
Cook, Bloomington, IN) placed into the anterior third of the
vertebral body. The procedure was performed under biplane
fluoroscopic control with use of moderate conscious sedation
and local anesthesia on an outpatient basis. Balloon dilation
before cement injection as in kyphoplasty (11) was not per-
formed.

Once the two needles were placed in the vertebral body (Fig
1A), the liquid and powder polymethylmethacrylate (Cranio-
plasty; Codman, Raynham, MA) was mixed with 12 g of barium
sulfate (Biotrace; Bryan, Woburn, MA) and 1.2 g of tobramycin
(Nebcin; Eli Lilly, Indianapolis, IN) to a doughlike consistency.
The cement was thicker than toothpaste and relatively hard to
inject through the 13-gauge needle by using the 1-ml syringe.
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Under biplane fluoroscopic guidance (primarily lateral), the
cement was injected alternatively through the left and right
needles. The injection continued until the vertebral body was
filled toward the posterior 20% of the vertebral body (Fig 1B
and D) or there was significant leakage. If leakage was sus-
pected, we stopped the injection temporarily and continued
when there was no significant leakage into the paraspinal or
disk area. If there was epidural extravasation, the injection was
stopped and not attempted again. The patient was lying prone
on the angiographic table during the injection, but no manip-
ulations of the spinal column were performed before or during
the procedure. After cement injection, the patient remained
prone on the angiographic table until the cement was com-
pletely hard (approximately 15 minutes) and was then trans-
ferred to a regular bed. The patient remained in bed until CT
had been performed. Thereafter, the patients were discharged
to home as tolerated; this usually occurred approximately 2–3
hours after the procedure.

Imaging
All patients underwent preoperative MR imaging (Signa;

GE Medical Systems, Milwaukee, WI) by using precontrast
sagittal T1-weighted (600/14/1 [TR/TE/excitations]), fat-sup-
pressed T2-weighted (4000/105/2), and contrast material–en-
hanced (Omniscan; Nycomed, Princeton, NJ) sagittal fat-sup-
pressed T1-weighted (600/14/1) imaging. Imaging matrix was
512 � 256, field of view was 32 � 24 cm, and section thickness

was 3 mm with intersection gap of 0.2 mm. Immediately after
the procedure, CT was performed (Lightspeed; GE Medical
Systems) by using a section thickness of 1.25 mm with 0.6-mm
overlap. Two-dimensional sagittal reformation of the CT data
was performed. If there was motion during scanning, CT was
repeated.

Measurement
The vertical height of the vertebral body was measured on

the preoperative MR images and on the postoperative CT
scans (Fig 2A-E). Measurements were performed of the ante-
rior, central, and posterior vertebral height in the midsagittal
plane by using a magnified image to the nearest 0.1 mm on a
distant console (Advantage Windows 4.0; GE Medical Sys-
tems). Differences within 1 mm were considered unchanged.
One untreated vertebral body adjacent to the treated vertebral
body was measured as a control in each patient to evaluate the
validity of our measurements.

Statistical Analysis
The statistical significance of changes in vertebral body

height was evaluated with the Student’s paired t test in which a
P value of less than .05 was considered to indicate a statistically
significant difference.

FIG 1. 85-year-old man with osteoporosis.
A, Preoperative lateral radiograph of the lumbar spine shows compression fracture of L4 with associated anterior wedging deformity.

The transpedicular bone biopsy needle is in place.
B, Postoperative lateral radiograph shows considerable increase in vertebral body height, especially in the anterior (3 mm) and central

(4 mm) portions.
C and D, Schematic drawings of the preoperative (C) and postoperative (D) lateral radiographs. Kyphosis is improved from 25° to 28°.
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Results
The vertebral body height increased in 72 of 85

treated vertebral bodies. Thirty-three vertebrae (25
patients) experienced minimal height increase (1–3
mm), whereas 39 vertebrae (24 patients) increased

more than 3 mm. The average increase in vertebral
body height was 2.2 mm, with a range of 1–15 mm.
The average preoperative anterior vertebral body
height was 18 mm and increased to 20 mm after the
procedure (P � .006). The average increase in ante-

FIG 2. 93-year-old woman with osteopo-
rosis.

A, Preoperative sagittal T1-weighted MR
image shows compression fracture of L2
vertebral body. The inferior aspect of L1
vertebral body shows hypointensity, sug-
gesting edema due to compression.

B, Preoperative sagittal T2-weighted MR
image shows compression fracture of L2
vertebral body.

C, Postoperative CT sagittal reformation
shows increased height of L2 vertebral
body, especially in the anterior and central
portions.

D and E, Schematic drawings of preoper-
ative (D) and postoperative (E) measure-
ments of the anterior (A), central (C), and
posterior (P) vertebral body heights. The
vertebral body height of L2 increases 7 mm
anteriorly and 9 mm centrally, whereas the
posterior vertebral body height of L2 re-
mains unchanged. The vertebral body
height of L1 is also unchanged.
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rior vertebral body height was 2.5 mm (range, 1–14
mm). The average preoperative central vertebral
body height was 13 mm and increased to 16 mm (P �
.001). The average increase in central vertebral body
height was 2.7 mm (range, 1–15 mm). The average
preoperative posterior vertebral body height was 21
mm and increased to 23 mm (P � .048). The average
increase in posterior vertebral body height was 1.4
mm (range, 1–9 mm). The anterior portion of verte-
bral body height increased in 55 vertebral bodies and
remained unchanged in 30. The central portion of
vertebral body height increased in 59 vertebral bodies
and remained unchanged in 26. The posterior portion
of vertebral body height increased in 40 vertebral
bodies and remained unchanged in 45.

In patients with osteoporosis, the average increase
in vertebral body height was 2.7 mm anteriorly, 2.8
mm centrally, and 1.4 mm posteriorly. In patients with
neoplasia, the average increase in vertebral body
height was 1.6 mm anteriorly, 1.9 mm centrally, and
1.1 mm posteriorly. However, we saw no statistical
difference in height increase between these two
groups of patients. There was no instance in which we
could appreciate a decreased vertebral body height.

In no control instance was there a difference larger
than 0.6 mm. No significant differences were noted in
height of the anterior (P � .900), central (P � .920),
and posterior (P � .923) control vertebral heights.
The average pre- and postoperative vertebral body
heights were the same: 24 mm anteriorly, 22 mm
centrally, and 25 mm posteriorly.

The average duration between the preoperative
MR images and postoperative CT scans was 14 days
(range, 0–102 days). All CT scans were obtained
within 4 hours of completion of procedures. No pa-
tients with a large increase in vertebral body height
showed fluid- or gas-filled clefts on preoperative MR
images.

The average amount of injected bone cement was 7
ml (range, 2–14 ml). There were no noteworthy com-
plications.

Discussion
The results of this study demonstrate that vertebro-

plasty can increase the height of the treated vertebral
body. The average increase in height was 2.2 mm
(range, 1–15 mm). This confirms our clinical impres-
sion that vertebral height can increase during the
procedure. Although the results of one study suggest
that vertebral body height increases during kypho-
plasty (11), we are not aware of any studies of verte-
bral body heights after vertebroplasty. The mecha-
nism of the increase in vertebral body height is
probably related to the injection of the high-viscosity
bone cement under pressure. In a few patients, the
increase in vertebral body height was so obvious that
we could observe it as the cement was injected during
the procedure (Fig 1). This seems to occur in patients
whose bony walls of the vertebral bodies were intact,
thus preventing leakage.

Kyphoplasty (11–14) is a variant of vertebroplasty

wherein the vertebral body is pretreated with an ex-
pandable balloon to create a space where the cement
can be injected. The intention and purpose of kypho-
plasty is to increase vertebral body height and to
avoid injecting cement under pressure. The lack of
pressure during the injection of the cement has been
thought to be a safety feature to contain the cement
in the precreated cavity, rather than injecting it under
high pressure as in vertebroplasty. In our clinical
experience, the cement injected under pressure tends
to spread into preexistent cracks and spaces within
the vertebral body. In this way, we believe that the
cement fills the available space in the vertebral body
and thereby has a better chance of stabilizing a ver-
tebral body fracture than to fill a precreated central
space. To our knowledge, no comparison has been
made between vertebroplasty and kyphoplasty as to
the effectiveness in relieving pain. It may, however, be
possible that vertebroplasty with its more diffuse
spreading of cement within the fractured vertebral
body has a greater chance of stabilizing the fracture
than does cement injection into a precreated space in
kyphoplasty. This speculation needs to be docu-
mented with further studies.

We measured the vertebral body height on the
preoperative MR images and compared it with the
height on postoperative CT scans. This different
methodology was prompted by the availability of im-
ages. However, measuring an adjacent untreated ver-
tebral body in each patient assured us that the mea-
surements were accurate and comparable. In no
control instance was there a difference larger than 0.6
mm. Actually, the measurements were within 0.2 mm
in most patients. We were very careful not to accept
CT scans with motion since this would make the
sagittal reformations unreliable for vertical measure-
ment. The stability of our control measurements ad-
heres to the accuracy of the measurements.

Conclusion
Vertebroplasty increased vertebral body height in

28 of 37 patients with an average of about 2 mm.
Although the clinical significance of restoring some of
the vertebral body height is unknown, it may explain
the improved stature and amelioration of pain that
many patients experience after the procedure.
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