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Bioscienses, Hevlev, Denmark), and NTX-I was measured

_using an Osteomark NTx ELISA kit (Inverness Medical

Innovations, Princeton, NI, USA). The measured values
were corrected with urine creatinine (CTX-1I: nglmmol Cr,
NTX-I: nmol BCE/mmol Cr).

For statistical analysis, we used the Mdnn—thtney
U-test, Kruskal Wallis H-test, and Spearman correlation
test, all of which are nonparamettic tests, and P < 0,05 was
defined statistically significant. All values are shows 10 be
the mean =+ standard de?iaﬁon z’jtswé,ll as the median.

Results

Cdnlpaiison of urine CTX 11 by age

_ First, without cons1dermg the OA grades, the urine C X1
_values were compated between the two groups. compnsmg
 40- 10 59-year old subjects and 60- to 79-year-old subjects,

wspectwely, accmdmg to gendeh In the male subjects, the
average urine CTX-1I value in the 40- to 59—yem-old group
(1 = 20) was 206, 24 119 (mean + SD) or 209, 5(med~
um) ng/mmol Cr and the average value in the 60- fo
79-year-old group (n = 83) was 252.1 & 129.0 or 213.5.

There were no sxgmﬁcam dszexences between the two
 groups. In the female subjects, the average urine CTX-11
‘Id group (n = 30) was
1840+ 124 o 1644 ng/mmol Cr and the average value
o 79 -year-old group (=128 was

value in the 40» to 59-year-o

305. 0 + 157.8 or 266.7. The urine CTX-I1 vaiues 1in the
60- to 79-year-old group were sxgmﬁcamly higher than
those in the 40- fo 59~yem old gl oup (Frg .

; Compauson of urine. C’I‘X H by age in the n(m—OA

group

To elumné’té ihe effecté of OA gfade, we hnmé&ﬁjé next

k _comparisons to the non-OA gwup GO, 1) and campmed the

urine CTX-1I values of the two. groups cempmmg e 40-to
59-year-old subjects and the 60- to 79~yea1-old subjects,

Lu,pu,twely, accmdz; sto gender In the male subju,ts the
_average urine CTX-1I value in the 40- to 59»yem old group

(n = 15) was 223.8 + 121 0 (mem 4 SD) or 213.9
ian) ng/mmol Cr and the average value in the 60- k¢
old group (n = 22) was 209.4 =+ 105. Qor195. 0 Thew wuc
no sxgmﬁcant differences between the two groups. In the
female subjects the average uum, CTX-Hvalue in the 40-fo

59-year-old group (n = 22 was 1753 4+ 654 or 1613
. ng/mmol Cr and the urine avmage CIrX-Hvaluein the 60- to

79-year-old group ¢
The urine CTX-II values in the 60- to 79~yba1~01d gwup -

n = 30) was 270.0 + 117.9 or 231 A.

were sxgmﬁcanily hrghez thzm those i m the 40- fo 59~yeax ~01d’

group (Fig. 2)

U"CT‘X',II ‘(ng/mmolcr);

 U-OTX- L (ng/mmolCr)
) [
{a0)
]

Pm all the: male svbjects wgaxdless of age, the CTX kII" .
values were compmed among each of the foiiowmg gmups -

800

q00f . P01

: age —
40~59yrs 60~79yrs 40~59yrs 60~79yrs
' ‘ maie ~ , female

th 1 Relatxonsbtp between age (40~59 60-79 vemrs) and the;
urinary. CTX-H level in male and female subjects, Bach bov

 represents the 25th/50th (median) to 75th percentiles. The lies
«out.wde the box represent the IOth dnd 90th percentﬂes -

6001

500F

=
el

,‘Fig. 2 Retatmnshxp between age (4(}‘59 60—79 yearx) and the
- urinary CTX-I Ievel in male and temdia sub]ccts with knee X-ray
,OA Grade 0 and I , , ~

Utine CTX~II vaines by X-my OA gl ade

b
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the Grade 0, 1 group (1 = 47), the Grade 2 group (n = 55),
and the Grade 3, 4 group (n = 23). The average values
were: 208.1 & 104.2 (mean + SD) or 193.0 (median) ng/
mmol Cr in the Grade 0, 1 group; 229.0 + 118.2 or 204.7 in
the Grade 2 group; and 336.9 - 161.6 or 329.9 in the Grade
3, 4 group. There were no significant differences between
the Grade 0, 1 group and the Grade 2 group, The Grade 3,4
group had significantly higher urine CTX-1I values than the
Grade 0, 1 group and the Grade 2 group (Fig. 3).

Next, in the 40- to 59-year-old male subjects, the urine
CTX-II values were compared between the Grade 0, 1 gr oup

n= 15) and the Grade 2 group (n = 5) (there were no cases.

of grade 3 or4) . The values were 223 84+ 12100r2139Mn

the Grade 0,1 g:oup and 1533 + 59.6 or 149.01in the Grade
2 group Them were no significant differences between the

Grade 0, 1 group and the Grade 2 group. In the 60- {o

79-year-old male subjects, the CTX-II values were com-

pared between each of the tollowmg groups: the Grade 0, 1

group (n = 23), the Glade 2 group (11 = 43), and the Gxadel f
3.4 group (n = 1. The values were: 206.6 &+ 1034 or
193.0inthe Grade 0, 1 gmup, 2462 + 12400212 4inthe

 Grade 2 group; and. 328.6 -+ 143.5 or 330.0 in the Grade 3, 4

group. Ihere were no mgmﬁcant differences between the

Grade 0, 1 group and the Grade 2 group. The Grade 3, 4

group had significantly bigher urine CTX-11 values than the

opliot

00

600-

| U-CTX-T(ng/mmolCr)

140~ g0 Toyre
s

Eig.s Relationst 'p,between e knee X-ray OA grade and tbe
urinary CTX I level in male and female subjects A statistical
analysis was performed between. dtfferent OA grade gioup'; m ach
age group. ‘

) Springer

CTX»H values were compared ’oetwecn the Grade

‘Thexe wele no sxgmhc t

Grade 0, 1 was33.8 + 147 (mean* - SI
~ nmo} BCE/mmaI Cx and 33. 6 =+ 125

or 51 3, 1espectwe:ly Th@ urine NIX"
‘ 79~yeax~old gxoup were sxgmﬁmnﬂy Ingh (Fxg 4)

Grade 0, 1 group or the Grade 2 group. The mean age of ¢ach
group was not significantly different (72.0 4.3 in the
Grade 0, 1,70.0 4 49inthe Grade2,and 73.8 & 3 9mthe
Grade 3, 4). ‘

For all the female subjects regardless of age, the CTX-II
values were compared between each of the following
groups: the Grade 0, 1 group (1 = 59), the Grade 2 gtdu{y
(1= 71), and the Grade 3, 4 group (n = 41). The values
were 230.0 - 112.1 (mean = SD) or 205.5 (median) ng/
mmol Cr in the Grade 0, 1 group; 266.8 150.8 0r 234.9in
the Grade 2 group; and ’385 3+ 16150135691 in the Grade
3, 4 group. There were no sxgmﬁcant differences batWeen
the Grade 0, 1 group and the Grade 2 group, but the Grade 3,
4 gmup had szgmﬁcantiy higher urine C’IXJ[ values thau ;
both the Grade 0, 1 group and the Grade 2 group, ~

In the 40- to 59~yu¢u old female subjects, the mme“

g10up = 22) and the Grade 2 ; gmup = - 8) (ﬂwre‘@em ~
no cases of grade 3 or 4) In the Lesults, the values were
175.0 £ 654 or 1613 in the Grade 0, 1 group and

2073 -k 89.6 0r 203.2 in the Grade 2 group. Thew weie no
‘ sxgmﬁcant diffmences between the Gm e 0, 1 group and

the Grade 2 group. in the 60- to 79- ye*tr 'ld female sub-
Jects the CTX»II values wore compmed between ,each of

,gxoup, zmd 382 3 166 /

. ‘thesladeo 1, 686.—3:51 in the GladeZ anc
i the Gxade?s 4) = -

values wele compared' bb,Ween the two gr‘ ups comprlsmg;“ '
the 40— to 59-yea1 eld subjects and th& 6()» )

‘yeax‘ old (n = 15) and 60~ to 79—y

There were no sxgmﬁcant dxfferenc

~'g1cmps The NTX-1 values in the 40" 0
k(n - 22) and 60» to 79-yem old (n

Iues in the 60- o o
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Fig 4 Relauonshlp bctween age (40~59 60-79 years) and the '
urinary NTXI level in male and femule subjects wuh knee X my

OA Grada 0,1

Compauson of the urine NTX-I based on the X-my OA

' gzade .

2 gmup, and 365 :EII 8

sxgmﬁcant dxtfewnces between the two groups.. In the 60-

o 79-year-old female SubJBCtS, the urine NTX~I values
were compaxecl between each of tho tollowmg gmups the

tac 3/, ; :'two (F]g 63) Iﬁ :th,
To up. Thew we:e no stgmh&ant dxffelences, ;

, the Glade 0 1 gaoup and?:
1 in the Grade 2 group. Thew ‘wete no

; kMoumz:en et al. [16] have 1ep01tcd tha‘

' .gendel

- kp<ﬁ,0"5f ~

U-NTX- I (nmolBCE/mmolCr)
m & o
< o <

~
=

ﬁ 4d;¢59yrs
- —'femals

'Fig 5 Relattomhlp between knee the X ray OA grade and urmaxy ‘
the NTX'I ievct in male and female subgeci& .

Reiatmnsmp betwee:n the urine C’FX II
and urine NTTX-I

‘(n — 83), the conelatmn coefﬁcient was

‘ to 79~year _old fem'ﬁe subjecﬁs (ii = 128), the co T

ccefﬁcxent was 0.47 and the P-value was 1.11E-8 showmg

; 'a f;;gmﬁcanﬂy pmmve couelauon (Flg Gd)

stcussmn

in teuns of age ~
ears old m both

urine CIX1I peaks at the age of
befoxe subseqn
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Fig. 6 Conelation botween the
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55 ycau 01 oldei In addmon,"unnc CI‘X-II values are 'Inghex values than the 40— to ngyecu old gwup Conmd»

s1gmﬁcanﬁy hlghel afte; menepause than befm

Le!,mann, el *\I {17} wpmted that rmé CTX Ii valués‘in‘
females after menopau emeasec} thh the use of a bxs—

examination of urme CTX H and urine NTX I asud cubed ;
below. ‘

Rela’ﬁoﬁshi? héiWéen,~agé and ﬁrine CIXH

‘y the pmgwssxon of
 was set as cmefnliy ,

posszble 0 avoid zmy pmblems in conductmg a smtls c;il .
_ analysis, and the cases were divided into two groups: the
40- {0 59- yeax«ol group and the 60- to 79~ye' old group.
In the male sub ects, the 60~ to 79-year-old gmuptended’
to exlnbn higher : values than the 40- to S9-yeai-old group, 59 yem old sub;ectg and 6(}- 1 79 ye
though thele wete no significant diffexences In the female 1esults showed that in the 40~ fo 59-ye: ar-ol
subjects tha 60~ Eo 79- year~old gwup had stgmﬁcantly fm both maies and femaies, thete wew no signifi ,nl, ;
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differences between different OA grades. However, no
deﬁnitive‘ conclusions could be made because this age
group only inclhudes the Grade 0, 1 gf(’)u‘p, and the Grade 2
‘group, and the number of cases in the Grade 2 group is very

small. In addition, it would be difficult for female subjects

ranging 40-59 years of age to determine changes in knee

OA from only a single measurement of urine CTX-1I value.

because the value is affected by both age-specific change
and the presenice or absence of nienopatuse.
In the 60- to 79-year- ~old subjects, for both males and

females, there were no significant differences between the
Grade 0, 1 group and the Grade 2 group, whereas the Grade

3, 4 group had significantly higher values th'm the Grade 0,

1 group and the Grade 2 group. This is consistent with the

wpmt by Garnero et al. [12] in whxch the wrine CTX-I1
values in the Xoray OA grade pmgresswe group are Ingh,
_but their report only covers males in their 60s. Our study

shows that the urine CTX-MI values of cases of progressive

knee OA are significantly Ingh for cases at the age of
60 years or older, both for males and females.

In this study, in the 60- to 79~yea1-01d male and femaie
subjects, when comparing the knee OA Grade 0, 1 group
and the Grade 2 group, the urine CTX-I values were
shghtiy higher in the Grade 2 group than in the Grade 0, 1

group both for the mean value and the median value, but
¢ were no mgmﬁcant dltfc,rences One of the possible
of smaﬂ dlffarencb m&y he in the mconsxstency of -

X‘tay changes alane are not sutﬁcxent to elucxdate thef

changes actually occumng un the muculm smface We

necessity t{) conduct txme-}apse measmamenis of the
biomarkers with repeat radiologi

OA.

iialationsliig between age and uuneNTX~I -

It has been reported that in males, urine NIX 1 is almost
constant throughout the ages of 20-79 years old without
bemg affected by age {i8]. In this study, no sxgnxﬁcant, S
differences in the urine NTX-I1 value were observed
between the. two age groups of the non*knee OA (Glade 0

,79~yeav olci gwup, in wlnch almost aﬂ the sub)ects had'

‘ cal examinations over a
long-temz course, especxaily fm cases 0f eady radiological

menopause, had increased sxgmﬁcamly compmcd to the
40- to 59-year-old group as shown previously.

Relationship between urine CTX-1, uunc NTX-I

and X-ray OA grade of knee

Previously, OA and os[eopmosie were believed to be
inversely correlated [19}, and it has been reported that htgh
bone mineral densily (BMD) and BMD gain decreased the
risk of progression of 1'1dmg1aphlc knee OA bul may be
;assouated with an increased risk of incident knee OA [201.
However, the. 1ela1mnslnp between the occurrence and

dsvelepment of OA and osteopomsm still remains unclem
In thxs study, there was no colrelauorx between the ugine

CTX-U and urine NTX-I levels in the 40- to 59-year-old
male and female su‘bgects However, in the 60- to 79*ye" -
old male and female subjects, the urine CfI‘X 11 and urine
NTX-I levels were weakly but positively correlated. This
mdxcates that the urin C’lX—n level, wlnch isa cattﬂage ‘
degmdatmn matker, increases in parallel with the increase
in the urine NTX-I Ievel which is a bone resmptlon mar-
ker. Moreover, when the X-xay grade was taken into con-
sideration, the urine CTX-II value of the 60- to 79-yea1 ~old
male and female subjects was sxgmﬁcantly Iughel in the
Grade 3, 4 group than in either the Grade 0, | group and the‘

_ Grade 2 group. For NTX-1 value, we Found sxgmﬁcant .

difference between the Grade 2 group and the Grade 3, 4 

}ygxoup only in the 60- fo 79~yem old fema]e subjects -

secttonal study mdxcates that urine CTX H which s a
camlago bmmmkel, is conehteci thh Ihe 1adwiog1ca}‘

@ Springer' .
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. knee OA grade within a certain age range and can be used
as an evaluative method for OA. We will conduct the same

type of study with larger number of cases to confirm our
resnlts and also long-term evaluations using clinical cases
to determine whether the progression of OA can be pre-
dicted, which is the fundamental purpose of our biomarker
study.
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Accuracy of 2D-3D image registration of bone using single-plane
fluoroscopic images.

Kenichi ODAGAWA, Koichi KOBAYASI, PhD, Makoto SAKAMOTO, PhD,
Osamu TANIFUJI, MD,, Yuji TANABE, PhD, Yoshio KOGA, MD.,,
Takashi SATO, MD,, Go OMORI, MD..

Abstract

The mechanical aspects of bone and joint diseases can be evaluated by accurate measures of
joint kinematics. The present study examined the accuracy of 2D-3D image registration for mea-
suring natural knee kinematics using single plane fluoroscopy and 3D bone models. Distal femur
and proximal tibia obtained from a human cadaver were secured to a 6 degrees-of-freedom
(DOF) mechanical stage under control within *+ 5deg and * 5mm. The stage with femur was
fixed to a camera calibration frame so that the 3D position of the femur could be determined in
terms of the camera coordinate system. Single-plane X-ray photographs of the femur were taken
using fluoroscopy and plane radiography. Each of 3 rotation parameters was changed from
~2deg to 2deg by 1deg, and for each of 3 translation parameters =2mm to 2mm by lmm, The
3D positions of the femur and tibia were obtained through the matching of the digitally recon-
structed radiographs (DRRs) generated from their 3D volume models by CT scan data. Root
mean square errors (RMSE) in two out-of-plane rotations were 09deg and 0.5deg, and one out-of-
plane translation was 12.1mm for the femur, and those for the tibia were 1.8deg, 0.7deg and
9.8mm, respectively. |

Key words : Knee, Kinematics, Single-plane fluoroscopy, Image registration.
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1. RMSE of estimating 6DOF parameters of
femuar (n=25).

Matching Translation(mm) Rotation(degrees)

Score % y z x y z

-G 06 05 67 1.1 10 16
I 05 02 148 1.0 07 05
-G+l 06 03 121 09 07 05

£ 2. RMSE of estimating 6DOF parameters of
tibia (n=25),

Matching Translation(mm) Rotation(degrees)

Score % y z o y z

-G 05 09 91 80 13 20
1 04 07 89 15 07 05
-G+1 0.5 07 98 18 06 07
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Development of a three-dimensional motion analysis technique

of femorotibial joint by means of motion capture system,
— Application of a three-dimensional leg alignment assessment system

to three-dimensional joint motion analysis, —

Taro KIMURA, Katsutoshi NISHINO, PhD., Shin KAI, Go OMORIL MD, Yuji TANABE, PhD,,
Makoto SAKAMOTO, PhD., Koichi KOBAYASHI, PhD., Norio SEITOKU, Yoshio KOGA, MD.

Abstract

A motion capture system based on skin markers is used in clinical practice for three-dimen-
sional (3D) motion analysis of the lower extremity. We developed a technique of calculating the 5
3D relative motion of the femorotibial joint using a combination of a motion capture system and
a 3D leg alignment assessment system (LEXI Co, Ltd). However skin movement artifact has an
impact on the result, because this technigue uses body side markers. Therefore, we verified ac-
curacy in order to evaluate skin movement artifact in this technique. The right leg was studied
in 4 healthy men. The subjects had 12 steel ball markers places on the thigh and 10 on the lower
leg, then biplanar images (A-P and 60 degrees oblique) were obtained by digital X-ray (Comput-
ed Radiography : CR). Subjects were asked to demonstrate flexion angles of 0 degree and 30 de-
grees, 45 degrees. CR images and 3D bone models (femur bone models and tibia bone models)
were used to build coordinate systems. The true value was six degree of freedom (DOF) param-
eters of the femur coordinate system and the tibia coordinate system to the CR coordinate sys-
tem using the image matching technique with a 3D leg alignment assessment system. The as-
sumed value was six DOF parameters for the femur coordinate system and tibia coordinate
system to CR coordinate system by the method of this study which calculates the bone position
at 30 degrees and 45 degrees from 3D marker positions, based on the relative position of 3D
marker positions to bone coordinate systems. Comparison result of the maximum average error
in absolute value at 30 degrees and 45 degrees was 1.59 degrees and 7.81mm in the femur and
0.25 degrees and 1.76mm in the tibia. This finding is similar to those obtained by other motion
analysis techniques and suggest that this method is sufficiently accurate for clinical application.
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1. Position of stuck marker using Point Cluster
technique (left : frontal view, right : hori-
zontal view),
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Superposing display of 3D bone model upon arthroscopic image.
— 2D/3D registration with semiautomatic bone-contour extraction —

Koji ODA, Shuichi ISHIYA, Toyohiko HAYASHI, PhD., Go OMORI, MD,
Satoshi WATANABE, MD,, Osamu TANIFUJL, MD, Takashi SATO, MD., Yoshio KOGA, MD.

Abstract

Computer-assisted orthopaedic surgery (CAOS) is an advanced medical engineering tech-
nology developed for obtaining better surgical outcomes nearly independent from operator’s skill.
Its application to arthroscopic surgery, however, has yet to come widely established due to tech-
nical difficulties. As a fundamental technology required to facilitate this application, we have been
developing a technique of superimposing 3D bone-model reconstructed from tomographic images
on the arthroscopic image on a real-time basis. In the previous study, we evaluated the overall
accuracy of the supenmposed images using a bone model. One of the remaining problems to
solve is reduction of the registration time, which directly affects the overall surgical duration.
Our 2D/3D registration method employing a set of biplanar fluoroscopic images and 3D bone
model is somewhat time-consuming particularly with regard to manual bone-contour extraction.
To reduce the contour-extraction time, we developed a semiautomatic method capable of extract-
ing bone contour iteratively from it's the initial image digitized manually. The purpose of this
study is to evaluate the registration accuracy in terms of the deviation in the position ‘and orien-
tation of the bone model relative to markers set secured to the model for motion tracking. Ex-
periments demonstrated that the proposed semiautomatic contour extraction could reduce the
total registration time by 50%, and the registration error was less than or equal to 1.16 [mm]
and 032 [deg] on average in the position and orientation, respectively. These findings suggested
that the proposed method would effectively reduce the surgical duratlon and to the extract an
accurately bone contour of the knee with high reproducibility.

Key words : arthroscopic surgery, fluoroscopic image, bone contour extraction, 2D/3D registration.
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1. System configuration.
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(a) Manual digitize of born contour and initial con-
tour line obtained by B-spline interpolation :
Black dots and a broken line represent digi-
tized points and initial contour, respectively.
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(¢} Updating of estimated contour.
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(b) Normal lines at all points of initial contour.

(d) Estimated contour obtained by iterative im-
provement.

2. Semiautomatic extraction of bone contour.
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