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Abstract
Objective: To investigate the e�cacy and safety of cement augmented fenestrated screws in the posterior
approach for spinal metastases.

Methods: A total of 52 patients with spinal metastases who underwent surgery with posterior approach
separation and internal �xation with pedicle screw in the Department of Orthopaedics of the Fourth
Hospital of Hebei Medical University from January 2015 to January 2017 were analyzed retrospectively.
There were 28 cases in the cement augmented pedicle screw group and 24 cases in the conventional
pedicle screw group. The clinical data, preoperative and postoperative pain, and neurological function
between the two groups were compared. After follow-up, every 3 months, the local progression-free
survival time of patients in the two groups was recorded to explore the safety of cement augmented
pedicle screws in posterior separation of spinal metastases, and to analyze the difference in e�cacy
between the two groups.

Results: There were no signi�cant differences in sex, age, segments of the affected vertebra, Tomita
score, Tokuhashi score, spinal instability neoplastic score (SINS), intraoperative blood loss and average
postoperative hospital stays between the two groups. The average operation time was 161 ± 21 minutes
in the cement augmented pedicle screw group and 135 ± 19 minutes in the conventional pedicle screw
group, with a statistically signi�cant difference. A total of 218 screws were implanted in the 28 patients
of the cement augmented pedicle screw group, with an average of 1.3 ± 0.4 ml of cement injected into
each screw. There was 1 case of cerebrospinal �uid leakage in each of the two groups, and no incision
hematoma formation or infection occurred. There was no symptomatic pulmonary cement embolism in
the cement augmented pedicle screw group. The preoperative VAS scores were not statistically different
between the two groups. However, the VAS scores in the two groups decreased 3 months after surgery,
which were 2.93 ± 1.33 and 4.17 ± 1.34, respectively, with statistical signi�cance. The recovery of Frankel
grading was found in 84.6% of all patients (44 cases in 52 patients), but there was no signi�cant
difference in Frankel grades between the two groups before and 3 months after surgery. During the
follow-up period of 6-24 months, there were 10 cases of adjacent segmental metastasis (2 cases in
cement augmented pedicle screw group and 8 cases in conventional pedicle screw group) and 8 cases of
internal �xation failure (1 case cement augmented pedicle screw group and 7 cases in conventional
pedicle screw group). The difference was statistically signi�cant. Compared with the conventional pedicle
screw group, the conventional pedicle screw group had a longer survival time of progression-free in the
local and adjacent segments, and the difference was statistically signi�cant.

Conclusion: The application of cement augmented pedicle screw in surgery of spinal metastases with the
posterior approach is safe, and the pain score decreases more obviously 3 months after surgery. It can
effectively reduce the adjacent segmental metastasis and failure rate of internal �xation and prolong the
local progression-free survival time.

Introduction
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In recent years, with the improvement of the level of diagnosis and treatment of malignant tumors, the
survival time of patients with tumors is signi�cantly prolonged, and the incidence of patients with bone
metastasis is increasing year by year [1]. The spine is the most common site of metastasis. Bone
destruction and spinal cord compression caused by spinal metastasis often lead to severe bone pain and
neurological dysfunction. Effective spinal cord decompression surgery is needed to relieve the symptoms
[2]. Bone destruction by spinal metastases leads to spinal instability, and combined pedicle screw �xation
can maintain or reconstruct the spinal stability [3]. However, with the continuous development of medical
treatment of malignant tumors, the survival time of patients with spinal metastases is gradually
prolonged, and adjacent segmental metastases often occur after surgery. Studies showed that some
patients with spinal metastases had adjacent segmental metastases with the development of the
disease, resulting in Tomita type 7 spinal metastases [4], postoperative pain and neurological dysfunction
for a second time. Meanwhile, bone destruction of vertebral segments with screw implantation may also
lead to failure of internal �xation, requiring revision surgery, or even causing patients to give up treatment.

There are a variety of scoring systems for preoperative evaluation of surgical methods for spinal
metastases, including the Tomita score [5] and the modi�ed Tokuhashi score [6]. The survival time of
patients can be comprehensively predicted according to the scoring system. Tomita classi�cation [7] and
WBB classi�cation [8] are used to evaluate the invasive range of spinal metastases, and combined with
spinal instability neoplastic score (SINS) [9] to evaluate spinal stability of patients with spinal
metastases. NOMS score [10] and Harrinton score [11] were used to evaluate the treatment decision of
spinal metastases. According to various kinds of scores and types, TES (Total en-bloc) surgery can
achieve the purpose of local radical resection and reduce the local recurrence rate for patients with
expected survival time of more than 1-year, solitary oligometastases and poor spinal stability [12]. For
patients with short survival time and multiple metastases, palliative circumferential decompression,
separation surgery [13] and pedicle screw-rod system �xation can be selected. Polymethylmethacrylate-
(PMMA) augmented fenestrated screws/cement augmented pedicle screw is a new type of pedicle screw
with a hollow type and lateral hole, which can inject bone cement into the vertebral body through the tail
of the screw after screw implantation. Through the anchoring effect of bone cement, the �xation effect of
pedicle screw can be enhanced [14]. It was originally used in spinal surgery in patients with osteoporosis
to prevent the failure of internal �xation caused by bone mass loss of screw-implanted segments [15].
Biomechanical tests showed that it had a good anti-pullout effect, and it was safe and effective in the
surgical model of osteoporosis and revision of the spine [16]. Currently, there are no reports on whether the
cement augmented pedicle screw group can be used in the surgery of spinal metastases to reduce screw
loosening caused by osteolytic destruction, prevent adjacent segmental metastasis and improve local
control rate after spinal metastases.

In this study, patients with spinal metastases who underwent posterior separation were retrospectively
analyzed and divided into two groups according to the application of cement augmented pedicle screws
or conventional pedicle screws during operation. The clinical, imaging and pathological data, time of
operation, the amount of bleeding and complications, pain and neurological function before and after
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surgery were compared between the two groups. In addition, the local control and progression-free
survival time of the patients after surgery were followed up. The safety and e�cacy of cement
augmented pedicle screws in the separation surgery of spinal metastases were evaluated.

Materials And Methods

Subjects
Patients with spinal metastases who underwent posterior separation surgery and pedicle screw internal
�xation in the Department of Orthopaedics of the Fourth Hospital of Hebei Medical University from
January 2015 to January 2017 were collected retrospectively. Inclusion criteria were as follows: (1)
patients with a clear history of malignant tumor and spinal metastases were con�rmed by puncture
pathology before operation; (2) patients in good general condition and could tolerate the surgery, and the
expected survival time was more than 3 months; (3) patients treated with posterior separation surgery
combined with cement augmented pedicle screws or conventional pedicle screws for internal �xation; (4)
patients with varying degrees of pain, neurological dysfunction and spinal instability; (5) patients with
complete preoperative and postoperative clinical imaging data, as well as follow-up data. The endpoint
for observation was local progression, loss of follow-up or death. Exclusion criteria were as follows: (1)
patients without no pathological diagnosis before surgery, no pain and neurological injury, no spinal
instability, or bone metastasis caused by severe destruction of adjacent multi-segmental bone, unable to
implant screws; (2) patients with poor general condition, unable to tolerate the surgery; (3) patients
advanced multiple organ metastasis, and the expected survival time before surgery was less than 3
months, and (4) the postoperative follow-up time was less than 3 months and the clinical imaging data
were incomplete. A total of 52 cases were collected, including 25 males and 27 females, with an average
age of 57.9 ± 8.9 years (the range was 36–72 years). There were 19 cases of primary lung cancer, 12
cases of renal carcinoma, 8 cases of esophageal cancer, 4 cases of colorectal cancer, 3 cases of gastric
cancer, 3 cases of breast cancer, 2 cases of liver cancer, 1 case of ovarian cancer; 24 cases of thoracic
vertebrae, 28 cases of lumbar vertebrae; 23 cases of single segment and 29 cases of adjacent two or
more segments. This study was approved by the Ethics Committee of the Fourth Hospital of Hebei
Medical University (No. 20170216), and all the patients signed the informed consent form.

Surgical procedures

Surgical Indications
Patients with preoperative systemic and local imaging evaluation showing that there were multiple
metastatic bone metastases or other treatable visceral metastases, and obvious spinal cord compression
and spinal instability, and palliative decompression and spinal stability reconstruction should be
performed.
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Preoperative Preparation
All patients completed the surgery under general anesthesia. The general condition and cardiopulmonary
function were routinely evaluated before surgery. The expected bleeding volume was assessed according
to the conditions of primary tumors, and 2–4 units of red blood cells and 200–400 ml of plasma were
selectively prepared.

Surgical Methods
All the surgeries were performed by the same surgical team in the Department of Orthopaedics, the Fourth
Hospital of Hebei Medical University. The posterior median approach was used to peel off and expose the
spinous process and lamina of the affected vertebrae and 1–2 segments above and below the affected
vertebrae. Pedicle screws were implanted through the pedicles of 1–2 segments above and below the
affected vertebrae. Twenty-eight patients were treated with cement augmented pedicle screw (CEOXEN,
WEGO, Shandong, China) and 24 patients were treated with conventional pedicle screws (UPASS5.5,
WEGO, Shandong, China). The diameters of pedicle screws in both groups were 5.5 mm, 6.0 mm and
6.5 mm, and the lengths were 4.0 cm and 4.5 cm. The separation surgery was performed as follows: the
posterior structures such as spinous process, ligament and lamina were removed in blocks, the lateral
and anterior compression tissues of the dura mater were removed through entering the bilateral pedicles
of the affected vertebrae. Circumferential decompression was fully performed for the spinal cord so that
there was a 2–3 mm interval between the spinal cord and the anterior residual vertebrae. Of all the
patients, 22 patients (39.3%) used dural patches for obstruction, 21 patients (40.4%) underwent
combined affected segmental vertebroplasty before circumferential decompression. For patients in the
cement augmented pedicle screw group, bone cement was injected into the tail of the screw, and the
process was monitored by C-arm X-ray �uoroscopy.

Postoperative Treatment
Patients within the routine supine position after operation. The bedside X-ray was examined immediately
to evaluate the screw implantation and bone cement injection. The drainage tube was removed when the
daily drainage volume was less than 50 ml per day, and the brace was used for activity to get out of bed
24–48 h after removal, and the CT was reexamined for the operative segments. All patients were treated
with standard bisphosphate drugs after operation, and appropriate chemotherapy, endocrine therapy, or
targeted drug therapy were selected according to different primary lesions. After surgery, 73.1% of the
patients received stereotactic body radiotherapy (SBRT) for the operative segments of the affected
vertebrae.

Evaluation indicators
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Tomita score and Tokuhashi score were used to evaluate the expected survival time of patients in the two
groups. Visual analogue scale (VAS) was used to evaluate the pain of the patients, in which 1–3 points
indicated mild pain, 4–6 points indicated moderate pain and 7–10 points indicated severe pain. The
neurological function injury was evaluated by Frankel grading, which included grade A to E. The degree of
spinal instability was evaluated by the SINS score according to the preoperative imaging.

E�cacy: The VAS score and Frankel grade of the two groups were recorded before and 3 months after
operation, and the differences between the two groups were compared to evaluate the e�cacy of the
surgery.

Safety: The operation time, the amount of intraoperative blood loss, the amount of bone cement injected
in the pedicle screw group and the complications of the surgery were recorded to evaluate the safety of
cement augmented pedicle screw.

Follow-up evaluation: All patients were followed up by outpatient reexamination. The �rst follow-up was
performed at 3 months after surgery, and then was performed every 3 months. The contents of
reexamination included an X-ray of the surgical site, spinal CT and MRI. A whole body bone scan was
performed every 6 months, and the metastasis was evaluated according to the CT or MRI reexamination
of corresponding organs. The endpoint was tumor progression in local and adjacent segments or death
of patients. According to the manifestations of X-ray and CT, as well as the corresponding clinical
symptoms, the internal �xation failure (loosening, fracture, or pullout) was evaluated. If the translucent
zone around the screw on the CT or screw displacement or fracture compared with that on the �rst
postoperative CT, accompanied by activity pain due to the corresponding segment, it was identi�ed as
internal �xation failure. The failure rate of internal �xation was compared between the two groups of
patients with different pedicle screws to analyze the e�cacy of cement augmented pedicle screws. For
the evaluation of local tumors, according to the re-examination of X-ray, CT and MRI, the increase of local
soft-tissue shadow, bone destruction or aggravation of pathological fracture in the operative segment
was identi�ed as local tumor progression. The new abnormal signal, new bone destruction or aggravation
of the original bone destruction in the adjacent segments were identi�ed as the tumor progression in the
adjacent segments. When the tumor progression occurred in the surgical or adjacent segment, it was
regarded as the local progression, that was, the endpoint of observation. The time of loss of follow-up,
death and local progression were recorded. The difference in local progression-free survival time between
the two groups were compared, and the effect of different pedicle screws on the local control rate was
analyzed.

Statistical analyses
SPSS21.0 (Chicago IL, USA) was used for statistical analysis. The measurement data were tested for
normality at �rst, and the data in accordance with normal distribution were expressed by mean ±
standard deviation, and the paired t-test was used for comparison between groups. The data that did not
conform to the normal distribution was represented by the median (interquartile range), and the
comparison between groups was performed by the nonparametric Mann-Whitney U test. The counting
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data were expressed by percentage, and the chi-square test was used for comparison between groups.
The difference of local progression-free survival between the two groups was calculated by the K-M
survival curve. P > 0.05 was accepted as a statistically signi�cant difference.

Results

General data of the two groups
There were no signi�cant differences in sex, age, surgical sites, surgical segments and Tomita
classi�cation between the cement augmented pedicle screw group and conventional pedicle screw group
(all P > 0.05, Table 1). The 52 patients had a Tomita score of 5–8 points, and a Tokuhashi score of 5–9
points. According to the preoperative imaging, all the patients had different degrees of spinal instability,
and the SINS scores were 9–14 points. There were no signi�cant differences in Tomita score, Tokuhashi
score and SINS score between the two groups (all P > 0.05, Table 1).
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Table 1
General clinical data of patients in the two groups

    Cement pedicle screw
group

Conventional pedicle screw
group

P

Sex Male 13 12 0.797

  Female 15 12  

Age > 60 17 14 0.862

  ≤ 60 11 10  

Surgical sites Thoracic
vertebra

10 14 0.103

  Lumbar
vertebra

18 10  

Surgical
segments

Single
segment

13 10 0.730

  ≥ 2 segments 15 14  

Tomita
classi�cation

IV 6 4 0.904

  V 7 6  

  VI 8 9  

  VII 7 5  

Tomita score   6.96 ± 0.84 6.88 ± 0.80 0.697

Tokuhashi score   7.43 ± 0.92 7.79 ± 1.06 0.193

SINS score   11.36 ± 1.52 10.75 ± 1.15 0.116

Note: SINS, spinal instability neoplastic score.

Surgical conditions, complications and postoperative
treatment in the two groups
All the surgeries were performed smoothly, the processes of intraoperative screw implantation were
smooth in both groups, and there was no intraoperative screw loosening. The average operation time was
163 ± 20 min in the cement augmented pedicle screw group and 138 ± 18 min in the conventional pedicle
screw group, with a statistically signi�cant difference (P < 0.05, Table 2). The combined intraoperative
vertebroplasty was performed in 21 patients (40.4%), which was 12 patients in the cement augmented
pedicle screw group and 9 patients in the conventional pedicle screw group (P > 0.05). The average
amount of blood loss was 623 ± 185 ml in the cement augmented pedicle screw group and 733 ± 163 ml
in the conventional pedicle screw group (P < 0.05, Table 2). For the 28 patients in the cement augmented
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pedicle screw group, a total of 218 screws were implanted, with an average of 1.3 ± 0.4 ml bone cement
injected into each screw.

Table 2
Surgical conditions, complications and postoperative treatment of patients in the two groups

    Cement pedicle
screw group

Conventional pedicle
screw group

P

Operation time (min)   163 ± 20 138 ± 18 < 
0.001

Intraoperative blood loss (ml)   733 ± 163 623 ± 185 0.027

Postoperative hospital stays   8.3 ± 1.4 7.7 ± 1.0 0.086

Intraoperative vertebroplasty Yes 12 9 0.695

  No 16 15  

Postoperative cerebrospinal
�uid leakage

Yes 1 1 0.935

  No 27 24  

Postoperative SBRT Yes 20 18 0.772

  No 8 6  

Note: SBRT, stereotactic body radiotherapy.

The occurrence rate of postoperative cerebrospinal �uid leakage in the cement augmented pedicle screw
group and conventional pedicle screw group was 3.6% (1 to 28) and 4.2% (1 to 24), respectively (P < 0.05,
Table 2). Prone position, intermittent clamping and drainage were applied, and the incisions achieved
primary healing without hematoma formation, infection and other complications. There was no
signi�cant difference in the occurrence rate of postoperative complications between the two groups. No
symptomatic pulmonary cement embolism occurred in the cement augmented pedicle screw group. The
average postoperative hospital stay was 8.3 ± 1.4 days in the cement augmented pedicle screw group
and 7.7 ± 1.0 days in the conventional pedicle screw group, with no signi�cant difference (P > 0.05,
Table 2). The postoperative SBRT was performed in 20 and 18 patients in the cement augmented pedicle
screw group and conventional pedicle screw group, respectively, with no signi�cant difference between
the two groups (P > 0.05, Table 2).

E�cacy and follow-up of cement augmented pedicle screw
treatment
The preoperative VAS scores of the two groups were 5.79 ± 1.81 and 6.00 ± 2.04, respectively, with no
signi�cant difference between the two groups (P > 0.05, Table 3). Three months after surgery, the VAS
scores of cement augmented pedicle screw group and conventional pedicle screw group were 2.93 ± 1.33
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and 4.17 ± 1.34, respectively, and the difference between the two groups was statistically signi�cant (P < 
0.01, Table 3). The postoperative VAS scores in the two groups were signi�cantly lower than those of
before operation (both P < 0.001, Table 3).

Table 3
E�cacy and follow-up of cement augmented pedicle screw treatment

    Cement pedicle screw
group

Conventional pedicle screw
group

P

Preoperative VAS score   5.79 ± 1.81 6.00 ± 2.04 0.704

Postoperative VAS score   2.93 ± 1.33* 4.17 ± 1.34* 0.002

Preoperative Frankel grade A,
B

12 11 0.796

  C,
D

16 13  

Postoperative Frankel
grade

A,
B

3 3 0.752

  C,
D

18 13  

  E 7 8  

Failure of internal �xation Yes 1 7 0.011

  No 27 17  

Adjacent segmental
metastasis

Yes 2 8 0.017

  No 26 16  

Note: *, compared with preoperative VAS score, P < 0.001. VAS, visual analogue scale.

As for the recovery of neurological function injury, the Frankel grading in 84.6% (22/52) of patients
recovered at least 1 grade 3 months after operation, but there was no signi�cant difference in Frankel
grades between the two groups before and after operation (all P > 0.05, Table 1).

Postoperative imaging of all patients showed that the position of pedicle screws was satisfactory
(Fig. 1). Bone cement leakage occurred in 2 patients (7.1%) in the cement augmented pedicle screw
group, all of which were leaked into the anterior vertebral venous plexus and no leakage into the posterior
spinal canal. During the follow-up period, the failure rate of internal �xation for all patients was 15.4%
(8/52), including one case in the cement augmented pedicle screw group and 7 cases in the conventional
pedicle screw group, the difference was statistically signi�cant (P < 0.05, Table 3). All patients were
followed up for an average of 15.9 ± 5.2 months (the range was 6–24 months). During the follow-up
period, there were 16 cases of local progression (10 cases of adjacent segmental metastasis or
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progression, 6 cases of tumor progression in situ, Table 3). Four cases were lost for follow-up. The 6-
month local control rate was 98.1% (51/52), and the 12-month local control rate was 65.4% (34/52).
There was a signi�cant difference in local progression-free survival between the two groups (P < 0.05,
Fig. 2).

Discussion
The purpose of separation surgery for spinal metastatic tumors is to quickly relieve pain and spinal cord
compression, maintain or reconstruct spinal stability, provide a safe distance for postoperative
radiotherapy, reduce the risk of radiation-induced spinal cord injury and improve the e�cacy of
radiotherapy. Maintaining long-term and effective spinal stability is an important evaluation criterion of
surgical e�cacy. It is of great signi�cance to explore the application prospect of cement augmented
pedicle screw in the separation surgery of spinal metastases. In this study, we con�rmed that cement
augmented pedicle screws are effective in reducing the pain and adjacent segmental metastasis of
spinal malignancy, failure rate of internal �xation, as well as prolonging the local progression-free
survival time of patients.

E�cacy and safety of cement augmented pedicle screw
In previous studies, cement augmented pedicle screws were widely used in spinal surgery in patients with
osteoporosis to improve screw �xation strength and reduce the incidence of internal �xation failure.
Ghermandi et al. [17] performed 53 operations in 52 patients, and 247 cement augmented pedicle screws
were implanted. The results showed that cement augmented pedicle screws can be used in tumor
patients including revision surgery, osteoporosis and bone destruction. Chandra et al. [18, 19] applied
cement augmented pedicle screws combined with O-TLIF or Mis-TLIF interbody fusion in patients with
osteoporosis combined with lumbar spondylolisthesis, and achieved good results, satisfactory pain relief,
and effective interbody fusion. Yuan et al. [20] treated 27 patients with continuous osteoporosis by
cement augmented pedicle screw �xation guided by 3D navigation, which included 8 cases of
thoracolumbar fracture, 18 cases of spinal degeneration and 1 case of revision. Except for 1 patient who
died of postoperative pneumonia, the average improvement rate of the JOA score was 39.6%. Follow-up
within 12 months after operation showed that 20 patients had bone fusion (bone fusion rate was 76.9%).
No screw loosening was found, indicating that PMMA-enhanced thoracolumbar pedicle screw �xation
guided by 3D navigation had a good effect on patients with osteoporosis. Karaka et al. followed up 55
patients with cement augmented pedicle screw �xation. Postoperative imaging showed bone cement
leakage in 7 patients (12.7%), asymptomatic pulmonary cement embolism in 3 patients (5.4%), and deep
incision infection in 3 patients (5.4%) [21]. Choy et al. [22] found, by CT scanning, in a patient with severe
kyphosis after pedicle screw �xation that the augmentation of bone cement was limited to the end of the
screw, and there was loosening and halo around the pedicle screw body. Moreover, there was evidence
that the screw was pulled out, thus questioning the risks and bene�ts of spinal fusion with cement
augmented pedicle screw �xation. Although the occurrence rate of this phenomenon was low, the
indications should be carefully considered in the application of cement augmented pedicle screw �xation.
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In addition, due to the lack of tap expansion channel and the process of balloon dilatation, the injection
of bone cement into the vertebral body through pedicle screw under high pressure may increase the
probability of bone cement entering into the blood, which will lead to pulmonary cement embolism (PCE).
Ulusoy et al. [23] observed the application of cement augmented pedicle screws in 281 patients with
spinal deformity and found that the overall incidence of radiological PCE was 16.3%. The incidence of
symptomatic PCE was 1.4%. When the number of screws ≥ 7, the risk of symptomatic PCE increased
signi�cantly. When the number of screws > 14 and the dosage of cement was more than 20–25 cc, it may
lead to increased pulmonary artery pressure and right ventricular dilatation.

In this study, we found that the overall failure rate of internal �xation in the patients during the follow-up
period was 15.4%. It was considered that with the progression of spinal metastases, severe collapse of
the vertebral body in front of the surgical segment led to aggravation of kyphosis or metastasis of
adjacent screw segments, eventually resulting in screw loosening. However, there was only one case of
screw loosening caused by adjacent segmental metastasis in the cement augmented pedicle screw
group. Compared with the conventional pedicle screw group, the occurrence rate of internal �xation
failure was signi�cantly lower, and the difference was statistically signi�cant. It is suggested that the
cement augmented pedicle screws have a good �xation effect. In this study, the patients in the cement
augmented pedicle screw group had no intraspinal cement leakage and no symptomatic cement
embolism, suggesting that it has good safety.

Analysis of the curative effect of cement augmented
pedicle screw �xation
At present, there is no case report on the application of cement augmented pedicle screws in spinal
metastases. Sussman et al. [24] treated a patient with bone metastasis with spinal canal decompression
and cement augmented pedicle screw internal �xation, which effectively relieved the pain symptoms of
the patient. Wu et al. [25] implanted cement augmented pedicle screw �xation with the assistance of a
spinal robot in a patient with multiple spinal metastases of the breast, which effectively improved the
patient's quality of life. Kim [26] used percutaneous cement augmented pedicle screw �xation in 14
patients with spinal metastases. Results showed that the pain of patients was effectively relieved, which
showed that cement augmented pedicle screw �xation can provide obvious pain relief and improve the
quality of life for some patients with spinal metastases.

There were no signi�cant differences in sex, age, surgical sites and segments between the two groups.
The preoperative Tomita classi�cations were typed IV-VII, Tomita scores were 6–8 points, Tokuhashi
scores were 5–9 points, SINS scores were 9–13 points, VAS scores were 2–10 points, and Frankel
grading were grade A-D. These parameters were not signi�cantly different between the two groups,
indicating that the clinical data of the two groups were consistent with each grading system, and the
curative effect can be compared. The expected survival time was shorter, and the stability of the spine
was poor, so it was suitable for palliative decompression combined with spinal internal �xation. There
was no signi�cant difference in the proportion of patients who underwent vertebroplasty, as well as the
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amount of bleeding during the operation. However, the operation time was longer in the cement
augmented pedicle screw group, which was considered to be related to the need for multiple
�uoroscopies during the injection of cement into the pedicle screw. Patients in both groups were treated
with bisphosphate after operation, and there was no signi�cant difference in the proportion of patients
who received SBRT. Pain and neurological function were evaluated 3 months after operation, and it was
found that neurological function was recovered in 84.6% of the patients. There was no statistical
difference in Frankel grade between the two groups. The VAS scores were decreased after surgery in the
two groups, and it was lower in the cement augmented pedicle screw group than that of the conventional
pedicle screw group, and the difference was statistically signi�cant, suggesting that the surgical
decompression in the two groups was effective. The postoperative treatment was standardized, and the
recovery of spinal function was good. The patients in the cement augmented pedicle screw group had
better spinal stability after reconstruction. There were fewer patients with persistent pain due to spinal
instability after operation.

Effect of cement augmented pedicle screw on local control
rate
Postoperative additional radiotherapy for patients with spinal metastases was helpful to improve the
local control rate of the tumor, but patients with spinal metastases were often complicated with spinal
cord compression, and it was di�cult to reach the effective radiation dose near the spinal cord lesions
[27]. In addition, pedicle screws interfered with the radiation dose distribution of the vertebral body,
resulting in insu�cient radiation dose near the vertebral segment of spinal metastases [28]. Through the
thermal and chemical effects in the process of solidi�cation, bone cement can inhibit the invasion of
bone metastases [29].

Cyteval et al [30] treated 49 patients with vertebral compression fractures by conservative treatment or
vertebroplasty with a small amount of bone cement injection, respectively. It was found that there was no
signi�cant difference in the new fracture rate 3 months after operation between the two groups,
suggesting that a small amount of cement cannot prevent the fracture of adjacent vertebrae. However, for
spinal metastases, the dispersion and distribution of bone cement may affect the probability of local
recurrence or progression. The bone cement was injected into the vertebral body through the tail of
cement augmented pedicle screw and dispersed into the vertebral body through the window hole on the
side of the screw, which limited the distribution and dispersion of bone cement to a certain extent, and the
amount of bone cement injection was limited. In this study, the average amount of cement injected into
each screw in the cement augmented pedicle screw group was 1.3 ± 0.4 ml. Compared with the
conventional pedicle screw group, the adjacent segment metastasis rate was lower and the local
progression-free survival time was signi�cantly prolonged during the follow-up period. It is suggested that
cement augmented pedicle screw �xation can effectively reduce the incidence of adjacent segment
metastasis.
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This study also has some limitations. Firstly, it was a retrospective study in a single center. Large scale
multi-center randomized controlled studies are needed to further con�rm the conclusions in this study in
the future. Secondly, the sample size of patients is relatively small. We will collect more cases to expand
the sample size of patients with spinal metastases who are treated with cement augmented pedicle
screws in our center. Thirdly, due to the hollow design, the screws are easy to break. At present, the
application of cement augmented pedicle screws with 5.0 mm or less in diameter is relatively rare, so
there is a lack of reports and studies on the application in upper thoracic and cervical vertebrae. In
addition, due to the increased times of �uoroscopy in the process of bone cement injection and the
relative prolongation of operation time, we still need to be cautious about complications such as bone
cement leakage and pulmonary cement embolism.

Conclusions
In conclusion, the application of cement augmented pedicle screws in the surgical operation of spinal
metastatic tumors has a good effect, which can effectively reduce screw loosening and pull-out, reduce
the failure rate of internal �xation, and prevent the occurrence of adjacent segmental metastasis and
improve the local control rate.
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Figure 1

The patient was 56 years old, with multiple bone metastasis of lung cancer, who was hospitalized due to
thoracolumbar and back pain. He has a previous history of vertebroplasty because of 1 lumbar
metastasis. Preoperative reexamination showed partial invasion of bone cement into the spinal canal
and bone destruction of the eleventh thoracic segment, which was considered as new metastasis. Tomita
score was 6 points, modi�ed Tokuhashi score was 7 points, VAS score was 6 points, Frankel grade was
grade C, SINS score was 11 points. On November 1, 2016, posterior separation surgery, the eleventh
thoracic vertebroplasty and cement augmented pedicle screw �xation were performed. The operation
time was 150 minutes, and the intraoperative blood loss was 500ml. The VAS score at 3 months after
operation was 2 points, and the Frankel grade was grade E. A: pre-operative thoracolumbar X-ray; B, C, D:
Preoperative CT of thoracolumbar segments; E: Preoperative MRI of the eleventh thoracic vertebra; F, G:
Postoperative CT; H: Postoperative X-ray of thoracolumbar segments.
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Figure 2

Local progression-free survival time of the two groups. CAPS: cement augmented pedicle screw group,
OPS: ordinary pedicle screw group, P<0.05.
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