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Implant-supported dental prostheses have been per-
formed during the last two decades, which has led 

to substantial improvements in edentulous patients’ 
general satisfaction and quality of life.1,2 Regarding 
implant-supported rehabilitation, there are two major 
modalities: implant-supported overdentures (IODs) and 
implant-supported full arch fixed restorations (IFRs).

Implant prostheses performed in the edentulous 
maxilla are confronted with more limitations than that 
in the mandible due to the relatively low bone qual-
ity, large volume change after progressive resorption, 
and sinus pneumatization.3–5 Therefore, compared 
with the convincing implant treatment modality in the 

mandible, many details of implant-supported restora-
tions in the maxilla have not been confirmed.6

In the past, there have been many debates about 
the appropriate number of implants applied in maxil-
lary implant-supported dentures. In IODs, with the ex-
isting information about implant survival rate (ISR) and 
patient-reported outcome measures (PROMs) from sys-
tematic reviews, it is widely accepted that four IODs are 
a high cost-benefit and prevalent approach.7,8 Besides, 
maxillary four-implant-supported IFRs with adequate 
anterior and posterior distances (A-P distances) have 
also been performed widely for a long period of time.9–11

Although there have been many publications on 
four IODs and IFR in edentulous maxilla, the medium-
term outcomes have not been conclusively addressed, 
and well-defined indications for choosing between the 
two approaches are still lacking. Consequently, this sys-
tematic review aimed to integrate the medium-term 
survival rate of implants and prostheses, marginal bone 
loss (MBL), and complications to form a comprehensive 
evaluation.

MATERIALS AND METHODS

The systematic review was performed by consulting 
the Preferred Reporting Items for Systematic Reviews 
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and Meta-Analyses (PRISMA) statement and the Co-
chrane Handbook for Systematic Reviews of Interven-
tions (registration no.: CRD42022313564 [PROSPERO 
database]).12,13

Eligibility Criteria
The population, intervention, comparison, outcome, 
and time duration (PICOT) question referred to the 
following:
•	 P (population): Patients with an edentulous maxilla
•	 I (intervention): Performing maxillary implant-

supported prostheses
•	 C (comparison): The difference between four-IODs 

and four-implant-supported IFRs 
•	 O (outcome): The medium-term ISR was the primary 

outcome, and the secondary outcome was the 
protheses survival rate, marginal bone loss (MBL), 
and complications

•	 T (time duration): Minimum of 5 years of follow-up

Inclusion and Exclusion Criteria
The following inclusion criteria were used: (1) At least 
10 patients with fully edentulous maxilla’s that were re-
habilitated with IOD or IFR supported by four implants; 
(2) medium-term follow-up (at least 5 years); (3) ran-
domized clinical controlled trials (RCTs), nonrandom-
ized clinical controlled trials (CCTs), prospective studies, 
and retrospective studies; (4) articles published in Eng-
lish from January 2000 to October 2023; (5) when the 
same author published more than one paper on the 
data from the same group of patients, the one with the 
larger sample size or the newer one was included; and 
(6) outcome included ISR or implant loss.

The following exclusion criteria were used: (1) In 
vitro studies, (2) treatments supported by implants of 
other numbers, and (3) studies on irregular implants 
prostheses, such as zygomatic implants, pterygoid im-
plants, and mini-implants.

Search Strategy
The literature search was performed in PubMed (MED-
LINE), Embase, and the Cochrane database from Janu-
ary 2000 to October 2023, including English-language 
publications only. The following query was integrated 
and searched in the literature databases: ((jaw, eden-
tulous OR mouth, edentulous OR mouth, toothless OR 
edentul*) AND (dental OR denture* OR oral OR mouth) 
AND (four AND implant*) OR “all on 4” OR “all on four”) 
AND maxilla*).

Meanwhile, to include additional eligible publica-
tions, a manual search was performed in the reference 
lists of articles and reviews on similar topics.

Selection Process
The search was completed on October 1, 2023, and 
duplicate articles were removed using the Endnote X9 
software (Thompson Reuters). Three reviewers (R.L., 
X.J., and M.G.) independently screened the titles and 
abstracts from the literature search, and the full texts 
of the remaining articles were reviewed. Only articles 
that met the selection criteria were processed for qual-
ity assessment and data extraction. Once disagreement 
appeared, the other two researchers (F.W., Y.W.) were 
consulted.

RoB and Quality Assessment
The quality of parallel and crossover RCTs were as-
sessed by the corresponding RoB 2 tool.14 For cohort 
studies, scores of selection, comparability, and out-
come were calculated using the Newcastle-Ottawa cale 
(NOS) tool.15

Data Collection
Two independent reviewers (R.L., M.G.) extracted data 
and compiled it in Microsoft Excel. Completed sheets 
were compared and discussed. The following informa-
tion was retrieved: study design, participant details, 
treatment process, and reported outcomes. 

ISR was defined as the percentage of implants still 
present and not mobile at the follow-up visits. Implant-
supported prostheses with severely compromised 
function or no longer supported by enough implants 
were considered a failure, which directly affects the 
prosthesis survival rate. MBL at the 5th year was regard-
ed as the quantitative indicator to reflect on medium-
term peri-implant parameters, referring to the change 
of distance from the implant shoulder to the coronal 
point of bone-to-implant contact. Mechanical compli-
cations include any complications related to retention 
system, implants, and prostheses. Biologic complica-
tions included soft and hard tissue diseases. The mean 
follow-up time was directly extracted from other stud-
ies or calculated through lifetable.

Statistical Analysis
Statistical heterogeneity among studies was evaluated 
by Q-test based on Cochran chi-square test and the I2 
statistic. Statistical heterogeneity was assessed as sub-
stantial if I2 was > 50%, and a random-effects model 
was applied; otherwise, a fixed-effects model was ap-
plied. All meta-analyses were performed in an open 
meta-analyst software.16 The cumulative survival esti-
mate was determined through the aggregation of pro-
portion data from all studies that were included. This 
estimate offers a unified summary metric of the survival 
rate of implants and prostheses across the entire body 
of research.
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MBL measured at the 5th year was extracted, and the 
mean value and SD were formulated in SPSS 25.0 (IBM). 
Positive MBL values implied bone gain and the negative 
one implied bone loss.

The mechanical and biologic complication incidence 
(ratio) was calculated in patients’ level, and the Stu-
dent’s t-test was used to compare the means between 
the two groups. In all analyses, P < .05 (two-tailed) was 
considered statistically significant.

RESULTS

The searching and screening process is shown in Fig 1. 
After an electronic search, a total of 1,811 articles were 
retrieved (688 from PubMed, 554 from Embase, and 
569 from Cochrane), and 1,240 articles remained after 
duplicates were removed. A total of 1,163 studies on 
other topics and in vitro were excluded after screening 
the titles and abstracts. A total of 77 full-text articles 
were obtained, and 64 articles were excluded for the 

following: < 10 patients in maxilla, ISR not reported, 
not separating maxilla and mandible, and overlapping 
patient cohorts. The remaining 13 articles, and an ad-
ditional three articles from the manual search, met the 
final inclusion criteria with a total of 5,568 implants (9 
implants on IODs; 7 implants on IFRs), but none of them 
made direct comparisons between IODs and IFRs. There 
were four RCTs (three on IODs,18–20 one on IFRs),21 six 
prospective studies (four on IODs,22–25 two on IFRs),26,27 
and six retrospective studies (two on IODs,28,29 four on 
IFRs).30–33

Assessment of Overall and Individual RoB
The quality of four RCTs was assessed by the RoB 2 tool, 
and overall judgement of them were all assessed as 
having “some concerns”. Among all the domains, only 
one study had “some concerns” in bias for selection 
of the reported result, and the others had a “low risk” 
of bias18 (Fig 2). For cohort studies, the NOS tool was 
used. Apart from two studies having the total score of 
seven (regarded as high-quality studies),27,30 the others 

Fig 1    PRISMA flowchart.
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had the scores between four to six (regarded as middle 
quality studies). No controls considered in these studies 
were the reason they lost the scores in comparability 
(Table 1).

Patient Selection
Nearly all the studies included criteria on patients’ gen-
eral health condition, which offered the premise for 
implant surgery. In 11 studies, it was requested that 
patients should not have a history of radiotherapy to 
the head and neck region or not be treated late. Un-
controlled diabetes and the use of bisphosphonate 
were exclusion criteria in eight studies. Regarding life 
habits, only four studies totally excluded patients who 
smoked, and six studies included mild to moderate 
smokers (smoking ≤ 20 cigarettes/d). Furthermore, five 
studies have a restriction on bruxism.

Regarding age, edentulous patients restored by IOD 
(mean age: 63.3 years) were older than patients restored 
by IFR (mean age: 60.6 years). There seemed to be no 
clear discrepancy in patients’ sex. In addition, patients 
in most studies finished their follow-up, but dropouts 
still appeared in five studies (Table 2).

Surgery and Restoration Process
Among 16 studies, 14 recorded the length of the im-
plant (7 in IODs, 7 in IFRs) and nearly all the implants had 
a length over 8 mm except two studies(one in IODs,25 

and one in IFRs).33 Regarding the diameter of the im-
plant, four studies (three on IODs,24,25,29 one on IFRs)33 
used implants with a diameter of 3.3 mm (defined as 
a narrow-diameter implant). Thirteen studies provided 
implant surface information, and none of them chose 
a smooth surface. Regarding bone augmentation, four 
of the IODs studies performed this procedure but only 
one study in the IFRs mentioned it. The following bone 
graft materials were chosen: organic bovine bone (Bio-
Oss, Geistlich Pharma AG), maxillary tuberosity, and iliac 
crest. Among the 10 studies that used a minimally in-
vasive procedure, five implemented a surgical template 
for accurate implant position and angle, and the other 
study used a flapless or a mini-flap approach along with 
guided surgery21 (Table 3).

In the IODs group, seven studies presented detailed 
information about the healing period, and all studies 
kept implants submerged. Three to nine months later, a 
definitive prostheses procedure was initiated. Six stud-
ies on IODs recorded information about palatal design: 
two studies with partial palatal coverage,24,29 and four 
studies with no palatal coverage.18–20,28 Regarding the 
design details of IODs, the retention system varied in 
each study (bar, locator, or double crown). In two stud-
ies, more than one attachment system was used (Table 
4). In the IFRs group, all studies involved immediate 
loading protocol, with acrylic resin or metal-reinforced 
acrylic resin provisional prostheses delivered within 48 

Fig 2    RoB in cross-
over and parallel RCTs: 
(a) RoB of each includ-
ed RCT and (b) overall 
RoB.
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hours after implant surgery. Differences appeared in 
the manufacturing process and material of the prosthe-
ses and teeth (Table 5).

ISR
In the IODs group, only two studies had an ISR below 
90%,22,25 which resulted in a weighted cumulative 
ISR of 94.5% (95% CI: [92.1% to 96.9%]; I2 = 84.22%) 
in 1,020 implants (ranging from 76.3% to 100%). Four 
studies solely reported on the splinted attachment sys-
tem,19,20,23,24 two studies reported on a nonsplinted at-
tachment system,25,28 and three studies on more than 
one attachment system.18,22,29 A subgroup analysis on 
the attachment system was performed, which showed 
an ISR of 89.2% (95% CI: [81.7% to 96.7%]; I2 = 87.78%) 
for the nonsplinted attachment cohort and 97.2% (95% 
CI: [95.0% to 99.3%]; I2 = 76.51%) for the splinted attach-
ment cohort (Appendix Fig 1a; all appendix figures can 
be found in the online version of this article). As for the 
subgroup analysis on study type, the ISR of RCTs in IODs 

was 98.0% (95% CI: [95.8% to 100.0%]; I2 = 75.69%) and 
that of observational studies (retrospective and pro-
spective studies) was 91.2% (95% CI: [86.8% to 96.5%]; 
I2 = 83.78%) (Appendix Fig 1b). For IFRs, most studies 
had an ISR above 95%, leading to a weighted cumula-
tive ISR of 98.5% (95% CI: [97.4% to 99.5%]; I2 = 77.88%) 
in 4,508 implants, with a range from 94.2% to 100% 
(Appendix Fig 2). In addition, all included studies in the 
IFRs group employed two axial implants and two tilted 
implants. Only two studies in the IFRs group reported 
the separative ISR of axial and tilted implants,27,33 and 
they showed no difference between these two kinds of 
implants.

In the IODs group, 62 implant losses were reported 
in 7 studies,18,22–25,28,29 of which 14 failed to form osseo-
integration at the healing stage (called early failure). For 
the IFRs group, four studies reported 107 implant loss-
es21,26,31,33 but only two studies offered detailed infor-
mation on implant loss, showing that all the recorded 
implants (n = 15) encountered early failure.

Table 1  Quality Assessment of NOS of Included Cohort Studies

Study

Selection Comparability Outcome

Representativeness 
of exposed cohort

Selection of 
nonexposed 

cohort
Ascertainment 

of exposure

Outcome of 
interest not 
present at 

start

Comparability on 
the basis of the 

design or analysis
Assessment 
of outcome

Long-
enough 

follow-up

Adequacy 
of follow-

up of 
cohorts Score

Bouhy  
et al25 (2023) * * * * * * 6

Ferrer et al22 
(2020) * * * * * * 6

Lian et al29 
(2019) * * * * * 5

Frisch et al28 
(2015) * * * * * 5

Mangano  
et al24 (2011) * * * * * * 6

Ferrigno et 
al23 (2002) * * * * * * 6

Ayna et al30 
(2021) * * * * * 7

Gherlone  
et al27 (2018) * * * * * * * 7

Hopp et al33 
(2017) * * * * 4

Balshi et al31 
(2014) * * * * 6

Cavalli et 
al32 (2012) * * * * 4

Agliardi et 
al26 (2010) * * * * * 5

*Statistically significant.

© 2025 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. VeryPDF Software Demo Version (http://www.verypdf.com)

VeryPDF Software Demo Version (http://www.verypdf.com)

Tony Hsieh
螢光標示



756  Volume 40, Number 6, 2025

Lan et al

Table 2  Basic Information of Studies Included

Study (year)
Study 
design

Denture on four 
implants

No. of 
edentulous 

maxillary 
patients / 
implants

Dropout 
of 

patients

Age of 
patient 
(mean) Sex (M / F)

General health 
condition (habits 

and diseases)

Mean / 
maximum 
follow-up 

time
Outcomes 
reported

Onclin et al18 
(2023) 

RCT IOD (bar)
IOD (locator)

25 / 100  
25 / 100

5
2

60.1 years 
63.8 years

13 M / 12 F 
13 M / 12 F

ASA I–II; no 
smoking; no 

history of 
radiotherapy to 

the head and 
neck region, 

preprosthetic 
surgery, or 

previous loss of 
implant in maxilla

5 / 5 years Survival rate, 
MBL, and 

complication

Slot et al20 
(2023) 

RCT IOD 25 / 100 6 59.7 years 15 M / 10 F ASA I–II; no 
smoking; no 

history of 
radiotherapy in 

the head and 
neck region, 

preprosthetic 
surgery, 

previous implant 
placement, or 

sinus pathology

10 / 10 
years

Survival rate, 
MBL, and 

complication

Slot et al19 
(2022) 

RCT IOD 33 / 132 7 61.6 years 10 M / 23 F ASA I–II; no 
smoking; no 

history of 
radiotherapy to 

the head and 
neck region, 

preprosthetic 
surgery, 

previous implant 
placement, or 

sinus pathology

10 / 10 
years

Survival rate, 
MBL, and 

complication

Bouhy et al25 
(2023) 

Prospective 
study

IOD 30 / 120 3 66.4 years 17 M / 13 F ASA I–II; smokers 
(< 10 cigarettes/

day)

5 / 5 years Survival rate, 
MBL, and 

complication

Ferrer et al22 
(2020) 

Prospective 
study

IOD (bar) 
IOD (locator)

10 / 40
10 / 40

0 72 years NR ASA I; no bruxism, 
TMJ disorders 
and no use of 

bisphosphonates

11.4 / 14 
years

Survival 
rate and 

complication

Lian et al29 
(2019) 

Retrospective 
study

IOD (bar) 
IOD (locator)

15 / 60
18 / 72

2 60 years 8 M / 7 F
12 M / 6 F

Smoke ≤ 15 
cigarettes/day; 

no history of 
radiotherapy to 

the head and 
neck region; no 

uncontrolled 
systemic diseases

6.4 / 9.3 
years

Survival rate, 
MBL, and 

complication

Frisch et al28 
(2015) 

Retrospective 
study

IOD 20 / 80 0 63.45 
years

13 M / 7 F 3 smokers, 2 
diabetic patients, 

and 7 heart 
disease patients

5.6 / 15.1 
years

Survival rate, 
MBL, and 

complication

Mangano et 
al24 (2011)

Prospective 
study

IOD 38 / 152 0 NC NC Smoke ≤ 15 
cigarettes/day; 

no uncontrolled 
diabetes or 
neurologic 

diseases

5 / 5 years Survival 
rate and 

complication
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Table 2  (cont) Basic Information of Studies Included

Study (year)
Study 
design

Denture on four 
implants

No. of 
edentulous 

maxillary 
patients / 
implants

Dropout 
of 

patients

Age of 
patient 
(mean) Sex (M / F)

General health 
condition (habits 

and diseases)

Mean / 
maximum 
follow-up 

time
Outcomes 
reported

Ferrigno et 
al23 (2002)

Prospective 
study

IOD 16 / 64 0 NC NC Smoke ≤ 15 
cigarettes/day; 
no bruxism; no 
drug or alcohol 

abuse; no 
chemotherapy; 

no history of 
radiotherapy to 

the head and 
neck region; no 

uncontrolled 
diabetes or 

systemic diseases

6.1 / 10 
years

Survival rates

Tallarico et 
al21 (2016)

RCT IFR 20 / 80 0 66.8 years 10 M / 10 F Smoke ≤ 10 
cigarettes/day; 

no uncontrolled 
diabetes; no 

bisphosphonate 
therapy; no 
history of 

radiotherapy to 
the head and 
neck region

5 / 5 years Survival rate, 
MBL, and 

complication

Ayna et al30 
(2021) 

Retrospective 
study

IFR 34 / 136 0 61 years NR ASA I–II; no 
smoking; no 

bruxism; no drug 
or alcohol abuse; 
no uncontrolled 

diabetes, 
osteoporosis, 
or psychiatric 

disorders; 
no use of 

bisphosphonates 
or corticosteroids; 
no radiotherapy 
to the head and 

neck region 
in the last 24 

months

6 / 6 years Survival rate, 
MBL, and 

complication

Gherlone et 
al27 (2018)

Prospective 
study

IFR 12 / 48 0 NC NC Healthy; smoke 
≤ 15 cigarettes/

day; no steroid or 
bisphosphonate 

therapy; no 
radiotherapy to 

the head and 
neck region in 
the last 5 years

5 / 5 years Survival rate 
and MBL

Hopp et al33 
(2017) 

Retrospective 
study

IFR 891 / 3,564 0 56 years 364 M / 527 F No active 
chemotherapy or 

radiotherapy

5 / 5 years Survival rate, 
MBL, and 

complication

Balshi et al31 
(2014) 

Retrospective 
study

IFR 75 / 300 NR NR NC NC 5 / 5 years Survival rate

Cavalli et al32 
(2012) 

Retrospective
study

IFR 34 / 136 NR 58.7 years 16 M / 18 F ASA I–II; no 
severe bruxism 
or clenching; no 
radiotherapy to 

the head and 
neck region 
in the last 60 

months

3.2 / 6.1 
years

Survival rate 
and MBL
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Table 2  (cont) Basic Information of Studies Included

Study (year)
Study 
design

Denture on four 
implants

No. of 
edentulous 

maxillary 
patients / 
implants

Dropout 
of 

patients

Age of 
patient 
(mean) Sex (M / F)

General health 
condition (habits 

and diseases)

Mean / 
maximum 
follow-up 

time
Outcomes 
reported

Agliardi et 
al26 (2010)

Prospective 
study

IFR 61 / 244 NR NC NC ASA I–II; no 
severe bruxism 
or clenching; no 

uncontrolled 
diabetes or 

systemic 
diseases; no 

radiotherapy to 
the head and 
neck region 
in the last 12 

months

1.8 / 5 
years

Survival rate, 
MBL, and 

complication

NC = not clear; NR = not reported; ASA = American Society of Anesthesiologists’ Physical Status Classification.

Table 3  Implant Information of Studies Included

Study (year)
No. of total 

implants / loss

Survival 
rate of 

implant

MBL at the 
fifth year 
(baseline)

Length / 
diameter of 

implant
Implant 
system Surface

Implant 
area

Bone 
augmentation 

(material)

Minimally 
invasive 

procedure?

Onclin et al18 
(2023) 

80 / 3 (bar) 
92 / 10 (locator)

96.3%  
89.5%

–0.99 ± 0.96 
mm;  

–1.41 ± 1.38 
mm (prothesis 

delivery)

NR / 3.5 mm Nobel 
Biocare 

NR Anterior; 
posterior

GBR (organic 
bovine bone, 

maxillary 
tuberosity)

Surgical 
template

Slot et al20 
(2023) 

100 / 0 100% –0.5 ± 0.37 
mm (prothesis 

delivery)

> 11 mm / 4 
mm

OsseoSpeed 
4.0 S

Rough Anterior GBR (organic 
bovine bone, 

maxillary 
tuberosity) on 

14 patients

Surgical 
template

Slot et al19 
(2022) 

132 / 0 100% –0.58 ± 0.51 
mm (prothesis 

delivery)

12 mm / 4.1 
mm

Straumann 
Standard 

SLA 
implants

SLA Posterior Maxillary sinus 
augmentation 

(Iliac crest)

Surgical 
template

Bouhy et al25 
(2023) 

108 / 21 80.6% NR 6–12 mm / 
3.3, 4.1, 4.8 

mm

Standard 
implants, 
Roxolid

SLA Anterior; 
posterior

No NR

Ferrer et al22 
(2020) 

40 / 3 (bar) 
40 / 11 (locator)

72.5% 
80.0%

NR 10 mm / 4 
mm

Biomet 3i 
Certain

NR NR No NR

Lian et al29 
(2019) 

60 / 5 (bar) 
72 / 2 (locator)

96.3% 
89.5%

–1.30 ± 0.1 mm; 
–1.30 ± 0.2 

mm (prothesis 
delivery)

10 mm/  
12 mm  

3.3 mm/  
4.1 mm

ITI, 
Straumann

SLA Anterior; 
posterior

GBR (organic 
bovine bone) 
on 7 patients

NR

Frisch et al28 
(2015) 

80 / 1 98.75% NC 9.5–17 mm 
/ NR

NR NR Anterior NR NR

Mangano et 
al24 (2011)

152 / 4 97.4% –0.70 ± 0.53 
mm (implant 
placement)

8–14 mm / 
3.3–4.8 mm

Leone High 
rutile 

Surface

Anterior; 
posterior

No NR

Ferrigno et 
al23 (2002)

64 / 6 90.6% NR NC NC NC NC NR NR
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Prosthesis Survival Rate
A total of 14 articles reported on the prosthesis sur-
vival rate (seven on IODs, seven on IFRs). In the IODs 
group, seven studies reported the prosthesis survival 
rate between the range of 57.8% to 100%. Therefore, 
the weighted survival rate was 85.0% (95% CI: [76.5% to 
93.5%]; I2 = 73.32%). A subgroup analysis displayed that 
the weighted protheses survival rate was 90.3% (95% 
CI: [82.0% to 98.5%]; I2 = 45.69%) in observational stud-
ies and 77.0% (95% CI: [55.8% to 98.2%]; I2 = 86.87%) in 
RCTs (Appendix Fig 3). In the IFRs group, the protheses 
survival rate was much higher: one study had a 99% 
survival rate,31 another study had a 99.8% survival rate, 
and the other six studies had a 100% survival rate.33 

Therefore, a weighted survival rate of 99.9% (95% CI: 
[99.6% to 100.0%]; I2 = 0%) was calculated (Appendix 
Fig 4).

MBL
To research medium-term bone change around im-
plants, the value of MBL at the fifth year was extract-
ed from nine studies (five on IODs,18–20,24,29 four on 
IFRs).21,27,30,33 The mean MBL at the 5th year of IODs was 
–0.27 mm (SD = 1.31), and was –1.20 mm (SD = 0.76) 
for IFRs. Among five studies in the IODs group, the at-
tachment systems of three studies were bars,19,20,29 and 
the other two studies employed both nonsplinted lo-
cator and splinted bar systems.18,24 One study showed 

Table 3  (cont) Implant Information of Studies Included

Study (year)
No. of total 

implants / loss

Survival 
rate of 

implant

MBL at the 
fifth year 
(baseline)

Length / 
diameter of 

implant
Implant 
system Surface

Implant 
area

Bone 
augmentation 

(material)

Minimally 
invasive 

procedure?

Tallarico et al21 
(2016)

80 / 1 98.75% –1.71 ± 0.42 
mm (implant 
placement)

> 10 mm /  
4 mm

Nobel 
Speedy 
Groovy

TiUnite Anterior; 
posterior 

(tilted)

No Flapless or 
mini-flap 

approach; 
guided 
surgery

Ayna et al30 
(2021) 

136 / 0 100% –1.43 ± 0.35 
mm (ceramic); 

–2.15 ± 0.30 
mm (acrylic) 

(implant 
placement)

13 mm/  
16 mm 

4 mm / 4 mm

Nobel 
Biocare

TiUnite Anterior; 
posterior 

(tilted)

No Surgical 
template

Gherlone et 
al27 (2018)

48 / 0 100% –1.06  ± 0.57 
mm (implant 
placement); 
–1.08 ± 0.45 
mm (axial)  

–1.02 ± 0.67 
mm (tilted) 

13 mm/  
15 mm 

3.8 mm /  
4.5 mm

Winsix, 
Biosafin

Rough Anterior; 
posterior 

(tilted)

No NR

Hopp et al33 
(2017) 

3,564 / 91 97.5% –1.17 ± 0.77 
mm (implant 
placement); 
–1.14 ± 0.71 
mm (axial)  

–1.19 ± 0.82 
mm (tilted)

7–18 mm / 
3.3–5 mm

Branemark 
System 

MKIV/ MKIII/ 
Nobel 

Speedy 
Groovy

TiUnite Anterior; 
posterior 

(tilted)

No Surgical 
template

Balshi et al31 
(2014) 

300 / 11 96.3% NR 13–18 mm 
3.75 mm /  

4 mm

Nobel 
Biocare

TiUnite Anterior; 
posterior 

(tilted)

No NR

Cavalli et al32 
(2012) 

136 / 0 100% NR 10–15 mm / 
4 mm

Branemark 
System 
MKIV / 
Nobel 

Speedy 
Groovy

TiUnite Anterior; 
posterior 

(tilted)

No NR

Agliardi et al26 
(2010)

244 / 4 98.4% NR 10–18 mm 
/ NR

Branemark 
System 
MKIV / 
Nobel 

Speedy 
Groovy

TiUnite Anterior; 
posterior 

(tilted)

If needed NR
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Table 4  Prosthetic Information of Studies on IODs

Study 
(year)

Survival 
rate of 

prosthesis
Opposing 

arch
Healing 
period

Time of 
prosthesis 

delivery 

Attachment 
of 

overdenture
Type of 

prosthesis
Mechanical / biologic complications  

(no. of patients)

Onclin et 
al18 (2023) 

95.0% 
91.3%

NR Implant 
submerged

3 m Locator or 
milled ovoid 
titanium bar 
with distal 
extensions

Without 
palatal 

coverage; 
cobalt-

chromium 
framework

Retention loss (replacement of attachment 
matrices n = 4), abutment screw loosening (n = 1 in 

locator); prothesis fracture (tooth fracture repair:  
n = 2 in locator; prosthesis base fracture repair (n= 
1 in bar); peri-implant mucositis (n = 11 in locator,  

n = 3 in bar); peri-implantitis (n = 6 in locator,  
n = 1 in bar)

Slot 
et al20 
(2023) 

57.9% IOD Implant 
submerged

3 m Milled 
titanium 

egg-shaped 
bar

Without 
palatal 

coverage; 
cobalt-

chromium 
framework

NC

Slot et 
al19 (2022) 

73.1% IOD Implant 
submerged

3 m Milled 
titanium 

egg-shaped 
bar

Without 
palatal 

coverage; 
cobalt-

chromium 
framework

NC

Bouhy 
et al25 
(2023) 

85.2% NT Implant 
submerged

3 m Locator Acrylic 
denture 

without metal

Retention loss of the locator system (changes of 
nylon retention inserts: n = 12); prothesis fracture 

(n = 12); reline (n = 6), new overdenture (n = 4), 
modification (n = 9); peri-implant mucositis: 

bleeding on probing (n = 10); peri-implantitis  
(n = 2)

Ferrer 
et al22 
(2020) 

80% IOD NR NR Locator or 
bar

NR Retention loss of the locator system (change of 
nylon retention inserts: n = 10); change denture 

caps (n = 4); change of abutment  
(n = 7); retention loss of the bar (screw loosening 

or fracture of the retention rider clips: n = 3); screw 
loosening (n = 2 in bar); prothesis fracture (n = 6 in 

locator; n = 2 in bar); relining (n = 3 in locator);  
dental wear (n = 2 in bar)

Lian et 
al29 (2019) 

NR NT, CP, ISP Implant 
submerged; 
complete 

relined 
denture

3 – 6 m Locator or 
dolder bar

Partial palatal 
coverage; 

metal 
framework

Retention loss of locator (change of denture 
caps: n = 6; loss of male stud attachment: n = 2); 

retention loss of bar (reactivation of bar clip:  
n = 7,  bar fracture: n = 1); screw loosening in 
locator (n = 2); screw loosening in bar (n = 2); 

prothesis fracture (n = 2 in locator; n = 2 in bar); 
relining or marginal adaption (n = 9 in locator;  
n = 6 in bar); peri-implantitis (n = 2 in locator;  

n = 2 in bar)

Frisch et 
al28 (2015) 

100% CP, CD Implant 
submerged

3 – 4 m Marburg 
double 

crown with 
an additional 

retention 
element (TK 

Snap)

Without 
palatal 

coverage; 
cobalt-

chromium-
molybdenum 

alloy 
framework

Retention loss of TK Snap retention (n = 3); loose 
abutment (n = 2); screw loosening in telescopic 
crown (n = 6); prothesis fracture (n = 5); relining 
(n = 3); veneer repair (n = 2); dental wear (n = 1); 

others (n = 2); peri-implant mucositis: bleeding on 
probing (n = 15); peri-implantitis (n = 2)

Mangano 
et al24 
(2011)

NR NR Implant 
submerged; 
complete 

relined 
denture

5 m Egg-shaped 
dolder gold 

bar

Partial palatal 
coverage; 

metal 
framework

NC

Ferrigno 
et al23 
(2002)

87.50% NC NR NR Dolder bar NR NR

NT = natural teeth; CP = conventional prosthesis; CD = complete denture; ISP = implant-supported prosthesis; TC = telescopic crown; m = month; w = week.
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no difference in MBL between locator (–1.30 ± 0.1 mm) 
and bar (–1.30 ± 0.2 mm),29 whereas the other study 
had significantly different MBL in locator (–1.41 ± 1.38 
mm) and bar (–0.99 ± 0.96 mm).18 Among four studies 
in the IFRs group, only two reported on separate MBL 
for axial and tilted implants, resulting in a mean MBL 
in the tilted group (–1.18 ± 0.81 mm) and axial group 
(–1.13 ± 0.70 mm).27,33

Complications
In the IODs group, five studies reported 141 mechani-
cal complications in 143 patients,18,22,25,28,29 and five 

studies reported 77 biologic complications in 141 pa-
tients.18–20,28,29 Therefore, during the entire follow-up 
period, the mean incidence of mechanical complica-
tions in IODs was 0.99 per patient (ranging from 0.19 
to 1.59 per patient) and 0.54 per patient for biologic 
complications (ranging from 0.12 to 0.85 per patient). 
Retention loss refers to the breakdown of the retention 
system without involving abutment screw loosening, 
and it was the most frequent mechanical complication 
in the IODs group (0.34 per patient), followed by prothe-
sis fracture (0.23 per patient) and abutment screw loos-
ening (0.11 per patient). As for the varied attachment 

Table 5  Prosthetic Information of Studies on IFRs

Study (y)
Survival rate 
of prostheses

Opposing 
arch

Healing 
period

Time of 
prosthesis 

delivery

Framework 
of definitive 
prostheses

Crown of 
definitive 

prostheses

Mechanical / biologic 
complications  

(no. of patient[s])

Tallarico et 
al21 (2016)

100% NT, CP, ISP Immediate 
loading; 
acrylic or 

metal-acrylic 
prostheses

Provisional: 
immediately; 

Final: 5 m

Titanium or 
zirconia CAD/

CAM framework

NR Veneer repair  
(n = 3); pain and swelling 

without suppuration (n = 1)

Ayna et al30 
(2021)

100% NT, ISP Immediate 
loading; acrylic 

prostheses

Provisional: 24 h; 
Final: 3 m

Chrome-
molybdenum 

framework

Metal-
ceramic or 

acrylic resin 
teeth

Dislodgment of the acrylic teeth 
(n = 4); screw loosening  

(n = 1); detachment of the 
veneering material (n = 3)

Gherlone et 
al27 (2018) 

100% NR Immediate 
loading; 

bar-acrylic 
prostheses

Provisional: 
immediately; 

Final: 4 m

A new type of 
prefabricated bar

NR NR

Hopp et al33 
(2017) 

99.80% NT, CP, ISP Immediate 
loading; high-
density acrylic 

prostheses

Provisional: the 
day of surgery; 

Final: 6 m

Titanium 
framework

All-ceramic 
alumina or 

acrylic resin 
teeth

No reports on mechanical 
complications. Peri-implant 

mucositis (n = 189);  
peri-implantitis  
(n = 95); fistula  

(n = 4); infection  
(n = 24); abscess  

(n = 1) of 209 patients

Balshi et al31 
(2014)

98.60% NR Immediate 
loading; acrylic 

prostheses

Provisional: the 
day of surgery; 

Final: 4–5 m

Milled titanium 
framework

Lithium 
disilicate 

teeth

NR

Cavalli et 
al32 (2012)

100% NR Immediate 
loading; acrylic 

prostheses

Provisional: 48 h; 
Final: 4–6 m

Titanium 
framework

Composite 
resin teeth

Repair of tooth fracture (n = 9); 
prosthesis base fracture repair  

(n = 1); prosthetic screw 
loosening  

(n = 1); peri-implant mucositis  
(n = 4); peri-implantitis (n = 2); 

TMJ pain (n = 2)

Agliardi et 
al26 (2010)

100% NT, ISP, CP Immediate 
loading; acrylic 

prostheses

Provisional: 3 h; 
Final: 4–6 m

Prostheses 
from CAD/CAM 
Procera system

NR No mechanical complications 
occurred in the definitive 

restoration phase

NT = natural teeth; CP = conventional prosthesis; ISP = implant-supported prosthesis; m = month; w = week; h = hour..
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system, four cohorts used the locator system, three 
used bar, and one used Marburg double crowns with 
a TK Snap retention have reported on the mechanical 
complications. The mean mechanical complication rate 
of nonsplinted (locator and double crown) IODs (1.10 
per patient) is higher than that of splinted (bar) IODs 
(0.54 per patient), but there is no statistically significant 
difference between them (P = .25). The mean biologic 
complication rate of nonsplinted IODs (three cohorts 
in locator, one in double crown: 0.54 per patient) and 
splinted IODs (four cohorts in bar: 0.47 per patient) is 
comparable (P = .79).

For IFRs, the provisional prostheses would be re-
placed by the definitive prostheses that were reinforced 
by metal framework or manufactured from the CAD/
CAM Procera system (Nobel BioCare). Therefore, only 
the mechanical complications occurred in the definitive 
restoration phase are listed in Table 5. In the IFRs group, 
four studies reported 22 mechanical complications in 
149 patients,21,26,30,32 resulting in a mean incidence of 
0.15 per patient (with a range from 0 to 0.32 per pa-
tient). Note that the incidence of mechanical compli-
cations in IFRs is significantly lower than that of IODs 
(P = .007). Dislodgement or fracture of the acrylic resin 
teeth made up a large part (0.09 per patient). Three 
IFRs studies reported 218 biologic complications in 945 
patients,21,32,33 so the mean incidence of biologic com-
plications was 0.23 per patient (ranging from 0 to 0.24 
per patient). For both IODs and IFRs, the most preva-
lent biologic complication was peri-implant mucositis 
but IODs group experienced significantly more biologic 
complications (P = .009).

DISCUSSION

The choice of treatment protocol for edentulous pa-
tients might have different impacts on time, cost con-
sumption, and the patients’ quality of life. At the outset, 
IOD was deemed the rescue method in the presence 
of implant failure and inadequate conditions for IFR.34 

However, a later study revealed that whether a maxil-
lary IOD restoration was planned or unplanned, pa-
tients reported a high level of satisfaction.35 In addition, 
IOD rehabilitation is an appropriate choice in patients 
with insufficient lip support, a gummy smile, and ad-
verse bone dimensions.36 Oral hygiene might be easy 
to maintain by detaching the prostheses to clean, lead-
ing to a predicable peri-implant prognosis.37 Above all, 
both IOD and IFR are the mainstream methods, so the 
indications of treatment should be taken into sufficient 
consideration before implant placement.

Lower bone density poses more challenges for the 
restoration of edentulous maxilla’s than it does for 
mandibles. As early as 1993, Simons et al38 reported a 

preliminary case of four implants in the anterior maxilla 
supporting an overdenture, offering an alternative res-
toration for absorbed maxilla. For IFR, after Maló et al11 
developed the all-on-four concept for the maxilla, the 
four implant-supported IFRs was widely implemented. 
Great improvements in patient satisfaction and maxi-
mum bite force in the IOD and IFR were revealed, com-
pared with those in the complete denture.39,40

Regarding systematic reviews on related topics, Kern 
et al10 reported implant loss in maxillary and mandibu-
lar implants supporting fixed and removable dentures. 
They provided a comprehensive analysis of implant 
loss while neglecting other outcomes. Their results 
indicated that the implant loss rate was lower in fixed 
restorations than in removable restorations, which was 
consistent with the present study. In our study, IODs 
with nonsplinted attachments had a relatively lower 
ISR than those with splinted attachments. However, 
according to Di Francesco et al,41 a slightly higher ISR 
of the nonsplinted four-implant-supported maxillary 
overdentures cohort (98.9%) was presented, compared 
with that of the splinted cohort (97.7%).41 In addition, 
Mañes Ferrer et al22 performed IODs on patients with 
a mean age of 72 years and followed up for 5 to 14 
years, reporting the lowest ISR (76.3%) in all included 
studies. This shed light on the influence of patients’ age 
and self-cleaning ability. Individual conditions have a 
nonnegligible impact on prognosis, so oral instruction 
and preventive methods should be offered for patients 
at potential risk. Although length and diameter of im-
plants were recorded, there was insufficient evidence to 
conclude whether they have an impact on the survival 
and other outcomes due to a lack of clear reporting 
on the endpoints related to implant dimensions. One 
included study noted no statistically significant differ-
ence in ISR based on implant length or diameter.25 

In our study, the weighted prosthesis survival rate of 
IODs (85%) was lower than that of IFRs (99.9%), which 
was in accordance with the ISR. The IFRs group showed 
a low failure rate of prostheses but all the studies were 
followed up for only 5 or 6 years, which indicated the 
need for a longer-term assessment.

The MBL measured at the 5th year was reported in 
nine studies (five on IODs, four on IFRs), which referred 
to the medium-term indicator for bone loss around im-
plants. All these studies used the real dimension of the 
implant as a reference to rectify the distortion. In the 
IODs group, the mean MBL at the 5th year was –0.27 
mm (SD = 1.31), with baseline set on the day of implant 
placement or protheses delivery (see Table 3). Among 
them, two employed both nonsplinted and splinted 
systems.18,29 One study showed no difference in MBL 
between locator (–1.30 ± 0.1 mm) and bar (–1.30 ± 0.2 
mm),29 whereas the other study had a significantly dif-
ferent MBL between locator cohort (–1.41 ± 1.38 mm) 
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and bar cohort (–0.99 ± 0.96 mm).18 Controversy still ex-
ists regarding the impact of attachment type on MBL 
in the maxilla. In the IFRs group, four studies reported 
MBL at the 5th year, resulting in a mean value of –1.20 
mm (SD = 0.76), and they all set the implant placement 
as baseline. Two studies gave a separate record on MBL 
around straight and tilted implants,27,33 revealing no 
significant difference between them, which was simi-
lar to the results reported by Lin et al.42 During the first 
year after placement, bone loss occurred faster, with a 
value of approximately –1.5 mm.43 It might explain why 
the IFRs group set implant placement as the baseline, as 
it had a higher MBL value than the IODs group. Howev-
er, the limited number of studies on IODs and IFRs is not 
sufficient to draw strong conclusions on MBL. Given the 
high heterogeneity (I2) among studies, the weighted 
mean ± SD was used instead of a forest plot to present 
the MBL data, indicating that caution should be taken 
when interpreting the pooled values.

The present study found that the bone augmenta-
tion procedure was primarily performed on patients 
with IOD. Detailed information was provided in four 
studies on the following materials: organic bovine bone 
(Bio-Oss, Geistlich Pharma AG), maxillary tuberosity, 
and iliac crest were used.18–20,29 In IFRs, tilted implants 
played an alternative role for bone grafts by reaching 
more posterior arches and anchoring the cortical bone 
of the anterior wall of the sinus.11 A 3D finite element 
analysis on four implants indicated a decreased stress 
value in bone around tilted implants compared to axial 
implants.44 

Immediate loading was defined as loading within 1 
week after implant placement,45 which was first con-
ducted by Schnitman et al in 1990.46 Among the in-
cluded IFRs studies, all studies adopted this loading 
protocol and achieved predicable clinical outcomes. 
However, for IODs, conventional loading was usually 
performed. Kappel et al47 reported that overdentures 
with nonsplinted retention systems were confronted 
with more risks with immediate loading than with con-
ventional loading.

Previous meta-analysis studies revealed no statisti-
cally significant difference in the prosthetic and bio-
logic complications between splinted and nonsplinted 
groups,41,42 which is consistent with our research. Inter-
estingly, IODs cohorts (0.99 per patient) have a signifi-
cantly higher incidence of mechanical complications 
than IFRs cohorts (0.15 per patient). Retention loss was 
the most frequent mechanical complication in the IODs 
group (0.34 per patient) but it can be amended by re-
placing the broken elements of the retention system, 
which rarely incurs irreversible damage on rehabilita-
tions. The main reasons for the failure of prostheses 
in our studies were implant failure and excessive wear 
or fracture of the dentures. Peri-implant diseases were 

reported in seven studies, which emphasized the im-
portance of oral hygiene instruction and regular clinical 
visits. IODs cohorts have a significantly higher inci-
dence of biologic complications than IFRs. Considering 
that the criteria of peri-implant diseases varied among 
studies, we had reservations about these results.

Limitations of the Evidence
Heterogeneity in reporting outcomes was notable 
across the studies, which challenged comparisons. 
However, we tried to account for several factors that led 
to heterogeneity, including RCTs versus observational 
studies (ie, by performing subgroup analysis). Among 
the nine studies on IODs, only two were retrospective 
studies, whereas the majority of studies on IFRs were 
retrospective (4 out of 7). This discrepancy in study de-
sign may contribute to heterogeneity in the level of 
evidence. Furthermore, the study of the IFRs with the 
lowest rating in terms of study quality has the largest 
number of followed-up implants,33 suggesting the con-
clusion should be interpreted with caution.

Limitations of the Review
The present study has several limitations. No included 
study performed direct comparisons between IODs and 
IFRs, so the baseline of both groups might be varied. 
In addition, four of the included studies were RCTs, and 
the others were observational studies, which leads to a 
relatively low level of evidence. Although all the includ-
ed studies had a report on the primary outcome (ISR), 
data of the other outcomes was far from sufficient. The 
studies in the IFRs group were followed up for only 5 or 
6 years, whereas those in the IOD group had significant-
ly longer follow-up durations. This highlights the need 
for longer-term studies in IFRs.

Implications for Practice and Future Research
This study gave a systematic review and meta-analysis 
on the outcomes of four IODs and IFRs, and the medium-
term performance of them were acceptable. Through 
this study, we also found that there is a need for more 
solid research on the following: (1) direct comparison 
of the clinical outcomes between IODs and IFRs, (2) a 
longer follow-up time for the IFR cohort, and (3) more 
studies with MBL over medium-term follow-ups.

CONCLUSIONS

With the limits of our study, predicable clinical out-
comes were revealed for four implants supported max-
illary overdentures and full arch fixed restorations. We 
integrated numerical outcomes and reviewed qualita-
tive information systematically from studies on IODs 
and IFRs. We found that IFRs had a relatively higher 
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implant and protheses survival rate. IODs had less MBL 
in the 5th year with a nonuniform baseline. Retention 
loss was the most frequent mechanical complication in 
IODs, and the fracture of the prostheses or teeth was 
the most predominant one in IFRs. Peri-implant mu-
cositis occurred the most in biologic complications for 
both groups, which highlighted the importance of oral 
hygiene instruction. However, the results should be in-
terpreted with caution due to the variance in baseline 
and relatively low levels of evidence.
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APPENDIX

Appendix Fig 1    Forest plot of weighted ISR of IOD cohort. (a) The subgroup analysis of the splinted and nonsplinted IODs cohort. (b) The 
subgroup analysis of RCTs and observational studies in IODs.
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Appendix Fig 2    Forest plot of weighted ISR of IFR cohort.

Appendix Fig 3    Forest plot of weighted prothesis survival rate of RCTs and observational studies in IODs.

Appendix Fig 4    Forest plot of weighted prothesis survival rate of IFR cohort.
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Appendix Fig 6    Forest plot of weighted MBL of IFRs.

Appendix Fig 5    Forest plot of weighted MBL of splinted and nonsplinted IODs.
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