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The correlation between vertebral wedge-shaped changes in
X-ray imaging at supine and standing positions and the
efficacy of operative treatment of thoracolumbar spinal
fracture in the elderly

L Qian1,4, J Pan2,4, ZD Liu1, LJ Li2, J Tan2, LM Cheng3, ZL Zeng3, YW Jia3, XF Li1 and HT Wang1

Study design: By analyzing a large number of surgical patients, we identified the roles of wedge-shaped changes in related surgeries.
Objectives: To illustrate the relevance of vertebral wedge-shaped changes in X-ray imaging at supine and standing positions in
patients with percutaneous kyphoplasty as well as the postoperative effect.
Setting: All patient data were collected from a hospital in China.
Methods: Between June 2006 and May 2010, 77 surgical patients (9 men and 68 women) with wedge-shaped compression
fractures were retrospectively analyzed. Patients were divided into group A (DWRX2.5%) and group B (DWRo2.5%) according to the
dynamic changes in the percentage of vertebral body wedge-shaped variable ratio (WR) at supine and standing positions. The intensity
of back pain in different positions pre- and postoperatively was evaluated with a visual analog pain scale (VAS).
Results: The WRs in both standing and supine positions were significantly reduced by kyphoplasty in both groups A and B.
In agreement with the improvement in WRs, the VAS was significantly decreased in three positions for patients in group A and in
turning over and standing position for patients in group B. With respect to DWR changes, group B revealed significantly lower values
compared with group A preoperatively (Po0.001), but there was no significant difference between groups A and B postoperatively and
at 1-month follow-up (P¼0.179 and P¼0.558, respectively).
Conclusions: Improvement in symptoms after kyphoplasty is better in patients with wedge-shaped changes in supine and standing
positions, and the efficacy of height restoration of the spine would be better in unstable vertebrae by balloon dilatation.
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INTRODUCTION

With the aging of the world’s population, osteoporosis is becoming a
prevalent public health problem worldwide. Osteoporosis-caused
vertebral body compression fracture (VBCF) is one of the most
common manifestations. In 2000, the number of osteoporotic
fractures was estimated to be 3.79 million in the European Union
and over 200 million worldwide.1 In the United States, there are
almost 700 000 new osteoporotic vertebral fractures, 250 000 distal
forearm fractures, 250 000 hip fractures and 300 000 fractures of other
limb sites every year, one-third of which are associated with chronic
pain.2 The annual incidence rate of VBCF in women over 50 years
of age is higher than 1%, whereas in women over 75 years of age it is
three times higher.2,3 Short rests, less activity, brace fixation and
non-steroidal medicine are extensively used to improve symptomatic
fractures,4,5 whereas some patients, unsuited to conservative treat-
ment, can undergo surgery. Currently, the main clinical diagnostic
method for osteoporotic spinal fractures is Magnetic Resonance
Imaging (MRI),6–8 and the proper determination of responsible

vertebra is the key for success in surgical treatment. Some studies
report changes in supine lateral and standing lateral radiographs in
thoracolumar vertebral fractures9,10 and the correlation of these
changes with back pain.11 However, there is no report on the
relationship between changes in vertebral height and surgical
therapy effect. In this paper, a retrospective analysis was applied in
patients undergoing percutaneous kyphoplasty to compare pre- and
postoperative vertebral wedge-shaped changes in supine and standing
positions and illustrate their relevance with operative effect.

MATERIALS AND METHODS
Between June 2006 and May 2010, 97 surgical patients (11 men and 86

women) with a simple thoracolumbar spinal compression fracture were

admitted at our hospital. They were aged between 60 and 84 years, with

a mean age of 70.7 years. All of them had a history of osteoporosis

(T-score p�2.5) before trauma and consulted a doctor for microtrauma

or waist back pain without trauma, but none had neural symptoms of

lower limb and other trauma. There are three types of osteoporotic fractures:
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wedge-shaped change, crush or biconcave fractures.12 In this paper, only

patients older than 60 years with a wedge-shaped compression fracture whose

anterior compressed and posterior vertebrae were intact and with follow-up

time of more than 1 month were included. A total of 20 patients with crush or

biconcave fractures, as well as serious trauma, were excluded. The remaining

77 cases (9 men and 68 women) with wedge-shaped compression fracture and

follow-up of 3 months were included. Fractures occurred at the level of T10

in 4 patients, T11 in 11 patients, T12 in 22 patients, L1 in 28 patients, L2 in

3 patients, L3 in 2 patients and at multiple levels in 7 patients. The time

interval between pain occurrence and the procedure ranged from 1 month to

5 months (averaged of 40.2 days).

On MRI, the vertebral body that showed low signal intensity on T1-

weighted image (T1WI), high signal intensity on T2WI and high signal

intensity in fat-suppression sequence served as the target.6 To measure anterior

and posterior vertebral height of the injured segment vertebral body, lateral

X-ray radiographs were taken in supine and standing positions before and after

surgery and at 1 month postoperatively. Four points of injured vertebrae in

these X-ray radiographs were determined (Figure 1): Points (a) and (c) were

placed at the most anterior-superior and anterior-inferior endplate margins,

respectively. Points (b) and (d) were placed at the most posterior-superior and

posterior-inferior endplate margins, respectively. Vertebral heights (H, mm) of

anterior endplate (Hb) and posterior endplate (Ha) were determined as the

distance between points a and c and distance between points b and d,

respectively. The percentage of vertebral body wedge-shaped variable ratio

(WR) was calculated by using the formula (Ha�Hb)/Ha � 100%.11 Dynamic

changes (DWR) in the wedge rate of supine and standing positions were

calculated as WR (standing)�WR (supine). Patients were divided into groups

A (DWRX2.5%) and B (DWRo2.5%) according to the changes in DWR

(DWRo2.5% mean no changes).

To evaluate the intensity of back pain, a 100-mm visual analog pain scale

(VAS) was applied to record pain intensity before and after surgery and at

1 month postoperatively. The intensity of back pain was recorded at supine

position, turning over and standing position. In VAS, ‘0’ represents no pain,

whereas ‘100’ represents the most serious pain. Pain alleviated rate¼ (VAS

(preoperative)—VAS (postoperative))/VAS (preoperative) � 100%.

Operation procedure
Patients with an unstable vertebra or aggravated wedge-shaped changes were

indicated for surgery. First, patients under general anesthesia were placed in the

prone position. Under the fluoroscopic imaging guidance of a C-arm X-ray, a

puncture point of vertebral pedicle in the injured vertebrae was determined

and the projective skin was marked. After routine disinfection and after being

covered with a piece of scarf, a 0.5-cm cutaneous incision was made. Second, a

bone biopsy needle was delivered into the first one-third of the vertebral body

through the vertebral pedicle of the injured vertebra, and then the core of the

puncture needle was removed and replaced with kirschner wire. An operation

channel was established by separating tissues with a dilator and working

cannula through the kirschner wire. Third, for the successive passage of the

inflatable bone tamp (IBT), an intravertebral bone channel was created using a

drill tip. Then the drill was removed and the IBT was inserted and pushed

forward carefully and placed in the anterior two-thirds of the vertebra. The

iohexol contrast medium was injected. An angioplasty injection device

equipped with a pressure monitor was used to inflate the bone tamp. The

end point of inflation was indicated by restoration of vertebral body height to

normal height or attainment of the maximum volume of the balloon. Then

bone cement was slowly applied to the cavity created by the IBT under X-ray

fluoroscopy. At last, the cutaneous incisions were sutured and patients were

instructed to remain in bed for the next few hours.

Statistical analysis
In the 77 patients, anterior to posterior vertebral height ratio was measured

preoperatively and postoperatively to calculate the vertebral wedge-shaped

changes. Pain was assessed based on the VAS before and after operation. All

data were expressed as mean±s.d. and analyzed using the statistical software

SPSS18.0 (Shanghai, China) using a paired t-test. P o0.05 was considered

statistically significant.

Statement of ethics
We certify that all applicable institutional and governmental regulations

concerning the ethical use of human volunteers were followed during the

course of this research.

RESULTS

Surgeries were all successfully completed in the 77 patients with
follow-up of more than 3 months (3–50 months, 18.2 months at
average). Bone cement leakage occurred in four cases, without clinical
compression symptom. The time to out-of-bed activity with waist
protection was the second day after operation.

MRI examination in all patients before surgery showed low signal
intensity on T1WI, high signal intensity on T2WI and high signal
intensity in fat-suppression sequence. Patients were divided into
group A (DWRX2.5%) and group B (DWRo2.5%) according to
their changes in DWR of lateral x-ray radiographs (DWRo2.5%
represents no changes). There were 61 and 16 cases in group A and
group B, respectively. The pre-procedure and post-procedure images
in each group are shown in Figure 2 (DWRX2.5%) and Figure 3
(DWRo 2.5%). The WR changes preoperatively, postoperatively and
at postoperative follow-up (1 month) are shown in Table 1.

In group A, the WR in standing position was significantly higher
than that in supine position preoperatively (Po0.001). The WRs in
both standing and supine positions were significantly reduced by
surgery, and there was no statistical significance between them
(P¼ 0.085 after operation and P¼ 0.814 at 1-month follow-up).
However, there was no significant difference between the WR in
standing position and that in supine position preoperatively,

Figure 1 Four points (a–d) of injured vertebrae in X-ray radiographs were

determined. Points (a) and (c) were placed at the most anterior-superior and

anterior-inferior endplate margins, respectively. Points (b) and (d) were

placed at the most posterior-superior and posterior-inferior endplate

margins, respectively.
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postoperatively and at 1-month follow-up (P¼ 0.944, P¼ 0.402 and
P¼ 0.410, respectively) in group B. Further, the statistical analysis
between groups A and B indicated that the WR was significantly
higher in group B at supine position postoperatively and at 1-month
follow-up (all Po0.001), but there was no significant difference
preoperatively between the two groups (P¼ 0.051). WR at standing
position was significantly higher in group A than in group B
preoperatively (P¼ 0.028), but significantly lower than in group B
postoperatively and at follow-up (all Po0.001). As for DWR changes,
group B was significantly lower than group A preoperatively
(Po0.001), but there was no significant difference between groups
A and B postoperatively and at 1-month follow-up (P¼ 0.179 and
P¼ 0.558, respectively).

Pain assessment
The intensity of back pain in different positions pre- and post-
operatively was evaluated with VAS (Table 2). In group A, the VAS
was significantly decreased after surgery in the supine position,
turning over and standing position (all Po0.001) when compared
with that before operation. The VAS was significantly decreased after
operation in turning over and standing position (P¼ 0.003 and
Po0.001, respectively), but not in supine position (P¼ 0.188) in
group B. Further, the statistical analysis between groups A and B
indicated that the VAS was significantly lower in group B in turning
over and standing position (Po0.001), but there was no significant
difference in supine position preoperatively (P¼ 0.626). In contrast,
no significant difference was observed in supine position and turning
over between groups A and B (P¼ 0.247 and P¼ 0.053, respectively),

whereas significant difference was observed in standing position
postoperatively (P¼ 0.043). There were no significant differences
between preoperative VAS and VAS at 1-month follow-up in any of
the three positions in both groups A and B (all Po0.001). Overall,
there was no significant difference between groups A and B in pain
alleviated rate in supine position (P¼ 0.071), whereas there was
significant difference in turning over and standing position (all
Po0.001).

DISCUSSION

Previously, nonoperative treatment was recommended for stable and
burst VBCF.13 Although these treatments have been shown to be safe
and effective, the patient’s life quality was reduced because of lying in
bed for a long time. Moreover, there are reports of complications of
antiosteoporosis during these years.14 On the other hand,
conventional open surgical treatment involves large dissections,
prolonged anesthetic times and a high incidence of complications.
In recent years, vertebroplasty/kyphoplasty has gained popularity
gradually because of its minimally invasive feature, which reduces
complications and improves life quality.

Since percutaneous vertebroplastywas reported by Galibert et al.15

in 1987 it has been widely used in treating vertebral tumors and
VBCF. Although vertebroplasty is currently being used successfully
for pain relief and vertebral reinforcement in VBCF,16 several dis-
advantages still exist, such as leakage of bone cement.17,18 In addition,
this technique makes no attempt to restore the height of the
collapsed vertebral body. In 2001, Lieberman et al.19 first performed

Figure 2 A 78-year-old woman sustained a compression fracture of L2.

MRI showing low signal intensity at L2 on T1-weighted image (a) and

T2-weighted image (b). MRI short time inversion recovery showing high

signal intensity at L2 (c). Vertebral wedging rate (WR) of 19.76% in the

supine position (d) increased to 36.61% on standing radiograph (e) and

decreased to 6.02 (f) at 1 month postoperatively.

Figure 3 A 75-year-old woman sustained a compression fracture of L1.

MRI showing low signal intensity at L1 on T1-weighted image (a) and

T2-weighted image (b). MRI short time inversion recovery showing high

signal intensity at L1 (c). Vertebral wedging rate (WR) at supine position

(d) is 37.75%, and that on standing radiograph (e) is 37.33%. At 1 month
postoperatively, the WR decreased to 11.67 (f).
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percutaneous kyphoplasty by inserting an IBT into the vertebral body.
VBCF was efficaciously treated with clinical improvement of pain and
function as well as with restoration of the vertebral body.

Injured vertebra should be confirmed before kyphoplasty, and
other diseases should also be ruled out, and hence it is key to identify
the responsible vertebra among plenty of vertebrae with wedge
changes.5 Careful physical examination is widely used in clinical
and vertebral body with obvious spinous process tenderness and rap
pain. MRI is then carried out to confirm the diagnosis on the basis of
geographic patterns of low signal intensity on T1WI, high signal
intensity on T2WI and high signal in fat-suppression sequence.
Moreover, there is no correlation research to determine whether
fracture vertebra with bleeding and edema is the main reason for
pain. In clinics, kyphoplasty is usually carried out in more than one
vertebra at a time because of uncertain responsible vertebrae, thus
resulting in increased financial burden and surgical risk to the patient.
Besides, there are potential cardiovascular complications and fat
embolism.20 Moreover, many reports agree with the fact that
fracture risk of adjacent segment vertebra increases after
vertebroplasty.21–23 It has been reported that vertebroplasty should
be performed for fewer than three vertebral bodies.24

Fracture instability due to biomechanical change is the main reason
for pain in VBCF,25 and thus nonunion and unstable vertebrae are the
therapeutic subjects. Only when bone cement fixes the fracture
instability can satisfactory curative effect be achieved. The exact
mechanism is unproven, but it may be because of the increased
stabilization of the fractured vertebra and the elimination of
macroscopic or microscopic motion at the fracture site. In addition,
bone cement solidification can lead to thermogenesis, which will
damage sensory nerve endings of the vertebral body.4 In this research,
we judged the stability of the fracture vertebra according to the
wedge-shaped changes shown in X-ray imaging in supine and
standing positions, and evaluated the intensity of back pain in
different positions pre- and postoperatively with VAS. Dynamic
mobility was present when anterior vertebral height changed

between standing and supine radiographs. There were three authors
who reported the results of supine lateral and standing lateral
radiographs in patients with VBCF.9–11 Among them, Toyone
et al.11 suggested that there was a significant correlation between
DWR and back pain when standing erect. Results from our study
showed that the WRs in both standing and supine positions were
significantly reduced by kyphoplasty in both groups A and B
(Table 1). In agreement with the improvement in WRs, VAS was
significantly decreased in three positions for patients in group A and
in turning over and standing position for patients in group B. This is
consistent with the study by Toyone et al.11 With respect to DWR
changes, group B showed significantly lower values compared with
group A preoperatively (Po0.001), but there was no significant
difference between groups A and B postoperatively and at 1-month
follow-up (P¼ 0.179 and P¼ 0.558, respectively). These outcomes
suggested that symptoms improvement after kyphoplasty was better
in patients with significant wedge-shaped changes showing in X-ray
imaging in supine and standing positions (group A). That is to say,
the stability due to height restoration by balloon dilatation would be
better in unstable vertebra, whereas for stable vertebra the height
restoration was limited.

Aged patients with waist and back trauma often have accompany-
ing soft-tissue injury. This symptom also appears in patients with
VBCF. In this study, there was significant difference in VAS at
different positions between patients in the two groups who underwent
kyphoplasty, which indicated that there were other factors causing
back pain, although the fractured vertebra was fixed and the pain
caused by the fractured vertebra was alleviated. This suggested that
patients with VBCF may also have soft-tissue injury. In addition, pain
resulting from spinal fractures is due to muscle fatigue as well as due
to arthritis in facet joints.4,26,27 Such pain can be alleviated in most
patients by physical therapy and medical symptomatic treatment.

There are some limitations in our study. First, patients suffering
from crush or biconcave fractures were not studied on account of the
consideration of safety. Second, this is a retrospective study based on a

Table 1 Wedge-shaped variable ratio

Group Preoperative Postoperative Follow-up (1 month postoperatively)

WR (supine) WR (standing) DWR P-value WR (supine) WR (standing) DWR P-value WR (supine) WR (standing) DWR P-value

A 28.52±6.69 38.40±8.31 9.88±5.40 o0.001 6.70±5.59 6.97±5.65 0.27±1.22 0.085 7.02±5.53 7.06±5.56 0.04±1.30 0.814

B 33.04±8.04 33.06±8.05 0.03±1.39 0.944 16.19±5.40 15.81±5.01 �0.38±1.77 0.402 15.73±4.67 15.96±5.32 0.23±1.06 0.410

P-value 0.051 0.028 o0.001 o0.001 o0.001 0.179 o0.001 o0.001 0.558

Data were analyzed by paired t-test and expressed as mean±s.d.

Table 2 Visual analog pain scale

Group Preoperative Postoperative Follow-up (1 month postoperatively)

Supine

position Turning over

Standing

position

Supine

position Turning over

Standing

position P-value

Supine

position Turning over

Standing

position P-value

A 8.69±8.66 37.70±11.75 49.84±13.84 3.61±4.84 5.25±5.66 7.87±7.10 o0.001

0.188

0.33±1.80 0.98±3.00 1.64±3.73 o0.001

B 7.50±8.56 18.75±8.85 24.38±8.14 5.63±6.29 10.63±9.98 13.75±10.25 0.003

o0.001

1.88±4.03 3.13±4.79 5.63±8.14 o0.001

P 0.626 o 0.001 o 0.001 0.247 0.053 0.043 0.153 0.105 0.074

Data were analyzed by paired t-test and expressed as mean ±s.d.
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relatively small number of cases, especially the number of cases in
group B. Third, this study used only VAS for evaluating the effect of
kyphoplasty. Other standard outcome measures for disability, such as
Oswestry Disability Index, should be used in further studies.

CONCLUSION

Symptoms improvement after kyphoplasty is better in patients with
significant wedge-shaped changes in supine and standing positions,
and the efficacy of height restoration of spine by balloon dilatation
would be better in unstable vertebrae. However, further prospective
studies based on a larger number of cases with a long follow-up
period are warranted to confirm our conclusion.
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