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Bone Cement-Augmented Percutaneous Screw Fixation 
for Malignant Spinal Metastases : Is It Feasible?
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Objective : We evaluated the validity of bone cement-augmented percutaneous screw fixation for treating malignant spinal 
metastases.

Methods : Between 2011 and 2015, 14 patients (eight men and six women) who underwent bone cement-augmented 
percutaneous screw fixation for malignant spinal metastases were enrolled in this study. Their life expectancy was considered to be 
more than one month and less than one year, based on the revised Tokuhashi scoring system. Clinical findings including the back 
pain scale score, functional outcome, procedure related complications, and survival were assessed preoperatively, postoperatively, 
and then six months after the procedure.

Results : Twelve of the patients (86%) survived up to six months after the procedure. Three required mini-open decompressive 
laminectomy for severe epidural compression. Bone cement-augmented percutaneous screw fixation was performed one level 
above, one level below, and at the pathologic level itself. The mean operation time was 60 minutes (45–180) and blood loss was less 
than 100 mL. Prior to surgery, the mean pain score on the visual analogue scale was 8.8, while one month after the procedure, it had 
reduced to 3.0; this improvement was maintained until the six-month assessment in the surviving patients. All patients were able to 
sit within the first two days after surgery, and no patient experienced neurological deterioration at the one-month follow up after 
the surgery. No patient experienced screw loosening during the six months of follow-up. Asymptomatic cement leakage into the 
epidural space was observed in two patients, but no major complications were observed.

Conclusion : For selected patients with malignant spinal metastases, bone cement-augmented percutaneous screw fixation can 
provide significant pain relief and improve quality of life.
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INTRODUCTION

The spinal column is the most common site for malignant 

bone metastasis. The expected life span of patients diagnosed 

with malignant spinal metastasis varies from several months 

to years depending on the aggressiveness of the primary tu-

mor and the visceral involvement4). For these reasons, the sur-

gical goal for spinal metastasis is pain relief and restoration of 

physical function during survival. However, traditional open 

surgery involving decompressive laminectomy with long level 

screw fixation and bone fusion carries high morbidity and 

mortality rates in patients with spinal metastases15).
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Identifying minimally invasive procedures with low mor-

bidity that can effectively treat spinal metastasis is essential for 

this population of patients with a limited life expectancy.

Bone cement augmentation procedures such as vertebro-

plasty or balloon kyphoplasty are sometimes helpful in cancer 

patients with limited anticipated survival or who are poor 

surgical candidates1).
However, vertebroplasty or kyphoplasty alone are usually 

not effective for mechanically unstable pathologic fractures 

involving the middle and posterior vertebral column. In such 

cases, patients usually require posterior screw fixation for 

structural stabilization.

To our knowledge, there are few reports that have examined 

the safety and efficacy of less invasive, bone cement-augment-

ed percutaneous screw fixation for the treatment of malignant 

spinal metastasis10).
The purpose of this study was to evaluate the efficacy of less 

invasive technique for the treatment of malignant spinal me-

tastasis and determine whether quality of life after this tech-

nique is meaningful.

MATERIAL AND METHODS

From 2011 to 2015, fourteen patients (eight males and six fe-

males) with malignant spine metastases were enrolled in this 

study.

Patients were eligible for inclusion if they had histologic 

proof of malignancy and intractable back pain with or with-

out radiating pain due to an impending metastatic pathologic 

fracture. These include mechanical instability, radioresistant 

metastatic tumor and intractable back pain unresponsive to 

continuous opioids. For the assessment of tumor spread or se-

verity, the revised Tokuhashi scoring system, which considers 

general condition, tumor type, visceral metastases, bone me-

tastases, performance scale and spinal cord palsy, was used14). 

In patients with a total score less than 11 (who had a predicted 

survival period, of more than one month and less than one 

year) assessed by the medical oncologist were selected.

All of the patients had single level lesion involving T9-to L2.

Patients with non-metastatic primary spinal tumors were 

excluded from this study and patients who had multiple spinal 

metastases or severe neurologic deficits such as paraplegia 

were also excluded from this study.

 Surgical procedure
After a thorough explanation of the procedure, the patients 

were anesthetized and placed prone on a radiolucent table. 

The bone cement-augmented percutaneous screw fixation 

was confined to the one level above, one level below, and the 

tumor involved level itself, using the percutaneous pedicle 

screw system (Viper® Synthes, Switzerland). Three of the pa-

tients needed mini-open decompression due to epidural cord 

compression extending into the unilateral pedicle and facet. 

In these patients, unilateral transpedicular screw fixation was 

performed at the intact contralateral side. Bone cement-aug-

mentation was performed using polymethylmethacrylate 

(PMMA), which was injected under C-arm guidance through 

a vertebroplasty needle. Approximately 2.5 mL of PMMA was 

injected through each pedicle.

The patients’ demographics and medical condition before 

and after surgery, imaging data, procedure related complica-

tions, adjuvant treatments, and functional status were ana-

lyzed (Table 1).

Statistical analysis
Statistical analysis was performed using SAS 6.12 (SAS In-

stitute, Inc., Cary, NC, USA).

Mann-Whitney’s U test was used to investigate the compar-

isons between the different time points. p values <0.05 were 

accepted as statistically significant.

RESULTS

A total of 14 patients underwent bone cement-augmented 

percutaneous screw fixation for malignant spinal metastasis. 

Table 1 summarizes the patients’ demographic data. Most of 

the fractures occurred at the low thoracic and thoracolumbar 

junction. The anatomical distribution of the metastatic verte-

bra in this study was as follows : T9 (n=1), T10 (n=1), T11 (n=5), 

T12 (n=3), L1 (n=2) and L2 (n=2). The patients’ mean age was 

64.5 years (range 45–78 years). The mean operation time was 

60 minutes (45–180 minutes) and none of the patients needed 

a drainage catheter or blood transfusion. The most common 

primary cancer was hepatobiliary cancer in 7 cases, followed 

by lung, colon and breast cancer in two cases, respectively. 

All of the patients were transferred to the hemato-oncologi-

cal department for various adjuvant treatments after surgery.
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Clinical outcome
All patients experienced significant pain relief after surgery. 

Preoperatively, six of the patients were ambulatory, four pa-

tients were able to walk with assistance, two patients were 

wheel-chair bound, and two patients were bed ridden due to 

intractable back pain. All of the patients, even the patients 

who had previously been bed ridden, could sit within the first 

two days after surgery wearing a thoracolumbosacral orthosis. 

At the one month postoperative follow up, six of the pa-

tients were ambulatory, four patients could walk with assis-

tance, and four patients were able to sit and were wheel-chair 

bound.

No mortality was observed during the first month after 

surgery, but two patients who had lung cancer and hepatocel-

lular carcinoma for their primary tumor type with accompa-

nying visceral metastases died at 4 months after the index 

surgery.

Within the first 3 months postoperatively, two of the pa-

tients who underwent mini-open decompressive laminectomy 

showed neurologic deterioration due to local tumor progres-

sion. Prior to surgery, the patients’ mean pain scale (visual an-

alogue scale) was 8.8. This score decreased to 3.0 one month 

after surgery. The improvement in the pain score was main-

tained at six months after surgery in the patients who survived 

(Fig. 1).

There was no screw loosening detected during the 6 months 

of follow-up. Asymptomatic cement leakage into the epidural 

space was observed in two patients, but no major complica-

tions such as cord compression or serious infection were ob-

served (Fig. 2, 3).

DISCUSSION

It is known that about 70% of patients with cancer develop 

metastatic disease and spinal involvement may occur in up to 

Table 1. Characteristics of the patients

Case
Age/

gender
Level Primary site 

Revised 
Tokuhashi score

Adjuvant 
therapy

Survival 
(months)

VAS 
(preop)

VAS 
(1 mo)

VAS 
(6 mo)

Mean 
BMD

Decom-
pression

  1 54/M T9 Hepatobiliary 6 RT 7 9 2 - -2.8 Yes

  2 74/M L2 Colon 10 RT 6 10 3 3 -3.4 Yes

  3 65/F T11 Hepatobiliary 8 RT 6 8 4 3 -3.1 No

  4 63/F L1 Cervix 7 Chemo 9 9 2 2 -3.2 No

  5 68/M T12 Hepatobiliary 8 RT, chemo 10 7 2 2 -2.5 No

  6 78/M T11 Adenoca of lung 6 RT 8 9 3 3 -4.3 No

  7 50/M T11 Hepatobiliary 8 RT 4 9 4 - -3.5 No

  8 74/F T10 Colon 10 - 8 10 5 5 -3.2 No

  9 65/M L1 Hepatobiliary 8 RT 10 10 4 2 -2.9 Yes

10 69/F T12 Breast 8 RT 11 8 3 3 -3.1 No

11 74/M T12 Hepatobiliary 7 - 7 7 2 3 -2.5 No

12 62/M T11 Hepatobiliary 7 - 7 8 3 4 -3.3 No

13 59/F T11 Breast 8 Chemo 15 7 3 2 -3.9 No

14 45/F L2 Adenoca of lung 7 RT, chemo 4 8 2 - -2.6 No

VAS : visual analogue scale-back pain, mo : month, BMD : bone mineral densitometry, RT : radiotherapy, Adenoca : adenocarcinoma 

10

8

6

4

2

0
Preoperative 1 month 6 months

*

VAS score

VAS score

Fig. 1. Improvement of back pain scale. *p<0.05, preoperative versus 6 
months. VAS was not obtainable in 2 patients who had died and 1 patient 
who showed hepatic coma at 6 months. VAS : visual analogue scale.
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40% of patients with malignant cancer2,6).

Metastatic spread to the spinal column can result in a num-

ber of sequelae including intractable pain and neurologic def-

icits. Treatment for malignant spinal metastasis is mainly 

palliative and it involves pain-reducing opioids, chemothera-

py or radiotherapy. However, the indications of surgical treat-

ment are becoming clearer. These include mechanical insta-

bility, signif icant neural compression, radioresistant 

metastatic tumors such as lung, colon or hepatobiliary and 

intractable back pain unresponsive to nonoperative treat-

ments including opioids.

Although spine metastases involving the epidural compres-

sion should be operated on if possible, less invasive surgical 

procedures with low morbidity are extremely important treat-

ment options in patients with a limited life expectancy.

Bone cement-augmentation procedures such as vertebro-

plasty or balloon kyphoplasty have been demonstrated to pro-

vide sufficient relief of intractable cancer related pain even in 

pathologic fractures showing epidural invasion5,12). However 

the injection of cement into the vertebral body usually has a 

limited role for mechanical support. They are usually not ef-

fective for the treatment of unstable spinal metastasis that ex-

tends into posterior elements such as pedicle or facet joint.

In such cases, application of rigid posterior instrumentation 

is usually needed to stabilize the spine due to cancer-related 

gross instability.

However, an extensive open surgery is not suitable for most 

patients with spinal metastasis in light of their limited life ex-

pectancy, because it carries high risk of complications and re-

quires a long time to stabilize.

This series examined a minimally invasive surgery for pa-

tients with malignant spinal metastasis. The application of 

bone cement-augmented percutaneous screw fixation provid-

ed adequate pain relief and reliable support of the anterior and 

posterior elements in the cases that involved both anterior and 

posterior elements.

In patients with spinal metastasis, Kim et al.7) reported on 

less invasive palliative surgery using percutaneous screw fixa-

A B C D E

Fig. 2. Neuroimaging studies obtained in a patient with colon cancer that metastasized to the L2 level. A and B : Enhanced T1-weighted sagittal and 
axial images show significant involvement of posterior elements with epidural compression of thecal sac. C : Computed tomography scan reveals 
destruction of the right L2 pedicle. D and E : Simple radiographs taken at 1 month after bone cement-augmented percutaneous short segment fixation 
demonstrate the three level stabilization.

A B C D

Fig. 3. Neuroimaging studies obtained in a patient with adenocarcinoma of lung that metastasized to the T11 level. A and B : T2- weighted sagittal 
image and computed tomography scan reveal severe cord compression and destruction of vertebral body and right pedicle at T11. C and D : Simple 
radiographs taken at 1 month after bone cement-augmented percutaneous short segment fixation show the three level stabilization.
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tion with vertebroplasty in 16 patients. The pain intensity and 

functional status were significantly improved without evident 

cement leakage causing spinal cord compression. Tancioni et 

al.13) treated 25 patients with metastatic epidural spinal cord 

compression with a combination of decompressive laminecto-

my and percutaneous instrumentation of screws. Significant 

pain relief and improved neurological function were also 

achieved during survival. 

In our series, we inserted percutaneous screws one level 

above, one level below, and at the collapsed level itself. In the 

three patients who required mini-open decompressive lami-

nectomy for spinal cord compression involving the unilateral 

pedicle, percutaneous screw fixation was performed through 

the intact contralateral pedicle.

Most cancer patients are elderly and they usually have severe 

osteoporosis and poor bone quality, especially in the setting of 

spinal metastasis. Bone cement-augmented screw fixation has 

been shown in biomechanical and clinical studies to provide 

increased pullout loads in the osteoporotic spine3,11).
Most patients in our series do not tolerate long level fixa-

tion via traditional open surgery. They all had poor bone 

quality, vertebral collapse with tumor cell infiltration, and a 

predicted survival period of less than one year. Screw rein-

forcement using bone cement appeared to be a safe method 

to minimize pedicle screw stress through anterior support 

and an effective treatment to achieve pain relief to tumor-in-

filtrated bone. Moreover, bone cement injection into spine 

tumors can be used to relieve severe pain by mechanical sta-

bilization of bone, destruction of sensitive nerves, and necro-

sis of tumor cells8,9).
Most of the patients in our series required adjuvant radio-

therapy or chemotherapy, and the advantage of this minimal 

invasive surgery via a small incision was that it did not influ-

ence the early initiation of postoperative adjuvant therapies.

However, in spite of our acceptable clinical outcome, the 

present study has some limitations. First, due to its rarity, we 

could only confirm our results in this rather small group of 14 

patients who had malignant spinal metastasis.

Second, careful injection of bone cement is necessary be-

cause screw loosening and epidural cement leakage or retro-

pulsion of tumor may occur more frequently in patients with 

osteoporotic spine or a highly vascular tumor.

CONCLUSION

Bone cement-augmented percutaneous screw fixation can 

be an alternative treatment to open surgery for selected pa-

tients with spinal metastasis.

Although temporary, it can improve quality of life by stabi-

lizing both the anterior and posterior elements during survival.
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