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Abstract
Objective: To evaluate the e�cacy and safety of percutaneous kyphoplasty (PKP) for thoracolumbar
osteoporotic vertebral compression fracture (OVCF) with kyphosis via unilateral versus bilateral
approach.

Methods: All patients suffered OVCF with kyphosis were retrospectively reviewed. Of those, performed
unilateral PKP or underwent bilateral PKP with random. The clinical and radiological data such as the
correction of deformity, sagittal pro�e and record of the perioperative morbidity of the patients were
analyzed.

Results: All patients (76±3.6 years) were enrolled in this investigation, including 47 in the unilateral and
39 in the bilateral group. No signi�cant difference in general data was detected between the two groups
(p >0.05). Howere, the operation time and cement amount 28.2±3.4 min, 3.8±0.6 ml in the unilateral
group, while 50.1±4.6 min, 5.4±0.5 ml in the bilateral group, respectively (P <0.05).In addition,The
preoperative  visual analog scale(VAS) and Vertebral local kyphosis angle were 8.8±0.65 and 16.3 ±
6.5°compared to last follow-up 3.15±0.78 and 14.26± 2.16°in unilateral group, while 8.5±0.78 and 16.5 ±
7.1°compared to last follow-up 2.66±0.86 and 13.81±2.38°in bilateral group, respectively (P < 0.05).
Furthermore, Oswestry Disablility Index (ODI) and prevertebral height ratio in both groups were
signi�cantly different before and after surgery, but no signi�cant difference between the two groups (p
>0.05).

Conclusion: Both bilateral and unilateral PKP are relatively safe and provide effective treatment for
patients with painful thoracolumbar osteoporotic vertebral compression fracture with mild kyphotic
deformity. However, unilateral PKP need less operation time and volume of cement.

Introduction
Osteoporosis is a global public health problem characterized by loss of bone mass and increase of
skeletal fragility, which lead to a high risk of spinal osteoporotic vertebral compression fracture (OVCF)[1].
There are approximately 1.4 million people suffer OVCF every year, of these, the elderly including
postmenopausal women are common.[2, 3] OVCF usually cause back pain and spinal deformities or even
death in elderly populations[4, 5]. Patients with OVCF could be managed with conservative treatments
including relieve pain, bed rest, and usage of brace. The pain caused by vertebral fracture may be
insufferable[6, 7]. And a long-term clinotherapy tends to various complications, such as bone loss,
psychiatric disorder, and thrombogenesis [8–10]. However, conservative treatment is inapplicable to
patients with spinal deformity, or people who can not bear long-term bed rest. Open surgery is a second
trauma to the vulnerable patients, and the high risk of surgical instrumentation failure in patients with
osteoporosis should not be ignored [11].

On basis of technical drawbacks above, with injection of polymethyl methacrylate (PMMA) into the
fractured vertebral body, percutaneous kyphoplasty (PKP) and percutaneous vertebroplasty (PVP) were
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developed to treat OVCF[12–14]. Both PKP and PVP have shown effectiveness to pain relief and low
complications in patients with OVCF[15–17]. Compared with PVP, PKP has a lower cement leakage rate
and better kyphotic angle[13]. Hence, PKP is superior to treat OVCF with kyphotic deformity. To the best of
our knowledge, there is little literature has reported the clinical outcomes for PKP in treating OVCF with
kyphotic deformity. In present study, we aimed to evaluate the e�cacy and safety of PKP in treating
thoracolumbar OVCF with kyphosis via unilateral or bilateral approach respectively.

Methods
Patients

Between June 2016 and February 2019, 166 patients with thoracolumbar osteoporotic vertebral
compression fracture and kyphotic deformity were retrospectively reviewed at our hospital. Of these, 80
(48%) had incomplete data or follow-up were excluded, leaving 86 (52%) were included (Table 1).
Inclusion criteria were 1) patients with OVCF, 2) vertebral body collapse from 15% to 80%, 3)
thoracolumbar kyphotic angulation , 4) patient’s pain resistant to analgesics for 3 weeks or more;
Exclusion criteria were 1) patients with neurological de�cits, 2) vertebral collapse rate >80% or unstable
fractures, 3) spondylolisthesis, 4) vertebral body with incomplete wall, 4) bleeding disorders, 5) spinal
infections or tumors. We performed unilateral PKP when the height of compressed vertebra was restored
to 70% normal height. If not, bilateral PKP was used to enhance the restoration of OVCF (as shown in
Figure 1). All enrolled patients with kyphotic OVCF were diagnosed by clinical symptoms and signs, as
well as imagings including plain �lm, computed tomography (CT), and magnetic resonance imaging
(MRI). The mean follow-up was 19 months (range,13–34 months). This study was reviewed and
approved by the Institutional Review Board of our hospital, informed consents were obtained from eligible
patients.

Surgical technique

After local anesthesia, patient was placed in a prone position. Under the guidance of �uoroscopy, a
Kirschner wire was percutaneously inserted to close the compressed vertebra to explore a trajectory for
cement injection (orientate 10 to 11 o'clock position to left pedicle or 1 to 2 o'clock position to right
pedicle). Then propeled and �xed the tip of the wire to the trailing edge of compressed vertebral body.
Next, a working pin was inserted along the Kirschner wire to the front of posterior edge of compressed
vertebral body by 5 mm. Followed by inserting a balloon after drilling a balloon channel. The ideal
position of the balloon should be within the �rst third of the vertebral body. Afterwards, contrast agent
was injected and the balloon was expanded to restore the height of compressed vertebral body. The
balloon pressure generally does not exceed 250 psi. Subsequently, the acrylic resin bone cement (3 to 4.5
ml for one side, 4 to 6.5 ml for both sides) was injected into targeted vertebral body. Then the restoration
of vertebral body and the distribution of bone cement were accessed by intraoperative �uoroscopy. In
case of bilateral operations, perform the contralateral surgery in the same way. All the surgeries were
performed by an experienced spine surgeon.
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Evaluations of clinical outcomes

The operative time, blood loss and the amount of cement perfusion were documented. The visual
analogue scale (VAS), ODI and imagings were used to evaluate clinical outcomes preoperatively and
postoperatively. Radiographic �lms were measured to access the height reduction of vertebral body and
kyphotic angulation (Figure 2, Figure 3). The parameters above were used to evaluate technical e�cacy.
The leakage incidence of bone cement was used to access technical safety.

Statistical analysis

Statistical analysis was performed using the SPSS 19.0 software (SPSS, Inc., Chicago, IL, USA). The
measurement data were expressed as mean ± standard deviation (x ± s). Student's t-test and Chi-
square test was used to analyze the differences between the two groups. P <0.05 was considered
statistically signi�cant.

Results
With a mean age of 67±14 years, 39 patients in unilateral group and 47 cases in bilateral group were
�nally reviewed in this retrospective study. Individual follow-up no less than 24 months. No patients died
during the followup. For the unilateral group, there were 15 males and 26 females, with a mean age of
79.0±4.8 years old. The BMI was 23.10±3.8 kg/m2 . For the bilateral group, there were 16 males and 29
females, with a mean age of 73.0±3.8 years old. The BMI was 23.02±3.7 kg/m2. In terms of demographic
data of patients, there were no signi�cant differences between the two groups (Table 1).

The operation time and cement amount 28.2±3.4 min, 3.8±0.6 ml in the unilateral group, while 50.1±4.6
min, 5.4±0.5 ml in the bilateral group (P <0.05 , respectively) (Table 2). The preoperative VAS and
Vertebral local kyphosis angle were 8.8±0.65 and 16.3 ± 6.5°compared to last follow-up 3.15±0.78 and
14.26± 2.16°in unilateral group, while 8.5±0.78 and 16.5 ± 7.1°compared to last follow-up 2.66±0.86 and
13.81±2.38°in bilateral group, respectively (P < 0.05) (Table 3). In addition, the ODI in both groups were
signi�cantly different before and after surgery, but no signi�cant difference between the two groups (p
>0.05). This means that both surgical methods can improve the patient’s symptoms, but the bilateral
surgery is better.

Most radiographic parameters showed signi�cant prevertebral height restoration of compressed vertebra
after surgery in the two groups were signi�cantly different before and after surgery (p <0.05; Table 3). One
patient had cement leakage in unilateral group versus 3 patients in bilateral group (2.56% vs 6.38%,
p=0.747). We found that There were 7 cases of cement leakage in the unilateral group (4 cases of
paraspinal vein and paravertebral leakage, 2 cases of leakage into the intervertebral disc, and 1 case of
slight leakage into the spinal canal; Figure 4a-c.), with an incidence rate of 14.9%. In the bilateral group,
there were 6 cases of cement leakage (3 cases of leakage along the paraspinal vein and paravertebral
space, 2 cases of leakage into the intervertebral disc, and 1 case of slight leakage into the spinal canal),
with an incidence rate of 15.4%. These complications are consistent in PVP and PKP [20]. Moreovere,
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there was no signi�cant difference in the bone cement leakage rate between the two groups according to
Pearson x2 test results (P>0.05) (Figure 4d).

Discussion
Domestic and foreign scholars have con�rmed the good therapeutic effect of PKP on OVCF[8, 10].
Meanwhile, PKP is effective for restoring vertebral body height and correcting kyphosis and has several
advantages of being minimally invasive and safe, offering rapid pain relief, and involving simple
manipulation techniques[21, 22]. The aim for good treatment for OVCF is supposed to achieve
improvement in symptoms, kyphosis deformity correction and prevention of new fractures[23–25].
However, PKP for OVCF could be divided into unilateral and bilateral approaches. Until now, the best
treatment option is still controversial for symptomatic OVCF without neurological de�cits. Some authors
concluded that the bene�ts of bilateral percutaneous kyphoplasty regarding pain relief, low rates of
cement leakage, and height restoration have been documented, but several retrospective studies
concluded that a unilateral percutaneous kyphoplasty might provide similar results for clinical and
radiographic outcomes as bilateral percutaneous kyphoplasties[26, 27]. However, less retrospective study
was proceeded to compare vertebral local kyphosis correction between the unilateral and bilateral PKP.

Our retrospective study exhibited that both unilateral and bilateral PKP markedly improved the outcome
of patients with OVCF. This was re�ected in considerable change in VAS and ODI as well as a signi�cant
improvement in the Kyphosisangle after treatment. However, no statistically signi�cant differences were
observed compared between the two groups at all time intervals. These results support that both
unilateral and bilateral PKP were effective methods in the treatment of OVCF.

In our study, the operative time and amount of cement perfusion doses to the patient are signi�cantly
different between the unilateral and the bilateral groups. We found that the unilateral group has shorter
operative time and lesser bone cement volume than the bilateral group. Besides, this means that the
unilateral approach was less costly than the bilateral group, which was con�rmed in a recent meta-
analysis [28] and consistent with the �ndings of Rebolledo et al[19].Statistically signi�cant differences
were observed when the operation time and cement amount were compared between the groups.

According to the abovementioned results, unilateral PKP can effectively restore the height of the injured
vertebrae, can correct the kyphosis, has shorter operative time, and can be easily performed. The
contralateral bone density was increased via one-sided puncture balloon in�ation. The unilateral puncture
balloon in�ation push increases the contralateral bone density. Although the amount of bone cement is
less, it can effectively enhance the support force of the injured vertebra and achieve therapeutic effect.
There was no signi�cant height loss of the surgical vertebral body during the outpatient follow-
up(Table 3).

In this study, the cement leakage in the unilateral level was not obviously more than that in the bilateral
level. These complications may be related to the puncture errors, unclear images, and incorrect timing of
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cement perfusion. Besides, the incidence of bone cement leakage is related to the severity of vertebral
fracture and the volume of balloon dilation. Most scholars believe that once the bone cement leakage is
found, it is necessary to stop the injection immediately.

This study has certain limitations. First, we enrolled a relatively small number of patients. Therefore, a
consecutive study is required. Second, although osteoporosis can be due to many causes before PKP, we
were unable to investigate whether the cause of osteoporosis has an effect on PKP. Thus, the effect of
the causes of osteoporosis was not considered in the present study.

Conclusion
Both bilateral and unilateral PKP are relatively safe and provide effective treatment for patients with
painful thoracolumbar osteoporotic vertebral compression fracture with mild kyphotic deformity.
However, unilateral PKP need less operation time and volume of cement.
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Tables
Table 1

Comparison of demographic and other characteristics of patients between the two groups
characteristics unilateral group bilateral group P-value

Sex (male:fmale) 15:26 16:29 0.942

Age(years) 79.0 ± 4.8 73.0 ± 3.8 0.321

Body mass index (kg/m2) 23.10 ± 3.8 23.02 ± 3.7 0.188

Preoperative Visual Analog Scale score 8.8 ± 0.65 8.5 ± 0.78 O.820

Preoperative Vertebral local kyphosis angle(°) 16.3 ± 6.5 16.5 ± 7.1 0.365

Preoperative Oswestry Disablility Index 86.3 ± 7.2 85.4 ± 6.3 0.356
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Figures

Table 2
Comparison of surgical conditions between the two groups

  Number operation
time(min)

cement
amount
(ml)

Vertebral local
kyphosis angle at the
last follow-up(°)

VAS score at
the last
follow-up

ODI at the
last
follow-up

unilateral
group

47 28.2 ± 3.4 3.8 ± 
0.6

14.26 ± 2.16 3.15 ± 0.78 27.5 ± 2.8

Bilateral
group

39 50.1 ± 4.6 5.4 ± 
0.5

13.81 ± 2.38 2.66 ± 0.86 26.8 ± 2.0

t value   -24.213 -15.327 0.423 0.336 1.893

P   0.05 0.05 0.05 0.05 0.05

Table 3
Radiography following unilateral/bilateral

items unilateral group bilateral group

  Preoperative follow-up Preoperative follow-up

Vertebral local kyphosis correction 16.3 ± 6.5 14.26 ± 2.16 16.5 ± 7.1 13.81 ± 2.38

VAS(°) 8.8 ± 0.65 3.15 ± 0.78 8.5 ± 0.78 2.66 ± 0.86

ODI 86.3 ± 7.2 27.5 ± 2.8 85.4 ± 6.3 26.8 ± 2.0

Prevertebral height ratio(%)* 1.3 ± 0.3 1.1 ± 0.2 1.5 ± 0.4 1.0 ± 0.1

Prevertebral height ratio(%)* :The sum of the heights of the leading edge of the upper and lower
vertebral bodies of the injured vertebra is compared with the height of the leading edge of the injured
vertebra.
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Figure 1

Figure 1
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Figure 2

A Kyphosis angle
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Figure 3

Preoperative imaging data.

Figure 4
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Figure 4
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