
of May 3, 2024.
This information is current as

Vertebroplasty
Restoring Vertebral Body Height in 
Significance of Dynamic Mobility in

H.-C. Hsu
Y.-J. Chen, H.-Y. Chen, P.-P. Tsai, D.-F. Lo, H.-T. Chen and

http://www.ajnr.org/content/33/1/57
https://doi.org/10.3174/ajnr.A2726doi: 

2012, 33 (1) 57-60AJNR Am J Neuroradiol 

http://www.ajnr.org/cgi/adclick/?ad=57533&adclick=true&url=https%3A%2F%2Flinkprotect.cudasvc.com%2Furl%3Fa%3Dhttps%253a%252f%252fwww.genericcontrastagents.com%252f%253futm_source%253dAmerican_Journal_Neuroradiology%2526utm_medium%253dPDF_Banner%2526utm_c
https://doi.org/10.3174/ajnr.A2726
http://www.ajnr.org/content/33/1/57


ORIGINAL
RESEARCH

Significance of Dynamic Mobility in Restoring
Vertebral Body Height in Vertebroplasty

Y.-J. Chen
H.-Y. Chen

P.-P.Tsai
D.-F. Lo

H.-T. Chen
H.-C. Hsu

BACKGROUND AND PURPOSE: Many authors have reported the increase in vertebral body height after
vertebroplasty. However, McKiernan et al demonstrated dynamic mobility in patients who underwent
vertebroplasty and concluded that any article that claims vertebral height restoration must control for
the dynamic mobility of fractured vertebrae. The purpose of this study was to compare prevertebro-
plasty (supine cross-table with a bolster beneath) with postvertebroplasty vertebral body height to find
out whether vertebroplasty itself really increases the vertebral height.

MATERIALS AND METHODS: From July 2005 to July 2010, 102 consecutive patients with 132 VCFs
underwent vertebroplasty at our institution. The indications for vertebroplasty were severe pain that
was not responsive to medical treatment, and MR imaging�confirmed edematous lesions. Preverte-
broplasty (supine cross-table with bolster beneath) lateral radiographs were compared with postver-
tebroplasty radiographs to evaluate the height change in vertebroplasty. Kyphotic angle and anterior
vertebral body height were measured.

RESULTS: The patients ranged in age from 62 to 90 years. There were 16 men and 86 women. The
difference in the kyphotic angle between supine cross-table with bolster and postvertebroplasty was
�0.49 � 3.59° (range, �9°–16°), which was not statistically significant (P � 0.124). The difference in
the anterior vertebral body height between supine cross-table with bolster and postvertebroplasty was
0.84 � 3.01 mm (range, �7.91–8.81 mm), which was statistically significant (P � .002).

CONCLUSIONS: The restoration of vertebral body height in vertebroplasty seems to be mostly due to
the dynamic mobility of fractured vertebrae; vertebroplasty itself does not contribute much to the
restoration of vertebral height.

ABBREVIATIONS: VAS � visual analog scale; VCF � vertebral compression fracture

Hiwatashi et al1 found increases in vertebral body height
after vertebroplasty and published their results in 2003.

Since then, there have been several articles related to height
increase after vertebroplasty or kyphoplasty.2-5 These articles
all concluded that vertebroplasty or kyphoplasty can increase
the height of fractured vertebrae. They proposed that the
mechanism of increase in vertebral body height is probably
related to padding beneath the upper chest and pelvic region,
injection of the high viscosity bone cement under pressure, or
balloon tamps. However, McKiernan et al6 demonstrated dy-
namic mobility in 44% of 41 patients (35% of treated verte-
brae) who underwent vertebroplasty. They concluded that any
article that claims vertebral height restoration must control for
the dynamic mobility of fractured vertebrae. A recent study,
which used sitting and supine cross-table (with a bolster be-
neath) lateral radiographs, demonstrated that dynamic mobil-
ity occurred in 87.5% of the treated vertebrae.7 The authors
found that 87.5% of 144 MR imaging�proved edematous
VCFs were demonstrated to be mobile. The average vertebral
body height increase from sitting position to supine with bol-

ster was 8.48 � 5.36 mm. Because a high percentages of frac-
tured vertebrae are mobile, we must answer the following
question: What is the real reason for vertebral body height
increase in vertebroplasty?

The objective of this study was to compare prevertebro-
plasty (supine cross-table with a bolster beneath) with post-
vertebroplasty vertebral body height to evaluate factors that
may correlate with these changes in height (including the oc-
currence and degree of mobility of the fractured vertebral
endplates).

Materials and Methods
From July 2005 to July 2010, one hundred two consecutive patients

with 132 osteoporotic VCFs underwent vertebroplasty at our institu-

tion. The institutional review board approved this radiographic anal-

ysis. The indications for vertebroplasty were severe pain that was not

responsive to medical treatment and MR imaging�confirmed edem-

atous lesions (hyperintense signal intensity on a short-tau inversion

recovery sequence and/or contrast enhancement on fat-suppressed

gadolinium-enhanced T1-weighted imaging). Pre- and postvertebro-

plasty anteroposterior and lateral radiographs were obtained. In ad-

dition, a preprocedural sitting lateral radiograph centered on the frac-

tured vertebra and a supine cross-table lateral radiograph centered on

the index vertebra with a bolster (10 cm in height) placed beneath

were obtained for each patient.

The kyphotic angles of the VCFs were measured from the superior

and inferior endplates of the fractured vertebra. Measurement of the

anterior vertebral body height of the fractured vertebra was based on

the techniques used by McKiernan et al.8 To eliminate the inter-ra-

diographic magnification error, we matched each index VCF to the

referent vertebra on the sitting lateral radiograph. Each index-referent

Received February 21, 2011; accepted after revision May 9.

Departments of Orthopedic Surgery (Y.-J.C., D.-F.L., H.-T.C., H.-C.H.), and Radiology (H.-Y.C.,
P.-P.T.), China Medical University Hospital, Taichung, Taiwan; and Department of Ortho-
pedic Surgery, School of Medicine (Y.-J.C., H.-C.H.), China Medical University, Taichung,
Taiwan.

Please address correspondence to Yen-Jen Chen, MD, Department of Orthopedic Surgery,
China Medical University Hospital, No 2, Yuh-Der Rd, Taichung 404, Taiwan; e-mail:
yenjenc.tw@yahoo.com.tw

Indicates open access to non-subscribers at www.ajnr.org

http://dx.doi.org/10.3174/ajnr.A2726

SPIN
E

ORIGIN
AL

RESEARCH

AJNR Am J Neuroradiol 33:57– 60 � Jan 2012 � www.ajnr.org 57



vertebral pair remained constant throughout the analysis. For supine

cross-table with bolster and postvertebroplasty lateral radiographs,

dimensions of the index vertebra were expressed as a percentage of the

analogous dimension of the referent vertebra and then were scaled to

the absolute dimensions of the original sitting lateral radiograph. This

process cancelled out any residual inter-radiographic magnification

error and allowed direct radiographic comparisons. For outcome

measurement, a VAS with 10 divisions was used.

Digital files of the patients’ radiographs were retrieved for analysis

from the PACS. Two of the authors (D.-F.L. and Y.-J.C.) performed

the measurements. Intraobserver and interobserver reproducibility of

these measurements was evaluated by using intraclass correlation

coefficients.

Statistical Analysis
The results are expressed as the mean � SD. The statistical signifi-

cance of changes in vertebral body height and the kyphotic angle was

evaluated with the paired t test. A P value � .05 was considered sta-

tistically significant. All statistical analyses were carried out by using

the Statistical Package for the Social Science, Version 12.0 (SPSS, Chi-

cago, Illinois), Windows version.

Results
One hundred two patients underwent vertebroplasty to treat
132 MR imaging�proved edematous VCFs. The patients
ranged in age from 62 to 90 years (mean, 76.97 years). There
were 16 men and 86 women. Seventy-four patients (72.5%)
had 1-level fractures, 26 patients had 2-level fractures, and 2
patients had 3-level fractures. L1 was the most common level
affected (n � 32), followed in order by T12 (n � 31) and L2
(n � 17).

Pain assessed by the VAS was significantly decreased (P �
.001) from a mean of 8.91 � 0.74 (range, 7–10) before the
procedure to 1.90 � 1.48 (range, 0 –9) after 1-month follow-
up. Ninety-one patients (89%) were satisfied with the results.
Only 1 patient described having no improvement in pain after
vertebroplasty.

Intraobserver (Y.-J.C.) reproducibility was 0.93 for the
height of the vertebral body and 0.96 for the kyphotic angle.
Interobserver reproducibility was 0.94 for height and 0.93 for
the kyphotic angle. The mean kyphotic angle on sitting lateral
radiographs was 17.96 � 8.45° (range, 0°– 40°). It changed to
7.22 � 7.24° (range, �15°–26°) on supine cross-table with
bolster radiographs and 7.71 � 6.83° (range, �9°–29°) on
postvertebroplasty radiographs. The average anterior verte-
bral height on sitting lateral radiographs was 13.83 � 7.01 mm
(range, 1.12–29.87 mm). It changed to 22.01 � 6.28 mm
(range, 6.09 –38.53 mm) on supine cross-table with bolster
lateral radiographs and 21.24 � 5.59 mm (range, 6.11–37.51
mm) on postvertebroplasty radiographs (Table). The prever-
tebroplasty (supine with bolster) anterior vertebral body
height was higher than the postvertebroplasty anterior verte-
bral body height in 87 vertebrae (65.9%). The difference in the
kyphotic angle between supine cross-table with bolster radio-
graphs and postvertebroplasty radiographs was �0.49 � 3.59°
(range, �9°–16°), which was not statistically significant (P �
.124). The difference in anterior vertebral body height be-
tween supine cross-table with bolster radiographs and post-
vertebroplasty radiographs was 0.84 � 3.01 mm (range,

�7.91– 8.81 mm), which was statistically significant (P �
.002).

Eighty-one percent (107/132) of vertebrae had a height in-
crease �3 mm (10.3 � 5.1 mm) from sitting to supine cross-
table with bolster radiographs; 19% (25/132) of vertebrae had
a height increase �3 mm. Seventy-nine percent (104/132) of
vertebrae had improvement in the degree of kyphosis of �5°
(�12.9 � 5.7°) from sitting to supine cross-table with bolster
radiographs. Of those 25 vertebrae with fixed height (height
increase, �3 mm) from sitting to supine cross-table with bol-
ster radiographs, only 4 (16%) had a height increase of �3 mm
(mean, 4.7 mm; range, 3.1– 6.9 mm) after vertebroplasty.

Discussion
A large part of the success of vertebroplasty depends on correct
patient selection, and MR imaging plays a vital role in this
process.9 Many authors9-11 recommended using MR imaging
as a preprocedural examination. Brown et al12 stated that
100% of patients with bone marrow edema had clinical bene-
fit. We followed this rule, and vertebroplasty was performed in
vertebrae with bone marrow edema on MR imaging. If the
patient had contraindications for MR imaging, we used dy-
namic radiographs (sitting and supine with bolster) to find out
which vertebra was symptomatic (dynamic mobility) after we
ruled out the possibility of infection. If a patient had severe
back pain without an edematous lesion on MR imaging, we
would also use dynamic radiographs to check the mobility.
Usually, if the pain was severe, there was always some dynamic
mobility at the fractured vertebrae.

Hiwatashi et al1 measured the height of 85 vertebral bodies
in 37 patients before and after vertebroplasty. The average
increase in vertebral body height was 2.5 mm; 13 of 85 treated
vertebrae remained unchanged. They concluded that vertebral
body height often increases during vertebroplasty. Teng et al2

reviewed digital radiographs of 73 vertebral bodies in 53 pa-
tients before and after vertebroplasty and found that the res-
toration percentage for the height of the vertebral body was
29% for the anterior border. They, therefore, also concluded
that vertebroplasty increases the height of a fractured vertebra.
Many other authors have also reported increased vertebral
body height from vertebroplasty (with or without any reduc-
tion maneuver) or kyphoplasty.3-5,13-15

However, McKiernan et al6 demonstrated dynamic frac-
ture mobility in 44% of their patients (35% of treated verte-
brae) who underwent vertebroplasty. They concluded that in
any article in which vertebral height restoration is claimed,
there must be control for the occurrence of dynamic mobility
of the fractured vertebrae. In a study by Chen et al,7 87.5% of

The average kyphotic angle and vertebral body height in
preprocedural and postprocedural lateral radiographsa

Preprocedure

Postprocedure
P

ValuebSitting
Supine with

Bolster
Kyphotic angle 17.96 � 8.45° 7.22 � 7.24° 7.71 � 6.83° .124
Vertebral height

(mm)
13.83 � 7.01 22.01 � 6.28 21.24 � 5.59 .002c

a The results are expressed as means.
b P values indicate the statistical significance of changes in preprocedure (supine with
bolster) and postprocedure.
c Significant at P � .05.
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144 MR imaging�proved edematous VCFs were demon-
strated to be mobile. The average vertebral body height in-
crease from sitting to supine with bolster lateral radiographs
was 8.48 � 5.36 mm (range, �1.17–24.04 mm), which was
statistically significant (P � .001). On the basis of these find-
ings, we propose that dynamic mobility of a fractured vertebra
may contribute to height restoration in vertebroplasty.

As McKiernan et al6 mentioned, because any article that
claims vertebral height restoration must control for the occur-
rence of dynamic mobility of the fractured vertebrae, we com-
pared the vertebral body height between supine with bolster
lateral radiographs and postvertebroplasty radiographs to de-
cide whether the height increase came from the dynamic mo-
bility of fractured vertebra or from the vertebroplasty itself. In
this study, the difference in the kyphotic angle between supine
cross-table with bolster radiographs and postvertebroplasty
radiographs was �0.49 � 3.59° (range, �9°–16°), which was
not statistically significant (P � 0.124). That means that there
was no significant difference between the kyphotic angle on
supine with bolster and postvertebroplasty radiographs; the
correction of the kyphotic angle was due to the dynamic mo-
bility of the fractured vertebrae, not due to vertebroplasty it-
self. Vertebroplasty itself did not contribute to the correction
of the kyphotic angle.

The difference in anterior vertebral body height between
supine cross-table with bolster and postvertebroplasty radio-
graphs was 0.84 � 3.01 mm, which was significant (P � .002).
That means that the anterior vertebral body height restoration
on supine with bolster radiographs was more than that on

postvertebroplasty radiographs and was statistically signifi-
cant. However, the difference was so small that it may not have
any clinical significance. Why is the vertebral height on supine
with bolster radiographs higher than the height on postverte-
broplasty radiographs? It is because of the bolster that causes
the fractured vertebrae to be in a hyperextended position (Fig
1B); the degree of hyperextension is less during vertebroplasty
(Fig 1C). However, the difference is not much, only 0.84 �
3.01 mm.

Theoretically, if the vertebra is fixed, there should be no
height increase after vertebroplasty. Why did some fixed ver-
tebrae (height increase, �3 mm) have a height increase after
vertebroplasty in our study? The reasons may be due to poor
positioning of the bolster so that the fractures did not open
well, pain-induced muscle spasm during the examination, and
some measurement error due to the poor quality of radio-
graphs. This situation only happened in fractures with mild
mobility.

The weaknesses of this study are the following: 1) As a
retrospective study from a single center, there was potential
for several biases (referral bias, patient characteristics, and so
forth). 2) The number of patients enrolled was small. 3) Pa-
tients were screened by using MR imaging and not other mo-
dalities and had to show signs of edema—this group may not
be representative of all patients or all fractures undergoing
vertebroplasty. 4) Although we tried our best to measure the
radiographs correctly, there may be still some measurement
error.

Fig 1. A 62-year-old woman had severe back pain due to a T12 compression fracture. The anterior vertebral body height in the sitting (A) lateral radiograph is 7.23 mm and changed to
21.22 mm in the supine with bolster (B) lateral radiograph and 15.41 mm in the postvertebroplasty radiograph (C ).
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Conclusions
The restoration of vertebral body height in vertebroplasty
seems to be mostly due to the dynamic mobility of fractured
vertebrae; vertebroplasty itself does not contribute much to
the restoration of vertebral height.

If height restoration is mainly due to dynamic mobility and
can be restored by posture reduction, we should try to get a
better height restoration by using towel rolls under the shoul-
ders and hips to hyperextend the back and open the fracture
cleft.
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