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ABSTRACT

Objective: To evaluate interobserver agreement of Glassman classification for posterolateral lumbar spine arthrodesis. Methods: One hun-
dred and thirty-four CT scans from patients who underwent posterolateral arthrodesis of the lumbar and lumbosacral spine were evaluated
by four observers, namely two orthopedic surgeons experienced in spine surgery and two in training in this area. Using the reconstructed
tomographic images at oblique coronal plane, 299 operated levels were systematically analyzed looking for arthrodesis signals. The appe-
arance of bone healing in each operated level was classified in five categories as proposed by Glassman to the posterolateral arthrodesis:
1) bilateral solid arthrodesis; 2) unilateral solid arthrodesis; 3) bilateral partial arthrodesis; 4) unilateral partial arthrodesis; 5) absence of
arthrodesis. In a second step, the evaluation of each operated level was divided into two categories: fusion (including type 1, 2, 3, and 4)
and non fusion (type 5). Statistical analysis was performed by calculating the Kappa coefficient considering the paired analysis between
the two experienced observers and between the two observers in training. Results: The interobserver reproducibility by the kappa coeffi-
cient for arthrodesis consolidation analysis for the classification proposed, divided into 5 types, was 0.729 for both experienced surgeons
and training surgeons. Considering only two categories kappa coefficient was 0.745 between experienced surgeons and 0.795 between
training surgeons. In all analyzes, we obtained high concordance power. Conclusion: Interobserver reproducibility was observed with high
concordance in the classification proposed by Glassman for posterolateral arthrodesis of the lumbar and lumbosacral spine.

Keywords: Spine fusion; Tomography; Classification; Spine; Reproducibility of results.

RESUMO

Objetivo: Avaliar a concordancia interobservadores da classificagdo de Glassman para artrodese posterolateral da coluna lombar. Métodos:
Cento e trinta e quatro tomografias de pacientes submetidos a artrodese posterolateral da coluna lombar e lombossacra foram avaliadas
por quatro observadores, sendo dois ortopedistas experientes em cirurgia da coluna e dois ortopedistas em treinamento na area. Utilizando
as imagens tomograficas reconstruidas no plano coronal obliquo foram analisados, sistematicamente, 299 niveis operados, buscando-se
sinais de artrodese. O aspecto da consolidagdo ¢ssea em cada nivel operado foi classificado como proposto por Glassman para artrodese
posterolateral em cinco categorias: 1) artrodese sdlida bilateral; 2) artrodese sdélida unilateral;, 3) artrodese parcial bilateral; 4) artrodese
parcial unilateral; 5) auséncia de artrodese. Em um segundo momento, a avaliagdo de cada nivel operado foi dividida em duas categorias:
consolidado (tipos 1, 2, 3, e 4 de Glassman) e ndo consolidado (tipo 5). A analise estatistica foi feita pelo calculo do coeficiente Kappa
considerando-se a analise pareada entre os dois observadores experientes e entre dois observadores em treinamento. Resultados: A
reprodutibilidade interobservadores pelo coeficiente Kappa para a analise de consolidagdo da artrodese pela classificagdo proposta, dividida
em 5 tipos, foi de 0,729 tanto para os cirurgides experientes quanto em treinamento. Considerando apenas as duas categorias, obtivemos
coeficiente Kappa de 0,745 entre os cirurgiées e de 0,795 entre os residentes. Em todas as analises obtivemos forga de concordéncia
alta. Conclusdo: Foi observada reprodutibilidade interobservadores com concordancia alta na classificagdo proposta por Glassman para
as artrodeses posterolaterais da coluna lombar e lombossacra.

Descritores: Fuséo vertebral;, Tomografia, Classificagéo; Coluna vertebral; Reprodutibilidade dos testes.

RESUMEN

Objetivo: Evaluar la concordancia entre observadores de la clasificacion de Glassman para artrodesis posterolateral de la columna lum-
bar. Métodos: Ciento treinta y cuatro tomografias de pacientes sometidos a artrodesis posterolateral de la columna lumbar y lumbosacra
fueron evaluados por cuatro observadores. dos cirujanos ortopédicos con experiencia en la cirugia de columna y dos cirujanos ortopé-
dicos en formacién para cirugia de columna. Por medio de las imagenes de TC reconstruidas en el plano coronal oblicuo se analizaron
sistematicamente 299 niveles operados, buscando senales de artrodesis. La aparicion de la cicatrizacion ésea en cada nivel operado se
clasificd como propone Glassman para la artrodesis posterolateral, en cinco categorias: 1) artrodesis sdlida bilateral; 2) artrodesis sdlida
unilateral; 3) artrodesis parcial bilateral; 4) artrodesis parcial unilateral; 5) ausencia de artrodesis. En una segunda etapa, la evaluacion
de cada nivel operado fue dividida en dos categorias: fusion (tipos 1, 2, 3y 4) y sin fusion (tipo 5). El anélisis estadistico se realizé
mediante el calculo del coeficiente Kappa, teniendo en cuenta el analisis pareado entre los dos observadores experimentados y entre
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los dos observadores en formacién. Resultados: La reproducibilidad entre observadores por el coeficiente Kappa para el andlisis de la
consolidacién de la artrodesis en la clasificacion propuesta, dividida en 5 categorias, fue 0,729 para ambos cirujanos experimentados y
en formacion. Considerando solamente las dos categorias, se obtuvo el coeficiente Kappa de 0,745 entre los cirujanos experimentados
y 0,795 entre los cirujanos en formacion. En todos los analisis se obtuvo un alto poder de concordancia. Conclusién: Se observé repro-
ducibilidad entre observadores con una alta concordancia en la clasificacion propuesta por Glassman para artrodesis posterolateral de

la columna lumbar y lumbosacra.

Descriptores: Fusion vertebral;, Tomografia; Clasificacion; Columna vertebral;, Reproducibilidad de resultados.

INTRODUCTION

Spinal arthrodesis has been indicated for the treatment of va-
rious degenerative pathologies of the lumbar spine, such as scolio-
sis, spondylolisthesis, and stenosis of the lumbar canal. It is efficient
when properly indicated, culminating in improvements in the pain
profile and other disabilities that accompany these conditions.'

These arthrodeses can be performed via anterior, posterior, or
combined approaches. The benefits of posterolateral arthrodesis
include the familiarity of most surgeons with the technique, its
relative ease of execution, the possibility of decompression of the
neural elements with resection of the posterior spinal elements, and
its high rates of fusion. The association of pedicle instrumentation
increases the rigidity of the system and favors consolidation of
the arthrodesis.>”

Although surgical exploration is the gold standard for evaluating
the consolidation of arthrodesis, there was a need for reliable, non-
-invasive methods that could achieve the same objective. Multislice
computed tomography with volumetric capture, with its capability
for high definition of bone details and its multiplane reconstruction
possibilities, has become the method of choice. The systematized
analysis of the combination of 6mm tomographic axial cuts and
sagittal cuts showed a correlation of 80% with surgical exploration.®

Through observations of post-operative computed tomography
exams with axial cuts of 1 mm and sagittal and coronal reconstruc-
tions, Glassman et al established a simple method for the evaluation
and quantification of consolidation in posterolateral arthrodesis.®

The objective of this study is to evaluate the interobserver agree-
ment in the consolidation of posterolateral arthrodesis of the lumbar
spine using the classification proposed by Glassman et al®, based
on digital tomographic images.

MATERIALS AND METHODS

One hundred and thirty-four computed tomographs of patients
in post-operative follow-up for instrumented posterolateral lumbar
and lumbosacral arthrodesis for degenerative spine disease at the
Spine Surgery Clinic of the Universidade Estadual de Campinas
(Unicamp), Campinas, SR, Brazil, were individually analyzed by two
spine surgeons, experienced in interpreting post-operative exams
using the Glassman classification, and by two surgeons in training,
previously trained to perform this same type of analysis.

A total of 134 exams, totaling 299 operated levels, were ana-
lyzed using computed tomography images performed on 64-chan-
nel equipment, with multislice volumetric capture in the axial plane.

The tomographic images, which included the entire area of the
arthrodesis, were reconstructed in a bone window in the sagittal and
obligue coronal planes using Arya Pixeon® version 1.5.5 software.
We defined the oblique coronal plane as the plane perpendicular to
the line that passes through the center of the intervertebral disc in
the sagittal plane. (Figure 1) The exams were analyzed in systematic
form on high resolution monitors with reconstructed images, adjust-
ing the thickness to 3mm in the specific oblique coronal plane of
each operated level. (Figure 1) After the evaluation of this recon-
structed plane, the analysis was complemented by the reconstruc-
tion images in the parasagittal plane, also at a thickness of 3mm.
The observation of continuity in the facet joints and/or the formation
of a bone bridge were the criteria observed for characterization of
the consolidation of the arthrodesis.

Each operated level was classified as a type (numbered from

1 to 5) according to the Glassman classification, as proposed by
Laoutliev et al:'° 1) Solid bilateral arthrodesis, 2) Solid unilateral
arthrodesis, 3) Partial bilateral arthrodesis, 4) Partial unilateral ar-
throdesis, and 5) Absence of arthrodesis (Figures 2-7). We con-
sidered an image in which we found continuity between the facet
joints or posterior elements, with homogeneous texture and without
the characterization of joint space between the facet joints, to be
solid arthrodesis. We considered an image that showed continuity
between the posterior elements persisting, but with an area with less
radiopacity in the joint space, to be partial arthrodesis.

The data were analyzed for interobserver agreement by calcu-
lating the Kappa coefficient,' comparing the responses of the two
observers experienced in spinal surgery with each other, and the
responses of the two observers in training for spinal surgery with
each other. Following the evaluation of agreement using the differ-
ent types proposed by the Glassman classification, the categories
of “consolidated” — grouping all the degrees of consolidation, i.e.,
Glassman types 1, 2, 3, and 4, and “not consolidated”, i.e., type 5,
were created. The agreement between the two spinal surgeons, and
between the two surgeons in training, was checked against this new

Figure 1. Example of a coronal plane orientation corrected for the evaluation
of level L5-S1 (Arya Pixeon®© version 1.5.5).

Figure 2. Reconstruction in the frontal plane in the facet joint orientation of level
L4-L5 (Arya Pixeon© version 1.5.5).
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system. The results were interpreted using the criteria established
by Landis and Koch. "

The study was submitted to and approved by the Research
Ethics Committee of the Universidade Estadual de Campinas, SP,
Brazil under number 856/2009.

Figure 3. Example classified as consolidation type 1 at level L3-L4 (Arya Pi-
xeon®© version 1.5.5).

Figure 4. Example of an image classified as consolidation type 2 at level L4-L5
(Arya Pixeon®© version 1.5.5).

Figure 5. Example of an image classified as consolidation type 3 at level L5-S1
(Arya Pixeon© version 1.5.5).

Vi

Figure 6. Example of an image classified as consolidation type 4 at level L5-S1
(Arya Pixeon© version 1.5.5).

Figure 7. Example of an image classified as type 5 at level L4-L5 (Arya Pixeon©
version 1.5.5).

RESULTS

The operated vertebral segments were classified by the four ob-
servers, based on the degree of consolidation of the arthrodesis. The
agreement between the classifications assigned by the two surgeons
and the two surgeons in training was verified using the weighted
Kappa coefficient of agreement'" with confidence intervals of 95%.

The agreement was then evaluated taking the “consolidated” and
“not consolidated” categories into account. The results of the two
spinal surgeons were again compared with each other, as were the
results of the two surgeons in training, using the Kappa coefficient
with the respective confidence intervals of 95%.

Tables 1 and 2 show that, considering the five types of consolida-
tion classification, the scale showed a similar level of agreement (Wei-
ghted Kappa = 0.729) between both the surgeons and the surgeons
in training. The value obtained reflects a high level of interobserver
agreement, according to the criteria of Landis and Koch. '

Tables 3 and 4 show that with the interpretation of the results obtained
from the observers by grouping all the different stages of consolidation
into one group, and the not consolidated classification into another group,
the level of agreement between the surgeons and between the surgeons
in training increased slightly (Kappa = 0.745 and Kappa = 0.795, respec-
tively), maintaining a high level of agreement between the pairs of exami-
ners, according to the criteria proposed by Landis and Koch.™ (Table 5)

Table 1. Description of the types of consolidation between the surgeons and the resulting agreement coefficient.

Surgeon 2
Solid bilateral | Partial bilateral | Partial unilateral | Artrodese parcial . Weighted Kappa
Surgeon 1 arthrodesis arthrodesis arthrodesis unilateral Absence of fusion | Total (C195%)
n (%) n (%) n (%) n (%) n (%) n (%)
Solid bilateral arthrodesis 48 (16.1) 6(2) 5(1.7) 0(0) 0(0) 59 (19.7)
Solid unilateral arthrodesis 13 (4.3) 38 (12.7) 4(1.3) 7(2.3) 10 (3.3) 72 (24.1) 0.729
Partial bilateral arthrodesis 4(1.3) 2(0.7) 21(7) 5(1.7) 5(1.7) 37 (12.4) 0 674' 0.783)
Partial unilateral arthrodesis 2(0.7) 4(1.3) 6(2) 24 (8) 12 (4) 48 (16.1) R
Absence of fusion 010 00 2(0.7) 4(1.3) 77 (25.8) 83 (278)
Total 67 (22.4) 50 (16.7) 38(12.7) 40 (13.4) 104 (34.8) 299 (100)
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Table 2. Description of the types of consolidation between the interns and the resulting agreement coefficient.
Surgeon in training 2
Surgeon in training 1 Solid bilate_ral Solid unilatt_aral Partial bilatt_aral Partial unilat_eral Absence of fusion Total WeightedoKappa
arthrodesis arthrodesis arthrodesis arthrodesis (C1 95%)
n (%) n (%) n (%) n (%) n (%) n (%)
Solid bilateral arthrodesis 25 (8.4) 2(0.7) 01(0) 01(0) 0(0) 27 (9)
Solid unilateral arthrodesis 18 (6) 55 (18.4) 2(0.7) 3(1) 0(0) 78 (26.1)
Partial bilateral arthrodesis 1(0.3) 6(2) 16 (5.4) 2(0.7) 0(0) 25 (8.4) (0.6%?%)?781)
Partial unilateral arthrodesis 2(0.7) 27 (9) 7(2.3) 35 (11.7) 12 (4) 83 (278)
Absence of fusion 01(0) 0(0) 1(0.3) 12 (4) 73 (24.4) 86 (28.8)
Total 46 (15.4) 90 (30.1) 26 (8.7) 52 (174) 85 (28.4) 299 (100)

Table 3. Description of the re-categorization of the scale between the surgeons
and the result of the agreement coefficient.

Surgeon 2
Surgeon 1 conslgllti,;ate d Consolidated | Total (:glggg/ao)
n (%) n (%) n (%)
Not consolidated 77 (25.8) 6(2) 83 (278) 0.745
Consolidated 27 (9) 189 (63.2) |216(72.2) | (0.665; 0.825)
Total 104 (34.8) 195 (65.2) | 299 (100)

Table 4. Description of the re-categorization of the scale between the surgeons
and the result of the agreement coefficient.

Surgeon in training 2
St::f::z: I‘In cons'::i);ated Consolidated | Total (:((f‘Qp!')g/ao)
n (%) n (%) n (%)
Not consolidated 73 (24.4) 13 (4.3) 86 (28.8) 0.795
Consolidated 12 (4) 201 (672) | 213 (71.2) | (0.719; 0.871)
Total 85 (28.4) 214 (71.6) 299 (100)

Table 5. Classification of the strength of agreement by Kappa coefficient value.

Kappa statistic Strength of agreement
<0.20 Slight
0.21-0.40 Fair
0.41-0.60 Moderate
0.61-0.80 Substantial
>0.80 Almost perfect
DISCUSSION

The evaluation of the consolidation of posterolateral arthrodesis
of the lumbar spine is of essential importance to clinical practice.
The correct interpretation of the clinical findings and complementary
exams of patients who have undergone this type of surgery is critical
for making therapeutic decisions, such as whether or not to submit
the patient to a new procedure.

Although surgical exploration is the method considered to be
the gold standard for evaluating the consolidation of posterolateral
arthrodesis®, non-invasive imaging techniques, such as simple ra-
diography with its different incidences, dynamic radiography, and
computed tomography, are used as the basis for evaluation, analy-
sis, and classification of the consolidation of arthrodeses.'®

Simple radiography, although low cost, is rarely performed alone
for the evaluation of consolidation' and its validity for this purpose

has been questioned by various studies.'*'®¢ Computed tomography
is able to provide greater anatomic detail compared to radiography.
Visualization of obliteration in the facet joints and bone bridges,
for example, is a more suggestive sign that bone fusion has been
achieved.'®

In 2005, Glassman et al® published a classification system to
evaluate the evolution of posterolateral arthrodesis based on 1Tmm
tomographic cuts with sagittal and coronial reconstructions, in order
to evaluate consolidation rates in patients submitted to this surgical
procedure.

High interobserver agreement is essential for a classification to
be disseminated to daily clinical practice. Descriptive classifications
with short learning curves are more feasible for this objective.'”'
Similarly, having a faithful and reproducible classification can be
of critical assistance in making decisions about spinal surgery.'®
Classifications that require the evaluation of more exams, more
items, and more subjective criteria end up having their applicability
compromised.®

Earlier studies, such as that conducted by Rodrigues et al'*,
obtained disappointing results in their evaluation of the classification
proposed by Glassman. That study, performed using tomography
with coronal reconstruction and 1 mm cuts, demonstrated low inte-
robserver agreement.'%4

In the present study, the analysis method included prior training
and images of tomographic cuts reconstructed at each level in the
plane that we call the oblique coronal plane, rather than an analysis
of the coronal plane for all levels. We believe that this measure incre-
ases the sensitivity of the interpretation of the condition of the fusion,
especially at levels with is greater inclination, such as the lumbo-
sacral transition. The analysis was complemented with sagittal cuts
to identify the bone bridges and/or obliteration of the facet joints.

We believe that this systemization, coupled with training in the
method of analysis and the use of high-resolution digital equipment,
allowing perfect windowing and improved reconstruction for each
level, are responsible for the high interobserver agreement obtained
in our study, contradicting the results of previous studies.

By conducting systematic training, the difference that we had
expected to find between the surgeons with several years of expe-
rience in this type of analysis, and the surgeons in training with less
than six months of contact with the methodology, was eliminated.

Finding a reproducible and systematic method to evaluate the
consolidation, or lack thereof, of posterolateral arthrodeses of the
lumbosacral spine is important both for clinical practice and for
scientific studies seeking to assess the levels of consolidation of
arthrodesis. Instrumented posterolateral arthrodesis is still the most
popular and the most accessible procedure for the majority of sur-
geons and spine surgery centers, but one of its main complications
is pseudoarthrosis, which is also one of the major motives for ar-
throdesis revision surgery. Therefore, it is of utmost importance to
find a reproducible, reliable, and non-invasive method for diagnosis.

Careful, systematic interpretation of computed tomography,
following the guidelines of the Glassman classification, is therefore
an important component of the diagnostic arsenal of the spinal
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surgeon. This statement is valid both in clinical practice and in the
standardization of scientific studies that evaluate the consolidation,
or absence of consolidation, of arthrodeses.

CONCLUSION

We observed a high level of interobserver agreement in the clas-

sification proposed by Glassman for posterolateral spinal arthrode-
ses following systematic tomographic interpretation by previously
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