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ABSTRACT

Obijective: To evaluate the intra- and interobserver reproducibility of the classification of proximal humeral ossification in patients with idiopathic
scoliosis. Methods: Observational, descriptive, cross-sectional study. Radiographs (anteroposterior) of 29 patients diagnosed with idiopathic
scoliosis were chosen and investigated at the Spine Surgery Outpatient Clinic of the Department of Orthopedics and Traumatology of the Hos-
pital Getulio Vargas, Recife, Pernambuco. These radiographs were evaluated and classified by 9 spinal orthopedic surgeons at two moments,
with a minimum interval of 30 days, for analysis of the intraobserver and interobserver reproducibility of the classification of proximal humeral
ossification used as a predictor of peak growth velocity. Results: Intraobserver reproducibility achieved moderate to substantial concordance
with the kappa index. In the analysis of interobserver reproducibility using the Fleiss’ kappa method, a reasonable to moderate concordance was
observed, except for in stage 5, in which concordance ranged from substantial to almost perfect. Conclusion: In this study, the reproducibility
of the Li classification in most of the stages was reasonable to moderate for the interobserver assessment and moderate to substantial for the
intraobserver assessment, which differs from the current literature. Level of evidence llI; Diagnostic studies — Investigation of a diagnostic test.

Keywords: Scoliosis; Growth; Reproducibility of Results.

RESUMO

Objetivo: Avaliar a reprodutibilidade intra e interobservadores da classificagéo de ossificagédo do Gmero proximal em pacientes portadores de
escoliose idiopatica. Métodos: Estudo observacional, descritivo e transversal. Foram selecionadas radiografias (anteroposteriores) de 29 pacientes
com diagnostico de escoliose idiopatica acompanhados no Ambulatério de Cirurgia da Coluna do Departamento de Ortopedia do Hospital Getulio
Vargas, Recife, Pernambuco. Essas radiografias foram avaliadas e classificadas por nove cirurgioes ortopedistas de coluna em dois momentos, com
intervalo minimo de 30 dias, para analise da reprodutibilidade intraobservador e interobservador da classificagdo de ossificagao do umero proximal
utilizada como preditor do pico de velocidade de crescimento. Resultados: A reprodutibilidade intraobservador com o indice Kappa atingiu concor-
dancia moderada a substancial. Ja na analise da reprodutibilidade interobservador com o método de kappa de Fleiss constatou-se concordancia de
razoavel a moderada, exceto no estagio 5, no qual a concordancia variou de substancial a quase perfeita. Conclusées: Neste estudo, a reprodutibi-
lidade da classificagdo de Li, na maioria dos estagios foi razoavel a moderada na avaliagcéo interobservador e moderada a substancial na avaliagao
intraobservador, o que diverge da literatura atual. Nivel de evidéncia lll; Estudos diagndsticos — Investigagdo de um exame para diagnéstico.

Descritores: Escoliose,; Crescimento; Reprodutibilidade dos Testes.

RESUMEN

Objetivo: Evaluar la reproducibilidad intra e interobservador de la clasificacion de osificacion del humero proximal en pacientes con esco-
liosis idiopatica. Métodos: Estudio observacional, descriptivo y transversal. Se seleccionaron radiografias (anteroposteriores) de 29 pacientes
con diagnastico de escoliosis idiopatica en la Clinica de Cuidados Ambulatorios de Cirugia de Columna del Departamento de Ortopedia del
Hospital Gettlio Vargas, Recife, Pernambuco. Estas radiografias fueron evaluadas y clasificadas por nueve cirujanos ortopedistas de columna,
en dos momentos, con un intervalo minimo de 30 dias, para analizar la reproducibilidad intraobservador e interobservador de la clasificacion de
osificacion del humero proximal utilizada como predictor de la velocidad maxima de crecimiento. Resultados: La reproducibilidad intraobservador
con el indice Kappa alcanzd concordancia de moderada a sustancial de la reproducibilidad intraobservador. En el analisis de la reproducibilidad
interobservador con el método de kappa de Fleiss, se encontré concordancia de razonable a moderada, excepto en la etapa 5, en que la
concordancia vario de sustancial a casi perfecta. Conclusiones: En este estudio, la reproducibilidad de la clasificacién de Li en la mayoria de
las etapas fue de razonable a moderada en la evaluacion interobservador y de moderada a sustancial en la evaluacion intraobservador, lo que
difiere de la literatura actual. Nivel de Evidencia Ill; Estudios de Diagndstico - Investigacion de una prueba de diagndstico.

Descriptores: Escoliosis; Crecimiento, Reproducibilidad de los Resultados.
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INTRODUCTION

Idiopathic scoliosis (IS) accounts for about 80% of all scolioses
and is the main cause of spinal deformity in pediatric patients. Its
diagnosis requires a deviation of greater than 10° in the coronal
plane, measured by the Cobb technique. The etiology remains un-
defined and is probably multifactorial.’-?

Risk factors for the progression of the deformity are well defined
and include sex, magnitude and location of the curve, and skeletal
maturity. During the peak of the velocity of the somatic growth curve,
patients are at greater risk for progression of the curve. Thus, the
indication of different treatment modalities (observation, orthosis or
surgery) requires an adequate assessment of skeletal maturity in
order to predict the remaining growth 34

The Scoliosis Research Society® recommends that skeletally im-
mature patients, with curves between 25° and 40°, be treated using
a brace in order to prevent deformity progression. Surgical treatment
is chosen for skeletally immature patients with curves greater than
45° or skeletally mature patients with curves = 50° since these two
groups present a prognosis of curve progression in adulthood.

The accuracy of the risk of scoliotic deformity progression as
determined through an evaluation of skeletal maturity has been the
subject of several studies in the literature. Among them, the follow-
ing can be highlighted: a) the Risser method, which evaluates the
progression of the apophyseal ossification of the iliac crest;® b) the
classification of ossifications of the distal radius and ulna described
by Luk et al.;” ¢) the Greulich-Pyle atlas of ossification of the hands
and wrists that, while it is more accurate, is difficult to apply in clinical
practice;® and d) ossification of the ischial crest, a method that in the
study by Landin et al.,® was shown to correspond to the Risser sign.

In 2008, Sanders and other authors described a bone age evalu-
ation method, based on the Tanner-Whitehouse and Greulich-Pyle
methods, in which radiographs of the hand and wrist are evalu-
ated.'®"" Although this classification is considered the gold standard
in terms of the accuracy of forecasting remaining growth, '? its practi-
cal applicability is also difficult. Thus, the Risser method remains
the most commonly used to date for assessing skeletal maturity.

In 2018, Li et al.,® proposed a new way to evaluate skeletal ma-
turity that is alleged to be able to predict peak growth velocity. These
authors developed a radiographic classification centered around the
evaluation of 2 distinct parameters evidenced during the evolution of
the ossification of the proximal humerus: a) the morphology of the
lateral edge of the proximal epiphysis of the humerus and its geo-
metric correlation with the lateral metaphyseal cortex of the humerus,
and b) the evolution of the closure of the proximal humeral physis.

The latter classification mentioned above consists of 5 evolu-
tionary stages (Figure 1). In stage 1, the ossification of the lateral
epiphysis is incomplete, such that the lateral margin is straightened
and oriented in an oblique position relative to the lateral metaphyseal

Figure 1. Classification of the ossification of the proximal humerus. The
sequence from 1 to 5 represents the milestones in the progression of this
phenomenon. Reproduced from Li et al.®

cortex, which allows it to appear as a radiolucent triangular area. In
stage 2, the lateral margin of the proximal epiphysis of the humerus
is rounded but not yet touching a line that represents the proximal
projection of the lateral metaphyseal cortex. In stages 3 to 5, the
lateral edge of the proximal epiphysis of the humerus touches the
line that represents the proximal projection of the lateral metaphyseal
cortex, and the three stages are distinguished by the closure of the
proximal humeral physis. In stage 3, the lateral half of the physis is
totally open, with no obvious fusion. In stage 4, the lateral half of
the physis is partially fused. In stage 5, there is complete fusion of
the entire proximal physis of the humerus.

Also according to Li et al.,'? the transition between stages 2
and 3 precedes the second peak of the somatic growth curve by
up to one year in 72% of the cases analyzed. Finally, these same
authors note that there is less overlap between the stages of humeral
ossification than in the Risser system and that, therefore, their clas-
sification is easy to understand and simpler to use, and it does not
require additional radiographs in patients with scoliosis.

In light of the advantages described above for the outpatient
applicability of the classification of the ossification of the humeral
head as a predictor of peak growth velocity, an assessment of its
intra- and interobserver reproducibility is essential.

Thus, the objective of this study is to evaluate the intra- and
interobserver reproducibility of the classification of proximal humeral
ossification in patients with idiopathic scoliosis.

METHODS

This was an observational, descriptive, cross-sectional study in
which preoperative, panoramic, anteroposterior, spinal radiographs
of patients with idiopathic scoliosis being treated at the Hospital
Getulio Vargas in Recife/PE during the period comprising 2018 and
2019 were evaluated. The radiographic images were collected from
the medical files of the spine surgery group at the hospital.

Initially, 186 radiographs of different patients were catalogued.
The inclusion criterion used during the radiograph selection process
was the possibility of adequately and simultaneously analyzing the
scoliotic spinal deformities and the proximal portion of the left hu-
merus. The choice of laterality was in accordance with that used in
the work of the author of the classification in order to standardize
the analysis. Radiographs that did not show non-idiopathic scoliosis
or in which the radiographic technique was considered to have
inadequate visibility to evaluate the degree of proximal humeral
ossification were excluded from the study. Epidemiological data
related to age and sex were also collected.

The selection process permitted the inclusion of 29 radiographs,
in which it was possible to observe all the different phases of the
spectrum of classification of the ossification of the proximal humerus
proposed by Li et al.? All the images were compiled in PowerPoint
to be presented at two different moments, with a minimum interval
of 30 days between them, to a group of 10 spine surgeons.

All the participants are orthopedists and have a broad range of
years of experience in the specialty. All the participants were previously
introduced to the classification system of Li et al.2 Then, standardized
cards were provided for marking the objective responses (selection of
only one stage for the classification of each of 29 sequential cases).
The response time was left free according to individual needs. The
evaluation was performed separately by each of the participants.
Finally, between the first and second presentations, the cases were
reordered blindly and only the author knew the correlation of the
presentation of the images between the two moments.

Radiographic standardization for analysis of the left shoulder,
adequate radiographic quality, providing a standardized card for
objective responses, presenting the images to the participants sepa-
rately with no time limit, and the interval between the two evaluations
were meant to avoid mitigation of possible bias and enable better
evaluation of the intra- and interobserver reproducibility for the clas-
sification being analyzed.

The collected data were compiled in Excel tables and analyzed
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using the Statistical Package for Social Sciences (SPSS) program.
The results of categorical variables were presented in a table with
their respective absolute and relative frequencies. To verify intra- and
interobserver concordance, the data were submitted to statistical
treatment using the kappa (intraobservers) and Fleiss’ kappa (in-
terobservers) tests.'* For interpretation of the kappa index, values
between 0.81 and 1.0 were considered to show almost perfect con-
cordance; values between 0.61 and 0.8, substantial concordance;
between 0.41 and 0.6, moderate concordance; between 0.21 and
0.4, fair concordance, between 0 and 0.2, weak concordance; and
less than zero, insignificant concordance. The interpretation of the
results was based on the analysis of Landis and Koch.'

This study was submitted to and approved by the Institutional
Review Board of the Hospital Agamenon Magalhées - Recife/PE
(CAAE: 31450820.8.0000.5197). All the participants signed the In-
formed Consent Form (ICF).

RESULTS

Of the 29 radiographs analyzed, 21 (72.4%) belonged to female
patients. The mean age of the cases was 13.6 + 3.9 years (Table 1).

Only one of the 10 orthopedic surgeons invited to participate
in the study did not respond to the invitation within the timeframe
stipulated by the researcher. Of the remaining nine, three (33.3%)
had between 1 and 5 years of spinal surgery experience, while 6
(66.7%) had more than 10 years of experience.

In the intraobserver analysis (Table 2), five observers obtained
substantial concordance while 2 others obtained only moderate
concordance. It was not possible to calculate the kappa from the
results of the other two observers because there was no symme-
try between the responses from the two evaluation moments. The
overall interobserver concordance was moderate both in the first
assessment, k=0.564, and in the second assessment, k=0.489 (p
< 0.001). In the analysis of the two moments together, moderate
reproducibility, k = 0.531 (p < 0.001), was also obtained (Table 3).

Stage 5 of Li et al.® was the only one to present almost perfect
interobserver concordance in the first assessment and the only one
to present substantial concordance in the second moment and in the
overall assessment. In stages 2 and 3 there was fair concordance
in all the assessment scenarios (p < 0.001) (Table 3).

DISCUSSION

Idiopathic scoliosis affects around 2 to 3% of the population
under 16 years of age. There is a higher incidence of females
among patients in whom the onset occurs after seven years of age.

Table 1. Epidemiological data on the sex and age of patients with idiopathic
scoliosis who underwent radiographic assessment of the shoulder.

Variables n %
Sex
Male 8 27.6
Female 21 72.4

Table 2. Intraobserver assessment between the two moments of application
of the Li et al.® classification.

Comparison Kappa p-value Degree of Con-cordance

Al x A2 0,551 <0,001 Moderate
B1 x B2 0,776 <0,001 Substantial
C1xC2 * * *

D1 x D2 0,767 <0,001 Substantial
E1 x E2 0,688 <0,001 Substantial
F1 x F2 0,723 <0,001 Substantial
G1x G2 * * *

H1 x H2 0,485 <0,001 Moderate
11 X 12 0,774 <0,001 Substantial

*Not possible to calculate.
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Table 3. Interobserver concordance stratified by the Li et al.® stages for the 1st
and 2nd mo-ments, presented separately by stage and as overall concordance,
evaluated using the Fleiss’ kappa method™

Comparison Kappa p-value Degree of Con-cordance
Assessment 1
Overall 0,664 < 0,001 Moderate
Stage
1 0.5613 < 0,001 Moderate
2 0,390 < 0,001 Fair
3 0.259 < 0,001 Fair
4 0,659 < 0,001 Substantial
5 0.815 < 0,001 Almost perfect
Assessment 1
Overall 0,489 < 0,001 Moderate
Stage
1 0,489 < 0,001 Moderate
2 0.334 < 0,001 Fair
3 0,384 < 0,001 Fair
4 0.439 < 0,001 Moderate
5 0,702 < 0,001 Substantial
Assessment 1
and 2 together
Overall 0,631 < 0,001 Moderate
Stage
1 0,612 < 0,001 Moderate
2 0,367 < 0,001 Fair
3 0,342 < 0,001 Fair
4 0.551 < 0,001 Moderate
5 0,758 < 0,001 Substantial

In the present study the mean age of the patients evaluated was
13.60 = 3.99 years, 72.4% of them being female, which agrees
with the literature."1516

In their original 2018 article, Li et al.,® analyzed anteroposterior
radiographs of the proximal humerus of patients with their upper
limbs at the sides of their body and their hands turned towards the
front (anatomical position). The published intracbserver and intero-
bserver concordance results were substantial, with the kappa test
value of 0.80 and 0.78, respectively. The calculation of the intraclass
correlation coefficient was excellent (ICC = 0.75).

In a second study conducted by the same group in 2019, the
reliability of the Li et al.,? classification was evaluated using the
intraclass correlation coefficient. In this second study, the evaluation
of the humerus did not follow the radiographic protocol of the first, in
which the position of the shoulder/arm was not controlled. Despite
this absence of a radiographic standard, no difference was observed
in the reliability of the classification. The intraclass coefficient was
0.97 for the intraobserver analysis and 0.92 for the interobserver,
remaining with an interpretation of excellent reproducibility.'

In the present study, the presentation of the cases to a group
of surgeons with heterogeneous experience is, in theory, a factor
that could reinforce the daily applicability of the Li et al.® classifi-
cation since it would have the ability to reach everyone. However,
the results obtained were different from those published by the
group that created this classification, both for the interobserver
and intraobserver assessments.

Since the intraobserver concordance results obtained were mo-
derate and substantial, in contrast to the interobserver concordance
which, in most cases, ranged from fair to substantial, two analyses
are needed: a) within the distribution of the cases presented, the
number of patients classified as “stage 5” must have been statis-
tically greater than the others and, thus, have skewed the intraob-
server kappa result towards a more robust reliability. In addition, in
stage 5 ossification is already complete, making it easier to identify
it; b) if, on the one hand, low interobserver concordance in most
of the scenarios may reflect inadequate training of the participants
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for the application of the classification, on the other hand, it may
suggest a divergence in the understanding of the concept of the
closing of the growth plate among the participants.

Although the totally open physis progresses towards calcifica-
tion through vascular invasion in the metaphyseal pole (temporary
calcification layer), its “closing/maturation” begins with the deposit
of calcium in the hypertrophic zone (longitudinal growth zone),
a fact that is visible in the radiograph as “radiodense specks”
dispersed in the middle of the radiolucent area of the physis that
can lead to the divergence in classification between an open and
a non-open physis.'’°

Is should also be noted that, in a totally closed physis, a bone
bridge has already been created that produces a homogeneous
image of trabecular bone that prevents the difficulty of definition. This
fact was evidenced in our study by good interobserver concordance
only in stage 5 (physis totally closed) and the low concordance
exactly in the definition of stages 2 and 3 (moments of the onset of
calcification of the physis).'71°

Although each specific physis presents a distinct closing pattern,
it seems to us that the Risser classification®®?' is more accepted

because it evaluates an apophysis, which would make it easier
to show the presence of partial calcification (Risser 1 to 4) and
complete closure (Risser 5).

Thus, it may be that adequate training in the application of the
Li et al. classification® requires better guidance for the physicians in
terms of the definition and identification of physis closure.

CONCLUSION

In this study, the reproducibility of the Li et al., classification®
was, in most of the stages, from fair to moderate in the interobserver
assessment and from moderate to substantial in the intracbserver
assessment, which diverges from the current literature. The search
for a more precise, easy to learn and reproducible method for as-
sessing bone age is important, as it is the basis for the treatment of
patients with scoliosis. Therefore, more studies are needed.
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