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Patient Simulator Using Wearable Robot
- Movement Simulation of Knee-OA patients -

OAfR#E  MARIES RIS (LHEMEKSE  IHHEHBER (& TER)
Ryu KUBO, Shogo OKAMOTO, Shogo NEZAKI, Naomi YAMADA, Yoji YAMADA (Nagoya University)

Abstract: It is ethically problematic to engage people with impaired motor functions in experiments, wherein they
may face severe pain and unacceptable risk of injuries. We developed a wearable robot for healthy adults and its
control algorithm to simulate the behaviors of patients with knee osteoarthritis. We focused on invariant motions,
which are typically presented for avoiding knee pain. In order to simulate patient movements by a healthy person
wearing a robot, we formulated a model motion that represented invariant patient motions. We then determined the
output torque of the exoskeletal knee robot such that the wearer’s motion followed the model motion. The effectiveness
of the method was testified for standing-up and sitting-down motions, and some characteristic impaired motions such
as body inclination to the healthy side and imbalanced right and left knee angles were manifested by the simulator.
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Table 1: Characteristic abnormal sitting-down and
standing-up motions of knee-OA patients
Slow movements due to the fear of pain.
Body inclination to the healthy side to avoid overloading
on the impaired side. Typically, 70 and 60% of the weight
is loaded on the healthy side during sitting and standing
motions, respectively.
Patients stand up from the chair with their hands on their
femoral thighs.
Fall to the seat at the last phase of the sitting-down mo-
tion.
Range of the joint motion is limited. Full knee extension
and deep flexion are avoided.
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Fig.3: Healthy person mimicked impaired standing-up and sitting-down motions. Subject’s feet positions remained
fixed. He imitated the abnormality in his right knee. Pictures were arranged chronologically from left to right. The

robot was not actuated, but was used for data collection.
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Fig.4: Knee angles and foot load of healthy motion.
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Fig.8: Simulated im

paired staning—up and sitting-down motions with robot control. Sub jec't’s feet positions remained
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fixed. Pictures were arranged chronologically from left to right.
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Fig.9: Healthy and impaired knee angles of the simu-
lated motions. The red curve is the model motion de-

fined by (1).
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Fig.10: Sample of simulated motion. Top: Knee angles
and foot load of the impaired side. Bottom: Knee torque
output by the wearable robot. Negative torque is to
extend the wearer’s knee.

AU HENREEICER L, 25 MaRy b & v sd
B LD O FIE IR R L. AR, LOPT
DEEIZEY, B OABEDOETNLRDEELMEL, KRB
Hi~DOH ) bL 7 RERNEHEE LT, R ~DAEBEN BT
HENEEFBR ORI D, HAORY, WA KO~ —8, &
MR EATE DWW &\ o TR BRI S 41, BT VENME S DR
PR SNz, L » T, ML Mvs Apkflz v
LT, RELEETNVEMEZ H OBERITED I LIRS
Niz., ZOXS57ENc iy, MEKMELZ L2235, &

8r T Hkx T kK

Maximum difference between
right and left knee angles [deg]
N

Stand-up Sit-down

Fig.11: Maximum differences between right and left
knee angles of simulated motions. *** indicates sta-
tistically significant difference compared with zero at
p < 0.001.

BYSRERE S WEICB T 2 RO A2 B TRRE & 5 1<, 5l
X, VA=V 2 L—X DR EMET .

References

[1] R. Kubo, S. Okamoto, S. Nezaki, N. Yanagihara, and Y. Yoji,
“Patient simulator using wearable robot - Representation of
invariant sitting-down and standing-up motions of patients
with knee-OA -)” Proceedings of the 2015 JSME Conference
on Robotics and Mechatronics, vol. 15, no. 2, 2015.

[2] J. T. Pacala, C. Boult, and K. Hepburn, “Ten years’ experi-
ence conducting the aging game workshop: Was it worth it?”
Journal of the American Geriatrics Society, vol. 54, no. 1, pp.
144-149, 2006.

[3] J. Beltran Ullauri, Y. Akiyama, N. Yamada, S. Okamoto, and
Y. Yamada, “Muscle activity restriction taping technique sim-
ulates the reduction in foot-ground clearance in the elderly,”
Proceedings of IEEE International conference on rehabilita-
tion robotics, 2015.

[4] S. Ishikawa, S. Okamoto, Y. Akiyama, K. Isogai, and Y. Ya-
mada, “Simulated crepitus and its reality-based specification
using wearable patient dummy,” Advanced Robotics, vol. 29,
no. 11, pp. 699-706, 2014.

[5] Ministry of Health, Labour and Welfare, “The provision for
motor system disease to advance preventive care,” http://
www.mhlw.go.jp/shingi/2008/07/dl/s0701-5a.pdf, 2015.2.26.

[6] R. D. Altman, “The merck manual for health care profes-
sionals - Osteoarthritis (OA),” http://www.merckmanuals.
com/home/bone_joint_and_muscle_disorders/joint_disorders/
osteoarthritis_oa.html, 2015.2.26.

[7] N. Kito, “Research of the moment of varus of knee joint for
the outer side and the muscular function of the lower limbs
during walking with medial knee osteoarthritis,” Ph.D. Thesis,
Hiroshima University, 2009.

[8] M. Anan, K. Tokuda, N. Kito, and K. Shinkoda, “Kinematic
analysis of sit-to-stand motion in knee osteoarthritis,” Phys-
iotherapy Science, vol. 25, no. 5, pp. 755—760, 2010.





