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Objective: The hip rotation centre (HRC) is an important reference point in cases of total hip arthroplasty
(THA). The aim of this study is to investigate the reference points in the Turkish population that enable
the identification of the HRC in standard pelvic radiographs.
Methods: The pelvic radiographs of 50 women and 50 men were examined. The mean age was 46.2
(range; 18e91). Patients with deformity of the hip joint and non-standard pelvic radiograph due to hip
flexion contracture were excluded from the study. The pelvic height (PH), the distance between the HRC
and teardrop (HRC-Td), and the HRC and the line tangent tuber ischiadicums (HRC-TI) were measured.
The ratio of HRC-Td and HRC-TI to PH were calculated. The first is called “the horizontal-HRC ratio” and
the second, “the vertical-HRC ratio”.
Results: Mean PH was 239 (±13.58) mm in males and 225 (±12.52) in females (p < 0.0001). The distances
of HRC-TI were 71 (±6.35) and 65 (±6.72) mm (p < 0.0001) and the distance of HRC-Td were 34 (±3.73)
and 30 (±4.05) mm (p ¼ 0.0007), respectively. The vertical-HRC ratios were 30.01% (±2.05) for males,
29.10% (±2.35) for females, the horizontal-HRC ratio, 14.25% (±1.42) and 13.69% (±1.38), respectively
(p > 0.05).
Conclusion: Although the quantitative values obtained in the present study differ between the genders,
the ratios (“vertical-HRC” and “horizontal-HRC”) are comparable in both sexes. The results show that
these proposed ratios can be used in THA planning, regardless of gender in the Turkish population
Level of evidence: Level IV, diagnostic study.

© 2017 Publishing services by Elsevier B.V. on behalf of Turkish Association of Orthopaedics and
Traumatology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.

org/licenses/by-nc-nd/4.0/).
Introduction

The use of high hip centre might result in inadequate soft tissue
balancing, dependent upon decreased lever arm of the abductor
muscles and increased abductor muscle forces and joint reaction
force.1 Subsequently, premature implant aseptic loosening might
develop relating to high rate of linear wear, particularly in the hips
placed in a lateralized position.2e4 Furthermore, the leg length
discrepancy is another factor which causes additional abnormal
force on the hip and patient dissatisfaction.5

Therefore, the placement of the acetabular component on the
anatomical hip centre is quite an important consideration for total
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hip arthroplasty (THA) survival.1 There are several methods to
achieve the optimal position for the acetabular component in both
medial-lateral and superior-inferior direction.6e8 One reference
point to achieve this goal is the teardrop and the other, the medial
wall of the acetabulum. O'Sullivan et al show that even though the
shape of teardrop might be altered some depending on the angle of
beam, the teardrop image is an important landmark in pelvis.9

However, these reference points can be deformed (i.e. develop-
mental dislocation of the hip) or destroyed (i.e. revision arthro-
plasty) in some cases. In these conditions, the normal opposite hip
can be used successfully.10 But in the cases with unavailable refer-
ence points on the opposite hip, as in the bilaterally affected hips,
we need more solid references points. For this intent various ref-
erences points and methods have been described in the litera-
ture.7,8,11,12 Some of themwere described in the scale of millimetres.
However, it is known that measurements are quite variable be-
tween races or even communities, so these measurements might
not be applicable universally.13e16
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In the present studywe aimed to determine the reference points
of anatomical hip centre in the scale of ratio rather than in milli-
metres. We hypothesized that; the pelvic height (PH) and the ver-
tical line which tangent to teardrop figure, can be used to
determine the anatomical hip centre as amore solid reference point
in the bilaterally affected hip with developmental abnormality or
previous surgical procedures.
Patient and methods

In the present study a 100 anteroposterior (AP) pelvic radio-
graphs, taken for reasons unrelated to the pelvic bone abnormality,
were randomly chosen. The mean age of fifty men and fifty women
was 46.2 (range; 18e91). AP radiographic views of the pelvis were
obtained with the same protocol when patients were placed in a
supine position with the lower limbs parallel with each other. The
film focus distance was 100 cm and the X-ray beamwas directed to
the midpoint of the symphysis pubis. Although, taking the pelvic X-
ray was intended as described above, the position of the pelvis
cannot be exactly controlled in routine radiographic examination.
Therefore, the radiographs inwhich the coccyxwas in the same line
as the symphysis pubis, and the image of obturator foramen were
symmetrical were chosen for evaluation to exclude the radiographs
with abnormal pelvic tilt and rotation.17 All measurements were
independently performed by the three authors (BS, MS, MY).

The hip rotation centre (HRC) was determined by using
concentric circles. Three references lines were drawn on the AP
pelvic radiograph; the first line was the inter-ischial line (TI) which
was drawn through at the lowest end of the pelvis, second line
which was tangent to the upper end of iliums (UP) and the third
was the vertical line which was perpendicular to the two lines
described above and tangent to the most medial point of teardrop,
which was shown as a reliable anatomical landmark in pelvic ra-
diographs by O'Sullevian et al (Fig. 1).9,18 Pelvic height (PH-the
Fig. 1. Determination of the HRC on the standard AP pelvic radiograph. Pelvic
morphometric parameters; PH: pelvic height, TI: inter-ischial line, UP: upper pelvic
line, HRC: hip rotation centre, HRC-Td: the distance between HRC and teardrop, HRC-
TI: the distance between HRC and inter-ischial line.
distance of the lowest (TI) and highest (UP) point of pelvis), the
distance between the HRC and the most inner part of teardrop
(HRC-Td) and the distance between the HRC and the line which is
tangent to the both tuber ischiadicum (HRC-TI) were measured
(Fig. 1). The values were automatically calculated by the software
(Extreme Pacs Client XDS web viewer, Dicom 3.0, Teknokent,
Ankara) in millimetres. The rate of HRC-Td to PH and HRC-TI to PH
was calculated. The former value was designated as “the horizon-
taleHRC ratio”, latter as “the vertical-HRC ratio”. The results in each
gender were compared with the student t-test, except the HRC-Td
results in which the ManneWhitney U test was used (GraphPad
InStat, GraphPad Software Inc., USA). P < 0.05 was considered as
significant. Power analysis was performedwith the Post-Hoc power
calculator.

Results

Themean PHwas 239 (±13.58) mm in men, 225 (±12.52) mm in
women (p < 0.0001). The HRC-Td distances were 34.14 (±3.73) mm
and 30.97 (±4.05) mm (p < 0.0001), the HRC-TI distances were 71.9
(±6.35) mm and 65.7 (±6.72) mm (p < 0.001), respectively. The
differences were statistically significant between the two sexes
(p < 0.05). “The mean horizontaleHRC ratio” was 14.25% (±1.42) in
men and 13.69% (±1.38) in women; “the mean vertical-HRC ratio”
was 30.01% (±2.05) and 29.10% (±2.35), (p ¼ 0.049) respectively.
The differences were not statistically significant (p > 0.05).

The power of study was found as 100% in the PH, 98.3% in the
HRC-Td, 99.7% in the HRC-TI values, 51.5% in “the horizontal-HRC”
and 54.1% in “the vertical-HRC” ratios.

Discussion

One of the reasons for polyethylene wear, and the consequent
premature loosening of THA, is the position of HRC related to the
anatomical hip centre, apart from the other variables such as
quality of the polyethylene, size of the femoral head, surface of the
prosthesis, age or activity of the patient. If the circumstances pre-
vent placing the components in the normal anatomic location,
medialization of the acetabular component and lateralization of the
femoral stem is preferred from the biomechanical point of
view.11,14,19 However, the most desirable objective in THA is to
reconstruct the HRC in the normal anatomic location if applicable.
This is because medialization might impair the medial support of
the acetabulum, and lateralizationmight lead to increased stress on
the femoral component.14 Nie et al reported that superior
displacement of the HRCmore than 5mm above the anatomical hip
centre, changes load distribution on the acetabulum. This is fol-
lowed by cortical bone loss above the acetabular dome, which
precipitates implant loosening.16

Several methods to restore anatomical HRC have been defined
by different authors.8,19,20 The acetabular teardrop is one of the
frequently used reference points for acetabular component place-
ment in THA.9,11,16,19e21 The exact point of the HRC is usually
determined as vertical and horizontal distance from the tear-
drop.7,8,11 Usually, the distances in millimetres are used to describe
the normal anatomic location.5,14,16 Schofer et al compared previ-
ously described six methods to determine HRC.18 They found that,
normalization of the measurements by the inter-teardrop line
distance or PH in varying X-ray magnification, facilitates to inter-
pret the results.18 They also stated that, while Ranawat's method
had significant variability in vertical direction, Fessy's method was
most reliable method to predict the true anatomical centre of the
femoral head.9,18,22 It is generally accepted that HRC should be
reconstructed within 5 mm from the anatomical point.5 Komiyama
et al stated that acceptable vertical displacement should not exceed



Fig. 3. Determination of HRC in the left hip of patient with aseptic loosening.
Abnormal position of the acetabular component can be seen in the preoperative X-ray
of the patient bilaterally affected. The medial side of teardrop figure is identifiable. HRC
was determined by applying “the mean horizontaleHRC ratio” (13.69%) and “the mean
vertical-HRC ratio” (29.10%) in the left hip for this female patient.
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above the point of 20 mm from the anatomical hip centre in terms
of hip ROM.23 However, this distance might be quite variable in
terms of gender, race, community and even dependent upon the
technique in which the radiograph was taken.10,12,18,24 The differ-
ence between genders is already clearly shown in the present study
too (p < 0.05). There are also some other studies, which reported
the pelvic dimensions to be quite variable in the Japanese, African
and Western populations.13,15,25 Therefore, the ratio can be more
consistent to define HRC in a given population.

Pierchon's method, which uses the ratios between HRC-“U-
landmark” and HRC-sacroiliac joint in the both male and female
genders, can bemore convenient from this point of view.7 However,
the lower point of sacroiliac joint, which was used as a reference
point by Fessy et al and Pierchon et al, may also be affected by
developmental abnormality of pelvis as in case of DDH, in addition
to abnormal pelvic positioning during radiographic examina-
tion.8,22,26 The method, which is presented in this study and takes
the upper end of the iliac bone as a reference point, is more reliable
from this point of view (Fig. 2).

Previously, John and Fisher were used PH to normalize the
distance between HRC and lower end of the teardrop figure.27 They
reported in the cadaver study that, HRC is at the point from 13% of
PH laterally, 0.7% of PH superiorly according to the teardrop in both
genders.27 In the present study the horizontal location of HRC ac-
cording to the teardrop (14.25% of PH ±1.42 in men, 13.69% of PH
±1.38 inwomen) is comparablewith John and Fisher's study (13% of
PH).27 However, the only reference point in John and Fisher's study
was the most inferior lateral part of the teardrop figure.27 Although
the teardrop figure is considered to be a reliable reference point, the
lower point of teardrop might be indeterminable in some cases
depended upon the incidence angle of beam.9,18,24 Boudrait
et al used the superior rims of the two foramina obturatoria as
landmark, which can also be deformed depended upon rotational
malposition of the pelvis.28 On the other hand, Samani and Wein-
stein stated that minor degree of rotation in pelvis causes little
change in the inferior one third of the teardrop figure.24 In the
present study, apart from the John and Fisher's, we have taken the
Fig. 2. Determination of HRC in the left hip of patient with bilateral DDH. Foramina
obturatorius and pelvic inlet are deformed. UP and TI lines and medial side of the
teardrop figure are identifiable. HRC was determined by applying “the mean hori-
zontaleHRC ratio” (13.69%) and “the mean vertical-HRC ratio” (29.10%) in the left hip
for this female patient.
most inner part of the teardrop as a reference point, which corre-
sponds to the inferior one third of teardrop figure and the lateral
border of the obturator canal that is easier to define and latest
disturbed part of the acetabular structure even after revision of THA
(Fig. 3). For the same reasons above, we have taken the inter-ischial
line for the vertical location. This method provides the landmarks
that are not easily affected by the pelvic malposition. Since, an
unintentional malpositioning of pelvis during X-ray examination is
very likely in DDH cases depended upon glutaeal muscle asym-
metry. Therefore, the present technique is more useful to define
HRC by using the PH measurement in the long term, in the cases
with advancing bone loss. Furthermore, If the ratios (i.e. “the hor-
izontaleHRC ratio” and “the vertical-HRC ratio”) could be taken
into consideration, the difference between genders were not sta-
tistically significant, which is again comparable with John's study
(p > 0.05).27

There are several limitations in this study; first, it is a retro-
spective study, although the radiographs analysed were chosen
punctiliously. Second, this proposed method requires standard AP
radiographs. In the cases with hip flexion contracture or increased
lumbar lordosis, it might need some positional modification to
obtain a pelvic radiograph to apply this method. Thirdly, in the
cases with advanced acetabular defect, the most inner part of the
teardrop, quite rarely, might be deformed which precludes using
this technique.

In conclusion, HRC calculatingmethod, which is described in the
present study, is simple, safe and reliable, even in the bilaterally
affected cases. Relying on the comparable data of the present study
and John and Fisher's data, we can speculate that the measure-
ments of the cases analysed in this study are similar to those of
Western countries'.
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