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ABSTRACT

Introduction: The paravertebral musculature is essential for the biomechanics and stability of the spine, and its involvement in the pa-
thophysiology of spinal diseases has been demonstrated. Qualitative evaluation of muscle degeneration is usually performed by analyzing
the fat infiltration rate proposed by the Goutallier classification system. Objective: The objective of this study is to analyze the intra- and
interobserver agreement of the Goutallier Classification for the evaluation of fatty degeneration of the multifidus muscle, using magnetic
resonance imaging exams. Methods: The study included 68 patients, all diagnosed with symptomatic disc hernia and indicated for surgery.
Preoperative magnetic resonance images were used for the analyses. The images were initially evaluated by two orthopedists and two
medical students, and then re-evaluated after two weeks. Intra- and inter-observer reliability analysis was performed using the Fleiss Kappa
test and the Landis and Koch criteria. All the analyses were performed using the R statistical environment (R Development Core Team,
version 3.3.1, 2016) and the significance level was set at 5%. Results: The percentages of intra- and inter-observer agreement were 86.76%
and 61.03%, respectively. The intraobserver agreement was near perfect and the interobserver agreement was moderate. Conclusion: The
Goutallier Classification System showed moderate interobserver and intraobserver agreement, being a relevant tool for the evaluation of
paravertebral musculature fat replacement. Level of evidence II; Prospective study for diagnostic purposes.
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RESUMO

Introdug&o: A musculatura paravertebral é essencial para a biomecénica e estabilidade da coluna e tem sido demonstrado seu envolvi-
mento na fisiopatologia das doengas da coluna vertebral. A avaliagado qualitativa da degeneracao muscular é usualmente feita pela analise
da taxa de infiltragdo de gordura proposta pelo Sistema de Classificagdo de Goutallier. Objetivo: O objetivo deste trabalho € analisar a
concordéancia intra e interobservador da Classificagcao de Goutallier para avaliagao da degeneragao gordurosa do musculo multifido por meio
de exames de ressonancia magnética. Métodos: Fizeram parte do estudo 68 pacientes, todos com diagndstico de hérnia discal sintomatica
e com indicagéo cirdrgica. As imagens de ressonéncia magnética colhidas no pré-operatério foram analisadas por dois ortopedistas e dois
estudantes de medicina e foram reavaliadas duas semanas depois. Foi realizada analise de confiabilidade intra e interobservador por meio
do teste Kappa de Fleiss e pelos critérios de Landis e Koch. Todas as analises foram realizadas com o auxilio do ambiente estatistico R (R
Development Core Team, versdo 3.3.1, 2016), e o nivel de significancia foi fixado em 5%. Resultados: As porcentagens de concordancia
intra e interobservadores foram, respectivamente, 86,76% e 61,03%. A concordancia intraobservador foi quase perfeita e moderada interob-
servadores. Conclusoes: O Sistema de Classificagdo de Goutallier demonstrou concordancia moderada interobservador e intraobservador,
sendo uma ferramenta relevante na avaliagdo da substituicdo gordurosa da musculatura paravertebral. Nivel de evidéncia II; Estudo
prospectivo para fins diagndsticos.

Descritores: Musculos Paraespinais; Dor Lombar; Atrofia Muscular.

RESUMEN

Introduccion: La musculatura paravertebral es fundamental para la biomecanica y la estabilidad de la columna y se ha demostrado su
intervencion en la fisiopatologia de las enfermedades de la columna. La evaluacion cualitativa de la degeneracion muscular se suele realizar
analizando la tasa de infiltracion de grasa propuesta por el sistema de clasificacién de Goutallier. Objetivo: El objetivo de este estudio es
analizar la concordancia intra e interobservador de la Clasificacion de Goutallier para evaluar la degeneracion grasa del musculo multifido
mediante resonancia magnética. Métodos: Formaron parte del estudio 68 pacientes, todos con diagnéstico de hernia discal sintomatica y
con indicacion quirdrgica. Se utilizaron imagenes de resonancia magnética preoperatorias para el analisis. Las imagenes fueron evaluadas
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inicialmente por 02 ortopedistas y 02 estudiantes de medicina y, después de dos semanas, reevaluadas. El analisis de fiabilidad intra e
interobservador se realizé mediante la prueba Kappa de Fleiss y los criterios de Landis y Koch. Todos los analisis se realizaron utilizando
el entorno estadistico R (R Development Core Team, 2016), version 3.3.1, y el nivel de significancia se establecié en 5%. Resultados: Los
porcentajes de concordancia intra e interobservador fueron, respectivamente, 86,76% y 61,03%. La concordancia intraobservador fue casi
perfecta y la concordancia interobservador fue moderada. Conclusion: el Sistema de Clasificacion de Goutallier demostré una moderada
concordancia interobservador e intraobservador, siendo una herramienta relevante en la evaluacion del reemplazo graso de la musculatura
paravertebral. Nivel de evidencia Il; Estudio prospectivo con fines diagndsticos.

Descriptores: Musculos Paraespinales, Dolor de la Region Lumbar; Atrofia Muscular.

INTRODUCTION

The paravertebral musculature, especially the multifidus muscle,
plays a fundamental role in lumbar spine stabilization and is im-
portant for the maintenance of vertebral spine biomechanics."? It
is well established that degeneration of the multifidus muscle is
often associated with symptoms of lumbar pain, leading to poorer
functional results and higher health costs.? Its possible involvement
as one of the mediators in the pathophysiology of degenerative
spine diseases, chronic lumbar pain, and idiopathic scoliosis has
been demonstrated.**

One of the most frequently discussed methods for qualitative
evaluation of muscle degeneration is the rate of fat infiltration.”
Among the different imaging methods tested, magnetic resonance
imaging was the one that showed the best degree of agreement with
the intramuscular adipose tissue, detected by histological exam.®
The systems developed, although useful and accurate, are limited
by the lengthy analysis process and often, the need to use computer
software, which limits the routine muscular evaluation in the clinical
environment.

The Goutallier classification system, reported in 1994, was the
first system described to classify muscles by the amount of fat within
them.® Commonly used by experts in shoulder diseases, the system
grades intramuscular fat in the rotator cuff muscles using a semi-
quantitative scale of 0 to 4, demonstrating reliability ratios ranging from
moderate to optimal.'® Recently, the Goutallier classification has been
applied to the analysis of the gluteus muscles in magnetic resonance
imaging, with excellent intra- and interobserver agreement.'!

Adaptation of the system for qualitative analysis of degeneration
of the multifidus muscle has been described by some research-
ers, presenting a correlation with the rate of fat infiltration.8'21 in
20 patients (patient group 1 However, the short interval between
analyses, the lack of randomization of the images for the observers’
evaluations, the small sample size, and the heterogeneity of the
sample are all factors that can influence the results obtained. The
implementation of a reliable and convenient method for qualitative
evaluation of fat infiltration in the multifidus muscle is desirable in
both clinical and research settings. The objective of this study is
to analyze the intra- and interobserver agreement of the Goutallier
Classification for the evaluation of fatty degeneration of the multifidus
muscle by means of magnetic resonance exams.

METHODOLOGY

This is a diagnostic study conducted in a private tertiary hospital,
after approval of the protocol by the Research Ethics Committee
(CAAE 27043519.0.0000.5492). All patients agreed to participate

Degree 0

Degree 1

Degree 2

Figure 1. Goutallier Classification System.

in this research by signing an Informed Consent Form (ICF). The
inclusion criteria were as follows: patients between 18 and 65 years
of age; diagnosis of lumbar disc hernia; and surgical indication
for unilateral single-level decompression. Cases of reoperation,
history of infectious disease, oncologic disease or fracture of the
vertebral column were excluded, as were those with incomplete
medical records.

T2-weighted magnetic resonance images collected in the pre-
operative period, of the midplane of the intervertebral disk level
indicated for surgery, were selected. All the MRI scans were per-
formed between January 2017 and March 2019, extracted from the
same digital platform (Carestream Health, Inc. 2020). The images
were classified by four examiners, independently of each other:
two orthopedists and two students in their final year of the medi-
cal course. All the observers were shown the classification system
once the research project had been defined for the study. Although
familiar with the classification, they did not use it routinely in their
clinical practice and had received no previous training on how to
avoid possible bias regarding the homogenization of the results.
The cases were initially evaluated by all the participants, and the
examiners did not have access to the findings of the other observers
during the study. After two weeks, the analyses were repeated by
the same examiners, but in a different order of cases than in the
first evaluation. All the observers were instructed to disregard, for
the purposes of their analyses, both the muscles adjacent to the
multifidus and the fat contained in the fascial plane.

The Goutallier classification system (GCS) consists of a semi-
-quantitative scale of 0 to 4, defined as: grade 0, without infiltration
of intramuscular fat; grade 1, some fatty streaks present; grade 2,
evident fat, but proportionally less than the muscle tissue; grade 3,
amounts of fat equal to the amount of muscle; grade 4, more fat
than muscle. (Figure 1)

In order to verify the intra- and interobserver agreement of the
Goutallier Classification, we opted to use the Fleiss Kappa test,'® a
generalization of the Kappa test, which is appropriate for situations
where several observers are evaluating the same sample on a scale
with several categories, as is the case with the Goutallier Classifica-
tion, which can assume values from 0 to 4. The Kappa coefficient
of agreement has values ranging from +1 (perfect agreement) to 0
(agreement equivalent to chance) to -1 (complete disagreement).

The analysis of the results, after calculating the Kappa, was in-
terpreted according to the criteria proposed by Landis and Koch: <
0.00 poor; 0.00 — 0.20 slight; 0.21 — 0.40 fair; 0.41 — 0.60 moderate;
0.61 - 0.80 substantial; 0.81 — 1.00 almost perfect. All the analyses
were conducted with the help of the R (R Development Core Team,
2016) statistical environment, version 3.3.1, and the significance
level was set at 5%.
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RESULTS

In all, 68 patients were included in the study, of which 36 were
male and 32 female. The mean age of the participants was 46 +
14 years, and 53.1% were men. 544 images were included in the
analysis, and according to the GCS: 33 were grade 0; 152 grade 1;
197 grade 2; 75 grade 3; and 19 grade 4. (Figure 2)

The interobserver reproducibility study (Table 1) was performed
by comparing the first and second readings of each observer, in
pairs, in order to cover all possible combinations, analyzed by the
Fleiss kappa test. In this analysis, the mean percentage of agree-
ment was 61.03% (standard deviation of 5.16%).

The intra-observer reproducibility study (Table 2), performed
using the Fleiss kappa test, showed a mean percentage of agree-
ment of 86.76% (standard deviation of 13.32%).

DISCUSSION

The lumbar paravertebral muscles provide dynamic movement
and stability to the spine. There are growing research interests in its
normal physiology and its pathological states, and several studies
have been carried out to analyze the evaluation parameters.'*'%and
(2 This study aimed to evaluate the reproducibility of the Goutallier
Classification in the analysis of the rate of fat infiltration of the mul-
tifidus muscle through magnetic resonance imaging, and presented
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Figure 2. Frequency distribution of the Goutallier classification attributed by
observers, by measurement.

Table 1. Results of the interobserver agreement analysis by the Goutallier
classification.

Measurement | Observer |Agreement|Fleiss Kappa|Level of reliability
Observer 1x2| 64.71% 0.49 Moderate
Observer 1x3| 64.71% 0.50 Moderate

Measurement 1 Observer 1x4| 52.94% 0.30 Fair
Observer 2x3| 66.18% 0.51 Moderate
Observer 2x4 | 57.35% 0.36 Fair
Observer 3x4| 60.29% 0.41 Moderate
Observer 1x2| 63.24% 0.49 Moderate
Observer 1x3| 58.82% 0.42 Moderate

Measurement 2 Observer 1x4| 54.41% 0.33 Fair
Observer 2x3| 60.29% 0.43 Moderate
Observer 2x4| 58.82% 0.39 Fair
Observer 3x4| 60.29% 0.40 Fair

Table 2. Results of the intraobserver agreement analysis of the Goutallier
classification.

Observer Agreement Fleiss Kappa Level of reliability
1 69.12% 0.566 Moderate
2 83.82% 0.77 Substantial
3 97.06% 0.96 Almost perfect
4 97.06% 0.95 Almost perfect

moderate inter- and almost perfect intraobserver agreement. The
data in the literature corroborate this relationship. Battaglia et al.,?
analyzing the multifidus muscle, report that the Goutallier classifica-
tion is correlated with the rate of fat infiltration, with a correlation
coefficient of 0.77-0.89, and inter- and intraobserver reliability of
more than 0.8. Yanik et al.,'?1 in 20 patients (patient group 1 applied
the GCS to classify the multifidus muscle in their study to generate
different cohorts that would allow them to study the relationship
between the fat infiltration rate and chemical displacement, in a
magnetic nuclear resonance spectrum record.

Previous studies have classified fatty degeneration using the
“mild”, “moderate” and “severe” scale, reporting moderate to sub-
stantial intra- and interobserver reliability.'®'” Computed tomography
has also been described to evaluate the amount of fat deposits
in the paravertebral muscles, through histograms and a semi-
quantitative visual grading method. Kalichman et al.,'® used the
mild, moderate and severe scale to classify the multifidus muscle in
axial tomography, and reported good intracbserver and moderate to
good interobserver reliability. We believe that the adaptation of the
GCS for use in the multifidus muscle offers some advantages over
the method described previously: the GCS is semiquantitative and
provides a numerical scale for fat content, aiding in the interpreta-
tion; the magnetic resonance imaging showed an excellent degree
of agreement with the intramuscular adipose tissue detected by
the histological examination; it is the preferred test for diagnostic
investigation of acute and chronic back pain. In addition, when used
solely to evaluate the paravertebral muscles, magnetic resonance
is less invasive than tomography because it does not use radiation.

Another method described is the evaluation of the cross-section
area of the muscle. This is obtained by manually tracing the para-
vertebral muscle using a computer software program, and then
calculating the high intensity area rate within the muscle as a ratio
of fat infiltration, using a pseudo-staining technique or histographic
analysis.*'” This process decreases the practicality of the method,
preventing its daily use in the clinical environment. In addition,
the cross-section area of the muscle may not undergo significant
changes due to fat infiltration in the muscular bundle.'®

Fatty degeneration has been described in different spine pa-
thologies. Kang et al.,'® observed higher proportions of fat deposits
in the paravertebral muscles in patients with degenerative lumbar
kyphosis compared with the control group. Shafaq et al. demonstrat-
ed that muscle degeneration was more common on the concave
side in patients with degenerative lumbar scoliosis.?® Stevens et al.,
conducted a systematic review to evaluate the differences in the
morphology of the multifidus muscle between people with lumbar
disc hernia and a control group. The involvement of the paraspinal
muscles may be a possible mediator in the pathophysiology of disc
hernia, with the presence of ipsilateral multifidus muscle changes in
people with unilateral lumbar disc hernia.®

Although some studies still question whether muscle degeneration
is the cause or the result of pathological processes of the spine,?!
its clinical implications have been established. A series of studies
found greater fat infiltrate of the multifidus muscle in patients with
chronic back pain compared to asymptomatic controls.'62223 The
degree of involvement of the paraspinal muscles, especially the
multifidus muscle, may be a possible mediator not only in the
physiopathology, but also a factor influencing the course of pain
and the functional results after the treatment of lumbar patholo-
gies —whether non-surgical or surgical. Therefore, evaluation of the
morphology of the multifidus muscle may be an important factor
for treatment optimization.

The present study has some limitations. It was conducted in
a single center, which could have implications for the extrapo-
lation and reproducibility of the results. However, performing
MRI scans at the same imaging center ensures the same pixel
intensity profile and acquisition parameters. This, in addition to
the fact that all the participants had a diagnosis of symptomatic
disc hernia, resulted in a more homogeneous sample. The report
of the adapted Goutallier classification and degenerative disc
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diseases are valid and reproducible as objects of research, with
excellent correlation.”

Another important factor is the order in which MRI examinations
were presented to the observers, i.e., sequentially. This may have
influenced the analyzers during the repeatability session, which may
have compromised intraobserver reliability. However, there was a
two-week interval between sessions, which minimized the effect of
this limitation. Future studies with larger samples may be necessary
to validate our results.

263

CONCLUSION

The Goutallier Classification System showed moderate interob-
server and almost perfect intraobserver agreement in the evaluation
of the fat infiltration rate of the multifidus muscle.
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this article.
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