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Abstract

Background Osteonecrosis is perhaps the most important

serious complication after treatment of developmental

dysplasia of the hip (DDH). The classification by Bucholz

and Ogden has been used most frequently for grading

osteonecrosis in this context, but its reliability is not

established and unreliability could affect the validity of

studies reporting the outcome of treatment.

Questions/Purpose We established the interrater and

intrarater reliabilities of this classification and analyzed the

frequency and nature of disagreements.

Methods Three pediatric hip surgeons, a musculoskeletal

pediatric radiologist, and three orthopaedic trainees graded

39 radiographs (hips) according to the Bucholz and Ogden

classification, blinded to any clinical data. Ratings were

repeated after 2 weeks. Interrater reliability and intrarater

reliability were determined using the simple kappa statistic.

Grading was compared among raters, the nature and

frequency of disagreements established, and subgroup

analyses performed.

Results Interrater reliability was 0.34 (95% CI = 0.28,

0.40) for all raters, and 0.31 (0.20 to 0.43) for the three

surgeons. The best interrater reliability was observed

between the radiologist and a surgeon with a kappa of 0.51

(0.30, 0.72). Intrarater reliability estimates ranged from 0.44

to 0.69. Raters disagreed regarding the grade of osteone-

crosis in 26 of 39 hips (67%), with seven of 26 disagreements

(27%) involving confusion between Grades I and II.

Conclusions The interrater reliability was lower than

expected, considering the raters’ experience. Distinguish-

ing between Grades I and II was the most frequently

observed problem. We believe that the low reliability was a

result of an ambiguous classification scheme rather than the

variability among the raters. Outcome studies of DDH

based on this classification should be interpreted with

caution. We recommend the development of a new clas-

sification with better prognostic ability.

Level of evidence Level III, diagnostic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Osteonecrosis of the capital femoral epiphysis is a major

complication of treatment for developmental dysplasia of

the hip (DDH) with reported incidences ranging from 6%

to 48% [14]. This irreversible condition is associated with

subsequent hip pain and declining hip function in child-

hood [12]. Premature arthritis requiring hip arthroplasty as

early as during the third decade is common with severe

forms [12]. For these reasons, osteonecrosis is considered

one of the most important quality indicators of DDH

treatment.
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The diagnosis of osteonecrosis secondary to DDH is

established using radiography. Among several classifica-

tions systems [7, 9, 15], the one by Bucholz and Ogden [1]

has been used most widely [14]. It is a four-grade system

that is based on the morphologic changes of the proximal

femur that occur as a result of ischemic necrosis [1].

Although widely used, the reliability of this classifica-

tion has never been established. We realized in previous

studies [12–14, 16] that classifying hips as described by

Bucholz and Ogden [1] can be challenging and confusing

with questionable reliability. Reliability, or reproducibility,

is a prerequisite of any scientific measure. A measure is

regarded as reliable if the same result is obtained when a

test is repeated by the same (intrarater reliability) or dif-

ferent (interrater reliability) investigators [18]. Potential

sources of measurement inconsistency relate to the opera-

tor performing the measurement (ie, the observers’ skills in

evaluating a radiograph for the presence of osteonecrosis)

and the measure itself (ie, the classification system) [18].

For example, ambiguously defined conversion criteria (ie,

the criteria by which to convert morphologic features of the

hip into one of four grades) or the lack of explicit criteria to

distinguish a mild Grade II from a severe Grade I are

potential sources to affect reliability.

We therefore (1) determined the interrater reliability and

intrarater reliability of the Bucholz and Ogden classifica-

tion for osteonecrosis secondary to DDH and the frequency

and nature of disagreements; (2) determined whether

combining Bucholz and Ogden Grades I and II osteone-

crosis would modify the reliability; and (3) compared the

interrater reliability of experienced clinicians and ortho-

paedic trainees.

Materials and Methods

Three pediatric hip surgeons (AR, JHW, NC), a musculo-

skeletal pediatric radiologist (AO), and three orthopaedic

trainees (GR, OO, SM) graded the radiographs. Of the three

pediatric hip surgeons, two were at the end-stage of their

career and one was 8 years postfellowship training. The

radiologist had 7 years of experience as an attending muscu-

loskeletal radiologist. To contrast the reliability of

experienced professionals, we included an orthopaedic senior

resident, an orthopaedic fellow, and a medical student. The

radiographs chosen were those of children who had osteone-

crosis develop secondary to a closed or open reduction for

DDH. There were 31 girls (79.5%) and eight boys (20.5%).

There were 13 (33%) right and 26 (67%) left hips. The age of

the patients at reduction was 1.9 ± 1.3 years (range,

0.5–5.5 years), with a mean followup of 9.4 ± 2.7 years

(range, 2.6–14.7 years). The children were 11.5 ± 2.6 years

old (range, 3.3–16.8 years) when the radiographs were taken.

All raters familiarized themselves with the classification

by studying the monograph by Bucholz and Ogden [1]

individually and again in a group meeting to agree on the

definitions of the classification. Several radiographs (not

included in this study) were interpreted in the group before

each of the raters graded 39 radiographs individually. The

three orthopaedic surgeons had used the classification for

several years before this study. The medical student wrote

a thesis on the subject, therefore had researched the topic.

Two of us (AO, AR) screened the followup radiographs

of 222 children who had undergone surgical treatment for

DDH in infancy, for the presence of osteonecrosis using the

criteria by Bucholz and Ogden. Grades of severity were not

assigned at this stage; instead radiographs were graded

with a binary response, ie, ‘‘osteonecrosis present/absent’’.

A third expert (JHW) was consulted to resolve disagree-

ments. This process resulted in 89 radiographs depicting

features of osteonecrosis and 39 were chosen randomly for

the reliability study. This step ensured that all the included

hips showed osteonecrosis as per Bucholz and Ogden’s

definition and none of the hips was normal. We elected not

to include normal hips because the Bucholz and Ogden

classification focuses on four grades of osteonecrosis. This

consensus grading only established a yes or no answer and

no attempt was made to grade osteonecrosis.

A standard radiographic protocol was used in all

patients. These were radiographs of the pelvis taken with

the patient in the supine position, centered on the hips, and

with both feet in 15� internal rotation, made depending on

the age of the patient at 60 to 80 kV, 4 to 40 mA, and a

focus-to-film distance of 150 cm on a digital imaging

system (5000R CR, Fuji, Bedford, UK). Images were

analyzed electronically (Sienet Sky, Siemens AG Medical

Solutions, Erlangen, Germany), blinded to patient history

and current symptoms. To determine the intrarater reli-

ability, two ratings were obtained at 2-week intervals with

the radiographs in changed order. Interrater reliability was

based on the first rating.

In the Bucholz and Ogden classification, Grade I

changes refer to irregular ossification or hypoplasia of the

femoral head but normal ossification of the metaphysis

(Fig. 1). In Grade II, the femoral head will grow into val-

gus (Fig. 2). For Grade III, the entire metaphysis is

involved resulting in shortening of the femoral neck with

trochanteric overgrowth (Fig. 3). Grade IV is characterized

by varus of the proximal femur (Fig. 4).

Sample size calculation was based on the primary out-

come with the aim of showing a reliability that was at least

0.60; the power was set to 80%, a = 0.05, and b = 0.20.

Using this approach sample sizes of n = 4 raters and k = 39

radiographs per rater were calculated for each group [4].

Data were categorical with mutually exclusive categories,

and raters were independent; therefore Cohen’s simple
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kappa statistic [3] was used as a measure of agreement for

comparisons between two raters. An overall kappa was

calculated as described by Fleiss [6] to determine the

reliability among three or more raters. Interrater reliability

was established from the first reading process. To contrast

the interrater statistics of the four clinicians to a group of

less experienced professionals, we established interrater

coefficients of a senior orthopaedic resident, orthopaedic

Fig. 1 Grade 1 osteonecrosis is seen on this radiograph. The

distinguishing features include a hypoplastic epiphysis of the

proximal femur.

Fig. 2 The pelvic radiograph shows Grade II osteonecrosis. Damage

to the lateral aspect of the growth plate results in valgus alignment of

the proximal femur. Typically, a horizontally oriented growth plate is

seen as a result of this irreversible growth disturbance.

Fig. 3 Grade III osteonecrosis is seen in this radiograph. The changes

include trochanteric overgrowth, shortening of the femoral neck, and

asphericity of the femoral head.

Fig. 4 Grade IV osteonecrosis is shown. Damage to the medial

aspect of the growth plate leads to a growth disturbance resulting in

varus alignment of the proximal femur. As a result of the varus

alignment, relative trochanteric overgrowth is seen. The femoral head

appears hypoplastic.
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research fellow, and graduate medical student. They pre-

pared for this task in the same way as the clinicians did.

Our a priori assumption was that interrater coefficients of

this group of trainees should not exceed those of the four

experienced clinicians. To test the effect of a three-grade

scheme on reliability we derived interrater coefficients for

a modified classification scheme that combined Grades I

and II into one category. All analyses were performed

using SAS 9.2 statistical package (SAS Institute Inc, Cary,

NC, USA).

Results

Among the four experienced raters, the interrater reliability

was low with a kappa statistic of 0.34 (95% CI =

0.28–0.40). Subgroup analysis showed that the interrater

reliability was highest between the radiologist and one of

the surgeons with a kappa of 0.51 (0.30–0.72) (Table 1).

The best intrarater reliability was the result of a surgeon’s

rating with a kappa of 0.69 (0.49–0.89). Grade II osteo-

necrosis was diagnosed most often by each of the raters but

the remainder of the distributions of the grades varied

among raters (Fig. 5). Of the 39 hips rated, all raters agreed

in 13 (33%) and disagreed in 26 (67%) instances (Table 2).

On 16 (62%) occasions, the disagreements were on two

levels (ie, for the same hip the raters assigned two different

grades), and on 10 occasions (38%) the disagreements were

on three levels (ie, for the same hip the raters assigned

three different grades). There was no four-level disagree-

ment. The most common two-level disagreement included

confusion between Grades I and II with 27% (seven of 26)

of all disagreements. The most common three-level dis-

agreement involved Grades I, II, and IV with 23% (six of

26) of all disagreements (Fig. 6).

Collapsing the classification from four to three catego-

ries by combining Grades I and II improved the interrater

reliability to a kappa of 0.42 (0.35, 0.50) among the four

experienced raters.

In contrast to the kappa value of 0.34 for the experi-

enced observers, the trainees’ interrater reliability ranged

from 0.12 to 0.30 (Table 3).

Discussion

Osteonecrosis is one of the most frequent and perhaps the

most serious complication of treatment of DDH. It is

Table 1. Results of clinician’s reliability coefficients based on

interrater and intrarater studies of 39 hips.

Rater Kappa 95% confidence

interval

Interrater

All four raters 0.34 0.28–0.40

All three surgeons 0.32 0.20–0.43

Surgeon 1 – Surgeon 2 0.46 0.25–0.67

Surgeon 1 – Surgeon 3 0.22 0.02–0.43

Surgeon 2 – Surgeon 3 0.22 0.03–0.40

Radiologist – Surgeon 1 0.34 0.13–0.55

Radiologist – Surgeon 2 0.31 0.09–0.53

Radiologist – Surgeon 3 0.51 0.30–0.72

Intrarater

Surgeon 1 0.69 0.49–0.89

Radiologist 0.61 0.39–0.83

Surgeon 2 0.52 0.30–0.73

Surgeon 3 0.44 0.21–0.67

Fig. 5 The graph shows distribution and frequency of grades

assigned by each of the raters. Although variability is noted among

all the raters, Grade II was assigned most often by all raters. Absolute

numbers are shown.

Table 2. Number of disagreements across all radiographs

Disagreement in

Bucholz and Ogden grade

Frequency of disagreements

Number Percentage

I and II 16 35%

II and IV 9 20%

I and IV 9 18%

II and III 7 15%

I and III 4 9%

III and IV 1 2%

Five raters evaluated each radiograph, therefore the total number of

disagreements exceeds the total number of radiographs.
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essential that grading schemes of osteonecrosis are accu-

rate, especially because interventions are considered based

on the type of osteonecrosis [12]. We therefore (1) deter-

mined the interrater reliability and intrarater reliability of

the Bucholz and Ogden classification for osteonecrosis

secondary to DDH and the frequency and nature of dis-

agreements; (2) determined whether combining Bucholz

and Ogden Grades I and II osteonecrosis would modify the

reliability; and (3) compared the interrater reliability of

experienced clinicians and orthopaedic trainees.

There are potential limitations of this study. First, our

findings are based primarily on experienced clinicians and

are generalizable to this group of professionals only. We

acknowledge that radiologists do not use this classification

system in general and are not involved with treatment

decisions in these cases. However, a musculoskeletal

radiologist was chosen to participate in this study to

determine the impact of a different training background on

reliability. We do not think that much better interrater

coefficients would be found in other groups. Second,

although it can be difficult to distinguish normal hips from

those with Bucholz and Ogden Grade I osteonecrosis, we

elected not to include hips without osteonecrosis in our

study because the Bucholz and Ogden classification does

not include a category for normal hips. Including normal

hips would have introduced the potential of falsely

underestimating the reliability of the classification. There-

fore, we could not quantify whether and to what degree it is

problematic to distinguish normal hips from those with

Grade I osteonecrosis. Third, we were unable to determine

the influence of patient age at the time of examination on

reliability. Fourth, the 39 radiographs included were part of

a larger pool of radiographs that were graded for the

presence or absence of osteonecrosis, partly in consensus.

Because some raters were involved in both processes, there

is a potential for recall bias. However, we believe the risk is

minimal given the large initial number of radiographs.

With a kappa of 0.34 and an upper bound of the 95%

confidence interval of 0.40, interrater reliability was lower

than expected considering the experience of the raters.

Because of the paucity of data provided in previous

research (a meta-analysis found that six studies on DDH

that reported osteonecrosis as the primary outcome did not

produce any reliability estimates [14]), it remains unclear if

better reliability has been established elsewhere for this

grading scheme. One study [13] reported a kappa of 0.47

between two raters, which is nearly identical to our find-

ings. A recent study [5] reported a weighted kappa statistic

of 0.33 for the interrater reliability of the Kalamchi and

MacEwan classification [9], which is similar to the Bucholz

and Odgen classification. Apart from the clinician, vari-

ability in measurement can arise from two other sources:

patient and procedure [18]. Variability in the procedure,

such as a classification system, may be attributable to the

way the procedure has been devised. Variability in this

context is caused by a lack of explicit criteria in the clas-

sification. Conversion criteria (ie, the criteria by which to

convert a radiographic image into one of four grades) are

vaguely defined in the classification of Bucholz and Ogden

leaving too much room for personal interpretation. Our

findings support this observation because although the

interrater reliability was low, higher coefficients were

found in the intrarater studies. This means that the raters

were consistent in their personal interpretations of what

constitutes Grades I to IV, but did not agree among

themselves. Without explicit and precisely formulated

conversion criteria, reliability will suffer [18]. When

explicit conversion criteria are available, such as with the

Graf classification for hip ultrasound [8], they contribute to

improved reliability [11].

Disagreements between the experienced raters occurred

in 69% of all hips. Variability also can arise from the lack

of discriminative ability of a classification system that is

caused by an overlap of the features that define the dif-

ferent categories. Discriminative ability is particularly

important when the condition of interest is a continuum

Fig. 6 The graph shows the nature and frequency of the 26

disagreements based on single radiographs. Disagreements occurred

on two levels on five occasions and on three levels on three occasions.

For example, for the same hip the four raters assigned Grades II, III,

and IV on one occasion (bottom bar). The most common confusion

was between Grades I and II (top bar) and occurred on seven

occasions (27%).

Table 3. Results of trainees’ interrater reliability coefficients.

Rater Kappa 95% confidence

interval

Resident – student 0.24 0.08–0.40

Resident – research fellow 0.12 0–0.26

Research fellow – student 0.30 0.12–0.47
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with no clear biological margins. For example, a severe

Grade I and a mild Grade II could be confused if the

classification does not require explicit criteria that allow

one to distinguish and categorize such extremes. Based on

our findings we believe the Bucholz and Ogden classifi-

cation fails to address this problem and its discriminative

ability is limited, which, in turn, affects reliability. The

most striking example, as seen in our study, was the con-

fusion between Grades II (valgus) and IV (varus).

Assuming that the clinicians understood the difference

between varus and valgus, this is additional evidence that

the scheme has limited discriminative ability and does not

fully account for radiographic features that could lead to

such confusion.

Raters found it most difficult to discriminate Grade I

from Grade II (Fig. 6). This finding is important because

some suggested classifying Grade I changes as normal [14]

because the radiographic features associated with Grade I

are subtle. Following this suggestion, the kappa statistic for

interrater reliability improved from 0.34 to 0.42. However,

the improvement was marginal, calling into question the

overall benefit of a three-grade system regarding reliability;

especially as other research suggested that hips with Grade

I changes are not the same as normal hips for hip function

and such an approach does not seem plausible [12].

Clinicians vary in their observation, extraction, and

interpretation of information. To reduce variability among

raters and to facilitate producing the best possible reli-

ability, we focused on clinicians with expertise in

interpreting radiographic findings of the hip but also con-

trasted their findings to those of less experienced

orthopaedic trainees. Although the four clinicians had prior

experience in using this classification [2, 12–14, 16], their

intrarater reliability did not reach the recommended 0.75

mark but was still markedly better than the interrater reli-

ability of the trainees. Clinical experience of raters has

been associated with improved reliability in previous

research [11]. The low interrater reliability among trainees

suggests that osteonecrosis is difficult to classify using the

criteria by Bucholz and Ogden.

Our study has important clinical implications. First,

independent of context, Fleiss viewed reliability coeffi-

cients of 0.75 and greater as excellent [6]. Some authors

believe lower coefficients are acceptable in the context of

research [10, 13], whereas Streiner and Norman suggested

reliability coefficients of measures for individual judg-

ments should reach 0.75 [17]. We therefore suggest that the

reliability of the Bucholz and Ogden classification is not

sufficient enough to be used in day-to-day clinical practice.

Second, findings from outcome studies of DDH based on

this classification should be interpreted with caution as they

might be flawed. Considering that osteonecrosis is one of

the main quality indicators in evaluating the care for

children with DDH, the reliability of the classification

warrants substantial improvement. In subsequent research

we will test strategies directed at these two sources for their

ability to improve reliability, particularly multirater

agreement. In revising the classification, emphasis needs to

be placed on prognostic ability. Bucholz and Ogden Grades

II, III, and IV, in their severe forms, ultimately lead to a

decline in hip function, pain, and degenerative joint disease

[5, 7, 12], so perhaps this distinction is all that matters. A

classification system that simply grades osteonecrosis as

mild and severe might be more practical, discriminative,

and predictive of outcome.
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