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S t u d y  D e s i g n .  R e l ia b i l i t y  a n a l y s i s  b a s e d  o n  e x p e r t  
p a n e l  c a s e  s e r i e s  r e v i e w  a n d  g r a d i n g  p e r  t h e  E n n e k i n g  
a n d  W e i n s t e i n - B o r i a n i - B i a g i n i  c l a s s i f i c a t i o n  s y s t e m s .

O b j e c t i v e .  T o  a s s e s s  t h e  re l iabi l i ty  o f  t h e  E n n e k i n g  a n d  
W e i n s t e i n - B o r i a n i - B i a g i n i  c l a s s i f i c a t i o n  s y s t e m s .

S u m m a r y  o f  B a c k g r o u n d  D a t a .  T h e  E n n e k i n g  a n d  
W e i n s t e i n - B o r i a n i - B i a g i n i  ( W B B )  c l a s s i f i c a t i o n s  w e r e  d e ­
v e l o p e d  t o  s t a g e  a n d  f a c i l i t a t e  t r e a t m e n t  p l a n n i n g  in p a ­
t i e n t s  w i t h  p r i m a r y  s p i n e  t u m o r s .  T o  d a t e ,  th e i r  i n t e r o b ­
s e r v e r  a n d  i n t r a o b s e r v e r  re l iabil i ty  h a s  n o t  b e e n  a s s e s s e d - a  
f u n d a m e n t a l  s t e p  in fa c i l i ta t in g  b r o a d e r  c l in ica l  a n d  re ­
s e a r c h  u s e .

M e t h o d s .  C l i n i c a l  i n f o r m a t i o n ,  i m a g i n g  s t u d i e s ,  a n d  
b i o p s y  r e s u l t s  w e r e  c o m p i l e d  f r o m  1 5  s e l e c t e d  p a t i e n t s  
w i t h  p r i m a r y  s p i n a l  t u m o r s .  E i g h t e e n  s p i n e  s u r g e o n s  
i n d e p e n d e n t l y  e s t i m a t e d  a n d  s c o r e d  t h e  c a s e s  f o r  E n ­
n e k i n g  g r a d e ,  t u m o r  a n d  m e t a s t a s i s  c a t e g o r i e s ,  E n n e k ­
i n g  s t a g e ,  E n n e k i n g - r e c o m m e n d e d  s u r g i c a l  m a r g i n ,  
W B B  z o n e s  a n d  l a y e r s ,  a n d  W B B - r e c o m m e n d e d  s u r g i ­
c a l  p r o c e d u r e s ,  w i t h  a  s e c o n d  a s s e s s m e n t  p e r f o r m e d  
a f t e r  r a n d o m  r e s o r t i n g  o f  c a s e s .  I n t e r o b s e r v e r  a n d  i n ­
t r a o b s e r v e r  r e l i a b i l i t y  o f  e a c h  c a t e g o r y  w e r e  a s s e s s e d  
b y  p e r c e n t  a g r e e m e n t  o r  p r o p o r t i o n a l  o v e r l a p .  T h e
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p l ie d ,  d e t e r m i n e d  b y  t h e  t y p e  o f  v a r i a b l e  a n a l y z e d .

R e s u l t s .  T h e  k s t a t i s t i c s  f o r  i n t e r o b s e r v e r  re l iabi l i ty  w e r e
0 . 8 2 ,  0 . 2 2 ,  0 . 0 0 ,  0 . 5 7 ,  0 . 4 7 ,  0 . 3 1 ,  0 . 5 8 ,  a n d  0 . 5 4  f o r  t h e  f i e l d s  
o f  E n n e k i n g  g r a d e ,  t u m o r  a n d  m e t a s t a s i s  c a t e g o r i e s ,  E n n e k ­
ing s t a g e ,  E n n e k i n g - r e c o m m e n d e d  s u r g i c a l  m a r g i n ,  W B B  
z o n e s  a n d  l a y e r s ,  a n d  W B B - r e c o m m e n d e d  s u r g i c a l  p r o c e ­
d u r e s ,  r e s p e c t i v e l y .  T h e  k s ta t i s t i c s  f o r  i n t r a o b s e r v e r  re l iab i l ­
ity w e r e  0 . 9 7 ,  0 . 5 3 ,  0 . 4 7 ,  0 . 8 2 ,  0 . 6 7 ,  0 . 6 3 ,  0 . 7 9 ,  a n d  0 . 7 9  fo r  
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C o n c l u s i o n .  R e s u l t s  i n d i c a t e  m o d e r a t e  i n t e r o b s e r v e r  
re l i a b i l i ty  a n d  s u b s t a n t i a l  a n d  n e a r - p e r f e c t  i n t r a o b s e r v e r  
re l i a b i l i ty  f o r  b o t h  t h e  E n n e k i n g  a n d  W B B  c l a s s i f i c a t i o n  in 
t e r m s  o f  s t a g i n g  a n d  g u i d a n c e  f o r  t r e a t m e n t ,  d e s p i t e  a 
l e s s  t h a n  m o d e r a t e  i n t e r o b s e r v e r  re l i a b i l i ty  in i n t e r p r e t i n g  
t h e  E n n e k i n g  l o c a l  t u m o r  e x t e n s i o n  a n d  W B B  s e c t o r .  B e ­
f o r e  i n c o r p o r a t i n g  t h e  c l a s s i f i c a t i o n s  in t h e  c l i n i c a l  p r a c ­
t i c e  a n d  r e s e a r c h  s t u d i e s ,  f u r t h e r  w o r k  is  r e q u i r e d  t o  in ­
v e s t i g a t e  t h e  v a l i d i t y  o f  t h e  c l a s s i f i c a t i o n s .
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s p i n e ,  c l a s s i f i c a t i o n  s y s t e m ,  o n c o l o g i c a l  s t a g i n g .  S p i n e  
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D espite advances in the treatm ent o f prim ary spinal tu ­
m ors in recent years, there rem ains a lack o f consensus 
with respect to  the feasibility o f oncologically  appropri­
ate surgical treatm ent and the selection o f the optim al 
surgical approach . These tum ors are relatively rare, com ­
prising 1 1 %  o f all prim ary m usculoskeletal tum ors and 
4 .2 %  o f all spine tu m ors.1'2 O f all prim ary spine tum ors 
only 6 %  are m alignant,'’ but it is the m alignant tum ors 
th a t present the g reatest therap eu tic challenges. T he 
uniqueness o f these tum ors has lead to  a lack o f evidence- 
based standards and the potential im m ensity o f these 
cases has resulted in varied surgical m anagem ent based 
on individual surgeon’s experience and preference. In 
addition, m ost surgical options carry significant m orbid ­
ity and consum e vast resources. In con trast, there is 
em erging evidence th at incom plete 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)

Enneking Stages Margin for Control

1 No management unless for decompression or 
stabilization

2 Intralesional excision ± local adjuvants
3 Marginal en bloc excision
IA Wide en bloc excision
IB Wide en bloc excision
IIA Wide en bloc excision + effective adjuvants
IIB Wide en bloc excision + effective adjuvants
IIIA Palliative
IIIB Palliative

There are currently 2  staging system s used to  classify 
spine tum ors and to m ake better-inform ed  treatm ent 
planning. T h e  Enneking classification w as introduced in 
the 1 9 8 0 s  for the m anagem ent o f appendicular m uscu­
loskeletal tu m o rs .16’17 The tum or is staged by its b iologic 
aggressiveness, anatom ic extent, and presence o f m etas­
tasis. T lie Enneking classification appears valid in pre­
dicting the prognosis and guides the choice o f surgical 
m argins in patients with prim ary tum ors o f extrem ities 
(T ab le 1); how ever, the adoption o f this classification in 
the m anagem ent o f prim ary spine tum ors entails co m ­
plexities not encountered in the appendicular skeleton. It 
does not accou nt for the existence o f a continuous epi­
dural com partm ent, the neurologic im plication o f sacri­
ficing the spinal cord and roots, and the need for restor­
ing spinal stability.

T h e  W e in s te in -B o r ia n i-B ia g in i (W B B ) c la s s if ic a ­
tion 5’18 w as devised to  stage the spinal tum or w hile rec­
ognizing the unique anatom ic com plexity  o f the spine. It 
provides guidelines as to the feasibility and type o f nec­
essary surgical resection . T he fundam ental concept o f 
this system is to ensure sparing o f spinal cord w ithout 
com prom ising the surgical tum or m argins (T ab le  2 ) .1S

T he application o f the Enneking and W B B  classifica­
tion to prim ary spine tum ors has been studied and ap­
pears safe, feasible and to im prove disease control and 
survival in p atien ts.5’15 H ow ever, before these classifica­
tions can be definitively validated and their generalizabil- 
ity assessed, their reliability  m ust be determ ined. A reli­
able classification m eans that there should be adequate 
agreem ent am ong the treating clinicians on staging the 
sam e p atien t (in terobserver re liability ) and the sam e 
staging results should be repeatable by the same clinician 
in different settings (in traobserver reliability). If the reli-

Table 2. Articulation of WBB Stages With 
Surgical Procedures

Radiating Zone Procedure

4-8 or 5-9 Vertebrectomy (double approach)
2-5 or 7-11 Sagittal resection (double approach)
10-3 Posterior arch resection (posterior approach)
There are 3 major methods for performing en bloc resections: 11) vertebrec-
tomy; 12) sagittal resection; and 13) posterior arch resection.

ability  and subsequent validity o f one or both o f these 
classifications is established, it will provide an evidence- 
based standardized approach to treat and study these 
uncom m on, potentially  lethal tum ors. T h erefore  the pur­
pose o f the study is to  evaluate the in traobserver and 
interobserver reliability o f both the Enneking and W B B  
classifications for the m anagem ent o f prim ary tum ors o f 
the spine.

■ 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 W BB 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 (M 0) or
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Exam ple

5 0  y e a r - o ld  la d y  w ith  lo w  b a c k  & b i la t e r a l  L 4  r a d ic u la r  p a in ,  w it h o u t  
n e u r o lo g i c a l  d e f ic i t .

C T  & M R I: L 4  l e s i o n  a s  s h o w n ,  n o t  in v o lv in g  p e d i c l e s ,  e x t e n d in g  p o s t e r io r ly  
in t o  e p id u r a l  s p a c e  c a u s i n g  c a u d a  e q u in a  c o m p r e s s i o n ,  a n d  a n t e r io r ly  in to  
r e t r o p e r i t o n e a l  s p a c e  w ith  in v o lv e m e n t  o f  p o s t e r i o r  a o r t i c  w a ll .

•  B o n e  s c a n :  m ild  i n c r e a s e d  u p t a k e  w ith in  t h e  m a s s .

•  B i o p s y :  c h o n d r o id  c h o r d o m a ,  lo w - g r a d e

•  N o  d i s t a n t  m e t a s t a s i s
Figure 1. An example of cases 
compiled and sent to the raters 
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 1 to 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 W BB stages, Boriani et aI 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.

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 m etastasis, w hich is a binary 
categorical variable.20 Therefore, Cohen k statistic was calcu­
lated for the assessment of the interobserver reliability of En­
neking metastasis.21 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 20 03 .22’2j

■ Results 

Interobserver Reliability of Enneking Classification
T he interobserver reliability  o f Enneking staging system 
has a Fleiss k  statistics o f 0 .5 7  (m oderate level o f agree­
m ent) (T ab le 4 ). T he analyses o f Enneking subcategories 
revealed interobserver reliability  o f  0 .8 2  and 0 .2 2  (Fleiss 
k  statistics) for the fields o f Enneking grade and E nnek­
ing tum or extent, respectively. T he interobserver re liab il­
ity o f  Enneking m etastasis subcategory, w hich is a binary 
categorical variable, is calcu lated  w ith  C ohen k  statistic 
and yielded a k  coefficient o f 0 .0 0 . The Fleiss k  coefficient 
o f  interobserver reliability  o f Enneking-recom m ended 
surgical m argin is 0 .4 7  (m oderate level o f agreem ent).

Interobserver Reliability of WBB Staging
Using M ezzich k  statistics, the k  coefficients o f interob­
server reliability for W B B  zones and W B B  layers are 0 .31  
(fair level o f agreement) and 0 .5 8  (m oderate level o f agree­
m ent), resp ectiv ely  (T a b le  5 ). T h e  W B B -reco m m en d ed
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Exam ple:

1. Enneking Staging

Grade

< * □

Tumour < 

To 1____1

G . H Ti □

T2 H

Ennekine Stase

s i  □

S2 □

S3 □

ia  E D

IB | T ]

EA 1 1

HB 1 1

m A 1 1

n m  1— 1

Metastasis

2. Recommended Surgical Margin

Litralesional □  

Marginal □

Wide I X  I

MoH

M , n

Example (cont...):

3. WBB Staging

4. Recommended Surgical Procedure

Vertebrectomy (double approach) 

Sagittal resection (double approach)

Zone Laver

1 □ A H

2 n B H

3 n C ^

4 n d

5 [ T ] E n

6 H

7 L ^ J

8 [ x ]

9 □

101 1

121 1

SH  
□

Posterior arch resection (posterior approach) I I

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

su rgical p ro ced u res have a F leiss k values o f  0 .5 4  
(m od erate  level o f  agreem ent).

Intraobserver Reliability of Enneking Classification
T he intraobserver reliability  o f Enneking staging system 
has a Fleiss k statistics o f  0 .8 2  (near-perfect level o f 
agreem ent) (T ab le  4 ). T h e  analyses o f Enneking su b cat­
egories revealed in traobserver reliability  o f 0 .9 7  and
0 .5 3  (Fleiss k statistics) for the fields o f  Enneking grade 
and Enneking tum or exten t, respectively. T he in trao b ­
server reliability  o f Enneking m etastasis subcategory, 
w hich 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 Levels of Agreement

0.00-0.20 Slight
0.21-0.40 Fair
0.41-0.60 Moderate
0.61-0.80 Substantial
>0.80 Near perfect

Cohen k statistic and yielded a k coefficient o f  0 .4 7 . T he 
Fleiss k coefficient o f  interobserver reliability  o f  Ennek- 
ing-recom m ended surgical m argin is 0 .6 7  (substantial 
level o f agreem ent).

Intraobserver Reliability of WBB Staging
Using M ezzich k statistics, the k coefficients o f in trao b ­
server reliability  for W B B  zones and W B B  layers are 0 .6 3  
and 0 .7 9 ,  respectively (both have substantial level o f 
agreem ent) (T ab le  5). T he W BB-recom m ended surgical 
procedures have a Fleiss k values o f 0 .7 9  (substantial 
level o f agreem ent).

Benign Versus Malignant Tumors
A com parison o f the above param eters betw een benign 
and m alignant tum ors show ed sim ilar results with the 
exception o f “ tum or g rad e,” w hich were slight (0 .0 0 1 )  in 
benign and near-perfect in m alignant (0 .8 0 3 )  (T ab les 6, 
7 ). In “tum or e x te n t,” benign w as fair (0 .2 7 1 ) and m a­
lig n an t w as slig h t (0 .0 7 7 ) .  T h e  p ercen t agreem ent/ 
proportional overlap for all Enneking and W einstein-
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Table 4. Results of Reliability Analysis on the Enneking Staging System

Interobserver Reliability Intraobserver Reliability

N K Percent Agreement N K Percent Agreement

Enneking grade 314 0.82 89.8% 258 0.97 98.1%
Enneking tumor extent 304 0.22 81.8% 254 0.53 88.9%
Enneking stage 314 0.57 72.3% 269 0.82 88.5%
Enneking-recommended surgical margin 314 0.47 77.6% 269 0.67 86.2%

Boriani-B iagin i m easures, stratified by tum or cell type, 
w as calculated  and is presented in T ab le  7.

■ Discussion

T o  our know ledge this is the first study to  exam ine, in a 
large, international co h o rt o f neurosurgical and o rth o ­
pedic spine surgeons, the interobserver and intraobserver 
reliability  o f  the Enneking and W B B  classifications for 
prim ary tum ors o f  the spine.

A lthough the Enneking classification  is adapted from  
appendicular m usculoskeletal oncology, its principles o f 
applying appropriate  tum or m argin  resection  appear 
valid from  the perspective o f tum or recurrence and pa­
tient su rv iv a l.16' 1' T h e  W B B  classification  w as in tro ­
duced for staging and guiding the surgical resection  o f 
prim ary spinal tu m ors.5' 18 It addresses the shortcom ings 
o f the form er classification  by accounting fo r the pres­
ence o f the epidural com partm ent, the neural tissues and 
unique anatom y o f the spine. Its safety, feasibility, and 
preliminary criterion validity was dem onstrated by Boriani 
et al5 and Fisher e t a l15; however, both classifications have 
not been subjected to rigorous assessment o f their reliabil­
ity. Before further validation, their reliability should be es­
tablished by dem onstrating adequate agreement and re­
peatability across exam iners (interobserver reliability) and 
within patient populations (intraobserver reliability).

W e calculated  the percentage o f  agreem ent as a w ay o f 
gauging the agreem ent am ong different raters and the 
agreem ent by the sam e raters in different tim ing, for m ost 
categories except the W B B  zones and layers. In the la tter
2 ca teg o ries, each  ra tin g  co n sists  o f  a range o f  zones 
and layers, w h ich  m ay n o t be in com p lete  agreem ent, 
bu t ov erlap s in the zones and layers occu p ied  by the 
m ain  bu lk  o f  the tu m ors. W e are in terested  in the e x ­
ten t o f  ov erlap  (p ro p o rtio n a l overlap ) in the zoning 
and layering  o f  the tu m or, w h ich  is the basis fo r d eci­
s io n  o n  th e  “ W B B - r e c o m m e n d e d  s u r g ic a l  a p ­

p ro a ch e s .” T o  acco u n t fo r the agreem ent th a t w ould  
be exp ected  purely by ch an ce , the k coefficien t ( k ) is 
ca lcu la ted  using the v ario u s d escribed  m ethod ology  
acco rd in g  to  the types o f  v ariab les assessed, as d is­
cussed in the m ethod s sectio n .

T h e  ca lcu lated  m agnitude o f  k coefficients ranges 
from  0 .0 0  to  1 .0 0 . It is not sim ple to assign a definite 
interpretation  to k coefficients, because it is dependent on 
the p re v a le n ce , the n u m ber o f  ca te g o rie s , p o ssib le  
w eighting, and the presence o f bias. Landis and K och 
proposed the follow ing as standards for interpretation  o f 
the strength o f reliability  w ith the k coefficient: 0 .0 0  to
0 .2 0  =  slight agreem ent, 0 .2 1  to  0 .4 0  =  fair agreem ent,
0 .4 1  to 0 .6 0  =  m oderate agreem ent, 0 .6 1  to  0 .8 0  =  
substantial agreem ent, and > 0 .8 0  =  near-perfect agree­
m ent.24 Sim ilar form u lations and ad aptations exist w ith 
slightly different descrip tors.25 T he m inim um  acceptable 
value o f  k coefficient depends on  the clin ical con text and 
the choice o f such benchm ark is inevitably arb itrary . In 
agreem ent w ith  m ost published m edical jo u rn als , we 
consider a k coefficient o f less than 0 .4 1  to  be clinically 
“u n accep tab le” for our reliability  study on  Enneking 
and W B B  staging system s.26

Enneking Staging
W e dem onstrated m oderate interobserver reliability  ( k =
0 .5 7  and 0 .4 7 ,  respectively) and substantial to  n ear­
perfect (k =  0 .8 2  and 0 .6 7 , respectively) intraobserver 
re lia b i l i ty  fo r  th e  E n n e k in g  s ta g e  an d  E n n e k in g - 
recom m ended surgical m argin . T he results suggested 
that although a treating surgeon is m ore likely to  be 
consisten t in assigning the sam e E nneking stage and 
planning for the sam e resection  tum or m argin, the agree­
m ent am ong different treating surgeons are only “ m od­
e ra te .” “M od erate  agreem ent” is theoretically  consid ­
ered clinically acceptable ( k  s  0 .4 1 ) , and is com parable 
w ith accepted classification  system s in spinal traum a sur-

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

Inter-Rater Reliability

Proportional Overlap

Intra-Rater Reliability

Proportional Overlap

WBB zones 
WBB layers

WBB recommended surgical procedure

3130
3110

309

0.31
0.58

Percent Agreement

0.48
0.74

0.54 75.10%

269
266

263

0.63
0.79

Percent Agreement

0.77
0.88

0.79 3%
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Table 6. Stratified WBB and Enneking Reliability Analyses

Statistic

Enneking 
Tumor Enneking 

Enneking Grade Extent Metastasis Enneking Stage

Enneking
Recommended

Surgical Margin WBB Zones
WBB
Layers

WBB- 
Recommended 

Surgical Procedure

Orthopedic surgeons

No. cases 149 148 149 149 149 146 146 146
Fleiss k 0.892 0.485 0.814 0.724 0.319 0.725 0.548
Percent agreement 93.80% 91.56% 100.00% 88.81% 89.04% 0.483 0.841 74.30%
Agreement Almost perfect Moderate Almost perfect Substantial Fair Substantial Moderate

eurosurgeons only
No. cases 165 165 165 165 165 164 164 164
Fleiss k 0.759 0.097 0.383 0.289 0.294 0.488 0.571
Percent agreement 86.91% 75.15% 97.58% 58.67% 68.61% 0.455 0.656 78.30%
Agreement Substantial Slight Fair Fair Fair Moderate Moderate

enign tumors only
No. cases 63 63 63 63 63 62 62 62
Fleiss k 0.001 0.271 0.267 0.237 0.330 0.555 0.707
Percent agreement 82.54% 67.30% 98.41% 60.63% 57.5% 0.496 0.714 80.81%
Agreement Slight Fair Fair Fair Moderate Moderate Substantial

lalignant tumors

No. cases 251 250 251 251 251 247 247 247
Fleiss k 0.803 0.077 0.522 0.292 0.310 0.587 0.424
Percent agreement 91.56% 85.56% 99.21% 75.19% 82.7% 0.473 0.740 73.70%
Agreement Almost Perfect Slight Moderate Fair Moderate Moderate Moderate

gery such as such as the A rbeitsgem einschaft fur O steo- 
synthesefragen (A O ), D enis and T h o raco lu m b ar Injury 
Severity Score (T IJS S )  classification system s.27-31 It is 
im portant to realize how ever, that m oderate agreem ent 
equates to an extra 41 %  to 6 0 %  greater agreem ent over 
that expected by chance. T h erefore , there exist po ten ­
tially chances o f interobserver disagreem ent inherent in 
the Enneking staging and Enneking-recom m ended surgi­
cal m argin.

T he potential interobserver disagreem ent o f Enneking 
classification appears to be m ainly related to the E nnek­
ing tum or extent subcategory that has only a fair inter­
observer reliability  (k =  0 .2 2 ), and the k coefficient for its 
interobserver reliability  is further low ered by the low 
prevalence p arad o x  o f E nneking M etastasis su b ca te ­
gory. The Enneking tum or extent subcategory assesses 
the raters’ opinion if a tum or is in tracapsular, intracom - 
partm ental, extracap su lar, or has extracom partm ental 
extensions based on M R I and C T  scanning. T lie exact 
tum or m argin and its respect for or invasion o f anatom ic 
barrier may not be reliably determ ined on the som ew hat 
lim ited “ representative im ages” provided in this study

and is m ore likely to im prove w ith a full series o f im aging 
sequences in all planes. T he logistical and feasibility is­
sues to  provide full im aging series to participating sur­
geons in this study w as overw helm ing and not felt to be 
necessary , as representative im ages biased  tow ard  a 
low er k . Furtherm ore neurosurgical spine surgeons were 
less fam iliar with the Enneking classification and this 
probably  further com prom ised  interobserver reliability 
(T ab le 6).

T he subcategory o f Enneking m etastasis w as ca lcu ­
lated to have a k coefficient o f 0 .0 0  for interobserver 
reliability , despite its high percent agreem ent o f 9 8 .7 % . 
T his p arad ox  o f “high agreem ent-low  k ” occurs because 
o f the hom ogeneity o f the cases (all no m etastases-M 0). 
It is suggested that for analysis w ith a high agreem ent but 
a low  k, m ore em phasis should be laid on the percent 
agreem ent.32-36 Far beyond the statistical explanation  is 
the practical reality that through appropriate system ic 
staging (bone scan, chest/abdom inal C T , positron em is­
sion tom ography scan etc.) the presence o f m etastases is 
a clear yes or no reported to the surgeon. T he only vari-

Table 7. Percent Agreement by Tumor Type

Histology
No.

Cases
Enneking Tumor 

Extent
Enneking

Stage
Enneking Surgical 

Margin
WBB Zones 

(Proportion Overlap)
WBB Layers 

(Proportion Overlap)

WBB 
Recommended 

Surgical Procedure

Chondrosarcoma 6 93.7% 81.8% 86.8% 0.413 0.716 82.1%
Giant cell tumor 2 83.8% 69.8% 63.8% 0.621 0.791 80.3%
Osteosarcoma 2 78.1% 66.2% 82.4% 0.560 0.846 47.6%
Ewing sarcoma 1 100.0% 100.0% 81.9% 0.438 0.871 66.3%
Hemangioendothelioma 1 67.6% 57.6% 73.3% 0.830 0.750 90.5%
Leiomyosarcoma 1 100.0% 81.9% 100.0% 0.434 0.623 90.5%
Osteoblastoma 1 41.1% 49.0% 46.2% 0.373 0.644 49.5%
Osteoid osteoma 1 34.3% 42.4% 44.8% 0.247 0.560 81.9%
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Figure 3. Modified WBB staging 
by consensus of the Spine On­
cology Study Group. The diagram 
is now in the same orientation as 
in conventional CT scan and MRI 
images.
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ability  is related to the d iagnostic tests used to determ ine 
the presence o f m etastases.

WBB Staging
Both categories o f W B B  zones and layers consist o f non- 
m utually exclusive categorical variables. A tum or was 
defined as having a “ range” o f W B B  zones and layers. 
T he difference in a few zones or layers w ithin the range o f 
overlapping W B B  stages assigned by different raters does 
not co n stitu te  ab so lu te  d isagreem en t. C om p lete  d is­
agreem ent occurs only if there is no overlap betw een the 
“ ranges” assigned. O f clinical im portance is the q u anti­
fiable proportion  o f agreem ent, w hich is the p ro p o r­
tional overlap o f the rating. Cohen k m ethod, w hich is 
designed fo r m u tually  exclu sive ca teg o rica l v ariab les 
by d eterm in ing  match/no m atch  in all ra tin g  p a irs , will 
resu lt in a m islead ingly  low er k coefficien t. In stead , we 
reassessed  W B B  zones and  lay ers ca te g o rie s  using 
M ezzich  m ethod th a t ca lcu la tes  a p ro p o rtio n a l o v er­
lap am ong ra tin g  p a irs , and show ed the in terob serv er 
re liab ility  to  be fa ir ( k =  0 .3 1 )  and m o d erate  (k =
0 .5 8 ) ,  resp ectiv ely .22'23 O ne p o ten tia l co n trib u tio n  to 
the low er in tero b serv er re liab ility  is the d iag ram m atic  
zones o f the W B B  do n ot m atch  in o r ie n ta tio n  to  the 
co n v en tio n al ax ia l cuts o f  the C T  and M R I. T h e  in ­
trao b serv er re liab ility  w as su b stan tia l ( k =  0 .6 3  and
0 .7 9 ,  resp ectiv ely).

In  c o n t r a s t ,  th e  k c o e f f ic ie n t  fo r  th e  W B B -  
recom m ended surgical procedures is determ ined by an a­
lyzing their percent agreem ent using Cohen k m ethod, 
w hich is designed for m utually exclusive categorical vari­
ables. It had m oderate in terobserver re liability  (k =
0 .5 4 )  and substantial intraobserver reliability  (k =  0 .7 9 ) . 
Sim ilar to the Enneking classification , the reliability  o f 
the W B B  staging w as m ainly affected by the difficulty in 
the determ ination o f the exact tum or m argin and the 
invaded anatom ic com partm ent from  the “ representa­
tive im aging stud ies.” H ow ever, w ith the m ain bulk o f 
tum or being discernible in its anatom ic location , m oder­

ate agreem ent am ong surgeons in deciding the recom ­
m ended surgical procedures is still possible.

Limitations
T he lack o f the ability  to view the im ages in m ultiple 
slices in each plane m ay reduce the ability  to m entally 
reconstruct a three-dim ensional representation o f the tu­
m or, thus potentially  dim inishing the interobserver reli­
ability  in defining the Enneking tum or exten t, and W B B  
zones and layers. T o  reduce observer bias and enhance 
generalizability , the raters w ere selected from  exp eri­
enced oncology spinal surgeons from  different centers 
across N orth  A m erica and abroad . A lthough exp lan a­
tion and instructions were sent to  the raters, it was as­
sumed that they were experienced in and fam iliar with 
the 2  staging system s assessed and the principles o f on ­
cological spine surgery. T he range and extent o f their 
experience in these regards w ere not form ally evaluated 
but when neurosurgical spine surgeons and orthopedic 
spine surgeons were analyzed separately the higher k s  in 
the orthopedic group is p robably  due to  a greater fam il­
iarity  w ith the c lassification  due to  backgrou nd  and 
training in appendicular oncology.

T he Spine O ncology Study G roup proposes the fo l­
low ing m inor but key m odification to  the W B B  system to 
m ake it m ore user-friendly and to  enhance reliability : 
orientating the zones so they are consistent w ith conven­
tional M R I and C T  axial cuts (Figure 3).

T his study show s that the in traobserver reliability  for 
both Enneking and W B B  classifications are substantial to 
near-perfect; how ever, the interobserver reliability  was 
considered fair to m oderate. A lthough p rim ary  spinal 
tu m o rs are  u n com m on they  rep resen t an im m ense 
th e ra p e u tic  ch a lle n g e  fra u g h t w ith  m o rb id ity  and 
m o rta lity , and th ere fo re  dem and a re liab le , valid ated , 
ev id ence-based  classifica tio n  on w hich to  base tre a t­
m ent and co n d u ct fu ture research . T h e  re liab ility  re ­
sults from  th is study provid e a sound fo u n d ation  on 
w hich to  p ro sp ectiv ely  assess re liab ility  and the c r ite ­
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rion valid ity  o f  these c lass ifica tio n s so as to  op tim ize 
p atien t m an agem en t and clin ica l research  from  a true 
g lobal persp ectiv e.
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■ Key Points

• R eliability  study o f the Enneking and W B B  stag­
ing systems for the evaluation and m anagem ent o f 
prim ary spinal tum ors.
• Evaluation o f interobserver and intraobserver re­
liability via  case series review by an experienced, 
international group o f spine surgeons.
• M oderate interobserver reliability and substantial 
and near-perfect intraobserver reliability for both the 
Enneking and W B B  classification was noted in terms 
o f staging and guidance for treatment.
• Further w ork is required to  investigate the valid­
ity o f the classifications.
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