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Abstract
The purpose of the current study was to investigate intra- and inter-observer reliability of arthrographic Laredo classification 
system in Perthes disease. Forty-seven patients were included in this cross-sectional descriptive study. Patients’ age, gender, 
physical findings and hip arthrographs were collected from hospital medical records. Two different sets of power point slides 
were prepared in which the order of cases was randomized and blinded. Observers were divided into three groups according to 
their surgical experience (9 residents, 10 seniors, 10 pediatric orthopedists), and they assessed two times 1 month’s intervals. 
Statistical analysis was performed by using the SPSS v21. Inter- and intra-observer reliabilities were calculated using intra-
class correlation coefficient, weighted kappa and percentage agreement. Percentage agreement of Laredo classification was 
about 50% for all groups (residents, seniors and pediatric orthopedists); intra-observer reliabilities were excellent, excellent 
and fair, respectively. Inter-observer reliability of Laredo classification for each set was found to be excellent for all groups. 
Length of experience did not correlated significantly with the level of intra-observer agreement. As a conclusion, our results 
showed that Laredo’s arthrographic classification system’s intra-observer reliability is at least at a fair level and inter-observer 
reliability is at an excellent level. We believe that this classification system is valuable for an orthopedic surgeon who deals 
with the treatment of Perthes disease.
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Introduction

Legg–Calvé–Perthes disease (LCPD) is an idiopathic, avas-
cular necrosis of the proximal femoral epiphysis in growing 
skeleton [1]. Self-limited osteonecrosis can be resulted in 
varying degrees of deformation and possible osteoarthritis 
[2, 3]. There is no consensus on the treatment modality of 
LCPD in case of stages and age groups [4, 5]. Standard hip 

radiography is the mostly used diagnostic tool in the evalua-
tion. Stage of the disease, extent of involvement and contain-
ment of the femoral head can be assessed with the evalua-
tion of LCPD [1]. Since LCPD is seen in growing skeleton, 
the cartilage component of both femoral and acetabular 
side cannot be evaluated by radiography. Within this scope, 
magnetic resonance imaging (MRI) can be used to evaluate 
the cartilage component [6–8]. However, both plain radiog-
raphy and MRI are static methods and thorough evaluation 
of the congruence of the hip joint requires dynamic method 
such as arthrographic imaging [8, 9]. In addition, owing to 
arthrography, secondary changes such as labral pathologies, 
femoroacetabular impingement, hinge abduction can also be 
distinguished [6]. Classifying LCPD is as important as other 
diseases for defining both the disease and guidance of the 
treatment modality. Catterall, Salter and Thompson, Herring 
and Stulberg classification systems based on radiography are 
widely used for LCPD [10–13]. Besides the advantage of 
arthrography in the choice of treatment, this method is also 
used in another classification system. Laredo was the first 
one who described the arthrographic classification which 
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consisted of five types for LCPD in 1992. The classification 
is based upon relationship with labrum, size and shape of 
femoral head (Table 1) [14]. There are many studies which 
investigated the reliability of these classification systems’ 
[15–21], but to our knowledge, there is no study which has 
evaluated the intra- and inter-observer reliabilities of arthro-
graphic Laredo classification system for LCPD in the current 
literature. The aim of this study was to report this reliability.

Materials and methods

Forty-seven patients with LCPD were included in this 
cross-sectional descriptive study after the approval of the 
institutional ethical committee (IRB approval number: 
2017-210/17.07). This study was carried out in accord-
ance with the ethical standards laid down in the 1964 Dec-
laration of Helsinki and its later amendments. Patients’ 
hip arthrographs were collected from hospital medical 
records. These 47 patients with unilateral hip involvement, 
ranging in age from 6 to 10 with complete radiographic 
follow-up and arthrographic examination were included 
into the study. Arthrography imaging was performed by a 
single orthopedic surgeon under general anesthesia in at 
least two hip positions, particularly in neutral and frog-leg 
positions. Two different sets of files (Microsoft® Power 
Point slides) were prepared in which the order of cases was 
randomized and blinded. The knowledge of age, gender 
and physical findings of patients was in both sets (Fig. 1). 

Table 1   Laredo’s arthrographic classification of Legg–Calvé–Perthes 
disease [14]

Arthrographic view of the hip

Type 1 Normal
Type 2 The femoral head is still spherical, but larger than normal
Type 3 The femoral head is ovoid in shape
Type 4 Large and flattened femoral head, and labrum loses its 

concavity
Type 5 Femoral head larger than normal and saddle shaped; the 

labrum is still elevated

Fig. 1   Presentation of clinical findings and arthrographs of the patient assigned as Case no: 16 in Set 1
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Laredo classification was presented to the observers after 
visual presentation of each patient as a slide.

Observers were divided into three groups according to 
their surgical experience. The first group consisted of nine 
residents trained in Department of Orthopedics and Trau-
matology at the training and research hospital for at least 
4 years. In the second group, there were ten seniors working 
in a general orthopedics department for 3 to 5 years and they 
were not specifically hip surgeons. Ten attending consult-
ant pediatric orthopedic surgeons from different institutions, 
who had surgical experience at least 5 years and more in 
pediatric hip disorders, took part in the third group. Assess-
ments of the sets were performed in random order by each 
observer on two separate occasions, at least 4 weeks sepa-
rately. Examples of the user interface typical of each case 
are shown in Fig. 1. Observers were asked which of the stage 
was most appropriate for each patient according to Laredo 
classification system.

Statistical analysis

Statistical analysis was performed by using the SPSS v21 
standard statistical version (SPSS Inc., Chicago, Illinois, 
USA). Intra-observer agreement for all of the observers 
[comparing the results of the same observer’s evaluations at 
two different times] was determined via percentage agree-
ment and weighted kappa (κ) statistics [22, 23], and inter- 
and intra-observer reliabilities were calculated using intra-
class correlation coefficient (ICC), w2 and p values within 
95% confidence intervals [24]. In addition, for each observer, 
we calculated Spearman coefficients to identify correla-
tions between intra-observer agreement and the length of 
experience.

A κ value is always between 0 and 1; the higher the value, 
the better the correlation. The κ and Spearman’s rho (ρ) val-
ues were graded as slight (0–0.2), fair (0.21–0.40), moder-
ate (0.41–0.60), substantial (0.61–0.80) and almost perfect 
(0.81–1) [25]. An ICC value greater than 0.75 is excellent, 
from 0.75 to 0.60 is good, from 0.59 to 0.40 is fair and below 
0.40 is accepted as poor agreement [26].

Results

There were 42 boys and 5 girls with a mean of 7.53 years 
old (range 6–10). All patients had unilateral involvement (27 
right and 20 left).

The mean intra-observer agreement with respect to stage 
of the experience between sets is presented in Table 2. 
In addition, percentage agreement was also analyzed by 
using Spearman’s rho to understand if there was a change 
according to experience. Length of experience (Spearman 

coefficient, ρ = − 0.237; p = 0.224) did not correlated signifi-
cantly with the level of intra-observer agreement.

The mean intra-observer reliabilities between sets are 
shown in Table 3. To find out the correlation between these 
values and experience, Spearman’s rho was measured again. 
The Spearman coefficient, ρ, was counted up as − 0.149; 
p = 0.450.

Inter-observer reliabilities of each group are given in 
Table 4. In the assessment of both sets, strengths of ICC val-
ues were excellent for all groups. Furthermore, the numeri-
cal values were increased in the second evaluation.

Discussion

A classification system can be accepted as useful if it is 
valid, reliable and reproducible [27]. Several classification 
systems have been described for LCPD such as Catterall 
[10], Salter and Thompson [11], Herring [2, 13] and Stul-
berg [12]. Arthrography is useful to evaluate the cartilage 
structure of hip joint and also classification of LCPD defined 
by Laredo [14]. Although reliability of Catterall, Salter and 
Thompson, Herring and Stulberg classifications was evalu-
ated previously [15–21], Laredo classification’s reliability 
was never evaluated. Results of our study showed that per-
centage agreement of Laredo classification was about 50% 
for all groups (residents, seniors and pediatric orthopedists); 
intra-observer reliabilities were excellent, excellent and fair, 
respectively. And finally, inter-observer reliability of Laredo 
classification for each set was found to be excellent for all 
groups.

Various studies have evaluated the reliability of Salter 
and Thompson classification [15–20]. The average agree-
ment values were found to be fair to good in these stud-
ies [19]. Simmons et al. [20] stated that kappa values and 
percentage agreement were increased to 0.99 and 93% for 
staff observers; however, these values were nearly two times 
higher than fellowship and resident observers. These results 
demonstrated that experience was a positive factor for the 
reliability of Salter and Thompson classification. Addition-
ally, reliability of Salter and Thompson classification was 
found to be higher than the reliability of Catterall classi-
fication. The reason for this finding is probably due to the 

Table 2   Mean values of intra-observer agreement

Groups Percentage 
agreement (%)

Kappa 
values (κ)

Agree-
ment 
strength

Residents (n: 9) 54.8 0.37 Fair
Seniors (n: 10) 54.3 0.35 Fair
Pediatric orthopedists (n: 9) 46.1 0.25 Fair
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simple nature (two stages) of Salter and Thompson clas-
sification. This classification system can only be used at the 
initial stage of LCPD because it uses extent of subchondral 
fracture line. We think that this is an important drawback 
of this system.

Catterall classification is being used widely for LCPD 
[15]. The reliability of this system is noted as moderate 
to good at initial stage and decreases to poor level at the 
fragmentation stage. It was also observed that experience 
was needed for better kappa values [19]. Sambandan et al. 
stated that identification of metaphyseal changes, subchon-
dral fracture and making difference between involved and 
noninvolved epiphyseal location were found to be the dif-
ficulties about using Catterall classification [18]. In 2008, 
Wiig et al. simplified the Catterall classification system by 
staging it into two groups as < or > 50% involvement of cap-
ital femoral epiphysis due to poor reliability of four-staged 
classification [17].

Herring or lateral pillar classification is another widely 
used system which attaches importance to the height of lat-
eral pillar of the proximal femoral epiphysis [13]. This clas-
sification system was also introduced to overcome the poor 
reliability of Catterall classification [1]. Ritterbusch et al. 
[21], Wiig et al. [17] and Sambandan et al. [18] all reported 
better reliabilities than other systems. Kalenderer et al. [15] 
also investigated whether experience had effect on this clas-
sification’s reliability and concluded that experience did not 
affect the reliability at fragmentation stage but did affect at 
initial stage.

Laredo introduced arthrographic classification of LCPD 
after evaluating 87 patients’ 105 hips in 1992 [14]. This clas-
sification system has several advantages such as possibility of 
dynamic evaluation of the hip joint and usage throughout the 
course of the disease [28]. Laredo classification has addition-
ally a prognostic value about the progression of LCPD. It was 
stated that 68% of Laredo class I–II and III cases healed as 
Stulberg stage I or II and on the other hand 87% of Laredo 

class IV or V cases healed as Stulberg stage III and IV [28]. 
We routinely use arthrography not only for diagnosis of LCPD, 
but also for decision making of treatment modality. We inves-
tigated the intra- and inter-observer reliabilities of Laredo 
classification and as a result observed that both reliabilities 
were all at excellent level except intra-observer reliability of 
pediatric orthopedists which was at good level. Experience did 
not affect the level of inter-observer reliability. Intra-observer 
reliability among pediatric orthopedists was observed as lower 
than senior and resident groups. We could not connect this 
result for any reason.

The most important limitation of this study is that the reli-
ability of Catterall, Salter and Thompson, Herring classifica-
tions on the same patients’ radiographs was not evaluated, so 
comparison of the reliabilities could not be evaluated.

Although percentage agreement and κ statistics were found 
to be fair for intra-observer reliability, ICC scores showed 
excellent reliability for each intra- and inter-observer evalua-
tion. As a conclusion, our results showed that Laredo’s arthro-
graphic classification system’s intra-observer reliability is at 
least at a fair level and inter-observer reliability is at an excel-
lent level. We believe that this classification system is valuable 
for an orthopedic surgeon who deals with the treatment of 
LCPD.
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Table 3   Mean intra-observer 
reliability values

Groups ICC %95 CI (min–max) Strength of values

Residents (n: 9) 0.774 0.727 to 0.813 Excellent
Seniors (n: 10) 0.792 0.751 to 0.827 Excellent
Pediatric orthopedists (n: 9) 0.672 0.603 to 0.729 Good

Table 4   Inter-observer reliability values

Groups Set I Set II

ICC %95 CI (min–max) Comment ICC %95 CI (min–max) Comment

Residents (n: 9) 0.890 0.836–0.932 Excellent 0.894 0.842–0.934 Excellent
Seniors (n: 10) 0.873 0.812–0.921 Excellent 0.905 0.859–0.941 Excellent
Pediatric orthopedists (n: 9) 0.836 0.756–0.898 Excellent 0.849 0.774–0.906 Excellent
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