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The aim of the systematic review was to analyze the use of combination of bone substitutes and vectors in periodontology and
implantology among animals models and humans. Electronic databases were searched, and additional hand search was performed.
The research strategy was achieved according to the PRISMA guidelines. The including criteria were: combination of bone substitutes
and vectors, in vivo studies, a precise number of specimens, histological and radiographic analysis, written in English. The risk of
bias was evaluated for individual studies. Thirty-two articles were selected and investigated in this systematic review. The results
do not show a superiority of the use of composite biomaterial in comparison with simple biomaterial but suggest the efficacity of their
utilization as a carrier of bioactive agents. Future studies need to identify the suitable association of bone substitutes and vectors and
explore interest in their use such as the support of growth factors.
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INTRODUCTION

Bone grafts are used in periodontology for the treatment
of intrabony and furcation defects; they are used in
implantology for alveolar ridge preservation, guided
bone regeneration (GBR), or sinus lift. An ideal graft
material should be biocompatible, safe, non-allergenic,
non-toxic, and have no risk of disease transmission.
Ideally, it should provide a role of space-maintaining, and
have similar resorption rate, composition and porosity to
human bone'?. This interconnected porosity should allow
the ingrowth of blood vessels and the diffusion of bone
cells and nutrients. Finally, it should have a controlled
biodegradability to ensure a balance between resorption
and volume maintenance during bone ingrowth and a
dimensional stability to allow this adaptation in the
defect?. Bone grafts promote bone formation under three
concepts: osteoconduction (material acts like a scaffold),
osteoinduction (material contains proteins which lead
to proliferation and differentiation of bone cells), and
osteogenesis (material containing stem cells)*?.

The current gold standard is still autologous graft
(bone from the patient); it is the only bone graft that
is osteoconductive, osteoinductive and osteogenic. This
technique has several detriments, such as the necessity
of a secondary operative site, which represents an
augmented risk of supplementary comorbidities, or a low
quantity of bone®. For these reasons, some alternatives
have been developed. The first alternative to autologous
bone is the use of allogenic graft: tissue from a human
donor or cadaver. Three types of allografts exist: fresh
frozen bone (FFB), freeze-dried bone allograft (FDBA),
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and demineralized freeze-dried bone allograft (DFDBA).
The risk of transmission of bacteria, virus, or prion
cannot be excluded for this type of bone substitute?. For
these reasons, their uses are restricted, particularly in
Europe®. The second option is xenografts: transplantation
of bone tissue across species. In periodontology and
implantology, deproteinized bovine bone is the most
commonly used. Lastly, alloplastic bone substitutes have
been developed in the form of synthetic hydroxyapatites
(HA), beta-tricalcium phosphate (B-TCP), biphasic
calcium phosphate (BCP), and bioglasses. HA is non-
resorbable biomaterial with a low resorption rate and
high space-maintaining potential contrary to B-TCP.
BCP is composed of different ratios of HA and B-TCP
to combine the advantages of these two families. Thus,
this biomaterial can have different biodegradability and
stability degrees according to the bone defect.

All of these bone substitutes are available in the
form of granules or blocks, which can be difficult to
manipulate and set up in some clinical situations.
Therefore, combination of bone substitutes and vectors
(composite biomaterials) have been elaborated; they are
composed of two phases, granules of bone substitutes
linked together by a vector. The vectors are polymer
biomaterials, mainly represented by polyglycolic acid
(PGA), hydrogel, or collagen?.

Combination of bone substitutes and vectors are in
the form of paste or injectable material. The goal of this
galenic form is to allow an augmented usability for the
clinician and a better stability in chirurgical sites; these
materials can also be used as a support for stem cells
or growth factors®. However, the addition of polymer
between bone particles can change the property of the
biomaterial and its capacities of bone neoformation.
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Nowadays, it is not yet possible to conclude at the
superiority of a vector or an association vector-
biomaterial. For this reason, the aims of this systematic
review are to analyze relevant studies to retrieve valuable
information about the interest in the use of combination
of bone substitutes and vectors in periodontology and
implantology and to evaluate different combinations of
bone substitutes and vectors.

MATERIALS AND METHODS

The different studies concerning the use of combination
of bone substitutes and vectors in periodontology and
implantology on human or animal models have been
collected and analyzed.

Question

Based on the PRISMA directives (Preferred Reporting
Items For Systematic Reviews and Meta-Analyses)?,
a specific question has been developed with the PICO
(Participant, Interventions, Control, Outcomes)
method'?: “Do combination of bone substitutes and
vectors enhance clinical results in patients treated in
periodontology and implantology?”

Information sources and search strategy

The search strategy was established according to the
PRISMA guidelines. Original articles were searched
using electronic databases (Medline and Cochrane
Library), and relevant articles were screened by hand
to potentially add relevant articles. A combination of
Medical Subject Heading (MeSH) terms were used
to identify appropriate studies: “combination of
bone substitutes and vectors”, “periodontology”,
“implantology”, “pre-clinical study”, “clinical study”.
Only English articles were included and no publication
dates or publication status restriction were imposed.

Study selection and inclusion/exclusion criteria
Selection was based on the inclusion and exclusion
criteria defined so as to include only the most valuable
articles (Table 1).

The selection process was recorded in detail to a
PRISMA 2009 flow diagram (Fig. 1).

Data collection process and data items
The following data were extracted from the included
studies: 1) Biomaterial (+/— membrane); 2) Animal

Table 1 Inclusion and exclusion criteria

models: species, sex, age, weight; 3) Number of defects
per group; 4) Defect type, size; 5) Treatment groups; 6)
Observation period; 7) Qualification of newly formed
bone; 8) Result (Tables 2 and 3).

Risk of bias in individual studies

To ascertain the risk of bias in eligible articles, their
methodology was evaluated by SYRCLE’s Risk of Bias
tool for animal intervention studies'?, or by Risk Of Bias
Non-randomized Studies of Interventions (ROBINS-I)
tool'?, or by the Cochrane Collaboration’s tool for human
randomized trials'®.

Data synthesis
A meta-analysis was not performed; we conducted a
descriptive and systematic analysis of the studies.
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Fig. 1 PRISMA flowchart for identifying eligible studies.

Inclusion criteria

Exclusion criteria

Studies using combination of bones substitutes and vectors

In vivo studies
Studies with the precise number of specimens

Studies with histological and/or radiographic analysis

Studies written in English

In vitro studies

Cases reports

Retrospective studies

Studies without control group
Studies without statistical analysis
Reviews




Dent Mater J 2021;

“UaSe[[0d pIp Uey) Apjusurword 10Ul Yonur gN
JO (38013100 81} paseatdul [00)/JVH Jo uoryearidde 1Y) pajsadsns synsad asay],

(0 ww

. PO (100/dVH)
© dnoas ur ueyy q dnoxs ur sepim %gmocﬁ.mﬁ BaIe N [eoSopoIsty (sedeunt . ¢) aaninspru syoom(p  aqrsoduoo uageqo) 8102
stskfeue [ ( V_wa PR HEVE Ce [00/dVH q  Wniuesn oy dnoas o : oyredeAxoms ! o
“JUBISJJIP A[JUBOYTUSIS J0U 0I0M SISB[(0AISO PUR SISB[200)S0 JO JoqUINN 5 %%E&.LS ZIPUBG 7)) ([oMuod) QY 8 JO 8IS (oBe Jad 1 [ Wz [ PAH . aNaN
Teot30[03STH b N SYo0M 7T U0 8940018 (©r (S0) 0
. d ¢ . . , [PPed) s1ey aguods uade[[o)
N Y314 Pa[[y Sem Baxe ded o[0UM 81} ‘SY9aM ] 1Y 'SY90M f 18 PajIeIs TR[NOIL)
1 100)/dVH U] 'S0 § 18 pajIeIs Ypmorsut auoq ‘dnois uage[[oo uf :seSew [)
Syjuow 81 - dILTS
UOTJBULIO] 9UO] U0 193]J0 AT0JB[NWI)S 150)BAI3 97} pUB AI[IqBPRISAPOI] ouewoydIowoISy sqjuou 71 - ROVARS (W gxg) Jod SYJUOW 3
199399 B pake[dstp JOVD-1S "dDL PUe JDI-IS [ Pajjead s300Jop Uey) UoljoRyy o syjuow g - [0UD . doays AL+ 6103
BaIR a[o1Ied JoMO[ A[JURIYIUSIS B PAILGIYXe JOV))-IS YIM perjels sjoeje(] ! sqpuowt ¢ - aaysod ), ! Pl : 9 OULIBJ\ AL - ‘072
: RS - o ~TWOYD0ISTYOUNTI ] o a1} Ul J00J9p dnoas : :
(17 93 UBY) UOT)ORIJ BaIEB AUO] JOUSIY A[JUBIYTUSIS A yuow T - oauod od e dOVD1S - aqewy]
B POYQIYXS D, 20 dDI;1S ‘'dOVO-IS s pajgers s30agop ‘sjutod own oy e 3y (PR syeam g - sanRSeu () [ % SHnpy
:syutod sy, 100J0p Aydury
(%€°0)
IDHI-yi4seduods
-djunees 0 189k
*sdnou8 0m) oY) UeaMIB] JULIBHIP AJUBDYIUSIS 10U JYSIOY ansst [BI0], [eo180703sTH 4oL n\o aﬂ q W fxg dno1s ol wm:&\m (%€°0) 6102
“e dnoas ur ueyy q dnous ut Jemof A[JUBIYTUSTS JYSY gN SISATeuR SYoam 7T .?\m.e 100J8p dU0q w0d g safgeaq ADHA-ya4sesuods ‘072
. (] N
( dnoxd ur ueyy) e dnois ut Je[[ews A[JUBIYIUSIS BaIG N Aydeasouro, {9-Q4so5u0ds adAy a[ppeg ss0(] d0L-g/unepey) eqnyng
0L gumepes
JIpIoR "B
“uorjeATesad
a3pLL 10] 1) ] [BUOIUBATI0D UBY) 9AT}IB]J0 0I0W 8¢ 0 SWadS Y19 + JOL-d 5
"dDL-] [enpIsas Ut se0uI9z)ip AN0ISIIUT JUBIYIUSTS A[[BIUSIIBIS ON  ILJoWoydIowoIsT RONR Ww Cxpxy x%%
"$9YTS 1809 A} [ot3o[03sTH arenoned  (refowead sy ] ) 6108
7 197913 A[JURIYIUSIS MOLIBUI SUO( PUB BAIR SUO( PAZI[RIauI Jo suorltodord oy, (£ydersouwmoy syeam gl :dnoas joxyuo)) Areqqxew) Mwma ﬁgm%mﬁ VIDd+d)Id e.? 19
"$9JIS [043U0D A UL 1983 A[JUBIYTUSIS SBM ONSST) SAIJIIUUOD JO JUNOWY poIndwod-0101u) VIOd+dOLd  10939p auoq 9 @ mez o epey(
0119 w0yY dI0UW0JSTY U [BILS0[0ISTH orydessorpey «dnoias 189, [eoong wmmO a
‘(NG £¥1Suap [BLI9JBU 9UO] UT 9IUBISJJIP JUBIYIUSIS ON "SAYIS [047U0D a
UT UBY) 1078013 AJURIIIUSLS $a71S 1599 873 78 (A{]) dwn[oa auoq :orydersorpey
Jydem ‘age
(@N) pouad sdnod oz18/odLy noss zad ‘x0s ‘so10ads
symsay aU0( POULIO] A[MoU : : spepepjo T [eLI9YRWOL] 80UBIB)0Y
JpT— U0TIRAIBS(() JURWIAL], 100J0(] stoquIy [epow : :
S [ewuy

SI0J99A PUB S9INJIISNS SOUO( JO SUOTIBUIQUIOD JO 9SN 9YJ UL SAIPNIS [BWITUR [BITUI[D-24d JO 8]} 9ATjeIRdWO)) g d[qE],



s

Dent Mater J 2021

(%) yuswaoeyd

“U0YIURWINE DFPLI [BIUOZLIOY 0] dduBWIONAd I191]) JO JudwaA0IdwWL (Tugomu  juerdwrt pue (edng) @
: : : : : . : 8y g umoxd onpeussydiowt
JUBIGIUSIS A[[BILSIRIS 19PUSL J0U PIP ) 20 IO 03 GIING Jo UOWIPPE Ay, /3w ¢'0) gdING (1) (ww syyuow aU0q I PApEO]

o JUEOLURLS e (W [7f°6) ND=00[g pU® ([uw ouewoydIOWOISI D0 OxPx8) SIS dnoss P, o) L108
7'GF1'9) BAING-Y00g UeaM)a( 9dUaIaJIp 813 A[U0 :(Sg) #ININISANS dUO] [BNPISY : SYeaM ()7 (TW g TW/SW  UOI}IBIIXS U0 0 70
¢ : ) : : [eo1S0703sTH ) ’ Tad 9 SO[R[  OURIUIAW USSR[[0]) -

S90UBIAJJIP JUBIYIUSIS A[[BO1ISIIR)S OU :(N) OUO( POZI[BIOUIUL MAN G'0) gdING-Yoo[g  S109Jep auoq so1320 €90d) otueg
(W 5'¥G°8) G -NO+001q PUe (WW 6778'TT) Wo+porg  padeys-xog wmmom 0 sasg_smwﬂm@
ZAING-Y20[( U8aM)Iaq AIUBIBJJIP JURIYIUSIS A[[RosTye)S (YY) BaIR pajuewsny oorg .m@cmwﬁm Eé:&m:ﬁwo aupiog -
. QUBIQWIAUI
$89]
. uage[[00
a( 0) PaJUAY AUO] PAZI[RISUIW JO AJ1URND 40320 AT UT PASN 1M SIJRIS UBY A 01
‘2L PUB ) (7], PUB T [, Us0M)aq 0uaIeJjIp oN ‘dnoid HJIB UOBE[[0) HOsl PO 1103
&Lp ' : [o130[03sTH ss()-01g :z 389,  onuopouad dnoas (e
0 ur ey dnoas 1], ut 1omo[ A[JUBIYIUSIS SBM 9U0( POZI[BISUIW JO JUNOWR 9], : : syjuou J, g : : S189k g 01 | _uade[o)) ss()-org ‘0 92
: : T : : . LD-0101y JJe18 UASR[[0))  -d1JUOPOPUd zod g ® :
0 Ut uey . so[deaq wry[
. ‘ 880-01g T 189, paurquIog) ‘ '
2L, Ut Je[[eus AJuBOYIUSIS 0URISI(] ‘7], PUB 1], U9OM)S( PUB ][, PUB () UsOMID( oz sd0(
OUAISJJIP JUBOYTUSTS OU ;1S90 [BNSUI] PUB [BION(] USIMIO] SOUBISIP [BINIO ou Joxgu0))
"$S0] SWN[OA Y pazZIWIUIW $81nPadoad uoryeArdsad agpry
“U01}0RIIX0-1S0d SY00M S)SIY BY[) SSO] ST PASLalIap dWN[0A Jo AJLIOLR
“[013u00 03 paredwod 1000 Poo[q
0q g 1893 03 poereduod JUBOYIUSIS J0U SBM T 1893 J0J PUNOJ Ures 1Yy 9y ‘71, ooyLes ¢, dnoid [oxyuo) —
“[0JU0D PUB T 1$9) USAMID] INQ Z PUR T 1507 UdAM]A BIUBISJIIP OU :¢ [T, uoryersdo QURIQWIAWI 81= 80201
LRSS o (uorgeAtesard  :joryuo))
‘SJUQUIAINSLA J69UIT  SISA[RUB DLIJOUIN[0A ps0d: g, UASe[0+d) I o80L1) 10390 _, PO Teaf T< 8108
*dnoas [oxyuod pue | pue [eeury U0T)ORIIXD g noas gsa, WOW WM © . wa SoTeI\ VIOd+dOLd ‘012
150) U8M)A( JN( 7 PUR T 1S8) UOMIA] BOUBIJJIP A[[BIIISIIRYS OU Z[-[[, PUe ¢-T],  Suoissexduwl [eyus(] ud 7, QURIQWIAWI B mh& K Mw so[deaq JUUEIN
;[esnpaQ SYPaM uage[[00 1o . Nmm ‘sso(
*(N0IS [0X3U0D UT UBY) T 1$9) UL J9MO] A[JUBIYIUSIS SBM POSBALIIP SWN[OA 9IpPuUB g ¥ +VIHd+dOL Y TRl
Y], ' PU®B T 1$9) Us9MJa( 9IUBIAJJIP [BIISTIB)S JUBIYIUSIS OU 7 [ -T [, PUB &1, :T dnoas gsa,
‘[eoong
:SJUAIAINSLA JLIJOUIN[OA
Surpeay
snoauejuods - soms s
«dnoad [oxyuo) p=t SO 181 (wornyos duoproLLd
'$dN0I3 0M) 9Y]) USOMIA] PAYBIISUOWISP SBA (uoryearesard  ox3u0) PO ‘ :
. ooy g - GUPIWN) (810
S189UA509)80 SUIpIB3at 90usIeJjIp A[[eonsye)s Oy "dnoas [BjuswIIadxe Ul gN o0y  ILeWoYdIoWOISTH SHoom 4 DOXI agpiI) 193208 0T=u  -syuou JS— D
“JURIYTUSIS A][BITISIIRYS J0U JN( 9SPLI] IB[OSA[R [eo180703sTH Toom et oeep " U0T}OBIIXD (seys  sorewdy ¢ g %wwﬁ%ﬁ%% - M%“
a[} JO UOT}ONPAI [BUOISUSUITP [BIUOZLIOY UBW SSO] PAMOYS S9J1S [BIUSWIIOdX T V19d D! ysaL] [eIuew sgud P16 IHOOA HUSATT
: : : : : : PoIR0) sa[nuLIs : -noR[A[0d+d) g
: -Wadxy]  eoBIpURT
d0J-g :dnoas
LELELRETNG|
penunjuod g o[qe(,



Dent Mater J 2021;

‘sdnoad (gv0) duoq
0.1} 8Y]) U9M]A( JUSIBJJIP A[JUBIYIUSIS JOU BAIB ANSST) PAZI[BISUTW UBIPA]Y STOUBZ0INE 1IN0 8Y0g  euBIqWAW UASE[[0))
“& dnoas ur ueyy o dnod ut Jeysiy A[uBIYTUSTS 108)U00 JUR[dUII-0)-0U0] UBIPAN oupowoydowolsty 0gs Touug 9 (wwg) (papnpxe Syjuou UoSe[0)+(dD L4 0z
gdnors 2050 8& syoom (GvD 0gS oo ayis juepdwr  Sop auo) ST-21  %08+VH %0L=S9S) (e Do
Ul uBy) 9 pue g sdnoas Ut 1e1eels AJueoyrusis gN pue [BLIDJBU 9UO0( [BNpISey [P0 i {80 SNOUAZ0INE U0 SIULISTYRP dnoas o[BI\ MInIsqng !
: : . S : : orydergorpey . : : 9]
:s1sATeue OLjewWOYdI0W0ISTY PUR [BILSO[0JSTH Jouuy q [Boong Jedg  [aasuopy auog d1OYIUAS
*dnoxs NS ut 1emo[ A[urdyIUSTS seM g sdnois gy pue gy[ (dnox3 oxyuoo) ‘sso( 8U0(q SNOUASOINY
U09MJ9( A[JURDYIUSIS JBJJIP J0U PIP SWN[OA PajuswSNe [830) :SISATeue orydersorpey auofe )gs 8
soguods
*q dnous ur uey) B dnoas ur Io[[ews A[JUBIYIUSLS J08J0p [BNPISSY ougewoydiomolsty . moe.n\ﬁﬁww Do 10K |
POUAIONp : .dnois fonuo) *q (ww (1x¢) A9 19102
. [ot30[03sTH . dnoas o[BI\ e
JUBOYTUSIS [I1ISTIRIS ON “q dnoas ut weyy B dnoas ur 1e3es JySay ansst [0, SuderSowo syeam g (%€0) Z-AHAYL 109]9p dU0( od sorden Suryerodioour saguods 12
"PaIIWI] UOTYRWLIO] (N :q dnory i ? +soduods 0§  edL-e[ppes 9 19894 urje[ag 9[qepeIseporq SOy
. C . pomdwod-0I0T\ ¢ sdoq : :
3U0(] 9807 1M SNONUTIUOI UOTIRULIO] N JO JUNOWE d3TB] JUSPTAS 1B dNnoay) Jurgeres :dnois
[PyuBWILIadxT ‘B
*90URIOJJIP OU :IOP[NOYS JURTAWI 9} MO[[Aq WU F £ydws ‘[oxyuo))
£ydurs 0y paredwon totadns ([9Y-HAJ D pue Adwe QUBIqWIAUI
0 poaedwod senfeA 1oYSIy A[JUBIYIUSTS )5 : 1OP[NOYS JuBdUIT 8y} MO[[oq WW g uage[[00
S1sk[eUR [)-0I01)\ ITM PAISA0D
Amﬂob:.oo £ydws 03 pareduwrod Jotadns A[JUBIYIUSIS A[[ITISTIRIS BIaM ]A) PUB HHJ aInINsqnS AU0q oy quedun (@) poe
sy[00m § 1 sdnoad 1a13o (e 03 Jouadns AjjuroyIuSLs A[eansryess [\ dnoa) OWOYIUAS ) : : sy a1 ;
; (9=u) syoam 9T o (W onaedse[£oA[SjAutdry 1102
:0JU00 JUe[dWI-03-0U0q JSIL]  ILIJPWOYAIOWOIST IOy+odd dnoi§  syjuow QT (o8’
. ) puy FXx) Spo5p q g (Ddd) P3otpAy 1
D Ut ueyy LD-0doy (0= +oInJusqns ) zed g so[deaq
. 9=1l) SYo0M Q padeys-xoq h [004]8 dualfy3e410q BUIOY],
anoas ) ut 107018 AJUBIYIUSIS UOTIBWLIO] N "dN0IS SI8Y30 [[B YIIM paredwod auoq aye[nonIed IDIEDUE s30(] SomnURLS 4
£ydwd dnoas ur paATasqo SeM UOIJBULIOJ aU0( SSA] A[JUROYIUSIS A[[BONSTIRIG RUEILAY POZIpIEPURIS I A9V
“UOTJBUILIOJ SUO] MON 1999
‘SYeaM 9] DH+MISns
18 JUBOYTUSTS PUB ‘SY90M § T8 JUOIBJJIP A[[BILISIIB)S J0U 9I0M $]09]J9 JUSUIJBAI) O], auoq JaYUAg
"8aIB 100Jp 810 UTY)IM BaIE POJRIDUSSAI JO 95BIUEIID ] ‘Had
*sdnoa3 1897 puB [0IJU0D USMIS( PAISJIP JOU PIP SIUSWAINSBIU SBALY ) .
“anoas JINg ut 107aa8 AJuBoyIusis Yoy pejuswsne w&m@mmw — 810¢—<g
([} pue JuedwWI oY) J0 90RJINS [BIPAW BY) T8 U01TRIFH)UI008S0 J Jutod JsoySIH  djeoydiowolsty e p .wmm ! qw dut hm 0013 s)1qqel ZdINgYt «L103
01 WoydI0tWOIST pue [BIL30[0ISTE [ot30[03sTH YoM § momowmﬁ % Ew Mao&msm od SOYUM  3IM papeo] JOFD - ‘070
*dno13 1503 A1) U 193813 A[JUBIYIUSIS BWIN[OA PAJUSWSNE URIPAW Y], LD-001 0o m% Her - g puepeay, 409D - 00p
*anois [ox3u00 ut uey) dnos JNg 93 Ul 18)ears N BoY s MBN S9[BIY
. AT dDdD [onuo)
sem querdwt a7 Jo Xade 8y} U0 SUO( PAULIOJ A[MAU JO JUNOWIR BY[, :[,)OL
penunjuod g o[qe(,



s

Dent Mater J 2021

qdn jo

“[BLIDIBWOL] (IIM oURIqWOW+J)] oIS juepdwr mu ﬂﬂw OINdH-S -
sdnoas [[e useMIa( PUB B YIIM PaIedwon ( UL JUBISIJIP A[JUBIYTUSIS OU $JNS8Y  ILoWOYdI0WOISTH syoon g1 P 0 $309J0p dnoas ﬁmﬂ@ (d0gm) dog :waoﬁw
*(8) dnoas [o1u0d [o1807038TH [PSoapAy+d0g aseq adfy zad g sopfeaq /[e80apAy ay1sodwoy) - nonag
91M paredwod p pue o dnoas ur sen[eA YIMoI5UI 8UO( UL 8SBAIIUL JUBIYIUSIS dD9°q  9ousdsIYd(] s30 409 - ’
JUeW)BAL) OU "B
u/fw gy
. . SdING+OH4 P
“JURIYIUSTS J0u sAn0I3 g\ UsoMIBq SBOURIAJIP - uysu ¢ )
sdnoas gJINg Ut 1e31e] A[JUROYIUSIS UOTJRULIO} SUO( - LU0y IOWOLSLEY ZdING+DHY 5406 ¢-dNa+OHe) 7103
*dnou8 [oxyu0d ut ey sdnois Ut 108.0e] A[JUBOYTUSIS N % PUE BOIE - RIS Syoom w/sw T HonRedp dnozs  syguou 1 UsBe[[0) " [¥T]
108 Hee edNg LABTeyE = dN %P SISA[euR 19 02 T H.o SNutg Jod sdop ormedesxorpAy I3
PHROUOHCIOMOISTH orqdeasorpe GdING+OHE . a13u0 . 9UIAD 10
“JUROYIUSTS A[[RITISTIR)S J0U SR0UBISIIP :drydersorpey . el ({oxyu00) [ N hod
QUI[eSs [BULIOU
WM HHG ®
*9WN[0A PAJUBISNE [RIYIUL 18YBAIS & UL pay[nsal g/ 0} g-JINg JO uonppy
“anoas JINgmy ut ueyy dnois JINgMg Ut Jadre] YN
“anoas JINgmg ut uey) dnois JINgmp ut esrel YN
'sdnoas ) ur ueyy sdnoxs JINg Ut 10SIe] YN PUB YV, : SYeom § pue g 1y dnods
‘S18ATeUe OLOWOSTH " W U 80¢cy
*$dn013 [[e Ut SUT[edY Y3 A[JUBOYIUSIS 98BAIOD  JLIjOWOYdIOWO)STH LAy ey t sjIqqer G105
‘ e : P ' . (8=1) sxoam TLOAG  UonRjUAWSNE  PIPN[OXd ' dd4d0 pepeorg-dINg - 6
1L SY99M § PUB g 78 T[,) UL UBY) JINg UI 1031e] (AYN) ONSSY} pazI[eIouituoN [eI130[03STH oM o
. (8=u) sy{oom g JINGMp SnuIg  J1qqBl Au() 409D -
JINGMZ Ut wey) JINGMF Ul 1078015 sem AGNY% PUe AGN orydeasorpey o P dnoss puereay, wry]
‘SYOOM 7 78 BOUSIBJJIP dINgNe oy MON SO
JURIIUSIS ON "SY80M § 8 ] ],0) Ul UeY) JIN{ Ul J031e] (AFN) U0q pauLio] A[maN v
"$0OM  pUR 7 18
130q dnod 71,0 ut ueyy dnois JIg oY) Ut Jesae] (AY,[,) SWN[0A pajusWSNE [810],
‘sisATeue orydersorpey
cDd s
*9NSST) [IMOLSUL YITM Popeo[ plojjeos
petdnoo pue paurejurew Ajerenbape sem projreds ) Jo aInjonals [[90 uedo oy, A0L-9vH1d @ (ZIDd) g-101081
*dnoag (01300 AT UT URY) TBY) 10780IS3 POJ-XIS SBM & dNOLS UL UOTIRWLIO] AUOG 2494 IMOIY) ISBIQOIqT]
"P[OJJBIS POTBOIUN UL} UOIJBULIOJ UO( UT 9ATIRJ0 010U SeM PoJjeas 101 -V9'1d ouewoydIowoISIy )M POPRO[  OUO( [BIUBID syey ILA papeo| 5103
:Ar9sins-jsod skep ¢g - T shep gg pue 01 p[ojjess JHLg P Oyl ut (ww ) sprogeas J00-¢ ‘012
. [eot80[03sTH i TR)STA
UOTIRWLIO) AUO(] JB[NIA(B) PIOJJds  UOTBOTLI00A(] VO'Td pue 00 BPIYSOX
UOAOM POJR[NS SUIYB0D Z-£)] 'UOTIBWLIO] 9UO] DAL : & puk p sdnoiy) VOT1d/dDL g progess d0L-9/vo'1d
0 pue ¢ sdnoasd ur pjogyeos oYy jo Araydired ayy 03 peJIL] [IMOISUL ANSSL], Progess 4014 'q progess 4014
: (uoryejuerdur
0u) [013U0)) "B
penunjuod g o[qe(,



Dent Mater J 2021;

£ydws - AURIQUAUW
“UOIJRULIOJ 8U0( JO $900.d 8Y[} QOUBY U 0 PAIAAS SURIGWIAUI B JO UOTJRIDOSSE «dnos joryuo) uonRURWSNE obmm - a[qeqosqeorg -
[, "SBAIL 159 [[B UL PAATSS]O A[BIL30[0ISTY SBM UOTIBULIO] SUO] JUBIYIUSIS T~ STd/NGY adpua pue 1 |w »m % (c1d) 0003
“POATISO [PL0RH SY[99M g1 :g dnoasd 9s9 10970 &= ey aprydad Surpuiq o)) - ‘D 92
P a [eotury) 1 L 4 13189, ssop A
Sem UOIjRIUSWSNE. 83DLT JUBAS[AM :7 pUe T SAn0s 9889 Uy *dnoas [00yuod ut o QURIQWAWA4CT ] I8[00A[B ' i (ossuop (NgV)  ®zogieg
U0TJBUSUIENE JUBIYIUSIS A[[BOSTIBIS OU POMOYS SWN[OA HUO] JO JUNOWE [BJ0) SY, NGV T 111 8se) . mm XLIJRJ\ AUOG POALIS(]
nois 1897, TR QUIAO( OTUBSIOUY -
ayeydsoyd wnrpos
*anoad [oxgu0d ut ueyy dnoas )y Ut 193818 AY[JUBIYIUSTS sem N Jo JySOH Sureay  'pajeeLd W m% :ﬂ%wwmwwgmcwmwﬂ
*sdno.3 y30q U 308J8p JO YIPIM B[] UL BOUSIBJJIP JUBIYIUSIS ON snoauejuods 9x/, 109J0p pl0-89K | ol mww%%og q 6003
*q dnoxs ut ueyy e dnoas ut Jesie [BOLI}OWOISTH {(dnoxs +Po10BIIXD dnois w
: : ‘ : syjuow 9 so[deaq WN[BIOUOW ‘072
SeM U0 IS0 A1) Y14 SNONUIIUO) UL SBA [IIYM N :SUOIBAISSGO [BILI0[0ISTH [eo150703STH [ox3u09) *q S108TOUL zad 9 ‘50 reudsoud e
*dnoas [oxyu0d 0dD :(dnoss  ey[rxew paryy a .Espswo:ﬁ S
Im paredwod peouByua o3pLt JB[00ATe ‘dn0as 1) () oY) U] :UOIJBAISSO [BITUI])) [BluBWILIOAXe) ‘B PUR PU0dDG o ﬁ.@wo %woo
Jepmod : D
*$2uNSSYOIOTU Jo wil ()7 :([013u00) p dnoar)
"saanssyjototu Jo wii () :0 pue q dnoar)
189 o[ nd 193J 90BJIIUI AY[} UL S9INIRI]
1SOM8J A1) PUB dU0( pue Jue[dw oY) UsaM)A( SRINSSYOIOIU JSaMma] ;B dnour) %%%MMWMWW 103008 8 8y gg 0 %aw%ﬁ%ﬁw
'so0Rds MOLIBW UT O 80918 : 0 pue ¢ sdnoar)y  Adoosoxpoads Y[ (00100 UOTJOBIIXO  :}JRIS ON 0SUNOM  ADXOIDA Tnlore
“g dnoxd ayp) ut peztuedio [PM gN  (JNHS) [BO1S0[0ISTH vd (01 ysaay ur paoeyd 8:vd PO st PIOIPAH WNId[E) 7108
LA : : SYooM g1 aanysod) o ' ¥ 0181 pue ‘aje[ALoRyjeWw ‘0 92
*90URIOJJIP [BOISTIR)S OU :5UNSA) [RITURYDISUIOL] ordodsororum momm. QEES sjuerdwt 97 :{H)dd S Ayesxompiyfog  ymse
*9[NQIPUBW 8Y} UT 9USISJJIP ON pue [eotur)) amisod) g popeo| 91 W:.E.é e
“Toneq Appueoytusts dnoas yd-HOdd Jo ALS © pozATeue syuedwr Aref[rxewr A[u() TR Aorepoww] Y J-HOdd S S
*$dn013 91} USIMJB( SIUBISIJIP JUBIYIUSLS OU :(A [,S) 8O1AOD 1583 A[IGOUI ILIJIB[Y Vd'HOdd oAt
“Juepduwt a1y Suope Lousonjorpel JuedyIUSIS ou :sydersorpey
*90URIRJIp JueoyIusIs ou :y3dap Surqoid
HIHIEX9 39959D SuoneRIINy
Honeamy w&.ﬁ:q%
surreay “SIeowaLf ' b PO (dDIDNIHTS)
UOTJBWLIO] 9UOQ M3l J99]J8 J0U PIp [230apAY Jo UordUN(pY ouewoydIowOISy snoauejuods I9joWeIp [onu0y sk g-g dDg/esomeaAyew 1103
“JUBOYIUSTS J0U QOUAIOHI(| : SYOOM 7T ;Joxyuo)) wwg [Adoxd£xoapAy ‘I 32
) [o130703sTH . suoneaNy se[deaq
nous [oyu00 ut uey) dnoas 9s8) Ut JueLOdWIT SI0W YIMOISUL AUOG dDg  ‘uorjemseus) L +soume) oo poziueyts 91sodwod  nomug
JOWNdHTS 358, [Boong ' b a o[qeIalu
:SOUIUR)) 150
Arexey Sl
*anois g-JINg/uese[[0)-d0g oy Ul 1seySIy sem U0TIBISIUL J0 89138p Y], ] o
5 dnoa§ ur ueyy p dnoas ut 1oySiy sem £31susp ouog \somm:owﬁ\wwﬁ 3y Mumn%mm
‘dnoid g-JiNg  ougewoydIowolsty L IRAY0T WNLIBAB) 0013 353 2dINg-Ya - 0103
Juade[ion-gng ut ueyy dnoasd g-JINGUYJOg Oy Ut 103es.d pue sdnoid pajesryuou [8ot30[03sTH speamg T o oY) UI SeaIe d ey S0 usde0)-40g - ‘070
ut wey) sdnoas payeaty-g-JINg 83 Ul 1o3eais A[JUedyIusis sem g Jo eaie oy, LD-001 1D mom 1JR18 TR[NIIL) N P .Wsom sya0[q 409 - wry]
'SYP0[q UO3E(10)-d0F d0g 8 spy
PUB J0{ U809 2OUSISJIIP JURIYIUSIS A[[RIYSTIR)S OU :KBSSE 8SBA[al Z-J N UL
penunjuod g o[qe(,



s

Dent Mater J 2021

8U0([ AUIAO( pI=u 0 s180k uade[[0d
pajeuade[[od :dnois .E o POYUISSOI)-UON
“TBLIBYBW [013U00 81 0} Paredwiod (1ogD) «dnoad joxyuoy) (q  uoreAtesard  [01yU0) GEITHS LS [ouog sutaog - A:.Som
: syuow ' ClE : 070
[BLIOBU 1807 91} JO AJLIOLIBJUIL UOU 9} PA[BIASI UOTIBN[BAD ILSO[OIPRI Y], orydeadorpey auoq dumIod adpry o1=u et uode[[0d wr
pajeURSe[0d :dnoad [etay PoYUI[-SS07) !
«anoas 989, (B 189, NVINQH /ouog AUII0 ] -
“U9FR[[00 PIp Uey) Apusurwoad srow yonw g
J0 [3m013110 813 paseatdul [00)/JVH Jo uoryearidde 1ey) pajsedsns symsed sty (0 ww 0 0
“e dnoas ur ueyy q dnois ut 1opim AJUBIYIUSIS BAIR GN O — (sadeu G) 2InInSpIu 5 mmBE 1150 QEo%qw%%%V
siskfeue ) [ .EM M@m LD 10] syoom 00/ dVH'q  Wniuesn oyl dnos 1 © moﬁ ¥ omede \QS: %o am.wwow
“JUBIRJJIP A[JUBDITUSIS J0U dIoM S)SB[(09)SO PUR SISB[208)S0 JO JoqUINN 5 m%w&.ows 21 PuB g ¥ 0) ([o1yu00) §OY B JO OPIS Yowd Jad (1 [ Wz [ P . aNmNN
{[BOI30[03STH P gl sy00M g1 U0 $9A0015 (©r (80Y) 0
. : : [Fred) s1ey a3uods uedey[oy)
"GN 1M Pa[[Y sem eade ded 9[0UM 8Y[) ‘SY0M Z] I "SYOOM F JB PajIe)s TR[NOIL)
1 10)/dVH UJ 'Seam § B pajae)s yymoasur auoq ‘dnois uagde[[oo uj :Sefewr [)
(d4v) o
uoryeAresead a5pLl . -
) : : : [oxyuo)
sdnod TE[09A[E JNOYIM Juowooe]d I po sxeak
o) UaeM)a( A[JUBIYIUSIS ISJJIP 10U N JO 058IU80Iad 8y, :OLoWOYdIOWOIST  OLWOydIOWO)STH :dnod joxyuoy  querdwr pue . gﬂowu 16°679¢7¢ QUBIQWAUI 6108
G S0 M J0uINg T 3893 (1040) syjuowt J-Ngdq  uoreAtesald .N 10, 9Te N uadef[o) - i
31m pareduiod dnoas [01)U00 91 UI 1918943 dI9M Sa3UBY)) 7 189, PUB T 189, onydeagorpey :g dnoas jsa, adpry > K uchi 0 -INgqa- wry
U00M)9( A[JUBIYIUSIS IAJJIP JOU PIp SaN[eA Sa3UBYD [BJUOZLIOY :SISA[BUY [)F) AURIQUAWI TR[0ATY : %omm NYINOH
Ua3e[[00+)-NdAQ L10L
:] dnoxs jsa,
(D)
0sIgad  XLIJBW UASR[[0)) -
TO+Nada e ce=t % Tﬂm.g i :m%mzoov 6102
*anoas H-INggq oY 03 ALI0LIBJUT UOU pajeIsuoOwap NI oYL, (1o9D) squow § «dnoas gse],  juedwrpue -G BN %0T W N4 - @.Na »
*$dn0I3 81} UHMIB] BIUBIAFJIP JURIYIUSLS ON orgdersorpey WO+D-Ngdq  uoreatssad ee=u ‘opewag ! ‘ (990 soue]
«dnoas joxyuo) adpry L INg4d NVNOH 10Ut atiog autAoq
poztutegoada( -
U UERLEEIN
eI pejuswsne 8CTFLL'RE  UMORRPI/HAY - 6102
"SYJUOW § PUB 9 J© SSO] SUO] [BULSIBUIL PUB AJTSUSP AUOQ UL (1o9D) syjuow /DY :dnois 1s, syweduy dnosd B : (oav) am.Na o
an0a8 [ox3u0y) YIm uostredurod ut dnoas 1sa ], 10J JJeUA( JUBIYIUSTS A[[BONSTIBIS orydeagorpey nqv - oww 1ed 97 remeg  ouoq Snouedoqny - o
:noa8 [ox3u0)) PO 1ewod d v I°H
NVINQH
dnoxs 1ad  Jydtem ‘ade
symsay au0( wwm%w Amou potzad sdnos az1s/adA) 109J9(]  $300J0p JO MM%. ‘lopowt [BLIS)BWOL] GOlIGRGIEN |
UOTJBAIOS(() JUSUI)BIL], : : :
Jo uoryeoyI[RNy : IaquInN [ewtuy

SI0J09A PUE S9INJIISNS SU0Q JO SUOTJRUIGUIOD JO dSN 9} UT S8IpNJs Uewny Jo a[qe) sanperedwo) ¢ aqe],



Dent Mater J 2021;

(Surpeay Jo yyuow
v) avi Hw%qﬁm% Juawese]d P[o saBak
: d ‘7158 d
‘s1ejowered pajen(eas  dLjeWOYdIOWOISTH SYIUOW §  JO Yyuow §) J0J,-¢ cuMMqMWWMM dnoxs | Nﬂw%m mwﬂwu%%:@ﬁ mwmg._ 1102 092
oy} Jo Aue Surpredar sdnois 9y} UsdMIB] SOUSIBJIIP JUBIYIUSIS A[[BILISIIBIS ON [eat80[03sT syjuow ¢ S AU J— Td 01 imh_%m mo,m. de- rm ,Mv%f _ sopnodoaae)g
(Buteay BIoyeI[
Jo qywow ¢) ) 1-¢ (R NVIOH
/8- d@HY (8
(INDEN) eueIquiaur
uode[[0o Jafey -
(Ox0T)
QURI(UWAW USFR[[00
=u: 9YUI[SSOL)) -
S0N0L5 04 o 190424 TOHN+) A %Swmmme e ' Mﬁo“wzmmo@ 9102
JUBISJJIP A[JUBOYTUSLS 10U SBM PAULIO] N JO 58IUSI :ILIIOWOYdIOWO0IST  JLrjewoydIowo)styy J— .noas gsa],  uoneAtesaad by ‘reua oS 00 TP OUT e 1o
*90USIOJJIP JUBOYTUSTS OU :SOSUBLD [BO1J8  SUOTJRAIAS(O [BITUI])) puoury IXOAYHVAGA  9SpLL 1e[0aA[y . gﬁ%om@ Z@EDM MEM 2;3 ok M:%m
*(noi8 9893 UL YIPIM AU0Q BIOW A[JUBIYIUSTS :SOSUBYD [BIUOZLIOH :noas [o13u0)) ) :
e o ’ [013U00) pozrurejoida ] -
(Va1
PoININSU0DRT
snd gyexsoyre
pozifelauIwa(] -
(D) eueaquawt
Uose[[0)) -
(VIad
JJeI50] e BU0(
0 s1ga BOT1I00 POLIP-0Z001
98pur  ouewoydIowo)sTH WO+VEAA  one0m0800d dnois Pl m_mﬂw : .wﬁ%ﬁomﬁam QM L1080 12
TB[09A[R 8]} JO U0TTeAI8sad 81} 0] S[([BIINS S8 [BLIOJBW SUL)es (30q dY, (1o9D) SyIuow 9 ([o1yu00) S DLLIET00A od ‘Rt : - : ) ZOPUDI\]
*sdN0I3 0M) 81} UAAMIB] BOULIBJJIP TUBIYIUSIS A[[BIISTIBIS ON orydesorpey WO+D-INgda PH P09V ot Z@EDM Eam%ﬁﬁmm%ﬁo OURLIDG
%01 ¥ Ut poppoquud
JJeI50U8X OUOQ
QUIAO(] STIO[[99UBD
poziurejoada(] -
sdnods QURIQUAWI 0
U80M)9( PAAISSO BI9M 9IUAISHIP A[[RONSTIR)S ON :SISATRUR dLJWOYdIOWOISTH PLOWOYALOWORSTY URBEI[0%+)-NAQ = g ek E.wo euBqion L1103
B . o : : PUE [BILS0[0ISTH .noas gsa],  uwoneatesaxd :)-INGIA = uade[[o)) - e
sdnoas 7 oY) UeaM19( HIULIAIJIP JUBIYIUSIS ON ' ( : ) SyIuow ¢ SURIUOW  9SDLL IET00A =t eI ) ] 0 72
'sdnoas yyoq ur Surpesy o %M%m% ToSenon q PHTEI09ATY e ‘alewa ] D Ngda ) 1N
Jo sqjuow ¢ ye ATyUeOGIUSTS poseardep yipia pue JySioy 'SsAfeur [Hg) AP .%ma”mmmm W8T \ypon ada
penunjuod ¢ 9[qe],



2021;
ater J
Dent M
10 h resulted in t51p6
. re tion step,
ection . re sea selec .

g . o2 Study SelDLINE literatu After the first 4 publications
= o B g = The ME nt articles. bstract, 54 p n the
=] oo &b & = ¢ ntiauy releva nd/or the a . Based upo the
= = 2 — = ote itle a S18S. 1

§ = 5 2 S p ed on the titl further analy re included in
2 = s @ g 2 bas . ed for icles we
5 = S g S = ere inclu ing, 33 arti
=t = RS = = S w ning,
= k: : f 2 g full-text e
= o5 5 D = + 5} ic revi .
< = s & 3 g 3 matic ble
< < = s 2, > = sySte ive ta
E = g é sz g :; istics in a Comparauvriety of
z : @ e S ER- Study characwrere ranked thW a large va of the
= = g 288 5 2 = dies w bles s nalysis .
= - ££8 & 2 5 The stu The ta ith an a . ecies
Z B SE5% 2 £ bles 2 and 3). lew began w of animal sp tal
RS- 22%% 3z E (Ta ials. The rev dominantly f experimen
= 2l = w3 % s = -8 biomateri tion, pre jority o her pre-
2 F8% =85 ¢ £e5 f population, The majori The other j
2 g £ E E EEx ;2 EE type o inical studies. in 13 studies. igs (2 studies),
5 ogE% EEEE i in pre-clinieal studics sformed with pigs (3 studics)
S| 4 i (; = S 23 gbg'—df: ls are erfor A d rats ide
&QEJ—’M WY E o Be= mode . were p deS) an A wi
SR "’,-Ciwg?:'““’gﬂ inical studies its (3 studies), humans.
SHEESE SE 225 Z &8s linica abbits d with hu e used
E| > E< 2 SEES-E2E8% ¢ 1 study), r rforme fects were u
2% 822 =8~ g STE £ heep ( - ere periorm lant de dies),
=& g &= h={t gé) P B2 S tudies w eri-imp t (2 stu
B{he % 2@ Bl s = = = 2 E . On]y 11 s iodontal or p tion defec . lveolar
S =530 &5 2 5T =235 EE iety of perio ies: furca tudies), alve
> s _ =le=1s ‘@ = 4 =2 =l 3 ariety d studle . f ct (7 S tud1e8)>
FEE=ES -a*wgggaéa v electe ed defe t (11 studi
IR = S Bl&8Z2 8 =i in the s -shap emen dies),
= = S| S| s QE“QV) mn . r box % tplac 3 studi
= 8 8o = = @ 2 S g 38 tion o lan nt( .
| D B Ep £ 3| 3|5 S E 2 2R ] estra . +/— mp laceme tic-
R=1= S = ="'z 3| 8 =z fen tion . t pla dodon
E 822 E =22 8 8 erva — implan ined en
S 2gs s =I=l= idge pres ion +/~ imp bine dy),
B EEEm ridg tation ), com 1 study
E{E=IR=ZIR= RS en dles ) f ct (
£ B =iE = =) inus augm (3 stu la defe N re-
s g smu lacement ), scapu jority of p
g implant pla . (1 study), . The majo ith
5 = imp tal lesion studies). in contrast w
= =) 1odonta fect (4 t 1n ¢ idgoe
= 2 erio : defe defec r ridg
o — o g b d cranial bone d intrabony ainly alveola foct.
2 E £ clinical studics ohich employed m eriodontal de th
= £ ES® B inica . ich em op : €
g‘@% SECHE Ciinical Studle.s’ ;10 studies) an(i- r;ed according fjcobone
:-C‘: % '.:;:% ¢ erVation (1n 'es were ana y lde array 0 tors
~= <2 presThen the Studll sed. A very WaftS) and Vefi' )
7 ’. 1 u . Hogr tudies
= materia - and a s K
g type of bio (auto-, xeno- a aterials B-TCP ;terials mn
2 z substitutes d: alloplastic m most used m BM) and
g o re employed: ies) were the matrix (D dies)
E 25 _ Wed BCP (5 studie bovine bone (DBBM) (6 stu BA)
528 an : dies; rix FD
. TR A~ 85 -clinical stu ine bone mat allograft (D ials.
= 2= § 52 E = pre-clin ized bovine dried bone clinical tria
S = =S58 g= tein . eze- in tite
= B3 aegmeng}ns deprotein lized fre loyed atl
8. - & = ks aliz A oy . oxyap
5 55 3 _% S5 %"E = 5 and deminer ere mainly emp bovine hyd:; ), PPCH
& 53 § § 2 :S ESa8 (3 studies) V;I) e (2 studies), bone (2 studies ,deriVed
e = - Z o/ s bon ine ic bone-
%% é ig & o = Autogegou (3 Studies), p;)rf;nd anorganllc lzed studies.
oA = S s B Bio-Oss tudy s . he selec . ion
55 < 5] or 1s 1n the binatio
& g ZEEE (1 study), CPC (were also used different com llagen
=5 2 EE trix (1 study) ed in the s mainly co ies)
£ £ = 2 8= ma The vectors us and vectors }Y?irogel 2 stu(illeti(;
D @0 : S . . the
£ £ stitute les), hy syn
=& _FBoa of bone Sl;b PGLA (4 Stltlddies’); melatgn.lge’ (PA) and
S = =9 ies stu Ti
ZETEET studle,’ es (2 -anhy ix pre-
= Erx SBLSER N d gelatin spong Si-HPMC, pOlyre also used. Six tion
S s -2
E g% é g,o 2 2 =28 alr'lgopeptide, Pli’.c acid (RGD) }VIVF ctors in Comblngies)
S o S<r3~,\ ol atl th fa 2 stu ’
S b x= 8 HS¢E o inyglycylasp ed grow MP-2 ( a
Z s = 2 242 B 2 arginy, dies employ ctors: B d rh-FGF
g?swgie%csigi% linical studies tes and ve tudy), an
- —= 3 i) = uay),
E% = SEEER R E 2 cf bone Subsuuéies) FGF2 (1 s
E= = o stu ’
SE= = MP2 (2
== RS rh-B
L = = [STyaW
SR . . e
v = SEE S = study) iewabl
= g ZEE= £ 2 ; are v.
= 5 = = o 1es ent .

. = 2 -2 - ,g g '% _§ E E 5? S) bias within Sfud f bias assessm as apphed fOI'
b= £, 8 22 43 22325 288 <= =2 Risk of f the risk o hodology w imal studies
=g HgE ES8E |2 552 SEERE The results o dapted met linical anima b), and
"_‘O’_‘Q"?Tﬁ%g:a .9:4540,;:: N he a ies: pre-cli ¢ 1. 2. s

ERRE SEEEZ 2SEASETE in Fig. 2. T of studies: p an trials (Fig
2 = = EESS h subgroup ized hum

=8 &g~ 5 eac ), non-random

5 5 % (Fig. 2.2),

o £38

L

g Z 8N
[an} s —
ES O
[} S 2o
) R
®
E‘



Dent Mater J 2021; : — 11

A. PRECLINICAL ANIMAL STUDIES
Preclinical animal studies

Mention of blinding
Mention of randomization
Other
Reporting bias
Attrition bias

Detection bias  m—

Performance bias  mmm

Selection bias  E——
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B. NON-RANDOMIZED HUMAN TRIALS STUDIES
Non randomized human trials

Post-intervention

Pre-intervention
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C. RANDOMIZED HUMAN TRIALS STUDIES

Randomized human trials

Other

Reporting bias  IEEG—
Attrition bias
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Fig. 2 Risk of bias assessment of included studies.

A. Risk of bias graph for animal studies, using
the SYRCLE’s tool, averaged per item. B. Risk
of bias graph for non-randomized human trials,
using the ROBINS-I tool, averaged per item. C.
Risk of bias graph for randomized human trials,
using the Cochrane Collaboration’s tool, averaged
per item. The green, yellow and red colors depict
the percentages of studies with low, unclear or
high risk of bias of the total number of assessed
studies.

randomized human trials (Fig. 2.c).

1. Pre-clinical studies

Only 45% and 23% of the studies mention randomization
or blinding, respectively. Our data show a high score of
unclear risk of bias for the performance and detection
items (59% and 77%, respectively). The majority of
the studies were free from selective outcome reporting
(54%).

2. Non-randomized human trials

Only two studies were included in this category. Our
results show that 100% of the studies were free from
pre-intervention bias, and 50% were marked for unclear
risk of bias for at-intervention items and 100% for post-
intervention items.

3. Randomized human trials
As expected, our results did not show a high risk of

bias. Regarding selection and attrition items, 75% of
the studies were free from risk of bias. Our data show
that 50% and 37.5% of performance and detection items,
respectively, show an unclear risk of bias. Finally, 75%
of the included studies were marked for an unclear risk
of bias for their reporting.

Synthesis of results

For each selected study, the significant results are shown
in Table 2 for pre-clinical animal models and Table 3 for
human studies.

DISCUSSION

Literature searches retrieved 32 studies. After a careful
analysis, our results revealed that it was not possible
to perform direct head-to-head comparisons of these
studies as a result of variations between studies, in
terms of bone substitute, polymer vectors, the defect
type and size, and the healing time. Not surprisingly, no
meta-analysis of the data could be carried out.

The majority of the selected articles in this systematic
review are pre-clinical animal studies (22/32 studies)
with a larger panel of biomaterials and type defects
tested than in clinical studies. Indeed, the selected
human studies employed biomaterials exclusively in
alveolar ridge preservation and sinus augmentation;
none of the studies were about intrabony periodontal
defect. Consequently, the use of combination of bone
substitutes and vectors in periodontal defects is based
only on pre-clinical studies that have a lot of risk of bias,
with randomization and blinding infrequently described.
This failure makes it difficult to draw conclusions from
pre-clinical studies. Nevertheless, the combined analysis
of the different included studies affords the retrieval of
valuable information.

The combination of bone substitutes and vectors are
composed of granules bound together by vectors, which
can be coated with growth factors. This discussion focuses
on the different combinations used in pre-clinical and
clinical studies and the utilization of growth factors.

The most used bone substitute in pre-clinical studies
was B-TCP, mainly in combination with PGLA, a scaffold
commonly used for tissue repair. Two studies (Leventis
et al." and Naenni et al.*® did not show relevant results
for the use of B-TCP/PLGA combination. Okada et al.*®
showed that B-TCP/PLGA seems to be more effective than
conventional B-TCP for alveolar ridge preservation. The
results show that this injected and moldable biomaterial
maintains its shape, secures the regenerative space and
enlarges the osteoconductive area.

Two studies used B-TCP in gelatin sponges
incorporating growth factors (rh-FGF). Hoshi et al.'?
showed that the combined use of rh-FGF and gelatin
sponge/B-TCP is effective for alveolar ridge augmentation.
Fukuba et al.'® concluded that the controlled release
of rh-FGF in time induces notably more alveolar
bone regeneration than short-term application of this
growth factor. Here, the use of a combination of bone
substitutes and vectors seemed to be essential to control
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the propagation of the growth factor and optimize the
bone regeneration.

Only one clinical randomized trial tested B-TCP/
autogenous combination and rhGDF-5 coated B-TCP¥
and concluded in the absence of significant difference.

The relevant results obtained in animal studies with
B-TCP and polymer suggest that these combinations
should be tested in clinical study in human models to
attest their effectiveness.

BCP is used in five animal studies combined with Si-
HPMC, hydrogel and collagen. Two studies of Struillou
et al.?>*) tested BCP with hydrogel in intrabony defects
and peri-implant defects. They showed that hydrogel/
BCP can promote new bone formation in large defect
and implant sites, the viscosity of hydrogel, allowing
for increased retention capacity and mechanical
strength. Three studies employed BCP in combination
with collagen (CBCP) loaded with growth factor BMP2
(bone morphogenic protein) and rh-BMP2 (recombinant
human bone morphogenic protein). Two of these
studies?®? concluded that the combination of BCP/
Collagen and BMP2 was favorable for the new bone
formation. It is supposed that the addition of BMP2
induced post-operative swelling at the origin of an early
bone formation.

The use of BMP-2 in combination with biomaterial to
promote bone regeneration has been studied in numerous
pre-clinical and clinical studies®”. This growth factor has
the highest evidence of a positive effect on bone formation
in comparison with other agents. However, plenty of
growth factors act on the bone-healing process®, which
suggests that only one factor in a biomaterial may be
insufficient to stimulate the regeneration. Future studies
might be directed toward the combination of factors and
the use of combination of bone substitutes and vectors
like a delivery system for these bioactive agents.

Mainly randomized clinical trials were realized
with DBBM or DFDBA in combination with collagen
(5 studies), and one non-randomized clinical trial used
synthetic oligopeptide as a vector. All these studies
concluded that DBBM-Collagen is effective in the
alveolar ridge preservation procedure, but no significant
differences were observed with the control group.

One randomized clinical trial?® employed
autogenous bone (AB) in combination with melatonin
in immediate implant placement. The result showed
a significant benefit for AB/melatonin, and the author
suggested that the addition of melatonin has a positive
role in new bone formation around the implant and
could protect and recover the gingival tissue integrity.
However, only radiological analysis was performed in
this study; further clinical trials with histological and
histomorphometric analysis will be necessary to attest
the efficacity of AB/melatonin combination in new bone
formation.

One non-randomized study?” in a human model used
anorganic bovine-derived HA combined with putty P15.
Cell-binding peptide was also used in one pre-clinical
study?®. The good results suggested that HA/P15 has
greater compatibility with host bone than HA alone for

alveolar ridge preservation.

None of the selected clinical trials studied
combination of bone substitutes and vectors in
periodontal defects in contrast with pre-clinical
studies. Some relevant results in the use of these bone
substitutes in periodontal bony defect in animal models
suggested the necessity to realize these studies in
human models. Particularly for the use of combination
of bone substitutes and vectors as growth factors
vectors, this could be interesting to promote periodontal
regeneration. Indeed, a plethora of publications brings
to light the valuable role of growth factors and stem
cells in the bone healing process?>?4?9 and the necessity
of developing sophisticated delivery systems to lead
them in the defect. In that way, combination of bone
substitutes and vectors may be valuable. Indeed, some
studies included in this systematic review suggest
this, but additional research is necessary to develop an
optimal biomaterial able to support specific molecules to
promote bone and periodontal system regeneration in
specific clinical situations®?.

CONCLUSION

Several combinations of bone substitutes and vectors
are studied with various clinical applications. The
corresponding studies have heterogenous results
concerning their applications in periodontology and
implantology. For these reasons, a systematic approach
appears essential to serve as a guide for future studies
and provide data that can be generalized. The results of
our systematic review indicate that combination of bone
substitutes and vectors do not enhance clinical results
in comparison with classical bone substitutes, but they
may provide beneficial effects in combination with
growth factors. The present review supports important
information for the evolution of research concerning
the use of growth factor in bone graft for periodontal
regeneration and implantology in the future. Future
studies should focus on the use of combination of bone
substitutes and vectors as stem cells and bioactive
molecules carrier and explore their use in complex
periodontal defects to find a combination more effective
than simple bone substitute.
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