The importance of clinical experience for the
measurement of scoliosis curve in children by

Cobb technique

Importancia da experiéncia clinica para a mensuragio da curva escolictica de criangas pela

técnica de Cobb

La importancia de la experiencia clinica en la medicion de la curva escolidtica de nirios

mediante la técnica de Cobb

Barbara Vendramini Marchetti', Eduardo Raupp?, Juliana Adami Sedrez?, Rafael Paiva Ribeiro?,

Claudia Tarrag6 Candotti®

ABSTRACT | Scoliosis is defined as a deformity with lateral
deviation of the spine in the coronal plane, torsion of the
spine and trunk, and disturbances in the sagittal profile. This
postural alteration is evaluated by anteroposterior incidence
radiography using the Cobb method. The objective of this
study was to verify the influence of evaluator experience
on inter- and intra-rater reliability of the Cobb angle of
scoliosis curvatures in children. In total, 39 patients aged
7 to 18 years with idiopathic scoliosis were included in this
study. The exams were evaluated by two physical therapists,
a chiropractor and a physical therapy student. Each evaluator
rated each exam twice and the second evaluation occurred
after seven days, characterizing the intra-rater reliability.
Furthermore, the first evaluations provided the inter-rater
reliability. Statistical analysis was performed with intraclass
correlation coefficient (ICC), Bland-Altman analysis,
descriptive analysis of mean absolute deviation, standard
error of measurement, and minimum detectable chance.
Correlations ranged from good (ICC>0.5) for intra-rater
reliability among professionals to weak (ICC=0.4) for the
inexperienced evaluator. The inter-rater reliability of the
professional’s evaluations was good (ICC=0.6) and the same
analysis with the presence of an inexperienced evaluator
was weak (ICC=0.3). Evaluations among professionals

showed less variability of measurements and standard
deviation values compared to the inexperienced evaluator.
The measurement of the angles of the scoliosis through
the Cobb method carried out by experienced professionals
showed better agreement as well as intra- and inter-rater
reliability, lower standard deviation, and variability among
the measurements.
Spine; X-Rays; Reproducibility of Results.

RESUMO | A escoliose ¢ definida como uma deformidade
com desvio lateral da coluna no plano coronal, torsao
da coluna e do tronco e disturbio no perfil sagital. Essa
alteracdo postural é avaliada por meio de radiografia de
incidéncia anteroposterior, utilizando-se 0 método de Cobb.
O objetivo do estudo é verificar a influéncia da experiéncia
do avaliador sobre a confiabilidade intraexaminador e
interexaminador do angulo Cobb em curvaturas escolidticas
de criancas. Foram incluidas na pesquisa 39 criancas
portadoras de escoliose idiopatica, com idade entre 7 e 18
anos. Os exames foram avaliados por dois fisioterapeutas,
um quiropraxista e um estudante de fisioterapia - cada um
avaliando duas vezes cada exame. A segunda avaliacao
ocorreu apos sete dias, para confiabilidade intraexaminador.
Ademais, as primeiras avaliacbes forneceram dados para

Study conducted at Escola de Educacao Fisica, Fisioterapia e Danca (Esefid). Universidade Federal do Rio Grande do Sul (UFRGS) -

Porto Alegre (RS), Brazil.

'Universidade Federal do Rio Grande do Sul (UFRGS) - Porto Alegre (RS), Brazil. E-mail: barbara.rpg@gmail.com. Orcid: 0000-0002-1099-8586
2Universidade Federal do Rio Grande do Sul (UFRGS) - Porto Alegre (RS), Brazil. E-mail: eduardorauppdc@yahoo.com.br. Orcid:

0000-0003-2716-7065

SUniversidade FederaldoRio Grande do Sul(UFRGS) - Porto Alegre (RS), Brazil. E-mail:julianasedrez@gmail.com. Orcid: 0000-0003-4933-440X
“Universidade Federal doRio Grande do Sul (UFRGS) - Porto Alegre (RS), Brazil. E-mail: rpaivaribeiro2@gmail.com. Orcid: 0000-0002-2696-9026
SUniversidade Federal do Rio Grande do Sul (UFRGS) - Porto Alegre (RS), Brazil. E-mail: claudia.candotti@ufrgs.br. Orcid: 0000-0002-8676-9157

Corresponding address: Rafael Paiva Ribeiro - Rua Sao Vicente, 500/201 - Porto Alegre (RS), Brasil - CEP: 90630-180 - E-mail: rpaivaribeiro2@gmail.com - Finance Source
none - Conflict of interest: nothing to declare - Presentation: Feb. 5%, 2018 - Accepted for publication: Jun. 6™, 2019 - approved by the Research Ethics Committee of Hospital

Mée de Deus de Porto Alegre, under protocol # 534/21.

241


http://dx.doi.org/10.590/1809-2950/12371922012015
mailto:eduardorauppdc@yahoo.com.br

confiabilidade interexaminador. A andlise estatistica foi realizada
com coeficiente de correlacdo intraclasse (CCl), andlise de Bland e
Altman e analise descritiva do desvio absoluto médio, erro-padrao
de medicdao e minima mudanca detectavel. Observou-se boa
confiabilidade (CCI>0,5) para as andlises intraexaminadores entre
os profissionais, e confiabilidade fraca (CCI=0,4) para o avaliador
inexperiente. A confiabilidade interexaminador dos profissionais
foi boa (CCI=0,6), e com a presenca do avaliador inexperiente foi
fraca (CCI=0,3). As avaliacdes entre os profissionais apresentaram
menor variabilidade das medidas e valores de desvio-padrdo
quando comparadas com as do avaliador inexperiente. A
mensuracdo dos angulos da escoliose por meio do método
de Cobb realizada por profissionais experientes apresentou
melhores indices de concordancia e de confiabilidade intra e
interexaminadores e menor desvio-padrdo e variabilidade entre
as medidas.

Coluna Vertebral; Raios X; Reprodutibilidade dos
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RESUMEN | La escoliosis se define como una alteracién con
curvatura lateral de la columna vertebral en el plano coronal,
torsion de la columna vertebral y del tronco y trastorno en
el perfil sagital. Esta alteraciéon postural se evalua mediante
radiografia anteroposterior, utilizando el método de Cobb. El
presente estudio tiene como objetivo verificar la influencia de
la experiencia del evaluador para la fiabilidad intraexaminador e

INTRODUCTION

Scoliosis is defined as a lateral deviation with deformity
of the spine in the coronal plane, as well as backbone and
trunk torsion and sagittal profile disorders'. Regarding
its typology, idiopathic, congenital, neuromuscular and
degenerative scoliosis are cited, each type predominant
in a certain age group and with different peculiarities.
Adolescent idiopathic scoliosis (AIS) is the most
common variant found in healthy children, exhibiting
a curvature greater than 10° according to the Cobb
angle technique, with a prevalence of 2% to 3%. The
prevalence of curvatures larger than 20° is between
0.3% and 0.5%, while curvatures larger than 40” Cobb
are found in less than 0.1% of the population®. Late
diagnosis and treatment can result in severe deformities,
affecting physical appearance, cardiopulmonary function

and psychological well-being.
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interexaminador del angulo de Cobb en las curvaturas escolidticas
de los nifios. El estudio incluyd a 39 nifios con escoliosis idiopatica
entre 7 y 18 afios de edad. Los exdmenes fueron evaluados
por dos fisioterapeutas, un quiropractico y un estudiante de
fisioterapia, siendo que cada uno evalud cada examen dos
veces. Tras siete dfas, ocurrié una segunda evaluacién para la
fiabilidad intraexaminador. Ademas, las primeras evaluaciones
proporcionaron datos para la fiabilidad interexaminador. El analisis
estadistico se realizé con el coeficiente de correlacion intraclase
(ICC), con el analisis de Bland y Altman y con el analisis descriptivo
de la desviacion media absoluta, del error estandar de medicion
y del cambio minimo detectable. Se observé una alta fiabilidad
(ICC>0,5) enlos analisis intraexaminadores entre los profesionales,
y una baja fiabilidad (ICC=0,4) en los de evaluadores inexpertos.
La fiabilidad interexaminador de los profesionales fue buena
(ICC=0,6), y la presencia del evaluador inexperto fue baja
(ICC=0,3). Las evaluaciones entre los profesionales mostraron
una menor variabilidad de las medidas y valores de desviaciéon
estandar en comparacion con los del evaluador inexperto. La
medicion de los dngulos de escoliosis utilizando el método de
Cobb que habia sido realizada por profesionales con experiencia
mostré mejores indices de concordancia vy fiabilidad intra e
interexaminadores y una menor desviacion estandar y variabilidad
entre las mediciones.

Columna Vertebral; Rayos X; Reproducibilidad de
los Resultados.

Postural change evaluation is performed by
anteroposterior incidence X-ray (AP), using the Cobb
method-recommended by the Scoliosis Research Society,
considered gold standard for scoliosis measurement?
and used for decision making in curvature progression
and treatment success®. This technique measures the
amplitude curve by means of measuring and estimating
the angle between lines respectively drawn, tangent to the
vertebral superior and inferior end plate to be measured™.
Some factors such as terminal vertebra selection, both
caudal and cranially belonging to the curvature; wide
radiographic markers; different evaluator measurement;
inaccurate conveyers; construction and technical design
error; squareness or angle design error, interfere with
this assessment*.

Five progression degrees are considered clinically
relevant in many studies. However, intra- and inter-
rater variability in determining the Cobb angle in x-rays
differs between 4° and 8°, respectively’”. Despite some



theoretical advantages, little inter-rater reliability has
been demonstrated in the last vertebrae selection to
scoliosis evaluation’. In addition to these difficulties
when trying to measure the Cobb angle in children, the
evaluation becomes more complex due to bone immaturity,
incomplete ossification and anomalous development of the
terminal vertebrae, making it difficult to trace a straight
line on the vertebral plateau to form the angle''. Such
challenges and the evaluator’s inexperience in radiological
evaluation may contribute to the angular variability found
in the studies, however, the actual interference of the
evaluator’s experience in such evaluations is unknown.
Thus, this study sought to investigate the evaluator’s
experience influence on Cobb angle measurement of
intra- and inter-reliability at the spine of children with
scoliosis curvatures.

METHODOLOGY

Panoramic radiographs of the spine of 39 children
between 7 and 18 years old with idiopathic scoliosis
were evaluated. The radiographs were carried out in a
hospital in Porto Alegre during the study. S-shaped
curvatures were found in eight children. In these cases,
only the main curvature was analyzed. In the remaining
children, we analyzed single curvature. The patients were
only subjected to the radiation already required for their
outpatient treatment.

'The radiographs were examined by four evaluators
(A, B, C and D). They re-evaluated each exam after
seven days, featuring intra-rater reliability. Moreover,
first evaluation of reliability provided inter-rater data
analysis. The evaluations were performed using the
application software Matlab 7.9 in accordance with the
method described by Cobb? and were also conducted
independently. Each evaluator needed to define the
vertebrae to be marked without knowledge of the other
evaluator’s results. Patients subjected to some kind of
spinal surgery, those with some congenital anomaly and
those whose radiographs had characteristics incompatible
with idiopathic scoliosis were excluded.

Out of four evaluators, three professionals, two
physical therapists and a chiropractor (evaluators A, B
and C), with a minimum of 5 years of experience in
Orthopedics were asked to analyze spine X-rays. The
Physical Therapy student (D evaluator) was in the fifth
semester of an undergraduate degree. All underwent a
three-hour training consisting of radiograph analysis

using the application software Matlab 7.9 before carrying
out the evaluations. Patients were only included after the
signature of an Informed Consent Form by their parents
or guardians.

For analysis purposes, data normality was verified
using the Shapiro-Wilk test. The data were analyzed
using the intraclass correlation coefficient (ICC) and
Bland-Altman analysis. We also conducted a descriptive
analysis, with mean, standard deviation (SD), mean
absolute deviation (IMAD) estimate, minimal detectable
change (MDC) and standard error of measurement
(SEm). According to Fleiss®®, an ICC<0.4 value is
considered low, between 0.4 and 0.75 good, and excellent
when ICC>0.75. We adopted a level of significance
of 0.05 in all tests, and all statistical analyses were

performed using SPSS version 17.0.

RESULTS

The sample was composed of 39 radiographies, with
average patient age 12.94+3.03 years, 48.52+13.93kg
body mass, height, and BMI of 1.50+0.15m
21.08+3.84kg/m? Table 1 shows the mean and standard
deviation (SD) of each evaluator on the 1 and 2™ days
of evaluation. Evaluator D showed higher SD values
than the others.

Table 1. Mean and standard deviation (SD) of Cobb angle
measurement for scoliosis in the four evaluators’ measurements
(A, B,Cand D)

1° Evaluation 2° Evaluation

Scoliosis (n=39)

Mean (SD) Mean (SD)
Evaluator A 10.4+3.4° 10.8+3.7°
Evaluator B 11.9£4.4° 12.0+4.6°
Evaluator C 10.5+4.2° 9.8+4.3°
Evaluator D (inexperienced) 13.8+7.6° 13.2+7.3°

Intra-rater reliability

Table 2 shows high reliability rates, with ICC higher
than 0.553 among professionals (evaluators A, B and C),
while evaluator D’s ICC indicated low reliability. The SEm
and MDC values were around 2.3° and 4.6, respectively,
in the professionals’ measurements, whereas evaluator
D showed significantly higher values. Each evaluator’s

estimate of MAD in intra-rater reliability measures
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showed similar values, however, the MAD standard
deviation of evaluator D was significantly higher.

Table 2. Intra-rater reliability results (evaluators A, B, Cand D) in
Cobb angle of scoliosis measurement

Scoliosis ICC
(n=39) @s%cp ~ ©  SEm MDC - MAD
0.553 s e o X
Evaluator A (0.292-0.738) <0.001* 24° 47 0.3+3.4
Evaluator B O/ (0001 24° 47° -00443.4°
(0512-0.837) ~~ : : R
0'735 * o o o
Evaluator C (0.550-0.852) <0.001*  21° 42 0.6+3.0
Evzlueter D 0451 (002 53° 1050  05+78°

(inexperienced) (0.162-0.669)

* Significant reliability; ICC: intraclass correlation coefficient; SEm: standard error of measurement;
MDC: minimum detectable change; MAD: mean absolute deviation.

Inter-rater reliability

The inter-rater reliability shown in Table 3 was
evaluated with the first evaluation values. High
reliability was observed among the professionals,
whereas evaluator D’s ICC indicated low reliability.
Concerning EPM and MMD values, greater
measurement error values were observed in analysis
with evaluator D’s measurements.

Table 3. Inter-rater reliability results of Cobb angle measurements
of scoliosis between evaluators A, B, C and D (D corresponding
to the inexperienced evaluator).

Scoliosis ICC

(n=39) (95% CI) SEm “MDC "~ MAD
0298 * o o o

All evaluators (0141-0.483) <0.001* 41 81 3.8+3.7

Evaluators A, B 0.648 N o o o

and C (0.485-0.781) <0.001* 24° 38° 29+29

*Significant reliability. ICC: intraclass correlation coefficient; SEm: standard error of measurement;
MDC: minimum detectable change; MAD: mean absolute deviation.

Inter-rater agreement

Table 4 shows the evaluator’s agreement (AxB; AxC,
AxD, BxC,BxD and CxD) estimated by Bland-Altman
analysis and with the first evaluation values being used.
Differences farthest from zero and larger standard
deviations can be observed in the student’s analysis, and
consequently higher upper and lower limits compared
with the professionals.
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Table 4. Bland-Altman analysis results of agreement identification
between all evaluators (D corresponding to the inexperienced
evaluator)

Average Upper Lower Star_\da?rd .
Evaluators difference limit ) Limit (°) dev(lf)tlon Outliers
AxB -0.69 6.71 -8.08 3.77 1
AxC -0.01 6.64 —6.67 340 0
AxD -1.37 14.88 -17.62 8.29 1
BxC 0.67 7.59 -6.24 3.53 1
BxD -0.68 16.74 -181 8.89 0
DxC -1.36 14.73 -17.45 8.21 0
DISCUSSION

'This study showed lower ICC and higher SD in their
measures regarding intra-rater reliability, featuring higher
variability in the intra-rater reliability evaluation. It may
express evaluator D’s inexperience and unfamiliarity with
the technique compared to the professionals, which
indicates experience is an important factor for the proper
use of the Cobb method in the evaluation of scoliosis.

Low reliability was found in all evaluators’
measurements concerning the inter-rater reliability
evaluation. However, we found high and significant
reliability when only considering the professional’s
evaluations, which supports the initial hypothesis that
the evaluator’s experience can be a factor that explains
the differing intra- and inter-rater reliability levels found
in studies using the Cobb method.

Regarding inter-rater agreement, we emphasize
that the evaluations have more values approximated to
zero than to the mean difference, and lower variability
between measurements among professionals in our study,
considering SD and upper and lower limits. Results
contrary to ours were found by Ritter et al.", in which
the low agreement for both experienced and inexperienced
evaluators was assigned to the difficulties of evaluating
the method and not due to the person’s experience.
Nevertheless, few studies examine the correlation between
evaluators with regard to experience.

Studies on reliability are still much divergent in the
literature. Lenke et al.”®, for example, found high intra-
and inter-rater reliability demonstrated by Kappa values
0f0.92 and 0.83, respectively; Ogon et al." found values
of 0.73 and 0.62 for the same variables. Experience and,
therefore, the judgment of the person who measures may
be one possible explanation for this variability between



studies. This is because the selection of the terminal
vertebrae belonging to the curvature is an important
parameter to measure idiopathic scoliosis curvature?,
as the error values are lower when the vertebrae are
predetermined*. Agreeing with this, it has been shown
that the Cobb method may be more prone to error due
to the selection of different end plate vertebrae® and
the estimation of their different slopes®!”. That is why
inexperienced evaluators could present greater difficulty
in that choice and, consequently, higher variability in
their measures.

Analyzing the values of SEm and MDC is a goal
of estimating ICC values, since these variables have
error values inherent to the measurement. In this study,
experienced evaluators had values in agreement with those
reported in literature'. However, when the inexperienced
evaluator’s values were added, a significantly higher
error value in all reliability aspects was observed, which
reinforces the importance of professional experience to
measurement, as it enables a more accurate analysis with
less error values between measurements.

Table 2 shows variability of -0.3° to 0.6° of intra-
rater reliability among the professionals, which is
lower than 4.6° found in Ylikoski and Tallroth'. Intra-
rater variability increased modestly when we analyzed
evaluator D’s measures. However, its standard deviation
was substantially higher than those found among the
other evaluators, showing that evaluation is less reliable
when performed by someone inexperienced. Despite the
absence of evaluator inexperience reports, the literature
also presents greater intra-rater variability values such
as 9.6"" and 10.4".

Considering that scoliosis treatments are determined
based on the angular extent of spine deviation’, knowing
precisely the inherent variability in this test is important,
since, in clinical practice, a variation of more than 5°
indicates curvature progression®. Given this context, the
training in the method is advisable for the evaluators
of radiographs regarding the evaluation of scoliosis.
Traditionally, this is already common in clinical settings.
However, regarding the monitoring of idiopathic
scoliosis diagnosed patients, tests are often analyzed
by different professionals, which is not ideal since the
literature indicates higher inter-rater than intra-rater
reliability values®. Nevertheless, the evaluation of scoliosis
by the Cobb method is often carried out in the study
environment by researchers themselves, not always trained
in the method, which may explain the difterences found.

CONCLUSION

'The evaluator’s experience influences on the Cobb
angle measurements of scoliosis curvatures in children
due to the better agreement rates of experienced
professionals’ measures, and the intra- and inter-
reliability and lower variability compared to the
inexperienced evaluator’s measures.
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