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IntroductionIntroductionIntroductionIntroduction



The Academic Importance of The Academic Importance of 
Acetabular OrientationAcetabular Orientations s 
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DefinitionsDefinitionsDefinitionsDefinitions

• According to Murrey’s report
– Inclination, lateral opening, abduction, p g,
– Anatomical anteversion, true anteversion

Radiographic anteversion planar anteversion– Radiographic anteversion, planar anteversion
– Operative anteversion, flexion

– J Bone Joint Surg Br. 1993;75:228–232.



Inclination, Lateral Opening, Inclination, Lateral Opening, 
AbductionAbduction



Anatomical Anteversion, True Anatomical Anteversion, True 
AnteversionAnteversion



Radiographic Anteversion, Radiographic Anteversion, 
Planar AnteversionPlanar Anteversion



Operative Anteversion FlexionOperative Anteversion FlexionOperative Anteversion, FlexionOperative Anteversion, Flexion



Radiographic AnteversionRadiographic AnteversionRadiographic AnteversionRadiographic Anteversion

• Easy to measure from plain radiograph
• Radiographic anteversion angle = sin-1Radiographic anteversion angle  sin

(short axis of the ellipse / long axis of the 
ellipse)ellipse)

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



α= sin-1 (short axis of the ellipse / long axis of the ellipse) 



Another Another 
MethodMethod

• Measure the 
ellipse at 0.4r

• To eliminate the 
overlapping g
femoral head

• By Pradhan, JBy Pradhan, J 
Bone Joint Surg 
[Br], 1999;81-[Br], 1999;81
B(3):431-5. 



Pradhan’s MethodPradhan’s MethodPradhan s MethodPradhan s Method



Pradhan’s MethodPradhan’s MethodPradhan s MethodPradhan s Method

• α= sin-1 (0.4D / long axis of the ellipse)
• D: the short axis at 0 4rD: the short axis at 0.4r



Fabeck’s Fabeck’s 
MethodMethod

• A method to measureA method to measure 
acetabulum cup 
anteversion after total 
hip replacement Actahip replacement. Acta 
Orthop Belg. 
1999;65:485–491.



Fabeck’s methodFabeck’s methodFabeck s methodFabeck s method



Widmer’s MethodWidmer’s MethodWidmer s MethodWidmer s Method

• A simplified method to determine acetabular cup 
anteversion from plain radiographs. p g p

• J Arthroplasty. 2004;19:387–390.



Widmer’s MethodWidmer’s MethodWidmer s MethodWidmer s Method



Widmer’s MethodWidmer’s Method



Anatomical AnteversionAnatomical Anteversion
(True Anteversion)(True Anteversion)

• Indirect method
– Measure radiographic anteversion, and g p ,

inclination
– Then calculate anatomical anteversionThen calculate anatomical anteversion
– anatomical anteversion = tan-1(tanα cscγ)

di hi t i– α: radiographic anteversion
– γ: inclination



Anatomical AnteversionAnatomical AnteversionAnatomical AnteversionAnatomical Anteversion

• Direct method
• McLaren’s methodMcLaren s method
• anatomical anteversion

i 1( / l )= sin-1(st / lt) 



Anatomical AnteversionAnatomical Anteversion
Di t M th dDi t M th dDirect MethodDirect Method

• Fabeck’s method



CT MethodCT MethodCT MethodCT Method





The Digitalized SimulatorThe Digitalized SimulatorThe Digitalized SimulatorThe Digitalized Simulator



The Digitalized SimulatorThe Digitalized SimulatorThe Digitalized Simulator The Digitalized Simulator 

B f d l i i th d t• Before developing measuring methods, we must 
develop the “gold standard”.
M h i l d i i t i htf d b t• Mechanical device is straightforward but 
expensive and having an unpredicted precision. 
Th th d i h i l i l t i• The method using mechanical simulator requires 
taking radiograph and then transforming to 
digital formdigital form. 

• It takes many processes and every process may 
cause error thus interferes with the finalcause error thus interferes with the final 
precision. 



The Mechanical SimulatorThe Mechanical SimulatorThe Mechanical SimulatorThe Mechanical Simulator



The Digitalized SimulatorThe Digitalized SimulatorThe Digitalized SimulatorThe Digitalized Simulator

• Many published methods used Fourier 
transformation.
– Speed

Precision?– Precision?
• Ray tracing
• Transform thickness to grey scale



AlgorithmAlgorithm

• Build mathematical model of acetabulum 
with femoral head.

• Ray tracing every projected pixel on virtual
filmfilm.
– Calculate metal thickness where the X-ray 

beam passes.
– Transform thickness to grey scale.
– Draw in the virtual film.



Transforming Thickness to Grey Transforming Thickness to Grey 
ScaleScale

• Beer-Lambert law. 
– Penetration = e-kbc

– k: molar absorbability 
– b: path length 
– c: concentration
– k: different in different materials and different radiation 

energy. 
– Radiation energy from X-ray tube: normal distribution

• Lookup table method



Lookup Table MethodLookup Table MethodLookup Table MethodLookup Table Method

• We propose to implement the Simulator by 
lookup table method.p



Lookup Table MethodLookup Table MethodLookup Table MethodLookup Table Method



The Simulator and the basic figure of the generated radiograph. 



We adjust the wearing parameters, and the result is showed.



We adjust the film size parameter to simulate a smaller film in the same picture,
and the result is shown. 



We choose the anteversion type as radiographic anteversion, and the result is 
shown. 





New Protractor of MeasuringNew Protractor of MeasuringNew Protractor of Measuring New Protractor of Measuring 
Orientations after Total Hip Orientations after Total Hip pp

ArthroplastyArthroplasty





Our MethodOur MethodOur MethodOur Method

• αp = sin-1 tan βp



Our MethodOur MethodOur MethodOur Method



Our MethodOur MethodOur MethodOur Method



Our MethodOur MethodOur MethodOur Method



Anatomical AnteversionAnatomical Anteversion
Di t M th dDi t M th dDirect MethodDirect Method

• Our method



Anatomical AnteversionAnatomical Anteversion
Di t M th dDi t M th dDirect MethodDirect Method

• Our method



Proposed MethodsProposed MethodsProposed MethodsProposed Methods

• We simulate 45 total hip arthroplasty 
radiographs with 15 different anteversions g p
ranging from 15°–29° and random 
inclinations using our Simulatorinclinations using our Simulator. 

• We also collect 45 total hip arthroplasty 
radiographs.



Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods

• Measure the anteversion of the 90 
radiographs with Lewinnek method.g p

• Measure the anteversion again one week 
later with our methodlater with our method.

• Compare the difference between the two 
measurements.







ResultsResults
F i l t d di h• For simulated radiographs

• Max error:
Liaw: 3°– Liaw: 3

– Lewinnek: 2.61°

• Median error:
– Liaw: 1°

– Lewinnek: 1.23°

M• Mean error:
– Liaw: 0.96°

– Lewinnek: 1.2°

• No statistical difference between the two methods



ResultsResults

• For real radiographs
• Difference between our and Lewinnek’sDifference between our and Lewinnek s 

methods
M f b l t diff 1 34°– Mean of absolute difference: 1.34°

– Standard deviation of absolute difference: 
1.13°



DiscussionDiscussion

• Perfect position required to get the real 
anteversion.

• Pradhan’s data
M 0 88°– Mean error was 0.88°. 

– Standard deviation of error was 0.65°.





Th I t fTh I t fThe Improvement of The Improvement of 
Wid ’ P t tWid ’ P t tWidmer’s ProtractorWidmer’s Protractor





Widmer’s MethodWidmer’s MethodWidmer s MethodWidmer s Method

• Easy to use, but imprecise.

• Widmer, K.H., A simplified method to 
d t i t b l t idetermine acetabular cup anteversion 
from plain radiographs. J Arthroplasty, 
2004. 19(3): p. 387-90. 



Widmer’s MethodWidmer’s MethodWidmer s MethodWidmer s Method

• Anteversion= 48.5*(S/TL)-0.3



Sources of ImprecisionSources of ImprecisionSources of ImprecisionSources of Imprecision

• Approximate curve with linear regression.
• Ignore different inclination (abduction)Ignore different inclination (abduction) 

influences on anteversion of oblique 
projectionprojection.



Proposed MethodsProposed MethodsProposed MethodsProposed Methods

• Improve precision
• Use hip AP view radiographsUse hip AP view radiographs

– Eliminate second source of imprecision.
• Approximate curve with mathematic 

equation.q



Mathematical RelationshipMathematical RelationshipMathematical RelationshipMathematical Relationship

TL (l S) / 2• TL=(l +S) / 2
• TL= S /(S/TLratio)
• l= 2 TL- S =2 S / (S/TLratio)- S
• S/l = S / (2 S / (S/TLratio)- S)= (S/TLratio)/(2-( ( ratio) ) ( ratio) (

(S/TLratio)) 

• Radiographic version 
= sin-1(S / l) sin (S / l)
= sin-1((S/TLratio)/(2-(S/TLratio)))







Proposed MethodsProposed MethodsProposed MethodsProposed Methods

W i l t 336 t t l hi th l t• We simulate 336 total hip arthroplasty 
radiographs with 48 different anteversions 

f ° ° ffranging from 5°–52° and seven different 
inclinations (30°, 35°, 40°, 45°, 50°, 55°, and 
60°) using our Simulator. 

• Measure the anteversion of the 336 easu e t e a te e s o o t e 336
radiographs with our improved method 
and with Widmer’s method.and with Widmer s method.

• Compared with pair t-test.



Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods

• We randomly select ten hip arthroplasty 
radiographs and measure the radiographic g p g p
anteversion with our method and Widmer’s  
method twice each by one of the authorsmethod twice each by one of the authors. 



ResultsResults



ResultsResults

F i l t d di h• For simulated radiographs
• Max error:

– Ours: 3°

– Widmer’s: 8 7°Widmer s: 8.7
• Mean error:

O 0 8°– Ours: 0.8
– Widmer’s: 5.2°

• There is statistical difference between the 
two methods. (p<0.0001)( )



ResultsResults

• For real radiographs 
• Inter-measurement differenceInter measurement difference

– Absolute difference 
O 0° t 1°• Ours: 0 to 1

• Widmer’s: 0° to 2°





Liaw’s VersionLiaw’s Version ––Liaw s Version Liaw s Version 
A New Standardized Version A New Standardized Version 

of Acetabular Prosthesis of Acetabular Prosthesis 





Position ProblemsPosition Problems

• Position will interfere the anteversion we 
measure.

• Position problems include 
X t b iti– X-ray tube position

– Film position
– Patient position



X Ray Tube PositionX Ray Tube PositionX Ray Tube PositionX Ray Tube Position

• 100 cm above the patient
• Pelvis AP viewPelvis AP view

– Centered at symphysis pubis
• Hip AP view

– Centered at femoral head (acetabulum)( )



X Ray Film PositionX Ray Film PositionX Ray Film PositionX Ray Film Position

• Pelvis AP view
– Perpendicular to X ray tube to symphysis p y y p y

pubis
• Hip AP view• Hip AP view

– Perpendicular to X ray tube to femoral head
• Below patient 



Patient PositionPatient PositionPatient PositionPatient Position

N tilt• No tilt
• No rotation
• Pelvis AP view

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

• Hip AP view• Hip AP view
– Line X ray tube to femoral head is parallel to 

symphysis pubis to sacrococcygeal junctionsymphysis pubis to sacrococcygeal junction





Position ProblemPosition ProblemPosition ProblemPosition Problem

• To keep X ray tube and film in good 
position is easy.p y

• Hard to obtain good position of patient.  



Patient Position ProblemPatient Position ProblemPatient Position ProblemPatient Position Problem

• We can take X ray again and again until 
we obtain good patient position.g p p

• Jaramaz’s method uses CT (computer 
tomography) to obtain three dimensionaltomography) to obtain three-dimensional 
relationship and then calculate the 
anteversion.

• Clin. Orthop., 354:70–80, 1998.Clin. Orthop., 354:70 80, 1998.



Our SolutionOur SolutionOur SolutionOur Solution

• Take X ray without concerning patient’s 
position.p

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

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





Our Definition of AnteversionOur Definition of AnteversionOur Definition of AnteversionOur Definition of Anteversion

P l i di hi i th i f• 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 ( ) g
plane of acetabulum and pelvis 
radiographic axis g p





Obtain Patient’s PositionObtain Patient’s PositionObtain Patient s PositionObtain Patient s Position

• Define Cartesian coordinate system
• Obtain pelvis radiographic axis from plainObtain pelvis radiographic axis from plain 

X ray.
Obt i t f l i di hi i• Obtain vector of pelvis radiographic axis.

• Obtain normal vector of acetabulum.Obta o a ecto o acetabu u
• Calculate the angle between the two 

ectorsvectors. 



Cartesian Coordinate SystemCartesian Coordinate SystemCartesian Coordinate System Cartesian Coordinate System 



Normal Vector of AcetabulumNormal Vector of AcetabulumNormal Vector of AcetabulumNormal Vector of Acetabulum

• Anteversionθ =∠dge 

• Inclinationφ = ∠cgeInclinationφ  ∠cge 

• Unit normal vector n= vector gd
• Vector n= 

( i * θ * θ i θ)( sinφ*cosθ, -cosφ*cosθ, sinθ)



Vector of Pelvis Radiographic Vector of Pelvis Radiographic 
AxisAxisAxisAxis

• h mm: horizontal 
di l t fdisplacement of 
sacrococcygeal junction 
related to upper pole ofrelated to upper pole of 
symphysis pubis in 
horizontal directionhorizontal direction.

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



Vector of Pelvis Radiographic Vector of Pelvis Radiographic 
AxisAxisAxisAxis

• v mm: vertical 
displacement ofdisplacement of 
sacrococcygeal junction 
related to upper pole of pp p
symphysis pubis in 
vertical direction.

i iti if• v is positive if 
sacrococcygeal junction 
is higher than upper poleis higher than upper pole 
of symphysis pubis, 
otherwise it is negative. 

• vector a=
(-h, -v, (ssd 2-h2- v2) 0.5) 

ssd: distance from 
sacrococcygeal junction to 
upper pole of symphysis publs



Angle between the Two VectorsAngle between the Two VectorsAngle between the Two VectorsAngle between the Two Vectors

• ω = angle between the two vectors
• cosω= (vector a dot vector n)/(length ofcosω  (vector a dot vector n)/(length of 

vector a* length of vector n)
1(( t d t t )/(l th f• ω= cos-1((vector a dot vector n)/(length of 

vector a* length of vector n))



Radiographic Standardized Radiographic Standardized 
AnteversionAnteversion

• radiographic standardized anteversion= 
90 degrees – ω90 degrees ω
=90 degrees –
cos-1((-h* sinφ*cosθ+v*cosφ*cosθ+ 
sinθ*(ssd 2-h2- v2) 0.5)/ssd)s θ (ssd ) )/ssd)
= sin-1((-h* sinφ*cosθ+v*cosφ*cosθ+ 
sinθ*(ssd 2 h2 2) 0 5)/ssd)sinθ*(ssd 2-h2- v2) 0.5)/ssd)



Material and MethodsMaterial and MethodsMaterial and MethodsMaterial and Methods

• 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. y g

• Inclusion criteria
– Radiographs include the acetabulum symphis pubisRadiographs include the acetabulum, symphis pubis, 

and sacrococcygeal junction.
• Exclusion criteriaExclusion criteria

– Average radiographic anteversion below 10 degrees 



Material and MethodsMaterial and MethodsMaterial and MethodsMaterial and Methods

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



Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods

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

• The RSD can be seen as standard 
deviation.

• The lower RSD, the better.The lower RSD, the better.



Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods

f• Xij means the result of the jth patient, the ith X-
rays’ measurement;     means the mean result of 
h j h i d h l b fthe jth patient; and nj means the total number of 

measurement of the jth patient. 



ResultsResults

• ssd
– Male: 137 to 190mm, 159 ± 12mm ,
– Female: 138 to 183mm, 160 ± 12mm 

Total: 137 to 190mm 159 ±12mm– Total: 137 to 190mm, 159 ±12mm 
– No sex difference. (p=0.91)  
– Considering magnification factor, we apply the 

result “ssd=159×0.9=143” to standardize 
equation.



ResultsResults
Absolute difference Standard deviation



Results
Patien
t    

Number of 
radiogram 
of each 
patient

Radiographic Anteversion Standardized Anteversion
Min
* Median Max

* Mean STD* MAD* Min
* Median Max* Mean STD* MAD*

1 3 6 2 11 3 11 5 9 67 3 02 2 32 15 8 17 0 17 1 16 6 0 73 0 561 3 6.2 11.3 11.5 9.67 3.02 2.32 15.8 17.0 17.1 16.6 0.73 0.56

2 6 7.0 12.2 18.2 12.3 3.62 2.40 17.0 18.0 18.4 17.8 0.55 0.43

3 4 0 17.1 17.9 13.0 8.73 6.52 13.7 16.6 17.9 16.2 1.90 1.46

4 10 10.3 13.5 21.0 13.9 3.17 2.30 27.6 30.1 31.5 29.8 1.39 1.14

5 11 12.9 15.3 23.1 16.4 3.43 2.59 21.1 22.4 24.1 22.6 0.99 0.81

6 5 24.9 26.4 32.9 27.6 3.25 2.42 27.6 28.5 28.9 28.3 0.54 0.44

7 8 11.6 13.2 14.8 13.1 1.11 0.89 23.6 24.5 25.6 24.6 0.77 0.65

8 5 10 8 11 4 15 1 12 3 1 73 1 33 17 0 17 4 18 3 17 6 0 56 0 478 5 10.8 11.4 15.1 12.3 1.73 1.33 17.0 17.4 18.3 17.6 0.56 0.47

9 8 8.3 12.4 20.9 13.4 3.99 3.09 7.5 8.7 10.2 8.9 1.04 0.89

10 8 9.1 12.7 14.1 12.4 1.48 0.90 14.6 15.2 16.1 15.3 0.50 0.42

*Min: minimal

Total:
68

**RSD:
3.50

Average:
2.30

**RSD:
0.99

Average:
0.75

Min: minimal
Max: maximal
STD: standard deviation
MAD: mean of absolute deviation
** RSD: Repeatability Standard Deviation



DiscussionDiscussion

• CT standardization method:
– average of absolute deviation: 2.3og
– standard deviation: 2.9o

Li i• Liaw version:
– average of absolute deviation: 0.75o

– repeatability standard deviation: 0.99o



SummarySummary

W id di it l Si l t ld• We provide a digital Simulator as gold 
standard for acetabular component 
orientation study.

• We invent a new protractor.p
• We improve the precision of Widmer’s 

protractorprotractor.
• We invent a new two-dimensional 

standardi ed ante ersion Lia ersionstandardized anteversion, Liaw version, 
to solve the position problem.



ConclusionConclusion

• Some of our studies have been 
published in medical and mathematical p
journals (see Appendix E), we hope the 
future studies can use our inventionsfuture studies can use our inventions. 
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