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Abstract: Objective: This study aimed to evaluate the efficacy of percutaneous pedicle screw fixation (PPSF) for
instability of spinal metastases. Methods: This is a retrospective study of patients with spinal metastases from
January 2013 to March 2016. PPSF was performed for twenty-five patients. Thirty-one patients were treated by
radiotherapy alone. Visual analog scale (VAS) score was used to assess pain status. The activities of daily living
(ADL) scale was used to evaluate functional ability of patients. Results: There were significant differences in the VAS
score before and after operation. Multiple linear regression analysis showed that postoperative VAS score was con-
cerned with the treatment method. Surgery was significantly superior to radiation in pain relief and postoperative
ADL evaluation was related to the treatment method and pre-operative ADL evaluation. The results show that good
post-operative life quality is related to surgery and good pre-operative life quality. Conclusion: For some patients with
spinal metastases, PPSF is a good option for alleviating pain and improving quality of life.
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Introduction

Spinal metastasis is one of the most common
complications of advanced cancer. The life
expectancy of most patients is usually short.
Therefore, the main goal of treatment is to
improve the quality of remaining life such as
pain relief and maintaining ambulatory func-
tion. In the past, radiotherapy (RT) was the pri-
mary treatment for spinal metastases. Later,
studies have confirmed that surgery combined
with RT was superior to RT alone in the aspects
of ambulatory function and survival outcome
[1-3]. At present, for spinal metastases without
spinal instability, radiation therapy is still pre-
ferred but patients with symptomatic spinal
cord compression and spinal instability should
be treated with surgery as early as possible [4].
Because of poor prognosis, surgery for spinal
metastases should be carried out as minimally
invasive as possible. Vertebroplasty and kyph-
oplasty are less invasive operations for spin-
al stabilization. However, these operations may
not be indicated if there is posterior vertebral

wall destruction or pathologic burst fracture.
Open decompression and stabilization are op-
tional for spinal cord compression. More agg-
ressive surgery is not suitable for most patients
with spinal metastases as their expected life is
less than one year. Risks and benefits of sur-
gery must be weighed according to the life
expectancy and functional outcome of the
patients [5]. For patients with severe pain or
vertebral instability of spinal metastases, per-
cutaneous vertebroplasty (PVP) is the optimal
choice. Polymethyl methacrylate (PMMA) ce-
ment is injected into affected vertebral bodies
to improve the stabilization of vertebral bodies.
Unfortunately, these procedures may not be
indicated when patients have posterior verte-
bral wall destruction [6]. Studies have shown
that the amount of injected PMMA correlated
with cement leakage [7]. An insufficient amount
of PMMA may be injected to avoid cement leak-
age or tumor retropulsion. Consequently, there
remains a group of patients needing restoration
of spinal mechanical stability for whom neither
PVP nor open surgery is appropriate. Percu-
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Figure 1. X-ray shows compression fractures of L2 (A). Computed tomography (CT) and T2-weighted magnetic reso-
nance imaging (MRI) shows L2 vertebral body was collapsed and posterior wall was complete (B and C). PPSF and
PVP were performed at L1, L3 and L2, respectively. Volume of PMMA was 4 mL. Postoperative imaging shows in-

creased height of the L2 vertebral body (D and E).

taneous pedicle screw fixation (PPSF) may be
an option to fill the gap between PVP and open
surgery [8-10].

Materials and methods
Patients

Fifty-six patients with thoracic and lumbar spi-
nal metastases from January 2013 to March
2016 were enrolled in this retrospective study,
approved by the Medical Research Ethics Board
of the 307 Hospital of the Chinese People’s
Liberation Army. Data were collected from pa-
tients, their family members, and patient files.
Twenty-five consecutive patients were treated
with PPSF (with/without PVP) and postopera-
tive chemotherapy/RT. The primary indications
of PPSF were severe local pain due to mechani-
cal instability and a high risk of cement leak-
age. Thirty-one patients were treated with RT
alone. Spinal cord compression and severe
neurological deficits were excluded. Minimally
invasive surgery was determined by radiologist,
oncologist, and spine surgeons.

Surgical procedures

After general anesthesia, patient was placed in
the prone position. Vertebrae were located by
fluoroscopy, including fractured vertebral bod-
ies and the near upper and lower unaffected
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vertebral bodies. An incision was then placed
on the skin beside vertebral spines. The trochar
was passed through soft tissues down to the
bony surface. Once trochar was confirmed on
the lateral border of the pedicle, trochar could
be penetrated into vertebral body under fluoro-
scopic guidance. Pedicle screws were then
inserted. After pedicle screws and screw exten-
sions were placed, rods were passed into the
screw heads through channels in the exten-
sions (Figure 1). PVP was then performed in 7
patients. The bone needle was inserted into
the vertebral body. PMMA cement was then
injected to brace the collapsed vertebral body
(4.5 £ 1.4 ml). The mean operation time was 73
+ 16 minutes (range, 55-115 minutes) and
intra-operative blood loss was less than 150
mL. Post-operative adjuvant radiotherapy was
performed for 21 patients one week later.

Statistical analysis

Visual analog scale (VAS) score was used to
assess pain status. The activities of daily living
(ADL) scale was used to evaluate the functional
ability of patients. SPSS 18.0 software (SPSS
Institute, Chicago, USA) was used for statistical
analyses. Continuous quantitative variables
are described as mean + standard deviation.
Comparison between the two groups was ana-
lyzed by multiple regression analysis. Overall
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Table 1. Clinical characteristics and outcomes of patients undergoing surgery

VAS score

ADL score

No Gender Age Primary Site Postop Postop Syrvival
tumor Preop 24h 1w 2w 1m 2m 3m 6m 12m Preop " Time (m)
1 M 64 Lung L2 6 3 2 3 2 2 - - - 49 68 - 4.4
2 M 60 Prostate  T12 6 3 2 2 2 1 1 1 57 74 76 9.6
3 M 57  Renal T10 6 4 3 4 3 2 1 1 56 78 82 14.8
4 M 53 Prostate = T12 5 3 1.1 2 1 1 1 66 93 94 24.3
5 F 67 Lung T6/8 5 3 33 2 2 2 2 46 79 79 85
6 F 60  Breast T11 8 2 2 2 2 2 2 2 50 71 70 8.7
7 M 71 Lung T8 6 2 2 2 2 2 1 - 46 70 58 5.3
8 F 61 Lung T12/L3 8 3 1.1 1 1 1 o0 51 75 76 9.6
9 M 55  Renal L2/3 5 4 3 4 3 2 1 1 44 81 81 10.5
10 M 51 Stomach T11/12 7 2 2 2 2 2 2 1 40 76 75 6.6
1 F 61 Lung T6 6 3 2 2 2 1 1 1 - 50 77 73 7.8
12 M 54  Renal L3/4 7 3 1.1 1 0 0 0 1 69 83 87 15.4
13 F 56  Breast T12 6 4 2 2 3 2 1 2 2 56 78 80 13.3
14 M 60 Lung T9 4 2 2 2 2 1 1 1 2 60 82 87 12.6
15 M 57 Prostate  T10 7 3 33 2 2 2 3 3 55 91 920 17
6 F 54  Breast 8 6 4 2 4 3 1 1 1 3 54 85 87 135
17 M 60 Lung L4 5 3 2 2 2 2 2 2 2 50 82 80 14
18 M 63  Renal L3 8 3 33 2 2 1 1 1 58 87 88 15.2
19 F 57  Breast T9 7 4 2 2 2 1 1 1 2 66 89 83 14.2
20 F 60  Breast T11 7 3 3 3 2 2 1 1 1 52 86 920 11.5
21 F 65 Lung L3/4 5 3 2 2 2 1 1 1 2 64 85 88 15.8
22 M 62  Renal T10 7 4 3 4 3 2 2 2 2 62 83 83 13.2
23 F 53  Breast L3 6 3 3 3 2 2 2 2 2 71 94 96 21.1
24 M 61 Prostate T9/11 7 3 2 3 2 1 1 0 1 75 920 94 22.4
25 M 52 Lung L2 6 3 33 3 2 2 2 2 58 83 85 12.2

survival was analyzed by using Kaplan-Meier
method and log-rank test. In all analyses, a
value of P < 0.05 was considered to be statisti-
cally significant.

Results
Patient characteristics

Fifty-six patients were enrolled in this retro-
spective study including 21 females and 35
males. The mean age of surgery group (Table 1.
n = 25) and RT group (Table 2. n = 31) were 59
+6.3yearsand 61 + 7.6 years (P > 0.1), respec-
tively. The primary tumors included lung cancer
(24 cases), breast cancer (13 cases), renal can-
cer (7 cases), prostate cancer (8 cases), and
stomach cancer (4 cases). In the surgery group,
31 vertebrae were invaded. T6 (2x), T8 (3x), T9
(3x), T10 (3x), T11 (4x), T12 (4x), L2 (3x), L3 (6x),
and L4 (3x). PPSF combined with PVP was per-
formed for 7 patients. Fifteen patients accept-
ed the targeted therapy. Post-operative RT was
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performed for 21 patients one week later. In
the RT group, forty-three vertebrae were invad-
ed as follows, T2 (2x), T3 (1x), T5 (2x), T6 (4x),
T7 (2x), T8 (3x), T9 (2x), T10 (4x), T11 (5x), T12
(4x), L1 (2x), L2 (4x), L3 (4x), L4 (3x), and L5
(1x). RT was performed in a cumulative dose of
30 Gy with 10 fractions (16 cases), 45 Gy with
15 fractions (11 cases), and 30 Gy with 5 frac-
tions (4 cases). None of the patients had radia-
tion myelopathy.

One patient with asymptomatic para-vertebral
cement leakage and none with internal fixation
loosening were observed. Vertebral compres-
sion fractures after RT were observed in 4
patients. The number of patients available for
VAS evaluation at each follow up interval were
56 (100%) at 24 hours to 2 months, 53 (95%)
at 3 months, 46 (82%) at 6 months, and 31
(55%) at 12 months.

VAS scores of the surgery group were decreased
from 6.24 £ 1.05 to 3.08 + 0.64 at the 24-hour
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Table 2. Clinical characteristics and outcomes of patients undergoing RT

Primary VAS score ADL score Sunvival
NO Gender Age 4 mor PreRT 24h 1w 2w 1m 2m 3m 6m 12m Pre-RT Pof;RT P%’S;RT Time (m)
1 M 66 Stomach T9 6 6 6 4 4 4 3 3 - 67 74 78 10.4
2 M 73 Llung T2 4 4 5 4 3 3 - - - 42 44 - 3.8
3 F 52 Breast T2 5 5 5 3 4 4 2 2 3 66 78 83 16.6
4 M 64 lung TI1 3 3 4 4 3 3 3 - 58 66 69 9
5 F 65 Stomach 15/6/7 7 7 6 4 4 4 3 52 58 52 4.9
6 M 63 Renal L4 6 6 5 4 3 3 3 2 2 75 8 84 15.8
7 F 59 lung 123 8 8 7 6 5 5 4 - 48 48 53 5.2
8 M 65 Llug TII 6 6 6 6 4 4 2 3 3 73 717 85 18.2
9 M 54 Prostate L2/J3 5 5 5 4 3 3 2 4 4 8 85 88 21.4
0 M 62 Llung TIO 6 6 6 6 5 4 3 4 - 53 58 65 6.8
11 F 58 Breast T11 7 7 6 4 4 4 2 2 - 57 60 64 8.9
12 M 66 Lung T6 6 6 6 6 4 4 3 - 45 B2 41 4.6
13 F 62 Lung T 6 6 6 6 5 5 3 3 - 67 70 69 10.1
14 M 63 Llung L2 6 6 6 4 3 3 - - 44 48 3.1
15 M 68 Prostate T10/l4 4 4 5 4 3 3 3 3 62 64 66 10.5
6 F 60 Breast T11/12 5 5 5 5 5 5 4 3 2 63 61 68 13
7 M 61 Lung T5 6 6 6 6 4 4 3 3 - 61 65 67 11.3
18 F 56 Renal L3 7 7 7 6 5 5 4 3 3 58 66 69 12.3
99 M 67 Lung T8LL 5 5 5 5 4 4 3 3 4 69 71 80 17.6
20 F 60 Breast T10/11 4 4 4 3 3 3 1 3 4 70 76 76 15.4
20 M 54 Llung TIO 6 6 5 3 4 4 3 - 46 50 46 4.3
22 F 68 Breast T6/7 5 5 5 4 4 4 3 3 4 69 75 78 15.3
23 M 73 Lung L2 6 6 6 5 4 4 3 - - 44 46 49 4.9
24 M 57 Llug T2 7 7 7 6 5 5 3 3 4 68 72 79 16.8
25 M 58 Prostate L3 4 4 4 4 3 3 3 4 5 73 79 81 17.2
26 M 62 Stomach T8 5 5 4 4 3 3 2 2 2 64 75 78 12.6
27 M 56 Prostate L3/4/5 7 7 6 4 3 3 3 2 3 69 72 87 18.5
28 M 65 Lung T6 4 4 4 3 3 2 2 - - 52 58 59 5.6
290 F 54 Breast T2 7 7 7 5 4 4 3 3 2 72 717 84 20.8
30 M 53 Llung L2 8 8 7 4 3 3 2 2 3 78 83 88 22
31 F 57 Breast T8 6 6 5 5 4 4 2 2 - 53 57 62 7.2

postoperative time point (P < 0.001) and was
2.25+0.92 at 1 week (P < 0.001), 2.52 £ 0.82
at 2 weeks (P < 0.001), 2.18 + 0.68 at 1 month
(P < 0.001), 1.56 + 0.57 at 2 months (P <
0.001), 1.28 + 0.54 at 3 months (P < 0.001),
1.24 + 0.78 at 6 months (P < 0.001), and 1.76
+ 0.42 at 12 months (P < 0.001). However, VAS
scores of the RT group were significantly
decreased at 2 weeks after treatment. VAS
score was 4.55 + 1.03 at 2 weeks (P < 0.001),
3.82 + 0.83 at 1 month (P < 0.001), 3.73 %
0.76 at 2 months (P < 0.001), 2.77 £ 0.84 at 3
months (P < 0.001), 2.81 + 0.94 at 6 months
(P < 0.001), and 3.17 + 0.56 at 12 months
(P < 0.001, Figure 2). We used multiple linear
regression analysis to avoid confounding bias
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on postoperative VAS scores (Y1). Age (X1), pri-
mary tumor types (X2), number of involved ver-
tebrae (X3), treatment method (X4), preopera-
tive ADL evaluation (X5), and preoperative VAS
score (X6) were considered. Age (X1), primary
tumor types (X2), number of involved vertebrae
(X3), preoperative ADL evaluation (X5), and pre-
operative VAS score (X6) were removed by
regression model. Multiple linear regression
equation (Y1 = 0.514 + 0.78X4) showed that
postoperative VAS score (Y1) was concerned
with treatment method (X4). However, surgery
was significantly superior to radiation in regards
to pain relief. VAS scores of the surgery group
and RT group at 1 month after treatment were
improved by an average of 4.08 + 1.32 and 1.9
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—a— Surgery group

vival between the two groups
(P =0.662, Figure 3).

--e- RT group

Discussion

VAS score

Bone is the third most com-
mon site for metastases fol-
lowing lung and liver. The spine
is the most common site of
bone metastases. Incidence of
spine metastases increases

Figure 2. Pre-operative and post-operative VAS scores of surgery and RT

groups.

Table 3. The ADL scores at pre- and postopera-
tive 1 month and 3 months

Pre-operative Post-operative  Post-opera-

Grou 1 month tive 3 months
P (N-se) (N = 56) (N = 53)
Surgery 56.2+89 81675 84.6+75"
RT 61.2+10.3 61.3+98 70.6+12.3"
P-value 0.07 < 0.001# < 0.001#

Notes: ADL, activities of daily living; RT, radiotherapy; N,
number of patients; ns, not significant; *, P < 0.05 in
comparison to preoperative ADL scores; #, compared with
difference of postoperative and preoperative ADL scores

+ 1.11, respectively (P < 0.001). VAS scores of
the surgery group at 6 months after treatment
were improved by an average of 5.0 + 1.41, sig-
nificantly better than that of the RT group (P <
0.001).

ADL scores were increased from pre-operative
56.2 + 8.9 to post-operative 81.6 + 7.5 (P <
0.05, Table 3). Multiple linear regression analy-
sis showed that postoperative ADL evaluation
(Y2) was related to the treatment method
(X4) and pre-operative ADL evaluation (X5).
Regression equation (Y2 = 52.31-0.793X4 +
0.715X5) showed that good postoperative life
quality was related to surgery and good pre-
operative life quality.

The overall median survival times were 12.6
months and 6 months and 12 month survival
rates were 82% and 54%, respectively. The
median survival time of surgery and RT groups
were 14 months and 11.3 months, respective-
ly. There was no significant difference in sur-
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as patients with advanced can-
o@‘\ cer live longer. In the past,
22 invasive surgical operation has
not been recommended for
spinal metastases. Radiothe-
rapy was the primary treat-
ment for spinal metastases. In
2005, a prospective randomized trial sh-
owed that decompressive surgery followed by
radiotherapy was superior to radiotherapy
alone. Subsequently, more and more surgical
techniques have been used in the treatment of
spinal metastases such as total spondylecto-
my, circumferential decompression, or posteri-
or laminectomy decompression with stabiliza-
tion, PVP, and PPSF. Selecting the appropriate
surgery is an important part of individualized
and multidisciplinary treatment due to the
short life expectancy of most spinal metasta-
ses. The goal of treatment for metastatic spi-
nal tumors is most often palliative rather than
curative. The purposes of surgery are to relieve
pain, maintain or improve neurological deficit,
and improve the quality of remaining life. At
present, surgery is an essential method of spi-
nal cord decompression and spinal stability.
Decompression surgery would be recommend-
ed for symptomatic spinal cord compression.
For patients with severe mechanical pain such
as compression fracture, minimally invasive
surgery is preferred with shorter operation
time, less bleeding, and quicker recovery.
Therefore, chemotherapy and radiotherapy
would not be delayed [11]. Moreover, it is also
suitable for patients with poor general condi-
tions that have surgical indications such as
mechanical pain and ambulatory dysfunction
caused by spinal instability. Many studies have
confirmed that minimally invasive surgery is
safe and effective for relieving mechanical pain
and restoring spinal stability [9, 10, 12].
Metastatic lesion local control depends on
post-operative radiotherapy or systemic che-
motherapy.

Int J Clin Exp Med 2018;11(5):5359-5366
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From single to multiple seg-
ments, PPSF can provide sta-
bilization to fractured bodies
with the help of upper and
lower vertebral bodies. Stu-
dies have shown that long-
segment fixation is better th-

an short-segment due to dis-
persed stress [20]. In this stu-
dy, PPSF was performed for
25 patients with mechanical
pain. During the follow up,
screws loosening or rods frac-
turing was not observed. The
mean VAS decreased from
preoperative 6.24 + 1.05 to
3.08 + 0.64 at the 24-hour
postoperative time point (P <
0.001). However, VAS score of
RT group at time points befo-
re postoperative 2 weeks was
not a significant statistical dif-
ference from the preoperative

1.0 = Group
: —MPPSF
: TRT
G b —+—PPSF-censored
5 —+RT-censored
:‘! 0.6+
z
3
)
B
Q 0.4+
0.2
0.0
| I | L
0.00 5.00 1000 1500
Time(months)

Figure 3. Survival curves of the two groups. The median survival time of
surgery and RT groups were 14 months and 11.3 months, respectively (P

= 0.662).

Normally, the vertebral body supports 80%
axial load [13]. Unfortunately, 60-70% spinal
metastases invade the vertebral body [14].
Affected vertebrae are at high risk of pathologi-
cal fracture. Studies have shown that PVP can
effectively relieve pain and improve spinal sta-
bility. Post-operative radiotherapy, chemothera-
py, or molecular targeting treatment can reduce
the local recurrence [2, 3, 15, 16]. However,
PVP is associated with cement leakage in
10-40% patients [17, 18]. Stiffness and stren-
gth of affected vertebral body are associated
with the volume of injected bone cement
because the amount of injected PMMA has
been correlated with cement leakage [19]. A
sufficient amount of PMMA to restore spinal
stability cannot be injected in all cases, to av-
oid cement leakage or tumor retropulsion.
Therefore, the amount of PMMA should be indi-
vidualized. Patients with an incomplete back
wall of vertebra are unfavorable to PVP. Thus,
PPSF may be a good choice for some patients
who need to restore spinal stability but for
whom PVP or kyphoplasty is unsuitable.
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:5'00 baseline score. The two gr-
oups achieved long-term relief
of mechanical pain. The pain
status of surgery group was
superior to RT group at each
postoperative time point (P <
0.05). Meanwhile, ADL evalua-
tion of surgery group was superior to RT group
at postoperative 1 month and 3 month time
points. We consider that PPSF followed by
radiotherapy to be superior to radiotherapy
alone in pain relief and improvement of quality
of life. Four patients (13%) appeared with radia-
tion-related compression fractures after radio-
therapy, similar to other studies [21-23].

PPSF is a safe technique to stable vertebrae
due to the use of intraoperative imaging tech-
nology. Our research has demonstrated that
PPSF can be safely performed. There were no
intervention-related complications and instru-
mentation failures in these patients through
the last follow up. Moussazadeh et al. conduct-
ed a retrospective study showing that the pro-
portion of patients with severe pain decreased
from 86% preoperatively to 0% and 65% of
patients reporting no referable instability pain
postoperatively [9]. Recently, a study focused
on complications of PPSF showed that PPSF for
unstable spinal metastases had fewer compli-
cations, compared to open surgical procedures,

Int J Clin Exp Med 2018;11(5):5359-5366
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and limited blood loss and high early ambula-
tion rate [24].

Conclusion

In conclusion, treatment for spinal metastases
should be individualized and employ a multidis-
ciplinary strategy. Our preliminary results dem-
onstrate that PPSF can be safely performed for
spinal metastases. For some patients with spi-
nal metastases, PPSF is a good option for alle-
viating pain and improving quality of life.

Acknowledgements

The work was supported by Beijing Muni-
cipal Science and Technology Commission,
China (NO. Z161100000516232; Z171100-
001017176).

Disclosure of conflict of interest

None.

Address correspondence to: Yaosheng Liu, Depart-
ment of Orthopedic Surgery, 307 Hospital of PLA, 8
Fengtaidongda Rd, Beijing 100071, People’s Repu-
blic of China. Tel: +86-28-010-66947317; Fax: +86-
28-010-66947317; E-mail: 15810069346@qq.com

References

[1] LutzS, Lo SS, Chow E, Sahgal A, Hoskin P. Ra-
diotherapy for metastatic bone disease: cur-
rent standards and future prospectus. Expert
Rev Anticancer Ther 2010; 10: 683-695.

[2] LiY,QingY, Zhang Z, Li M, Xie J, Wang G, Wang
D. Clinical efficacy of percutaneous vertebro-
plasty combined with intensity-modulated ra-
diotherapy forspinal metastases in patients
with NSCLC. Onco Targets Ther 2015; 8: 2139-
2145.

[3] Huang M, Zhu H, Liu T, Cui D, Huang Y. Com-
parison of external radiotherapy and percuta-
neous vertebroplasty for spinal metastasis.
Asia Pac J Clin Oncol 2016; 12: e201-8.

[4] Cunha MV, Al-Omair A, Atenafu EG, Masucci
GL, Letourneau D, Korol R, Yu E, Howard P, Lo-
chray F, da Costa LB, Fehlings MG, Sahgal A.
Vertebral compression fracture (VCF) after
spine stereotactic body radiation therapy
(SBRT): analysis of predictive factors. Int J Ra-
diat Oncol Biol Phys 2012; 84: e343-€349.

[5] Boriani S, Bandiera S, Donthineni R, Amendola
L, Cappuccio M, De lure F, Gasbarrini A. Mor-
bidity of en bloc resections in the spine. Eur
Spine J 2010; 19: 231-241.

5365

(6]

(8]

)

[12]

(13]

(14]

[17]

(18]

Sun G, Jin P, Li M, Liu X, Li F, Yu AK, Lu Y. Percu-
taneous vertebroplasty for treatment of osteo-
lytic metastases of the C2 vertebral body using
anterolateral and posterolateral approach.
Technol Cancer Res Treat 2010; 9: 417-422.
Basafa E, Murphy RJ, Otake Y, Kutzer MD, Bel-
koff SM, Mears SC, Armand M. Subject-specific
planning of femoroplasty: an experimental
verification study. J Biomech 2015; 48: 59-64.
Zairi F, Vielliard MH, Bouras A, Karnoub MA,
Marinho P, Assaker R. Long-segment percuta-
neous screw fixation for thoracolumbar spine
metastases: a single center experience. J Neu-
rosurg Sci 2015; [Epub ahead of print].
Moussazadeh N, Rubin DG, McLaughlin L, Lis
E, Bilsky MH, Laufer I. Short-segment percuta-
neous pedicle screw fixation with cement aug-
mentation for tumor-induced spinal instability.
Spine J 2015; 15: 1609-1617.

Kim CH, Chung CK, Sohn S, Lee S, Park SB.
Less invasive palliative surgery for spinal me-
tastases. J Surg Oncol 2013; 108: 499-503.
Rao PJ, Thayaparan GK, Fairhall JM, Mobbs RJ.
Minimally invasive percutaneous fixation tech-
nigues for metastatic spinal disease. Orthop
Surg 2014; 6: 187-195.

Schwab JH, Gasbarrini A, Cappuccio M Boriani
L, De lure F, Colangeli S, Boriani S. Minimally
invasive posterior stabilization improved am-
bulation and pain scores in patients with plas-
macytomas and/or metastases of the spine.
Int J Surg Oncol 2011; 2011: 239230.

Filis AK, Aghayev KV, Doulgeris JJ, Gonzalez-
Blohm SA, Vrionis FD. Spinal neoplastic insta-
bility: biomechanics and current management
options. Cancer Control 2014; 21: 144-150.
Zairi F, Marinho P, Bouras A, Allaoui M, Assaker
R. Recent concepts in the management of
thoracolumbar spine metastasis. J Neurosurg
Sci 2013; 57: 45-54.

Reis T, Schneider F, Welzel G, Schmidt R,
Bludau F, Obertacke U, Wenz F. Intraoperative
radiotherapy during kyphoplasty for vertebral
metastases (Kypho-IORT): first clinical results.
Tumori 2012; 98: 434-440.

Jang JS, Lee SH. Efficacy of percutaneous ver-
tebroplasty combined with radiotherapy in os-
teolytic metastatic spinal tumors. J Neurosurg
Spine 2005; 2: 243-248.

Liebschner MA, Rosenberg WS, Keaveny TM.
Effects of bone cement volume and distribu-
tion on vertebral stiffness after vertebroplasty.
Spine 2001; 26: 1547-1554.

Corcos G, Dbjay J, Mastier C, Leon S, Auperin A,
De Baere T, Deschamps F. Cement leakage in
percutaneous vertebroplasty for spinal metas-
tases: a retrospective evaluation of incidence
and risk factors. Spine (Phila Pa 1976) 2014;
39: E332-338.

Int J Clin Exp Med 2018;11(5):5359-5366


mailto:15810069346@qq.com


[19]

[20]

[21]

[22]

Percutaneous pedicle screw fixation for spinal metastases

Dalbayrak S, Onen MR, Yilmaz M, Naderi S.
Clinical and radiographic results of balloon ky-
phoplasty for treatment of vertebral body me-
tastases and multiple myelomas. J Clin Neuro-
sci 2010; 17: 219-224.

Logroscino CA, Proietti L, Tamburrelli FC. Mini-
mally invasive spine stabilization with long im-
plants. Eur Spine J 2009; 18 Suppl 1: 75-81.
Cunha MV, Al-Omair A, Atenafu EG, Masucci
GL, Letourneau D, Korol R, Yu E, Howard P, Lo-
chray F, da Costa LB, Fehlings MG, Sahgal A.
Vertebral compression fracture (VCF) after
spine stereotactic body radiation therapy
(SBRT): analysis of predictive factors. Int J Ra-
diat Oncol Biol Phys 2012; 84: 343-349.
Boehling NS, Grosshans DR, Allen PK, McAleer
MF, Burton AW, Azeem S, Rhines LD, Chang EL.
Vertebral compression fracture risk after ste-
reotactic body radiotherapy for spinal metasta-
ses. J Neurosurg Spine 2012; 16: 379-386.

5366

(23]

(24]

Thibault 1, Al-Omair A, Masucci GL, Masson-
Coté L, Lochray F, Korol R, Cheng L, Xu W, Yee
A, Fehlings MG, Bjarnason GA, Sahgal A. Spine
stereotactic body radiotherapy for renal cell
cancer spinal metastases: analysis of out-
comes and risk of vertebral compression frac-
ture. J Neurosurg Spine 2014; 21: 711-718.
Versteeg AL, Verlaan JJ, de Baat P, Jiya TU,
Stadhouder A, Diekerhof CH, van Solinge GB,
Oner FC. Complications after percutaneous
pedicle screw fixation for the treatment of un-
stable spinal metastases. Ann Surg Oncol
2016; 23: 2343-2349.

Int J Clin Exp Med 2018;11(5):5359-5366



