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$XWRPDWLF� DQG� 6HPL�$XWRPDWLF� 6HJPHQWDWLRQ� RI� +HDG� DQG� 0LPLF�
0XVFOHV�8VLQJ�&7�DQG�05�,PDJHV�
$EVWUDFW��
Accurate segmentation of Mimic Muscles can be used for patient specific prosthesis design 
and simulation of facial mimics in computer. For this purpose, CT or MR images can be 
used. CT is more useful in segmenting bone and air, while MR has better muscle-fat 
contrast. Both modalities suffer from filling and implant artifacts. Because of this 
complementary nature of CT and MR images, we developed segmentation methods that use 
both modalities simultaneously (named as multi-spectral imaging in the literature). First, 
accurate and automatic 3D image registration techniques are applied to align both image 
sets. These results are not sufficient to separate muscles that are next on top of each other. 
Next, very time-efficient semi-automatic (live-wire based) segmentation methods are 
developed. Detailed performance test results are also presented using one data set. Future 
planned studies and more extensive validation plans are also stated. 

.H\�:RUGV��
Image Segmentation, MRI, CT, Markov Random Field, Live-Wire 

 

g]HW��
Y�]GHNL� W�P� GRNXODUÕQ� YH� NDVODUÕQ� hassas bölütlenmesi bilgisayar ortamÕQGD� NLúL\H� |]HO�
SURWH]� WDVDUÕPÕQGD� YH \�]�PLPLNOHULQLQ� ELOJLVD\DUGD�FDQODQGÕUÕOPDVÕQGD� NXOODQÕODELOLU� Bu 
amaçla, BT veya MR görüntülerine ihtiyaç varGÕU. %7�NHPLN�YH�KDYD\Õ�GDKD�L\L�D\ÕUÕUNHQ� 
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MR¶ÕQ NDV� YH� \D÷� D\ÕUPD NRQWUDVWÕ� GDKD� \�NVHNWLU. 'ROJX� YH� LPSODQW� QHGHQL\OH� ROXúDQ�
J|U�QW�� ER]XOPDODUÕ� KHU� LNL�PRGDOLWHGH� GH� YDUGÕU� BT ve MR modalitelerinin bu birbirini 
WDPDPOD\ÕFÕ� \|Q�� QHGHQL\OH�� EX oDOÕúPDPÕzda MR ve BT görüntülerini birlikte kullanan 
bölütleme \|QWHPOHUL�JHOLúWLULOPLúWLU. Öncelikle, MR ve BT Görüntüleri 3B‘ta ve otomatik 
yöntemlerle çok KDVVDV� oDNÕúWÕUÕOPÕúWÕU�� 'DKD� VRQUD�� RWRPDWLN� E|O�WOHPH� \|QWHPL�
JHOLúWLULOPLú�YH�X\JXODQPÕúWÕU� Ancak, otomatik bölütleme yönteminin birbiri üzerine binen 
NDVODUÕ� D\ÕUW� HWPHGHNL� \HWHUVL]OL÷L� QHGHQL\OH�� HWNLQ� YH� NXOODQÕFÕ� WDUDIÕQGDQ� KÕ]OÕ�
kuOODQÕODELOHQ� bir &DQOÕ-Tel yDUÕ-otomatik bölütleme y|QWHPL� JHOLúWLULOPLú� YH� bir görüntü 
setine uygulanan baúDUÕP� WHVW� VRQXoODUÕ� VXQXOPXúWXU� gQ�P�]GHNL� D\ODUGD� WDPDPODPD\Õ�
SODQODGÕ÷ÕPÕ]�oDOÕúPDODU�YH�GDKD�GHWD\OÕ�EDúDUÕP�WHVWOHUL�GH�DoÕNODQPÕúWÕU� 
$QDKWDU�.HOLPHOHU��
Görüntü Bölütleme, 05,��%7��0DUNRY�2ODVÕOÕN $ODQODUÕ��&DQOÕ-Tel 

�
���*LULú 
7ÕEEL�J|U�QW�OHUGHNL�GRNXODUÕQ�E|O�WOHQPHVL�ELOJLVD\DU�GHVWHNOL� WDQÕ, KDVWDOÕN� WDNLEL�JLEL�SHN�
oRN� X\JXODPD� LoLQ� |QHPOLGLU�� %X� oDOÕúPDGD� HOH� DOÕQDQ� \�zGHNL� W�P� GRNXODUÕQ� YH� NDVODUÕn 
bölütlenmesi bilgisayar ortamÕnda \�]� PLPLNOHULQLQ� FDQODQGÕUÕOPDVÕQGD�� NLúL\H� |]HO� protez 
WDVDUÕPÕQGD (bilgisayDU� RUWDPÕQGD� WDVDUODQDFDN� SURWH]LQ� PLPLN� NDVODUÕQÕQ� KDUHNHWL\OH� QDVÕO�
J|U�QHFH÷LQL�KDVWD\D�|QFHGHQ�J|VWHUPH���YH�DPHOL\DW SODQODPDVÕQGD�NXOODQÕODbilir. Bu teknik 
D\QÕ� ]DPDQGD film animasyon teknolojisinde GH÷LúLN� \�]� PLPLNOHULQL� NDUDNWHUlerde 
FDQODQGÕUPDN�DPDFÕ\OD�\R÷XQ�RODUDN�NXOODQÕOPDNWDGÕU� 
%X�DPDFÕ�JHUoHNOHúWLUPHN�LoLQ�JHUHNHQ�úDUW VDGHFH�NDV�YH�GL÷HU�\XPXúDN�GRNXODUÕ�E|O�WOHPH 
GH÷LO�� D\QÕ� ]DPDQGD�� NDVODUÕQ� ED÷ODQWÕ� QRNWDODUÕQÕ� �NHPLN� YH\D� \XPXúDN� GRNXya olabilir) 
EHOLUOHPHN�YH� NDVODUÕQ/\XPXúDN�GRNXODUÕQ� LOJLOL� NDVODUÕQ NDVÕOPDVÕ\OD� QDVÕO� ELU� EL\RPHNDQLN�
GH÷LúLP�J|VWHUGL÷LQL�PRGHOOHPHN�YH�FDQODQGÕUDELOPHNWLU [14]. 

.DID� GRNXODUÕQÕQ� E|O�WOHnmesi ile ilgili JHOLúWLULOPLú� X\JXODPDODUGDQ� ikisi BrainSuite ve 
BioPse’dir. BrainSuite [1] NDIDWDVÕ� YH� \�]� GÕú� \�]Hylerini bulmak ve beyin dokularÕQÕ�
E|O�WOHPHN��]HUH�WDVDUODQPÕúWÕU. %LR3VH�>�@>�@�LVH�NDIDQÕQ�beyin içi GRNXODUÕ��Nan dDPDUODUÕ�YH�
sinüsler, gözler, kemik, kemik iOL÷L��kas ve yD÷�dokusu olmDN��]HUH���VÕQÕID�E|O�WOHPHN��]HUH�
JHOLúWLULOPLúWLU. T1, T2 ve PD protokollerini birlikte kullanan çok-spektrumlu (multi-spektral) 
VÕQÕIODQGÕUPD� yönteminde beklenti en-büyültme (Expectation Maximization-(0�� \DNODúÕPÕ�
NXOODQÕOPÕúWÕU� Ancak, NDIDGDNL�\D÷-kas-kemik-hava bölütlenmesi konusunda kendilerinin tam 
bekledikleri bDúDUÕ\D� XODúDPDGÕNODUÕQÕ ve bunu VDGHFH�05�YHULVL� LOH� \DSPDQÕQ� ROGXNoD� ]RU�
ROGX÷XQX�� VDGHFH� YHULOHULQ� LVWDWLVWLNOHULQH� GD\DQDQ� \|QWHPOHU� LOH� EDúDUÕOÕ� ROPDQÕQ� P�PN�n 
ROPDGÕ÷ÕQÕ� ELOGLUPLúOHUGLU. %DúND� ELU� JUXEXQ� \DSWÕ÷Õ� oDOÕúPDODUGD� ùHNLO-1’de verilen mimik 
kas modeli, yüz mimiklerinin benzetimini yapmak LoLQ� NXOODQÕOPÕúWÕU [4]. Ancak bu 
oDOÕúPDODUGD�NDVODUÕQ�E|O�WOHPHVL�NRQXVXQGD�D\UÕQWÕOÕ�DoÕNODPD��NXOODQÕFÕQÕQ�KDUFDGÕ÷Õ�V�UH�YH�
EDúDUÕP�WHVW�VRQXoODUÕ�ile ilgili bilgiler EXOXQPDPDNWDGÕU�� 
Bu çDOÕúPDPÕ]GDNL amaç, kafa içi doku tiplerini bölütlemek için P�PN�Q�ROGX÷XQFD�KDVVDV�
YH�RWRPDWLN�\|QWHPOHU�JHOLúWLUPHN�YH�EX�\|QWHPOHULQ�D\UÕQWÕOÕ�WHVWOHULQL�\DSPDNWÕU� 
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 ùHNLO����'DKD�|QFH�\DSÕODQ�ELU�oDOÕúPDGD�J|VWHULOHQ�NDV�PRGHOL�YH�EX�PRGHOL�NXOODQDUDN�HOGH�
HGLOHQ�\�]�PLPLNOHUL�>�@�

 
Bilgisayar Tomografisi (BT) NHPLN�YH�KDYD\Õ�GDKD� L\L�D\ÕUÕUNHQ��Manyetik Resonans (MR) 
görüntüleme daha iyi kas-\D÷Õ�NRQWUDVWÕ�YHUmektedir. Bu nedenle, BT ve MR görüntülerinin 
birlikte NXOODQÕOPDVÕ� KHGHIOHQPLúWLU�� øNL� J|U�QW�� |QFH� NDWÕ� YH� NDWÕ� ROPD\DQ 3B otomatik ve 
hassas \|QWHPOHUOH�oDNÕúWÕUÕOPÕúWÕU��BT ve MR görüntülerinGHQ�ROXúWXUXODQ�görüntü setleri 3B  
0DUNRY� 2ODVÕOÕN� $ODQÕ (MOA) [5] bölütleme yöntemine |]HO� ELU� úHNLOGH� uyarlanarak 
E|O�WOHQPLúWLU�� .DVODUÕQ� ELUELULQGHQ� D\UÕOPDVÕ� LoLn de FDQOÕ-tel [6] y|QWHPL� NXOODQÕODUDN� 3B 
\DUÕ-otomatik E|O�WOHPH� \DSÕOPÕúWÕU� .XOODQÕODQ� D\QÕ� KDVWD\D� DLW� �%� 05� YH� %7� YHrileri 
*$7$¶GDNL� 3KLOLSV� FLKD]ODUÕQGDQ� WHPLQ� HGLOPLúWLU�� øQFH� NHVLW� %7� YH� 7�� 05� SURWRNROOHUL�
NXOODQÕOPÕúWÕU� VRNVHO�E�\�NO�NOHUL��VÕUDVÕ\OD��[�\�]���%7��������[������[�����PP��512 x 512 x 
188 matris; MR: 0.94 x 0.94 x 0.94mm, 256 x 256 x 130 matris. %X� ELOGLULGH� DQODWÕODQ�
\|QWHPOHU�YH�VRQXoODUÕ�EX�oDOÕúPDQÕQ�JHUoHNOHúPHVLQH�GHVWHN�YHUHQ�7�ELWDN�SURMHVL�UDSRUXQGD�
GDKD�D\UÕQWÕOÕ�DoÕNODQPDNWDGÕU�>14]. 

 

���05�5HQN�<R÷XQOX÷X�6DSPDVÕ��
05� VLVWHPLQGHNL� PDQ\HWLN� G�]HQVL]OLNWHQ� GROD\Õ� EHQ]HU� WLS� GRNXODUÕQ� UHQN� \R÷XQOX÷X�
GH÷HUOHUL� NDID� J|U�QW�V�Q�Q� IDUNOÕ� E|OJHOHULQGH� VDSPD� J|VWHULU�� 6DSPD�05�KDFPL� ER\XQFD�
\DYDú� GH÷LúWL÷L� LoLQ� N�o�N� E|OJHOHUGH� �EORNlarda) hesaplanabilir [5]. Her bloktaki renk 
\R÷XQOX÷X KLVWRJUDPÕ ROXúWXUXODQ�ELU�PRGHOH�RWXUWXOPD\D�oDOÕúÕOÕU��Orijinal histogramla model 
KLVWRJUDPÕ�DUDVÕQGDNL�IDUNÕ�J|VWHUHQ�bir hata fonksiyonunun en iyilenmesi sonucunda modelin 
parametreleri elde edilir YH� EX� SDUDPHWUHOHUGHQ� ELUL� GH� R� E|OJHGHNL� VDSPD� PLNWDUÕGÕU� Biz 
WRSODP����VDI�YH�NDUÕúÕP�VÕQÕIÕ NXOODQGÕN��NDV��\D÷��NHPLN��EH\LQ-RPXULOLN�VÕYÕVÕ�%26���EH\D]�
madde(BM), gri madde(GM), kas-\D÷�� NDV-kemik, BM–GM, BOS-GM, BOS-BM , BOS-
NHPLN��)DNDW� �VÕQÕI�N�mesi her EORN�LoLQ�GH÷LúHELOPHNWHGLU��o�QN��NDIDQÕQ�DOW�NÕVÕPODUÕQGD�
VDI�VÕQÕI�RODUDN�\DOQÕ]FD�NDV� \D÷�YH�NHPLN��EH\LQ�NÕVPÕQGD�VDGHFH�%0��*0�YH�%26��EH\LQ�
\�]H\LQH� \DNÕQ� NÕVÕPODUGDNL EORNODUGD� LVH� W�P� VÕQÕIODU� KDWD� IRQNVL\RQX� LOJLOL� VÕQÕIODU� LoLQ�
NXOODQÕOPÕúWÕU�� %XQXQ� LoLQ� “Brain Extraction Tool” (BET) [8] kullanarak beyin görüntüden 
oÕNDUÕOPÕú�YH�PDVNH�RODUDN�NXOODQÕOPÕúWÕU� %|\OHFH�EH\LQ�VÕQÕIODUÕQÕQ�ROPDGÕ÷Õ�\HUOHUGH�EH\LQOH�
ilgili olan sÕQÕIODU� KHVDSODUGD� NXOODQÕOPDPÕúWÕU�� %X� \|QWHP� >5@� oDOÕúPDVÕQGDQ� IDUNOÕ� ELU�
durumdur; çünkü o oDOÕúPDGD� VDSPD�VDGHFH�EH\LQ� LoLQ�KHVDSODQPÕúWÕU��%L]LP�oDOÕúPDPÕ]GD�
ise tüm kafa KDFPL�V|]�NRQXVX�ROGX÷XQGDQ�YH�ED]Õ�VDI�VÕQÕI�GH÷HUOHUL�ELUELULQH�\DNÕQ�GH÷HUOHU 
DODELOGL÷LQGHQ�� HQ� L\LOHPH� \|QWHPL� ED]Õ� GXUXPODUGD� PRGHO� KLVWRJUDPÕ� \DQOÕú� WDUDID 
ND\GÕUDELOPHNWHGLU�� %X� GD� EHNOHQHQGHQ� IDUNOÕ� VDSPD� GH÷HUOHULQLQ� EXOXQPDVÕQD� QHGHQ 
RODELOPHNWHGLU��%ORNODUGD�LOJLOL�VÕQÕIODUÕQ�NXOODQÕOPDVÕ�KHP�EX�VRUXQXQ�DúÕOPDVÕQÕ VD÷ODPÕúWÕU�
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KHP� GH� \|QWHPLQ� oDOÕúPD� KÕ]ÕQÕ� DUWWÕUPÕúWÕU. Yöntem kimi blokODUGD� D\NÕUÕ� GH÷HUOHU�
EXODELOPHNWHGLU��%X�\�]GHQ�HQ�L\LOHPH�oDOÕúÕUNHQ RUMLQDO�PDNDOHGHNL�D\NÕUÕ�GH÷HU�NHVWLULP�YH�
G�]HOWPH� \|QWHPOHUL� NXOODQÕOPÕúWÕU�� 6RQ� RODUDN KHVDSODQDQ� VDSPD� GH÷HUOHUL� 5DG\DO� 7DEDQOÕ�
$÷� (RTA) [9] NXOODQÕODUDN� W�P� YRNVHOOHU� LoLQ� KHVDSODQÕU� HHVDSODQDQ� VDSPD� GH÷HUOHUL iki 
aksiyel NHVLWWH�ùHNLO-2¶GH�J|VWHULOPLúWLU� 
%X� úHNLOOHUGH LNL� D\UÕ kesitte UHQN� \R÷XQOX÷X� G�]HOWPHVLQGHQ� |QFH� YH� VRQUDNL� J|U�QW�OHU�
YHULOPLúWLU� %X� VRQXoODU� J|UVHO� YH� NDV�\D÷� JLEL� GRNXODUÕQ� NDIDQÕQ� GH÷LúLN� E|OJHOHULQGH�
kaUúÕODúWÕUÕOPDVÕ� VXUHWL\OH� X]PDQODUFD� EDúDUÕOÕ� EXOXQPXúWXU�� 'DKD� GHWD\OÕ� WHVWOHUL� LOHULNL�
oDOÕúPDODUÕPÕ]GD�\DSPD\Õ�SODQODPDNWD\Õ]� 

  

� ������D�� ��E��
ùHNLO����+HVDSODQDQ�VDSPD�IRQNVL\RQX�LOH�G�]HOWLOPLú�05�NHVLWOHUL��DOWWD���YH�NHVLWOHULQ�HVNL�

KDOOHUL���VWWH����D��DOW�oHQH��E���VW�oHQH�
 

���05�YH�%7�J|U�QW�OHULQLQ��%¶WD�KDVVDV�oDNÕúWÕUÕOPDVÕ��
05�YH�%7�J|U�QW��VHWOHUL�IDUNOÕ�SLNVHO�YH�NHVLW�NDOÕQOÕNODUÕQD�VDKLSWLUOHU��.HVLW�düzlemleri de 
D\QÕ� DoÕGD� GH÷LOGLU� NRUPDO� NOLQLN� SURWRNROOHUGH� LNL� VLVWHP� DUDVÕQGD� ELU� NDOLEUDV\RQ� da 
V|]NRQXVX� ROPDGÕ÷Õ� LoLQ�� LNL� J|U�QW�� VHWL� DUDVÕQGD� KDVVDV� �%� oDNÕúWÕUPD� \|QWHPOHUL�
NXOODQÕODELOLU��%X�\|QWHPOHU�NDID�JLEL�NDWÕ��ULJLG��RUJDQODU�LoLQ�WHPHO�RODUDN���Göndürme ve 3 
kayma parametreleri KHVDSODU�YH�DUD�GH÷HUOHPH�\|QWHPL�NXOODQDUDN��SLNVHO�YH�NHVLW�ED]ÕQGD�
WDP�RODUDN�|UW�úHQ�J|U�QW��VHWOHULQL�HOGH�HGHUOHU [10].  

Buna ek olarak, MR’ da PDQ\HWLN�DODQ�G�]HQVL]OL÷LQLQ�\DUDWWÕ÷Õ�GL÷HU�ELU�SUREOHP��SLNVHOOHULQ�
geomHWULN� � RODUDN� IDUNOÕ� \|QOHUH� ND\PDVÕGÕU�� MR-7�� SURWRNRO�QGH� NXOODQÕODQ� VSLQ-echo 
WHNQL÷L� EHOOL� |Oo�OHUGH� EX� SUREOHPL� HQJHOOHPHNWHGLU�� Döndürme ve kayma parametreleri 
NXOODQÕODUDN�\DSÕODQ�hassas kDWÕ�oDNÕúWÕUPD� [10] VRQUDVÕ�NDIDQÕQ�GH÷LúLN�E|OJHOHULQGH�05�Ye 
%7�J|U�QW�OHULQLQ� NDUúÕODúWÕUPDVÕ� �ùHNLO-3�� LQFHOHQGL÷LQGH�� JHRPHWULN� ER]XOPDQÕQ� ROGX÷XQX�
gözlemledik. dDNÕúWÕUPD�GR÷UXOX÷XQX�DUWÕUPDN�LoLQ�EORN�HúOHúWLUPH�DGÕ�YHULOHQ�NDWÕ�ROPD\DQ�
oDNÕúWÕUPD�\|QWHPL�NXOODQÕOGÕ [11]. MR ve BT’ de D\QÕ�NRRUGLQDWODU� HWUDIÕQGD�DOÕQDQ�EORNODU�
NDUúÕOÕNOÕ� ELOJL� IRQNVL\RQXQX� HQ� L\LOH\HFHN� úHNLOGH� �� \|QGH� ND\GÕUÕOGÕ� YH� EORNODUÕ� HQ� L\L�



49 
 

HúOHúWLUHFHN� \HU� GH÷LúWLUPHOHU� EXOXQGX� +HU� SLNVHOGHNL� \HU� GH÷LúWLUPH� EORNODUÕQ�PHUNH]LQGH�
EXOXQDQ�\HU�GH÷LúWLUPHOHU�NXOODQÕODUDN�RTA LOH�KHVDSODQÕU [9]. .DWÕ�ROPD\DQ�oDNÕúWÕUPD�|QFHVL�
YH�VRQUDVÕ�05�YH�%7�J|U�QW�OHUL�ùHNLO-3’ tH�YHULOPLúWLU� %X�VRQXoODU�NDIDQÕQ�W�P�E|OJHOHULQGH�
J|UVHO� NDUúÕODúWÕUPD� \|QWHPL\OH� X]PDQODUFD� oRN� EDúDUÕOÕ� EXOXQPXúWXU�� 'DKD� GHWD\OÕ� WHVWOHUL�
LOHULNL�oDOÕúPDODUÕPÕ]GD�\DSPD\Õ�SODQODPDNWD\Õ]� 

        
�D�� � � � � � � �E��

ùHNLO����$÷Õ]�E|OJHVL�05�YH�%7�ELUOLNWH�J|VWHULPL��D��.DWÕ�ROPD\DQ�oDNÕúWÕUPD�|QFHVL�E��.DWÕ�
ROPD\DQ�oDNÕúWÕUPD�VRQUDVÕ�

�
���0DUNRY�2ODVÕOÕN�$ODQÕ�0RGHOL�LOH�%|O�WOHPH��
0DNDOHPL]LQ� NRQXVXQX� ROXúWXUDQ� çok ince kas ve dokXODUÕQ� E|O�WOHQPHVLQGH� HúLNOHPH�
�WKUHVKROG�� W�U�� \|QWHPOHULQ� oRN� EDúDUÕOÕ� RODPD\DFD÷Õ� %7� YHUL� VHWLPL]GHQ� DOÕQDQ� \�]�
E|OJHVLQLQ� E�\�W�OP�ú� DúD÷ÕGDNL� J|U�QW�sünGHQ�DQODúÕODELOLU��%X� J|U�QW�GH� J|U�OG�÷�� JLEL��
%7� o|]�Q�UO�÷�\OH� NDUúÕODúWÕUÕOGÕ÷ÕQGD�� PLPLN� NDVODUÕ� VDGHFH� ELUNDo� SLNVHO� NDOÕQOÕ÷ÕQGD�
olabilmektedir. Bu durumda, kas-\D÷�VÕQÕUÕQGDNL SLNVHOOHU�\D÷�YH�NDVWDQ�NÕVPL�KDFLP�DOPDNWD�
YH�EX�QHGHQOH�EDVLW�HúLNOHPH�\|QWHPL�NDV�VÕQÕUODUÕQÕ�EDúDUÕOÕ�EXODPDPDNWDGÕU� 

 ùHNLO��¶��.DID�%7�J|U�QW�V�QGH�GHUL�YH�NHPLN�DUDVÕQGDNL�LQFH�ELU�PLPLN�NDVÕQÕQ�J|U�QG�÷��
ELU�E|OJHQLQ�E�\�W�OP�ú�KDOL�

 

.ÕVPL-hacim sezimi (detection) ve bölütlemesi üzerine VRQ� \ÕOODUGD� pek çok yöntem 
JHOLúWLULOPLúWLU��%D\HVoL�\DNODúÕP�>��@��0DUNRY�2ODVÕOÕN�$ODQ�>�@��%XODQÕN�C Ortalamalar [13]. 
Bu yönWHPOHU�DUDVÕQGD��Shattuck ve grubu [5]  WDUDIÕQGDQ�|QHULOHQ�\öntemiQ�HQ�X\JXQOX÷X�VRQ�
\ÕOODUGD�NDEXO�J|UPHNWHGLU. Bunun nedeni: MR ve BT görüntülerinin her doku tipi içerisinde 
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�NDV��\D÷��NHPLN��KDYD��YE���VLQ\DO�KRPRMHQOL÷L NDUDNWHULVWL÷L�J|VWHUPHVL�YH MOA modelleme 
WDUDIÕQGDQ� VXQXODQ� NRPúXOXN-ED÷ÕPOÕ� VÕQÕIODPD\Õ� VD÷ODPDVÕGÕU. MR görüntü modeli her k 
voksel için: . Burada xk k YRNVHOLQ�05�|Oo�P�GH÷HUL��\k vokselin 
JHUoHN�GH÷HUL��Ek MR VDSPDVÕ�� k LVH�W�P�J|U�QW�GH�KHU�VÕQÕI�LoLQ�VWDQGDUW�VDSPDVÕ�� ��D\QÕ�
RODQ� *DXVV� J�U�OW�V�G�U�� %7� J|U�QW�OHULQGH� EX� W�U� ELU� VDSPD� ROPDGÕ÷ÕQGDQ�PRGHOGHNL� Ek GH÷LúNHQL��¶H�HúLWWLU� %X�GXUXPGD�VDI�VÕQÕIODUD�DLW�|Oo�P�PRGHOL�DúD÷ÕGDNL�úHNLOGH�ROXU� 
 

 
S���fonksiyonu 02$�LoLQ�JHUHNOL�RODVÕOÕN�IRQNVL\RQXGXU��J�� RUWDODPD�GH÷HUL�E � \ �  olan, ölçüm 
GH÷HUL de [ �  olan Gaus fonksiyonudur YH� YHULGHNL�*DXV� J�U�OW�� VHEHEL\OH�NXOODQÕOPÕúWÕU��yk LoLQ�VÕQÕI�N�PHVL�� ��úX�úHNLOGHGLU��  ^�\D÷��NDV��NHPLN��KDYD��\D÷-kas, kas-NHPLN��YE��`���øON�
G|UG��VDI�VÕQÕIODUÕ��VRQUDNLOHU�GH�NDUÕúÕP��NÕVPL�KDFLm) VÕQÕIODUÕQÕ�LIDGH�HGHU��.DUÕúÕP�VÕQÕIODUÕ�
için ölçüm modeli 

 
úHNOLQGH� \D]ÕOÕU�� �µ  ve �µ  NDUÕúÕP� VÕQÕIÕQÕ� ROXúWXUDQ� VDI� VÕQÕIODUÕQ� RUWDODPD� GH÷HUOHULGLU��
6ÕQÕIODQGÕUPD� DPDFÕ\OD� ³%D\HV´ temelli “Maximum-Aposteriori” (MAP) kestirim temelli 
E|O�WOHPH� \|QWHPL� NXOODQÕOPÕúWÕU� >5@�� %X� \|QWHPGH� DúD÷ÕGDNL� SRVWHULRU� IRQNVL\RQX� HQ-
büyüklenir: 

 
<HUHO�YRNVHO�HWLNHW��ODEHO��GHYDPOÕOÕ÷ÕQÕ�VD÷ODPDN�LoLQ��0DUNRY�|QVHOOL÷L��SULRU��NXOODQÕOÕU�YH�
3� ���3RWWV�PRGHOL�NXOODQÕODUDN�KHVDSODQÕU [5]: 

 

Burada 
	1  ELU� YRNVHOLQ� NRPúXOX÷XGXU ��� ER\XWOX� NRPúXOXN�� ��� NRPúX� YRNVHO�. ),( 
� λλδ  

WHULPL� LNL�NRPúX�YRNVHOLQ�VÕQÕIODUÕQD�J|UH�NRPúX�ROPD�RODVÕOÕNODUÕQÕ�LIDGH�HGHU ve iki piksel 

D\QÕ� VÕQÕIsa -2, ortak bir dRNXODUÕ� YDUVD� -�� YH� RUWDN� GRNXODUÕ� \RNVD� �� GH÷HULQL� DOÕU�� β  
NRPúXOXN�WHULPLQLQ�D÷ÕUOÕ÷ÕQÕ�EHOLUOH\HQ�ELU�NDWVD\ÕGÕU�� 
YöntHP�LON�RODUDN�NDV��\D÷��NHPLN� hava YH�EXQODUD�DLW�NDUÕúÕP VÕQÕIODUÕQÕ�NXOODQDUDN�%7�YH�
05� J|U�QW�OHUL� LoLQ� D\UÕ D\UÕ� oDOÕúWÕUÕOGÕ�� %|O�WOHPH� VRQXoODUÕQGD� KHU� GRNX\D� 7DEOR 1’ deki 
JLEL�GH÷LúLN�UHQNOHU�YHULOGL��(OGH�HGLOHQ�VRQXoODU�ùHNLO�4‘tH�J|VWHULOPLúWLU� BT’ den elde edilen 
sonuçta NDV�YH�\D÷ÕQ�UHQN�\R÷XQOXNODUÕQÕQ�oRN�\DNÕQ�ROPDVÕQGDQ�GROD\Õ�NDV-\D÷�NDUÕúÕP�VÕQÕIÕ 
\HWHULQFH� EXOXQDPDGÕ� YH bu gürültülü bir sonuç elde edilmesine sebep oldu. MR’ dan elde 
edilen bölütlemede ise KDYD� YH� NHPL÷LQ� UHQNOHULQLQ� \DNÕQOÕ÷Õ� EX� VÕQÕIODU� LoLQ� iyi bir sonuç 
DOÕQPDVÕQÕ�HQJHOOHGL. *|U�QW�OHULQ�D\UÕ�D\UÕ�NXOODQÕOPDVÕ� \HWHULQFH�EDúDUÕOÕ EXOXQPDGÕ÷Õ� LoLQ�
çDOÕúPDPÕ]GD��her voksel için WHN� ELU� GH÷HU� \HULQH� iki boyutlu bir vektör (BT ve MR renk 
GH÷HUOHUL) NXOODQÕOGÕ�ve MOA yöntemine uyarlanGÕ. Bunun sonucunda elde edilen bölütleme 
ùHNLO-5a’ da YHULOPLúWLU��Daha iyi bir sonuç elde edilmesine rD÷PHQ�ED]Õ�\HUOHUGH �ROPDPDVÕ�
gereken) hava-NHPLN� VÕQÕIÕ� EXOXQur. Bu yüzden, ek bir yöntem olarak, bir oylama yöntemi 
denendi. Bu yönteme göre, bir voksel için MR ve BT görüntülerindeQ�D\UÕ�D\UÕ�E|O�WOHPH\OH 
VÕQÕIODU EXOXQXU�� øNL� J|U�QW�GH� D\QÕ� VÕQÕI� RODUDN� EXOXQDQ� YRNVHOOHULQ� EX� VÕQÕID� GDKLO� ROGX÷X�
kabul edilir�� (÷HU� VÕQÕIlar IDUNOÕ bulunduysa, YRNVHO� EX� LNL� VÕQÕIÕQ� RUWDN� GRNXVX� RODUDN�
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LúDUHWOHQLU�� ùHNLO-5b’ de gösterilen bu y|QWHPLQ� VRQXFXQGD� \HúLO� UHQN� LOH� LIDGH� HGLlen 
YRNVHOOHUGH� RUWDN�GRNX� EXOXQDPDPÕúWÕU� %X� \|QWHPGHQ� GH� \HWHULQFH� L\L� VRQXo� DOÕQDPDPDVÕ�
nedeniyle, NHPLN� YH� KDYD� VÕQÕIODUÕQÕQ� %7� J|U�QW�V�QGH� EDVLW� ELU� HúLNOHPH\OH kolayca 
D\UÕODELOGL÷L� ELOJLVL� NXOODQÕODUDN, EX� VÕQÕIODU� EDVLW� HúLNOHPH� LOH� HOGH� HGLOPLúWLr. Daha sonra 
kalan vokseller BT ve MR birlikte \D÷, kas ve ya÷-NDV� VÕQÕIODUÕ� NXOODQÕODUDN� E|O�WOHQPLúWLU�
�ùHNLO-6).  

7DEOR����6ÕQÕIODUÕQ�UHQN�NRGODUÕ�

 

�

��
ùHNLO����2WRPDWLN�E|O�WOHPH�VRQXFX��D��6DGHFH�%7��E��6DGHFH�05�NXOODQDUDN��
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�

�

�D��

�
�E��

ùHNLO����2WRPDWLN�E|O�WOHPH�VRQXFX��D��%7�YH�05�02$�\|QWHPLQGH�ELUOLNWH�NXOODQODUDN��E��
2\ODPD�\|QWHPL\OH�

�
�

��
ùHNLO����0HPLN�YH�KDYD\Õ�%7�GHQ�HúLNOHPH\OH�HOGH�HWWLNWHQ�VRQUD��%7�YH�05�ELUOLNWH�

NXOODQÕODUDN�HOGH�HGLOHQ�E|O�WOHPH�VRQXoODUÕ��<D÷��NÕUPÕ]Õ��.DV��PDYL��.HPLN��EH\D]��+DYD��
6L\DK�
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ùHNLO-6’ daki�NHPLN� YH� KDYD� VÕQÕIODUÕQÕQ�%7�J|U�QW�V�QGH�EDVLW� HúLNOHPH� LOH� HOGH�HGLOGLNWHQ�
VRQUD�� YRNVHOOHU� %7� YH�05� ELUOLNWH� \D÷, kas ve ya÷-NDV� VÕQÕIODUÕ� NXOODQÕODUDN� E|Oütlenmesi 
\|QWHPL� VRQXoODUÕ� E�W�Q denenen yöntemlerin en iyisi olPDVÕQD� UD÷PHQ, MR ve BT 
o|]�Q�UO�NOHULQLQ�oRN�IDUNOÕ�ROPDVÕQGDQ�GROD\Õ�� WHRULN�RODUDN�EHNOHQHQ�YHULPL DODPDGÕ÷ÕPÕ]�
J|U�ú�QGH\L]�� øOHULNL� D\ODUGD�� EX� o|]�Q�UO�N farkÕQÕ� PRGHOH� GDKLO� HGHQ� \HQL� ELU� \DNODúÕPÕ�
X\JXODPD\Õ�SODQODPDNWD\Õ]� 
 

���&DQOÕ�7HO�LOH�%|O�WOHPH��
<XNDUÕGDNL�RWRPDWLN�E|O�WOHPH�VRQXoODUÕ�JHQHOGH�EDúDUÕOÕ�VRQXoODU�YHUPHNOH�ELUOLNWH���VW-üste 
ELQHQ�NDVODU�ELUELULQH�\DSÕúÕN�HOGH�HGLOPHNWHGLU��$\UÕFD�MR ve BT görüntülerinde kaslara çok 
\DNÕQ�ELU�\DSÕ\D�VDKLS�RODQ�GDPDUODUÕQ�GD�NDV�JLEL�DOJÕODQGÕ÷Õ�J|]OHQGL��%XQXQ�EDúOÕFD�QHGHQL��
PLPLN�NDVODUÕQÕQ�YH�GL÷HU�GRNXODUÕQ�05�YH�%7�o|]�Q�UO�÷�\OH�NDUúÕODúWÕUÕOGÕ÷ÕQGD�oRN�N�o�N�
YH�ELUELULQH�\DNÕQ�ROPDODUÕGÕU�� 
Bu nedenle, radyolog uzmanlarca NROD\� NXOODQÕODELOHFHN� �%� \DUÕ-otomatik bölütleme DUDFÕ�
JHOLúWLULOPHVL� JHUHNPHNWHGLU. <DSWÕ÷ÕPÕ]� \D\ÕQ� WDUDPDVÕ� VRQUDVÕ�� EX� DPDoOD� &DQOÕ-Tel [6], 
&DQOÕ-Yüzey [7] ve Bölge-Büyütme [16] \|QWHPOHULQLQ�HQ�HWNLQ�YH�VÕN�NXOODQÕODQ�\|QWHPOHU�
ROGX÷XQX�EHOLUOHGLN��3URMH�V�UHPL]LQ�D]OÕ÷Õ�QHGHQL\OH��VDGHFH�&DQOÕ-7HO�\|QWHPL�X\JXODQGÕ� 
&DQOÕ-tel (live-wire) ELU� J|U�QW�� �]HULQGH� VHoLOHQ� LNL� SLNVHO� DUDVÕQGD� HQ� D]� PDOL\HWOL� \ROX�
EXOPD\Õ� DPDoOD\DQ� ELU� \DUÕ-otomatik bölütleme yöntemidir. p pikselinden q pikseline 
gitmenin maliyeti [6]: 

�
Bu fonksiyondaki 3 terim JUDG\DQ��/R*��JDXVVLDQÕQ� ODSODFLDQÕ��YH�\XPXúDNOÕNWÕU. +HU� �DLW�
ROGX÷X� WHULPLQ� D÷ÕUOÕ÷ÕGÕU� Maliyet haritaVÕ ELU� SLNVHOGHQ� NRPúX� ELU� SLNVHOH� JLWPHQLQ�
maliyetini gösterir. Seçilen bir çekirdek QRNWDGDQ�J|U�QW�GHNL� W�P�SLNVHOOHUH�JLGHQ� HQ� NÕVD�
yollar bu maliyetlere göre bulunur. .XOODQÕFÕ� çekirdek QRNWDODUÕQÕ E|O�WOHPHN� LVWHGL÷L�
GRNXQXQ� VÕQÕUÕQGD� LúDUHWOHU� YH \|QWHP� EX� QRNWDODUÕ� ELUOHúWLUHQ� HQ� L\L� \ROX� EXOXU. Maseter 
NDVÕQÕQ� EX� \|QWHPOH� E|O�WOHQPHVL� ùHNLO-7’ dH� J|VWHULOPLúWLU� Bu bildiride, sadece BT 
görünW�OHULQL�NXOODQDUDN�\DSÕOD�LúDUHWOHPH�VRQXoODUÕ�J|VWHULOPLúWLU� 
0DOL\HW�KDULWDVÕQÕQ�E�W�Q�J|U�QW��LoLQ�ROXúWXUXOPDVÕ�X]XQ�V�UPHNWHGLU��dDOÕúPDPÕ]GD��Veçilen 
bir çekirdek QRNWD\D� J|UH� RWRPDWLN� GDKD� GDU� DODQ� VHoHQ� ELU� \|QWHP� JHOLúWLULOGL�� %X� LúOHP�
algoritmayÕ����NDWD�NDGDU�KÕ]ODQGÕUPDNWDGÕU.  

�

ùHNLO����0DVHWHU�NDVÕQÕQ�FDQOÕ�WHO�LOH�E|O�WOHPH�VRQXFX�
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Her kesitte 2B olarak elde edilen bölgelerden 3B hacimsel bölütleme elde etmek için ilk akla 
JHOHQ� \|QWHP� E�W�Q� NHVLWOHUGH� LúDUHWOHPH� \DSPDNWÕU�� $QFDN� EX� oRN� ]DPan gerektiren bir 
LúOHPGLU��%X�oDOÕúPDGD�|QHULOHQ��%�FDQOÕ-WHO�\|QWHPLQGH�LVH��VDGHFH�NHVLWOHU�DUDVÕQGD�NXOODQÕFÕ�
X]PDQ� WDUDIÕQGDQ� KÕ]OÕ� GH÷LúLPLQ� J|U�OG�÷� kesitlerde �DWODPDOÕ� LúDUHWOHPH� \DSÕOÕU�� %X�
NHVLWOHUGHNL� oHNLUGHN� QRNWDODUÕQ� NRRUGLQDWODUÕ� LúDUHWOHQPHPLú� NHVLWOHUH� DNWDUÕOÕU�� $NWDUPD�
\DSÕOÕUNHQ�QRNWDQÕQ� �� NRPúXOX÷XQGD�HQ�EHQ]HU� JUDG\DQ�GH÷HULQH� VDKLS� SLNVHO� EXOXQXU� YH�R�
NHVLWWHNL� \HQL� NRRUGLQDWÕ� HOGH� HGLOLU�� %XOXQDQ� \HQL� QRNWDODU� DUDVÕQGD� FDQOÕ-tel otomatik 
oDOÕúWÕUÕODUDN�E|O�WOHPH�\DSÕOÕU��%|\OHFH�GR÷UXOXN�RUDQÕQGDQ�ELUD]� |G�Q�YHULOHUHN� LúDUHWOHPH�
süresi önemli ölçüde D]DOWÕOPÕú� ROXU� YH� �%� E|O�WOHPH� JHUoHNOHúWLULOLU�� 'DKD� VRQUD�� W�P�
NHVLWOHUGH� HOGH� HGLOPLú� RODQ� H÷ULOHULQ� LoL� GROGXUXOXU��.HVLWOHU� DUDVÕQGDNL� JHoLúL� \XPXúDWPDN�
için her vokselin 3B’ taki ��� NRPúXOX÷XQGD� YRNVHOOHU� DUDVÕQGD� R\ODPD� \DSÕOÕU�� 2\ODPD�
VRQXFXQGD� GROX� NRPúX� YRNVHO� VD\ÕVÕ� GDKD� ID]OD� LVH� YRNVHO� GROGXUXOXU�� GH÷LOVH� YRNVHO� ERú�
RODUDN� LúDUHWOHQLU�� øNL� |UQHN� NDV� LoLQ� HOGH� HGLOHQ� KDFLP� ùHNLO-8’ de %7¶GHQ� HOGH� HWWL÷LPL]�
kafatasÕQÕQ��]HULQGH�J|VWHULOPLúWLU� 
&DQOÕ-7HO� X\JXODPDVÕQGD� YH� VRQXoODUÕQ� GH÷HUOHQGLULOPHVLQGH� oRN-düzlemli gösterim (multi-
planar reformating – 035���\�]H\� YH�KDFLP�NDSODPD�J|VWHULPOHUL�NXOODQÕOPÕúWÕU� �ùHNLO��D���
%XQX�DoÕN�ND\QDN�,7.�97.�N�W�SKDQHVLQL�>��@�NXOODQDQ��NHQGL�JHOLúWLUGL÷LPL]�X\JXODPDODU�
LOH�\DSPDNWD\Õ]� 
 

� � ��D��

�� � ��E��
�
ùHNLO����øúDUHWOHQHQ�NDVODUGDQ�YH��%�J|U�Q�P���D��'HSUHVRU�/DELL�,QIHULRULV��E��'HSUHVRU�

$QJXOL�2ULV��
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���%DúDUÕP�7HVWOHUL 
05�5HQN�<R÷XQOX÷X�6DSPDVÕ��\|QWHPLQLQ�WHVWOHUL��
<XNDUÕGD� LOJLOL� EDúOÕN� DOWÕQGD� VXQXODQ� VRQXoODU� J|UVHO� YH� NDV�\D÷� JLEL� GRNXODUÕQ� NDIDQÕQ�
GH÷LúLN�E|OJHOHULQGH�NDUúÕODúWÕUÕOPDVÕ�VXUHWL\OH�X]PDQODUFD�EDúDUÕOÕ�EXOXQPXúWXU��'DKD�GHWD\OÕ�
WHVWOHUL�LOHULNL�oDOÕúPDODUÕPÕ]GD�\DSPD\Õ�SODQODPDNWD\Õ]� 
05�YH�%7�oDNÕúWÕUPD�\|QWHPLQLQ�WHVWOHUL��
.DWÕ�YH�NDWÕ-ROPD\DQ�oDNÕúWÕUPD�|QFHVL�YH�VRQUDVÕ�05�YH�%7�J|U�QW�OHUL�yukaUÕGD�LOJLOL�EDúOÕN�
DOWÕQGD YHULOPLúWLU� %X� VRQXoODU� NDIDQÕQ� W�P� E|OJHOHULQGH� J|UVHO� NDUúÕODúWÕUPD� \|QWHPL\OH�
X]PDQODUFD�oRN�EDúDUÕOÕ�EXOXQPXúWXU��'DKD�GHWD\OÕ� WHVWOHUL� LOHULNL�oDOÕúPDODUÕPÕ]GD�\DSPD\Õ�
SODQODPDNWD\Õ]� 
2WRPDWLN�%|O�WOHPH�\|QWHPLQLQ�WHVWOHUL��
<XNDUÕGD�LOJLOL�EDúOÕN�DOWÕQGD NHPLN�YH�KDYD�VÕQÕIODUÕQÕQ�%7�J|U�QW�V�QGHQ�EDVLW�HúLNOHPH�LOH�
HOGH�HGLOGLNWHQ�VRQUD��YRNVHOOHU�%7�YH�05�ELUOLNWH�\D÷, kas ve ya÷-NDV�VÕQÕIODUÕ�NXOODQÕODUDN�
E|O�WOHQPHVL� \|QWHPL� VRQXoODUÕ� E�W�Q� GHQHQHQ� \|QWHPOHULQ� HQ� L\LVL� RODUDN� HOGH� HGLOGL�
�X]PDQODUFD� J|UVHO� RODUDN��� $QFDN�� 05� YH� %7� o|]�Q�UO�NOHULQLQ� oRN� IDUNOÕ� ROPDVÕQGDQ�
GROD\Õ�� WHRULN� RODUDN� EHNOHQHQ� YHULPL� DODPDGÕ÷ÕPÕ]� J|U�ú�QGH\L]�� øOHUiki aylarda, bu 
o|]�Q�UO�N� IDUNÕQÕ�PRGHOH� GDKLO� HGHQ� \HQL� ELU� \DNODúÕPÕ� X\JXODPD\Õ� SODQODPDNWD\Õ]��Daha 
GHWD\OÕ�WHVWOHUL�LOHULNL�oDOÕúPDODUÕPÕ]GD�\DSPD\Õ�SODQODPDNWD\Õ]� 
&DQOÕ�7HO�E|O�WOHPH�\|QWHPLQLQ�WHVWOHUL��
%LU� X]PDQÕQ� E�W�Q� NHVLWOHUL� tek-tek LúDUHWOHmesiyle bulunan referans hacmi ve sadece 
belirlenen kesitOHUGH� LúDUHWOHPH\OH bulunan test hacmi NDUúÕODúWÕUPDVÕ� ùHNLO-9’ da YHULOPLúWLU��
7HVW�KDFPLQLQ�GR÷UXOX÷XQX�VD\ÕVDO�RODUDN�LIDGH�HWPHN�LoLQ�LNL�GR÷UXOXN�|Oo�V��NXOODQÕOPÕúWÕU� 
øON�GR÷UXOXN�|Oo�V��RODQ�|UW�úHQ�DODQ�� LNL�KDFPLQ�RUWDN�DODQÕQÕQ�UHIHUDQV�KDFPLQH�RUDQÕGÕU��
)D]OD�DODQ GR÷UXOXN�|Oo�V� ise test hacminin GÕúDUÕ�WDúDQ�KDFPLQ�UHIHUDQV�KDFPLQH�RUDQÕGÕU��
Bu alanlar ùHNLO-10’ da J|VWHULOPLúWLU�� (NVLN� DODQ� UHIHUDQV� KDFPLQGHQ� |UW�úHQ� KDFPLQ�
oÕNDUÕOPDVÕ\OD� bulunabilir. Tablo-2’ dH� �� NDVÕQ� W�P� NHVLWOHUGH� E|O�WOHPHQLQ� V�UHVL� LOH� NHVLW�
DWOD\DUDN�\DSÕODQ�E|O�WOHPHQLQ�V�UHVL�� LúDUHWOHQHQ�NHVLW�VD\ÕVÕ�YH� �GR÷UXOXN�RUDQÕ�YHULOPLúWLU��
'R÷UXOXN� RUDQÕQÕQ� DWODQDQ� NHVLW� VD\ÕVÕ� DUWWÕNoD� D]DODFD÷Õ� |QJ|U�OP�úW�U� YH� EXQXQOD� ilgili 
GHQHPHOHU� \DSÕOPÕúWÕU�� .HVLW� DUDOÕ÷Õ-GR÷UXOXN� |Oo�W�� JUDILNOHUL� ùHNLO-10’ da J|VWHULOPLúWLU� 
6DGHFH� NXOODQÕFÕ� WDUDIÕQGDQ� EHOLUOHQHQ� NHVLWOHUL� LúDUHWOHme \|QWHPL� VRQXoODUÕ� EDúDUÕOÕ� YH�
HWNLOHúLP�V�UHVL�DoÕVÕQGDQ�u\JXQ�EXOXQPXúWXU� 
ùX�DQ�LoLQ��otomatik YH�\DUÕ-otomatik bölütleme \|QWHPOHUL�D\UÕ-D\UÕ�NXOODQÕOPÕúWÕU��øOHULGHNL�
DPDFÕPÕ]�� EX� LNL� \|QWHPL� GDKD� HWNLQ� ELU� úHNLOGH� HQWHJUH� HWPHNWLU�� gUQH÷LQ�� JHOLúWLUGL÷LPL]�
\DUÕ-otomatik bölütleme \|QWHPOHULQL� RWRPDWLN� E|O�WOHPH� VRQXoODUÕQÕ� G�]OHWPHN� úHNOLQGH�
kullDQDUDN��LúDUHWOHPH�V�UHVLQL�NÕVDOWPDN� 
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ùHNLO�����D����SODQOÕ�J|VWHULP��PXOWL�SODQDU�UHIRUPDWWLQJ�035��YH�\�]H\�NDSODPD�J|VWHULPL��

05�YHULVL��\�]H\�NDSODQPÕú�NHPLN�YH�GÕú�GHUL�\�]H\L���
øúDUHWOHQHQ�NDVODUÕQ�WDPDPÕ��E��5HIHUDQV��F��7HVW�

�
�

7DEOR����%D]Õ�PLPLN�NDVODUÕ�LoLQ�LúDUHWOHPH�V�UHOHUL�YH�GR÷UXOXN�RUDQODUÕ�

.DV�$GÕ�
7�P�

NHVLWOHUL�
LúDUHWOHPH�
V�UHVL�

�GDNLND��

.HVLW�
DWOD\DUDN�
LúDUHWOHPH�
V�UHVL�

�GDNLND��

7RSODP�
NHVLW�
VD\ÕVÕ�

$WOD\DUDN�
LúDUHWOHQHQ�
NHVLW�VD\ÕVÕ�

gUW�úHQ�
DODQ�����

)D]OD�DODQ�
����

Depressor anguli oris 20 5.5 54 14 93.3 9.7 
Levator labii superioris 19 5 30 8 91.3 6.2 

Zygomaticus major 28 8 68 23 77.6 11.6 
Mentalis 8 2 34 8 92.8 9.6 

Depresor labii inferioris 17 4 40 12 92.4 5.1 
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 �E�� � � � � � ��F� 
ùHNLO������D��'R÷UXOXN�|Oo�W��RODUDN�NXOODQÕODQ�DODQODU��.HVLW�$UDOÕ÷Õ�'R÷UXOXN�gOo�W��

*UDILNOHUL��E��gUW�úHQ�DODQ��F��)D]OD�DODQ�
�
���6RQXo�
05�UHQN�\R÷XQOX÷X�VDSPDVÕQÕ�G�]HOWHUHN� MR ve BT’ yi 3B’ WD�KDVVDV�oDNÕúWÕUDUDN�� otomatik 
YH� \DUÕ-otomatik bölütlemeyi süre yönünden kabul edilebilir ve EDúDUÕP yönünden yeterli 
d�]H\GH�EDúDUGÕ÷ÕPÕ]Õ�J|VWHUGL÷LPL]L�G�ú�Q�\RUX]�� øOHULNL�D\ODUGD�GDKD�oRN�GHQHN��]Hrinde 
GDKD�D\UÕQWÕOÕ�WHVWOHULQ�\DSÕOPDVÕ�SODQODQmDNWDGÕU� 
&DQOÕ-Tel X\JXODPDVÕQÕ�SURMHPL]GH�ELU� UDG\RORJ�GRNWRU��DQDWRPL�DWODVÕ�NXOODQDUDN���%7-MR 
J|U�QW�OHUL��]HULQGH�JHUoHNOHúWLUPLúWLU� 
ùX�DQ�LoLQ��RWRPDWLN�YH�\DUÕ-otomatik bölütleme \|QWHPOHUL�D\UÕ-D\UÕ�NXOODQÕOPÕúWÕU��øOHULGHNL�
DPDFÕPÕ]�� EX� LNL� \|QWHPL� GDKD� HWNLQ� ELU� úHNLOGH� HQWHJUH� HWPHNWLU�� gUQH÷LQ�� \DUÕ-otomatik 
bölütleme \|QWHPOHULQL� RWRPDWLN� E|O�WOHPH� VRQXoODUÕQÕ� G�]OHWPHN� úHNOLQGH� NXOODQDUDN��
LúDUHWOHPH�V�UHVLQL�NÕVDOWPDN� 
&DQOÕ-Tel GÕúÕQGD��%|OJH-Büyütme [16] JLEL� GL÷HU� \DUÕ-otomatik bölütleme yöntemlerini de 
GHQHPH\L�EXQGDQ�VRQUDVÕ�LoLQ�DPDoODPDNWD\Õ]� 
05� YH� %7� J|U�QW�OHULQL� ELUOLNWH� NXOODQDUDN� E|O�WOHPHQLQ� ELU� GL÷HU� DYDQWDMÕ�� 05¶GDQ� HOGH�
HGLOHQ� HN� ELOJL\L� NXOODQDUDN�� %7� oHNLP� V�UHVLQL� YH� GROD\ÕVÕ\OD� KDVWDQÕQ� DOGÕ÷Õ� UDG\DV\RQX�
azaOWPD� RODQD÷ÕGÕU �G�ú�N� GR]OX BT). 7�P� NDID� PRGHOL� ROXúWXUPDGD� QRUPDO� oHNLP�
SURWRNROOHUL�NDEXO�HGLOHELOLULQ��]HULQGH�ELU�GR]�ROXúWXUPDNUDGÕU� 
'ROJX� YH\D� LPSODQWODUÕ� RODQ� ELU� KDVWDQÕQ� %7� YH� 05� J|U�QW�OHULQGH� ROXúDFDN� J|U�QW��
ER]XNOXNODUÕQÕQ� �NÕVPÕ� |Oo�GH� |]HO� \|QWHPOHU� EX� ER]XOPD\Õ� WHPL]OH\HELOPHNWH� ROVD� GD��
VRQXoODUD� HWNLVL� GH� DUDúWÕUÕODFDNWÕU�� %7� YH�05� J|U�QW�OHULQL� ELUOLNWH� NXOODQPDQÕQ� ELU� GL÷HU�
ID\GDVÕ� GD�� EX� ER]XNOXNOXNODU� IDUNOÕ� \DSÕGD� RODFD÷Õ� LoLQ�� RUWDN� E|O�WOHPH\H� HWNLOHULQLQ�
D]DODELOHFH÷L�G�ú�QFHPL]GLU��%XQX�LOHULNL�oDOÕúPDODUÕPÕ]GD�DUDúWÕUPD\Õ�SODQODPDNWD\Õ]� 
3URMH� V�UHVLQFH� JHOLúWLUGL÷LPL]� |]HO� J|UVHOOHúWLrme ve E|O�WOHPH� \|QWHP� YH� DUDoODUÕ� GL÷HU�
RUJDQ�YH�PRGDOLWHOHUGH�GH�NROD\FD�NXOODQÕODELOHFHN�oRN�DPDoOÕ�DUDoODUGÕU��%X�GD�SURMHQLQ [14] 
ELU� GL÷HU |QHPOL� VRQXFXGXU� YH� JUXEXPX]XQ� LOHULNL� oDOÕúPDODUÕQGD� |QHPOL� ELU� ND\QDN� YH�
WHFU�EH�ROXúWXUDFDNWÕU� 
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