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Abstract

Purpose The ability to monitor and study developmental 
dysplasia of the hip (DDH) requires validated radiographic 
outcome measures. The sourcil method of acetabular index 
measurement (AI-S) has not yet been shown to be a reliable 
measure of acetabular dysplasia in a DDH population, despite 
its widespread use. The aims of this study were to test the 
reliability of the AI-S method in a DDH population, and to 
compare the reliability of the AI-S method with that of the 
classic lateral edge method (AI-L). 

Methods From an institutional database, standardized an-
teroposterior hip radiographs were obtained from a cohort 
of 35 female patients (70 hips) at two and five years of age 
who had been treated nonoperatively for DDH. Three observ-
ers independently measured the acetabular index using the 
AI-L and AI-S methods on all 70 hips at two time points, four 
weeks apart.

Results The inter-rater reliability intraclass correlation coeffi-
cient (ICC) for the AI-L and AI-S methods was between good 
and excellent at 0.94 (confidence interval (CI) 0.89 to 0.96) 
and 0.91 (CI 0.87 to 0.94), respectively. The ICCs for in-
tra-rater reliability for the AI-L method were excellent at 0.93 
(CI 0.90 to 0.95), 0.95 (CI 0.93 to 0.97) and 0.95 (CI 0.94 to 
0.97) for raters 1, 2 and 3, respectively. The ICCs for intra-rater 
reliability for the AI-S method were between good and excel-
lent at 0.91 (CI 0.87 to 0.93), 0.93 (CI 0.90 to 0.95) and 0.90 
(CI 0.86 to 0.93) for raters 1, 2 and 3 respectively. 

Conclusion Both AI-S and AI-L methods are equally reliable 
radiographic measures of DDH. 
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Introduction

Developmental dysplasia of the hip (DDH) is the most 
common paediatric musculoskeletal disorder with an inci-
dence of approximately four in 1000 live births.1,2

If detected in the neonatal period, nonoperative 
treatment of DDH is considered to be the benchmark of 
management and is generally successful. Following com-
pletion of treatment, it is important to review children 
both clinically and radiographically to assess ongoing hip 
development for prognosis and clinical decision- making. 
During routine follow-up for DDH there are often no 
abnormal clinical signs to find on physical examination, 
therefore, the ability to monitor hip development and to 
study the outcomes of treatment for DDH depends upon 
the availability of valid and reliable radiographic outcome 
measures. 

The acetabular index (AI) has long been utilized as one 
of the key radiographic parameters in the evaluation of 
acetabular morphology in DDH. It is considered useful 
both in research as an outcome measure and also clini-
cally to monitor and guide treatment, such as to deter-
mine the need for surgical intervention.3-6

The method of AI measurement on hip radiographs and 
how it represents 3D acetabular morphology has been 
questioned by two differing approaches. The classic lateral 
edge method described by Hilgenreiner,7 and clarified by 
Tönnis,8 utilizes a measure of acetabular slope based on the 
most lateral aspect of the acetabulum (Fig. 1), and when 
increased above normal values quantifies anterolateral 
acetabular deficiency as demonstrated on advanced axial 
imaging.9 An alternative method of calculating the acetab-
ular index has been described by Kim et al,9 which mea-
sures the acetabular slope based on the lateral edge of the 
sourcil (Fig. 1) and when increased above normal values 
quantifies deficiency of the mid-superior portion of the ace-
tabulum as demonstrated on advanced axial imaging.9,10
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On normal hip radiographs the lateral edge of the ace-
tabulum and lateral edge of the sourcil are closely related 
if not contiguous, but yet in the dysplastic hip the lateral 
edge of the sourcil is often noted to be an irregular, short, 
interrupted shape with an upward slope, and ends short, 
medial and superior to the bony lateral edge of the ace-
tabulum.9,10 In the dysplastic hip the measurement of AI 
using the sourcil method or lateral edge method may, 
therefore, result in significantly different values depend-
ing on the method used.

It has been hypothesized that the sourcil method may 
be a better measure of acetabular dysplasia than the clas-
sic lateral edge method. The reason for this is that the 
sourcil represents the radiographic representation of the 
compressive stress in the hip and better correlates to the 
extent of the important weight-bearing zone of the roof 
of the acetabulum.9-11 Alternatively, it is also possible that 
these two distinct methods of AI measurement are equally 
important as they contribute to a more detailed map of 
acetabular deficiency in DDH which may offer prognos-
tic information or more specific guidance on the need for 
surgical intervention and the type of reconstructive oste-
otomy that may be required.

Regardless of the method used to measure AI, it must be 
reliable so that it can be trusted to be reproducible when 
repeated at random to allow consistent decision-making 
in treatment algorithms and to facilitate further research.

Unlike the Hilgenreiner lateral edge method of AI mea-
surement, the sourcil method has not yet been shown 
to be a reliable measure of acetabular dysplasia in a 
DDH population, despite its use in clinical practice and 

 reporting in research publications,9-12 thus its utility as an 
outcome measure is still in question. 

The research aims of this study were: 1) to test the reli-
ability of the sourcil method of AI measurement in a DDH 
population, both by an experienced orthopaedic surgeon 
and surgical trainees; and 2) to compare the reliability of 
the sourcil method of AI measurement with that of the 
classic Hilgenreiner lateral edge method. 

Materials and methods
Sample size for both inter-rater and intra-rater intraclass 
correlation coefficient (ICC) estimations was determined 
based on the accepted levels of α = 0.05, β = 0.2, ρo = 0.7 
and ρ1 = 0.85, where a minimum ICC of 0.7 is recom-
mended for implementation in health research.13-15 This 
calculation identified that a total of 70 pelvic radiographs 
were required for the study.

After obtaining institutional review board approval, 
a departmental infant hip clinic database was queried 
between the years 2012 to 2018 to produce a list of female 
patients who had undergone standardized Pavlik har-
ness treatment for either unilateral or bilateral DDH and 
for whom follow-up anteroposterior pelvic radiographs 
at age two years (+/- 4 months) and age five years (+/- 4 
months) were available on the hospital’s picture archiving 
and communication system (PACS). Ages two and five 
years were selected in part because it is standard practice 
at our institution to image all previously treated children 
at these ages, but also provides initial measurements after 
walking age and at a time when acetabular development 

 

Fig. 1 Method to measure acetabular indices: (a) H denotes Hilgenreiner’s line. S denotes line from which AI-S is measured. L denotes 
line from which AI-L is measured; (b) exploded view of important anatomical landmarks for defining lines used to measure acetabular 
indices. H denotes most inferior point of bony ilium at triradiate cartilage from which Hilgenreiner’s line is drawn. S is the lateral edge 
of the sourcil from which AI-S is measured. L is the lateral edge of the acetabulum from which AI-L is measured.
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decelerates. The diagnosis of DDH necessitating harness 
treatment had been made in each case using a combina-
tion of clinical and ultrasound examination of the hips.

Patients were excluded if there was subsequent evidence 
of a musculoskeletal diagnosis other than DDH, incomplete 
radiographic follow-up, radiographic follow-up outside 
the predetermined age range or abnormal radiographic 
orientation. Pelvic rotation and tilt were determined as 
described by Tönnis8 and any radiograph showing exces-
sive rotation was subsequently excluded. The resulting set 
of standardized anteroposterior radiographs consisted of 
35 female patients from a DDH population with 70 hips for 
review at the two standardized time points. 

Prior to radiographic measurement, three observers 
(one experienced orthopaedic surgeon (SPK) and two 
fellowship-trained orthopaedic surgeons (SN, AK)) jointly 
reviewed the published descriptions of acetabular index 
measurement for both the lateral edge and sourcil meth-
ods to confirm the exact radiographic landmarks used in 
this study. For purposes of clarity, consistency and com-
parison we have repeated the methods popularized by 
Tönnis,8 Tönnis and Brunken,16 Ogata et al10 and Kim et al9 
and most recently evaluated in a population of normal 
children by Novais et al.12

In both methods, Hilgenreiner’s line (Line H), is drawn 
connecting the inferior margins of the ilia at the level of the 
triradiate cartilages bilaterally. The lateral edge method is 
depicted in Figure 1 where Line L is drawn from the lat-
eral most aspect of the acetabular roof to intersect with 
Line H, where the inferior margin of the ilium abuts the 
triradiate cartilage. The ‘AI-L’ is the angle that is formed 
between Lines H and L. Similarly, the sourcil method is 
also depicted in Figure 1, by drawing Line S from the lat-
eral most aspect of the sourcil to Line H, where the inferior 
margin of the ilium abuts the triradiate cartilage. The ‘AI-S’ 
is the angle that is formed between Lines H and S.

Each observer independently measured the acetab-
ular index using the AI-L and AI-S methods for 70 hips 
on 35 radiographs at two time points, four weeks apart 
(140 hips, 280 measurements). All measurements were 
conducted using line-drawing tools included in the PACS 
software. At the time of measuring, each observer was 
blinded to the measurements of the other observers and 
to the initial diagnosis with respect to the laterality and 
severity of the patients’ DDH. This same procedure was 
repeated by each observer at each time point. 

Statistical analysis

The statistical analyses were performed using SPSS soft-
ware version 23 (SPSS Inc, Chicago, Illinois). ICC estimates 
and their 95% confidence intervals (CI) for inter-rater 
and intra-rater reliability for AI-L and AI-S measures were 
 calculated based on a two-way random effects, absolute 
agreement, multiple raters/measurement model.17,18 This 

model allows for subsequent generalizability to other situ-
ations and other raters. Inter-rater reliability was measured 
between raters using the first round of measurements. 
Intra-rater reliability was assessed for the same rater at both 
time points. ICC estimates were also calculated based on 
left or right hip between raters using the first set of mea-
surements. Interpretation of ICC estimates was as follows: 
< 0.50, poor; between 0.50 and 0.75, fair; between 0.75 
and 0.90 good; above 0.90, excellent.19

Results
Inter-rater reliability

The inter-rater reliability ICC for the AI-L method was 
between good and excellent at 0.94 (CI 0.89 to 0.96). 

The inter-rater reliability ICC for the AI-S method was 
also between good and excellent at 0.91 (CI 0.87 to 0.94).

Intra-rater reliability

The ICCs for intra-rater reliability for the AI-L method was 
excellent at 0.93 (CI 0.90 to 0.95); 0.95 (0.93 to 0.97) and 
0.95 (0.94 to 0.97) for raters 1, 2 and 3, respectively.

The ICCs for intra-rater reliability for the AI-S method 
was between good to excellent at 0.91 (CI 0.87 to 0.93); 
0.93 (CI 0.90 to 0.95) and 0.90 (CI 0.86 to 0.93) for raters 
1, 2 and 3, respectively.

Laterality 

ICC estimates for either AI-L or AI-S methods for right and 
left hips, respectively, were between good to excellent with 
the lowest lower limit of the 95% CI at 0.84 and the highest 
upper limit of the 95% CI at 0.97 across all measures.

The inter- and intra-rater reliability ICC values are pre-
sented in Tables 1 and 2, respectively.

Discussion
The acetabular index is a very common, and probably the 
most widely used, radiographic measure of hip dysplasia 
in routine clinical use. It can give a snapshot of the severity 
of dysplasia as well as being a useful marker of hip devel-
opment over time. The classic lateral-edge method (AI-L) 
is easy to measure and has been shown to be reliable. 
More recently an alternative ‘sourcil method’ of acetab-
ular index measurement (AI-S) has been popularized, but 
to date has not been shown to be reliable in a DDH popu-
lation, for which it was designed.

The purpose of this study was, therefore, to determine 
the reliability of the sourcil method of AI measurement 
in a population of children with DDH, and also to com-
pare its reliability with the classic lateral edge method. For 
 completeness, we included patients with radiographs at 
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two and five years of age which we believe to be represen-
tative of a range of ages where acetabular index is most use-
ful in clinical practice for decision-making. The sourcil has 
long been known as an excellent indicator of hip develop-
ment, reflecting a reaction to the local stress within the hip, 
and is frequently abnormal in children with hip dysplasia. 
The edge of the sourcil has been determined to correlate 
to the mid-superior portion of the acetabulum, thus being 
an important metric of femoral head coverage and extent 
of acetabular dysplasia. Increasing numbers of publica-
tions have suggested that measurement of the AI, and the 
centre-edge angle (CEA), both well-known radiographic 
outcome measures of hip dysplasia, are better made to the 
edge of the sourcil compared with the traditional method 
using the lateral-most edge of the acetabular bone.9-11

We found that the AI-S method of acetabular index mea-
surement in children with DDH showed good to excellent 
inter-rater reliability and intra-rater reliability, with equally 
good ICC values whether performed by an experienced 
orthopaedic surgeon or surgical trainees. Furthermore, 
the measure of AI-S is equally reliable for both right and 
left hips. In addition, we have shown that both AI-S and 
AI-L are equally reliable measures of acetabular dysplasia. 

Previous measures of reliability of acetabular index  
(AI-L) have been somewhat variable from fair to excel-
lent.9,12,20 Our study has demonstrated good to excellent 
reliability between the measures. We believe that our reli-
ability results are higher than some previous studies due 
to two factors. Firstly, prior to measurements being taken, 
the three observers met to discuss in detail the exact ana-
tomical landmarks which would be used to make the mea-
surements of both AI-L and AI-S. Secondly, the published 
descriptions of how to best measure these radiographic 
indices are becoming clearer and more detailed, which 
one would assume leads to more accurate, precise and 
reliable measurements.

The sourcil was shown to be an important feature on 
which to base radiographic measures of hip dysplasia by 
Ogata et al.10 who demonstrated that some children with 
DDH, and marked acetabular deficiency (as identified on 
CT scans), could achieve normal radiographic CEA values 
based on the traditional method of measurement to the lat-
eral edge of the acetabulum. Ogata et al10 showed that by 
measuring the CEA to the lateral edge of the sourcil instead 

resulted in more accurate characterization of hip dysplasia 
that better correlated to acetabular coverage on CT scans. 

Kim et al9 subsequently showed similar findings when 
evaluating the AI and used axial imaging on CT and MRI to 
demonstrate that the lateral edge of the acetabulum on an 
anteroposterior radiograph corresponded to anterolateral 
coverage of the hip, while the lateral edge of the sourcil cor-
responded to the lateral margin of the mid-superior portion 
of the acetabulum. Kim et al9 suggested that measuring 
the AI to the edge of the sourcil would better characterize 
acetabular deficiency and one should be clear as to which 
measure of AI was being used to prevent errors in interpre-
tation of the nature of DDH in each particular patient.

Despite multiple publications recommending the use 
of the AI-S method and its increasing use in clinical prac-
tice, no normal values for this measure were available until 
recently. Using normal reference values of AI-L from Tön-
nis and Brunken’s16 classic work with clinical measures of 
AI-S would have likely led to misclassification, especially in 
a DDH population, where the edge of the sourcil and true 
lateral bony edge of the acetabulum are markedly sepa-
rated on an anteroposterior hip radiograph. Novais et al12 
have recently published a complete range of normal val-
ues and reference curves for the measurement of AI-S in a 
population of normal children, with good reliability of the 
measure. They also demonstrated that these normal val-
ues differed from normal values published by Tönnis and 
Brunken,16 and thus reiterated the point that one must 
be consistent in the use of AI measurements, specifying 
the method used (sourcil or lateral edge) and relating the 
findings to their newly published reference data.

Limitations of our study include the fact that we have 
not addressed some further important characteristics of 
the AI-L and/or AI-S methods. For example, it is not yet 
known whether AI-L and AI-S measurements are cor-
related, show agreement and may be used interchange-
ably to describe hip dysplasia in general or alternatively 
complement each other by measuring different aspects 
of dysplasia. Therefore, it is not clear whether the AI-L or 
AI-S have equivalent clinical utility in monitoring progress 
of hip development in DDH, are equivalent predictors for 
further surgery or most importantly which one best cor-
relates with symptomatic dysplasia at skeletal maturity. All 
of these factors will need to be addressed in future  studies. 

Table 1 Inter-rater reliability values 

Laterality Method ICC value 95% confidence interval

Both hips AI-L 0.94 0.89 to 0.96
AI-S 0.91 0.87 to 0.94

Left hip AI-L 0.94 0.90 to 0.97
AI-S 0.92 0.87 to 0.95

Right hip AI-L 0.93 0.87 to 0.96
AI-S 0.90 0.84 to 0.94

ICC, intraclass correlation coefficient; AI-L, lateral edge; AI-S, sourcil

Table 2 Intra-rater reliability values

Method ICC value 95% confidence interval

Rater 1 AI-L 0.93 0.90 to 0.95
AI-S 0.91 0.87 to 0.93

Rater 2 AI-L 0.95 0.93 to 0.97
AI-S 0.93 0.90 to 0.95

Rater 3 AI-L 0.95 0.94 to 0.97
AI-S 0.90 0.86 to 0.93

ICC, intraclass correlation coefficient; AI-L, lateral edge; AI-S, sourcil



THE SOURCIL METHOD OF AI MEASUREMENT IN DDH

J Child Orthop 2019;13:167-171 171

Until further investigation is complete, we continue to rec-
ommend clarification in the medical chart which method 
of AI measurement is being used, that comparison with 
appropriate normal reference data can be made and con-
sistency in repeated measurements is assured for purposes 
of monitoring clinical progress in DDH.

In conclusion, we have found that the sourcil method 
of acetabular index measurement (AI-S) in children with 
DDH showed good to excellent reliability, whether per-
formed by an experienced orthopaedic surgeon or surgi-
cal trainees. Furthermore, the measure of AI-S is equally 
reliable for both right and left hips. In addition, we have 
shown that both sourcil (AI-S) and lateral edge (AI-L) meth-
ods are equally reliable measures of acetabular dysplasia. 
Clinicians must be aware, however, that clinical equiva-
lence has yet to be proven and until then clear documen-
tation of which method is used and comparison with their 
specific normative data must be assured.
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