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252 å Æ ? Ð 2011 c 1 41 ò6�3C&¥�eÜ�¯ [2], í6Ì�²Lí�¥!eÜ, 6²B��í6�� (� 5%∼20%), íN6þ3&nS�©Ù�Ïíþ�Cz
u)Cz, �ÏíþO\�, B�cà�í6þO\, �à~�, o6þO\Ø²w. 
��XÏíþ�O\, í6ë6¤©O\ [3-4]. Zwartz � [5-7] ïÄ&ÏíþÚ�â�È�m�'X, uy3ÏíþǱ
10 L/min ��âÌ��Èu&n, 
�ÏíþO�� 20∼40 L/min �, �âKÌ��Èu&cÌ.

Simmen� [8] A^ÒG��âIPí6,uy3)n^�e, &np¡�í6/ªQk�6qkë6, $�3$�6Ä¥ë6Ñw
´�.&np¡�í6²L
\�!C­½6Ú~� 3�L§. Ù¥, 3�ÚnL§¥, ë6y�'�²w.

2.1.2 ±K�ÆǱÄ:�ï��.�XK�ÆEâ�?Ú,<�A^ CT½MRI

(Ø^��¤�) �×£Eâ�ï*�'~�&n¢N�., ?�ÚïÄ<N)nG�e&nSí66|��[�¹. �â MRI ã�ïá���¤c<&n�., ÿ�&nS�í6|A5,uy&cÌÚ&�«�ØrCz�Ǳ²w. O�¤�&�«�)�{å3&ní6{å¥A�Ǳ&ní�{å���,&`«ØrCz²w~� [9-10]. �Ü©í6ÑÏL
&ní��¥ÜÚeÜ, B�í66�ú!6þ�, uy&�«í66��¯,
�Ùí6/ª¬�XÏíþ�Czu)²w�Cz [11-16]. ã 1(a) w«�´ Kim[13] ÏLèx&n� MRI ã�ïá���¢��., 3d�.Ä

ã 1 Kim[13] ���&n¢N�.



1 3 Ï 4H�� : �&éúì()ÔåÆ�.ïÄ?Ð 253:þ?1Ãâ�[, ­#2)¤n�&n�., ^âf¤�ÿ�{ÿþ 4 �&n�.¥�í6�Ý©Ù, '�nö�í6©Ù, Xã 1(b) ¤«. '�oö�í6©Ù, ïÄ&n(�éí6©Ù�KǱ. ù«�{±¹N�Ǳ¢�é�,��
�.�'��Cý¢�¹.

2.1.3 ÄÔ¢���K*	ÄÔ¢�´)ÔåÆïÄ�~^�{, Fred-

erick � [17-18] Ú Kimbell � [19] ²L¢��uyà (F344)!üB«´�ú��Ï3u�öB«Ì� u&ncà,�B«¡È�!ÏL�í6þ��. 
<NduB«dÄ� u&n�à,í6J±��;Ó�B«¡È�,áÂ�e-5íN��,¤±Ø´�ú. �´<N&ncàK´uÉ�Ó5Ô��LÝe-
É�, Ù�Ï�à (F344)!üB«´�ú��Ï�Ó. �kïÄ<
ïá
��K¾nG��C�{l5Z��á6ÊÄÔ�.,ïÄ
{l5Z��á6Ê$ÏínÜÆ (ob-

structive sleep apnea-hypopnea syndrome, OSAHS)én�áØåé^\åÆA5�KǱ [20-23], ¿ïÄ
q–v7á|e�\â£� OSAHS ��U5 [24-25].�K*	´)ÔåÆïÄ�êâ5
��,é&ní�?1�KÿÁ, Ì�´A^ØÓ��{é�ö&n�(��õU (�á!\§\�) ?1ïÄ. Laine � [26] éPc<&ní�{åKÖO\�aúÚ�á�A?1
ïÄ, (JL²&ní�Cz��á�A)nÆ�CzÑyuÉÁöÌ*	úÑ�c. 4�� [27-29] &?
&ní6ÿ½3&¥� ­
�â¥�A^d�, @ǱV&ní6�ÉÇ��Ǳüý&¥� ­
�Ãâ�ö�ý����µd����Ð�I. 
owè� [30] Ǳ@Ǳüý&n��áíþéµd&n�Ïí§Ýk­�¿Â.öV� [31-32] ïÄ&í�{åO3&n;¾��¥�A^, @Ǳ3&n;¾���L§¥, A^&í�{åO�ÿ½�Ǳ&{l§Ý��K�ä9����½Jø�*Ú����I. Millgvist � [33] ïÄ
&nS�í§ÝCzéí�í6þ�KǱ, ¢�(JL²e�í¬��&n���{l. Ulyanov[34-35] �âèx<Ú¾��&ní66|, JÑ “��.” Ú
“H�.”ü«(��&n. cöí6A:Ǳµáí�í6Ì�ÏL&n¥Ü, �í�í6Ì�ÏL&neÜ; cö(�U
é?\&n�í6?1

Ün©�, ¦�?\&n�í6U
¿©LÈ!\§!\�,Ó��í�U
Ì�ÏLe&`éY©!9þ?1k� “£Â”,Jp�á�Ç;
 “H�.” &n, ØUé&n¥�í6?1Ün©�, Úå&n;¾¿\9e�á�.

2.2 ¥!S��'¢�ïÄ�´Ê(¥��­�ì(, §Ø
Ý+fú	, Ǳoä�±�N²ï�ÅU.Ïd�'¢�à�u(Ñ�D�±9²ïõU�ïÄ, Ù¥±¥�!S�ïÄǱÌ.¥�´���~[�!(�E,�XÚéJ3¹Nþ��Ã�/ÿþÑ�N¥�D�õU��
ëê, NõÆöò�N�¥�(���A?n, |^-1õÊV�Ä¤ [36-41] 5ÿþ�
5¥�(�3É��«	.e-�, ��ÚN�.���«�Äëê. 
¹Nëê�ÿþÌ�ÏLÄÔ¢�5¢y [42-43]. (ÑÚå���9f�ó��Ä�D4�S��´, S�ò�X��åÆe-=z¤>&Ò, /¤ ²ÀÄD�¥Í. Ù¥�åÆ&Ò¤å�)n�^Åì�@£, �ÙÅnÿØ�Ù [44]. ±Y½�ED(e-¬��[�Ú ²»�. XJv
õ�[�Ú ²�»��{, fåò¬É�[È5�»�.D(Úåfå���u¾Å�Ì�kÅ�Æ`!É+Æ`Ú��Æ`. <�ÏLÄÔ¢�5ïÄÙu¾Å�,^�~Kà�ÄÔ¢�L² [45], �>D(cS	f[�ü��à!5K.�>ØÓrÝD(�½�m�, �Ñyf[�nfÑÏ!�Ï, f[�2��z!Y¬, �ó�âN©Ù�(�É~, MsNO\, Hensen �NO�, Ø£ !¬ä½� , �N¬ä![�C5. �XD(rÝ\�Ú�>�mò�, $���f[�KÜ!"�, �î­�¬Úåf[�L��CzÚ Corti ì�á. Cc5,�
ïÄ [46] uy�´S�¸UC¬Úå Ca2+!
Na+ Ú K+ >6UC,ùǱ�D(E¤fú�úÅ�k'. ïÄL² Ca2+ 3fú=�Å� ²4��º�, lfÏ����Úf[��ú$Ä¥åX�©­���^. D(�¦S�n Ca2+ ßÝ,p, ¦f[� “Ca2+ �1”, l
��D(5få�ú.S�¥KI²ï�ì(Ǳ 3 ��5+ (Y²�5+!c�5+Ú��5+)!ý�KÚ¥K;Ù(�E,
°[, ØU��ÏL0\ÿþ�ä;¾½µ�	±cÌXÚ�õUG�, �KþÌ



254 å Æ ? Ð 2011 c 1 41 ò�/ÏcÌB���XÚÚcÌúÄ��l�ú�y�?1½5©ÛÚ�*µ� [47]. Oommen� [48] ïÄ¢�¿à·�����ú¥���gu�Þ���'X, uyú¥� ��Þ�� þÉ���ì�KǱ. ú¥�$ÄCqǱÞ��Æ½^=Æ��u¼ê. ^=Á��2�/A^�µ�Y²�5+�õU.��ô� [49] @Ǳ8cécÌõU�uÿ, ÃØæ^^=Á��´e9Á�, ¢Sþ==�´éY²�5+õU?1uÿ,
cÌaÉìÌ�d¤é�Y²�5+!cR��5+! �R��5+±9 úßì (ý�KÚ¥K) |¤, ==uÿY²�5+õU, Øv±�N�N�cÌõU, kØ��K;�, Xû5
u5 �5Â' (benign paroxysmal positional ver-

tigo, BPPV)!þ�5+���<N�R��5+õU���'. Iida � [50-52] k�æ^�{Z^={ÄÁ�Ú§ÝÁ�é BPPV�ö�R��5+õU?1
uÿ. Ù¥§ÝÁ�pu�R�ú�U�Nc��5+�õUG�, lR�ú����5ïÄc��5+õU��O´�1�. ^={ÄÁ�uy�m�c�5+Ú����5+ (

right anterior and left posterior semicircular canal,

RALP) ?uY² ��, ^=«^��=Äpu�R�ú����þ, 
^=«_��^=pu�R�ú����e; ���c�5+Úm���5+ (left anterior and right posterior semicircu-

lar canal, LARP) ?uY² ��, pu�R�ú����� RALP pu����Ð��. �â>e-ü��5+�)�úÄ(J©Û RALP Þ �, =«^��^=Úå�´��R��5+�,¯, _��^=Úå�´mcR��5+�,¯; LARP Þ �, =«^��^=Úå�´�cR��5+�,¯, _��^=Úå�´m�R��5+�,¯. Iida ��$^�5+�,¯5?1µ�. uye- BPPV �����5+pu�R�ú�ú��Ý����éuc�5+wÍü$, 
�3Â'u��ÚØu��ü«�¹e,,¯5�3wÍ�É, Â'Øu���puÂ'u��. Morita � [53] �O
�«#�^=«ÏL©ÛR��5+Úå�^=�ú� (PRN)5µ�R��5+�õU. (Jw«c�5+Ú��5+Úå�ú�ú��Ý²þ�ª�u$uY²�5+Úå�ú�ú��Ý²þ�. Ó�, Morita���ÑR��5+Æ�Ý�K�$uY²�5

+, �c��5+pu� PRN Ù�m~ê�éuY²�5+wÍ~�.Çf²� [54] @Ǳ��õUu��Y²!R�ÚÛ=úÄuÿ±9%n)n�¹�u�.8c, Ì�kü«u�U÷vù
�¦µÌ*R�ÀúÚcÌpu*
5> , Ù¦ü��­��u�´ lR�¶^=Úl%^=Á�.

Halmagyi[55] |^Ì*R�Àú5u�ý�KõU. uyúÛ=ú ÚÌ*R�Àú�²ï5;��', úÛ=´�«�Àú����a�. Fur-

man � [56] |^cÌpu*
5>  (VEMP) u�¥KõU. HalmagyiÚ Furman�ïÄ�L² lR�¶^= (OVAR)Ø´�«�õ�µd��–ú����{, �k�?�ÚïÄ. 
l%^=Á�duÉ�õ�¡Ï��Z6, Ø´�«AO¢^���–ú����Ku��{.3?1¹NÁ��, Ï~æ^Å�Øè��{�)-y, P¹aÉì+�)ÔåÆǱA.

Ewald[57] �kJÑA^Å�Øè��{-ycÌǱ´, ¦^��d�ííÄ�-�I/�Å�/Ø�+. �� Dickman � [58-59] ïu
�«Ø>-�XÚ, �±�\�«Å/�Å�Øè,P¹
��+�\�uØè��D\&Ò, y¢ð¸¸�^=-y�)� ²ǱA�±ÏL�\ð¸¸�Å�Øè¼�,|Y²�5+�\�ÌǱ ±1 µm��uÅ�Øè�)� ²ǱA�Ó ±7◦/s Þ^=�)� ²ǱA, ÞÄªÇ��Ǳ 0.03∼10 Hz.

Rabbitt � [60] (Ü¹N¢�Ú6N(�ÄåÆ�.�nØ©Û?�Ú�Ñ
�yY²�5+�u^=-yÚÅ�Øè-yD\ǱA�½þ'X,Y²�5++n 1 µm Å�Øè-y��u 4◦/sÞ^=�Ý�)� ²ǱA.d�, Å�Øè-y�{��^=-y�{�õg^ucÌåÆ�¢�ïÄ [61-62].

3 ê��[ê��[�{�¢�pǱÖ¿, <N�
ì(, X�&éú�(�E,
;�,^ê��[(Ü¢�5?1ïÄ´�«'�Ün��{. �XO�ÅEâ�uÐ, ê��[��{�5�2�/A^�)Ô�Æ�ïÄ+�, Ù¥k��{´�«'�~^�ê��[�{. ã 2¤«Ǳ� (a),

(b) Ú&éú (e) �n�k���., ´k��{?1ê��[�Ä:. ïák���.��±?



1 3 Ï 4H�� : �&éúì()ÔåÆ�.ïÄ?Ð 2551�
Ä�õU�ê��[, áíL§¥&ní66�©Ù (c) Ú&níØ©Ù (d), ±dǱÄ:�±?1Ù¦õU��[±9�';¾�ýÿÚ£���\ïÄ.

ã 2 � (a), (b) �&éú (e) �k���.9&ní6|�ê��[(J (c), (d)

3.1 &n!éúní��'ê��[<���ÏL CT ½ MRI �×£Eâ¼�<N)nG�eþí�)¿(�êâ, ,�ïáþí�n�ê��.. þí�í6�ê��[ïÄ��dü~��~þí�\Ã, ïÄí63þí�¥�©ÙÚþí�¥��
í6y�. @ÏduEâÃã���, ïá�&n�.´{´�½öüý&ní��., �5�XO�ÅEâ�uÐ, ïá�&n�.�ý¢5±9���°[zÑk
é��Jp [63]. �´�[¤��(J¿Ø���Ó, Elad � [64-66] ïá��{´&nê��.ïÄ&ní6, b�í6ǱØ�Ø ­��6, O�(JL²Ì�í66²&n.Ü,&`(�òí6dc���, &`Ú&n�/Gò�Ü©í6��ºÜ�B«. Xã 3 ¤«, �p�ÝÑy3&ní�.Ü, 1�¸��ÝÑy3&ní�¥Ü,=¥&`!e&`Ú&¥��m�í�¶3ã 3(a)¥,ÀJ 7�: (A-G)IPÑí66�, �±wÑ&�cà�í6¬6²&nþÜ,
&��à�í6¬6²&neÜ. ù� Schreck �
[10] ���(J�q. �� 30%�í66²e&`e�, 10% �í66²B«í�. du&ní��­��¡Czì�, ¤±¬�)�g6, �g6��Ý�é��. �&n¥�í66�d 125 mL/sCǱ 200 mL/s �, &ní6©ÙCzé�. �í��í6�Ý¸��uáí��í6�Ý¸�.

ÏL3&�¡�ØÓ ���¥5£2�:âf5(½áíí63&nS�6�/ª, uy�k3&�cà6\�í6â¬6²B«í�. Key-

hani � [67] ÏL��èx¤c<mý&n�k���., �[ïÄ
&nS�í6©Ù. Subrama-

niam� [68] ���&ní6©Ùê�(J� Key-

hani �������Ó, 6þd 250 mL/s CǱ
433 mL/min�,í6©ÙCzØ�,&nSǱ¬�)E,��g6Ä. �´Ì�í6ÏL&n¥eÜ,ÏLB��í6'~�Ǳ 15%,ù:� KeyhaniÑkØÓ. Horschler � [69] uyáí�í66�3þ!¥!e&�¥'�Û­, ù��±�yá\�í6�±3&n¥Ê3���m. �í�í66�'áí�í66��²w�
, 6�Û­��, ¿&?
3&`"à¬�)µ6�y�. Wen� [19] ���(J, ÏLB��í6'~Ǳ 11.6%� Keyhani Ú Elad �(J�q; Ì�í6ÏL¥eÜ&�, ù:� Subramaniam Ú Schreck � [10]�(J�q. Martonen � [70-72] �ïÄ(J�±þ(Jk¤�O, &n¥�í6/��í6�6��', �íÚáí��í6©ÙǱØ�Ó.áí��)�Ø�'�í��Ø�p 30%∼35% �Úí66�¤�g�'X. ïÄ<
�ò�.ÿÐ�én, Payan � [73] ÏL6�ÍÜ��{ïÄ
^\�±�6|��p�^, ïÄ¥b½6N|´���,^\©Û´���. Renotte� [74] �[
���á±ÏL§¥únSí6�©Ù, duúÜ�:ìÂ , í6©Ù/�¥��G.3þãïÄ(J¥k
¢�(JÚê��[(JØ�Î, 
ê��[�(JǱØ���Ó,ù´du<Nþí�(���É5, üÕïÄ�~þí��., Ã{éÑþí�í66|��5,¤±�
ïÄ<
m©ïÄõ~þí��íN6|,l¥Ïé�
�5, &?þí�(�éí6|©Ù�KǱ, 4H�� [75] ¦^ 24 ~�~<&n�.ïÄí63�~<&n¥�©Ù5Æ, Uìí63&n��í��NÈ6þ'~, ò�~<&n©Ǳ 3 a, ¿ÏLïáõ~�~<þí� (&én)�.,ïÄ&én¥�í6©Ù5Æ [76-77]. 4H�� [78] Ú Horschler � [79] ©Oïá
�~èx<&nê��., ¿ÏL?U�.�[Ó��&n3�KÜ©¥&`!�KÜ©e&`��¹e�í6©ÙÚíØ©Ù��¹. Xã 3 ¤«�
3 «&n(�¥í6©Ù�Cz,U�Ð/)ºí6©Ù�&n(�Cz�5Æ.���&n�.�
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ã 3 ê��[&nS�í66� (a) Ú�Ý©Ù (b)[66], ±9Ü©&`�Ø��&ní6| (c)[78]ïÄ, Ù(Jk�½�ºX5, �±��¡/
)&ní6|�©Ù5Æ.ïÄ<
3ê��[&nSí6©Ù��ÿ,I�(½&nS�í6´�6�´ë6, éõ©z¥��½ØÓ, éõïÄö@Ǳ&ní6Ǳ�6, Ǳk<@Ǳ&ní6¥¹kë6 [8,11]. Sim-

men � [8] ÏL¢�uy, 3�~)n^�e, &ní6Qk�6Ǳkë6, 3í6$�6Ä�ë6Ǳ�3. í6´�6�´ë63nØþ�ûuXìê Re, éu&nù«/GE,�nN, �I
�¢�9Ï(½. Hahn � [11] @Ǳ&nS�í65��í6NÈ6�k', í6NÈ6�$�LyǱ�6, NÈ6�p�Ñyë6. d	�É&ní�/G�KǱ, 3í6²L&K�, =¦Xìê
Re < 2 000 Ǳ�U=CǱë6. Lin � [80] ïÄuyúÜí6���¬/¤ë6.þí��(�ÚõU´���'�, þí��Ì�õU´éá\�í6?1\§!\�!LÈ��±9Bú�. <�3ïÄþí�íN6|�Ä:þ, m©ïÄ�~þí�(�éá\í6



1 3 Ï 4H�� : �&éúì()ÔåÆ�.ïÄ?Ð 257�\§!\�!LÈ��±9Bú�õU�KǱ.

3.1.1 BúÚ�â�È�âDÑ�ïÄØ
�±9Ï
)&n�BúõUÚé���LÈõU	, �kÏuïÄ&n3kÓíN�¸¥,&nÅ�É��5Æ [17] Ú&öa�ha£��J�ï��mu [81]. �[(JL² [82-84], XJßÝØC, Bú�í6�ÝÚÔ���M5�'µáí�Ý��,6LBú«�í�©f�õ, �N´�)Bú; �M5�p, Bú«Ê3�í�©f�õ,�)Bú�r; ��Kf. ù`²&néí6¥�M5Ú��M5Ô��LÈ!�ØõU´ØÓ�. 
��I� [85] �uy&n\�?�Bú«�ål�á, 6LBú«�í�©f6þ��, �N´�)Bú. ò�.ÿÐ�éúÜ!í+±9Ü©|í+,�±�Ù/w«þ�á�ée�á���o�^, Martonen� [69-71] �[ØÓí6þ!ØÓ�»!ØÓ�Ý�â3�á�¥��Èy�, uyí6¥�âÌ��Èu&n, �â��ÈÌ��í66��',��â���!­þ¿Ø²w�', ù� Zwartz� [5-7] �¢�(J��. �Xí66��O\, �â3þí��ÈþO\, 
�3&n��ÈþO\�Ǳ²w. ÏíþǱ 167 mL/s ��âÌ��Èu&n,
�ÏíþO�� 333∼667 mL/s�,�âKÌ��Èu&cÌ.�Ï3uí66þ�!6�¯!í6¥�â.5�, ´u “-E” �&n9
�È. Ó�í63&nÏ�pÌ�¥6�.,3&cÌÚ&éÜdu/GUCì�, N´�)/µ,Úå�â�È. ¿�&éÜí�¥�Ær³,Ïd´É�í¥kÓÔ���³, O\
puJC�AÇ [19]. &ní�E,õC�(�/�3&n�LÈõU¥ǱåX­��^. 
Q¯$� [86] Ú
Xi � [87] K@Ǳ�â�ÈÇØ
�ûuí66�	, ��â.5��Ǳk'.

3.1.2 \§\�&n�~��áõUé�±¡�S3�¸é­�, ÏǱ§¦��&éÜ�í6�^�Ú¡��^��²ï. Ïd�
Æö�ïÄ
þí�é6²í6�\9!\��J. ïÄ(JL², 3�~<&fp¡, kv
��m�á\��í\9\�, ¦±��í^�C�Ú¡�^���.	.�¸éu&nN!í6§ÝÚ�Ý�õUKǱØ�, =¦34à�¸e, �~�&fÑU�±ù«õU. 
í6þéu&nN!õU�KǱ%é²w. ,
, ¾C�¿É½öÅ���)Ñ�U~�éá\�í�§���l
KǱ��L§��Ç [88-90]. Garcia � [91] ïÄuy�k� 5&ö�&néuá\í6�\§Ú\�þØX�~&n. 
�� 5&ö¦&nÅ�¡È~�, ü ¡ÈÒI�Jø�õ�Y©Ú9þ, ù�U´���� 5&ö�&nÅ�ZH(	��Ï. Ǳ
;�&n(��5zéïÄ(J�KǱ, u�� [92] ïá
 15 ~&n�., ïÄèx¤c<&n�\§\�õU. ïÄ(JL², &ncàǱ\§\��Ì�Ü , í63&ncà§ÝÚ�Ý×�O\, �
&n��ã, §ÝÚ�Ý�&n9��®²Ø�, \§\��Jeü. &n�\§\�õU�&n(�k���'X, Xã 4 ¤«, ½Â��L«&n(��ëê S · l/V , Ù¥ S L«&n9L¡È, l L«&nc�&��m�ål=&n�Ý, V L«&ní��NÈ. �&ní�NÈ V �½�, &n9L¡È S ��, éá\í6�\§\�¡ÈǱÒ��, Ïd\9�JǱÒ�Ð, ù«�¹Ï~éAu&ní�dÄ;
c�&��Ý l��ǱU¦�&n9L¡ÈO�.3&n9L¡È S Úc�&�ål l �½��¹e, &ní�NÈ V ��, ǱÒL²&ní��°�.&
ã 4 ÏLê��[���&n\§\�õU�&n(�AÛ/��m�'X [94]
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O\,�(�ëê� (S · l/V )�u 60�,§Ý�Ýé¯�C&n9, ¤±Ø2O\, 
�d�&n��LudÄ,&n{å �,�U¬KǱ��~�á.ÏdÜ·�&n(�U3ÏíõUÚ\§\�õU�m�±²ï.

3.2 ��'ê��[
Funnel � [93] u 1978c��
1�~�[c���¥�k���.,�.�¹.5!{Z�A±9N�.�Ú�´é���.�{|�^, ¥��n�k���.ÅìuÐå5 [94-95]. Lesser� [96] ïá
<��9Q����î�¡k���., ¿©Û
��ÚQ�3Ú�K­e�·� £. d� Lesser � [97] Ú William � [98-99] 3<���k���.þÿÁ
�kªÇ¥A���ëê�KǱ, ±9ØÓ£�Ô� �é­ïf�ó�åÆKǱ. Gan � [100] ïá
<¥�n�k���., �)
	��!��!f�!>�Ú*S±9¥�n�. Decraemer� [101] |^p©EÇ

CT ïÄ
lNf�ó�n�­ï, �=�)f�ó,�¿�?1O�©Û; Abel� [102] |^f�ó�Ø^��ã�ïá
�)��Úf�ó3S�k���., ¿ïÄ
ÿ�¾CéD(�KǱ,�(�¥¿��)	��Ú¥�n; Lee� [103] |^p©EÇ CT ïá
�)��Úf�ó3S�k���.ïÄ
��?ÖéD(�KǱ, 4H�� [104] �âèx��ö�m�, ïá
�)	�

�!��!f�ó!¥�>�/*S9S��N3S�k���.,?1
	�!¥�ÚS��(�ÍÜ©Û,ïÄ
	��!Nÿ'!ÚS��NéD(Å��KǱ. Ù¥Ǳ
(½S�é¥�(ÑD��KǱ, æ^¥�ê��.��ü�{�(Ü��{, é¥��S>.ëê?1£O [105]. 3)ÔåÆ�.�ïÄ¥, éõëêÃ{��¼�,�üù«dJ¢Ï�ïÄ�{, éu�'ëê�¼�´�©k��å».Cc5, IS	Æö©Ol�*9÷*��*�(Ü�ÆÝé�´fú)n?1
ïÄ, JÑ
ØÓ�)ÔåÆ�.. Edward � [106] � Lei� [107] ©Oïá�´�n�÷*�., O�D\�(Å¦�´�)�6�ÍÜ�^, Edward �{z�.Xã 5(a) ¤«. �*�¡, Duncan � [108]�Ñ
��nf[��k���., Ǳx
S�nfå�fÝÚC/á5. Xã 5(b) ¤«, üåMnf�) 3 �, ²þpÝ©OǱ 6 µm, 8 µm Ú
10 µm, �» 0.25 µm, �Üål 0.5 µm. Mnf�[¤��Ó5þ���5��Ø áÆ. Charles� [109] �Ñ
{z� Cortiì)ÔåÆ�., Xã
5(c)¤«, �)�5N Cortiì, 3ünf±9ºàë�. $ª-y CortiìS��N$ÄCqǱ��6Ä. uy� É�±eÏ��KǱµ(1) �´Ä.�ºÜAÛ �; (2)nfºàÚ Hensen[�m�Ð©må; (3)nfºàÚX��m�Ð©må;

(4) X��fÝ.

ã 5 ØÓ�)ÔåÆ�.nÜCc5IS	ÆöJÑ��´)ÔåÆ�.��Xe�(µ
(1) ´.�´ºp� 5 mm, ´.�°�»�

9 mm[110], 
´.?Ä.�° 0.1 mm, þ 0.03 mm,´º?Ä.�° 0.5 mm, þ 0.01 mm[111], Corti ì�þÝǱA��� [44], ���éu�´�÷*(
�5`,Ä.�!cÌ�!CortiìAáu�*(�,��ò�´�÷*(���´SÜ��*(�Ä.�Ú Corti ì�å?1AÛ£ãÿjþ. 
�,�´�Ú^(�éÅÄ�A�KǱE,vkïÄ�Ù, ò�´{z¤n���I/n�.ØU�¡
)(��õU�'X.
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(2)Ǳ,cÌ�!Ä.�!Cortiì�áu�*(�, �´ù
(���n�äkØÓ�)ÔåÆA5, (Åe-�, cÌ�!Ä.�!Corti ì��Äò��n��ÅÄ�pKǱ. �´(��÷*)ÔåÆǱA��(½�*(��1ÖÚ>.^�, l
KǱ�*(��)ÔåÆǱA.üÕïÄD(Å���*)ÔåÆ�., ØUNy�´÷*(��N��^; üÕïÄ�´�÷*)ÔåÆ�., ØU�¡
)D(Å�ÚD(Úåfå�úÅn. I�ïá���´÷*(���*(��(Ü�)ÔåÆ�..ducÌõUuÿEâØU��£ã	±cÌXÚ(��õU�'X, ��
;¾�ä�õUµ��uÐ. ÏLïá	±cÌXÚ�)ÔåÆ�.5ïÄÙ(��õU�'X¤Ǳ�«9ÏÃã, �±�Ð/n)	±cÌXÚ�±²ï��n9Ùu¾Å�. Wiljelm[112] ïá
���5+÷*åÆ�. —— Û{�., @ǱS�n�Ì�Jø
��^=.5å, �JÔ�)¡EfÝ,S�n��ÅÝJøÅ¢{å. Ïd, ù�Û{�.��þ´���ÏÈÅì, §ò�JÔl� £�Þ�^=�ÝéXå5. Buskirk � [113]òS�n�b�ǱØ�Ø Úî6N, `²
ý�KÚ�JÔé�NØrFÝ��^, ¿é�.�Jõ�Ñ
êÆy², (Jw«�±ò�5+�[¤�{Z��NX, aquÆ�Ý¤. e9Ye-Á��6NÄåÆ¯Kd Steer[114] JÑ,

Young[115] Ǳéù�¯K?1
ïÄ. ¦^S�n�4Ü�´8o�.5µ�9-ye�JÔüà�Ør�, ¿�òØr��Á�ÿþ�ú�1Ǳ?1'�. �5, Damiano[116] ïá��ëY0��., £ã
e9e-¢��5+�÷*åÆǱA. ù��.ò�5+£ã¤[��/AÛN,¦^�Ä©Û{5ïÄ���+9�\��Å�5

9
��5+XÚ�ÄåÆǱA. Jaeger � [117]�â°(ÿþ�<�ý�K�Ú¥K�L¡(J,������­Ç, �âù
êâ, ïáØÓ­Ç�����k���., ¿�\·��5\�Ý.(Juy, ����­Çé(��N�åÆǱAvkKǱ. Ùþ¤kf[��>Ç��K�¤É�\�Ýe-���k'. Mclaren� [118] 3w�ºe*ÿ
Y²�5+�JÔ3��u^=�Ý�^e� £, �JÔ^�Ú�h/Ú. k±e 3«uyµ1�, ��uÆ�Ý��¸� 200◦/s �,�JÔ�¸� £Ǳ 14.0 µm, ¤�Ä��:� £Ǳ 7.0 µm, �JÔ� £Ǳ¥�uCz,  £� á��Ý� �� 64◦; 1�,  £�Ì��ûu^=Æ�Ý���±9¤�Ä�:� �,  £���u)3�JÔ�¥m«�, 
�Cº:? £�é��; 1n, ÷X�JÔ���, ØÓ�:� £��´Ø���, �ûu�JÔ�þÝ, ¢�(J�Ù²þ�. ù�¢�y²3	Ü�^e, �5+S�6N¬6Ä, �JÔ36|Ør��^e(¢¬�)C/. Kassemi� [119] ïÄ
����Y²�5+�.¥S�n���JÔ��p�^. S�n�£ã¤��Ø Úî6N, �JÔ£ã¤��5�N, 3S�n�6|Ør�^e, �Ä�C/, ��S�n�3e9e-eÏLg,é6Ú)äé6�JÔ�)�C/, �[(J�±½5�ye!9-y¢�¥�ú�y�,¿�ÐÚ½þ�Ñ
�5+S�6|A5±9�JÔ� £!�ÝÚØr�. Ciaravella � [120] �Ñ
��n��)Y²�5+)ÔåÆ�., �[S�n��Ôº�6�ÍÜ�^. 4H�� [121]é��~��öm�cÌXÚ�Ǳ´?1
n�AÛ£ã (ã 6(a)),¿ê��[^=�ÝÚ^=\�Ý-yÔº� £ǱA, Xã 6 ¤«, ÙǱØÓ^=�Ý-ye, Y²�5+�JÔþ 12 �»�

ã 6 S��5+n�k���.ÚY²�5+�JÔ3ØÓ^=�Ý-ye� £ [121]



260 å Æ ? Ð 2011 c 1 41 ò©Ù!:� £, �±wÑ�JÔ»�!: £Cq/U�u5ÆCz, �%?!: £��, �Ý��,  £Ǳ��, ù� Pierre � [122] �(Ø�q.Ǳ,®kØ�'ucÌ÷*åÆ!�*åÆ�.�ïÄ, �´E,�3±e¯Kµ(1) Äu�½b��cÌåÆ�. (XÔºåÆ�.) �¢S�¹����, k�UKǱÙ(��õU'X�ïÄ; (2) duS�AÏ�)¿(�, Á���(J, =U¼�ü+aÉì(�åÆǱA,��
�
ÅnïÄ; (3) cÌåÆ�Å>=�9ÙcÌD\�'Xÿ���¢���y, cÌ)ÔåÆ��Øv±)º��ScÌ ²D\N!¤�)�]�ÄåÆǱA. ù
¯KÑk�?�ÚïÄ.

4 �&éúì()ÔåÆê��.��KA^
4.1 &n!éúní��'�KA^ïÄ�~<þí�íNÄåÆ�Ì�8��3uǱ�KÑÖ, l)ÔåÆ�ÆÝ5ïÄþí��';¾�¯K, ÙïÄ��Ì�3(��õU�'X�¡. 3é¾�&n?1ê�ïÄ�Ä:þ,�
ïÄ<
ïá&ní6 CFD�.,mÐ
&nÃâ�[ [123],¿±dǱÄ:(ÜJ[�ýEâ, mu�é&�Ãâ�ÃâOyXÚ,3�ªÃâc�O`zÃâ�Y, ýÿÃâ�J [124]. 
y3�&�Ãâìì/�â�+n��, 4H�Ú�Dû [125-126] ±&n�.êâ¥Ǳ²�, �é&nS½ºÃââ�+nI�,?1
 “�UÚ6ì” Ú “&^l�ì” ���ì��ï�ó�. ù
ì��B�Ö<
é�ö?1â�+n, Ó�Ǳ�~�¾<�²LKú,Ïd, ®²m©A^u�K.

éuén�ïÄÌ�8¥3 OSAHS ¾ÏÅ��&?,du OSAHS¾ÏE,,8c OSAHS�u¾Å�ÿØ���Ù, ¸�¬� [127] @Ǳ(�Ï�3 OSAHS u¾Å�¥��^äk­�¿Â.IS	�ïÄ<
Áãïáþí�ê��., &? OSAHS �¾ÏÅ�, ±d9Ï�K�£. ïÄ(JL²P((ÅAÆU��§Ý/�Nþí�)¿(��'Ü �/� [128]. Shome � [129] ïá OSAHS �ö�én�., '� 3 «£� OS-

AHS �{ééní6A5�KǱ, uy�öéÜ�Ø��� 200∼500 Pa, ë6�Ñy¦�Ø�O\ 40%. 
én?�í6?u�6�ë6�LÞ�ã, ÏdÃâéén(����UCǱUÚåéÜí6�wÍCz. OSAHS �öí��kÙ¦AÆ, X|��ÄÌ� u^\!�Ú&n«� [130], 
\éNC�3�p�}�åÚØrFÝ [131] �. Chouly � [132] æ^6�ÍÜ��{�[�íL§¥�!én9�í6�m��p�^, ïÄ OSAHS �öZ�L§¥í6É�pu��Py�. 4H�!�Dû� [133-135] 3ïÄ�~<énÚ OSAHS �öén�«O�, q?1
&n(�
�Ãâé OSAHS �öþí�6|KǱ�ïÄ; ¿é�Æ OSAHS �u¾�ÏÚ£�?1
&?,^ê��{�[
 6~|�N����Æ3�Ø|�Nc�þí�6|�Cz. ã 7(a) ¤«Ǳ|�N����ÆÃâc�&én�íØå©Ùã, énÜ du|�N��
dÄ,ØåFÝ²w,��éÜ{l; ã 7(b)Ǳ�Æ�Ø|�N��&én�íØå©Ùã, �±uy�Ø|�N�du&éÜí�C°�, ØåFÝü$. dd��|�N�ØâUk�/�)&éÜ{l�¹,Ǳ�K�½Ãâ�Y!ýÿÃâ��Jøë�.

ã 7 |�N�Øc�þí�&éÜ�íØ©ÙCz [135]
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4.2 ¥!S��'�KA^ïÄ��')ÔåÆ�8�Ì�´
)�:½fåeü±9Â'�;¾�Ån±B�K9Ï£�. 4H�� [136-138] 3�)ÔåÆ�.�Ä:þïÄ
��¾CéD(�KǱ, ?Ø
��¾C�õ«�¹, �Ä���þÝ!MÝ!B�º�Ú ��Ï�éfåXÚ�Ä�KǱ. ã 8(a)¤«ǱÓ� �3ØÓB�º�KǱe����Ä £�ã; ã 8(b) w«�´z«B�º�éN�.�$Ä�KǱ. B�º��O�¦N�.�� £Ì�ü$, AO´ªÇ3 4 kHz ±e�, ª³cǱ²w, 
�B�º���, Ì��$;�XB�º��O�,  £­���ªÇ�gd
3.4 kHz O� 3.6 kHz, 4.4 kHz Ú 4.6 kHz,  £��Ì��g~�. dd��, B�º�é¥�

XÚ(ÑD�kwÍKǱ,B�º���, (ÑP~�î­. Ǳ�y��S	Øå�²ï, ¦���Úf�ó�~/D4(Ñ, <�æ^���+��{, 
Ǳ
�Ð/ïÄ���+éD(�KǱ, I�Jø�õëê. Prendergast � [139] |^n�k���.ïÄ
���+é���Ä9Aå�KǱ, ò	��{zǱ�+, 
�vk�Ä¥�n�KǱ. Vard � [140]ïá
�)	���ý¢n�A5�k���., ïÄ
���+�º�AÆéD(�KǱ, Ǳvk�Ä¥�n(�.4H�!�Dû� [141]ò���+\\�ê��.¥, ¿�Ä
¥�n�KǱ, ¦O�©Û��Cý¢G�. |^d�.?1<�(�ÍÜO�,©ÛØÓáÆ����+é�Ü(��ÄÌ��KǱ.

ã 8 ØÓB�º��KǱe,��� £�ã9éN�.�$Ä�KǱ [137]

5 Ð "C�c5, IS	)Ôê��.�ïÄ��é��uÐ, <þí�9��)ÔåÆ�.�ïÄǱ��
Nõ¤J, ·�@Ǳ8�A3±eA��¡k¤â»µ(1) õÔn|©Û. òþí�!��uõÔn|�¸�¥, éÙ?1õ|ÍÜïÄ; þí�Ú�Ñäkõ«õU,�z«õU�mØÕá. 7LÏLõ|©Û, X6�ÍÜ!(�ÍÜ�, ïÄùü«ì(�(�ÚõU�m�'X.

(2) õºÝ©Û. <�o´l÷*y�XÃïÄ)Ô��'¯K, ïÄÙS3éXÚÅn. éuþí�Ú��õU¢y±9;¾�u)�Ãõ÷*y�, Ù¢´�*|�Cz�÷*Ny,éÙÅn�ïÄ�Ê33÷*�g´Ø
�, �I��\�

�![*ºÝ,¼�ØÓºÝ�m��'5ÚÍéþz'X. (3) õì(ÍÜ©Û. <N�z«ì(ÑkX�gÕA�õUÚ�^, �´éõì(p��m�kX���éX, ���ì(¢ygC�õU½öu)¾C�,   ¬KǱ�,��ì(½É�,��ì(�KǱ, XS�cÌ�²ïõUÚú¥�m�$ÄkX���éX. Ïdõì()ÔåÆ�.��EǱ´�5�ïÄ����. (4) \r��K�(Ü. ò)ÔåÆ�ïÄ¤JA^��K, Ǳ)û�K¦J¯KJøþz©Û�²�. 9Ï�K��ä!�5zZý!��µ�±9�'��ìá�ï�.��µë\�©ó���k,�ë���Æµ�=¹!4µ!OR!Hÿ!��!"¡ÿ!î�
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ADVANCE IN BIOMECHANICAL MODELING OF

OTORHINOLARYNGOLOGY OF HUMAN
*

LIU Yingxi1 SUN Xiuzhen1,2 YU Shen1,†

1 State Key Laboratory of Structural Analysis for Industrial Equipment, Dalian University of Technology, Dalian 116023, China
2 Otorhinalaryngology Department, The Second Affiliated Hospital of Dalian Medical University, Dalian 116024, China

Abstract Otorhinolaryngology are organs of direct contact with the external environment.Their functions

and related diseases are closely related with the external environment. Biomechanical models of these organs are

important for exploring the mechanism of function realization in a certain environment and for the prediction

and treatment of the related diseases. This paper reviews the development of study on biomechanical modeling

of Otorhinolaryngology. The clinical applications of research results are also presented. Finally, the future trend

of research on biomechanical models of otorhinolaryngology is prospected.

Keywords otorhinolaryngology; biomechanical model; numerical simulation; experiment; clinical value4H�,y?�ënó�Æ�Ç,)Ô�Æó§!åÆÆ�Æ¬)��,Ì�ïÄ��µ)ÔåÆ; O�åÆ�k��{�nØ�A^; �¯KnØ�A^ïÄ�. �ǱÌ�¼øöQ¼I[g,�Æøn�ø!I[g,�Æøo�ø!I[���E?Úø��ø; �w��E?Ú��ø, �ë½�E?Ú��ø. ¼ü�u²;|, 2010 c¼�ë½`D;[¡Ò. k'O�Åê��{!�¯KnØ�A^Ú)Ô�Æó§+��ïÄ¤J, 3IS	­�ÆârÔuLÆâØ© 230 {�. SCI,

EI, ISTP u¢ 60 {�.

∗ The project supported by National Natural Science Foundation of China (10872043, 10902022, 11032008)
† E-mail: yushen@dlut.edu.cn


