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Abstract
Objective: To assess the outcomes of implant-supported full-arch fixed dental pros-
theses (ISFAFDPs) and the supporting implants.
Material and methods: This retrospective study included patients treated with 
ISFAFDPs at one specialist clinic. Implant/prosthesis failure and complications were 
the outcomes analyzed. Survival analysis methods were used.
Results: A total of 709 patients with 869 ISFAFDPs (4,797 implants) were included, 
with a mean ± SD follow-up of 10.7 ± 7.2 years. A total of 353 implants and 62 pros-
theses failed. Estimated cumulative survival rates were as follows: 93.3% (95% CI 
91.3, 95.3) after 10  years and 87.1% (95% CI 83.4, 90.8) after 20  years. Implants 
installed in bruxers, smokers, and maxilla had a lower survival than implants installed 
in non-bruxers, non-smokers, and mandible, respectively. A total of 415 ISFAFDPs 
(47.8%) presented technical complications, of which 67 (7.7%) presented only occur-
rences of loss/fracture of implant access hole sealing. Bruxism was a factor to exert 
a higher risk of screw loosening (HR 3.302; also in younger patients), screw frac-
ture (HR 4.956), ceramic chipping/fracture (HR 5.685), and loss/fracture of acrylic 
teeth (HR 2.125; this last complication with higher risk also in men, in maxillae, and 
when the opposing jaw presented natural dentition or fixed prostheses). Patients 
with bruxism had a statistically significant higher risk of prosthesis failure than non-
bruxers (HR 3.276).
Conclusions: ISFAFDPs presented good long-term prognosis. Failure of several sup-
porting implants was the main reason for failure. The results of the present study 
strongly suggest that bruxism is an important contributor to implant and prosthesis 
failure, as well as to an increased prevalence of technical complications in ISFAFDPs.
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1  | INTRODUC TION

Implant-supported full-arch fixed dental prostheses (ISFAFDPs) have 
been used for the oral rehabilitation of edentulous patients since the 
early days of the modern implant dentistry (Adell, Lekholm, Rockler, 
& Brånemark, 1981) and have been showing survival rates varying 
from 84.3% to 100%, depending on the study (Bagegni, Abou-Ayash, 
Rucker, Algarny, & Att, 2019).

Traditionally, these prostheses were manufactured with a cast 
gold alloy framework covered by acrylic resin teeth. Later, milled ti-
tanium frameworks were suggested as an alternative to conventional 
castings in implant dentistry, as these prostheses could provide a 
better fit to the implants than conventional castings (Jemt, Back, & 
Petersson, 1999). When it comes to the acrylic occlusal surfaces, 
these show complications such as wear and tooth fracture clinically. 
Porcelain was then proposed as an alternative material for artificial 
teeth, usually presenting greater wear resistance and more favor-
able esthetic results than acrylic resin, although presenting chipping 
as a common clinical complication (Bagegni et al., 2019). Ceramic-
veneered zirconia frameworks have been introduced more recently, 
showing high biocompatibility, low bacterial surface adhesion, high 
flexural strength, toughness, and esthetic properties. However, as 
with porcelain, chipping of the veneering material was the most fre-
quently reported complication (Larsson & Vult von Steyern, 2010). 
In order to minimize these complications, monolithic framework ma-
terials were developed and introduced (Pozzi, Tallarico, & Barlattani, 
2015), but the long-term outcome of these restorations remains un-
known, due to the lack of sufficient clinical studies (Bagegni et al., 
2019).

Despite the high survival rate in many studies, implant-sup-
ported prostheses are not without problems, and their longevity 
is limited not only by biologic complications but also by prosthetic 
maintenance requirements and the restoration material (Chrcanovic, 
Kisch, & Larsson, 2019, 2020). Therefore, it should be of interest to 
investigate the outcome of this prosthetic option in routine practice. 
In this context, the present retrospective study aimed to assess the 
outcomes of full-arch fixed dental prostheses supported by dental 
implants.

2  | MATERIAL AND METHODS

2.1 | Materials

This retrospective study included patients treated with dental im-
plants during the period 1980–2018 at one specialist clinic (Clinic 
for Prosthodontics, Centre of Dental Specialist Care). This study was 
based on data collection from patients’ dental records, and the pa-
tients were not recalled for further examination. The implants were 
placed by specialist dentists in oral surgery, and dentists perform-
ing the prosthetic treatment were specialists in prosthodontics. 
The study was approved by the Regional Ethical Committee, Lund, 
Sweden (Dnr 2014/598; Dnr 2015/72).

2.2 | Definitions

An implant was considered a failure if presenting signs and symp-
toms that led to implant removal, that is, a lost implant (due to initial 
failure to osseointegrate, late loss of osseointegration, or fracture 
of the implant). The time in situ of the prostheses was calculated 
from the time of prosthesis installation to the last clinical examina-
tion. For this study, the authors followed the definition of bruxism 
proposed by Lobbezoo et al. (2013): “Bruxism is a repetitive jaw-
muscle activity characterized by clenching or grinding of the teeth 
and/or by bracing or thrusting of the mandible. Bruxism has two dis-
tinct circadian manifestations: it can occur during sleep (indicated 
as sleep bruxism) or during wakefulness (indicated as awake brux-
ism).” The sign and symptoms of bruxism were listed according to the 
International Classification of Sleep Disorders (AASM, 2014), follow-
ing the same guidelines used in a recent study (Chrcanovic, Kisch, 
Albrektsson, & Wennerberg, 2017a); the patients suspected to be 
bruxers, as diagnosed in the records, were recalled in this previous 
study in order to be clinically re-assessed. Part of these patients—the 
ones with the type of prosthesis being evaluated here—is included 
in the present observational study). A diagnostic grading system of 
“possible,” “probable,” and “definite” sleep or awake bruxism was 
used, as suggested for clinical and research purposes (Treede et al., 
2008). According to an international consensus (Lobbezoo et al., 
2013), “possible” sleep or awake bruxism should be based on self-
report, by means of questionnaires and/or the anamnestic part of 
a clinical examination. “Probable” sleep or awake bruxism should 
be based on self-report plus the inspection part of a clinical exami-
nation. “Definite” sleep bruxism should be based on self-report, a 
clinical examination, and a polysomnographic recording, preferably 
along with audio/video recordings. As electromyography and/or 
polysomnography were not used, the patients of the present study 
would only fall into the category “probable.” Thus, a patient was 
considered as presenting bruxism based on self-report of clenching/
grinding during sleep or during wakefulness, plus the inspection part 
of a clinical examination. Patients smoking a minimum of 1 cigarette 
per day were classified as smokers. Patients who stopped smoking 
before implant placement and remained non-smoking until the pa-
tient's last follow-up were classified as former smokers. Any condi-
tion or situation that led to the removal and/or replacement of the 
ISFAFDP was considered as a prosthesis failure. Any other condition 
or finding was considered as a complication.

Technical complications could have happened to the prosthesis 
or to the implant:

•	 Complications regarding the prosthesis: loss/fracture of supra-
structure acrylic teeth or ceramic veneer; fracture of acrylic 
parts of the prosthesis; fracture of the prosthesis framework (i.e., 
prosthesis with complete transversal buccal–lingual fracture); im-
plant access hole sealing lost/fractured; mobility of the prosthe-
sis, prosthesis completely loose due to complete unscrew of all 
prosthetic screws, total renovation of acrylic parts and prosthetic 
teeth, metallic framework renovation;
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•	 Complications regarding the implant: failure; fracture of the im-
plant itself; loosening, loss or fracture of connecting/abutment 
screws; loosening, excessive wear, deformation, or fracture of 
prosthetic abutment.

After completion of the prosthetic treatment, the patients were 
periodically followed up by a dental hygienist at the clinic for a pro-
fessional dental hygiene program, with attendance frequency to the 
professional hygiene recall program based on individual needs.

2.3 | Inclusion and exclusion criteria

Only ISFAFDPs with modern threaded cylindrical- or conical-de-
sign implants were included. The patients needed to have at least 
6 months of follow-up after installation of the prosthesis.

2.4 | Data collection

The data were directly entered into a SPSS file (SPSS software, ver-
sion 25, SPSS Inc.) as the dental records of the patients were being 
read, and it consisted of several implant-, site-, and patient-related 
factors.

2.5 | Statistical analyses

The mean, standard deviation (SD), and percentage were calcu-
lated for several variables. The test performed was the following: 
Kolmogorov–Smirnov (to evaluate the normal distribution), Levene's 
test (to evaluate homoscedasticity), Student's t test or Mann–
Whitney (for two independent groups, continuous variables), and 
Pearson's chi-squared or Fisher's exact test (for categorical varia-
bles). Life table for prosthesis survival was performed. Comparisons 
of prosthesis survival between some factors were done using the 
log-rank test. Univariate and multivariate Cox regression was used to 
evaluate the associations between clinical covariates and prosthesis 
failure, as well as between clinical covariates and four of the most 
prevalent technical complications, namely screw loosening, screw 
fracture, ceramic chipping/fracture, and loss/fracture of acrylic 
teeth. Hazard ratio (HR) and 95% confidence intervals (95% CIs) were 
estimated from Cox proportional hazard models. In order to verify 
multicollinearity, a correlation matrix of all of the predictor variables 
with a significant odds ratio (P-value cutoff point of 0.1) identified 
in the univariate models was scanned, to see whether there were 
some high correlations among the predictors. Collinearity statistics 
obtaining variance inflation factor (VIF) and tolerance statistic were 
also performed to detect more subtle forms of multicollinearity.

For final multivariable Cox regression models, all variables that 
were moderately associated (p  <  .10) with prosthesis failure were 
included. For this prosthesis-level analysis, clustering of multiple 
prostheses within each patient was accounted for in the Cox models 

using the methods outlined by Lee, Wei, and Amato (1992) and Lin 
(1994). Data were statistically analyzed using the SPSS version 25 
software (SPSS Inc.). Cox models were performed using the Stata 
software version 15 (StataCorp LLC). The command mestreg was 
used for the Cox models evaluating some technical complications, in 
order to take into account repeated events. The degree of statistical 
significance was considered as p < .05.

This observational study followed the STROBE guidelines.

3  | RESULTS

A number of 745 patients were initially planned to receive 908 
ISFAFDPs in the clinic. Eighteen patients received implants in 21 
arches, but the prosthetic treatment and subsequent follow-ups 
were performed in other clinics. One patient moved out to another 
country after the second-stage implant surgery and before the in-
stallation of the prosthesis, and was lost to follow-up. Another pa-
tient received implants but died before completion of the prosthetic 
treatment. Seven full-arch fixed dental prostheses consisted of im-
plants connected to one or more teeth. Twelve patients received 
implants for initially planned ISFAFDPs (10 in maxilla, 2 in mandi-
ble), but the early loss of a considerable number of implants before 
prosthesis installation changed the treatment to a different type of 
prosthetic rehabilitation, a removable complete denture or an over-
denture. Thus, a number of 709 patients (318 men, 391 women) 
were rehabilitated with 869 ISFAFDPs (405 in men, 464 in women) 
and were followed up at the clinic. Men had more ISFAFDPs in the 
maxilla (53.6%; n = 217) than in the mandible, while women had more 
ISFAFDPs installed in the mandible (56.7%; n = 263). A number of 
132 patients had ISFAFDPs in both jaws and 28 prostheses were 
re-made for a number of reasons. The patients had a mean ± SD of 
64.0 ± 10.4 years of age (min–max, 20.7–90.0) at the time of pros-
thesis installation. Information about smoking habits was avail-
able for patients with 508 prostheses, of which 151 prostheses 
were installed in smokers and former smokers. Smokers smoked a 
mean ± SD of 14.5 ± 7.9 (min–max, 1–40) cigarettes/day. Information 
about bruxism (patients presenting bruxism or not) was available for 
patients with 608 prostheses. Of these, 51 prostheses were installed 
in bruxers and 557 in non-bruxers. The percentage of ISFAFDPs in-
stalled in bruxers was 10.4% for men and 6.7% in women. The use 
of night guard (hard occlusal stabilization splint) was registered for 
patients with 108 prostheses. The patients were followed up for a 
mean ± SD of 10.7 ± 7.2 years (min–max, 0.5–31.3) from the installa-
tion of the prostheses.

Table  1 shows a comparison between the different groups of 
the prevalence of bruxers, smokers, and follow-up time. Most of the 
prosthesis were manufactured of gold and acrylic (71.9%; n = 625), 
followed by cobalt–chromium (CoCr) and acrylic (14.4%; n  =  125), 
and titanium and acrylic (6.9%; n  =  60). There were not so many 
metal–ceramic prostheses (CoCr 4.1%, n = 36; titanium 1.4%, n = 12; 
gold 1.3%, n = 11). In general, 73.2% of prostheses (n = 636) had a 
metallic framework of gold, and 93.2% of the prostheses (n = 810) 
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had acrylic prosthetic teeth. Prostheses with the metallic framework 
of gold had longer follow-up times in comparison with CoCr and 
Ti framework prostheses, for both acrylic and ceramic prostheses. 
Figure  1 shows the choice of alloys for the prostheses over time. 
Most of the prosthesis had 12 (72.0%; n = 626) or 10 prosthetic units 
(26.8%; n  =  233), and the great majority presented cantilevers on 
both sides (96.5%; n = 839)—only 17 prostheses (2.0%) did not pres-
ent cantilevers, with the other 13 prostheses (1.5%) presenting can-
tilever only on one side.

There was available information about the opposing jaw status 
for 82.7% of the cases (n = 719). Most of opposing jaws were con-
sisted of natural dentition with/without fixed partial prosthesis or 
of ISFAFDPs (55.8%; n = 485), followed by rehabilitation by remov-
able complete denture or overdenture (18.1%; n = 157), and by par-
tially dentate arches with/without removable partial denture (8.9%; 
10.7%). ISFAFDPs in maxillae and in mandibles were most commonly 
opposed to natural dentition with/without fixed partial prosthesis 
or another ISFAFDPs (80.3% of the maxillary ISFAFDPs, n  =  252; 
53.4% of the mandibular ISFAFDPs, n = 186). However, there was 
a much higher proportion of ISFAFDPs opposed to removable com-
plete denture or overdenture in mandibles (42.5%; n = 148) than in 
maxillae (1.3%; n = 4).

Most of the prostheses were supported by 6 (n = 448; 51.5%) or 
5 implants (n = 276; 31.8%), followed by 4 implants (n = 91; 10.5%). 
The rest of the prostheses (n = 54; 6.2%) were supported by 7 to 9 
implants. Most maxillary prostheses were supported by 6 implants 
(62.7%, n = 262) and the mandibular ones by 5 (45.9%, n = 207) and 6 
implants (41.2%, n = 186). A total of 4,797 implants were used. Nobel 
implants (Nobel Biocare AB) totaled 4,336 implants, of which 3,450 
turned (machined) Brånemark implants, 863 Nobel MK III TiUnite, 
13 zygomatic implants, 6 Nobel Active TiUnite, and 4 Nobel Replace 
TiUnite implants. The other implants included Astra TiOblast (Astra 
Tech) (n  =  214), SLA/SLActive Straumann implants (Straumann) 
(n  =  96), Astra Osseospeed (Astra Tech) (n  =  58), BEGO Semados 
(Bego) (n  =  58), XiVE (Dentsply Friadent) (n  =  30), and Lifecore 
Restore implants (Chaska) (n = 5).

TA B L E  1   Comparison of the prevalence of bruxers, smokers, and follow-up time, between the different factors. The statistical unit is the 
prosthesis, not the patient

Group
Number of 
prosthesis (%)

Number of failed 
prostheses (n)

Follow-up (years) 
mean ± SD (min–max) Bruxera  (%) Smokera,b  (%)

Material

Gold/acrylic 625 (71.9) 41 12.3 ± 7.2 (0.5–31.3) 31/378 (8.2) 147/359 (40.9)

CoCr/acrylic 125 (14.4) 9 6.2 ± 4.9 (0.5–27.4) 5/114 (4.4) 41/106 (38.7)

Titanium/acrylic 60 (6.9) 7 5.8 ± 3.8 (0.5–15.0) 11/59 (18.6) 23/57 (40.4)

Gold/ceramic 11 (1.3) 2 13.4 ± 7.9 (2.6–25.3) 2/11 (18.2) 7/11 (63.6)

CoCr/ceramic 36 (4.1) 3 5.7 ± 4.5 (0.7–15.5) 1/34 (2.9) 16/33 (48.5)

Titanium/ceramic 12 (1.4) 0 5.2 ± 4.5 (0.5–15.5) 1/12 (8.3) 4/12 (33.3)

Jaw

Maxilla 418 (48.1) 45 10.0 ± 6.9 (0.5–29.7) 30/302 (9.9) 125/286 (43.7)

Mandible 451 (51.9) 17 11.3 ± 7.3 (0.5–31.3) 21/306 (6.9) 113/292 (38.7)

Sex

Male 405 (46.6) 24 9.8 ± 6.7 (0.5–29.8) 29/278 (10.4) 103/263 (39.2)

Female 464 (53.4) 38 11.4 ± 7.5 (0.5–31.3) 22/330 (6.7) 135/315 (42.9)

Bruxisma 

No 557 (91.6) 35 10.2 ± 7.3 (0.5–30.4) - 192/503 (38.2)

Yes 51 (8.4) 15 11.7 ± 7.5 (1.1–31.3) - 17/39 (43.6)

Abbreviation: SD, standard deviation.
aCases with available information are considered. 
bFormer smokers were also considered as “smokers” 

F I G U R E  1   Metallic alloy used for the implant-supported full-
arch fixed dental prosthesis framework over the years of the study
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A total of 353 implants failed (out of 4,797), of which 94 implants 
before the installation of the planned prosthesis (68 patients lost 1 
implant each, 10 patients lost 2 implants, and 2 patients lost 3 im-
plants) and 259 after installation of the prostheses (56 patients lost 
1 implant each, 28 patients lost 2 implants, 11 lost 3 implants, 12 
lost 4 implants, 8 lost 5 implants, 3 lost 6 implants, and 1 patient 
lost 8 implants). The 94 implants lost before prosthesis installation 
failed at a mean ± SD of 5.9 ± 1.8 months (min–max, 0.8–10.7) after 
implant installation. The 259 implants that were lost after prosthe-
sis installation failed at a mean ± SD of 6.5 ± 5.7 years (min–max, 
0.5–28.6) after implant installation. Nineteen of these failures were 
due to implant fracture (out of 259 failures after prosthesis installa-
tion; 7.3%). Patients with bruxism presented a statistically significant 
lower survival of implants than patients with no bruxism (72/284 vs. 
171/3050, respectively; p  <  .001, log-rank test) (Table  1). Bruxers 
also presented a higher prevalence of fractured implants in com-
parison with non-bruxers (8/284 vs. 5/3050, respectively; p < .001, 
log-rank test). Smokers and former smokers had a statistically sig-
nificant lower survival of implants than non-smokers (124/1318 
vs. 123/1841, respectively; p  =  .003, log-rank test), as well as for 
implants installed in maxillae in comparison with those installed 
in mandibles (271/2,388 vs. 82/2,409, respectively; p  <  .001, log-
rank test). A number of 264 lost implants had turned surface (out of 
3,450) and 89 moderately rough surface (out of 1,347; p = .024, log-
rank test). There was no statistically significant difference for fail-
ure of implants between men (151/2,290) and women (202/2,507; 
p = .299, log-rank test). Of the lost implants, 78 were later replaced 
by other new implants.

Sixty-two prostheses failed, and the difference in failures be-
tween prostheses in maxillae and in mandibles was statistically sig-
nificant (45/418 vs. 17/451, respectively; p  <  .001, log-rank test), 
as well as when bruxers were compared to non-bruxers (15/51 vs.. 
35/557, respectively; p < .001, log-rank test), but not when compar-
ing failure of prostheses installed in men and in women (24/405 vs. 
38/464, respectively; p =  .439, log-rank test). No titanium/ceramic 
prosthesis failed, but these were in small number and were followed 
up for the shortest period of time in comparison with the other types. 
In most of the cases, the reason for prosthesis failure was failure of 

many supporting implants (59.7%; n = 37). The second most common 
reason was the change of the prosthesis due to the placement of 
new implants replacing failed implants (17.7%; n = 11), followed by 
framework fracture (8.1%; n = 5), constant fracture of teeth/acrylic 
(6.5%; n = 4), large extension fracture of acrylic material (3.2%; n = 2), 
and increase of the vertical dimension of occlusion (the prosthesis 
was changed in order to increase it), change of abutments, and oc-
clusal/TMJ problems (1.6% each; 1 case each) (Figure  2). Patients 
with prostheses that failed (mean ± SD 61.5 ± 9.6 years, min–max 
29.4–81.2) were slightly younger (at the time of prosthesis installa-
tion) than patients with no failure (mean ± SD 64.2 ± 10.4 years, min–
max 20.7–90.0) with a statistically significant difference (p =  .026, 
Mann–Whitney test). The failed prostheses were replaced by other 
ISFAFDPs in 26 cases (41.9%) after replacing the lost implants by new 
installed implants. For the other prosthesis failures, 25 cases (40.3%) 
were replaced by removable complete dentures and 11 cases (17.8%) 
by implant-supported overdentures. The failures happened after a 
mean  ±  SD of 6.8  ±  5.8  years (min–max, 0.5–22.3) after prosthe-
sis installation. Life table survival analysis at the prosthesis level is 
shown in Table 2. The estimated cumulative survival rate (CSR) after 
10 and 20 years was 93.3% (95% CI; 91.3, 95.3) and 87.1% (95% CI; 
83.4, 90.8), respectively.

A number of 415 ISFAFDPs (47.8%) presented technical com-
plications, of which 67 (7.7%) presented only occurrences of loss 
or fracture of implant access hole sealing. Tables 3 and 4 show the 
prevalence of complications, according to prosthesis material, jaw, 
sex, and bruxism.

According to the Cox regression models, screw loosening pre-
sented a higher risk to happen in bruxers and in younger patients 
than in non-bruxers and older patients (Tables S1 and S2, see sup-
plementary appendix). The risk for the occurrence of screw frac-
ture (Table S3) or of ceramic chipping/fracture (Tables S4 and S5) 
was higher in bruxers than in non-bruxers. And the loss/fracture 
of acrylic teeth presented a higher risk to happen in men than in 
women, in prostheses installed in the maxilla in comparison with the 
ones installed in the mandible, in bruxers than in non-bruxers, and 
when the opposing jaw presented natural dentition or fixed prosthe-
ses (Tables S6 and S7).

F I G U R E  2   Reasons for implant-
supported full-arch fixed dental prosthesis 
failure in function of the follow-up time
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Patients had a mean ± SD of 3.9 ± 4.1 (min–max, 1–35, median 2) 
dental visits for management of technical complications (total reno-
vation of acrylic parts and prosthetic teeth and metallic framework 

renovation are considered here as taking only one visit, although 
these procedures take at least two visits to the clinic). Bruxers had 
a higher mean number of visits (7.5  ±  7.9; min–max, 1–35) than 

Factor
Failed prosthesis 
(%)

Non-failed 
prosthesis (%)

Hazard ratio 
(95% CI) p value

Sex

Men 24 (5.9) 381 (94.1) 1  

Women 38 (8.2) 426 (91.8) 1.224 (0.733. 
2.044)

.439

Age     1  

Increase by 1 year - - 0.995 (0.971. 
1.020)

.704

Jaw

Maxilla 45 (10.8) 373 (89.2) 1  

Mandible 17 (3.8) 434 (96.2) 0.314 (0.180. 
0.549)

<.001

Bruxera 

No 35 (6.3) 522 (93.7) 1  

Yes 15 (29.4) 36 (70.6) 4.066 (2.218. 
7.453)

<.001

Smokera 

No 27 (8.0) 312 (92.0) 1  

Yesb  21 (8.8) 217 (91.2) 1.224 (0.691. 
2.165)

.488

Implant surface

Turned/machined 41 (6.6) 578 (93.4) 1  

Moderately rough 21 (8.4) 229 (91.6) 2.450 (1.410. 
4.258)

.001

Opposing jaw

Denture/
overdenture

2 (1.3) 155 (98.7) 1  

Partially dentate w/
wt RPD

8 (10.4) 69 (89.6) 9.534 (2.021. 
44.967)

.004

Natural/FPD/
ISFCD

42 (8.7) 443 (91.3) 8.135 (1.967. 
33.650)

.004

Material

Gold/acrylic 41 (6.6) 584 (93.4) 1  

CoCr/acrylic 9 (7.2) 116 (92.8) 2.164 (1.033. 
4.532)

.041

Titanium/acrylic 7 (11.7) 53 (88.3) 3.703 (1.622. 
8.453)

.002

Gold/ceramic 2 (18.2) 9 (81.8) 2.593 (0.627. 
10.728)

.188

CoCr/ceramic 3 (8.3) 33 (91.7) 2.635 (0.805. 
8.625)

.109

Titanium/ceramic 0 (0) 12 (100) -  

Abbreviations: 95% CI, 95% confidence interval; FPD, fixed partial denture; ISFCD, implant-
supported fixed complete denture; RPD, removable partial denture; w, with; wt, without.
aThe information about bruxism and smoking habits was not available for every patient. That is why 
the number of failed and non-failed prostheses does not add up to the total number of prostheses 
of the study 
bSmokers and former smokers included 

TA B L E  5   Comparison between failed 
and non-failed implant-supported full-
arch fixed dental prostheses according 
to different factors, and univariate Cox 
proportional hazard models for prosthesis 
failure
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non-bruxers (3.1 ± 2.9; min–max, 1–18), (p <  .001, Mann–Whitney 
test) for the management of complications.

Table  5 shows a comparison between failed and non-failed 
ISFAFDPs according to different factors and the results of the univar-
iate Cox proportional hazard models. The following predictors had a 
statistically significant HR: implant surface (higher HR for turned/ma-
chined implants), status of the opposing jaw, prosthesis location (higher 
HR in maxillae than in mandibles), prosthesis material, and bruxism. 
Bruxism was the only factor that continued to present a statistically 
significant HR in the multivariate Cox regression model (Table 6).

4  | DISCUSSION

The use of implant therapy in special populations requires con-
sideration of potential benefits to be gained from the therapy. To 
better appreciate this potential, the present study aimed to assess 
the clinical outcome of ISFAFDPs. We present an analysis of 869 
ISFAFDPs with an approximated mean follow-up of 10.5  years. 
Sixty-two prostheses failed, and some clinicians might be tempted 
to calculate the general “failure rate” of the study. However, this 

would not be appropriate, as this outcome was observed over time 
and not all participants were observed for the same time; therefore, 
censoring has occurred. Therefore, all statistics should include time 
to event methods (Layton, 2013), namely the methods of survival 
analysis.

The results of the life table analysis should be interpreted with 
caution. The estimated cumulative survival rate (CSR) after 31 years 
was relatively high, 85.8%. However, there was no change in the 
CSR from the year 22, as there were no recorded failures. Numbers 
entering the interval are low, and the censored numbers are pro-
portionally high, reducing the confidence of the outcomes (Layton, 
2013). The most recent observations are the least reliable because 
of the decreasing number of patients at risk for the event of interest 
(Ferguson, 1992).

The fact that some patients were not included in the study due 
to the loss of a considerable number of implants before the instal-
lation of the prosthesis, changing the prosthetic rehabilitation plan, 
and that 1/4 of the lost implants in the patients included also hap-
pened before the prosthetic part of the treatment calls attention 
to the fact that early failure may affect a considerable rate of im-
plants (Chrcanovic, Kisch, Albrektsson, & Wennerberg, 2016a), re-
gardless of the follow-up time (Chrcanovic, Kisch, Albrektsson, & 
Wennerberg, 2018a), and may change considerably the rehabilita-
tion plan. Early failures affected the treatment not only at an early 
stage of the rehabilitation, but also after the prostheses were in-
stalled. The failure of many supporting implants was by far the main 
reason for prosthesis failure.

Bruxism was a factor that exerted a significant influence not 
only on the failure of the prostheses, but also on the higher risk 
to technical complications. Moreover, bruxers had a higher mean 
number of visits than non-bruxers for the management of com-
plications. Bruxism has been shown to significantly affect the 
implant failure (Chrcanovic, Kisch, Albrektsson, & Wennerberg, 
2016b, Chrcanovic et al., 2017a) and implant fracture rates neg-
atively (Chrcanovic, Kisch, Albrektsson, & Wennerberg, 2018b), 
as well as an increase prevalence of technical complications in 
implant-supported restorations in comparison with patients not 
presenting bruxism (Chrcanovic et al., 2017a). The condition is 
suggested to generate overload of prosthetic rehabilitations on 
implants, which could possibly cause implant fracture or peri-im-
plant marginal bone loss (MBL), ultimately resulting in implant fail-
ure (Chrcanovic, Albrektsson, & Wennerberg, 2015a; Lobbezoo, 
Zaag, & Naeije, 2006). Other studies suggested that bruxism may 
be a risk factor for fractures of ceramics (Kinsel & Lin, 2009) and, 
in general, for the need for technical interventions on implant-sup-
ported restorations (Brägger et al., 2005; De Boever et al., 2006; 
Maló, Nobre, & Lopes, 2011).

Smokers/former smokers presented lower survival of implants 
than in non-smokers. Smoking  is a factor that has the potential to 
negatively affect healing and the outcome of implant treatment 
(Chrcanovic, Albrektsson, & Wennerberg, 2015b). Smoking was, 
however, not a significant factor to affect the failure of prostheses, 
according to the Cox regression model.

TA B L E  6   Multivariate Cox proportional hazard model for 
implant-supported full-arch fixed dental prosthesis failure

Factor Hazard ratio (95% CI) p value

Jaw

Maxilla 1  

Mandible 0.841 (0.437. 1.619) .604

Bruxer

No 1  

Yes 3.276 (1.590. 6.748) .001

Implant surface

Turned/machined 1  

Moderately rough 2.809 (0.980. 8.052) .055

Opposing jaw

Denture/overdenture 1  

Partially dentate w/wt 
RPD

4.101 (0.723. 23.274) .111

Natural/FPD/full-arch 4.208 (0.937. 18.909) .061

Material

Gold/acrylic 1  

CoCr/acrylic 1.313 (0.423. 4.075) .637

Titanium/acrylic 1.904 (0.579. 6.259) .289

Gold/ceramic 1.448 (0.306. 6.853) .640

CoCr/ceramic 1.505 (0.330. 6.871) .598

Titanium/ceramic —  

Note: Only the factors that were considered statistically significant 
(p < .1) in the univariate model and did not present multicollinearity 
were included in the multivariate model.
Abbreviations: 95% CI, 95% confidence interval;FPD, fixed partial 
denture; RPD, removable partial denture; w, with; wt, without.
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Prostheses opposed to either natural dentition/fixed prosthesis 
or to partially dentate jaws with or without removable partial den-
ture presented lower survival than prostheses opposed to remov-
able complete dentures or overdentures. The loss/fracture of acrylic 
teeth also presented higher risk of happening when the ISFAFDP 
was opposed to natural dentition or fixed prostheses. It is believed 
that intraoral force magnitudes transmitted to prostheses may be 
higher when opposed to fixed dentition/prosthesis when compared 
to removable complete denture. Moreover, ISFAFDPs installed in 
maxillae showed a higher risk of presenting loss/fracture of acrylic 
prosthetic teeth than those prostheses installed in mandibles. This 
could be related to the much higher proportion of ISFAFDPs opposed 
to removable complete denture or overdenture in mandibles than in 
maxillae. Men had a higher risk to present loss/fracture of acrylic 
prosthetic teeth than women, which could be related to the higher 
proportion of bruxers among men than in women, and to the fact 
that men presented more maxillary ISFAFDPs (more often opposed 
to natural dentition or fixed prostheses) than mandibular ones.

The lower survival of prostheses in maxillae in comparison with 
mandibles could be related to the higher implant failure rate in the 
upper jaw, which in turn may be the result of reduced bone quality 
and quantity in the edentulous maxilla (Chrcanovic, Albrektsson, & 
Wennerberg, 2017).

The results of the present study suggest that prosthetic ma-
terial seems to have no significant impact on prosthetic survival 
rates, in agreement with some reviews on the subject (Abou-Ayash, 
Strasding, Rucker, & Att, 2017; Bagegni et al., 2019; Papia & Larsson, 
2018). However, one of the reviews highlighted the considerable 
heterogeneity of studies with large variation in number of resto-
rations per material group available for analysis, making comparisons 
difficult (Papia & Larsson, 2018).

The limitations of the present study include the fact that this 
is a retrospective study, which inherently results in flaws, man-
ifested by gaps in information and incomplete records. The lack 
of information on biological factors such as oral hygiene status, 
bleeding on probing, and probing pocket depth is also related to 
the retrospective nature of the present study. Implants presenting 
either peri-implant health, peri-implant mucositis, or peri-implan-
titis were included all in the same group of “not failed,” and no 
measurements on bone or soft tissue parameters were consid-
ered. Moreover, since this was not a prospective study, treatment 
was not standardized. As a result, the distribution of different ma-
terials for the manufacture of the prostheses was not balanced, 
as it followed the trend of each time period. It could also be ob-
served that several professionals were involved in the treatment 
of these patients for the long time of observation of the study, and 
there must have been some variability of surgical and prosthetic 
approaches and dental laboratory techniques applied by these dif-
ferent professionals. An example would be the dimensioning of the 
framework, which was not standardized. Another example would 
be the influence of different surgeons on the implant failure rate 
(Chrcanovic, Kisch, Albrektsson, & Wennerberg, 2017b; Sendyk, 
Chrcanovic, Albrektsson, Wennerberg, & Zindel Deboni, 2017). 

Furthermore, the diagnosis of bruxism was based on self-report 
of clenching/grinding during sleep or during wakefulness, plus the 
inspection part of several clinical examinations during the treat-
ment. The patients were not examined by electromyography and/
or polysomnography.

5  | CONCLUSIONS

ISFAFDPs presented a good long-term prognosis, as the restora-
tions presented an estimated cumulative survival rate of 93.3% after 
10  years and 87.1% after 20  years. Failure of several supporting 
implants was the main reason for prosthesis failure. The results of 
the present study strongly suggest that bruxism is an important con-
tributor to implant and prosthesis failure, as well as to an increased 
prevalence of technical complications in ISFAFDPs.
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