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Abstract

Background Most previous reports of normal acetabular radiographic values focused on adults or elderly people.
Recent reports have described premature hip osteoarthritis in adolescents not caused by acetabular dysplasia. In
addition, there is a certain failure rate of surgical treatment for young patients with borderline acetabular dysplasia.
Accurate indices for treatment of adolescent hips are unclear because standard measurement values of the adoles-
cent acetabulum have not been reported.

Methods This cross-sectional study involved 552 Japanese adolescents aged 12-18 years who had scoliosis or
suspected scoliosis and asymptomatic hips. All persons underwent plain standing anteroposterior whole-spine radi-
ography, and measurements were obtained using the pelvic part of the radiograph. We excluded persons who were
unable to correctly perform measurements because of conditions such as pelvic rotation or lateral inclination and
persons in whom closure of the triradiate cartilage or closure of the secondary ossification centers of the acetabulum
had not yet occurred. In 1101 hips, we measured the lateral center-edge angle (LCEA), Tonnis angle, Sharp angle,
acetabular head index (AHI), lateral subluxation (LS), vertical subluxation (VS), and peak-to-edge distance (PED). We
evaluated the correlation coefficient and coefficient of determination between each parameter and age, height, body
weight, and body mass index (BMI) and assessed the intra- and inter-rater reliability of each radiographic parameter.

Results Among all hips, the mean of each parameter was as follows: LCEA, 27.9° +4.8°% Ténnis angle, 5.0° 4 3.7°% Sharp
angle, 44.1°£3.1°% AHI, 82.1% £ 5.5%; LS, 5.4 + 1.4 mm; VS, 0.3 £+ 1.2 mm; and PED, 14.0 & 2.3 mm. The correlation
between each parameter and age, height, body weight, and BMI was considerably low. Intra- and inter-rater reliability
was moderate or good for almost all parameters.

Conclusions The values for each radiographic parameter of the acetabulum in this study are considered standard for

the adolescent acetabulum without age-related changes. Some parameters differ slightly from the normal values for
adults or elderly people in previous reports; thus, we suggest careful evaluation of these parameters for adolescents.
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Background

Acetabular dysplasia (AD) is a cause of hip osteoarthri-
tis [1-4]. Especially in Asian populations, and particu-
larly in the Japanese population, AD is reportedly the
most common cause of osteoarthritis [5, 6]. However,
recent reports have described premature hip osteo-
arthritis in adolescents not caused by AD [7-9]. Bor-
derline AD is defined by a lateral center—edge angle
(LCEA) of 18° or 20°-24° [10-12]. It is a vague group
including dysfunction or instability caused by ace-
tabular shallowness with normal joint function [13,
14]. High surgical failure rates for young patients with
borderline AD have been reported [15-20], and 94%
of these patients have at least one other radiographic
feature suggestive of dysplasia [20]. Accurate indices
for treatment of adolescent hips are unknown because
standard measurement values of the adolescent acetab-
ulum have not been reported. In adults, the LCEA can
be affected by sex, age, height, waist circumference, and
body mass index (BMI) [21], but these associations in
adolescents are unknown.

Image evaluation of the acetabulum is generally per-
formed using plain radiographs [1, 22, 23], often using
the anteroposterior pelvic view. However, most standard
acetabular parameters have been obtained from adults,
especially middle-aged to elderly people [1, 24—-30]. Addi-
tionally, standard values for the adolescent acetabulum
change with age and have not been evaluated for valid-
ity and reliability. Therefore, we investigated the standard
values of radiographic parameters of the adolescent ace-
tabulum using standing pelvic radiographs and evaluated
the validity and reliability of these values.

Methods

This study protocol was approved by the ethics
review board of our university. Informed consent was
obtained from all persons. This cross-sectional study
included persons who presented to our outpatient
department after being referred for scoliosis or sus-
pected scoliosis from February 2006 to March 2020.
Among 371,510 people who comprised the total tar-
get age population living in a 1163-km? region around
our institution, 668 persons aged 12-18 years were
included in the study (Fig. 1). All persons underwent
plain standing whole-spine radiography. We enrolled
persons with scoliosis or suspected scoliosis because
we obtained standing hip radiographs of asymptomatic
adolescent hips at the same time as standing whole-
spine radiographs. Several parameters were measured
using the pelvic part of the radiograph (Fig. 2). We
also recorded each person’s age, height, body weight,

Total number of people aged 12-18
years in the population within the
medical district

n=2371,510

l
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Presented to our institution and
underwent plain standing whole-spine
radiography

n =668

Excluded because of poor radiographs,
such as those with pelvic rotation,
pelvic lateral inclination,
or with the acetabulum hidden

by a radiation protector

n=78

Excluded before closure of the
triradiate cartilage or secondary
ossification centers of the acetabulum
n=38

Finally enrolled in the study

n =552 (1101 hips)

Fig. 1 Flow of the persons enrolled in the study

and BMI to correlate these values with the parameter
measurements for validation.

The exclusion criterion was the inability to correctly
perform measurements because of conditions such as
pelvic rotation, pelvic lateral inclination, or conceal-
ment of the acetabulum by a radiation protector. We also
excluded persons in whom closure of the triradiate carti-
lage or closure of the secondary ossification centers of the
acetabulum had not yet occurred.

Radiographs were measured digitally by two orthope-
dic specialist surgeons. The second measurement was
obtained 6 months after the first to evaluate the intra-
and inter-rater reliability. The following parameters were
measured: LCEA (Fig. 3) [31], Tonnis angle (Fig. 4) [32],
Sharp angle (Fig. 5) [33], acetabular head index (AHI)
(Fig. 6) [22, 34], lateral subluxation (LS) (Fig. 7) [23], ver-
tical subluxation (VS) (Fig. 8) [1], and peak-to-edge dis-
tance (PED) (Fig. 9) [1].

In total, 1101 hips were measured in 552 persons
(156 hips of male participants, 945 hips of female
participants) (Fig. 1). The mean age was 14.1 years
(range, 12-18 years). No persons had hip pain or
osteoarthritis.

Statistical analysis

Statistical analysis was performed using SPSS Version
25 (IBM Corp., Armonk, NY, USA). The mean, standard
deviation (SD), and 95% confidence interval (CI) for each
parameter were calculated and compared between sexes
using the unpaired t-test. The correlation between each
parameter and age, height, body weight, and BMI was
calculated using Pearson’s product-moment correlation
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Fig. 2 Plain standing whole-spine anteroposterior radiograph and pelvic part of radiograph. With a unified imaging method, it is possible to obtain
a stable radiograph with suppressed pelvic rotation and lateral tilt. Measurement was performed using the pelvic part

sourcil

transverse axis

Fig. 3 Lateral center-edge angle (LCEA). To determine the LCEA,
the first line is drawn through the center of the femoral head
perpendicular to the transverse axis of the pelvis. The center of the
femoral head is defined using a concentric guide for more accurate
measurement. A second line is drawn through the center of the
femoral head, passing through the most superolateral point of the
sourcil. The sourcil is the weight-bearing zone of the acetabulum,
which is seen as osteosclerosis. The LCEA is defined as the
intersection of these two lines

sourcil

transverse axis

Fig. 4 Tonnis angle. To determine the Tonnis angle, a line is drawn
connecting the inferior and lateral aspects of the sourcil. A second
line is drawn parallel to the transverse axis of the pelvis and through
the inferior aspect of the sourcil. The Tonnis angle is created by the
intersection of these two lines

coeflicient. Intra- and inter-rater reliability and the 95%
CI for each parameter were calculated using intraclass
correlation coefficients (<0.5, poor reliability; 0.5-0.75,
moderate reliability; 0.75-0.9, good reliability; > 0.9,
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transverse axis

Fig. 5 Sharp angle. To determine the Sharp angle, a line is drawn Fig. 7 Lateral subluxation (LS). LS is defined as the distance from the
connecting the inferior teardrop point and the lateral rim of the medial aspect of the femoral head to the ilioischial line. LS can be
acetabulum. A second line is drawn parallel to the transverse axis evaluated regardless of whether the femoral head is lateralized

of the pelvis through the inferior teardrop point. The Sharp angle is

created by the intersection of these two lines

Fig. 8 Vertical subluxation. Vertical subluxation is defined as the

Fig. 6 Acetabular head index. The acetabular head index is defined vertical distance (indicated by the up/down arrow) from the most

as the percentage calculated by dividing (A) the horizontal distance inferior point of the acetabulum to the most inferior point of the

of the femoral head from the medial margin to the edge of the femoral head. In cases in which the most inferior point of the
acetabulum by (B) the total horizontal width of the femoral head. The femoral head is above the most inferior point of the acetabulum, the

formula is A/B x 100 measured value is defined as negative
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_____ i P
transverse axis

Fig. 9 Peak-to-edge distance. A horizontal line is drawn parallel to
the transverse axis of the pelvis through the apex of the acetabulum.
The apex point is the most proximal point of the dome. The
peak-to-edge distance is measured as the horizontal distance from
the apex to the acetabular edge (indicated by the left/right arrow)

excellent reliability) [35]. A p value of <0.05 was consid-
ered statistically significant.

Results

Tables 1, 2 and 3 summarize the values, correlation coef-
ficients and coefficients of determination (r* values),
and intra- and inter-rater reliability of each radiographic
parameter of the acetabulum.

LCEA

The mean & SD and 95% CI of the LCEA for all hips, male
hips, and female hips was 27.9°+4.8° (95% CI, 27.5°—
28.2°), 29.8°+4.6° (95% CI, 29.1°-30.5°), and 27.5°+5.0°
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(95% CI, 27.3°-27.7°), respectively. There was a signifi-
cant difference between the sexes (p <0.001). There were
significant differences in the correlations between the
LCEA and age (p=0.03) and height (p <0.001). However,
each r? value was considerably low. The intra- and inter-
rater reliability was 0.87 (95% CI, 0.86—0.89) and 0.80
(95% CI, 0.77-0.86), respectively.

Tonnis angle

The mean=+SD and 95% CI of the Tonnis angle for all
hips, male hips, and female hips was 5.0°£3.7° (95% CI,
4.8°-5.3°), 3.0°+3.1° (95% CI, 2.5°-3.5°), and 5.4°+3.8°
(95% CI, 5.2°-5.7°), respectively. There was a significant
difference between the sexes (p<0.001). There were sig-
nificant differences in the correlations between the Ton-
nis angle and age, height, and BMI (p<0.001 for all).
However, each r? value was considerably low. The intra-
and inter-rater reliability was 0.85 (95% CI, 0.84—0.86)
and 0.71 (95% CI, 0.45-0.83), respectively.

Sharp angle

The mean=+SD and 95% CI of the Sharp angle for all
hips, male hips, and female hips was 44.1°+£3.1° (95%
CI, 43.9°-44.3%), 43.0°+3.1° (95% CI, 42.5°-43.5°), and
44.3°£3.1° (95% CI, 44.1°-44.5°), respectively. There
was a significant difference between the sexes (p <0.001).
There was a significant difference in the correlations
between the Sharp angle and age (p=0.04). However, the
1? value was considerably low. The intra- and inter-rater
reliability was 0.77 (95% CI, 0.75-0.79) and 0.73 (95% CI,
0.55-0.83), respectively.

AHI

The mean+SD and 95% CI of the AHI for all hips,
male hips, and female hips was 82.1% +5.5% (95% CI,
81.7%—82.5%), 82.9% +4.9% (95% CI, 82.2%—83.7%), and
81.9% +5.7% (95% CI, 81.6%—82.2%), respectively. There
was a significant difference between the sexes (p=0.04).

Table 1 Acetabular parameters in Japanese adolescents measured on plain radiographs

Parameter All hips (h=1101) Male (n=156) Female (n=945) p
LCEA () 279+48 29.8+46 275+50 <0.001
Tonnis angle (°) 50+£37 3.0£31 54+38 <0.001
Sharp’s angle (°) 441431 43.0+3.1 443431 <0.001
AHI (%) 821455 829449 819457 0.035
LS (mm) 54+14 60+1.2 53+15 <0.001
VS (mm) 03412 09+15 02411 <0.001
PED (mm) 140+£23 16.1+£24 13.7£20 <0.001

Data are presented as mean =+ standard deviation

LCEA lateral center-edge angle, AHI acetabular head index, LS lateral subluxation, VS vertical subluxation, PED peak-to-edge distance
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Table 2 Correlation coefficient (r) and coefficient of determination (r?) for the correlation between each parameter and age, height,

body weight, and BMI

Parameter Correlation coefficient and coefficient determination

Age (years) Height (cm) Body weight (kg) BMI (kg/m?)

r(r?) p r(rd) p r(rd) p r(rd) p
LCEA 0.07 (0.00) 0.03 0.13 (0.02) <0.001 0.02 (0.00) 0.56 -0.04 (0.00) 0.22
Tonnis angle -0.11 0.01) <0.001 -0.17 (0.03) <0.001 0.04 (0.00) 0.30 0.13 (0.02) <0.001
Sharp’s angle -0.06 (0.00) 0.04 -0.06 (0.00) 0.06 -0.05 (0.00) 0.13 -0.04 (0.00) 0.21
AHI 0.05 (0.00) 0.13 0.07 (0.00) 0.03 0.01 (0.00) 0.83 -0.02 (0.00) 0.59
LS -0.04 (0.00) 0.25 0.20 (0.04) <0.001 0.17 (0.02) <0.001 0.06 (0.00) 0.07
VS -0.01 (0.00) 0.97 0.06 (0.00) 0.08 -0.02 (0.00) 0.50 -0.06 (0.00) 0.07
PED 0.12 (0.01) <0.001 038 (0.14) <0.001 0.15 (0.02) <0.001 -0.07 (0.00) 0.06

BMI body mass index, LCEA lateral center-edge angle, AHI acetabular head index, LS lateral subluxation, VS vertical subluxation, PED peak-to-edge distance

Table 3 Intra- and inter-rater reliability of acetabular parameters

Parameter ICC

Intra-rater reliability Inter-rater

(95% ClI) reliability (95% Cl)
LCEA 0.87 (0.86 t0 0.89) 0.80(0.77 to 0.86)
Tonnis angle 0.85 (0.84 to 0.86) 0.71 (045 to 0.83)
Sharp’s angle 0.77 (0.75t0 0.79) 0.73 (0.55t0 0.83)
AHI 0.75(0.73t0 0.77) 0.70 (0.63t0 0.77)
LS 0.66 (0.63 to 0.69) 0.62 (0.51t0 0.71)
VS 0.89 (0.88 to 0.90) 0.57 (046 t0 0.67)
PED 0.74 (0.72t0 0.76) 0.67 (0.25 t0 0.83)

ICC values: <0.5, poor reliability; 0.5-0.75, moderate reliability; 0.75-0.9, good
reliability; > 0.9, excellent reliability

ICC intraclass correlation coefficient, C/ confidence interval, LCEA lateral center—
edge angle, AHl acetabular head index, LS lateral subluxation, VS vertical
subluxation, PED peak-to-edge distance

There was a significant difference in the correlations
between the AHI and height (»p =0.03). However, the r?
value was considerably low. The intra- and inter-rater
reliability was 0.75 (95% CI, 0.73-0.77) and 0.70 (95% CI,
0.63-0.77), respectively.

LS

The mean £ SD and 95% CI of LS for all hips, male hips,
and female hips was 5.4+ 1.4 mm (95% CI, 5.3-5.5 mm),
6.0+1.2 mm (95% CI, 5.9-6.2 mm), and 5.34+1.5 mm
(95% CI, 5.2-5.4 mm), respectively. There was a signifi-
cant difference between the sexes (p <0.001). There were
significant differences in the correlations between LS and
height (p<0.001) and body weight (p <0.001). However,
each r* value was considerably low. The intra- and inter-
rater reliability was 0.66 (95% CI, 0.63-0.69) and 0.62
(95% CI, 0.51-0.71), respectively.

VS

The mean £ SD and 95% CI of VS for all hips, male hips,
and female hips was 0.3+ 1.2 mm (95% CI, 0.2—-0.4 mm),
09+1.5 mm (95% CI, 0.7-1.1 mm), and 0.2+1.1 mm
(95% CI, 0.2-0.3 mm), respectively. There was a signifi-
cant difference between the sexes (p<0.001). There was
no significant difference in the correlation between VS
and age or body characteristics. The intra- and inter-rater
reliability was 0.89 (95% CI, 0.88—0.90) and 0.57 (95% CI,
0.46-0.67), respectively.

PED

The mean =+ SD and 95% CI of the PED for all hips, male
hips, and female hips was 14.0+2.3 mm (95% CI, 13.8—
14.1 mm), 16.1+2.4 mm (95% CI, 15.7-16.5 mm), and
13.7£2.0 mm (95% CI, 13.6-13.8 mm), respectively.
There was a significant difference between the sexes
(p<0.001). There were significant differences in the cor-
relations between the PED and age, height, and body
weight (p <0.001 for all). However, each r? value was con-
siderably low. The intra- and inter-rater reliability was
0.74 (95% CI, 0.72-0.76) and 0.67 (95% CI, 0.25-0.83),
respectively.

Discussion
The LCEA and AHI indicate the relative acetabular cov-
erage over the femoral head; the Sharp angle, Tonnis
angle, and PED reflect the actual acetabular bone mor-
phology; and the LS and VS indicate the degree of fem-
oral head subluxation [1, 23]. Table 4 summarizes the
LCEA, Tonnis angle, and Sharp angle in previous repre-
sentative reports. Notably, however, these reference val-
ues were from adults or elderly adults.

In previous reports, the mean LCEA was 31°-38° for
men and 31°-38° for women and was slightly lower for
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Japanese patients (31°-35° for men and 31°-33° for
women) [24-29, 36, 37]. In our study, the mean ado-
lescent LCEA was slightly smaller (29.8° for male and
27.5° for female patients). Recent reports have sug-
gested that analyses based on only the LCEA are lim-
ited [14, 38]. However, considering our results and
previously reported failure rates of surgical treatment
for borderline AD (3—19% for arthroscopic surgery, 9%
for osteotomy [15-20]), the diagnosis might be inap-
propriate. The Tonnis angle in previous reports was
3°-8° [24, 29, 37], with a reference range of 0°-10°
[21, 22, 37]. Our findings are similar to these. Previ-
ously reported normal values for the Sharp angle were
37°-38° for men, 38°-39° for women, and >45° in AD
[24, 28]. The Sharp angle was slightly larger in the
adolescents in the present study. The reported normal
mean is 88-93% [28] and <75% in AD [22]. The Sharp
angles in our study were slightly smaller than those in
previous reports. Additionally, the previously reported
mean LS was 6 mm, and values of <10 mm were con-
sidered normal [1]. However, Clohisy et al. [23] stated
that the distance of 10 mm should be considered a gen-
eral reference as opposed to a strict parameter because
magnification errors and variability in patient size can
influence this measurement. The normal mean VS in
previous reports was 1 mm, and a mean of>10 mm
was considered normal in AD [1]. The VS in our study
was 0—1 mm. The LS and VS in our study were similar
to those in previous reports. The mean normal PED in
previous reports was 16 mm and <3 mm in AD [1]; the
values in our study were slightly smaller.

The adolescent acetabula in our study had a smaller
LCEA, larger Sharp angle, and smaller AHI and PED than
those in previous reports. These findings indicate that
the acetabulum provides slightly less coverage over the
acetabular head in adolescents than in adults or elderly
people. We considered mainly two factors to explain this
difference. The first consideration is age-related changes
(e.g., development of osteophytes). In previous reports
(Table 4), the survey target populations were adults and
elderly adults, and the effects of age should be consid-
ered. Lee et al. [39] reported that osteophytes increase the
LCEA. Fischer et al. [21] reported that sex, age, height,
waist circumference, and BMI could affect the LCEA in
adults as evaluated by magnetic resonance imaging. Our
study population consisted of adolescents with acetabula
that did not change with age; therefore, the results for each
parameter in this study are considered the standard values
for adolescent acetabula. Second, the bones of the adoles-
cents in this study may have been slightly immature, which
may also explain why our values were smaller than those in
previous studies. Growth of the acetabulum, or closure of
the triradiate cartilage and secondary ossification centers
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of the acetabulum, occurs around the age of 12—14 years
[40-43]. Than et al. [44] also reported that the LCEA
gradually increased from 10 to 15 years of age. However,
these reports were from outside Japan, and whether the
data are applicable to Japanese people is unclear. We tar-
geted persons aged>12 years and excluded persons in
whom closure of the triradiate cartilage or closure of the
secondary ossification centers of the acetabulum had not
yet occurred to reduce the effects of immaturity as much
as possible. Notably, in our study, the correlation between
each radiographic parameter and each person’s character-
istic (age, height, body weight, and BMI) was considerably
low. Therefore, the values for each measurement param-
eter determined in this study could serve as the standard
values for Japanese adolescents aged 12—18 years.

Several studies have evaluated the intra- and inter-rater
reliability of acetabular parameters, and the LCEA and
Toénnis angle have shown good reliability [37, 39, 45-50].
We found that the intra- and inter-rater reliability was
moderate or good for almost all parameters; however,
that for the LS was slightly low. We presume that some
measurement points may have been difficult to identify
in previous studies.

Our study has three main limitations. The first is that
whole-spine standing anteroposterior radiographs were
used, which differs from previous studies and may have
introduced some errors. For a normal standing anter-
oposterior pelvic radiograph, the film is placed 1.2 m from
the X-ray, and the beam center of the X-ray is located cra-
nial to the pubic symphysis. For each person in our study,
the film was placed 2 m from the X-ray source, and the
center of the X-ray beam was located midway from the
xiphoid process to the navel because the lower edge of the
eyeball was at the upper edge of the X-ray beam to avoid
exposing the crystalline lens. Although the center of the
beam was located slightly toward the head, the degree
of error in the images was considered small because the
incident angle was offset by the long irradiation distance
and the large film size. Furthermore, to reduce the error
in each case, the persons stood with their patellae for-
ward and locked and their feet shoulder-width apart; they
looked straight ahead with their elbows bent and made
a fist with each hand in the bilateral supraclavicular fos-
sae. Goldman and Hoover [51] reported that the distance
from the beam to the film did not affect the LCEA, Ton-
nis angle, or Sharp angle. Delagrammaticas et al. [52]
reported that a 5° deviation in the beam incidence angle
and a 5-cm deviation in the beam center were acceptable.
Some reports have indicated that standardization of the
orientation and inclination of the pelvis enables more
accurate measurement [53, 54]. Furthermore, previous
studies on normal values of the acetabulum, which are
generally used today, focused on radiographic techniques
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such as urography and evaluation of other diseases; thus,
the data cannot necessarily be obtained from a correct
pelvic radiograph [24—30]. We excluded radiographs with
pelvic rotation and lateral inclination, minimizing the
effect on the radiographic measurements and evaluation.
However, the effect of pelvic tilt should be examined in
future studies.

The second limitation is that the identification of
each measurement point in this study (e.g., lateral rim
of the acetabulum, sourcil, or center of the femoral
head) did not exactly match those in previous reports,
resulting in measurement errors when comparing our
results with those in previous reports. Notably, the def-
initions of measurement points are inconsistent among
previous reports [25-27, 36, 55, 56]. Hanson et al. [57]
reported that the LCEA depended on whether the
measurements were performed using the sourcil or the
acetabular margin. Because the measurement method
in our study differed from that in previous studies, the
standard values must be interpreted with caution.

The final limitation is that all persons were Japanese and
had scoliosis or suspected scoliosis. Although there have
been no reports of a relationship between scoliosis and
AD, the persons with scoliosis or suspected scoliosis in the
present study may not be considered normal persons with
respect to the acetabular structure. These persons may
have had congenital or acquired abnormalities of the bony
structure or inclination and rotation of the pelvis. There-
fore, to eliminate the influence of scoliosis as much as
possible, we fixed each person’s posture for obtaining the
radiograph and excluded persons with pelvic rotation or
lateral inclination. Additionally, AD is a common cause of
hip osteoarthritis in Asians [5, 6]. Furthermore, the study
population included a high proportion of female adoles-
cents because they were referred for a scoliosis screening.
In previous reports, the average acetabular measurements
(especially the LCEA) were smaller in Japanese persons
than in persons of other ethnicities [24, 25, 27, 28]. The
racial and sex imbalance of the persons may have had a
considerable effect on the results of this study.

Our evaluation of the standard values of the adoles-
cent acetabulum, which has no age-related changes, is
novel and valuable. Because the correlation between
each acetabular measurement and age, height, body
weight, and BMI was considerably low in our study,
our results could serve as standard values for Japanese
adolescents aged 12—18 years. We suggest very careful
evaluation of the LCEA, Sharp angle, AHI, and PED
when evaluating the adolescent acetabulum. Although
careful decision-making is necessary, surgeons should
consider surgical treatment for the adolescent ace-
tabulum when the values are outside the range of our
findings. We also believe that this will result in fewer
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surgical failures than when decisions are made based
on the reference values for adults.

Conclusions

We investigated the standard values of radiographic
parameters of the acetabulum in 1101 hips of Japanese
adolescents aged 12-18 years and evaluated the valid-
ity and reliability of these values. The values for each
parameter in this study are considered standard for the
adolescent acetabulum without age-related changes.
Some parameters differ slightly from the standard val-
ues for adults or elderly people in previous reports;
thus, we suggest careful evaluation of these parameters
for adolescents. We believe that our results regard-
ing these standard values will lead to the distinction
between “normal” and “pathological” values through
future research.
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