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Background and purpose — Perthes’ disease leads to radio-
graphic changes in both the femoral head and the acetabulum. 
We investigated the inter-observer agreement and reliability of 4 
radiographic measurements assessing the acetabular changes.

Patients and methods — We included 123 children with unilat-
eral involvement, femoral head necrosis of more than 50%, and 
age at diagnosis of 6 years or older. Radiographs were taken at 
onset, and 1 year and 5 years after diagnosis. Sharp’s angle, ace-
tabular depth-width ratio (ADR), lateral acetabular inclination 
(LAI), and acetabular retroversion (ischial spine sign, ISS) were 
measured by 3 observers. Before measuring, 2 of the observers 
had a consensus meeting. 

Results — We found good agreement and moderate to excellent 
reliability for Sharp’s angle for all observers (intra-class corre-
lation coefficient (ICC) > 0.80 with consensus, ICC = 0.46–0.57 
without consensus). There was good agreement and substantial 
reliability for ADR between the observers who had had a consen-
sus meeting (ICC = 0.62–0.89). Low levels of agreement and poor 
reliability were found for observers who had not had a consensus 
meeting. LAI showed fair agreement throughout the course of the 
disease (kappa = 0.28–0.52). The agreement between observations 
for ISS ranged from fair to good (kappa = 0.20–0.76).

 Interpretation — Sharp’s angle showed the highest reliability 
and agreement throughout the course of the disease. ADR was 
only reliable and showed good agreement between the observ-
ers when landmarks were clarified before measuring the radio-
graphs. Thus, we recommend both parameters in clinical prac-
tice, provided a consensus is established for ADR. The observa-
tions for LAI had only fair agreement and ISS showed inconclu-
sive agreement in our study. Thus, LAI and ISS can hardly be 
recommended in clinical practice. 

■

Perthes’ disease leads to typical radiographic changes of the 
femoral head. Several authors have described simultane-
ous changes of the acetabular anatomy, such as hypertrophy, 

bicompartmental development, retroversion, and dysplastic 
changes (Yngve and Roberts 1985, Joseph 1989, Ezoe et al. 
2006).

Most measurements describing the radiographic changes 
of the acetabulum on anteroposterior (AP) pelvic radiographs 
have been validated in children with hip dysplasia. As the hip 
pathology and the morphological changes in Perthes’ disease 
are different from those in hip dysplasia, we wanted to assess 
inter-observer reliability and agreement of 4 commonly used 
acetabular measurements at the different stages of skeletal 
maturity in Perthes’ disease.

Patients and methods

In the Norwegian prospective multicenter study on Perthes’ 
disease, 425 patients were registered between 1996 and 2000 
(Wiig et al. 2008). Radiographs were taken at onset, and at 
1 and 5 years after diagnosis. Based on AP and Lauenstein 
projections, the affected hips were classified according to the 
original Catterall classification (1971). For the present study, 
we included all patients with more than 50% femoral head 
necrosis (groups 3 and 4), unilateral involvement, and age at 
onset of 6 years or older (n = 152). We analyzed affected and 
unaffected hips only if acetabular landmarks were adequately 
exposed. Thus, another 29 children had to be excluded. The 
mean age at time of diagnosis of the remaining 123 cases was 
7.5 years (SD 1.2) (90 boys and 33 girls).

4 different radiographic parameters were measured on AP 
pelvic radiographs to assess the acetabular anatomy: 

Sharp’s angle
This angle was described by Sharp (1961) in the assessment of 
hip dysplasia. A reference line was drawn between the inferior 
points of the teardrops on AP pelvic radiographs. The angle 
was formed by this reference line and a line connecting the 
inferior point of the teardrop and lateral edge of the acetabu-
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lum (Figure 1). The angle was measured in the affected and 
the unaffected hip. 

Acetabular depth-width ratio (ADR)
The acetabular depth and width were measured on AP pelvic 
radiographs as described by Heyman and Herndon (1950). 
The width was defined as a line connecting the upper osse-
ous acetabular margin and the lower end of the teardrop. This 
landmark is often more accurately defined than the lower ace-
tabular margin. The depth was defined as the distance from the 
width line to the deepest point of the acetabulum (Figure 1). 
For this measurement, 1 additional patient had to be excluded 
because of unsatisfactory exposure of the fossa acetabuli, 
due to a radiographic shielding device. We defined the ADR 
according to Cooperman et al. (1983) as (depth/width) × 
1,000. 

Lateral acetabular inclination
The lateral acetabular inclination was introduced by Cooper-
man et al. (1983) and later applied by Grzegorzewski et al. 
(2006) to children with Perthes’ disease. It was defined as 
down, horizontal, or up depending on whether the lateral lip 
of the acetabulum was below the weight-bearing dome of the 
acetabulum, horizontal, or above the weight-bearing dome of 
the acetabulum (Figure 2). 

Acetabular retroversion
When the ischial spine is visible inside the pelvic inlet on a 
standardized AP pelvic radiograph, there is a prominence of 
the ischial spine. This may indicate acetabular retroversion. 
This sign has been suggested as an alternative measurement of 
acetabular retroversion to the more commonly used crossover 
sign in skeletally immature patients (Kalberer et al. 2008). We 
considered the ischial spine sign (ISS) to be positive if the 
ischial spine protruded beyond the pelvic rim into the pelvic 
inlet on standardized AP radiographs. 

We considered radiographs to be standardized if they met 
the criteria for symmetric pelvic rotation as outlined by 
Siebenrock et al. (2003). These are symmetric appearance 
of the obturator foramina and the tip of the coccyx pointing 
toward the symphysis pubis. 

The measurements were performed manually by 3 observ-
ers using a standardized goniometer. None of the radiographs 
contained any informative landmarks. All measurements were 
performed independently.

Observer 1 (SH): A resident in orthopedic surgery with spe-
cial interest in pediatric orthopedic surgery. He assessed all 
radiographs at onset, and 1 and 5 years after diagnosis (n = 
369) (Figure 3). The observer was briefed on the theoretical 
basis and practical use of the radiographic parameters in a 
consensus-building meeting by a consultant in pediatric ortho-
pedic surgery (OW) before measuring the radiographs. 

Observer 2 (OW): A consultant in pediatric orthopedic sur-
gery. He measured the AP pelvic radiographs of 57 patients at 
the time of diagnosis, and at 1 and 5-year follow-up (n = 171). 
The radiographs of every other patient (alphabetically) were 
selected (total n = 61). The radiographic films of 4 patients 
from 3 local hospitals could not be retrieved for the assess-
ment by observer 2; thus, 57 patients were examined. 

Observer 3 (SS): A consultant in orthopedic surgery with 
great experience in examining radiographs of hips in children. 
He assessed Sharp’s angle (n = 123) and acetabular depth and 
width (n =122) in radiographs taken 5 years after diagnosis.

Statistics
Several statistical strategies have been described in the evalu-
ation of reproducibility in measurement studies for numerical 
data (Bland and Altman 1986, 1999, Petrie 2006). The term 
reproducibility includes both agreement and reliability, and 
these 2 terms are often used interchangeably (Guyatt et al. 
1987, Stratford and Goldsmith 1997, de Vet et al. 2006, Lee 
et al. 2012). Reliability parameters (e.g. intra-class correlation 

Figure 1. Drawing of an anteroposterior view of the pelvis showing left 
hip with Perthes’ disease and the right hip unaffected. Sharp’s angle is 
illustrated on the left hip. The prominence of the ischial spine on the left 
side is a positive ischial spine sign (ISS). On the right unaffected hip, 
W shows acetabular width and D shows acetabular depth. Acetabular 
depth-width ratio is defined as (depth/width) × 1,000. 

Figure 2. Schematic illustration of the lateral acetabular inclination. 
The lateral lip of the acetabulum (LLA) is (a) below the weight-bearing 
dome of the acetabulum (dotted line), (b) horizontal, and (c) above the 
weight-bearing dome of the acetabulum.
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coefficients (ICCs)) are related to how well measurements can 
be distinguished from each other, while agreement parame-
ters, as used in the Bland-Altman method (1986), assess how 
close scores for repeated measurements are. We analyzed ICC 
using a 1-way random-effect model assuming a single mea-
surement (McGraw and Wong 1996). An ICC of 0 indicates 
no more reliability than would be expected by chance alone, 
whereas values close to 1 indicate perfect reliability. We inter-
preted the intermediate values according to Landis and Koch 
(1977): values of less than 0.01 indicate poor reliability; 0.01 
to 0.20, slight reliability; 0.21 to 0.40, fair reliability; 0.41 to 
0.60, moderate reliability; 0.61 to 0.80, substantial reliability; 
and more than 0.80, excellent reliability.

We used the Bland-Altman method to examine the dif-
ferences in numerical data between observers (Bland and 
Altman 1986, 1999). We calculated the differences between 
observations of 2 observers for each individual and calcu-
lated the mean and the standard deviation of the difference 
distribution. We defined good agreement to be when mean 
differences between the observers were less than 5% of their 
respective mean values. The 95% limits of agreement were 
calculated as the mean difference between the 2 measure-
ments ± 1.96 SD. This range includes 95% of the inter-
observer differences. 

The categorical data were analyzed with kappa statistics 
(Cohen 1968). For analysis with 3 or more selected catego-
ries, kappa statistics with linear weighting was used, defin-

ing the imputed relative distances between ordinal categories 
as 1. Like the ICC for continuous data, kappa is a measure 
of agreement between 2 sets of categorical data (Fleiss and 
Cohen 1973). Kappa has a maximum of 1 when agreement 
is perfect and a value of 0 indicates agreement no better than 
chance. As suggested by Altmann (1999), we interpreted 
the kappa values as follows: values of less than 0.20 indi-
cate poor agreement; 0.21 to 0.40, fair agreement; 0.41 to 
0.60, moderate agreement; 0.61 to 0.80, good agreement; 
and greater than 0.80, very good agreement. The multirater 
kappa statistics are commonly used to describe chance-cor-
rected agreement (Landis and Koch 1977, Posner et al. 1990, 
McHugh 2012). Statistical analysis was done using SPSS 
software version 20.

Ethics
Recruitment of patients was done by obtaining informed 
consent, and the study was approved by the Norwegian Data 
Inspectorate and the Norwegian Directorate of Health and 
Social Affairs in 1995.

 
Results
Sharp’s angle
As measured by observer SH, the mean value of Sharp’s angle 
at the time of diagnosis was 45° for the affected hip (Table 1) 

Figure 3. A boy (9.5 years of age at diagnosis) with unilateral Perthes’ disease on the left side. The radiographs were 
taken at onset (A), at 1-year follow-up (B), and at 5-year follow-up (C). Measurements for the affected hip are given 
below.
A. According to observer SH, the measurments were Sharp’s angle = 48°, ADR = 250, lateral acetabular inclination = 
horizontal, and ISS = positive. Observer OW measured Sharp’s angle = 49°, ADR = 238, lateral inclination = up, and ISS 
= positive. B. Observer SH measured Sharp’s angle = 50°, ADR = 264, and lateral acetabular inclination = horizontal. 
According to observer OW, the measurments were Sharp’s angle = 50°, ADR = 227, lateral inclination = up. C. Observer 
SH measured Sharp’s angle = 48°, ADR = 219, lateral acetabular inclination = up, and ISS = negative. Observer OW 
measured Sharp’s angle = 51°, ADR = 222, lateral inclination = up, and ISS = negative. According to observer SS, 
Sharp’s angle = 46° and ADR = 283.

  B  A   C
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and it remained stationary during follow-up. The mean angle 
decreased statistically significantly in normal hips from 45° at 
diagnosis to 42° at 5-year follow-up (p < 0.01) (Table 1).

Observers SH and OW assessed radiographs of 57 patients 
at the time of diagnosis and at 1- and 5-year follow-up. There 
were low inter-observer differences between each pair of obser-
vations for radiographs taken at diagnosis and at 1- and 5-year 
follow-up, indicating good agreement in both the affected and 
unaffected hips (Table 1). The range, which included 95% of 
the inter-observer differences, was narrow and showed negli-
gible differences between radiographs taken at diagnosis and 
at 1- and 5-year follow-up, and between normal and affected 
hips. Excellent inter-observer reliability was found for the 
affected hips (ICC > 0.80), whereas substantial to excellent 
agreement was noted for normal hips (ICC = 0.65–0.88).

Observers SH and SS measured all radiographs at the 5-year 
follow-up (n = 123). The mean value for the affected hip was 
46° for SH and 44° for SS (Table 1), whereas lower mean 
values were found for the normal hip, at 42° (SH) and 44° (SS).

Using the Bland-Altman method, we found that mean dif-
ferences between the observers were below 5% of their mean 
values, indicating good inter-observer agreement. For both the 
affected hip and the unaffected hip, moderate reliability was 
found with ICC values ranging from 0.52 to 0.57 (Table 1).

OW and SS assessed 57 radiographs 5 years after diagno-
sis. The mean Sharp’s angle of the affected hip was 46° for 
OW and 44° for SS. Lower mean values were found for the 
unaffected hip, at 42° (OW) and 44° (SS) (Table 1). The inter-
observer agreement between OW and SS was good, with low 
differences between each pair of measurements and mean dif-
ferences below 5% of their mean values. The 95% limits of 
agreement had a wider range but were still acceptable, indicat-
ing good agreement. The inter-observer reliability was moder-
ate (ICC = 0.46–0.57).

Acetabular depth-width ratio (ADR)
Observer SH found a mean ADR of 284 in affected hips at the 
time of diagnosis and significantly lower ADR values 1 and 
5 years after diagnosis (262 and 263) (Table 2). We observed 
higher ADR values for the unaffected hip, and they remained 
unchanged throughout the course of the disease.

Low inter-observer differences between SH and OW were 
noted for affected hips and unaffected hips (Table 2). The 95% 
limits of agreement were widest for measurements performed 
1 year after diagnosis, compared to the measurements taken at 
the time of diagnosis and at the 5-year follow-up. We found 
substantial to excellent reliability with ICC ranging from 0.62 
to 0.89 for measurements of the affected hip, whereas moder-
ate to substantial reliability was found for the unaffected hip 
(ICC = 0.56–0.74) (Table 2).

Observers SH and SS assessed 122 radiographs taken at the 
5-year follow-up (Table 2). The mean differences between the 
observations exceeded 10% of their mean values and the 95% 
limits of agreement were rather wide (Figure 4), indicating 
poor inter-observer agreement. Similarly, we found only fair 
reliability between the observers, with ICC = 0.31 for affected 
hips and ICC = 0.23 for unaffected hips (Table 2).

Inter-observer differences between observers OW and SS 
(n = 56) were higher for both affected and unaffected hips. 
The 95% limits of agreement showed wide measurement dis-
tribution, indicating lower levels of agreement. Poor reliability 
was found for unaffected hips (ICC = 0.05) and fair reliability 
was found for affected hips (ICC = 0.37) (Table 2). 

Lateral acetabular inclination
We found fair to moderate agreement between observers 
SH and OW (n = 57) for the affected hip, with kappa values 
increasing slightly from 0.40 at the time of diagnosis to 0.46 at 
the 5-year follow-up (Table 3). Similarly, we obtained fair to 

Table 1. Inter-observer measurements of Sharp’s angle

 Mean (SD) Mean difference (SD) 95% limits of agreement  ICC
 SH OW SS SH-OW SH-SS OW-SS SH-OW SH-SS OW-SS SH-OW SH-SS OW-SS

Perthes hip 
   At diagnosis  45 46  –1.3   –5.9 to 3.3   0.84
     (n = 57)  (3.6) (4.5)  (2.3)   
   1-year follow-up 45 45  –0.6    –5.9 to 4.7    0.84
     (n = 57)  (4.7) (4.9)  (2.7)   
   5-year follow-up 46 46 44 –0.3 1.3 1.4 –4.4 to 3.8  –5.7 to 8.3 –6.9 to 9.7 0.90 0.57 0.46
     (n = 123) (4.5) (4.7) (3.6) (2.1) (3.6) (4.2)      
Unaffected hip
   At diagnosis  45 45  –0.1   –3.6 to 3.4   0.88
     (n = 57) (3.6) (3.7)  (1.8)   
   1-year follow-up 45 45  0.04   –5.3 to 5.4    0.78
     (n = 57) (4.1) (4.1)  (2.7)   
   5-year follow-up 43 42 (4.5) 44 –0.5 –1.6 –1.1  –7.4 to 6.5 –9.1 to 5.8 –9.4 to 7.2 0.65 0.52 0.57
     (n = 123) (3.7) (n = 57) (4.5) (3.5) (3.8) (4.2)     

n: number of patients; ICC: intra-class correlation coefficient. 



510 Acta Orthopaedica 2014; 85 (5): 506–512

moderate agreement in the unaffected hips, with kappa values 
ranging from 0.28 to 0.52 

Acetabular retroversion
29 radiographs that met the criteria for symmetric pelvic 
rotation at the time of diagnosis were assessed. We found 
moderate agreement between observers SH and OW for the 
affected hips (kappa = 0.52, CI: 0.22–0.82) and fair agreement 
for unaffected hips (kappa = 0.20, CI: 0–0.65). At the 1-year 
follow-up, 17 radiographs met the criteria for symmetric rota-
tion. We found good inter-observer agreement for the affected 
side (kappa = 0.76, CI: 0.46–1), whereas fair agreement was 
obtained for unaffected hips (kappa = 0.26, CI: 0–0.89). At the 
5-year follow-up, 20 radiographs met the criteria for symmet-
ric rotation and we found good inter-observer agreement for 

Figure 4. Bland-Altman plot for inter-observer measurements of ADR on the affected hip 5 years after 
diagnosis. A. Inter-observer agreement between observers with consensus meeting before the mea-
surements (SH and OW). B. Agreement between non-consensus observers (SH and SS).

Table 2. Inter-observer measurements of ADR

 Mean (SD) Mean difference (SD) 95% limits of agreement  ICC
 SH OW SS SH-OW SH-SS OW-SS SH-OW SH-SS OW-SS SH-OW SH-SS OW-SS

Perthes hip 
   At diagnosis 284 295  –10   –76 to 57   0.67 
     (n = 56) (40) (46)   (34)
   1-year follow-up 262 272  –9   –100 to 83   0.62 
     (n = 56) (47) (61)  (47)   
   5-year follow-up 263 267 292 –4  –29 –28 –46 to 37 –12 to 64 –128 to 72 0.89 0.31 0.37
     (n = 122) (43) (45) (46) (21) (47) (51) 
Unaffected hip 
   At diagnosis  306 312  –7    –55 to 40   0.70
     (n = 56) (25) (38)  (24)   
   1-year follow-up 310 329  –17   –80 to 47   0.56
     (n = 56) (32) (43)  (32)   
   5-year follow-up 309 323 307 –14 18  30 –67 to 39 –144 to 180 –201 to 261 0.74 0.23 0.05
(n = 122) (38) (46) (197) (27) (83) (118)       
 
n: number of patients; ICC: intra-class correlation coefficient. 

Table 3. Inter-observer agreement for lateral ace-
tabular inclination

 Kappa  SE 95% CI

Perthes hips 
   At diagnosis 0.40 0.10 0.21–0.59
   1-year follow-up 0.45 0.10 0.26–0.63
   5-year follow-up 0.46 0.10 0.22–0.60
Unaffected hips 
   At diagnosis 0.38 0.11 0.16–0.60
   1-year follow-up 0.51 0.12 0.27–0.75
   5-year follow-up 0.28 0.13 0.01–0.54

Kappa: kappa analysis with linear weighting.
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the affected side (kappa = 0.79, CI: 0.53–1). We found moder-
ate agreement for the normal hips (kappa = 0.49, CI: 0–0.98).

Discussion

In order to describe the acetabular changes in Perthes’ disease 
properly, there is a need for reliable radiographic measure-
ments that should be easy to use, have good inter- and intra-
rater agreement, and have prognostic value. 

As part of the Norwegian national prospective study on 
Perthes’ disease, we have assessed the inter-observer agree-
ment and reliability of 4 commonly used acetabular measure-
ments in children with age at disease onset of 6 years or more, 
and more than 50% femoral head necrosis (Van den Bogaert 
et al. 1999). This multicenter study involved 28 hospitals 
throughout Norway and we were not able to standardize the 
radiographs, which is an obvious limitation of the study. 

Radiographic classifications in Perthes’ disease have been 
subject to validation in previous studies (Mahadeva et al. 
2010); however, only a few authors have reported on inter-
observer agreement and reliability of radiographic measure-
ments in this condition (Wiig et al. 2002). 

Sharp’s angle
To our knowledge, Sharp’s angle has never been validated in 
children with Perthes’ disease. Nelitz et al. (1999) reported 
substantial inter-observer reliability for Sharp’s angle (ICC = 
0-74–0.78) in skeletally mature patients with DDH. These 
results were similar to those of Engesæter et al. (2012), who 
obtained excellent inter-observer reliability (ICC = 0.83) in 
18- to 19-year-old healthy women. Furthermore, Engesæter 
et al. reported mean differences for each pair of observations 
of between 2.0% and 7.2% of the mean values and narrow 
95% limits of agreement, indicating good agreement. Agus et 
al. (2002) found that Sharp’s angle was a reliable measure-
ment in skeletally immature children with DDH (mean age 
9.5 years). Our inter-observer findings are in accordance with 
those of previous authors, as we could demonstrate good inter-
observer reliability as well as good agreement. 

Acetabular depth-width ratio (ADR)
Heyman and Herndon (1950) showed that acetabular width 
and depth were altered in Perthes’ disease. They defined that 
the acetabular depth-width ratio is one of the major criteria 
describing characteristic radiological changes. To our knowl-
edge, no validation of this parameter in Perthes’ disease has 
been published. However, some authors have assessed the 
inter-observer reliability and agreement in children with DDH, 
but the findings differed widely. Takatori et al. (2010) reported 
large values for the coefficient of variation for ADR, indicat-
ing a low degree of agreement, which was in accordance with 
the results of Clohisy et al. (2009) who demonstrated fair reli-
ability for acetabular depth in adults. In contrast, Nelitz et al. 

(1999) found moderate inter-observer reliability for ADR with 
ICC values ranging from 0.58 to 0.63. Engesæter et al. (2012) 
showed substantial inter-observer reliability for ADR (ICC = 
0.77) in patients with DDH. Both publications reported good 
inter-observer agreement.

In the present study, observers who had a consensus-build-
ing meeting before performing the measurements had low dif-
ferences between each pair of observations and a narrow range 
of 95% limits of agreement, indicating good inter-observer 
agreement. ICC values ranged from 0.62 to 0.89, indicating 
substantial to excellent reliability. In contrast to this, we found 
a wide range for the 95% limits of agreement and higher dif-
ferences between the observations for observers without a 
consensus-building meeting, indicating poorer inter-observer 
agreement. ICC values for non-consensus observers ranged 
from 0.07 to 0.37, indicating poor to fair reliability of ADR. 

Lateral acetabular inclination
To our knowledge, no previous study has assessed the inter-
observer reliability and agreement of this parameter. We found 
fair to moderate agreement between observers (kappa = 0.28–
0.51) in both affected and unaffected hips regardless of when 
the measurements were performed during the course of the dis-
ease. Based on our findings, acetabular inclination appears to 
be less suitable in radiographic evaluation of Perthes’ disease.

Acetabular retroversion
Assessment of the anatomy of a 3-dimensional object such as 
the acetabulum on a 2-dimensional radiograph has obvious 
limitations. However, the crossover sign (Jamali et al. 2007) 
and the ISS (Kalberer et al. 2008) revealed acetabular retrover-
sion in AP pelvic radiographs. Of the 57 radiographs that were 
available to inter-observer analysis, 28 radiographs had to be 
excluded at time of diagnosis, 40 at 1-year follow-up, and 37 
at 5-year follow-up due to radiographic standardization crite-
ria. Perthes’ disease leads to muscular atrophy and contracture 
of the affected side, which may cause pelvic rotation along 
the longitudinal axis on AP pelvic radiographs (Schiller and 
Axer 1972). This might be the reason for the high number of 
dropouts in our study population. Other authors who assessed 
acetabular retroversion in Perthes’ disease had a similar reduc-
tion of radiographs included (Larson et al. 2011, Kawahara et 
al. 2012). To our knowledge, only 1 study so far has assessed 
the inter-observer agreement of acetabular retroversion using 
ISS (Kappe et al. 2011). The authors examined AP pelvic 
radiographs of 20 skeletally mature patients and the number 
of patients included was similar to the number of radiographs 
assessed at diagnosis, and at 1-year and 5-year follow-up in 
our study. Kappe et al. (2011) emphasized that acetabular ver-
sion was subject to considerable inter-observer differences and 
related to the individual experience of observers. Our findings 
are in accordance with these results, as we had moderate to 
good inter-observer agreement for affected hips but only fair 
to moderate inter-observer agreement for unaffected hips. This 
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indicates that acetabular retroversion as assessed on pelvic 
radiographs is hardly a suitable parameter in Perthes’ disease. 

In conclusion, Sharp’s angle had the highest inter-observer 
reliability and agreement of the 4 parameters investigated—
throughout the course of Perthes’ disease in skeletally imma-
ture patients. ADR was reliable and showed good agreement 
between the observers only when landmarks were clarified 
before measuring the radiographs. Thus, we recommend both 
parameters in clinical practice, provided a common consen-
sus is established and that these parameters are of prognostic 
value, which will be evaluated in a separate study. The obser-
vations for lateral inclination of the acetabulum had only fair 
to moderate agreement and ISS showed inconclusive agree-
ment in our study. Thus, these parameters can hardly be rec-
ommended in clinical practice.

SH: data collection, radiographic and statistical analysis, writing, and manu-
script preparation. SS: data collection and radiographic analysis. AHP: statis-
tical analysis and evaluation. TT: planning of the study and manuscript prepa-
ration. OW: planning of the study, data collection, radiographic analysis, and 
manuscript preparation.
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Abstract

Purpose We assessed the radiographic changes of the

acetabulum during the course of Perthes’ disease and

investigated whether they were associated with femoral

head sphericity 5 years after diagnosis.

Methods We studied 123 children with unilateral Perthes’

disease, femoral head necrosis more than 50 % and age at

diagnosis 6 years or older. Pelvic radiographs were taken at

onset, 1 year and 5 years after diagnosis. Sharp’s angle,

acetabular depth-to-width ratio (ADR) and lateral acetab-

ular inclination were measured.

Results Compared to the unaffected hips, the Perthes’

hips developed significantly higher Sharp’s angles

(p\ 0.001) and a higher proportion with an upward-slop-

ing lateral acetabular margin (Perthes’ hips: 49 %, unaf-

fected hips 1 %). The mean ADR values were significantly

lower on the affected side at all stages (p\ 0.001). ADR

values at diagnosis were associated with a more spherical

femoral head at the 5-year follow-up [odds ratio (OR)

1.012, 95 % confidence interval (CI) 1.002–1.022,

p = 0.016]. None of the other acetabular parameters were

significantly associated with the femoral head shape

5 years after diagnosis.

Conclusion The acetabulum developed an increasingly

dysplastic shape in the course of Perthes’ disease. Early

dysplastic changes of the acetabulum were not associated

with a poor radiological outcome 5 years after diagnosis.

Routine measurement and monitoring of acetabular chan-

ges in plain radiographs were of little prognostic value and

can, therefore, hardly be recommended in clinical practice.

Keywords Legg–Calvé–Perthes’ disease � Acetabulum �
Hip � Secondary hip dysplasia

Introduction

Perthes’ disease leads to typical anatomic changes of the

femoral head [1–3]. In 1950, Heyman and Herndon

emphasised that radiographic alteration of the acetabulum

plays a crucial role in the evolution of the disease and they

defined it as one of four major radiographic criteria to

describe this condition [4]. In the last few decades, several

authors have reported on radiographic changes of the ace-

tabular anatomy, such as hypertrophy, retroversion, bicom-

partmental and dysplastic development [5–7]. It is still

unknown as to whether these changes occur primarily or if

they are secondary to the anatomical changes of the femoral

head. The aim of our study was to describe radiographic

changes of the acetabulum during the course of the disease

and to assess whether early acetabular changes were asso-

ciated with femoral head sphericity 5 years after diagnosis.

Patients and methods

As part of the Norwegian prospective multi-centre study on

Perthes’ disease, 425 patients were registered between
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1996 and 2000 [8]. We analysed both the affected as well

as the unaffected hips in all cases with unilateral involve-

ment, age at onset 6 years or older and femoral head

necrosis more than 50 % (n = 152). Radiographs were

taken at diagnosis and at 1- and 5-year follow-up. The

degree of femoral head necrosis was assessed according to

the original Catterall classification [9]. We included

radiographs classified as groups III and IV. Twenty-nine

children were excluded due to inadequate exposure of the

acetabular landmarks. Thus, 123 children (90 boys and 33

girls) with a mean age at the time of diagnosis of 7.5 years

(range 6–13 years) were studied.

The radiographic phase was determined at the time of

diagnosis according to Waldenström [10]. Sixty-three hips

were in the initial phase (51 %), 48 were in the fragmen-

tation phase (39 %), five were in the reossification phase

(4 %) and seven hips had not been classified (6 %).

We applied the original lateral pillar classification of

Herring et al. [11] in 110 patients at the fragmentation

phase. Sixty hips were classified as lateral pillar type B

(54.5 %) and 50 hips as lateral pillar type C (45.5 %). The

femoral head cover was calculated as the percentage of the

femoral head medial to Perkin’s line compared to the width

of the femoral head, both measured parallel to Hilgenre-

iner’s line [4].

The children included in this study received either

physiotherapy (n = 55), Scottish Rite orthosis (n = 26) or

proximal femoral varus osteotomy (n = 71) [8], according

to the choice of the local orthopaedic surgeons. The deci-

sion was based on surgeons’ preferences, treatment phi-

losophy and local tradition. We combined patients treated

with physiotherapy and orthosis into a non-operative

treatment group.

Three different radiographic measurements were

examined on antero-posterior (AP) pelvic radiographs to

assess the acetabular anatomy, described in the following

sections.

Sharp’s angle

This angle was described by Sharp in 1961 for the

assessment of hip dysplasia [12]. A reference line was

drawn between the inferior points of the teardrops on AP

pelvis radiographs. The angle was formed by this reference

line and a line connecting the inferior point of the teardrop

and the lateral edge of the acetabulum (Fig. 1).

Acetabular depth-to-width ratio (ADR)

The acetabular depth and width were measured on AP

pelvic radiographs, as described by Heyman and Herndon

in 1950 [4]. The length of a line connecting the lateral

osseous acetabular margin and the lower end of the tear-

drop defined the width of the acetabulum. This teardrop is

often more accurately defined than the lower acetabular

margin. The depth was defined as the distance from the

width line to the deepest point of the acetabulum (Fig. 1).

According to Cooperman et al. [13], we measured the

ADR as depth/width 9 1,000. We compared our results of

Fig. 1 Drawing of an antero-posterior (AP) radiograph of the pelvis

showing the left hip with Perthes’ disease and the right hip unaffected.

Sharp’s angle is illustrated on the left hip. W acetabular width,

D acetabular depth. The acetabular depth-to-width ratio (ADR) is

defined as D/W 9 1,000

Fig. 2 Schematic illustration of the lateral acetabular inclination. The

lateral lip of the acetabulum (LLA) is (a) below, (b) horizontal or

(c) above the weight-bearing dome (dashed line)
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the affected and unaffected hips with the depth-to-width

quotients of 600 skeletally immature normal hips published

by Bellemans et al. [14]. They established a normal range of

the depth-to-width quotient for girls and boys. For the present

study, we used Bellemans et al.’s results for children aged

6 years and older (Fig. 5). Values below 2 standard devia-

tions (SDs) of the mean depth-to-width range for 6-year-olds

were classified as dysplastically altered (boys: ADR\261;

girls: ADR\274). We chose an ADR cut-off value of 265

based on the mean ADR between boys and girls.

Lateral acetabular inclination

The lateral acetabular inclination was introduced by Coo-

perman et al. [13] in 1983 and later applied by

Grzegorzewski et al. [15] for children with Perthes’ dis-

ease. It was recorded as down, horizontal or up, depending

on whether the lateral lip of the acetabulum was below,

horizontal or above the weight-bearing dome of the ace-

tabulum, respectively (Fig. 2).

Femoral head sphericity

Five years after diagnosis, hips were classified according

the modified Stulberg three-group classification [16],

where group A hips (Stulberg groups I and II) have a

spherical head, group B hips (Stulberg group III) have an

ovoid femoral head and group C hips (Stulberg groups IV

and V) have a flat femoral head.

Statistical analysis

We used IBM SPSS Statistics, version 20 for all statistical

analyses. Numerical data were described as the mean and

range. The mean differences between the affected and

unaffected hips of patient groups were statistically compared

with a paired-samples t-test. Categorical data were described

using the number of observations (percentages) and analysed

with cross-table analysis and Pearson’s Chi-squared tests.

An ordinal regression model was used to estimate the

cumulative odds ratio (OR) for worse radiological outcome

(modified Stulberg classification) with selected clinical

predictor variables. The following variables were each

analysed separately in an ordinal regression model: age at

onset of the disease, gender, Catterall classification, lateral

pillar classification, received treatment, femoral head

coverage at 1-year follow-up and ADR. Further, those that

were significantly associated with the Stulberg classifica-

tion (with p B 0.05 as criteria) were included in the final

multi-variable ordinal regression model to assess their

predictive ability regarding worse radiological outcome.

Results were regarded as statistically significant if the p-

values were below 0.05.

Results

Sharp’s angle

The mean value of the Sharp’s angle for the affected hip

remained stationary throughout the course of the disease

(Table 1). It decreased significantly in unaffected hips from

diagnosis to the 5-year follow-up (p\ 0.001). The

Table 1 Sharp’s angle and ADR values at the time of diagnosis and

1- and 5-year follow-up

Time of

observation

Mean Sharp’s angle

(SD)

Mean ADR (SD)

Perthes’

hip

Unaffected

hip

Perthes’

hip

Unaffected hip

At

diagnosis

45.5

(3.8)

44.9 (3.6)

(n = 117)

282.3

(35.1)

305.1 (31.2)

(n = 117)

1-year

follow-up

45.0

(4.4)

44.4 (3.7)

(n = 113)

254.9

(38.7)

310.2 (32.1)

(n = 113)

5-year

follow-up

45.7

(4.4)

42.2 (3.7)

(n = 107)

263.3

(42.6)

309.1 (38.1)

(n = 107)

SD standard deviation, ADR acetabular depth-to-width ratio, n num-

ber of patients; if the numbers are not specified in the table, it includes

all 123 patients

Fig. 3 Figure showing changes of the acetabular depth and width

from the time of diagnosis to 5-year follow-up (x-axis). The y-axis

shows the percentage change of the depth (dashed line) and width

(solid line) relative to the unaffected acetabula (0 % reference)
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difference between the Sharp’s angles of the affected and

unaffected hips at the 5-year follow-up was significant

(p\ 0.001) (Table 1).

Acetabular depth-to-width ratio

The mean ADR value of the affected hips at the time of

diagnosis was significantly lower compared with the

unaffected side (p\ 0.001) (Table 1). This was due to both

an increase of acetabular width (p\ 0.001) and a slight

decrease of depth (p\ 0.001) (Fig. 3). We analysed the

ADR at diagnosis separately according to each Wald-

enström radiographic phase. The mean ADR value of the

affected hips in the initial phase was significantly lower

compared with the unaffected side (287 vs. 302;

p\ 0.001).

The ADR of the affected hips decreased significantly

from time of diagnosis to the 1-year follow-up (p\ 0.001)

(Table 1), with both a significant increase of acetabular

width (p\ 0.001) as well as depth (p\ 0.001) (Fig. 3). At

the 5-year follow-up, the mean ADR had increased sig-

nificantly from the 1-year follow-up (p = 0.020). This

partial normalisation was due to a stable acetabular width

and a significant increase of the acetabular depth

(p = 0.003) (Fig. 3). However, the ADR values were sig-

nificantly lower in the affected hips at the 1- and 5-year

follow-up compared with those of the unaffected hips

(p\ 0.001). In unaffected hips, the ADR did not change

significantly during the course of the disease (Table 1).

Lateral acetabular inclination

The proportion of affected hips with the lateral lip of the

acetabulum below the weight-bearing dome decreased

from the time of diagnosis to the 5-year follow-up, and the

percentage of affected hips with an upward-sloping lateral

margin increased during the course of the disease

(Table 2). In the unaffected hips, there was a larger pro-

portion of hips with the lateral lip below the weight-bearing

dome at the time of diagnosis (53.0 %) (Table 2). This

proportion increased during the course of the disease to

68.0 % at the 5-year follow-up. At diagnosis and 1-year

follow-up, none of the unaffected hips had the lateral lip

above the weight-bearing dome. This was also the case

5 years after diagnosis, except for one hip.

Prognostic factors for a spherical femoral head at the 5-

year follow-up

For the evaluation of factors that might influence the

radiological outcome at the 5-year follow-up, we per-

formed an ordinal regression analysis for a single variable

for each of the following parameters: Sharp’s angle, lateral

acetabular inclination, ADR, age at diagnosis, gender,

Catterall classification, lateral pillar classification, treat-

ment and femoral head coverage. The results are given in

Table 3. Of the three acetabular measurements, only the

ADR was significantly associated with the modified Stul-

berg classification at the 5-year follow-up. Lower ADR

values at the time of diagnosis were associated with a

spherical femoral head (group A) and higher ADR values

with a flat femoral head (group C) (Fig. 4). Using the ADR

cut-off value of 265 at the time of diagnosis, we grouped

the affected hips into ‘normal’ (ADR[265, n = 84) and

‘wider-shallower hips’ (ADR\265, n = 39). Patients with

normal acetabula at diagnosis developed a flat femoral

head in 34 % of the cases, while patients with wider and

shallower acetabula developed a flat femoral head in 8 %

of the cases in the evolution of Perthes’ disease. In order to

assess the predictive ability for femoral head sphericity at

the 5-year follow-up, we performed a final multi-variable

ordinal regression model including all parameters with

significant association in the single-variable analysis. The

results show that treatment, lateral pillar classification and

Catterall classification were strongly associated with the

femoral head sphericity (Table 4). The ADR at diagnosis

showed a trend but the association was not statistically

significant (p = 0.061).

Table 2 Distribution of hips at the time of diagnosis and 1- and 5-year follow-up in relation to the lateral acetabular inclination

Lateral acetabular inclination At diagnosis 1-year follow-up 5-year follow-up

Perthes’ hip Unaffected hip Perthes’ hip Unaffected hip Perthes’ hip Unaffected hip

Down 36 62 11 70 3 83

Horizontal 78 55 78 43 60 38

Up 9 0 34 0 60 1

Total 123 117 123 113 123 122

The lateral acetabular inclination is classified as down, horizontal or up depending on whether the lateral lip of the acetabulum is above, at the

same level or below the level of the weight-bearing dome
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Discussion

Sharp’s angle

The unaffected acetabulum followed the normal age-

dependent development of Sharp’s angle as reported by

Ozçelik et al. [17], whereas the affected side remained

steep at the 5-year-follow-up. One previous study has

measured the Sharp’s angle in children with Perthes’ dis-

ease. Joseph showed that the Sharp’s angle of Perthes’ hips

in male, skeletally immature patients was higher compared

to the unaffected side (44.7� vs. 42.9�) [5]. Furthermore, he

found a significant difference in the Sharp’s angle between

affected and unaffected hips in symptomatic adult patients

with healed Perthes’ disease (40.1� and 36.1�, respec-

tively). These results are in accordance with our results,

indicating that a steeper acetabulum is developed in Per-

thes’ hips during the course of the disease.

Acetabular depth-to-width ratio

Heyman and Herndon showed that acetabulum on the

affected side developed increased width and decreased

depth in children with Perthes’ disease [4]. The present

study identified when these changes occurred during the

course of the disease. We found an increase in acetabular

width within the first year of the disease, but no further

increase until the 5-year follow-up. After initial decrease,

the acetabular depth normalised during the course of the

disease, indicating that the acetabulum was remodelling to

an anatomically more normal shape. However, affected

acetabula were wider and shallower at all stages of the

disease compared with the unaffected side.

Bellemans et al. [14] showed that the ADR values

increased from a base level of approximately 250 at 3 years

of age to values over 300 at the age of 8 years and older in

600 normal hips. We compared the ADR values of the

affected side at time the of diagnosis with the ADR values

reported by Bellemans et al. and found that a majority was

below the normal range for both girls and boys (Fig. 5).

This tendency was aggravated at the 1-year follow-up

(Fig. 6). These findings indicate early dysplastic alteration

of the acetabulum in terms of increased width and

decreased depth, as reported by other authors [5, 14].

Table 3 Simple ordinal regression analysis, i.e. separate analysis for

each prognostic factor, with three-group Stulberg classification as the

outcome variable

Prognostic factor OR 95 % CI p-Value

Lateral pillar classification 0.188 0.086–0.410 \0.001

Treatment 2.731 1.384–5.391 0.004

Catterall classification 0.156 0.073–0.332 \0.001

ADR at diagnosis 1.012 1.002–1.022 0.016

Femoral head coverage at 1 year 0.971 0.942–1.002 0.064

Age at diagnosis 1.012 0.988–1.035 0.334

Gender 1.213 0.566–2.600 0.620

Sharp’s angle 1.021 0.036–1.114 0.641

Acetabular lateral inclinationa 0.792 0.219–2.858 0.721

1.558 0.731–3.323 0.251

OR odds ratio, 95 % CI 95 % confidence interval, ADR acetabular

depth-to-width ratio
a An ordinal regression analysis of a three-group categorical

parameter with the Stulberg classification leads to two odds ratio

results

Fig. 4 Diagram showing the relation between the mean ADR mean

values at the time of diagnosis and the modified Stulberg classifica-

tion at the 5-year follow-up

Table 4 Multi-variable ordinal regression analysis with the modified

three-group Stulberg classification as the outcome variable

Prognostic factor OR 95 % CI p-Value

Lateral pillar classification 0.276 0.119–0.644 0.003

Treatment 2.927 1.349–6.350 0.007

Catterall classification 0.324 0.138–0.760 0.010

ADR at diagnosis 1.011 1.000–1.022 0.061

OR odds ratio, 95 % CI 95 % confidence interval, ADR acetabular

depth-to-width ratio
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Lateral acetabular inclination

Grzegorzewski et al. [15] evaluated 243 cases of unilateral

Perthes’ disease at fragmentation and at skeletal maturity.

They found that the lateral acetabular margin of the affected

hips was below the weight-bearing dome of the acetabulum in

32 %, horizontal in 56 % and above in 12 % at fragmentation.

These results are in accordance with our observations for

affected hips at the time of diagnosis (Table 2). There was a

consistent increase of affected acetabula with an upward-

sloping lateral margin until the 5-year follow-up, which is

markedly higher than that reported by Grzegorzewski et al.

[15]. However, direct comparison is difficult because of dif-

ferences between the study populations.

Fig. 5 ADR at the time of

diagnosis for (a) boys and
(b) girls in relation to age, as

published by Bellemans et al.

[14] (mean, 1 SD and 2 SD)
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Prognostic factors for a spherical femoral head

To our knowledge, no previous study has associated

Sharp’s angle at an early stage of Perthes’ disease with the

later shape of the femoral head. We found no significant

associations between this parameter at the time of diag-

nosis and at the 1-year follow-up with the modified three-

group Stulberg classification at the 5-year follow-up. Thus,

Sharp’s angle is of no prognostic value in Perthes’ disease.

Grzegorzewski et al. [15] found an association between

an upward-sloping lateral margin and a flat femoral head

shape at skeletal maturity. They hypothesised that a

deformed lateral margin could lead to decreased anatomi-

cal support for the femoral head and, thereby, cause further

Fig. 6 ADR at the 1-year

follow-up for (a) boys and
(b) girls in relation to age, as

published by Bellemans et al.

[14] (mean, 1 SD and 2 SD)
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subluxation and flattening of the femoral head. Our results

do not support these findings, as we found no significant

association between the lateral acetabular inclination early

in the course and the femoral head shape 5 years after

diagnosis. Therefore, routine measurement and monitoring

of Sharp’s angle and lateral acetabular inclination can

hardly be recommended in clinical practice.

As previous studies on this subject have shown, we

found that lateral pillar height of more than 50 %, opera-

tive treatment and femoral head necrosis less than 75 %

were the three strongest predictors for a spherical femoral

head [8, 18]. Bellemans et al. [14] stated that a dysplastic

acetabulum was associated with poor radiographic out-

come in Perthes’ disease. This is not in accordance with

our results, as we found that wider and shallower acetabula

at diagnosis were associated with a more favourable late

radiographic outcome. However, the ADR had no signifi-

cant prognostic value in the multi-variable regression test

and, therefore, has limited value in clinical practice.

Development over time and possible causes

of acetabular changes in Perthes’ hips

Perthes’ disease leads to an enlargement and lateralisation

of the femoral head, thereby altering the force transmission

from the femoral head to the acetabulum. Madan et al. [19]

observed that the acetabulum became shallower and stee-

per secondary to the abnormal shape and size of the fem-

oral head. They stated that the alteration in acetabular

growth was due to lateral pressure from the deforming

femoral head. Our results support only to some extent the

theory of mechanically induced alterations of the acetab-

ulum, since a wider and shallower acetabulum was already

present at diagnosis in all hips, including those that were in

the initial radiographic phase. These changes were most

likely not caused by mechanical forces alone.

Acetabular development occurs by a combination of

enchondral, interstitial and appositional growth [20]. Our

observations support the work of Joseph. He suggested that

some of the early acetabular changes do not necessarily

follow the alterations of the shape of the femoral head [5].

He and others showed significantly increased metabolic

activity in the area of the triradiate cartilage of the affected

hip at an early stage [5, 19]. They hypothesised that hy-

peraemia may lead to increased growth at the triradiate

cartilage, causing a widening of the acetabulum. Growth

alteration due to hyperaemia in close relation to the growth

plate is a phenomenon also known in other conditions, such

as juvenile idiopathic arthritis, where higher metabolic

activity may cause excessive growth [21]. Several authors

found a thickening of medial cartilage of the acetabulum

due to inflammatory processes and increased metabolism

[6, 22, 23], leading to hypertrophy and reduced acetabular

depth, independent of mechanical forces. Joseph suggested

that increased appositional growth was mediated by syno-

vitis and hyperaemia, being a factor contributing to depth

reduction [5].

In summary, our results suggest that the dysplastic

changes of the acetabulum in Perthes’ disease are evoked

by primary and secondary mechanisms. Primarily, the

disease induces excessive growth, causing widening and

hypertrophy of the acetabulum that might be induced by

hyperaemia and higher metabolic activity. Secondarily,

altered dimensions of the femoral head lead to mechani-

cally induced changes, which inhibit the natural tilt of the

acetabulum and cause an upward-sloping lateral margin.

Early dysplastic changes of the acetabulum were not

associated with a poor radiological outcome 5 years after

diagnosis. Contrarily, there was a tendency that children

with a wider and shallower acetabulum had a lesser degree

of later femoral head deformation.

Open Access This article is distributed under the terms of the

Creative Commons Attribution License which permits any use, dis-

tribution, and reproduction in any medium, provided the original

author(s) and the source are credited.
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Background and purpose — Different radiographic classifi ca-
tions have been proposed for prediction of outcome in Perthes 
disease. We assessed whether the modifi ed lateral pillar classifi -
cation would provide more reliable interobserver agreement and 
prognostic value compared with the original lateral pillar classifi -
cation and the Catterall classifi cation. 

Patients and methods — 42 patients (38 boys) with Perthes dis-
ease were included in the interobserver study. Their mean age at 
diagnosis was 6.5 (3–11) years. 5 observers classifi ed the radio-
graphs in 2 separate sessions according to the Catterall classifi -
cation, the original and the modifi ed lateral pillar classifi cations. 
Interobserver agreement was analysed using weighted kappa 
statistics. We assessed the associations between the classifi cations 
and femoral head sphericity at 5-year follow-up in 37 non-opera-
tively treated patients in a crosstable analysis (Gamma statistics 
for ordinal variables, γ). 

Results — The original lateral pillar and Catterall classifi ca-
tions showed moderate interobserver agreement (kappa 0.49 and 
0.43, respectively) while the modifi ed lateral pillar classifi cation 
had fair agreement (kappa 0.40). The original lateral pillar clas-
sifi cation was strongly associated with the 5-year radiographic 
outcome, with a mean γ correlation coeffi cient of 0.75 (95% CI: 
0.61–0.95) among the 5 observers. The modifi ed lateral pillar and 
Catterall classifi cations showed moderate associations (mean γ 
correlation coeffi cient 0.55 [95% CI: 0.38–0.66] and 0.64 [95% 
CI: 0.57–0.72], respectively).

Interpretation — The Catterall classifi cation and the original 
lateral pillar classifi cation had suffi cient interobserver agreement 
and association to late radiographic outcome to be suitable for 
clinical use. Adding the borderline B/C group did not increase the 
interobserver agreement or prognostic value of the original lat-
eral pillar classifi cation. 

■

Several prognostic indices have been proposed in Perthes dis-
ease. Major milestones were the introduction of the Catterall 
and lateral pillar classifi cations (Catterall 1971, Herring et al. 
1992), attempting to predict the fi nal radiographical outcome 
at an early stage of the disease. Catterall (1971) was the fi rst to 
emphasize the relationship between the extent of femoral head 
involvement and fi nal outcome. He defi ned 4 groups based on 
the site and extent of femoral head involvement, ranging from 
less than 25% in group I to a total head involvement in group 
IV. The classifi cation was developed to be applied in the frag-
mentation phase. Limitation of the Catterall classifi cation was 
a diffi cult and inaccurate initial assessment until the fragmen-
tation phase. Grouping tended to change if the classifi cation 
was applied too early (Van Dam et al. 1981). Another criticism 
has been the lack of suffi ciently high levels of interobserver 
agreement (Hardcastle et al. 1980, Christensen et al. 1986, 
Simmons et al. 1990, Forster et al. 2006). 

Herring et al. (1992) introduced a 3-group classifi cation 
based on the height of the lateral portion of the femoral epiph-
ysis (termed lateral pillar) compared with the unaffected side 
on AP radiographs. Group A hips showed no involvement of 
the lateral pillar. Group B hips had lucency and loss of height, 
but not exceeding 50%. Group C hips exhibited more lucency 
and > 50% loss of height. Reported limitations of this classifi -
cation include diffi culties to reliably classify hips in the initial 
stage (Lappin et al. 2002, Kuroda et al. 2009). Another limita-
tion is the diffi cult use of the classifi cation in bilateral cases 
since there is a lack of reference height to compare with. 

The Herring group (2004a, 2004b) reviewed all the hips in 
the original study and identifi ed a group of hips with radio-
graphic fi ndings that were more severe than those typical of 
group B but less severe than those seen in group C. Thus, they 
introduced a new group termed B/C borderline, transforming 
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their 3-group classifi cation into a classifi cation with 4 cate-
gories. The good to excellent interobserver results presented 
by the Herring group for the modifi ed 4-group classifi cation 
could not be confi rmed by recently published results from the 
UK (Rajan et al. 2013). Thus, the fi rst aim of our study was 
to assess the interobserver agreement of the modifi ed lateral 
pillar classifi cation compared with the Catterall and the origi-
nal lateral pillar classifi cations. 

Besides suffi cient interobserver agreement, requirements 
of a good initial classifi cation include a satisfactory ability 
to predict long-term outcome. Although the inventors of the 
modifi ed lateral pillar classifi cation reported good prognostic 
value (Herring et al. 2004a, 2004b), there seems to exist only 
1 later study that has investigated this association (Froberg et 
al. 2011). Thus, our second aim was to assess the prognostic 
value of the modifi ed lateral pillar classifi cation and evaluate 
whether it was a better predictor compared with the Catterall 
and the original lateral pillar classifi cations. 

Patients and methods

By a systematic search of the radiographic archive of our 
hospital, we identifi ed 152 children who had been treated for 
Perthes disease between 1950 and 1984. 139 children had 
satisfying radiographic follow-up with good visual quality at 
least 5 years after diagnosis. We selected a random sample 
of 50 patients using a random-number generator. 5 patients 
with bilateral Perthes disease were excluded. We used for each 
patient true anteroposterior (AP) pelvis and frog-leg lateral 
radiographs at diagnosis, 1-year follow-up (mean interval 14 
months) and at 5-year follow-up (mean interval 59 months). 
Radiographic staging according to Waldenström (1922) was 
applied. We excluded 3 patients due to advanced radiographic 
stage (reossifi cation phase). Thus 42 patients (38 boys) with 
a mean age at diagnosis of 6.5 (3–11) years were included in 
the present study. At diagnosis, there were 36 patients in ini-
tial stage and 6 patients in fragmentation stage. 5 patients had 
been treated with femoral varus osteotomy and 37 patients had 
been treated non-operatively. 

Observers
5 observers participated in the present study with the follow-
ing professional background and individual contributions:

Observer SH: specialist in orthopedic surgery, senior pedi-
atric orthopedic fellow. 

Observer SS: consultant in orthopedic surgery with a great 
interest in pediatric orthopedic surgery. He received all radio-
graphs stored on CDs but due to a hardware failure he was 
only able to retrieve images of 37 patients for the fi rst ses-
sion. A new set of CDs was sent for the second session and 40 
patients could be assessed. 

Observer EM: consultant in radiology, with special interest 
in pediatric orthopedics.

Observer AC: Professor emeritus of pediatric orthopedic 
surgery. He received all radiographs stored on CDs and found 
radiographs of 41 patients eligible for this study. No Stulberg 
classifi cation was applied. 

Observer OW: pediatric orthopedic consultant with special 
interest in Perthes disease.

All observers were familiar with the investigated classifi -
cations but nonetheless invited to a consensus-building meet-
ing. All but 1 observer (AC) participated in the meeting before 
commencing the study. The 4 observers were provided with 
the original articles and a 20-minute tutorial, outlining the 
characteristics of each classifi cation. 

Radiographic assessment
The radiographs were assessed in 2 separate sessions. In the 
fi rst session the original lateral pillar classifi cation (Herring et 
al. 1992) and the Catterall classifi cation (Catterall 1971) were 
applied, using the radiographs (at diagnosis or 1-year follow-
up) that showed the greatest involvement of the femoral head 
at fragmentation. Radiographic outcome at 5-year follow-up 
was classifi ed by 4 observers in the 37 non-operatively treated 
patients based on the shape of the femoral head. We modi-
fi ed the 5-group classifi cation of Stulberg et al. (1981) into a 
simplifi ed 3-group classifi cation (Wiig et al. 2007), in which 
group A hips have spherical femoral head, group B have ovoid 
femoral head, and group C hips have fl at femoral head. The 
second session was at least 1 month later and neither possi-
ble marks nor labelling from the fi rst session could be traced 
on the radiographs. The observers were asked to classify the 
radiographs at fragmentation according to the modifi ed lateral 
pillar classifi cation (Herring et al. 2004a). 

Interobserver analysis
We included all 42 patients and used an overall kappa statis-
tic assessment of interobserver agreement by calculating the 
weighted kappa (Cohen 1968) for each pair of the 5 observ-
ers, yielding 10 kappa values for the lateral pillar classifi ca-
tions and the Catterall classifi cation. Further, we calculated 
the weighted kappa for each pair of the 4 observers assessing 
the modifi ed Stulberg classifi cation, yielding 6 kappa values. 
Kappa statistics with linear weighting were used, defi ning 
the imputed relative distance between ordinal categories as 1 
(Lowry 2015). The mean of kappa values for each classifi ca-
tion was recorded as the overall kappa value (Light 1971) and 
they are presented with 95% confi dence interval (CI). Possible 
values for kappa statistics range from –1 to 1, with 1 indi-
cating perfect agreement and 0 indicating random agreement. 
As suggested by Landis and Koch (1977), we interpreted 
the weighted kappa values as follows: < 0.20 indicates poor 
agreement, 0.21–0.40 fair, 0.41–0.60 moderate, 0.61–0.80 
good agreement, and > 0.80 indicates excellent agreement. 

Association to 5-year radiographic outcome
Only the non-operatively treated 37 were included in this part 
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of the study. 4 observers classifi ed the radiographic outcome at 
5-year follow-up according to the femoral head sphericity using 
the 3-group modifi cation of the Stulberg classifi cation (round, 
ovoid, fl at femoral head). We termed the category as “true” if 
there was more than 50% consensus among the observers. If 
there was ≤ 50% consensus, the radiographs were reassessed 
by 2 observers (SH and OW). Loss of height within 2 mm of 
a concentric circle on AP and frog-leg projection was defi ned 
as round and more than 2 mm as ovoid. The associations of the 
Catterall and the lateral pillar classifi cations were assessed in 
a cross-table analysis with “true” Stulberg 3-group classifi ca-
tion as outcome variable. Gamma statistics for ordinal variables 
were used (Goodman and Kruskal 1954, 1959), calculating γ 
correlation coeffi cients, which were interpreted as follows: 
values < 0.24 indicate no association, 0.25–0.49 means weak 
association, 0.50–0.74 moderate association and values > 0.74 
indicate strong association. Statistical analysis was done using 
SPSS® statistics version 21 (IBM, Armonk, NY, USA). 

Results
Interobserver analysis
The kappa analysis (Table 1) revealed that the original lateral 
pillar classifi cations had an overall moderate interobserver 
agreement (mean weighted kappa 0.49, CI: 0.41–0.57). An 
overall moderate interobserver agreement was also found 
for the Catterall classifi cation (mean weighted kappa 0.43, 
CI: 0.26–0.61), with a broader variation for individual kappa 
values. The modifi ed lateral pillar classifi cation scored lowest 
with fair overall interobserver agreement (mean weighted 
kappa 0.40, CI: 0.29–0.51) and individual kappa values 
ranging from 0.15 to 0.59. The 3-group modifi cation of the 
Stulberg classifi cation had an overall moderate interobserver 
agreement with a mean weighted kappa value of 0.50 (CI: 
0.28–0.71).

Association to radiographic outcome
There was consensus on the femoral head shape in 32 of 37 

patients. In the remaining 5 patients no primary consensus was 
reached since 2 observers chose “round “ and 2 chose “ovoid”. 
These 5 patients were reassessed by 2 of the observers and 
the “true” category was agreed upon (Figure). Thus the “true” 
3-group Stulberg category was round femoral head in 10 
patients, ovoid femoral head in 22 patients and a fl at femoral 
head in 5 patients. The original lateral pillar classifi cation was 
moderately to strongly associated with 5-year radiographic 
outcome, with mean (range) γ correlation coeffi cient of 0.75 
(0.61–0.95) among the 5 observers (Table 2). The modifi ed 
lateral pillar had a weak to moderate association with radio-
graphic outcome, with mean γ correlation coeffi cient of 0.55 
(0.38–0.66), and the Catterall classifi cation showed moderate 
association with mean γ correlation coeffi cient 0.64 (0.57–
0.72).

Discussion

Our results revealed moderate interobserver agreement for the 
Catterall and the original lateral pillar classifi cations and fair 
agreement for the modifi ed lateral pillar classifi cation. The 
original lateral pillar classifi cation applied at fragmentation 
was strongly associated with the fi nal radiographic outcome 
assessed by femoral head shape. The introduction of the bor-
derline B/C group did not increase the interobserver agree-
ment or association to late radiographic outcome of the lateral 
pillar classifi cation system.

Table 1. Interobserver agreement of the Catterall classifi cation, the 
original and modifi ed lateral pillar classifi cations and the modifi ed 
Stulberg classifi cation

 Weighted kappa  
Classifi cation Mean CI a Range Agreement b

Catterall  0.43 0.26–0.61 0–0.73 moderate
Original lateral pillar c 0.49 0.41–0.57 0.35–0.72 moderate
Modifi ed lateral pillar d  0.40 0.29–0.51 0.15–0.59 fair
Modifi ed Stulberg c 0.50 0.28–0.71 0.38–0.57 moderate

a CI is 95% confi dence interval
b according to Landis and Koch (1977)
c 3 groups
d 4 groups

Table 2. Association between the prognostic clas-
sifi cations and the femoral head sphericity at 5-year 
follow-up assessed by the modifi ed 3-group Stul-
berg classifi cation. Initials are observer 

  Femoral head sphericity
  Correlation coeffi cient a p-value 

Original lateral pillar classifi cation
 AC 0.86 < 0.001
 SH 0.61 0.02
 OEM 0.95 0.001
 SS 0.73 0.006
 OW 0.61 0.02
 Mean 0.75 
Catterall classifi cation  
 AC 0.61 < 0.001
 SH 0.57 0.006
 EM 0.72 0.001
 SS 0.71 0.002
 OW 0.61 0.02
 Mean 0.64 
Modifi ed lateral pillar classifi cation  
 AC 0.54 0.02
 SH 0.66 0.003
 EM 0.38 0.1
 SS 0.63 0.02
 OW 0.53 0.02
 Mean 0.55 

a Gamma statistics for ordinal variables. 
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Before discussing the clinical and scientifi c implications of 
these fi ndings, it is important to address the limitations of our 
study. We did not perform a prior power calculation to identify 
the minimal sample size required for the interobserver analy-
sis. However, the number of patients was similar to that of 
previous studies (Tables 3–5). Park et al. (2012) performed a 
structured approach and determined the need of 36 patients, 
similar to the number of patients in our interobserver evalu-
ation. 2 observers classifi ed no hips as lateral pillar group A, 
while the other observers identifi ed only 1 or 2 hips as belong-
ing to group A. It is known from the literature that group A 
hips are truly underrepresented (< 5%) in comparison with 
group B and group C in the Perthes population (Herring et 
al. 2004b, Terjesen et al. 2010). This prevalence problem may 
cause kappa values to be unrepresentatively low (Byrt et al. 

1993). In the evaluation of the prognostic value of the clas-
sifi cations, we included patients who had been treated with 
non-weightbearing and/or physiotherapy, since none of these 
methods have been proven to have any effect on the natural 
history of Perthes disease (Wiig et al. 2008). A limitation with 
the prognostic evaluation was the relatively small number of 
patients in this analysis compared with other reports on the 
natural history (Norlin et al. 1991, Joseph et al. 2003, Terjesen 
et al. 2010). However, the radiographs in these studies were 
mainly classifi ed by 1 of the authors alone, which poses uncer-
tainty regarding the reliability of the classifi cation applied. 
We tried to reduce this uncertainty by multiple readings of 
the prognostic classifi cations and by establishing a consensus 
of the fi nal radiographic outcome. This approach requires a 
substantial amount of ratings per radiograph, which is only 

Radiographs of a boy with Perthes disease of the left hip. 
A and B. AP and lateral projections at diagnosis (age 8 years) of Perthes disease. 
C and D. Radiographs taken 8 months after diagnosis show fragmentation of the femoral head. The observers classifi ed the radiographs with the 
following categories: Catterall group 3 (4 observers), Catterall group 2 (1 observer); original lateral pillar type B (4 observers), type C (1 observer); 
modifi ed lateral pillar type B/C (3 observers), type B (2 observers). 
E and F. AP and frog-leg radiographs taken 4 years and 7 months after diagnosis, at an age of 13 years. Both projections show healing and were 
classifi ed according to the modifi ed Stulberg classifi cation as follows: round femoral head (2 observers) and ovoid femoral head (2 observers). 2 
observers reassessed the radiographs. These observers agreed upon round femoral head as “true” modifi ed Stulberg classifi cation.

  A   B

  C   D

  E   F
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feasible for a limited number of patients. Thus, the chosen 
approach posed both a limitation and a strength of our study. 

Interobserver analysis
In studies on interobserver agreement, it is crucial to specify 
which statistic was used to compute agreement, i.e. Cohen’s 
kappa (1960), Fleiss kappa (1971), and intra-class correlation 
(ICC) (McGraw and Wong 1996) and which variant of the sta-
tistics was computed (Siegel and Castellan 1988, McGraw and 
Wong 1996). The different statistical variants can substantially 
infl uence the interpretation of interobserver estimates as shown 
in the following example: we reassessed a study examining the 
interobserver agreement of the Catterall 4-group classifi cation 

(de Billy et al. 2002). The authors presented excellent interob-
server agreement using ICC statistics (ICC = 0.94), without 
clearly stating the variant that was used (missing unit and 
effect of ICC). We reanalysed the given raw data using linear 
weighted kappa statistics, yielding 36 pairs of observations and 
an average kappa value of 0.54 (moderate agreement). Norman 
and Streiner (2008) showed that ICC (2-way, mixed, single-
measures, consistency) is identical to a weighted kappa with 
quadratic weighting, which tends to result in higher kappa 
values than when using linear weighting. 

Herring et al. (2004a) provided each observer with a 
20-minute tutorial before rating the radiographs with the mod-
ifi ed lateral pillar classifi cation. Although all participating 

Table 3. Interobserver agreement of the Catterall 4-group classifi cation in 6 previous studies 
and the present study. Statistics in all studies are weighted kappa

Study n Observers Mean (range) a Agreement b

Pietrzak et al. (2004)   63 3 0.39 (0.28–0.42) fair 
Present study   42 5 0.43 (0–0.73) moderate 
Nathan Sambandam et al. (2006)   44 2 0.44  moderate 
de Billy et al. (2002) c   19 9 0.54 (0.36–0.77) moderate 
Wiig et al. (2002)   63–158 3  (0.49–0.62) moderate to good 
Simmons et al. (1990)   40 15 0.55 (0.49–0.64) moderate 
Christensen et al. (1986) 100 4 0.62 (0.50–0.67) good 

a weighted kappa
b interpretation of kappa values (Landis and Koch 1977): < 0.2 slight agreement, 0.21–0.40 fair 
agreement, 0.41–0.60 moderate agreement, 0.61–0.80 good agreement;
c recalculated with data given in the original article. 

Table 4. Interobserver agreement of Herring’s original lateral pillar (3-group) classifi cation in 6 previous studies and the 
present study 

Study n Observers Statistics Mean (range) Agreement a

Present study 42 5 Weighted kappa 0.49 (0.35–0.72) moderate 
Podeszwa et al. (2000) 33 5 Cohen´s kappa 0.51 (0.43–0.62) moderate 
Herring et al. (1992) 32 16 Kappa, unspecifi ed 0.52 moderate 
Akgun et al. (2004) 50 3 Kappa, unspecifi ed 0.53 (0.53–0.54) moderate 
Wiig et al. (2002) 63–158 3 Weighted kappa 0.56–0.70 moderate to good 
Pietrzak et al. (2004) 63 3 Weighted kappa 0.65 (0.61–0.70) good 
Nathan Sambandam et al. (2006) 44 2 Weighted kappa 0.72 good 

a interpretation of kappa values (Landis and Koch 1977): < 0.2 slight agreement, 0.21–0.40 fair agreement, 0.41–0.60 moder-
ate agreement, 0.61–0.80 good agreement.

Table 5. Interobserver agreement of Herring’s modifi ed lateral pillar classifi cation (4 groups) in 2 
previous studies and the present study

Study n Observers Statistics Mean (range) Agreementa 

Rajan et al. (2013) 35 6 Weighted kappa 0.39 (0.05–0.56) fair 
Present study 42 5 Weighted kappa 0.40 (0.15–0.59) fair 
Herring et al. (2004) 20 6 Modifi ed weighted kappa 0.71 (0.49–0.89) good 

a interpretation of kappa values (Landis and Koch 1977): < 0.2 slight agreement, 0.21–0.40 fair 
agreement, 0.41–0.60 moderate agreement, 0.61–0.80 good agreement.
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observers in our study were experienced in evaluating radio-
graphs of hips with Perthes disease, they were nevertheless 
provided with a tutorial. Despite a detailed review of the mod-
ifi ed 4 group lateral pillar classifi cation with special attention 
to the borderline B/C group, we were not able to achieve simi-
lar results to those of Herring et al. (2004b). Previous studies 
have highlighted an increasing reproducibility of the classifi -
cations when assessed by experienced observers (Simmons et 
al. 1990, Podeszwa et al. 2000, Wiig et al. 2002, Kalenderer et 
al. 2005), but similar interobserver levels could not be repro-
duced in our study. Many reports assessing the interobserver 
agreement have been performed at 1 institution only (Nathan 
Sambandam et al. 2006, Park et al. 2012, Rajan et al. 2013), 
whilst the present study included 3 different hospitals. It is 
our belief that the present approach gives a more realistic esti-
mate of interobserver agreement as compared with studies 
performed at a single institution. 

Apart from the complexity of statistical methods and inter-
pretation, studies on interobserver agreement in Perthes disease 
differ substantially in number of observers and radiographs 
analyzed. Hence direct comparison of presented results should 
be undertaken cautiously. Nevertheless, we summarized the 
results of the most relevant studies assessing the Catterall and 
lateral pillar classifi cations using kappa statistics and com-
pared them with our results. We found moderate interobserver 
agreement in 5 out of 7 studies assessing the Catterall classifi -
cation (Table 3) and in 5 of 7 studies assessing the original lat-
eral pillar classifi cation (Table 4). The introduction of the bor-
derline B/C group decreased the reproducibility of the lateral 
pillar classifi cation system in our study (Table 5), which is in 
accordance with the results of Rajan et al. (2013). They found 
a fair interobserver agreement (mean kappa = 0.39), similar 
to our mean kappa value of 0.40. The Herring group (2004b) 
found in average good interobserver agreement (kappa = 0.71) 
using a modifi ed weighted kappa analysis (quadratic weight-
ing). The authors attributed only half as much importance in 
misclassifying the borderline group B/C to its adjacent groups 
as they attributed misclassifying between groups A, B and C. 
Since quadratic weighting may increase kappa values artifi -
cially if an extra category is introduced within a classifi cation 
system (Brenner and Kliebsch 1996), this may have led to an 
unrepresentatively high level of agreement. 

Our results showed that the Catterall and the original lateral 
pillar classifi cations had moderate interobserver agreement. 
There is no established common understanding of which 
degree of interobserver agreement may be necessary or appro-
priate to defi ne a classifi cation system as satisfactory in clini-
cal practice. Some authors abandoned the use of classifi ca-
tions on the basis of moderate agreement (Christensen et al. 
1986) while others redefi ned them as acceptable (Akgun et al. 
2004). However, the fact that the introduction of the border-
line B/C group even reduced the reproducibility of the lateral 
pillar classifi cation raises concerns about the usefulness of this 
modifi cation. 

Association to radiographic outcome
We assessed the radiographic outcome on the basis of femoral 
head sphericity because this is strongly associated with long-
term outcome (Mose 1980, Stulberg et al. 1981). Our study 
revealed signifi cant associations between the 3 classifi cation 
systems at fragmentation and the femoral head sphericity at 
5-year follow up. The original 3-group lateral pillar classifi ca-
tion had the strongest association, which is in accordance with 
previous studies (Herring et al. 1992, Ritterbusch et al. 1993, 
Farsetti et al. 1995, Ismail and Macnicol 1998, Lappin et al. 
2002, Terjesen et al. 2010). All hips that had a fl at femoral 
head shape at 5-year follow up had been classifi ed as group 
C at the fragmentation phase. The Catterall classifi cation as 
predictor of radiographic outcome is controversial. It did not 
correlate well with the fi nal radiographic outcome in some 
studies (Weinstein 1985, Ismail and Macnicol 1998, Gigante 
et al. 2002), while others confi rmed it as a prognostic factor 
(Dickens and Menelaus 1978, Meurer et al. 1999, Terjesen 
et al. 2010). Especially when modifi ed into a 2-group clas-
sifi cation, distinguishing between more and less than 50% of 
femoral head necrosis, the Catterall grouping system was a 
strong predictor of radiographic outcome (Wiig et al. 2008). 
Our results confi rm a signifi cant association between the Cat-
terall 4-group classifi cation and the femoral head sphericity at 
5-year follow up, but the association seemed to be somewhat 
weaker than that of the original lateral pillar classifi cation.

The Herring group reviewed the hips in their original study 
and identifi ed a group of hips with radiographic fi ndings more 
severe than those typical of group B but less severe than those 
in group C (Herring et al. 2004b). Because of diffi culties in 
defi ning the borderlines between the groups, a new classifi ca-
tion group (borderline B/C) was introduced. The authors found 
that the modifi ed classifi cation was a strong prognostic factor. 
Our results and the fi ndings of other authors (Froberg et al. 
2011) confi rm a signifi cant association between the modifi ed 
4-group lateral pillar classifi cation and modifi ed Stulberg as 
outcome variable. To our knowledge the present study is the 
fi rst to compare the value of the modifi ed lateral pillar clas-
sifi cation with the original classifi cation as predictors. Our 
fi ndings suggest that the introduction of the new borderline 
B/C group did not improve the association of the lateral pillar 
system to the femoral head sphericity at 5-year follow-up.

Summary
Our results underline that each of the classifi cations has its 
limitations; none is perfect. We think that the original lateral 
pillar system (3 groups) is the most suitable classifi cation in 
the early radiographic stages of Perthes disease. It is easier to 
apply (needs only AP radiographs) and was somewhat better 
associated with the fi nal radiographic outcome as compared 
with the Catterall 4-group classifi cation. The introduction of 
the borderline B/C group increased neither the reproducibil-
ity nor the prognostic value of the lateral pillar system, which 
raises concerns about its usefulness in clinical practice. 
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