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Abstract. In total hip arthroplasty(THA), complications such as dislocation,
loosening, or wearing of the sliding surface are serious clinical problem, and the
daily motion of patients has been limited to some extent. However, it is hard to
recognize the situation of the components during movement and to predict
complications. We have developed the 4-dimensional human model that can
visualize the motion of the patient’s skeleton and estimate the risk of complica-
tions using computer simulation. At first we constructed a 3-dimensional
skeletal model of the patient’s lower limb from CT data. Then we acquired mo-
tion capture data from an infrared position sensor (VICON512, VICON Motion
Systems, UK), and drove the patient’s skeletal model corresponding to the
captured data. Thus we were able to predict the prognosis after the installation
of the artificial hip joint, and we have examined the accuracy of the measure-
ments in this system following an experiment using an open MRI.

1 Background

Generally, the daily motion of patients who underwent total hip arthroplasty (THA)
has been limited to some extent in order to prevent complications such as dislocation,
loosening, or wearing[1][2][3][4]. However the causes of these complications are
related to the individual patient’s information regarding the position and alignment of
the components, skeletal structure, and characteristics of the daily motion. Therefore
to give a precise guidance of postoperative daily motion for each patient is difficult
for a clinician. The effects of the component alignment on the range of hip motion
were reported previously[5][6], but the relative position of the components and
skeletal structures during movement has not been reported.



242      Y. Otake et al.

2 Purpose

The purpose of this study is (1)to develop a 4-dimensional motion analysis system
that can visualize the patient’s skeletal structure and analyze the motion of the com-
ponents and bones during movement, and (2)to examine the accuracy of the meas-
urement error at the methods of motion capture in this system.

3 Methods

3.1 4-Dimensional Human Model for the Patient after THA

We used skeletal structure data from CT (HiSpeed CT, GE Medical Systems, Mil-
waukee, WI). 15 reflective markers for infrared-light were attached to characteristic
points on the body surface of the patient and CT images were obtained of the whole
lower limb. Then 3-D model of each bone was reconstructed from that CT dataset. To
achieve accurate model with minimum exposure, we scanned joint periphery part with
3mm intervals and the other part with 5mm-30mm intervals. Accuracy of the model
around the artificial joint falls off from the influence of the metal artifact, therefore
we registered the CAD data of the patient’s implant to the reconstructed 3-D model
using the algorithm of 3-D surface registration (ICP algorithm[7]).

Next we acquired motion capture data of the patient. We conducted motion capture
by tracking reflective markers attached to the skin using the VICON system, and re-
garding the motions that we could not capture due to occlusion, we used magnetic
3-D position sensors (FASTRAK, Polhemus, USA). By acquiring the relative posi-
tions between bones and markers from CT data, the movement of the skeletal struc-
tures could be calculated from the movement of the markers. As a result, we visual-
ized the skeletal movement on the basis of this data, and analyzed various motion
parameters such as hip joint angle, range of motion, impingement point between
bones and/or implants and so on. We also calculated the distance that each point on
the femoral head component moves over the sliding surface of the acetabular compo-
nent during one motion cycle, because this distance may exert some influence on the
extent of the wearing of the sliding surface.

In order to easily recognize the correlation between the skeletal movement and the
patient’s behavior, we superimposed the skeletal model onto the video footage that
was captured by digital video camera in sync with the motion capture system. For the
purpose of displaying the video footage and the skeletal model on the same coordinate
system, estimating the camera parameter, including the position and orientation of the
camera and the focus length or the principal point of the camera coordinate, is neces-
sary. We obtained these information by using a camera calibration algorithm[8] from
the correspondence of the skin marker position on the 3D coordinates with the 2D
image coordinate. By superimposing the skeletal model onto the video footage, we
were able to observe the movement of the skeletal structures and patient’s outward
appearance simultaneously.
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3.2 Examination of the Accuracy

We carried out an experiment to examine the accuracy of this system. The accuracy of
the joint angle measurements in this system mainly depends on the rigidity between
the reflective markers and the underlying bones, and therefore movements of the skin
markers against the bones during motions are the source of measurement errors. To
validate these measurement errors, relative positions of the skin markers against the
bones in various postures was evaluated using an open MRI (SIGNA SP 0.5 T, GE
Medical Systems, Milwaukee, WI).

5 reflective markers were attached to the volunteer’s skin and MR images (SIGNA
Horizon LX HiSpeed 1.5T, GE Medical Systems, Milwaukee, WI) were obtained
from the pelvis to the femur to acquire the bone structure and the relative position of
the reflective markers. As well, 3-D models of the bones and markers were recon-
structed from MRI data. Next the volunteer with the reflective markers was ordered to
rest for 12 static postures for a few minutes in the valid area of the open MRI, and the
structure data of the bones around the hip was obtained. Simultaneously, the positions
of the markers were also tracked and captured by the VICON sensor. By matching the
3-D models from the open MRI images to the models from the MRI images for each
posture, the relative position between the pelvis and the femur was obtained and was
used for the gold standard of measurements. The relative position between the pelvis
and the femur was also calculated by combining the 3-D models with the data of
marker position captured by the VICON sensor for each posture. After comparing
these data to the gold standard data, we estimated the errors in the measurement by
skin marker.

Fig. 1. Time sequential images of the patient’s skeletal structures during walking

4 Result

Fig.1 shows the time sequential images of the patient’s (female, age 51yr, height
150cm, weight 44kg) skeletal structures of whole lower limb during walking. Fig.2,
Fig.3 and Fig.4 show the motion analysis using this system while getting up and down
from a chair. The height of the chair was adjusted to be equal to the distance from the
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head of fibula on the operated side to the floor. Fig.2 represents the display of this
system. By displaying bones transparently, a clinician can grasp the movement of the
components during motions intuitively. Fig.3 represents the blended images of the
patient’s skeletal model and the captured video footage. Fig.4 shows the estimated
distribution of the extent of the wearing and the safe range of hip motion. Fig.5 indi-
cates the measurement errors of the hip joint flexion angle. For each static posture, the
measurement errors of the hip angle using current system were within about ±10
degrees for flexion, adduction, and internal rotation.

5 Conclusion

Daily motion of the patients who underwent THA has been limited mainly based on
intraoperative findings about hip stability in order to prevent complications of the hip
joint in postoperative daily motion. However, it is difficult to give precise guidance
for each patient in postoperative daily motion in terms of individual differences of
alignment of components, skeletal structure and characteristics of daily motion.

This system revealed the movement of the patient’s skeletal structures and compo-
nents during various motions by integrating the patient specific 3-D model from CT

Fig. 2. The display of this system. (a) indicates the skeletal structures of the whole lower limb
during sitting. (b) depicts geometry and orientation of the components. (c) shows the time se-
quential graph of the hip joint angle during sitting
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data and the patient’s motion capture data. From this model we could recognize the
movement of the components intuitively and also quantitatively. Consequently, this
system enables dynamic analysis in terms of not only alignment of components and
bones of each patient but also individual differences of the characteristics of daily
motion.

By using several applications, by which we can calculate various motion parame-
ters of the hip joint, we were able to assess the safe range of component alignment for
the hip dislocation and predict the wearing of the sliding surface on the acetabular
implant.

Fig. 3. Blended images of the patient’s skeletal model and the captured video footage while
getting up and down from a chair. The images laid out time sequentially (a) to (f). These im-
ages are visualizing the inner skeletal structures of the patient and his outward appearance si-
multaneously

Fig. 4. (a) shows estimated distribution of the extent of the wearing at the sliding surface of the
acetabular component while the patient get up and down from a chair. (b) indicates the safe
range of hip motion at the movement on the sagittal plane
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The maximum degree of the hip angle measurement error for the current system
was within ±10° for flexion, adduction, and internal rotation. From the viewpoint of
the degree of angle, reducing the error wherever possible is preferable. However, as
long as the skin marker is used, the error induced by the changes of the marker posi-
tion with respect to the underlying bones is inevitable. On the other hand, currently
the method by using skin markers is the only way to capture human motion non-
invasively. And according to a clinician, this degree of error is quite acceptable to
enable the use of this system in a clinical setting to provide useful information re-
garding each patient and the corresponding safe daily motion to prevent complications
of the hip.

This system helps the patient to understand the state of the components in his body,
and also helps clinicians to give advice regarding the limitations of daily motion to
the patient. More investigation with this system will enable to estimate the safe mo-
tion preventing hip dislocation precisely, and lead to more precise guidance of each
patient in postoperative daily motion.
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Fig. 5. Measurement errors of the flexion angle. The flexion angles from –5 degrees to 105
degrees are examined, and the errors are within about ±10 degrees. Almost the same ten-
dency was acquired for adduction and internal rotation angle
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