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score, Japanese Osteoarthritis Measure score [1]). The
findings of each examination and assessment are consid-
ered to mainly provide information of the current condi-
tions of knee OA and therefore help to determine the
optimal treatment method at that point. However, these
findings are insufficient for evaluating the disease activity
and predicting the prognosis of knee OA.

Recently, OA biomarkers have been gathering attention
as objective indices for early diagnosing knee OA and
predicting the degree of progression and prognosis. If
useful joint biomarkers are found and can be applied
clinically, they would be very beneficial in terms of both
medicine and medical economics. Currently, joint bio-
markers include substrate markers formed by degradation
products of joint tissues such as pyridinotine [2] and car-
tilage oligomeric matrix protein (COMP) [3], enzymes that
exist in the joints such as matrix metalloproteinases
(MMPs) [4], tissue inhibitors of metalloproteinases (TIM-
Ps) [5], interleukins [6], other inflammatory cytokines, or
nitric oxide (NO) [7). No definite joint biomarkers, how-
ever, have yet been found.

When type II collagen, which is the main component of
joint. cartilage, is degraded by a cartilage-degrading
enzyme, C-terminal crosslinking telopeptide- of collagen
type Il (CTX-II) is produced and excreted through urine.
Garnero et-al. [8; 9] have reported that the urine €TX-II
value was significantly high in patients with early rtheu-
matoid arthritis and that it could be used as an index for
reaching diagnosis, thus predicting X-ray progression, and
determining the - effects of -drug - therapy. -In: addition,
patients with hip OA exhibited higher-values of urine CTX-
11 than healthy: subjects, and cases of rapidly developing
hip OA ‘had significantly higher: CTX-II values: than cases
of slowly developing: hip. OA [10}:-Moreover, the urine
CTX-IL values of patients with developed radiological knee
OA were higher [11;-12], thus indicating the possibility that
CTX-1I can be used joint biomarker that anticipates the
progression ‘of knee OA. There have been several reports
regarding urine CTX-1L, but there are few reports of urine
CTX-II being used for Japanese patients with knee OA.

In addition, regarding the correlation between knee OA
and osteoporosis, although both conditions are-common
among females and share similar ages of onset, definite
information has not yet been obtained. In recent reports, it
has been experimentally revéaled that subchondral bone
resorption and subsequent bone sclerosis occurs in con-
junction with the progression of knee OA [13].: The nature
of the changes that occur to bone resorption markers in
conjunction with the progression of knee OA. is of great
interest.

We have conducted a- total of: four- epidemiological
surveys: on knee OA at intervals' of 7 years during the
21 years from 1979 to 2000 in Matsudai district (formerly
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Matsudai-machi) in Tokamachi, Niigata Prefecture, Japan
during which time resident health checks were conducted
every year, and we have published a aumber of reports
regarding the risk factors of knee OA [14, 15]. To provide
the first step. in verifying our hypothesis. that urine CTX-II
can be used as a joint biomarker for knee OA, we inves-
tigated the correlation between the knee OA X-ray grades
obtained from the same cohorts and the urine CTX-II
values as well as the urine NTX-I (N-terminal crosslinking
telopeptide of type 1 collagen) values, which is a bone
metabolism biomarker, while taking the age and gender of
the subjects into consideration.

Subjects and methods

For the resident annual health check-up conducted in the
Matsudai district in Tokamachi City, Niigata Prefecture in
2006, we mailed a letter requesting the cooperation of the
residents who had been randomly selected in advance
based on their resident registration code numbers, and we
then collected urine: specimens and took standing AP
X-rays of their knees for 296 subjects from whom consent
was obtained on the day of the health check. The study
protocol was approved by the Ethical Committee of Niigata
University Graduate  School of Medical and Dental
Sciences,

Blind X:ray assessments: were conducted by the two
senior authors (G: O.and Y. K.), in accordance with the
Kellgren-Lawrence classification, and whenever there was
a difference in grade between right and:left, the higher
grade was employed.- As with the past reports, the grades 0
and | were defined as the non-OA group and grades 2 or
more were defined as the OA group. Table | shows the
X-ray grades of the knee OA of the cases, the number of
the subjects, and their age distribution,

The urine specimens were stored at —80°C after being
collected, CTX-II was measured usinga Urine CartiLaps
enzyme linked immunosorbent assay (ELISA) kit (Nordic

Table 1 Demographics of subject’s age, gender, and X-ray grade of
knee OA

Number of
subjects

X-ray grade of knee OA

GO, 1 G2 G3 G4
Total 106 126 45 19
Age (years)* 60 + 14.7 673 £93 731 4+66 758%£56
Male 47 55 17 6
Age* 616 £ 155 694493 769+£60 74731
Female 59 71 28 13
Age 587+ 140 65.7+91 709460 764 +635
% Mean -+ SD
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Bioscienses, Hevlev, Denmark), and NTX-1 was measured
using an Osteomark NTx ELISA kit (Inverness Medical
Innovations, Princeton, NJ, USA). The measured values
were corrected with urine creatinine (CTX-II: ng/mmol Cr,
NTX-I: nmol BCE/mmol Cr).

For statistical analysis, we used the Mann-Whitney
U-test, Kruskal Wallis H-test, and Spearman correlation
test. all of which are nonparametric tests, and P < 0.05 was
defined statistically significant. All values are shown to be
the mean = standard deviation as well as the median.

Results
Comparison of urine CTX-11 by age

First, without considering the OA grades, the urine CTX-II
values were compared between the two groups comprising
40- to 59-year old subjects and 60- to 79-year-old subjects,
respectively, according to gender. In the male subjects, the
average urine CTX-II value in the 40- to 59-year-old group
(n = 20) was 206.2 = 111.9 {mean £ SD) or 209.5(med-
ian) ngfmmol Cr and the average value in the 60- to
79-year-old group (n = 83) was 252.1 £ 129.0 or 213.5.
There were no significant differences. between the two
groups. In the female subjects, the average urine CTX-I
value in -the 40- to 59-year-old. group: (n = 30) was
184.0 == 72.4 or 164.4 ng/mmol Cr and the average value
in. the - 60- to 79-year-old group - (n = 128) was
305.0- % 157.8 or 266.7. The urine: CTX-II values:in the
60- to 79-year-old: group were significantly higher than
those in the 40- to 59-year-old group (Fig. 1).

Comparison of urine CTX-II by age in the non-OA
group

To eliminate the effects of OA grade, we limited the next
comparisons to the non-OA group (G 0, 1) and compared the
urine CTX-I1 values of the two groups comprising the 40- to
59-year-old subjects and the 60- to 79-year-old: subjects,
respectively, according to gender. In the male subjects, the
average urine’ CTX-I[ value in the 40+ to: 59-year-old group
(n'="15) was 223.8' 1210 (mean £ SD) or 213.9 (imed-
ian) ‘ng/mmol Crand the average value in the 60- to 79-year-
old group (n =22) was 209.4 £ 105.0 or 195.0. There were
no significant differences between the two groups. In the
female subjects, the average urine CTX-1I value in the 40- to
59-year-old group (n =22) was 175.3 £ 65.4 or 161.3
ng/mmol Cr and the urine average CTX-1I value in the 60- to
79-year-old group (rn =:30) was 270.0 £:117.9 or 231.7.
The urine CTX-I values in the 60~ to 79-year-old group
were significantly higher than those in the 40- to 59-year-old
group (Fig. 2).
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Urine CTX-1I values by X-ray OA grade

For all the male subjects regardless of age, the CTX-II
values were compared among each of the following groups:
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the Grade 0, 1 group (n = 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, | group; 229.0 £+ 118.20r204.7 in
the Grade 2 group; and 336.9 4= 161.6 or 329.9 in the Grade
3, 4 group. There were no significant differences between
the Grade 0, | group and the Grade 2 group. The Grade 3, 4
group had significantly higher urine CTX-II 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-11 values were compared between the Grade 0, 1 group
(1= 15) and the Grade 2 group (n = 5) (there were no cases
of grade 3 or 4). The values were 223.8 & 121.00r213.9in
the Grade 0, I'group and 153.3 &= 59.6 or 149.0 in the Grade
2 group. There were no significant differences between the
Grade 0, 1 group and the Grade 2 group. In the 60- to
79-year-old male subjects, the CTX-I1 values were com-
pared between each of the following groups: the Grade 0, 1
group (n = 23), the Grade 2 group (n = 43), and the Grade
3, 4 group (n = 17). The values were: 206.6 = 103.4 or
193.0 in the Grade 0, 1 group; 246.2 & 124.0 or 212.4 in the
Grade 2 group; and 328.6 =+ 143.5 or 330.0 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-II values than the
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Fig. 3 Relationship between the knee X-ray OA grade and the
wrinary CTX-1l level in male and female subjects. A statistical
analysis was performed between different OA grade groups in each
age group
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Grade 0, | group or the Grade 2 group. The mean age of each
group was not significantly different (72.0 £ 4.3 in the
Grade 0, 1,70.0 £ 4.9 in the Grade 2, and 73.8 == 3.9 in the
Grade 3, 4).

For all the female subjects regardiess of age, the CTX-1I
values were compared between each of the following
groups: the Grade 0, 1 group (n = 59), the Grade 2 group
(n = 71), and the Grade 3, 4 group (n = 41). The values
were 230.0 - 112.1 (mean £ SD) or 205.5 (median) ng/
mmol Crin the Grade 0, 1 group; 266.8 & 150.8 or 234.9 in
the Grade 2 group; and 385.3 £ 161.5 or 356,9 in the Grade
3, 4 group. There were no significant differences between
the Grade 0, 1 group and the Grade 2 group, but the Grade 3,
4 group had significantly higher urine CTX-II values than
both the Grade 0, 1 group and the Grade 2 group.

In the 40- to 59-year-old female subjects, the urine
CTX-II values were compared between the Grade 0, 1
group (n = 22) and the Grade 2 group (n = 8) (there were
no cases of grade 3 or 4). In the resuits, the values were
175.0 & 654 or 161.3 in the Grade 0, 1 group and
207.3 & 89.6 or 203.2 in the Grade 2 group. There were no
significant differences between the Grade 0, 1 group and
the Grade 2 group. In the 60~ to 79-year-old female sub-
jects, the CTX-II values were compared between each of
the following groups: the Grade 0, 1 group (n = 30), the
Grade 2 group (n = 61), and the Grade 3, 4 group
(n = 37). The values were: 270.0 £ 117.9 or 231.7 in the
Grade 0, 1 group; 274.8 £ 155.3 or 240.7 in the Grade 2
group; and 382.8 £ 166.2 or 356.9 in the Grade 3, 4 group.
There were no significant differences between the Grade 0,
1 group and the Grade 2 group, but the Grade 3, 4 group
had significantly higher urine CTX-II values than both the
Grade 0, 1 group and the Grade 2 group. The mean age of
each group was not significantly different (68.0 £ 5.5 in
the Grade 0, 1, 68.6 & 5.1 in the Grade 2, and 71.4 £ 5.6
in the Grade 3, 4).

Comparison. of NTX-I by age in the non-OA group

To- eliminate the effects of OA grade, the urine NTX-I
values were compared between the two groups comprising
the 40- to 59-year-old subjects and the 60- to 79-year-old
subjects, respectively, in the non-OA group (Grade 0, 1)
according to gender. The NTX-I values in the 40- to 59-
year-old (n = 15) and 60- to 79-year-old (n = 23) males of
Grade 0, 1 was 33.8 £ 14.7 (mean =% SD) or 29.2 (median)
nmol BCE/mmol Cr and 33.6 £ 12.5 or 30.4, respectively.
There were no significant differences between the two
groups. The NTX-1 values in the 40- to 59-year-old
(n =22) and 60- to.79-year-old (n = 30) females of
Grades 0 and 1 was-35.5 £ 14.7 or 34:7 and. 55.2 £ 21.5
or 51.3, respectively. The urine NTX-1 values in the 60- to
79-year-old group were significantly high (Fig. 4).
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Comparison of the urine NTX-I based on the X-ray OA
grade

Considering that the effects of age on the NTX-1 values are
small in male subjects, we used 40- to 79-year-old male
subjects to compare the urine NTX-I-values between the
Grade 0, 1 group (n = 38), the Grade 2 group (n = 48),
and the Grade 3,4 group (n = 17). The average values
were: 3374+ 13.2 (mean £ SD) or 29.8 (median)
nmol BCE/mmol Cr in the Grade 0; 1'group; 33.7 £ 14.6
or 31.4 in the Grade 2 group; and 36.5 & 11.8°0or 37.5 in
the Grade 3, 4 group. There were no significant differences
between-any of the groups (Fig. 5).

In the 40- to 59-year-old female subjects, the urine
NTX-1 values were compared between the: Grade 0, 1
group (n = 22) and the Grade 2 group {(n = 8) (there were
no cases of Grade 3 or 4). The average values were
3554 147 or ‘347 in the Grade 0, 1-group and
35.6'4 17.6'0r'36.} in the Grade 2 group.-There were no
significant differences beétween the two groups. In the 60-
to- 79-year-old female subjects, the urine NTX-I values
were compared between each of the following groups: the
Grade 0, 1 group: (n'= 30), the Grade 2 group (n = 61),
and the Grade 3, 4 group (n = 37). The average values
were: 553 £ 2L5 or 51.3 in the Grade 0, | group;
43.8 £ 19.9 0or 40.6'in the Grade 2 group; and 56.2- £ 29.7
or 50.6 in the Grade 3, 4 group: There were no significant
differences between the Grade 0, 1 group and the Grade 2
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Fig. 5 Relationship between knee the X-ray OA grade and urinary
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group or the Grade 3, 4 group, but the Grade 3, 4 group had
significantly higher values than the Grade 2 group.

Relationship between the urine CTX-{1
and urine NTX-1

The correlation between urine the CTX-II and urine NTX-1
levels in the 40~ to' 59-year-old male subjects (n = 20)
showed-a correlation coefficient of 0.28 and a P-value of
0:23, thus indicating no correlation to exist between the
two- (Fig: 6a). - In  the 60- to79-year-old ‘male ‘subjects
(n = 83), the correlation coefficient  was (.40 and the
P-value was - 8.14E-6,  showing a significantly positive
correlation: (Fig.. 6b).

In‘the 40- to 59-year-old female subjects (7 = 30), the
correlation coefficient was 0.33 and the P-value was 0.07,
thus indicating no correlation to exist (Fig. 6¢c). In the 60-
to 79-year-old female subjects. (n = 128), the correlation
coefficient was 0.47 and the P-value was 1.11E-8, showing
a significantly positive correlation (Fig. 6d).

Discussion
Mouritzen et al. [16] have reported that, in terms of age,
urine CTX-II peaks at the age of 20-25 years old in both

gender - before - subsequently. decreasing - and.  slowly
increasing again in conjunction with aging at the age of
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55 years or older. In addition, urine CTX-II values are
significantly higher after menopausc. than before meno-
pause [16]. Moreover, urine CTX-II values are significantly
higher in subjects without hormone replacement therapy
(HRT). than. in subjects.-with. HRT [16}. In addition,
Lehmann, et al. [17) reported that urine CTX-II values in
females: after menopause decreased with the use of a bis-
phosphonate. In this study, taking age, gender, and X-ray
OA grade into consideration, we proceeded  with an
examination of urine CTX-IL and urine NTX-I as described
below.

Relationship between age and urine. CTX-11

We at first examined the changes in urine CTX-IL by age.
The number of cases in each group was set as carefully as
possible to avoid any problems in conducting a statistical
analysis, and the cases were divided into two groups: the
40- to 59-year-old group and the 60- to 79-year-old group.

In the male subjects, the 60- to 79-year-old group tended
to exhibit higher values than the 40- to.59-year-old group,
though there were no significant differences. In the female
subjects, the 60- to 79-year-old group had significantly
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higher values than the 40- to 59-year-old group. Consid-
ering that menopause in Japanese females often occurs
between the ages of 45 and 55 (average 50.5 years), almost
all the subjects in the 60- to 79-year-old female group had
experienced menopause. So, the 60- to 79-year-old group
exhibited - significantly higher values than the 40- to
59-year-old group because menopause had strongly affec-
ted the urine CTX-1I values as reported by Mouritzen et al.

Relationship between X-ray. OA grade
and urine CTX-IL

Using the X-ray OA grade as an index, we examined the
changes in urine CTX-II value caused by the progression of
OA. The number of cases in each group was set as carefully
as possible to avoid problems in conducting a statistical
analysis, and the cases were divided into three groups: the
Grade 0, 1 group,.the Grade 2 group, and the Grade 3, 4
group. We made comparisons between the OA grades of
each: gender while limiting the comparisons to 40- to
59-year-old subjects and 60- to 79-year-old subjects. The
results showed that in the 40- to 59-year-old subjects,
for both males and females, there were no significant
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differences between different OA grades. However, no
definitive conclusions could be made because this age
group only includes the Grade 0, 1 group 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-II value
because the value is affected by both age-specific change
and the presence or absence of menopause.

In the 60- to 79-year-old subjects, for both males and
females, there were no significant differences between the
Grade 0, | group and the Grade 2 group, whereas the Grade
3, 4 group had significantly higher values than the Grade 0,
1 group and the Grade 2 group. This is consistent with the
report by Garnero et al. [12] in which the urine CTX-1I
values in the X-ray OA grade progressive group are high,
but their report only covers males in their 60s. Our study
shows that the urine CTX-1I values of cases of progressive
knee OA are significantly high for cases at the age of
60 years or older, both for males and females.

In this study, in the 60- to 79-year-old male and female
subjects, when comparing the knee OA Grade 0, 1 group
and the Grade 2 group, the urine CTX-IL values were
slightly higher in the Grade 2 group than in the Grade 0, 1
group both for the méan value and the median value, but
there were no significant differences. One of the possible
causes of small difference may lie.in the inconsistency of
the X-ray grade judgment, but-another reason:is that the
X-ray changes alone are not sufficient to elucidate the
changes actually occurring on the articular surface. We
often find that the fibrillation and. ulceration. of knee
cartilage tend: to’ be- stronger- than expected:from: preop-
erative X-ray*findings in arthroscopic surgery. Such cases
as those demonstrating an “impending grade 27, thus
theoretically. leading to an increase in the CTX-II value,
are likely “to- be-included in-the  Grade I group, thus
affecting the results. The results of this study indicate the
necessity to conduct time-lapse measurements of the joint
biomarkers with repeat. radiological examinations over a
long-teriri course, especially for cases of early radiological
OA.

Relationship between age and urine NTX-]

It has been reported that in males, urine NTX-L is almost
constant throughout the ages of 20~79 years old without
being affected by age [18)]. In this study, no significant
differences in the urine NTX-I value were observed
between the two age groups of the non-knee OA (Grade 0,
1) male group. It is commonly known that in females, urine
NTX-I values are strongly affected by age and particularly
menopause, In this study, urine NTX-I values in the 60- to
79-year-old group, in which almost all the subjects had
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menopause, had increased significantly compared to the
40- to 59-year-old group as shown previously.

Relationship between urine CTX-11, urine NTX-1,
and X-ray OA grade of koee

Previously, OA and osteoporosis were believed to be
inversely correlated [19], and it has been reported that high
bone mineral density (BMD) and BMD gain- decreased the
risk of progression of radiographic knee OA but may be
associated with an increased risk of incident knee OA [20].
However, the relationship between the occurrence and
development of OA and osteoporosis still remains unclear.
In this study, there was no correlation between the urine
CTX-1I and urine NTX-I levels in the 40- to 59-year-old
male and female subjects. However, in the 60- to 79-year-
old male and female subjects, the urine CTX-Il and urine
NTX-I levels were weakly but positively correlated. This
indicates that the urine CTX-II level, which is a cartilage
degradation marker, increases in parallel with the increase
in the urine NTX-I level, which is a bone resorption mar-
ker. Moreover, when the X-ray grade was taken into con-
sideration, the urine CTX-II value of the 60- to 79-year-old
male and female subjects was significantly higher in the
Grade 3. 4 group than in either the Grade 0, | group and the
Grade 2 group. For NTX-1 value, we found significant
difference between the Grade 2 group and the Grade 3, 4
group only in the 60- to 79-year-old female subjects
although there was no significant difference between the
Grade 0, 1 group and the Grade 3, 4: group. Bettica et al.
{21} have longitudinally analyzed the Chingford Study and
reported that in the 4-year follow-uip of the radiological
progressive. OA group of females after menopause, urine
NTX-I increased significantly. compared to the non-pro-
gressive OA group, thus indicating that the progression of
bone resorption is involved with the progression of OA.
These findings suggest that there might be the weak but
positive: correlation . between  OA. progression: and -bone
resorption.

In conclusion, this study is the first report of the rela-
tionship between urine CTX-II and X-ray knee OA grade
conducted using a Japanese common resident health check-
up; taking age and gender:into consideration. The results
show that at the age of 60-79 years old, the Grade 3, 4
group had significantly higher urine CTX-II values than the
Grade 0, 1 group and the Grade 2 group, indicating that
increased urine CTX-II value at this age indicates the
progression of knee OA. In addition, in this age range, we
found that urine CTX-I1 and urine NTX-I were weakly but
positively correlated, indicating that bone resorption and
cartilage degradation are developing in parallel, This cross-
sectional study indicates that urine CTX-II, which is a
cartilage biomarker, is correlated with the radiological
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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
results 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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Automated image registration for assessing three-dimensional alignment of
entire lower extremity and implant position using bi-plane radiography
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ARTICLE INFO ABSTRACT

An automated image-matching technique is presented to assess alignment of the entire lower extremity
for normal and implanted knees and the positioning of implants with respect to bone. Sawbone femur
and tibia and femoral and tibial components of a total knee arthroplasty system were used. Three
Keywords: spherical markers were attached to each sawbone and each component to define the local coordinate
Joint system. Outlines of the three-dimensional (3D} bone models and component computer-aided design
3D position measurement (CAD) models were projected onto extracted contours of the femur, tibia, and implants in frontal and
Accuracy oblique X-ray images. Three-dimensional position of each model was recovered by minimizing the
Lower leg Aligniment difference between the. projected outline and the contour. Median values of the absolute error in
Biplanar radiography estimating relative positions were within 0,5 mim and 0.6° for the femur with respect to the tibia,
0.5 mm and 0.5 for the femoral component with respect to the tibial component, 0.6 mm and 0.6° for
the femoral component with respect to the femur, and 0.5 mm and 0.4° for the tibial component with
respect to the tibia, indicating significant improvements when compared fo manually obtained results.

© 2009 Elsevier Ltd. All rights reserved.

Article history:
Accepted 11 August 2009

1. Introduction alignment by manually matching projections of 3D bone and
component models with images of the entire lower extremity on
frontal and oblique X-ray imnages, but is time-consuming and lowers
the accuracy of position estimation. Automation of the image-

matching process is thus desirable to reduce the burden of this

Progression of osteoarthritis of the knee is related to alignment
of the lower extremity. Postoperative lower extremity alignment
is commonly considered an important factor in determining

favorable kinematics to achieve success in total knee arthroplasty
(TKA) (Singerman et al,, 1995). In addition, implant position with
reference to bone is a critical factor affecting the long-term
survival of TKA (Ritter et ak, 1994).

Lower extremity alignment is currently assessed on a two-
dimensional (2D) anteroposterior radiograph (Saleh et al, 1991;
Sabharwal and Zhao, 2008} and may be influenced by position of
the radiation source and orientation of the pelvis and lower
extremity of the subject., Few studies have described the three-
dimensional (3D) characteristics of lower extremity alignment
during weight bearing (standing) (Cooke et al,, 1994).

We have already developed a 3D lower extremity alignment
assessment system with the subject in the standing position for
pre-operative planning and postoperative alignment assessment
for TKA (Sato et al, 2004, 2007). This system evaluates 3D

* Corresponding author. Tel/fax: +81252270935.
E-mail address: kobayasi@clg.niigata-w.ac.jp (K. Kobayashi).

0021-9290/% - see front matter € 2009 Elsevier Ltd. All rights reserved.
doi: 10.1016/}.jbiomech.2009.08.022
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laborious task and improve the accuracy of position estimation.

The purpose of the present study was to present an automated
image-matching technique for assessing alignment of the entire
lower extremity for normal and implanted knees and for assessing
implant positioning with respect to bone. Examination of the
accuracy of position estimation is also presented.

2. Materials and methods

Sawbone femur and tibia and femoral and tibial components of the Advance
total knee system {Wright Medical Technology, Arlington, TN, USA) were used.
Three spherical acrylic markers (diameter. 25 mm) were attached to the femur and
tibia and three spherical stainless markers (diameter, 5mm) were attached to
femoral and tibial components. Computed tomography {CT) was performed for the
femur and tibia with these markers to reconstruct 3D surface models. Local
coordinate systems of femoral and tibial surface models were defined based on
central coordinates of markers attached to the surface models using a coordinate
system creator {(ModelViewer, LEXI, Tokyo, Japan}. For components, computer-
aided design (CAD) models were provided by the manufacturer, Using a 3D model
editor (Magics 11 Materialise, Leuven, Belgium), 5mm diameter spheres were
placed at the actual positions of the markers measured by a 3D coordinate
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measuring machine {BH504, Mitutoyo, Kawasaki, Japan) with an accuracy of
1.0 um. This machine measures 3D coordinates of the subject using a probe. A local
coordinate system for each CAD model was then defined based on the central
coordinates of the sphere models,

Four relative positions were obtained between femur and tibia, femoral
component and tibial component, femoral component and femur, and tibial
component and tibia. The femur and tibia were securely fixed at full extension
using an external fixation device (Fig. 1A). The 3D position for each sawbone was
determined based on central coordinates of the markers measured using the 3D
coordinate measuring machine, Both femur and tibia were removed from the
fixation device after biplanar X-ray exposure, which is described later, and femoral
and tibial components were installed {Fig. 1B and C). The 3D position of each pair
of bone and component was measured using the 3D coordinate measuring
machine and biplanar X-ray images were taken. Each component was then
removed and placed in a different position than before, and biplanar X-ray images
were again taken. This process was performed a total of 4 times. The implanted
femur and tibia were fixed again using the external fixation device (Fig. 1D). The
3D position measurement of each bone and biplanar X-ray exposure were
performed on three different relative positions between the femur and tibia.
Both components were then removed from both bones and fixed using a custom
device (Fig. 1E). The 3D position measurement and biplanar X-ray exposure were
performed on four relative positions between the two components, This separate
measurement was performed due to the difficulty in touching the markers attached

to the components with the probe when the implanted femur and tibia were fixed
as shown in Fig. 1D. Note that one of the four relative positions between the femur
and tibia was obtained before femoral and tibial components were installed.

A biplanar computed radiography system was used to capture frontal and
oblique X-ray images. The rotation table was positioned at 0° and 60 relative to
the optical axis of the X-ray source (Fig. 2). For each table position, X-ray tube
calibration was performed beforehand to determine the projection matrix
(Faugeras, 1993). The projection matrix provides 3D positioning of the focus
of the X-ray source, and the image plane with respect to the calibration frame,
enabling projections of 3D objects to be replicated on the image plane following
X-ray exposure (Fig. 3). Contours of the femur tibia and implants in biplanar
radiographs were detected using the method described by Canny (1986). Projected
outline points of each 3D model were the finite edge points of the 2D shadow
created from the projections of all visible triangular surfaces of the 3D model.

For the ith point of the object contour, p, the closest point of the projected
outline of the corresponding model, g, was examined. Distance between the two
poinits was summed over all object contour points and subsequently normalized
by the total number of points, N, Objecr function F represents the sum of
normalized distances determined from frontal and oblique images:

NFX m!
F= Y ipff - qffyNF e 3 1pf® - PPN, )

1ER (B3]

Fig. 1. Set-up for measurement of relative position; {A) The sawbone femur and tibia were immobilized using an external fixation device. (B} Femur with the femoral
component attached. {C) Tibia with tibial component attached. (D) The implanted femur and tibia were immobilized using an external fixation device. (E} Femoral and tibial

components were immobilized using a custom fixation device,
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A B

o

holder

Calibration
frame

Rotation table

X-ray tube X-ray tube

Fig. 2. Calibration set-up for the rotation table for bi-plane radiography (A). An acrylic frame with 72 spherical stainless markers attached was used for calibration. Half of
the 72 markers were attached to the frontal surface, and the other half attached to the back surface'to cover the voltime of the lower extremity (270 x 180 x 800 mm?®), The
3D positions of these markers were measured using the 3D coordinate measuring machine. The twa cassettes rotated with the table, while normal directions were set to
align with the optical axis. Each cassettes contained three 14 x 14in? imaging plates that were to be digitized in 8-bit gray intensity with 0.2 mm resolution {FCR: Fuji,
Tokyo, Japan). Diameters of markers were 4 mm for frontal surface markers and 3'mim for back surface markers. This discrepancy was used to emphasize differences
in projected size of the marker in radiographs, to facilitate identification of markers. Footprints indicate the standing position of the subject, where the left leg is
being imaged. The repeatability (standard deviation} of table positioning between the table positioned at 0° and 60° was +0.3° {n=5). Fixed femur and tibia were X-rayed
at 0° and 60° (B).

where superscripts FR and OB denote the values standing for frontal and oblique
images. The 3D position of each model {full 6-degrees of freedom {DOF)
parameters} was recovered by minimizing F using the downhill simplex algorithm
{Nelder and Mead, 1965). Terr sets of initial 6-DOF parameters for minimization
were arbitrarily chosen from’ £ 5.0% and” # 5.0 mm of true values of each relative
position: The minimization procedure terminates if either the number of iterations
exceeds 500 or the refative change in Fis below 0.00005. Manual image matching
was also performed from 10 sets of initial 6-DOF parameters arbitrarily ranging
within #5.0° and & 5.0mm of true values.

3. Results

Mean' values, “standard” deviations, ‘and’ median - values of
absolute errors in’ relative position ‘parameters ‘determined by
manual and automated methods are listed in Table 1. The
automated method produced significantly better results for all
position parameters, except for rotation about the x-axis and
transiation along the x-axis at the relative position of the femoral
component with respect to the femur (The Wilcoxon signed-rank
test); The running times for-automated 'minimization on a
Windows XP PC {XEON processor, 3GHz, 2GB RAM) of about
2705 for bone and 305 for components were reduced from those
for ‘the manual methaod (about 600s: for bone and 300s for
components).

4. Discussion

Image-based techniques for direct 3D measurements of bone
X-ray tube » and implant positions-are a practical approach; since the insertion
X-ray tube of ‘markers into- bone is. not required. Our automated method

Fig. 3. Synthetic biplanar X-ray system. Profected outline points of each 3D model offered better accuracy and time efficiency than the manual
were the finite edge points of the 2D shadow created from’the projections of all method. However, the present results-were less accurate:than
visible triangular surfaces of the 3D model. those obtained by de Bruin et al. (2008) and Li et al. (2004),
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Table 1
Mean, SD, and median value of absolute error for estimating 6-DOF parameters of relative positions {(n=40).
Relative position * Rotation Trapstation
Sx() ¥(%) z(%) X (mim}) y{mm} z (mm)
Femur/tibia - ‘Manual Mean 06 0.5 15 1.0 1.6 1.1
G SO 04 04 1.0 08 14 0.9
Median 04 64 13 0.8 1.4 09
Automated Mean 02 03 0.7 03 05 05
SD 0.2 0.2 04 03 03 0.2
Median a1 03 0.6 0.1 0.5 0.5
, . P o0l 0,005 0.00t <0,001 <0001 <0.001
Femoral component/tibial component  Manual Mean 08 09 1.0 11 06 11
L - - s 407 0.5 0.7 07 04 0.7
- - Median 0.6 Lo 08 11 06 Lo
Automated . Mean 03 04 04 0.5 0.3 0.5
- s 02 03 03 04 0.2 03
- - Median 03 0.3 0.5 0.4 0.4 05
.. oy . <oo0 <0.001 <0001 <0.001 <0.001 <0.001
Femoral componentffemur =  Manual Mean 07 1.2 1.0 09 17 1.2
. . , 5D 04 07 08 0.8 08 1.0
Median 0.6 04 0.5 0.6 0.5 03
Automated Mean 06 0.5 0.5 0.7 06 05
' s 03 03 0.3 04 05 04
Median 06 04 0.5 0.6 0.5 0.3
P 0170 <0001 0011 0.687 <0.001 0.001
Tibial component/tibia Manual Mean 05 1.8 06 09 13- 1.0
SD 03 1.0 0.4 0.6 1Ll 0.8
Median 05 1.9 05 07 11 0.8
Automated Mean 0.2 06 .04 03 04 0.5
sD 0.2 a5 :02 02 a3 03
Median 0.1 04 04 0.3 04 05
1 <0.001 < 0,001 0.042 < 0.001 < 0.001 0.001

p-Values indicate significance of the difference between automatically obtained results and manually obtained results.

probably due to small differences in positions of the rotation
table and cassette holder from those set during camera calibra-
tion. . Conversely,. our  results. for the -standard . deviation
of “estimating implant position in reference  to- bone  were
equivalent to that determined using postoperative CT (Jazrawi
et al, 2000).

Cooke et al. (1994) provided quantitative lower limb alignment
parameters in the coronal and sagittal planes using anteroposter-
ior and lateral radiographs taken using a turntable, but:did not
quantify the axial parameters because the axial geometry of the
lower extremity was not reconstructed in three dimensions. The
present: method would therefore enable more reliable analysis of
load-bearing characteristics across the knee joint.

The use of CT. may lower the applicability of our method, due to
concerns - about exposure. to- radiation.. However, although: the
effective radiation dose of 6 mSv.from CT is about 10 times larger
than that required for radiography, this dose is comparable to the
annual effective dose from natural background radiation of about
3mSy- (Mettler- et al, 2008).. Although magnetic resonance
imaging can be regarded as an alternative method, imaging the
entire length of the femur or tibia is currently difficult, The choice
of CT is thus relevant for the purposes of this method.

When applying this method to patients, care must be taken to
prevent body motion during X-ray exposure. In addition, since the
soft tissues surrounding bone may reduce the reliability of
contour extraction from bone, studies examining actual patients
are needed to clarify the clinical applicability of this procedure.

In conclusion; the present study demonstrates the accuracy of
relative 3D position estimation using an- automated. image-
matching technique in experiments with bi-plane radiographs of
sawbones and TKA components.
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Abstraet We developed a new instrument for quadriceps power rehabilitation, With this instru-
ment, we performed an epidemiological study measuring isometric knee extensor muscle strength in
1465 subjects (843 females and 622 males, aged 23 to 93 years) with or without knee osteoarthritis.

Maximum knee extensor muscle strength was higher in males than in females, and it decreased
above the age of 50 in both sexes. Speed of extension (time duration of 20 to 80% to maximum knee
extensor muscle strength) prolonged above the age of 60. Maximum knee extensor muscle strength
was less in knee OA group and speed of extension also prolonged in OA group.

We think that the new instrument can provide some useful information on quadriceps power reha-
bilitation by measuring both knee extensor muscle strength and speed of extension.

Key words : BB EE . (knee osteoarthritis), BEMER T (knee extensor muscle strength), KB
Bt v 7 4.2 7Y (quadriceps setting exercise)
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Analysis of knee extensor muscle strength and its exertion pattern by a newly developed muscle strength measuring
and training nstrument

Atsushi NAWATA, Mai AKIMARU, Tetsuji IWASAKI, Hiroshi WATANABE, RPT, Yoshmu KOGA, MD, Go OMORI,
MD and Kazuo ENDO, MD
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Nocturnal Leg Cramps

A Common Complaint in Patients With Lumbar Spinal Canal Stenosis

Morio Matsumoto, MD,* Kota Watanabe, MD,t Takashi Tsuji, MD,t Ken Ishii, MD,T
Hironari Takaishi, MD,t Masaya Nakamura, MD,T Yoshiaki Toyama, MD,T
Kazuhiro Chiba, MD,t Takehiro Michikawa, MD,F and Yuji Nishiwaki, MD¥

Study Design. Questionnaire survey.on leg cramps for |
patients with: lumbar spinal canal stenosis (LCS}). -
Objective. To evaluate the prevalence of leg crampsiin
patients with:LCS treated surgically and the relationship"
between leg cramps and the surgical outcomes.
Summary of Background Data. Although it has been
anecdotally reported that L.CS patients have suffered from
leg cramps, the true prevalence remains unknown.
Methods. One hundred twenty LCS patients who un-
“derwent decompression surgery {men 85, women 35;
mean age 73.5) and 370 elderly subjects from the general
population (men 162, women 208, mean age 75.6) were
enrolled in the study. The participants filled in a question-
naire regarding: (all participants) (1) experience of !eg
cramps, (2) frequency and time of the day of the cramp
attacks; {for. LCS patients only), (3) changes in cramps
before and after surgery, (4) activities of daily llvmg dis-
turbance because of leg cramps, (5) satisfaction with sur-
gery and walking ability, (6) the Roland-Morris Disability
Questionnaire, and (7} the Oswestry Disability Index.
Results. Eighty-five (70.8%) patients with LCS and 137
(37.2%] of the control population experienced leg cramps
{age and sex adjusted odds ratio; 4.6, P < 0.01). Leg cramps
occurred once or twice a week in 34.9% of the LCS group
and once in several months in 44.5% of the control group,
and occurred nocturnally in 73.3% of the LCS patlents andin
91.6% of the control group. In LCS patients, leg cramps .
improved after surgery in 18.2%, remained unchanged in
45.5%, and worsened in 26.1%, and activities of daily living
were disturbed in 47.6%. There was no significant difference
in satisfaction with surgery, the Oswestry Disability Index,
the Roland-Morris Disability Questionnaire scores, or walk-
ing ability between the LCS patien"ts’ with"‘bf'WithOUt leg
cramps. ; -
Conclusion. LCS patients had mgmfrcan’dy more fre-,
quent attacks of nocturnal leg cramps than the control pop--
ulation, and leg cramps disturbed the quality of the patients’
life, and they rarely improved after decompression surgery.
Leg cramps should be recognized as one of the symptoms -
of LCS, which disturb the patients’ quality of life. .
Key words: leg cramp, fumbar spinal canal stenosss,
decompression surgery, n}octurnal Spme 200 ; 4
000 000 _ _ V
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Neurogenic claudication, back and leg pain are the most
common symptoms in patients with lumbar spinal canal
stenosis {(LCS), and they can be managed successfully by
aggressive conservative treatments and/or surgery in the
majority of patients. In addition to these frequently ob-
served symptoms, patients with LCS sometimes com-
plain of paresthesia, chillness, and restless leg sensation
in their lower extremities, which have not, to date, at-
tracted wide attention of spine care professionals. One of
such complaints is leg cramps, which are acute involun-
tary painful contractions of the muscles in the lower ex-
tremities, and are likely to affect the elderly population as
well as athletes and pregnant women.'~® Several general
population surveys have reported that leg cramps occur
in 38% to 50% of the elderly population.=* Although
their etiology remains to be clarified, leg cramps have
been reported to be associated with neuromuscular dis-
eases, diabetes, hyperthyroidism, hypertension, hypocal-
caemia, hypokalaemia, vascular diseases; and some med-
ications including diuretics, statins, steroids, and
nifedipine, B-blockers, and so on.2%’ To date, there have
been few reports regarding the relationship between leg
cramps and LCS, and it remains unknown whether sur-
gical interventions have any impact on leg cramps in
patients with LCS.

The purpose of this study was to elucidate the preva-
lence of leg cramps in patients with- LCS and the relation-
ships between leg cramps and the outcome of surgery in
such patients. Our hypotheses are that the prevalence of
leg cramps is higher in patients with LCS than the general
population, and that surgery improves leg cramps.

B Materials and Methods

During the period from 2000 to 2006; 271 patients with LCS
underwent 1+ or 2-level posterior decompression surgery with-
out fusion: Of these patients; those who satisfied the following
criteria were included in this study: (1) Patients with typical
signs'and symptoms of LCS (leg pain, neurogenic claudication)
that was confirmed on magnetic resonance imaging and my-
elography; (2) those without any history of previous lumbar
spine surgeries; {3) those without severe scoliosis {Cobb angle
>20°) or spondylolisthesis (% slip >20%) which required in-
strumented fusion; and (4) those without any history of neuro-
muscular diseases such as cerebral palsy, congenital, and ac-
quired myopathy, et cetera. These criteria were satisfied by 201
patients; to whom the questionnaire was mailed, inviting them
to participate in this study.

Three hundred seventy elderly subjects from the general
population without any: history of back surgery, who had un-
dergone a general health checkup and completed the question-

<zdoi;10.1097/BRS.0b013e31818f953¢c>

Lumbar spinal canal stenosis patients had significantly more frequent attack of nocturnal leg cramps than the control town populations. Leg cramps made the patients’ life disturbed, and it did not
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naire served as the controls. All participants in both groups
filled in the questionnaire regarding: (1) Experience of leg
cramps; (2) frequency and time of the day of cramp attack; (3)
area of cramps; and (4) walking ability. Only the LCS patients
filled in the questionnaire regarding: (5) changes in cramps
before and after surgery; (6) residual sciatica (evaluated by
visual analogue scale, VAS 0-100 points) and numbness in the
legs and feet; (7) activities of daily living (ADL) disturbance by
leg cramps; (8) satisfaction with surgery; (9) the Roland-Morris
Disability Questionnaire (RDQ)?; (10) the Oswestry Disability
Index (ODI)’;and (11) treatment for leg cramps (Table 1). A
part of the questionnaire was originally developed for this sur-
vey by a group of orthopedic surgeons and public health scien-
tists. Association of diabetes mellitus and hypertension, which
are the most common comorbidities of elderly people and
which have been reported to be associated with leg cramps®7-!°
were also investigated. For the LCS patients, charts were also
reviewed regarding surgical methods, medications, and periop-
erative complications.

Statistical Analyses
Stata9 software {Stata Corp., College Station, TX) was used for
statistical analyses. The x* test and a logistic regression analysis
were used as the statistical tests to compare the difference in the
prevalence of leg cramps between the LCS patients and the
control population. A P value less than 0.05 was considered
statistically significant.

o Results

Comparison Between the LCS and Control Group
One hundred twenty LCS patients who responded to the
mail were finally included to the present study. There
were 85 men and 35 women with a mean age of 73.5 *
8.0 years. The mean follow-up period after surgery was
3.6+ 1.9 years (Table 2). In the control group, there
were 162 men and 208 women with a mean age of
75.6 *.6.5 years. There was a statistically: significant
difference in the male to female ratio, between the LCS
patient group and the control group (P < 0.001). Eighty-
five (70.8%) patients with LCS and 137 (37.2%) of the
controls experienced leg cramps (age and sex adjusted
odds ratio; 4.6, 95% confidence interval; 2.87-7.35; P. <
0.001) (Table 3). Regarding comorbidities, hypertension
was observed in 35.8% of the LCS patients and 41% of
the control subjects (P. = 0.39), and diabetes in 14.2%
and 6.2%, respectively (P = 0.014). When the odds ratio
for leg cramps was determined after the adjustment by
these comorbidities, its prevalence was still significantly
higher in LCS patients than in the control subjects (4.87,
95% confidence interval, 3.01=7.88; P-< 0.001).

Leg cramps occurred once of twice a week in 34.9%
of the LCS group and once in‘several months in44.5% of
the control group, so that the frequericy of leg cramps
was significantly higher in the LCS group (P < 0.001).
Leg cramps occurred at night during sleep in 73.3% of
the LCS patients and 91.6% of the control group, and at
night before sleep in 14.0% and 2.5%, respectively. Al-
though leg cramps mostly occurred nocturnally in both
groups, LCS patients had leg cramps while awake more
frequently than control subjects. Leg cramps occurred
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Table 1. Questionnaire for LCS Patients and
Control Subjects

Q1 Have you recently experienced cramps in the legs?
Yes
No
Q2 How often do you have leg cramps?
More than once a d
Once ad
Once a several d
Once a several wk
Once a several mo
Once a yr
Q3 What time of the day do you have leg cramps?
During sleep {midnight to dawn)
in the morning
In the afternoon
In the evening
04 Where do you have leg cramps most?
Calf
Shin
Anterior thigh
Posterior thigh
Foot
Q5 How fong can you waik?
No. limitation
Longer than 1 km
500 m-1 km
100-500 m
Less than 100 m
For LCS patients only
(6 Do you have residual sciatic leg pain now?
Yes (If yes, mark on-visual analogue scale)
No
Q7 Do you-have numbness in the-legs and feet?
Yes
No
08 Did you have changes in leg cramps after surgery?
Better than before. surgery
Unchanged
Worse than before surgery
No' cramps before or after surgery
09 Are you'satisfied with surgery?
Very satisfied
Satisfied
Intermediate
Dissatisfied
Very dissatisfied
For LCS patients with leg cramps only
Q10 On which side do you have leg cramps?
Right
Left
Both
Q11 Do leg cramps: disturbyour activity of daily livings?
Extremely: disturbed
Moderately: disturbed
Slightly disturbed
Not so disturbed
Never disturbed
Q12 What kind of treatment have you had for leg cramps
Medications()
Massage
Acupuncture
Physical therapy
None

mostly in the calves both in the LCS patients (74.4%)
and in the control subjects (64.2%). The laterality of leg
cramps was elicited only for the LCS patients. Thitty-five
patients (40.7%) had leg cramps bilaterally; 28 {32.6%)
in the left, and 18 (20.9%) in the right. With regard to
walking ability, 58.3% of the LCS patients and 81.9% of
control subjects could walk more than 1 km (P'< 0.001).



