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Robotic Guidance of Distal Screwing for Intramedullary
Nailing Using Optical Tracking System
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Abstract: During the intramedullary nailing procedure, surgeons feel difficulty in manipulation of the
X-ray device to align it to axes of nailing holes and suffer from the large radiation exposure from the
X-ray device. These problems are caused by the fact the surgeon cannot see the hole’s location directly
and should use the X-ray device to find the hole’s location and direction. In this paper, we proposed
the robotic guidance of the distal screwing using an optical tracking system. To track the location of
the hole for the distal screwing, the reference marker is attached to the proximal end of an
intramedullary nail. To guide the drill’s direction robustly, the 6-degree-of-freedom robotic arm is
used. The robotic arm is controlled so as to align the drill guiding tool attached the robotic arm with
the obtained the hole’s location. For the safety, the robot’s linear and angular velocities are restricted to
the predefined values. The experimental results using the artificial bones showed that the position error
and the orientation error were 0.91 mm and 1.64°, respectively. The proposed method is simple and
easy to implement, thus it is expected to be adopted easily while reducing the radiation exposure

significantly.
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(a) To extend the intra-medullary cavity

Intramedullary nail

(b) To perform the distal interlocking screwing

[Fig. 1] Key procedures of distal interlocking screwing
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[Table 1] Name of components of proposed system
Index Name Index Name Obtain path
1 | Bone 5 | Optical tracking system bl il [ | Govoraton [T SomEler [ Fove
2 | Intramedullary nail 6 | Rtool marker e
3 | IM marker 7 | Drill guiding tool Ruool Marker Data
4 | Hole marker 8 | Robotic arm [Fig. 3] Block diagram for robotic guidance
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[Fig. 10] Situation when the drill guiding tool and the hole are
aligned (Q (estimated) Hole Marker, (2 Rtool Marker)

G A ~E 415

B oA 25 B Bure] 229 x| 9 2|9} 244 o)
AR YA 9 e D 244 @] ol g2 =Asl] 95t
"

WS Argskaa) gtk

1) 9] ol

AR & 578371 9184 Fig. 113 o] -g 3 =2 o
2 7HElE 9AA AT 0 e T4l = =8 vlold
Eo] 21t 91X, AB 9] A olt). el A &5
ofu|A|o| A, A A (dup rea)?t CIFIAE A
(s image) 2] BISk A =9 7hold) & 237} 51 54l Abe]
O A=l (doc rea) 2} 1WAV Ol 0] = Yol & 242
8 T4 Aelel ABl(doc image)®l FIE ©1-8-8fo] oo} o]
doc reas T 7 9031, o5 91A] o= A3k Fig.
11(c)= A A3 AEE o] §-ato] ZEFHl o]n]#]o|t,

_4

&

dABJ“eal

P,

error dOC,real = dOC,image (8)

dA B_image

Intramedullary Nail

T

Nail AXiS — —-—-——- ;__“ _____ i >

— %, Camera

(a) Camera position of lateral view

Intramedullary Nail

e

o )"

>

" Hole '

(b) Lateral view from camera

€2

(c) Real image of lateral view

[Fig. 11] Method to measure position error



416 =355 =24 129 A4 (2017, 12)

2) 4= 9y
Z}1e of| 2 & 7-8}7] 918 A1+= Fig. 12(a) @ Fig. 12(b) 2t 320
FHle} Fo] S48 2o HEE Jslolon, B} 4

Indicator Rod

[P >

Camera Intramedullary Nail

Guiding Tool

(a) Camera position of axial view

LT;;' Camera

---------------------- O3 T —"
Indicator Rod

Guiding Tool

(b) Camera position of lateral view

Guiding Tool

Intramedullary
Nail

Indicator Rod uiding Tool

Intramedullary Nail

(d) Lateral view from camera

(f) Real image of lateral view

[Fig. 12] Method to measure angular error

gk 5% %‘14 sto] A2 FH]o] H= 7 el A = 43}%
o] G| wjtoll, g o] Fee A A
7] $] O]-O% indicator rod& F%789] T+ WA YA
A AL olu| AP gl A = Jlold Eo] F4%3} indicator
rod SAlF0] o] F= AEE ol g7 e 2 A olaglon, o}
] (9)2& E3sto] 78 5 glrk 1714 o= Fig. 12(0)9k 72
axial viewol| X 2] Z}= ol &, 3+ Fig. 12(d)<} 2] lateral view
oA o] Zhie ol 2] 2 A o] 33iTh

H-I
i
)

=

le}
gt

O-

o’ + 3 &)

>~
[>
o
o
Ho
ol
o
1
o
o
%
ox
J

k1
il
[N

[Fig. 13] Robotic Guidance System

[Table 2] Position error and angle error

Test 1 | Test2 | Test 3 | Test4 | Test 5 |Avg+ STD
Position 174 | 083 | 120 | 0.94 | 0.82 | 091018
Error (mm)
Angle 1.69 | 1.38 | 2.01 | 1.81 | 1.32 | 1.64+0.29
Error (°)

1.8

1.6

0.8
0.6
0.4

0.2

0.91

1.64

Position Error Angle Error

m Position Error mAngle Error

[Fig. 14] Position error and angle error



AAFsES o1, Z- 53] WHESI3ITE Fig. 132 Ak W 0w
e = Ttold S 55749 AW dlAE BolE
). & 53] 5<te] Aol A Aofxl A= Table 29} 2o,
o]i=Fig. 149} ko] 1 o & AUt} Fig. 149} o] 914
o 21:0.91 +£0.18 mmE A E 2, 2z o] 2= 1.6440.29°

= SAEA & =woll M AR = 55 Y] AT 7
o] AL 5 mmo| 2L A= 21748 4.5 mmo]|th AAF zhe
7]2] =g oA AAIE =2 mm 3 10°% o] hel]
ujste] frafabAt & AatE YA A4S 918l TEE A
otk

14E

B Rl HASPPAE olstol T 914
F570) 5 914, ko) 20 9122 S4si, 2540
HAE A E A o] 918 AN S gl
DR P AN olel AR E ol g o] =t
woll 33 =2 rjolg B8 LhAMIA T 135 A
7 dueEe FAsGon, 48 S5 % 4SS A
ﬂﬂ°P%%%ﬂH@W44“£i%%ﬂ%ﬂ®%i

°m,0.91 mme] $%]%.

o ofx
—OrL
@

DL
N
N o
o oY poh

}_

J.
Ir o
o
32
_E

L
L3
Y
rir
of
Az
ot
ol
J

1
Ju

£

i)
g
o
r
re
-
Ir
ruz
2
£
r é
il
b
O_I.4
o
2
O,
P‘E
Y
&2
k]
o o M

0
U
I
ol
> d
2
lo
o
fol
L4
o
r ! é{ (
°. lo
ol
it
oZ
_O|L
rir
rE
oflt
2
N
o
&
=]

2
£=1
=

g 2

Ak ellidsiA
E}FJQ} A2 A W E o] 83
S A5 gA ot} FEA
,olelghelle & A BAe
Ol‘” 7|Ek e oo
T S E 5 ohq.[ll] %1—6%

ol
rr
=2
W,
X
e
N
il

olrt >
0,
N
=
A

e

it
il
oo

N
-

ox M K mZ |

¥ & o
%0, ot
)
ox
]

T2

)
E
=
o
°
T X
=2
Ay
e H
[ Eﬂl
3
o e
o

_
JlN'
o,
ol
it
tlo
4
B
)
2.
(¢]

8

g

=
=g
g =3 B H 0] 4

References

[1] S. Warisawa, T. Ishizuka, M. Mitsuishi, K. Yonenobu, N.
Sugano, and T. Nakazawa, “Development of a femur fracture
reduction robot,” IEEE International Conference on Robotics &
Automation, New Orleans, LA, April, pp. 3999-4004, 2004.

g S AAE 417

[2] P. Patka, “Damaged control and intramedullary nailing for long
bone fractures in polytrauma patients,” Injury, vol. 48, no.
supplement 1, pp. s7-s9, June, 2017.

G.Y. Zheng, X. Zhang, D. Haschtmann, P. Gedet, X. Dong, and
L.-P. Nolte, “A Robust and Accurate Two-Stage Approach for
Automatic Recovery of Distal Locking Holes in Computer-

—
w
—

Assisted Intramedullary Nailing of Femoral Shaft Fractures,”
IEEE Transactions on Medical Imaging, vol. 27, no. 2, pp.
171-187, Feb, 2008.

M. Oszwald, R. Westphal, R. Stier, R. Gaulke, A. Calafi, C.W.
Miiller, F. Wahl, C. Krettek, and T. Gésling, ‘“‘Hands-on robotic
distal interlocking in intramedullary nail fixation of femoral shatft

=
-

fractures,” Technology and Health Care, vol. 18, no. 4-5, pp.
325-334, Nov, 2010.

R.K. Soni, S.M. Mehta, B. Awasthi, J.L. Singh, A. Kumar, L.
Thakur, and S.K. Tripathy, “Radiation-free Insertion of Distal
Interlocking Screw in Tibial and Femur Nailing: A Simple

—
wn
—_

Technique,” Journal of Surgical Technique & Case Report, vol.
4, no.1, pp. 15-18, 2012.

Distalock, Llc, [Online], http://distalock.com/wp/wp-content/
uploads/2012/MMO3RevF Technique.pdf, pp. 19-21, Accessed:
May 12, 2017.

T.H. Wong, T.K. Chung, T.W. Liu, H.-J. Chu, W. Hsu, P.-C.
Yeh, C.-C. Chen, M.-S. Lee, and Y.-S. Yang, “Electromagnetic/
Magnetic-Coupled Targeting System for Screw-Hole Locating in
Intramedullary Interlocking-Nail Surgery,” IEEE Sensor Journal,
vol. 14, no. 12, pp. 4402-4410, Dec, 2014.

G. Antonini, W. Stuflesser, C. Crippa, and G. Touloupakis, “A
distal-lock electromagnetic targeting device for intramedullary

—_
(=)
=

—
~
—

—
]
=

nailing: Suggestions and clinical experience,” Chinese Journal of

Traumatology, vol. 19, no. 6, pp. 358-361, Dec, 2016.

B. Darwish, A. Lotfy, and S. Younes, “Accurate Determination

of the Sites of the Distal Hole of the Humeral Interlocking

Intramedullary Nail Using Monofilament Solid Core Optical

Fiber,” International Journal of Sciences: Basic and Applied

Research, vol. 23, no. 2, pp. 111-122, 2015.

[10] J.J. Craig, “Introduction to Robotics Mechanics and Control,”
Third Ed., Pearson Prentice Hall, pp. 46-48, 2005.

[11] E. Maki, N. Hiroshi, and H. Yutaka, “Fracture surgery support
system with robustness for bones by using eddy current,” IEEE

—
O
[

International Conference on Systems Man and Cybernetics, pp.
1907-1912, 2007.

[12] W.Y. Kim, S.Y. Ko, J.O. Park, and S. Park, “6-DOF force
feedback control of robot-assisted bone fracture reduction system
using double F/T sensors and adjustable admittances to protect
bones against damage,” Mechatronics, vol. 35, pp. 136-147, 2016.



418 =3sks) =524 A127 A45 (2017, 12)

An Liming
2013 SIvhe} Aet7)EstA(EEih
2014~FA) At 7|33 et
A

WalEok ok 2|58 2RA

Z1 o
(=] S
2000 Adofeh Bsls sl Eshp
2002 At M7tER Y259y
(B
2017 Athetal 71A1S Sl g shatAL)
2017~@A] ok 7] 2188} Meric
Lab 374
FHl3o} HRI, Medical Robotics, Advanced Control

40

Ty Y

2000 KAIST 7|78 8K (&sth

2002 & ek (T4

2008 5 el (FSpebap

2008 KAIST Z17]38H7-A] 9L Q374

2009~2011 Imperial College London UK,
Mechatronics-In-Medicine Label|A]
el

2011~A] Aehshar 7|Al g Zal/
e

BAE 2|58 25, A9 Ao}, HRI




