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Abstract—Assessment of bone healing on radiographs depends on the volume and radio-opacity of callus at the
healing site, but is not necessarily objective, and there are differences of judgment among observers. To overcome
this disadvantage, a clinical system was developed to quantify the stiffness of healing fractures of the tibia in
patients by the echo tracking (ET) method in a manner similar to a three-point bending test. The purpose of this
study was to ensure that the ET system could clinically assess the progress, delay or arrest of healing. The fibular
head and the lateral malleolus were supported. A 7.5-MHz ultrasound probe was placed on the proximal and
distal fragments and a load of 25 N was applied. Five tracking points were set along the long axis of the
ultrasound probe at intervals of 10 mm. With a multiple ET system, two probes measured the displacement of
five tracking points on each of the proximal and distal fragments of the tibia, thereby detecting the bending of
the two fragments generated by the load. ET angle was defined as the sum of the inclinations of the proximal and
distal fragments. Eight tibial fractures in seven patients treated by a cast or internal fixation were measured over
time. In patients with radiographically normal healing, the bending angle decreased exponentially over time.
However, in patients with nonunion, the angle remained the same over time. It was demonstrated that the ET

method could be clinically applicable to evaluate fracture healing as a versatile, quantitative and noninvasive

technique. (E-mail: ohnishii-dis@ h.u-tokyo.ac.jp)
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INTRODUCTION

The most important issue in assessment of fracture heal-
ing is to obtain information about restoration of the
mechanical integrity of the bone, In clinical practice,
fracture healing is usually judged from serial radio-
graphs. Assessment of bone healing on radiographs de-
pends on the volume and radio-opacity of callus at the
healing site, but is not necessarily objective, and there
are differences of judgment among observers. In addi-
tion, radiographs cannot evaluate fracture site strength.
In these respects, assessment of fracture healing by using
radiographs is far from ideal.

The stated disadvantages of radiography for assess-
ment of fracture healing have been pointed out in recent
years, and various other methods of assessment have
been developed. Jemberger (1970) devised an invasive
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method for measuring the bending stiffness of healing
fractures of the tibia. With his method, the proximal and
distal bone fragments were fixed by screws that were
connected to a specially designed beam, and a load was
applied through a screw at the center of the fixing screws.
The method was based on the principle governing the
bending of two beams connected at the ends and sub-
jected to a bending force applied at the midpoint. Bumny
et al. (1984) developed a method that used a strain gange
attached to a fixator shaft. With their method, the strain
gauge readings were monitored over time during weight
bearing, and the pattern of fracture healing was classified
into seven categories (such as normal, delayed, arrested,
efc.). Assessment using acoustic emission (AE) was de-
veloped by Nicholls and Berg (1981), who detected
acoustic pulses generated by microscopic failure of the
bone under loading. The investigation by Watanabe et al.
(2001) revealed that AE signals occurred with the yield-
ing of callus. However, the strain gauge method and the
AE method have the disadvantage that both are limited to
patients with external fixation, and both require the in-
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Fig. 1. The target tissue may move closer to or away from an
ultrasonic probe over the distance AZ during a pulse repetition
time of ultrasonic waves (T), causing phase delay of the RF
echo signal (At). The ET method measures the extent of this
displacement by tracking the mitialized phase pattemn of the
echo signal.

sertion of screw pins or wires. For these reasons, such
methods have not been widely used and a new method is
needed that is both noninvasive and widely applicable.

To overcome such limitations, we developed a new
method for the noninvasive and quantitative assessment of
fracture healing. Bone always undergoes deformation in
response (0 an applied load. By quantitatively measuring
this deformation, it is possible to assess the mechanical
properties of bone and thereby estimate the strength of a
fracture site. In this study, we attempted to noninvasively
assess the bending stiffness of the healing fracture sites after
applying a load. To measure bending stiffness, we focused
on ultrasound becanse it is noninvasive, Precise measure-
ment of the displacement of a specific point can be done by
the echo tracking (ET) method. This method is a technique
for measuring minute displacement of a certain point on a
tissue by detecting a wave pattem in the radiofrequency
(RF) echo signal reflected from the target tissue (Fig. 1)
(Hokanson et al. 1972). To apply this technique for detec-
tion of bone deformation, we improved it so that displace-
ment could be measured with an accuracy of 2.6 pum
(Matsuyama et al. 2006). We also developed a multi-ET
system that was able to simultaneously track dynamic
movement al multiple points on the bone surface. In our
previous study of the three-point bending test using a por-
cine tibia, the strain gauge readings and the data from the
multi-ET system showed an almost perfect linear correla-
tion with the load (r = 0.998). These results indicated the
possibility of using the echo tracking method 1o detect bone
surface deformation.

The purpose of this study was to determine whether
our newly developed ET system could clinically assess
the progress, delay or arrest of healing by detecting the
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bending stiffness at the fracture healing site. Fracture
healing was evaluated in patients with tibia fracture
treated by a cast or internal fixation,

METHODS

A clinical system was developed 1o quantify the stiff-
ness of healing fractures of the tibia in patients by the ET
method in a similar manner to a three-point bending test.
Five tracking points were set along the long axis of the
ultrasound probe at intervals of 10 mm. With a multiple ET
system, two probes measured the displacement of five
tracking points on each of the proximal and distal fragments
of the tibia, thereby detecting the bending of the two frag-
menis generated by the load. ET angle was defined as the
sum of the inclinations of the proximal and distal fragments
(Fig. 2). When callus was weak in the initial stage of
healing, the tracked points were almost in a straight line and
the inclination of the two fragments was calculated directly.
However, when the callus was more rigid in the late stage
of healing, the line connecting the points was curved and
the inclination was obtained from the slope of the linear
regression equation for the displacement of the points.

Before clinical application of this method, its accu-
racy was evaluated by measuring the inclination of the
metal flat panel.

Measurement of the accuracy of ET angle using an
inclined flat metal panel

A flat stainless steel (SUS 4207) panel (length 270
mum, width 60 mm, thickness 5 mm) was used, which had
a parallel accuracy and flatness variation of <2 pum, One
end of the panel was attached to a magnet stand (DG,
Noga Japan Lid, Saitama, Japan), and the other side was
attached to a goniometer (X13-001, Tsukumo Co. Lid,
Saitama, Japan) fixed to another magnet stand. Then, the

ET angle

Fig. 2. Probes are sct on each of the proximal and distal

fragments of the tibia to detect the bending of the two (rag-

ments generated by a load. The ET angle is defined as the sum
of the inclination of both fragments,
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Fig. 3. The accuracy of the ET measurement was evaluated by

measuring the inclination of the flat metal panel simultaneously

using a 3-D measuring device. (A) 3-D measuring device; (B)
7.5-M Hz linear ultrasound probe.

metal panel was inclined by increasing the height of the
goniometer stand. A 7.5-M Hz linear ultrasound probe
(UST-5710-7.5, Aloka Co. Lid., Tokyo) was set at a
distance of 20 mm from the panel to measure the changes
of displacement of each of five points on the panel (Fig.
3). Using these data, the ET angle of the panel was
calculated. At the same time, the inclination of the panel
was accurately measured using a 3-D measuring device
(AE112, Mitsutoyo, Kanagawa, Japan) with an accuracy
of 1 pm. The panel was inclined by elevating the sliding
mechanism of the stand by 0.4 mm and the inclination of
the panel was measured 5 times, after which the mean
and standard deviation were calculated. Accuracy was
evaluated by calculating the standard deviation of the
difference between the ET angle and the inclination
measured by the 3-D measuring device in each of the
measurement trials.

Clinical measurement of fracture site bending stiffness
Eight tibial fractures in seven patients with an av-
erage age of 37 y (range 24 -69 y) were measured (Table

1). Two fractures of two patients were treated conserva-
tively with a cast, and six fractures of five patients were
treated by internal fixation (locked intramedullary nail-
ing in 4, plating in 1 and screws in 1). The average
measurement period was 40.8 wk (21-60 wk), and the
average number of measurements was 7.5 (5-11).
Patients assumed the supine position with both
knees extended, and the affected leg was held horizontal
with the antero-medial aspect of the tibia upwards. The
fibular head and the lateral malleolus were supported and
held tight by a Vacufix (Muranaka Medical Instrument
Co., Ltd,, Osaka, Japan) to avoid rotation of the leg
during loading trials. Before measurement, B-mode im-
ages of the short axis of the proximal and distal frag-
ments of the tibia were obtained to identify the center in
both directions. By connecting both of the centers, the
anatomical axis of the tibia was identified. A 7.5-MHz
ultrasound probe was placed on the antero-medial aspect
of each of the proximal and distal fragments in the long
axis. Each probe was equipped with a multi-ET system
with five tracking points at 10-mm intervals. The probes
were set vertically on the skin of the leg and held tight
with an articulated holder (DG61003, Noga Japan L.,
Saitama. Japan). A load of 25 N was applied at a rate of
5 N/s and then reduced to O N at the same rate using a
force gauge (DNP, Imada, Osaka, Japan) parallel 1o the
direction of the probe at the most distal part of the
proximal fragment adjacent to the fracture site (Fig. 4).
For the initial measurement obtained in each patient, the
loading point was set right on the long axis near the
fracture site using a B-mode image as a guide. With this
setup, the tibia was bent in the same way as for a
three-point bending test in the direction of the ultrasound
beam, In patients with oblique or spiral fractures, the
loading point and the tracking points were set so that
they did not cover the fracture site. In patients with a
bone graft at the fracture site, the loading point was set
on the graft, but the probes were placed so as not to cover
it. In the patient with a plate, both the proximal and distal
probes were set on the plate surface to measure bending
of the plate. Using the multi-ET system, the probes

Table 1, Clinical cases of the tibial fracture

Measurement period Radiographic

Case Gender Age Limb Treatment fracture healing (Initial-final) finding

1 F 24 L Casting 447 wk Normal

2 M b R Casting 7-28 wk Normal

3 M 23 R Bone grafting 8-27 mo Normal

4 M 3 R Nailing 4-39 wk Normal

5 F 57 R Nailing 510 mo Normal

6 I 57 | Nailing 6-10 mo Normal

7 I 26 R Nailing SyZmo-5y 7 mo Nonunion

8 M 69 R Plating 945 wk Delayed
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Fig. 4. The affected leg of a patient was held horizontal with the

antero-medial aspect of the tibia upwards. The fibular head and

the lateral malleolus were supported and held tight by a Vacu-

fix. The probes were set vertically on the skin of the leg and

held tight with an articulated arm. A load was applied using a
force gauge parallel to the direction of the probe.

detected the angle between the proximal and distal frag-
ments generated by the load. Measurement was repeated
five times, and the mean and the standard deviation of the
ET angle were calculated.

Fracture healing was assessed at intervals of two or
three weeks until radiographic union or arrest of healing
occurred. In each patient, the decrease of the ET angle was
statistically examined (o determine whether it decreased
exponentially and whether the decrease was significant. To
evaluate the changes of the E'T angle over time, exponential
regression analysis was performed, and the curve of the ET
angle vs. time relation was drawn. Differences were con-
sidered significant when the p value was less than 0.05.

To investigate the influence of the position of the
probes and the patient on the results, the precision of the
method was evaluated by repeated measurement of the
ET angle in a patient with a diaphyseal fracture of the
tibia treated by a cast (case 2). In addition, the linearity
of the relation between the load and the ET angle was
assessed by incrementally increasing the load from 10 to
30 N. The ultrasound device (SSD 1000, Aloka Co. Lid.)
used in this investigation is used clinically and its safety
has been established. The protocol of this investigation
was approved by the ethics committee of The University
of Tokyo Hospital. and the patients were enrolled after
informed consent was obtained,
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RESULTS

Accuracy of ET angle measurement for a flar metal panel

Measurement of the inclination of the flat metal
panel showed that the average inclination was 0.117°
and the standard deviation was 0.002°. The average
inclination obtained with the 3-D measuring device
was 0,116° with a standard deviation of 0.003°. The
standard deviation of the differences between the data
obtained by the ET method and by the 3-D measuring
device was (.002°.

Clinical measurement of fracture site bending stiffness

The average time required for measurement was
17 min (range 15-20 min). At each loading trial, none
of the patients complained of pain and there were no
complications related to measurement.

The precision of this method was evaluated by
repeating measurement of case 2 (treated with a cast),
with repositioning of the leg and the ultrasound
probes. The mean and standard deviation of the ET
angle were 0,316 * 0,015, and the coefficient of
variation was calculated 1o be 4.6%. The linearity of
the relation between the load and the bending angle
was very high, with a correlation coefficient of (0,997,

Cases presentation

Case 1: A 24-vear-old-woman treated with a cast.
The patient sustained a spiral fracture of the proximal
diaphysis of the tibia in a traffic accident, and a patella
tendon bearing brace cast was applied. Healing was
assessed by the ET method, as well as radiographs a
total of 11 times from 4 weeks 10 47 weeks after
fracture. The fracture line became opaque and the
callus volume increased from 4 weeks to 19 weeks,
but after 26 weeks there was almost no change of
the thickness of the callus. On the other hand, mea-
surement showed that the ET angle was about 1° at
4 weeks, and that it decreased exponentially (y =
1.40¢ 219 r = _0.975. p < 0.0001). The ET angles
of both cases 1 and 2 treated with a cast decreased
exponentially over time and they reached the level of
the intact side by 22 weeks (Fig. 5a, b).

Case 7: A 26-vear-old-woman with a fracture of the
diaphysis of the tibia treated by a locked intramedullary
nailing. ET measurement was performed five times
fromS5 y 2 moto 6 y 7 mo after fracture. Her X-ray
films showed hypertrophic nonunion, but judgment
whether healing was proceeding was extremely diffi-
cult. ET measurement showed that there was no sig-
nificant decrease of the angle over a period of 1 y and
S mo (y = 0.264e%%9%% ¢ = 0,238, p = 0.700) (Fig.
6a, b).
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Fig. 5. (a) Time sequential change of the fracture site X-ray from 4 weeks to 32 weeks after fracture in case | treated

with casting. The fracture site healed normally. (b) In the same patient, the ET

gle was plotted. The ET angles

decreased exponentially over time.

Case 8 A 69-year-old-man with a long obligue
fracture treated with a plate. His X-ray films showed a
long oblique fracture line extending for almost 80 mm.
Measurement was performed 10 times from 9 weeks to
45 weeks after fracture, during which period almost no

change of the fracture site or callus was recognized on
X-ray films. The ET method measured the bending
angle of the plate. The change was very slow, but the
angle decreased significantly from 0.28 1o 0.2 degrees,
and then finally declined to 0.1 degree. The overall

change showed an exponential curve (y = 0.40e
r = -0.895, p = 0.0005) (Fig. 7a, b). In patients with

radiographically normal healing, the bending angle
decreased exponentially over time (Fig. 8). However,
in patients with nonunion, the angle remained the

same over time,

DISCUSSION
Our method allows noninvasive assessment of
bending stiffness at the healing site, so it can be appli-
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Fig. 6. (a) Time sequential change of the fracture site X-ray from 5 Y4 mo o6y 7 mo after fracture in case 7, treated
with intramedullary nailing. The X-ray films showed hypertrophic nonunion, but judgment of whether healing was
proceeding was extremely difficult. (b) In case 7, the ET angle showed no change over time and the regression lines

showed no significs

cable (o patients treated conservatively as well as those
managed by surgical intervention with plating or in-
tramedullary nailing.

In this study, the precision and reproducibility of the
method were evaluated. The precision of measuring dis-
placement by using the echo tracking system specially
designed for bone surface measurement has already been
assessed, and a precision of 2.6 p was demonstrated in
our previous study. However, the precision of measuring
the bending angle has not been investigated before. We

mi decrease

obtained a precision of 0,002, which was thought to be
adequate based on the results of the study by Moorcroft
et al. (2001) that evaluated fracture healing. They used
the three-point bending test to generate angles of 0.4 1o
1.0% in an in-vive measurement trial and connected a
goniometer to the bone fragment via screw pins fixed o
a side bar of the external fixator to detect bending at the
fracture site.

When estimation of the linearity of measurement
wias donme mn relation to the load, there was excellent
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Fig. 7. (a) The X-ray films of case 8, treated with plating. No change of the fracture site or callus was recogmzed on
X-ray films. (b) The ET method measured the bending angle of the plate. The change was very slow, but the angle

decrensed significantly from 0.28 o0 0.2

linearity between magnitude of the load and the ET angle
(r = 0.997), indicating that elastic deformation of the
fracture site had occurred under a load range of 10 10 30
N. Therefore, measurement was shown (o be noninvasive
as well as safe, without causing any residual deformity,

Reproducibility of the measurement method was esti-
mated 1o be 0.015%, which was adequate to evaluate fracture
healing quantitatively, because the angle ranged from
around 1° in the initial stage to about 0.17 in the final stage
when it was almost equivalent to that of the intact tibia.
However, we have to improve the reproducibility of mea-
surement in vive, The factors affecting reproducibility in

, and then finally declined to 0.1

vivo include the position of the leg, loading direction and
positions of the probes. Among these, the positioning or
fixation of the leg seems 1o have the most influence on the
reproducibility of measurement

For clinical evaluation of fracture healing, data ob-
tained by the ET method were compared with X-ray
findings over time. In patients with delayed healing or
nonunion, judgment of the healing process using X-ray
films was difficult because the direction and conditions
of obtaining images were not exactly the same every
time, so the findings were not reproducible, In contrast,
the echo tracking method evaluated fracture stiffness
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Fig. 8. In cases | through 6, the changes of the ET angle showed an exponential pattern. The correlation coefficients
obtained by the regression equation for the ET angle and time were very high in these cases.

with considerable accuracy, sensitivity and reproducibil-
ity.

In patients with radiographically normal healing,
the bending angle decreased exponentially over time.
However, in patients with nonunion, the angle remained
the same over time. According to the results obtained
with previous methods such as the strain gauge method
and the invasive method of Jemberger (1970), strain or
deformation caused by loading at the healing site has
been reported to diminish exponentially over time in
patients with normal healing. Among these previous
studies. Bourgois and Burny (1972) evaluated fracture
healing in hundreds of patients treated with an external
fixator that was instrumented with a strain gauge. They
not only accumulated considerable clinical data on the
strain readings over time, but also theoretically proved
by mathematical simulation that the change of the strain
over lime during normal healing could be expressed as a
typical hyperbolic curve. In addition to this, they proved
that the time course of the change in strain could also be
a hyperbolic curve by developing fracture simulation
maodels with stabilization by intramedullary nailing, plat-
ing and external fixation. As a result, their clinical data
were compatible with those for the theoretical model of
external fixation. They classified the pattern of fracture
healing into seven categories depending on the differ-
ence in the healing process. Among them, normal heal-
ing was defined as healing in which the strain reading vs.
time curve reaches a plateau at 60 10 90 days after
fracture. Slow healing was defined as healing in which
the decline of strain was very slow compared with the

normal pattern but the healing process was progressive
over time. Nonunion was defined as cessation of the
progress of healing. In two patients reated with a cast in
our study. the ET angle decreased rapidly until 10 weeks
after fracture 1o a level twice that on the imact side, and
then it decreased slowly. The exponential regression
curve for the echo tracking angle vs. time showed a very
strong correlation (case 1, r = -0.975). Therefore, it can
be concluded that the echo tracking method could be
used to evaluate normal healing as proposed by Bumy et
al. (1984). As shown in Fig. 5, the progress of healing in
patients treated with intramedullary nailing and bone
grafting could be assessed by using the ET method. The
ET angle vs. time relation in these cases was also ex-
pressed by exponential curves. However, the ET angle
curve of patient 7 (Fig. 6b) did not show any significant
decrease of the angle and there was no correlation be-
tween the ET angle and time. From this, the healing
process was diagnosed as nonunion, The ET angle of
patient 8, treated with plating, showed an extremely slow
decrease over time from 9 weeks to 33 weeks, but
reduction of the angle was statistically significant until
45 weeks, so the healing process was concluded to be
delayed.

Fracture site stiffness was adopted as a parameter
for evaluation that was thought to be correlated with
strength of bone healing. In various earlier studies of
fracture site mechanical properties, stiffness was mea-
sured to estimate the strength of the fracture site. How-
ever, stiffness is not necessarily correlated with strength.
Chehade et al. (1997) investigated this relationship in 24
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sheep. The tibia was stabilized with an external fixator
and then osteotomy was done. Next, the tibiae were
excised al 6, 8 and 10 wk after osteotomy and a 4-point
bending test was done. As a result. in the initial stage of
healing, stiffness showed a strong correlation with
strength (r = 0.89), but there was no correlation between
them in the remodeling stage. However. as Chehade et al.
(1997) stated, because the stiffness of the fracture site is
strongly correlated with the strength until remodeling is
initiated, it is clinically significant (0 monitor fracture
site stiffness as a substitute for strength to determine the
appropriate level of weight bearing so that patients can
avoid refracture because of overloading the fracture site
during postoperative management. In the remodeling
stage, we need to pay special attention to the relationship
between stiffness and strength, even if stiffness reached
the same value as the intact side.

Fracture healing was evaluated quantitatively by the
echo tracking method in patients treated conservatively
as well as by intemnal fixation. All previous methods of
assessment could only be applied to patients treated with
an external fixator that required the insertion of wires or
screw pins, and none of the methods could achieve
evaluation in a totally noninvasive manner. The potential
problem with evaluating patients treated with internal
osteosynthetic devices such as intramedullary nails or
plates is that the stiffness at the fracture site is the sum of
stiffness for both the healing fracture and the implant.
The stiffness of the implant is very high compared with
that of the healing fracture because it is made of a metal
such as stainless steel or titanium-aluminum-vanadium
alloy. Therefore, the combined stiffness at the fracture
site is usually very high compared with that in patients
receiving conservative treatment by casting. In such pa-
tients with internal osteosynthetic devices, comparison of
stiffness with the intact side does not have any meaning

ling ® J. MATSUYAMA ef al. 783

for evaluation of fracture healing. Therefore, we have to
be careful with interpretation of the changes of stiffness
over time in such cases. How the implanted material and
the configuration of stabilization affect fracture site stiff-
ness should be investigated in the future so that we can
assess fracture healing more precisely in patients with
internal fixation.

In conclusion, it was demonstrated that the echo
tracking method could be clinically applicable to evalu-
ate fracture healing as a versatile, quantitative and non-
invasive technique. Further development of this method
should be performed so that it can be applied to other
anatomical sites by improving accuracy and precision.
Ad:mw!rdgcmm.v—-m work was funded in part by a grant from the
Phar ical and Medical Devices Agency of Japan.
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P91 Prediction of strength and fracture Masahiko Bessho, Isao Ohnishi,
location of the proximal femur by a CT- |Matsumoto Takuya, Satoru Ohashi,
based nonlinear finite element method - |Kenji Tobita, Juntaro Matsuyama, Kozo
Effect of load direction on hip fracture |Nakamura

load and fracture site -

Introduction: The aim of this study was to investigate the effect of load direction on fracture risk of the proximal
femur. For this purpose, we evaluated changes in magnitude of strength for the proximal femur with changes in
load direction by analyzing the contralateral femur in patients with hip fracture using a nonlinear CT/FEM.
Materials and Methods: Twenty eight femora in female patients with contra-lateral hip fracture (age: 80 - 91,
average: 85.2) (femoral neck fracture: 13 patients, trochanteric fracture: 15 patients). The study protocol was
approved by our ethics committee and the patients were enrolled after giving informed consent. Axial CT images
of the proximal femur of all patients were obtained as well as scans of a calibration phantom. The CT data were
transferred to a workstation and 3D finite element models were constructed from the CT data using Mechanical
Finder (Research Center of Computational Mechanics Inc., Tokyo, Japan) (Bessho et al., 2007). Force was
applied to the femoral head at an angle y to the shaft in the frontal plane and at an angle & to the neck axis in the
transverse plane. For stance configuration (SC), y and & were set at 160° and 0°. For fall configuration (FC), y
and & were set at 120° and 0° (FC1), 60° and 0° (FC2), 60° and 15° (FC3) or 60° and 45° (FC4), respectively.
Predicted fracture load and predicted fracture site were analyzed. Predicted fracture type was compared with
contralateral actual fracture type. Friedman test, Scheffe's post hoc test and Fisher's exact test were used for
statistical analyses and the results were considered significant when p values were less than 0.05.

Results: The average predicted fracture loads for SC was 3080 N (standard deviation (SD): 551 N), 2210 N (SD:
606 N) for FC1, 1047 N (SD: 236 N) for FC2, 970 N (SD: 199 N) for FC3 and 700 N (SD: 167 N) for FC4,
respeclively. The predicted fracture loads for FC2 were significantly higher than those for FC4 (p < 0.001). The
predicted fracture existed at sub-capital region in all patients for SC. The predicted fracture existed at the
trochanteric region in all patients for all fall configurations except for FC1.0n the other hand, the predicted
fracture existed at sub-capital region or trochanteric region in all patients for FC1. For 20 patients, contralateral
actual fracture type corresponded to predicted fracture type. Predicted fracture type corresponded significantly to
contralateral actual fracture type (p<0.01).

Discussion: If we assume that no morphological differences exist between right and left femora in each patient
(Boston et al., 1982), the present study could contribute to providing us with useful information for the
establishment of effective measures to prevent hip fractures.




w25 1R

ISSN:0021-53125
CODEN NSGZA 1

82 % %35

HAEEH

NIPPON SEIKEIGEKAGAKKAI ZASSHI

The Journal of
the Japanese Orthopaedic Association

Vol.82 No. 3 March 2008

Proceedings of the 81st Annual Meeting

of the Japanese Orthopaedic Association

| BEHE £8& ’,', £ 4,.. ¥ I e El L . A J.pn. Orthop. A_aaoc_




BWEE (] Jpn Orthop. Assoc | B2 ( 3) 2008

3-Po7-10

3-Po7-11

CT » CAD/ HRE R EMT £ A Mgy
Ehomett —#NBL7az72r A 0vike sk
ORI B 2GRS ER T 2—

A
RE @7

K =8 Him BE 0k
il BEARE i M=

RIAEE L - 0 loosening IK2OWTIE, E¥ 449 —
T2—AOGEHORPrERLTWEZ EMTRENT
L MEHANABEFCBLTAV 9 FRBIRORZ S Y >
ERGEMGOY YHABORHEMNT 0, BE
CT F— 7 ERC HMBREMITE T o0, KBRS
HEFCHL TERELLCT SRoOBSXEROT - 575
BB RERITRE L TR CHMEFERLERTTL
£, CAD data #BCBIEY > 4 XG0 2 % - BT 2 %)
EXHE L DRET S0 RS EEE T L EERLT.
TR 04mm FO IMGELS = VERE, BN, W
HEESE S LU 22 0524 mm OPIRTREIER S B L
octree $kiC k> T meshing &7, AT HRBE - L
HEHE e BEROMRCNET 3 CT @y &ML i Wil
Lz £y ERSEROWIhRLEEREELTEAThS
Fri®, ATvAMOMHNEERD YT, 3B
P& RuT 2 MES0MES T vEERLE. | 2idtaT
NEFEAVy FRERASHEO C > (=y=225) (412 >
Aby FOEZERMOME € - MOBM D&, vid
Eikic ¥ # 2 v » FOY RMOE - Slio L+ M) £ e
ERBECREFALTHD, 63— I MGENS L Ui
RO (ToF—22) I type A U2 (@=40" y=5), B
KRBT 22 (1 2+ —E) IS type B(A=5, y=
W) OB 22T AORENRE =TT,
KBTI L O BRAER G~ 500 NI 0 A AT {0
EREMELMERIFET o2 B BEFLESLT
EYMARMOIGHRPRTI - oThERI2 #K
HMIE A IR B 7 (167.8 MPa) & 0 & JEdie e o
HEFAL376MPa) D AHMETFL Tuote, o2
AW WAT L2 ETHYOY > B EUMNEES RO
#irEEIr LT B 60 S.

WK EREE

— S518—

CT/HRERE L 2FREMT LAV - ARE
MEROMEEFE —&E - SRS OHRIc:
A F AR - BitomBIcovT—

W BE  OAE A9 BF gt
R ffe  Hall WARE N B=

Al B

k@RoOHMIE, ARBOCRAHTEREOIRITMOK
B (A = X7T CT SRl i B RMdT & 7o, Ml
AAOKHRIE L 5 FRMIATREERTHL, @20
B OREEH b TEILCL ), XAEONHE
HEMMYZZLTHE.

TERIE, At KT CTARATBE 28 £ (T 852
) (HMAmRT 130, ETERNIH). Gsis
ORBOCEREOMELST, ERNCT WML, &
AN = KT RN WY € 74 £ AR L 1 (Bessho et al,
2007). RO RATEIL, ST 8 TS SR
I B THReS S & IR e e
it Sl WU L 2 ¥ (y160°0 ) LAl &), &8
EREEL R EMRG 11200 0), WEERG 20460
40}, WEERAE 3(p60°0 157), WEERM 460845 2R
EL. M & T FRRTNN - FRITEL N
WL FRHTEOEMMORTE LS HELE: B
WAL, Fisher's exact test &M, WEAMRE 005 UF
kL.

TS ML, T fF 3080 N (49 (R 2 (SD)S51
N), @EEREL, 2210 N(SDB06 N), E@MEMR2, 1040
N(SD236 N), &% 3 970N(SD199N), ERES
4 700 N(SD 167 N) TH -7, BTG FMmL, o .
TREMCTBMFIRE L, EOET 1 £ < GHAT
TR, ¢ACEFERMREL L. ESRFL TR B
BRI EEFBRITONASTME N, KRORFIBLF
WSR2 GO 20 1L, RIBORFTD E
FRECEWTHRZMMELS - - (p<0l).

KRR OERE PRI 45244 s (Boston et al,
1982) L MEEF S L, VTR AECERRNE 1 SRy ERE
HTit, AROATRTENSRET 28I E- 1, —
#, EAEN LTI W2 OREOBEMNHRE LT
25 PPN 2 AR TR 2 v, KBTI, A
BRI L 0L (TR FARNIRERTT B8
HENTEAMREMEZ LicHMT 2% 35, :

wARE

SUME——-



Isteoporosis Jpn!  2008E10A1ERG - M168 - HH 1 8 AseTe 155N 0a18-6307

Osteopla’oi');“’o"sis

2008 Vol.16 Suppl.1

% 1O HAEHEERS

Ry -@eRnfs

075 LIRS

N _Os

> 7,

%‘)
VS

e
2 )
0
% 4
%

PN YA

'Oos S

The 10th
Annual Meeting of

Japan Osteoporosis Society

=M : 2008410 A31H~11H2H
238 ¢ KIRFEIPE 25815
28 BRIER At kekrie REHRR CEARTE 49

Aldy S,

2k — LN — T | hitp://www.convention.co.jp/amjos10/

Bﬂ
€ LIFE SCIENCE PUBLISHING



o

67 g?mlzibﬂmﬂl
REEEREENCHT 3 FROTR

&F Wi KNE=W. WF WA . &K G,
Ktk = R Wi hH BB WA
W RER SEAR, REARRYER RN
RHENGE -3 a9 REBNTE FRES2R
™

[H) ERMCTF— &L L ofiBlE®RE (CT
based finite-element method) 2T, HOEESHK
W £-RWO PN R L 2RO EW R
FlA WL 5o TATVS, L L., BIRCIIHER
CMLCEMAOERMSEFETHS. Sk, KEER
RTERET L0z, Bl md2Eni7—y
PEHATHL. LR, REHNTRES LU T—
WA = PET-CTODICOM Data® v, fiMERE
MFTIZL N, BB ECBSHEERO TR 0N
WE A,

[H&EHiE] LFoMR ML TR, KANROGR
ENQOKBOLEBFOMBEH Tio 7. WA
WA THRB 212400 Lokl 6% (FH5T
®oA0@ 820 EHRELL BAERICIYTIRED
PERIEALLE. BBOLBHPETLT (GE WM 274
# & Discovery ST Elite) THIBL @izl - Rerx
A4 KR Y O DICOM Data % Hive, 3 KA
BEREFALHEL . 2AMBFICMREISNLNRT >
PEADF— LML, SRR TR
EHEFOZRMFEL, HBEMITLIT-7 (Bessho
et al ] Biomech 2006) . #l &R MEMo &EMIC S
HOHHMENEL, BMEDBZ L7, KM Y
Ty ORIMERE R ESZ Lok, AR
p<00s E LA

L85 ) AT T OY BE 0 3 o M 00 41 9 2 e T
FRGIZH Ly =-31898x + 74065 R*'=0.13860 kil 4 it
# (P=00013) TEISNDZMIYHo ERRFI
BUWTOLEMIZHL Ty=-7.8912x+23234 Ri=
QO9ITO RIS (P=00164) TRENSMPD B -1,
AL, VR, ERRFE CCEMETELH
L ES I FS

(%] KRR OSSO Aiiziz, Ekbizy
Lo vt . sl Sfts 6124 G HIMMES D .
RIS LA ORYY S 7. SH. TGN
o KENHE RO QTN LTH, MmO T
fioTod, KRLTWS LT #2200 FiMi:
UL TRE +XF

68 DXABORBHENM (IVA) (C&3HE
EBBIFEEOBBEICOUT

KNHSARE. KN . kE e, il e
HBEMOBEAR V=22, CBERAR V=08
Bl UK RFR EKRRRR U ART

[HM] DXAIZ & 2 ERHEEATN (VA 2Ly
HERTIRETHEH, ARIEEOHTRALT
AW AV, SR d. BRTEREOS

KBHAIVADHBRIZowTRM LA, £
DRI, BRIFIIOVWTLRML 0T
[#iE) Tk, DXAIZZ 28R (BMD)
RIZIVAL 1T T &, DXAltHologic QDR Delph
Mw., B2~ 188 (L24BMD). EXRH
(NeckBMD) (22 D frHBEBN .. 86N
Lok DR MR 1o . BB, T00AD LI
WA BN~ (Ta~Le) EHRMEELL
e LERCMEIVAS T - 2 IWIZ 20T 6l
r:!

[#4) 1) T00AH IVATH R HELE
AT, 31% e, HUBE-BKTALO
T. L24KFNeckBMDIZL W BT A LD \
B21%% hivs:. WN WEIN, 179%EIVAETibE
TUZIBW A O] 22 - fo0 GOMEL L TI2289%I2IVA RS
SUNEBWA A, 2) WERITIELL TE
TI® “3HEE" IZEFRRL 720 T | MFOTAATE
Til, L1, TIZOMICEFRL. * 3 Mtk TT7%Ed
2. T2 WEOSIATIE, TI2, L. THOMT
L. " 3HiE” THINKED92% & vk, SO
A3 AD729%18 " 3 MRS SRIEYIEfEL
WL EWOBIATIE, " 3 HHET O 2
399%% L. B4AMBZADOTA%A © 3 MK R
HEEAEL2z. 8) 1IEHR MIVAE T o 22141 A2,
177% AW 7= A& B S LT, BMDE 6RR
(2L, 18, 28, 3MELL) ThRLAEZE
ABMDIE 3 @A EEBEAS, ZLEBLIDGHE (p<il
EEFL Ty 2z, L L, MERNCI2 4 S I ENaR
1) 1 EROBIVATHERITE 22254 %, BN
ORSTHHELE RS £, 7 WEETIL TH
S IWET A%66.7% % 7o, THF 2 MELIETI. TId
SAMERT AN00% % i RT3 ML R, KR
5 DT (2 L T e, B
[Z%] DXAMEIVAZ BN+ 5 = LIt ERICHM

WHizeombl L TIRAHE s e, L1 TIZ THl
3 HET IR R TR Y. ML B2
FrE - 3 M4 iR LTy, 73 M
TILECREL I L D, R 2w 3
B APHIBE OB LT, RIETTTON
Mt & 2 7 W i AR AORE L B2 Hivdy



SubtractioniZZ AL\ HEEEENES
SIEF D

B A0 <M WiE. TR K. WM W
i, ik
kP KPREPRER SEAH

) HCMBBEN S CTAFRELT, 7F7
(21 >, Artd > SOREWE T L RN
L, MM DY (R L TSR T (- MR B it
i“.ﬂ?bﬂ.'ctf'. ZoFETIE, mineral
pation rateZe X', WM ERIZNT SMELNS
Aty SRTHMBETSH ). WRYS (RO o8
DERETTETHE £, MR TONKTHLL
QWO 1 ITMRA S I E, e ZOMMALHRE
bilh, M4 iEERMYICIARHCT & v TlIRL 22
M = kaimicMhabd, HFEwN
hraction) %173 2 LT, froMME L UMD %
kraztemeL:,

jik] R R OB RN 0 1S TR
RCT & M1 v T ¥ i 5 M BE352microniZ THRL 2. &
LIﬂLrM-*Ja#wl "M E X
erimpose L. +O#GT— 2 ElT L, THE.
(baseline) | Ti@EmM S zf 2. 0

" 0 tl
seline) ~ (endpoint) | Tilf% L MM S h s,
LRINEE21T. TOF—F EiCoverlay®R 854

k] HEREEATE. EBNTERE L E LT
Pl M A LTOSMFSMUM SN, EmEh
W g fs, TREKRRT S E. alendronatefl s
Weit, WYL RIRABOEH SR <, i
1. *u,#')tv
o) T E A WO B TIZ, ARG L
LM TR AV LAMESRTED . HENRE
EFSLTVB I EARE SN DD, oMM
Bizow T b o Tl v superimposed
A E AR L 22 D PR BN s
. . superimposed SEORE, WE L L oNE
Fha At RNk MR ARG R
15 R OW S EMEROYRY LD DD FR
FLTHHI TR v EEI LGNS,

= l,ﬂ_-

Q

70 CUBRERELSRENEOUEN
—BR&EEC 3”‘

A il KEH=B, WR RE KR ®,
il wifr, & BF PH K=
KR BTH EEAR

[Hay) Metsic BE MRS (RRRICR
fETHLORAMEEDEIRNT oL ELGATY
Do etk MM SR & AR ITRBD & AW LT 2
ST & B A4 BUESER 5 % W v T 3 147 o M b
EFNEMFEL BREFEDHFIZBTE WA, TR
GEBRLAERY 2ab—va v efTviMIERED
FERAFH L STz FRRASCOLRRMETS 2
LEHME LS.

[H&: k) d&id, RERORBIERMEE, TH
IR IERRF OV LR ENS, T TR SR
(51-88). WAEN2OKREDLE, LHEOEHEENT,
P2BEOQCTREL v, CTF—# L h THEKE
LLHMERTEro . SRR - osdideftid, Hifk
L FMEML, BEFmEEsEL - iMERT
F i (Imai, 2006), 6 - AWMALZ BT 5 H6-~DAR
AN 534 (Pollintine, 2004) =ML, Thbh i
BRI ISR 251/ 3 1 /380 5 /3% 19304142,
M D$ 42 2504838 PR L Ao MM E il 1=, HEdT
i EeME L 2 MR, MM REF A IZoWVT
MU fT o P EE. TN O TS 7.
[# 8] WWER L M RORFICBIT S PRI
0 48 OB 2y =0.8912x + 19.332H1 0 # BR2 = 0.9068,
W s A RO R TIRE ARy =
0.7033x + 55071 HIMRER2=06050TH 0, Flldtih
R URMIE S W RfFOMTH RELAEDT
(p=0000171» WM RER O H D E DA 200 8 13 NI
WS M T IR S, MR T TR
BOTAgHAE CEBMAS - 2.

[#%] AARECBTINEORTY R 22, BEE
AL RBR, §NLLoRREAT TR, iEZHE
PEWEAGIZ Lo TRIET S, WRIEH X iR
BOTTFHRANBRAESAEZCRZHTVSIIEDS,
AMERF BRI A2 &L DRMICHET S
CRAHERE SRy 228555, HMEEHFICE
BE-T 8 w1 0EE 7 I alon il 13 17510 " 1
b, HRFEI DT E LS TR R 2
LIEL. She i L A%E RS MR RETE
12 BBT Satraumatic fracture® FREAVITEL L L ¥
Abhd.



71 BEABZICST BHIp Axis Length
(HAL) ol

e NE. KN 2. AN WA Qi Zhow'
ABEENH AL 2 Y = 2. ‘GE Healthcare

[HAg) RREICSWT, AMEECENTS XRAM
BAFILENCNEE 2 Tvwa. #WE (BMD) @2
BN Z2EEMTEFHETFOOL2THIHF, KA
HOYE 2 - b KEFRITY R 2 LM LTV 2L
i shTwd. KOV A LYo LoT
& SHip Axis Length (BLFHAL) &, s Akitic
B KB A7 ISR MESH D . Wiz
BEEAECBVTHALY RS G2 EERA) R 220
(LIHMEHSEMELERTVS. AR 2, HE
ARGz B AHALOBMHBREMET 2,
[H@B L FhE] HRI22005% 4 H2 520075110 £
THRL2BLANK1953% (MHE363A. 1590,
M 20~ 100@) T. DXAk (GEH®Prodigy
Advance) I2C. WABTEMREL, ThFENoHAL
ML, COHALOERIMBOPLRE LR E
LeEftaRr o KETFREITELLE, TOHALOR
Wl HEM S HRIZBVT. REEHVERR
HEBZhofe, MBRCRMAALEEDHALE DK
BbBZ ot £ HALOMEME 2 WEET 3/
. MEENARICHL T 2EHEOME TV, Root-
Mean-squareth & M %CVERD .,

[W®] ZficB9 3 FREmN. TSR TOERIE,
FhFhe52@ (SD=128), 150.3cm (SD=6.7).
538kg (SD=92) Tho7, WEEBGTIE, 4670
& (SD=128), 1623cm (SD=68), 621kg (SD=105)
THotz. HALOBMEME G T09%, K T07%Th
af:. HALESEME oM@ Wi = & 5 L
RohLdatttboo ik, BRUKEICH EHMAE
MGhl:, BEBUREEEMIEL2ERAALRD
HALOKERIZBWTIR, HEAZBRORI N AT
12mm. iTIAmmA Bz RVOMEEHL (p<0001).
(2% &) SHORMCHALIZROMS S 2H Fi2
BRETHAZIEFREBENS, 2LAEEOMDE E LIS
HAL B % 2 M AT S oA, SIS e -~<Hm
IR TH -2 B, KREMELZHEAKRD
HALREBA M OEh L ORISR ED .

— 144 —

Q

b i il sl

72  CT/AREREIC I SHERERITULT8
&UT L FOR— FIRONE

SR W KRESWL K M, e REN
KEGR A— o BEAR.  KUAT? K78 SBN
HOREEEAKAEY Y- WEAR

i
[Hi) HARFEETHACT/ ARERREERVT
1) MERFEIR2, 2) TLYFos—+ (ALK
GREHFWL. DXAKCLIEZN®E (aBMD) 8.!0 K
QCTIZ L ZWE (VBMD) » Hebei L 2.
(W@ - HiE) HEEIZEW TSGR - BaEied

ARSI ER SR L SIMA CFERTID
W MRS LTS AL JESMMT IR IR2OA) 12
T, HoHOEEE M R 47 & 7090+ 2 M AR SEEW (VSE
vertebral strength index) &R, 2 FA7 ¢ 228
AW CER - (RREMIE) CTRIFVZ 20 v Xk
RO 2) WHGEECH LALNEZIZy HLER
GLABA (THEMTCSR) 1LBLTENYLLIE
L=, 1
[RE) 1) HIFABIVSIZLOSKN (MHETS.0% - AR
787%) THEOIHIZHY L 2. ROCHER FEHE
0.8227T, WRIZaBMD (Wi#K0.713. p=000100 <
vBMD (#0767, p=00120) L) &d ol 11 E
REEORERIZH T34 » THIEVSIHGETL (p&
00001), aBMD#*183 (p=00238)., vBMD#I57 (|
00017) Thof. 2) ALNSEYM & K L LRl
3 4 HOVSIA+102%, 6 % JTVSIH+167%, aBM
M+ 3.7%, vEMDA®+5.1%, 124+ H TVSIHF + 261
aBMD#* + 75%. vBMD#*+88%. 18 A (6 AN
VSI#T+30.7%. aBMD? +97%, vBMD# + 11.9%04
afzs &5 3y A TOVSIELE & B NT xR
MR % { (r=0205. p=00855). @512+ f
EE¥ EaBMDEEFIZ 2BV HIM (r=0481
00046) Aid-of. CT/HBBEEER X 3
TR, MRS MIZIEEMDTA2E L {RFPFED
TORRICRS RICERDTAORPYABNL, 28
#4512y AT, FEEHSMEDRE T (p=00013
Mmick LER Y A& GIRIBTIZN (p=0000
Mink, HIGEHEVICEEMDRALLENL,
[%9%) CT HiBEELEIZLDHVSIHMRE) 2 250
FELTHHNTHEE EAVRM 2. ALNBRO
iz T, VSHE WIS A WS & £ FET
FRAMENETALZVEEL LN, ALNS
T, BHRUEAATOHRESATV L 2 Khk{Eok
FRMBELONMI R BWT LR = 1580
wRitcRIN, EREHOWEIMIT S LS LREE
FHEOBLAE L, [EWIE DO R L TIERDS
AT HAEWL, WAL 22 %R R



CT/ARERAC S IMERVEICOVT
—ARBIUISORSBRAE~OLAICH
7S FROERR -

WS, ANE=Y. B QW T WT
k ", RE il bH R
Riky KPN REBAH

i) st 2 MMM RENEIE. FICDXAL
TOREREOE(L AR ENWEOFETrbATY
B DXABEIZ LW @EUEAHRNWE LT LS HML
GOtV IR bHD. FWRIZ, CTRREHVA
M T, ERSAL L SN
TS L2

I W, NRttiAEEO R EFI6Hn (B
@), 1 Fok—F (25mg/day) WHERI0H (F
B2k, 2O0%L 7= (60mg day) MWEEF6 %
74 LA, MRELIETRNSFMAN S
B4 (400mg/day) ETA 7Ry F—N (1.0
fgrday) R RE@RNICAREEL, WRAZAROKED
LEFOMELHT. HEMESEE MRy HiRiCK
PO RGCTRE (QCT) L AMAHED
XAMME £ frve, W ~— =2 L THRPDPD (1
EFod— b0 (RisfF)), MiNTx (0% 72 >
F (Ralff)) OMEL -7 QCTHHAMERET
e L7z PR RIEE L R L ERED 2
BFE L. JESUBMINE T 2o UBIMBANE 124 H ik
TR HE T L. DXALZL S MRERFEOLR
BB frs QCTIS E B KB 0 o0 k200 o
fE T OEILORMENT - 72, AT FMIFEIL,
Filcoxson T S M MR & frofTBAR L p<005& L

] AR 125 71T, RS — 5 — RSB
EHE21% MY (p=003). Rallf T &I TH22%

BoP20% A RIZH (p<001), Rall®T FH28%
B (p=006) L7. FEREoORMME, VXRF
TRIsEF (252 %A iz, RallFii36 %ML 2
<001, p=006). MR T, RisP252 %,
RBFi238 %ML 2 (p=010. p=010). HEIETH
SALE, W EGICREEOMMIL, FEESTRIZE
o T 2 Mz & 5 7z,

1E% - KR) Ve FoA— MBS FRAEEOMN
Wi FHERARICBIIAEEOMMAFEILTVS
E¥ioh, 30537y ML LS LREETFHD
B2l B, ENERDXABRTLELAZZ
ITA GV R RIS TS B 2

WY (p=003) L7, DXAICLZAHEMIIL. Ris

- 45—

74 MAPIVKA-II - ucOCIC £ 2 NEEMES
BESIUETERBECBIEYI VK

R MT. G OWFL RN M. B o
Al BF ORA OFE. MEBGR . TR B8
WRREI, Wb W AT @

EL AR EETE ARERTR. RORRT
WL R, SARERARN AT o0

[HE] HAAOKPPURERIZSITHEY 2 JKAE
Wiz, mAREEFOGLLEERE L TEHLN,
R FBCHT IR EBEL TV TV, EXTHEL
EyIvKMmAE. FRLUFOE S 3 VKA
HETH D MHPIVKA (protein induced by vitamin
K absence) - ueOC (undercarboxylated osteocalcin)
BELERL. NERTOE Y I JKERIRME ML
o

[Fik] 1. BESEKE (IBD) 8E9H (ro->
;217 MEHAWEISS), 2. EAEANEINT
(87579 &) @2 @Iz BT, Wik PIVKA-II -
ucOCHME, MifBAP - NTxfit @M% L2, IBDEET
12, m¥Phylloquinone (PK)- Menaquione-7 (MK-7)
BELMEL 2. ¥F 3 oKMNURIG. IBDRETRE
PSS, BN E T RRIEZ > Hlo
TamEgEE R THIL .

[#%] MFPIVKA-IL, ucOCIMIZ, IBDH T241=
8.7 mAU/mL, 94286 ng mL. Ei4ERMETIZ
208+59 mAU/mL. 48233 ng/mLe%&N, A2 b2
7# (PIVKA-L: 28 mAUml, ucOC ; 45 ng'ml) %
HzaMits e, IBDRETIS%. 69%. EfBRARE
TIE8%. AT%THh 7. €7 3 SKMNE Oz
IBDRE : 820 ug/H., BorEmME ;1957 ugH L,
HicBER (BT pg/H. &¥E65 ug/H) BLETH
0, WilucOC » PIVKA-ITMEE & 126 ML G
Sz MWBAP - NTx#UIH®E L L M, W
HEE b miNucOCREEN B EHMERL 2,
IBDEHOMMPK, MK-TRE2IE< . MBPK@IEL
MKHPIVEA-I - ucOCHMEE i 2 Ao MM ERL 1.
7o, BT O, i EPKER R i NT xf
i, MifNucOCREDH BLHF IR TFTH-12.

[#%] MaRERIZSHOY 2 3 YKRRRTE.
MTHERLTOHERFRL TV RENEL LN
f2o £/, MiucOCRMERRHCRICER NI L
A, K8 JKEAROEME LTHWSE
2id, RSO THmT <3260,



S o NI~
HAIY E1—INFRIEEE
Journal of Japan Society of Computer Aided Surge

BITEEBXIVE1—-INRERXERFES

~BEERLDICHD CAS ~

Special Number / 17th Annual Congress of Japan Society
Computer Aided Surgery

#2008 10R31E (&) -11A18 (+):28 (B
B AR FEMAY FERSME T 162-8666 WHABHIE X wHE €
RE P ¥ MFEFERKE AWESEHLHRA

-t b Hb

W ShlEE
HHRE ESSE
B oMo A ['Women In Computer Aided Surgery |
RELF 4 AH w3 () E-B- TRAFRER, > RET S# L LETL
MRELT2Ahwra (2
o

LFazpbl)—H4I

ADSHTABMBREREO O OMEA R3S
B —#EE
FiR - ME2AFL ETAUT
VR - bk L-
e z;é i:‘
LT

54 74R— ¢S, BREKEI¥S, BA0Ky M ¥4 BEXERAEEISP:

BFEFIVEa2—-95%48%a




JISCAS vol. 10 no.3 2008 7 253 @

M2 AR ERI T AEREEA VY E1—4—YSab—3 Y
At KEL=9 REE BIFRE KEE PHB=

LK BIEAH

Computer Simulation of Deformity Correction for the Femoral Malunion
Takuya Matsumoto, Isao Ohnishi, Masahiko Bessho, Satoru Ohashi, Kenji Tobita, Kozo Nakamura
Department of Orthopaedic Surgery, University of Tokyo, Tokyo,
& Abstract: The deformity occurred at lower |imbs should be corrected because of its cosmetic and functional

fisorder. The operative treatment using external fixators are widely performed. Preoperative planning of the
ity oorrectlon is based on the X~ray images. However, Computed Iorwgrau+w 'CT\ Images are required in order

lonsimulation as a preoperative planning using patient specific 3D surface mode! constructed from CT dicom
Procedure of the operation simulation is quite the same as the real operation using a universal bar |ink
jfstem uni lateral external fixator (UBL). And the simulation of deformity correction is done by changing angles
ff the hinges of UBL. It is easier to evaluate deformity correction using STL model because we can move the mode|
& computer screen freely and can evaluate from many aspects

"Key words: Computer simulation, Defromity correction. Universal Bar Link system, External fixator
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