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a b s t r a c t

Osteoporotic vertebral fracture is a disease condition with high morbidity and mortality, whose preva-
lence rises with mean increase in the life span. Conventional treatments for an osteoporotic vertebral
fracture include bed rest, pain medication and brace implementation, but if the patient's pain is severe,
cement augmentation procedures, including vertebroplasty and kyphoplasty, are performed. Verte-
broplasty and kyphoplasty are relatively easy procedures that have been reported to be effective in
controlling acute pain. But, the risk of complication and additional adjacent segment fracture and their
superiority over conventional treatment remain debatable. Therefore, the authors have summarized the
procedures, complications, and clinical evidence of vertebroplasty and kyphoplasty in this review.
© 2017 The Korean Society of Osteoporosis. Publishing services by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Although an osteoporotic vertebral fracture (OVF) produces
mild symptoms occasionally, most of the times, it causes severe
back pain which severely limits patients' behavior and causes
public health problems including decreased quality of life and
increased medical cost [1,2]. Additionally, it has been reported that
an OVF increases mortality [3,4]. Long-term bed rest can increase
the risk of various complications, especially in elderly patients;
therefore it is critical to use proper pain medication to ensure their
mobility. It has been known that commonly used nonsteroidal anti-
inflammatory drugs have limited effect on reducing the pain caused
by fracture. Other medications for severe pain include opioid-
medication, which can cause complications like nausea, vomiting,
giddiness, decreased respiratory function, and can increase the risk
of falling in elderly patients. Therefore, the medication should be
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administered with caution and patients should be followed up
positively. Implementation of a brace is another conservative
treatment, but old aged patients have lower compliance than young
patients, which decreases the effectiveness of the brace. Also, the
brace has a disadvantage that it presses the thorax, which limits the
user's respiratory function. Therefore, if no significant improve-
ment is observed after several weeks of positive conservative
treatment, cement augmentation procedure like injecting poly-
methylmethacrylate (PMMA) cement into a fractured vertebral
body could be an effective treatment [5]. The indication of percu-
taneous cement augmentation is painful osteoporotic or neoplastic
vertebral compression fractures refractory to medical therapy.
Cement augmentation has the advantages of ensuring minimal
invasion with the percutaneous technique and a relatively short
operation time, and therefore, it is used more frequently. Two
cement augmentation procedures were widely used, verte-
broplasty (VP) and kyphoplasty (KP). In VP, operators insert J-type
needles into vertebrae and inject cement, while in KP, the cement
was injected after the collapsed vertebrae were expanded with
balloons.

To conduct the cement augmentation procedure, the diagnosis
of an OVF with a plain radiograph and the diagnosis of a recent
fracture with magnetic resonance imaging (MRI) are needed. In
case MRI is not available, sagittal reconstruction computed
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Fig. 1. The vertebroplasty procedure. (A) A J-type needle is positioned at the lateral
aspect of the pedicle. (B) A J-type needle is positioned into the vertebral body without
invading the medial margin of the pedicle. (C) Image after cement injection.
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tomography and bone scan can be used together to diagnose a
recent fracture. Coagulation disorders, infection, and vertebral
osteomyelitis are contraindications for VP and KP. In other condi-
tions, like severe posterior displacement of a fractured segment, a
lytic lesion in the posterior vertebral wall and a significant defect,
the risk of vertebral canal compression is very high, and therefore,
they are also contraindications for VP and KP.

Recently, some research has reported that there was no signif-
icant difference in the effect of pain reduction between sham in-
jection and VP, which provoked a debate on the usefulness of VP
and KP. But according to the meta-analyses reported later, more
results showed that VP and KP had an effect of achieving short-
term pain control [5e8]. Therefore, this review reports the tech-
nical aspects of VP and KPwith respect to reduced leakage of PMMA
cement, uniportal approach for multiple fractures and KP technique
for severe compression fractures.

2. The VP procedure

The basic equipment required for performing VP includes bev-
eled trocars (J-type needle, etc.) PMMA cement, contrast media and
a fluoroscope. Patients are positioned in the prone position and
they normally receive local anesthesia. A commonly used anes-
thetic is lidocaine. It is important to position the patients in the true
anterior-posterior (AP) and lateral positions since the position of
the trocar is critical in these procedures. Additionally, 1 or 2 fluo-
roscopes should be used to affirm the position of the trocar during
the procedure. Nerve tissue might be injured if the trocar invades
into the medial side of the pedicle, which should receive increased
attention.

A frequently used approach is the transpedicular approach, and
the extrapedicular posterolateral approach is used occasionally [9].
Compared to the extrapedicular posterolateral approach, the
transpedicular approach has a needle pathway which locates the
needle in the vertebral body through a pedicle pathway. The
transpedicular approach has advantages of avoiding pleural
parenchymal injury, lumbar psoas hematoma and cement leakage
by lowering risk of cement leakage through a puncture hole.

2.1. Transpedicular approach

After locating the skin incision 1e1.5 cm lateral to the pedicle
lateral margin, a trocar is positioned on the lateral margin of the
pedicle using a fluoroscopic AP image. The position should ideally
be located at the center or mildly superior to the center of the
pedicle. The trocar should be advanced through the pedicle to the
posterior margin of the vertebral body, while maintaining the
convergence and monitoring with fluoroscopy. The trocar tip
should not invade the medial margin of the pedicle on an AP image
(Fig. 1). Afterwards, the position of the trocar tip should be checked,
and it should be advanced to the anterior 1/5the1/4th of the
vertebral body and the contrast agent should be injected to check
for vascular leakage. If vascular leakage is severe, then the position
of the trocar tip should be changed and the presence of vascular
leakage should be checked again with a contrast agent injection.
After that procedure, PMMA cement should be injected slowly
(Fig. 1).

2.2. Extrapedicular posterolateral approach

Extrapedicular posterolateral approach can be used in condi-
tions wherein it is difficult to perform the pedicle approach, like
patients having a small pedicle, pedicular lysis or instruments like a
pedicle screw [10]. Skin incision should be located 4the5th finger
width lateral to the spinous process. When performing this
approach in the thoracic spine, pleural injury and hemothorax
should be avoided. The trocar should be located on the anterior 1/
5the1/4th of the vertebral body and cement leakage should be
assessed, if it is severe, the position of the trocar tip should be
changed, and leakage should be rechecked, as previously described.
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2.3. PMMA cement injection

Among the complications of cement augmentation, PMMA bone
cement leakage is frequent and it should be looked for because it
causes a severe result. The inner diameter of a J-type needle used in
VP is smaller than that of a cannula used in KP, and therefore, it is
difficult to perform the injection when the viscosity of PMMA
cement is high. Extravasations normally occurs during the initial
period after cement injection and if the cement leaks into the vein
near the vertebral body (Fig. 2), it can enter the lung through the
inferior vena cava and cause pulmonary embolism. Therefore,
PMMA should be injected while it is not too liquid that it leaks nor
too solid. The presence of cement leakage can be checked with
injection of contrast media, and if the dye leaks into the vein
(Fig. 3A) or the spinal canal, needle position should be changed and
the presence of leakage should be recheckedwith dye injection. But
if the dye continues to leak regardless of the position of the needle
(Fig. 3B), it can be helpful to inject the PMMA cement while it has
high viscosity. According to the authors' experience, the viscosity of
the cement is appropriate if it does not trickle down while it is
raised with a spatula. Additionally, successive injection of 0.1 mL of
PMMA is safer and the distribution of cement should also be
checked with a fluoroscope. If so, even if the dye leaks through a
vein, the cement can remain in the vertebral body (Fig. 4).

During vertebral body augmentation, the so-called “needle cast”
or “cement tail” could occur, which is due to the solidified cement
in the trocar. To avoid the complication, after injecting a proper
quantity of the cement with a syringe, the inner cavity of the needle
should be blocked with a stylus. If the cement has solidified before
the stylus is inserted, the J-type needle should be moved up-down
and left-right to break the needle cast and eliminate it with the
needle.
2.4. Unipedicular approach

The unipedicular approach can be used in patients with 2 or
more vertebral fractures, which occasionally occurs in elderly pa-
tients or those who have severe osteoporosis. While performing
cement augmentation, factors that need to be considered include
risk of excessive use of local anesthesia, pain and fat embolism
during the augmentation procedure, decrease in respiratory
Fig. 2. Polymethylmethacrylate (PMMA) leakage during vertebroplasty. (A) Cement leakage
Cement leakage through the posterior margin of the vertebral to spinal canal.
function caused by maintaining the prone position during pro-
longed operation time. Therefore, to reduce the risk of the afore-
mentioned issues, the usage of local anesthesia, the operation time
cost and the pain during the procedure should be minimized. A
superior method having these characteristics is the uniportal
approach. The uniportal approach requires only one side insertion
of a J-type needle, which can decrease the usage of local anesthesia
to half and groundbreakingly, reduce the pain and the operation
time [11].

Compared with performing the bilateral approach, it needs
more careful attention as the needle should be positioned in the
center of the vertebral body or in the contralateral side of the
inserted side to distribute the cement equally during the procedure.
Universally, the transpedicular approach with increased conver-
gence or the extrapedicular approach with naturally high conver-
gence can be used to position the needle in the center of the
vertebral body. To achieve this purpose, the skin incision should be
located 2e3 cm distal to the pedicle for the transpedicular
approach or more distal for the extrapedicular approach (Fig. 5).
3. The KP procedure

Compared with VP, KP has advantages of lowering the risk of
PMMA cement leakage and can correct the compressed vertebral
body. But besides the effect of the balloon, correction of the com-
pressed body is also affected by the position during operation and
PMMA cement injection. Therefore, maintaining the extension
position is important to restore the previously fractured vertebral
body. The minimal period for height restoration of a fractured
vertebral body is 4 weeks [12]. The balloon used in KP needs to be
positioned in the compressed position, and therefore, the entry
point should be positioned with caution, especially in the trans-
pedicular approach. To place the trocar in the optimal position,
adjusting the patients to a true AP position and a true lateral po-
sition is critical (Fig. 6). After positioning the trocar in the anterior
portion of the fractured vertebrae, the guide-wire is inserted into
the trocar. Then, a small-sized tube is inserted following the guide-
wire and a dilator is used to secure the space for inserting the
balloon. Generally, the balloon should reach the anterior part of the
vertebral body, and therefore, compared with VP, the tube should
be positioned closer to the anterior margin of the vertebral body. A
through the vein near the vertebral body. Arrows indicate leaked PMMA cement. (B)



Fig. 3. Leakage is confirmed by injecting the dye after positioning the J-type needle
during vertebroplasty. (A) Dye diffuses through the vein near the vertebra (red arrow).
(B) Leakage is confirmed by injecting the dye after positioning the J-type needle during
vertebroplasty. Dye continues to diffuse through the vein near the vertebra, although
the J-type needle is pulled back (red arrow).
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fluoroscope should be used to confirm the position of the bilateral
balloon (Fig. 6).

The pressure in the balloon should be increased gradually, and
the injection of the dye should be stopped when no further
correction can be achieved and the pressure increases rapidly
compared to the amount of dye injected. Generally, the amount of
PMMA cement injected should be similar or slightly less than that
of the dye used for inflating the balloon to minimize the risk of
cement leakage and to ensure correction of anterior vertebrae. The
PMMA cement can be injected at higher viscosity, and similarly, it is
safe to slowly inject the PMMA cement with C-arm fluoroscope
monitoring in the initial period. It can reduce the risk of cement
leakage, if injection of the PMMA cement is stopped while the
pressure increases rapidly. According to the patient's demand, both
unipedicular and bipedicular approaches are available for KP.
Although no significant difference was reported between the 2
approaches, it was reported that better vertebral height restoration
could be achieved via the bipedicular approach [13].

3.1. KP of the severely collapsed vertebra

It is technically difficult to perform KP of an anterior column
with a collapse ratio above 70%. Severe collapse of the vertebra can
be a result of Kummell disease or severe osteoporosis. The anterior
column height in Kummell disease can be restored via the exten-
sion position, and therefore, it is easy to position the needle into the
vertebra after the patient is placed in the extended position on the
operation table. Additionally, other characteristics of cement
augmentation treatment for Kummell disease include that VP is
enough to restore the anterior column height and use of much
more cement than that in the other diseases.

But, additional caution is needed to treat an osteoporotically
fractured vertebra which has more than 70% collapse in its anterior
column. Unlike VP, in which only positioning the needle into the
vertebra is required, in KP, the balloon needs to be totally posi-
tioned into the vertebra, and therefore, the position of patients, the
insert position and the direction of the needle are critical. Gener-
ally, except the convergence, even a 1-mm error is not allowed.
Accordingly, it is important to position the fractured vertebra of
patients as true AP and true lateral with a C-arm fluoroscope. The
needle tip should be positioned at the end of a boost line from the
anterior column to the pedicle, and additional caution is needed to
avoid invading the endplate of the vertebra during the procedure.

Similarly, it has been reported that even for patients in whom
the fractured vertebral body has more than 70% height reduction,
KP is effective in reducing the pain and restoring the vertebral
height (Fig. 7) [14].

3.2. Postoperative care after cement augmentation

Patients should take approximately 2 hours of bed rest after VP
or KP, and they should be allowed to walk when their symptoms
become tolerable. Although the operated vertebra is more stable
than before, patients still need towear a rigid brace for 2e3months
because cortical bone healing takes 2e3 months and recollapse
might occur during that period. Discharge can be given on the same
day or the next day of the operation.

4. Effectiveness

4.1. Pain relief

Although some research reported that cement augmentation
has a similar effect as conservative treatment in providing pain
relief [15,16] most of the studies reported that cement augmenta-
tion has a significantly better effect than conservative treatment
with respect to pain reduction [7]. The mean reduction in the visual
analogue scale (VAS) pain score after cement augmentation is 4e5
points, and therefore, the threshold of preoperative VAS pain score
should be at least 4e5 points.

According to the result of a meta-analysis, the effect of pain
reduction caused by VP or KP extended up to the 12th month after
the operation [8]. According to the result obtained from another
meta-analysis, the pain and dysfunction caused by a OVF were
reduced by approximately 90% after VP or KP [6]. But it was re-
ported that KP had a better effect than VP with respect to pain
reduction in patients with severe vertebral height loss [2]. In the



Fig. 4. No leakage occurred in the patient shown in Fig. 3, in whom cement was successively injected at a dose of 0.1 mL and high viscosity. (A) Anterior-posterior image. (B). Lateral
image.

Fig. 5. Use of the combination of uniportal and biportal approaches to treat a 3-level osteoporotic vertebral fracture.
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result of a meta-analysis that compared the clinical outcomes be-
tween VP and KP, it was reported that KP had a better pain reducing
effect both in short-term and long-term VAS scores [6]. The
mechanism of the pain reducing effect of cement augmentation
might be related to improved micromotion of the fractured
vertebra or cytotoxic effect of PMMA cement [17,18].

4.2. Functional improvement

Functional outcome can be measured with the Oswestry
Disability Index (ODI), which improvedmore after KP than after VP.
But, in terms of the outcome of 36-Item Short Form Survey (SF-36),
VP and KP showed no significant difference [19]. The study reported
that VP was associated with a significantly shorter operation time
and less amount of PMMA cement injection than KP.

4.3. Radiological results

Theoretically, correction of sagittal alignment of the spine can
correct the biomechanical behavior, reduce flexion of the spine and
tension of the paraspinal muscles, maintain an upright posture and
reduce the pain and risk of subsequent fracture. Especially, the
kyphotic angle is a key index that assesses postoperative results of a
vertebral fracture. Some research has reported that KP can improve
the kyphotic angle by 3.7�e8� and VP can improve the kyphotic
angle by 0.5�e3� in a vertebral fracture [16]. A meta-analysis also
reported that KP had a better effect than VP with respect to
improvement of the anterior and middle vertebral heights in the
immediate postoperative period and at the final follow-up [6]. The
reason behind why KP has a better kyphotic angle correction effect
than VP might be explained by the tamponade effect of the balloon,
but the effect of posture in cement augmentation is also important.
Although there is a debate regarding the effect of kyphotic angle
correction in improving the clinical parameter or the quality of life,
some researchers claim that the more is the kyphotic angulation
correction achieved, the more is the improvement in the quality of
life [20].

4.4. Mortality reduction

Some research has reported that cement augmentation could
decrease the mortality caused by an OVF. In a Medicare research,
the patients who underwent VP had a 10% survival benefit
compared with those who received conservative treatment, the
patients who underwent KP had a 23% less relative mortality risk
than those who underwent VP [21]. In another Medicare research,
the 3-year survival rates in patients who underwent VP and KP
were higher than those in patients who received conservative
treatment, especially the 3-year survival rate in patients who un-
derwent KP was 20% higher than that in those who underwent VP
[7]. But considering the lack of results from a prospective study, the
effect of cement augmentation onmortality of patients with an OVF



Fig. 6. The kyphoplasty procedure. (A) A J-type needle is positioned into the vertebral
body, same as for vertebroplasty. (B) A small size tube is inserted. (C) The fractured
vertebra is reduced with ballooning. (D) Image after kyphoplasty.

J.H. Lee et al. / Osteoporosis and Sarcopenia 3 (2017) 82e89 87
needs to be proved by performing additional research.
5. Complications

5.1. Cement leakage

Cement leakage could occur when the PMMA cement is injected
at low viscosity or high pressure, and severe complications could
develop when an embolism invades the main vessel or viscera.
Cement leakage can vary according to the skill of the operator,
fluoroscopic equipment used during the operation, the class of
cement, cement delivery equipment or the class of cannula. Cardiac
tamponade after right ventricular cement embolism caused by KP
has been reported previously [13], and it is known that pulmonary
embolism commonly occurs after VP or KP [22,23]. The rates of
cement leakage were reported to be 18.1% for KP and 41.1% for VP
[24], but the rates of pulmonary embolism were as high as 71% for
VP and 41% for KP [25]. The lower rate of cement leakage after KP
than after VP could be explained by the void created by the balloon
tamponade, which allows injection of cement at lower pressure,
and therefore, the cement fills the void preferentially which re-
duces the rate of cement leakage into the vessels.

5.2. New vertebral fracture

Once PMMA cement augmentation is performed in a vertebral
body, the modulus of elasticity of the vertebral body becomes
different from that of the adjacent vertebral bodies, which gives
them more force. For the reason, some research has reported a
higher rate of adjacent vertebral fractures in cement augmentation-
treated patients than in the patients treated with conservative
treatment. However, more research has reported that there was no
significant difference between the ratios of the two treatments
[8,23,24], and a research has also reported a lower fracture rate in
VP-treated patients [26].

It has been known that the risk factors of adjacent vertebral
fracture include cement leakage into the disc space, severity of
osteoporosis and the kyphotic angle [2,27]. Additionally, in a meta-
analysis which analyzed randomized controlled trials (RCTs) on
new vertebral fractures has reported that the relative risk did not
increasewith implementation of VP (risk ratio,1.12; 95% confidence
interval, 0.75e1.67; P ¼ 0.59) [28]. It was also reported that no
significant differencewas observed in the risk of total new vertebral
fracture and adjacent vertebral fracture between KP and VP [6].

5.3. Other complications

Another complication includes penetration of vital organs or
tissues while inserting a J-type needle. Penetration-related com-
plications include lung penetration causing pneumothorax, peri-
cardium penetration causing cardiac tamponade and aorta
penetration causing major bleeding [7]. Another complication in-
cludes infection, which is much more difficult to treat in old aged
patients in whom PMMA cement is injected than other spinal in-
fections. Since the treatment of this complication requires surgeries
like a corpectomy with high risk of morbidity, mortality after
infection can reach 33% according to some research [29].

6. Comparison between unilateral versus bilateral procedures

Bilateral approach with bilateral ballooning is the normal pro-
cedure for KP, and theoretically, the unilateral procedure might
have an advantage of short operation time but it has disadvantages
in kyphotic correction, compared with the bilateral procedure. The
research that compares between unilateral and bilateral KP is
published continuously. A meta-analysis which included 4 RCTs
reported that no significant difference was observed in the short-
term and long-term follow-up outcomes, like pain relief, adjacent
vertebral fracture, cement leakage, and loss of vertebral height or
kyphosis angle reduction, between the 2 procedures. However, the
operation time and the injected cement dosage were significantly
lower in unilateral KP than in bilateral KP [30].

7. Conclusions

The conditions which indicate that an OVF was treated well
include improvement in pain reduction and quality of life,
normalization of sagittal alignment like the kyphosis angle and no



Fig. 7. Successful restoration of height of the severely compressed anterior column with kyphoplasty. (A) The vertebra was severely compressed before operation (green arrow). (B)
Plain radiograph during operation. (C) Height of the fractured vertebra was significantly restored by the cement augmentation (green arrow).
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additional adjacent vertebral fracture or new vertebral fracture.
Performing cement augmentation in patients with an OVF has ad-
vantages of easy handling, a relatively low risk of complications and
an immediate effect of pain reduction. Besides, it is known that
cement augmentation causes functional improvements, like in the
ODI and SF-36, and improves the quality of life. Between VP and KP,
KP has a better effect in kyphotic angle reduction and a less risk of
cement leakage. However, the possibility of cement leakage should
be assessed since it is a common complication which can cause
pulmonary embolism that threatens the patient's life. The most
effective way to avoid cement leakage is to gently inject high vis-
cosity cement and monitor cement leakage with an image ampli-
fier. A uniportal approach multilevel cement augmentation is
proper to treat multilevel fractures because it requires less local
anesthesia and operation time and reduces the patient's pain [11].
In fracture patients with a severely compressed anterior column,
although KP is not a technically easy operation, it is still an effective
operation that has a significant effect of pain reduction and
kyphotic angle reduction.
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