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Abstract

Background: Revitalization is a type of regenerative endodontic treatment (RET)
that offers the exciting prospect of revitalizing damaged tissue, therefore improving
outcomes for non-vital immature teeth. To evaluate its potential, there needs to be
consistency in outcome reporting of clinical studies investigating revitalization to
allow for evidence synthesis and inform clinical decision making.

Objectives: The aim of this scoping review was to identify outcomes that are re-
ported in systematic reviews on revitalization including how and when these out-
comes are measured. Additionally, evidence of selective reporting bias in the reviews
was assessed.

Methods: A comprehensive electronic search of healthcare databases and grey lit-
erature was conducted to identify systematic reviews published in the English lan-
guage reporting outcomes of revitalization in permanent immature teeth. There was
no restriction on the date of publication. Outcome data was extracted by four re-
viewers independently and mapped with a healthcare taxonomy into five core areas:
survival, clinical/physiological changes, life impact, resource use and adverse events.
Selective reporting bias and how it was measured was assessed independently by two
reviewers.

Results: Twenty-six systematic reviews were included in this scoping review. There
was lack of standardization in reporting and significant heterogeneity across reviews
in outcome endpoints. The outcomes reported could be aligned within the five core
areas of the taxonomy including tooth survival which was reported in nine reviews.
Patient-reported outcomes were generally limited and no review reported on Oral
Health Related Quality of Life. Many of the reviews reporting on randomized control
trials were at low risk of selective reporting bias whilst other study designs were at
higher risk.

Discussion: Consistency in outcome reporting is necessary to realize the benefits of
old but particularly novel therapies. Data from this review confirmed heterogeneity
in reporting outcomes of revitalization and the need for development of a core out-
come set (COS).
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INTRODUCTION

Immature teeth with necrotic pulps have traditionally been
managed with calcium hydroxide apexification in which the
material is used, over several visits, to induce the formation of
a calcific barrier enabling obturation and completion of root
canal treatment (Cvek, 1992; Frank, 1966). This approach has
been criticized due to the high-level of patient compliance
required and the increased risk of tooth fracture observed in
the long-term follow up (Andreasen et al., 2006; Cvek, 1992).
As a result, management shifted from the apexification tech-
nique to the one of two-visit placement of a mechanical bar-
rier/plug using a biocompatible material such as Mineral
Trioxide Aggregate (MTA) or other hydraulic calcium sili-
cate material (Simon et al., 2007; Witherspoon, 2008). Many
studies have reported high success rates for the apical barrier
technique, (Krastl et al., 2021), however, as this approach
does not lead to further root development, it is debatable
whether this approach completely reduces fracture risk in
immature teeth (Bonte et al., 2015).

A biological approach that allows for continued root
development in terms of both root length and width could
improve long-term success and survival of these teeth. In
this regard, revitalization as part of a group of regenerative
endodontic treatments (RET) has emerged as biologically
based procedures designed to replace damaged structures
such as dentine, root structures, and cells of the pulp-
dentin complex (Murray et al., 2007). In essence, RETS in-
clude cell-homing techniques such as revitalization, which
have been developed clinically (Galler et al., 2016) and the
largely experimental cell-based techniques in which a stem
cell population is placed into the empty root canal accom-
panied by morphogens/growth factors and a scaffold as
part of a tissue engineering design (Brizuela et al., 2020).
The cell homing concept is based on an influx of stem cells
from the apical papilla into the root canal, however, it re-
mains unlikely that this results in true pulpal regeneration
(Jeeruphan et al., 2012) being more likely reparative in na-
ture (Meschi et al., 2016). Following the publication of the
first revitalization procedures (initially called revascular-
ization) (Banchs & Trope, 2004; Iwaya et al., 2001), an in-
creasing number of case reports, case-series, retrospective
clinical studies, clinical trials and systematic reviews evalu-
ating the outcome of these treatments have been published.

(registration no. 1879).

Conclusions: Several important outcomes including survival, root development,
tooth discolouration and periapical healing have been identified in this review which
could inform the development of a COS in this area.

Registration: Core Outcome Measures in Effectiveness Trials (COMET) database

endodontics, immature teeth, outcomes, regenerative endodontic, revitalization

However, a lack of consensus in selecting the outcomes to
report and how and when the outcome should be measured
reflects the current controversy as to how effective these
treatments are over existing therapies. For instance, ear-
lier studies evaluating the evidence for root development
have used different outcomes including complete root
formation (Kontakiotis et al., 2014), apical closure (Rossi-
Fedele et al., 2019) and increased root length (Kahler &
Rossi-Fedele, 2016). As for other endodontic treatment, the
importance of patient-reported outcomes is not clear for re-
vitalization procedures (Duncan et al., 2021a). This lack of
standardization in outcome reporting makes it difficult for
evidence synthesis and the development of clinical guide-
lines (Saldanha et al., 2020). Therefore, an urgent need
exists to develop a minimum core outcome set (COS) for
revitalization procedures which would be used in all future
studies of these treatments and other RETs when they are
developed for clinical use.

A COS is defined as an agreed, standardized group of
outcomes that must be evaluated and reported in all clinical
trials and clinical outcome studies in a particular discipline
(Williamson et al., 2012). Adopting a COS strategy in clin-
ical research is critical for assuring study validity, ensuring
that essential outcomes are measured, and improving evi-
dence synthesis by minimizing heterogeneity and outcome-
reporting bias (Clarke, 2008). The COS development process
starts with a systematic review of the literature, followed by
a structured consensus process to identify the most relevant
outcomes and how and when these outcomes should be mea-
sured (Kirkham et al., 2016, 2017). Using this methodology,
a project for establishing COS for different endodontic treat-
ment modalities is currently ongoing (El Karim et al., 2021).
The initial phase of this process involves a thorough scop-
ing review of the literature to determine existing knowledge
on outcomes reported for all endodontic treatment includ-
ing vital pulp treatment (VPT), surgical and non-surgical
endodontics and revitalization procedures. The aim of the
systematic review process is to identify outcomes reported
in all clinical studies in humans in order to generate list of
outcomes that are to be categorized according to health in-
tervention taxonomy (Dodd et al., 2018) for validation via a
subsequent Delphi process and consensus meeting. The pro-
cess has been completed for VPT (Cushley et al., 2022), sur-
gical endodontics (Shah et al., 2022) and non-surgical root
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canal treatment (Kirkevang et al., 2022). A recent expert re-
view provided critical analysis of research methods on revi-
talization procedure (Galler et al., 2022) and covered a range
of aspects including subject recruitment, study design, di-
agnosis, treatment parameters and outcomes. Although the
review provided useful insights into the outcomes of revital-
ization procedure, it was not planned as part of the develop-
ment of a validated COS project. Therefore to complete the
process for COSET in regenerative aspects of endodontics a
scoping review was conducted with the aims to: (1) Identify
what outcome domains are assessed in published system-
atic reviews evaluating revitalization (2) Report on how the
outcomes are measured and the follow up time for reporting
these outcomes and (3) Assess any selective reporting bias in
the included reviews.

METHODS

This scoping review is reported in line with the PRISMA-
ScR guidance (Tricco et al., 2018). The protocol for this
review and the COSET project has previously been pub-
lished (El Karim et al., 2021). The project is registered
in the Core Outcome Measures in Effectiveness Trials
(COMET) database (registration No. 1879).

Inclusion criteria

Humans undergoing clinically established revitali-
zation procedures in an immature permanent tooth.

No restriction on follow-up period.

Systematic reviews reporting clinical and or radio-
graphic outcomes or other clinician or patient-reported
outcomes of revitalization procedures.

Systematic reviews published in the English language.

Information sources

A comprehensive structured literature search was per-
formed using PubMed/MEDLINE, Ovid EMBASE, Scopus,
Cochrane Database of Systematic Reviews, Web of Science
databases and Open Grey to identify systematic reviews pub-
lished in English covering the outcomes of revitalization
procedures. No year of publication restriction was applied.

Search process

A detailed search strategy was developed in MEDLINE
and adapted for other bibliographic databases (Table S1).
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An electronic library of all references was uploaded to
EndNote 20 and duplicates were removed. Four review-
ers working in pairs (SC, MH, CMcL, ML) independently
assessed the title and abstracts of all systematic reviews
identified. Any disagreement about inclusion of article
was resolved by arbitration from two further reviewers
(HD, IEK) if required.

Outcome measures

The main outcomes of this scoping review were: (1)
Identification and list all outcomes reported in the reviews
(clinician and patient-reported outcomes), (2) Methods
used to measure these outcomes and (3) Duration of fol-
low up of the reported outcomes.

Date extraction

Data extraction from the full text of eligible reviews was
completed independently by four reviewers (SC, MH,
ML, CMcL). Extracted data included all clinician and
patient-reported outcomes. Data were also collected
on the range of instruments for example, (planar ra-
diographs, Cone Beam Computed Tomography [CBCT]
and pulp sensibility testers) used for outcome measure-
ment and the duration of the follow-up. In addition,
demographic, and other data to facilitate description of
the included reviews were collected including, country
of study and the method of data synthesis. Data on se-
lective outcome reporting and how it was measured was
recorded when available.

Categorization into domains

Outcomes data collected were aligned with a healthcare
taxonomy (Dodd et al., 2018). The taxonomy involves
grouping outcomes into five core areas: survival, clinical/
physiological changes, life impact, resource use and ad-
verse events. The outcomes in each domain were collated
and presented in tabular format.

RESULTS
Literature search

A total of 126 records were identified from the elec-
tronic search strategy. Seventeen duplicate records were
removed leaving 109 for full text screening of which 77
were excluded for reasons summarized in Figure 1. The
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[ Identification of studies via databases and hand searches ]

Systematic reviews included
(n =26)

FIGURE 1 PRISMA diagram illustrating studies selection process.

remaining 32 articles were assessed against the inclusion
criteria and the six further records not meeting inclusion
criteria were excluded (Table S2). Finally, 26 systematic
reviews were included in this scoping review.

Characteristics of included reviews

The characteristics of the included systematic reviews re-
porting are summarized in Table 1. Reviews were reported
from different countries across Europe, Asia, Australia,
North and South America. Many of the reviews (n = 13)
were published during or post 2020. All included reviews
reported on revitalization of immature permanent teeth.
For any review which included studies of both mature and
immature teeth (n = 3), data was extracted only from those
studies where there was a high degree of certainty that the
tooth was immature based on the participant’s age.

Records removed before screening:
Duplicate records removed (n =17)

Records excluded (n=77)
Content (n =43)

Not systematic review (n=17)
Animal study (n=4)
Histological study only (n=3)
Apexification only (n=5)
Duplicates (n=5)

)
c
.0
§ Records identified from*:
= Databases (n = 126)
S >
3
—
)
Records screened
(n=109) >
o
£
c
Q
o
(5]
n
Records for full read
(n =32)
—

Records excluded: (n=6)
Mature teeth (n=2)
Experimental study (n=1)
Apexification (n=1)
Content (n=1)

Protocol (n=1)

The full range of study types was observed with a total
high number of case reports and case series (n = 334)
included in comparison to randomized controlled trials
(n = 124) across the 26 reviews. Meta-analysis was con-
ducted in 11 of the included reviews.

Synthesis of results

Outcome domains for revitalization were shown in
Table 2 and described in detail below:

Survival

In the survival core area, the outcome domain was tooth sur-

vival which was reported in nine of the 26 reviews. Survival
was defined as tooth present at the endpoint of follow-up.



1321

wiLEY

J INTERNATIONAL

CUSHLEY ET AL.

| ENDODONTIC JOURNAL

(sanunuo))

‘S[eLIo}euL

o1109ds 1M UONBIO0SSE pue saInpaoold

;9TOT *S[pad-Issoy

SIB9A G-syjuow 9 N 8L 7z — — — 08 onuopopus aAT}eIauadal jsod UOTBINOJOISIP YI00],  SIUUOPOPUT fO [puinor BIET)SNY 9T0T 2 1oTye
‘pakordure
anbruyod) pue jusnyed jo a8e ‘21nsopd xade jo
9oudsqe 10 2ouasaid 0) aane[a1 sjooojo1d o) pue
$109J0p 93p1Iq 0 [errajew onsedore juean(pe UOYDIDOSSY [DIIPIN
SIBAA H-SYHUOW € N 9 — 4 — 9 I pue erSoine pue [[o0 Surresurdus anssy ding uwIsIyLJ Jo [PUINOL uejsred 1202 ;20T “Te 32 [eqb]
'sanbruyo9) 10 s[eLId}RW
JO SUOT)BITWI]/S}O9YJ2-9PIS WLIS}-3UO] /) eIPIULISIUT
Aue pue (399 I0LId)UR JusURWLIad dINJRWWI [BIIA
-uou pazpewner} unear) 10j [AY pue anbruyos) L3syua o1IpIpavd
SYHuoW 9¢ <0 N — - - — 8 8 3n1d reorde ‘uoneoyxade JO SSOUSANIIJS SATIR[DY Jo saanyo.ay uvadoang N L10T L10Z “Te 39 [e38ng
"UOTJBULIOJ 1001 93] WOodUT [31Mm U399} Ul ajsed
onoiqnue 9[dr Surfojdure UOT)eZIIB[NISBAdT
syjuow 6T-1 N — - - — 8 8 dind jo symnsax orydesSorper pue [estur[) AL13s1ua 21301pand Tizeig 6107  6T0T “Te 32 0IN0D Op
uawdoraAdp 001
JO UOTENUNIUOD PUE S[[eM [RUNUIP JO SUTUINIIY)
pue uonisodap (3nyd v LA Y3im uonesyxade DI2UOPOPUT
SYIUOW 61 N — € 1 — 1 S *SA UOJBZITB[NISEADI) SAIdBIaY] JO SS200NS [EdIUI[) 1D UDUDIIDI] DJOIIOS Tizexg 810¢ 8T0T “'Te 39 TUISIyD
1019 pooiq & AJuo Suisn
sampadoid 10 uoneoyxade 03 paredurod spjojeos
UM S2INPad01d dJUOpOpUd dAT)BISUZAI JO
(ss900ns TeDTUI]d 10 1ojourerp [edide Jo sagueyd 1202 “Te 32
syjuow 67— X — - - — 0T 01 33U 1001 JO ASBAIOUI SB PAINSEIUL) SSAUSAIIOYIH s20Ua108 parddy OJIXIN 1202 Z31191IND-01ISeD)
“1redas reordentad
2Inso[o Tedrde ‘SUTUSYOIY) [[es SUNUP J00I YoUDISTY
‘SuruayiSuay J00I JO SULID) UT IPIXOIPAY WNIOED p1oDfO1UDL) PUD
sqluow zL-1 A 6 S 9 — [4 43 pue sajsed dnjo1qnUe WIM LAY Jo Aiqeidrpaid  4Sojoig 1v40 o ppu.imor eunuadIy 0T TT0T “Te 19 Zorg
uaunean Sunioddns aouspras Jo
[9AS] pUE [}29) JudueuLIad 9INJBUIWI J1JOIAU Ul DOIADUIPUDIS
sIBdA G-syjuouwr 9 N L 1 1 — 7 11  uolewIofjool ur uonezireinoseasl dind jo Loeogg D2130]0]UOPQ DIOY Tizeig 9T0T 910T “'Te 39 saunjuy
*SJUSUIBOTPAW [RUBIRIIUI }IM UOIJRIOOSSE PUE suoyv3ysaaur
SYIUOW €' 4€-7T X — € 4 — € 8 LY SUuIMo[o] UOTJEOIIO[ED [BUBD-BIUI JO OUI[EAIJ D40 (PO1UI)  eIqRIY IpnNeS 70T 7207 “Te 39 Ureinwyy
"399) JusueurLad 1ouinor 020¢ ‘1yseanbry
SIBAA H-SYHUOUW ¢ N 0z ¢ 81 4 € o 01}0I09U AINJEWWI UT LY JO SSOUSATIIRFH PLOM dYUa1dS 2y ], eIqeIy Ipnes 020T 2 ipweySy
swa)qoid 1202 ‘TUBRWIRINS[Y
SIBOAg-SyIUOW ¢ N L S € — € 81 "o LEY JO $8900Ng [DI1PaJ\ puD [DJIUI  BIqRIV IpNES 120T 29 IpUIEyS[Y
xew/urw  N/X pouwioprod  ¥SO 199 0id LJD ILD¥ 'ON pajrodai sawoonQ suwreu fewanoyf Anyuno) poystqnd oy
dn-mof[oJ  SIsA[eue-eId Tedx

MIIAI Ut ApnIs Jo 2dK) pue zaquuiny

SMOTASI OTJRWID)ISAS POPN[OUIL JO SONSHIdRIRY) [ HTIV.L



REVITALIZATION OUTCOMES

1322
INTERNATIONAL |
Wi LEY‘I ENDODONTIC JOURNAL |

SYIUOUW €6-7 T

sypuow 81-9

SYIUOW 0S—9M T

syjuow §1-71

SYIUOW §OT-9

SyIuowW 94-§

SYIUOW §OT-6

SYIUOW 9 <-9

N

1c

6y

€ C

LA
IM PajeaI) 399) jusuewrrad 91}0I09U 9INJ WU

€ TII
S HECH

jusuewLIdd SINJBWWI JTJOIIU JO Judwdfeuew

Ul SJUSWLAI) dJUOPOPUD JO IaLLIeq [edide jo

"LHY

S 9
(swoydwiks pue sugis

JO 90ouasqe 9y} UT 309Jap [edtde a3 Jo uonjeIauagor
K1030€JSTYES SUIASIYOR UOIPUOD ) SAJOST

91B11U20U00 J9[a)e[d ' sa0p ‘uolsa] [edrderrad e

Jo douasaid 9y Ul pue $3s9) OLIIOA[A PUB P[od O}

asuodsar aanisod yim onjewrojdwse Jururewrax
uawdO[aASP JBTNOIPET AIIYIL SAJLIJUIIU0D

€ 14
‘Ade1ay) oryuOpoOpuUd

aATIRIoUS3AI Jo sawod)no dryderdorper pue

[e9TUI[d 10§ 9InS0[0 Tedrde ‘SSausdIy} [[em J00I

“q8u9] Joor ‘Koudonjorpel [edrde ‘surojdwAs

‘suds [eorurpd ‘Adeiaty) oryuopopud aAneIdaULIAI

— IS JO 9UI0DINO 3} JOJ DIUIPIAR JO S[IAI] USISSY

*,s1soxoau [ednd jo

8 8T ASojonee uo peseq sdind o130100u 103 LAY JO $S920NS

JUSUWIEdIpIW

[eUEBD-BIJUT O1IOIQT)UE-UOU € I JUeSTIIIT

jueoduIsIp Aue Surajoaur sarnpadoid onuopopud

1 S
'sarnpadsoxd

JNUOPOPUS dANJBISUZAI pUe ‘sanbruyos) 1orLreq

[eaide ‘uoneoyixade SUIMO[[0] BLISILID Paseq

-juaryed pue UeIOTUID Jo uostredwo)) ‘sarnpaooid
ON)UOPOPUD JAIJBISUIZII I9)JE SISOIOAU

1 9

Jo JuatdofaAap 3001 pue Jurfeay [edide ‘[eAIAINS

Ul $3}e13U20U00 J3[03e[d SnoSo[oJne JO SSOUSATIIRJFH

19193e1d )1 POIBAI) U393} O1J0IOU AINJEWWI O]

aaneIauagar Jo sawodino sryderdorper pue [edrur)

nﬁﬂQ TIM [399] adnjewrwil Jo uoneinjeur Jooy

soyuopopug fo jpuinor

L3syua 1IpIpand
UOTJBULIOY pue $s00ns o1ydeiSorpel pue [edmur)) Jo [DULNof [pUOYDULIIUT

soyuopopus fo jpuinor

§3212101d

sonuopopud Jo jousnop

2011904J
1DIUD(T PIsDG
-o0uaplag Jo puinop

1ouinor pjuaq LivwiLg

So1UOpopus Jo [puinor

vsn 0z0T 0202 “Te 32 uQ

[izeig 910C  LTOT “Te 19 0SO[0IN

pueod 8T0T ,6T0T "B 19 BYSIPDN

Aren 910¢ 9107 “T® 19 01B[0]

200910 ¥10T 10T “[e 12 snoreIuoy

0207 ‘01qqeg

Loy, 0202 [od % 00

1N 0207 0T0T T8 38 IyoTeyy

elensny L10T LT0T “Te 39 Ia[ye]

xewr/ura  N/X paurroyrad

dn-morioq

SISATeue-eIdN

aso

1Py oxd

I0D 1ID¥d 'ON

MITAJI UT Apn3s Jo adA) pue JoquUnN

parrodax sawrooInQ

sureu [ewInor

Anuno) paysiqnd
Tedx

royny

(ponupuo)) T ATAV.L



o
a
L]
>
[
-
2
-
-l
=
z
o
)
.8
=<
Z9
ot
T
(o]
Za
58
i
Zi

CUSHLEY ET AL.

“)29) DINJRUWIWI PUE DINJRUL Y1Oq PIPNIOUL MIIAY,

“Kousonjorper esrderrad 9y Jo uONN[OSAI YIIM SWOIdWAS [EITUT]O JO 9OUISqE AY) Se paulyop sem SuresH] ‘dn-mo[joj e Jusurjear) 3y} I9)Je paure)dr Suraq Yjoo) ) Se paulyap [BAIAINS,

*Apms yoea ul pauyap A[snoiadid eLIs)1Io s J0YINE dY) UO PAsEq ‘KM SNOWOJOYDIP B U PAISPISUOD SeA JIN[IEJ IO SS30NS AL,

"[090301d Y I93J® JUSWIIEAI} ONUOPOPUD 1910 Aue Surrmbai jou 399) pue porrad dn-morjoj oy Surmnp AjresryderSorper pue A[[ed1ur[d yioq pAUIEXs Y199} d1ewo)dwAse Se paulyap ssa0ons,

‘uo1s9[ rearderrad oy

Jo Surreay orydeidorper 9a[dwios pue (3vex snuls 1o uonouny/uonedfed/uorssnorad uo ured o) SwojdWAS [BIIULD JO JOr[ B SE PIUYSP SeM $59001S *dN-MO[[0] J& A)ABD [BI0 AU} UI YI00} PIULEIDI € SE PAULOD [BAIAING,

‘paxmbar jusunean 1ayling ou pue £ASojoyyed resrderrad Jo soussqe/Surreay se [jom se uoneIniew JUSWdo[oASp J00I JUBOYIUSIS SB Paulap SSI00NS,

*Apnys TeoruI]d 2A1}0ads01301 )Y JUSUIEI} OIJUOPOPUD JATJBISUSZAI ‘LAY ([ELI} PI[[0IIUO0D PIZIUIOPULT
‘1.0Y {Apmis [edTurd 9A1309dsoxd ‘so1d ‘SISATEU’ MIIASI 3} UI PapN]OUT SATpM3s Jo 1oquunu ‘oN Snid a1eSe1S3e aprxor) [erourtr ‘JyA ($110dox 958D pue SOLISS 3sed S {[BII) [BOTUID PA[OTUOD I.)D) [SUOTJRIARIQQY

SyIuOW §T-¢ X

sSypuow 8T1-CT N

sSuow 0Z1-9'1 A

SyIuoW 9€-0 X

SYIUOUW 96-7 T A

SUIUOW $7—SoM T N

sypuowt 64-01 A

"[[199] O110I09U dINJeWIWI UT uonedyIxade 10

UOBZIIB[NISBADI I9)JE INSO[O Xade pue SSauydIy)

joo1 ‘Yi3uay joo1 ur sadueyd ‘snnuoporrad
reorderrad Surpnyout ‘orydeiSorpes pue [edTur))

‘sanbruyo9) uornyeoyyixade

pue sa1npad01d SNUOPOPUS dANBISUIFAI HIm

Pparean) 3e9) JusuetLIad O1)0IOAU dINJRUIIT

Ul UOIIRIO[0ISIP JUatdO[oAP J00I PaNUIIU0D

‘aInsoo xade ‘SUIuadoIy) [[em aunuap ‘Sureay
rearderrad ‘swojduwids orydeiSorpes pue esrur)

"o VIN PUE LEY YIIA PaJeaI) (399} dInjeuu

LTT 8 IT 991 O1J0IJ3U JO $$30INS PUE [BAIAINS JO UOsLIedUWIO)

" 1Ay Sursn pajean) [3e9) juouewrad

dINjeUIWI [B}IA-UOU 10§ Juawdo[2A3p J001

panunuod pue Jureay [esrderrad jo swoydwAs
pue suSrs orydeiSorper pue [BITUI[D TRAIAINS

LAY Aq parean) [3e9) jusuewrrad

QINJBWIWI P3JOJUI J0J UOTJEULIO] SUTUIP JOOT

pue Suruay)3ua| J001 ‘usureIoy [edrde pasearddp

£q pagpn[ se uoneULIO] JOOI PINUIIU0D ‘FuIeay
rearderrad suSis orydeiSorpes pue [eOIUIO ‘[AIAINS

99}

JusuewIad aInjewwIl [BIIA-UOU Ul SaInpadsoxd

O1)UOPOPUS UOIBZLIB[NISBASI JO SOUI0IINO

S - — [ewtue [ T L
*9)e1 $$900NS pue ‘dsuodsar A)11e)ia ‘9Insolo resrde

‘UONBULIOY JOLLIEq JIJIOTD ‘YISUS[ JOOI UT 9SBAIOUT

‘SSQUOIY} [[eM [RUNUS(T :3199) JudueuLad

O1)0I193U dInjewwil SunoA Jo juswegeurw Ut

uorjeIauadal Jo[d pooyq [euonIpes) 0 pareduwrod

- - = — 0T oI $9)e1U0U0J J2[21ed SNOS0[0INE JO SSAUIATIOFH

Jua( d14301pavd
Jo saanyo.ay uvadoang

Jua 214301pavd
Jo saanyoay uvadoang

SOUOPOPUF JO [puUinor

soyuopopus Jo jpuinor

$9OUINOS
panpoid puo
Qvuioyd Jo ppuanor

Tea1So103s1y 10/pue orydeISorper 10/pue [edIUID [DULNOL [DJUIT UDINIZDAT

S0

BUILD TeoT

uspams 10T

vsn L10C

arodedurg L10T

vsn 120T

elensny 610C

BIpUL 020T

1202 “Te 39 31X

TZ0Z “T& 12 WonsyIm

LT0T “Te 19
pelouiqeIo],

L10T “Te 19 Suoy,

120T “Te 30 Yreys

6102 “Te 19
J[opa-1SSOY

020T “'Te 19 epued

xewr/urm  N/X paurroyrod
dn-mofjog  sIsA[eue-eIoN

gsd 1wy oid 10D 1LD¥d ‘ON parrodax sawrooInQ

MITAJI UT Apn3s Jo adA) pue JoquInN

suwreu [euInor

Anuno) paystqnd
Tedx

royny

(ponupuo)) T ATAV.L



1324 Wi LEY‘I INTERNATIONAL

ENDODONTIC JOURNAL |

REVITALIZATION OUTCOMES

TABLE 2 Outcomes reported in included systematic reviews

Outcome assessed at: How it is
Core area Outcome domain Cited by (Min-Max) measured
Survival Tooth Kahler 2017 6-33months Tooth present
Kharchi 2020 6-108 months
Antunes 2016 27.32+30.47 months
Ong 12-93 months
Shaik 2021 NS
Tong 2017 1-33months
Torabinejad 2017 12-21 months
Kontakiotis 2014 6 months
Wikstrom 2020 18-42months
Physiological/ Pain Antunes 2016 10-60 months Patient report
clinical Do Couto 2019 1-19months
changes Kharchi 2020 6-108 months
Alghamdi 2021 2-6years
Castro-Gutierrez 2021 1-18 months
Kahler 2017 12months
Tong 2017 6-23months
Mobility Castro-Gutierrez 2021 1-18 months Clinical assessment

Clinically asymptomatic

TTP/palpation

Infection-swelling
sinus fistula abscess
resolution

Rossi-Fedele 2019
Do Couto 2019
Duggal 2017
Kharchi 2020
Alghmadi 2020
Antunes 2016
Lolato 2016
Metlerska 2019
Ong 2020
Rossi-Fedele 2019
Xie 2021

Do Couto 2019
Kharchi 2020
Metlerska 2019
Rossi-Fedele 2019
Antunes 2016

Do Couto 2019
Kharchi 2020
Alghamdi 2021
Castro-Gutierrez 2021
Kahler 2017

Tong 2017

2weeks-19 months
1-18 months

NS

6-108 months
1.5years

10-60 months
12-18 months
1-50 months

12-93 months
6weeks-18 months
3-18 months

5-18 months

9-58 months
5.5-50months
2weeks-19 months
10-60 months
5-12months
6-108 months
2-6years

1-18 months
12months

12months

Clinical assessment

Clinical assessment

Clinical assessment
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Outcome assessed at: How it is
Core area Outcome domain Cited by (Min-Max) measured
Vitality/Sensibility Antunes 2016 6-15months NS
Do Couto 2019 5-12months Cold and EPT
Igbal 2021 12-48 months EPT, Cold test
Kharchi 2020 9-19 months Cold test or EPT
Castro-Gutierrez 2021 6-29 months Cold test and/or
EPT
Lolato 2016 12-18 months Cold test and EPT
Metlerska 2019 3-36 months
Panda 2020 12-49 months
Shaik 2021 NS
Tong 2017 1-19months
Periodontal probing Metlerska 2019 1-12months Clinical
depths/CAL Rossi-Fedele 2019 2weeks-19 months
Complete root formation Alghamdi 2021 2 months-3.5years Radiographic
Alghamdi 2021 24 months
Do Couto 2019 12months
Kharchi 2020 6-108 months
Kontakiotis 2014 6 months-13years
Continued root Duggal 2017 0-36 months Radiographic
development Torabinejad 2017 12-21months
Apical narrowing/ Castro-Gutierrez 2021 3-29 months Radiographic, CBCT
diameter foramen Kahler 2017 12-18 months Radiographic
reduction Ong 2020 12-93 months
Shaik 2021 NS
Wikstrom 2020 28 months
Nicoloso 2017 11-18 months
Shaik 2021 NS
Tong 2017 9-33months
Xie 2021 3-18 months
Apical bridge Igbal 2021 12-24 months Radiographic, CBCT
Complete apex/closure Alghamdi 2021 2 months-8years Radiographic, CBCT
Alghamdi 2020 2-36months Radiographic
Antunes 2016 10-60 months
Baez 2022 NS
Do Couto 2019 3-19months
Duggal 2017 1-19months
Kahler 2017 18 months
Kharchi 2020 6-27 months
Castro-Gutierrez 2021 3-18 months Radiographic, CBCT
Kontakiotis 2014 6-13years Radiographic
Lolato 2016 12-18 months
Metlerska 2019 5.5-50 months
Nicoloso 2017 11-18 months
Panda 2020 12-18 months

(Continues)
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TABLE 2 (Continued)

REVITALIZATION OUTCOMES

Outcome assessed at: How it is
Core area Outcome domain Cited by (Min-Max) measured

Tong 2017 9-33months
Xie 2021 3-18 months
Wikstrom 2020 18-42months
Ong 2020 12-93 months
Rossi-Fedele 2019 3-18 months
Shaik 2021 NS

Absence of apical seal Shaik 2021 NS

Apical healing/resolution  Alghamdi 2021 2 months-6years Radiographic

PAP Alghamdi 2020 6-48 months

Antunes 2016 6-60 months
Baez 2022 NS
Do Couto 2019 3-18 months Radiographic, CBCT
Duggal 2017 1-57months Radiographic, CBCT
Igbal 2021 3-12months
Kahler 2017 6-36 months
Karchi 2020 3weeks-108 months Radiographic
Kontakiotis 2014 6-13years
Lolato 2016 12-18 months
Metlerska 2019 5.5-50months
Ong 2020 12-93 months
Shaik 2021 12-96 months
Tong 2017 1-33months
Xie 2021 3-18 months
Torabinejad 2017 Up to 60 months
Wikstrom 2020 30months

Periradicular healing

Increase bone density

Thickening dentine walls

Rossi-Fedele 2019
Castro-Gutierrez 2021
Do Couto 2019
Kahler 2017
Alghamdi 2021
Antunes 2016

Baez 2022
Castro-Gutierrez 2021
Chisini 2018

Duggal 2017

Igbal 2021

Kahler 2017

Kharchi 2020
Alghamdi 2020
Do Couto 2019
Kontakiotis 2014
Lolato 2016
Metlerska 2019

2weeks-19 months
3-12months
12months
6-36 months
6-26 months
10-60 months
NS

3-27 months
17-35months
0-36 months
3-24months

6->36months

6-108 months

6 months-4years
9-19months
6-13years

12-18 months
5.5-50months

Radiographic, CBCT

Radiographic

Radiographic, CBCT
Radiographic, CBCT
Radiographic

Radiographic, CBCT

Radiographic
geometric
imaging
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Outcome assessed at: How it is
Core area Outcome domain Cited by (Min-Max) measured
Ong 2020 12-93 months
Panda 2020 12-18 months
Shaik 2021 NS
Tong 2017 0-36 months
Xie 2021 3-18 months
Wikstrom 2020 18-42months
Rossi-Fedele 2019 3-18 months
Increased root length Alghamdi 2021 6-26 months Radiographic
Antunes 2016 10-60 months
Castro-Gutierrez 2021 3-29 months Radiographic, CBCT
Chisini 2018 17-35months Radiographic
Igbal 2021 3-24months Radiographic, CBCT
Kahler 2017 6->36months Radiographic
geometric
imaging
Kharchi 2020 6-108 months
Alghmadi 2020 6 months-3years
Baez 2022 NS
Do Couto 2019 3-19months
Kharchi 2020 6-108
Kontakiotis 2014 6-6years
Lolato 2016 12-18 months
Metlerska 2019 5.5-50months
Ong 2020 12-93 months
Panda 2020 12-18 months
Shaik 2021 NS
Tong 2017 0-36 months
Xie 2021 3-18 months
Wikstrom 2020 18-42
Hard tissue barrier not Alghmadi 2020 5.5-14.5 months Radiographic
at apex Ong 2020 12-93months
Panda 2020 12-49 months
Shaik 2021 NS
Unpredictable pattern Shaik 2021 NS
of deposits in root
morphology
Cervical barrier calcific Castro Gutierrez 2021 6-12months Radiographic
Igbal 2021 12-24 months Radiographic, CBCT
Nicoloso 2017 11-18 months Radiographic
Ong 2020 12-93 months
Panda 2020 12months
Tong 2017 6-26 months
CVEK classification Alghamdi 2021 2-8years
Alghmadi 2020 2 months-4years

(Continues)
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TABLE 2 (Continued)

REVITALIZATION OUTCOMES

Outcome assessed at: How it is
Core area Outcome domain Cited by (Min-Max) measured
Root area dimension Castro-Gutierrez 2021 27 months Radiographic
change Do Couto 2019 3-18 months
Ong 2020 12-93 months
Lolato 2016 12-18 months
Metlerska 2019 3-18 months
Tong 2017 NS
Blunt root tip Kharchi 2020 6-108 months Radiographic
Tissue regeneration Alghmadi 2020 1.5years NS
Life impact Success CastroGuteirrez 2021 3-29 months Clinical and
radiographic
Chisini 2018 17-35months
Kahler 2017 9-36 months
Alghamdi 2021 2 months-8y
Antunes 2016 9-19months
Koc 2020 8-46 months
Nicoloso 2017 6-18 months
Panda 2020 12-18 months
Rossi-Fedele 2019 1-24 months
Kontakiotis 2014 6 months
Metlerska 2019 1-50 months
Torabinejad 2017 12-21 months
Wikstrom 2020 18-42months
Functional tooth Antunes 2016 15-18 months NS
Discolouration Antunes 2016 6-36 months Clinical
Castro-Gutierrez 2021 6 months
Do Couto 2019 18 months
Kahler 2016 1 month-13years Spectrophotometric
analysis
Kharchi 2020 6-26 months
Metlerska 2019 1-18 months
Tong 2017 6-26 months
Shaik 2021 NS
Torabinejad 2017 12-21 months
Xie 2021 3-21 months
Resource use Need for further Antunes 2016 15months Clinical and
intervention/or not radiographic
Kahler 2017 14.5+8.5 months
Alghamdi 2021 2 months-8years
Number visits Alghamdi 2021 2 months-8years NS
Koc 2020 8-46 months
Adverse effects Intracanal calcification Almutairi 2022 12-34.3 months Radiographic
Castro-Gutierrez 2021 6 months
Xie 2021 3-12months
Partial or total Do Couto 2019 18 months Radiographic

obliteration
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Outcome assessed at: How it is
Core area Outcome domain Cited by (Min-Max) measured
Kharchi 2020 6-108 months
Lolato 2016 12-18 months
Metlerska 2019 3-12months
Ong 2020 12-93months
Shaik 2021 NS
Tong 2017 NS
Resorption Tong 2017 6-23months
Tooth fracture Tong 2017 6-23 months
Reinfection Tong 2017 6-23months

Abbreviations: CAL, clinical attachment loss; CBCT, cone beam computed tomography; EPT, electric pulp test; NS, not specified; TTP, tenderness to

percussion.

Clinical and physiological changes

Most outcomes were reported in this core area. Common
signs and symptoms of pulpal health were inconsist-
ently reported across reviews with an emphasis on root
maturation. Presence or absence of signs of infection,
including swelling, sinus or abscess were infrequently
reported (n = 8). Whilst the reporting of root devel-
opment was largely homogeneous, with most reviews
(n = 20) focused on complete apical closure and three
simply reporting non-specified evidence of continued
root development, several studies also reported changes
in root area (n = 6) and reduction in the diameter of the
apical foramen (n = 9). Thickening of the dentine walls
was reported in 21 reviews and increased root length
(n = 20). Evidence of apical healing and resolution of
periapical pathology was reported in 18 reviews with
one review reporting on wider aspects of peri-radicular
healing.

Life impact

The two most reported outcomes in this core area were
success (n = 14) and tooth discolouration (n = 10). Whilst
similar, there were some differences in the definition of
success across the reviews. No report on OHRQoL was
found.

Use of resources

The ‘need for further intervention’ and ‘number of visits
to complete the procedure’ were the two domains reported
in this core area. Neither domain was frequently reported
across the reviews (n = 3, n = 2) respectively.

Adverse effects

Adverse effects were not frequently reported but included
intracanal calcification (n = 4), canal obliteration (n = 7),
resorption (n = 1), tooth fracture (n = 1) and reinfection
(n=1).

How were the outcomes measured?

There was commonality across outcome measurement in
the reviews. Evidence of healing and resolution of peri-
apical pathology was typically assessed radiographically
(n = 13) whilst four reviews included combinations of ra-
diographic and CBCT measurements in this domain. Four
reviews did not state the method of measurement of tooth
vitality/sensibility whilst six adopted traditional thermal
and or electric pulp testing.

When are the outcomes measured?

Whilst the timing of measurement was outcome depend-
ent, there was wide variation across the reviews. Clinical
signs and symptoms of pulpal disease were typically meas-
ured in both the short and longer term (range: 1 month-
108 months). Apex closure which would typically require
a long- term follow up was reported from 1 month to
8years.

Outcome reporting bias
A summary of selective reporting bias within the included

reviews is provided in Table 3. Five of the reviews did
not include an assessment of selective reporting bias. All
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TABLE 3 Selective reporting bias in included reviews

Method for assessing Method for assessing risk of bias Risk of bias Risk of bias
Systematic review  risk of bias RCT for other studies Randomized Other studies
Alghamdi 2021 Cochrane RoB ROBINS-1 3 low 11 low, 4 unclear
Alghmadi 2020 Cochrane RoB ROBINS-1 2 low, 1 unclear 40 low, 3 unclear
Almutari 2020 Cochrane RoB ROBINS-1 3 low 4 moderate, 1
serious
Baez 2022 Cochrane RoB Cochrane RoB 11 low, 1 high 20 low
Castro-Gutierrez Cochrane RoB N/A 10 some concerns
2021
Chisni 2018 Cochrane RoB N/A 1 high 4 high
do Couto 2019 Cochrane RoB N/A 6 low, 2 unclear
Duggal 2017 Cochrane RoB NS
Kharchi 2020 Cochrane RoB EPHPP NS 1 unclear
Koc 2020 Cochrane RoB ROBINS-1 7 low, 1 unclear 9 low, 1 moderate
Kontakiotis N/A NOS a
Lolato 2016 Cochrane RoB N/A 4 low
Metlerska 2019¢ Cochrane RoB 1low
Nicoloso 2016 Cochrane RoB 7 low
Ong 2020 Cochrane RoB Cochrane RoB 3 low 6 low”
NOS ¢
Panda 2020 Cochrane RoB N/A 10 low
Rossi-Fedele 2019 Cochrane RoB Joanna Briggs Critical appraisal tool 1 low a
Tong 2017 Cochrane RoB Cochrane RoB 1 high, 4 low 1 high, 5 low
NOS @
Torabinejad 2017 Cochrane Rob Cochrane RoB a a
QA tool for observational cohort and 2
cross-sectional studies
Wikstrom 2020 Cochrane RoB 2 ROBINS 1 high, 1 low 2 unclear
Xie 2021 Cochrane RoB N/A 5low

Note: Five reviews did not report on selective reporting bias.

Abbreviations: RCT, randomized controlled trial; RET, regenerative endodontic treatment; RoB, risk of bias.

Cannot be determined from reporting.
PProspective cohort studies measured with Cochrane RoB tool.
“Two retrospective studies cannot be determined.

dReview included both mature and immature teeth, however, only the 1 immature study included in this analysis.

the reviews which reported on randomized control trials
followed Cochrane's Risk of Bias tool. Selective report-
ing bias within the non- randomized and other study
types was assessed using a range of tools including Risk
of Bias in Non-Randomized studies of interventions
(ROBINS-1) (n = 5), Cochrane Risk of Bias tool (RoB)
(n = 4), Newcastle-Ottawa Scale (NOS) (n = 3), Effective
Public Health Practice Project Tool (EPHPP) (n = 1) and
Joanna Briggs Critical Appraisal tool (n = 1). Included in
the 20 reviews reporting risk of selective reporting bias in
randomized trials, 68 studies were at low risk, 4 unclear,
4 high risk and 10 with some concerns. Of the included
studies in the 12 reviews reporting RoB in other study

designs, 91 were at low risk, 5 moderate, 7 high/serious
and 10 unclear risk of selective reporting bias. One review
which included both randomized and other study designs
reported that RoB was completed but provided no further
information (Torabinejad et al., 2017).

DISCUSSION
Summary of evidence

The aim of this scoping review was to identify outcomes of
revitalization procedures reported in systematic reviews and
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how and when these outcomes were measured. Twenty-six
systemic reviews reporting on the outcomes of revitaliza-
tion were included in the scoping review. The majority of
reviews were published after 2019, which is consistent with
this growing area of research focus. The included reviews
reported only on the clinically established RETs based on
cell-homing techniques as described in the ESE position
statement (Galler et al., 2016) and excluded any experimen-
tal cell-based techniques (Brizuela et al., 2020).

The terminology used varied across the reviews with ear-
lier studies using earlier definitions such as revasculariza-
tion, while others used the term “Regenerative Endodontic
Treatment” (RET) and more recent studies using the term
revitalization. The outcomes reported in the systematic re-
views comes under the five core areas defined in the taxon-
omy developed for health interventions (Dodd et al., 2018),
with the majority of the outcomes reported in the domain of
clinical and physiological changes and only a limited num-
ber of outcomes in the life impact and adverse events do-
mains. There was evidence of heterogeneity in the outcome
definitions particularly in relation to root development and
the optimal timing for reporting these outcomes. Similarity,
however, was evident for the instruments used to assess
healing/root development, mainly radiographic examina-
tion with occasional use of CBCT.

As expected in this area of emerging research, there is
a lack of consensus and standardization of reporting out-
comes and therefore a need for the development of a COS
for revitalization and eventually other RETs (El Karim
et al., 2021, 2022). It is clear from the outcome of this
review that most of the outcomes reported are clinician-
focused with few if any patient-reported outcomes. The
oral health-related quality of life (OHRQoL), which is the
most important patient-reported outcome and a signif-
icant contributor to overall health-related quality of life
(John, 2020), was not reported in any of the systematic re-
views or their included studies. The development of a COS
is important to ensure that patient-reported outcomes are
adequately reported in clinical studies and furthermore
are placed at the centre of treatment assessment particu-
larly in relation to the cost-effectiveness of such treatment.

The outcomes reported in this review were mostly eval-
uated via patient history, clinical examination including
chairside tests and radiographic examination. It was clear
that conventional and digital radiographic examination
was universally used for assessment of the outcomes such
as root development and periapical healing following re-
vitalization. Another emerging imaging technique, CBCT
was used in some studies but whether this provided any
added benefit to conventional radiographic examination
is not clear (Elsheshtawy et al., 2020; Meschi et al., 2018).
Itis evident from this review that there is heterogeneity on
the optimal timing for reporting outcomes. Whilst there is

WILEY- 2
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no clear indication of the optimal time to measure long-
term vs short-term outcomes, a recent publication has
identified time points appropriate for revitalization and
other RET follow-up (Duncan et al., 2021b).

Strengths of review

A strength of this scoping review is the comprehensive
literature search that was performed including all system-
atic reviews published without time restriction. Review
selection, data extraction and assessment of risk of selec-
tive bias were performed in duplicate and cross referenced
to minimize the likelihood of errors. Although a COS
for revitalization has been suggested in a recent review
(Galler et al., 2022), to our knowledge this is the first re-
view to report on the outcomes of revitalization adopting
the heath intervention taxonomy to summarize outcomes
into a format compatible with validated COS development
for revitalization.

Limitations of review

The outcome data reported in this scoping review was
based on high-level systematic review data with no ex-
ploration of their included individual studies. As a result,
there is a reliance on the review authors’ choices and ac-
curacy as well as potential under-reporting of outcome
measurement tools as this level of detail is often absent
in a systematic review. The included reviews were limited
to those published in English language with potential for
risk of publication bias.

Future directions

Considering the opportunities that revitalization and RET
offer in improving the prognosis of compromised imma-
ture teeth, there is a need to build on the current level
of evidence through well-designed randomized trials. To
support this translational work and enable guideline de-
velopment, there is a clear need for a COS representing
both clinician and patient-reported outcomes. The COS to
be developed for the revitalization can also be expanded
and further developed to include other forms of RET once
these are established in clinical practice.

CONCLUSION

This review suggests that whilst there is some homogene-
ity in the selected outcomes and methods of measurement
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reported in revitalization systematic reviews, reporting of
outcomes does not consistently reflect all the aims of re-
vitalization. Developing a COS will support translational
research in realizing the opportunities of this biological
approach and ensure that patient perspective is captured
and informs future direction.
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