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Abstract

Study Design: Reliability analysis.

Objectives: The Spinal Instability Neoplastic Score (SINS) was developed for assessing patients with spinal neoplasia. It identifies
patients who may benefit from surgical consultation or intervention. It also acts as a prognostic tool for surgical decision making.
Reliability of SINS has been established for spine surgeons, radiologists, and radiation oncologists, but not yet among spine surgery

trainees. The purpose of our study is to determine the reliability of SINS among spine residents and fellows, and its role as an
educational tool.

Methods: Twenty-three residents and 2 spine fellows independently scored 30 de-identified spine tumor cases on 2 occasions,
at least 6 weeks apart. Intraclass correlation coefficient (ICC) measured interobserver and intraobserver agreement for total
SINS scores. Fleiss’s kappa and Cohen’s kappa analysis evaluated interobserver and intraobserver agreement of 6 component
subscores (location, pain, bone lesion quality, spinal alignment, vertebral body collapse, and posterolateral involvement of
spinal elements).

Results: Total SINS scores showed near perfect interobserver (0.990) and intraobserver (0.907) agreement. Fleiss’s kappa
statistics revealed near perfect agreement for location; substantial for pain; moderate for alignment, vertebral body collapse, and
posterolateral involvement; and fair for bone quality (0.948, 0.739, 0.427, 0.550, 0.435, and 0.382). Cohen’s kappa statistics
revealed near perfect agreement for location and pain, substantial for alignment and vertebral body collapse, and moderate for
bone quality and posterolateral involvement (0.954, 0.814, 0.610, 0.671, 0.576, and 0.561, respectively).

Conclusions: The SINS is a reliable and valuable educational tool for spine fellows and residents learning to judge spinal instability.
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Introduction systems utilized for instability in a traumatic setting do not
apply and much of the decision making was left to the sur-
geon’s clinical judgment. A standardized, validated classifica-
tion system for spinal instability in the setting of neoplasia was
needed to guide more consistent therapeutic approaches among

Spinal metastases are identified in 10% to 20% of patients with
cancer.' Of these patients, 10% to 20% develop neural com-
pression that may require surgical intervention.” Surgical
decompression in this setting has been well established in the
literature.* Patients without neural compression but with sig-
nificant instability due to tumor may also benefit from stabiliz-
ing surgery’; mechanical instability being an independent
indication for sta6b7ilizati0n regardless of grade or radiosensitiv- Corresponding Author:

ity of the tumor.™" Until recently, guidance for the determina-  shandy Fox, 103 Hospital Drive, Saskatoon, Saskatchewan, S7N OW8, Canada.
tion of spinal stability in these patients was minimal. Scoring  Email: sIf672@mail.usask.ca
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Table I. Spinal Instability Neoplastic Score (SINS) System.?

Component Score

Location
Junctional (O-C2; C7-T2; T11-LI; L5-S1)
Mobile spine (C3-6; L2-4)
Semirigid (T3-10)
Rigid (S2-S5)
Mechanical pain
Yes
No 2
Pain free lesion I
Bone lesion
Lytic 2
Mixed (lytic/blastic)
Blastic 0
Radiographic spinal alignment
Subluxation/translation present
Deformity (kyphosis/scoliosis)
Normal
Vertebral body collapse
>50% collapse
<50% collapse
No collapse with >50% body involved
None of the above
Posterolateral involvement
Bilateral
Unilateral |
None of the above 0

w o - w
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*Data adapted from Fischer et al.?

spine surgeons, aid communication and appropriate referral
between oncologists, radiologists, and spine surgeons, and
facilitate more organized and prompt treatment plans for
these patients.® Such a system, known as the Spinal Instabil-
ity Neoplastic Score (SINS), was devised by the Spine
Oncology Study Group (SOSG)’ in 2010 (Table 1). It
assesses and scores 6 variables: location of lesion, character-
ization of pain, type of bony lesion, radiographic spinal
alignment, degree of vertebral body destruction, and involve-
ment of posterolateral spinal elements. The scores for each
variable are added, and a final score is obtained. The mini-
mum score is 0, and the maximum score is 18. A score of
0 to 6 denotes stability, a score of 7 to 12 denotes indeter-
minate (possibly impending) instability, and a score of 13 to
18 denotes instability. For scores greater than 7, a surgical
consultation is recommended’ (Table 2).

Face and content validity has been evaluated for SINS,” as
has reliability and predictive validity among expert spine sur-
geons in the SOSG.® Since the introduction of SINS by the
SOGS, a few independent reliability studies have evaluated its
use in varying specialties involved in the care of these patients.
Campos et al'® found excellent inter/intraobserver reliability
among 6 physicians; 1 radiotherapy oncologist, 1 palliative
oncologist, 3 spine orthopedic surgeons, and 1 general ortho-
pedic surgeon. Fisher et al'""'? reported SINS as a highly reli-
able, reproducible, and valid tool among 33 radiation
oncologists and 37 radiologists from international sites.

Table 2. Total Spinal Instability Neoplastic Score: Determination of
Stability.?

Score (Total = 0-18)

1-6 7-12 13-18

Clinical categories Stable Potentially unstable Unstable
Binary scale Stable Current or potentially unstable = possible
surgical intervention

*Data adapted from Fischer et al.”

Teixeira et al evaluated the scoring system based on experience
of the evaluator. They demonstrated that experience has a sig-
nificant impact on the reliability of the SINS score; interobser-
ver agreement was only fair among non—spine surgeons and
spine surgeons not experienced in the treatment of vertebral
metastatic disease.'® All of these articles assessed the scoring
system based on practicing physicians in varying fields. To
date, none have included trainees, either residents or fellows,
in the participant groups and thus the role of SINS has not been
evaluated in an education setting.

The purpose of the present study was to establish the
intraobserver reliability and interobserver reliability of the
SINS among spine fellows and residents in neurosurgery and
orthopedic surgery. Fellows and residents of all levels of train-
ing participate in the initial assessment, treatment planning,
surgical management, and postoperative care of patients with
spinal neoplastic disease. For this reason, any classification
system that claims to be reliable needs to be shown to be so
amongst residents and fellows as well. Additionally, a system
shown to be reliable among trainees can serve as a learning
tool, providing a validated framework for determining instabil-
ity in spinal neoplastic disease.

Material and Methods

A total of 47 cases were reviewed and scored using SINS by the
authors. Cases with insufficient history or inadequate imaging
were excluded. Of the remaining cases, 30 were selected. Care
was taken to have equal numbers of stable, potentially unstable,
and unstable cases, and to have an anatomical frequency of
distribution of cervical, thoracic, and lumbar cases (Table 3).
Sacral cases were not included as these lesions are commonly
stable and were also not included in the reference study by
the SOSG.*’

Each case had appropriate demographic data and history
provided, with emphasis on the characterization of the
patient’s pain and how it related to movement. This informa-
tion is important for the surgeon to help determine mechanical
versus oncologic type pain and resultant instability. Images
provided included select slices from either computed tomo-
graphy (CT) scan or magnetic resonance imaging (MRI) com-
bined with X-rays.

To determine validity for a representative sample group of
trainees, residents in neurosurgery and orthopedic surgery at
the Universities of Saskatchewan and Calgary were approached
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Table 3. Patient Cases.

Table 4. Level of Agreement for « Statistic Level.?

Level Stable Potentially Unstable Unstable Total «x Level of Agreement
Cervical I 2 5 8 0.00-0.20 Slight
Thoracic 4 8 3 15 0.21-0.40 Fair
Lumbar 2 3 2 7 0.41-0.60 Moderate
Total 7 13 10 30 0.61-0.80 Substantial
>0.80 Near Perfect

to participate in the study. A total of 23 residents (orthopedic
surgery = 18; neurosurgery = 5) were recruited, along with
2 spine fellows from the University of Calgary. Although more
orthopedic surgery residents were enrolled compared with neu-
rosurgery, this is a reflection that more residents are admitted to
the orthopedic programs per year. Residents of all levels, from
year 1 to 5 in orthopedics and 1 to 6 in neurosurgery, were
included to avoid bias toward more experienced participants.
Prior to evaluating the 30 selected cases, all participants under-
went an introduction to the SINS. This included reviewing the
original article, “A Novel Classification System for Spinal
Instability in Neoplastic Disease,” along with written instruc-
tions about the SINS. A descriptive presentation was given
outlining the process and working through a number of case
examples in order to familiarize them with the scoring system.

Following the introduction, participants then reviewed the
30 deidentified cases. All 25 raters independently scored each
case based on the six individual components of the SINS clas-
sification. The total score (0-18) was calculated and classified
as stable, potentially unstable, or unstable according the 3 clin-
ical categories. At least 6 weeks following the initial evalua-
tion, the participants once again evaluated the same set of
cases. The cases were presented in a different order from the
initial scoring to limit recall bias. The total scores were once
again calculated and classified for level of stability.

Statistical Analysis

Three statistical tests were used to assess inter- and intraobser-
ver reliability. These were the same statistical tests used by the
SOSG to evaluate reliability amongst Spine Surgeons. The
intraclass correlation coefficient (ICC) was used to measure
both the inter- and intraobserver agreement for the total SINS
scores. Each of the 6 components (location, pain, bone quality,
radiographic alignment, vertebral body collapse, and poster-
olateral involvement) then underwent Fleiss’s kappa analysis
for multiple raters to measure interobserver agreement and
Cohen’s kappa to evaluate intraobserver agreement. The level
of agreement for kappa values was calculated using the Landis
grading system'* (Table 4).

Results

The interobserver reliability for the total SINS score revealed
an ICC value of 0.990 (95% CI, 0.984-0.955). This corre-
sponds with near perfect level of agreement using the Landis
grading system. The analysis of interobserver reliability for
the six individual SINS components revealed values

*Data adapted.'*

(Fleiss ) of 0.948, 0.739, 0.382, 0.427, 0.550, and 0.435 for
the areas of location, pain, bone quality, alignment, vertebral
body collapse, and posterolateral involvement, respectively
(Table 5). Using the Landis grading system, these values
correspond to near perfect agreement for location, substantial
for pain, fair for bone quality, and moderate for alignment,
vertebral body collapse, and posterolateral involvement.

The intraobserver reliability for the total SINS score
revealed an ICC value of 0.907 (95% CI, 0.893-0.930). This
corresponds with near perfect level of agreement. The analysis
of intraobserver reliability for the 6 individual SINS compo-
nents revealed values (Cohens ) of 0.954, 0.814, 0.576, 0.610,
0.671, and 0.561 for the areas of location, pain, bone quality,
alignment, vertebral body collapse, and posterolateral involve-
ment, respectively (Table 5). These values correspond to near
perfect agreement for location and pain, moderate for bone
quality and posterolateral involvement, and substantial for
alignment and vertebral body collapse.

Discussion

An assessment of spinal instability is an essential component
of decision making in spine surgery. Spinal instability was
classically defined by Panjabi and White'” as “the loss of the
ability of the spine under physiological loads to maintain
relationships between the vertebrae in such a way that there
is neither damage nor subsequent irritation to the spinal cord
or nerve roots and, in addition, there is no development of
incapacitating deformity or pain due to structural changes.”
This elegant definition has been used as the basis for multiple
systems that classify spinal stability in the context of various
pathologic states. Stability of traumatic spinal injury has been
particularly well-classified by a number of different systems,
including the AO classification of thoracolumbar injuries,'®
the Thoracolumbar Injury Severity Score,'” and Subaxial
Cervical Spine Injury Classification System.'® These classi-
fication systems not only provide a framework for the clin-
ician to decide whether a particular injury is stable or unstable
but also serve as a guide to management of these injuries. In
the past, assessment of tumor-related instability has lacked an
accepted classification system such as these and decision
making was largely guided by clinical experience.® This
raises a number of issues for nonspine surgeons, particularly
those in training, when assessing patients and determining
appropriate intervention.
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Table 5. Reliability Analysis for Component Variables of Spinal Instability Neoplastic Score (SINS).?

Interobserver Reliability Intraobserver Reliability
SINS Component Fleiss’s x 95% Cl Agreement Cohen’s ¥ 95% ClI Agreement
Location 0.948 0.933-0.964 Near perfect 0.954 0.936-0.974 Near perfect
Pain 0.739 0.690-0.788 Substantial 0814 0.775-0.853 Near perfect
Bone quality 0.382 0.345-0.420 Fair 0.576 0.523-0.629 Moderate
Alignment 0.427 0.383-0471 Moderate 0610 0.570-0.668 Substantial
Vertebral body 0.550 0.527-0.573 Moderate 0.671 0.630-0.712 Substantial
Posterolateral involvement 0.435 0.417-0.453 Moderate 0.561 0.512-0.610 Moderate

3P <.001 for all.

The assessment, diagnosis, and management of spine
patients is an integral part of resident training and surgical
practice. Among the patients and disease states trainees are
exposed to, spine oncology patients are often complex due to
medical comorbidity, functional limitations, limited life expec-
tancy and variable treatment strategies.'>”” Although many
factors are involved in the treatment of these patients, one of
the key components is that of tumor-related instability.'="-'
As spine oncology patients require timely multidisciplinary
care, it is imperative that a clear framework is established to
avoid variability in interpretation, referral patterns, and conse-
quently patient management.'' SINS is the only tool for scoring
instability in spine tumors that has repeatedly demonstrated
reliability among varying cohorts. Our study is the first, to our
knowledge, to assess reliability among spine surgery trainees.

The inter- and intraobserver ICC reliability of final SINS
scores achieved near perfect agreement among trainees. In
practice, this correlates with an appropriate categorization of
patients as being unstable, potentially unstable, or unstable. For
spine surgical trainees, SINS should safely and accurately iden-
tify those patients for which surgical intervention should be
considered. As an educational tool, it can act as a guide for
trainees in learning how to evaluate for instability.

All 6 subcategories had moderate to near perfect agreement
in both inter- and intraobserver reliability, with the exception of
bone quality, which only had fair agreement in interobserver
and moderate agreement in intraobserver reliability. This cor-
relates with clinically acceptable reliability in all areas other
than bone quality. Comparing the analysis of intraobserver reli-
abilities of the 6 SINS components, the kappa values in both
studies were very comparable. We acknowledge that agreement
in each category may in part be due to the design of the study and
the limited information provided in each case. Although the
cases attempt to recreate clinical scenarios, information provided
by patients in real life can vary and images provided are often
much more detailed than was possible in these studies.

Some areas of the scoring system have little variability by
nature of objectivity. An example of this is location. There is
little subjective interpretation to location based on imaging and
thus it is not surprising that we had near perfect agreement in
both inter and intrarater reliability. In all of the studies
evaluating reliability, location consistently has excellent
reproducibility.'®"® The subcategory of pain is another area

with little variability based on the study design. In our cases,
participants were presented with a well-documented pain history
leading to near perfect agreement. This level of agreement was
seen across the board with the other studies in all physicians and
all levels of experience.'®'* An argument could be made that in
real life, this category may not be so straightforward. Patients
often have a difficult time describing their pain and may have
multiple source of pain that can cloud the clinician’s judgment.

On the other hand, determining bone quality, alignment,
vertebral body collapse, and posterolateral involvement is more
variable as it relies on image interpretation. Each case provided
in our study included only a selection of representative images
(4-6). This may be one explanation for only achieving fair-
moderate agreement on bone quality and substantial in the rest.
In clinical practice, the clinician has the ability to navigate
through multiple slices of each diagnostic imaging modality,
which likely facilitates a more accurate assessment of bone
quality and overall bony changes. To eliminate this, we could
have created short MPEG files of the complete CT/MRI scans.
As our study was referenced around the original article pub-
lished by the SOSG, we provided single images in order to keep
the study designs consistent.

Overall, the SINS has fared well in reliability and validity
studies. Classifying patients as having unstable or potentially
unstable spinal disease can help determine those patients in
whom surgical intervention should be considered and thus
improve patient outcomes. This is especially the case in those
patients without obvious spinal cord compression or neurolo-
gical compromise. Fourney et al® reported that no unstable
spinal cases were classified as stable in their analysis of the
SINS system, thus no at risk patients were missed.

Retrospective reviews further support the use of the SINS
system in the decision-making process.?*** Zadnik et al*’ looked
at 31 patients with multiple myeloma who underwent surgery for
stabilization. Twenty-five of the cases were classified according
the SINS system based on information provided. All cases were
either potentially unstable or unstable, suggesting the SINS sys-
tem is an accurate tool to simulate clinical judgement.?

Conclusion

Spinal neoplasia is a complex condition that may lead to spinal
instability and neurologic compromise. Assessing stability can
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be challenging and overwhelming for healthcare providers who
lack the experience of spine specialists. Our study shows that
the SINS is a reliable educational tool for orthopedic and neu-
rosurgery trainees of all levels, providing a validated frame-
work for diagnosing instability in spinal neoplastic disease.
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