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ABSTRACT

The related parameters of knee joint for Chinesepjee are incomplete, especially for the healthyekneRSA
combined with finite element is an effective wayyéb the kinematic parameters of knee joint. Theerkiatic
parameters will help to build the relationship betm response and predictor by PLS (partial leasiase)
regression method. It will solve the problem oftimelsponse and multi-predictor
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INTRODUCTION

There are some researches on knee joint in Chikl. Sun et al.[1]had already measured the geonditriension
of the knee joint. Y Wang et al.[2] had built a 3@del for the knee joint. But the parameterstiredato the
knee joint is still incomplete, especially for tidinese people’'s knee joint parameters. Therefoig,of virtual
important to collect the relative parameters ofrage people’s knee joint with an accurate and n@siive method.
In this paper, attention is concentrated on Roengjerephotogrammetric Analysis(RSA)[3-6] combiméth finite
element method which is a new way on knee joirgasshes and can get the kinematic parametersddrdhes of
knee joint and the skin markers in three-dimendiditactions, which would help to get the relatibipsbetween
bones and skin markers.

Patella (which is also called kneecap) is definedhe research object with the method introduceaa@lin this
paper. Partial least square (PLS) method is applidind the relationship between bones and skankers and a
regression model is built then. On this basis, rdsearch method of the bones in knee joint cagitbelified.

The kinematic parameters can be collected by tireralarkers and the situation of the bones in kioé& jcan be
predicted by the regression models.

EXPERIMENTAL SECTION

1. Experimental procedures

A healthy patella was chosen to be a research bbjbcee infrared markers were mounted onto the skithe
patella which was shown in Fig 1. The knee joins\aowed to bend and stretch regularly. A RSAection box
was used to capture the continuous motion of thellpaand the three markers while bending and dtieg by
thirty exposures per second. And the exposure ta®0.1ms each time.(Fig.2)
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Fig.1 position of thethreeinfrared markers

Fig.2 resear ch object exposed by x ray.

The data for the experiment can be given as follows

Tablel patella data (segment)

patella X(y1) Y(y2) Z(y3)
1153 | -38.3818 152.25Y 100.413

Table2 data for the threeinfrared mar ker s(sesgment)

Number Markerl Marker2 Marker3
X(x1) Y(x2) Z(x3) X(x4) Y (x5) Z(x6) X(X7) Y (x8) Z(9)
1153 -44,9317] -9.95395 236.177 -27.286 -3.6852 22&0D| -19.4404| -0.0167 203.589

2. Computational methods and data analysis
When analyzing the relationship between the pateiid the skin markers from motion capture data, caredeal
with the problems by PLS method.[7][8]

(1) Construct the motion system.

(2) Standardize the motion parameters.

(3) Component analysis

(4) Regression modeling.

The PLS method was constructed in the above maglémework.

2.1Construct the motion system

The motion of patella in X, Y and Z directions cha defined as response variables and can be deasXéd
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Ya andy3. The motion of skin markers in X,Y and Z direcis can be defined as predictor variables and ean b

denotedasxl, XZ, X3, X4, X5,X6, X7, Xsandx“’.

There would be nine predictor variables which wadibdharm to the regression model. So, the ceffitgeawity of
spatial triangles had been found to simplify thedictor variables by the data in the experimentnd Ahe new

variables areX°1’ X2 and X which is illustrated in table3.

Table3 new variables (segment)

data X Xe2 X3

1153 -30.5527| -4.53528 233.3483

2.2Standardize the motion parameters

The parameters with different units and magnitudeull be standardized to eliminate the influenceiofension,
which would make the parameter analysis more reddenThe motion parameters were standardized batieq
1.

«_ % TX jaain
X = g icl2be
) 1)

The standardized motion parameters of the patedaskin markers were listed in table 4. The obdamadata

atrix were 0 = 1%10 %20 %3l ong Fo =¥ Y20 Y51

Table4 Sandar dized data (segment)

* * * *

Standardize | a1 Xe2 X3 Yi Y, Ys
1153 0553266 -2.10768 -0.48703 0.718111 -2.26331.22067

2.3 Component analysis

According to the calculation, only two componenthioldd be extracted. The cross validation
2 - _ *

Q," =-0.1045< 0.098 which met the accuracy requirements of the mod€&he value ofWh and Wi were

shown in table 6. The scor%7 of the componentsth were listed in table 7.

w W
Table6valueof M and N (segment)

variable | W, W, Wl* Wz*
Xy -0.5215| -0.6324 -0.521% -0.5323
Xe2 0.8208 | -0.5552 0.820§ -0.7127
X3 -0.2331| -0.5402 -0.2331 -0.4954

t
Table7  score %‘ of the components h (segment)

No 1 2 3 4 5 6 7 8 9 10
$1 -1.9049| -3.1034| -2.1147 -25295 -1.7700 -1.5028 7940 | -1.7071| -0.9420 -1.1496

$2 1.4489 | -0.7839 0.69871 -0.2703 0.2022 -0.1085 -(r4651.0328| -0.1124 -0.585(D

2.4 Regression model

Regression model 01‘%2,t1 and t can be made according to table6 and table7.
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% = r1kt1 + rzkt 21 k = 1, 2, E (2)

A function can be created by the former standaddizgiable %P and componentth .

t = Wy, 50+ Wy, %0+ Wy, % 3)

The PLS regression model can be built by componet:htand t2.
90 = (ruWay + 1 Wp ) 3ok (Fy Wy + 1 W o)) o5t (1 W gyt 1 QW 5) (4)

Where, h represents for regression coefficient. The moedalle as follows by taking all the parameters in.
9p=-0.0783p+ 0.139%— 0.032%
99 =-0.03720+ 0.986p+ 0.137%
99 =-0.2710k+ 0.6688— 0.080%@

To undo the standardized variables into originailaldes, the regression equation can be,

y, =—47.2689- 0.2342 + 0.0536- 0.038,
y,=58.1512- 0.311%+ 1.0603— 0.3940
y, =87.8745- 1.440R + 0.4562- .014%2
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Fig.5 Predicted valuein Z direction

RESULTS
In order to evaluate the accuracy of the regressipumtion model(y"" yik) was taken as coordinate value to

draw the prognostic map of all sample pointsYik Was the kth variable,(yik) was the predicted value of the ith
sample point and can be shown in Fig.1, Fig.2 ag8F

As it was shown in Fig3, the asterisk was a twoatigional point combined with the experimental vane the
fitted value. It was clear that the asterisks weseequally distributed and the imitative effe€tlee equation was
not satisfactory. The accuracy of the model shbelémproved.

As it was shown in Fig.4 and Fig.5, it was cleaattthe circles and stars were equally distributed the imitative
effect of the equation was satisfactory. The acguod the model was quite ideal.

CONCLUSION

PLS method was applied in this paper, and a reiship between the RSA motion parameters and fp@tameters.
It had solved the modeling problem of muti-respoveseables to multi-predictor variables. The stuetof the data
had been simplified and the multi-dimensional desa be observed in two-dimensional data. In thipepa
satisfying regression equation and accurate maaidlbeen got. But, there were still some equatidn’dget the

satisfying regression model and we can try to uselimear PLS to solve this problem in the neauifet
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