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The Orientation of Acetabulum —The Definitions
and Measuring Methods
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Introduction




The Academic Importance of
Acetabular Orientations
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Searching in Medline with keywords of “acetabulum version”, “acetabulum
anteversion”, “acetabulum retroversion”, or “acetabulum orientation”




* According to Murrey’s report
— Inclination, lateral opening, abduction
— Anatomical anteversion, true anteversion
— Radiographic anteversion, planar anteversion
— Operative anteversion, flexion

— J Bone Joint Surg Br. 1993;75:228-232.
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« Easy to measure from plain radiograph

« Radiographic anteversion angle = sin-’
(short axis of the ellipse / long axis of the
ellipse)

* By Lewinnek, J Bone Joint Surg
[Am] ,1978;60-A:217-20.
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shor axis

r=long axis

a= sin' (short axis of the ellipse/long axis of the ellipse




Another
Method

 Measure the
ellipse at 0.4r

* To eliminate the
overlapping

femoral head

* By Pradhan, J
Bone Joint Surg
[Br], 1999;81-
B(3):431-5.
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« a=sin'(0.4D / long axis of the ellipse)
* D: the short axis at 0.4r




Fabeck’s

Method

A method to measure
acetabulum cup
anteversion after total
hip replacement. Acta
Orthop Belg.
1999:65:485—491.
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- A simplified method to determine acetabular cup
anteversion from plain radiographs.

« J Arthroplasty. 2004;19:387=390.
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Anatomical Anteversion
(True Anteversion)

e |ndirect method

— Measure radiographic anteversion, and
inclination

— Then calculate anatomical anteversion

— anatomical anteversion = tan-!(tano cscy)
— o radiographic anteversion
— V. Inclination
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Direct method
McLaren’s method

anatomical anteversion
= sin’l(s, / 1) NN
NN b




Anatomical Anteversion
Direct Method

 Fabeck’s method "




CT Method

Target Axial |
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The Digitalized Simulator




The Digitalized Simul
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Before developing measuring methods, we must
develop the “gold standard”.

Mechanical device is straightforward but
expensive and having an unpredicted precision.

The method using mechanical simulator requires
taking radiograph and then transforming to
digital form.

It takes many processes and every process may
cause error thus interferes with the final
precision.
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 Many published methods used Fourier
transformation.
— Speed
— Precision?

« Ray tracing

* Transform thickness to grey scale
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 Build mathematical model of acetabulum
with femoral head.

» Ray tracing every projected pixel on virtu
film.

— Calculate thickness the X-ray
beam passe .

— Transform thickness to grey scale.
— Draw in the virtu film.




Transforming Thickness to Grey
Scale

* Beer-Lambert law.
— Penetration = ekbc
— K. molar absorbability
— b: path length
— ¢. concentration

— k different in different material and different radiation
energy.

— Radiation energy from X-ray tube: normal distribution
* Lookup table method




* We propose to implement the Simulator by
lookup table method.
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[15 %[ Thickness (mrm)!10
[50 #]Cup size (rmm)

[100 #]Tube distance [cm)
[0 #film size (cm*cm)
120 #]filmn dist. {cm)

i'IEI E_”anat-:umical anteversiun:_]

36 :labduc’rion

28 ¢|Head diarneter

0 #|Upperwear
10 :lMediaI wear
10 ¢|F’05Teriorwear
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[J.h THE stmulator

[15 2] Thickness (mmji10
[0 2[Cup size {mm)

[100 #]Tube distance (cm)
[1o =]film size (cm®cm)
[20° =]film dist {cm)

[18  3]|anatomical anteversion = |

|35 ~|abduction

|28 »|Head diameter

[t 2|Upperwear
|5 = Medial wear
14 = | Fosterior wear




15 #|Thickness (mm)/1d
50 #]Cup size {mm)
[100 #]Tube distance {crm)
[& 2]filrn size (cm®*cm)
20 #]film dist. {cm)

i'IEI E_”anatl:umical anteversinn_v_]

1% 3]abduction

22 3]Head diameter
0 #|Upperwear
[0 #]Medial wear
[0 #]Posterior wear

the same picture,



[Lﬁ THE stmulator

Simulation |

[15  #]Thickness (mm)/1d
[s0 #|Cup size (mm)
[100 #]Tube distance (cm)
[6 #]filrm size (cm*cm)
20 #]film dist. {cm)

adiographic anteverzior i

anatomical anteverzion
1" | [5diographic anteverzion
operational anteverzion

28 w|Head diameter

[0 #|Upperwear
1D = Medial wear
1D =| Posterior wear







New Protractor of Measuring
Orientations after Total Hip
Arthroplasty




CLINICAL ORTHOPAEDICS AND RELATED RESEARCH
Mumber 451, pp. 134139
@ 2006 Lippincott Williams & Wilkins

A New Tool for Measuring Cup Orientation in Total Hip
Arthroplasties from Plain Radiographs

Chen-Kun Liaw, MD; Sheng-Mou Hou, MD, PhD, MPH; Rong-Sen Yang, MD, PhD;
Tai-Yin Wu, MD; and Chiou-Shann Fuh, PhD
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Anatomical Anteversion
Direct Method

e Our method




Anatomical Anteversion
Direct Method

e Our method
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* We simulate 45 total hip arthroplasty
radiographs with 15 different anteversions
ranging from 15-29" and random
inclinations using our Simulator.

* We also collect 45 total hip arthroplasty
radiographs.




« Measure the anteversion of the 90
radiographs with Lewinnek method.

* Measure the anteversion again one week

later with our method.
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s A NEW Tool for Me:
Cup Orientation in T
Arthroplasty

Chen-Kun Liaw!3 Rong-Sen Yang? Sheng-Mou Hou?
Chiou-Shann Fuh? Tai-Yin Wy
- EnChuKong Hospital, Taipei Hsian, Taiwan'
‘Nationa ‘Taiwan University Hospital, Taipei, Taiwan?
T "wan-University, Computer Science and




The Improvement of
Widmer’s Protractor




The Journal of Arthroplasty Vol. 00 No. 0 December 2007

Measurement of the Acetabular Cup Anteversion on

the Simulated Radiographs

Chen-Kun Liaw, MD, PhD,*+,' Rong-Sen Yang, MD, PhD,%,’
Sheng-Mou Hou, MD, PhD, MPH, £ Tai-Yin Wu, MD,§ and Chiou-Shann Fuh, PhD+
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« Easy to use, but imprecise.

 Widmer, K.H.,

2004. 19(3): p. 387-90.
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* Approximate curve with linear regression.

* Ignore different inclination (abduction)
influences on anteversion of oblique

projection.
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* Improve precision
* Use hip AP view radiographs
— Eliminate second source of imprecision.

* Approximate curve with mathematic
equation.




TL=(/ +S) / 2
TL= S /(SITL

ratio)

=2 TL- S=2 S/(SITL.; )- S
SI=S1(2S/(SITL,.) S)= (SITL,...)/(2-

(S/ TLratio))

Radiographic version
=sin (S /)
= Sin_1((S/TLratio)/(z'(S/TLratio)))




Estimated Error of Widmer's Method

- inclination 30
—— inclination 35
- inclination 40
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* We simulate 336 total hip arthroplasty
radiographs with 48 different anteversions
ranging from 5-52" and seven different
inclinations (30, 35, 40, 45, 50", 55, and
60°) using our Simulator.

Measure the anteversion of the 336
radiographs with our improved method
and with Widmer’'s method.

« Compared with pair t-test.




* We randomly select ten hip arthroplasty
radiographs and measure the radiographic
anteversion with our method and Widmer's
method by one of the authors.




Estimated Error of Widmer's Method

Error of Original Widmer's Method

= inclination 30

——nclination 35

- inchnation 40

— nclmation 15

Estimated Error {degrees)

- inclination 55

Error (degrees)

—@- 30° inclination
—- 35 inclination
—&— 40° inclination
—- 45° inclination
—#- 507 inclination
—- 55° inclination
-2~ 607 inclination

Antgversion (degroes)

Anteversion (degrees)
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Liaw’s Version —
A New Standardized Version
of Acetabular Prosthesis




Computational and Mathematical Methods in Medicine Taylor & Francis
Vol. 00, No. 0, 2008, 1-15 Taylor & Francis Croup

A simple mathematical standardized measurement of acetabulum
anteversion aftter total hip arthroplasty

- -~ + H - r 2 - '% F + F il T L
Chen-Kun Liaw®%!'~_ Rong-Sen Yang"*’, Sheng-Mou Hou"™, Tai-Yin Wu®*
and Chiou-Shann Fuh‘#




 Position will interfere the anteversion we
measure.

* Position problems include

— X-ray tube position
— Film position
— Patient position




100 cm above the patient

* Pelvis AP view
— Centered at symphysis pubis

* Hip AP view
— Centered at femoral head (acetabulum)




 Pelvis AP view

— Perpendicular to X ray tube to symphysis
pubis

* Hip AP view
— Perpendicular to X ray tube to femoral head
* Below patient




No tilt
No rotation
Pelvis AP view

— Line X ray tube to symphysis pubis is parallel
to symphysis pubis to sacrococcygeal junction

Hip AP view

— Line X ray tube to femoral head is parallel to
symphysis pubis to sacrococcygeal junction




Palvic longiudingl axis

Arnfarior pelvic plane
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* To keep X ray tube and film in good
position is easy.
» Hard to obtain good position of patient.




* We can take X ray again and again until
we obtain good patient position.

« Jaramaz's method uses CT (computer

tomography) to obtain three dimensional
relationship and then calculate the
anteversion.

. Clin. Orthop., 354:70-80, 1998.
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» Take X ray without concerning patient’s
position.

* Find clues on this X ray and calculate the
patient’s position.

* Then correct the anteversion by the
patient’s position.







» Pelvis radiographic axis: the axis from
center of sacrococcygeal junction pointed
toward upper pole of symphysis pubis.

— The upper pole of symphysis pubis means the

mid point of upper end of interpubic
fibracartilage.

« Radiographic standardized anteversion
(Liaw’s version): the angle between the

plane of acetabulum and pelvis
radiographic axis
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Define Cartesian coordinate system

Obtain pelvis radiographic axis from plain
X ray.

Obtain vector of pelvis radiographic axis.
Obtain normal vector of acetabulum.

Calculate the angle between the two
vectors.
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Unit normal vector n

Vector /=

( singp*cos6, -cosgp*cosh, sinb)

Anteversionf
Inclinationg@




Vector of Pelvis Radiographic
AXIS

h mm: horizontal
displacement of
sacrococcygeal junction
related to upper pole of
symphysis pubis in
horizontal direction.

h is positive if
sacrococcygeal junction
IS between this
acetabulum and the
upper pole of symphysis
pubis, otherwise it is
negative.




Vector of Pelvis Radiographic
AXIS

v mm: vertical

displacement of R
sacrococcygeal junction &
related to upper pole of = e~
symphysis pubis in Vo WS
vertical direction.

v is positive if
sacrococcygeal junction 2&%

is higher than upper pole &,

of symphysis pubis,

otherwise it is negative.

vector a=
(-h, -v, (ssd ?-h?- v?)0-9)
ssd: distance from

sacrococcygeal junction to
upper pole of symphysis publs
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* w = angle between the two vectors

* cosw-= (vector a dot vector n)/(length of
vector a* length of vector n)

« w= cos'((vector a dot vector n)/(length of
vector a* length of vector n))




Radiographic Standardized
Anteversion
 radiographic standardized anteversion=

90 degrees — w
=90 degrees —

cos '((-h* sing*cosB+v*cosp*cosO+
sin@*(ssd 4-h?- v?) 9-9)/ssd)

= sin“1((-h* sing *cosB+v*cosp*cosO+
sin@*(ssd 4-h?- v?) 9-°)/ssd)




We measure ssd of 109 normal adults from
lumbar-saccral lateral view radiographs.

We collect ten patients who received total hip
arthroplasty in En Chu Kong Hospital in 1999.

Inclusion criteria
— Radiographs include the acetabt
and sacrococcygeal junction.

Exclusion criteria
— Average radiographic anteversion below 10 degrees

Vllvllll




* We measure the radiographic anteversion
by Lewinnek’s method, and inclination,
and then radiographic standardized
anteversion by our method.




* We calculate the standard deviation for all
measurement of each patient and RSD
(Repeatability Standard Deviation) from
ASTM E691 for comparison.

« The RSD can be seen as standard
deviation.

 The lower RSD, the better.




o X,-j means the result of the jth patient, the ith X-
rays’ measurement; means the mean result of

the jth patient; and n; means the total number of
measurement of the jth patient.
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Absolute difference

Radiographic
Anteversion

Standardized
Anteversion
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Standard deviation

Radiographic
Anteversion

Standardized
Anteversion

V2%




Results

Numberof  Radiographic Anteversion Standardized Anteversion
radiogram

of each Min Max Min
*

. Median Mean Median Max*
patient i i

6.2 . 11.5 . . . 15.8

0.90 g . . . . 0.42

: Average: Average:
68 2.30 0.75

*Min: minimal

Max: maximal

STD: standard deviation

MAD: of absolute deviation

** RSD: Repeatability Standard Deviation
















Diithlir
1 UNMNIIV

[A] Journal Papers

Liaw CK, Yang RS, Hou SM, et al. A Simple Mathematical Standardized
Measurement of Acetabulum Anteversion after Total Hip Arthroplasty. Computational
and Mathematical Methods in Medicine. (in press) (C*J*A 3*.5*5=7.5)

Liaw CK, Yang RS, Hou SM, et al. Measurement of the the Acetabular Cup
Anteversion on the Simulated Radiographs. J Arthroplasty. (in press). (SCI 9/43
impact 1.806) (C*J*A 3*5*5=75)

Liaw CK, Fuh CS, Yang RS, Hou SM, Wu TY. The Importance of Knowing
Anteversion Values Before and After Rotational Acetabular Osteotomy. (letter). J.
Bone Joint Surg. Am. (SCI 3/43 impact 2.444). (C*J*A 2*5*5=50)
http://www.ejbjs.org/cgi/eletters/88/9/1915

Liaw CK, Fuh CS, Yang RS, Hou SM, Wu TY. Use of a Sentinel Pin as a Guide to
Acetabular Component Anteversion in Total Hip Arthroplasty. (letter). J. Bone Joint
Surg. Am. (SCI 3/43 impact 2.444). (C*J*A 2*5*5=50)
http://www.ejbjs.org/cgi/eletters/88/suppl_4/97

Liaw CK, Hou SM, Yang RS, et al. A New Tool for Measuring Cup Orientation in Total
Hip Arthroplasties from Plain Radiographs. Clin Orthop. 2006;451:134—-139. (SCI 6/43
impact 2.161) (C*J*A 3*5*5=75)

| ——




&, TS A, MR, B[ AL, U, P
Bl [irﬁjajkl ! dq% Talpel City Medlcal

Journal. B:915, 2005. (C*J*A 3*0.5*5=7.5)

C.S. Wu, R. S. Yang, J. K. Liaw, S. M. Hou: Calcium

Sulfate for the Treatment of Benign Bone Tumors. J.
Orthop Surg. R.O.C. 21:200-206, 2004. (C*J*A

ihr?f' %g

3*0.5*1=1.5)
J. K. Liaw, S. H. Liaw, R. S. Yang, S. M. Hou Reverse
drilling technique in inserting distal locking screws of

interlocking nail. J. Orthop Surg. R.O.C. 18:115-119,
2001.

Tsai KJ, Liaw JK, Lin CC, Hou SM, 2001: Minimal
Invasive technique in compression hip screw insertion.

J Orthop Surg ROC 18: 130-135, 2001.




1. fE{/'FI FEJ,E&%TLP\[THJE%IEF[ Jg{"%ﬁ _ jJJT—EJ _:F
_TIFJ [ﬁﬁ]({/ >

P 2 PTAUIRA B

FL = L IS A 2008 2 SR it

2. B PSR A Y L T R
?:}PL %&IEIIFLF[[ Flj( ! 1998F[-F_T§I[EJI%;LLI #’§T+

e




D) |h|
1 UNI

[C] Conference papers

A Simplified Guide Ruler for Rotational Osteotomy. & =/l ?ﬁ;@i
U ey R S 2 2R RIS 2007 RIS

R i
Measurement of the the Acetabular Cup Anteversion on the
Simulated Radiographs. Chen-Kun Liaw Rong-Sen Yang Sheng-
Mou Hou Chiou-Shann Fuh Tai-Yin Wu Fifth SICOT/SIROT
ﬁ/lnnual International Conference 29 August 2007 Marrakech,

otocco.

Percutaneous Repalr of Neglected Achilles Tendons Rupturei |7
O LA ] gL gy [ D A
= spal] (R 113 SR B 967 5 £ 0 1 “’T’Eﬁf

Reverse Drilling Technique in Insertlng Distal Lockln Scr of
Interlocking Nail I']” ~8EFSEE" 37 ¢80 |5 et }ETIH—EE e
gL 2007 f 5 Py st B

- ——




D) |h|
1 UNI

An Improved Method to Measure Acetabular Cup Anteversion From Plain Radlographs 7 L
POl LR B R A T 2006 TIEIRE G T G H 4

Simulated Radiograph of Total Hip Arthroplasty for Verifying Measuring InstrEment Chen-Kun
Liaw Rong-Sen Yang Sheng-Mou Hou Chiou-Shann Fuh Tai-Yin Wu Fourth SICOT/SIROT
Annual International Conference 23-26 August 2006 Buenos Aires, Argentina.

A New Tool for Measuring Cup Orientation in Total Hip Arthroplasty. Chen-Kun Liaw Rong-
Sen Yang Sheng-Mou Hou Chiou-Shann Fuh Tai-Yin Wu Fourth SICOT/SIROT Annual
International Conference 23-26 August 2006 Buenos Aires, Argentina.

Accuracy of Measurement of Acetabulum Anteversion with Radiographs of Total Hip
Replacements. Chen-Kun Liaw Rong-Sen Yang Sheng-Mou Hou Chiou-Shann Fuh Tai-Yin
Wu Fourth SICOT/SIROT Annual International Conference 23-26 August 2006 Buenos Aires,
Argentina.

Automatic Digital PE Wear Measurement. Chen-Kun Liaw Rong-Sen Yang Sheng-Mou Hou
Chiou-Shann Fuh Tai- Y|n Wu Fourth SICOT/SIROT Annual International Conference 23-26

/\||m||o+ 27NNA DIIDHI‘\D Ar ntin
U LUVV LUTI IVO I‘\IIUO, I_\| UU' |L|| |a

A New Tool for Measurlngr Cup Orientation in Total Hip Arthroplasty '&#=fL [fifM= 58 A 795
7% 2006 f| 1 FIE[F I i 1%

OCM Approach for Hip Arthroplasty-En Chu Kong Experience R =/ 75575 12 5 g1 2[R
(1955 1 % % 5 £ S T ) iai F
Automatic Dlgztal PE Wear Measurement. & =5l A9 i< ‘Fﬁ EVYERY [FIME A A BIETS
2005 Fﬁﬂ?{ "F’—‘l“:>*gr”I ﬂ‘f

- ——




D) |h|
1 UNI

Simulated Radiograph of Total Hip Arthro:plasty for Verlfylng
Measuring Instrument. ’%ﬁ*ﬁiﬁ 2 S E By [RIPE THAC
B (57 2005 PEIBF R Tl 2P ().

Accuracy of Measurement of Acetabulum Antever5|on with
Radiographs of Total H|p Replacements %#é gL IR ’*‘“ ElY
B [ A TS 2005 PRI 6 5 ﬁiﬁruﬁm
Automatic Digital PE Wear I\/Ieasurement hen Kun Llaw a|-
Yin Wu, Sheng-Mou Hou, Rong-Sen Yang, Chiou-Shann Fuh
Shong-Hon Liao, Chang-Chin Wu, Han-Cheng Tai, Dah-Hsiang
Liu. 2005 AAOS annual meeting Scientific Exhibition.

A New Tool for Measuring Cup Orientation in MIS Total Hip
Arthroplasty Chen-Kun Liaw, Sheng-Mou Hou. 4th annual
scientific symposium Orthopaedic Update: MIS Surgery Series,
2005, Gold Coast.

- ——




Templater: Solution for Preoperative Plannin ng on Picture Archiving and

Communication S stems PACS) &=/ Jl-= “ DB By IS A B
57 2004 ARG B0 B -

Recent advances on dlagn03|s of Temoral head avascular necrossﬁ&“wgg??[ i S

LD BRI E R B P BT FEES, 2004 5] A B R RENFIR
HIB«'J ‘FIJ

Small Incision Hip Arthroplasty ZH=/L {5575 2002 FrE[RE € 5 5 5 Fefts

A New Tool for Measurlng The Orlentatlon of the Total Hip Afrthroplasty %@Fﬁﬁi 2
5T A 2002 FrE[ B PRI

Reverse Drillin TechnlgLue |n Insertlng Dlstal Locking Screws of Interlocklng Nail

ny ’Z’TE:‘TW’ t*” Etfrﬁi*'umt‘ B PED AE HAS ST 2001

'*l?‘
Ew%@ S el s 2001 BRI T
The Limited Anterlor Approach f for Operatlve Treatment of Humeral Supracondyle
Fracture Z#=/fl %%;fgq H = = 2 240 2000 ”%[?Eﬁﬁ“ RS

Subscapularis transposmon in repa|r| masswe Rot torCf ff tear tFE{Ei NS
P32 e 1996 =[RS

- ——




- [D
o BEE R N R A A (5T
2005 7 #1(H: 57228409 B




