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Study Design: Retrospective study.
Purpose: To investigate the incidence of symptomatic and asymptomatic implant failure in spinal metastasis surgery and identify 
potential risk factors.
Overview of Literature: Surgical stabilization with instrumentation is an established method for the treatment of spinal metastasis. 
However, very few studies have investigated the incidence and risk factors for implant failure after spinal instrumentation surgery for 
the treatment of spinal metastasis.
Methods: This study recruited 88 patients who received surgical stabilization with instrumentation for the treatment of spinal metas-
tasis. Their medical records and postoperative X-rays were reviewed for evidence of implant failure. Statistical analysis with logistic 
regression was performed to assess nine potential risk factors for the development of implant failure, including patient’s age at op-
eration, gender, survival, primary tumor, spinal level involved, construct length, decompression levels, fusion material utilization, and 
radiotherapy application either before or after surgery, to identify potential contributing risk factors.
Results: Implant failure was identified in nine out of 88 cases (10.2%) with two cases requiring implant removal: one case included 
a progressive kyphosis that resulted in nonhealing sore and the other involved a deep-seated wound infection that spread to the im-
plants. Another case required wound debridement due to superficial wound infection. The remaining six cases were asymptomatic, 
despite postoperative X-rays demonstrating evidence of implant failure. No patient required implant revision. Logistic regression 
analysis demonstrated that patients who received radiotherapy either before or after surgery were less likely to develop implant fail-
ure.
Conclusions: The development of radiological implant failure following surgical treatment of spinal metastasis is common. However, 
symptomatic implant failure leading to revision surgery is uncommon. Our findings suggest that radiotherapy, either before or after 
spinal surgery, is not associated with the development of implant failure.
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Introduction

The most common site for skeletal metastasis is the spinal 

column [1], and treatment options include analgesics, ra-
diotherapy, chemotherapy, hormonal therapy, and surgery 
[2]. Decompression and surgical stabilization with in-
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strumentation is an established method for the treatment 
of spinal metastasis [3]. Different surgical strategies have 
been proposed, including decompression with stabiliza-
tion, with or without an attempt to remove or reconstruct 
the whole tumor bulk (en bloc resection) [4]. The advent 
of stereotactic radiosurgery makes the delivery of high-
dose radiation to a confined volume of tumor tissue pos-
sible [5], which led to the introduction of “separation 
surgery,” aiming to separate the spinal cord from the tu-
mor tissue with stability provided solely by the posterior 
instrumentation, while the tumor bulk is controlled by 
high-dose radiation rather than surgical removal [6].

In instrumented fusion for the treatment of nonmeta-
static conditions of the spine, fusion materials in the form 
of artificial or autologous bone graft are frequently used 
to achieve long-term fusion to prevent the development 
of implant failure, deformity, or pain [7]. However, in the 
surgical treatment of spinal metastasis, the use of fusion 
materials is optional, as patients with spinal metastasis of-
ten have a limited life expectancy and implant failure may 
not develop within their remaining lifespan [8,9].

Studies in the literature regarding implant failure after 
surgical stabilization of spinal metastasis are limited [10-
15]; therefore, this study aims to investigate the incidence 
of implant failure after surgical stabilization of spinal me-
tastasis with spinal instrumentation and analyze the po-
tential risk factors in the development of implant failure.

Materials and Methods

1. Participants

This study recruited 88 patients who received surgical sta-
bilization with instrumentation for spinal metastasis from 
malignant tumor at the orthopedic unit of the Prince of 
Wales Hospital, Hong Kong from 2007 to 2017. The study 
was approved by the ethics review board of the Joint New 
Territories East Cluster/Chinese University of Hong Kong 
Ethics Committee (reference number: 2019.620). Only 
cases with at least one postoperative X-ray were included 
in the study. The spinal levels affected by metastasis 
ranged from the C2 level down to L5. In some patients, 
there were multiple levels of metastasis across or within 
the cervical, thoracic, or lumbar spine, requiring long-
segment stabilization. Table 1 presents the levels of spinal 
involvement and the approaches used.

In addition to the patient’s demographic data, survival 

time, primary tumor type, spinal involvement levels, and 
fusion material use were also identified. The following po-
tential contributing factors to the development of implant 
failure after spinal metastasis surgery were examined 
(Table 2).

1) Construction length
It is defined as the number of spinal levels the implants 
spanned across the whole construct. For example, a pa-
tient with cervical spinal metastasis who had a corpec-
tomy at C6 with reconstruction of the C6 vertebral body, 
with a cage and anterior cervical plate stabilization and 
screw fixation at the C5 and C7 levels, has a construct 
length of three spinal levels. A patient with spinal metas-
tasis at the T7 level with decompression and posterior spi-
nal fusion with pedicle screws and rod fixation at T5, T6, 
T8, and T9 levels is regarded as having a construct length 
of five spinal levels.

2) Decompression
A patient who received corpectomy at C6 with plate fixa-

Table 1. Levels of spinal involvement and surgical approaches

Spinal levels Anterior 
approach

Posterior 
approach

Posterior 
approach with 

additional 
anterior 
support

Total 
no. of 

patients

Cervical 8 9 0 17

Cervical+thoracic 0 1 0 1

Thoracic 5 34 7 46

Thoracic+lumbar 0 5 0 5

Lumbar 2 16 1 19

Table 2. Potential contributing factors for the development of implant failure

Variable Value

Construct length (spinal levels)    5.29 (range, 3–15)

Decompression level 1.14 (range, 0–3)

Use of fusion materials

Yes 35

No 53

Radiotherapy before or after operation

Yes 84

No   4

Values are presented as average (range) or number.
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tion that spanned across C5 and C7 is regarded as having 
a single-level decompression. A patient with metastasis at 
the T7 and T8 levels, with laminectomy across T7 and T8 
and posterior spinal fusion from T5 to T10, is regarded 
as having a two-level decompression. Most of the patients 
who received surgery had decompression procedures in 
addition to stabilization. However, some patients received 
prophylactic stabilization due to spinal instability before 
they developed cord compression. In these patients, no 
decompression procedure was performed.

3) Radiotherapy (either before or after the spinal operation)
All of the patients included in the study had postoperative 
radiographs taken. Some of them also had cross-sectional 
imaging, including computed tomography (CT) of the 
thorax and abdomen or a positron emission tomography 
scan for systemic staging or follow-up of the tumor. Im-
aging studies of all patients were reviewed for evidence 
of implant failure defined as follows: (1) displacement of 
implant position, such as cage subsidence or screws pulled 
out; (2) change in spinal alignment, with an increase in 
sagittal angulation of the construct by more than 5° [10]; 
(3) signs of implant loosening, such as development of 
halos around the screws; and (4) implant breakage.

For those patients who developed radiographic fea-
tures of implant failure, their medical records were also 
reviewed to determine whether they had developed any 
symptoms and whether revision surgery was required.

2. Statistical analysis

Nine potential risk factors for the development of implant 
failure after spinal metastasis surgery were analyzed: age 
at operation, survival time after surgery, gender, primary 
tumor, level of spinal metastasis, construct length, number 
of spinal level decompression, use of fusion material, and 
use of radiotherapy either before or after the operation.

The “primary tumor” variable included 19 different 
types, with some tumor types only appearing in a single 
patient. To facilitate statistical analysis, the tumor types 
were stratified into three categories: slow growth, moder-
ate growth, and rapid growth (Table 3). The stratification 
was based on the scoring systems of the Tomita Score 
and the Katagiri Score [16,17]. For example, nasopharyn-
geal cancer is a common tumor in Hong Kong and was 
stratified as a slow-growth tumor in accordance with the 
recommendation made by a locally published paper on 

the predictive value of the modified Tokuhashi score in a 
Southern Chinese population [18].

The level of spinal metastasis was also stratified into 
three categories in accordance with the Spinal Instabil-
ity Neoplastic Score: semirigid spine, mobile spine, and 
junctional region (Table 4) [19]. In patients with multiple 
levels of spinal involvement, the spinal level subjected to 
the highest stress was chosen for analysis. For example, a 
patient with simultaneous metastatic involvement of T9 
and T12 was regarded as having metastasis in the junc-
tional region rather than a semirigid spine.

Table 3. Stratification of primary tumors

Tumor stratification and subtypes No. of patients

Slow growth

Breast 17

Prostate 9

Thyroid 2

Myeloma 8

Lymphoma 1

Plasmacytoma 4

Nasopharyngeal carcinoma 2

Subtotal 43

Moderate growth

Kidney 4

Uterus 1

Colorectal 3

Subtotal 8

Rapid growth

Lung 25

Stomach 1

Bladder 1

Sarcoma 4

Uterine cervix 2

Unknown tumor 4

Subtotal 37

Table 4. Stratification of levels of spinal metastasis

Variable No. of patients

Semi-rigid spine (T3–10) 35

Mobile spine (C3–6, L2–4) 22

Junctional region (C0–2, C7–T2, T11–L1, L5–S1) 31
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Statistical analysis with “logistic regression” was made 
using IBM SPSS Statistics software ver. 25.0 (IBM Corp., 
Armonk, NY, USA), with the development of implant fail-
ure as the dependent variable and the nine potential risk 
factors as independent variables. The strength of relation-
ship was decided by odds ratio. A two-sided p-value of 
≤0.05 was considered statistically significant.

Seven patients remained alive at the time of data re-
trieval on September 13, 2019. In the statistical analysis 
of survival time as an independent variable, these seven 
patients’ survival periods were counted from the time of 
their index operation to September 13, 2019.

Results

There were 45 male and 43 female patients. The average 
age of the patients at the time of operation was 57.3 years 
old. Seven of 88 patients survived at the time of data re-
trieval on September 13, 2019. The median survival time 
for those patients who had passed away at the time of data 
retrieval was 17.2 months (range, 1–115.8 months) (Table 
5). Four patients’ primary tumors were not identified, de-
spite attempts at primary tumor workup and histological 
assessment of surgical specimens obtained during spinal 
surgery. The remaining 84 patients had one of 19 different 
primary tumors (Table 3).

An anterior surgical approach was performed in 19 
patients, with eight cases involving the subaxial cervi-
cal spine. A standard Smith-Robinson method was used 
in the anterior approach to the cervical spine. After re-
moval of the tumor, a metal mesh cage was inserted to 
reconstruct the vertebral body, and an anterior cervical 
plate was added, spanning one spinal level above and one 

below. Two cases of T1 tumor were also treated using the 
Smith-Robinson approach, with one case requiring ma-
nubriotomy for exposure. There were three cases of mid- 
to lower thoracic tumor (T5, T6, and T10 levels), treated 
using the anterior transthoracic approach. An anterior 
retroperitoneal approach was used for two cases of tumor 
involvement of the lumbar spine at L4 and L5, respec-
tively. In the seven cases of thoracicolumbar spinal tumor 
with anterior exposure, a metal mesh cage was used to re-
construct the vertebra without additional anterior plating 
or posterior stabilization.

A posterior-only stabilization was used in 65 cases. 
There were three cases of occipital-cervical fusion with 
occipital plate and cervical spine pedicle screws and rods 
used. Pedicle screws with rods construct were also used in 
all of the remaining cases of posterior spinal fusion in the 
thoracic and lumbar spine, except in one patient who had 
surgery in 2007 in which a hybrid construct with Wiscon-
sin wire in the upper thoracic spine and pedicle screws in 
the lumbar spine was used.

In eight patients with tumor located at the thoracic or 
lumbar spine who received posterior stabilization, an ad-
ditional anterior support was given. Pedicle screws and 
rod constructs were made, spanning two vertebrae above 
and below the tumor. The tumor was removed posteriorly 
through a costotransversectomy, and a metal mesh cage 
was inserted posteriorly to reconstruct the vertebra. 

In total, 63 patients with tumor involvement at the tho-
racic and lumbar spine received posterior stabilization, 
with eight cases having an additional anterior support. Fu-
sion materials in the form of autologous or artificial bone 
substitute were used in those cases with anterior support 
using a metal mesh cage. The use of fusion materials in 
posterior-only stabilization cases was decided at the dis-
cretion of the operating surgeon. Overall, fusion materials 
were used in 35 patients and 53 patients underwent non-
fusion instrumented surgery.

Among the 88 patients, nine patients (10.2%) developed 
radiographic features of implant failure, with three pa-
tients surviving at the time of data retrieval on September 
13, 2019. Among the nine cases, two cases had progressive 
kyphosis and three cases demonstrated cage subsidence. 
The remaining four cases had halos around the screws. 
There was no case of implant breakage. Table 6 presents 
the details of the nine patients who developed implant 
failure. Three patients required additional surgery. The 
first patient developed progressive kyphosis, resulting in 

Table 5. Patients’ demographics

Variable Value

Total no. of patients 88

Mean age at operation (yr) 57.3±10.6

Gender

Male 45

Female 43

Deceased within the study period 81 (93.1)

Median survival for the deceased cases (mo) 17.2 (range, 1–115.8)

Values are presented as number, mean±standard deviation, number (%), or 
median (range).
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a sore over the wound. Implant removal was performed 
39.4 months after the initial operation. The second case 
developed a deep-seated wound infection, spreading 
to the implants and requiring wound debridement 5.9 
months after the index operation and finally implant 
removal 7.4 months after the index operation. The third 
case developed a superficial wound infection and required 
wound debridement twice but did not require implant 
removal. The wound infection was superficial, and there 
was no evidence of the infection tracking to the implant 
upon wound debridement. None of the patients who de-
veloped implant failure required revision fixation. Of the 
six cases that did not require further operation, all were 
asymptomatic for implant failure.

The results of logistic regression analyses are tabulated 
in Table 7. All nine potential risk factors were used to 
look for any significant relationship. Of all the risk factors, 
only the use of either preoperative or postoperative ra-
diotherapy reached a statistical significance, with implant 
failure being less likely to develop following preoperative 
or postoperative radiotherapy (odds ratio, 0.09; p=0.03). 
Statistical significance was not reached when consider-
ing posterior only. All nine cases that developed implant 
failure had a slow-growing primary tumor type. However, 
in analysis, the aggressiveness of the tumor or patient’s 

survival time did not reach statistical significance.

Discussion

In our study, the overall incidence of symptomatic implant 
failure requiring revision surgery for implant removal was 
2.3% (two out of 88 cases) with one of the cases associated 
with implant infection. The incidence of asymptomatic 
implant failure was 6.8% (six out of 88 cases). Our results 
suggest that the use of radiotherapy either before or after 
the spinal operation is associated with a reduced inci-
dence of implant failure.

The quoted incidence of implant failure after surgery for 
spinal metastases is approximately 2%–8% [10-15]. Pa-
tients with implant failure may or may not be symptomat-
ic, and not all patients with implant failure require further 
revision surgery [10]. In the review by Amankulor et al. 
[11] of the incidence and patterns of hardware failure after 
separation surgery in patients with spinal metastatic tu-
mors, nine out of 318 patients (2.8%) exhibited signs and 
symptoms of hardware failure and required revision of the 
instrumentation. The authors examined whether gender, 
construct length, presence of chest wall resection, mul-
tiple operations, kyphoplasty, and inclusion of junctional 
level within the construct had any relationship to the 

Table 7. Logistic regression analysis of potential risk factors on implant failure in spine metastasis

Independent variable r 2 Odds ratio (95% confidence interval) Standard error p-value

Age at operation <0.01 0.99 (0.93–1.06) 0.03 0.99

Gender <0.01 0.82 (0.21–3.28) 0.71 0.78

Survival period <0.01 1.00 (1.00–1.00) 0.00 0.61

Primary tumor (ref: slow growth) 0.15

Moderate growth 0.00 (0.00–0.00) - 1.00

Rapid growth 0.00 (0.00–0.00) - 1.00

Spine level involved (ref: junction area) 0.01

Semi-rigid spine 0.87 (0.20–3.82) 0.76 0.86

Mobile spine 0.32 (0.03–3.09) 1.16 0.33

Construct length <0.01 0.91 (0.60–1.36) 0.21 0.63

Levels of decompression 0.04 0.22 (0.03–1.77) 1.07 0.15

Utilization of fusion materials (ref: no) 0.01

Yes 2.04 (0.51–8.21) 0.71 0.32

Application of radiotherapy either before or after spine operation (ref: no) 0.05

Yes 0.09 (0.01–0.75) 1.08 0.03

Dependent variable: implant failure.
r 2, coefficient of multiple determination; Ref, reference.
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development of symptomatic implant failure. They found 
that patients with prior or concomitant chest wall resec-
tion and a construct length that spanned more than six 
spinal segments were more likely to experience implant 
failure leading to revision surgery. In another review by 
Drakhshandeh et al. [12], of 27 patients who underwent 
separation surgery with posterior spinal decompression 
and instrumentation without fusion, none developed im-
plant failure in their postoperative follow-up as evidenced 
on CT scan; thus, no patient required revision surgery. 
In the review by Bellato et al. [13], of 105 patients who 
underwent spinal decompression and fixation for the 
treatment of spinal metastases using a posterior approach, 
without attempted arthrodesis, nine patients (8%) devel-
oped implant failure, but none of these patients required 
revision surgery. In the study by Pedreira et al. [14], of 159 
patients who underwent surgical resection of metastatic 
spine lesion, three patients (1.9%) developed implant fail-
ure requiring revision surgery. The authors also analyzed 
several potential risk factors for implant failure leading to 
revision surgery, including the presence of bone, visceral 
and brain metastasis, patient’s disability as measured by 
the modified Rankin scale, previous systemic chemother-
apy or spine radiation, and the mean survival. They found 
that patients who had received radiation to the spine 
before the operation were associated with a higher risk of 
implant failure development leading to revision surgery. 
There was a trend indicating that patients with a longer 
life expectancy were more likely to experience hardware 
failure, but this was not statistically significant.

Our results appear contrary to some previous studies, 
in which a long construct length is not associated with an 
increased incidence of implant failure and that the use of 
radiotherapy either before or after the spinal operation 
is associated with a reduced incidence of implant failure. 
Radiotherapy is known to have a harmful effect on the 
bone. However, after the destruction of tumor cells by 
radiotherapy, recalcification of the affected vertebra oc-
curs after 1–2 months [10]. The reconstitution of the bone 
stock after radiotherapy can increase the load-sharing 
ability of the vertebra, and this may explain our result of a 
reduced implant failure rate after radiotherapy.

There are some limitations in our study. First, our case 
number is relatively small, and for this reason, in statisti-
cal analyses, we included cases with different approaches, 
with or without removal and reconstruction of the ver-
tebral body. A larger sample size with subgroup analyses 

of different approaches is necessary to provide a specific 
conclusion. Second, our cases were recruited within a 
10-year interval from 2007 to 2017; advances in target 
therapy and radiotherapy techniques during this period 
have improved the survival rates of some of the tumors 
previously thought to be associated with poor prognosis. 
The improvement in survival rate may increase the im-
plant failure rate of spinal metastasis surgery, in particular 
for those cases where fusion material is not used.

Conclusions

The development of radiological signs of implant failure 
after instrumented surgery for the treatment of spinal me-
tastasis is common. However, symptomatic implant fail-
ure leading to revision surgery is uncommon. Our find-
ings suggest that radiotherapy, either before or after spinal 
surgery, is not associated with the development of implant 
failure.
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