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Abstract

Aim: To evaluate the efficacy of different types of rehabilitation with fixed or removable
full-arch implant-supported prosthesis designs in terms of implant loss and success in
patients with at least one edentulous jaw, with tooth loss mainly due to periodontitis.
Materials and methods: Clinical studies with at least 12 months reporting on implant
loss and implant success were searched. Meta-analysis was conducted to estimate
cumulative implant loss considering different prostheses designs.

Results: A total of 11 studies with unclear to low risk of bias were included in the anal-
ysis. Estimated cumulative implant loss for fixed prostheses within 1 year and 5 years
was 0.64% (95% confidence interval [Cl]: 0.31%-1.31%) and 1.85% (95% Cl: 0.85%-
3.95%), respectively. The corresponding values for removable prostheses amounted to
0.71% (95% Cl: 0.22%-2.28%) and 4.45% (95% Cl: 2.48%-7.85%). Peri-implantitis
affected 10%-50% of the patients restored with implant-supported fixed prostheses.
Conclusions: Based on the limited low-quality data, the present analysis points to a
low and similar cumulative implant loss within 1 year for patients with tooth loss
mainly due to stage IV periodontitis restored with either removable or fixed implant-
supported full-arch prosthesis. At 5 years of functioning, there was a tendency for

better outcomes using fixed designs.
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Clinical Relevance

Scientific rationale for study: This systematic review summarizes current evidence of the efficacy
of various types of rehabilitation employing fixed or removable full-arch implant-supported
prosthesis designs in patients with at least one edentulous jaw, with tooth loss mainly due to
periodontitis.

Principal findings: Generally low and comparable cumulative implant losses within a 1-year
period were detected for patients restored with either removable or fixed implant-supported
full-arch prosthesis designs. Within 5 years of follow-up, higher cumulative implant losses were
estimated for removable compared to fixed protheses. Existing clinical data did not allow for the
assessment of medium-term to long-term (i.e., >5 years) implant loss by considering various

prosthesis designs.
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Practical implications: In terms of implant loss, fixed prosthesis designs may be beneficial in the

rehabilitation of edentulous jaws, with tooth loss mainly due to stage IV periodontitis.

1 | INTRODUCTION

Dental-implant-supported reconstructions have become a frequent
treatment option for the rehabilitation of partially and fully edentu-
lous jaws (Goodacre & Naylor, 2016). Full-arch implant-supported
fixed dental prostheses may provide advantages over conventional
treatment options, such as comfort, substantial improvements in pros-
thetic function, adaptation, and stability (Fueki et al., 2007; Emami &
Thomason, 2013; Harris et al., 2013).

Despite the well-documented high survival rates noted for den-
tal implants (Chappuis et al., 2013), complications may still arise. In
fact, there is strong evidence from longitudinal and cross-sectional
studies pointing to an increased risk of developing peri-implantitis in
patients who have lost their teeth due to periodontitis (odds ratio
[OR] = 4.5-19; Renvert et al., 2014; de Araujo Nobre et al., 2015).
Recent data also point to an association between prosthetic features
and peri-implantitis, which, in turn, might be of crucial relevance for
patients who have a history of chronic periodontitis (Y. Yi
et al., 2020). Specifically, over-contoured implant-supported restora-
tions, splinted implants, and a prosthetic margin to crestal bone dis-
tance of <1.5 mm were shown to be the factors related to the
diagnosis of peri-implantitis (Derks et al., 2016; Y. Yi et al., 2020).
Furthermore, one recent systematic review noted a tendency
towards a higher frequency of peri-implantitis among edentulous
patients restored with implant-supported overdentures compared to
those restored with full-arch fixed restorations (Ramanauskaite
et al., 2021). Nevertheless, because of the limited number of com-
parative studies, no conclusive evidence could be reached regarding
the impact of prosthesis designs on peri-implant tissue health and
stability (Ramanauskaite et al., 2021).

Therefore, the present systematic review aimed at addressing the
following PICOS question: “In patients with at least one edentulous
jaw, with tooth loss mainly due to periodontitis (Population), what is the
efficacy of different types of rehabilitation with fixed or removable full-
arch implant-supported prosthesis designs (Intervention and Compari-
son), in terms of implant loss and success rates (Outcome), as reported
in prospective and retrospective observational one-arm and case-series,
randomized, and non-randomized controlled clinical trials (Study

design)?”

2 | MATERIAL AND METHODS

The review protocol was developed and structured according to the
PRISMA (Preferred Re-porting ltems for Systematic Review and
Meta-Analyses) statement (Moher et al., 2009). The review was reg-
istered in PROSPERO, an international prospective register of sys-
tematic reviews (registration number: CRD42020176578).

2.1 | Focus question

In patients with at least one edentulous jaw, with tooth loss mainly due
to periodontitis (Population), what is the efficacy of different types of
rehabilitation with fixed or removable full-arch implant-supported pros-
thesis designs (Intervention and Comparison), in terms of implant loss and
success rates (Outcome), as reported in prospective and retrospective
observational one-arm and case-series, randomized and non-

randomized controlled clinical trials (Study design)?

Population: Patients with at least one edentulous jaw, with tooth loss
mainly due to periodontitis (stage IV or equivalent). All definitions of
periodontitis were accepted.

Intervention: Different types of rehabilitation with complete implant-
supported fixed or removable restorations in mandibular or maxillary
dental arches.

Comparison: Different types of rehabilitation.

Outcome: Primary outcomes: Implant loss and success rates
(i.e., changes in clinical parameters, including bleeding index
[Bl]/bleeding on probing [BOP], plaque index [Pl], probing depth [PD],
occurrence of peri-implant mucositis and peri-implantitis). Secondary
outcomes: Radiographic marginal bone level (MBL) changes, patient-
reported outcome measures (PROMs; assessed with questionnaires or
other tools used in respective studies), survival of restorations, techni-
cal complications, and economic aspects.

Study design: To broaden the number of available studies for inclusion,
prospective and retrospective observational one-arm and case-series, ran-

domized, and non-randomized controlled clinical trials were searched.

2.2 | Inclusion and exclusion criteria

Inclusion criteria were as follows:

1. Randomized controlled clinical trials (RCTs), controlled clinical trials
(CCTs), prospective and retrospective observational one-arm clini-
cal studies and case-series with at least 12 months of follow-up
including patients with at least one edentulous jaw and tooth loss
mainly due to periodontitis rehabilitated with fixed or removable
implant-supported prostheses, reporting on implant survival/loss
and implant success by the means of changes in clinical parameters
(BI/BOP, PI, PD) and/or occurrence of peri-implant mucositis and
peri-implantitis.

2. Studies reporting on prosthesis design, number of implants, timing
of implant placement (type I-IV implant placement (Hiammerle

et al., 2004) and time to loading (i.e., conventional/immediate).

Exclusion criteria were the following:
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1. Animal studies;

2. Case reports and cross-sectional studies;

3. Studies using narrow diameter implants (<3 mm diameter) and/or
short implants (<6 mm);

4. Studies with a follow-up period of less than 1 year;

5. Studies reporting on zygomatic implants;

6. Articles published in languages other than English.

2.3 | Information source and search

Two electronic databases (PubMed and Cochrane database) were
searched for relevant articles published until March 2020. The follow-
ing search filters were applied: “humans” and “clinical trial”. The sea-
rch was restricted to English language.

The following MeSH and free-text search terms were used:

Population

edentulous jaws [MeSH] OR edentulous maxilla OR edentulous man-
dible OR edentulous ridge OR complete edentulism

Intervention

dental prostheses, implant supported [Mesh term] OR implant
supported dentures [Mesh term] OR implant [Mesh term] OR over-
denture [Mesh term] OR overdentures [Mesh term] OR complete den-
tures [Mesh term] OR full arch OR fixed complete prostheses
Outcome

dental implant survival [Mesh term] OR cumulative survival rate
[Mesh term] OR bleeding on probing [Mesh term] OR plaque index
OR probing depth OR marginal bone loss OR periimplantitis [Mesh
term] OR peri-implantitis OR peri-implant infection OR periimplant
infection OR peri-implantitis OR biological complications OR
mucositis [Mesh term] OR patient reported outcomes [Mesh term]
Population AND Intervention AND Outcome

24 | Study selection

During the first literature selection stage, according to the defined
inclusion criteria, the titles and abstracts of all identified studies were
screened for eligibility by two independent reviewers (AR and FL). In
the second stage, the full texts of potentially eligible articles were
reviewed and evaluated according to the aforementioned exclusion
criteria. In case of missing or incomplete information, the publications
were excluded. Differences between reviewers were resolved by dis-
cussion and consultation with the third reviewer (FS). The level of
inter-examiner agreement for the first and second literature selection

stages was expressed by Cohen's-kappa scores.

2.5 | Data collection

Two reviewers independently performed data collection in duplicate

for the primary and secondary outcomes. The following data were

rerioconioioay SUMIIBSACE

retrieved by two independent reviewers and extracted into pre-

defined templates:

e General and patient-related information: study design, follow-up
period, setting, study funding, number of patients and implants,
jaw (maxilla/mandible), and patient-related information, including
age, gender, smoking status, periodontal status, and supportive
maintenance programme (Tables 1 and 2);

e Implant and prosthetic design-related data: implant type/brand,
upper/lower jaw, number of implants placed per jaw/ distribution,
bone augmentation procedures, time of implant placement (imme-
diate/delayed), two- or one-stage implant placement, prosthetic
design (hybrid/overdenture), type of attachment, opposing denti-
tion (partially edentulous/fully edentulous), and loading protocol
(conventional/immediate);

e Treatment outcomes: implant loss/survival (%); changes in clinical
parameters (Pl, modified plaque index (mPI), Bl, BOP, probing
pocket depth (PPD), radiographic MBL); case definitions for peri-
implant diseases; prevalence of peri-implant mucositis and/or peri-
implantitis, and additional observations related to the prevalence
of peri-implant diseases; PROMs; economical aspects; survival
of restorations, and technical complications (Tables 3 and 4,

Supplement 5).

2.6 | Risk of bias in individual studies

The Cochrane Collaboration's tool for assessing risk of bias (RoB 2)
was used in the case of controlled clinical trials, whereas the RoB
1 tool was employed for the non-randomized studies (Sterne
et al.,, 2016; Supplement 1).

2.7 | Dataanalyses

Analyses were carried out to calculate estimated implant survival/loss
rates considering prosthesis designs (i.e., fixed and removable) (Kern
et al, 2016). Retrospective and prospective study designs were
included in the meta-analysis. Sensitivity analysis was performed to
identify potential outliers of influential studies. For each included
study, the 1- and 5-year cumulative event rates (implant losses) were
estimated as reported previously (Kirkwood & Sterne, 2003a, 2003b;
Pjetursson et al., 2004). In brief, the number of implant losses was
assumed to be Poisson-distributed, and event rates were calculated
based on the survival function S(T) = exp(—Tx event rate), with
T being the observation period considering implant as a statistical unit
(Kirkwood & Sterne, 2003a, 2003b). Meta-analysis on One-Proportion
was then conducted using a random-effects model estimated based
on the DerSimonian and Laird (DL) method (DerSimonian &
Laird, 1986). The summary effect was estimated as the weighted aver-
age of the effect sizes of individual studies. Logit transformation was

used to ensure normal distribution of proportions. Heterogeneity was



RAMANAUSKAITE ET AL.

* | WILEY Periodontology

2Jam sjuaNDd,,
‘spi3uopouiad
Jo Alozsiy

€ 03 anp Y3233 JIaY}

4N

swuweJSoid
dUBUSIUIEW
juejdwi-uad
€ Ul pa||oJud
2JaM sjualied

spouad
QoueudjuleW
ay3 Suunp
Asessadau
Se juawiealy
|ejuopouad
paniadal
sjuanjed

AN

sualISAy |eso

poos aunsua

03 swweisoud

J|esas

e U] pa|joJua
2Jam sjuaned

sjuanjed yoes
Joj paugisap
Sem aJed
ERVENE V=]
[ENplApul Uy

4N

Adesayy
aAiJoddng

10| (%) syuaned TT

aseas|p [eyuoporad

J0 Atorsiy
e pey spuaned [y

(£002)
dvv/2a2 Aq

pasodouad uoniuyag

'sijpuopouad
9AISS2433e
0} anp Y399}

1943 350] syuaned ||y
S3NSS| J3UOPOPUS
s|gejeasy-uou
pue ‘AjjiqowsadAy

‘uonjeainy

| Ssepd ‘ww 8z ad

‘auoq Surioddns

40 %G/ < SSO|

auoq Jo aouasaid

SE paulyap uoniusp

Suljiey yum
pajuasaid sjuaiped

43993 Sulurewsa.
uj aseasip
|ejuopouad Sulo8uo
Jo/pue 93e SunoA
€ Je $50| 43003 Uo
paseq pasiwoidwiod
Al|eyuopouad
se payjisse|d

auom sjuaiied ||y

aseas|Ip [eyuopouad

pasueApe

JO asnedaq paJiajal
UM sjuaiied ||y

aseas|p [eyuoporad
SA}INIISIP WO
SS0| 3003} JO 3|nsal
e sé snojnjuapa
Aje3os syuaned |1y

snjejs [ejuopoLiad

dN

sjuaned (%8°9)

T9T ‘(Aep/81
0T3) s4ows

papnpxa
(Aep/ 31 G1<)
s19xows AneaH

sjuaned (%G)

T :sioowss
31| (Aep/ 312
0T<) pPapnjoxe

siyows AnesH

papnpx3

dN

dN

snjeys Supjows

Auzeay
Aledtwishs  8/€T  (¥8-6Y) 789
AN 92/0€  (L8-TH) TTIT F 9
Ayresy
Alledtw=isAs  0T/L  (S¥-82) ¥'6€
Auyjesy
AlledtwaisAs  1Z/6T  (#8-09) €9
papnjoxa
sjuaned
pasiwoidwod
Alledtwaishs  £T/9T  (68-6€)8CT ¥ 99
AN S/T (19-L¥)SS
AN 9/0T  (69-2€) €S
suonipuod  (9jew (a8ues) (QS F uesw)
J1WRISAS /ajewsay) a8e juaned

Japuan

ueID
euolls |leudsoy Apnis |eaiulp
sct Mo (%9T) ¥ Gz Aldsyuag Aysianun sieak OT aAIadsold 8TOZ I8 32 [9epUIM L
sjuaned
26 amoT syjuow 0§ ‘le3e
syuaned 2o1p0eud :uelpaw Sa119s ased uaungieq|
8/€ Op 1addn VN 9S dN S3eAlld ‘siedh -1 9ARadsondy LT0T -0J|Ipe243) "9
sayole
19mo| ZT |lendsoy (£-¢ :98uel) Apnas |eauip
9/ ‘sayoue saddn / 0 yan AN Ansianun sleah g aAnpadsold /102 ‘e Ig
00¢ Jaddn 0 or YN 921eud ajeAld sleak g 124 910C ‘B39 0dLe|je] i
€¢ oMo sjuanjed g LMo
0€T :daddn sjualed $3143s ased
€91 Ge addn (%21) ¥ €€ N Aysianun SIEdA G dARdadsold $T0T [e 39 SUSHeN '€
sjuanjed G LaMoT Apnjs [ea1uld
GE  juaned T addn 0 9 N Ausianun sleah ¢ aAIadsold TO0Z B IA'M'S T
sjuanjed ¢ MO Sal1as ased
G6 sjuaned / uaddn (%S2'9) T 91 dN Aysianiun sledh ¢ aAiRdadsold 986T ‘e IPpPY T
sjueidwi Jo ‘oN mer Ino-doup sjusped Suipung Suies pouad adA) Apmis Jeap loyny
jusneq JooN dn-mojjo4
$959Y3s04d paxi4 :uonjewloul [essuss T 374V .L




>
)
K}
2
3
o
g
T
&

RAMANAUSKAITE €T AL.

(Juswieasy
|equoponad
[sCINERET]

oym sjuaied
10/pue ww g<
$50| Juswyde)e
[BIUID LIM S3YS 17

Jsea| Je Jo aouasald
“3'1) spyuopopad

Jo Auozsiy
e pey sjusjed siayows
AN 34} 40 (%6€) TT (%t'T2) TT

.Jsijuap Butiiajai
ay} wouj 30adsouzal
ur pauibyqo
sydpiSoipp. uo
paspq si1auopoLiad
Jo acuapina

Ym [p1122. Jo

awi ay3 o syuaipd
snojnuapa (p)
uawipaJy Jupjdui
03 Jolid siyauopotiad
03 anp pajoviIxa
a1am Y3223 ssajadoy
woym uj spuaijod

(9) JuawvaI}
|puopoLiad
|p218INns(uou)

yum Adp.aayy Jupjdwi
al10jaq pajpai}
AJaA132p sjuaiipd

(q) ‘|p11ajau Jo awiny
D Y3223 BuuIpWaI
Jo y38ua| 3001 ay3 Jo
pJIy3-auo Buipualxa
$50] 2U0q JO 9oUAPIND
o1ydp.aBoipo.

(0) :DLIBIID

Buimojjoj ay3 uo

Jo Aogsiy
D 3noyim Jo ym
sjuanpd sp paljissojo

Adesayy snjejs [eJuopoLad  snjeys Supjows
aAoddng

[4°14
(sosay3soad
JljA10e
-|ezow) Z dnouoy
00¢
sjuaned (sosay3soud sjuaned 9T
sajaqelp e|uoduiz) T dnois :Jamo ‘sjusijed
(%STT) L €T/ey 6C1 ¥ 6CS 44 O “addn VN 9s UN
suoiipuod  (3jew (aSued) (QS ¥ ueaw)  sjuejdwi jo "ON mer jno-doup sjusped Suipung
JIWI3SAS /3jewdy) a3e juaneq juaied 4o ‘'ON

13puan

P3]|0J3U0D paziwopuel ‘| 3y ‘papiodal Jou YN SUOLBIAIGAY

Apmis 340yod HERE]
A)ISIaNIUN SIERA €€ F L8 2AIpRdsoNRY 0Z0Z 1yojoo0leg ‘g
Sumes pouad adAy Apmis Jesp Joyiny
dn-mojjo4
(penupuod) T 3714VL



RAMANAUSKAITE ET AL.

s | WILEY Periodontology

aseasip
|eoidenad
Jo snuopouad
Sem wis|injuapa
AN 10} uUoseay

$SO| Y1001
10} uoseal
a3 Jo suo
Se pauoljuaw
4N  Sem sijjuopouad
e||ixew
ul snojNJuapa
Apealje asom
sjuaijed omy
pue (sjusned
Z1/01)
si3iuopoLad
SeM UO[}oeIxd

Y3003 o4
YN  uoseal ujew ay |
Adesayy snjels
aAIoddng |ejuopoLiad

[4A74%"
1z dnoug
papnoxa Auyyjesy Cl/6 96 F9°6G ‘g dnoio
SIDOWS A||edI1WwdISAS T dnouD €9 F 4GS T dnoio

Auyyjesy
(%€L) €€ AlledtwaisAs  /z/8T  9/-€f :98ues (09
[IENIIT Ayyeay
(%0S) 9 Alled1waisAs LIS (€TL-LLY)98S
snje}s  suoppuod (a1ew
Supjows J1WI)SAS /3jewsy) ds F ueaw)
19puan) a8e juaned

(98uey) syueidw

€T ‘(uonualal

Jeq)
Z dnoun

1T :(uonuajai

SUMOUD

21d02s9|93)
1 dnoio
LTZ Joddn (%8'9) € 144
08T Jaddn 0 St
T, Jaddn 0 A

40 ‘ON jusned

mer no-doip sjuaned jo "oN Suipung

"papiodal Jou ‘YN :uoneIndIqay

(s1eaA g-g) Apnis
AN AusiaAlun siedA G'9 9AI30ads0419Y £T0Z ‘le3@ noz g
(syruow 4G
2o1pedd  -z7 :23ued) Apnis ‘e
9JeAlld SYyjuow /'9Z  dAdadsold TTOZ 9Jud|9223 g
Apnis ‘e
AN ANsIaAIUN S1edA g 9AIAdsold ZTOZ  9YISSY UBA ‘T
Sumes pouad  adA) Apmi§ Jeap Joyiny
dn-mojjo4

$9s3U3504d 3|qEAOWSY :UOIEWIOUl [BJOUDD  Z 19V L



(ssnunuo))
:s1eaA G {(sjuejdut
9L)¥'0F 60
:s1eaA ¢ ((sjuejduy
08) V'O F 60 edA T
sjuejdwi payiL

2

(syuedwi

TE)E0FLTT
- :s1eaA / {(sjuejdunt
Wg YY) E0FOT
° :S1edA G ‘(syuelduw %G/ '86 :[eAIAINS
e 9L ¥0% 60 juswadeld ayy
o SSO| :s1eaA ¢ ((sjuejdun 3uIMmo||04 syjuow
M juejdwi suoq 3ujo3uo + 08) VO F 80 MedA T siuejdwi-uad
% (%STT) T ww < dd-d S0*0¢ AN AN 4N S0FS0 dN Y0FC1 sjueidwi yienns 03 anp 3soj Juejdwi T £T0T ePLn’se

L1T =d ‘%810
%800 1D %56
‘900 ¥ 02'0 :sdnoJ3
U99M13q JUDIaHIp %SL'E6
sjuaned Aj[eansijess jou :[BAIAINS [B30 ]
(%0T1) SIedA G 03 auljaseq %5186 {[EANIMINS
2 ‘¢ dnoun sjuejduw woJy sadueyd [9A9) 10|
sjuaned %GT°9 :|oJu0) auoq |euiiew uealp| jueidwi T :jos3uo)
(%ST) uoiuysp ‘syuedwi %6/ %C 6 :|013U0) €0 F 16T ;Joluo) %56 [EANIAINS
€ :7 dnoio Jespun d daN AN 19S dAsod 3s9] YN AN AN %0¢C 3591 CYOFTLTS9L  150| sjueldwl 9 359 9TOZ ‘[e 32 OdLejel 't
%E'96 :[BAIMNS
juanjed
T ut syueidwi €
ww g < ad pPey 'SIB9A G pue T YU
syuedwl Jo %' sjueidw ww gg'g-0 :28uel sjuaijed
ww g <ad+ ww 09-9'7 340 %08 *L£°0 F 9T 1SS0| dUOq ¥ Ul spueduwil 9
sjueldwl %67 WWTZ<T9NId @3ued QL 0F '€ puno.e juasald AN UN N ¥N N |BIS24D [B10] UBS|A  :JB3A ISy 9yl Sulng 10T ‘|8 19 SUsMelN '€
uoljesnddns o
‘Bul|]oMs ‘ssaupad
Sse yons ‘esoonw
juejdwi-uad ay)
JO uonewweyul %00T :[BAIAINS
0 4o sugis [ensiA iNd AN 4N dN AN 4N AN AN (0T01071-)2CC0 %0 :$S07 T00C eI IAM'S'C
3 8'0 F 6°C :SIedA-¢
m 80F sjue|duy YOFTOT SIedh g %00T :[eAIAINS
M dN AN 8'¢ :auljsseg 30 %0C-%ST dN dN AN AN dN 0 -auljsseg %0 :SSO7 9861 eI |IvpY T
w oseasip |d aseasip juejdwi ad dod 19s 1gw 19 1dW Id sagueyd [9A9| (%) leAiAIns - Jesp Joyny
ANn Jo @dudjeAald -14ad jo uonuyaq auoq oiydeiSoipey /sso| yuejdw|
<
W sosayjsodd paxi4 :sswodnO € 319dV.L



RAMANAUSKAITE ET AL.

*UOIIEIASP pJepuess ‘S xapul Sulpasiq

snoINs ‘|gs ‘sisoonw jueldwi-uad ‘Nd xapul anbeld ‘|4 ‘sipipueidwi-uad ‘|4 ‘yidsp 3uiqoud ‘Qd ‘papodal Jou YN Xapul anbejd paiipow ‘|dw Buiqoad uo 3ulpas|q ‘dOg Xapul 3uIpas|q ‘|g :SUOIIBIADIQQY

(A30ojojuopoLiad
uo doys)Iopn
ueadoun3y
U18) Buljjpowal 4
auo0q Jaye ww g dnou8 pue T dnog
Z pue T dnou3 uey} aJow Jo sso| us9aM}aq pPa3233p
usaM1aq auoq [euldiew 92UaIa4Ip ou
pa3d939p o1ydea3olpeu %E£8 ¢ dnou
ERIVEYETIo) UM pauiquiod %L °E6 T dnoun
ou ‘syueidwi uonewuwejul :[BAIAINS ‘e
30 (%12) S6 [ea1u :id AN dN dN AN AN AN AN AN juejdwit G 1507 0ZOT ly>3001e9 '8
€L0FELE 9€'0+8C0
dog+ edA-QT:65°0F  JedA-QT THO F 80'T ¥ 60 :SIE9A-OT %007 -[eAlnng
sjueldw %8t ww <19 ‘Id Gt'T edh-g GG'0 edA-g dN dN 4N AN T¥0F19°0 ‘LT0F LT'0SIBIA-C %0 :SSO7 8T0C 'I€ 19 [9EPUIM *L
=~ uopesnddns
Wg J0/pue
o syualied %05 dOg + Ww G'T<
k= pue juejdwi $s0| auoq :|d (1I9A3]-3usned) %196
.m %EYT ‘Id uopjesnddns ou (I9A9]-3ueldwi)
= sjuaned %06 ‘WW G'T 5 [9A9) ww ZT %566 ‘[BAIMNS ‘e
% pue sjuejdwi auoq ul sadueyd -1 :23ueu sjualjed uaindieq|
%6'9S ‘INd +d04 ‘Nd WWzTFiye 4N dN dN AN AN 60%GT AN g uliso|syjueldwi gz /T0C  -O|[Ip-B249) 9
V.. (syuedwi
W 28 Y0FTT
- :s1eaA / {(sjuejdun
M P VOFTT
P Id 1p Juejdw ad d0g 195 1gw 19 IdW Id sasueyd [aA9| (%) leAIAIns  Jesp loyiny
Jo adudjeAsld  -uad jo uoniuyaqg auoq s1ydei3oipey /sso| Juejdwy
HA (PenupuUoD) € 374Vl



2

(pautejau

-1eq) z dnou3

Ul 9J9M S[9A3)
anbe|d JjaysiH AN

>
)
K}
2
3
o
g
T
&

(%S°0)
siipuejdul
-11ad 03 snp
panowal
Ssem
4N juedwi suQ

syuedwi

(ww 9<)

3uo| pue (ww 9)
1I0ys usamiaq
punoj aq p|nod

20U.Ia441p
uesIusIs oN AN
Sjusawwod aseasip |d

leuonippy  Jo adusjedld

RAMANAUSKAITE €T AL.

POFFQSIedA g
wwooFse

Jeah 38114 g dnouo

GOFOESIedA g
wwgoFee

AN esAsiiq T dnouo

AN AN

8- :@8uel
‘g'¢ :sjuejdwi Suo
9-T :@8uel
‘'€ 'syuejduw poys
sieah g
8- :98uel
‘9°¢ :sjuejdwi Suo
9—T1 :@8ues
‘T°¢ spuejduw Hoys
syjuow g1
/- @8uel
Z°€ sjuejdwi Suo
G-¢ :@8ues
{9° :sjuejdwi Loys
4N syjuow 9
aseas|p
juejdwi-iad
J0 uoniuyaqg

ddd

sjuejdwi %00T
10 2400S :SIEdA g
%S T 21035 ‘% T
1T 2402s ‘syuejdul
%18 :0 2100S
1edA 35114 :g dnouo
%06 T 9100S
‘syuejduwi %05
:0 9402s :S1edh g
%G g 24025 ‘%0T
1T 24025 ‘syuejdul
%G8 :0 9100S

N AN ¥N  esAsiiq T dnouo
syueidwi
%L6E-%E 4O

daN 19S PAUIPON AN 4N

%8¢ :swueldwi 3uoT
%L ‘syuejduil

1oys :sueah g

%t :syuejdwi Suo
%< syuejdwi

Hoys syjuow ZT

%/.Z :Syueidwi Suo
%9 :sauejdwi

Hoys :syjuow 9

AN AN dN

d04 19S 1gw 19

%/ -7 24025
‘%EE T 94025
‘syuejdwi %/9
:0 9102S :SiedA g

‘%G 1 9400s
‘%6T ‘T 94005
‘sjuejdwit %92
10 94025 11edh

18414 :Z dnoug

%06 T 9100
‘spuedul %05
:0 91025 :sJedA g

%G g 21025
‘%0 ‘T 2402S
‘spuejdwi %G/
10 24025 :1esA

*UoIeIASP pJepuEels ‘S xapul Suipas|q snojns ‘|gs ‘yidap Suiqoud ‘gdd ‘sisoonw juejdwi-11ad ‘INd Xxapul anbeyd ‘|4 ‘sipuejdwi-Liad ‘|4 {pariodas Jou ‘YN Xxapul anbejd payipow ‘|duw ‘Suigodd uo Suipas|q ‘dOg Xxapul Suipas|q ‘|g :SUONeIAICY

*UOIJURJRI Jeq - ,, ‘UOIJUIDI SUMOID D1d0odS3|R) -

90FF T :SIedA g
ww z'oF
80 :1edA

18414 1,2 dnoio

Y'OF T :SIedA g
ww €0 F £'0:1edA

18414 :7 dnod9 YN 18414 :, T dnoug
AN AN AN
‘ww g

AN AN
Idw

-0 :98ues ‘ww Z'0
:syueidwi SuoT

ww g

-0 :@8uel ‘ww g0
:sjuejdwil Joys

sk

puodas 3uunp
$S0| 9UOq [RUOIIPPY

ww 76+

01 Q :98uel

‘ww g (W 9<)
sjuejdwi uo

ww T°g+

03 :98uesi/Q

(ww 9) syueidwi
10YS 1eah 3sii4

Id so8ueyd |PAs)|
auoq s1ydesSoipey

%00T :[eAInINg

%0 :ss07 €10C  ‘[eIdnoz°g

%08°L6 ‘[eAIrINS
ainjel) 0}
anp 3s0| Juejdul
T ‘snnuejdwi-usd
0] aNp paAowa.
sjuejdwi T
‘uo11e189]ul0asS0
ul ain|iej e 0}
anp 3s0| syuejdwi z TT0Z

‘e
EICICRRE

%986 {[BAIMNG
uo13eJ39)U109550
ul aJnjiey 0}
anp 3s0| Juaned T
u| syuejdwi J10ys
T ‘S9am g Jaye ‘e
150| Juejdwi LOYs T ZTOZ 9YISSY UBA ‘T

(%) @3e4 [EAIAINS  JBS A
/sso] Jueidwy)

Joyny

$3say3so.d a|geAoway :SaWodINO  p 3714VL



RAMANAUSKAITE ET AL.

= LwiLey- EERE

assessed using I2 index (Higgins et al., 2003). Results were considered
significant if p <.05. The metafor R package was used to conduct
meta-analysis (R core team 2018 (R Foundation for Statistics| Com-
puting, Vienna, Austria); Viechtbauer, 2010). Publication bias in meta-
analyses of One Proportion has been critically appraised as only
observational and therefore non-comparative studies are included;
thus they do not report significance which may be related to “undesir-
able” outcomes or publication bias (Maulik et al., 2011). Since funnel
plots for meta-analysis of proportion summarizing a rather low inci-
dence were shown to be frequently asymmetric in the absence of
publication bias, funnel plots of study size on the y-axis were pro-
posed (Hunter et al., 2014). Funnel plots for study size and standard
error are presented in Supplement 2. No meta-analysis was feasible

for the clinical and radiographic outcomes.

3 | RESULTS

3.1 | Study selection

Electronic literature search yielded a total of 581 articles (PubMed:
574, Cochrane: 7). After removing irrelevant studies based on the
evaluation of titles and abstracts (n = 450, kappa = 0.94), the
remaining 131 articles were selected for full-text analysis. Of these,
120 publications were excluded for various reasons, of which the
most frequent was lack of or insufficient reporting on the periodontal
status and/or reasons for tooth loss (n = 73 publications; Supplement
3). Finally, 11 studies met the inclusion criteria and were eligible for
further analysis (see Tables 1 and 2 and Figure 1).

Of the 11 included publications, 8 reported on the efficacy of fixed
full-arch implant-supported prostheses (Adell et al, 1986; Martens
et al., 2014; Tallarico et al., 2016; Cercadillo-Ibarguren et al., 2017; Li
et al., 2017; Windael et al., 2018; Barootchi et al., 2020; S.W.Yi et al.
2001) (Table 1) and the remaining 3 studies reported on the outcomes
of removable implant-supported full-arch prostheses (Eccellente
etal, 2011; Van Assche et al., 2012; Zou et al., 2013) (Table 2).

No RCTs or prospective controlled clinical studies comparing den-
tal implant outcomes supporting fixed versus removable restorations

were identified.

3.2 | Study characteristics
Publications reporting on the clinical performance of fixed full-arch
implant-supported prostheses were published between 1996 and
2020, with a mean follow-up period of 1-10 years. The included stud-
ies comprised one RCT (Tallarico et al., 2016), five prospective studies
(Adell et al., 1986; S. W. Yi et al., 2001; Martens et al., 2014; Li
et al., 2017; Windael et al., 2018), and two retrospective clinical stud-
ies (Cercadillo-Ibarguren et al., 2017; Barootchi et al., 2020) (Table 1).
Three studies that included patients with removable implant-
supported full-arch prostheses were published between 1996 and
2014, and the mean follow-up period ranged from 2 to 6.5 years. Of
the three studies, two were prospective studies (Eccellente

et al., 2011; Van Assche et al,, 2012) and one was a retrospective
analysis (Zou et al., 2013) (Table 2).

3.3 | Descriptive results

Summarized results of patient, implant, implant site, and prosthetic

characteristics are presented in Tables 1 and 2 and Supplement 4.

331 |
prostheses

Fixed full-arch implant-supported

A total of 249 patients (with 137 and 112 included in prospective and
retrospective studies, respectively) were restored with fixed full-arch
implant-supported prostheses. In the included studies, the mean age
of the patients ranged from 39.4 to 68.4 years (17%-77% female). In
three studies, 5%-21.4% of the patients were smokers, whereas the
remaining five studies did not report patients' smoking status. This
group of patients exhibited 1524 implants (with 694 and 830 included
in prospective and retrospective studies, respectively). Of these, 64%
(977 implants) had a modified surface, 6% (n = 95 implants) were
non-modified, and for the remaining implants (30%; 452 implants) the
surface characteristics were not reported.

Regarding the patients' periodontal status, in two studies, periodonti-
tis was indicated as a reason for tooth loss (Adell et al, 1986; Li
et al., 2017), and in one study, 44% of the included population lost their
teeth due to periodontitis (Windael et al., 2018). In the remaining studies,
either all (S. W. Yi et al., 2001; Martens et al., 2014; Tallarico et al., 2016;
Cercadillo-lbarguren et al., 2017) or part of the patient sample (39%;
Barootchi et al., 2020) were diagnosed with periodontitis. Definition of
periodontitis was indicated in three of the studies (Table 1; Tallarico
et al,, 2016; Li et al., 2017; Barootchi et al., 2020). In addition, as indicated
in three studies, following the implant placement, all patients were
enrolled in a maintenance programme (S. W. Yi et al, 2001; Martens
et al., 2014; Cercadillo-lbarguren et al., 2017; Windael et al., 2018).

332 |
prostheses

Removable full-arch implant-supported

A total of 101 patients (with 57 and 44 included in prospective and
retrospective studies, respectively) with 469 modified surface
implants (with 252 and 217 included in prospective and retrospec-
tive studies, respectively) were restored with full-arch implant-
supported removable prostheses. The mean age of the patients
ranged from 55.9 to 60.0 years (40%-45% female) among the
included studies. The proportion of smokers in two studies ranged
from 50% to 73%, whereas the remaining study did not report on
smoking habits. Periodontitis was indicated as one of the reasons
for tooth loss, with no clear definition provided (Table 2; Eccellente
et al., 2011; Van Assche et al., 2012; Zou et al., 2013). None of the
studies provided information on the patients' enrolment in support-

ive maintenance.
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3.4 | Primary outcomes
3.4.1 | Implantloss

Fixed full-arch implant-supported prostheses

Eight studies (six prospective and two retrospective) with a mean
follow-up of 5.5 years (range: 3-10 years) were included in meta-
analysis (Adell et al., 1986; S. W. Yi et al, 2001; Martens
et al, 2014; Tallarico et al, 2016; Cercadillo-lbarguren
et al, 2017; Li et al.,, 2017; Windael et al.,, 2018; Barootchi
et al., 2020). The estimated cumulative implant loss within the first
year was 0.64% (95% Cl: 0.31%-1.31%), with low heterogeneity
among the eight studies (1> = 0%; p = .80; Figure 2). The cumula-
tive implant loss within the 5-year period was 1.85% (95% ClI:
0.85%-3.95%). Substantial heterogeneity was detected among the
studies (12 = 62%; p < .01; Figure 3). Sensitivity analysis did not
reveal any potential outliers for the respective 1- and 5-year

follow-up intervals.

Removable full-arch implant-supported prostheses

Meta-analysis was based on three studies (two prospective and one retro-
spective) with a mean follow-up period of 3.5 years (range: 2-6.5 years)
(Eccellente et al., 2011; Van Assche et al., 2012; Zou et al., 2013). The
cumulative implant loss within the first year was 0.71% (95% Cl. 0.22%-
2.28%), with irrelevant heterogeneity among the studies (12 = 0%; p = .65;
Figure 4). Sensitivity analysis did not reveal any potential outliers for
1-year follow-up. For the 5-year follow-up meta-analysis, one potential
outlier with retrospective study design was identified (Zou et al., 2013),
and the leave-one-out analysis revealed increased estimated weights
cumulative mean implant loss of 4.45% (95% Cl. 2.48%-7.85%) and also
decreased heterogeneity (I = 0%; p = .54; Figure 5).

3.5 | Clinical outcomes

Owing to the inconsistencies in reporting among the studies, only

descriptive analysis was feasible for the assessed clinical outcomes.
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Study Events N Proportion 95% Cl Weight

Adell et al. (1986)* 0.00 95 0.00 [0.03; 7.78] 6.9% =———
S.W.Yi et al. (2001)* 0.00 345 0.00 [0.01; 2.27] 6.9% =—
Martens et al. (2014)* 1.20 163 0.74 [0.12; 4.28] 16.5% #—
Tallarico et al. (2016)** 2.48 200 1.24 [0.36; 4.21] 33.9% #W—

Li et al.(2017)* 019 76 0.25 [0.00; 18.46] 2.6% =

Windael et al. (2018)* 0.00 125 0.00 [0.02; 6.02] 6.9% =—
Cercadillo-Ibarguren et al.(2017)* 0.47 378 0.12 [0.01; 2.12] 6.5% =—
Barootchi et al. (2020)* 1.44 200 0.72 [0.14; 3.60] 19.8%

Random effects model 0.64 [0.31; 1.31] 100.0% <+
Heterogeneity: 1>=0%,7*=0, x§ =3.83 (p =.80) ' ' ' ' '
* _High risk of bias 0 5_ _ 10 15 20
Cumulative implant losses (%)

**-Unclear risk of bias

FIGURE 2 Forest plot showing the estimated cumulative implant loss (%) within 1-year period for the fixed prostheses. The column “Events”
represents the estimated number of losses within the first year, “N” represents the number of implants, “Proportion” is the respective proportion
and 95% confidence interval (95% Cl), and “Weight” represents the weight of each individual study in the random-effects model [Colour figure
can be viewed at wileyonlinelibrary.com]

Study Events N Proportion 95% Cl Weight

Adell et al. (1986)* 0.00 95 0.00 [0.03; 7.78] 5.9% =——+———

S. W.Yi et al. (2001)* 0.00 345 0.00 [0.01; 2.27] 5.9% =—+

Martens et al. (2014)* 5.92 163 3.63 [1.63; 7.89] 18.6% — @ ——
Tallarico et al. (2016)** 12.12 200 6.06 [3.48; 10.34] 20.8% D —
Li et al. (2017)* 094 76 1.24 [0.16; 8.74] 9.1% —®——
Windael et al. (2018)" 0.00 125 0.00 [0.02; 6.02] 5.9% w=—F——
Cercadillo-Ibarguren et al.(2017)*  2.36 378 0.62 [0.17; 2.21] 14.4% =+

Barootchi et al. (2020)* 7.11 200 3.55 [1.71; 7.23] 19.3%

Random effects model 1.85 [0.85; 3.95] 100.0% —~=—

Heterogeneity: 12 = 67%, t° =.6792, 52 = 21.39 (p <.01) ' ' ' ' '
* -High risk of bias 0 5_ _ 10 15 20
Cumulative implant losses (%)

**-Unclear risk of bias

FIGURE 3 Forest plot showing the estimated cumulative implant loss (%) within 5-year period for the fixed prostheses. The column “Events”
represents the estimated number of losses within the first year, “N” represents the number of implants, “Proportion” is the respective proportion
and 95% confidence interval (95% Cl), and “Weight” represents the weight of each individual study in the random-effects model [Colour figure
can be viewed at wileyonlinelibrary.com]

3.5.1 | Fixed full-arch implant-supported Retrospective studies
prostheses One study reported on mean Pl and PD values of 1.5 and 2.4 mm,
respectively (mean follow-up period: 1-9 years; Cercadillo-

Prospective studies Ibarguren et al., 2017).
The mean Pl values ranged from 0.51 to 1.2 (mean follow-up period:

5-10 years; Li et al, 2017; Windael et al., 2018). The mean BOP

values ranged between 28% (10 years; Windael et al., 2018) and 80%
(5 years; Martens et al., 2014). In fact, as noted in one analysis, the
mean BOP values decreased from 55% at 2-year follow-up to 28%
after 10 years (Windael et al., 2018). The reported mean PD values
varied from 2.45 to 3.73 mm (Adell et al., 1986; Martens et al., 2014;
Li et al., 2017; Windael et al., 2018). In addition, the mean PD values
tended to increase between 2- and 10-year follow-up assessments
(2.45 and 3.73 mm, respectively; Windael et al., 2018).

352 |
prostheses

Removable full-arch implant-supported

Prospective studies

Similar mean BOP values were registered at 6-month and 2-year
follow-ups (26%-27% and 27%-28%, respectively; Van Assche
et al., 2012). The mean reported PD values ranged from 3.2 to
3.5 mm after 2 years (Van Assche et al., 2012).
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Study Events N Proportion 95% Cl Weight
Eccellente et al.(2011)* 1.79 180 0.99 [0.23; 4.20] 65.1% W—
Van Assche et al. (2012)* 046 72 0.64 [0.03; 10.48] 16.6% -=*

Zou et al. (2013)* 0.00 217 0.00 [0.01; 3.56] 18.3% =——

Random effects model
Heterogeneity: 1° = 0%, ©° = 0, x5 =.85 (p =.65)

*-High risk of bias

FIGURE 4

0.71 [0.22; 2.28] 100.0% -—

I I [ | |

0 5 10 15 20
Cumulative implant losses (%)

Forest plot showing the estimated cumulative implant loss (%) within 1-year period for the removable prostheses. The column

“Events” represents the estimated number of losses within the first year, “N” represents the number of implants, “Proportion” the respective
proportion and 95% confidence interval (95% Cl), and “Weight” represents the weight of each individual study in the random effects model

[Colour figure can be viewed at wileyonlinelibrary.com]

Study Events N Proportion 95% Cl Weight

Eccellente et al. (2011)* 8.78 180 4.88 [2.54; 9.18] 79.3% ——

Van Assche et al. (2012)* 2.25 72 3.12 [0.85;10.86] 20.7% —=————

Random effects model 4.45 [2.48; 7.85] 100.0% o

Heterogeneity: 12=0%, =0, Xf =0.37 (p =.54) ' ' ' ' '
0 5 10 15 20

*-High risk of bias

FIGURE 5

Cumulative implant losses (%)

Forest plot showing the estimated cumulative implant loss (%) within 5-year period for the removable prostheses. The column

“Events” represents the estimated number of losses within the first year, “N” represents the number of implants, “Proportion” the respective
proportion and 95% confidence interval (95% Cl), and “Weight” represents the weight of each individual study in the random effects model

[Colour figure can be viewed at wileyonlinelibrary.com]

Retrospective studies

According to one retrospective analysis, after 1 year of functioning, 75%
to 76% of the implants presented absence of plaque, and 81%-85% of
implants showed no BOP, whereas after 8 years, the corresponding
values were 50%-67% (mPl), and 50%-100% of implants (Bl) (Zou
et al., 2013). The reported mean PD values ranged from 2.3 to 2.5 mm
after a mean follow-up period of 6.5 years (Zou et al., 2013).

3.6 | Prevalence of peri-implant diseases
3.6.1 | Fixed full-arch implant-supported
prostheses

Prospective studies

Over a period of 3 years, none of the implants showed signs of peri-
implant mucositis (S. W. Yi et al.,, 2001). Within the 3-10-year
follow-up period, 1.25%-4.8% of implants (Martens et al., 2014; Li
et al, 2017; Windael et al.,, 2018) and 10%-15% of patients
(Tallarico et al., 2016) were diagnosed with peri-implantitis (Table 3).

Retrospective studies
The reported prevalence of peri-implant mucositis at the implant and

patient levels was 56.9% and 50%, respectively (Cercadillo-lbarguren

et al,, 2017). The prevalence of peri-implantitis ranged from 14.3% to
21% at the implant level and reached 50% at the patient level
(Cercadillo-Ibarguren et al., 2017; Barootchi et al., 2020).

Removable full-arch implant-supported prostheses

Prospective studies. Implant-level peri-implantitis prevalence of 0.5%
was reported over the mean follow-up period of 26.7 months for the
removable prosthesis design (Eccellente et al., 2011).

Retrospective studies. The included retrospective analysis did not

report on peri-implant diseases.

3.7 | Secondary outcomes

3.7.1 | Radiographic outcomes

Fixed full-arch implant-supported prostheses

Prospective studies. Over the 3-10-year period, the mean MBL
ranged from 0.22 to 1.71 mm (Adell et al, 1986; S. W. Yi
et al.,, 2001; Martens et al, 2014; Tallarico et al., 2016; Li
et al., 2017; Windael et al., 2018). No difference was noted between
the straight versus tilted implants (0.9 mm vs. 0.9 mm, respectively;
Li et al., 2017).
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Retrospective studies. None of the included retrospective studies

reported on radiographic outcomes.

Removable full-arch implant-supported prostheses

Prospective studies. Throughout the mean follow-up period of 2 years,
the mean MBL ranged from 1.0 to 1.5 mm, with no difference
observed between short (6 mm) versus long implants (>6 mm; Van
Assche et al., 2012).

Retrospective studies. After a follow-up period of 1 year, the mean
MBL ranged from 0.3 to 0.8 mm, and it amounted to a mean MBL of
1.2 mm after 8 years (Zou et al., 2013).

3.7.2 | Survival of restorations and technical
complications

Fixed full-arch implant-supported prostheses

Across the six studies, restoration survival rates ranged from 51.5%
(Barootchi et al,, 2020) to 100% (S. W. Yi et al., 2001; Tallarico
et al., 2016; Cercadillo-lbarguren et al., 2017; Li et al., 2017; Windael
et al., 2018; Barootchi et al., 2020). Technical complications such as
fracture of veneering material/teeth, fracture of single/multiple teeth,
and screw-loosening were reported in five studies (Supplement 5b;
S. W. Yi et al, 2001; Tallarico et al., 2016; Cercadillo-Ibarguren
et al,, 2017; Li et al., 2017; Barootchi et al., 2020).

Removable full-arch implant-supported prostheses

Survival of the overdentures ranged between 96% (Eccellente
et al,, 2011) and 100% (Van Assche et al., 2012; Zou et al., 2013).
Reported technical complications included abutment/screw-loosen-
ing, partial/complete denture fracture, and need of re-lining/

adaptation (Supplement 5c).

3.8 | Patient-reported outcomes
3.8.1 | Fixed full-arch implant-supported
prostheses

None of the studies reported on PROMs.

382 |
prostheses

Removable full-arch implant-supported

Two studies that enrolled patients with maxillary overdentures
reported on PROMs (Eccellente et al., 2011; Zou et al., 2013). Patient
satisfaction was evaluated by employing questionnaires containing
different scalers (i.e., operative and post-operative phase, prosthetic
stability, function, speech, aesthetics, hygiene; see Supplement 5).
Forty-seven to 100% of the patients were fully satisfied with the pho-
netic properties; patient satisfaction with function ranged from 58%

to 100%; and 37%-100% of the patients were fully satisfied with the
aesthetics (Supplement 5).

3.9 | Economic aspects
None of the included studies reported on economic aspects related to

fixed and removable full-arch implant-supported prostheses.

3.10 | Risk of bias within studies
The included RCT had an unclear risk of bias overall because of the
potential bias in allocation concealment (Domain 2) as well as the
potential bias in measurement of outcomes (Domain 4) (Tallarico
et al., 2016) (Supplement 1a).

Nine out of 10 non-randomized studies had an overall serious risk
of bias (Adell et al., 1986; S. W. Yi et al., 2001; Eccellente et al., 2011;
Van Assche et al., 2012; Martens et al., 2014; Cercadillo-Ibarguren
et al.,, 2017; Li et al., 2017; Windael et al., 2018; Barootchi et al., 2020),
whereas 1 study was judged to have an overall critical risk of bias (Zou
et al., 2013). Bias due to confounding and bias in measurement of out-
comes were the most critical domains that were judged to have serious
risk in 100% and 70% of the studies, respectively.

4 | DISCUSSION

The present systematic review evaluated the efficacy of various reha-
bilitation types with fixed or removable full-arch implant-supported
prosthesis designs in edentulous patients, with tooth loss mainly due
to periodontitis. Eight studies reported on the efficacy of fixed full-
arch implant-supported reconstructions, and three studies addressed
the outcomes of removable complete implant-supported prostheses.
None of the included studies compared dental implant outcomes
supporting fixed restorations to those supporting removable
restorations.

It is important to highlight the considerable inconsistency among
the included studies regarding the definition of the patients' periodon-
tal status or reason for tooth loss. In particular, in two of the included
studies, periodontitis was indicated as a reason for edentulism in
39%-44% of the enrolled population. In the other nine studies, peri-
odontitis was mentioned either as one of the reasons for tooth loss
(n = 3 studies) or as a reason for patients' edentulism (n = 6 studies)
without providing a clear definition of the disease. In addition, the lack
of information on the reason for tooth loss and the patients' periodon-
tal history was among the major reasons for the studies' exclusion
from the present analysis (n = 73 studies).

The estimations of the present data suggested comparable cumu-
lative implant losses within 1 year for both fixed and removable pros-
thesis designs (0.64% and 0.71%, respectively). However, cumulative
implant loss within 5 years of follow-up was higher for removable
prosthesis relative to those removable

designs supporting
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reconstructions (4.45% vs. 1.85%, respectively). The present finding
considering different prosthesis designs corroborates a previous
meta-analysis that indicated a higher implant-loss rate for implants
supporting removable versus fixed full-arch prostheses (0.35 vs. 0.23,
respectively; p = .0148; Kern et al., 2016). The latter findings align
with those of an earlier systematic review based on longitudinal stud-
ies of at least 5 years, which reported implant loss in about 2%-3% of
implants supporting fixed reconstruction and >5% for the implants
supporting overdentures (Berglundh et al., 2002). However, it should
be noted that the status of the patients' periodontal health was not
considered in the aforementioned analyses (Berglundh et al., 2002;
Kern et al., 2016).

A further tendency observed in the present analysis pointed to
higher implant loss rates for both prostheses designs within the
5-year compared to the 1-year period. This observation confirms the
findings of previous studies that enrolled either patients with fixed
full-arch implant-supported prostheses (Chrcanovic et al., 2020) or
patients with different prostheses designs (i.e., fully and partially
edentulous patients) (Derks & Tomasi, 2015) and reported on higher
late implant loss rates (i.e., following the connection of the superstruc-
ture) compared to early implant loss (i.e., prior to the functional load).
On the other hand, this latter observation contradicts the results of an
earlier retrospective study pointing to higher early implant loss
(i.e., prior to a 1-year follow-up) compared to implant loss throughout
the 5-year period (1 year: 8.1% of implants in the upper jaw, 3.7% of
implants in the lower jaw; 5 years: 2.1% of implants in the upper jaw,
0.9% of implants in the lower jaw) (Jemt et al., 2014). This contradic-
tion might be attributable at least partially to the fact that early
implant loss included cases of osseointegration failure, which might
have contributed to the higher implant during the 1-year follow-up
period (Jemt et al., 2014). In the present analysis, except for studies
(Eccellente et al., 2011; Van Assche et al., 2012) that reported on
implant loss due to osseointegration failure, the remaining studies did
not specify the time of implant loss. In addition, as noted above, no
previous studies specified patients' periodontal health or the reason
for their edentulism (Jemt et al., 2014; Derks & Tomasi, 2015;
Chrcanovic et al., 2020). When interpreting the findings of the present
analysis, it is worth highlighting the limited number of clinical studies
feasible for the analysis (removable prostheses: three studies; fixed
prostheses: eight studies) that had either short (i.e., <5 years; (Adell
et al,, 1986; S. W. Yi et al., 2001; Eccellente et al., 2011; Van Assche
et al., 2012) or medium follow-up periods (i.e., 5-10 years; (Zou
et al, 2013; Martens et al., 2014; Tallarico et al., 2016; Cercadillo-
Ibarguren et al., 2017; Li et al., 2017; Windael et al., 2018; Barootchi
et al., 2020), which did not allow assessment of implant losses in the
long term.

In the majority of the studies in the present analysis (five
reporting on fixed prosthesis and two on removable prostheses),
implants were loaded following a delayed protocol, and in one study
reporting on fixed prosthesis designs, implants were loaded immedi-
ately following the tooth extraction (Li et al., 2017). The remaining
three studies (two reporting on fixed prosthesis designs and one on

removable prosthesis) employed both immediate and delayed loading
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protocols (Eccellente et al., 2011; Cercadillo-Ibarguren et al., 2017,
Barootchi et al., 2020). As suggested by the previous meta-analyses,
for the fixed full-arch restorations, similar implant survival rates were
noted regardless of the loading protocol (i.e., immediate, early, and
conventional) (Papaspyridakos et al., 2014; Daudt Polido et al., 2018;
Gallardo et al., 2019). For removable implant-supported complete
prostheses, in contrast, a former meta-analysis pointed towards a ten-
dency for higher implant loss for the immediately loaded implants,
supporting the conventional loading protocol (Schimmel et al., 2014).
As for the number of implants supporting fixed full-arch prostheses, in
the present analysis the number of implants supporting lower and
upper full-arch prostheses and fixed and removable prostheses ranged
from 4 to 8. Based on the previous findings, similar implant and pros-
thesis survival rates were reported for fixed prostheses supported by
fewer than five or more than five implants per arch in both upper and
lower jaws (Daudt Polido et al., 2018). On the other hand, another
meta-analysis found a significantly higher implant loss for removable
upper and lower jaw prostheses supported by less than four implants
(Kern et al., 2016). Similarly, as recent data indicate, an implant-
supported fixed and removable prostheses in the edentulous upper
jaw, as well as a fixed prostheses in the edentulous lower jaw, should
be supported by no fewer than four implants (Messias et al., 2021;
Tsigarida & Chochlidakis, 2021). In addition, different implant loss
rates were addressed in the upper and lower edentulous jaws, with
higher implant loss noted for implants supporting a full-arch prosthe-
sis in the upper jaw (Kern et al., 2016; Chrcanovic et al., 2020). Again,
it should be noted that none of the previous analyses referred to peri-
odontitis patients, which, in turn, prevents direct comparison between
the present and previous findings (Kern et al., 2016; Daudt Polido
et al., 2018; Chrcanovic et al., 2020; Messias et al., 2021; Tsigarida &
Chochlidakis, 2021). Given the limited available data in the current
study, it was not possible to assess whether factors such as loading
protocol and the number of implants per arch in the upper and lower
jaw have any influence on the implant survival in patients who lost
their teeth due to stage IV periodontitis with full-arch implant-
supported restorations. However, as suggested by the recent analysis,
based on the similar clinical performance of fixed and removable full-
arch prostheses, in cases where both treatment options are feasible,
patient expectations and cost should be the determining factors for
treatment modality selection (Tsigarida & Chochlidakis, 2021).

Owing to the inconsistency of outcomes reported in the included
studies, meta-analysis was not possible for any of the assessed clinical
and radiographic outcomes. Nevertheless, the descriptive analysis
pointed to a greater range of mean BOP scores reported for fixed
prosthesis designs when compared with removable restorations
(28%-80% and 27%-28%, respectively). This observation partly aligns
with the results of a comparative study which observed a significantly
higher increase in Pl and Bl over a 1-year period for fixed prosthesis
designs compared to removable full-arch implant-supported prosthe-
ses (EISyad et al., 2019). The latter tendency was attributed to
impeded oral hygiene measures related to fixed prosthesis designs
(EISyad et al, 2019). This assumption aligns with the patients'

reported perceptions, according to which the evaluation of
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accessibility to oral hygiene favoured removable bar-retained over-
dentures compared to fixed prostheses (Brennan et al., 2010). Further
descriptive data of the present analysis revealed a slightly higher
range of mean PD and MBL values for fixed prostheses relative to
removable ones (2.4-3.73 mm and 0.22-1.71 mm vs. 3.2-3.5 mm
and 1.0-1.5 mm, respectively). With regard to the PD values, the
aforementioned comparative study reported significantly higher PDs
at dental implants supporting fixed prostheses compared to those
supporting removable ones (EISyad et al., 2019). In one earlier analy-
sis, MBL was found to be comparable between removable and fixed
prosthesis designs over an investigation period of 4 years (removable
range: 0.36-1.5 mm, fixed range: 0.56-1.4 mm; (Saravi et al., 2020).
Nonetheless, the aforementioned clinical studies did not specify the
reasons for patients' edentulism (EISyad et al., 2019; Saravi
et al., 2020). Therefore, the comparisons of clinical outcomes between
the present analysis and previous studies should be interpreted with
caution.

Upon further analysis of the current findings, seven studies
reported the prevalence of peri-implantitis among fixed full-arch
implant-supported prosthesis designs (S. W. Yi et al., 2001; Martens
et al., 2014; Tallarico et al., 2016; Cercadillo-lbarguren et al., 2017; Li
et al., 2017; Windael et al., 2018; Barootchi et al., 2020). Accordingly,
over a 1-9-year period, peri-implant mucositis and peri-implantitis
were detected in 0%-50% and 10%-50% of patients, respectively.
The large range of reported disease frequencies may be at least par-
tially attributable to the considerable diversity in the definitions
applied to the pathologies. For instance, the MBL cut-off values used
to define peri-implantitis ranged between >1.5 and >2.1 mm, whereas
two analyses provided no clear case definitions. As the reported prev-
alence of the disease has been revealed to be highly influenced by the
definitions used to define the pathology, the aforementioned findings
must be interpreted with caution (Derks & Tomasi, 2015). Further-
more, since only one study reported on the occurrence of peri-
implantitis for removable prostheses without providing a case defini-
tion, rendering a comparison of the frequency of peri-implant diseases
in terms of prosthesis design was not feasible. Nonetheless, a recent
systematic review noted a tendency towards higher peri-implantitis
frequency among implant-supported overdentures at the patient and
implant levels, as compared to fixed full-arch restorations
(Ramanauskaite et al., 2021). Although abundant existing clinical data
have identified periodontitis and a history of periodontitis as factors
that increase the risk of biological implant complications (Karoussis
et al.,, 2003; Canullo et al., 2016; Derks et al., 2016; Rokn et al., 2017;
Schwarz et al., 2017), the prevalence of peri-implant diseases in the
present analysis is within the range of previously reported data for
patient samples not specifying patients' periodontal status (Derks
et al., 2016; Vignoletti et al., 2019; Wada et al., 2019).

Based on the present analysis, the reported prosthesis survival
rate for fixed restorations ranged from 51.7% to 100% within a 1- to
10-year follow-up period and was 100% for removable prostheses.
The latter finding corroborates previously reported outcomes for both
removable and fixed full-arch implant-supported reconstructions
(Kuoppala et al., 2012; Priest et al., 2014; Chrcanovic et al., 2020;

Papaspyridakos et al., 2020). The higher range of prosthesis survival
reported for fixed restorations was mainly related to the relatively
high framework fracture rates for metal-acrylic hybrid prostheses
(Barootchi et al., 2020). In line with previously reported data, compli-
cations such as chipping or fracturing of the veneering material and
loosening of the abutment screw were the most frequently reported
problems related to the fixed reconstruction (Priest et al., 2014;
Chrcanovic et al, 2020; Papaspyridakos et al., 2020; Karasan
et al., 2021). For removable reconstruction, abutment/screw-loosen-
ing, partial/complete denture fracture, and need for relining/
adaptation were the main technical problems (Kuoppala et al., 2012;
Priest et al., 2014; Karasan et al., 2021). In fact, one systematic review
reported a higher incidence of technical complications related to
implant components and suprastructures for overdentures than was
found in fixed reconstructions (Berglundh et al., 2002). However, the
lack of comparative studies in the present analysis did not allow for
any comparison of prosthesis survival or technical complications
between fixed and removable full-arch implant-supported prostheses
for patients with tooth loss mainly due to stage IV periodontitis.

Two studies in the present analysis assessed PROMs for remov-
able full-arch implant-supported prostheses. The proportion of satis-
fied patients with improvements in function and phonetics following
the insertion of implant-supported full-arch maxillary overdentures
ranged from 47% to 100%. The range of patients who were
completely satisfied with the aesthetics was even greater 36%-100%.
Conducting a quantitative analysis was impossible due to the limited
number of studies reporting on PROMs and the variety of parameters
employed to measure the respective outcomes. Furthermore, because
no included studies documented PROMs for fixed full-arch restora-
tions, a comparison of the improvements in patient satisfaction levels
in terms of prosthesis design was not feasible. In fact, the aforemen-
tioned findings correspond to the conclusions of a previous system-
atic review on the topic and imply the need for standardized PROMs
in future clinical investigations (Yao et al., 2018).

The vast inconsistencies in the reporting of clinical outcomes
prevented us from conducting comparative analyses for any of the
assessed clinical and radiographic outcomes with respect to different
prosthesis designs (i.e., fixed vs. removable). Furthermore, all but one of
the included studies were judged to have a high or unclear risk of bias,
which may have contributed to the substantial heterogeneity detected
among the studies. Assessing publication bias in meta-analyses of prev-
alence (observational studies) has also been critically appraised, because
publication bias is usually a result of undesirable outcomes in compara-
tive studies (Maulik et al., 2011). Other aspects likely to have influenced
the outcomes were the pooling of short- and medium-term follow-up
data in the meta-analysis and the lack of information on the patients'
compliance with supportive therapy in the majority of the included
studies, as a lack of or poor adherence to peri-implant maintenance
therapy was shown to be a critical aspect in maintaining peri-implant
tissue health over time (Ramanauskaite & Tervonen, 2016). Ultimately,
the absence of a manual literature search and of grey literature may
have constituted a source of publication bias by preventing the identifi-

cation of relevant articles suitable for inclusion.
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The findings of the present analysis suggest the following:

e Considerable inconsistencies exist among studies in reporting
patients' periodontal status.

e Cumulative implant loss at 1 year was low in both groups. The
validity of data representing 1 year, however, is questionable.

e Cumulative implant loss over 5 years was higher in the removable
prosthesis group than in the fixed prosthesis group.

e Data on the occurrence of peri-implantitis were scarce in studies
on removable prosthesis. For fixed reconstructions, a large varia-
tion on the prevalence of peri-implantitis was reported.

e Scarce clinical data exist on prevalence of peri-implant diseases for
removable full-arch implant-supported prosthetic designs.

e There is only limited available data on PROMs and economical

aspects.

5 | CONCLUSIONS

Based on the limited low-quality data that were identified, the present
analysis pointed to a low and similar cumulative implant loss within 1 year
for patients with tooth loss mainly due to stage IV periodontitis restored
with either removable or fixed implant-supported full-arch prosthesis. At
5 years of functioning, there was a tendency for better outcomes using
fixed designs. Further long-term comparative clinical studies reporting on
patients' periodontal condition and the main reasons for tooth loss/tooth

extractions are needed to validate the present findings.
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