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CLINICAL STUDY

Can the spinal instability neoplastic score prior to spinal
radiosurgery predict compression fractures following stereotactic
spinal radiosurgery for metastatic spinal tumor?: a post hoc
analysis of prospective phase II single-institution trials
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Abstract The aim of this study was to determine the pre-
dictability of vertebral compression fracture (VCF) devel-
opment applying the spinal instability neoplastic score
(SINS) prior to delivery of stereotactic spinal radiosurgery
(SSRS) for spinal metastases. From two prospective cohorts
of SSRS for spinal metastases, we selected patients with a
low degree of cord compression or cauda equine from C3 to
S1 and analyzed 79 patients enrolled according to binary
SINS criteria. The primary endpoint was the development of
a de novo VCF or progression of an existing fracture after
SSRS. We identified 32 fractures (40.5 %): 19 de novo and
13 progressive. The mean time to fracture after SSRT was
3.3 months (range, 0.4-34.1 months). In 41 patients with
low SINS (0-6), 7 patients (17.1 %) developed a fracture
after SSRS. In 38 patients with high SINS (7-12), 25
(65.8 %) developed a fracture. Among the 32 fractures, 15
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were symptomatic. Patients with high SINS were more likely
to experience symptomatic fractures (31.6 %) than were
patients with lower SINS (7.4 %). On univariate and multi-
variate analysis, 24-month fracture-free rates were 78.7 and
33.7 % in low and high SINS group, respectively and high
SINS was found to be a significant risk factor for VCFs and
symptomatic fractures (respectively, HR 5.6, p = 0.04; HR
5.3, p = 0.01). SINS is a useful tool for predicting the
development of VCF after SSRS for spinal metastases.
Prophylactic cement augmentation should not be considered
for patients with lower SINS, since the risk of fracture is low.

Keywords Compression fracture - Instability -
Predictability - Radiosurgery - Spinal metastasis

Introduction

The spine is the most common location for osseous
metastases, with up to 40 % of cancer patients affected [1].
Conventional fractionated radiation therapy has tradition-
ally played an important role in pain palliation, resulting in
a near 70 % incidence of pain improvement; however, the
dose is limited by a relatively low spinal cord radiation
tolerance [1-3]. Spine stereotactic body radiotherapy, also
known as spine stereotactic radiosurgery (SSRS), is
growing practice for select patients with spinal metastases
[2, 3]. Numerous studies have demonstrated the safety and
efficacy of SSRS for the treatment of spinal metastases
with encouraging results both as a primary modality and in
the setting of repeat irradiation after conventional radiation
treatment failures [4—-6]. However, SSRS may increase the
risk of certain serious adverse events, and evidence-based
description of these risks ought to precede widespread
adoption of this technology in the clinic.
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In particular, the most significant potential complica-
tions of SSRS are radiation myelopathy and vertebral
compression fracture (VCF), with the latter increasingly
being recognized as a significant and common adverse
event [2, 3, 7-11]. Authors of biomechanical and imaging
studies have attempted to create risk models to predict VCF
in spinal metastases [8, 10, 11]. A more recent expert
consensus from the Spine Oncology Study Group (SOSG)
has led to the identification of spinal instability factors
including clinical symptoms and radiologic findings and
introduced spinal instability neoplastic score (SINS) [12,
13].

In this study, we retrospectively reviewed data from two
previous spinal metastatic disease prospective protocols at
our institution. The primary purpose of this study was to
determine if the SINS could predict VCF. Our secondary
objective was to determine risk factors for VCF in patients
treated with SSRS for spinal metastases.

Materials and methods
Patient selection

Two hundred nine patients enrolled in two prospective
cohorts for spinal and paraspinal metastatic disease and
treated with SSRS between March 2004 and March 2011 at
the MD Anderson Cancer Center (National Clinical Trial
identifier NCT00508443 and NCT00492817) were
reviewed for inclusion in this study. All patients received
SSRS based on recommendations from a multidisciplinary
evaluation by neurosurgeons, radiation oncologists, and
medical oncologist. Patients had confirmed spinal metas-
tases based on primary tumor diagnosis and spinal mag-
netic resonance (MR) imaging.

We performed a retrospective review of the MR imaging
immediately before the SSRS in all patients enrolled in
both prospective cohorts and scored the levels to be treated
according to the epidural spinal cord compression classi-
fication (ESCC) proposed by Bilsky et al. [14]. The indi-
viduals who met the following criteria were included in the
current study: (1) spinal metastasis with no (ESCC grade 0)
or a low (ESCC grades 1a and 1b) degree of epidural spinal
cord compression from the C3 to S1 vertebrae, (2) single
level or multiple levels of treatment, up to three contiguous
levels within one radiation field, with or without prior
radiation, up to but not exceeding 45 Gy; and (3) a mini-
mum clinical and radiologic follow-up of 6 months. The
following exclusion criteria were applied: (1) unsta-
ble spinal architecture (a SINS of greater than 13); (2)
history of vertebroplasty, kyphoplasty, and open surgery at
the index level; (3) paraspinal tumors not involving a
vertebra, or neurological compromise from cord
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compression; (4) multiple radiation fields; (5) age less than
18 years old; (6) insufficient information to provide a
baseline SINS; and (7) loss to follow-up within 6 months.
The records of all patients were retrieved through a review
of the patients’ charts and radiology reports. Demographic
data were collected, including age, sex, location, primary
histology, and affected period as well. The study was
independently reviewed and approved by the institutional
review board of MD Anderson Cancer Center (2005-0445
and 2005-0446).

Stereotactic spinal radiosurgery

The spine SSRS technique has been previously reported [,
6]. All cases were reviewed in a multidisciplinary spine
radiosurgery tumor board. The neurosurgery team evalu-
ated all patients for unstable spinal lesions prior to treat-
ment. Patients whose spines were mechanically
unstable were ineligible for the study. Based on MR
imaging immediately before SSRS, each treated vertebral
segment was scored according to the SINS criteria as
described by Fisher et al. [12]. In brief, the individual SINS
criteria consist of location, type of pain, spinal misalign-
ment, presence of baseline VCF, type of lesion, and whe-
ther the tumor involves the posterolateral elements. Lytic,
sclerotic, or mixed tumors were classified based on
appearance on CT (Table 1). The SINS scoring system
classifies patients as stable (SINS 0-6), potentially unsta-
ble (SINS 7-12), and unstable (SINS 13-18) based on the
overall score. In cases in which multiple vertebrae were
treated in a single target volume, each vertebral segment
was not considered independent and was analyzed as one
segment according to our protocol.

Assessments of follow up outcomes after SSRS

Patients were evaluated at 2, 4 and 2 months following
completion of radiation therapy by telephone, fax, or mail.
Patients were seen for follow-up visits at 3, 6,9, 12, 18 and
24 months and then every 6 months thereafter. Medical
history, neurological exam, and neurologic function were
assessed at these visits. Dates of fracture (based on the last
imaging follow-up) and death were recorded. Other general
and radiation-related complications after SSRS were also
monitored during the follow-up period.

MR images of the spine were obtained prior to treatment
and at 3, 6, 9 and 12 months after treatment and every
6 months thereafter. MR images were evaluated for radi-
ologic tumor progression and VCF. VCF was measured by
comparing the vertebra’s height on prior MR imaging or, if
unavailable, an average height of the vertebrae immedi-
ately superior and inferior and then classifying it on a
quintile ordinal scale. End plate—only fractures were
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Table 1 Spinal instability neoplastic score according to Spinal
oncology study group [12]

SINS component Score
Location

Junctional (occiput-C2, C7-T2, T11-L1, L5-S1) 3

Mobile spine (C3-C6, L2-14) 2

Semi rigid (T3-T10) 1

Rigid (S2-S5) 0
Pain®

Yes 3

Occasional pain but not mechanical 1

Pain-free lesion 0
Bone lesion

Lytic 2 2

Mixed (lytic/blastic)

Blastic 0
Radiographic 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 spinal elements®

Bilateral 3

Unilateral 1

None of the above 0

 Pain improvement with recumbency and/or pain with movement/
loading of spine

® Facet, pedicle, or costovertebral joint fracture or replacement with
tumor

included in the study, as were all other fractures. The
length of the clinical and radiologic follow-ups were
defined as the period from the date of SSRS to the date of
the last clinical visit and the date of the patient’s most
recent MR imaging, respectively.

During follow-up, the types and dates of additional
surgical procedures to relieve pain or neurologic deterio-
ration due to symptomatic compression fracture, tumor
progression, and other causes were recorded. Patients were
also assessed for toxicity using the Common Toxicity
Criteria for Adverse Effect (CTCAE version3.0).

Analysis of prognostic factors related to survival
The outcome variable of interest was the time to develop-

ment of a de novo VCF or progression of preexisting frac-
tures prior to SSRS. These time-to-event data were

calculated in months from the start date of SSRS to the event
date or last follow-up imaging study if fracture-free. De novo
VCF was defined as any kind of fracture, including end plate
fracture, developed from normal vertebrae. A progression of
preexisting fractures was defined as an increase in loss of
height from end plate-only fractures or as an increase in the
loss of height sufficient to move into the next quintile per-
centage of compression, as per a prior report [8].

Analyzed risk factors for VCF were age, sex, type of
primary malignancy, overall SINS and each criteria of
SINS, spinal canal encroachment (Bilsky classification),
level of lesion, and radiation dose per fraction. Additional
factors analyzed included whether any targeted systemic
therapy had been given within 2 months before SSRS,
prior radiation to the treated segment, total dose prescribed,
and number of fractions.

Statistical analysis

The student’s ¢ test was used for continuous and parametric
values, and the Chi squared test and Fisher’s exact test were
used for categorical dates and values, respectively. Overall
survival and fracture-free survival were estimated using the
Kaplan—-Meier method. Kaplan—-Meier Curves was con-
structed using GraphPad Prism version 6 (GraphPad Soft-
ware, La Jolla, CA). The univariable cox regression analysis
was used to compare period of free fracture with a potential
predictor of interest. All variables associated with VCF with
a significance level <0.1 were entered in a multivariate
analysis to obtain adjusted hazard ratios for categorized
SINS. A Cox proportional hazards regression model was
used as a multivariate analysis to determine the joint effect of
potential factors that were found to be significant on uni-
variate analysis. Continuous variables such as age, whole
spine involvement rate, vertebral body osteolystic rate,
SINS, and radiation dose were categorized as two groups.
These statistical analyses were conducted using SPSS
statistics version 22.0 IBM SPSS, Chicago, IL). A p-value
<0.05 was regarded as statistically significant.

Results
Patient demographics and details of SSRS

From the prospective cohorts, 79 patients, including 40
men and 39 women, who underwent SSRS were eligible
for inclusion in the current study. The baseline character-
istics of these 79 patients are summarized in Table 2 and
grouped according to total SINS as either stable (0-6) or
potentially unstable (7—12). The overall mean age at SBRT
was 57 years (range, 23-80 years). Regarding the lesion
level, seven tumors were located in the cervical region, 42
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Table 2 Demographic data and
treatment characteristics in 79
patients undergoing stereotactic
spinal radiosurgery

Variable SINS Total p value
0-6 7-12
No of patients 41 38 79
Sex 0913
F 21 19 40
M 20 19 39
Mean age at SSRS in years (range) 55.76 (29-78) 58.42 (23-80) 57.2 0.791
65 and Less than 65 years 29 24 53
More than 65 years 12 14 26
Survival at time of analysis 0.203
Dead 31 33 64
Alive 10 5 15
No. of lesions treated 0.600
Cervical (C3-C7) 3 4 7
Thoracic (T1-T12) 24 18 42
Lumbosacral (L1-S1) 14 16 30
ESCC classification 0.000
0 22 2 24
la 15 14 29
Ib 4 22 26
Hisology 0.128
Kidney cancer 8 14 22
Breast cancer 6 2 8
Thyroid cancer 7 4 11
NSCLC 4 8 12
Sarcoma 5 1 6
Other 11 9 20
Mean total FU period in mo (median) 34.05 (30.52) 23.94 (14.33) 29.18 (21.18) 0.055
Mean MRI FU period in mo (median) 28.32 (22.16) 19.46 (11.77) 24.05 (15.25) 0.077
Mean OS period in mo (median) 37.06 (33.21) 26.82 (15.59) 32.14(22.59) 0.057

SINS spinal instability neoplastic score, ESCC epidural spinal cord compression classification, SSRS spinal
stereotactic radiosurgery, NSCLC non-small cell lung cancer, FU follow up, MRI magnetic resonance

imaging, OS overall survival

in the thoracic region, and 30 in the lumbosacral spine.
Prior to SSRS, preexisting fractures were identified in 22
patients (28 %), with 17 of those fractures involving the
end plate only. SINS ranged from 3 to 12 (median, 6). The
median clinical and imaging follow-up periods were 21.2
and 15.3 months, respectively.

In this cohort of 79 patients, 100 spinal segments were
treated. Sixty percent (60 spinal segments) were single
targets, and the remaining had multiple (two or three)
spinal segments treated within a single target volume.
Treatment plans consisted of one or three fractions for
median doses of 18 and 27 Gy, respectively. Doses were
constrained so that the maximum dose to the spinal cord
was 9-10 Gy. Details of SSRS, and additional surgery in
the 79 patients are summarized in Table 3.
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Development of fractures

Overall, 32 (40.5 %) out of the 79 patients presented a
VCF, of those 20 (62.5 %) were de novo fractures and 12
(37.5 %) were fractures that had progressed. The median
and mean times to fracture for the entire group who
experienced fracture after SSRS were 3.3 months and
5.7 months, respectively (range, 0.4-34.1 months). The
distribution of fractures according to monthly post-SSRS
interval is described in Fig. 1a, b. Sixty-three percent of all
VCFs occurred within the first 4 months post-SSRS. We
also summarized the proportion of vertebral segments
treated and fractured according to each SINS component.
An overview of the follow-up status of the patients after
SSRS is shown in Fig. 1c.
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sereotactc spiml rdiowurgery VIS SINS Toal  p value®
and additional surgery in 79 0-6 (N = 41) 7-12 (N = 38)
patients
Receiving targeted systemic therapy 5 2 7 0.279
Prior radiation 0.301
Present 6 4 9
Absent 35 34 69
No of segments within single target volume 0.891
1 segment 32 28 60
2 segments 6 26
3 segments 3 18
SSRS fractionation scheme 0.028
16-18 Gy/1 fraction 14 5 19
24 Gy/1 fraction 3 12
24-27 Gy/3 fractions 24 24 48
Radiation failure after SSRS 6 9 15 0.305
Additional management 4 13 17 0.008
VP or KP for VCF 3 10
Open surgery for VCF 0
Surgery for tumor progression w/o VCF 1

SINS spinal instability neoplastic score, SSRS stereotactic spinal radiosurgery, VP vertebroplasty, KP
kyphoplasty, VCF vertebral compression fracture

* Statistical significance of value between two groups was determined using Chi square test

Complications and salvage interventions after SSRS

There were no CTCAE Grade 3 and 4 toxicities, such as
esophagitis and radiation myelopathy. Salvage interven-
tions were performed for 15 out of 32 (46.9 %) of the
VCFs because of pain. Of these 15 patients, five underwent
salvage with instrumented spinal reconstructive surgery,
and the remaining 10 underwent salvage with a vertebral
augmentation procedure alone. During follow-up, tumor
progression following SSRS was noted in 15 patients
(19.0 %) with a median length of 5 months to tumor pro-
gression. Nine patients showed de novo fracture or pro-
gression of fracture during follow-up. Surgery was
performed for four patients due to accompanying fracture
and in another two patients due to tumor progression
without fracture.

Survival and prognosis-related factors

At the time of analysis, 15 patients were still alive and 64
had died. The median and mean overall survival periods
were 22.6 and 35.5 months, respectively. The 1- and 2-year
overall survival rates were 77.2 and 49.4 %, respectively.
The 6- and 12-month fracture-free rates were 68.8 and
59.5 %, respectively (2-year, 52.7 %).

According to univariate analyses, old age, high ESCC
grade la and 1b, high dose per fraction, radiation failure
and high SINS were significant predictors of VCF.
Kaplan—Meier plots for age >65 years (hazard ratio [HR]
247, 95 % confidence interval [CI] 1.23-4.95,
p = 0.008), ESCC grade la and 1b (HR 3.91 95 % CI
1.37-11.19, p = 0.006), dose per fraction >20 Gy (HR
291, 95 % CI 1.33-6.33, p = 0.05), tumor progression
(HR 2.19, 95 % CI 1.00-4.82, p = 0.045) and a SINS
of > 7 (HR 6.01, 95 % CI 2.58-13.99, p = 0.000) were
significantly different (Fig. 2). However, a multivariate
analysis of those factors found to be significant on uni-
variate analysis identified only age (HR 2.15, 95 % CI
1.07-4.32, p =0.032) and SINS (HR 5.63, 95 % CI
2.41-13.13, p = 0.000) as the independent predictors of
VCF (Table 4). 24-month fracture-free rates in patients
<65 and >65 years-old were 69.5 %, and 32.2 %,and in
patients low and high SINS were 78.7 and 33.7 %
respectively.

Univariate analysis of symptomatic fracture identified
ESCC grade la and 1b (HR 7.30, 95 % CI 1.03-55.56,
p = 0.025) and high SINS score (HR 5.33, 95 % CI
1.50-18.93, p = 0.004) as significant factor of VCF and
multivariate analysis identified only high SINS score (HR
5.33, 95 % CI 1.50-18.93, p = 0.01) to be at significant
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Fig. 1 a The distribution of
vertebral compression fractures
according to monthly post-
stereotactic spinal radiosurgery
(SSRYS) interval. b The
proportion of vertebral
segments treated and fractured
according to each spinal
instability neoplastic score
(SINS) component. ¢ An
overview diagram of the follow-
up status in 79 patients after
SSRS, Asterisk indicates the
case of compression fracture
combined radiation failure
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factor showed higher hazard rate of VCF. 24-momths
symptomatic fracture-free rates in low and high SINS were
91.8 and 65.0 %, respectively.
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Fig. 2 Kaplan-Meier fracture-free survival curves. a For age at
stereotatic spinal radiosurgery (SSRS) >65 years (hazard ratio [HR]
247, 95 % confidence interval [CI] 1.23-4.95, p = 0.008), median
free of fracture period was undefined and 6.13 months in each group.
b Spinal instability neoplastic score (SINS) of >7 (HR 6.01, 95 % CI
2.58-13.99, p < 0.0001), median free of fracture period was unde-
fined and 5.84 months in each group

Discussion

Local control of metastatic spine lesions is usually
accomplished with radiation therapy, surgery, or a combi-
nation of both [1, 15-20]. Recently, the use of SSRS has
increased for the management of radio-resistant metastatic
and primary spinal tumours [3]. SSRS represents a major
advance in radiotherapy planning and delivery, and out-
comes show excellent local control and pain control rate
for spine metastases [2, 5, 6]. In this study, the overall
long-term radiologic control rate was 81 % during the
median 21-month follow-up, in accordance with previous
reports [5, 6]. Although SSRS appears more effective than
conventional palliative radiotherapy, it may also increase
the risk of serious adverse events that would otherwise not
occur, such as transient radiculitis or radiation myelitis, as
well as compression fracture [4, 5].

VCEF is a fairly low-risk adverse event (approximately
5 % risk) after conventional radiotherapy, whereas a broad
risk estimates for VCF after spinal SSRS range from 11 to
39 % [8-11]. A study by Rose et al. revealed that 39 % of
treated sites had new or progressive fractures after SSRS,
and the median time to VCF was 25 months [10]. Subse-
quently, two other reports suggested that the risk may be
closer to 11-20 %, with a median time to VCF of
2-3 months [8, 9, 11]. Similarly, our study showed
12-month cumulative radiologic and symptomatic fracture
risks of 40.5 and 19 %, respectively. With respect to risk
factors for VCF, there is also variability among published
studies. Significant factors identified included vertebral
body tumor involvement by at least 41-60 %, age greater
than 55 years, pre-SSRS VCF, spinal deformity, and an
SSRS dose per fraction of 20 Gy. On multivariable pro-
portional hazards analysis, the only consistent predictor
among the three major investigations was that lytic tumors
had a greater risk of SSRS-induced VCF, and the hazard
ratios (HR) ranged from 3.9 to 12.2 [4, 9]. However, these
studies only focused on the primary radiologic factors
shown to be significant individual predictors of VCF.

Table 4 Cox univariable and
multivariable analysis for
fracture-free probability

Variable Univariate Multivariate
p Value HR 95CI p Value HR 95 CI
Age (<65 year vs. >65 year) 0.008 247 1234095 0.032 2.15 1.07-4.32
Sex (Female vs. Male) 0.774 1.11  0.55-2.22 n/a - -
Previous radiation (no or yes) 0.488 0.66 0.20-2.16 n/a - -
ESCC classification (0 vs. Ia, Ib) 0.006 391 1.37-11.19 0.619 - -
Dose per fraction (<20 Gy vs. 24 Gy)  0.05 291 1.33-6.33 0.229 - -
Radiation failure (no or yes) 0.045 2.19  1.00-4.82 0.132 - -
SINS Score (0-6 vs. 7-12) 0.000 6.01 2.58-13.99  0.000 5.63 241-13.13

HR hazard ratio, CI confidence interval, ESCC epidural spinal cord compression classification, SINS spinal

instability neoplastic score
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Additionally, factors unique to the current study include
the significant effects of an older age more than 65 years.
An increased age as factors predicting further fracture are
consistent with results of other studies. In previous studies,
age more than 55-57 years were proposed as cut-off value
based on mean age of their study, whereas our study were
based on the definition of geriatric oncology [8, 10, 11].

Recently, the SOSG introduced the SINS, which is a
standardized framework to help physicians assess and
categorize spinal instability from tumorous conditions [12,
13, 21]. Prior to the development of the SINS classification,
the assessment of spinal integrity lacked standardization
and proved difficult, especially for non-surgical members
of the multidisciplinary care team.

The reliability of SINS has already been evaluated
among members of the SOSG and other spine surgeons
[13, 21]. SINS showed excellent interobserver and
intraobserver reliability in determining 3 clinically relevant
categories of stability. Considering the multidisciplinary
aspect of care of metastatic cancer patients, the reliability
of SINS was also tested among radiation oncologists and
radiologists [22, 23]. Recently, Versteeg et al. validated
SINS in the clinical setting with a retrospective database
review of patients who underwent palliative surgery or
radiotherapy [24].

Sahgal et al. evaluated the adverse event of VCF and the
use of SINS in predicting VCF in their experience with
SSRS [11]. With respect to predictive factors, they suggest
that baseline VCF, lytic tumor, and misalignment were
predictive among the six SINS criteria, whereas the others
were not. They also concluded that SINS can be an
important tool to identify patients at greater risk for SSRS-
induced VCEF, but the overall score was not predictive. We
suspect that their limitations originated from subjectivity in
assessment and the likelihood that patients describing
severe mechanical pain or neurologically compromised
patients would have been surgically stabilized and not
included in their analysis. In our study, however, patients
with a high SINS were more likely to experience fractures
after SSRS for spinal metastases than were patients with a
low SINS (66 and 17 %, respectively, p < 0.0001), inde-
pendent of symptoms, primary tumor, and functional sta-
tus. Similarly, the proportions of symptomatic VCF for
patients with lower SINS and those with higher SINS were
7.3 and 31.6 %, respectively p = 0.009). Based on our
results, we suggest that SINS may predict radiologic and
symptomatic fracture after SSRS. However, it was inter-
esting point that the proportion of symptomatic fracture in
fracture patients of each SINS group was similar, at 42.9
and 48 % respectively (p = 1.0).

Recent studies are encouraging because they indicate the
potential for SINS to identify patients who could benefit
from a prophylactic stabilization procedure or -early
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surgical intervention if signs or symptoms of VCF begin to
develop after SSRS [11]. It is important to note that we
investigated the role of SINS in predicting for this specific
end point, and these results not only reflect the utility of
SINS as a tool to communicate spinal instability but also
clarify its ability to predict those at higher risk of VCF
post-SSRS.

A potential limitation of this, however, is that radiolo-
gists, radiation oncologists, and other medical specialists
may determine different SINS than spinal surgeons because
of differences in image interpretation and the amount of
available clinical information [21-23]. Several cases rated
as stable by surgeons were considered potentially unsta-
ble by radiation oncologists in a validation study of radi-
ologists and radiation oncologists [21, 22]. Such variability
may be originated from the lack of familiarity with some of
the terms in SINS in less experienced physicians. It indi-
cates that some form of training may be required for less
experienced physicians.

Conclusion

SINS may be a useful tool to predict the risk of VCF
development after SSRS for spinal metastases. In the
absence of level 1 data, prophylactic cement augmentation
or stabilization using a minimally invasive surgical pro-
cedure should not be considered for patients with lower
SINS, since the risk of fracture is low. A SINS of >7
should prompt consultation with a spine surgeon, who can
highlight the available surgical options during collabora-
tive discussions on a patient’s optimal treatment.
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