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Running title:  Anteversion angle of the acetabular cup2

Abstract 3

Widmer reported a protractor for measuring the anteversion of acetabular cups on 4

radiographs but with limited percision. We intended to improve its precision by trigonometric 5

mathematics. We measured the anteversion of the acetabular cups on 336 simulated 6

radiographs using aforementioned two methods. The anteversion measured by Widmer’s 7

protractor ranged from 7° to 41° (mean ± SD =28.0° ± 9.8°), and our methods, 5° to 51° (27.7°8

±13.2°). The mean ± SD of error by Widmer’s protractor was 5.2 ± 2.5°, and our protractor, 9

0.8° ± 0.8° (Student’s t-test, p<0.0001). The inter-observer study showed the difference 10

between measurements less than 2°, for each method. Therefore the smaller error of our11

method than that of Widmer’s implicated a potentially precise measurement of the anteversion.12

13

Level of Evidence:  Diagnostic study, level II.14



Introduction 15

The anteversion of acetabulum is important for function after total hip arthroplasty. It is 16

linked to stem anteversion and functional range of motion in the hip with intra and extra articular 17

impingement and their respective effects on wear, impingement, and instability. Previously18

reported methods can be classified into three groups, the computer tomography methods1,2, the 19

trigonometric methods3,4,5,6,7,8, and the protractor methods9,10,11. Olivecrona et al.2 measured the 20

orientation of the acetabular cups on the CT images in 10 patients. Their results showed that the 21

anteversion angles ranged from 0° to 52° with an error of 2.9°, whereas the inclination angle 22

ranging from 30° to 65° with an error of 1.5°.23

With trigonometric method, the anteversion angles of the acetabular cups were measured 24

using calculation equations (Appendix A). Liaw et al.10 applied this trigonometric method to 25

measure the anteversion of the acetabular cups and got the mean ± SD of error with 1.2° ± 0.57°. 26

Additionally, Liaw et al.10 used his own protractor method to get the mean ± SD of the error of27

0.96° ±0.74°. These protractor methods are more convenient than the others since they do not 28

require a calculator or computer.29

Furthermore, Liaw et al.10 incorporated the inverse trigonometric function into his own 30

protractor. In practical, the most common disadvantages are to find the ends of long axis and 31

short axis. Fabeck9 applied direct measurement using a protractor that was designed without any 32

incorporation of trigonometric function. However, the examiner usually has difficulty in 33

following the long arc of the circles during the measurement. Widmer11 invented his own34

protractor through his linear regression equation. The user can apply for direst measurement 35

without the need of finding the ends of the long axis first. Widmer11 mentioned that the only 36

disadvantage is its imprecision that was due to oblique radiographic projection on various 37



acetabulum abduction angles and the adoption of a linear regression equation. He did not 38

recommend the usage of his own protractor if highly precise measurements are needed.39

    The study aims to investigate the relationship curve mathematically and to eliminate the error 40

caused by oblique projection. The measured angles and the precision error will be compared with 41

those of the Widmer’s11 results.42

Materials and Methods43

At the given distance of 105 cm from x-ray tubes to subjects, Widmer11 found a relationship 44

between anteversion and the short axis (S) and the total length (TL) of the projected cross-45

section of the cup along the short axis by linear regression. 46

Anteversion= 48.5*(S/TL)-0.347

In our methods, we investigated the mathematical relationship between radiographic version β48

and S/TL-ratio is shown in Equation (1). The detailed deduction process was shown in Appendix 49

A.50

β= sin-1(S / l)= sin-1((S/TL-ratio)/(2-(S/TL-ratio))) (1)51

To eliminate the error caused by oblique projection, we applied the Equation (2). The 52

detailed deduction process was shown in Appendix B.53

β= tan-1(tan(tan-1(tan(sin-1((S/TL-ratio)/(2-(S/TL-ratio))))cscγ)+ 5.46°)sinγ)54

(2)55

Through Equations 2 we reproduced Widmer’s11 results that were shown in Fig. 1 and Table 1. 56

The results were quite the same as the data shown by Widmer11.57

We further used the mathematic model to calculate the error of Widmer’s11 linear 58

regression equation (Fig. 2), and improved the precision by the following two methods.59



First, we applied the protractor on the hip-centered radiographs that eliminated the error 60

caused by oblique projection. If we used the radiograph centered on the symphysis pubis for 61

measurement, we corrected by Equation 2.62

Second, we improved the precision by a mathematic model. Widmer’s11 method used 63

linear regression method to approximate the curve. The precision was good in linear region of 64

the whole curve, but bad in the non-linear region. The mathematic model fully approximated the 65

curve, thus improved the precision.66

Base on these two points, we developed our protractor through Equation 1 (Fig. 3A).67

In order to determine the accuracy, we made a Widmer’s11 protractor through his linear 68

regression equation (y = 48.05x - 0.3) and our protractor (Fig. 3B). We simulated 336 total hip 69

arthroplasty radiographs with 48 different anteversions ranging from 5°–52° and seven different 70

inclinations (30°, 35°, 40°, 45°, 50°, 55°, 60°) using our simulation program. We removed the 71

femoral heads and necks in our simulated radiographs to eliminate the occluding effects. We 72

used these two protractors to measure anteversions on these simulated radiographs. We found 73

first the perpendicular bisector of the long axis of the acetacular cup. Then we found three 74

intersection points between the perpendicular bisector and the ellipse by the rim of the acetabular 75

cup or the hemispehere curve by outer shell. Then we applied the protractors to read the 76

anteversion angle (Fig. 3C & 3D). Widmer’s11 protractor had a built-in correction of the 77

projection obliquity. For comparison, we corrected the anteversion centered at hip to anteversion 78

centered at symphis pubis by following procedure. First we converted the real anteversion to 79

anatomic anteversion, subtracting 5.46°, and then converting back to radiographic anteversion. 80

The anteversion angles on the simulated radiographs were measured by one author in a random 81

order using either method. The precision error was calculated from the difference between the 82



measured angles and the assumed angles of these simulated radiographs. These results were 83

compared by Student’s t-test.84

To justify our improvement, we did an inter-observer difference study by randomly85

selecting 10 hip arthroplasty radiograms and measured the radiographic anteversion with our 86

method and Widmer’s11 method each twice by two of the authors. Then we calculated absolute 87

difference of two measurements. Our improvement made little sense if the difference was larger 88

than the error of Widmer’s11 error.89

Results90

The angles measured with Widmer’s11 method ranged from 7° to 41° (mean ± SD =28.0° 91

± 9.8°), and for our methods, 5° to 51° (27.7 ±13.2°). After oblique projection correction, the real 92

radiographic anteversion (centered at symphysis pubis) used for Widmer’s11 method ranged from 93

0.3° to 49.0°. The error of Widmer’s11 protractor ranged from 0° to 8.7°, and the mean ± SD is 94

5.2 ± 2.5°(Fig. 4A); the range with our protractor, 0° to 3°, and mean ± SD, 0.8° ± 0.8°(Fig. 95

4B)(Student’s t-test, p<0.0001).96

For the inter-observer study, the radiographic anteversion measured by Widmer’s1197

method twice ranged from 3° to 21° (mean ± SD =12.3° ± 5.9°), and by ours twice, 2° to 16°98

(8.7° ± 4.7°). The absolute difference between two measurements of Widmer’s11 method ranged 99

from 0° to 2° (mean ± SD =0.5° ± 0.7°), and of ours, 0° to 1° (0.5° ± 0.7°).100

Discussion101

Measuring anteversion is a cumbersome work for a medical doctor. In our experience, 102

Widmer11 designed a rather convenient method as compared with others whereas his method 103

incorporated a potential imprecision. Therefore, to improve the imprecision of his method may 104

refine the measurement.105



With application of perpendicular bisector for the measurement and mathematical106

equations, our modified protractor has significantly reduced the error by using our own 107

protractor for the measurement of the anteversion of the acetabular cups. The improvement was 108

statistically significant. The error of Widmer’s11 method was mainly related to inclination angle109

and anteversion angle. The correlation between error and inclination was caused by that Widmer 110

ignored the influence of inclination when correcting oblique projection. The correlation between 111

error and anteversion was because that Widmer used linear regression to approximate the curve. 112

This finding in this study correlated well with his previous report. Our method improved the 113

precision in both types of error. However, our method has larger error when anteversion 114

increased. The reason was we underestimated the short axis (S). When anteversion increased, the 115

outer edge became blurred. If we measured with the inner edge, thus we underestimated the short 116

axis (S). Fortunately this error was small in our study, only 3° when anteversion larger than 45°.117

The intra-observer difference of Widmer’s11 method was between 0° to 2°, and of ours 0° to 2°, 118

which was smaller than the error of Widmer’s11 method. Our improvement did make difference 119

in this situation.120

The range of the simulated radiographs’ anteversion is between 5° to 51° for our method 121

and 0.3° to 49.0° for Widmer’s11 method. In study of Olivecrona et al2, the range of anteversion 122

is between 0° to 52° and inclination is between 30° to 65°.2 Therefore we chose the123

aforementioned range of anteversion for measurement in this study.124

Our method is a plain-radiograpic method, thus share the disadvantages. Position 125

problems, including patient and X-ray source positions, are the major disadvantage. Currently 126

there is no published solution for this problem. We suggest measuring the qualified radiographs 127

and excluding unqualified radiographs. Qualified radiographs mean acceptable position, which 128



indicated a perfect controlled rotation (0o rotation) and tilt.  In radiographs, zero-degree rotation 129

means alignment of vertical line from the symphysis pubis to the interteardrop line and the130

vertical line from the middle of the coccyx to the interteardrop line. A controlled tilt means the 131

same vertical distance between the upper border of the symphysis and the center of the132

sacrococcygeal joint on an antero-posterior radiograph of the same patient.12133

Since we had to face the possible error caused by the projection, the limitation of this study 134

was that we need a basic assumption of the perfect hemi-ball shape for the acetabulum. If not, 135

our method was not suitable. In that situation, Liaw’s10 and Fabeck’s9 protractors were preferred. 136

Otherwise, our improvement had significantly reduced the error, thus can be used in precise137

measurement of the anteversion.138

Our improvement did improve the error from 0° - 8.7° to 0° to 3°. The clinical 139

significance is that we make this measurement more comparable with other established methods. 140

Furthermore, we suggest that all reports about anteversion should clearly mention which 141

anteversion is measured (radiographic, anatomic, operative)13, and which method is used for the 142

measurements. Thus the readers can understand the range of error and limitations of the 143

measurements. 144

145



References145

1. Jaramaz B, DiGioia AM, Blackwell M, Nolan DR. Computer assisted measurement of cup 146

placement in total hip replacement. Clin Orthop 354:70–80, 1998.147

2. Olivecrona H, Weidenhielm L, Olivecrona L, Beckman MO, et al. A new CT method for 148

measuring cup orientation after total hip arthroplasty: A study of 10 patients. Acta Orthop 149

Scand. 75:252–260, 2004.150

3. Ackland MK, Bourne WB, Uhthoff HK. Anteversion of the acetabular cup: measurement of 151

angle after total hip replacement. J Bone Joint Surg Br. 1986;68:409-413.152

4. Coventry MB, Beckenbaugh RD, Nolan DR, Ilstrup DM. 2,012 total hip arthroplasties: a 153

study of postoperative course and early complications. J Bone Joint Surg Am. 1974;56:273-154

284.155

5. Lewinnek GE, Lewis JL, Tarr R, Compere CL, Zimmerman JR. Dislocations after total hip-156

replacement arthroplasties. J Bone Joint Surg Am. 1978;60:217-220.157

6. McLaren RH. Prosthetic Hip Angulations. Radiology. 1973;107:705-706.158

7. Pradhan R. Planar anteversion of the acetabular cup as determined from plain antero-159

posterior radiographs. J Bone Joint Surg Br. 1999;81:431-435.Murray DW. The definition 160

and measurement of acetabular orientation. J Bone Joint Surg Br. 1993;75:228-232.161

8. Visser JD, Konings JG. A new method for measuring angles after total hip arthroplasty: a 162

study of the acetabular cup and femoral component. J Bone Joint Surg Br. 1981;63:556-559.163

9. Fabeck L, Farrokh D, Tolley M, Descamps PY, Gebhart M, Delince P. A method to 164

measure acetabulum cup anteversion after total hip replacement. Acta Orthop Belg.165

1999;65:485-491.166



10. Liaw CK, Hou SM, Yang RS, et al. A New Tool for Measuring Cup Orientation in Total 167

Hip Arthroplasties from Plain Radiographs. Clin Orthop. 2006;451:134–139.168

11. Widmer KH. A simplified method to determine acetabular cup anteversion from plain 169

radiographs. J Arthroplasty. 2004;19:387-390.170

12. Tannast M, Zheng G, Anderegg C, et al. Tilt and rotation correction of acetabular version 171

on pelvic radiographs. Clin Orthop. 2005;438:182–190.172

13. Murray DW. The definition and measurement of acetabular orientation. J Bone Joint Surg 173

Br. 1993;75:228-232.174


