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I. ,QWURGXFWLRQ 

7UHDWLQJ�FDULHV�ZLWK�SXOS�H[SRVXUH�LV�D�FKDOOHQJH�LQ�WKH�PDWXUH�WHHWK��+RZHYHU��recent 

clinical trials and systematic VWXGLHV�������KDYH�VKRZQ�WKDW�YLWDO�SXOS�WKHUDS\�SURFHGXUHV��

LQFOXGLQJ�SDUWLDO�DQG�FRPSOHWH�SXOSRWRPLHV��\LHOG� IDYRUDEOH�RXWFRPHV�RI� WUHDWLQJ�FDULHV�

ZLWK�YLWDO�SXOS�H[SRVXUH�LQ�WKH�PDWXUH�SHUPDQHQW�WHHWK. 3XOSRWRP\�DOVR�VKRZV�KLJK�VXFFHVV�

UDWHV�LQ�WUDXPDWLF�SXOS�H[SRVXUHV������Although long-term outcomes remain limited, vital 



 

 

リ 

 

pulp therapy procedures can be a treatment option for vital pulp exposure of the mature 

permanent teeth. 

 Since the introduction of the mineral trioxide aggregate (MTA) in the early 1990s (7), it 

has consistently shown a high success rate clinically (8). +RZHYHU��LW�KDV�GLVDGYDQWDJHV�RI�

D� SURORQJHG� VHWWLQJ� WLPH�� SRRU� KDQGOLQJ� SURSHUWLHV�� DQG� SRWHQWLDO� IRU� GLVFRORUDWLRQ� �����

0RUHRYHU��WKH�DGYHUVH�HIIHFW�RI�DQ�HWFKLQJ�SURFHGXUH�ZLWK�07$�UHVWULFWV�LWV�XVH������,Q�PDQ\�

FOLQLFDO�WULDOV��������������D�PRLVW�FRWWRQ�SHOOHW�DQG�DQ�LQWHULP�UHVWRUDWLRQ�ZHUH�SODFHG�RQ�WRS�

RI�WKH�XQVHW�07$�PDWHULDO��DQG�WKH�ILQDO�UHVWRUDWLRQ�ZDV�SODFHG�GXULQJ�D�VXEVHTXHQW�YLVLW��

+RZHYHU��ERWK�SDWLHQWV�DQG�GHQWLVWV�ZRXOG�SUHIHU�WKH�WUHDWPHQW�WR�EH�FRPSOHWHG�LQ�D�VLQJOH�

DSSRLQWPHQW��7KH�JODVV�LRQRPHU�FHPHQW�RU�FRPSRVLWH�UHVLQ�ZLWK�D�ERQGLQJ�DJHQW�FDQ�EH�

DSSOLHG�RYHU�IUHVKO\�PL[HG�07$�ZLWK�PLQLPDO�HIIHFWV�RQ�WKH�07$�����������,Q�D�FOLQLFDO�

WULDO������D�WKLQ�OD\HU�RI�UHVLQ�PRGLILHG�JODVV�LRQRPHU�OLQHU�ZDV�LPPHGLDWHO\�SODFHG�RYHU�WKH�

07$��DQG�WKH�FDYLW\�ZDV�UHVWRUHG�ZLWK�FRPSRVLWH�UHVWRUDWLRQ�GXULQJ�WKH�VDPH�YLVLW��7KLV�

DSSURDFK�UHGXFHV�WKH�FRVW�DQG�FKDLUVLGH�WLPH�RI�WKH�SURFHGXUH�VLJQLILFDQWO\��  

(QGRFHP�07$�3UHPL[HG��0DUXFKL��:RQMX��.RUHD��KDV�EHHQ�GHYHORSHG�DV�D�SUHPL[HG�

V\ULQJHDEOH�FDOFLXP�VLOLFDWH�EDVHG�FHPHQW�WKDW�FRQWDLQV�GLPHWK\O�VXOIR[LGH�DV�D�VROYHQW��

:KHQ�WKH�PDWHULDO�PHHWV�PRLVWXUH��GLPHWK\O�VXOIR[LGH�'062��LV�UDSLGO\�GLVSODFHG�ZLWK�

ZDWHU��DQG�D�VHWWLQJ�UHDFWLRQ�RFFXUV��%HFDXVH�(QGRFHP�07$�3UHPL[HG�GRHV�QRW�UHTXLUH�

PL[LQJ�� WKH� FHPHQW� FDQ� EH� DGPLQLVWHUHG� GLUHFWO\� IURP� WKH� V\ULQJH� LQWR� WKH� WDUJHW� DUHD��

LPSO\LQJ� WKDW� LW� LV� HDV\� WR�XVH��$FFRUGLQJ� WR� WKH�PDQXIDFWXUHU�� WKH�PDWHULDO� KDV� D� VKRUW�
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VHWWLQJ�WLPH�RI�DSSUR[LPDWHO\���PLQ�ZKHQ�D�PRLVW�FRWWRQ�SHOOHW�LV�SODFHG�RQ�WKH�LQMHFWHG�

FHPHQW��+RZHYHU��VWXGLHV�RQ�WKLV�PDWHULDO�KDYH�QRW�EHHQ�FRQGXFWHG�LQ�WKH�SHUPDQHQW�WHHWK��

7KHUHIRUH��WKH�DLP�RI�WKH�SUHVHQW�VWXG\�ZDV�WR�FRPSDUH�WKH�RXWFRPHV�RI�SXOSRWRP\�XVLQJ�

3UR5RRW�07$��'HQWVSO\�7XOVD�'HQWDO��7XOVD��2.��86$��DQG�(QGRFHP�07$�3UHPL[HG�LQ�

WKH�WHHWK�ZLWK�QRUPDO�SXOS�RU�UHYHUVLEOH�SXOSLWLV��)LJXUH����7DEOH�����7KH�QXOO�K\SRWKHVLV�

ZDV�WKDW�WKH�RXWFRPH�GRHV�QRW�GLIIHU�EHWZHHQ�WKHVH�WZR�WHVWHG�PDWHULDOV� 
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)LJXUH����0DWHULDOV�WHVWHG�LQ�WKLV�VWXG\���$��3UR5RRW�07$����%��(QGRFHP�07$�SUHPL[HG 
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II. 0DWHULDO�DQG�0HWKRGV 

 

1. 6WXG\�GHVLJQ�DQG�SRSXODWLRQ 

7KLV�ZDV�D�WZR�FHQWHU�UDQGRPL]HG�FRQWUROOHG�WULDO�RI�3UR5RRW�07$�DQG�(QGRFHP�07$�

3UHPL[HG�IRU�SXOSRWRP\��IRFXVHG�RQ�WKH�RXWFRPH�RI�the permanent premolars and molars. 

7KH�LQGHSHQGHQW�HWKLFV�FRPPLWWHHV�RI�WKH�<RQVHL�8QLYHUVLW\�'HQWDO�+RVSLWDO��<8'+��DQG�

1DWLRQDO�+HDOWK�,QVXUDQFH�,OVDQ�+RVSLWDO��1+,,+��DSSURYHG�WKH�VWXG\�SURWRFRO��7KH�FOLQLFDO�

WULDO�ZDV�UHJLVWHUHG�LQ�WKH�&OLQLFDO�5HVHDUFK�,QIRUPDWLRQ�6HUYLFH��UHJ��QR���.&7����������

:H�HQUROOHG�V\VWHPDWLFDOO\�KHDOWK\�SDWLHQWV�DJHG���±���\HDUV�VFKHGXOHG�IRU�SXOSRWRP\�RI�

WKH�PDWXUH�SHUPDQHQW�WHHWK�DW�HLWKHU�KRVSLWDO�IURP�'HFHPEHU������WR�2FWREHU������ 

,QFOXVLRQ�FULWHULD�ZHUH������QR�KLVWRU\�RI�VSRQWDQHRXV�SDLQ�LQ�WKH�WRRWK�RI�LQWHUHVW������D�

SRVLWLYH�UHVSRQVH�RI�WKH�WRRWK�RI�LQWHUHVW�WR�WKH�FROG�WHVW������SXOS�H[SRVXUH�GXULQJ�FDULHV�

UHPRYDO�RU�VHFRQGDU\�WR�UHFHQW�WUDXPD������QHJDWLYH�UHVSRQVHV�WR�SDOSDWLRQ�DQG�SHUFXVVLRQ�

RI�WKH�WRRWK�RI�LQWHUHVW������D�SHULDSLFDO�LQGH[�VFRUH����RQ�WKH�SHULDSLFDO�UDGLRJUDSK��DQG�����

D�KHDOWK\�SHULRGRQWLXP�EDVHG�RQ�D�SURELQJ�SRFNHW�GHSWK����PP�DQG�PRELOLW\�ZLWKLQ�WKH�

QRUPDO�OLPLW��([FOXVLRQ�FULWHULD�ZHUH������QRQ�UHVWRUDEOH�FURZQ������LPPDWXUH�URRWV��DQG�����

LQDELOLW\�WR�FRQWURO�EOHHGLQJ�ZLWKLQ���PLQ�DIWHU�SXOS�H[SRVXUH��  

3DWLHQWV�IXOILOOLQJ�WKH�HOLJLELOLW\�FULWHULD�ZHUH�LQIRUPHG�DERXW�WKH�SURFHGXUH��DVVRFLDWHG�

ULVNV� DQG� EHQHILWV�� DQG� DOWHUQDWLYH� WUHDWPHQW� RSWLRQV�� 6XEVHTXHQWO\�� ZULWWHQ� LQIRUPHG�

FRQVHQW�ZDV�REWDLQHG�EHIRUH�SDUWLFLSDWLRQ�LQ�WKH�VWXG\� 



 

 

ヮ 

 

2. 6DPSOH�VL]H�GHWHUPLQDWLRQ�DQG�UDQGRPL]DWLRQ 

$OO�LQYHVWLJDWRUV�DQG�SDUWLFLSDQWV�ZHUH�EOLQGHG�WR�SDWLHQW�GLVWULEXWLRQ��:H�SRVWXODWHG�WKDW�

SXOSRWRP\�ZLWK�(QGRFHP�07$�3UHPL[HG�ZRXOG�QRW�EH�LQIHULRU�WR�WKDW�ZLWK�3UR5RRW�07$��

3XOSRWRP\�ZLWK�FDOFLXP�K\GUR[LGH�VKRZHG�D�PHDQ�����ORZHU�VXFFHVV�UDWH�FRPSDUHG�WR�

WKDW� ZLWK� K\GUDXOLF� VLOLFDWH� FHPHQWV� �+6&V��� 7KH� VXFFHVV� UDWH� RI� WKH� FRQWURO� JURXS� LV�

JHQHUDOO\�FRQVLGHUHG�WR�EH�!�����7KHUHIRUH��ZH�VHW�D�VXFFHVV�UDWH�RI�����WR�����RI�í�����

L�H���í����WR������DV�WKH�QRQ�LQIHULRULW\�PDUJLQ��)XUWKHU�����SDWLHQWV�SHU�WUHDWPHQW�JURXS�

ZHUH�HVWLPDWHG�WR�SURYLGH�DQ�����SRZHU�WR�GHWHFW�D�QRQ�LQIHULRULW\�PDUJLQ�RI�í�����XVLQJ�

D�RQH�VLGHG�Į�RI�������DVVXPLQJ�D�����GURSRXW�UDWH� 

$�FOLQLFDO�FRRUGLQDWRU�EOLQGHG�WR�WKH�VWXG\�REMHFWLYHV�FUHDWHG�D�FRPSXWHU�JHQHUDWHG�OLVW�RI�

UDQGRP�QXPEHUV�XVLQJ�WKH�6HDOHG�(QYHORSH�ZHEVLWH��KWWSV���ZZZ�VHDOHGHQYHORSH�FRP���LQ�

D�VWDJH���DOORFDWLRQ�XVLQJ�UDQGRP�EORFN�VL]HV�RI����7KH�FOLQLFDO�FRRUGLQDWRU�DVVLJQHG�WKH�

LQYROYHG� SHUPDQHQW� WHHWK� WR� RQH� RI� WKH� WZR� JURXSV�� 3UR5RRW�07$� RU� (QGRFHP�07$�

3UHPL[HG� 

 

3. 7UHDWPHQW�SURFHGXUH 

6L[�GHQWLVWV��LQFOXGLQJ�ILYH�SRVWJUDGXDWH�UHVLGHQWV�DQG�RQH�IDFXOW\��IURP�WKH�<8'+�DQG�

RQH�SRVWJUDGXDWH�UHVLGHQW�DQG�RQH�IDFXOW\�IURP�WKH�1+,,+�SHUIRUPHG�WKH�SURFHGXUHV��  

/RFDO�DQHVWKHVLD�ZDV�LQGXFHG�ZLWK�����P/�RI����OLGRFDLQH�ZLWK����������HSLQHSKULQH�



 

 

ワ 

 

�+XRQV��6XQJQDP��.RUHD���DQG�FDULHV�UHPRYDO�ZDV�SHUIRUPHG�XQGHU�UXEEHU�GDP�LVRODWLRQ�

�)LJXUH��E���E���$IWHU�SXOS�H[SRVXUH���±��PP�RI�SXOS�ZDV�UHPRYHG�ZLWK�D�VWHULOH�KLJK�

VSHHG� URXQG�� WDSHUHG� GLDPRQG� EXU� �.RPHW� 'HQWDO�� *HEU�� %UDVVHOHU�� /HPJR�� *HUPDQ\��

XQGHU� D� ZDWHU� FRRODQW� WR� D� GHSWK� RI� �� PP� �SDUWLDO� SXOSRWRP\�� )LJXUH� �F�� �F���:KHQ�

KHPRVWDVLV�FRXOG�QRW�EH�DFKLHYHG�ZLWKLQ���PLQ��WKH�SXOS�WLVVXH�ZDV�DPSXWDWHG�WR�WKH�OHYHO�

RI�WKH�URRW�FDQDO�RULILFHV��FRPSOHWH�SXOSRWRP\���6XEVHTXHQWO\��WKH�FDYLW\�ZDV�WKRURXJKO\�

ZDVKHG�ZLWK����1D2&O��$IWHU�DFKLHYLQJ�KHPRVWDVLV��WKH�UDQGRPO\�FKRVHQ�FDOFLXP�VLOLFDWH�

PDWHULDO�ZDV�DSSOLHG��,Q�WKH�3UR5RRW�07$�JURXS��07$�ZDV�IUHVKO\�PL[HG�IROORZLQJ�WKH�

PDQXIDFWXUHUV¶� LQVWUXFWLRQV� DQG� JHQWO\� SODFHG� RYHU� WKH� SXOS�ZRXQG� DQG� LWV� VXUURXQGLQJ�

GHQWLQ�ZLWK�D�WKLFNQHVV�RI���PP�DV�WKH�LQIODPHG�FRURQDO�SXOS�GHSWK�EHQHDWK�WKH�H[SRVXUH�

�)LJXUH��G��������,Q�WKH�(QGRFHP�07$�3UHPL[HG�JURXS��WKH�PDWHULDO�ZDV�LQWURGXFHG�LQ�WKH�

WDUJHW� DUHD� GLUHFWO\� XVLQJ� D� ���JDXJH� QHHGOH� ZLWK� WKH� VDPH� WKLFNQHVV� �)LJXUH� �G���

6XEVHTXHQWO\��D�PRLVW�FRWWRQ�SHOOHW�ZDV�SODFHG�WR�HQVXUH�WKH�VHWWLQJ�RI�ERWK�PDWHULDOV�DQG�

UHPRYHG� DIWHU� �� PLQ��$� WKLQ� OD\HU� RI� WKH� OLJKW�FXULQJ� JODVV� LRQRPHU� FRPSRVLWH� OLQHU�

�,RQRVHDO��92&2�*PE+��*HUPDQ\��ZDV�DSSOLHG�RQ�WKH�PDWHULDO��DQG�FXULQJ�ZDV�SHUIRUPHG�

IRU����V��7KH�FDYLW\�ZDV�UHVWRUHG�ZLWK�FRPSRVLWH�UHVWRUDWLRQ�GXULQJ�WKH�VDPH�YLVLW��)LJXUH�

�H���H���:KHQ�SURVWKHWLF�UHVWRUDWLRQ�ZDV�UHTXLUHG��LW�ZDV�FRPPHQFHG�GXULQJ�WKH�QH[W�YLVLW�

�)LJXUH��I���I���$Q�LPPHGLDWH�SRVWRSHUDWLYH�SHULDSLFDO�UDGLRJUDSK�ZDV�WDNHQ� 

 

 



 

 

ヰ 

 

7DEOH����'HWDLOHG�LQIRUPDWLRQ�RI�WKH�WHVWHG�OLQHU�LQ�WKLV�VWXG\ 

 

 

)LJXUH����/LJKW�FXULQJ�JODVV�LRQRPHU�FRPSRVLWH�OLQHU��,RQRVHDO��92&2�*PE+��*HUPDQ\� 

�
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)LJXUH� ��� 3DUWLDO� SXOSRWRP\� FOLQLFDO� SURWRFRO�� �D�� 3UHRSHUDWLYH� FOLQLFDO� SKRWRJUDSKV�� �E��

3XOS�H[SRVXUH�DIWHU�QRQ�VHOHFWLYH�FDULHV�UHPRYDO��UHG�DUURZ����F��+HPRVWDVLV�DFKLHYHG�DIWHU�

VHYHUDO�PLQXWHV� E\� SODFLQJ� D� FRWWRQ� SHOOHW� VRDNHG� LQ� �����1D2&O�� SUHVVHG� DJDLQVW� WKH�

H[SRVHG�SXOS�WLVVXH���G��3UR5RRW�07$�XVHG�WR�UHVWRUH�WKH�H[SRVHG�SXOS���H��&DYLW\�UHVWRUHG�

ZLWK�,RQRVHDO�DQG�&RPSRVLWH�UHVLQ�UHVWRUDWLRQ���I��)XOO�]LUFRQLD�FURZQ�ILQDO�VHWWLQJ� 



 

 

ラヨ 

 

�

)LJXUH����3DUWLDO�SXOSRWRP\�FOLQLFDO�SURWRFRO���D��3UHRSHUDWLYH�FOLQLFDO�SKRWRJUDSK���E��3XOS�

H[SRVXUH� DIWHU� QRQ�VHOHFWLYH� FDULHV� UHPRYDO� �UHG� DUURZ��� �F��+HPRVWDVLV� DFKLHYHG� DIWHU�

VHYHUDO�PLQXWHV� E\� SODFLQJ� D� FRWWRQ� SHOOHW� VRDNHG� LQ� �����1D2&O�� SUHVVHG� DJDLQVW� WKH�

H[SRVHG� SXOS� WLVVXH�� �G�� (QGRFHP�07$� XVHG� WR� UHVWRUH� WKH� H[SRVHG� SXOS�� �H�� &DYLW\�

UHVWRUHG�ZLWK�,RQRVHDO�DQG�&RPSRVLWH�UHVLQ�UHVWRUDWLRQ���I��&HUDPLF�LQOD\�VHWWLQJ� 

 

� 7KH�SDUWLFLSDQWV�ZHUH�UHFDOOHG�DIWHU�������DQG����PRQWKV�DIWHU�SXOSRWRP\��DQG�UDGLRJUDSKLF�

DQG� FOLQLFDO� H[DPLQDWLRQV� RI� WKH� WUHDWHG� WRRWK� ZHUH� SHUIRUPHG�� &OLQLFDO� H[DPLQDWLRQ�

LQFOXGHG�WKH�SUHVHQFH�DEVHQFH�RI�SDLQ��VSRQWDQHRXV�RU�RQ�SHUFXVVLRQ��ELWLQJ��RU�SDOSDWLRQ���
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VZHOOLQJ��VLQXV�WUDFW�IRUPDWLRQ��DQG�RWKHU�V\PSWRPV��5DGLRJUDSKLF�H[DPLQDWLRQ�LQFOXGHG�

WKH�GHWHFWLRQ�RI�SHULDSLFDO�UDGLROXFHQF\�DQG�VLJQV�RI�SDWKRORJLFDO�URRW�UHVRUSWLRQ�DQG�KDUG�

WLVVXH� EDUULHU� IRUPDWLRQ�� H[FHSW� LQ� FDVHV� RI� H[WUDFRURQDO� UHVWRUDWLRQ�� 7KH� VXFFHVV� RI�

SXOSRWRP\�ZDV�GHWHUPLQHG�E\�WKH�DEVHQFH�RI�FOLQLFDO�DQG�UDGLRJUDSKLF�VLJQV�DQG�V\PSWRPV��

7ZR�RSHUDWRUV�EOLQGHG�WR�WKH�W\SH�RI�07$�SHUIRUPHG�UDGLRJUDSKLF�DQDO\VHV��&OHDUO\�YLVLEOH�

FDOFLILF�EULGJH�IRUPDWLRQ�ZDV� UHJDUGHG�DV�VXFFHVV��ZKHUHDV� LWV�DEVHQFH�ZDV�UHJDUGHG�DV�

IDLOXUH��  

 

4. 6WDWLVWLFDO�DQDO\VLV 

� 7KH�FKL�VTXDUHG�WHVW�ZDV�SHUIRUPHG�WR�DVVHVV�WKH�KRPRJHQHLW\�RI�EDVHOLQH�FKDUDFWHULVWLFV�

RI� WKH� WZR� WUHDWPHQW� JURXSV�� 7KH� UHODWLRQVKLSV� RI� SRVVLEOH� H[SODQDWRU\� YDULDEOHV� ZLWK�

WUHDWPHQW� VXFFHVV� DQG� KDUG� WLVVXH� IRUPDWLRQ� ZHUH� DQDO\]HG� XVLQJ� ORJLVWLF� UHJUHVVLRQ��

6WDWLVWLFDO�DQDO\VHV�ZHUH�SHUIRUPHG�XVLQJ�6366�VRIWZDUH�YHUVLRQ�������,%0�6366�,QF���

&KLFDJR��,/��86$�� 

 

III. 5HVXOWV�  

Enrolled a total of 87 teeth, including 64 teeth from YUDH and 23 teeth from NHIIH. 

Four patients (four teeth) refused to participate after the allocated procedure; therefore, 83 

teeth were finally included. Four patients, including three in the ProRoot MTA group and 



 

 

ラリ 

 

one in the Endocem MTA Premixed group, experienced severe pain within 6 months after 

the pulpotomy procedure and underwent root canal treatment (Figure 6). These four cases 

were considered to show treatment failure. Table 3 shows the clinical and radiographic 

findings of these patients. Five teeth, including two with secondary caries, one with trauma, 

one with root fracture, and one with extraction due to orthodontic treatment, were excluded 

during the follow-up. Seven patients were lost to follow-up. Finally, 71 teeth, including 37 

in the ProRoot MTA group and 34 in the Endocem MTA Premixed group, were clinically 

and radiographically assessed at 1 year (Figure 4). This resulted in an overall recall rate of 

91.0%. The chi-square test revealed that demographic variables, such as sex and age group, 

and clinical variables, such as the types of teeth, exposure, and pulpotomy, were similarly 

distributed among the experimental groups (Table 4, p > 0.05). 
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)LJXUH����)ORZFKDUW�RI�SDWLHQW�VHOHFWLRQ�IRU�SDUWLDO�SXOSRWRP\�ZLWK�WZR�PDWHULDOV 
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Figure 6.  Failure cases of the study because of severe pain. (a,g) Preoperative view of 

the maxillary left second molar with a deep carious lesion. (b) Pulp exposure after non-

selective caries removal. (c) Hemostasis achieved after several minutes by placing a cotton 
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pellet soaked in 2.5% NaOCl, pressed against the exposed pulp tissue. (d) Endocem MTA 

Premixed used to restore the exposed pulp. (e) Exposure site restored with a light-curing 

glass ionomer composite liner (Ionoseal, VOCO GmbH, Germany). (f) Cavity restored 

with composite resin. (h) Postoperative periapical view of the maxillary left second molar. 

(i) Same tooth in Figure h treated endodontically and restored with composite resin at the 

6-month follow-up. 

 

7DEOH����&KDUDFWHULVWLFV�RI�IDLOXUH�FDVHV�GXULQJ�WKH�IROORZ�XS�RI�SDUWLDO�SXOSRWRP\� �  
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Table 4. Baseline demographic and clinical features of all patients by treatment group 
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Table 5. Chi-square test and logistic regression results of the success rate of pulpotomy 

at the 1-year follow-up (n = 71) 
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Four clinical failures were determined within 6 months after the treatment (Table 3). At 

the 1-year follow-up, no case exhibited clinical or radiographic signs or symptoms of 

failure. Therefore, the overall success rate of pulpotomy was 93.9% in the ProRoot MTA 

group and 97.1% in the Endocem MTA Premixed group. Full pulpotomy was performed 

in 17 teeth, including seven in the ProRoot MTA group and 10 in the Endocem MTA 

Premixed group, and partial pulpotomy was performed in 54 teeth. The success rates of 

pulpotomies with ProRoot MTA and Endocem MTA Premixed were 94.1%, and 94.4%, 

respectively. The site of exposure was analyzed only in cases of partial pulpotomy. The 

success rates of occlusal and axial exposures were 91.7% and 95.2%, respectively, 

showing no significant difference (p > 0.05). The probability of calcific bridge formation 

was 3.75 times higher in the case of occlusal exposure than in the case of axial exposure 

(Table 6). None of the independent variables, including the type of materials, 

significantly influenced the success rate of pulpotomy (Table 5, p > 0.05). Because of 

extracoronal restoration, evaluating hard tissue formation was not possible in four cases, 

including two cases in the ProRoot MTA group and two cases in the Endocem MTA 

Premixed group. Hard tissue barrier was formed in six (16.2%) cases in the ProRoot 

MTA group and 10 (29.4%) cases in the Endocem MTA Premixed group (Figure 7), 

showing no significant difference in the exposure site in the logistic regression analysis or 

chi-square test (Table 6, p > 0.05).  
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)LJXUH� ��� 5DGLRJUDSKLF� HYDOXDWLRQ� RI� FDOFLILF� EULGJH� IRUPDWLRQ�� �D�E�� &DOFLILF� EULGJH�

IRUPDWLRQ��ZKLWH�DUURZ��LQ�WKH�PD[LOODU\�ULJKW�VHFRQG�SUHPRODU��(QGRFHP�07$�3UHPL[HG��

�F�G��&DOFLILF�EULGJH�IRUPDWLRQ��ZKLWH�DUURZ�� LQ�WKH�PD[LOODU\� ULJKW�ILUVW�PRODU��3UR5RRW�

07$�� �H�I��&DOFLILF� EULGJH� IRUPDWLRQ� �ZKLWH� DUURZ�� LQ� WKH�PD[LOODU\� OHIW� VHFRQG�PRODU��
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(QGRFHP�07$�3UHPL[HG� 

7DEOH����&KL�VTXDUH�WHVW�DQG�ORJLVWLF�UHJUHVVLRQ�DQDO\VLV�UHVXOWV�RI�KDUG�WLVVXH�IRUPDWLRQ�DW�

WKH���\HDU�IROORZ�XS�DIWHU�SDUWLDO�SXOSRWRP\��Q� ���� 

 

<8'+� DQG�1+,,+� KDG� ��� DQG� ��� FDVHV�� UHVSHFWLYHO\�� DQG� DOO� IDLOXUH� FDVHV� ZHUH� IURP�

<8'+��$W� 1+,,+�� RFFOXVDO� H[SRVXUH� RFFXUUHG� RQO\� LQ� RQH� FDVH�� DQG� D[LDO� H[SRVXUH�

RFFXUUHG� LQ� WKH� UHPDLQLQJ����FDVHV�� ,Q� DGGLWLRQ�� DOO� FDVHV�XQGHUZHQW� SDUWLDO�SXOSRWRP\��
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ZKHUHDV�QR�FDVH�XQGHUZHQW�IXOO�SXOSRWRP\��VKRZLQJ�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�FKL�

VTXDUH�WHVW��7DEOH���� 
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7DEOH����%DVHOLQH�GHPRJUDSKLF�DQG�FOLQLFDO�IHDWXUHV�RI�SDWLHQWV�IURP�<8'+��Q� �����DQG�

1+,,+��Q� �����  
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IV. 'LVFXVVLRQ�  

7KH�VXFFHVV�UDWH�RI�YLWDO�SXOS�WKHUDS\�LV�KLJK��UHJDUGOHVV�RI�SXOSRWRP\�EHLQJ�SDUWLDO�RU�

IXOO��,Q�DGGLWLRQ��WKH�VXFFHVV�UDWH�RI�3UR5RRW�07$��WKH�JROG�VWDQGDUG�PDWHULDO�IRU�YLWDO�SXOS�

WKHUDS\��LV�KLJKHU�WKDQ�WKDW�RI�RWKHU�PDWHULDOV�������&OLQLFLDQV�RIWHQ�IDFH�WKH�GLOHPPD�RI�

ZKLFK�PDWHULDO�LV�EHWWHU�IRU�D�FOLQLFDO�FDVH��$OO�FDOFLXP�VLOLFDWH�VXEVWDQFHV��H[FHSW�WKH�UHVLQ�

FRQWDLQLQJ�DJHQW��KDYH�VLPLODU�ELRORJLFDO�DQG�KLVWRORJLFDO�UHVSRQVHV�DV�3UR5RRW�07$������

�����+RZHYHU�� UDQGRPL]HG� FRQWUROOHG� WULDOV� RI� WKH� FRPPRQO\� XVHG�PDWHULDOV� KDYH� EHHQ�

OLPLWHG��7KHUHIRUH��WKLV�VWXG\�ZDV�DLPHG�DW�HYDOXDWLQJ�WKH�FOLQLFDO�DQG�UDGLRJUDSKLF�UHVXOWV�

RI�SXOSRWRP\�E\�FRPSDULQJ�WKH�FRPPRQO\�XVHG�FDOFLXP�VLOLFDWH�VXEVWDQFHV�ZLWK�WKH�JROG�

VWDQGDUG�07$� 

 

8QOLNH�3UR5RRW�07$��(QGRFHP�07$�3UHPL[HG�LV�GHOLYHUHG�YLD�D�V\ULQJH�DQG�KDV�WKH�

DGYDQWDJH�RI�QR�HUURU�LQ�WKH�PL[LQJ�UDWLR��$FFRUGLQJ�WR�WKH�PDQXIDFWXUHU��WKH�VHWWLQJ�WLPH�

RI�WKH�(QGRFHP�07$�3UHPL[HG�LV���PLQXWHV��ZKLFK�LV�VKRUWHU�WKDQ�WKDW�RI�3UR5RRW�07$��

DQG�DGYDQWDJHRXV�IRU�D�VLQJOH�YLVLW�WUHDWPHQW��0RUHRYHU��WKH�SK\OORVLOLFDWH�LQJUHGLHQW�LQ�WKH�

SURGXFW� LV� PRUH� DGYDQWDJHRXV� IRU� EOHHGLQJ� FRQWURO� RZLQJ� WR� KHPRVWDWLF� DFWLRQ� ������

+RZHYHU��QR�VWXGLHV�RQ�(QGRFHP�07$�3UHPL[HG�KDYH�VXSSRUWHG�WKHVH�FODLPV� 

 

7KLV� VWXG\�GLIIHUHG� IURP�RWKHU� VWXGLHV� LQ� WKDW�SXOSRWRP\�ZLWK�3UR5RRW�07$�ZDV�DOVR�
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FRQGXFWHG�LQ�D�VLQJOH�YLVLW��:DVKRXW�RI�07$�ZDV�SUHYHQWHG�E\�XVLQJ�WKH�OLJKW�FXULQJ�JODVV�

LRQRPHU� FRPSRVLWH� OLQHU�� DQG� ILQDO� UHVWRUDWLRQ� ZDV� SHUIRUPHG�� +RZHYHU�� QR� VWXG\� KDV�

LQYHVWLJDWHG�KRZ�XVLQJ�WKH�OLJKW�FXULQJ�JODVV�LRQRPHU�FRPSRVLWH�OLQHU�EHIRUH�WKH�VHWWLQJ�RI�

3UR5RRW�07$�FDXVHV�WKH�LQWHUDFWLRQ�EHWZHHQ�HDFK�PDWHULDO��,Q�DGGLWLRQ��WKH�IDLOXUH�RI�07$�

VHWWLQJ�GXH�WR�ZDVKRXW�RU�PRLVWXUH�FRQWDPLQDWLRQ�RI�07$�FRXOG�QRW�EH�FRQILUPHG�GXULQJ�

WKH�ERQGLQJ�SURFHVV�IRU�WKH�ILQDO�UHVWRUDWLRQ�LPPHGLDWHO\�DIWHU�VHDOLQJ�ZLWK�WKH�OLJKW�FXULQJ�

JODVV�LRQRPHU�FRPSRVLWH�OLQHU��  

 

0DQ\� IDFWRUV� LQIOXHQFH� WKH� RXWFRPH� RI� SDUWLDO� SXOSRWRP\�� (DUO\� IDLOXUH� LV� FRPPRQO\�

DVVRFLDWHG�ZLWK�VSRQWDQHRXV�SDLQ�GXH�WR�LQIODPPDWRU\�SURFHVVHV�����������,Q�WKH�SUHVHQW�

VWXG\��DOO�IDLOXUHV�RFFXUUHG�ZLWKLQ���PRQWKV�RI�IROORZ�XS��ZLWK�RQH�FDVH�RI�IDLOXUH�RFFXUULQJ�

ZLWKLQ���GD\V�DIWHU�SDUWLDO�SXOSRWRP\�DQG�URRW�FDQDO�WUHDWPHQW��3UHRSHUDWLYH�SXOS�VWDWXV�LV�

D�VLJQLILFDQW�IDFWRU�WKDW�FDXVHV�HDUO\�IDLOXUH��$OWKRXJK�DOO�FDVHV�LQFOXGHG�LQ�WKLV�VWXG\�DUH�

UHYHUVLEOH�SXOSLWLV�RU�QRUPDO�SXOS�VWDWH��WKH�UHDVRQ�ZK\�DOO�IDLOXUH�FDVHV�DUH�HDUO\�IDLOXUH�

PD\�KDYH�PLVGLDJQRVHG�WKH�VWDWXV�RI�SXOS��$GGLWLRQDOO\��WR�SUHYHQW�HDUO\�IDLOXUH�RI�SDUWLDO�

SXOSRWRP\��WLJKW�VHDOLQJ�VKRXOG�EH�DFKLHYHG�VXFK�WKDW�WKH�PDWHULDO�FRYHULQJ�WKH�SXOS�GRHV�

QRW�OHDN�������,Q�WKLV�VWXG\��WKH�SXOSRWRP\�VXFFHVV�UDWH�GLG�QRW�GLIIHU�VLJQLILFDQWO\�EHWZHHQ�

RFFOXVDO�DQG�D[LDO�H[SRVXUHV��7KLV�ZDV�EHFDXVH�WKH�RFFXUUHQFH�RI�VHFRQGDU\�GHQWDO�FDULHV�

EHIRUH�WKH�IDLOXUH�RI�SDUWLDO�SXOSRWRP\�ZDV�FRQVLGHUHG�³GURSRXW�´�:KHQ�UHVWRUDWLRQ�ZDV�

LPSURSHUO\�SHUIRUPHG��WKH�HIIHFW�RI�PDUJLQDO�OHDNDJH�ZDV�PLQLPL]HG�EHFDXVH�RI�GURSRXW��



 

 

リロ 

 

'HOD\HG�ODWH�IDLOXUH�LV�FDXVHG�E\�ODFN�RI�QHZ�KDUG�WLVVXH�IRUPDWLRQ�RU�WKH�QHZO\�IRUPHG�

KDUG�WLVVXH�QRW�DFWLQJ�DV�D�SURWHFWLYH�EDUULHU�DJDLQVW�EDFWHULDO�PLFUROHDNDJH�������,W�RFFXUV�

QHDU� WKH� FORVHG� DUHD� RI� ELRDFWLYH� VXEVWDQFHV� WKDW� FRQWDFW� WKH� SXOSDO� WLVVXH�� &RQWLQXRXV�

GHSRVLWLRQ�RI�KDUG� WLVVXHV�FDQ� OHDG� WR�FDQDO�QDUURZLQJ�DQG�REOLWHUDWLRQ� LQ�VHYHUDO�FDVHV��

5DGLRJUDSKLF�HYDOXDWLRQ�FRQGXFWHG�LQ�WKLV�VWXG\�ZDV�OLPLWHG�E\�LQYHVWLJDWRU¶V�VXEMHFWLYLW\��

LQKHUHQW� OLPLWDWLRQV� RI� SHULDSLFDO� UDGLRJUDSKV�� DQG� WKH� ILQDO� UHVWRUDWLRQ� QRW� VKRZLQJ�

SHULDSLFDO�UDGLROXFHQF\��%LRORJLFDO�PHFKDQLVPV�XQGHUO\LQJ�WKH�YDULDEOH�UHVSRQVH�RI�SXOS�

WLVVXHV�IRU�WKHVH�ELRPDWHULDOV�UHPDLQ�SRRUO\�XQGHUVWRRG��DQG�IXUWKHU�UHVHDUFK�LV�UHTXLUHG��

)XWXUH�VWXGLHV�VKRXOG�HYDOXDWH�WKH�SURJUHVVLRQ�RI�WKH�KDUG�WLVVXH�EDUULHU�RYHU�ORQJHU�WLPH�

SHULRGV�XVLQJ�WKH�ODWHVW�WHFKQLTXHV��VXFK�DV�FRQH�EHDP�FRPSXWHG�WRPRJUDSK\��IRU�LQFUHDVHG�

DFFXUDF\� 

 

+DUG� WLVVXH� IRUPDWLRQ� UDWH�RI� D[LDO� H[SRVXUH� DQG�RFFOXVDO� H[SRVXUH� DUH��������������

UHVSHFWLYHO\��$OVR�7KH�SUREDELOLW\�RI�KDUG�WLVVXH�IRUPDWLRQ�DFFRUGLQJ�WR�WKH�VLWH�RI�H[SRVXUH�

ZDV������WLPHV�KLJKHU�WKDQ�WKH�$[LDO�H[SRVXUH��$OWKRXJK�WKHUH�ZDV�QR�VWDWLVWLFDO�VLJQLILFDQW��

VHWWLQJ�RI�07$�LV�FRQVLGHUHG�WR�DIIHFW�KDUG�WLVVXH�IRUPDWLRQ��'XH�WR�GLIILFXOWLHV�RI�FDYLW\�

VHDOLQJ�DQG�LVRODWLRQ��VHWWLQJ�RI�07$�LV�PRUH�GLIILFXOW�LQ�D[LDO�H[SRVXUH�WKDQ�LQ�RFFOXVDO�

H[SRVXUH��7KHUHIRUH��KDUG�WLVVXH�IRUPDWLRQ�LV�PRUH�DGYDQWDJHRXV�LQ�RFFOXVDO�H[SRVXUH�WKDQ�

LQ�D[LDO�H[SRVXUH��7KH�SUREDELOLWLHV�RI�KDUG�WLVVXH�IRUPDWLRQ�DFFRUGLQJ�WR�WKH�W\SH�RI�WRRWK��

DUFK�� DQG� W\SH� RI�+6&�ZHUH� ������ ������ DQG� ����� WLPHV� KLJKHU� WKDQ� WKH� GHIDXOW� YDOXHV��



 

 

リヮ 

 

UHVSHFWLYHO\��DOWKRXJK�ZLWKRXW�VWDWLVWLFDO�VLJQLILFDQFH��,Q�WKH�IXWXUH��PRUH�GHWDLOHG�DQDO\VHV�

RI�ZKHWKHU�RU�QRW�WKH�W\SH�RI�WRRWK��DUFK��DQG�W\SH�RI�+6&�DUH�LQIOXHQFLQJ�IDFWRUV�VKRXOG�

EH�HYDOXDWHG�XVLQJ�PRUH�VDPSOHV� 

$OWKRXJK�ZH�HYDOXDWHG�VHYHUDO�SRWHQWLDO�SURJQRVWLF�IDFWRUV�� LQFOXGLQJ�DJH��VH[��W\SH�RI�

WRRWK�� DUFK�� W\SH� RI� 07$�� VLWH� RI� H[SRVXUH�� DQG� W\SH� RI� SXOSRWRP\�� QRQH� RI� WKHP�

VLJQLILFDQWO\�DIIHFWHG�WKH�VXUYLYDO�UDWH��&RQVLVWHQWO\��D�PHWD�DQDO\VLV�RI�SDUWLDO�SXOSRWRP\�

VKRZHG�WKDW� WKH� ILQDO� UHVWRUDWLRQ��SXOS�FDSSLQJ�PDWHULDO�� RU�DJH�GLG�QRW�DIIHFW� WUHDWPHQW�

RXWFRPHV�������,Q�WKLV�PHWD�UHJUHVVLRQ�DQDO\VLV��WKH�RQO\�YDULDEOH�VLJQLILFDQWO\�DVVRFLDWHG�

ZLWK�WKH�VXFFHVV�UDWH�DW�WKH���\HDU�IROORZ�XS�ZDV�WKH�SUHRSHUDWLYH�SXOS�VWDWXV�������7KLV�

ZDV�D�UDQGRPL]HG�FRQWUROOHG�WULDO�LQYROYLQJ�SDWLHQWV�VFUHHQHG�EDVHG�RQ�WKH�LQGLFDWLRQ�RI�

SDUWLDO�SXOSRWRP\��7KXV��FDVHV�RI�LQDGHTXDWH�SXOS�VWDWXV�ZHUH�H[FOXGHG��<RXQJ�SDWLHQW�DJH�

PD\�EH�DVVRFLDWHG�ZLWK�D�KLJK�VXFFHVV�UDWH��+RZHYHU��WKH�GHILQLWLRQV�RI�³\RXQJ´�DQG�³ROG´�

YDU\��,Q�WKLV�VWXG\��DJH�JURXSV�ZHUH�GLYLGHG�EDVHG�RQ�D�WKUHVKROG�RI����\HDUV��FRQVLGHULQJ�

WKDW�WKH�VWXG\�SDUWLFLSDQWV�ZHUH�DJHG�EHWZHHQ����DQG����\HDUV�DQG�WKDW�WKH�DYHUDJH�DJH�ZDV�

����� �� ����� \HDUV��7KHVH� DJH� JURXSV� VKRZHG� QR� VLJQLILFDQW� GLIIHUHQFHV��7KHUHIRUH�� DJH�

JURXSV�ZHUH�FODVVLILHG�DV��������±������±����DQG�!���\HDUV�IRU�GHWDLOHG�DQDO\VHV��)URP�WKH�

UHVXOWV�RI�WKLV�VWXG\��ZH�FDQQRW�FRQFOXGH�WKDW�WKH�VXFFHVV�UDWH�ZDV�KLJKHU�LQ�\RXQJ�SDWLHQWV��

EHFDXVH�WZR�FDVHV��L�H���KDOI�RI�WKH�IRXU�IDLOHG�FDVHV��RFFXUUHG�LQ�SDWLHQWV�LQ�WKHLU���V�DQG�

��V��+RZHYHU��DJH�GLG�QRW�DIIHFW�WKH�VXFFHVV�UDWH�LQ�WKLV�VWXG\�VLJQLILFDQWO\��S  ��������DQG�

SDWLHQWV� LQ� WKH�ZLGH� DJH� UDQJH� RI� ��� WR� ��� \HDUV�ZHUH� WUHDWHG� VXFFHVVIXOO\�ZLWK� SDUWLDO�



 

 

リワ 

 

SXOSRWRP\� 

7KLV�VWXG\�KDV�VHYHUDO�OLPLWDWLRQV��)LUVW��HLJKW�WHFKQLFLDQV�SDUWLFLSDWHG�LQ�WKH�UDQGRPL]HG�

FRQWUROOHG� WULDO�� DQG� GLIIHUHQFHV� LQ� UHVXOWV� PD\� KDYH� UHVXOWHG� IURP� GLIIHUHQFHV� LQ� WKHLU�

SURILFLHQF\��$OWKRXJK�WKH\�DUH�HQGRGRQWLF�VSHFLDOLVWV��HUURUV�PD\�KDYH�RFFXUUHG�LQ�UHVXOWV�

EHFDXVH�RI�GLIIHUHQFHV�LQ�SURILFLHQF\��6HFRQG��WKH�IROORZ�XS�GXUDWLRQ�LQ�WKLV�VWXG\�ZDV���

\HDU�� ,Q� D� UHFHQW� VWXG\�� WKH� IDFWRU� FDXVLQJ� IDLOXUH� GXULQJ� WKH� ORQJ�WHUP� IROORZ�XS� ZDV�

EDFWHULDO�PLFUROHDNDJH�GXH�WR�WKH�DEVHQFH�RI�D�FDOFLILF�EDUULHU�������7KH�DYHUDJH�WLPH�WR�

FDOFLILF� EDUULHU� IRUPDWLRQ�ZDV� �����PRQWKV�� DQG� WKH� SUHVHQFH� RI� D� FDOFLILF� EDUULHU� ZDV�

FRQILUPHG�LQ�����RI�WKH�FDVHV��,Q�WKLV�VWXG\��WKH�SUHVHQFH�RI�D�FDOFLILF�EDUULHU�ZDV�FRQILUPHG�

RQO\�LQ������������FDVHV��SRVVLEO\�EHFDXVH�RI�D�VKRUW�IROORZ�XS�RI���\HDU��&DOFLILF�EDUULHU�

IRUPDWLRQ� RI� 3UR5RRW� 07$� DQG� (QGRFHP�07$� ZHUH� ������� DQG� ������ UHVSHFWLYHO\��

$OWKRXJK�WKHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH��(QGRFHP�07$�KDV�KLJKHU�FDOFLILF�EDUULHU�

IRUPDWLRQ�� '062�� D� FKDUDFWHULVWLF� FRPSRQHQW� RI� (QGRFHP�07$�� H[KLELWV� KHPRVWDWLF�

DFWLRQ�ZKHQ�LQ�FRQWDFW�ZLWK�WLVVXH��+HPRVWDWLF�DFWLRQ�PD\�KDYH�SURPRWHG�IDVWHU�FDOFLILF�

EDUULHU�IRUPDWLRQ�E\�IL[LQJ�QRW�RQO\�WKH�FRQWDFWHG�SXOS�VXUIDFH�EXW�DOVR�LQVLGH�SXOS�VSDFH��

+LVWRORJLFDO� DQDO\VLV� LV� H[SHFWHG� WR� EH� QHFHVVDU\� IRU� WKH� DFFXUDWH� HYDOXDWLRQ� RI� WKLV�

K\SRWKHVLV��/RQJ�WHUP�IROORZ�XSV�DUH�UHTXLUHG�WR�SUHYHQW�EDFWHULDO�PLFUROHDNDJH�WKURXJK�

WKH�IRUPDWLRQ�RI�D�FDOFLILF�EDUULHU�DQG�3UR5RRW�07$��ZKLFK�LV�WKH�JROG�VWDQGDUG�PDWHULDO��

,Q� DGGLWLRQ�� FDOFLILF� EDUULHU� IRUPDWLRQ� PD\� EH� MXGJHG� GLIIHUHQWO\� GHSHQGLQJ� RQ� WKH�

VXEMHFWLYLW\�RI�WKH�LQYHVWLJDWRU�RU�DQJOH�RI�WKH�UDGLRJUDSKLF�YLHZ��)RU�DQ�DFFXUDWH�HYDOXDWLRQ��



 

 

リヰ 

 

D�ELWHZLQJ� UDGLRJUDSK� DQG� WKUHH�GLPHQVLRQDO� UHFRQVWUXFWLRQ�XVLQJ�FRQH�EHDP�FRPSXWHG�

WRPRJUDSK\�DUH�QHFHVVDU\� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

リヱ 

 

V. &RQFOXVLRQ 

7KH����PRQWKV�VXFFHVV�UDWH�DQG�KDUG�WLVVXH�EDUULHU�IRUPDWLRQ�RI�3XOSRWRP\�GLG�QRW�GLIIHU�

VLJQLILFDQWO\�EHWZHHQ�3UR5RRW�07$�DQG�(QGRFHP�07$�SUHPL[HG� 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

ルヨ 

 

VI. 5HIHUHQFHV�  

�� &DUHGGX� 5�� 'XQFDQ� +)�� $� SURVSHFWLYH� FOLQLFDO� VWXG\� LQYHVWLJDWLQJ� WKH�

HIIHFWLYHQHVV� RI� SDUWLDO� SXOSRWRP\� DIWHU� UHODWLQJ� SUHRSHUDWLYH� V\PSWRPV� WR� D� QHZ� DQG�

HVWDEOLVKHG�FODVVLILFDWLRQ�RI�SXOSLWLV��,QW�(QGRG�-������������������� 

�� 5DPDQL�$�� 6DQJZDQ� 3�� 7HZDUL� 6�� 'XKDQ� -�� 0LWWDO� 6�� .XPDU�9�� &RPSDUDWLYH�

HYDOXDWLRQ�RI�FRPSOHWH�DQG�SDUWLDO�SXOSRWRP\�LQ�PDWXUH�SHUPDQHQW�WHHWK�ZLWK�V\PSWRPDWLF�

LUUHYHUVLEOH�SXOSLWLV��$�UDQGRPL]HG�FOLQLFDO�WULDO��,QW�(QGRG�-����������������� 

�� 7DKD� 1$��$O�5DZDVK�0+�� ,PUDQ� =$�� 2XWFRPH� RI� IXOO� SXOSRWRP\� LQ� PDWXUH�

SHUPDQHQW� PRODUV� XVLQJ� �� FDOFLXP� VLOLFDWH�EDVHG� PDWHULDOV�� $� SDUDOOHO�� GRXEOH� EOLQG��

UDQGRPL]HG�FRQWUROOHG�WULDO��,QW�(QGRG�-����������������� 

�� /L�<��6XL�%��'DKO�&��%HUJHURQ�%��6KLSPDQ�3��1LX�/��HW�DO��3XOSRWRP\�IRU�FDULRXV�

SXOS� H[SRVXUHV� LQ� SHUPDQHQW� WHHWK�� $� V\VWHPDWLF� UHYLHZ� DQG� PHWD�DQDO\VLV�� -� 'HQW��

���������� 

�� /LQ�*66��+LVKDP�$5%��&K�(U�&,<��&KHDK�..��*KDQL�1��1RRUDQL�7<��6XFFHVV�

UDWHV�RI�FRURQDO�DQG�SDUWLDO�SXOSRWRPLHV�LQ�PDWXUH�SHUPDQHQW�PRODUV��D�V\VWHPDWLF�UHYLHZ�

DQG�VLQJOH�DUP�PHWD�DQDO\VLV��4XLQWHVVHQFH�,QW������������ 

�� 'RQQHOO\� $�� )RVFKL� )�� 0F&DEH� 3�� 'XQFDQ� +)�� 3XOSRWRP\� IRU� WUHDWPHQW� RI�

FRPSOLFDWHG� FURZQ� IUDFWXUHV� LQ� SHUPDQHQW� WHHWK�� $� V\VWHPDWLF� UHYLHZ�� ,QW� (QGRG� -��



 

 

ルラ 

 

��������������� 

�� /HH�6-��0RQVHI�0��7RUDELQHMDG�0��6HDOLQJ�DELOLW\�RI�D�PLQHUDO�WULR[LGH�DJJUHJDWH�

IRU�UHSDLU�RI�ODWHUDO�URRW�SHUIRUDWLRQV��-�(QGRG������������������ 

�� 3DULURNK� 0�� 7RUDELQHMDG� 0�� 0LQHUDO� WULR[LGH� DJJUHJDWH�� D� FRPSUHKHQVLYH�

OLWHUDWXUH�UHYLHZ��3DUW� ,,,��&OLQLFDO�DSSOLFDWLRQV��GUDZEDFNV�� DQG�PHFKDQLVP�RI�DFWLRQ��-�

(QGRG����������������� 

�� .D\DKDQ�0%��1HNRRIDU�0+��.D]DQGD÷�0��&DQSRODW�&��0DONRQGX�2��.DSWDQ�)��

HW�DO��(IIHFW�RI�DFLG�HWFKLQJ�SURFHGXUH�RQ�VHOHFWHG�SK\VLFDO�SURSHUWLHV�RI�PLQHUDO�WULR[LGH�

DJJUHJDWH��,QW�(QGRG�-������������������� 

��� -DQJ�<��6RQJ�0��<RR� ,6��6RQJ�<��5RK�%'��.LP�(��$�5DQGRPL]HG�&RQWUROOHG�

6WXG\�RI� WKH�8VH� RI�3UR5RRW�0LQHUDO�7ULR[LGH�$JJUHJDWH� DQG�(QGRFHP�DV�'LUHFW� 3XOS�

&DSSLQJ�0DWHULDOV����PRQWK�YHUVXV���\HDU�2XWFRPHV��-�(QGRG������������������ 

��� .DQJ�&0�� 6XQ�<�� 6RQJ� -6�� 3DQJ�16�� 5RK�%'�� /HH�&<�� HW� DO��$� UDQGRPL]HG�

FRQWUROOHG�WULDO�RI�YDULRXV�07$�PDWHULDOV�IRU�SDUWLDO�SXOSRWRP\�LQ�SHUPDQHQW�WHHWK��-�'HQW��

����������� 

��� (LG�$$��.RPDED\DVKL�7��:DWDQDEH�(��6KLUDLVKL�7��:DWDQDEH�,��&KDUDFWHUL]DWLRQ�

RI�WKH�PLQHUDO�WULR[LGH�DJJUHJDWH�UHVLQ�PRGLILHG�JODVV�LRQRPHU�FHPHQW�LQWHUIDFH�LQ�GLIIHUHQW�

VHWWLQJ�FRQGLWLRQV��-�(QGRG������������������ 



 

 

ルリ 

 

��� 7VXMLPRWR�0��7VXMLPRWR�<��2RNXER�$��6KLUDLVKL�7��:DWDQDEH�,��<DPDGD�6��HW�DO��

7LPLQJ� IRU� FRPSRVLWH� UHVLQ� SODFHPHQW� RQ� PLQHUDO� WULR[LGH� DJJUHJDWH�� -� (QGRG��

���������������� 

��� &YHN� 0�� $� FOLQLFDO� UHSRUW� RQ� SDUWLDO� SXOSRWRP\� DQG� FDSSLQJ� ZLWK� FDOFLXP�

K\GUR[LGH�LQ�SHUPDQHQW�LQFLVRUV�ZLWK�FRPSOLFDWHG�FURZQ�IUDFWXUH��-�(QGRG������������� 

��� &XVKOH\� 6�� 'XQFDQ� +)�� /DSSLQ�0-��7RPVRQ� 3/�� /XQG\� )7�� &RRSHU� 3�� HW� DO��

3XOSRWRP\�IRU�PDWXUH�FDULRXV�WHHWK�ZLWK�V\PSWRPV�RI�LUUHYHUVLEOH�SXOSLWLV��D�V\VWHPDWLF�

UHYLHZ��-�'HQW����������������� 

��� -HDQQHDX�&��/DXUHQW�3��5RPERXWV�&��*LUDXG�7��$ERXW�,��/LJKW�FXUHG�7ULFDOFLXP�VL�

OLFDWH�WR[LFLW\�WR�WKH�GHQWDO�SXOS��-�(QGRG�������������������  

��� 3DULURNK�0��7RUDELQHMDG�0��'XPPHU�30��0LQHUDO�WULR[LGH�DJJUHJDWH�DQG�RWKHU�

ELRDFWLYH�HQGRGRQWLF�FHPHQWV��DQ�XSGDWHG�RYHUYLHZ���SDUW�,��YLWDO�SXOS�WKHUDS\��,QW�(QGRG�

-���������������� 

��� &KDQJMLDR� *�� +RQJMLH� +�� =KL\XQ�0�� ;LDR[LD� =�� 5XRODQ� *�� =KXRQD�:�� HW� DO��

&KDUDFWHUL]DWLRQ� DQG� +HPRVWDWLF� 3RWHQWLDO� RI� 7ZR� .DROLQV� IURP� 6RXWKHUQ� &KLQD��

0ROHFXOHV������������������� 

��� *XHOPDQQ� 0�� %RRNP\HU� ./�� 9LOODOWD� 3�� *DUFLD�*RGR\� )�� 0LFUROHDNDJH� RI�

UHVWRUDWLYH�WHFKQLTXHV�IRU�SXOSRWRPL]HG�SULPDU\�PRODUV��-�'HQW�&KLOG��&KLF���������������

��� 



 

 

ルル 

 

��� 6RQPH]�'��'XUXWXUN�/��6XFFHVV�UDWH�RI�FDOFLXP�K\GUR[LGH�SXOSRWRP\�LQ�SULPDU\�

PRODUV� UHVWRUHG� ZLWK� DPDOJDP� DQG� VWDLQOHVV� VWHHO� FURZQV�� %U� 'HQW� -�� ���������(���

�GLVFXVVLRQ������ 

��� &KR�6�<�� 6HR�'�*��/HH� 6�-�� /HH� -�� /HH� 6�-�� -XQJ� ,�<�� 3URJQRVWLF� )DFWRUV� IRU�

&OLQLFDO�2XWFRPHV�$FFRUGLQJ�WR�7LPH�DIWHU�'LUHFW�3XOS�&DSSLQJ��-�(QGRG�������������� 

��� (OPVPDUL� )�� 5XL]� ;)��0LUR� 4�� )HLMRR�3DWR� 1�� 'XUDQ�6LQGUHX� )�� 2OLYLHUL� -*��

2XWFRPH� RI� 3DUWLDO� 3XOSRWRP\� LQ� &DULRXVO\� ([SRVHG� 3RVWHULRU� 3HUPDQHQW� 7HHWK�� $�

6\VWHPDWLF�5HYLHZ�DQG�0HWD�DQDO\VLV��-�(QGRG����������������  

��� .DQJ�&0��6HRQJ�6��6RQJ�-6��6KLQ�<��7KH�5ROH�RI�+\GUDXOLF�6LOLFDWH�&HPHQWV�RQ�

/RQJ��7HUP�3URSHUWLHV� DQG�%LRFRPSDWLELOLW\� RI� 3DUWLDO� 3XOSRWRP\� LQ� 3HUPDQHQW�7HHWK��

0DWHULDOV����������������� 

 

 

 

 

 

 



 

 

ルレ 

 

$EVWUDFW��,Q�.RUHDQ� 
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ㇶ❺⯲ ⪊ሆ⩪ ḎἎ, ○⚳㧶 ⪛ሆ㋲⯲ ⭊❷⯖ᳶ Ⱂ㧶 ㋲⚲ ᘒ㈶ ❶ √

∞ ㋲⚲Ⲣគ⚺Ⰾᔲ Ⲟㅎ ㋲⚲Ⲣគ⚺ᆖ Ⴓ⯚ ╷㫶 ㋲⚲㋲ᵦᜮ ⭊⚲㧶 ○ᆏ᷺⯞ 

ᔲ㕚ᕒ. → ⪊ሆ⩪▶ᜮ ⶖ╆ዊ 㕚Ⱏ⯲ ㌖✲ ❾Ṇ㎚Ⰾ㝒 ⱆᵦⰒ Endocem 

MTA Premixed(Maruchi, Wonju, Korea)Ḗ ⲯ╛ ㋲⚲ ᪪ᜮ ႚ⪇○ ㋲⚲⪖⯞ 

ႚ ○⚳㧶 ⪛ሆ㋲⯲ ㋲⚲ ᘒ㈶ ❶ ╷㫶㋲⚲㋲ᵦ ⱆᵦᳶ⠂ ProRoot MTA 



 

 

ルロ 

 

(Dentsply Tulsa Dental, Tulsa, OK, USA)⫚ ⋞ᇪ㧲Ჾ㧶.  

⪛ሆ ☦ሆ㋲, រሆ㋲Ḗ រ╛⯖ᳶ 2Ⴖ⯲ ዊᆚ⩪▶ ProRoot MTA⫚ 

Endocem MTA PremixedḖ Ⰾ⭃㧲⪆ ㋲⚲Ⲣគ⚺⯞ ❶㨣㨢⯞ ᧦⯲ ᅊᆖḖ 

∞▷㧲⪚. ⚲Ⰾ ∢ႚ㧶 ㋲⧞, ₒ○⚳ ኖᆚ, ㋲⚲ ᘒ㈶ 㭞 5∞ ᕎ⯲ ⹚㪢

Ⰾ ᢲ⹚ ⧤ᜮ ㋲⧞Ḗ Ⲷ⬒㧲⪚. ㋲⚲ ᘒ㈶ 㭞 ⹚㪢Ⰾ ⫞ᵦᢲἎ ῎Ⱛ⮞ᳶ ►

㕷ᢶ ㌖✲❾Ṇ㎚Ⰾ㝒 ⱆᵦḖ ᘒ㈶ √⮞⩪ ⲛ⭃㧲⪚ᅺ, ⹛㭞 ᆫⶫ㨃 ኚᰖ✾⧞

Ⰾ⪾ᘒỒᳶ Ⰾⰿ 㭞 20ㆢᡳ⧢ ⶫ㨃㧲⪚. ⫚ᡳ⯚ ㋲⚲Ⲣគ⚺Ⰾ ❶㨣ᢶ ᔺ⩪ 

⫞ᵦᢲ⩢ᅺ, 12Ⴖ⭮ᡳ⧢⯲ ○ᆏ᷺ᆖ ㋲⚲ ᕎ ᅗⴊ⹛ 㪯○⩪ រ㨎 ㌎Ⰾᄚⲯᆖ 

ᳶ⹚✾㞋 㬦ቚḖ 㙏㨎 ∞▷㧲⪚.  

⪊◒រ㧳ᇪ ㋲ᆖរ㧳Ⅻ⭪ ㋲ᆖⴎᆖ⩪▶ 64Ⴖ⯲ ㋲⧞, ሇₖᄎႯ㩲ᆏគ 

Ⱆ╊Ⅻ⭪⩪▶ 23Ⴖ⯲ ㋲⧞ႚ ᦋ᳷ᢲ⩎ ㆷ 87Ⴖ⯲ ㋲⧞Ḗ 㡣ႚ㧲⪚. 4⯲ 

㫲Ⱚႚ ⪊ሆ ヒ⪆Ḗ ᄊ√㧲⪚ᅺ, ㇶⴟⲛ⯖ᳶ 83Ⴖ⯲ ㋲⧞ṦⰎ ∞▷ᢲ⩢. ㋲

⚲Ⲣគ⚺ ❶㨣 㭞 6Ⴖ⭮ Ⰾᕎ⩪ 4⯲ 㫲Ⱚႚ 㙏⸷⯞ 㫒☦㧲⪆ ኖᆚ㋲ᵦḖ 

₵⧲ᅺ, ProRoot MTA⩪▶ 3Ⴖ⯲ ㋲⧞, Endocem MTA Premixed⩪▶ 1Ⴖ⯲ 

㋲⧞ႚ 㢆㨂ᢲ⩢. 12⯲ 㫲Ⱚႚ ⲯዊᄚ⩪ ヒ⪆㧲⹚ ⧤⧞, ㇶⴟⲛ⯖ᳶ 

ProRoot MTA 37Ⴖ, Endocem MTA Premixed 34Ⴖᳶ ㆷ 71Ⴖ⯲ ㋲⧞ႚ 1

ᗞ ⲯዊᄚ 㭞 Ⱎ╛ⲛ, ╆►㧳ⲛ⯖ᳶ 㡣ႚᢲ⩢. ⲯዊᄚ᷺⯚ 91.0%⪚

. Ⲟㅎ ○ᆏ᷺⯚ ProRoot MTA⩪▶ 93.9%, Endocem MTA Premixed⩪▶ 



 

 

ルヮ 

 

97.1%ᳶ 㡣ႚᢲ⩢.  

√∞ ㋲⚲Ⲣគ⚺⯚ 54Ⴖ⯲ ㋲⧞, Ⲟㅎ ㋲⚲Ⲣគ⚺⯚ 17Ⴖ⯲ ㋲⧞⩪▶ 㨣

ᢲ⩢ᅺ, ႛႛ 94.1%, 94.4%⯲ ○ᆏ᷺⯞ ᔲ㕚ᕢ. ᇪ㨃Ἆ ㋲⚲ᘒ㈶ᆖ ㊻Ἆ 

㋲⚲ᘒ㈶႞⯲ ㋲⚲Ⲣគ⚺ ○ᆏ᷺⯚ ႛႛ 91.7%, 95.2%⪚⯖Ἂ, 㙏ᅞ㧳ⲛ⯖ᳶ 

⮺⯲○⯚ ⩠⩢. (P>.05) ㋲⚲ ᕎ ᅗⴊ⹛ 㪯○⯚ ProRoot MTA⩪▶ 16.2%, 

Endocem MTA Premixed⩪▶ 29.4%ႚ 㪯○ᢲ⩢ᅺ 㙏ᅞ㧳ⲛ⯖ᳶ ⮺⯲○⯚ 

⩠⩢.  

ᅊᳺⲛ⯖ᳶ, ㋲⚲Ⲣគ⚺ 㭞 1ᗞ ᅗᆖᆚナ ❶ ○ᆏ᷺ᆖ ㋲⚲ ᕎ ᅗⴊ⹛㪯○

᷺⯚ ProRoot MTA⫚ Endocem MTA Premixed ╆Ⰾ⩪ ⮺⯲㧺Ṧ㧶 ヂⰎ

ᜮ ᆚナᢲ⹚ ⧤⧲.  

 

㨏➆ ᢲᜮ Ṫ : Mineral Trioxide Aggegate (MTA), ㋲⚲Ⲣគ⚺, ᅗⴊ⹛㪯○ 

 

 


