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OBJECTIVE. In children (4 months to 8 years old), radiographic measurements of the
acetabular index are the preferred method to assess developmental hip dysplasia. However, the acetabular index has been criticized as having variable reliability owing to difficulty identifying the correct anatomic landmarks. An alternative method of measuring
the acetabular index using the ischium is being proposed to avoid the variability of the
triradiate cartilage line as a reference point. With the alternative method, the acetabular
index is derived by measuring the angle between a line connecting the ischial tuberosities and a line connecting the inferomedial and superolateral edges of the acetabulum.
The purpose of this study was to evaluate the accuracy and reliability of this alternative
method of measuring the acetabular index compared with the traditional method.
MATERIALS AND METHODS. Children 4 months to 8 years old who presented for
evaluation of developmental dysplasia of the hip were included. Two physicians, each
using both the traditional and the alternative method, measured acetabular indexes on
all radiographs. Accuracy was defined as mean absolute error less than 6°. Reliability was
calculated by means of intraclass correlation coefficient (ICC).
RESULTS. Pelvic radiographs of 40 children (324 hips) were included. The mean age
was 23.7 months (range, 4–96 months) and mean acetabular index was 24.2° (range,
8–50°). The alternative method was associated with mean absolute error of 2.50°, which
is significantly below the threshold of 6° (t < 0.001). Intrarater reliability for the traditional
method was high (ICC, 0.81) and for the alternative method was very high (ICC, 0.92). Interrater reliability for the traditional method was high (ICC, 0.89) and for the alternative
method was very high (ICC, 0.91).
CONCLUSION. Measuring the acetabular index using the alternative method has
very high accuracy and intrarater and interrater reliability.
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Developmental dysplasia of the hip is a common pediatric orthopedic condition with
an estimated incidence of 1.4–80 cases per 1000 births [1–6]. Acetabular dysplasia is characterized by a shallow, immature acetabulum and may present with or without hip instability or dislocation [7]. Instability of the hip causes superior and lateral migration of the
femoral head that increases localized contact pressure, which eventually leads to degenerative changes [6]. The severity of subluxation of the femoral head has an inverse relation
to the time it takes for symptoms to develop [6]. Mild hip subluxation becomes symptomatic at 40–50 years of age, moderate subluxation at 20–30 years, and severe subluxation
at 10–20 years [6]. The diagnosis of acetabular dysplasia is made with imaging studies [8].
Ultrasound is the preferred imaging modality for infants from birth to 4 months or until
the femoral head ossifies, after which time radiography becomes the standard method of
screening [8–12].
Several radiographic measurements have been described over the years to assess for
developmental dysplasia or dislocation of the hip, including the Shenton line, center-edge
angle, neck-shaft angle, and the acetabular index [6, 8, 13–16]. The acetabular index is an
objective measurement of acetabular dysplasia and can be used to determine the severity
of dysplasia and efficacy of treatment.
The traditional method of measuring the acetabular index involves measuring the angle between a line connecting the triradiate cartilages of both hips and a line bisecting
the inferomedial and superolateral edges of the acetabulum [17] (Fig. 1). The mean measurement typically decreases with age from 27.5° in the neonatal period to 20.0° by age 2
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Fig. 1—20-month-old healthy boy with bilateral developmental dysplasia of
hip. Anteroposterior pelvic radiograph shows traditional method of assessing
acetabular index by measuring angle between extension (dotted line) of
line connecting triradiate cartilages and line bisecting inferomedial and
superolateral edges of acetabulum.

Fig. 2—20-month-old healthy boy with bilateral developmental dysplasia of
hip. Anteroposterior pelvic radiograph shows alternative method of assessing
acetabular index by measuring angle between line connecting lowest points of
ischial tuberosity (solid line) and line connecting inferomedial acetabular edge
and superolateral edge (dotted and solid line).

years [6, 17–19]. The acetabular index has been criticized as having variable rates of interobserver and intraobserver reliability.
The main criticism is difficulty identifying reliable radiographic
anatomic landmarks [8, 18, 20].
An alternative method of measuring the acetabular index is to
use the ischium to avoid the variability of the triradiate cartilage
line as a reference point. In the alternative method the acetabular index is derived by measuring the angle between a line connecting the ischial tuberosities and a line connecting the inferomedial and superolateral edges of the acetabulum (Fig. 2). This
technique has been used by radiologists, orthopedists, and pediatricians in clinical practice to measure the acetabular index;
however, the technique and accuracy of the method have, to our
knowledge, never been officially described, evaluated, or validated for use in developmental hip dysplasia. The purpose of this
study was to evaluate the accuracy and reliability of the alternative method of measuring the acetabular index in comparison
with the traditional, reference standard method.

number by means of the random number generator function
of Microsoft Excel (version 2011), and 10 anteroposterior radiographs were duplicated. All radiographs were screened for quality according to the criteria outlined by Clohisy et al. [18]. For a
radiograph to be considered acceptable, three criteria had to be
met. The coccyx had to be in line with the symphysis pubis; the
obturator foramina, iliac wings, and teardrops had to be symmetric; and the distance between the inferior tip of the coccyx and
pubic symphysis had to be 1–3 cm. High-quality and poor-quality radiographs are shown in Figures 3 and 4. A total of 123 radiographs were deemed acceptable and 39 unacceptable based
on these criteria. Image quality was labeled and kept in a separate spreadsheet, to which the measuring physicians were blinded. No images were removed from final radiographic evaluation.
Images were anonymized and uploaded into a folder in the PACS.
The acetabular index was measured twice for both the right and
left hips on all 162 anteroposterior pelvic radiographs (324 hips).
Both measuring physicians were orthopedic surgeons with fellowship training in pediatric surgery, one with 21 years of postfellowship experience and one with 12 years of postfellowship experience. One physician was randomly assigned to start measuring all
assigned radiographs using the traditional method, and the other
surgeon started with the alternative method. Minimal directions
were given on how to obtain the measurements, and no demonstration was performed. A physician who did not perform the
measurements recorded the other physicians’ measurements in a
spreadsheet, and the record was not shared with the measuring
physicians. Once the surgeons measured all radiographs using the
assigned method, they remeasured them using the other method.
In total, each physician measured 324 radiographs, or 648 hips. All
measurements were performed on 1 day in the same order. Radiographs used for intrarater reliability were randomized and included in the 162 anteroposterior pelvic radiographs measured.
Measurements from radiographs that were deemed acceptable were entered in a spreadsheet and used for the primary

Materials and Methods

Institutional review board approval was obtained for this study.
The orthopedic clinic visits of one of the authors were queried for
patients presenting with developmental dysplasia or dislocation
of the hip between January 1 and December 31, 2017. Patients
younger than 4 months or older than 8 years and those with neuromuscular disorders were excluded. Forty patients met the inclusion criteria. Anteroposterior pelvic radiographs of all patients
were examined, including serial radiographs of the same patient
if undergoing follow-up at intervals during the year. Only preoperative radiographs were included if the patient underwent reconstructive hip surgery. For patients being treated with an abduction brace or Pavlik harness, only radiographs without the
brace or harness were included.
A total of 162 anteroposterior radiographs were selected for
review, for a total of 324 hips. Each radiograph was assigned a
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Fig. 3—7-month-old healthy girl with very mildly shallow acetabulum
bilaterally. Anteroposterior pelvic radiograph depicts criteria used to determine
high quality. Coccyx is in line (solid line) with symphysis pubis. Iliac wings,
teardrops, and obturator foramina (ovals, bottom dashed lines) are symmetric.
Distance between inferior tip of coccyx and pubic symphysis measures 1–3 cm
(top dashed line).

Fig. 4—9-month-old healthy girl with developmental dysplasia of left hip.
Anteroposterior pelvic radiograph is poor-quality image. Coccyx appears
rotated compared with pubic symphysis. Obturator foramen and iliac wings are
asymmetric (circles, dashed lines). Distance between inferior tip of coccyx and
pubic symphysis (solid line) does meet criterion.

analysis. Measurements from unacceptable radiographs were
entered into a different spreadsheet and analyzed separately. Measurements from the duplicate radiographs were copied into a third spreadsheet for calculation of intraobserver reliability. The data were organized and sent to an independent
statistician for analysis. The statistician was first asked to evaluate the accuracy of the alternative method compared with
the reference standard. Before initiation of the study, measurements within 6° were considered equivalent on the basis of the
work of Broughton et al. [21], who established this range as the
threshold of variability. The statistician was also asked to evaluate the interrater and intrarater reliability of both measurement methods and whether age or image quality affected accuracy and reliability.
Reliability statistics were assessed by intraclass correlation coefficient (ICC). Munro correlation categories were used to determine the strength of the relationships within the categories, as
follows: 0.0–0.25, little; 0.26–0.49, low; 0.5–0.69, moderate; 0.7–
0.89, high; 0.9–1.0, very high [22]. Mean absolute error between
the two measurement methods was calculated and correlated
with age by means of Pearson correlation coefficient. Mean absolute error was compared between measurements obtained from
acceptable and unacceptable radiographs by means of ANOVA
after verification of the data for normality and homogeneity of
variances. Bland-Altman plots were constructed with difference
and mean values for each subject. Repeated-measures ANOVA
was used to compare the average of measurements for the traditional and alternative methods for each subject. Accuracy was
defined as mean absolute error less than 6°. The data for both raters were combined, and a one-sample t test was performed to
evaluate the mean absolute error difference from the threshold
of 6°. All analyses were performed with SPSS Statistics for Microsoft Windows software (version 24.0, IBM). An alpha value less
than .05 indicated significance.

Results
Characteristics and Demographics
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The study included 40 patients (mean age, 23.7 months; range,
4–96 months) and 162 radiographs (324 hips). The quality of 123
radiographs was considered acceptable, and the quality of 39,
unacceptable. The mean acetabular index measurement was
24.2° (range, 8–50°).

Primary Outcome: Accuracy

The measurements obtained with the alternative method deviated a mean of 2.50° from those obtained with the traditional
method, and this deviation (mean absolute error) was significantly (t < 0.001) below the predetermined 6° threshold. When only
high-quality radiographs were used, the error decreased slightly to 2.42°. When only poor radiographs were used, the error
increased slightly to 2.74°. However, there was no statistically
significant difference between the two mean absolute error measurements (α = .09). The complete analysis is shown in Table 1.

Secondary Outcome: Reliability

Interrater reliability for the traditional method was high (ICC,
0.89) and for the alternative method was very high (ICC, 0.91). Intrarater reliability for the traditional method was high (ICC, 0.81)
and for the alternative method was very high (ICC, 0.92). Neither
age nor radiograph quality was found to affect measurement error.

Discussion

The acetabular index is an important measurement in the evaluation of hip dysplasia in children 4 months to 8 years old. In
many cases, the acetabular index is used to determine the need
for treatment and monitor the response to brace and/or surgical treatment. As such, a reliable method of measuring the acetabular index is essential to ensure standardization of care. Variable rates of intraobserver and interobserver reliability for the
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TABLE 1: Accuracy in Comparison of High-Quality and Low-Quality Radiographs
95% Confidence Limits of Intrarater Reliability (°)
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Image Quality

No. of Measurements

Mean Absolute Error (°)

Lower Bound

Upper Bound

High

512

2.42

2.25

2.60

Low

164

2.74

2.41

3.06

Combined high and low

676

2.50

2.34

2.66

Note—In comparison of high- and low-quality mean absolute error measurements , α = .09.

traditional method have been documented in previous studies. Upasani et al. [23] reported on the reliability of the acetabular index measurement in a study that included 21 patients (50
radiographs). Using the Munro categories, they found high intraobserver (0.89) and interobserver (0.70) reliability (ICC, 0.775)
for measurements obtained by three observers—one pediatric
orthopedic attending surgeon, one pediatric orthopedic surgery
fellow, and an orthopedic surgery chief resident.
In a study similar to that conducted by Upasani et al. [23], Dornacher et al. [24] measured the acetabular index on anteroposterior radiographs of 51 10- to 22-month-old patients with hip dysplasia to determine reliability. Intraobserver reliability was very
high with a Pearson correlation coefficient of 0.928, and interobserver reliability was high with a Pearson correlation coefficient
of 0.875). Broughton et al. [21] found the 95% CI for intrarater reliability to be ± 6.1° and interrater reliability to be ± 5.5° with an
overall recommendation that the true measurement be within 6°.
Conversely, Kay et al. [20] found more variability in measurement
of the acetabular index in their study of 24 pelvic radiographs
with measurements obtained by five different examiners (three
orthopedic surgery residents, two pediatric orthopedic attending surgeons. The study showed that with good-quality radiographs, the 95% CI for intraobserver reliability was 8.35° and for
interobserver reliability was 21.3°. With poor-quality radiographs,
reliability decreased significantly. The authors concluded that
variability in the examiner’s chosen landmarks may be the cause
of the measurement’s variability.

Limitations

This study had several limitations. Only two physicians performed measurements. Because the measurement ability and experience of measuring physicians can vary, this factor might make
the results less translatable than they would be if more reviewers
had participated. However, the interrater reliability of this method is high, which supports the premise that physicians have little
variation in their measurements. Measurements were performed
by pediatric fellowship–trained orthopedic surgeons and not by
radiologists. Although these physicians had considerable experience performing pelvic measurements, they might have been
less accurate than experienced radiologists, which might have increased the mean standard error of the study. Measurements with
both methods were performed on a single day. Although measuring physicians might have remembered their previous measurements, it is unlikely that they did given the high volume of
hips measured by each physician. It is possible that the volume of
measurements caused fatigue in the measuring physicians, which
might have falsely decreased the accuracy of the measurements.
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However, given that the mean standard error was very low (2.50°
variation), this would only strengthen our conclusions.
The strength of our study lies in the methods and strong study
design. To our knowledge, this study has the largest sample size
to date: 324 hips measured compared with 24 hips measured by
Kay et al. [20] and 102 by Dornacher et al. [24]. The high intraobserver and interobserver reliability for the traditional method of
measurement of the acetabular index documented in our study
closely mirrors the results reported by Upasani et al. [23] and Dornacher et al. Unlike Kay et al., we did not find variability in our
measurements based on the quality of the radiographs. The results for the alternative method of measuring the acetabular index showed mild improvement over the traditional method in
terms of intrarater reliability with similar interrater reliability. The
alternative method had a high degree of accuracy (2.50° difference) compared with the reference standard measurements.

Conclusion

Variations in measurement of the acetabular index can be attributed to chosen landmarks. We found that compared with the
traditional method, the alternative method had similar accuracy
and greater reliability and is a valid option for measuring the acetabular index on pelvic radiographs of children.
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