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rates21). For these reasons, minimally invasive techniques have 
become increasingly popular in spinal metastatic patients. 

In the literature, many authors have used minimally invasive 
techniques in an effort to decrease the rate of complications of 
open surgical method. Firstly, some investigator have tried verte-
broplasty (VP) for potentially collapsed or fragile vertebral body 
augmentation. However, this procedure may not be indicated if 
there is concern of cement leakage or tumor retropulsion. Al-
thought other surgeons have reported their surgical techniques 
using mini-open surgery with percutaneous instrumentation, 
they were relatively less invasive for obvious collapsed and cord 
compression in spinal metastasis8,16,17,23).

In this retrospective study, we present preliminary clinical re-

Introduction

The primary surgical goal for spinal metastasis is usually pain 
relief and preservation of ambulatory functions1). In the last two 
decades, developments of surgical methods have resulted in im-
proved outcomes of postoperative quality of life. Direct decom-
pressive surgery followed by radiotherapy (RT) is reportedly su-
perior to RT alone for ambulatory function and survival3). This 
landmark study, along with subsequent studies showing a bene-
fit to patient quality of life and cost-effectiveness with surgery, 
provide strong evidence for a paradigm shift in the management 
of metastatic epidural spinal disease5,9,18). However, conventional 
open surgeries are associated with high morbidity and mortality 
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sults of percutaneous pedicle screw fixation for impending in-
stability in thoraco-lumbar and lumbar spine metastasis.

 
Materials and methods

Patients’ selection 
This is a retrospective study using the medical charts of patients 

harboring lumbar spinal metastases, who underwent surgery. 
From June 2010 to December 2012, 12 patients underwent per-
cutaneous pedicle screw fixation for spinal metastasis involving 
the lumbar spine, at a single center by three surgeons (two neuro-
surgeons and one orthopedic surgeon). All of the patients were 
older than 18 years of age. The patients had single or two level le-
sions involving T11 to L5, and compression fracture or impend-
ing fracture invading 50% of the vertebral body. They were allo-
cated to the palliative surgery group by using a prognostic scoring 
system. The patients were considered to have a life expectancy 
of more than 3 months according to the medical oncologist. Ex-
clusion criteria were metastasis showing poor general condition 
or definite epidural compression with severe neurological defi-
cites including paraplegia and bladder/bowel symptom. 

Preoperative work-up included routine laboratory test, plain 
X-ray, computed tomography (CT), and magnetic resonance im-
aging (MRI). For the assessment of tumor spread, Tomita scor-
ing system was used (Table 1)20). This is the prevalent prognostic 
scoring system, which primarily considers tumor type, visceral 
metastases, and bone metastases. The revised Tokuhashi scor-
ing system was also used; the Tokuhashi score has 2 additional 
considerations, performance status and spinal cord palsy (Table 
2)19). Spinal instability neoplastic score (SINS) system was used 
for the assessment of spinal instability (Table 3)6). The overall 
SINS scores of 0–6, 7–12, and 13–18 corresponded to stable, po-
tentially unstable, and unstable spines, respectively.

Surgical procedure
The goal of surgery was to stabilize the motion segment and/or 

realign the spinal column, according to the needs of individual 
patients. Usually, spinal segments from one level above and be-
low the pathology were stabilized by a percutaneous pedicle screw 
using CD Horizon Sextant System or Longitude System (Medtron-
ics, Minneapolis, MN, USA). The patient was placed in a prone 
position on a radiolucent table. Pedicles were cannulated using 
a Jamshidi needle under fluoroscopic guidance. K-wires were 
inserted down the center of needles, in which all other instruments 
were safely passed into the pedicle and vertebral body. The ped-
icle screws were advanced over the K-wires under fluoroscopic 
guidance via small stab incisions. Once the pedicle screws and 
screw extensions were placed, rods were passed through small 
stab incisions into the screw heads through channels in the exten-
sions. Once appropriately positioned, the construct was tightened 
to provide rigid internal fixation. Adjuvant treatments consisted 
of RT and various systemic chemotherapies according to prima-
ry pathology, disease status, and preoperative treatment.

Table 1. Tomita scoring system for the prognosis of metastatic spine 
tumors

Prognostic factors Score
Primary tumor

Slow growth (breast, thyroid, etc.) 1
Moderate growth (kidney, uterus, etc.) 2
Rapid growth (lung, stomach, etc.) 4

Visceral metastases
None 0
Treatable 2
Untreatable 4

Bone metastases*
Solitary or isolated 1
Multiple 2

Total score (TS) 2–3 : wide or marginal excision, TS 4–5 : marginal or intralesion-
al excision, TS 6–7 : palliative surgery, TS 8–10 : nonoperative supportive care. 
*Bone metastases including spinal metastases

Table 2. Revised Tokuhashi scoring system for the prognosis of meta-
static spine tumors

Variable Score
General condition (performance status)*

Poor (10–40%) 0
Moderate (50–70%) 1
Good (80–100%) 2

No. extrapinal bone metastasis foci
≥3 0
1–2 1
0 2

No. of metastases in the vertebral bodies
≥3 0
2 1
1 2

Metastases to the major internal organs
Unremovable 0
Removable 1
No metastases 2

Primary site of the cancer
Lung, osteosarcoma, stomach, bladder, oesophagus, pancreas 0
Liver, gallbladder, unidentified 1
Others 2
Kidney, uterus 3
Rectum 4
Thyroid, breast, prostate, carcinoid tumour 5

Palsy
Complete (Frankel A, B) 0
Incomplete (Frankel C, D) 1
None (Frankel E) 2

Criteria of predicted prognosis. Total score (TS) 0–8 : less than 6 mon, TS 9–11 : 
6–12 mon, TS 12–15 : greater than 1 year. Recommendation : TS ≥9, radical tu-
mor resection, TS ≤5, palliative treatment. *Performance status according to Kar-
nofsky
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Follow up assessment
Data on operative time, blood loss, length of hospital stay, and 

complications were collected during hospitalization. All patients 
underwent postoperative X-ray to check abnormal screw place-
ment. All intraoperative complications and those that occurred 
within the first 30 days postoperatively were considered as early 
complications. Perioperative mortality was defined as death within 
30 days after surgery. The primary outcome in this study was 
improvement of pain and preservation of ambulation function. 
Patients were assessed for neurological deficit preoperatively and 
post-operatively at discharge and every month after discharge, 
using a visual analog scale (VAS) score and Frankel scale (A–E). In 
order to account for the nonlinear relationship in pain progression, 
as previously described, we defined VAS score of 1–4 as mild, 5–7 
as moderate, and 8–10 as severe pain. Performance status was 
evaluated as secondary outcome, and it was assessed using the 
Eastern Cooperative Oncology Group (ECOG) scale (Table 4). 

Statistical analyses
For investigation of the baseline characteristics of patients, de-

scriptive statistics were used. Comparison of the pain score be-
tween preoperative and postoperative status was analyzed by 
Wilcoxon signed rank test. Ambulation time and survival time 
were analyzed by using Kaplan-Meier method. Statistical analyses 
were performed using IBM SPSS 21.0 statistical software (IBM 
Corp., Armonk, NY, USA). A probability value of less than 0.05 
was accepted as statistically significant. 

Results

Patients’ demographics
Twelve patients (nine men, three women; 27–70 years of age, me-

dian 54.29 years) underwent percutaneous pedicle screw fixa-
tion of the thoraco-lumbar and lumbar spine. The mean follow-
up duration was 222.75±171.6 days (range, 46–546 days) after 
surgery. Baseline characteristics of patients are recorded in Table 
5. Most of the patients presented with back pain with/without ra-
dicular pain except one patient with intractable pain and para-
paresis due to spinal metastasis on T12. Various primary can-
cers were metastasized to the spine. Common pathologies were 
hepatocellular carcinoma in six cases. Lung cancer and renal 
cell carcinoma followed as in two cases respectively. There was 
one case each of prostate cancer, and breast cancer. According 
to Tomita classification, all of the spine metastases were type 4 
or higher. Applying Tomita score system, ten patients had a To-
mita score >5, and seven patients had a score >7. Applying revised 
Tokuhashi score system, eight patients were expected to survive 
<6 months (Tokuhashi score <9). According to SINS-criteria, all 
of patients were deemed unstable (2 out of 12 patients) or poten-
tially unstable (10 out of 12 patients). As initial treatment modali-
ties, RT was performed in six patients preoperatively. One patient 
received VP at the metastatic level 3 month before surgery.

Operative data
Operative data including estimated blood loss and surgical 

times are shown in Table 6. Although more than half of the pa-
tients (8/12, 66.7%) had multiple metastases, ten patients had 
one metastatic lesion at the lumbar spine. Two patient having 
two thoracolumbar or lumbar lesions. In ten patients, 2 level 
lumbar pedicle screw fixation were performed above and below 

Table 4. The Eastern Cooperative Oncology Group performance status 
grades

Grade Description
0 Fully active, able to carry on all predisease performance 

without restriction
1 Restricted in physically strenuous activity but ambulatory and 

able to perform light work
2 Ambulatory and capable of all self-care but unable to perform 

work activities (bedridden less than 50% of the time)
3 Capable of only limited self-care (bedridden more than 50% 

of the time)
4 Completely disabled, not capable of any self-care (bedridden 

100% of the time)

Table 3. Spine instability neoplastic score (SINS)

SINS component Score
Location

Junctional (occiput–C2, C7–T2, T11–L1, L5–S1) 3
Mobile spine (C3–6, L2–4) 2
Semirigid (T3–10) 1
Rigid (S2–5) 0

Pain*
Yes 3
Occasional pain but not mechanical 2
Pain-free lesion 0

Bone lesion
Lytic 2
Mixed (lytic/blastic) 1
Blastic 0

Spinal alignment
Subluxation/translation present 4
De novo deformity (kyphosis/scoliosis) 2
Normal alignment 0

Vertebral body collapse
>50% collapse 3
<50% collapse 2
No collapse with >50% body involved 1
None of the above 0

Posterolateral involvement of the spinal elementsy†

Bilateral 3
Unilateral 1
None of the above 0

Criteria of instability. Total score (TS) 0–6 : stable spine, TS 7–12 : potential unsta-
ble spine, TS 13–18 : unstable spine. Recommendation : TS ≥7, consider surgical 
intervention. *Pain improvement with recumbency and/or pain with movement/
loading of the spine, †Facet, pedicle, or costovertebral joint fracture or replacement 
with tumor
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metastatic lesion site. In two patients, 3 level pedicle screw fixa-
tion were used. One patient (case 12) underwent VP at T12, L1, 
and L5 during the same operation simultaneously. In another case, 
two screw fixations on L4 were converted to open method us-
ing paramedian incision due to deep position. Mean operation 
time was 71.9 minutes (range, 55–99 minutes), and mean blood 
loss was 72.5 mL (range, 20–100 mL). 

There have been no technical issues with the surgical proce-
dures and no surgical complications. On postoperative CT, there 
is no cortex breach and spinal canal or neural foramen invasion. 
However, one patient developed transient dorsiflexion weakness 
of big toe after surgery, which resolved completely in 4 weeks 
using steroid. None of the patients required blood transfusion 
or admission to the Intensive care unit. Postoperative RT was 
performed in six patients including three patients who under-
went RT before surgery. RT was initiated between postoperative 
5–10 days. As a result, eleven patients underwent RT at pre and/

or postoperative period except on patient with prostate cancer 
who was managed with hormone therapy.

Clinical results
Most of the patients (11/12, 91.8%) had reduced pain after sur-

gery (Table 7). Of these eleven patients, three patients became 
pain-free. Comparison of pain before and after surgery showed 
significant improvement (p=0.03). Average pre- and post-opera-
tive VAS scores for the cohort were 8.0 and 2.75 respectively. The 
pain decreased by more than 33% in 91.6% (11/12) of patients 
and by greater than 66% in 58.3% (7/12) of patients. More than 
half the patients (7/12) maintained improved VAS score for back 
pain until the last follow-up. Before surgery, ten patients had am-
bulatory ability whether mild neurologic symptom was apparent 
or not. All of these patients preserved ambulatory function af-
ter surgery, although one patient (case 5) changed from Frankel 
scale E to D. Another patient (case 2) who was unable to walk be-

Table 6. Surgical result of 12 patients enrolled in the study

No. Pathology Level of 
lesion

Level of 
fixation

System 
type

Additional 
procedure

OP time
(min)

EBL
(mL)

Perioperative 
complication

Hospital 
stay (days)

Ambulation 
(days)

1 Liver L5 L4, S1 Sextant 58 100 Transient 
weakness

3 162

2 Kidney L5 L4, S1 Sextant 86 50 13 310
3 Liver L3, 4 L2, L5 Sextant 73 100 14 62
4 Liver L3 L2, L4 Sextant 65 30 10 30
5 Lung L2 L1, L3 Sextant 68 20 11 97
6 Prostate L5 L4, S1 Sextant Miniopen 

screw (L4)
99 100 9 546

7 Kidney T12 T11, L1 Sextant 56 100 11 0
8 Liver L5 L4, S1 Sextant 53 50 14 34
9 Lung T11, L1 T10, T12, L2 Longitude 93 100 7 38

10 Liver L3 L2, L4 Sextant 55 20 9 402
11 Liver L5 L4, S1 Sextant 67 100 Would problem 8 74
12 Breast L3 L1, L2, L4 Longitude VP (T12, L5) 90 100 6 267

VP : vertebroplasty, OP : operation, EBL : estamated blood loss

Table 5. Baseline characteristics of 12 patients enrolled in the study

No. Sex Age Pathology Symptoms Lesion 
level

Tomita 
class

Tomita 
score

Tokuhashi 
score SINS RT Follow up 

(days) Death

1 M 44 Liver BP, RP L5 5 6 10 11 Post 180 Dead
2 M 57 Kidney BP, RP L5 4 8 8 10 Pre-post 501 Dead
3 M 56 Liver BP L3, 4 7 10 3 9 Post 101 Dead 
4 F 70 Liver BP L3 7 6 8 12 Post 65 Dead
5 M 66 Lung BP, RP L2 5 10 4 13 Pre-post 176 Dead
6 M 68 Prostate BP, RP L5 7 3 9 13 None 546 Alive
7 M 55 Kidney BP, weakness T12 6 5 8 12 Pre 164 Dead
8 M 57 Liver BP, RP L5 7 6 6 10 Pre 72 Dead
9 M 67 Lung BP T11, L1 7 10 5 11 Pre-post 46 F/U loss

10 M 41 Liver BP, RP L3 4 5 10 9 Pre 402 Alive
11 F 27 Liver BP L5 7 10 4 10 Pre 145 Dead
12 F 51 Breast BP L3 7 7 9 10 Pre 275 Dead

BP : back pain, RP : radicular pain, RT : radiotherapy, SINS : spinal instability neoplastic score, F/U : follow-up
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fore surgery improved ambulatory function after surgery (Fig. 1). 
In ECOG performance scores, four patients (33.3%) were ECOG 
2, six (50%) were ECOG 3 and two (16.7%) were ECOG 4. In all 

of patients, the ECOG either improved or remained unchanged 
postoperatively. Specifically, no change between the pre- and 
post-operative ECOG scores was found for one patient. Eight 

Table 7. Pain severity and neurologic status before, after surgery and last follow up

No.
VAS score Frankel scale ECOG performance status

Preoperative Postoperative Last F/U Preoperative Postoperative Last F/U Preoperative Postoperative Last F/U
1 8 2 2 E D C 2 1 3
2 7 7 7 D D C 3 3 3
3 9 7 7 C D D 2 1 1
4 6 2 2 E E C 2 1 3
5 10 3 3 D D B 3 2 4
6 7 0 0 D D E 3 1 0
7 10 2 4 B B B 4 3 3
8 7 0 2 D D D 2 1 1
9 5 0 7 D E C 3 1 4

10 10 5 5 D E E 3 2 2
11 10 2 5 D D C 4 2 3
12 7 3 3 E E E 3 2 2

VAS : visual analogue scale, ECOG : Eastern Cooperative Oncology Group

A

E

B

F

C

G

D

Fig. 1. A 57-year-old man with intractable back pain and radiculopathy due to spinal metastasis from renal cell carcinoma. A and B : Preoperative 
plain X-ray and sagittal reconstruction lumbar spine computed tomography reveals an osteolytic lesion of L5 body and compression fracture. C and D : 
Preoperative axial and sagittal T2 weighted magnetic resonance (MR) imaging show metastatic tumor with mild epidural compression. E : Follow-
up plain X-ray 6 month after percutaneous screw fixation and radiation theraphy shows no further vertebral collapse canal compromise. F and G : 
Follw-up axial and sagittal T2 weighted MR imaging show the improvement of epidural compression. 
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patients experienced an improvement in their ECOG score by 
one-grade, while three patients experienced an improvement of 
two-grades. 

Mean ambulation start date was 3.67±1.58 days after surgery 
(range, 2–7 days) except for one patient who was unable to walk 
before surgery. This non-ambulatory patient was capable of wheel-
chair ambulation 4 days and could walk 8 days after surgery. 
The mean ambulation time was 196.9±56.5 days [95% confi-
dence interval (CI), 86.2–307.6 days; median, 97 days]. During 
follow-up, nine patients died and the mean overall survival time 
in enrolled twelve patients was 249.9±53.3 days (95% CI, 145.3–
354.4 days; median, 176 days) (Fig. 2). 

Discussion

The treatment strategy for metastatic spinal tumors are most 
often palliative rather than curative, due to the short life expec-
tancy of most spinal cancer patients2). The main aims of surgery 
are pain control, functional preservation, and restoration of sta-
bility. A previous study reported that operative treatment of symp-
tomatic spinal metastases in patients with good general health 
status improves quality of life4). However, conventional surgery 
is anticipated to involve massive blood loss during surgery and 
have many risks including excessive muscle manipulations and 
visceral and neurovascular injury. For these reasons, various 
minimally invasive surgical techniques including VP, endoscopy-
assisted surgery, and mini-open surgery have been introduced 
and shown to have acceptable clinical outcomes in metastatic 
spine tumor11,12,23).

In metastatic spinal fracture, VP already showed a benefit for 
pain reduction. Additionally, VP are able to augment an unstable 
vertebral body7,15). However, this procedure may not be indicated 
if there is concern of cement leakage or tumor retropulsion. There-
fore, VP for metastatic spinal compression fracture requires me-
ticulous patient selection. In our experience, percutaneous ce-
ment augmentation does not seem to relieve the radicular pain 
caused by mechanical instability with spinal metastases. If there 
already is a vertebral collapse, like in case 4 who was previously 
treated by VP, cement augmentation has a limited role for me-
chanical supporting of metastatic instability. Although the ce-
ment is injected into the vertebral body and thus adequately sta-
bilizes it, it is not injected into the pedicle or the joint and does 
not stabilize the posterior elements. 

Our surgical procedure consists of percutaneous and minimal-
ly invasive technique such as VP or kyphoplasty. The goal of per-
cutaneous posterior instrumentation is to stabilize the spinal 
column in order to prevent pressure on vertebral body and the 
nerve root, and to ultimately provide palliation of back pain and 
radicular pain. Due to the rather simple surgical procedure, the 
operation time is short and there is less blood loss. These factors 
enable early ambulation and short hospitalization, as well as a 
low complication rate. In addition, the skin incision is small and 
there is less muscular dissection compared to open surgery. These 
attributes permit early wound healing, less wound complication, 
and early initiation of RT. 

Among various adjuvant treatment modalities, RT is the most 
commonly used treatment. However, recent studies demonstrat-
ed the possibility of vertebral collapse after RT or stereotactic ra-
diosurgery3,14). In the cases with a high risk of vertebral collapse 
and impending or overt vertebral collapse, our technique would 
be performed with RT or stereotactic radiosurgery to prevent col-
lapse or some restoration of vertebral body height. Recently pub-
lished data showed some restoration of sagittal angle after per-
cutaneous pedicle screw fixation10). Although the surgical results 
of decompressive surgery followed by RT was superior to those 
of RT alone in a randomized prospective study, this option gen-
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erally indicates only 10–15% of metastatic spinal cord compres-
sion13). In addition, lumbar region is more tolerable to epidural 
compression than thoracic region. In cases of breast and prostate 
cancer having effective adjuvant therapies, palliative surgery may 
play an important role in the stability22). 

Even though all of our patients did not undergo open surgery, 
significant pain reduction (91.7%, 11/12) and functional preser-
vation (100%, 11/11) were achieved. Stability was gained from ped-
icle screw fixation along with RT assisting pain reduction for me-
tastasis-originated instability. Most of the patients had preserved 
ambulatory function after surgery. This was partly helped by pain 
reduction and regained stability. Especially, a preoperative non-
ambulatory patient (case 3) was capable of ambulation after sur-
gery, perhaps due to significant reduction of mechanical back 
pain and radicular pain. We postulate that most patients were not 
debilitated by neurologic dysfunction, but rather incapacitated 
by pain caused by mechanical radiculopathy due to spinal insta-
bility. This improvement in functional capacity supports that sur-
gical intervention is a reasonable option for pain management 
in patients with mechanical radiculopathy secondary to metastatic 
disease.

In our study, survival after surgery varied widely. This was 
partly due to various primary pathologies and limited number 
of patients. Considering that most of our patients were advanced 
cases, the survival periods were comparable to the other pallia-
tive surgery study. In addition, our study showed considerable 
amount of ambulation time during follow-up period. Although 
patient have poor prognosis according to prognostic scoring sys-
tems, percutaneous pedicle screw fixation with radiation thera-
py would help to improve survival as well as pain and neurologic 
status.

Our preliminary results have demonstrated that the procedure 
can be safely performed. Even though the study period was short, 
there were no intervention-related complications and instrumen-
tation failure until the last follow-up. A proper comparative eval-
uation with larger series of the patients will be required to defini-
tively compare the results of our technique with other open and 
minimally invasive procedures in the patients with metastatic 
spinal tumors.

 
Conclusion

A minimally invasive technique using percutaneous pedicle 
screw fixation would be a good alternative treatment option for 
impending instability or instability caused by metastasis, espe-
cially when considering RT. 

Other intensive treatment including chemotherapy and hor-
mone therapy as well as surgery would improve patient’s quality 
of life in terms of pain and ambulatory function. Furthermore, 
the decrease in functional performance these patients experience 
appears to be secondary to pain, rather than true neurological 
dysfunction.
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