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Study Design. Reliability analysis based on expert
panel case series review and grading per the Enneking
and Weinstein-Boriani-Biagini classification systems.

Objective. To assess the reliability of the Enneking and
Weinstein-Boriani-Biagini classification systems.

Summary of Background Data. The Enneking and
Weinstein-Boriani-Biagini (WBB) classifications were de-
veloped to stage and facilitate treatment planning in pa-
tients with primary spine tumors. To date, their interob-
server and intraobserver reliability has not been assessed-a
fundamental step in facilitating broader clinical and re-
search use.

Methods. Clinical information, imaging studies, and
biopsy results were compiled from 15 selected patients
with primary spinal tumors. Eighteen spine surgeons
independently estimated and scored the cases for En-
neking grade, tumor and metastasis categories, Ennek-
ing stage, Enneking-recommended surgical margin,
WBB zones and layers, and WBB-recommended surgi-
cal procedures, with a second assessment performed
after random resorting of cases. Interobserver and in-
traobserver reliability of each category were assessed

by percent agreement or proportional overlap. The
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Fleiss, Cohen, and Mezzich k statistics («) were then ap-
plied, determined by the type of variable analyzed.

Results. The k statistics for interobserver reliability were
0.82, 0.22, 0.00, 0.57, 0.47, 0.31, 0.58, and 0.54 for the fields
of Enneking grade, tumor and metastasis categories, Ennek-
ing stage, Enneking-recommended surgical margin, WBB
zones and layers, and WBB-recommended surgical proce-
dures, respectively. The k statistics for intraobserver reliabil-
ity were 0.97, 0.53, 0.47, 0.82, 0.67, 0.63, 0.79, and 0.79 for
the same respective fields. According to Landis and Koch,
the ranges of k values of 0.00 to 0.20, 0.21 to 0.40, 0.41 to
0.60, 0.61 to 0.80, and >0.80 imply slight, fair, moderate,
substantial, and near-perfect agreement, respectively.

Conclusion. Results indicate moderate interobserver
reliability and substantial and near-perfect intraobserver
reliability for both the Enneking and WBB classification in
terms of staging and guidance for treatment, despite a
less than moderate interobserver reliability in interpreting
the Enneking local tumor extension and WBB sector. Be-
fore incorporating the classifications in the clinical prac-
tice and research studies, further work is required to in-
vestigate the validity of the classifications.
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Despite advances in the treatment of primary spinal tu-
mors in recent years, there remains a lack of consensus
with respect to the feasibility of oncologically appropri-
ate surgical treatment and the selection of the optimal
surgical approach. These tumors are relatively rare, com-
prising 11% of all primary musculoskeletal tumors and
4.2% of all spine tumors.1'2 Of all primary spine tumors
only 6% are malignant,” but it is the malignant tumors
that present the greatest therapeutic challenges. The
uniqueness of these tumors has lead to a lack of evidence-
based standards and the potential immensity of these
cases has resulted in varied surgical management based
on individual surgeon’s experience and preference. In
addition, most surgical options carry significant morbid-
ity and consume vast resources. In contrast, there is
emerging evidence that incomplete or oncologically in-
appropriate resection increases local recurrence rate and
decreases overall survival.4-15
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Table 1. Modified Articulation of Enneking Stages With
Surgical Margins (Boriani et al)

Breking Stages Margin for Contrdl

1 Nb managenent unless for decormpression or
stabilization

2 Intralesional excision + local acjuvants

3 Margiral en bloc excision

1A Wide en bloc excision

B Wide en bloc excision

A Wide en bloc excision + effective adjuvants

1B Wide en bloc excision + effective adjuvants

A Palliative

nB Palliative

There are currently 2 staging systems used to classify
spine tumors and to make better-informed treatment
planning. The Enneking classification was introduced in
the 1980s for the management of appendicular muscu-
loskeletal tumors.16’17 The tumor is staged by its biologic
aggressiveness, anatomic extent, and presence of metas-
tasis. Tlie Enneking classification appears valid in pre-
dicting the prognosis and guides the choice of surgical
margins in patients with primary tumors of extremities
(Table 1); however, the adoption of this classification in
the management of primary spine tumors entails com-
plexities not encountered in the appendicular skeleton. It
does not account for the existence of a continuous epi-
dural compartment, the neurologic implication of sacri-
ficing the spinal cord and roots, and the need for restor-
ing spinal stability.

The Weinstein-Boriani-Biagini (WBB) classifica-
tion5’18 was devised to stage the spinal tumor while rec-
ognizing the unique anatomic complexity of the spine. It
provides guidelines as to the feasibility and type of nec-
essary surgical resection. The fundamental concept of
this system is to ensure sparing of spinal cord without
compromising the surgical tumor margins (Table 2).1S

The application of the Enneking and W BB classifica-
tion to primary spine tumors has been studied and ap-
pears safe, feasible and to improve disease control and
survival in patients.5’15 However, before these classifica-
tions can be definitively validated and their generalizabil-
ity assessed, their reliability must be determined. A reli-
able classification means that there should be adequate
agreement among the treating clinicians on staging the
same patient (interobserver reliability) and the same
staging results should be repeatable by the same clinician
in different settings (intraobserver reliability). If the reli-

Table 2. Articulation of WBB Stages With
Surgical Procedures

Rediating Zore Procedure

4-8 or 59 Vertebrectomy (double approach)

25 0or 7-11 Sagittal resection (double approach)

10-3 Posterior arch resection (posterior approach)

There are 3 mejor methods for perfoming en bloc resections: 11) vertebrec-
my]@wg?ﬁ%lraectlmardlapostergor arch resection 0

ability and subsequent validity of one or both of these
classifications is established, it will provide an evidence-
based standardized approach to treat and study these
uncommon, potentially lethal tumors. Therefore the pur-
pose of the study is to evaluate the intraobserver and
interobserver reliability of both the Enneking and WBB
classifications for the management of primary tumors of
the spine.

m  Materials and Methods

Case Selection and Evaluation
A representative sample of 15 cases of primary spinal tumors
was selected from a prospectively collected, fully relational
spine database at a tertiary care referral center. The cases re-
flected different anatomic levels, extent of involvement, and a
variety of primary pathology and biologic behavior. jMore ma-
lignant then benign were selected because of the complex man-
agement issues. Chondrosarcoma, the most common primary
malignant tumor (15% of all chondrosarcomas) was the most
represented.19 Preoperative computed tomography (CT) and
magnetic resonance imaging (MRI) scans, demographic data
(age and gender), clinical information, and pathologic data (tu-
mor histopathology and distant metastasis) were included in 2
sets of handouts and compact discs (CDs) (Figure 1). The hand-
outs also contained instructions and a case example that clari-
fied the surgical terminology and the methodology of the En-
neking and WBB classifications, as well as the answer sheets.
The second set of handouts and CDs contained the same cases
as in the first set, but in a different order.

These materials were sent to 18 experienced spine surgeons
from the Spine Oncology Study Group, an international group
of orthopedic and neurosurgical spine surgeons dedicated to
the study and advancement of spine oncology. Using the clini-
cal information and imaging studies, each observer was asked
to stage the tumor cases using the 2 classifications by marking
boxes on the answer sheet that best described the Enneking
tumor pathology, Enneking tumor extent, Enneking metastatic
status, Enneking stage, WBB sector, and WBB layers. Based on
the staging, each observer was asked to formulate a treatment
plan by marking boxes on the answer sheet that best described
the Enneking surgical margins and WBB approaches to surgical
resection (Figure 2).

Once completed, the results were sent to an independent
central study coordinator. The identical evaluation was then
conducted 4 weeks later with the cases in a different order to
limit recall bias.

Staging
Although a detailed discussion of the staging is beyond the scope
of this manuscript, a brief description is worthwhile. The Ennek-
ing classification is based on the interrelationship of the biologic
grade (G), the local extent of the tumor (T), and the presence of
metastases (M). The tumors are divided into 3 grades according
to their biologic behavior, with G0 denoting benign tumors, G£
low-grade malignant tumors, and G2 high-grade malignant tu-
mors. Benign tumors include giant cell tumor, osteoid osteoma,
osteoblastoma, osteochondroma, chondroma, and chondro-
blastoma. Malignant tumors include chondrosarcoma, Ewing
sarcoma, and osteosarcoma. The local extent of the tumor var-
ies from intracapsular (T0), through intracompartmental (T,),
to extracompartmental (T2). Metastases may be absent (M0) or
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Example

50 year-old lady with low back & bilateral L4 radicular pain, without

neurological deficit.

CT & MRI: L4 lesion as shown, not involving pedicles, extending posteriorly
into epidural space causing cauda equina compression, and anteriorly into
retroperitoneal space with involvement of posterior aortic wall.

e Bone scan: mild increased uptake within the mass.

Figure 1 An example of cases -
compiled and sent to the raters - No distant metastasis
for review.

present (M,). These 3 factors combine to give the Enneking
stages (Table 1).

Using the surgical principles dictated by the Enneking clas-
sification, the recommended surgical margins can be intrale-
sional (with plane of dissections within the lesions), marginal
(dissection within the reactive zone or pseudocapsule), wide
(dissection beyond the reactive zone through the normal tis-
sue), and radical (extracompartmental dissection) (Table 1). In
spine surgery, radical margins are not feasible with the theoret-
ical exception of a stage I/IIA tumor totally confined to the
vertebra (no epidural disease) where a complete resection in-
cluding the spinal cord is performed. This is attributed to the
fact that the epidural space is 1 continuous compartment ex-
tending from the occiput to the sacrum.

The WBB staging system divides the spine in the axial plane
into 12 equally radiating zones centered about the spinal canal
and numbered from 1to 12 in a clockwise fashion, with zone 1
and 12 located at the left and right side of spinous process,
respectively. The tumor is further divided into 5 concentric
layers centered about the dural sac and ranging from layers
A (extraosseous soft tissues), B (intraosseous superficial), C
(intraosseous deep), D (extraosseous extradural), to E (ex-
traosseous intradural). Finally, the longitudinal extent of the
tumor is recorded as segments of vertebrae involved. Based
on the WBB stages, Boriani et al proposed indications for
surgical procedures based on their experience with 29 pa-
tients (Table 2).3

Statistical Analysis

The interobserver and intraobserver reliability of the variables
of Enneking grade, tumor and metastasis categories, Enneking
stage, and Enneking-recommended surgical margin, as well as
the WBB zones, layers, and recommended surgical procedure
were assessed among surgeon raters via the calculation percent
agreement/proportional overlap. To take into account the fact
that observers will sometimes agree or disagree simply by
chance, the k statistic was applied to each variable (Table 3).
The methods of assessment were determined by the type of
variables analyzed.

Biopsy: chondroid chordoma, low-grade

For the mutually exclusive categorical variables of Enneking
grade, tumor extent, metastasis, stage, and recommended sur-
gical margin, the percent agreement among raters was calcu-
lated. Fleiss k statistic was applied to all interobserver assess-
ments except Enneking metastasis, which is a binary
categorical variable.20 Therefore, Cohen k statistic was calcu-
lated for the assessment of the interobserver reliability of En-
neking metastasis.2l Intraobserver reliability for these mutu-
ally exclusive categorical variables was assessed via the
calculation of the percent agreement and Cohen k statistic. All
assessments for mutually exclusive categorical variables were
calculated using SPSS versionl5.0 (SPSS Inc., Chicago, IL).

WBB zones and layers are nonmutually exclusive categori-
cal variables, therefore both the interobserver and intraob-
server reliability of these data fields were assessed via the cal-
culation of proportional overlap and Mezzich k statistic, using
Microsoft Excel 2003.22°2j

m Results

Interobserver Reliability of Enneking Classification
The interobserver reliability of Enneking staging system
has a Fleiss « statistics of 0.57 (moderate level of agree-
ment) (Table 4). The analyses of Enneking subcategories
revealed interobserver reliability of 0.82 and 0.22 (Fleiss
k statistics) for the fields of Enneking grade and Ennek-
ing tumor extent, respectively. The interobserver reliabil-
ity of Enneking metastasis subcategory, which is a binary
categorical variable, is calculated with Cohen «k statistic
and yielded a k coefficient 0of 0.00. The Fleiss k coefficient
of interobserver reliability of Enneking-recommended
surgical margin is 0.47 (moderate level of agreement).

Interobserver Reliability of WBB Staging
Using Mezzich « statistics, the k coefficients of interob-
server reliability for WBB zones and WBB layers are 0.31
(fair level of agreement) and 0.58 (moderate level of agree-
ment), respectively (Table 5). The WBB-recommended
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4. Recommended Surgical Procedure
Vertebrectomy (double approach) SH
Sagittal resection (double approach) O

Posterior arch resection (posterior approach) | |

Figure 2. An example of handouts with categories of variables to be reviewed and scored by the individual raters.

surgical procedures have a Fleiss k values of 0.54
(moderate level of agreement).

Intraobserver Reliability of Enneking Classification
The intraobserver reliability of Enneking staging system
has a Fleiss k statistics of 0.82 (near-perfect level of
agreement) (Table 4). The analyses of Enneking subcat-
egories revealed intraobserver reliability of 0.97 and
0.53 (Fleiss k statistics) for the fields of Enneking grade
and Enneking tumor extent, respectively. The intraob-
server reliability of Enneking metastasis subcategory,
which is a binary categorical variable, is calculated with

Table 3. Percentage of Agreement at a Variety of k
Statistics Levels (Landis and Koch)

k \Value Lewvels of Agreerrent
Qoo0.20 Slight

0.21-0.40 Fair

041-0.60 Moderate
0.61-0.80 Substantial
>0.80 Near perfect

Cohen k statistic and yielded a k coefficient of 0.47. The
Fleiss k coefficient of interobserver reliability of Ennek-
ing-recommended surgical margin is 0.67 (substantial
level of agreement).

Intraobserver Reliability of WBB Staging
Using Mezzich k statistics, the k coefficients of intraob-
server reliability for WBB zones and W BB layers are 0.63
and 0.79, respectively (both have substantial level of
agreement) (Table 5). The WBB-recommended surgical
procedures have a Fleiss k values of 0.79 (substantial
level of agreement).

Benign Versus Malignant Tumors
A comparison of the above parameters between benign
and malignant tumors showed similar results with the
exception of “tumor grade,” which were slight (0.001) in
benign and near-perfect in malignant (0.803) (Tables 6,
7). In “tumor extent,” benign was fair (0.271) and ma-
lignant was slight (0.077). The percent agreement/
proportional overlap for all Enneking and Weinstein-
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Table 4. Results of Reliability Analysis on the Enneking Staging System

Interolsenver Reliability

N K
Breking grace 314 0
Brreking tunor extent 3w (07
Breking stage 314 057
Enneking-reconmended surgical margin 314 047

Boriani-Biagini measures, stratified by tumor cell type,
was calculated and is presented in Table 7.

m Discussion

To our knowledge this is the first study to examine, in a
large, international cohort of neurosurgical and ortho-
pedic spine surgeons, the interobserver and intraobserver
reliability of the Enneking and W BB classifications for
primary tumors of the spine.

Although the Enneking classification is adapted from
appendicular musculoskeletal oncology, its principles of
applying appropriate tumor margin resection appear
valid from the perspective of tumor recurrence and pa-
tient survival.16'l' The WBB classification was intro-
duced for staging and guiding the surgical resection of
primary spinal tumors.5'18 It addresses the shortcomings
of the former classification by accounting for the pres-
ence of the epidural compartment, the neural tissues and
unique anatomy of the spine. Its safety, feasibility, and
preliminary criterion validity was demonstrated by Boriani
et al5 and Fisher et al15; however, both classifications have
not been subjected to rigorous assessment of their reliabil-
ity. Before further validation, their reliability should be es-
tablished by demonstrating adequate agreement and re-
peatability across examiners (interobserver reliability) and
within patient populations (intraobserver reliability).

We calculated the percentage of agreement as a way of
gauging the agreement among different raters and the
agreement by the same raters in different timing, for most
categories except the WBB zones and layers. In the latter
2 categories, each rating consists of a range of zones
and layers, which may not be in complete agreement,
but overlaps in the zones and layers occupied by the
main bulk of the tumors. We are interested in the ex-
tent of overlap (proportional overlap) in the zoning
and layering of the tumor, which is the basis for deci-
sion on the “WBB-recommended surgical ap-

Intraolsenver Reliability

Percent Agreerment N K Percent Agreement
89.8% 23 097 RB1%
8L8% 4 053 B X%

23% 2 0& B%
T7.6% 29 067 2%

proaches.” To account for the agreement that would
be expected purely by chance, the k coefficient (k) is
calculated using the various described methodology
according to the types of variables assessed, as dis-
cussed in the methods section.

The calculated magnitude of k coefficients ranges
from 0.00 to 1.00. It is not simple to assign a definite
interpretation to k coefficients, because it is dependent on
the prevalence, the number of categories, possible
weighting, and the presence of bias. Landis and Koch
proposed the following as standards for interpretation of
the strength of reliability with the k coefficient: 0.00 to
0.20 = slight agreement, 0.21 to 0.40 = fair agreement,
0.41 to 0.60 = moderate agreement, 0.61 to 0.80 =
substantial agreement, and >0.80 = near-perfect agree-
ment.24 Similar formulations and adaptations exist with
slightly different descriptors.25 The minimum acceptable
value of k coefficient depends on the clinical context and
the choice of such benchmark is inevitably arbitrary. In
agreement with most published medical journals, we
consider a k coefficient of less than 0.41 to be clinically
“unacceptable” for our reliability study on Enneking
and WBB staging systems.26

Enneking Staging
We demonstrated moderate interobserver reliability (k =
0.57 and 0.47, respectively) and substantial to near-
perfect (k = 0.82 and 0.67, respectively) intraobserver
reliability for the Enneking stage and Enneking-
recommended surgical margin. The results suggested
that although a treating surgeon is more likely to be
consistent in assigning the same Enneking stage and
planning for the same resection tumor margin, the agree-
ment among different treating surgeons are only “mod-
erate.” “Moderate agreement” is theoretically consid-
ered clinically acceptable (x s 0.41), and is comparable
with accepted classification systems in spinal trauma sur-

Table 5. Results of Reliability Analysis on the WBB Staging System

Inter-Rater Reliability

WBB zones 3130 031
WBB layers 3110 058
WBB recommended surgical procedure K0S 054

Intra-Rater Reliability

Proportional Owerlap Proportional Owerlap
048 20 0.63 0.77
0.74 26 079 03
Percent Agreement Percent Agreerent
75.10% 23 07 K
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Table 6. Stratified WBB and Enneking Reliability Analyses

Enneking BEeking WBB-
Tumor Enneking Recommended WBB Recommended
Statistic Breking Gacde  Bdent  Metastasis Emeking Stage  Surgical Margin® WBB Zones  Layers  Surgical Procedure
Orthopedic surgeons

Nb. cases 149 148 149 149 149 146 146 146
Heiss k 08%2 048 0814 0724 0319 075 048
Percent agreement B 5% Koo 8381% 80.04% 0483 0841 T430%
Agreerrent Alnost perfect  Moderate Alnost perfect  Substantial Fair Substantial  Moderate
eurosurgeons only

Nb. cases 16 165 166 16 16 14 14 14
Heiss k 0759 0097 0383 0289 024 0483 0571
Percent agreement 86.91% 7515% 97.58% 586/ 68.61% 04% 0.65%6 78.30%
Agreerrent Substantial Slight Fair Fair Fair Moderate  Moderate
enign tumors anly

Nb. cases 63 63 &2 &2 &2
Heiss k QL 0271 0.267 0237 0330 0555 0707
Percent agreement 8254% 67.30% B41% 60.63% 57.5% 04% 0714 80.81%
Agreerrent Slight Fair Fair Fair Moderate Moderate ~ Substantial
lalignant turmors

Nb. cases Al X0 Al Al Al 247 247 247
Heiss k 0803 0077 052 0292 0310 0587 0424
Percent agreement 91.56% 85.56% 90.21% 1% &M% 0473 0.740 73.10%
Agreerrent Alnost Perfect  Slight Moderate Fair Moderate Moderate  Moderate

gery such as such as the Arbeitsgemeinschaft fur Osteo-
synthesefragen (AO), Denis and Thoracolumbar Injury
Severity Score (T1JSS) classification systems.27-31 It is
important to realize however, that moderate agreement
equates to an extra 41 % to 60% greater agreement over
that expected by chance. Therefore, there exist poten-
tially chances of interobserver disagreement inherent in
the Enneking staging and Enneking-recommended surgi-
cal margin.

The potential interobserver disagreement of Enneking
classification appears to be mainly related to the Ennek-
ing tumor extent subcategory that has only a fair inter-
observer reliability (k = 0.22), and the kcoefficient for its
interobserver reliability is further lowered by the low
prevalence paradox of Enneking Metastasis subcate-
gory. The Enneking tumor extent subcategory assesses
the raters’ opinion if a tumor is intracapsular, intracom-
partmental, extracapsular, or has extracompartmental
extensions based on MRI and CT scanning. Tlie exact
tumor margin and its respect for or invasion of anatomic
barrier may not be reliably determined on the somewhat
limited “representative images” provided in this study

Table 7. Percent Agreement by Tumor Type

and is more likely to improve with a full series of imaging
sequences in all planes. The logistical and feasibility is-
sues to provide full imaging series to participating sur-
geons in this study was overwhelming and not felt to be
necessary, as representative images biased toward a
lower k. Furthermore neurosurgical spine surgeons were
less familiar with the Enneking classification and this
probably further compromised interobserver reliability
(Table 6).

The subcategory of Enneking metastasis was calcu-
lated to have a k coefficient of 0.00 for interobserver
reliability, despite its high percent agreement of 98.7% .
This paradox of “high agreement-low k” occurs because
of the homogeneity of the cases (all no metastases-M0).
It is suggested that for analysis with a high agreement but
a low k, more emphasis should be laid on the percent
agreement.32-36 Far beyond the statistical explanation is
the practical reality that through appropriate systemic
staging (bone scan, chest/abdominal CT, positron emis-
sion tomography scan etc.) the presence of metastases is
a clear yes or no reported to the surgeon. The only vari-

BB
No Bwveking Turor Bmeking  BEnneking Surgical WBB Zores WBB Layers Recommrended

Histology Cases Extent Stage Margin (Proportion Owerlap)  (Proportion Overlap)  Surgical Procedure
Chondrosarcoma 8‘ B7% 8L8% Ho 0413 0716 1%
Gant cell tuor 8% 60.8% 63.8% 062l o7l 80.3%
Osteosarcoma 2 78.1% &6 4% 0560 0846 476%
Bwing sarcoma 1 W 1o 8L%% 0438 0871 66.3%
Hemengicendotheliome. 1 67.6% 57.6% 3% 080 0.750 N5%
Lei 1 OV 8LY% OV 0434 0623 N5%
Osteoblastoma 1 411% 490% 46.2% 0373 0644 495%
Csteoid osteonma 1 341.3% D 40% 4.8% 0247 0560 8L%%
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Figure 3. Modified WBB staging

by consensus of the Spine On Superior Articular

cology Study Group. The diagram Facet

is now inthe same orientation as

in conventional CT scan and VRl

images. RIGHT

ability is related to the diagnostic tests used to determine
the presence of metastases.

WBB Staging
Both categories of WBB zones and layers consist of non-
mutually exclusive categorical variables. A tumor was
defined as having a “range” of WBB zones and layers.
The difference in a few zones or layers within the range of
overlapping W BB stages assigned by different raters does
not constitute absolute disagreement. Complete dis-
agreement occurs only if there is no overlap between the
“ranges” assigned. Of clinical importance is the quanti-
fiable proportion of agreement, which is the propor-
tional overlap of the rating. Cohen k method, which is
designed for mutually exclusive categorical variables
by determining match/no match in all rating pairs, will
result in a misleadingly lower k coefficient. Instead, we
reassessed WBB zones and layers categories using
Mezzich method that calculates a proportional over-
lap among rating pairs, and showed the interobserver
reliability to be fair (k = 0.31) and moderate (k =
0.58), respectively.22'23 One potential contribution to
the lower interobserver reliability is the diagram matic
zones of the WBB do not match in orientation to the
conventional axial cuts of the CT and MRI. The in-
traobserver reliability was substantial (k = 0.63 and
0.79, respectively).

In contrast, the k coefficient for the WBB-
recommended surgical procedures is determined by ana-
lyzing their percent agreement using Cohen k method,
which is designed for mutually exclusive categorical vari-
ables. It had moderate interobserver reliability (k =
0.54) and substantial intraobserver reliability (k = 0.79).
Similar to the Enneking classification, the reliability of
the WBB staging was mainly affected by the difficulty in
the determination of the exact tumor margin and the
invaded anatomic compartment from the “representa-
tive imaging studies.” However, with the main bulk of
tumor being discernible in its anatomic location, moder-

Vertebral A

5 X / Body . Extraosseous

Soft Tissues
B. Intraosseous
(Superficial)

Pedicle
C. Intraosseous

(Deep)

D. Extraosseous
(Extradural)

E. Extraosseous
(Intradural)

F. Vertebral Artery
. Involvement
Spinous
Process

LEFT

ate agreement among surgeons in deciding the recom-
mended surgical procedures is still possible.

Limitations
The lack of the ability to view the images in multiple
slices in each plane may reduce the ability to mentally
reconstruct a three-dimensional representation of the tu-
mor, thus potentially diminishing the interobserver reli-
ability in defining the Enneking tumor extent, and WBB
zones and layers. To reduce observer bias and enhance
generalizability, the raters were selected from experi-
enced oncology spinal surgeons from different centers
across North America and abroad. Although explana-
tion and instructions were sent to the raters, it was as-
sumed that they were experienced in and familiar with
the 2 staging systems assessed and the principles of on-
cological spine surgery. The range and extent of their
experience in these regards were not formally evaluated
but when neurosurgical spine surgeons and orthopedic
spine surgeons were analyzed separately the higher ks in
the orthopedic group is probably due to a greater famil-
iarity with the classification due to background and
training in appendicular oncology.

The Spine Oncology Study Group proposes the fol-
lowing minor but key modification to the WBB system to
make it more user-friendly and to enhance reliability:
orientating the zones so they are consistent with conven-
tional MRI1 and CT axial cuts (Figure 3).

This study shows that the intraobserver reliability for
both Enneking and W BB classifications are substantial to
near-perfect; however, the interobserver reliability was
considered fair to moderate. Although primary spinal
tumors are uncommon they represent an immense
therapeutic challenge fraught with morbidity and
mortality, and therefore demand a reliable, validated,
evidence-based classification on which to base treat-
ment and conduct future research. The reliability re-
sults from this study provide a sound foundation on
which to prospectively assess reliability and the crite-
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rion validity of these classifications so as to optimize

patient management and clinical research from a true
global perspective.

m  Key Points

« Reliability study of the Enneking and WBB stag-
ing systems for the evaluation and management of
primary spinal tumors.

= Evaluation of interobserver and intraobserver re-
liability via case series review by an experienced,
international group of spine surgeons.

< Moderate interobserver reliability and substantial
and near-perfect intraobserver reliability for both the
Enneking and W BB classification was noted in terms
of staging and guidance for treatment.

< Further work is required to investigate the valid-
ity of the classifications.
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