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Abstract

Background To predict the course of Legg-Calvé-Perthes

disease (LCPD) and select between treatment options in the

early stages, it is critical to have a reliable predictive

classification.

Questions/purposes We examined the reliability and

stability of three common classification systems for LCPD.

Methods We identified 69 patients with LCPD, who had

hip radiographs taken more than twice after the initial

presentation with at least a 3-month interval. The Herring

lateral pillar, Catterall, and Salter-Thompson classifications

were evaluated in terms of reliability and stability. The

inter- and intrarater reliability of the classification systems

was determined by three orthopaedic surgeons using

intraclass correlation coefficients (ICCs). To evaluate the

stability of the classification systems, the percentage

agreement and ICCs among the initial rating, rating when

entering fragmentation, and final rating were used.

Results The interrater reliability was highest in Herring

lateral pillar classification (ICC, 0.885) followed by the

Catterall and Salter-Thompson classifications (ICC, 0.802

and 0.702, respectively). The percentage agreement and

ICC between the initial and final rating were, respectively,

55% and 0.491 for the Herring classification and 48% and

0.378 for the Catterall classification.

Conclusions Our data show the highest reliability of the

classification of Herring et al. However, more than 40% of

the hip radiographs at the initial presentation, and in par-

ticular, most of Herring Group A patients, were upgraded.

Therefore, for patients older than 8 years old and graded as

Herring Group A initially, surgeons should keep the pos-

sibility of surgical treatment in mind.

Level of Evidence Level I, diagnostic study. See Guide-

lines for Authors for a complete description of levels of

evidence.

Introduction

Legg-Calvé-Perthes disease (LCPD) is an osteochondrosis

that affects the proximal epiphysis of the femur. The

clinical course and prognosis of LCPD vary considerably

between different patients. Without proper treatment,

LCPD can cause a severe femoral head deformity or sub-

luxation as well as secondary osteoarthritis resulting from

aspherical incongruency of the hip. Therefore, an accurate

interpretation of radiographs is essential for determining

the therapeutic choices in LCPD. These choices include

observation, nonsurgical containment using orthotic devi-

ces [25], surgical containment procedures including

femoral osteotomy [34] and innominate osteotomy [30],

and salvage procedures including Chiari osteotomy [5] and

shelf acetabuloplasty [18].
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The first classification of LCPD was described by

Waldenström [36] in 1922, who divided it into four stages

(initial, fragmentation, reossification, and remodeling

stage) representing only the natural course of the disease

using the radiographic changes in the femoral head. More

recent systems were proposed to classify the radiographic

findings in a way that correlates with the disease severity,

those of Catterall [4], Salter and Thompson [31], and

Herring et al. [15]. In 1971, Catterall [4] suggested a four-

group classification based on the degree of epiphyseal

involvement and described head-at-risk signs. In 1984,

Salter and Thompson [31] proposed a simple and practical

two-group classification based on the extent of the sub-

chondral fracture. In 1992, Herring et al. [15] suggested a

classification based on the height of the lateral pillar of the

involved epiphysis. In 2004, Herring et al. [13] added a

further group to their classification, termed the B/C border

group, because their multicenter study showed many

affected hips have a radiographic appearance that is

intermediate between Types B and C.

Stability refers to the extent to which children remain in

the same classification level over time [23]. Kuroda et al.

[19] reported that the lateral pillar grade at the initial

examination did not change 18 months after initial treat-

ment in the patients who received nonweightbearing

treatment. On the other hand, Lappin et al. [20] reported

that almost three-fourths of Herring Grade A cases and

one-third of Herring Grade B cases required upgrading

within the first 7 months from the onset of symptoms. Poor

stability indicates progression of the disease, that is, the

classification is normally upgraded and more aggressive

treatment is needed. If the range of stability of these

classification systems can be established, it would be pos-

sible to predict the course of the disease in the early stages

and help determine the treatment plan.

The aim of this study was to evaluate the reliability and

stability of the classification system for LCPD.

Materials and Methods

We retrospectively reviewed 114 patients with LCPD. We

included only patients with two or more sets of radiographs

taken a minimum of 3-month intervals from 2003 to 2011.

We excluded 45 patients (1) who visited our hospital only

once before surgery such as femoral osteotomy or pelvic

osteotomy; and (2) those classified as the reossification and

remodeling stage on the Waldenström classification at the

initial visit. These exclusions left 69 patients in the study.

There were 60 males and nine females. Sixty-six and three

patients were unilaterally and bilaterally involved, respec-

tively. The mean age was 6.5 years (range, 2.3–11.3 years)

and the mean time between the initial and final ratings was

1.2 ± 0.7 (SD) years. Of the 69 patients, the radiographs

that were at reossification and remodeling stages were

excluded. A total 379 ratings were made, a mean of 5.5 per

child (SD 2.1). The stages on the initial films using the

Waldenström stage were as follows: initial stage, 41 (59%);

and fragmentation stage, 28 (41%). This retrospective

study was approved by the Institutional Review Board at

our hospital, which waived the need for informed consent

for the study. We obtained all data only from medical

record review and hip radiographs.

For the purpose of statistical independence, only one hip

from patients with bilateral involvement was included for

statistical analysis [24]. Prior precision analysis, which is

used in studies concerned with estimating some parameter

at a fixed confidence level, was performed to identify the

minimal sample size required for the analysis. This study

was designed to enable intraclass coefficients (ICCs) of

reliability to be calculated at a target value of 0.8. In

addition, we used the approximation by Bonett [3].

Accordingly, when we set the 95% confidence interval to

0.2 for three raters, the minimal sample size was calculated

to be 36 hips.

We obtained demographic data such as gender and age

at each visit from a review of the medical records. Hip AP

and frog leg lateral radiographs of each patient were

retrieved digitally using a picture archiving and commu-

nication system (IMPAX; Agfa, Antwerp, Belgium).

A consensus-building session was held by the four

orthopaedic surgeons before radiographic measurements

were taken. The original articles by Catterall, Salter and

Thompson, and Herring et al. (hereinafter referred to as the

lateral pillar classification) were reviewed by all surgeons

and a consensus about how to grade was reached on these

classification systems as mentioned subsequently. The

classification of Herring et al. were determined from the

height of the lateral portion of the femoral head as observed

on the AP view at the fragmentation stage. The classifi-

cation consists of four groups: A, B, B/C border, and C. In

Group A, height of the lateral pillar was radiographically

normal compared with the contralateral hip. In Group B,

height of the lateral pillar was between 50 and 100% of the

original height [13, 15]. Despite a good understanding of

the classification system, even pediatric orthopaedic sur-

geons might have difficulty in distinguishing Grades A and

B. The lateral one-fourth of the head was chosen to rep-

resent the lateral pillar [13]. On the other hand, actual

measurements of the height showed there were no cases

without any collapse of the lateral pillar in our study, ie,

there was no completely intact lateral pillar. Therefore, a

consensus was established in that a similar height of the

lateral pillar to the contralateral hip is the criteria of lateral

pillar A. The Catterall classification system was based on

the level of capital femoral epiphysis involvement during
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the fragmentation stage on both the AP and frog leg lateral

views. The classification consisted of four groups: I, II, III,

and IV [4]. In Group I, only the anterior part of the

epiphysis was affected. In Group II, more of the anterior

segment was involved and a central sequestrum was pres-

ent. In Group IIII, most of the epiphysis was sequestrated

and in Group IV, the whole epiphysis was sequestrated. We

determined the Salter-Thompson [31] classification system

from the extent of the subchondral fracture of the femoral

dome observed during the initial stages on the primarily

frog leg lateral view. The subchondral fracture might be

absent in many patients because it appears briefly in the

course of the radiographic changes and is seen in only a

minority of patients.

One of the authors (TWK) randomly selected the 36

radiographs for a reliability session. Three examiners

(MSP, KML, KHS) with 11, 9, and 7 years of orthopaedic

experience including training periods, respectively,

assessed the interrater and intrarater reliability of the

radiographic classifications. The measurements were per-

formed by the three examiners in two sessions with a

3-week interval between sessions and the order of the

radiographs was changed for the second sessions. The

examiners were asked to determine the classifications on

36 radiographs and were blinded to the other measure-

ments. They also had the option to state that a radiograph

was unclassifiable. All measurements were collected by

another orthopaedic surgeon (TKW) who screened the

radiographs for reliability.

The stability of the classification was assessed by one of

the authors (KHS). He determined the classifications on all

radiographs, which were at the initial and fragmentation

stages on the Waldenström classification, and examined the

change in classifications. Initial grading was performed at

the initial visit, and final grading was performed before the

reossification stage.

The ICC and their 95% CIs were used to summarize the

interrater and intrarater reliability and were calculated in

the setting of a two-way random effect model assuming a

single measurement and absolute agreement. An ICC value

of 1 indicates perfect reliability and an ICC of [ 0.8

indicates excellent reliability [9]. We analyzed the stability

of the classifications of Herring et al. and Catterall using

the percentage agreement and ICCs with 95% CIs among

the initial rating, rating at early fragmentation, and final

ratings. Statistical analyses were conducted using SPSS for

Windows (Version 15.0; SPSS, Chicago, IL, USA).

Results

For the classification of Herring et al., the interrater reli-

ability, the ICC was 0.894 (95% CI, 0.825–0.940, Session

1) and 0.888 (95% CI, 0.782–0.943, Session 2) (Table 1).

The intrarater reliabilities were ICC values of 0.907 (95%

CI, 0.809–0.953, Examiner 1), 0.951 (95% CI, 0.906–0.975,

Examiner 2), and 0.908 (95% CI, 0.770–0.958, Examiner 3)

(Table 2). The patients’ initial rating by the classification of

Herring et al. was as follows: A, 30; B, 30; B/C, one; and C,

eight. The percentage agreement and ICC between the ini-

tial and final rating were 55% and 0.491, respectively (95%

CI, 0.116–0.709) (Table 3). Twenty-five of 30 patients

classified as A at the initial rating were reclassified (83%)

within the first 4.3 months from the initial grading. Between

the rating at early fragmentation and the final rating, the

percentage agreement and ICC were 79% and 0.714,

respectively (95% CI, 0.507–0.833) (Table 4).

For the Catterall classification, the interrater reliability

was ICC values of 0.805 (95% CI, 0.690–0.887, Session 1)

and 0.796 (95% CI, 0.676–0.882, Session 2) (Table 1). For

intrarater reliability, the ICC was 0.915 (95% CI,

0.840–0.955, Examiner 1), 0.813 (95% CI, 0.655–0.901,

Examiner 2), and 0.810 (95% CI, 0.659–0.899, Examiner

3) (Table 2). The initial rating by the Catterall classifica-

tion was as follows: I, nine; II, 19; III, 13; and IV, 24. The

percentage agreement and ICC between the initial and final

rating were 48% and 0.378, respectively (95% CI, �0.006

Table 1. Interrater reliability of classification systems for Legg-

Calve-Perthes disease

Classification system ICC 95% CI

Herring (Session 1) 0.894 0.825–0.940

Herring (Session 2) 0.888 0.782–0.943

Catterall (Session 1) 0.805 0.690–0.887

Catterall (Session 2) 0.796 0.676–0.882

Salter-Thompson (Session 1) 0.633 0.461–0.775

Salter-Thompson (Session 2) 0.735 0.589–0.844

ICC = intraclass correlation coefficient.

Table 2. Intrarater reliability of classification systems for Legg-

Calve-Perthes disease

Classification system ICC 95% CI

Herring (Examiner 1) 0.907 0.809–0.953

Herring (Examiner 2) 0.951 0.906–0.975

Herring (Examiner 3) 0.908 0.770–0.958

Catterall (Examiner 1) 0.915 0.840–0.955

Catterall (Examiner 2) 0.813 0.655–0.901

Catterall (Examiner 3) 0.810 0.659–0.899

Salter-Thompson (Examiner 1) 0.823 0.658–0.909

Salter-Thompson (Examiner 2) 0.751 0.562–0.865

Salter-Thompson (Examiner 3) 0.659 0.424–0.811

ICC = intraclass correlation coefficient.
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to 0.634) (Table 5). Twenty-four of 31 patients classified as

I, II, and III at the initial rating were reclassified (77%)

within the first 4.4 months from the initial grading.

Between the rating at early fragmentation and the final

rating, the percentage agreement and ICC were 79% and

0.528, respectively (95% CI, 0.274–0.705) (Table 6).

For the Salter-Thompson classification, the intrarater

reliability was ICC values of 0.633 (95% CI, 0.461–0.775,

Session 1) and 0.735 (95% CI, 0.589–0.844, Session 2)

(Table 1). For interrater reliability, the ICC was 0.823 (95%

CI, 0.658–0.909, Examiner 1), 0.751 (95% CI, 0.562–0.865,

Examiner 2), and 0.659 (95% CI, 0.424–0.811, Examiner 3)

(Table 2). Thirty-one cases (45%) were classified by the

Salter-Thompson classification at the initial ratings. The

patients’ initial rating by the Salter-Thompson classification

was as follows: A, 17; B, 14. The percentage agreement and

ICC between the initial and final rating were 84% and

0.691, respectively (95% CI, 0.443–0.841).

Discussion

Surgeons typically develop and use classifications to either

select between treatment alternatives or to predict the

patient’s course. Some authors suggest the ability to predict

the prognosis is the most important aspect of any classifi-

cation system [21, 33]. A classification system should be

relatively easy to apply and should have acceptable

reproducibility and reliability. It is also important that the

classification be reasonably stable; that is, the class into

which a patient fits does not change over short periods of

time. We therefore examined the reliability and stability of

three common classification systems for LCPD.

Before discussing the clinical implications of this study,

it is important to address the limitations. First, we excluded

five patients who visited our outpatient clinic only once and

underwent subsequent surgery. Therefore, we focused on

less severely involved patients. Second, only one of the

authors graded radiographs for stability. It may show better

results if more raters are involved in the measurements.

However, the interrater reliability from the classifications

of Herring et al. and Catterall had ICC values of

0.888–0.894 and 0.796–0.805, respectively. Thus, we

believe our study design to measure the stability by using

only one examiner can also be justified. Third, 24 children

were initially classified as IV by Catterall. Catterall’s

Group IV represents the upper limit of the classification

that could not be upgraded. This may have overestimated

the stability of this classification system.

We found the classification of Herring et al. has the

highest interrater and intrarater reliabilities, whereas the

Table 3. Herring classification for initial and final rating of patients

with Legg-Calve-Perthes disease

Initial rating Final rating

A B B/C C Total

A 5 19 3 3 30

B – 24 3 3 30

B/C – – 1 – 1

C – – – 8 8

Total 5 43 7 14 69

Percent agreement, 55%; intraclass correlation coefficient, 0.491

(95% CI, 0.116–0.709).

Table 4. Herring classification for rating at early fragmentation and

final rating of patients with Legg-Calve-Perthes disease

Rating at early

fragmentation

Final rating

A B B/C C Total

A 2 6 1 – 9

B – 33 2 4 39

B/C – – 4 – 4

C – – – 9 9

Total 2 39 7 13 61

Percent agreement, 79%; intraclass correlation coefficient, 0.714

(95% CI, 0.507-0.833).

Table 5. Catterall classification for initial and final rating of patients

with Legg-Calve-Perthes disease

Initial rating Final rating

I II III IV Total

I 1 2 4 2 9

II – – 10 9 19

III – – 6 7 13

IV – – – 24 24

Total 1 2 20 42 65

Percent agreement, 48%; intraclass correlation coefficient, 0.378

(95% CI, �0.006 to 0.634).

Table 6. Catterall classification for rating at early fragmentation and

final rating of patients with Legg-Calve-Perthes disease

Rating at early

fragmentation

Final rating

I II III IV Total

I – – – – 0

II – 1 – 2 3

III – – 16 10 26

IV – – – 28 28

Total 0 1 16 40 57

Percent agreement, 79%; intraclass correlation coefficient, 0.528

(95% CI, 0.274–0.705).
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Salter-Thompson classification had the lowest. The Herring

lateral pillar and Catterall grade at the initial radiographs

were upgraded in over 40% of patients.

Previous studies that examined the three common clas-

sifications demonstrated highly variable reliabilities

(Table 7). The Catterall classification system is used

widely but there has been some criticism. Because the

classification is based on the epiphyseal involvement at the

time of maximum resorption, which occurs relatively late,

the grouping will appear to change if the classification is

applied too early [35]. An assessment using the Catterall

classification is difficult and requires an experienced

pediatric orthopaedic surgeon. The distinction between

Groups II and III is the difficulty with this classification [6,

12, 26]. Low interobserver and intraobserver reliability

(kappa values ranging from 0.44 to 0.67 and percentage

agreement ranging from 30 to 53%) has been reported by a

number of authors [6, 12, 28, 32, 33] . Others have noted

the absence of a prognostic value of the Catterall classifi-

cation [11, 16]. The interobserver reliability of 0.13–0.55

(ICC) of the head-at-risk signs has also been reported [10].

On the other hand, De et al. [7] reported a reliability of 0.94

(ICC) of the Catterall classification and 0.66–0.85 (ICC) of

the head-at-risk signs among pediatric orthopaedic sur-

geons. The reliability of the Catterall classification

could be increased after consensus-building between the

Table 7. Previous studies on the reliability of the classification for Legg-Calve-Perthes disease

Study Number of

subjects

Raters Classification Statistics

ICC Weighted kappa Percentage

agreement

Sambandam et al. [32] 44 2 (interobserver) Herring 0.722

2 (intraobserver 0.682

2 (interobserver) Catterall 0.443

2 (intraobserver) 0.478

2 (interobserver) Salter-Thompson 0.163

2 (intraobserver) 0.503

Agus et al. [1] 10 18 (interobserver) Herring 0.388–0.596

18 (intraobserver) 0.113–0.495

18 (interobserver) Catterall 0.578–0.620

18 (intraobserver) 0.387–0.686

18 (interobserver) Salter-Thompson 0.604

18 (intraobserver) 0.576

Herring et al. [13] 20 6 (interobserver) Herring 0.70–0.85 0.71–0.79

6 (intraobserver) 0.91 0.81

Akgun et al. [2] 50 3 (interobserver) Herring 0.526–0.539

Pietrzak et al. [26] 63 3 (interobserver) Herring 0.65–0.70

3 (intraobserver) 0.48–0.80

3 (interobserver) Catterall 0.28–0.42

3 (intraobserver) 0.43–0.61

De et al. [7] 23 9 (interobserver) Catterall 0.94

Wiig et al. [37] Variable

(63–158)

3 (interobserver) Herring 0.56–0.70

3 (interobserver) Catterall 0.49–0.62

3 (interobserver) Salter-Thompson 0.54–0.63

Podeszwa et al. [27] 33 5 (interobserver) Herring 0.510

5 (intraobserver) 0.742

Ritterbusch et al. [28] 78 3 (interobserver) Herring 72

Catterall 41

Simmons et al. [33] 40 15 (interobserver) Catterall 0.49–0.64

Salter-Thompson 0.49–0.99

Christensen et al. [6] 100 4 (interobserver) Catterall 0.50–0.67

Hardcastle et al. [12] 69 10 (interobserver) Catterall 30–53

ICC = intraclass correlation coefficient.
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examiners, like in the present study. The Salter-Thompson

classification system is simple to use and can be applied

earlier in the course of the disease. Kalender et al. [17]

reported that the Salter-Thompson classification system

was most reliable, but Sambandam et al. [32] showed the

lowest interrater and intrarater reliabilities. The major

drawback with this system is that it cannot be used when a

subchondral fracture can no longer be detected, and it is

reportedly present in only 15%–34% of the patients’

radiographs [15, 16, 31, 37]. We found 31 patients (45%)

with a subchondral fracture seen on radiographs for a short

duration. Stability of this classification was highest among

three classification systems, but we believe this fact has no

clinical implications as a result of the shortcomings of this

system. In this study, the interrater reliability of this clas-

sification was the lowest among the three classification

systems. This is the result of disagreement between the

observers when the fracture line was actually present and

the borderline cases in whom the subchondral fracture line

involves approximately half of the femoral head. The

Salter-Thompson classification system is not applicable to

all cases but might be helpful in predicting the prognosis.

The classification system of Herring et al. is relatively easy

to apply and requires only an AP radiograph taken during

the fragmentation stage of the disease. This classification

was reported to have good to excellent intra- and interob-

server reliability [8, 13, 15, 20, 27, 28, 32, 37]. Previous

studies reported that the classification of Herring et al.

correlates with the final radiographic classification [8, 14–

16, 29, 38], and its prognostic value appears to be better

than the Catterall classification [28]. Gigante et al. [11]

reported that the classification of Herring et al. was not

predictive when considered alone but became prognostic

when it was related to the age at onset.

Few papers examined the changes in the classification of

Herring et al. between the initial and final grade. Kuroda

et al. [19] reported that because the lateral pillar grade did

not change in patients who received nonweightbearing

treatment, the grade determined at the beginning of treat-

ment is believed to be associated with the final

radiographic outcome. On the other hand, Lappin et al. [20]

noted approximately 75% of Grade A cases and 30% of the

Grade B cases required upgrading within the first 7 months

from the onset of symptoms. Therefore, predicting the

outcome in the early stages of the disease remains difficult.

Meurer et al. [22] compared the prognostic value of the

classifications of Herring et al. and Catterall and observed

the need for upgrading in approximately 30% of cases

using both classifications. In the our study, the Herring

lateral pillar and Catterall grade at the initial radiographs

were upgraded in 45% and 52% of patients, respectively.

The ratings at the early fragmentation stage were upgraded

in 21% and 21%, respectively. These results indicate the

limitations of these two classifications in the early stages of

the disease, as Lappin et al. reported. Nevertheless, the

classification of Herring et al. and the Catterall classifica-

tions could be changed even after fragmentation.

In general, it has been known that patients with Herring

Group A and those with Group B with a disease onset

before 8 years of age need only symptomatic treatment.

However, patients with a Herring Group B or B/C border

with a disease onset after 8 years of age need surgical

containment [14]. In the present study, 25 of 30 patients

classified as A at initial rating were reclassified (83%)

within the first 4.3 months. Therefore, even if initial

radiographs were graded as Group A, more aggressive

treatment could be indicated for hips with a high proba-

bility of upgrading. Further study is needed to identify the

risk factors of upgrading.

We found the classification of Herring et al. has the

highest interrater and intrarater reliability among three

classification systems. However, more than 40% of

patients, and in particular, most of the Herring Group A

patients, needed their classifications upgraded based on

initial radiographs. Therefore, for the patients older than

8 years old and graded as Herring Group A initially, sur-

geons should consider the possibility of the patient needing

subsequent surgical treatment.
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