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Abstract

Background: Periacetabular osteotomy is a successful treatment for hip dysplasia. The results are influenced, however,
by optimal positioning of the acetabular fragment, femoral head morphology and maybe even femoral version as well
as combined anteversion have an impact. In order to obtain better insight on fragment placement, postoperative
acetabular orientation and femoral morphology were evaluated in a midterm follow-up in regard to functional
outcome and osteoarthritis progression.

Methods: A follow-up examination with 49 prospectively documented patients (66 hips) after periacetabular
osteotomy (PAO) was performed after 62.2 + 18.6 months. Mean age of patients undergoing surgery was
26.7 + 9.6 years, 40 (82%) of these patients were female. All patients were evaluated with an a.p. pelvic x-ray
and an isotropic MRI in order to assess acetabular version, femoral head cover, alpha angle, femoral torsion
and combined anteversion. The acetabular version was measured at the femoral head center as well as 0.5
cm below and 0.5 and 1cm above the femoral head center and in addition seven modified acetabular sector
angles were determined. Femoral torsion was assessed in an oblique view of the femoral neck. The combined
acetabular and femoral version was calculated as well. To evaluate the clinical outcome the pre- and
postoperative WOMAC score as well as postoperative Oxford Hip Score and Global Treatment Outcome were
analyzed.

Results: After PAO acetabular version at the femoral head center (31.4 +9.6°) was increased, the anterior
cover at the 15 o'clock position (34.7 £ 15.4°) was reduced and both correlated significantly with progression
of osteoarthritis, although not with the functional outcome. Combined acetabular and femoral torsion had no
influence on the progression of osteoarthritis or outcome scores.

Conclusion: Long-term results after PAO are dependent on good positioning of the acetabular fragment in all 3
planes. Next to a good lateral coverage a balanced horizontal alignment without iatrogenic pincer impingement due
to acetabular retroversion, or insufficient coverage of the anterior femoral head is important.
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Background

Several mid- and long-term studies have shown periace-
tabular osteotomy (PAO) to be a successful treatment of
hip dysplasia [1-3]. Increasing experience with this pro-
cedure and better understanding of hip pathomechanics
not only helped defining a better patient selection but
also improved the procedure itself. Over the years nega-
tive impact factors like advanced osteoarthritis (Kellgren
and Lawrence >2), older age, higher body mass index
and female sex could be determined. Additionally, the
quality of the acetabular correction has an effect on the
long-term survivorship. Since this operative modification
is a complex 3-dimensional task not only acetabular lat-
eral coverage but also acetabular anterior and posterior
cover has an impact on mid and long-term outcome. It
has been demonstrated that induced acetabular retrover-
sion can lead to impingement causing progression of
osteoarthritis and hip pain [4, 5]. A major limitation of
all mentioned studies, however, is the lack of three-
dimensional imaging for the assessment of acetabular
version. Plain radiographs may be highly biased by pelvic
tilt and other inherent limitations of conventional radio-
graphs [6-8]. Magnet resonance imaging (MRI) has the
capacity to provide accurate measurements without radi-
ation exposure. To our knowledge no other study has
used MRI in the follow-up of DDH patients treated with
PAO. Further combined femoral and acetabular version
may have an impact on pain and osteoarthritis progres-
sion. Some authors have described an association be-
tween abnormal combined anteversion and hip pain in
unoperated patients [9].

The aim of this study was to obtain a better insight on
the association of postoperative acetabular fragment
placement and femoral influence. For this reason a de-
tailed MRI assessment of hip geometry was correlated
with patient reported outcome measures (PROMs) and
postoperative progression of osteoarthritis (Table 1).

Methods

At our university center, isolated periacetabular osteot-
omy for hip dysplasia was performed on 106 hips (86 pa-
tients) from July 2005 to December 2010. After
obtaining institutional approval of the ethic committee
we performed a follow-up examination of 85 hips (67
patients). All 66 hips (49 patients) received the follow-up
directly in our clinic using a pelvic and hip MRI with
calculated radial sequences and an axial sequence of the
knee condyles as well as a pelvic x-ray and frog leg view.
This study focused on these patients exclusively (Fig. 1).
The general follow-up time for these patients was 62.2 +
18.6 (31-102) months consisting out of 54 female (40
patients) and 12 male (9 patients) hips. Mean age at the
time of operation was 26.7 + 9.6 years.
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Table 1 Demographic description of the collective

Preoperative Postoperative

Age 26,7 +/- 9,6 (13-46)
BMI 235440 (172-35.6)
Gender (female) 54 (81.8%)
Side (left) 30 (45.5%)
WOMAC 729+19.3 (27.1-100) 91 +12.6 (45.8-100)
Oxford Score - 430+6.2 (21-48)
GTO - 16+08 (1-4)
Ostearthritis (K&) 0 57 0 38

1 8 1 20

2 1 2 7

3 0 3 1

4 0 4 0

Table 1 Demographic data of patients as well as outcome score presented
with mean + SD with range in parentheses and osteoarthritis progression
classified by Kellgren and Lawrence (K&L).

All surgical procedures were performed by one experi-
enced surgeon (KPG). Patients were offered PAO when
a decreased lateral center-edge (CE) angle was present.
In addition hip pain, which did not respond adequately
to conservative therapy, had to be present for at least 6
months. Contraindications for this procedure during the
study period were advanced radiographic osteoarthritis
(Kellgren & Lawrence Grade 3 and 4), incongruence of
joint space on pelvic AP radiographs or abduction view,
or patient age > 50 years. All patients were checked for
head-neck offset alterations during operation with a cap-
sulotomy and were corrected if needed.

Before intervention, as well as during follow-up, the
WOMAC score was obtained. In addition, Oxford hip
score and Global treatment outcome score (GTO) were
measured during follow-up [10-12].

For image acquisition a standard three-dimensional pro-
ton density scan using Sampling Perfection with Applica-
tion optimized Contrasts using different flip angle
Evolution (SPACE) with an isotropic voxel of 0.9 mm, cus-
tomized for optimal field of view and acquisition time,
was obtained. For femoral torsion measurement an add-
itional transverse T2 Haste Localizer of the knees was per-
formed. A 1.5-T MRI Scanner (Siemens Somatom
Avanto; Siemens HealthCare, Erlangen, Germany) was
used. Since most patients were presented preoperatively
with externally performed MRIs, no standardization and
therefore no comparative analysis between pre- and post-
operative images could be done.

Acetabular morphology was rated by acetabular ver-
sion at the level of the femoral head center as described
by Anda as well as 0.5cm below, 0.5 and 1.0 cm above
the femoral head center (Fig. 2) [13]. In addition seven
modified acetabular sector angles (ASA) were measured
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106 Hips (86 Patients)

excluded 7 (6)

minor at the time of follow up

99 hips (80 Patients)

no follow up: 14 (13)
unreachable: 11 (10)
Refusal: 2 (2)
Deseased: 1 (1)

85 hips (67 Patients)

Arthroplasty 3 (3) e

Follow up: 82 Hips
(64 Patients)

clinical with MRI: 66 (49)
telephone Interview: 16 (15)

Fig. 1 STROBE diagram. Diagram of operated hips (patients) and
cases with completed follow-up

(Fig. 3a-d) [14]. All ASA were measured in a clockwise
position (9/10/11/12/13/14/15 o’clock). 15 o’clock equals
the traditional anterior acetabular sector angle (AASA)
and 9 o’clock the posterior acetabular sector angle
(PASA), respectively, as defined by Anda [15]. The ASA
at the 12 o’clock position resembles the center edge
angle described by Wiberg subtracted by 90°. Femoral
torsion was evaluated in an oblique view with a femoral
neck bisecting axis at the proximal femur and a
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tangential axis touching the posterior femur condyles in
a transverse plane at the distal femur (Fig. 4) [16]. Fur-
ther the McKibbin Index / Combined acetabular and
femoral version was calculated. In addition femoral head
sphericity at follow-up was assessed by measuring the
alpha angle in radial MRI using predefined sectors clock-
wise from anterior to dorsal (Fig. 5a-c) [17]. Evidence of
osteoarthritis of the hip before surgery and progression
during follow-up were graded according to the classifica-
tion system of Kellgren and Lawrence [18]. Assessment
of all pre- and postoperative morphologic features of the
acetabulum and femoral head was performed by one
trained observer (JG).

Statistic was performed using SPSS 23.0 (IBM Statis-
tics, Chicao, Illinois).

To compare groups with normal distribution we used
an unpaired t-test. To detect the influence of parame-
ters, we used correlation analysis of Pearson. An error of
a 5% was accepted.

Results

Postoperatively lateral coverage displayed by the 12
o’clock ASA was similar for male (124.4+7.7°) and
female (124.9 +6.1°) patients. The acetabular version
increased overall, but especially for male patients
(male 36.6 +13.2 vs. female 30.1 +8.0) (Table 2). An-
terior cover was generally reduced, in particular for
male patients at the 15 o’clock ASA (male 24.0 £ 24.5
vs. 37.4+10.7). Altogether the global horizontal
coverage by the combined 9 and 15 o’clock ASA was
reduced, again especially for male patients (male
117.9+ 24 vs. female 134.4+11.4). Femoral torsion
had a regular distribution for patients with dysplasia
(Fig. 6). The calculated McKibbin Index showed no
cases of combined anteversion with less than 20° and
21% of the cases had an increased combined antever-
sion over 60° (Fig. 6). The mean alpha angle in the
anterocranial femoral head neck junction was well
below 50° (Table 2).

Acetabular morphology in regard to PROMs showed
no significant correlation (Table 3). Analyzing cases
with progression of osteoarthritis of 1 degree or more
defined by Kellgren and Lawrence in comparison to
cases with no progression showed a significant height-
ened acetabular anteversion as well as a reduced ace-
tabular coverage in the anterocranial quadrant
(Fig. 7). Yet both groups had similar global acetabular
cover horizontally described by the sum of ASA 9
and 15 o’clock (127.6 £15.9 vs. 133 £16.4; p =0,157).
Femoral and combined torsion showed no significant
correlation to PROMs or osteoarthritis progression.
Comparing patients with a combined anteversion be-
tween 20° and 60° and over 60° using the GTO
showed no significant difference. The slightly
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1.0 cm above the femoral head center

)/ &

Fig. 2 Acetabular Version. Measurement of acetabular version a at the level of b the femoral head center as well as ¢ 0.5cm below, d 0.5 and e

7K

increased alpha angle at the 14 o’clock position had a
significant influence on progress of osteoarthritis. At
the same time, we detected a significant correlation
between an increased alpha angle in the posterocra-
nial quadrant and the GTO as shown in Table 3.

Discussion

Former studies evaluating PAO correction mostly evalu-
ated the lateral cover of the femoral head as indicator
for operation success. Hartig-Andreasen describes a CE
angle less than 30° or higher than 40° as a factor for an
increased conversion to total hip arthroplasty after PAO
[19]. The group around Albers showed results predicting
a poor clinical outcome if the postoperative CE angle
was below 22° [20]. Steppacher et al. showed similar re-
sults using the femoral head extrusion index [3]. Only
the group around Beaule did not detect an influence of
the CE angle on the postoperative outcome using the
WOMAC score as indicator [21]. In our study the ASA

at 12 o’clock resembles the measurement position of the
CE angle but is not comparable in absolute numbers.
We did not detect a correlation between PROMs as well
as in osteoarthritis progression in regard to this angle. A
reason may be a good postoperative lateral coverage of
the femoral head in the majority of all our cases without
cases with severe under or over coverage.

The study’s participants showed an increased postop-
erative acetabular version (male 36.6 +13.2°, female
30.1+£8.0°) in comparison to healthy patients (male
18 + 4,5°, female 21 +5°). Up to now only two studies
analyzed the acetabular orientation after PAO and iso-
lated a decreased acetabular version to be a negative fac-
tor for good outcome and progression of osteoarthritis
[4, 5]. Since the analysis of the acetabular version can be
highly biased by pelvic tilt and other inherent limitations
of conventional radiographs we decided to use MRI as a
more precise diagnostic tool [6—8]. This makes compari-
son with other studies more difficult. The reason that

transverse plane d 12 o'clock in in the coronal plane

Fig. 3 Acetabular sector angles. Measurement of the acetabular sector angle after alignment with the centers of the femoral heads in the
transverse and coronal planes: a and b exemplary with description of all 7 ASA angles (9/10/11/12/13/14/15 o'clock) € 9 and 15 o'clock in the

12:00

o!
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Fig. 4 Femoral Torsion. Femoral torsion measurement with a an
oblique view with a femoral neck bisecting axis at the proximal
femur and b a tangential axis touching the posterior femur condyles
in a transverse plane at the distal femur
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we could not detect acetabular retroversion to be a sig-
nificant factor maybe that we did not have any cases of
severe retroverted acetabula with the lowest having an
anteversion of 14,5°.

Instead we detected that cases with progression of
osteoarthritis had a general larger acetabular antever-
sion. Patient outcome itself was not influenced by ace-
tabular anteversion.

Further we detected a correlation between reduced
anterocranial coverage and progression of osteoarthritis.
Since no reference values for the ASA 10 and 11 o’clock
exist, it is only possible to compare already established
parameters like the anterior ASA at 15 o’clock (AASA)
as well as the posterior ASA at 9 o'clock (PASA). In
comparison to healthy patients (male: AASA 64 +6°,
PASA 102+ 8°; female: AASA 63 +6°, PASA 105 + 8°)
both anterior and posterior femoral head cover were still
decreased postoperatively [15]. Fuji et al. showed in de-
formity analysis of not treated dysplasia cases using CT
a reduced AASA (male: 42,1 +6°, female: 41,3 *+ 7,7°)
and PASA (male: 84,4 + 6,2°, female: 91,3 + 6,8°) and in
comparison to a control collective (AASA: 60,7 +9°,
PASA: 104,5 + 9,3°) a posterior and anterior undercover-
age [22]. Our study population, especially male patients,
showed in comparison a reduced AASA as well as a
slightly increased PASA in regard to these dysplastic pa-
tients. The horizontal ASA showed a global undercover-
age for dysplastic hips (male: 117.9 + 24°, female: 134.4 +
11.4°) in regard to a healthy collective especially for male
patients (male: 167 + 11°, female: 169 + 10°) [15]. Since

Fig. 5 Alpha Angle. Measurement of the alpha angle in a calculated radial sequence using the femoral head center and the femoral neck bisecting
line in coronar and axial plane: a exemplary with description of all 7 alpha angles (9/10/11/12/13/14/15 o'clock) b 9 and 15 o'clock and ¢ 12 o'clock
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Overall

Male

Female

Acetabular sector Angle

15:00 347 £154 (-21.4-64.4) 240+£24.5 (- 214-45.9) 374+10.7 (12.2-64.4)
14:00 588+ 200 (13.7-104.3) 56.8 +5.8 (48.3-68.1) 59.1+224 (13.7-104.3)
13:00 1157 +11.3 (53.7-130.2) 1175+ 8.6 (1004-129.9) 1153+ 11.8 (53.7-130.2)
12:00 124+ 64 (1059-1384) 1244 +7.7 (105.9-132.6) 1249+ 6.1 (109.4-1384)
11:00 1232+ 86 (98.8-137.5) 1238+ 10.2 (98.8-135.9) 123.0+83 (100.8-137.5
10:00 1125+9.8 (76.2-130.5) 1163 +9.1 (101.8-129.3) 1116 £9.8 (76.2-130.5)
09:00 96.7 +9.4 (77.5-117.9) 939+ 106 (77.5-107) 973+9.1 (804-117.9)

horizontal (9 + 15)
Anteversion
+1,0cm

+05cm

Femoral head center

131+£16.1 (73.8-159.1)

29.7+9.2 (5.1-46.5)
300+ 84 (7.8-46.2)
314496 (145-61.3)

1179+ 24 (73.8-141)

302+6.2 (18.7-38.6)
306+ 638 (16.6-42.6
366+ 13.2(174-61.3)

1344 +114 (73.8-159.1)

29.5+99 (5.1-46.50)
298 +89 (7.8-46.2)
30.1 £80 (14.5-44.9)

-05cm 347 +11.7 (17.5-62.3) 398+ 14.9 (20.7-62.3) 3344105 (17.5-59.3)
Alpha Angle
15:00 37.7+100 (21.7-81.7) 393+52 (32.1-47.5) 37.7+10.7 (21.7-81.7)
14:00 37.8+82 (254-62.2) 38.1+6.3 (29-47.7) 37.7+86 (254-62.2)
13:00 36.7 £84 (254-914) 374+38(322-457) 36.6+90 (254-914)
12:00 36.5+52 (24,7-49,6) 418 +£3.7 (34.8-45.6) 35.6+4.8 (24.7-49.6)
11:00 337+53(209-43.3) 373+43 (325-433). 33.0+5.2 (209-41.9)
10:00 31.6+5.7 (19.2-50.3) 305+ 6.2 (20.3-40.7) 31.8+£5.6 (19.2-50.3)
09:00 322+57(21.0-47.2) 299+ 66 (22.2-43.9) 326+55 (21.0-47.2)
Antetorsion 19.0£103 (- 05-42) 15.7+7.2 (34-304) 198108 (- 0,5-42)

Combined Anteversion

51.8+124 (23.1-86.8)

5224142 (28.2-79.1)

51.7+120 (23.1-86.8)

Table 2 Postoperative radiographic angles (Acetabular sector angle, Anteversion, Alpha angle, Antetorsion, Combined antetorsion) in MRI expressed as mean + SD
with range in parentheses in general and for male and female patients

70

center in degree

Acetabular version at femoral head

Occurance

% o 10 20 30 40 50 60 % 0 5 10 15
Femoral torsion in degree

Fig. 6 Postoperative Femoral Torsion and McKibbin index. a Scatterplot of combined acetabular and femoral version with marked McKibbin
index, b incidence of femoral torsion in degree with bars of 2.5° presented with absolut numbers

20 25 30 35

40 45 50

a Femoral torsion in degree b
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Table 3 Correlation of postoperative radiological hip morphologies and functional outcome

Difference Pre- and Postoperative WOMAC Score Postoperative Oxford Hip Score GTO

Acetabular sector Angle

15:00 0.505 0.648 0.854

14:00 0.707 0234 0.143

13:00 0.247 0.359 0.983

12:00 0.179 0.145 0.140

11:00 0304 0258 0.926

10:00 0.939 0.535 0.101

09:00 0.294 0.766 0.134

horizontal 9+ 15 0.224 0.719 0.266
Anteversion

+1 0.669 0227 0.960

+05 0.390 0.603 0.567

Femoral head center 0.898 0.593 0.706

-0.5 0.641 0423 0.700
Alpha Angle

15:00 0.080 0.789 0.874

14:00 0.561 0.292 0.702

13:00 0.714 0916 0.550

12:00 0.153 0.748 0.470 (0.000)

11:00 0.077 0.847 0.259 (0.047)

10:00 0.162 0407 0.308 (0.017)

09:00 0.979 0651 0.058
Antetorsion 0.342 0319 0.507
Combined Anteversion 0,500 0.835 0.584

Table 3 Correlation analysis between radiographic angles (Acetabular sector angle, Anteversion, Alpha angle, Antetorsion, Combined antetorsion) and PROMs
(difference between Pre- and postoperative WOMAC Score, postoperative Oxford Hip score and GTO global treatment outcome) with display of the correlation

coefficient and if significant p value in parentheses

global coverage had no significant influence on patient
outcome and progression of osteoarthritis, an uneven
anterior/posterior balance of cover i.e. reduced antero-
cranial cover has possibly more influence on the long-
term outcome. The decreased ASAA, especially in com-
parison to other dysplasia patients’ collectives, as well as
the increased acetabular anteversion, suspects an in-
creased version of the acetabular fragment after surgery
with a less prominent anterior acetabular rim and cover.
Ibrahim et al. analyzed patients with treated cam type
deformities and showed that an increased anterior cover
is a negative predictor for functional outcome [23]. Since
there is a wide coexistence of dysplasia and femoroace-
tabular impingement [24], which maybe even increases
after acetabular correction, a slightly more anteverted
placement may be a reasonable orientation of the ace-
tabular fragment. At the same time an exaggerated ante-
version can lead to a possible hip instability and
progression of osteoarthritis.

Different research groups already established, that a
heightened femoral torsion or a retrotorsion may induce
osteoarthritis [25, 26]. Research articles evaluating fem-
oral torsion describe different average mean values from
10.4—24.1° for healthy patients [27-29]. Different studies
specify that patients with dysplastic hips have an in-
creased antetorsion in comparison to healthy patients
[13, 30]. Akiyama et al. describe for dysplastic hip not
only an increased anteversion but also a more diverging
value for the femoral torsion depending on anterior and
posterior coverage of the acetabulum in comparison to
healthy patients [31]. Overall, we did not detect a correl-
ation between femoral torsion and PROMs or progres-
sion of osteoarthritis after PAO.

The combined acetabular and femoral version, first de-
scribed by McKibbin 1970, is in our opinion a parameter
with increasing relevance [32]. The developed McKibbin
index divides the measurements in a group with regular
combined version between 20 and 60° as well as below
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degrees [°] Acetabular Sector Angle ——No Progression OA

140,00 * ——Progression OA

130,00
120,00
110,00
100,00
90,00 *
80,00
70,00
60,00 *
50,00
40,00
30,00
20,00
10,00
0,00

15:00 14:00 13:00 12:00 11:00 10:00 9:00
o'clock

——No Progression OA
——Progression OA

*

degrees [°] Anteversion Acetabulum
60,00

50,00

40,00

30,00

20,00
10,00

0,00
plus 1 cm plus 0,5 cm Femoral head center minus 0,5cm

degrees [°] AlphaAngle ——No Progression OA

——Progression OA
60,00

*
50,00

40,00 — _i\ i
30,00 t =

20,00
10,00
0,00
15:00 14:00 13:00 12:00 11:00 10:00 9:00
o'clock

Fig. 7 Progression of osteoarthritis and ASA, acetabular version and alpha angle. lllustration of a acetabular sector angles, b acetabular version
and c alpha angles in degrees [°] in relation to the acetabular position (9 o'clock to 3 o'clock or acetabular height, as explained in the “Methods"
section. The blue curve depicts the hips with no progression of osteoarthritis, the red curve the hips with progression of osteoarthritis. The
respective angles are presented as mean with SD (error bars). An asterisk indicates a significant difference (p < .05) between the both groups in
the respective position
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20° and above 60° with increased incidences of pain. Es-
pecially a reduced combined version below 20° is associ-
ated with osteoarthritis [33]. Kohno et al. show in a
retrospective assessment of 100 dysplastic hips that pa-
tients with increased combined anteversion have an early
development of pain [9]. Since no patients in our study
had a combined anteversion below 20° we could not
evaluate these casuistic. In regard to other studies we
did not find a difference between patients with a com-
bined version between 20 and 60° and above 60° in re-
gard to pain, PROMs and progress of osteoarthritis.

Cam Impingement and the corresponding increased
alpha angle have a significant influence on the out-
come after PAO. Beaule et al. describe a correlation
between a preoperative increased alpha angle and
worse postoperative WOMAC during the follow-up
[21]. Albers et al. show in a retrospective follow-up,
that patients with normal head/neck ratio had a bet-
ter outcome as well as less progression of osteoarth-
ritis over 11 years [20]. Since all patients in our study
with a preoperative significant heightened alpha angle
received an intraoperative femoroplasty, no severe
cases of cam impingement occurred postoperatively.
Although the group with progression of osteoarthritis
showed a significant increased mean alpha angle at 14
o’clock, the alpha angle remained below 50°. Overall,
patients with an increased cranial and posterocranial
alpha angle (10, 11 and 12 o’clock) had a postopera-
tive decreased GTO. Since the posterocranial head
neck junction is the insertion zone for the femoral
head vessels a possible correction is difficult. These
results reflect that patients with larger head aspheri-
city may have a reduced outcome after PAO. Goronzy
et al- showed prospectively in a 5-year-follow-up-
study after PAO an equal outcome for patients with-
out cam deformity and surgical correction of the cam
deformity [34].

Limitations to our study were the lack of standardized
preoperative MRIs for better understanding of preopera-
tive acetabular orientation. Most patients received pre-
operatively an external MRI which was not comparable
with the follow-up MRI with sufficient quality. Still com-
parison of global acetabular cover (combined ASA) and
acetabular orientation amplified by femoral torsion en-
ables us to consequently make a sound conclusion for
postoperative placement even without standardized pre-
operative MRI imaging. Although we had a good follow-
up rate of 85.9%, only 66 (66.7%) hip MRIs could be ob-
tained, leaving 33 without 3 dimensional imaging. Con-
trol collectives for 3-dimensional measurements in
dysplastic hips originate from Asian countries maybe de-
scribing a different pelvic morphology and making com-
parisons difficult. Also, the time period of the follow-up
rate of 5years and the number of MRIs might not be
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sufficient to asses enough progression of osteoarthritis
or decline in PROMs to filter out certain poor place-
ments of the acetabulum.

Conclusions

In conclusion, only posterior deformed femoral heads
had an influence on the functional outcome without al-
ternating degeneration in the 5-year interval. Instead ac-
etabular version and anterior cover had an influence on
the progression of osteoarthritis. In addition to known
factors such as acetabular retroversion, induced pincer
impingement, highly elevated alpha angle we detected
decreased anterior coverage and increased acetabular
version also to be associated with increased risk of pro-
gression of osteoarthritis. For better understanding fur-
ther studies have to be realized focusing on the long-
term outcome. Even though this is a first insight in 3 di-
mensional orientation of the acetabular fragment after
PAO, it is our believe that not only the lateral cover but
also the complete acetabular orientation as well as the
combined acetabular and femoral version have a signifi-
cant impact on longterm outcome.
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