[ Downloaded from tumj.tums.ac.ir on 2026-07-05 ]

s i T LA (sladadon NV o lact A) 000 V& T didea (51g5 b psle oISl (St saSetily dlao Il ”V”

Soare Yo 1695 ) (SBA 2 )3 yoddy 9 Sl by o (Slgsnsl lagslosmw 2,8

(ERAZAR 2R R HIRR TR FARVAL ENCSVR PR T /ARVARIERH VPR T /A RVRY RO P 04&

sl e ol o ae Juolie 0SS g Sl il bl 5148 el 0 B0 S

35 sl SVl ae b S5 bl L S ol Ol 5 5550 G 331 sl 035 1 Ol gl Ol
et 5 scyal Ol 35 5 e Ciliasl SO oS 2 o ol ol S o0 D 1) e
b s S S (PMMA) o Ske fae Jy ob 4 (6 paehy S0 5le Gl ey Slmsiel GlaOlonw 2l
o 3T STty Ol oy 2815 o0 b 53 0l S5 1 o bl LS5 (MMA) o, Skee Jiza b
(SIS ol adaz Sl Gl sbailer (ol 55 33,5 o Olonos GASC S i 5 dps oo
SOl 3,5 0ad O gl pocy 52 F5e bl S5 L Ol e b lralr Gla S 5 OB e
Sl SG s aS Wleus |35 Qwﬂwks)\;w (.:.V.LS.L;LA Sl D3 5l (Seal o Sl gl
Sl S A S I3 S g a1 b g 5SS Sl Sl e 3 S (5 e
OBl 5 485 S o ol b ) o bl O sl ge ol (oS 5 s oo (21530 1) Olaes J85 Jam ol
5 Sl O Sladla s 3lpm 53 e Sy b il il SIS i 31 5 gl (UL
Dt iy 5 1 Ollo 63, Shas Lt 5 Ao sloml o3l (ol an3 53 (OB 315 0 6 ok
55 (S35 eSS IS 5o ded latussdome 185 5 Sl GaOlew 5 Slas (L1531 L Oldes
ol It glac LB 5 oL S el Jhbes 5 Al cabls s ol bt Sl el gbaOlerws
3550 SELSe pols sl Gadles g1l Sly 4 JeaE & )ty addllee 53 Lles S S 03

i T Silatg o 5 bl

Sl ol (sl A (Kol b 5 Sl il (Slsseul Olaws (gbls” Oleds
ek 4l

BN fol.i,:a .L.f}.w LYJ\J% Aawns
Wbl oo LYJ‘AQ‘_}V:A\J.E‘ O
A sl e e F DS

0,5Y 5\ ®

ny .. 90
(GO Gl T i P

bl 098 sy il Sliioei S e —)
lpto Sy pale oS o Sy el D
Ol ko

et lacs ¢ frmdo y O] oL il =¥
Ol hglin cdgto S5 o ole oL 05
Gl nligro 0dSCES ¢ pond prkigo 05,8 =1
g Sl ot S oD s 2
Ol

05 (SIS i S0 =S
Sibes sl edSED ¢ )l SIS g
Ol hgda ihgde K o le oKLl
oK oot 0l oG 4 ot 09,5 =0
Ol lians Ol

- *
Ot 3Tt ks e i yms ok 5
S5 A S e o6

SONSYANYY Y il

E-mail: Jiroftin@mums.ac.ir

Sl FKauSs doz 5l bl gl 4 by e EASEs 3505 edge
oy Gl 5l G20 AS Ganls Dlpaad (S 5l (AL
(rate oS by 51 Ol s Skl 5 4l
i (315530 Glacslial 5 pw Il O 55500
Eo e LYs 4 ol (S S dnes e S LB Sl
03 S O 5y sbml o edle OIS ) s

Tehran Univ Med J (TUMJ) 2024 March;81(12):929-43

http://tumj.tums.ac.ir

U | PO B ¥ PO RN PO C S W P

G55 0 350=) gdee 3B Olge 4 Wl S bl 1 Ol gl
sl (i 055 Y0 550) T 56 Olgea OIS (Kix
e ol O e ekt S P slacsy
Ol gl (Toughness) Qﬁw 2 5 (Viscoelasticity) anwnio Y 5Ss 5

ol r&’r.:.wl sbrl 53 pege L2 e 3B &S Sy 0 5d e


https://tumj.tums.ac.ir/article-1-12947-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-07-05 ]

OblCas 5 DE cauns ay-

sba sl s Olsinal Olar Sl eslizad ol Vs asle
Cod YAOA Jls 3 5l Ol ¢ oucd I oy e S 03 28
(Poly methyl methacrylate, <l Ske futo Jo 51 45 555 0 03l
s 5T 3 Ol Ol 5 otedas S sl gl PMMA)
Ch ity 3 e cihe bl S pl S eslid (S LS
s e Olosle VAV was s Vg sl ol b i)
(Food and Drug Administration, FDA) el NG| (508
3O Jeats Glagis o s eslial Gl 1) Ol gl Olagw
LBl oo ) glabo b bt ol Slallas Vs S Lt s
il oS 5 L T il 5 il il S0l 5,08
o Ol Ol 45 W3S 058 OLKan 5 Qin . Lles S )l
sl 5 &S Jos oo Slassols gt K Olgea Ll
s sl 5 Tl ol e g Lo 1 5L 555
S S L PMMA e il Ol 53 035 S5
b 5 S ml Sl A4S e o0 Ol Jodoie bt
5 (Curcumin) e 8,58 plésl TS o s 1y D =l o«
Cdled 55550 b Wl 0 Ol Olow 3 6,8 3 5
L PMMA Jlé s ol 5 Aids 25 ) s Sedls
S SaS Ol (3l g 4w 55 5 das Gl
Sl Sl 5 Ol e gl Ol Dl 3550 53 1
gl 051 poms 53 5 eslinal ojs 0l 5 ol Slsy 5 2V
Sl cliass col asl Pl jlw Sl Slape cdiee
b das e sllael I s 5 OF adl (slas )8 iy anme
asdllas ol 53 B s OF 5 Lo cplply syl aalsl LT Sl eslinad
ool Sl bdla plil Sl 4 eaE w4 Gos
S il T Silatner o 5 ol (S5 g ( SS
sl 4 8 I3y 550 JoS oo sot 5y Al o
Sl Ol Gladlaps S, sbay @ gl sladlepw ¢l
4 oy |5 sle il s (S 5 sy Sl slas S
O K0 Kl Glupd Sl 5 ey s 52
(PMMA) =8 Sk oo b b SL S| L e sa0lerm
(Poly propylene  lhless dosn b 5 ste ladbew
(Clcium sulfate cement, ol sus (.,..JS Olewws dfumarate, PPF)

(Calcium phosphate cement, CPC) <lac (“““S Olesws £SC)

oS axlye ISae b oud w ) pnpe 0p05s) (SU5 Obley
Sl Sl ax ST dss e (SU kS el 4 s
ol 1y s we s 2Lk 5 e S B S b ol O s
s A8l gy et 5 JolS e 5 OISl il 5 o L
o2 e 53 Olal Ly leslital ol Ol Ll ol 5
s o) 3l s 6 Sop s 35 oS el o sl
5 (Allograft) c,a\jf}ﬂ (Autograft) <3l S5l 31 eslizal
lem Sl sals Olys sl s (Xenografts) lacsl S 55
505 ol w5 1y s LT 5l eslinad Jl= cpl b oss S e
ool AE US4 edd e slge 31 eslizad alal cpl
SAS s i OO 550 Sl Ll e sls 1 ks Ol g
35 n plonll hade a5 sk Olgr il e s YL TS
Sl e 3 Ol Olasw 3l eslizal W61 51 e 31 Jie 53 &S
Ol Olacw idas o OLE |y G2smo e Lsy opl 5 S
03,5 ol Gl 8 Cl odipd Sl 3 pled S5 S
Olaad 5 5o om $ld 035 1 L oJoee 3 (frvae Jolie
S5 S pes sl Olgeay U8 e 1y WOlaw 5)15 5558
R Y N g T LU CRC T RE ST PSRV
02 Sl Sl e 5 e a3 5 (6,8 B e e
Ol Slaswr ool by S o Iy 1) (S Cls O
s ) 45 ol WSL 5 iaasl 5 Ol La g Jla)
s el g Dl o] e Vb ola e sl
b 35 B e e o3l el & bolew o slbs Sz
dlail & e 550 5 Ol Oleow (r (B5 5 A5 slas
Cooal 51 bOlepw il 8L o585 SIS dlail Ll g
U5 Ol eshe aal s e 5 Sl Sl 2L
oz 51TASG 55l basss o 5 Ul gl Olgsaad Oless
Sl e sz )8l Olptal Olepws Ol seas oS (93150
Cilses sl @ OIS e Lade a8 55 Ol
Jed sy glaaiis ‘(Jﬂj:b/uﬂ sy sels E—l};\)
T PIRPICH I PUNN S N P [PPSR € MU T SC R o
Gl e S Se) e el S
Olazms 3 S o5Lal o3l slge Olgeas S 5 (udilics 55

Sl aey s eslamal gl VAEY Jle s lal s O gl

PG AFT T o)los AT 6)90 o) Fo P il 5 er iy sl olCtils o Sy ouSiils dloeo


https://tumj.tums.ac.ir/article-1-12947-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-07-05 ]

ar sl slagalin oo sadd 5 Seolsew b o Gt slaglass S

Cslize o 5UT 4 am 5L gl Ol s e il 58l il
SLOS 5 bag el CW‘ Slr Ol Slo 51 Olasy 2
G 5 s Jha, S e eslinad Ol 5 Cibeasl o
5 SLb Ol oy gl 5 e R Fan NS
Aas e LialS |y bl 04s 13 Jles!

WS Oby L3 0hd e b il ladla opoeas
4 Lles S aal b1y oS 0les 5o b Jeos b b sl LUl
5353 1SS ol Sl e &S s e 1y Ol ol Olles
Ohlas 4 5 355 0 Sl o 4 o ol Ol S 5L
3 Sy s b S e O35 lsn B das e o3l
Sy 5> ol rlqdl sla fasn plal S oo Obeys
w3 S Jas mbe S Olseas Ll 5 o O il Ologs cmmns o3lizul
Bl o b5 a8 Sl faie slab 4 Lag S 205
S s dms [l Cdeal es Jgb Cisde bt Ol
Sy sl sl s B ke Ol Olecs
g mbee b Dl E Ghlse 5 sl oDl il sl
Sl Nlole &8 daes

v_ifd"}a;}.njﬁdlﬂ)cﬁ&fbw'u&dbﬁ“\dw

Tehran Univ Med J (TUMJ) 2024 March;81(12):929-43

http://tumj.tums.ac.ir

Sl 3 gocks 4y 1 sl sallorm gl ) IS

4> 3l (Glass inomer cement, GIC) ,s ,u_’l S LS POV
ST e eslinad S gs ol e s oS Lzes (ool
@S 4 S s) e gl gl Sl sadle K B
Oloswr Goo5 S Sy p Sy Aol ML 5 bawsie
Oley romar 5 Olgial 213 4 0T 358 5 G5 Oley Ol
S e b 0T jes Jsb 5 kS e s s O e
LS oSS Ol ol @ Olonw e 3585 4 o shlas w3 s s
Lk oS B el 4 b s Sy ASL il o Sy
Lb S g 1) Ol Joms a0 SSme 3l Oloss met Uil b
SR S Sl S 358 VS Ol slacend 4 L
Ao B VL S il 4 b Olgaad Olepw 4z 58 5
Olosms 0 05 3555l Sl 5o A8 Cuslie (55 555 LS
o,Lal s gladles il (sosls wslsl 3 Mgt (g Sl
A Aal g oy e 4 o
Ol Ologw ool L2 gl il glallass cslre 5 Llse
Slorr ol 3 gl 53 (esian glasill (23l S
Oyl BB 5 bl OIS 035 4 L Ol

—Olgned Loy e 53 1 Sk w55 5 0sd e Ol s o


https://tumj.tums.ac.ir/article-1-12947-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-07-05 ]

OLlKas 5 D taiei ayy

S Sl o B 5 O35 8L S (Dl dS sla0len
S Sl 53 5 ol 635 late (6 adky (Slaler 4 o 1 L
v,.._LS SOl L8 o 15 eslital 550 b5l S >l
Sl Olbs Jlasl 5 Sl Lald 055 5 ¢l Sliud
S ool b e Sy Lol ) Lol 1L
Bl Ol (aws 5 (5B Cllb (ol bl (Jle
s 1 sl sadshe Sl 3 Shee bis SUl5 5 Jlsiaa
L g VA was o L sl 6l land ldST glallenes Az
OseVse b sl e ams S spd> TAE b xe LeGeros
5 4 BT S 3t Sl S Sl (5l
S Oley 5l O dsde) el asl Bl e 5 WG sba
oS Sl ol g @l glos S i (gl
o b St b Glacaiige 5 ol edd plnil Slis
Cald e Sl S gadlew ol sdel ez (630 40
s Ol Gl e 56w Tl s WSS
DB s 2 Gl Gl Kb Olsen @8l
Opeel Sxolgmal Sy BT plpedle Lkl S
Oli s 51 g Db gUle,smal 5 (Osseointegration)
e lid oS slallar sdes sblse 3 s (S ks e
(S Je e S ST a0l b glie 3 3
ol osles 5o Sty b sl o JE s s 00 S LS

™oL |
Bt

Sl ol Slansd ndS Ole ool VIS 51 (S

Jsa i dS Gladlars O posdle ol gl i
ol Ko 5 s oS T s plSomtal gy (Sl
L oS 5 LS cnSlE s S s b 55 S s
53 15 T Sl esliul adlagwr cpl o plSoniad 5 WL G515 S
MJSLSLAQLQ«M ‘_&K‘ u.ob?'-w.c,ﬁu\ abﬁ;j.bwg;.i’:).;r.lﬁ
@A) Glie Jods il Lol Jllag; @ Sl 4 olius
Qs Sl K el LS55 QA:JLJL;LA)}\{ @jjjéjjljéJ}n
A ol 5 S o el T s sl gl s Lo
Slid odS Gballenw o= S5 G518 s U

el a0log il 5oy s sz ) B &S ol

o a e ol 3 S daly s Sl a e (S LS 5 s
B33 0 59, bl (Osteolysis) 5 gl 5 355 OAS

A5 O She fme gy Slasws 5 5 58 7k 51 &S 5155
o e s s B (ad e el Sl Al e sl e
Aid Jade SNl dlex Sl pase (515

Aol e o3 OAd Cde 5 Ol pa Sl Olegw
4ol sl S sl dalr LS Sl Ol e
Byh e Ol bl 3L 5 Ol g

ot Ol Oloss (g3lmeslel diyT 355 o3lizal 5,50 505 50
Olawes sins 1S25 gl a4 S50 sla STy Jlazl 5 el
Jos od Oley (ln L Glr oulee LIS e oS 250 s
e

3L Ol (S ow e Ol 3 s el g
Akl I e edls el sed (S Sa LS LS

Sl Gadlem Lol [io158 bl la STy op 2l
4 e Ll e S Sl 0l GEL el ey by
ol LAl AS W (S 3 n e I35 (S
.3 #» (Gamma-glutamyl transpeptidase, GGTP) ;lazxs

Coad 3 48 sbOler (Sl il Sl el
Slaler 03,5 an 53 (sl Ol il sladlogw A3 S5 43
5 DMp ads Sl Gl (Dl IS Sl
@bl 3 a8 Wi e ghoazws (GIC) Logul S laolonw
sy el SIS s

O P o | Y- Y G VI SN
SHaS ke Dlind @ dS by lallacw lge o FediS sl
A Ol C3L Sdre s a4t S 5

PG sl ol Sz (Slind S Gl ladle
S b el 055 bl s mle SU S Slind dS
23 45 3 on Ol O S 5 28 40 e (aloacd 2S5
0L gles 5o Jls S elr S st 0l LSS eole an
S Oloms 53 e SB L g 038 bsksa LTS e 3
PSS S S5 Lk e e ) ok g U Sl
e oS 358 o ST Slicd IS lay b Suseans alal
Caze Tpdge eddCs bRl b5 S Sl S ow

PG AFT T o)los AT 6)90 o) Fo P il 5 er iy sl olCtils o Sy ouSiils dloeo


https://tumj.tums.ac.ir/article-1-12947-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-07-05 ]

ary sl slagalin oo sadd 5 Seolsew b o Gt slaglass S

53 dle s MLk e 0SSl Ol Sl 53 Sl S 5 ks
e s sl Sl S Olsea s Sl skt glaslllas
Pl s skl G el G il S Ol
5> oS siba bl Sl Mol s (S5
b Olesw dad 51,8 A5le Ol szl (3Ll oz 51 L slas )8
ol o eslizal Lo slse 5 Cikeasl o id g 53 b e
B mon s b Gl Sl Coll S sae 4 S
53 0133ty s 0S8 5 s ol s bl ol w8 S
Olyea Bias 5 5510 63,08 35500 Jlasl 33 L o 53,050
Bl e eslizl iy

Shdas olild LIS ds s iy
W5 Gly s il I ege g5 (CaHPO4.2H20)
FSean 3 Ypeme Sodisn dmes ab gl L Sl
(Monocalcium phosphate  &lyda g Slans (’3“‘5 90
(Tricalcium  <lewsd m..JSLs 5 s monohydrate, MCPM)
slacasse 53 lublke 56 S K25 L phosphate, TCP)
ool iy B RSty s T e WS S5 s s
() uS1y) kS e Jes odns (S| S Olge

Ca3(P0O4)2+Ca(H2P04)2. H20+7H20—4CaHPO4.2H20 (\
bls (Sale ol e cdsn wl o slaobes
oy gl o Solr sle Olgen O G pdyar s 5 (Sl
Sl lin 48 S Ol s Ay glas 8B rils L
PH= T/0-V/0 53 Cody L5 g o3biil Slaspls lagio
LKL V=T o3 gdee 53 OF (glid s MMl Il
sk S IS £/0 6 Y esgdeme 53 0T plouad
LIP s Ul b Cudyn Glpand gladlam s *loml
spd>= 3 LIP YV giml Cd 53 5 555 0 S b oo
Bowl odd sdalin giy 5l Olpe Aoy YO/4£4/4
Sty Olowwr SOMLL cmalo 4 535y S G030 L o sDhe
L5 el Ll PHSEY 53 Codigp oS bl 5100 S
S PH> /Y 3 g5 aesbl o8 |y ol (1815 ol Jgmamms
Az e OLES 1y Cady o Olere SO olpst ¥ Jgd Tz
@ Sl gbilew Jow S 4S8 G Dbuss e

2ol GOlew ASC 5wy 35l v.<...4 3L sla )l

Tehran Univ Med J (TUMJ) 2024 March;81(12):929-43

http://tumj.tums.ac.ir

b s B sba (ol e 100 B Ysane o Sl
S LIP el 4 a il sl (LP) Lo & GL: Cns
s bl e A Mg dalpr min 58 RS 5 Al
Slis dS Gbaolo SSI ol abo)l sl ez
et oS Caslie S S s ol (gl ceglis
hole S ol oS ol x5 T e
53 68 Dl 5 o Sea LT Jous 2 015 o s IS5
OF o e 53 Ol 8 SOl L OV Ol aal bl
DU Slan (S Cands 5 Comir (et 53,5 0 3
Sl oS il 2 Oleowr S (SO Sl nl e sdle 5 S
2 8 Gl ol (San 5 3l (S b 05l &
Db Jeos g5l s 8 L aslie 5 Dy 5 SO Al
s (Osteoconduction) I swl sUla, sl aals sl
s Sns 5l elS glaclivs (Osteoinduction) (Wl szl
5 bSns ol JRS bl osdie G20 0T bl S
oo s gl el ol b Slid S sl
ol 53 b s gl S5 b Dlid dS il g Sl
Dl Blesle oS ol a8 515 asdllas 3550 Jies S slasl
S (Apatite, brushite and monatite) Culs g 5 "y, ‘c,:.';bj
Sl el e S a2 53 Sahe S 4 welsl
YOS s olend s galy (Sl lallers Jis S
NI Y WA Ep 1 DN

(Hydroxyapatite, HA) WL.T S WLT S 5o
Syl e iy &S Cod bolind ulS 51 b IS
530358 sba 5 das e S5 Ll el gl 3 1y e
=St pland Jgep T e eslinad Ol (g5lasl
=S sod ol CalP 1,67 i L CalO(PO4)6(OH)2 =L
53 R Gk Ol Al sl s eslinad sy ol
CSbl Sk Tl cesa ol Jsbe Glagies
S5 Sl 3 oS e L lid IS 5l
odd astie 5 a0 ,e 5 O Slule pH by ko g oS ol
SUl,y Olgea 5 LS sbul el slaiSly S
- T s Ol gt oS L Lol ol o antlils Sl g


https://tumj.tums.ac.ir/article-1-12947-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-07-05 ]

OLlKas 5 D taiei ave

iz Jo S Skl (g s Jl S Sl (© T mS st Jlo S Skl (L Olind r,..ls 4L 2 Sl slailaw Jls S 5500 S

RGow ;.j L (B-tricalcium phosphate, B-TCP) laws y.,”..JSL; g
(Dicalcium <ol das olausd MéJ g A e gy ol
4 Ll o Cady p Olegw ‘.")“:d“ phosphate dihydrat, DCPD)
0 Sty sdhe S &S abel Sl Al Shaass e
Sl g had 5 003 O oS 4 gt pde T Cosles
Lol b caise Sle & b opl Milpde Sutige
rage ol plail (mds il gladlew S LS
@ LlE e Sy p b aS ol ) Catdge 5 g g o D
0GB ek men Ctige bl oy s (HA) bl oS5 e
by Tdas o 0l ol s s bl eSaae 56
Sl Ol 5 Gl Gl ool e Codse
Oloms JS5 Tl s 55l slas 58 3 pmilin 4355 e
o33 OLES Y STy 53 Codsp Olarm ol R0 L i e
Mool sl
CaHPO4.2H20—CaHPO4+2H20 (¥
e S Ol W5 ln bocdsy Sol 5
5l L Ul s e sl oLl 5 SOl ol 4 055 ol
33,5 o S RISl il h s 3L 5L 5 sk 05 S
L olpal (3Ll Llgor 050 468 O oo b S Suto e
ST Sk 1 e slasl g o 4 S b SV £
Can B3 31 Sy 5l 0l 4y Cutige & o sy ol

S e Sese 4 Cad G SO el 5 sk

Lol @ fas S olpe Sl S5 o3l 4 Sl b
WSl iy Sl S ar  Tagde b Codss
Ol bdlay S 1z 55 S5 580 S gladi S
Sl ol b bl il aalps Ay gl
hopme S AL g ok SO e FeSlae SSe S
Yo Los bl Was aul 3 55 sl o Olars Canslie 2l 53l
4 e S oy MalVl o 6551 e a0 5 2l
Codsp S8 AT s bl sl el S 055 15
Sl Sl 5l 28 5 gadlies S o3l 5 ol b s
iy Olorr & LT me uslie 035380 L ccpl ol
(JEs Ol Al L s el geS Cudipy OA ok Ol
S el el S i Sladllae 3 Tl e il el
O A Lo Ol A s Sl bidg SO ol
b il VL ey ccnlesdle s o 2SS
Shls Ll @lails IS5 5 ks Slind oS Glaslh plo 4
Mol e Sl 5 S0 der e e
S48 ol Slind IS5 S (CaHPO4) St s 1t 5o

3 e s 8 blles Tapi s 4 bisdsn o]
P (5l 2eS) ol PH s oy Ologws i o3ls =i 55
il o oag Glaely 1 (SO npd e 4 e, duld
Slid dS e dile (gl Dlid S S 05 byl
kol b Slivd odS o buwgs (MCPM) Sliia s

TEFEATT N oylas A 0,50 ) Fo ¥ sidal ol Sy psle olCily o S5 0aCiilsy alons



https://tumj.tums.ac.ir/article-1-12947-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-07-05 ]

are sl slagalin oo sadd 5 Seolsew b o Gt slaglass S

Jebon o gbar Uajls spm s aey ol 3 g nde Slallas @
soon WOl Gladlgaal S e 5 G plic A
boandll g golad plSoual Sl g endS Glalles T30
Sla e 53 5 353 00 Ssdome LaediS 3 Ll 5,8 e pen
S sl 0 sdaline a2 dS Cladllas 53 05 sod ealital b o
Ol ol Jome 53 oS 5 Ol Sl o oS (slallacs
S AS e b dde Gl (K25 gl 1 Lad 5 e S s
oo Ol ppnad Sl Sy (ABk e s 45) o5 3L
ot GWsm ol Olags 535 7S (6, 5k 050 S
S 0l3 SIS by el 3 et Dy poy wle 5B L OAS bl
S e plys spd e S s edd T e
33 Jold Oloms o (258 ol 03,5 1y (555 Olos o5 355 0
IS 5 4 Ol a5 sl Sz bl adsl 5,8 el i
53 S8 R ol o dlesl O3 5 e ssba 5 w8 S
O Olops 8 8l o GBI o3 olg 55 2 9b pod sl O
T B R N e e

Sl boldw dS 5,5 5 J5e sls, 556

S o My e oS il Oy CidS L 0l (Al
UsS L5 0o Yok &S i Sdie bl g o 508
S o s gdmen |y UnOlogs 3l ssliad 0oy A Sl s O35

Il Olams 5,8 5 Ji5e Jelse s 51l o3l (o
o3y Sl ol Lals S s s el Oleew j3 g 3
Wiy dalgst o S Oles 2 (g 5 BB Ol

5l sk S AS o ysket a4 SG Ll oK s s (C
B GBI slos 5l las Ll Coa Lol ol YU slac )l = a3 das
S B S S slos G e 45 Sl e O (slos
ks oS Oley hals O dises 5 (5,8 s (18

Lol Cand SR L 58 Ol el 4 mle U s G
Al o IRl RIBL 5 e s

B Olpea Ol b GSLS Sl S b 56 S5 G
38l eSS C}w“sﬁjg“%@wwmﬁd%—'w# b
S als sl il b s Ol 5,5 s L5 e
L Jodsze (glos 5 aSl con g o510 b S JolST 558 51
5 Slamio glaysl 5l col sl Jley JDs cla..d Colas

Tehran Univ Med J (TUMJ) 2024 March;81(12):929-43

http://tumj.tums.ac.ir

o3y OLES YAy b bewsse Wy ¢l Ly odsl o
AT PR
(OH)2+H3P04—CaHPO4+2H20 Ca (¥
Sl sl ghls ez go 8 dins e OLES Slidiss
St ag @lp PL el op sl Ve s
0 S e S b ssoda ile sslal glaias s Sl
3 S bacatise IS plouad ¥ Jsdr el y Vol ¥
ol s 23S plSowmal ) &S Sl mds sla0be
e Xl (o 38 (gl bl a8 i e 3 5 e
L bty plSowtal 05 o il slacn Slr 1 eslinad L

pERWCEIWY

Slr oRlr ol S Sl ser oS Olaes 1O s S

(.,,..JS Olowws ol Oy ilisen BLE 55 Ol goetal Wsy 5o eslanad
Lo e 53 0151 015 o 5 305 SVsb 2l adle Ol s
S Sl Jslome G255 G Olpeas b sl st 5 Lyl
Slpe e bS5 Sope 03 ) e Lo s RS
LBl s Glosle Sl ndS 58 eslinad S5 550
Sladows 5 Lad odiS s Olgeay Ll o oS Sl YU Cdr e
5 Wang s eslizal ool slagsls sdd J s ulay l
S O 4 M S e 035 GF L HLSs
Ol il Lams 53 a5 e Sl WOlosw (] &5 LA a0 50
Ologws &gl e TVA atdn e Slas o5 (g 5bay a0 0l
in Cuid Gl e 5 4Bl 2A 0T o e amis i3 5 e s
Sl sges bl callas cpl 55 s e Bl S Oleps
S g el s Ol o8 Sl 00 313 OLES Jams 3 3150
poelS el Sl S glallenn 51 Sl Sl
S mmilin Ol gl e 555 odr GV o e Jidsay i
ol b ails e p o b Ol Sl Sl S cl S
Ll Ol BB Sl Ola S Jloys tdy Gl S
Olggaal JalS a5 51 13 61y 35 SOl ol 5 (S LSS
S Sosba XS (6,5 e Ul ojlss LSS 5l b S L
2y el ekl ST 650 Ol gl Gl s Sl S54SS
clr e b Sl s Slpaal ladlew pl b

b e 5l ke b gl g Sl salew j.;w’l


https://tumj.tums.ac.ir/article-1-12947-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-07-05 ]

OLlKas 5 D taiei ari

Sl o 5155 oS o VL sl sy L ki pd e elin
odd atlis Jlsmal Oleaw e casl Voo o0 s
et S 1 S 0 Ol ol Aol 4l s s
LB 5o, omber B S Olseay Bl 5 ol Ol gl 5 5555
304 035 bl w5 JElGlp 5 el Olganl 5 YL Jss
Ozl s 555 5l o oy e SAES = bl 4SS ol
o7 3 oos il GRS b (SGh SV lapagise Mass e S
Gl 4 ATNYe C ssum) S e ST o3l (sle S Oenli sk
e il (BAT TO) gl L e wlea] 3 i
35 BB SO ol dlex Slsls 3l bl e 0L Sk
e Jloi) Gl Olarw s50nl 5 O3 g 0o w4 O,k
Sldile S o kSISl dd panie s s
DAL Ol ey S bl 4 CilS e s Ol
33,5 35 gl Slae 1S OO e e g ase
sk S Sl Shasn b bl ayad ol Oles
9303 S ysboay ol ans a3 85 Sl g a5 iy A e
I3 eon s b e G Gl Olpead Sl e
5SS B SIS el e s S
Ll olse pll Cotle 5 e Ol S (ol (O sl
HsS S Sy s S Sy Sl hesah
oA D ke > DLl sy b sl 38l
b S N5 s p 3osn ae SOl dige 5 Slassls (( Sy i
S5 5elS 250 0 o B 5 sden Do) gots Shle b s
bl i dSs 5 e oSl b Sles Sl
Ol Slalllas B3l o sy s slas )8 sl W L2iS ol
W Slapw «hhlog log s b 03 S IS L e il el
Sl 5 Sl (st 2 5 (3Ll Pl S S 555
Olopws cpl o550 sl (i 555} (las )8 (sl B8 (6,5l sl
Gl gladle ;oM s e Sl 0 AU e Oleys (6l mi
S ae Sl LSS s o w5y olacd iy
(Stereolithography, SLA) (Stereolithography) 3l S 5 g il Kile
(Digital light processing, DLP) polte Jbaes 558 ol
P e L o R

QA was ol 51Nl 63 S slawl (Ol aal) Sylasd s

anld S lle ) ol els LSS sl e SO S5
3 e osar el ke 5 (s ol Sl (S
Mans el b o | O el

St 25 3050 W g oS Dlas 4kl S oSl
oozl Y OF sdas 155 sladles 5 IS2 5 o310 =\ 550
3 ed el S S e b Y i S o sl
Sl s 1 LT 5 esls Sl | 6T e il Jlew S
ol Lol Ol Jlids b &S 28 o35 s jlade -8 A5l
3 P oS Sl odd ey 350 e eedd 035 08 03 S S
T g R e QPSRBT LU (e
Gasly i oS Cak 4 5L 5 Sl Jes s b
oS8 g I3l dal (LI el Al (LAl s 5 o
T QIR I [ P VNP P VS S SR VRO
Crl g el i aalad ool (plply 5 5 S eslinal (5 VL
Y anlad ol 2l ses Lot ot 241530

SR s 2l (Sl ol oIS Ol el (WIS
Sl 55 Jmrpl LYl (S 5I0s 53 eslinad 550 3 g
Sy Aol & S 5 Sl bOlars cpl s (b5 glas )8 s
Sl S S e (el SLSIL) Ll
5B o e S St 5 dled s i 5
Olosle syl alaly Olars cpl 5S e sbml Ol
o g yme laind SlpSIT L Olesw Ol et 5kl el
5 Ogebis by VAN s 2l s el OIS el
el B s gl o s LGC Kislesl s il K
G200 oL 4 s ol b Ol sl sl S Ologs
Loaded dgop 55 Shuks sloul U ASPA IT Olepw i axslis
a3tz 3 agal S8 Ol i G ime SOULE el 03533
(s 43 0 S S 55 Ol gty s gl 5 sl ol FERALY
ol sl sl

Gl Ol b KL ST el ol Sl gladlens
3 Sy Slmad adlom gland Sl (D Sk fte
TS PYCPIST RO CRNCIN RPN - S PRp-1 DU gl - S PR WUt
OO Sk fe Lf<,:14_JSI sl Gdlerw (e (sladlocw
O Jeaie o @y mis bOlew ool YWYl (PMMA)

PG AFT T o)los AT 6)90 o) Fo P il 5 er iy sl olCtils o Sy ouSiils dloeo


https://tumj.tums.ac.ir/article-1-12947-en.html

arv sl slagalin oo sadd 5 Seolsew b o Gt slaglass S

(o (el

ﬁ Ca? 0 ca?*
'o—ﬁ—O' -o—||3|—o- -o—%!—o- Ca?*

0 o (o} Ca®*

(s (C

i n o
OH ~_0O -
o)vY CH ¢—C
o n H COOCH;/,
(5 o St Jn oot St (7 My S ot st (i S e St (. Sanl s 5 (6 jouly (51 355 ($La0Mogs (g lrad Sl ¥ S

Sl sy b Sl

W ol ol 5 3500 slalind peedS ) Jgar

PH (5,lub Y0 °C s > leed Jsa b S5 Sor i
-logks gl-1

Y VAL YA Ca (H2Po4)2. H20 ) i IS o

- \7ARA \\% Ca(H,Po4), O 05 lind NER e

Y- /04 /AAA CaHPO4.2H20 ol ¥ ol odS s |
L}J.Lu

- A eEA CaHPO,4 e ool sk Slid oS |
s

0/0-V ERVat AN Cag(HPO4)»(PO4)s.5H,O Sliad S S| VT

- Yv/0 Yo a-Ca;3(POy), Sl pods et \/0

- YA/A e B- Cas(POs), Slind odS 5 5l /e

0-\Y - - Ca,H7(PO4)2.nHO UK e S V/Y-Y/Y
1/0-4/0 A0 YLYS . (ggf)-;(zfc’)%‘))z_x JUE{HCH N PR TP V/0-\/Y
(0<x<1)

VoY VY aaaeY Cal0(PO4)6(OH)2 Cobl S s Val%

- - CalO(PO4)6F2 bl Vv

- 19 AV Cayo(PO4)sO il S VY

- YA £ eesy Cay(PO),0 Slid S| y

[ Downloaded from tumj.tums.ac.ir on 2026-07-05 ]

Tehran Univ Med J (TUMJ) 2024 March;81(12):929-43

http://tumj.tums.ac.ir


https://tumj.tums.ac.ir/article-1-12947-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-07-05 ]

OLlKas 5 DI taei AYA

Slhd odS Gl g5l Olas 153 Sl ol s amlie 1Y g

(MPa) Kb Jske ) Jodss (MPa) (238 (Sl (MPa) 5Lt o glie pH s,lu Sl ol gl Dl
- - N oA >8/Y o

- £0 Ve Yo <4/ ey g

YAY £0 0 4. $/A St o

Slos 3 Al 5 oo bOloww S Ll 51555 e ploi ! S
s (glata 5 SUI plesl b aoler Cu s i g e (U
Sl OISl St S Slases Jgo b 3 S sl
lins odS Olog 035 i sl W3 Sny 0 gs
Ll dr BB sl 31 Ysame SUI ) ol SUI L s
SIS 5 - SsY L (Polylactic acid, PLA) sl SN
J Jes by (Polylactic-co-glycolic  acid, PLGA) A
Slan ki a ul O3S L 3NS5 (Polyvinyl alcohol, PVA)
olizal Sbsl A8 55 S L oadd Wl 5 ol LBL2
(Antibiotic- 5 50 51 sl Sl gbaolers VL 5E o
P salisie 5l 6,8 sl sl loaded bone cements, ALBC)
bl 55 S @ln 5 JelS 2y 5T dlsa laie
U5 sl el Rl Slacond o 53 i o
ML (S 8T Y 6 2/0 g ) Sl oy slassn b
Pl p st UL ke Glagsn cise SIG 5 S
Sl e a5 5 5T 0393381 M50 (6,5 Sl Ol SIS
oY L andls B Olare (SGG ol 5 ot Chaad o
05 6 S0k Oloms a8 S pn o5 Slalllas ST a8 ol S5 4,
53 s AR LT Sldlas s e 0L |y LS 50 2T L
b SOl glacasls 5 Bl b clles ST Ll
TS IS ol 53 boamlie 53 VU (slagss s pK0a
Clatlem S3le o 3 ppe b sl 5l Ko (S
) colie (308 Oles b bl Olaww sl 5,8 Olaj il gzl
Olas b ss ploil iyl b anal L300 Wilsn B 5ps eslal (adids
SIS o3Il 4 bl S al ol gl L S il (o IS
S sk Sl O sl b Jae 53t 5 ASL e

el Olas S s Oy JalS (6l (5L 5 slasal, Vs g

Sl kg sl gl ps Cansl o Sl oy s
ol Gl Tl 48 5 15 a3y 5e Slessls 5 Ol
2 S S sl Ol Blosle Sl s b
S ek oo Jlail UGl &S Sl el a5 gL
S S e JSI5 (VLS e ol S ) VS ek
Saon 5 Sobed Al Jsl s s s LB s Sl
kol sl MO rl et sl S (IS
Spots () 'C) GBI los 3 oS ol pl Shiless ks b
Gl Bl el b LB s el Sl sl S
S el ghs
s clacs elS Ologs 1 Slpnal lallones (5laigs
Sge s bagyls d8le) dlse il Llg e s g3 s
AU T s S sl 0ad das sl s 53 1 (e
S sl S5 Sl esls Ol el sl IS
G Sy min IRl s beussdes &) Gl ks Jeily
s Ses Sislam s ol ST oles oelS Ol
03538 el opl b ilesls (LI (S5 s 5 SO (S
LaOlosws ol cibizes Sl 55 3 g a0 e Sl Sas bisies 5l 4o
Oloww Sl (S5slam lagasstl rie LASBLL 55
b Jo Ol st L5 K slasbns iS5 cin i S
Sl Sl a5 il ool iy b AuS e 0350
poedS Olog 53 ey Jlad sl S5 L GElie gl
5 Slade 3 eslinal gl Ll 055 o35l sl Al Slind
S oslp o) glajlas 4 Y ot s ol L gladame
Sl sl 5 Ol Kl Ol Sl Olo
53 Sl ndS Olas 1 eslizul OISl latens Ml ol oLl

ool s Gl Slaes b 2 Gl Jaau slas )8

PG AFT Y oylas AT 0,30 ) FoF aiiod] (3 (i posle olCtilsy o S5 ouSiils aloeo


https://tumj.tums.ac.ir/article-1-12947-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-07-05 ]

Kalali N., et al.

Jlos! Gl g5l Olaes S5 (5l jlume ¥ J gk

Jlody! gl el Olopms o (5l slma Slasuie

ey LS 1) el ST S5 5355 S e 3 L Ol gl Olass oS s oUlg

28 Gr S Gl 3 0T atims JS0E5 52 5 wle (s3leldr 05 Ol L Ol i Olaser eSS

25 RSB Gl e i S5 ull Ol e 1 Ol Ol sake

S syl St b by 2 slasl JST5 6 8oms L Ol Ol S5l

b S oS > of Johs 4 B a8 30585 1) il 5 S 5o 50 Ol jue Ol gl (slad sl L 0zl Olacs s Uluy szl
2 Joged Ol e 5

Al Sl LB 0L kv 5 L Ol il Olages ol ol

s Ll ol el e Sl e e L1 )ls S 580 b g5k OIS e | Ol sl Olags
S Caglie S8 i 5 S O o Jleel il 3 Ll e O giasd Olagw
s S el s gl 4 AL Ol sl Olegw

S G |y el sl b 5 dpdr Ol sl |25 0L O e Olagw

})léﬂ“dﬁ‘hﬁ)éwb&a‘
Sl o, 48
;..sa

21501 el Cpo -

J.vﬁ 6&&*« n‘_;?‘lgﬁ u.pb;— A e &1l L;L.a.u
Ol Sl yoins 352 1 (St (25 58lS 3l g0 5 S
BL) r}l.l.a 6Lk¢ﬁm E) CJUL_J;J et .JJ‘a:JS S
Slgen 5 Oblen Candy smp lp Ol Olacs O ganV g0 3
Locils dalss aelsl aey ol 5o oy slacs iy gl el 038
SOl cainy pl 53 polle lacd ly 5 Clids 58
S o Wl G 5l Gl 02 Gl D Oligmes Sl
Yoz Jomie oS0l sl iss 53 Olssiud Ola 31 oslinud
sl oue Vb 5 Sae 5 Ol oS il dal il

AS (o e | (2 pean Jade
References

1. Henkel J, Woodruff MA, Epari DR, Steck R, Glatt V, Dickinson
IC, et al. Bone regeneration based on tissue engineering
conceptions-a  21st century perspective. Bone research
2013;1(1):216-48.

2. Cai Z, Wan Y, Becker ML, Long Y-Z, Dean D. Poly (propylene
fumarate)-based materials: Synthesis, functionalization, properties,
device fabrication and biomedical applications. Biomaterials
2019;208:45-71.

3. Duan H, Cao C, Wang X, Tao J, Li C, Xin H, et al. Magnesium-
alloy rods reinforced bioglass bone cement composite scaffolds
with cortical bone-matching mechanical properties and excellent
osteoconductivity for load-bearing bone in vivo regeneration.
Scientific Reports 2020;10(1):18193.

4. Kim JA, Yun H-s, Choi Y-A, Kim J-E, Choi S-Y, Kwon T-G, et
al. Magnesium phosphate ceramics incorporating a novel indene

Tehran Univ Med J (TUMJ) 2024 March;81(12):929-43

http://tumj.tums.ac.ir

E L s St o e aen ol sd slinal Laclicd
S 1 Slied ndS Ola OSCie Obo) ASIS e das
(¥ S S (Y (Vo s ) 5SS D3 eIl () s
(0 YL 5,8 sles (B el 5 gl SLSS s sk ks
4 o bine O g LS (UUP) Ly ple o
oS et 2 S Olos el gy 3l el S i Oles ax o
£ Sl S o Sl S Oler 355 Sl Sl Sa
Vs wslizal B Wl OLL
bl 5 ol e B Ol Slaw 1 S et

Sl Cud Gl S s ofele ey 5 ol e S

compound promote osteoblast differentiation in vitro and bone
regeneration in vivo. Biomaterials 2018;157:51-61.

5. Shah M. The clinical outcome of bone cement in dental implant
insertion-A systematic review. Journal of Dental Implants
2020;10(2):59-71.

6. Khaled S. Development of a new generation of bone cements
using nanotechnology 2009.

7. Kiihn K-D. Properties of bone cement: what is bone cement. The
well-cemented total hip arthroplasty Heidelberg :Springer Medizin
Verlag 2005:52-9.

8. Diba M, Tapia F, Boccaccini AR, Strobel LA.
Magnesium-containing ~ bioactive  glasses for  biomedical
applications. [International Journal of Applied Glass Science
2012;3(3):221-53.


https://tumj.tums.ac.ir/article-1-12947-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-07-05 ]

14.

15.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Application of bone cements based on ceramic and polymer in orthopedic surgeries qs.

AR P, MG R-A, PA S, la Piedra C D .Long-term efficacy and
safety of polymethylmethacrylate (PMMA) in osteoporotic
patients treated by percutaneous vertebroplasty. Journal of
Osteoporosis & Mineral Metabolism/Revista de Osteoporosis y
Metabolismo Mineral (Spanish edition) 2019;11.(¢)

. Charnley J. Anchorage of the femoral head prosthesis to the shaft

of the femur. The Journal of Bone & Joint Surgery British
1960;42(1):28-30.

. Vaishya R, Chauhan M, Vaish A. Bone cement. Journal of clinical

orthopaedics and trauma 2013;4(4):157-63.

. Qin Z, Deng Y, Li X, Li M. Bone cement implantation syndrome

induced by antibiotic-loaded bone cement covering the infected
bone surface: A case report. International Journal of Surgery Case
Reports 2021;89:106627.

. Chen L, Tang Y, Zhao K, Zha X, Liu J, Bai H, et al. Fabrication of

the antibiotic-releasing gelatin/PMMA bone cement. Colloids and
Surfaces B: Biointerfaces 2019;183:110448.

Boschetto F, Honma T, Adachi T, Kanamura N, Zhu W,
Yamamoto T, et al. Development and evaluation of osteogenic
PMMA bone cement composite incorporating curcumin for bone
repairing. Materials Today Chemistry 2023;27:101307.

Pauksch L, Hartmann S, Szalay G, Alt V, Lips KS. In vitro
assessment of nanosilver-functionalized PMMA bone cement on
primary human mesenchymal stem cells and osteoblasts. PloS one
2014;9(12):e114740.

. Ostrowski N, Roy A, Kumta PN. Magnesium phosphate cement

systems for hard tissue applications: a review. ACS Biomaterials
Science & Engineering 2016;2(7):1067-83.

. No YJ, Roohani-Esfahani S-i, Zreigat H. Nanomaterials: the next

step in injectable bone cements. Nanomedicine 2014;9(11):1745-
64.

. Morejon-Alonso L, Carrodeguas RG, dos Santos LA.

Development and characterization of a-tricalcium
phosphate/monocalcium aluminate composite bone cement. 2012.
Miola M, Lucchetta G, Verné E. Physical, mechanical and
biological properties of composite bone cements containing silver-
doped bioactive and antibacterial glass particles with different
particles size. 2022.

WE B. A new calcium phosphate setting cement. J Dent Res
1983;62:672.

Bohner M. Calcium orthophosphates in medicine: from ceramics
to calcium phosphate cements. /njury 2000;31:D37-D47.

LeGeros RZ. Properties of osteoconductive biomaterials: calcium
phosphates. Clinical Orthopaedics and Related Research (1976-
2007). 2002;395:81-98.

Br C. Skeletal repair by in situ formation of the mineral phase of
bone. Science 1995;267:1796-9.

Habraken W, Habibovic P, Epple M, Bohner M. Calcium
phosphates in biomedical applications: materials for the future?
Materials Today 2016;19(2):69-87.

Eliaz N, Metoki N. Calcium phosphate bioceramics: a review of
their history, structure, properties, coating technologies and
biomedical applications. Materials 2017;1:334(40).

Ginebra M-P, Canal C, Espanol M, Pastorino D, Montufar EB.
Calcium phosphate cements as drug delivery materials. Advanced
drug delivery reviews 2012;64(12):1090-110.

Ikenaga M, Hardouin P, Lemaitre J, Andrianjatovo H, Flautre B.
Biomechanical characterization of a biodegradable calcium
phosphate hydraulic cement: a comparison with porous biphasic
calcium phosphate ceramics. Journal of Biomedical Materials
Research: An Official Journal of The Society for Biomaterials, The
Japanese Society for Biomaterials, and the Australian Society for
Biomaterials 1998;40(1):139-44.

Costantino PD, Friedman CD, Jones K, Chow LC, Sisson GA.
Experimental hydroxyapatite cement cranioplasty. Plastic and
reconstructive surgery 1992;90(2):174-85.

Zhang J, Tancret F, Bouler J-M. Fabrication and mechanical
properties of calcium phosphate cements (CPC) for bone
substitution.  Materials ~ Science and  Engineering:  C.
2011;31(4):740-7.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Zhang J, Liu W, Schnitzler V, Tancret F, Bouler J-M. Calcium
phosphate cements for bone substitution: Chemistry, handling and
mechanical properties. Acta biomaterialia 2014;10(3):1035-49.
Heini P, Berlemann U. Bone substitutes in vertebroplasty.
European spine journal 2001;10(Suppl 2):S205-S13.

Yin X, Li J, Xu J ,Huang Z, Rong K, Fan C. Clinical assessment of
calcium phosphate cement to treat tibial plateau fractures. Journal
of biomaterials applications 2013;28(2):199-206.

Yoshikawa H, Myoui A. Bone tissue engineering with porous
hydroxyapatite ceramics. Journal of Artificial Organs 2005;8:131-6.
Mourifio V, Boccaccini AR. Bone tissue engineering therapeutics:
controlled drug delivery in three-dimensional scaffolds. Journal of
the Royal Society Interface 2010;7(43):209-27.

Markovic M, Fowler BO, Tung MS. Preparation and
comprehensive characterization of a calcium hydroxyapatite
reference material. Journal of research of the National Institute of
Standards and Technology 2004;109(6):553.

Patel N, Best S, Bonfield W, Gibson IR, Hing K, Damien E et al.
A comparative study on the in vivo behavior of hydroxyapatite and
silicon substituted hydroxyapatite granules. Journal of Materials
Science: Materials in Medicine 2002;13:1199-206.

Ogata K, Imazato S, Ehara A, Ebisu S, Kinomoto Y, Nakano T, et
al. Comparison of osteoblast responses to hydroxyapatite and
hydroxyapatite/soluble calcium phosphate composites. Journal of
Biomedical Materials Research Part A: An Official Journal of The
Society for Biomaterials, The Japanese Society for Biomaterials ,
and The Australian Society for Biomaterials and the Korean
Society for Biomaterials 2005;72(2):127-35.

Huang J, Best SM, Brooks RA, Rushton N, Bonfield W. In vitro
evaluation of nanosized carbonate-substituted hydroxyapatite and
its polyhydroxyethylmethacrylate nanocomposite. Journal of
Biomedical Materials Research Part A: An Official Journal of The
Society for Biomaterials, The Japanese Society for Biomaterials,
and The Australian Society for Biomaterials and the Korean
Society for Biomaterials 2008;87(3):598-607.

Samavedi S, Whittington AR, Goldstein AS. Calcium phosphate
ceramics in bone tissue engineering: a review of properties and
their influence on cell behavior. Acta biomaterialia
2013;9(9):8037-45.

Zhou W, Liu Z, Xu S, Hao P, Xu F ,Sun A. Long-term
survivability of hydroxyapatite-coated implants: a meta-analysis.
Oral Surgery 2011;4(1):2-7.

Nakhaei M, Jirofti N, Ebrahimzadeh MH, Moradi A. Different
methods of hydroxyapatite-based coatings on external fixator pin
with high adhesion approach. Plasma Processes and Polymers
2023:¢2200219.

Jirofti N, Shahroodi A, Movaffagh J, Fazly Bazzaz BS, Robbati
RY, Hashemi M. Fabrication and Structural, Mechanical, and
Biological Characterization of Vancomycin-Loaded Chitosan-
Hydroxyapatite-Gelatin ~ Beads for Local Treatment of
Osteomyelitis. Journal of Mazandaran University of Medical
Sciences 2023;33(220):1-18.

Jiroftit N, Ebrahimzadeh MH, Moradi A. Complete
characterization of sol-gel silver-fluoride-hydroxyapatite coatings
on external fixators for orthopedic surgery applications: structural,
biological, and in vitro evaluations. Journal of Sol-Gel Science
and Technology 2023:1-13.

Jirofti N, Hashemi M, Moradi A, Kalalinia F. Fabrication and
characterization of 3D printing biocompatible crocin-loaded
chitosan/collagen/hydroxyapatite-based scaffolds for bone tissue
engineering applications. [International Journal of Biological
Macromolecules 2023;252:126279.

Hurle K, Oliveira J, Reis R, Pina S, Goetz-Neunhoeffer F. Ion-
doped brushite cements for bone regeneration. Acta Biomaterialia
2021;123:51-71.

Nasrollahi N, Dehkordi AN, Jamshidizad A, Chehelgerdi M.
Preparation of Brushite Cements with Improved Properties by
Adding Graphene Oxide [Corrigendum]. International Journal of
Nanomedicine 2020;15:3121-2.

Roy M, DeVoe K, Bandyopadhyay A, Bose S. Mechanical
property and in vitro biocompatibility of brushite cement modified

PG AFT T oylos A) 0y90 o) Fo ¥ o] 5 iy pasle olCtilsy o iy ouStils aloea


https://tumj.tums.ac.ir/article-1-12947-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-07-05 ]

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.
62.

63.

64.

65.

66.

67.

Kalali N., et al.

by polyethylene glycol. Materials Science and Engineering: C.
2012;32(8):2145-52.

Barralet JE, Grover LM, Gbureck U. Ionic modification of calcium
phosphate cement viscosity. Part II: hypodermic injection and
strength improvement of brushite cement. Biomaterials
2004;25(11):2197-203.

Shariff KA, Tsuru K, Ishikawa K. Fabrication of interconnected
pore forming o-tricalcium phosphate foam granules cement.
Journal of Biomaterials Applications 2016;30(6):838-45.

Pittet C, Lemaitre J. Mechanical characterization of brushite
cements: A Mohr circles' approach. Journal of Biomedical
Materials Research: An Official Journal of The Society for
Biomaterials, The Japanese Society for Biomaterials, and The
Australian Society for Biomaterials and the Korean Society for
Biomaterials 2000;53(6):769-80.

Burstein AH, Reilly DT, Martens M. Aging of bone tissue:
mechanical properties. JBJS 1976;58(1):82-6.

Gbureck U, Barralet JE, Spatz K, Grover LM, Thull R. Ionic
modification of calcium phosphate cement viscosity. Part I:
hypodermic injection and strength improvement of apatite cement.
Biomaterials 2004;25(11):2187-95.

Graga MPF, Gavinho SR. Calcium phosphate cements in tissue
engineering. Contemporary Topics about Phosphorus in Biology
and Materials 2020.

Liu C, Shao H, Chen F, Zheng H. Effects of the granularity of raw
materials on the hydration and hardening process of calcium
phosphate cement. Biomaterials 2003;24(23):4103-13.

TenHuisen KS, Brown PW. Formation of calcium-deficient
hydroxyapatite from o-tricalcium phosphate. Biomaterials
1998;19(23):2209-17.

Yang Q, Troczynski T, Liu D-M. Influence of apatite seeds on the
synthesis of calcium phosphate cement. Biomaterials
2002;23(13):2751-60.

Raja N, Han SH, Cho M, Choi Y-J, Jin Y-Z, Park H, et al. Effect
of porosity and phase composition in 3D printed calcium
phosphate scaffolds on bone tissue regeneration in vivo. Materials
& Design 2022;219:110819.

Tamimi F, Torres J, Bassett D, Barralet J, Cabarcos EL.
Resorption of monetite granules in alveolar bone defects in human
patients. Biomaterials 2010;31(10):2762-9.

Sheikh Z, Zhang YL, Grover L, Merle GE, Tamimi F, Barralet J.
In vitro degradation and in vivo resorption of dicalcium phosphate
cement based grafts. Acta biomaterialia 2015;26:338-46.

Bohner M, Merkle H, Lemai, tre J. In vitro aging of a calcium
phosphate cement. Journal of materials science: materials in
medicine 2000;11:155-62.

Tamimi F, Sheikh Z, Barralet J. Dicalcium phosphate cements:
Brushite and monetite. Acta biomaterialia 2012;8(2):474-87.

Penel G, Leroy G, Leroy N, Behin P ,Langlois J, Libersa J, et al.
Raman spectrometry applied to calcified tissue and calcium-
phosphorus biomaterials (Article in French). Bulletin du GIRSO
2000;42(2):55-63.

Tamimi F, Torres J, Kathan C, Baca R, Clemente C, Blanco L, et
al. Bone regeneration in rabbit calvaria with novel monetite
granules. Journal of Biomedical Materials Research Part A: An
Official Journal of The Society for Biomaterials, The Japanese
Society for Biomaterials, and The Australian Society for
Biomaterials and the Korean Society for Biomaterials
2008;87(4):980-5.

Tamimi F, Le Nihouannen D, Eimar H, Sheikh Z, Komarova S,
Barralet J. The effect of autoclaving on the physical and biological
properties of dicalcium phosphate dihydrate bioceramics: Brushite
vs. monetite. Acta biomaterialia 2012;8(8):3161-9.

Alshaaer M, Cuypers H, Rahier H, Wastiels J. Production of
monetite-based Inorganic Phosphate Cement (M-IPC) using
hydrothermal post curing (HTPC). Cement and Concrete Research
2011;41(1):30-7.

Klammert U, Reuther T, Jahn C, Kraski B, Kiibler A, Gbureck U.
Cytocompatibility of brushite and monetite cell culture scaffolds
made by three-dimensional powder printing. Acta Biomaterialia
2009;5(2):727-34.

Svecovdi M, Bartinék V. Facile synthesis of monetite
nanoparticles from basic raw materials. Ceramics International

2018;44(13):16079-82.

Tehran Univ Med J (TUMJ) 2024 March;81(12):929-43

http://tumj.tums.ac.ir

68.

69.

70.

71.

72.

73.

74.

75.

76.
77.

78.

79.

80.

81.

82.
83.
84.

85.

86.

87.

88.

89.

90.

Cama G, Gharibi B, Sait MS, Knowles JC, Lagazzo A, Romeed S,
Di Silvio L, Deb S. A novel method of forming micro-and
macroporous monetite cements. Journal of Materials Chemistry B
2013;1(7):958-69.

Yang Da, Yang Z, Li X, Di L-Z, Zhao H. A study of
hydroxyapatite/calcium  sulphate  bioceramics.  Ceramics
international 2005;31(7):1021-3.

Wang ML, Massie J, Allen RT, Lee Y-P, Kim CW. Altered
bioreactivity and limited osteoconductivity of calcium sulfate—
based bone cements in the osteoporotic rat spine. The Spine
Journal 2008;8(2):340-50.

Lazary A, Balla B, Késa JP, Bacsi K, Nagy Z, Takacs I, et al.
Effect of gypsum on proliferation and differentiation of MC3T3-
E1 mouse osteoblastic cells. Biomaterials 2007;28(3):393-9.
Robinson D, Alk D, Sandbank J, Farber R, Halperin N.
Inflammatory reactions associated with a calcium sulfate bone
substitute. Annals of transplantation 1999;4(3-4):91-7.
Techa-ungkul C, Sakoolnamarka R. The effect of dentin age on the
microshear bond strength and microleakage of glass-ionomer
cements. Gerodontology 2021;38(3):259-66.

Bueno LS, Silva RM, Magalhdes APR, Navarro MFL, Pascotto
RC, Buzalaf MA, et al. Positive correlation between fluoride
release and acid erosion of restorative glass-ionomer cements.
Dental Materials 2019;35(1):135-43.

Baig MS, Fleming GJ. Conventional glass-ionomer materials: A
review of the developments in glass powder, polyacid liquid and
the strategies of reinforcement. Journal of Dentistry
2015;43(8):897-912.

Sidhu SK. Glass-ionomers in dentistry: Springer; 2015.

Ghasemi F, Jahani A, Moradi A, Ebrahimzadeh MH, Jirofti N.
Different Modification Methods of Poly Methyl Methacrylate
(PMMA) Bone Cement for Orthopedic Surgery Applications.
Archives of Bone and Joint Surgery 2023;11(8):485.

Jirofti N, Poorsargol M, Sarhaddi F, Jahani A, Kadkhoda J,
Kalalinia F, et al. Polymer stabilized, phenytoin-loaded
nanomicelles as promising nanocarriers: In silico and in vitro
evaluations. European Polymer Journal 2023;196:112228.
Williams DF. Progress in biomedical engineering: definitions in
biomaterials: Elsevier 1987.

He S, Scott C, De Luise M, Edwards B, Higham P. Effect of
choice of surgical gloves on dough time measurements of acrylic
bone cement. Biomaterials 2003;24(2):235-7.

Skoog SA, Goering PL, Narayan RJ. Stereolithography in tissue
engineering. Journal of Materials Science: Materials in Medicine
2014;25:845-56.

Chia HN, Wu BM. Recent advances in 3D printing of
biomaterials. Journal of biological engineering. 2015;9(1):1-14.
Sanderson JE. Bone replacement and repair putty material from
unsaturated polyester resin and vinyl pyrrolidone. Google Patents 1988.
Timmer MD, Ambrose CG, Mikos AG. Evaluation of thermal-and
photo-crosslinked biodegradable poly (propylene fumarate)-based
networks. Journal of Biomedical Materials Research Part A: An
Official Journal of The Society for Biomaterials, The Japanese
Society for Biomaterials, and The Australian Society for
Biomaterials and the Korean Society for Biomaterials
2003;66(4):811-8.

Kasper FK, Tanahashi K, Fisher JP, Mikos AG. Synthesis of poly
(propylene fumarate). Nature protocols 2009;4(4):518-25.

Salarian M, Samimi R, Xu WZ, Wang Z, Sham T-K, Lui EM, et
al. Microfluidic synthesis and angiogenic activity of ginsenoside
Rgl-loaded PPF microspheres. ACS Biomaterials Science &
Engineering 2016;2(11):1872-82.

Fisher JP, Holland TA, Dean D, Mikos AG. Photoinitiated cross-
linking of the biodegradable polyester poly (propylene fumarate).
Part II. In vitro degradation. Biomacromolecules 2003;4(5):1335-42.
Wong SK, Wong YH, Chin K-Y, Ima-Nirwana S. A review on the
enhancement of calcium phosphate cement with biological
materials in bone defect healing. Polymers 2021;13(18):3075.

Zuo Y, Yang F, Wolke JG, Li Y, Jansen JA. Incorporation of
biodegradable electrospun fibers into calcium phosphate cement
for bone regeneration. Acta biomaterialia 2010;6(4):1238-47.
Maenz S, Kunisch E, Miihlstadt M, Bohm A, Kopsch V, Bossert J,
et al. Enhanced mechanical properties of a novel, injectable, fiber-
reinforced brushite cement. Journal of the mechanical behavior of
biomedical materials 2014;39:328-38.


https://tumj.tums.ac.ir/article-1-12947-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-07-05 ]

91.

92.

93.

94.

Application of bone cements based on ceramic and polymer in orthopedic surgeries 4y

Kucko NW, de Lacerda Schickert Sn, Sobral Marques Ts, Herber R-P,
Van den Beuken JJ, Zuo Y, et al. Tough and osteocompatible calcium
phosphate cements reinforced with poly (vinyl alcohol) fibers. ACS
Biomaterials Science & Engineering 2019;5(5):2491-505.

Nezafati N, Moztarzadeh F, Hesaraki S, Mozafari M.
Synergistically reinforcement of a self-setting calcium phosphate
cement with bioactive glass fibers. Ceramics International
2011;37(3):927-34.

Bistolfi A, Massazza G, Verné E, Masse A, Deledda D, Ferraris S ,
et al. Antibiotic-loaded cement in orthopedic surgery: a review.
International Scholarly Research Notices 2011;2011.

Dunne N, Hill J, McAfee P, Kirkpatrick R, Patrick S, Tunney M.
Incorporation of large amounts of gentamicin sulphate into acrylic

95.

96.

97.

bone cement: effect on handling and mechanical properties,
antibiotic release, and biofilm formation. Proceedings of the
Institution of Mechanical Engineers, Part H: Journal of
Engineering in Medicine 2008;222(3):355-65.

Gallo J, Kolar M, Florschiitz AV, Novotny R, Panticek R,
Kesselova M. In vitro testing of gentamicin-vancomycin loaded
bone cement to prevent prosthetic joint infection. Biomed Pap Med
Fac Univ Palacky Olomouc Czech Repub 2005;149(1):153-8.
Dorozhkin SV. Calcium orthophosphate cements for biomedical
application. Journal of Materials Science. 2008;43(9):3028-57.
Bohner M. Reactivity of calcium phosphate cements. Journal of
Materials Chemistry 2007;17(38):3980-6.

PG AFT T oylos A) 0y90 o) Fo ¥ o] 5 iy pasle olCtilsy o iy ouStils aloea


https://tumj.tums.ac.ir/article-1-12947-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-07-05 ]

I [ ] ] VI l Tehran University Medical Journal, March 2024, Vol. 81, No. 12: 929-943

Review Article

Application of bone cements based on ceramic and polymer in

Naeemeh Kalali M.Sc.!?
Sogand Mirshah B.Sc.?
Mohammad Hossein
Ebrahimzadeh M.D.!:2

Bibi Fatemeh Kalalinia Ph.D.*
Ali Moradi M.D., Ph.D.!2
Azar Gharib Ph.D.">3
Nafiseh Jirofti Ph.D.12"

1- Orthopedic Research Center,
Department of Orthopedic, School
of Medicine, Mashhad University of
Medical Sciences, Mashhad, Iran.
2- Bone and Joint Research
Laboratory, Ghaem Hospital,
Mashhad University of Medical
Sciences, Mashhad, Iran.

3- Department of Chemical
Engineering, Faculty of Petroleum
and Petrochemical Engineering,
Hakim Sabzevari University,
Sabzevar, Iran.

4- Biotechnology Research Center,
Department of Pharmaceutical
Biotechnology, School of
Pharmacy, Mashhad University of
Medical Sciences, Mashhad, Iran.
5- Department of Chemistry-
Physics, School of Chemistry,
Semnan University, Semnan, Iran.

*Corresponding author: Orthopedic

Research Center, Qaem Hospital,
Ahmadabad Blvd., Mashhad, Iran.
Tel: +98-51-38012610

E-mail: Jiroftin@mums.ac.ir

orthopedic surgeries: a review article

Abstract Received: 26 Dec. 2023 Revised: 31 Dec. 2023 Accepted: 12 Feb. 2024  Available online: 20 Feb. 2024

For over 50 years, bone cement has been used to strengthen artificial joints like hip,
knee, shoulder, and elbow joints. The main purpose of bone cement is to fill the space
between the prosthesis and the bone. This absorbs the forces on the joint by creating an
elastic area. Besides ensuring the long-term stability of the artificial implant, it also
improves the damaged bone. Polymeric bone cement consists of a polymer matrix known as
polymethyl methacrylate (PMMA) and a liquid monomer called methyl methacrylate
(MMA). When these two components are mixed, a free radical polymerization reaction
occurs, leading to the cement's hardening at the place of use. The properties of bone cement,
such as mechanical strength, biocompatibility, and handling characteristics, can be adjusted
by combining the effective polymerization parameters. However, there are some challenges,
such as heat generation during polymerization.

Ceramic bone cement is a composite material of ceramic particles dispersed in a
polymer matrix, including calcium phosphate and calcium sulfate. The ceramic
particles provide strength and bioactivity, while the polymer matrix enhances the
transport properties of the cement. This combination results in a mechanically stable,
bone-conductive, and biocompatible cement. Moreover, ceramic bone cement can be
engineered to release therapeutic agents, such as antibiotics or growth factors, to
prevent infection and foster bone regeneration. Ceramic bone cement is a promising
alternative material for bone cement in joint replacement. However, more research and
development are required to optimize the properties of bone cement and overcome the
challenges associated with its use. With continued advancements in biomaterials,
ceramic and polymer bone cement could revolutionize the field of orthopedic surgery
and improve patient outcomes. Recent research has focused on developing new bone
cement with improved properties like bioactivity, antibacterial activity, and drug
delivery capabilities. These developments aim to enhance the performance of bone
cement and remove the current limitations in orthopedic applications. In this review
study, we will focus on the types of bone cement, their mechanical, biological, and
structural properties, and how to optimize them.

Keywords: bone cement, ceramic-based bone cements, orthopedic surgery, polymer-

based bone cements.
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