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Objective: Malposition of the acetabular cup is the major risk factor of dislocation after total hip arthroplasty.
Postoperatively, measuring of acetabular cup anteversion is very difficult. The new method for measuring
acetabular cup anteversion on the plain radiograph of the hip with one of the circle theorems in the basic
geometry was created.
Material and Method: An all-polyethylene acetabular cup with known angle of radiographic anteversion
was mouthed to the pelvic bone. Antero-posterior hip and pelvis radiographs were taken with the cup in
randomly 15 different angles of anteversion. These were reviewed by 3 orthopedic residents. All data from 3
observers were collected and examined for the accuracy, inter-observers reliability and intra-observer
reliability of this method. Two films (AP radiograph of the hip and the pelvis) method was used for distinguish
between anteversion and retroversion.
Results: The measurements of radiographic anteversion have the accuracy of plus or minus 2 degrees. The
reliability coefficients of inter-observer variation in the first and second measurements for all definitions of
anteversion are high. Pair t-test showed no significant different between value of the first and the second
measurements for all definitions in all observers. The intra- and inter-observer variations were 3 degrees or
less for all definitions.
Conclusion: The Acetabular cup anteversion measurement using the circle theorem iseasily to perform with
high accuracy and consistency for all definitions of cup anteversion.
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It is generally accepted that the position of
the acetabular cup which includes  inclination and
anteversion affect the stability(1-6) and range of motion
of total hip arthroplasty(7-9). Murray(10) suggested there
are radiographic, anatomical and operative definitions
of inclination and anteversion. Radiographic definition
is commonly used to describe the inclination which
is the angle between long axis of the cup and the
transverse line of the pelvis (Fig. 1A) while the proper
anteversion had been described with the different
definitions(1-3,5,6,8). For the anteversion of the acetabular
cup, the authors used a cup face plane which is

perpendicular to the acetabular axis as a reference(10).
The anatomical (true) anteversion is equal to the angle
between the cup face plane and the sagittal plane that
is presented on the transverse plane (Fig. 1B), whereas
operative anteversion is equal to the angle between
the cup face plane and the transverse plane that
is presented on the sagittal plane (Fig. 1C). The
radiographic (planar) anteversion, the most commonly
used one, is equal to the angle between the cup face
plane and the imaginary plane that runs along the
axis of rotation of the cup and perpendicular to the
coronal plane (Fig. 1D).

Various methods of measurement for the
acetabular cup anteversion have been proposed with
variable results(2,11-26). As the plain radiographs are
available in every orthopedic center with low cost, it is
the most commonly used modality for postoperative
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follow-up to detect the evidence of acetabular
position change after total hip arthroplasty. The
authors have introduced a new simple method to
measure the anteversion of acetabular cup using the
anteroposterior (AP) hip radiograph. This method is
base on one of the circle theorems in basic geometry.
The purpose of this study is to determine the accuracy
and consistency of this technique.

Material and Method
The authors’ principle is to evaluate the cup

in the area which the femoral component does not
obscure the shadow of the wire marker (Fig. 2). The
method for measuring radiographic, anatomical, and
operative anteversion were shown in Fig. 3 and 4.
Two films (AP radiograph of the hip and the pelvis)
method was used to distinguish between anteversion
and retroversion(15,27).

To evaluate the accuracy and reliability of
the method, the model with a known angle of radio-
graphic anteversion was made. This model includes
the polyethelene cup and a protector with their centers
in the same axis. Then the model was mouthed to
the pelvic bone for the radiographic studies. AP radio-
graphs of the hip and pelvis were taken with the cup
in 15 different random angles from 45 degree of
radiographic anteversion to 45 degree of radiographic
retroversion. Each angle was performed 6 AP radio-
graphs of the hip and pelvis. Each set of the films
were measured for all definitions of anteversion by 3
orthopedics residents. Only AP radiographs of the
hip measured all of the definitions of cup anteversion.
Each pair of AP radiographs of the hip and the pelvis
were used to determine weather the cup was in

Fig. 1 A: Demonstate acetabular inclination (AI); direction for observation of anatomical anteversion (arrow AA), opera-
tive anteversion (arrow OA), and radiographic anteverion (arrow RA); axis of rotation of acetabular cup (AR)
B: Anatomical anteversion (AA)
C: Operative anteversion (OA)
D: Radiographic anteversion (RA); imaginary plane perpendicular to coronal plane (I)
S = sagittal plane, T = transverse plane, C = coronal plane, F = cup face plane

anteversion or retroversion. The second measurement
was performed 3 months apart. The inter-observer
and intra-observer reliability were analyzed with paired
t-test and intraclass correlation coefficient.

Fig. 2 Radiographic anteversion. Principle of the circle
theorem method is to evaluate the cup in the area
which the femoral component dose not obscure the
shadow of the wire marker (Fig. 2A-C are correlated
to Fig. 3A-C respectively)
A: The shadow of a wire marker (W) in the plain
radiograph is the equator of the imaginary sphere
(S). The smaller sphere (F) is the femoral head
component
B: The sphere is cut perpendicularly to the long
axis of the ellipse in the area which the femoral
component dose not obscure the shadow of the wire
marker
C: The cut surface of the sphere is opened up. The
angle between line connecting two cut wire markers
(white arrows) and the dash lines which parallel to
the long axis of the ellipse are equal to radiographic
anteversion (black arrows)
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Fig. 3 Measuring of radiographic anteversion
A: Creating the sphere (correlated with Fig. 2A)
Step 1: draw a long axis of the ellipse
Step 2: draw a circle around the ellipse. The center
of the circle and the center of the ellipse are the same
point. The radius of the circle is equal to a half of the
length of the long axis
B: Cutting the sphere (as a Fig. 2B)
Step 3: draw line 3 perpendicular to the long axis
and pass the ellipse at two points which are not
obscured by the femoral head component
C: Looking at the cut surface of the sphere (correlated
with Fig. 2C)
Step 4: draw the circle 4 around line 3 with the radius
equal to a half of line 3, the center of the circle 4 and
the center of the line 3 are the same point (Note: the
circle 4 represents the upper part of the cut sphere
in Fig. 2C)
Step 5: draw line 5 and line 6 parallel to the long axis
of the ellipse
Step 6: draw line 7 connect each side of line 5 and
line 6
Step 7: the angles between line 5 and 7, and line 6 and
7 are equal to radiographic anteversion because the
size of the circle 4 and the cut surface of the sphere
Fig. 2C) are equal (according to the circle theorem, in
the same circle or different circles but same size, the
angles in the same segment of a circle are equal(28))

Fig. 4 Demonstrating anatomical anteversion and measur-
ing method
A: Demonstrating a sphere as in the Fig. 2A
This time the sphere was cut parallel to the transverse
axis. The cut surface of the sphere is opened up. The
angle between line connecting two cut wire markers
(white arrows) and the dash lines which parallel
to the longitudinal axis of the body are equal to
anatomical anteversion (black arrows)
B: Measuring method of anatomical anteversion
Step 1 and 2 are same as steps 1 and 2 in Fig. 3
Step 3: draw line 3 parallel to transverse axis of the
body and pass the ellipse at two points which are
not obscured by the femoral head component
Step 4 is same as step 4 in Fig. 3
Step 5: draw line 5 and line 6 parallel to the vertical
axis of the body and end at the curve of the circle 4
Step 6: draw line 7 connect each side of line 5 and
line 6
Step 7: the angles between line 5 and 7, and line 6 and
7 are equal to anatomical anteversion because the size
of the circle 4 and the cut surface of the sphere in
Fig. 4A are equal (according to the circle theorem(28))
Step 8: Because the operative anteversion and
anatomical anteversion are observe perpendicular
to each other (Fig. 1), the measuring of operative
antevesion can perform in the perpendicular manner
to the measuring of anatomical anteversion, draw
line 8 (dash line) instead of line 3 and the following
steps are same

Results
The measurement of radiographic anteversion

has an accuracy of plus or minus 2 degrees. The intra-
class correlation coefficients of inter-observer variation
in the first and the second measurement were 0.9987
and 0.9982 for radiographic anteversion, 0.9983 and
0.9989 for anatomical anteversion and 0.9982 and
0.9984 for operative anteversion. Paired t-test showed
no significant different between value of the first
and the second measurement for all definitions of
anteversion in all observers.

The inter-observer variation between the
first and the second measurement were 3 degrees
or less for all definitions of anteversion. The intra-
observer variation between the first and the second
measurement were 2 degrees or less for radiographic

anteversion and 3 degrees or less for anatomical and
operative anteversion.

Discussion
Anteversion of the acetabular cup can be

measured by 3 sources of radiographic modality, the
computer tomography (CT)(17,24,25), the fluoroscopy(12)

and plain radiography(2,10,11,13-16,18-23,26).
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The CT method demonstrated the good
reproducibility and high level of precision for
determining acetabular cup anteversion regardless of
the position of the patient(17,24,25). However, this method
is impractical because of the high costs and the
increase risk of radiation exposure.The fluoroscopic
method can measure all definitions of anteversion(12).
However, this method takes a longer time and is improper
to be used as a follow-up means in the clinical practice.

Plain radiograph is the most commonly
used modality for follow-up postoperative total hip
arthroplasty because it is inexpensive and available in
every orthopedic center. Measurement on the plain
radiograph can be further classified into trigonometric
methods, law of ellipse methods, and descriptive
geometric methods.

Trigonometric methods can be performed
in AP hip radiograph(10,11,13-15,18,21,26), AP pelvis(2,23) or
lateral cross-table hip radiograph(19). Some methods
use trigonometry to create conversion table(11,14,20,23).
The ratio of the shortest to the longest diameter of
the cup on radiograph is used to determine the angle
of anteversion. Others create normogram(10,19) or
protector(23,26). However, these methods have to draw
the remaining parts of ellipse which is obscured by the
femoral component and contribute to the inaccurate
measurement(16,20,22,26). Pradhan(21) used the theorem
of Pythagoras to solve this problem. However, the
trigonometric calculator is needed. Yao et al(19) used a
lateral cross-table of the hip to stay away from drawing
the obscured part, but normograms are needed to
determine all of the definition for the anteversion.

With the law of ellipse, the problem of
drawing the obscured part can be avoided(16,20), but
conversion tables are necessary otherwise a computer
is needed to calculate the complex mathematical
formulas.

The descriptive geometric method described
by Fabeck et al(22) is simple on this basis. This method
uses a special goniometer with a protactor inside
to measure anteversion of acetacular cup. However,
drawing the obscured part of the ellipse is needed and
sometimes the circles inside the goniometer does not
match the side of the acetabular cup.

Conclusion
The authors proposed the circle theorem

method based on a simple descriptive geometry. With
this method, drawing of the obscured part can be
avoided with high accuracy and consistency for all
definitions of the acetabular cup anteversion. This
method can also be used for measuring the cementless
cup version as the obscured side of the ellipse can be
drawn symmetrically to the visible part(22). To reduce
the errors, standard AP radiograph of the hip
without any rotation in any axis of the pelvis is
compulsory(2,15,18,23,26,28). Another error may occur if
the apex of the ellipse is difficult to identify when the
ellipse is broaden(21). The circle theorem method
also has some limitations of numerous steps and a
compass is required. Nevertheless, after a few times of
measurement, all of the observers can be performed in
a few minutes.

References
1. Muller ME. Total hip prostheses. Clin Orthop

Relat Res 1970; 72: 46-68.
2. Lewinnek GE, Lewis JL, Tarr R, Compere CL,

Zimmerman JR. Dislocations after total hip-
replacement arthroplasties. J Bone Joint Surg
Am 1978; 60: 217-20.

3. Dorr LD, Wolf AW, Chandler R, Conaty JP.
Classification and treatment of dislocations of
total hip arthroplasty. Clin Orthop Relat Res 1983;
(173): 151-8.

4. Woo RY, Morrey BF. Dislocations after total
hip arthroplasty. J Bone Joint Surg Am 1982; 64:
1295-306.

5. McCollum DE, Gray WJ. Dislocation after total hip
arthroplasty. Causes and prevention. Clin Orthop
Relat Res 1990; (261): 159-70.

6. Jolles BM, Zangger P, Leyvraz PF. Factors
predisposing to dislocation after primary total
hip arthroplasty: a multivariate analysis. J
Arthroplasty 2002; 17: 282-8.

7. Robinson RP, Simonian PT, Gradisar IM, Ching
RP. Joint motion and surface contact area related
to component position in total hip arthroplasty.

Observer p-value

  RA   AA OA

1 0.233 0.774 0.760
2 0.806 0.822 0.685
3 0.364 0.430 0.452

Table 1. P-value of the first and the second measurement
in three observer (paired t-test)

RA = radiographic anteversion, AA = anatomical anteversion,
OA = operative anteversion



S132 J Med Assoc Thai Vol. 92 Suppl. 6 2009

J Bone Joint Surg Br 1997; 79: 140-6.
8. Kummer FJ, Shah S, Iyer S, DiCesare PE. The

effect of acetabular cup orientations on limiting
hip rotation. J Arthroplasty 1999; 14: 509-13.

9. D’Lima DD, Urquhart AG, Buehler KO, Walker RH,
Colwell CW Jr. The effect of the orientation of the
acetabular and femoral components on the range
of motion of the hip at different head-neck ratios.
J Bone Joint Surg Am 2000; 82: 315-21.

10. Murray DW. The definition and measurement of
acetabular orientation. J Bone Joint Surg Br 1993;
75: 228-32.

11. McLaren RH. Prosthetic hip angulation. Radiology
1973; 107: 705-6.

12. Ghelman B. Radiographic localization of the
acetabular component of a hip prosthesis.
Radiology 1979; 130: 540-2.

13. Visser JD, Konings JG. A new method for measur-
ing angles after total hip arthroplasty. A study of
the acetabular cup and femoral component. J Bone
Joint Surg Br 1981; 63B: 556-9.

14. Seradge H, Nagle KR, Miller RJ. Analysis of
version in the acetabular cup. Clin Orthop Relat
Res 1982; (166): 152-7.

15. Pettersson H, Gentz CF, Lindberg HO, Carlsson
AS. Radiologic evaluation of the position of the
acetabular component of the total hip prosthesis.
Acta Radiol Diagn (Stockh) 1982; 23: 259-63.

16. Ackland MK, Bourne WB, Uhthoff HK.
Anteversion of the acetabular cup. Measurement
of angle after total hip replacement. J Bone Joint
Surg Br 1986; 68: 409-13.

17. Mian SW, Truchly G, Pflum FA. Computed
tomography measurement of acetabular cup
anteversion and retroversion in total hip
arthroplasty. Clin Orthop Relat Res 1992; (276):
206-9.

18. Seelen JL, Bruijn JD, Hansen BE, Kingma LM,
Bloem JL. Reproducible radiographs of acetabular

prostheses. A method assessed in 35 patients.
Acta Orthop Scand 1994; 65: 258-62.

19. Yao L, Yao J, Gold RH. Measurement of acetabular
version on the axiolateral radiograph. Clin Orthop
Relat Res 1995; (316): 106-11.

20. Hassan DM, Johnston GH, Dust WN, Watson LG,
Cassidy D. Radiographic calculation of anteversion
in acetabular prostheses. J Arthroplasty 1995; 10:
369-72.

21. Pradhan R. Planar anteversion of the acetabular
cup as determined from plain anteroposterior
radiographs. J Bone Joint Surg Br 1999; 81: 431-5.

22. Fabeck L, Farrokh D, Tolley M, Descamps PY,
Gebhart M, Delince P. A method to measure
acetabular cup anteversion after total hip
replacement. Acta Orthop Belg 1999; 65: 485-91.

23. Widmer KH. A simplified method to determine
acetabular cup anteversion from plain radiographs.
J Arthroplasty 2004; 19: 387-90.

24. Olivecrona H, Weidenhielm L, Olivecrona L,
Beckman MO, Stark A, Noz ME, et al. A new CT
method for measuring cup orientation after total
hip arthroplasty: a study of 10 patients. Acta
Orthop Scand 2004; 75: 252-60.

25. Kalteis T, Handel M, Herold T, Perlick L, Paetzel C,
Grifka J. Position of the acetabular cup - accuracy
of radiographic calculation compared to CT-based
measurement. Eur J Radiol 2006; 58: 294-300.

26. Liaw CK, Hou SM, Yang RS, Wu TY, Fuh CS. A
new tool for measuring cup orientation in total
hip arthroplasties from plain radiographs. Clin
Orthop Relat Res 2006; 451: 134-9.

27. Markel DC, Andary JL, Pagano P, Nasser S.
Assessment of acetabular version by plain
radiograph. Am J Orthop 2007; 36: 39-41.

28. Goergen TG, Resnick D. Evaluation of acetabular
anteversion following total hip arthroplasty:
necessity of proper centring. Br J Radiol 1975; 48:
259-60.



J Med Assoc Thai Vol. 92 Suppl. 6 2009 S133

การวัดมุม anteversion ของเบ้าสะโพกเทียมด้วยทฤษฎีบทวงกลม

อรรคพัฐ  โกสิยตระกูล, สุริยา  ลือนาม, ธไนนิธย์  โชตนภูติ

วัตถุประสงค์: การวางเบ้าสะโพกเทียมที ่ผ ิดตำแหน่งนั ้นเป็นหนึ ่งในสาเหตุหลักของการเกิดข้อสะโพกหลุ
เคล่ือนภายหลังการผ่าตัดเปล่ียนข้อสะโพกเทียมแบบ total hip arthroplasty ในปัจจุบันการวัดมุม anteversion ของ
เบ้าสะโพกเทียมนั้นทำได้ยาก และยังไม่มีวิธีใดที่ดีที่สุดสำหรับการวัดค่ามุมดังกล่าว ทฤษฎีบทวงกลม ซึ่งเป็นทฤษฎี
บทพื้นฐานในวิชาเรขาคณิตได้ถูกนำมาประยุกต์ใช้เพื่อเป็นวิธีการในการหาค่ามุม anteversion ของเบ้าสะโพกเทียม
วัสดุและวิธีการ: เพื่อที่จะศึกษาว่าวิธีการดังกล่าวมีความถูกต้อง แม่นยำ และเที่ยงตรงเพียงใด ทางผู้รายงานได้นำ
เบ้าสะโพกเทียมชนิด all-polyethylene ซึ่งทราบค่าของมุม radiographic anteversion ไปประกอบกับกระดูก
เชิงกรานจริงเพื่อใช้ในการถ่ายภาพรังสี โดยทำการถ่ายภาพรังสีในแนวหน้าหลังของข้อสะโพกและอุ้งเชิงกราน
ในมุมที่แตกต่างกัน 15 มุมซึ่งได้จากการสุ่ม นำแผ่นภาพรังสีที่ได้มอบให้แก่แพทย์ประจำบ้าน 3 ท่าน เพื่อใช้ในการ
วัดมุมตามนิยามต่าง ๆ 2 คร้ังห่างกัน 3 เดือน ข้อมูลท่ีได้จะนำมาวิเคราะห์เพ่ือหา accuracy, inter-observer reliability
และ intra-observer reliability การศึกษานี้ใช้การเปรียบเทียบแผ่นภาพรังสี ในแนวหน้าหลังของอุ้งเชิงกราน
และข้อสะโพกในการแยกระหว่าง anteversion กับ retroversion
ผลการศึกษา: การวัดมุม radiographic anteversion มีความคลาดเคลื่อน 2 องศาจากค่าจริง ค่า reliability co-
efficient ของการวัดมุม anteversion ตามนิยามต่างๆอยู่ในเกณฑ์ที่สูง ไม่พบว่ามีความแตกต่างกันอย่างมีนัยสำคัญ
ระหว่างการวัดครั ้งแรกและครั้งที ่สองในทุกนิยามของมุม anteversion ค่า interobserver variation และค่า
intraobserver variation ของการวัดครั้งแรกและครั้งที่สองในทุกนิยามมีค่าน้อยกว่าหรือเท่ากับ 3 องศา
สรุป: การวัดมุม anteversion ของเบ้าสะโพกเทียมโดยใช้ทฤษฎีบทวงกลม สามารถทำได้ง่ายมีความถูกต้อง
อยู่ในเกณฑ์ท่ียอมรับ และมี inter-observer และ intra-observer reliability ท่ีสูงสำหรับการวัดมุม anteversion ของ
เบ้าสะโพกเทียมในทุกนิยาม


