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Abstract

Objectives The aim of this study was to investigate the degree to which conventional radiography can represent the acetabular

and femoral rotational alignment profile between dysplastic and borderline-dysplastic hips.

Methods A retrospective trial was conducted including 56 borderline-dysplastic and dysplastic hips at a mean age of 28.9 years

(range from 18 to 46). Inclusion criteria consisted of symptomatic patients with hip dysplasia undergoing 2-dimensional radi-

ography as well as computed tomography. On radiography, the lateral center edge angle, acetabular hip index, hip lateralization

index, acetabular index angle, and the Sharp angle were measured, and the presence of a crossover sign was noted. In computed
tomography, the full rotational profile of the lower limb was measured.

Results Significant correlations were observed in the overall analysis between the anteversion of the acetabulum and the hip

lateralization index (mean 0.56, coefficient of regression (CoR) —32.35, p = 0.011) as well as the acetabular index angle with a

mean of 11.50 (CoR 0.544, p = 0.018). Similar results were found in the subgroup of dysplastic hips with an acetabular index

angle of 13.9 (p = 0.013, CoR 0.74). For the borderline-dysplastic group, no significant correlations between the pelvis radiog-
raphy and rotational CT were seen.

Conclusion Although the femoral and acetabular torsion cannot be predicted from x-rays, the anteversion of the acetabulum

correlates with the acetabular index angle, the hip lateralization index, and eventually the beta angle in dysplastic hips. For

borderline-dysplastic hips, such results did not show up, which strongly illustrates the need for computed tomography in these cases.

Key Points

* Much of the current literature focuses on rotational alignment especially with respect to the femur and tibia in healthy patients,
although little is known about the acetabular, femoral, and tibial torsion in dysplastic hips.

o This is the first study showing significant correlations between the anteversion of the acetabulum and the hip lateralization
index as well as the acetabular inclination angle. Also, it is the first study to provide a mechanism for estimation of the torsion
of the acetabulum with plain radiography in dysplastic hips.

* In borderline-dysplastic hips, no significant correlation was found, which raises the question if a simple x-ray has enough
validity to address the acetabular deformity with surgery.
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IRB Internal review board

PAO  Periacetabular osteotomy
SD Standard deviation of the mean
Background

Developmental dysplasia of the hip (DDH) is an orthopedic
disease with a variation in incidence among different eth-
nicities [1]. Even though Germany started screening infants
in 1996 using ultrasonography at the latest at the age of 5
weeks, Partenheimer et al reported that up to 18% of infants
with severe hip dysplasia are under- or misdiagnosed [2]. If
conservative treatment fails, surgery might be required in
adolescence or adulthood [3] in an effort to both improve
function and also decrease the risk for future degenerative
change [4]. Indeed, DDH is one of the leading causes of
secondary osteoarthritis of the hip [5].

For diagnosis, plain radiographs are performed, includ-
ing two conventional radiographs—one of the pelvis, in
anteroposterior and one axial view of the affected hip in
abduction [6, 7]. The relevant radiographic measurements
include the lateral center edge angle, anterior center edge
angle, acetabular hip index, and acetabular index angle
(AIA) [8]. For more precise measurements, a computed
tomography (CT) can be requested to assess the femoral
and acetabular torsion [9]. However, this is not performed
routinely and data on the rotational profile of the CT in
correlation to plain radiography is lacking in the literature,
especially in DDH or borderline hips [10-14]. Some au-
thors have provided a comparison between the lesser tro-
chanter size on plain radiographs to the femoral version on
a CT [15], although further description is largely lacking.
Furthermore, there is no objective definition for the diag-
nosis of DDH based on these rotational values. This lack of
a clear cut-off can sometimes cloud decision-making.
Given the significance of the surgical intervention required,
whether it be the triple osteotomy of Tonnis [16] or the
Bernese periacetabular osteotomy (PAO) of Ganz [7] both
of which correct the pathological torsion and improve fem-
oral head coverage, more clarity in terms of decision-
making would be advantageous.

Therefore, the aim of this study was to assess how torsion
of the acetabulum and femur, as assessed by CT, correlated
with and can be estimated from conventional measurements
on plain radiography in dysplastic hips compared to
borderline-dysplastic hips.

Methods

A retrospective trial was conducted after internal review board
(IRB) approval was obtained from the local ethical committee.

Between 2017 and 2019, all patients 18 years of age or older
presenting to a major hip preservation center and diagnosed
with hip dysplasia or borderline hip dysplasia who underwent
CT for the assessment of rotational alignment and subsequent
surgery were included in our study. Inclusion criteria
consisted of full available medical reports as well as preoper-
ative radiography and CT of the lower limb. Exclusion criteria
were incomplete records as well as no accessible CT.

Data on demographics including age, gender, body
weight, body height, and body mass index (BMI) were
noted. On conventional radiography, common standard
measurements were analyzed by a single orthopedic
surgery—trained observer with a focus on hip preservation
surgery (first author). These included the center-edge
(CE) angle, the acetabular index angle, the Sharp angle,
the hip lateralization and the acetabular hip index, and the
centrum-collum-diaphyseal angle (CCD) on
anteroposterior view as well as the alpha and beta angle
on axial view. Furthermore, the presence of a crossing-
over sign, CAM, or pincer femoroacetabular impingement
was identified as illustrated in Fig. 1.

Image acquisition

All patients underwent a non-enhanced CT of the lower limb,
either on a 320-row or on an 80-row CT scanner (Canon
Aquilion ONE Vision Edition respectively Canon Aquilion
PRIME, Canon Medical Systems). The protocol included a
scanogram and a helical acquisition of the lower limb. The
scan was performed with 120-KVp tube voltage and automat-
ed tube current modulation set low dose mode (standard de-
viation of 25).

Image postprocessing

CT images were computed with 0.5 to 1.0mm slice thickness
using iterative reconstruction (Adaptive Iterative Dose
Reduction (AIDR) 3D standard) and a bone kernel (Filter
Convolution (FC) 08-H).

Measurements in rotational CT

A musculoskeletal fellowship—trained radiologist who was
blinded to the diagnosis evaluated the rotational CTs in axial
images of the lower limb scan. Acetabular rotation was deter-
mined at the level of the acetabular center as an angle between
a tangent along the posterior and the anterior acetabular edge
and a tangent along the right and left sciatic spina. Angles for
measures of femoral torsion, tibial torsion, and tibiofemoral
torsion were determined against an image baseline, parallel to
the inferior image border.

Femoral torsion was calculated as the difference between
femoral neck rotation (angle between a line through femoral
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Fig. 1 Measurements performed
on plain radiograps and in
rotational CT

Acetabular torsion

Femoral condyle torsion

neck and femoral head center and image baseline) and the
rotation of the femoral condyles (angle between tangent along
the posterior condyle border and image baseline).

The tibial torsion was calculated as the difference be-
tween tibial plateau rotation (angle between a tangent along
the posterior edge of the tibial plateau and image baseline)
and the rotation of the upper ankle (angle between a line
through the talus and the lateral malleolus and the image
baseline).

Furthermore, the tibiofemoral rotation difference was cal-
culated as the difference between the rotation of the femoral
condyles and the rotation of the tibial plateau.

Hip dysplasia was defined according to common values, as
published in studies for clinical evaluation and orientation and
summarized by Tannast et al [17-20]

A borderline-dysplastic hip was defined as a CE angle be-
tween 20 and 24.9°, a Sharp angle between 39 and 42°, or the
presence of a crossing-over sign with normal values. A
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HLI = D/C
AHI = A/(A+B)*100

dysplastic hip was defined as a CE-angle of less than 20°,
the acetabular index angle (AIA) greater than 10°, the Sharp
angle greater than 42°, or the acetabular hip index (AHI) great-
er than 25°. All reference values are summarized in Table 1
[17, 18].

For normal rotational measurements, the acetabular and
the femoral torsions were defined to be between 10 and 25°
[21, 22].

Statistical analysis

For statistical analysis, we used Microsoft® Excel (version
16.36) and IBM SPSS Statistics 26 Core System. Normally
distributed continuous variables are presented with the mean
and standard deviation of the mean (SD). A mixed model was
applied, because it encounters the dependent variable of the
person. The level of significance was set to * p value < 0.05.
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Table 1 The values of the

definition of the dysplasia, Parameter in plain radiography Dysplasia Borderline-dysplasia Normal FAI

borderline and normal in a table

based on Henle et al [17] and CE-Angle [°] <20 20-24.9 25-39 >39

added with the Sharp angles as in AIA [°] > 10 0-10 <0

Mannava et al [16] AHI [%] > 25 1026 <10
Sharp angle [°] >42 39-42 33-38.9

Results

Between 2017 and 2019, 99 patients presented with border-
line or dysplastic hips to our center. In 38 patients a rota-
tional computed tomography was obtained of which 34 pa-
tients met inclusion criteria with 56 borderline or dysplastic
hips. Females made up the majority of patients (89.3%, or
50/56) and the overall mean age was 28.9 + 7.8 years (range
18 to 40 years). The average height was 170.2 cm (5° 6”), at
a mean body weight of 68.1 kg (150.1 1bs) and a mean BMI
of 23.6 kg/m”. Hereby, significant differences (p < 0.01)
were observed in gender with a mean age of 34.5 + 4.5
years in males vs. 28.2 + 7.9 years in females, a body height
of 184.8 £3.3 cm (6* 0”) vs. 167.9 £ 6.8 cm (5° 57), a
body weight of 83.5 £ 9.5 kg (184.1 Ibs) vs. 66.2 = 10.8
kg (145.9 Ibs), and a mean BMI of 24.5 + 3.0 kg/m? vs.
23.6 + 4.1 kg/m®.

Of the 56 hips, 43 were dysplastic and 13 were borderline-
dysplastic. All individual demographics are summarized in
Table 2.

For standard DDH measurements on plain radiography, the
acetabular index angle and CE angle were more abnormal for
the hip dysplasia group compared to the borderline-dysplasia
group at 13.1° +4.80 compared to 6.3° +2.38 and 20.9° + 5.37
vs. 27.6° +3.74 (all p < 0.001), respectively. Additionally, the
acetabular hip index and sharp angle were significantly differ-
ent. All individual findings are summarized in Table 2. For the
rotational measurements, only significant differences in the
femoral-tibial rotational difference were found with 6.7° +
5.34 vs. 4.2° £ 3.09 (p = 0.04). Furthermore, Table 2 shows
all findings measured on computed tomography.

Overall

After applying the mixed model, significant correlations be-
tween the CE-angle and the acetabular index angle, the Sharp
angle as well as the acetabular hip index were found. For the
torsion of the acetabulum (18.78° + 5.62°), a significant cor-
relation was observed with regard to the acetabular index an-
gle at a mean of 11.50° + 5.22 and a coefficient of regression
(CoR) of 0.544 (p = 0.018, CI [0.096, 0.992]) and the hip
lateralization index (HLI) at a mean of 0.56 + 0.07 (regression
coefficient of —32.35 (p = 0.011, CI [-56.836, —7.864])).

Therefore, a decrease of 0.1 in hip lateralization index leads
to an increase in anteversion of the acetabulum by 3.24°
(Table 3). Other significant findings were identified between
the femoral neck torsion (16.48° + 11.11°) and the beta angle,
at a mean of 100.68° = 10.99°, and additionally, between the
torsion of the acetabulum and the beta angle, at a mean of
57.52° £7.64°. All findings are illustrated in Table 3.

Dysplastic hips

For dysplastic hips, only a few significant correlations were
noted. The highest correlations were observed between the
torsion of the acetabulum and the acetabular index angle, with
a CoR 0f 0.74 (CI [0.217, 1.262]) and p = 0.007, and the hip
lateralization index with a regression coefficient of —35.137
(CI[-62.418,—7.856] and a p = 0.013. Other significant find-
ings included statistical correlations for tibial plateau torsion
and the acetabular hip index with a CoR of —1.261 (p value
0.049, CI [-2.516, —0.007]). In addition, the femoral neck
torsion correlated with the CCD angle and the femoral-tibial
rotation difference with the beta angle, as indicated in Table 4.

Borderline-dysplastic hips

When looking for borderline-dysplastic hips, only three sig-
nificant correlations have been found. These included, like in
the dysplastic group, the CE-angle with the acetabular hip
index (CoR —0.69, p = 0.022, CI [-1.243; —0.136]) and the
femoral-tibial rotation difference with the beta angle but with
a reversed coefficient of regression (—0.434, p = 0.009, CI
[-0.701; —0.167]). All results are summarized in Table 5.

Based on our findings on acetabular torsion and correlation
to the AIA and hip lateralization angle, we developed a for-
mula to estimate rotation from plain radiography. The AIA,
the hip lateralization index, the beta angle, and the CE angle
were used in the following formula.

Torsion of the acetabulum (= 4°)
— 347240479 x CE+0.544 x AIA + (-32.35)
x HLI+ (—0.298) x alpha—angle
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Table2 Mean + standard deviation and (minimum — maximum) for the
demographics, the x-ray measurements, and rotational profile in all three
groups; p value of the two-sided t-test ; * positive values stand for

external, negative values for internal rotation; ** positive values stand
for anteversion, negative values for a retroversion p value of the two-
sided t-test. Significant correlations were defined as p < 0.05 (in bold)

Overall Dysplasia Borderline-dysplasia p value

X-ray measurements

Gender (female/male) 50/6 40/3 10/3

Side (right/left) 29/27 22/21 7/6

Age 28.86 +7.84 29.49 £8.32 28.00 £ 6.31

Height [cm] 170.24 + 8.31 169.88 +7.29 171.55 £ 11.64

Weight [kg] 68.08 +11.83 67.18 £10.68 71.36 +£15.49

BMI 23.55+4.22 23.41 £4.36 24.05+£3.82

CE angle [°] 2248 £5.77 20.92 +5.37 27.64 +3.74 <0.001
(5.2-34.6) (5.2-28.1) (22.8-34.6)

AIA [°] 11.50 +5.22 13.09 + 4.8 6.26 +2.38 <0.001
(1.4-24.7) (1.9-24.7) (1.4-9.7)

Sharp angle [°] 42.33 £3.66 42.99 +3.86 40.18 £ 1.67 <0.001
(35.1-52.3) (35.1-52.3) (36.042.0)

Hip lat. 0.56 +0.07 0.56 +0.06 0.56 £0.07 0.971
(0.428-0.717) (0.428-0.676) (0.5-0.717)

AHI 23.69 +7.03 25.29 + 6.87 18.42 £ 4.72 <0.001
(9.47-45.56) (13.64—45.56) (9.47-24.83)

CCD angle [°] 133.53 +5.78 133.76 £ 5.89 132.75 +5.55 0.627
(120.47-147.80) (120.47-147.80) (121.0-139.6)

Alpha angle [°] 57.52 +7.64 57.30 £ 7.78 58.33+7.53 0.743
(40.8-74.2) (40.8-74.2) (46.3-69.8)

Beta angle [°] 100.68 +10.99 101.18 £ 11.21 98.88 +10.68 0.606
(77.8-119.6) (77.8-119.6) (86.2-118)

Rotational CT measurements

Torsion of the acetabulum [°] * 18.78 £5.62 18.50 +£5.93 19.69 +4.59 0.509
(6-32) (6-32) (12-29)

Torsion of the femoral neck [°] * 1648 £ 11.11 17.07 + 11.27 14.54 £ 10.78 0477
(—28-34) (—28 to 34) (=11 to 30)

Torsion of the femoral condyles [°] * —13.16 £9.51 —13.16 £ 10.37 —13.15+6.16 0.998
(-31to 12) (-31to 12) (=24-[-2)

Femoral torsion [°] ** 28.84 +12.82 29.65 +13.44 26.15+£10.51 0.394
3-57) (3-57) (12-43)

Torsion of the tibial plateau [°] * =7.57+10.14 =7.12 +10.96 —9.08 + 6.86 0.546
(2510 18) (25 to 18) (2510 0)

Femoral-tibial torsion difference[°] 6.16£5 6.74 £ 5.34 4.23 +3.09 0.040
(0-30) (0-30) (0-10)

Torsion of the upper ankle [°] * 29.24 +10.53 29.53 £10.83 28.27 +9.82 0.732
(7-53) (7-53) (12-43)

Tibial torsion [°] ** 3724 +7.74 37.18+ 7.4 37.45+9.21 0.92
(19-60) (19-60) (19-53)

Torsion of the whole leg —13.22 +13.87 —13.16 + 14.58 —13.45+11.69 0.951

(torsion of the femoral neck - torsion of the upper ankle) (-39 to 21) (—39t0 21) (—30to 11)

Hereby, the constant term results from the mixed model of
the torsion of the acetabulum in relation to the plain radiogra-
phy for the overall cohort. Similarly, the indices result from
the individual mixed model.

Application of this formula in the current study matched
perfectly with the rotational profile in 70% of cases. In a
further 6 patients, the acetabular torsion varied = 8° (89%)
whereas in the remaining cases, an excessive anteversion of
28° and higher was found. This formula was not found to
apply to borderline-dysplastic hips.
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Measurements of two patients with dysplastic and
borderline-dysplastic hips are illustrated in Figs. 2 and 3.

Discussion

Although the developmental dysplasia of the hip is one of the
leading causes of secondary osteoarthritis of the hip, correla-
tion between the rotational alignment of the lower limb
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Fig.2 Radiographic Findings in a
dysplastic hip patient (a) one of
the pelvis, in anteroposterior and
axial views (b) rotational
alignment of the lower extremity;
when applying our formula, the
estimated acetabular torsion
based on the plain radiographies
is the following: Right hip: 34.72
+ 0.479%7.7 (CE-angle) +
0.544%20.2 (AIA) +
(—32.35)*0.56 (HLI) +
(—=0.298)*54.2 (alpha-angle)

= [5.1°. Left hip: 34.72 +
0.479%18.8 (CE-angle) +
0.544*12.3 (AIA) +
(=32.35)*0.54 (HLI) +
(—0.298)*52.9 (alpha-angle)
=17.2°
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a

CE angle’: 30.2°

JAl angle’: 43

Alpha angle: 5

HLI =71.8/36.5 = 0.51
AHI = 43.2/(43.2+9.0)*100 = 82.8

HLI = 42.6/64.5 = 0.66
AHI’ = 43.7/(43.7+6.8)*100 = 86.5/

Beta angle: 91.7°

&

Fig. 3 Radiographic findings in a borderline dysplastic hip patient (a) one of the pelvis, in anteroposterior and one axial view (b) rotational alignment of

the lower extremity

(acetabular, femoral, and tibial torsion) and plain radiography
of the pelvis is not well understood or described in the
literature.

Until today, for rotational measurements of the lower limb,
CT is the best diagnostic instrument according to Wissing et al
[9]. It allows detailed examination of acetabular, femoral, and
tibial torsion. Physical examination showed little correlation
between external tibial torsion (57%) and hip rotation (14%)
in comparison with the standard of CT [23].

In the diagnosis of hip dysplasia, an AP of'the pelvis and an
axial view of the affected hip are performed routinely and, in
many cases, solely [6; 7]. For the center edge angle, the AIA,
Sharp angle, and the beta angle measurements have shown
significant correlations on plain radiography; only the alpha
angle showed a poor correlation in one rater between the two
diagnostic instruments. Therefore, the AIA, Sharp angle, and
beta angle are as reliable and important as the center edge
angle for the diagnosis of hip dysplasia. However, the corre-
lation to rotational alignment remains unclear [14].

In the literature, rotational measurements of the lower
extremity—femoral and tibial torsions—are described primar-
ily in healthy patients [23-26]. Hereby, good validity has been
reported between CT and EOS scans [27].

In children, the femoral torsion measurements on 3D models
based on biplanar radiographs (BPR) were comparable to MR
images, although tibial torsion was not reliable [24].

These studies have not routinely assessed the acetabular
version (normal range from 17° + 6°) [28] or the correlation
to plain radiography of the pelvis, especially in dysplastic hips.
However, if a periacetabular osteotomy is indicated, not only
the femoral head coverage but also the torsional abnormality
need to be addressed and therefore be understood in detail [28].

In borderline-dysplastic hips, treatment is less uniform; it is
possible that a better understanding of the rotational variation in
these deformities may clarify the optimal treatment [29, 30]. A
huge variation for the femoral antetorsion can be found in the
literature ranging from 10 to 15° [25] with a mean of 12.7° + 10°
[31], including a [32] significant difference between the left and
right femur (approx. 4° larger) and a gender difference with 17.8
and 22.7° for female and 15.3 and 21.4° for male healthy femurs
[33] As patients age, femoral antetorsion decreases from a tod-
dler to skeletal maturity from 31.1° £ 8.9 at age of 1 to 15.4° +
7.6 at the age of 16 years. In our cohort, the mean age was 28.9 £
7.8 years, and so the influence of age was likely not a factor [34].

In femoroacetabular impingement, a high prevalence of
combined femoral and tibial torsional abnormalities has been

@ Springer
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Fig. 3 continued.

already reported with a mean femoral torsion of 23° and tibial
torsion of 29° [32, 35]. Furthermore, decreased femoral torsion
showed less flexion and internal rotation in 90° flexion [36].
Even higher values for femoral torsions were observed in
our study at 29.65° = 13.44 compared to the reference values
in healthy and FAI patients as reported in the literature [31, 32,
34, 35]. For tibial torsion, the mean was 37.18° + 7.4 in our
cohort. As with femoral torsion, this value was significantly
higher compared with normal tibial torsion at 21.6° + 7.6
(range 4.8 t0 39.5) [37, 38]. In addition, a correlation between

@ Springer

the femoral neck torsion and the beta angle was observed in all
hips. This relates to its configuration, where a greater
anteversion results in a higher CCD angle on radiography,
causing an increasing beta angle. In contrast, the alpha angle,
which expresses the angle of the anterior head-neck congru-
ency between the head center and the acetabular rim, correlat-
ed significantly to the acetabular torsion. This correlation may
result from an increased anteversion of the acetabulum in
borderline- and dysplastic hips [39] and subsequent greater
cartilage coverage.
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In dysplastic hips, significant differences were found espe-
cially for the torsion of the acetabulum in correlation to the
AIA and the hip lateralization index which likely results from
increased anteversion. As a result, a shorter distance of the
lateral edge of the acetabulum to the inferior point of the
weight-bearing area of the acetabular sourcil can be observed,
which then leads to a steeper angle on plain x-ray. Likewise,
the higher the acetabular torsion, the smaller the hip laterali-
zation index gets which originates from a decreased distance
between the center of the femoral head to the pelvic teardrop
due to both increased anteversion and a relatively ovoid (as
opposed to round) femoral head [40]. If the AIA from plain
radiography is used to predict the acetabular anteversion, the
x-ray must be taken very precisely. The AIA is easy to misin-
terpret when the hip is rotated or tilted [41]. Based on these
findings, we were able to develop a formula to estimate rota-
tion from plain radiography with high accuracy in DDH of
70%. Other findings, included the alpha-angle which was only
significant in the overall cohort, not on subgroup analysis
(p = 0.070 in the dysplastic group, p = 0.068 in the
borderline-dysplastic group).

When comparing the results of the dysplasia and the bor-
derline dysplasia group, the femoral-tibial rotation difference
showed significant correlations to the alpha angle. In dysplas-
tic hips, a positive coefficient of regression was observed
(0.312, p = 0.034), whereas for borderline-dysplastic hips, this
was found to be negative (—0.434, p = 0.009).

Since periacetabular osteotomy remains an effective tech-
nique to treat symptomatic hip dysplasia with survival of up to
29% of hips 30 years postoperatively [42], a thorough exam-
ination is warranted to include the common standard measure-
ments, as well as rotational alignment. An understanding of
the correlations between the individual measurements to allow
a 3-dimensional reorientation of the acetabulum can allow for
more thorough deformity correction. For borderline-
dysplastic hips, no significant correlations were found.
When considering our results and the existing literature on
the unclear indication for PAO or hip arthroscopy [29, 30],
further diagnostics are essential including a computed tomog-
raphy to assess the rotational alignment.

Limitations

There are several limitations to this study. This retrospective
study included 56 hips describing correlations between radio-
graphic measurements and CT findings in dysplastic and
borderline-dysplastic hips. Two different observers performed
the measurements; the plain radiographs were analyzed by an
orthopedic surgery—trained observer with a focus on hip pres-
ervation surgery (first author), whereas the computed tomog-
raphy analysis was performed by a fellowship-trained muscu-
loskeletal radiologist. No consensus reading was performed

why we are unable to present the inter-/intraobserver reliabili-
ty. To further validate the developed formula to estimate the
torsion of the acetabulum based on the plain radiography, a
lager cohort study is required.

Conclusion

To our knowledge, this study is the first to analyze the corre-
lations between all torsions of the lower limb with rotational
CT and plain radiography in patients with dysplastic and
borderline-dysplastic hips. Significant correlations were found
especially for the AIA and the hip lateralization index in rela-
tion to the rotation of the acetabulum. Based on our findings
and the developed formula, this may help to estimate acetab-
ular torsion. As the borderline-dysplastic hips had mostly nor-
mal standard measurements on plain radiography with no ma-
jor differences in rotational CT, further diagnostics to assess
the rotational alignment should be performed.
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