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Independent Introduction and objectives: Lumbar spinal stenosis is a common age-related condition that
agreement; affects the quality of life. Multiple classifications have been developed to quantify the sever-
Schizas’s ity of stenosis affecting comparison between studies and homogenous communication among
classification; surgeons and researchers. Even though this classification has not shown a direct clinical corre-
Lumbar spinal lation, Schizas’s classification appears to be a simple method to assess stenosis. Our objective
stenosis was to evaluate the inter and intraobserver independent agreement of the Schizas’s classifi-

cation to assess stenosis severity. Additionally, we aimed to compare agreement among three
levels of training in spine surgery.

Materials and methods: An independent inter and intra observer agreement was conducted
among junior, senior orthopedic residents and attending spine surgeons. Ninety lumbar levels
from 30 patients were evaluated by 16 observers. Weighted kappa agreement was used.
Results: Overall interobserver and intraobserver agreement was of 0.57 (95% Cl =0.52-0.63) and
0.69 (0.55-0.79), respectively. Interobserver agreement according to level of training yielded
values of 0.53 (0.46-0.60) for junior residents, 0.61 (0.54-0.67) for senior residents and 0.67
(0.59-0.74) for attendings. Intraobserver agreement was of 0.54 (0.48-0.60) for junior, 0.60
(0.55-0.66) for senior and 0.66 (0.60-0.72) for attendings.
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PALABRAS CLAVE
Acuerdo
independiente;
Clasificacion de
Schizas;

Estenosis espinal
lumbar

Introduction

Conclusion: The Schizas’s classification showed moderate interobserver and substantial intraob-
server agreement. Among attending surgeons, substantial inter and intraobserver agreement
was observed. The classification allowed acceptable communication among trained spine sur-
geons.

© 2022 SECOT. Published by Elsevier Espana, S.L.U. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Acuerdo inter e intraobservador independiente de la clasificacién de Schizas de
estenosis lumbar degenerativa. Comparacion entre tres niveles de entrenamiento
quirurgico

Resumen

Introduccion y objetivos: La estenosis espinal lumbar es una condicion frecuente relacionada
con la edad que afecta la calidad de vida. Se han desarrollado multiples clasificaciones para
cuantificar la gravedad de la estenosis que afectan la comparacion entre estudios y la comu-
nicacion homogénea entre cirujanos e investigadores. A pesar de que esta clasificacion no
ha mostrado una correlacion directa con la clinica, la clasificacion de Schizas parece ser un
método simple para evaluar la estenosis. Nuestro objetivo fue evaluar el acuerdo indepen-
diente inter e intraobservador de la clasificacion de Schizas en la severidad de la estenosis.
Ademas, comparamos la concordancia entre tres niveles de formacion en cirugia de columna.
Materiales y métodos: Se llevo a cabo un acuerdo independiente inter e intraobservador entre
los residentes ortopédicos principiantes, avanzados y los cirujanos de columna; 90 niveles lum-
bares de 30 pacientes fueron evaluados por 16 observadores. Se utilizé concordancia a través
del kappa ponderado.

Resultados: La concordancia global interobservador e intraobservador fue de 0,57 (IC
95%=0,52-0,63) y 0,69 (0,55-0,79), respectivamente. La concordancia interobservador segun
el nivel de formacion arroja valores de 0,53 (0,46-0,60) para los residentes menores, 0,61
(0,54-0,67) para los residentes mayores y 0,67 (0,59-0,74) para los asistentes. La concordancia
intraobservador fue de 0,54 (0,48-0,60) para principiantes, 0,60 (0,55-0,66) para avanzados y
0,66 (0,60-0,72) para cirujanos de columna.

Conclusion: La clasificacion de Schizas mostré concordancia interobservador moderada y con-
cordancia intraobservador sustancial. Entre los cirujanos de columna, se observé un acuerdo
sustancial inter e intraobservador. La clasificacion permitié una comunicacion aceptable entre
los cirujanos de columna entrenados.

© 2022 SECOT. Publicado por Elsevier Espaiia, S.L.U. Este es un articulo Open Access bajo la
licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.0/).

reported substantial interobserver reliability in their original
study.

Lumbar spinal stenosis (LSS) is one of the most common
degenerative conditions of the spine and the first cause of
spinal surgery in people over 65 years of age.'™3

Clinical presentation involves neurogenic claudication,*
that worsen with lumbar extension and improve with
flexion, affecting walking activities.” Along with clin-
ical symptoms, magnetic resonance imaging (MRI) has
become essential for diagnostic confirmation and surgical
decision-making.®

Cross-sectional surface area has been suggested for diag-
nosis and severity, this system lacks clinical correlation.” In
2010, Schizas et al. proposed a seven-categories classifica-
tion based on the morphological appearance of the dural sac
in axial T2 MR images of the lumbar spine, analyzing the dis-
position of the cerebrospinal fluid (CSF) and the nerve roots,
with the advantage of not requiring specific measurement
tools and be easily applicable to daily practice. The authors

Even though this classification has been used in other
studies, only two independent agreement studies have been
performed.®~'* Another independent evaluation of this sys-
tem’s reliability is important to further validate its use.
Therefore, the objective of this study is to perform an
independent, inter and intra-observer agreement analy-
sis. Additionally, the authors aimed to compare agreement
among observers of different levels of training in spine
surgery-spinal disease.

Methods

Institutional review board approval was obtained to conduct
this study; informed consent was waived due to the retro-
spective nature of the study without risk to participants.
We retrospectively selected at random preoperative lumbar
MR images of 30 patients who were seen in our outpatient
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clinical division between 2019 and 2020. The MRI was
requested for different reasons, such as chronic low back
pain, leg pain or neurogenic claudication. MRIs were
excluded from analysis in patients with history or suspicion
of trauma, infection, or tumor; previous lumbar surgery and
lack of T2-weighted axial image at any of the L2-L3, L3-L4,
or L4-L5 disk levels. An author with a high level of exper-
tise (M.P.), who later did not participate in the classification
phase of this study, selected the cases. All the selected MRI
images were stored digitally (DICOM) in the database.

The Schizas’s classification is a 7-grade system based on
the CSF/rootlet ratio on T2-weighted axial images. Grade
A (no or minor stenosis), where CSF is observed inside the
dural sac and its distribution is homogeneous. In turn, this
grade is divided into 4 subgroups according to the arrange-
ment of the nerve roots, where in A1; the roots remain in
the dorsal region and occupy less than half the area of the
dural sac, A2; the roots remain in the dorsal region and are
distributed in a horseshoe shape, A3; the roots remain in
the dorsal region and occupy more than half the area of the
dural sac, A4; the roots are found in the central region and
occupy most of the area of the dural sac. Grade B (moderate
stenosis) comprises those stenoses in which the roots occupy
the entire area of the dural sac but can still be individual-
ized and there is a certain amount of CSF between them,
giving a granular appearance. In grade C (severe stenosis)
the roots cannot be recognized individually, resulting in a
gray homogeneous signal within the sac and the posterior
epidural fat is still present and grade D (extreme stenosis) is
equivalent to grade C with the difference that no epidural
fat is visualized posteriorly (Fig. 1).

Image analysis was conducted by 16 orthopedists with 3
different levels of experience. Three first year post gradu-
ate residents (PGY-1) and four PGY-2 formed the first group,
three PGY-3 and three PGY-4 formed the second group and
three spine surgeons with at least 5 years of experience in
spine surgery formed the third group.

The evaluators were trained in this classification system
through an online session to discuss it and to clarify doubts
before performing the assessments in order to standard-
ize the evaluation process. Additionally, they were provided
with the original article by Schizas et al.® to solve any
doubt at the time of evaluation. All participants indepen-
dently evaluated the lumbar canal stenosis grade at L2-L3,
L3-L4, and L4-L5 levels. Each observer classified a total
of 90 levels. In the second phase, after a time interval
of 4 weeks to avoid recall bias, the same examination
with a random distribution of cases was performed by all
observers.

Statistical analysis

Statistical analysis was performed using Stata 16 software
(StataCorp, College Station, TX).

Considering the classification developed by Schizas et al.
is an ordinal variable based on severity, we decided to use
the weighted kappa statistics (wk) for two-way agreements.
Weighted kappa allows measuring agreement with multi-
ple response levels when not all disagreements are equally
important; weight was set linearly. Inter-observer agree-
ment was determined by comparing the initial read of all the

Figure 1
classification for lumbar stenosis. Arrows in B image show the
individualized rootles that differentiate between B or moder-
ate and C or severe stenosis. Arrows in C show the presence of
posterior epidural fat that differentiates between C or severe
stenosis and D or extreme stenosis.

MRI and schematic representation of the Schizas’s
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Table 1

Interobserver agreement according to level of expertise.

Level of expertise

First evaluation kappa (95% Cl)

Second evaluation kappa (95% Cl)

PGY-1 and 2 0.53 (0.46-0.60) 0.53 (0.46-0.59)
PGY-3 and 4 0.61 (0.54-0.67) 0.60 (0.53-0.67)
Attendings 0.67 (0.59-0.74) 0.60 (0.52-0.68)
Table 2 Intraobserver agreement according to level of Table 3 Interobserver agreement according to lumbar
expertise. stenosis severity.
Level of expertise Kappa (95% Cl) Stenosis Kappa (95% Cl)
PGY-1 and 2 0.54 (0.48-0.60) Grade A1 0.59 (0.593-0.594)
PGY-3 and 4 0.60 (0.55-0.66) Grade A2 0.26 (0.267-0.268)
Attendings 0.66 (0.60-0.72) Grade A3 0.41 (0.410-0.412)
Grade A4 0.20 (0.266-0.207)
Grade B 0.27 (0.279-0.28)
assessors. Intra-observer agreement was calculated by com- SLtiS LS (e ttisiie)
) g Y Grade D 0.53 (0.533-0.534)

paring the same evaluator’s reads between two assessments
of the same patients. The two assessments were separated
by a four-week interval and presented in a random sequence
to avoid recall bias.

Levels of agreement for wk were determined as proposed
by Landis et al."', as follows: k values 0.00-0.20, slight
agreement; 0.21-0.40, fair agreement; 0.41-0.60, mod-
erate agreement; 0.61-0.80, substantial agreement; and
0.81-1.00, almost perfect agreement. All agreements are
expressed with 95% confidence interval (ClI).

Results

The overall interobserver and intraobserver agreement
were of 0.57 (95% Cl=0.52-0.63) and k=0.69 (0.55-0.79),
respectively, corresponding to moderate and substantial
agreement.

Interobserver agreement according to level of
training

Interobserver agreement is illustrated in Table 1. Based on
level of training, agreement for the PGY1-2 was lower (0.53)
compared to PGY-3 and 4 (0.60) and attendings (0.67).

Intraobserver agreement according to level of
training

Both PGY-1 and 2 and PGY-3 and 4 showed moderate agree-
ment (0.54) compared with substantial agreement observed
in attendings (0.66) (Table 2).

Interobserver agreement according to lumbar
stenosis severity

Fair agreement was observed for Grades A2, A4 and B
whereas Grade A1, A3, C and D showed moderate agreement
(Table 3).

Interobserver agreement for each group according
to lumbar stenosis severity

A2, A3 and D show the same concordance respectively in all
groups, being fair for A2, and moderate for A3 and D. A1 and
B had better agreement on the attendings group (Table 4).

Discussion

LSS is one of the most frequent diagnoses and one of
the most common indications of spinal surgery. Indepen-
dent agreement analyses of any classification are helpful
in providing external validations that are essential to
facilitate communication among physicians, standardize
research terminology, and help to guide decisions mak-
ing on patients.'>" "3 In this study, we validated inter- and
intraobserver agreements of a qualitative MRI grading sys-
tem for central LSS between observers of different levels of
training. In this regard, we found moderate overall inter-
observer and substantial intraobserver agreements (0.57
(95% Cl=0.52-0.63) and 0.69 (0.55-0.79)), respectively. Our
results showed better agreement compared to the original
authors of the classification.? Schizas et al. average inter
and intraobserver kappa values were moderate (0.44) and
substantial (0.65), respectively.

Ko et al."? in their correlation work included 5 observers:
of whom two fellows with 3 months of training, a diagnos-
tic imaging resident with 1 month of experience, and two
were surgeons with more than 10 years of experience. They
showed an intraclass correlation index (ICC) of 0.82-0.98,
equivalent to almost perfect agreement. Regarding intraob-
server correlation, they reported an ICC of 0.65-0.99, which
is interpreted as moderate to excellent agreement. How-
ever, these results are not comparable with those obtained
in our study, since another correlation method was used."?

Another correlation study carried out by Weber et al.’
that included two neurosurgeons and two diagnostic imag-
ing specialists, all with extensive experience in their
field; obtained a substantial interobserver agreement level
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Table 4 Interobserver agreement for each group according to lumbar stenosis severity.
Stenosis PGY-1 and 2 PGY-3 and 4 Attendings
Kappa (95% ClI) Kappa (95% ClI) Kappa (95% Cl)

Grade A1 0.59 (0.518-0.608) 0.59 (0.534-0.641) 0.66 (0.544-0.783)
Grade A2 0.25 (0.209-0.299) 0.25 (0.198-0.304) 0.33 (0.209-0.448)
Grade A3 0.42 (0.374-0.465) 0.48 (0.423-0.530) 0.41 (0.288-0.526)
Grade A4 0.19 (0.144-0.234) 0.22 (0.172-0.279) 0.31 (0.190-0.429)
Grade B 0.31 (0.264-0.354) 0.27 (0.220-0.327) 0.45 (0.334-0.573)
Grade C 0.32 (0.279-0.369) 0.45 (0.393-0.500) 0.48 (0.363-0.602)
Grade D 0.51 (0.468-0.558) 0.51 (0.456-0.562) 0.59 (0.466-0.705)

k=0.76 (95% ClI 0.69-0.83) and an almost perfect intraob-
server agreement level k=0.76 at 0.96. Unlike our study,
all the observers had extensive experience in the analysis
of MR images and, in turn, used the abbreviated Schizas
classification, since grade A subclassifications were not con-
sidered; therefore, it could affect the estimation value of
the correlation, reducing a potential difference between the
observations.

Lanne et al.'® reported substantial inter-observer agree-
ment k=0.65 (Cl 0.56-0.74) between two experienced
radiologists using this system, and high intra-observer agree-
ment k=0.78 (Cl 0.65-0.92) and k=0.81 (Cl 0.68-0.94),
respectively. Like the study from Weber et al., the observers
were experienced specialists and used the abbreviated
Schizas classification; this might have a low external
validity contribution beyond diagnostic imaging special-
ists. Furthermore, all the patients in this study were
candidates for surgery, which could represent a biased
selection.

When stratifying the analysis according to the level of
training, we found moderate interobserver and intraob-
server agreement among PGY-1 and PGY-2 residents (0.53
and 0.54, respectively) while PGY-3 and PGY-4 showed sub-
stantial interobserver agreement (0.61) and moderate (0.60)
intraobserver agreement. The higher results were observed
in the more expertise level of trainees (interobserver =0.67,
intraobserver 0.66). These differences could be explained
by the fact that PGY-1 and PGY-2 residents are inher-
ently exposed to fewer MRI spine cases compared to PGY-3
and PGY-4, as junior residents do not routinely evaluate
patients in the spine unit at that moment of training and
are only exposed to spine cases eventually during on-call
activities. -1

Interestingly, when comparing concordance between
PYG-3 and PGY-4 residents and the attending physicians,
small difference was observed, meaning that the ability
to record and use this classification is essentially acquired
and processed similarly in both groups. This finding sup-
ports the idea of the usefulness of this classification for
communication and research purposes. Of note, it is worth
mentioning that the participants in this study were not pre-
viously familiar with this classification system, which could
have influenced our results.

Various studies have analyzed the reliability of classifica-
tion systems among observers of different experience levels.
Some of them demonstrated a positive correlation between
agreement and clinical experience,>'%'” while others found

no differences in the reliability of observers based on level
of experience.'®

Reliability analyzes®'2'>'¢ usually used participants of
varying levels of experience and training, in an attempt to
analyze the generalizability of the study emulating a more
real situation of daily clinical practice. Nevertheless, to
our knowledge, this is the first study that evaluates the
agreement of this classification according to the clinical
experience and level of training. Even though Ko et al.'?
involved observers of different levels of experience, no com-
parative analysis between each observer was performed.

Finally, when analyzing the agreement based on the
severity of lumbar stenosis proposed by Schizas et al., we
found a slight agreement in Grades A2, A4, and B, a moder-
ate agreement in Grades A1, A3, C and D. We believe that
this heterogeneous agreement could be explained by the
fact that this classification has seven grades, especially con-
sidering that Grade A has four subtypes and the differences
among them appear to be slight. Then, when studying the
concordance for each degree of stenosis severity according
to the level of expertise, we found that the extreme degrees
were also the ones with the best agreement, and the expe-
rienced group presented a more homogeneous concordance
between the different grades.

Our study has limitations and strengths, first, we ana-
lyzed MRI images without any clinical correlation. Whether
the authors do not know if clinical information would influ-
ence the evaluation by the assessors, by including clinical
findings our study would reproduce a more real clinical sce-
nario of the daily practice.

Second, we only included participants with training in
orthopedics, without participation of radiologist specialists
or neurosurgery. While this could affect our results, the
authors selected surgeons and residents of different train-
ing degree to better understand the influence of level of
training when classifying lumbar stenosis.

Finally, the images delivered for analysis included the
complete set of MRI, where each observer had to localize
and evaluate the requested levels simulating a ‘real world’
context and allowing a more authentic assessment of the
images.

Conclusion

This study independently validated the inter-and
intraobserver agreement of the Schizas’s morphological
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classification system for central LSS among orthopedic
residents of different training levels and spine surgeons.
Interobserver agreement was moderate for junior residents
and substantial for both senior residents and attending
spinal surgeons, intraobserver agreement was substantial
only for attending surgeons. Even though this classifica-
tion has not shown a direct clinical correlation, Schizas’s
morphology-based system could allow homogeneous lan-
guage communication among physicians at advanced levels
of training. The ultimate utility of this classification should
be evaluated in prospective large cohort studies.

Level of evidence

Level of evidence IV.
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