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Abstract
Background
Vertebroplasty (VP) and kyphoplasty (KP) are two minimally invasive techniques used to relieve pain and restore
stability in metastatic spinal disease. However, most of these procedures are performed in the thoracolumbar
spine, and there is limited data on outcomes after VP/KP for cervical metastases. The purpose of this article is to
evaluate the safety and efficacy of VP and KP for treating pain in patients with cervical spine metastases.

Methods
A systematic review of the literature was conducted using the PubMed and Medline databases. Only studies that
reported five or more patients treated with VP/KP in the cervical spine were included. Levels of evidence and
grades of recommendation were established based on the Oxford Centre for Evidence-Based Medicine guidelines.
Data was pooled to perform a meta-analysis for pain relief and complication rates.

Results
Six studies (all level 4 studies) met the inclusion criteria, representing 120 patients undergoing VP/KP at 135 verte-
brae; the most common addressed level was C2 in 83 cases. The average volume of injected cement was 2.5 ± 0.5
milliliters at each vertebra. There were 22 asymptomatic cement leaks (16%; 95% CI, 9.8% - 22.2%) most commonly
occurring in the paraspinal soft tissue. There were 5 complications (4%; 95% CI, 0.5% - 7.5%): 3 cases of mild
odynophagia, 1 case of occipital neuralgia secondary to leak, and 1 case of stroke secondary to cement embolism.
Pain relief was achieved in 89% of cases (range: 80 - 100%). The calculated average pain score decreased significant-
ly from 7.6 ± 0.9 before surgery to 1.9 ± 0.8 at last evaluation (p=0.006).

Conclusion
Although the calculated complication rate after VP/KP in the cervical spine is low (4%) and the reported pain relief
rate is approximately 89%, there is lack of high-quality evidence supporting this. Future randomized controlled tri-
als are needed.
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Introduction
Spinal metastatic disease is estimated to occur in
over two-thirds of patients who die from cancer.1 Al-
though the cervical spine is only affected in 8% – 15%
of cases of spinal metastases,2,3 pathologic vertebral
compression fractures (VCFs) in this region can be
associated with a significant amount of mechanical
pain (due to vertebral body destruction), tumor-
related pain (due to mass effect on surrounding pain-
sensitive structures) and/or neurological compro-
mise from spinal cord compression.

Goals of treatment of metastatic spinal disease are
mainly palliation and preservation of neurological
function. Though patients may be treated with opi-
oids and radiation therapy, up to 30% of patients may
be unresponsive to these modalities, having signifi-
cant impairment of function, decreased mobility, and
others.4,5 Vertebroplasty (VP) and kyphoplasty (KP)
are two minimally-invasive techniques that aim to
provide pain relief and bone stabilization by the in-
jection of cement (usually polymethylmethacrylate;
PMMA) into the vertebral body.6

While these techniques have shown pain relief in 48
 by guest on June 17, 2025https://www.ijssurgery.com/Downloaded from 

https://www.ijssurgery.com/


– 94% of patients with pathologic VCFs, most of
these procedures are performed in the thoracolum-
bar spine.7 This can be attributed to the fact that
spinal metastases are more common in this region,
but also to the unique anatomy of the cervical spine.
Cervical VP and KP is more challenging for several
reasons, including a more difficult access for needles8

and potential injury to the spinal cord, nerves (in-
cluding the spinal accessory lingual, vagus, marginal,
hypoglossal, and laryngeal), jugular vein, carotid
artery, and vertebral artery.9,10

The purpose of this article is to give an evidence-
based review on the efficacy and safety of VP and KP
for pain relief in patients with metastatic disease in
the cervical spine.

Methods
The work in this manuscript followed the PRISMA
(Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines. The clinical question
was established based on the PICO (patient problem,
intervention, comparison, and outcome) method as
follows: in adult patients with cervical spine metas-
tases, what are the global outcomes (pain relief, com-
plication rates) following VP and/or KP?

Search algorithm and Study selection
A search of the PubMed and Medline databases (up
to May 19, 2015) was performed to identify articles
of interest. The algorithm [("vertebroplasty" OR
"kyphoplasy") AND "cervical"] was utilized. Articles
not involving human subjects or written in a language
other than English were excluded (Figure 1). All arti-
cle titles and abstracts were then screened based on
the initial clinical questions, with inclusion criteria as
follows: case series with at least 5 patients describing
VP/KP of the cervical spine (C1 – C7) for spinal
metastasis. Studies were excluded if they reported
less than 5 patients, were review articles, involved
combined techniques (such as vertebroplasty plus fu-
sion), did not involve metastatic disease, or were
large case series with insufficient data to subcatego-
rize outcomes for patients with cervical spine le-
sions.

Data collected from each study included number of

patients, patient age, levels treated, number of verte-
bra treated, approach, operative technique, primary
tumor histology, injected cement volume, pain relief,
pain scores (visual analog scale), complications, and
follow-up time.

Data Analysis
Levels of evidence for studies were assigned based
on the Oxford Centre for Evidence-based Medicine
(CEBM) Levels of Evidence guidelines, which con-
sist of levels 1 – 5 (1: high-quality randomized trial, 2:
lesser quality randomized control trial or prospective
comparative study, 3: case control study, 4: case se-
ries, and 5: expert opinion; http://www.cebm.net/
oxford-centre-evidence-based-medicine-levels-
evidenc...).

Grades of recommendations were also assigned ac-
cording to the Oxford CEBM. These grades consist
of Grade A evidence (level 1 studies with consistent
findings), Grade B evidence (level 2 or 3 studies with
consistent findings), Grade C evidence (level 4 studies
with consistent findings), or Grade D evidence (level 5
studies, or inconclusive findings) in favor or against
any given intervention.

A descriptive analysis was performed using Mi-
crosoft® Excel 2011 for Mac (Redmond, Washington,
United States). Data were pooled and analyzed using
STATA SE 12 (Stata Corp, College Station, Texas).

Fig. 1. PRISMA flowchart showing the inclusion/exclusion algorithm. For
more information, visit www.prisma-statement.org.
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Variables are presented as means ± standard devia-
tion or range, and proportions are presented with
95% confidence intervals (CI) as appropriate. Signifi-
cance was set at α=0.05.

Results
A total of 6 published case series with at least 5 pa-
tients reporting outcomes of patients undergoing
VP/KP for metastatic cervical spine lesions were
identified (Table 1).9-14 Based on the Oxford CEBM
level of evidence rating, they all correspond to level 4
studies; there has not been any high-quality random-
ized controlled trial to date specifically addressing
the cervical spine.

Five studies examined outcomes after VP9-13 and one
after KP.14 The studies examined outcomes of 120
patients undergoing treatment at 135 vertebrae. The
mean age of all patients was estimated at 59.9 ± 4.0
years. The most commonly addressed level was C2
in 61.5% (n=83) of cases (Figure 2). Half of patients
(n=60) were approached transorally and 60 were ap-
proached either via an anterolateral or posterolateral
percutaneous approach (Figure 3). Tumor histology
is depicted in Figure 4, and the most common was
breast cancer in 34 cases. The average volume of in-
jected cement was 2.5 ± 0.5 milliliters at each verte-
bra. Biplanar fluoroscopy (C-arm) was used in all
studies, but two also reported CT-guided VP/KP in
some patients.12,13

There were a total of 22 asymptomatic cement leaks
(16.0% of all treated vertebrae; 95% CI, 9.8% – 22.2%).
Leaks from the 22 vertebrae were found more fre-

Table 1. Summary of published case series reporting outcomes after vertebroplasty or kyphoplasty for metastatic cervical spine lesions

Success was defined as being pain-free or experiencing a statistically significant reduction in pain; VAS: visual analog scale; FU: follow-up.

quently in the paraspinal soft tissues along the needle
tract (n=18), followed by the epidural venous plexus
(n=7), paraspinal veins (n=4), intervertebral foramina
(n=3), disc below (n=1) and posteriorly (n=1). There
were 5 (4% of all patients; 95% CI, 0.5% – 7.5%) peri-
operative complications. These complications
ranged from mild (three cases of mild odynophagia
and one case of occipital neuralgia due to leakage) to
severe (one case of acute cerebellar and occipital in-
farction due to cement leakage).

Success was defined as complete pain resolution or a
significant improvement in pain, and was achieved in
89% of cases (range: 80 – 100%). The calculated aver-
age pain score decreased significantly from 7.6 ± 0.9
before surgery to 1.9 ± 0.8 at last evaluation
(p=0.006). Patients were followed for an average of
10.7 ± 6.3 (range: 3 – 21.8) months.

Grades of Recommendation
Given the absence of high-quality evidence, there is

Study No. Of
patients

No. Vertebral
bodies

Treated
levels Age Injected

volume Success Preop
VAS

Postop
VAS

Asymptomatic
leakage Complications FU

Mont’Alverne et
al., 2005 12 12 C2 52.3 2.7 80% - - 6 1 occipital

neuralgia, 1 stroke; 6.9

Pflugmacher et
al., 2006 5 12 C3 – C7 60.4 1.8 - 6.3 2.9 2 None 12

Sun et al., 2010 10 10 C2,
others 62.1 3 100% - - 4 3 cases of mild

odynophagia 10.7

Masala et al.,
2011 62 70 C1 – C7 61.5 2.5 97% 7.9 1.7 2 None 3

Anselmetti et al.,
2012 25 25 C2 59.3 - 80% 8.1 1.0 6 None 21.8

Blondel et al.,
2012 6 6 C2 – C5 63.5 - - 8.0 2.0 2 None 10

Total 120 135 59.9 ±
4.0 2.5 ± 0.5 89% 7.6 ±

0.9
1.9 ±

0.8
22 (16%; 95% CI,

9.8 – 22.2)
5 (4%; 95% CI, 0.5

– 7.5%)
10.7 ±

6.3

Fig. 2. Distribution of treated cervical vertebrae.
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insufficient data in favor/against VP/KP for cervical
metastases. Based on the current analyzed data,
there is grade C evidence (low quality) suggesting that
VP/KP achieves significant reductions in pain scores
with a low perioperative complication rate.

Surgical technique and complication avoidance
The approach to the cervical spine for VP/KP is
mostly dependent on tumor location and the operat-
ing physician, as mentioned previously. Images
showing an anterolateral approach for a C2 vertebro-
plasty are displayed in Figure 5 . Procedures are per-
formed under a C- or O-arm for adequate imaging
guidance. Patients are premedicated with intra-
venous antibiotic therapy, and non-invasive ventila-
tion with a generic mask may be performed. Patients
are placed supine with moderate hyperextension of
the neck, and sedation administered;9 others prefer
general anesthesia.13,14 After skin preparation, local
anesthetic is administered, and an anterolateral ac-
cess is used to insert a 14-gauge, 10-cm-long beveled
needle under continuous lateral fluoroscopy if a per-
cutaneous approach is desired. Entry point is “ap-
proximately 1 cm below the angle of the mandible
and anterolateral to the visceral space, advanced
carefully in an oblique (posterior, cranial, and medi-
al) direction via the parapharyngeal, retropharyngeal,
and prevertebral spaces into the C2 vertebral body.”12

During percutaneous approaches, the carotid artery
should be localized by palpation, and displaced later-
ally by the operator’s hand.12

Fig. 3. Approaches to the cervical spine. Top: Overall approaches. Bottom:
Approaches by cervical spine level.

Fig. 4. Primary tumor histologies.

Fig. 5. Breast cancer with multiple spinal involvements. A, Lateral
radiograph obtained after placement of the needle shows its oblique
trajectory and the approach to C2. Note that the needle is placed at the
central part of the vertebral body. B, Lateral radiograph, obtained after
percutaneous vertebroplasty, shows a satisfactory opacification of the
vertebral body but also a cement leakage (arrows). C, Axial CT scan,
obtained after percutaneous vertebroplasty, shows cement leakage in the
epidural space (short arrow), as well as leakage close to the C1-C2 joint
(long arrow). The latter caused a transient occipital neuralgia. (Reprinted
with permission, Francisco Mont’Alverne et al. AJNR Am J Neuroradiol
2005;26:1641-1645).
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On the other hand, an “open” approach may also be
utilized, in which a standard cervical approach is per-
formed, along with soft tissue dissection until the
vertebral body is exposed.11,14 Once the needle is
within the vertebral body, the needle is rotated and
advanced into the middle of the vertebral body, un-
der lateral and anteroposterior fluoroscopic guid-
ance. The cement is then injected through the needle
using a 20-mL syringe, always under imaging guid-
ance to identify potential leakage. The volume to be
injected is dependent on the specific vertebral body,
but is usually around 2.5 mL at C2.9,13

Discussion
Vertebroplasty and kyphoplasty are relatively new
techniques used to treat painful VFCs unresponsive
to medical management.15 First introduced in 1987 by
French neuroradiologist Hervé Dearamond, VP in-
volves the direct injection of cement into the verte-
bral body. On the other hand, KP involves inflating a
small balloon to restore angular deformity prior to
cement injection; both techniques are usually per-
formed percutaneously. Ideal candidates are patients
with mechanical pain secondary to recent VCFs (os-
teoporotic, tumor-related, etc.) without significant
neural compression from bone fragments.15

Although the mechanism for pain reduction is not
entirely understood, it is believed that the injected
cement stabilizes pathological microfractures and re-
duces mechanical forces that irritate nervous struc-
tures.16 Biomechanically, it has been shown that fill-
ing of 13 – 16% of the vertebral body is necessary to
restore vertebral strength.17 In spite of their wide-
spread use to treat VCFs due to metastatic disease,
there is lack of high-quality evidence in favor of VP/
KP compared to medical or surgical treatment.7 In a
systematic review by McGirt et al., data was pooled
from 18 studies reporting outcomes of 698 patients
who received VP or KP for VCFs secondary to tu-
mors. There were no Level 1, 2, or 3 studies, and cu-
mulative analysis suggested a significant reduction in
pain with a low morbidity. However, most of these
studies involved fractures in the thoracolumbar re-
gion, given the challenging nature of performing
such procedures in the cervical spine (access and po-
tential injury to spinal cord and/or vertebral arter-

ies).6

In the present study, we sought to investigate out-
comes after VP/KP for metastatic tumors in the cer-
vical spine. We performed a thorough literature re-
view, and similar to McGirt et al.’s findings in 2009,
we found no high-quality studies suggesting VP/KP
provides better outcomes than medical or surgical
treatment for VCFs secondary to metastatic lesions
(including the cervical spine). Six studies were in-
cluded in our analysis, all of them graded as Level 4
evidence.9-14 A total of 120 patients were included in
our review, undergoing treatment at 135 levels. We
found that the most common treated level was C2,
which was treated in 83 cases (61.5%). Metastases to
the craniocervical junction (including the axis) are
uncommon, comprising only 0.5% of all spine metas-
tases.18 The reason for the higher prevalence of C2
metastases in this study is unknown, but is has been
hypothesized that given the higher risk of severe
spinal cord injury in this region, “the potential com-
plications of instability at this level compared to cau-
dad levels likely influences the decision to operate.”19

This specific level was approached percutaneously in
several case series,9,11,12,14 and transorally in others.10,13

While the transoral approach is more direct, it is as-
sociated with higher complication rates.20,21 On the
other hand, the anterolateral approach to C2 may re-
duce the infection rate, but has a higher neurovascu-
lar injury risk.14

On average, patients received 2.5 mL of cement into
each vertebra. Volumetric studies have estimated the
vertebral body volume of C2 to be 6.3 ± 1.1 cm3,22

while the volumes of C3 – C7 have been estimated to
be 10.4 ± 1.9, 10.5 ± 2.0, 11.1 ± 2.1, 12.4 ± 2.5, and
15.4 ± 2.8 cm3, respectively. Thus, vertebral bodies
were filled on average 40% at C2, 24% at C3, 23.8% at
C4, 22.5% at C5, 20.2% at C6, and 16.2% at C7. As
mentioned previously, biomechanical studies have
suggested that filling of at least 16% of the vertebral
body is necessary for restoration of compressive
strength and/or to achieve equal stress distribution,17

which was almost certainly achieved in all cases.

Our review also found a 16% risk of asymptomatic ce-
ment leaks, which has been shown to occur in up to
75% of patients in the literature.6 Most of these oc-
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curred in the paraspinal soft tissues along the needle
tract, followed by the epidural venous plexus. The
complication rate was relatively low (4%), but one of
these cases was a cerebellar and occipital stroke due
to cement embolism.9 However, the authors report-
ing that case mentioned that “these symptoms re-
gressed partially during follow-up.”9 Other complica-
tions that have been reported in single case reports
and smaller case series following VP/KP in the cervi-
cal spine include tumor extravasation,23 and infection
in cases of transoral approaches.21 In a retrospective
study comparing outcomes of VP versus KP for
metastatic lesions in the vertebral column, the au-
thors found that asymptomatic leakage was signifi-
cantly more likely to occur following VP (30.3%)
when compared to KP (16.9%).24

Strategies to potentially prevent substantial cement
leaks include 1) use of high-resolution fluoroscopy or
CT, 2) adequate cement opacification, and 3) inter-
ruption or termination of cement injection upon first
recognition of a leak.25 Stroke and other neurological
complications secondary to extravasation of cement
can also be potentially avoided by adequate visualiza-
tion of vertebral bodies during the procedure and ce-
ment opacification.26 The latter can be done by addi-
tion of sterile tantalum or tungsten, which “greatly
enhances its visibility fluoroscopically and ensures
that injection of cement is stopped once it approach-
es the posterior vertebral cortex.”26

Although no high-quality evidence has suggested
VP/KP is more effective than medical or surgical
treatment, our analysis showed that pain relief is
achieved on average in 89% of patients (80 – 100%),
with a significant reduction in pain scores. Li et al.
reported that both VP and KP achieved equal pain
relief for metastatic lesions, but VP was associated
with a shorter hospital stay and lower hospital
costs.24 However, that study was not specific to cervi-
cal spine metastases.

Currently, there is low-quality evidence supporting
the use of VP/KP to treat painful VCFs secondary to
metastatic lesions in the cervical spine. However, the
best available evidence suggests that a significant re-
duction in pain may be achieved, with a relatively low
risk of major complications. Future larger-scale stud-

ies and randomized controlled trials comparing VP/
KP versus medical treatment or surgery for cervical
metastases are needed to corroborate our findings.

Conclusion
Following a systematic review and meta-analysis of
the current best-available evidence regarding out-
comes of VP/KP for metastatic cervical spine le-
sions, it was found that a significant reduction in pain
may be achieved (80 – 100% of patients), with a low
risk (4%) of complications (Grade C recommenda-
tion). However, there are no high-quality studies to
date addressing this question, and more studies are
needed to confirm this.
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