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HRPRMHQ NDUÕúWÕUPD� NHPLN oLPHQWRVXQXQ GDKD L\L PHNDQLN |]HOOLNOHUH VDKLS ROPDVÕ LoLQ oRN |QHPOLGLU�

%XJ�Q� G�ú�N YLVNR]LWHOL oLPHQWRODUGD VDQL\HGH ELU YXUXú VÕNOÕ÷ÕQGD NDUÕúWÕUPD VWDQGDUW RODUDN NDEXO

HGLOPHNWHGLU� %X oDOÕúPDGD ELOJLVD\DUOÕ WRPRJUDIL LOH LNL IDUNOÕ NHPLN oLPHQWRVX NDUÕúWÕUPD WHNQL÷LQLQ

KRPRMHQLWHVLQL NDQWLWDWLI RODUDN NDUúÕODúWÕUPDN LVWHGLN� +HU JUXS LoLQ VWDQGDUW RUWDPGD� �oHU NXWX 6XUJLFDO

6LPSOH[ 3 G�ú�N YLVNR]LWHOL NHPLN oLPHQWRVXQX NDUÕúWÕUGÕN� %LULQFL JUXSWD NDUÕúWÕUPD\Õ �o GDNLND ER\XQFD

VDQL\HGH ELU YXUXú VÕNOÕ÷ÕQGD \DSWÕN� øNLQFL JUXSWD LVH oLPHQWR\X ELU GDNLND ER\XQFD VDQL\HGH �o YXUXú

VÕNOÕ÷ÕQGD NDUÕúWÕUGÕN� ho�QF� MHQHUDV\RQ VSLUDO %7 LOH KHU |UQHN LoLQ �� %7 NHVLWL DOÕQGÕ� +HU NHVLW G�]H\L

LoLQ KHU ELU YR[HO¶LQ ����� PP [ ���� PP [ � PP� GDQVLWHVL |Oo�OG�� 6RQXoODU� G�ú�N YLVNR]LWHOL oLPHQWR\X

NDUÕúWÕUPDGD� NDUÕúWÕUPD VÕNOÕ÷Õ YH V�UHVLQLQ KRPRMHQLWH\L HWNLOHGL÷LQL J|VWHUPHNWHGLU� %LU GDNLND ER\XQFD

VDQL\HGH �o YXUXúOD NDUÕúWÕUPD� �o GDNLND ER\XQFD VDQL\HGH ELU YXUXúOD NDUÕúWÕUPD\D J|UH GDKD L\L

KRPRMHQLWH VD÷ODPDNWDGÕU� >-RXUQDO RI 7XUJXW g]DO 0HGLFDO &HQWHU �����������������@
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Comparing two different non-vacuum bone cement mixing techniques

A homogenous mixing is crucial for better mechanical properties of the bone cement. Cement mixing
techniques are discussed in detailed in the current literature. Today, one stroke per second is accepted as a
standard for low viscosity cements. We want to correlate the homogeneity of two different non-vacuum
techniques by using a quantitative computerized tomography method. We mixed three boxes of Surgical
Simplex Low Viscosity Cement for each group in standard environment. In the first group, we mixed by one
stroke frequency during three minutes. The second group, was mixed by three strokes frequency for a minute.
We obtained 11 computerized tomography sections for each specimen by a third generation spiral machine
We obtained the density of each voxel (0.48mmx0.48mmx2mm) for each level of sections. Results showed
that the frequency and duration in low viscosity cement mixing affects the homogeneity. Mixing for three
strokes per second for a minute produces better homogeneity than one stroke per second for three minutes
mixing. [Journal of Turgut Özal Medical Center 1996;3(3):195-199]
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2UWRSHGLGH DNULOLN VHPHQWLQ NXOODQÕPÕQÕQ

JHOLúWLULOPHVLQGH HQ |QHPOL DGÕPÕQ ���� GH

&KDUQOH\ WDUDIÕQGDQ DWÕOPDVÕQGDQ EX \DQD

polimetilmetakrilat (PMMA) gibi akrilik polimerler
NDOoD� GL] YH GL÷HU HNOHPOHUGH SURWH]OHULQ NHPLN
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GRNX\D ILNVDV\RQX LoLQ JHQLú RODUDN

NXOODQÕOPDNWDGÕU ����

PMMA ile sementlenen protezlerin
LPSODQWDV\RQXQX WDNLEHQ NOLQLNWH VÕNOÕNOD

NDUúÕODúÕODQ HQ |QHPOL SUREOHPOHUGHQ ELUL�

LPSODQWÕQ VHSWLN YH\D DVHSWLN QHGHQOHUOH ELU V�UH

VRQUD JHYúHPHVLGLU� 6HSWLN JHYúHPH ELU \DQD

EÕUDNÕOÕUVD DVHSWLN JHYúHPHQLQ HQ VÕN QHGHQL

PHNDQLN \HWHUVL]OLNWLU� *HYúHPH\H QHGHQ RODQ

PHNDQLN IDNW|UOHULQ� HQIODPDWXDU UHDNVL\RQ� \DQOÕú

LPSODQW EL\RPHNDQL÷L YH VHPHQWOH LOLúNLOL

SUREOHPOHU ROGX÷X EHOLUOHQPLúWLU� %|\OH JHYúHPH

KHPHQ KHU ]DPDQ VHPHQW�NHPLN DUDOÕ÷ÕQGD

meydana gelir. Bu mesafe fibroz bir reaksiyon doku
WDEDNDVÕ LOH oHYULOLU YH U|QWJHQGH LPSODQW HWUDIÕQGD

kemik dokunun lokalize rezorbsiyonu halinde
J|U�O�U ���� *HOLúWLULOPLú VHPHQWOHUH YH PRGHUQ

VHPHQWOHPH WHNQLNOHULQH UD÷PHQ SROLPHUL]H DNULOLN

VHPHQW KDOD DUWURSODVWLOHUGHNL HQ ]D\ÕI KDONDGÕU�

$QFDN EDúDUÕVÕ]OÕ÷ÕQ� VHPHQWLQ NHQGLVLQGHQ ]L\DGH

VHPHQWOHPH WHNQL÷LQH ED÷OÕ ROGX÷X ELOGLULOPHNWHGLU

(3).

6HPHQWLQ NDUÕúWÕUÕOPD WHNQL÷L GD\DQÕNOÕOÕ÷ÕQÕ

GROD\ÕVÕ\OD EDúDUÕ YH\D EDúDUÕVÕ]OÕ÷ÕQ VHEHELQL

ROXúWXUXU� 6HPHQWWH IUDNW�UOHU� \�]H\GHNL

ERúOXNODUGDQ oRN VHPHQWLQ Lo ERúOXNODUÕQGD RUWD\D

oÕNWÕ÷Õ LoLQ \�NVHN SRUR]LWH� VHPHQWLQ PHNDQLN

NDOLWHVLQL G�ú�U�U ������ 6HPHQWWHNL EX ERúOXNODU

oDWOD÷ÕQ LOHUOHPHVLQL NROD\ODúWÕUÕS� VHPHQWLQ

GD\DQÕNOÕOÕ÷ÕQÕ ROXPVX] \|QGH HWNLOHUOHU�

(OOH NDUÕúWÕUPD WHNQLNOHULQLQ XQLIRUP ROPDGÕ÷Õ

YH VÕNOÕNOD \�NVHN SRURVLWH\H QHGHQ ROGX÷X

J|VWHULOPLúWLU ������ 3RUR]LWHQLQ D]DOWÕOPDVÕ�

günümüzde çok taraftar bulan, vakum, ultrasonik
YLEUDV\RQ YH VDQWULI�MOHPH PHWRGODUÕ LOH

P�PN�QG�U� 9DNXP DOWÕQGD PHNDQLN NDUÕúWÕUPDQÕQ

W�P WHVW HGLOHQ NDUÕúWÕUPD \|QWHPOHULQLQ HQ L\LVL

ROGX÷X EXOXQPXúWXU ���������

Modern sementleme teknikleri ile sementin
SRUR]LWHVLQLQ D]DOWÕOGÕ÷Õ E|\OHFH PHNDQLN

GD\DQÕNOÕOÕ÷ÕQÕQ DUWÕUÕOGÕ÷Õ NHVLQ RODUDN

J|VWHULOPLúWLU� %L] EX oDOÕúPDGD IDUNOÕ V�UH YH

úLGGHWWH HOOH NDUÕúWÕUÕODUDN KD]ÕUODQDQ VHPHQWLQ

PHNDQLN |]HOOLNOHUL DUDVÕQGDNL IDUNOÕOÕ÷Õ EHOLUOHPHN

LVWHGLN� %X DPDoOD G�ú�N YLVNR]LWH |]HOOL÷LQGH RODQ

Surgical Simplex P nin standart ortamda elle
NDUÕúWÕUÕODUDN KD]ÕUODQPDVÕQGD X\JXODGÕ÷ÕPÕ] LNL

IDUNOÕ \|QWHPLQ KRPRMHQLWHVL� GROD\ÕVÕ\OD VHPHQWLQ

PHNDQLN GD\DQÕNOÕOÕ÷Õ �]HULQGHNL HWNLVLQL DUDúWÕUGÕN�

MATERYAL - METOD

%X oDOÕúPDGD� KHU ELU JUXS LoLQ �oHU NXWX ROPDN

�]HUH WRSODP DOWÕ DGHW G�ú�N YLVNR]LWH |]HOOL÷LQGH

RODQ 6XUJLFDO 6LPSOH[ 3 VHPHQW NXOODQGÕN� ���&�

RGD ÕVÕVÕQGD� ��� QHPOLOLNWH YH KDILI ÕúÕNOÕ RUWDPGD

QRUPDO VWDQGDUW NRúXOODUGD NDUÕúWÕUPD LúOHPLQL

\DSWÕN� �� JU�¶OÕN SDNHW LoHULVLQGH EXOXQDQ 300$

GDQ ROXúDQ WR] SROLPHU� UDG\RJUDILN PDUNHU RODQ

EDULXP V�OIDW LOH EHUDEHU D\QÕ NDED ERúDOWÕOGÕ� 0HWLO

PHWDNULODWWDQ ROXúDQ �� PO� VÕYÕ PRQRPHU� NDE

içerisindeki toza eklendi. Bu andan itibaren
NURQRPHWUH oDOÕúWÕUÕOGÕ� %XQGDQ VRQUD KHU JUXS LoLQ

IDUNOÕ V�UH YH VÕNOÕNWD ROPDN �]HUH �oHU NXWX

6XUJLFDO 6LPSOH[ 3 VHPHQW NDUÕúWÕUÕODUDN KD]ÕUODQGÕ�

%LULQFL JUXS LoLQ� ELVW�UL VDSÕ LOH NDE LoHULVLQGHNL

VÕYÕ PRQRPHULQ WR] LOH SROLPHUL]H ROPDVÕ LoLQ

VDQL\HGH ELU YXUXú VÕNOÕ÷ÕQGD RODFDN úHNLOGH YH

WR]XQ VÕYÕ LOH WDPDPHQ GR\JXQOX÷D XODúWÕ÷Õ �o

GDNLND ER\XQFD NDUÕúWÕUÕOGÕ� øNLQFL JUXS LoLQ EX

NDUÕúWÕUPD\Õ VDQL\HGH �o YXUXú VÕNOÕ÷ÕQGD RODFDN

úHNLOGH YH ELU GDNLND V�UHVLQFH X\JXODGÕN� 'DKD

VRQUD KDYD NDEDUFÕNODUÕQÕQ NHQGLOL÷LQGHQ oÕNÕúÕQD

imkan vermek üzere polimerize olup hamur
NÕYDPÕQD JHOLQFH\H NDGDU EHNOHGLN� +HU ELU oLPHQWR

KDPXU NÕYDPÕQD JHOGL÷LQGH �� FF� OLN HQMHNW|UOHU

LoHULVLQH SDUPDNOD XQLIRUP ELU EDVÕ X\JXOD\DUDN

GROGXUGXN� 6HPHQWOHULQ HQMHNW|UOHUH \HUOHúPHVLQL

WDNLEHQ �o�QF� MHQHUDV\RQ VSLUDO %7 FLKD]Õ

(Prospeed GE) ile her bir örnek için 11 adet
WRPRJUDILN NHVLW DOGÕN� +HU ELU NHVLW G�]H\L LoLQ KHU

bir voxel (0.48 mm x 0.48 mm x 2 mm)’in
dansitesini ve her bir seviye için ortalama dansite
GH÷HUOHULQL EXOGXN� .HVLWOHULQ KRPRMHQLWHVLQL

belirlemek için kesitlerdeki voxellerin dansitelerinin
VWDQGDUW VDSPDODUÕQÕ GD KHVDSODGÕN YH VHPHQW

�]HULQGH KHU ELU NHVLWLQ GDQVLWH GD÷ÕOÕPÕQÕ J|VWHUHQ

histogramlar elde ettik.

%LULQFL YH LNLQFL JUXEWD KHVDSODGÕ÷ÕPÕ] RUWDODPD

GDQVLWH YH VWDQGDUW VDSPD GH÷HUOHUL DUDVÕQGD

LVWDWLVWLNVHO IDUN ROXS ROPDGÕ÷ÕQÕ DUDúWÕUPDN LoLQ ³LNL

RUWDODPD DUDVÕQGDNL IDUNÕQ |QHPOLOL÷L WHVWL´QL

X\JXODGÕN�

BULGULAR

Birinci grup için 33 kesitin ortalama dansitesi
1318.4±167.36 ve ikinci grup için 33 kesitin
ortalama dansitesi 1309.5±83.96 bulundu. Ortalama
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GDQVLWHOHU DUDVÕQGDNL IDUNOÕOÕN DQODPOÕ GH÷LOGL

(p>0.05) (Grafik 1).

6WDQGDUW VDSPDODU DUDVÕQGD EHOLUJLQ ELU IDUNOÕOÕN

YDUGÕ� %LULQFL JUXS LoLQ VWDQGDUW VDSPDQÕQ RUWDODPDVÕ

����� LNHQ LNLQFL JUXS LoLQ VWDQGDUW VDSPDQÕQ

RUWDODPDVÕ ���� LGL �3<0.005)  (Grafik 2).

7RPRJUDIL LOH DOÕQDQ KLVWRJUDPODU GD LNLQFL

JUXEXQ KRPRMHQLWHVLQL J|VWHUHQ EX EXOJXODUÕ

destekledi. Birinci grup, her bir seviye için ve
ortalama standart sapma için daha az homojen idi.
Hesaplamalar her iki gruptaki kesit düzeyleri için de
IDUNOÕOÕ÷Õ J|VWHUGL� 'DKD �VW G�]H\OHU GDKD D]

KRPRMHQ LGL� %X GH÷LúLNOLN ELULQFL JUXSWD GDKD

belirgin idi (Resim 1,2).

7$57,ù0$

$UWURSODVWLOHULQ X]XQ YDGHOL HQ VÕN

NRPSOLNDV\RQX JHYúHPHGLU� &HUUDKLQLQ EDúDUÕVÕQÕ

etkileyen bu durumun en önemli nedenlerinden biri
RODUDN VHPHQWLQ PHNDQLN GD\DQÕNOÕOÕ÷ÕQÕQ URO� JHQLú

RODUDN WDUWÕúÕOPDNWDGÕU� %D]Õ RW|UOHU VHPHQWLQ

PHNDQLN \HWHUVL]OL÷LQLQ� VHPHQWOL SURWH]OHULQ DVHSWLN

JHYúHPHVLQLQ HVDV QHGHQL RODELOHFH÷LQL G�ú�Q�U

(11). Akrilik sementin temel mekanik özellikleri bir
NDo IDNW|U WDUDIÕQGDQ HWNLOHQLU� %X IDNW|UOHU� VHPHQWL

NDUÕúWÕUPD WHNQLNOHUL� VHPHQWLQ NDQ� \D÷ YH GHEULV LOH

EXODúPDVÕ� VHPHQWLQ NDOÕQOÕ÷Õ� ÕVÕ YH QHPOLOLN JLEL

çevresel faktörler, semente ilaveler ve viskozitesi
JLEL GH÷LúNHQOHUGLU �������� %X GH÷LúLNOLNOHU

VHPHQWLQ GD\DQÕNOÕOÕ÷ÕQÕ GLUHNW YH\D LQGLUHNW RODUDN

etkileyerek protezin nihai fiksasyonunu ve uzun
G|QHPGH NOLQLN QHWLFH\L HWNLOHU� %X GH÷LúLNOLNOHULQ

ED]ÕODUÕ FHUUDK WDUDIÕQGDQ NRQWURO HGLOHELOLU� %D]ÕODUÕ

LVH IDUNOÕ VHPHQW W�UOHULQLQ IRUP�O�QGHNL \DSÕVDO
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Grafik 1. Gruplardaki herbir kutu için ortalama dansite ve
VWDQGDUW VDSPD GH÷HUOHUL

Resim 1. Grup 1: sementlerin alt (a), orta (b) ve üst (c) seviye
CT görünümü.
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Grafik 2. Her grup için ortalama dansite ve standart sapma
GH÷HUOHUL
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IDUNOÕOÕNODUGDQ LOHUL JHOLU� 6HPHQWLQ X\JXODQPDVÕ

VÕUDVÕQGD PHNDQLN |]HOOLNOHULQL HWNLOH\HQ W�P

IDNW|UOHUGHQ HQ |QHPOLVL� FHUUDKL VÕUDVÕQGD VHPHQWLQ

X\JXQ RODUDN KD]ÕUODQPDVÕ YH X\JXODQPDVÕGÕU�

<DQOÕú EL\RPHNDQLN |]HOOLNOHUGH KD]ÕUODPD YH

X\JXODPD NOLQLN EDúDUÕ\Õ HWNLOHU�

6HPHQWL NDUÕúWÕUÕUNHQ LoHULVLQGH ROXúDQ KDYD

zerrecikleri sementin porozitesini belirler (14).
5HYL]\RQ FHUUDKLVLQGHQ oÕNDUÕODQ VSHVPHQOHU YH

ODERUDWXDUGD oDOÕúÕODQ VSHVPHQOHU LQFHOHQGL÷LQGH�

IDWLTXH \HWPH]OL÷LQ EDúODQJÕFÕQÕQ VHPHQWLQ LoLQGH

EDúODGÕ÷Õ YH KHPHQ GDLPD ELU SRU LOH EHUDEHU ROGX÷X

J|U�OP�úW�U� 6HPHQWLQ PHNDQLN GD\DQÕNOÕOÕ÷ÕQÕ

DUWÕUPDN LoLQ SRUR]LWH\L D]DOWPDN úDUWWÕU� 0HNDQLN

RODUDN VHPHQWL YDNXP DOWÕQGD YH\D VDQWULI�M HGHUHN

NDUÕúWÕUPDQÕQ� VHPHQW LoHULVLQGH JL]OHQPLú KDYD

NDEDUFÕNODUÕQÕ oÕNDUWWÕ÷Õ YH E|\OHFH VHPHQWLQ

GD\DQÕNOÕOÕN |]HOOLNOHULQL L\LOHúWLUGL÷L G�ú�Q�O�U

(4,5).

Linden, Haas ve Lee, polimerizasyondan önce
VHPHQWLQ KÕ]OÕ NDUÕúWÕUÕOPDVÕQÕQ SRUR]LWH\L DUWÕUGÕ÷ÕQÕ

YH E|\OHFH GD\DQÕNOÕOÕ÷ÕQÕ D]DOWWÕ÷ÕQÕ ELOGLUPLúOHUGLU�

$UWDQ SRUR]LWH VHPHQWLQ IDWLTXH \DúDPÕQÕ YH

RODVÕOÕNOD IUDNW�U GD\DQÕNOÕOÕ÷ÕQÕ D]DOWÕU YH X]XQ

G|QHP NOLQLN GDYUDQÕúÕQÕ HWNLOH\HELOLU ����������

$QFDN EX oDOÕúPDODUGD NDUÕúWÕUPD VÕNOÕ÷ÕQÕQ QH

NDGDU ROGX÷X EHOLUWLOPHPLúWLU� (OOH NDUÕúWÕUÕODUDN

KD]ÕUODQDQ oLPHQWR LoLQ HQ L\L VRQXoODU �\DNODúÕN ��

SRUR]LWH� SROLPHU LOH PRQRPHULQ EDúODQJÕoWD

NDUÕúWÕUÕOPDVÕQGDQ VRQUD ER]XOPDGDQ o|NPHVLQH L]LQ

YHULOPHVLQL VD÷ODPDNOD HOGH HGLOLU �����

%X oDOÕúPDGD PHNDQLN VHPHQW KD]ÕUODPD

\|QWHPOHULQLQ X\JXODQDPDGÕ÷Õ GXUXPODUGD LNL IDUNOÕ

úHNLOGH HOOH NDUÕúWÕUÕODUDN KD]ÕUODQDQ VHPHQWLQ

KRPRMHQLWHVLQL NDQWLWDWLI &7 LOH EHOLUOHPH\H oDOÕúWÕN�

(OGH HWWL÷LPL] VRQXoODU� G�ú�N YLVNR]LWHOL oLPHQWR\X

NDUÕúWÕUPDGD� NDUÕúWÕUPD VÕNOÕ÷Õ YH V�UHVLQLQ

KRPRMHQLWH\L HWNLOHGL÷LQL J|VWHUPHNWHGLU� %LU GDNLND

ER\XQFD VDQL\HGH �o YXUXúOD NDUÕúWÕUPD YH WDNLEHQ

KDYD ]HUUHFLNOHULQLQ \�]H\H oÕNPDVÕ LoLQ �o

dakikaya kadar beklemenin, üç dakika boyunca
VDQL\HGH ELU YXUXúOD NDUÕúWÕUPD\D J|UH SRUR]LWH\L

D]DOWWÕ÷ÕQÕ YH GDKD L\L KRPRMHQLWH VD÷ODGÕ÷ÕQÕ

göstermektedir.
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