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Abstract

This retrospective study investigated the impact of endplate fracture on postoperative vertebral height loss and
kyphotic deformity in 144 patients with osteoporotic vertebral compression fracture (OVCF), who received balloon
kyphoplasty. Patients were divided into four groups: Group 1 had no superior endplate fracture, Group 2 had frac-
tures on the anterior portion of the superior endplate, Group 3 had fractures on the posterior portion of the superior
endplate, and Group 4 had complete superior endplate fractures. Anterior and middle vertebral body height, vertebral
compression ratio, vertebral height loss rate, and kyphosis Cobb angle of each patient were measured and visual
analogue scale (VAS) and Oswestry disability index (ODI) scores were recorded. The anterior vertebral height and
kyphosis deformity of all groups significantly improved after the surgery, whereas substantial anterior vertebral
height loss and increased Cobb angle were observed in all patients at the last follow-up. Although the vertebral height
loss rate and the Cobb angle in Group 2, 3 and 4 were larger compared with Group 1 at the last follow-up, only the
vertebral height loss rate in Group 4 and the increase in the Cobb angle in Group 2 and 4 were statistically different
from those in Group 1. The VAS and ODI scores in all groups measured after the surgery and at the last follow-up
were significantly lower compared with preoperative scores, but there was no significant difference among these
groups. Balloon kyphoplasty significantly improved vertebral fracture height and kyphosis. Vertebral height loss and
increased kyphotic deformity were observed in OVCF patients with endplate fractures after the surgery. Postoperative
aggravation of kyphosis was observed in Group 2. Furthermore, severe vertebral height loss and increased kyphotic
deformity were confirmed in Group 4 after the surgery. Our results suggested that postoperative vertebral height loss
and aggravation of kyphosis may be associated with biomechanical changes in the vertebral body caused by endplate
fracture. Therefore, surgery should not only restore compressed vertebral body height and correct kyphosis, but also
correct the deformity of endplate to achieve an effective treatment of OVCF patients with endplate fracture.
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Introduction

Vertebral compression fracture is the most common
complication for patients with osteoporosis, which
often cause severe back pain, vertebral height loss,
and kyphosis!!l. Although percutaneous vertebroplasty
can effectively relieve pain and has received satisfac-
tory results in the treatment of osteoporotic vertebral
compression fracture (OVCF), it has several draw-
backs including high cement leakage rate, and inability
to restore vertebral body height and correct kyphosis.
Balloon kyphoplasty is developed on the basis of per-
cutaneous vertebroplasty, during which an expandable
balloon is used to restore height. The procedure effec-
tively reduces the occurrence of bone cement leakages,
recovers vertebral body height, and corrects spinal
kyphosis compared with other surgical approaches?l.
Nevertheless, the incidence of postoperative compli-
cations such as vertebral height loss, aggravation of
kyphosis and vertebral fractures of adjacent segments
remains high!*l.

In recent years, with extensive application of balloon
kyphoplasty and development in spinal biomechanics,
the injection of polymethyl methacrylate (PMMA)
increases the strength of fractured vertebral segments,
but changes biomechanical distribution of adjacent
segments, which may cause postoperative fracture of
adjacent segments®®. However, few studies have been
performed to investigate the mechanisms of vertebral
height loss and aggravation of kyphosis after balloon
kyphoplasty. Furthermore, these studies even yield con-
flicting results. In a follow-up study by Dansie et al. of
51 OVCEF patients treated with percutaneous vertebro-
plasty, the postoperative loss rate of anterior vertebral
height was 18.0%), whereas it was 63.0% in another
similar study!®. It has been reported that vertebral
height loss and aggravation of kyphosis after balloon
kyphoplasty may be associated with preoperative severe
osteoporosis, insufficient PMMA injection, necrosis of
fractured vertebral body, and excessive restoration of
vertebral height!'ll. Nevertheless, mechanisms behind
vertebral height loss and aggravation of kyphosis after
balloon kyphoplasty remain inconclusive.

Postoperative vertebral height loss and aggrava-
tion of kyphosis of balloon kyphoplasty may cause
chronic low back pain, affecting the surgical outcome.
Silverman et al. have shown that kyphosis reduces
daily activities and quality of life, and even increases
mortality"?!. Therefore, it is important to study the
mechanism of vertebral height loss and aggravation
of kyphosis after balloon kyphoplasty for effective
prevention of postoperative complications. The ver-
tebral endplate bears 40%—75% of the pressure of the
vertebral body, and is directly involved in transferring

pressure from the vertebral disc to the vertebral
body!3. Biomechanical studies have confirmed that
even a slight morphological change in endplate can
lead to a dramatic reduction in motor function of the
vertebral body!'*l. OVCF is often accompanied by ver-
tebral endplate fracture, which causes changes in end-
plate stress distribution. Such biomechanical changes
in fractured vertebral body may be closely associated
with vertebral height loss and kyphosis after balloon
kyphoplasty. In this retrospective study, the impact of
degree of endplate fracture on postoperative vertebral
height loss and kyphotic deformity was investigated
in OVCEF patients treated with balloon kyphoplasty.

Patients and methods

Patients

A retrospective analysis was performed on patients
with OVCF who received balloon kyphoplasty in
the Division of Spinal Surgery at the First Affiliated
Hospital of Nanjing Medical University from January
2009 to December 2012. Patients were selected accord-
ing to the following criteria: 1) fresh single osteoporo-
tic thoracolumbar vertebral compression fractures
with high signal on MRI fat-suppressed T2 image, 2)
with severe back pain which could not be resolved by
conservative therapy, and 3) follow up duration at least
one year. Exclusion criteria were 1) non-osteoporotic
vertebral compression fractures such as pathologic
fracture and thoracolumbar burst fracture, 2) dural
sac and nerve root compression caused by incomplete
posterial or collapsed vertebral body, 3) the degree of
vertebral compression over 75%, and 4) infection or
clotting dysfunction. Bone density of each patient was
examined by X-ray, MRI, CT, and dual-energy X-ray.

Patients were divided into the following four groups
according to the preoperative degree of superior verte-
bral endplate fracture by MRI!'! (Fig. 1): Group | had
no superior endplate fracture, Group 2 had fractures on
the anterior portion of the superior endplate (showing
discontinuous linear low-signal on MRI T1 images
and discontinuous linear high-signal on MRI T2 or
fat-suppressed images, and excluding old fractures and
Schmorl's nodules), Group 3 had fractures on posterior
portion of superior endplate, and Group 4 had complete
superior endplate fractures.

This study was approved and supervised by the
Medical Ethics Committee at the First Affiliated
Hospital of Nanjing Medical University.

Balloon kyphoplasty

All patients underwent surgical procedures under
general anesthesia. The whole procedure was performed
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Fig. 1 Grouping according End-plate Fracture. Patients were divided into four groups according to the preoperative degree of
superior vertebral endplate fracture detected with MRI: Group 1 without any superior endplate fracture (A); Group 2 with fractures on
anterior portion of superior endplate (showing discontinuous linear low-signal on MRI T1 images and discontinuous linear high-signal
on MRI T2 or fat-suppressed images, and excluding old fractures and Schmorl's nodules) (B); Group 3 with fractures on posterior
portion of superior endplate (C); Group 4 with complete superior endplate fractures (D).

with a C-arm perspective machine. Core needles were
inserted at 3:00 on the right side and 9:00 on the left
side of the pedicle shadow until the lateral tip reached
the posterior wall of the vertebral body, and the anter-
oposterior tip reached the medial edge of the pedicle
shadow. The core needle was removed, and guide pin,
expansion sleeve and working casing were placed
inside the needle to establish a working channel in frac-
tured vertebral body.

An expandable balloon was implanted in the verte-
bral body and dilated until vertebral body height was
restored. The balloon was removed and PMMA cement
[powder (g) : liquid (mL) = 2:1] was slowly injected
into the vertebral body. The working channel was
removed after PMMA was completely solidified, and
the incision was sutured.

Assessment of efficacy

Imaging evaluation

Anterior and middle vertebral height, anterior ver-
tebral height ratio, anterior vertebral height restoration
rate, anterior vertebral height loss rate, the Cobb angle,
kyphosis correction degree, and the increase in Cobb
angle were determined by X-ray examination before

and after the surgery, and at the last follow-up visit.
Anterior vertebral height ratio was calculated as the
ratio of anterior height of fractured vertebral body to
the average anterior height of adjacent vertebral bod-
ies. If an old fracture or deformity existed in either of
the adjacent vertebral bodies, the next adjacent verte-
bral body was measured. Anterior vertebral height res-
toration rate was calculated as the difference between
pre- and postoperative anterior vertebral height ratios,
and anterior vertebral height loss rate was calculated as
the difference between anterior vertebral height ratios
obtained immediately after the surgery and at the last
follow-up. Cobb angle was defined as the angle formed
between lines drawn parallel to the respective superior
and inferior endplates of fracture. Kyphosis correction
degree was calculated as the difference between pre-
and postoperative Cobb angles. Increase in Cobb angle
was the difference between Cobb angles measured
immediately after the surgery and at the last follow-up
(Fig. 2). Leakage of bone cement into intervertebral
space in each group was also recorded (Fig. 3).

Evaluation of efficacy

Visual analogue scale (VAS) and Oswsetry disability
index (ODI) were assessed to reveal the degree of pain
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Fig. 2 Imaging evaluation of osteoporotic vertebral compression fractures with balloon kyphoplasty. Data were determined
as follows: Initial anterior vertebral body height (Y)=the average anterior height of adjacent vertebral bodies, calculated as (at+c)/2.
Anterior vertebral height restoration rate=(postoperative anterior vertebral height—preoperative anterior vertebral height)/initial anterior
vertebral body height, (e-b)/Y*100%. Central vertebral height restoration rate=(f-d)/Y*100%. Cobb angle was defined as the angle
formed between the lines drawn parallel to respective superior and inferior endplates of the fracture as shown in Fig. 2C.

and the level of activity of patients before and after the
surgery, and at the last follow-up visit.

Statistical analysis

All data were presented as mean + SD, and ana-
lyzed using SPSS19.0 software package (SPSS Inc.,
Chicago, IL, USA). Age, bone density, duration of
symptoms, the amount of bone cement, anterior verte-
bral height, vertebral column height, anterior vertebral
height restoration rate, anterior vertebral height loss
rate, Kobb angle, kyphosis correction degree, increase

in Kobb angle, VAS and ODI scores of patients in dif-
ferent groups were compared by analysis of variance
(ANOVA). P<0.05 was considered to be statistically
significant.

Results

General information of patients

A total of 144 patients including 30 males and
114 females with a mean age of 69.1 + 8.6 (range,
49-86 years) years were enrolled in this study. The

Fig. 3 Images of the lumbar vertebra of a 62-year-old female patient. A: T score in bone density test was -3.2, preoperative anterior
vertebral height and Cobb angle was 21.5 mm and 18.0°, respectively. B: The MRI image of showing L1 lumbar vertebral compression
fracture with anterior endplate fracture (marked by a white arrow). C: X-ray image showing leakage of bone cement into intervetebral
space via anterior endplate fracture (marked by a black arrow). Preoperative anterior vertebral height and Cobb angle was 23.5 mm and
11.8°, respectively. D: X-ray image at 13 months after the surgery showing that anterior vertebral height and Cobb angle was 10.4 mm

and 22.1°, respectively. Yellow lines represent Cobb angle.
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Table 1 General information of patients.

Parameter Group 1 Group 2 Group 3 Group 4
The number of cases 56 44 28 16
Age 69.8+8.6 66.8+8.9 68.9+6.6 73.6+10.0
Gender (male/female) 12/44 10/34 4/24 4/12
Bone density (T score) —2.940.5 —2.9+0.2 -3.0+0.3 —2.9+0.4
Thoracic vertebra 28/56 14/44 10/28 0/16
Lumbar vertebra 28/56 30/44 18/28 16/16
Duration of symptoms (days) 9.2+6.9 9.1+4.9 17.4+13.5 17.0+£10.2
The amount of bone cement (mL) 5.1+0.6 5.24+0.5 5.0+£0.6 5.1+0.4
Duration of follow up (months) 14.34£2.5 14.0£2.3 13.2+1.5 13.0+£1.0

number of patients in Group 1, 2, 3 and 4 was 56, 44,
28 and 16, respectively. While the mean age of Group
4 (73.6£10.0) was significantly higher than Group 1
(69.8+8.6, P<0.05), Group 2 (66.8+8.9, P<0.05), and
Group 3 (68.9+6.6, P<0.05), and there were no signif-
icant differences in the mean age among Group 1, 2
and 3 (Table 1).

Radiological outcomes

Preoperative anterior vertebral height in the four
groups was 20.7£3.3 mm, 20.943.7 mm, 19.643.0
mm, and 19.7£3.8 mm, respectively, and preop-
erative Cobb angles were 13.7£6.2°, 12.5+3.6°,
13.1+6.7°, and 14.1£6.4°, respectively. Anterior ver-
tebral height of each group (24.3+2.5 mm, 25.4+2.9
mm, 24.3+3.2 mm, and 23.8+3.8 mm, respectively,

P<0.05) was significantly restored and the Cobb
angle was significantly reduced (8.2+5.3°, 6.9+£3.4°,
6.743.8°, and 9.546.0°, respectively, P<0.05) right
after the surgery. Although the anterior vertebral
height in each group (21.7+#3.1 mm, 22.2+4.0 mm,
21.1£3.5 mm, and 19.0+3.9 mm, respectively) meas-
ured at the last follow-up was lower than those meas-
ured immediately after the surgery, anterior vertebral
height in Group 1, 2 and 3 at the last follow-up was
higher than preoperative height. There were no sig-
nificant differences between the anterior vertebral
height in Group 4 measured before surgery and at the
last follow-up.

Cobb angle of each group at the last follow-up
(11.145.8°, 11.843.6°, 10.9+6.1°, and 15.6+5.1°,
respectively) was significantly higher than that

Table 2 Vertebral body height and Cobb angle in each group determined before and right after surgery, and at the last

follow-up.
Parameter Group 1 Group 2 Group 3 Group 4
N 56 44 28 16
Preoperative anterior vertebral body height (mm) 20.743.3 20.943.7 19.643.0 19.743.8
Postoperative anterior vertebral body height (mm) 24.3£2.5 254429 243432 23.843.8
Anterior vertebral body height at the last follow-up (mm) 21.7+3.1 22.2+4.0 21.1£3.5 19.0+3.9
Preoperative Cobb angle 13.7£6.2 12.54£3.6 13.1£6.7 14.1£6.4
Postoperative Cobb angle 82453 6.9+3.4 6.743.8 9.54+6.0
Cobb angle at the last follow-up 11.1+£5.8 11.8+3.6 10.946.1 15.6+5.1
Difference in vertebral body height (P value)

Pre-/post operative 0.000 0.000 0.000 0.001

Preoperative/last follow-up 0.012 0.003 0.001 0.314

Postoperative/last follow-up 0.000 0.000 0.000 0.000
Difference in Cobb angle (P value)

Pre-/post operative 0.000 0.000 0.000 0.000

Preoperative/last follow-up 0.001 0.197 0.121 0.210

Postoperative/last follow-up 0.000 0.000 0.000 0.000
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Table 3 Vertebral height restoration rate, kyphosis correction degree, and rate of intervertebral bone cement leakage

right after surgery, and vertebral height loss.
Parameter Group 1 Group 2 Group 3 Group 4
Vertebral height restoration rate right after the surgery (%) 14.449.5 16.4+10.0 18.8+10.0 14.349.7
Vertebral height loss rate at the last follow-up (%) 10.4+£8.5 11.6+11.4 13.0+£7.4 16.7£8.8
Kyphosis correction degree right after the surgery 5.6+4.6 5.743.7 6.4+6.3 4.7£3.4
Increase in Cobb angle at the last follow-up 2.943.0 49429 4.243.7 6.1+4.4
Rate of intervertebral bone cement leakage right after the surgery (%) 0(0%) 9(20.45%) 3(10.71%) 6(37.5%)

measured immediately after surgery, whereas the VAS and ODI scores

angles in Group 2, 3 and 4 at the last follow-up were
not significantly different from preoperative angles
(Table 2). In addition, there were no significant differ-
ences in postoperative anterior vertebral height restora-
tion rates among each group (14.449.5%, 16.4+£10.0%,
18.8+10.0%, and 14.3+9.7%, respectively). Vertebral
height loss rate at the last follow-up was 10.4+8.5%,
11.6£11.4%, 13.0£7.4%, and 16.7+8.8%, respectively,
and a significant difference in loss rate existed only
between EP1 and Group 4 (P<0.05). There were no
significant differences among postoperative kypho-
sis correction degrees (5.6+4.6, 5.743.7, 6.4+6.3, and
4.7£3 .4, respectively), and increase of Cobb angle at
the last follow-up was 2.9+3.0, 4.9+£2.9, 4.243.7, and
6.1+4.4, respectively, with significant differences
between Group 1 and 2 (P<0.05), and between Group 1
and Group 4 (P<0.05) (Table 3).

The number of cases of intervertebral bone cement
leakage was 0 (0%), 9 (20.45%), 3 (10.71%), and 6
(37.5%), respectively.

There were no significant differences in preoperative
VAS and ODI scores among each group. Postoperative
VAS and ODI scores in all groups were significantly
lower than preoperative scores (Table 4) although there
were no significant differences among these groups.

Discussion

OVCEF is the most common complication in patients
with osteoporosis, and often causes severe back pain,
vertebral height loss, and kyphosis!l. Balloon kyphop-
lasty is developed on the basis of percutaneous verte-
broplasty, during which an expandable balloon is used
to restore vertebral height. It has several advantages
over percutaneous vertebroplasty such as low rate of
bone cement leakage, restoration of vertebral body
height, and correction of kyphosis!®. However, prob-
lems including the loss of vertebral height, aggravation
of kyphosis, and fracture in adjacent vertebral segments

Table 4 VAS and ODI scores before and right after surgery, and at the last follow-up.

Parameter Group 1 Group 2 Group 3 Group 4
N 56 44 28 16
Preoperative VAS 7.9+0.7 8.1£0.7 8.2+0.8 8.3£0.4
Postoperative VAS 0.9+0.7 0.4+0.7 0.7+0.8 0.5+0.7
VAS at the last follow-up 0.5+0.6 0.3+0.5 0.2+0.4 0.4+0.5
Preoperative ODI 63.5+5.0 65.1+4.0 65.9+4.9 65.1+5.9
Postoperative ODI 9.543.7 9.742.2 11.84+4.1 10.9+£2.2
ODI at the last follow-up 6.0+2.6 7.5+2.4 6.9+2.1 6.9+2.7
Difference in VAS (P value)

Pre-/post operative 0.000 0.000 0.000 0.000

Preoperative/last follow-up 0.000 0.000 0.000 0.000

Postoperative/last follow-up 0.000 0.244 0.000 0.164
Difference in ODI (P value)

Pre-/post operative 0.000 0.000 0.000 0.000

Preoperative/last follow-up 0.000 0.000 0.000 0.000

Postoperative/last follow-up 0.000 0.000 0.000 0.000
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often occur after surgery!. Postoperative vertebral
height loss and kyphosis always lead to chronic low
back pain, which reduces daily activities and life qual-
ity, and even increases mortality ratel'l. Therefore, it
is important to study the mechanism of postoperative
vertebral height loss and aggravation of kyphosis for
effective prevention of complications after the surgery.
OVCEF is often accompanied by vertebral endplate
fracture. Vertebral endplate bears 40%-75% of the pres-
sure of the vertebral body, and is directly involved in
transferring the pressure from the vertebral disc to the
vertebral body™. Biomechanical studies have demon-
strated that even a slight morphological change in end-
plate can lead to a dramatic reduction in motor function
of the vertebral body!'. While the maximum stress was
found in the center of healthy endplate and underlying
cancellous bone due to axial pressure!'®), and found in
the lateral areas of the endplates of elderly patients due
to disc degeneration, osteoporosis, and etc!'”, Tt was
also confirmed that the highest effective stress was
located in the anterior part of the vertebral body by a
3D finite element dynamic response analysis!'®l. In
addition, Grangt et al. identified the maximum com-
pressive stress in the posterior-lateral part of the ver-
tebral endplate under normal physiological conditions,
but the lowest stress in the central part!!®!. Therefore,
the stress loaded on the anterior and lateral parts of
endplate increases in elderly patients with osteoporo-
sis, while the strength of the anterior and central parts
significantly decreases, which makes these parts most
commonly prone to fractures when subjected to exces-
sive load. It also explains why the anterior part of end-
plate is always lower than the posterior part in OVCF
patients!!®!. Postoperative vertebral height loss is often
resulted from failure to completely correct deformity of
endplate during surgery which causes increased stress
in the surrounding part of the vertebral body in patients
with both vertebral and endplate fractures. Furthermore,
Oner, et al. showed that the aggravation of vertebral
kyphosis might be related to the embedding of disc in
the vertebral body or endplate after endplate fracture!'!.
Therefore, the vertebral height loss and kyphosis after
balloon kyphoplasty are closely associated with verte-
bral biomechanical changes caused by changes in stress
distribution of endplate after a fracture. Our study
demonstrated that postoperative vertebral height loss
and aggravated kyphosis are associated with endplate
fracture. While progressive kyphosis was observed in
OCVF patients with endplate fracture especially ante-
rior endplate fracture after the surgery, both severe
vertebral height loss and aggravated kyphosis were
identified in patients with complete endplate fracture.
The present study demonstrated that endplate fracture
caused not only an increased incidence of postoperative

vertebral height loss and kyphosis, but also a significant
higher rate of bone cement leakage (P<0.05). Previous
studies have shown that endplate damages, iatrogenic
penetrating injuries, and the lack of a clear gap in the
vertebral body are main reasons for the leakage of bone
cement into the intervertebral space. In a quantitative
study of pressure in the center of vertebral body during
PKP surgery by Weisskopf ef al., a low pressure was
observed when empty vertebral cavity was not com-
pletely filled with bone cement, whereas the pressure
surged when injecting bone cement into a full cavity
and the leakage might easily occur with the presence of
endplate fracture?!. The impact of intervertebral bone
cement leakage on the efficacy of outcome in OCVF
patients remains quite controversial. Mirovsky et al.
showed no association between the leakage and effi-
cacy of surgery®?. In this study, intervertebral cement
leakage did not cause severe symptoms, and VAS and
ODI scores improved after surgery and at the last fol-
low-up. We still believe that endplate fracture not
only led to aggravated postoperative vertebral height
loss and kyphosis, but also caused higher incident of
intervertebral cement leakage, further aggravating ver-
tebral height loss and kyphosis. Therefore, interver-
tebral cement leakage should be avoided during the
surgery for OCVF patients with endplate fracture.
Bone cement should be filled in anterior column in the
vertebral body with anterior fracture that resists the
major compression forces to decrease the risk of post-
operative compression. In contrast, the vertebral body
should be completely filled with bone cement to correct
deformity of endplate in patient with compete endplate
fracture.

Balloon kyphoplasty can effectively relieve pain,
and significantly improve vertebral height and kypho-
sis. However, problems including postoperative verte-
bral height loss and kyphosis often occur. Our study
demonstrated that endplate fracture was not only asso-
ciated with increased incidence of postoperative ver-
tebral height loss and kyphosis, but also a significant
cause of bone cement leakage. It is important to note
that sample sizes are few and have certain influence to
the result. Nonetheless, intervertebral cement leakage
should be avoided, and endplate deformity should be
corrected during surgery for OCVF patients with end-
plate fracture.
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