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We have evaluated the reliability of the measurement of
radiological indicators in developmental dysplasia of
the hip. Three observers each independently assessed 60
pelvic radiographs from infants aged from 3 to 36
months. Errors from the true value of a single
measurement made by a single observer (E1), of the
average of two measurements by a single observer (E2),
and of the average of two single measurements by two
different observers (E3) were established for the
acetabular index of Hilgenreiner, for the assessment of
superior and lateral femoral displacement and for
indicators of pelvic alignment. 

The errors for the assessment of the acetabular index
were E1 ± 5°, E2 ± 5°, and E3 ± 3.5°. There was a
significant correlation between the presence of an
acetabular notch on the radiograph and an increased
error in measurement (p = 0.01). Yamamuro’s
measurement of lateral femoral displacement was more
reliable than the Hilgenreiner distance. The errors of
indicators of pelvic alignment showed a correlation with
the age of the infant; the quotient of pelvic rotation was
more reliable after seven months of age (p < 0.0001).
The errors of the measurement of the symphysis
os-ischium angle tended to increase with age and those
of the measurement of the index of pelvic tilt decreased
with skeletal maturation (p = 0.002).
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The diagnosis and assessment of developmental dysplasia
of the hip (DDH) rely greatly on radiological interpretation
and measurements of plain radiographs are widely accept-
ed.1 Various indicators have been introduced to evaluate
severity and response to treatment; normal values have
been established.2-6 These studies were based on single
observations made by single observers, and there are few
assessments of the reliability of such measurements.7,8

We studied the reliability of some common radiological
measurements used for the diagnosis and follow-up of
DDH in infants.

MATERIAL AND METHODS

We studied 60 anteroposterior pelvic radiographs of infants
aged between 3 and 36 months, all taken in the radiology
department of the Nuffield Orthopaedic Centre, Oxford.
Thirty radiographs were of infants from a ‘normal-at-risk’
population, taken as part of a screening programme and 30
were of infants with established DDH. Ten radiographs
from each group were in each of three age categories: 3 to
6 months, 7 to 12 months, and 13 to 36 months. We then
measured the angles, lines, and other indicators used for the
diagnosis of DDH.
Measurement of angles
Acetabular index. This was measured as the angle between
the Y-line (connecting the lowest points of the ilium) and
the line which connects the lowest point of the ilium and
the acetabular edge (Fig. 1).2

Acetabular notch. The radiological appearance of the acet-
abular notch9 was recorded for all radiographs. It was seen
as a scooped deformity on the superolateral aspect of the
acetabular edge (see Fig. 5); this edge was then identified
as the superolateral point of the notch (Fig. 1).

Fig. 1

Diagram showing the acetabular edge (E) with and
without the notch (AI; acetabular index).



Linear measurements of superior femoral displacement
Yamamuro-A distance.5 This is the distance in millimetres
between the middle point of the proximal femoral meta-
physis and the Y-line (‘A’ in Fig. 2). The range of normal
values for infants of one month to four years of age is 7 to
14 mm.
Hilgenreiner-H distance.2 This is the distance between the
highest point of the proximal femoral metaphysis and the
Y-line (‘H’ in Fig. 2). The normal value is 8 to 10 mm.
h/b ratio.4 This is the ratio of the distance between the
highest point of the femoral metaphysis and the Y-line (‘h’
in Fig. 2), and the distance between Perkins’ line and a
parallel line passing through the centre of the sacrum
(centre line: ‘b’ in Fig. 2). The normal value for infants of
two to five years of age is 0.10 to 0.20.
Linear measurements of lateral femoral displacement
Yamamuro-B distance.5 This is the distance in millimetres
between the middle point of the proximal femoral meta-
physis and a line, perpendicular to the Y-line, which passes
through the lateral edge of the ischium (‘B’ in Fig. 2). The
normal value for children of one month to four years of age
is 5 to 12 mm.

Hilgenreiner-D distance.2 This is the distance in milli-
metres between the inferior bony margin of the ilium and
the projection on the Y-line of the highest point of the
proximal femoral metaphysis (‘D’ in Fig. 2). The normal
value is 14 to 16 mm.
c/b ratio.4 This is the ratio of the distance between the
medial beak of the proximal femoral metaphysis and the
centre line (‘c’ in Fig. 2), and the distance between Perkins’
line and the centre line (‘b’ in Fig. 2). The normal value for
infants of two to five years of age is 0.60 to 0.85.
Indicators of pelvic alignment
Quotient of pelvic rotation.6 This evaluates the pelvic
position in the horizontal plane. It is the ratio of the
horizontal diameter of the obturator foramen of the right
side and that of the left (‘Qr’ and ‘Ql’ in Fig. 3). In neutral
rotation the ratio is 1, but is considered to be acceptable
when it is between 0.56 and 1.8.
Symphysis os-ischium angle.6 This evaluates the pelvic
position in the sagittal plane. Tönnis10 described the angle
formed “by two lines which are tangential to the highest
point on each ischium and which meet at the point of the
symphysis that projects farthest into the pelvic aperture”
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Fig. 2

Diagram of the radiological appearance of the infant
pelvis with femoral displacement parameters (Y, Y-line;
A, Yamamuro-A; B, Yamamuro-B; H, Hilgenreiner-H;
D, Hilgenreiner-D; h/b and c/b ratio, Smith’s ratio for
superior and lateral displacement).

Fig. 3

Diagram showing the quotient of pelvic rotation (Qr/
Ql) the symphysis os-ischium angle (S), and the pelvic
tilt index (R/T).



(‘S’ in Fig. 3). The range of normal values is from 90 to
135° and is related to the infant’s age.
Pelvic tilt index.3 This also assesses the pelvic position in
the sagittal plane and is the ratio between the vertical
diameter of the obturator foramen and the distance between
the upper brim of the pubis and the Y-line (‘R’ and ‘T’ in
Fig. 3). With the pelvis normally positioned the ratio is
between 0.75 and 1.2.
Method of assessment
To determine the reliability of the measurements, we calcu-
lated variances and errors for all parameters. The observers
first agreed on the precise definition of landmarks to be
used11 and each then measured all the radiographs on two
occasions one week apart. Landmarks were marked on the
radiographs by small crosses using sharp soft lead pencils.
Each observer then used a graphic digitiser linked to a
personal computer (KL-4300 Graphtec Japan, Tokyo,
Japan) to record the position. A computer program written
by one author (GF) on N88BASIC/MS-DOS ver 5.0 (NEC,
Tokyo, Japan) then calculated the values of the measured
parameters. Each observer rubbed out the marks on each
radiograph after digitalisation.
Comparison between groups. The variances of all para-
meters were compared between the ‘normal-at risk’ and the
DDH groups to determine how much variability of the
measurements was induced by the dysplastic hip. 

We compared the variances of the acetabular index
between the groups with and without the radiological
appearance of an acetabular notch to assess the relation of
reliability to the shape of the acetabular edge. The vari-
ances of indicators of pelvic alignment were determined for
each of the three age groups to ascertain whether growth
affected the reliability of measurement.
Statistical methods. We assessed reliability by partitioning
the variance as described by Streiner and Norman.12 Esti-
mations were made of intraobserver variance, variance due
to interaction between observers and measurements, and
variance due to different observers (interobserver). From
these estimates a range within which the parameters of the
true value could be estimated with 95% confidence was
calculated for three situations:

E1: a single measurement by a single observer.
E2: the average of two measurements by a single
observer.
E3: The average of two single measurements from two
different observers. 

Comparison between groups was calculated by the ratio
of variances using the F-test.

RESULTS

Errors (E1, E2 and E3) were calculated for all the para-
meters (Table I).
Acetabular index. Errors for the acetabular index for the
total patient group were E1 ± 5°, E2 ± 5°, E3 ± 3.5° (range
13 to 47; Table I). For the normal-at-risk group they were
E1 ± 4.3°, E2 ± 4.3°, E3 ± 3° and for the DDH group E1 ±
5.7°, E2 ± 5.6°, E3 ± 4° (Table II). A comparison between
the normal-at risk and the DDH groups showed significant
differences (p = 0.02). Of the 120 hips investigated, 48 had
radiological evidence of an acetabular notch. For the hips
without the notch the errors were E1 ± 4.5°, E2 ± 4.5°, E3
± 3.1° and for those with the notch E1 ± 6.1°, E2 ± 5.9°, E3
± 4.3° (Table II). The acetabular index variances between
the groups with and without the notch were significantly
different (p = 0.01), showing that a deformed acetabular
edge increases the error of measurement of the acetabular
index.
Linear measurements of superior femoral displacement
Yamamuro-A distance. The errors were E1 ± 1.9 mm, E2 ±
1.8 mm, E3 ± 1.3 mm (range 5 to 17; Table I).
Hilgenreiner-H distance. The errors were E1 ± 1.9 mm, E2
± 1.9 mm, E3 ± 1.4 mm (range 2 to 15; Table I).
h/b ratio. The errors were E1 ± 0.04, E2 ± 0.04, E3 ± 0.03
(range 0.033 to 0.04; Table I).
Linear measurements of lateral femoral displacement
Yamamuro-B distance. The errors were E1 ± 1.8 mm, E2 ±
1.7 mm, E3 + 1.3 mm (range 4 to 14; Table I).
Hilgenreiner-D distance. The errors were E1 ± 2.9 mm, E2
± 2.7 mm, E3 ± 2 mm (range 14 to 28; Table I).
c/b ratio. The errors were E1 ± 0.05, E2 ± 0.05, E3 ± 0.04
(range 0.69 to 0.9; Table I).
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Table I.  Reliability of radiological indicators

Range of 
Indicator observation E1* E2* E3*

Acetabular index (degrees) 13 to 47 ±5 ±5 ±3.5
Yamamuro-A (mm) 5 to 17 ±1.9 ±1.8 ±1.3
Hilgenreiner-H (mm) 2 to 15 ±1.9 ±1.9 ±1.4
h/b ratio 0.04 to 0.33 ±0.04 ±0.04 ±0.03
Yamamuro-B (mm) 4 to 14 ±1.8 ±1.7 ±1.3
Hilgenreiner-D (mm) 14 to 28 ±2.9 ±2.7 ±2
c/b ratio 0.69 to 0.9 ±0.05 ±0.05 ±0.04
Quotient of pelvic rotation (ratio) 0.6 to 1.8 ±0.19 ±0.19 ±0.13
Symphysis os-ischium angle (degrees) 86 to 128 ±6.7 ±6.4 ±4.7
Pelvic tilt index (ratio) 0.4 to 1.6 ±0.17 ±0.14 ±0.12

* see text



Indicators of pelvic alignment
Quotient of pelvic rotation. The errors were E1 ± 0.19, E2
± 0.19, E3 ± 0.13 (range 0.6 to 1.8; Table I). For the 3- to
6-month age group they were E1 ± 0.27, E2 ± 0.27, E3 ±
0.19; for the 7- to 12-month age group E1 ± 0.14, E2 ±
0.13, E3 + 0.1; and for the 13- to 36-month age group E1 ±
0.1, E2 ± 0.1, E3 ± 0.07 (Table II). Comparison between
the variances of the first age group (3 to 6 months) and the
other two were significantly different (p < 0.0001).
Symphysis os-ischium angle. The errors were E1 ± 6.7°, E2
± 6.4°, E3 ± 4.7° (range 86 to 128; Table I). For the 3- to
6-month age group they were E1 ± 5.6°, E2 ± 5.5°, E3 ±
3.9°, for the 7- to 12-month age group E1 ± 6.3°, E2 ± 5.8°,
E3 ± 4.4° and for the 13- to 36-month age group E1 ± 7.3°,
E2 ± 7.3°, E3 ± 5.2° (Table II).
Pelvic tilt index. The errors were E1 ± 0.17, E2 ± 0.14, E3
± 0.12 (range 0.4 to 1.6; Table I). For the 3- to 6-month age
group they were E1 ± 0.17, E2 ± 0.15, E3 ± 0.12, for the 7-
to 12-month age group E1 ± 0.12, E2 ± 0.11, E3 ± 0.09,
and for the 13- to 36-month age group E1 ± 0.1, E2 ± 0.1,
E3 ± 0.07 (Table II). The difference between the 3- to
6-month and the 13- to 36-month age groups was sig-
nificant (p = 0.002). 

Except for the acetabular index, we found no significant
differences in variances of the radiological indicators
between the normal-at-risk and DDH groups.

DISCUSSION

The radiological appearance of the pelvis varies widely in
early infancy when the whole femoral head and most of the
acetabulum consist of cartilage (Figs 4 and 5). A precise
analysis of the radiological appearance of the hip is needed
to assess DDH in infancy. Our study suggests that there are
differences in measurements on infant pelvic radiographs
recorded by the same observer on two occasions and by
different observers. These are most marked in deformities

of the acetabular margin and in different skeletal
immaturities.

The acetabular index of Hilgenreiner is widely used, and
the normal range has been defined.10,13 Our results suggest
that variability in its measurement in DDH must be recog-
nised, particularly in dysplastic hips with an acetabular
notch. If measurement of the acetabular index is to be used
for prognosis during treatment of DDH,13 precise definition
of the landmarks is essential to allow sequential radio-
graphs to be compared and analysed. 

Measurements of femoral displacement are useful in
evaluating the relationship between the femur and the
acetabulum. The bony shape of the hip may vary widely on
radiographs of the infant pelvis. Wilkinson14 noted that the
proximal femoral metaphysis is often rounded, with no
well-demarcated border (Figs 4 and 5); in such circum-
stances it may be difficult to identify the highest point of
the proximal femoral metaphysis. The position of the limb
will also influence the measurable distance between the
highest point of the metaphysis and the Y-line more than
that between the mid-point of the metaphysis and the Y-
line.5 For these reasons we prefer to use Yamamuro’s
method of assessing femoral displacement. 

Smith’s ratios are reliable. The use of a ratio for
radiological measurement compared with measurement of
a direct distance reduces the influence of radiological
magnification. The use of two distances for the ratio
involves at least four landmarks instead of two and may
decrease accuracy. Several authors have assessed the
error measurement induced by the position of the infant
pelvis.3,6,8 Indicators of pelvic alignment were introduced
to establish the radiological orientation of the pelvis in
both horizontal and sagittal planes in order to ensure
adequate symmetry;3,10 their reliability correlates well
with age. Indicators such as the quotient of pelvic rotation
and the pelvic tilt index, which use the obturator foramen
as a landmark, are less accurate before the ossification of
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Table II.  Reliability according to groups

Indicator Number E1* E2* E3*

Acetabular index (degrees)
Normal-at risk 60 ±4.3 ±4.3 ±3
DDH 60 ±5.7 ±5.6 ±4

Without notch 82 ±4.5 ±4.5 ±3.1
With notch 48 ±6.1 ±5.9 ±4.3

Quotient of pelvic rotation (ratio)
3 to 6 months 20 ±0.27 ±0.27 ±0.19
7 to 12 months 20 ±0.14 ±0.13 ±0.1
13 to 36 months 20 ±0.1 ±0.1 ±0.07

Symphysis os-ischium angle (degrees)
3 to 6 months 20 ±5.6 ±5.5 ±3.9
7 to 12 months 20 ±6.3 ±5.8 ±4.4
13 to 36 months 20 ±7.3 ±7.3 ±5.2

Pelvic tilt index (ratio)
3 to 6 months 40 ±0.17 ±0.15 ±0.12
7 to 12 months 40 ±0.12 ±0.11 ±0.09
13 to 36 months 40 ±0.1 ±0.1 ±0.07

* see Table I



the ischiopubic synchondrosis. With growth of the pelvis
the radiological shape of the obturator foramen changes
from nearly triangular to ovoid15 and its horizontal and
vertical diameters become more definite (Figs 4 and 5);
the reliability of the quotient of pelvic rotation and the
pelvic tilt index then increases. The symphysis os-
ischium angle uses the superior edge of the ischium as a
landmark. With progressive growth and ossification of the
triradiate cartilage the superior edge of the ischium over-
laps the upper part of the superior pubic ramus16 and
reduces the reliability of this landmark, which, in turn,
decreases the accuracy of the measurements of the
symphysis os-ischium angle.

Radiological parameters are extremely useful in the
diagnosis and management of DDH, but the reliability of
landmarks and measurements cannot be assumed; appro-

priate care must be taken in judging appearances. The
acetabular index should be used only after the observer
has clearly established the proper landmarks for the acet-
abulum. Yamamuro’s measurements for linear displace-
ment of the femoral head are accurate and less influenced
by femoral rotation. The quotient of pelvic rotation
becomes more accurate after seven months of age. The
symphysis os-ischium angle is useful up to the second
year of life, but after this the pelvic tilt index becomes
more reliable. It is best to use the indicators of pelvic
alignment which are most appropriate to the age of the
infant.

We wish to thank Ms Angie Wade (the Institute of Child Health, London)
for her help and advice in statistical analysis. 

No benefits in any form have been received or will be received from a
commercial party related directly or indirectly to the subject of this
article.
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Fig. 4

Radiograph of the pelvis of a five-month-old infant
showing the triangular shape of the obturator fora-
men, the highest point of the ischium, and the
rounded proximal femoral metaphysis.

Fig. 5

Radiograph of the pelvis of a 27-month-old infant
showing an acetabular notch on the left side, the
ovoid shape of the obturator foramen, the over-
lapped highest point of the ischium, and the sharp
proximal femoral metaphysis.
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