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Abstract
Purpose Malposition of the acetabular component in total hip
arthroplasty (THA) is a common surgical problem that can
lead to hip dislocation, reduced range of motion and may
result in early loosening. The aim of this study is to validate
the accuracy and reproducibility of a single x-ray image based
2D/3D reconstruction technique in determining cup inclina-
tion and anteversion against two different computer tomogra-
phy (CT)-based measurement techniques.
Methods Cup anteversion and inclination of 20 patients after
cementless primary THA was measured on standard antero-
posterior (AP) radiographs with the help of the single x-ray
2D/3D reconstruction program and compared with two differ-
ent 3D CT-based analyses [Ground Truth (GT) and MeVis
(MV) reconstruction model].
Results The measurements from the single x-ray 2D/3D re-
construction technique were strongly correlated with both
types of CT image-processing protocols for both cup inclina-
tion [R²=0.69 (GT); R²=0.59 (MV)] and anteversion [R²=0.89
(GT); R²=0.80 (MV)].
Conclusions The single x-ray image based 2D/3D reconstruc-
tion technique is a feasible method to assess cup position on
postoperative x-rays. CT scans remain the golden standard for
a more complex biomechanical evaluation when a lower
tolerance limit (+/-2 degrees) is required.
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Introduction

Previous studies demonstrate that both short- and long-term
results of total hip arthroplasty (THA) have been well associ-
ated with component positioning, and surgical experience
indicates that the mal-orientation of the acetabular component
in terms of anteversion and inclination is correlated with
prosthetic impingement, dislocation, wear, osteolysis, and
prosthetic loosening [1–5]. Accurate assessment of cup orien-
tation is essential for evaluation of outcome after THA and is
typically done on two-dimensional (2D) postoperative antero-
posterior (AP) X-ray radiographs [6–13]. While plain pelvic
radiographs can be easily obtained, their accurate interpreta-
tion is subject to substantial error, if the individual pelvis
orientation with respect to the X-ray plate is not taken into
consideration [6, 7, 12]. It is thus of special interest to develop
improved methods to accurately measure the postoperative
cup orientation for a reasonable follow-up and to detect cup
loosening/migration as an important quality measure and the
basis for any error analysis after THA.

The aim of this study is to validate the accuracy and
reproducibility of a single X-ray image based 2D/3D recon-
struction technique in determining cup orientation after THA
by comparing this technique with measurements on postoper-
ative computed tomography (CT) reconstructions of the pelvis
with two different types of image-processing software and
measurement protocols.

B. Craiovan (*) : T. Renkawitz :M. Weber : J. Grifka
Orthopaedic Department, University of Regensburg, Regensburg,
Germany
e-mail: dr.craiovan@gmx.net

L. Nolte :G. Zheng
Institute for Surgical Technology and Biomechanics (ISTB),
University of Bern, Bern, Switzerland

International Orthopaedics (SICOT) (2014) 38:2009–2015
DOI 10.1007/s00264-014-2336-8



Patients and methods

In addition to the use of conventional postoperative ra-
diographs of the patients, while conducting a prospective
clinical trial to evaluate an imageless navigation system
for THA, we have also prepared postoperative CTs of the
pelvis to determine acetabular positions. This investiga-
tion was approved by the local Ethics Commission and by
the Federal Office for Radiation Protection (Z5-22462/2-
2007-008).

In the present paper, the radiological and CT-films of the
first consecutive 21 patients of this study were evaluated. The
demographical data is displayed in Table 1. The indication
criteria for THA was primary osteoarthritis in all patients.
Patients with dysplasia of the hip or post traumatic deformities
of the pelvis or femur were excluded. Cementless, press-fit
cups (Pinnacle®, DePuy, Warsaw, IN, US) and uncemented
hydroxyapatite-coated straight shafts (Corail®, DePuy,
Warsaw, IN, US) were used in all patients.

Following the hospital’s standard, each patient had a stan-
dard two-dimensional (2D) AP pelvic radiograph (conven-
tional overall view of both hips with the patient standing, the
film-focus distance being 1,150 mm) one week postoperative-
ly. The central beam was directed at the symphysis. In addi-
tion, an axial radiograph of the operated hip was taken. All
patients had a pelvic CT scan three to five weeks after surgery.

Radiographic calculation of the acetabular cup inclination
and cup anteversion from a single X-ray image based 2D/3D
reconstruction technique

The postoperative AP radiograph was used to measure the cup
orientation with a single image based 2D/3D reconstruction
technique [14, 15]. In summary, underlying this method is a
statistical shape model-based 2D/3D deformable registration
algorithm that can reconstruct a patient-specific 3D-model
from a single standard 2D AP pelvis radiograph (Fig. 1).
Statistical shape modeling is an efficient way to represent
the shape variations in collected data, which is typically
parameterized by an average shape model and a set of princi-
pal shape modes. Based on a statistical shape model of the
pelvis, the 2D/3D reconstruction method uses a three-stage
sequential optimization procedure to estimate the affine

transformation between the statistical shape model and the
input image, as well as the weights for the principal shape
modes bymatching the silhouettes detected from the statistical
shape model to contours extracted from the input radiograph
[14]. Required input includes a digital radiograph, the pixel
size, and the film-to-source distance. No specific calibration of
the X-ray radiograph or a CT scan of the patient is required.
After reconstruction, cup inclination and anteversion is then
calculated with respect to the APP extracted from the recon-
structed 3D model. This is done by first calculating the radio-
graphic inclination and radiographic anteversion according to
Widmer’s method [10], and then transforming the computed
cup orientation from the radiographic coordinate system to a
coordinate system that is established on the derived APP to
estimate the patient-specific cup orientation. Finally, the pro-
gram calculates radiographic inclination and anatomical
anteversion according to Murray’s definitions [16].

CT-based calculation of the acetabular cup inclination and cup
anteversion with “Ground Truth” (GT) image processing
software

Cup orientation for each patient with respect to the APP was
extracted from the postoperative CT using the GT image

Table 1 Demographical data of patients

Characteristics Value

Mean age (range; SD) 66.8 (51–81; 7.3)

Gender (male/female) 10/11

Side (right/left) 8/13

Mean BMI (range; SD) 27.4 (20.5–40.4; 4.2)

SD standard deviation, BMI body mass index

Fig. 1 To estimate the cup orientation, the 2D/3D reconstruction method
first reconstructs a patient-specific 3D model from the X-ray radiograph
by matching the statistical shape model of the pelvis to the X-ray radio-
graph. a The input X-ray radiograph. b The superimposition of the
reconstructed 3D surface model (yellow) on the X-ray radiograph
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processing protocol [14, 15]. Four landmarks required in
defining the APP (anterior superior iliac spines, pubic tuber-
cles) were interactively picked from a model that was seg-
mented from the postoperative CT scan using the commer-
cially available software called Amira® (TGS-Europe, Paris,
France). Then, three points on the cup opening rim were
interactively picked to define the cup opening plane. Cup
inclination and anteversion were calculated using the plane
normal to the cup opening and the extracted APP (Fig. 2). The
program calculated radiographic inclination and anatomical
anteversion according to Murray’s definitions [16].

CT-based calculation of the acetabular cup inclination and cup
anteversion with 3D-MeVis image processing software

The position of the acetabular component was also evaluated
by an independent external institute at MeVisLab (Bremen,

Germany). The APP was extracted from the postoperative CT
using 3D-MeVis image processing software. The normal vec-
tor of the sagittal plane is identical to the vector between both
anterior superior iliac spine (ASIS) landmarks. To construct
the transversal plane, the center point of the pubic tubercle
(PT) landmarks was projected onto the vector between both
ASIS landmarks. The vector from the center point to its
projection was used to determine the normal vector of the
transversal plane. The normal vector of the coronal plane was
calculated as the cross product of the sagittal and transversal
normal vectors. Subsequently, a plane parallel to the implant
aperture was constructed. Its normal vector represents the
implant axis. Cup anteversion and inclination angles were
calculated by using the APP (Fig. 3). The cup position was
measured twice by two independent examiners. Radiographic
inclination and anatomical anteversion according to Murray’s
definitions were calculated [16].

Fig. 2 Measuring the Ground
Truth cup inclination and
anteversion using a postoperative
CT scan with the help of
segmentation software

Fig. 3 The software developed byMeVis for measuring inclination and anteversion from a postoperative CTscan. The surface model was interactively
segmented using the image-processing software

International Orthopaedics (SICOT) (2014) 38:2009–2015 2011



Statistical methods

All analyses were performed with Microsoft Excel® 2010 and
IBM SPSS Statistics® 21.0 software. The assumption of data
normality was tested with the Shapiro-Wilk test, and average
deviations of measurements from the single X-ray based 2D/3D
reconstruction technique to the Ground Truth and to the MeVis
analysis were compared with a two-tailed Student’s t-test. The
Pearson correlation coefficient was used to determine associa-
tion of measurements from different techniques.

Pearson’s correlation coefficient was characterized as poor
(0.00–0.20), fair (0.21–0.40), moderate (0.41–0.60), good
(0.61–0.80) or excellent (0.81–1.00) [17]. The graphical
Bland-Altman analysis [18, 19] was used for both parameters
to detect potential systematic errors in the method by plotting
the difference between the two measurement techniques (2D/

3D reconstruction-based measurement vs. postoperative CT
scan-based measurement) against their averages.

Results

Comparing the acetabular cup measurements from the 2D/3D
reconstruction technique to those obtained from the Ground
Truth CT measurement protocol, a mean deviation of 1.4°±
1.9° (range −2.7°–3.7°; 95% CI −2.23 to −0.57) was found for
inclination and a mean deviation of 0.6°±2.2° (range −3.1°–
5.5°; 95 % CI −1.66 to 0.29) for anteversion (Table 2). The
measurements from the single X-ray image based 2D/3D re-
construction technique showed good correlation for inclination
(R²=0.71) and excellent correlation for anteversion (R²=0.89)
when compared to the Ground Truth CT analysis (Fig. 4).

Table 2 Comparison of the mea-
surements from the 2D/3D re-
construction technique on pelvis
X-ray to the CT measurement
Ground Truth and MeVis of the
present study (degree difference;
Δ)

Comparison Method Mean (SD) min / max 95 % confidence interval (CI)

Δ MV-2D/3D Incl (rad) −1.6 (2.2) −5.9 to 1.9 −2.64 to −0.60
AV (anat) −1.1 (2.8) −4.8 to 3.7 −2.40 to 0.18

Δ GT-2D/3D Incl (rad) −1.4 (1.8) −3.7 to 2.7 −2.23 to 0.57
AV (anat) −0.7 (2.1) −5.5 to 3.1 −1.66 to −0.57

Δ MV-GT Incl (rad) −0.2 (1.9) −5.0 to 2.7 −1.08 to 0.65
AV (anat) −0.4 (1.7) −3.0 to 2.0 −1.20 to 0.35

Fig. 4 Correlation between
inclination measurements (INC)
and anteversion measurements
(AV) in degrees of the 2D/3D
reconstruction technique with
MeVis (MV) (a, b) and Ground
Truth (GT) (c, d)
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Comparing the acetabular cup measurements from the 2D/
3D reconstruction technique to those obtained from theMeVis
CT measurement protocol, a mean deviation of 1.6°±2.2°
(range −1.9°–5.9°; 95 % CI −2.64 to −0.60) was found for
inclination and a mean deviation of 1.1°±2.8° (range −3.7°–
4.8° 95 % CI −2.40 to 0.18) for anteversion (Table 2). The
measurements from the single X-ray image based 2D/3D
reconstruction technique showed moderate correlation (R²=
0.59) for inclination and good correlation for anteversion (R²=
0.80) when compared to the MeVis CT analysis (Fig. 4).

Both CT-measurement image processing protocols (MeVis
and Ground Truth) were strongly correlated to each other for
both inclination (R²=0.72) and anteversion (R²=0.92). The
differences between the cup orientation obtained from the
2D/3D reconstruction technique and those obtained from
CT-based techniques were within −5.9° and 2.7° (95 % CI
−1.80 to 0.65) for cup inclination and within −3.0° and 2.0°
(95 % CI −1.20 to 0.35) for cup anteversion (Table 2).

A comparison of the measurement validity for cup
anteversion between the results obtained with the 2D/3D
measurement technique and other measurement techniques
on plain radiographs, as published in the literature, is
displayed in Table 2.

The Bland-Altman approach (Fig. 5) was used to illustrate
agreement of both evaluation methods by plotting the differ-
ences of the two measurements on the vertical axis against the
mean of both measurements on the horizontal axis. Note the
dotted lines in the graph, which correspond to the 2.5th and
97.5th percentiles of differences assuming normal distribution

(mean±1.96 SD). Therefore, it can be expected that 95 % of
the individual differences for 2D/3D-GT are located in an
interval of 5.0° to −2.2° for inclination and 4.9° to −3.5°
regarding anteversion and for 2D/3D-MV in an interval of
6.0° to −2.8° for inclination and 6.6° to −4.4° regarding
anteversion. Discrepancy between 2D/3D-GT and 2D/3D-
MV measurements does not considerably increase with the
averages of both methods and no systematic clusters of ex-
aminer values are obvious from the graphs. No systematic
error was detected for the CT measurement methods as the
means of the measurement pairs were spread evenly and
randomly for both inclination and anteversion (Fig. 5).

Discussion

We evaluated whether cup inclination and anteversion can be
accurately measured with a single X-ray image based 2D/3D
reconstruction technique in comparison to CT-based 3D re-
constructions of the pelvis with two different image-
processing protocols. We found that the 2D/3D X-ray cup
measurements have a sufficient accuracy for daily clinical
practice, but CT scans remain the gold standard for a more
complex biomechanical evaluation when a lower tolerance
limit (±2°) is required.

This study has some limitations: first, only one type of
pressfit cup was used. Second, the landmark choice in deter-
mining the anterior pelvis plane as well as the cup opening
plane and prosthesis segmentation of the analysed CT

Fig. 5 Bland-Altman plots
showed that the means of the
measurements were spread
evenly and randomly for
inclination and anteversion. CT-
based measurement techniques
MeVis (a, b) and Ground Truth
(c, d) against the reconstruction
technique averages and 2D/3D-
MVand 2D/3D-GT
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contribute to differences between the CT measurements.
Third, our study is limited by numbers.

The precondition of applying the single image-based 2D/
3D reconstruction method for measuring cup orientation does
not depend on whether the cup is uncemented or cemented,
rather, it depends on the shape of the opening surface of the
acetabular cup. Nonetheless, such a limitation can be ad-
dressed if a CADmodel of the implant is available. With such
amodel, a 2D/3D registration can be used with the input X-ray
radiograph.

Accurate assessment of the acetabular cup orientation is an
important postoperative quality measure and an important part
of error analysis [1–5]. Postoperative CT scan-based methods
are regarded as the most reliable methods for measuring post-
operative cup orientation; however, they carry the risks of
additional radiation and expense [6, 7, 12, 20]. Widmer report-
ed a protractor for measuring the anteversion of acetabular cups
on radiographs [6]. Other studies reported that errors in mea-
suring the cup position with various radiographic measurement
methods could be high, exceeding 20°, due to the wide vari-
ability in individual pelvic orientation relative to the X-ray plate
during image acquisition [6, 7, 12, 21–25]. A variety of radio-
logical measurement methods to determine acetabular
anteversion after THR have been described and comparatively
analysed with CT scans [17, 25, 26].

When comparing our own data with these results, the
accuracy to assess cup anteversion with the help of the radio-
graphic 2D/3D technique is comparable to Lewinnek’s meth-
od, Liaw’s method and Woo and Morrey’s method and more
accurate than McLaren’s method, Ackland, Bourne and
Uhthoff’s method, Pradhan’s method, Widmer’s method and
Hassan’s method (Table 3).

Correlation and comparability between X-ray measure-
ments with CT measurements have been validated by the
senior author in the past, but so far the accuracy of this 2D/
3D measurement method has not yet been validated in com-
parison to a 3D-CT reconstructionmodel from an independent
institute with blinded examiners [14, 15]. The two indepen-
dent CT measurement protocols used in this study show the
same trend and maximum differences of −5° for inclination
and −2° for anteversion.

The present study demonstrates that the single X-ray image
based 2D/3D reconstruction technique is a helpful procedure
to measure cup inclination and anteversion on plain radio-
graphs in everyday clinical practice. We found mean differ-
ences below 2° and maximum differences of −6° for inclina-
tion and −6° for anteversion between the radiographic 2D/3D
and the CT-measurement protocols, which seem clinically
acceptable for a first assessment of cup position. No specific
calibration of the X-ray radiograph is required for these

Table 3 Reported validity of plain radiograph measurements compared with CT measurements for cup anteversion

Author Publication Method for measuring
cup anteversion

Definition Referenced plane
of CT

Mean error in
degrees (SD)

Range
in degrees

Hassan et al. [1995] JOA Hassan’s method
AP radiographs

Not known Not known −2.5 −0.8 to −3.4

Marx et al. [2006] AOTS McLaren’s method Radiographic
anteversion (for all)

APP (for all) −14.5 (10.5) Not known
Ackland’s method −14.3 (10.3)

Pradhan’s method −14.5 (10.2)

Widmer’s method −6.4 (10.8)

Hassan’s method
AP radiographs (for all)

−14.4 (10.2)

Ghelman et al. [2009] CORR Woo’s method from
cross-table lateral
radiographs

Radiographic
anteversion

Radiographic
coronal plane

8.7 −10.7 to 25

Nho et al. [2012] JBJS Lewinneck’s method Anatomic anteversion Radiographic
coronal plane

0.10 Not known
Widmer’s method 7.66

Hassan’s method 0.69

Ackland, Bourne and
Uhthoff’s method

11.14

Liaw’s method −1.68
Woo and Morrey’s method
AP radiographs (for all)

−1.28

Lu et al. [2013] CORR Lewinneck’s method
AP radiographs

Radiographic
anteversion

Radiographic
coronal plane

0.55 (3.14) Not known

Present study 2D/3D method
AP radiographs

Anatomic anteversion APP 3D reconstruction −1.1 (2.8) −4.8 to 3.7

2D/3D method
AP radiographs

Anatomic anteversion APP Ground Truth −0.7 (2.1) −5.5 to 3.1
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measurements. CT remains, however, the gold standard to
accurately determine acetabular cup position when a lower
tolerance limit (±2°) is required for a more complex biome-
chanical evaluation.

Acknowledgments This work was partially supported by the Swiss
National Science Foundation through the project NCCR-CO-ME.

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. McCollum DE, Gray WJ (1990) Dislocation after total hip
arthroplasty. Causes and prevention. Clin Orthop 261:159–170

2. Sarmiento A, Ebramzadeh E, Gogan WJ, McKellop HA (1990) Cup
containment and orientation in cemented total hip arthroplasties. J
Bone Joint Surg (Br) 72:996–1002

3. Lewinnek GE, Lewis JL, Tarr R et al (1978) Dislocations after total
hip-replacement arthroplasties. J Bone Joint Surg Am 60:217–220

4. Patil S, Bergula A, Chen PC et al (2003) Polyethylene wear and
acetabular component orientation. J Bone Joint Surg Am 85-A(Suppl
4):56–63

5. Widmer K-H (2007) Containment versus impingement: finding a
compromise for cup placement in total hip arthroplasty. Int Orthop
31(Suppl 1):S29–S33. doi:10.1007/s00264-007-0429-3

6. Kalteis T, Handel M, Herold T et al (2006) Position of the acetabular
cup—accuracy of radiographic calculation compared to CT-based mea-
surement. Eur J Radiol 58:294–300. doi:10.1016/j.ejrad.2005.10.003

7. Marx A, von Knoch M, Pförtner J et al (2006) Misinterpretation of cup
anteversion in total hip arthroplasty using planar radiography. Arch
Orthop Trauma Surg 126:487–492. doi:10.1007/s00402-006-0163-0

8. Tannast M, Zheng G, Anderegg C et al (2005) Tilt and rotation
correction of acetabular version on pelvic radiographs. Clin Orthop
438:182–190

9. Pradhan R (1999) Planar anteversion of the acetabular cup as deter-
mined from plain anteroposterior radiographs. J Bone Joint Surg (Br)
81:431–435

10. Widmer K-H (2004) A simplified method to determine acetabular
cup anteversion from plain radiographs. J Arthroplasty 19:387–390

11. Della Valle CJ, Kaplan K, Jazrawi A et al (2004) Primary total hip
arthroplasty with a flanged, cemented all-polyethylene acetabular
component: evaluation at a minimum of 20 years. J Arthroplasty
19:23–26

12. Arai N, Nakamura S, Matsushita T, Suzuki S (2010) Minimal radi-
ation dose computed tomography for measurement of cup orientation

in total hip arthroplasty. J Arthroplasty 25:263–267. doi:10.1016/j.
arth.2009.01.020

13. Seradge H, Nagle KR, Miller RJ (1982) Analysis of version in the
acetabular cup. Clin Orthop 166:152–157

14. Zheng G (2010) Statistically deformable 2D/3D registration for esti-
mating post-operative cup orientation from a single standard AP X-
ray radiograph. Ann Biomed Eng 38:2910–2927. doi:10.1007/
s10439-010-0060-0

15. Zheng G, von Recum J, Nolte L-P et al (2012) Validation of a
statistical shape model-based 2D/3D reconstruction method for de-
termination of cup orientation after THA. Int J Comput Assist Radiol
Surg 7:225–231. doi:10.1007/s11548-011-0644-7

16. Murray DW (1993) The definition and measurement of acetabular
orientation. J Bone Joint Surg (Br) 75:228–232

17. Nho J-H, Lee Y-K, Kim HJ et al (2012) Reliability and validity of
measuring version of the acetabular component. J Bone Joint Surg
(Br) 94-B:32–36. doi:10.1302/0301-620X.94B1.27621

18. Bland JM, Altman DG (1986) Statistical methods for assessing
agreement between two methods of clinical measurement. Lancet
1:307–310

19. Bland JM, Altman DG (1996) Measurement error and correlation
coefficients. BMJ 313:41–42

20. Lin F, Lim D, Wixson RL et al (2008) Validation of a computer
navigation system and a CT method for determination of the orien-
tation of implanted acetabular cup in total hip arthroplasty: a cadaver
study. Clin Biomech Bristol Avon 23:1004–1011. doi:10.1016/j.
clinbiomech.2008.04.015

21. Penney GP, Edwards PJ, Hipwell JH et al (2007) Postoperative
calculation of acetabular cup position using 2-D-3-D registration.
IEEE Trans Biomed Eng 54:1342–1348. doi:10.1109/TBME.2007.
890737

22. Zheng G, Steppacher S, Zhang X, Tannast M (2007) Precise estima-
tion of postoperative cup alignment from single standard X-ray
radiograph with gonadal shielding. Med Image Comput Comput-
Assist Interv 10:951–959

23. Zheng G, Zhang X (2010) Computer assisted determination of
acetabular cup orientation using 2D-3D image registration. Int
J Comput Assist Radiol Surg 5:437–447. doi:10.1007/s11548-
010-0407-x

24. Steppacher SD, Tannast M, Zheng G et al (2009) Validation of a new
method for determination of cup orientation in THA. J Orthop Res
Off Publ Orthop Res Soc 27:1583–1588. doi:10.1002/jor.20929

25. Fujishiro T, Hayashi S, Kanzaki N et al (2014) Computed
tomographic measurement of acetabular and femoral compo-
nent version in total hip arthroplasty. Int Orthop. doi:10.1007/
s00264-013-2264-z

26. Lu M, Zhou Y-X, Du H et al (2013) Reliability and validity of
measuring acetabular component orientation by plain anteroposterior
radiographs. Clin Orthop 471:2987–2994. doi:10.1007/s11999-013-
3021-8

International Orthopaedics (SICOT) (2014) 38:2009–2015 2015

http://dx.doi.org/10.1007/s00264-007-0429-3
http://dx.doi.org/10.1016/j.ejrad.2005.10.003
http://dx.doi.org/10.1007/s00402-006-0163-0
http://dx.doi.org/10.1016/j.arth.2009.01.020
http://dx.doi.org/10.1016/j.arth.2009.01.020
http://dx.doi.org/10.1007/s10439-010-0060-0
http://dx.doi.org/10.1007/s10439-010-0060-0
http://dx.doi.org/10.1007/s11548-011-0644-7
http://dx.doi.org/10.1302/0301-620X.94B1.27621
http://dx.doi.org/10.1016/j.clinbiomech.2008.04.015
http://dx.doi.org/10.1016/j.clinbiomech.2008.04.015
http://dx.doi.org/10.1109/TBME.2007.890737
http://dx.doi.org/10.1109/TBME.2007.890737
http://dx.doi.org/10.1007/s11548-010-0407-x
http://dx.doi.org/10.1007/s11548-010-0407-x
http://dx.doi.org/10.1002/jor.20929
http://dx.doi.org/10.1007/s00264-013-2264-z
http://dx.doi.org/10.1007/s00264-013-2264-z
http://dx.doi.org/10.1007/s11999-013-3021-8
http://dx.doi.org/10.1007/s11999-013-3021-8

	Is the acetabular cup orientation after total hip arthroplasty on a two dimension or three dimension model accurate?
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Patients and methods
	Radiographic calculation of the acetabular cup inclination and cup anteversion from a single X-ray image based 2D/3D reconstruction technique
	CT-based calculation of the acetabular cup inclination and cup anteversion with “Ground Truth” (GT) image processing software
	CT-based calculation of the acetabular cup inclination and cup anteversion with 3D-MeVis image processing software

	Statistical methods
	Results
	Discussion
	References


