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研究成果の概要（和文）：術前から術後に至るまでの一連の流れの中で，技術による支援で手術の全体の質の向上させ
ることを目指した．大動脈瘤の治療を対象にした血管内のステントグラフト挿入シミュレーションと乳房再建術を対象
にした血管位置と走行を把握するナビゲーションの開発を行った．ステントグラフトのシミュレーションについては，
計測に基づいて血管内のシースの通り道を可視化させ，透明な血管ファントムを対象にした手技によって実際には見る
ことができない血管内でのステントグラフトの展開を見ることができた．また，筋肉内を走行する血管の位置を予測す
るナビゲーションでは，体表面の上にタブレット端末をかざすことで標的血管の位置を探索できた．

研究成果の概要（英文）： The aim of this research is to improve the surgical procedure that includes the p
re-operative, intra-operative and post-operative tasks by engineers' challenging ideas. We have been devel
oping a simulation for a stent-graft deployment and a navigation system for breast reconstruction surgery.
 
 The phantom simulation for stent-grafting was realized by an electromagnetic three-dimensional location s
ensor and by MDCT images. It visualized trajectories of a delivery sheath in an aortic model virtually. An
d also, it demonstrated stent-graft deployments inside a transparent silicone model. The device with a tab
let PC for a surgical navigation predicted the position of perforator with an accuracy of less than 10mm.

研究分野：

科研費の分科・細目：

医用システム

キーワード： 手術　シミュレーション　ナビゲーション　大動脈ステントグラフト内挿術　乳房再建術

コンピュータ外科学



ŷ� Ĝ� ɓɉɋɑ�ɔɉɋɑ�ɕɉɋɑɆ¶Ȝɇ�

ɋɊƱƺȭòģ½9ǜŜ 
� Ƈƪ9�3þƟ'?�69:ɈĲǘ�ùĬ
%2ĺǱLÌ ɈǱħLȉ�7ȟ")H!4
3�HɊĺǱ9ƍI9�3Ǳ�9¾ŔLŏŋ
'H9:C.JM9!4ɈÇĕ7ȱF(Ɉ×
G3ŏ�HÇƪ]`bmDąȬā3:6�
ĲǘCĺǱĀí3Ƈƪ9ŷôLPu�\%
,GɈ¦ĵ%,G'He�`{3ŏŋ'H[
]ct��H4E�4Ǘ�,Ɋ 
� �Ǩƭ7[sw|�[x�4��4ɈÇĕ
9ĽǞǾǑ9,B7ƣ�FIH!4�î�Ɋ
!ILɈÇĕ�ĲǘÊŖLÔB,Ĥ3ĺǱµ
¦9úķęLɄBH[]ct4%2¿ƣ'
Hŕ,6¤ǔ1 Lŉů'HɊ·¦ƭ6©4
%2:ɈĲǘ74/2:ƇƪPu�\Lëġ
#)HŏŋɈÇĕ74/2:ƭƲ6¾ŔL'
H,B9Ʋ�6Qkd�]4ĺǱǋȟ7Į
&,ŏŋL[]ct7EGþƟ'HɊŤƱƺ
39[]ctŶǆ9Ɲ�:ÇĕɈĲǘÊŖ7
4/2EGȎ9Ʉ�ĺǱm}�LĻ.ƽ2
H!43�/,Ɋ!!39ŧ�4%2Ɉ1ɇ
Ĳǘ�ĨŨ3:ĩFI6�ĳéL�Ì3�
H!4Ɉ2ɇÇĕ74/2CŠƣ46G�H
!44%ɈƇƪPu�\9ëġ706�HE
�6[]ctŶǆLƯł%,Ɋ 
 
ɌɊƱƺ9Ưƭ�
� ŤƱƺ3ŉů'HĺǱe�`{[]ct
:ƇƪLĭǷ4'Hî�9�7ȢĮÍǞ6
èŤƭĺƉ4%,�ɊĲǘ74/2:ƇƪP
u�\Lëġ#)HŏŋɈÇĕ74/2:ƭ
Ʋ6¾ŔL'H,B9Ʋ�6Qkd�]4
6HE�ɈĺǱǋȟ7Į&,ŏŋL[]ct
7EGþƟ'HɊ  
�
ɍɊƱƺ9ŖƉ�
� ȭƬLȞBH�3ɈĄȊ9ǱĜ70�2Ç
ĕ9Pu�\4ǫǘ9Pu�\4L¶Š'
H!4�@(ȸ%�ɈȭƬLȞB6�F��
�9Pu�\L¶Š%2��Ɯƈ3�/,Ɋ�
� @,ɈȭƬȭòÀ:Ɉe�`{[]ctL
Ǘ�H�3Ɉ<409ǱĜ7Ą'H�ȝ9ƍ
ILųǽ'H9�E�4İ/2�,�ɈǱĜ
7E/2ƄBFIHŏŋ9Ĥ:Ƨ6/2�
,Ɋ*!3Ɉſ9 209ǱĜ70�2ɈĺǱ
Āí39ŏŋɈĺǱĀ¸39ŏŋ4�/,ĺ
Ǳ9ȟƹ7Į&,ŏŋ9�GŖLųǽ%,Ɋ 
�
�� ƇƪƉ9ƠǻLƐBH[sw|�[x

�ɆïÅǠ]c�eVymeɇ�
ɆaɇƇƪƉ9ŵǷɒïÅǠƩ9ƇƪƉ9<4
03�H]c�eVyme¸ńǱ:ȓ¦>
9¼ȭǅÞ�ć#�ɈĲǘ>9ȋŀCć#�
!4�FɈĖ�ëÄ¯Ó7�HɊǱ�: C-arm 
CT 9ōĥ�FĩFIH 2 ſ±9țǹƤ°3
ǯǄȏǰLƲȄ%6�Fdziz�[�]
L¨/2]c�eVymeLń´Ɉ]c�e
ɃŮLĉȭ#)ɈVymeLĲȤ7ƥǔ'HɊ
Ťȣ3:ɈĝȤ�»Ŭƣ9]c�eVyme
ɆNajuta, ĐƖÆøđŴŭĜ Ƶɇ� 2012Ė

12ş7ǭ�ļȄ#I,ɊŤdiP]:ĝȤ�
»ŬǯǄƍ´ȤɆǡȽÅǠɈĒǏȾÅǠɈĒ
ȪɃ�ÅǠɇ7Ą%2Vyme9ȭƼȤ�Ñ
�E�7ƥǔ#IHC93�HɊ 
ɆbɇPu�\�Ýȸ6ƗɒĝȤ9ĈŝDƩ
9¤ǔ:Ĳǘ7E/2Ƨ6/2�HɊ*9,
BÇĕ:ǱÀ9È»6ǼƤLǷ'H�ɈǱ�
7]c�eVyme9ƽ¦ƭ6ĉȭ4ȭƼ
Ȥ�»ŬǯǄ7�ǧ'H!4LÿǺƭĺƂ
7E/2¡ȡ'H9:ȸ%�Ɋ@,ɈǱ�:
2 ſ±7Ŀĥ#I,Ƥ°3ƲȄ'H93�/
2ɈǯǄ¸9»ŬǯǄ7Ą'H]c�eVy
me9ƥǔ�ƽ¦ƭ6Pu�\4%2Ơǻ
3�HK 3:6�Ɋ 
ɆcɇĽǱ7EHŏŋƉɒĝȤïÅǠƩ9ĤƜ
LŹŎ%,Â¦mN�etɈĢı¦mN�e
tLĄȊ7ƳƃĜ¤ǔǼƒÛɆAURORA, 
Northen Digital Inc.ɇLƣ�2Ɉ]c�eVy
meń´Ɉƥǔȟƹ9ǼƒLǰ�Ƣ¦í39
[sw|�[x�Lǰ/,ɊÂ¦vd{: 3D
oz�` CONNEXɆObjectɇ3§Ƕ%Ɉťœ
: FullCure720 4%,Ɋ@,ɈĢı¦mN�
et:[zX��Lƣ�2§Ƕ%,Ɋ��
�
�� ưĵƭ7ǯǄȏǰLPu�\'Hǳƴ

ƉɆ�ĸ¹ĚǱɇ�
ɆaɇƇƪƉ9ŵǷɒDeep inferior epigastric 
artery perforator flap Lƣ�,�ĸ¹ĚǱ4:
�ƫ3¼Ȳ%,�ĸ7Ą%ɈǢȤ9ǂǚLƛ
ƙ7)(ɈƮǣɈǟǛǊǓ4Ɛ�ǢìÅȺǠ
L¼GËGɈ�ĸ4%2¹Ě'HĺǱ3�HɊ
ŤƉ:Ĳǘ9ăǕƭƓȐę:Ʉ��ɈǯǄ9
ÕÑȤ7¨ƣ#IHǯǄL®0 (7ǂǚ
Ãȷ'H9�ȸ%�Ɋ 
ɆbɇÝȸ6Ɨɒ�Ǩ7Ʈǣ¼ȭÀ7fbo
y�ǙȁɈDuplex scanɈMDCTA3ǯǄ9¤
ǔ�ȏǰLľŊ%Ɉ¼Ȳȼç9ƅý4ǯǄ9
ÃȷLǰ6��ɈǢȤ9ƚīƗ�Ǥƹę3�
H,BɈǱ�ŸƭǯǄLǸ0 1F�ɈǟǛ
ĊCÅ�D'�Ɋ 
Ɇcɇ¼Ȳȼç9ƯŸǯǄ:Ħ� 1mm9Ɛ�
ǢìÅǠƻȜŬ3�HɊ!!3:Ɉ|\]e
|�[x�7EHǯǄŇýħCɈǸHŖÓ7
E/2Ğ�ǎ�ǯǄ9ȚĨ�ÍǞ46HE
�ɈƮǣr�S¤ǔLǼƒ%ɈŞŕ3�HE
��ŷ4%,�ĸ¹ĚǱ9gkW�[x�
70�2ųǽLǰ/,Ɋ 
� n`LĄȊ7%,þɂ7EGŤgkW�
[x�¨ƣś9[]ctıǞDǈęɈŐǩƗ
6570�2ųǽ%,Ɋ¶Ò3ƱƺLǰ/2
�Hũ�ñôÇƷïø9ÅƘþɂ¬ƠóÙ
 9ļȄLÌ 2ǰ/,Ɋ�
�
ɎɊƱƺķū�
�� ƇƪƉ9ƠǻLƐBH[sw|�[x

�ɆïÅǠ]c�eVymeɇ�
� ß 1:ƳƃĜ¤ǔǼƒÛ4MDCT3ōĥ%
,mN�etƤ°4LǻÁøƭ6ƚīƗ 5Ɨ
L¨/2|\]e|�[x�%ɈƤ°�7Ƴ
ƃĜ¤ǔǼƒÛ3Ǽƒ%,]c�eVym



e¸70 ,_�Z9ȔȑLȨƨ#)2ǳ
ƴ%,ǌū3�HɊ¦ȕŔȻ9êÑ9ǌū3
�GɈɆaɇ8&IġɈɆbɇ8&IĠ9êÑL
ƴ%2�HɊ!I7EGɈǯǄ9ĤƜ7Į&
,Ɉdziz�[�]9ȜGȠ�ÍǹÆ#I
,Ɋ!9ǌū:ǯǄ¸Ldziz�[�]�
ȏǰ'HêÑ9ƠĴƭ6ǋȒ7ș�4Ǘ�
FIHɊǯǄ9ȏǰLǗ�HêÑɈƱƺ3:
ǯǄ9�ĬȕLǃº'HO{Yz^t�E
�ǸFIH�ɈĝȤïÅǠ7Ą%2]c�e
VymeLĴý'H¤ǔ7Ȧǔ'H,B7
:ɈǯǄ¸9[�]ń´¤ǔ�F[�]²ƿ
àý¤ǔLǌ=ƒãǐLǗ�,�3ɈdiP
]ǿǼL'H9�E#*�3�HɊ  
� ß 2:[zX��3§Ƕ%,mN�et¸
3]c�eVymeLĉȭ#),ǌū3�
HɊǯǄLțř7%2¸ȤLǸH!4�3�Ɉ
ǯǄ¸3]c�eVyme�ĉȭ#I2�
�ŷô�Ư3Ǹ2K�HɊþȴ9Ƈƪ�7:
2 ſ±9ĿĥƤ°3ľŊ%2�H�Ɉ!9Ŗ
Ɖ3:»ŬǯǄ4]c�eVyme9ȭƼ
Ȥ49¤ǔȯ«CľŊÍǞ3�HɊ,-Ɉþ
ȴ7:ǯǄ¸7:ǯƍ��GɈŁÅƍ�Ƣ&
H�39]c�eVyme9ĉȭ3�H,
BɈ�Ü9E�6Ⱥƭ6ƜĶ4:Ƨ6HɊÇ
ĕ9Xu�e7EI;ɈŁÅƍL¿ƣ%6�
F]c�eVymeLĉȭ#)H9�qP
�e3�H49!4-/,ɊŁÅƍõâ�9
ƥǔǱ[sw|�[x�LþƟ3�I;ɈǱ
ĜLÇĕ�ĲǘȮ3¦ĵ%6�FƠǻ'H[
]ct4'H!4�3�H4Ǘ�HɊ 
 
� ưĵƭ7ǯǄȏǰLPu�\'Hǳƴ

ƉɆ�ĸ¹ĚǱɇ�
� ß 3:ƸŲ'HȼçLƅBH,BɈ¦ǳȻ
9�7`n|beƿţɆiPad, AppleɇL�$
%2ŸƭǯǄ9¤ǔLņǉ%Ɉ*9¤ǔLr
�T�V'HgkW�[x�Lŗǰ%2�
H4!J3�HɊMDCTA 9Ƥ°d�`�F
§Ƕ%, 3ſ±vd{L`n|beƿţ7Ȇ
AȘAɈ¸ǬSuy3¤ǔȯ«LËĩ%2Ɉ
¦ǳ7Ȧǔ%,r�S3|\]e|�[x
�'H4`n|be�9kw�~3ǯǄ�
Ȩƨǳƴ#I,ǌūLǸH!4�3�HɊ#
F7Ɉ|\]e|�[x�ħCr�SLȚȑ
'H!43ɈƻȜŬ9¤ǔɈȏǰLƲȄ3�
HɊǯǄ9¤ǔL�ƒ%,ħɈƮěŃ�ś7
CǯǄȏǰLŅ�H!4�3�HɊ 
� ß 4Ɇaɇ:³øĜ¤ǔǼƒǴǔ7E/2Ɉ
þȴ9ǯǄL6+/2Ǽƒ%2�Hŷô3
�HɊß 4Ɇbɇ:gkW�[x�7E/2�
ƒ%,ǯǄ7Ą%2Ɉþȴ9ǯǄȏǰ9¤ǔ
LƤ°�7Ȩƨ#)2ǳƴ%,ǌū3�HɊ
r�SȮ: 50mm��ȷ'E�7Ȧǔ%2�
H�Ɉ!94�9¤ǔ(I Target Registration 
Error: 8.2mm3�GɈƻȜŬ9¤ǔL 10mm
��3�ƒ3�,ɊǇŚ6kw�~L¨�Ɉ
10mm ��3ŸƭǯǄL�ƒ3�H!4:
�Ă7ǯǄLÃȷ'H,B9¤ǔ�ƒ4%
2ɈǥĘ�È»6ıǞ3�H4Ǘ�FI,Ɋ 

�

ß 1 ïÅǠƩ9Â¦vd{¸7� H 

dziz�[�]9ȜGȠ9ÍǹÆ 

�

ß 2 ïÅǠƩ9Ģı¦vd{¸7� H 

]c�eVyme9ĉȭ9ŷô 

�

ß 3 ¦ǳ�7�$%,`n|beƿţ�3 

ƴ#I,ǯǄ¤ǔ4ȏǰL¦ǳ7ňƤ 

�

ß 4 ³øĜ¤ǔǼƒÛLƣ�, 

ŸƭǯǄ4�ƒǯǄ9�ǧȅē9ǃº 



ɏɊ�6ƬǳȇŒǁ�
�ȶȃȇŒ�ɆǼ 2 �ɇ 
� Muragaki, Y., Uematsu, M., Iseki, H., 

Umezu, M.: Analysis of Benefit-risk 
Balance in Decision-making of the Food 
and Drug Administration for Premarket 
Approval of Therapeutic Medical Devices, 
Advanced Biomedical Engineering, 2, 
101-106, 2013 

� �¸ƋȖɈ¥ǮƢɁɈȩŢöÐɈŲŪǕ
ėɈ�Ŧ��ɈŦæÚƏɈ�ȯƋɈƀû
ȍɒ`n|be PCL¨ƣ%,ÇƣƤ°
ȨƨǳƴgkW�[x�[]ct9ȭ
ƬɈŘŤX�lw�`íƷø ȃɈ13
Ɇ4ɇɈ445-452Ɉ2011 

 
�ø Ƭǳ�ɆǼ 16 �ɇ 
� ùȧź�ɈčɅƑȳɈɄżƊƏɈŲŪǕ

ėɈ�Čƾ�ɈŕǸ£ÖɈŰƌ³Ƣɒ»
Ŭ�jeĝȤïÅǠƩvd{7� H
ȭƼå]c�eVyme9 3 ſ±ƭƥ
ǔȟƹ9ǼƒɈŘŤŽűø  ǀ 26Üi
PRQ�\hOz�VȈƔ ɈɆ2014.1ɇ
Ɇ�Îɇ 

� ɄżƊƏɈčɅƑȳɈùȧź�ɈŲŪǕ
ėɈ�Čƾ�ɈŕǸ£ÖɈŰƌ³ƢɒĢ
ıLŠ'HjeĝȤïÅǠƩvd{L
ƣ�,ǝȤïÅǠƩ]c�eVyme
¸ńǱ7� Hdziz�[�]9ȏ
ǰĤƜ9ųǽɈŘŤŽűø  ǀ 26Üi
PRQ�\hOz�VȈƔ ɈɆ2014.1ɇ
Ɇ�Îɇ 

� ŲŪǕėɒĺǱgkW�[x��FȂª
å[sw|�[x�>9ĉȭ�|Uw
yez�ZPQ�]>9Ȍƞ7Ó 2
�Ɉǀ 6ÜÇƪŽÛ7ȯ'H|Uwye
z�ZPQ�]Ʊƺ ɈɆ2013.10ɇɆũ
�ɇ 

� Nie. J, Kamiuchi, H., Uematsu, M., 
Konoeda, H., Sakurai, H., Masamune, K.: 
User Interface Design and Accuracy 
Evaluation in an Overlay System with 
Tablet PC, The 9th Asian Conference on 
Computer Aided Surgery, September 2013, 
Tokyo 

� ŲŪǕėɈƁŬð�Ɉž�ǵ�ɈƀûȍɈ
�Čƾ�ɈŕǸ£ÖɈȩŢöÐɈŦæÚ
ƏɈ�ȯƋɒƮěŃ�ś9ǯǄȏǰľŊ
Lŏŋ'HgkW�[x�ȅēųǽɈǀ
22 ÜŘŤX�lw�`íƷø ï Ɉ
Ɇ2013.9ɇɆũ�ɇ 

� Uematsu, M., Asato, K., Ichihashi, T., 
Umezu, M., Nakaoka, R., Matsuoka, A., 
Aomi, S., Iimura, H., Suzuki, T., Muragaki, 
Y., Iseki, H.: A Surgical Navigation 
System for Aortic Vascular Surgery: A 
Practical Approach, IEEE EMBC 2014, 
July 2013, Osaka 

� ŲŪǕėɒȭǝL¢�ĺǱ39gkW�
[x�Lƣ�,¦ǳ�F¦¸9Ÿƭǯ

Ǆ>9Oo}�aƅýɈǀ 25ÜŘŤ¸
ǹȫíƷø Ǐ ɈɆ2012.12ɇɆŻƎɇ 

	 ŲŪǕėɈĔżơğɈùȧź�ɈŰƌ³
ƢɈŪČÉôɈɀŦƏɈȹǸǪ�Ɉċď
­�ɈȩŢöÐɈŦæÚƏɈ�ȯƋɒ
TAAA Navigator9ȭƬ4ǥĘƭȂª9
þȴɈǀ 21ÜŘŤX�lw�`íƷø
 ï ɈɆ2012.11ɇɆĪĎɇ 


 ùȧź�ɈŲŪǕėɈĔżơğɈŰƌ³
ƢɈ�Čƾ�ɈŪČÉôɈɀŦƏɈȹǸ
Ǫ�Ɉċď­�ɈȩŢöÐɈŦæÚƏɈ
�ȯƋɒǻÁøƭƚīƗǼƒ7� Hȅ
ēȂª70�29þɂƭųǽɈǀ 21Ü
ŘŤX�lw�`íƷø ï Ɉ
Ɇ2012.11ɇɆĪĎɇ 

� ĔżơğɈŲŪǕėɈùȧź�ɈŰƌ³
ƢɈ�Čƾ�ɈŪČÉôɈũȳɈċď­
�ɈȩŢöÐɈŦæÚƏɈ�ȯƋɒĝȤ
ïÅǠƩƣ]c�eVymeƥǔȟƹ
9d�`7è1�ÍǹÆ7Ó ,½š
ƭųǽɈǀ 21ÜŘŤX�lw�`íƷ
ø ï ɈɆ2012.11ɇɆĪĎɇ 

� ŲŪǕėɒÇĕ9¾ŔLŏŋ'HĺǱg
kW�[x�[]ctɈŘŤőĆǐĽǱ
ø  ǀ 40 Üƶ÷øǱï ɈɆ2012.10ɇ
Ɇũ�ɇ 


 ŲŪǕėɒïÅǠƩƇƪLĄȊ7%,g
kW�[x�[]ct9ȭƬɈǀ 21Ü
ŘŤĬǯǄP�`�p�[x�Ƈƪø
 �øǱȵ ɈɆ2012.7ɇɆŕƕɇ 

� ĔżơğɈȀāǖɈäŤįɈŰƌ³ƢɈ
ŲŪǕėɈŪČÉôɈũȳɈċď­�Ɉ
ȩŢöÐɈŦæÚƏɈ�ȯƋɒǱÀ�Ǳ
�Ƥ°9ǍÑƭ¿ƣ7EH]c�eV
ymeƥǔŏŋ[]ct9ȭƬɈŘŤŽ
űø  ǀ 24 ÜiPRQ�\hOz�
VȈƔ ɈɆ2012.1ɇɆïȰɇ 

� ŲŪǕėɈäŤįɈĔżơğɈŰƌ³ƢɈ
ŪČÉôɈȹǸǪ�ɈɀŦƏɈ�Ŧ��Ɉ
ȩŢöÐɈŦæÚƏɈ�ȯƋɒïǯǄĺ
Ǳƣ TAAA Navigator9Ŷǆ4ǥĘ7Ó
 ,ȂªɈǀ 20ÜŘŤX�lw�`í
Ʒø ï ɈɆ2011.11ɇɆŻƎɇ 

� ȀāǖɈŲŪǕėɈäŤįɈĔżơğɈ
Űƌ³ƢɈũȳɈȹǸǪ�ɈȩŢöÐɈ
ŦæÚƏɈ�ȯƋɒïǯǄ]c�eVy
meƥǔ9,B9ǯǄ¤ǔÒý[]c
tɈǀ 50 ÜŘŤƢ¦Çđø ï Ɉ
Ɇ2011.4ɇɆũ�ɇ 

� ũȳɈȀāǖɈŲŪǕėɈäŤįɈĔż
ơğɈŰƌ³ƢɈ�Ŧ��ɈȩŢöÐɈ
ŦæÚƏɈ�ȯƋɈċď­�ɒ]c�e
Vymeń´ǱLŏŋ'HǦÅǯǄȗ
ȥǳƴ[]ct9ŠƣıɈǀ 39ÜŘŤ
ǯǄíƷø ɈɆ2011.4ɇɆƆǒɇ 

 
�*9��� 6% 
 
 
 



ɐɊƱƺǊǓ 
(1)Ʊƺ�ǳǘ 
ŲŪǕėɆUEMATSU MIYUKIɇ 
áƽÇǭØȿØǲƢƱƺĹ�ÇƪŽÛȤ��

�Ʊƺü 
ƱƺǘƦÏɒ10434813 
 
(2)Ʊƺ»ŀǘ� 6% 
(3)ȝŌƱƺǘ� 6% 
�

�


