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An Up-to-15-Year Comparison of the Survival and 
Complication Burden of Three-Unit Tooth-Supported Fixed 

Dental Prostheses and Implant-Supported Single Crowns
Terry R. Walton, BDS, MDSc, MS, DDSc, FRACDS1

Purpose: To assess and compare the outcomes and economic complication burden of three-unit tooth-

supported fixed dental prostheses (TFDPs) and implant-supported single crowns (ISCs) provided to a sequential 

cohort in a specialist prosthodontic practice over a 15-year period. Materials and Methods: Sequential patients 

requiring replacement of a single missing tooth between 1996 and 2010 with a metal-ceramic three-unit TFDP 

(n = 145 patients, n = 174 prostheses) or ISC (n = 174 patients, n = 220 prostheses) were included. Prostheses 

subjectively judged at insertion to have an unfavorable 10-year prognosis (17 TFDPs, 0 ISCs) were removed 

from statistical analyses. The estimated cumulative survival (ECS) was calculated with the life table actuarial 

method and standard errors calculated with the Greenwood formula. Differences in outcomes between all 

prostheses and those replacing only anterior or only posterior teeth were assessed with the log rank test. 

Complication incidence, severity, and economic burden, measured in time/cost accounting units (TAUs), were 

tallied and compared descriptively. Results: The 15-year ECS did not differ for 112 TFDPs (92.75% ± 3.28%) 

and 81 ISCs (95.95% ± 2.92%) replacing posterior teeth. However, the 15-year ECS was significantly greater 

for 139 ISCs (93.33% ± 6.44%) than for 45 TFDPs (82.82% ± 6.50%) replacing anterior teeth. The economic 

burden of nonterminal complications for both prostheses was low (mean = 0.3 and 0.2 TAUs per prosthesis 

for TFDPs and ISCs, respectively). This equated to 3 TAUs/100 years in clinical service and 4 TAUs/100 years 

in clinical service for the TFDPs and ISCs, respectively. Conclusion: The survival of three-unit TFDPs and ISCs 

over 15 years was not statistically different when replacing posterior teeth, but ISCs survived significantly better 

when replacing anterior teeth. The complication rates of the TFDPs and ISCs were similar, but the economic 

burden for the TFDPs was greater. Int J Oral MaxIllOfac IMplants 2015;30:851–861. doi: 10.11607/jomi.4220
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Replacing a single lost tooth is a common prosth-
odontic procedure and a common prosthodontic 

treatment-planning dilemma. Implant dentistry has 
expanded the options for fixed treatment. An alterna-
tive to the conventional three-unit tooth-supported 
fixed dental prosthesis (TFDP) is the implant-supported  
single crown (ISC). Indeed, it has been claimed that the 
ISC has become the “standard of care” for single tooth 
replacement because of its predictability.1 However, 
there is much debate concerning the appropriateness 
of each of these options. 

A 2007 systematic review2 compared the survival of 
ISCs with conventional TFDPs. The compositions of the 
groups in the included studies showed marked clini-
cal heterogeneity, especially in relation to the number 
of pontic units in the TFDPs. This negated meaning-
ful comparisons, but the authors concluded that the 
5-year survival rates of the modalities did not differ. 
Another systematic review published in the same 
year3 also acknowledged that identified studies varied 
considerably in design, definition of success, assess-
ment methods, operator type, and sample size and 
that direct comparison of ISCs with equivalent TFDPs 
was extremely rare. However, these authors conclud-
ed that ISCs had long-term survival superior to that of  
TFDPs. 

Many outcome studies publish information on 
complications associated with tooth- and implant-
supported fixed dental prostheses (FDPs). However, 
the systems used to classify complications are heter-
ogenous and often subjective, precluding meaningful 
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comparison between materials, modalities, prosthe-
ses, and practice settings.4

In addition, it is challenging to compare the con-
sequences of some complications across modalities, 
such as loss of vitality of tooth abutments versus screw 
loosening of implant abutments. Both of these compli-
cations are frequently reported in the literature.5

Various methods have been used to compare the 
monetary cost of single-tooth replacement. An up-to-
4-year private practice cohort study concluded that 
ISCs were more cost effective than three-unit TFDPs.6 

However, TFDPs were considered the preferred treat-
ment when abutment teeth required consolidation. 
Conversely, in another study that included costs from 
a survey of dental fees in a meta-analysis, the authors 
concluded that three-unit TFDPs were more cost effec-
tive than ISCs.7

An alternative method for equating the biologic 
and technical economic complication burden for a giv-
en treatment modality to a time/cost accounting unit 
(TAU) has been proposed.4 This is a new method that 
allows comparison of different materials, modalities, 
and procedures. 

This study aimed to assess the outcome and eco-
nomic complication burden of three-unit TFDPs and 
ISCs provided to a sequential patient cohort in a spe-
cialist prosthodontic practice over a 15-year period.

MATERIALS AND METHODS

Inclusion Criteria
All patients who sought treatment to replace a single 
missing tooth between January 1996 and December 
2010 in a specialist prosthodontist practice were se-
quentially and prospectively enrolled in this study. 
This resulted in the inclusion of 174 three-unit TFDPs 
in 145 patients and 220 ISCs in 174 patients. All three-
unit TFDPs had two natural teeth as single abutments 
adjacent to the pontic (n = 148) or double abutments 
next to a cantilevered pontic (n = 26). All ISCs were 
bounded by at least one natural tooth and were not 
adjacent to another ISC.

Prostheses were subjectively judged a priori (at in-
sertion) as having a favorable or unfavorable 10-year 
prognosis. Patients were advised of the prognostic 
evaluation prior to treatment and were permitted to 
elect not to proceed with either treatment. 

Where one or both abutment teeth of the three-
unit FDPs were structurally or periodontally compro-
mised but retained because of patient insistence, they 
were allocated an unfavorable prognosis. Examples in-
clude abutments that had poor remaining root struc-
ture (eg, short roots, thin dentinal walls, large previous 
posts); lacked ferrule; or had lost more than approxi-
mately 75% of periodontal support. Of the 348 TFDP 

Table 1 Characteristics of the 174 Three-Unit TFDPs

FDP type No. One nonvital abutment Two nonvital abutments Unfavorably rated Failed

Mandibular anterior, fixed/fixed 1 1 0 0 0

Mandibular canine-posterior, fixed/fixed 4 2 1 0 0

Mandibular canine-posterior, fixed/nonrigid 5 3 0 1 0

Mandibular cantilever anterior 1 0 1 0 0

Mandibular cantilever posterior 10 6 0 1 0

Mandibular posterior, fixed/fixed 2 0 0 0 0

Mandibular posterior, fixed/nonrigid 37 11 3 5 3 (1*)

Maxillary anterior, fixed/fixed 21 4 6 2 2

Maxillary anterior, fixed/nonrigid 5 3 0 2 1

Maxillary canine-anterior, fixed/fixed 17 6 3 1 1

Maxillary canine-anterior, fixed/nonrigid 1 1 0 0 0

Maxillary canine-posterior, fixed/fixed 5 2 0 0 1 

Maxillary canine-posterior, fixed/nonrigid 9 3 0 0 1

Maxillary cantilever anterior 3 0 2 0 2

Maxillary cantilever posterior 12 3 5 4 1 (1*)

Maxillary complex, fixed/fixed 1 0 0 0 0

Maxillary posterior, fixed/fixed 3 1 0 0 1 

Maxillary posterior, fixed/nonrigid 37 9 3 1 3 

Total 174 55 24 17 16

*No. of unfavorably rated prostheses in the category that failed.
Anterior = incisor abutments; posterior = premolar or molar abutments; canine-anterior = canine and incisor abutments; canine-posterior = canine 
and premolar or molar abutments; maxillary complex = incisor and premolar abutments.
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abutments, 24 abutments supporting 17 FDPs had an 
unfavorable prognosis, and these prostheses were ex-
cluded from statistical analyses. In all, 157 three-unit 
TFDPs were analyzed. 

The prognosis of surgical procedures associated 
with ISC placement was discussed with the surgical 
specialist prior to proceeding with crown placement. 
Four implants in four patients failed a removal torque 
test after 8 to 12 weeks of healing; these were consid-
ered early failures and not included in the outcome 
analysis. Of the 220 restored implants, none were al-
located an unfavorable prognosis. 

Parafunction, such as suspected bruxism, was not 
an excluding factor and did not trigger an unfavorable 
prognosis assessment for either modality. 

The author performed all prosthodontic assess-
ments and treatments. Implant placement was prosth-
odontically driven and performed by specialist oral 
surgeons and periodontists. 

Clinical procedures associated with the TFDPs were 
standardized and have been described elsewhere.8 
The distribution and connector design of the TFDPs 
are detailed in Table 1. All TFDPs were luted with zinc 
phosphate cement. The implant types, dimensions, 
timing of placement relative to tooth loss, crown 
composition, and attachment modes are detailed in  
Table 2. One commercial laboratory fabricated all pros-
theses in high gold alloys. 

No patients were provided with protective occlusal 
splints after prosthesis delivery. 

All patients were placed on a tailored maintenance 
program, with recall timing determined by several pa-
tient-based factors. These included the patients’ sus-
ceptibility to disease; changes in the physical and/or 
mental condition; the complexity of the treatment; the 
patients’ willingness and ability to carry out hygiene 
procedures; and the biologic, physiologic, and me-
chanical stability of the oral and associated extraoral 
tissues over time. 

Evaluation of Outcomes
All patients who received prostheses between 1996 
and 2009 were contacted for a clinical examination 
between January 2010 and December 2010 in con-
junction with or in addition to their usual maintenance 
program. Patients who received prostheses in 2010 
were recalled a minimum of 12 months postrestora-
tion. Thus, all prostheses had been in situ a minimum 
of 12 months prior to evaluation. Ten patients with 
11 TFDPs and 14 patients with 19 ISCs were unable 
to be contacted, and 1 patient with 1 TFDP had died. 
Evidence of prosthesis loss or modification was docu-
mented by direct examination, and changes in status 
were added to the ongoing prospective study record. 
Patients were also asked whether they had received 

any form of treatment for the prostheses or the associ-
ated tooth/implant by other practitioners. 

Complications
All adjustments, modifications, or complications were 
termed “complications.” Some prostheses sustained 
more than one complication. The complication etiol-
ogy, if identifiable, and type of subsequent treatment 
were noted. The time required for prosthodontic treat-
ment, the time required if other dental practitioners 
were involved in treatment, the laboratory costs, and 
the component costs were tallied, and equated to a 
30-minute accounting unit (TAU). The use of the TAU 
classification system has been described previous-
ly.4 To summarize: One TAU (TAU = 1) occurs when a 
30-minute appointment, or part thereof, is allocated 
to addressing a complication or when the outside 
costs required to rectify a complication are equivalent 

Table 2 Details of 220 Implants and ISCs 
Placed 

Characteristic n (%)

Implant surface

 Machined
 Oxidized (TiUnite)
 Other

60 (27.3)
152 (69.1)

8 (3.6)

Implant diameter

 < 3.75 mm
 3.75 to 4.5 mm
 > 4.5 mm

49 (22.3)
131 (59.5)
40 (18.2)

Implant length

 8.5 to 10 mm
 11 to 13 mm
 15 to 18 mm

43 (19.6)
83 (37.7)
94 (42.7)

Placement timing

 Immediate placement
 Healed sites (> 6 wk)

10 (4.5)
210 (95.5)

Placement protocol

 Single-stage
 Two-stage

120 (54.5)
100 (45.5)

Loading

 Immediate loading
 Delayed (> 3 mo)

5 (2.3)
215 (97.7)

Abutment type

 UCLA plastic pattern castable
 Titanium (Cera One)
 Cast-to gold
 Custom gold
 Other

135 (61.4)
43 (19.6)
22 (10.0)
12 (5.5)

8 (3.6)

Abutment connection

 Screw access
 Cement
 Cross-screw

200 (90.9)
13 (5.9)

7 (3.2)

Prosthesis material

 High gold metal-ceramic/porcelain
 Zirconia/porcelain

219 (99.6)
1 (0.4)
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to what would be usually charged for a 30-minute  
appointment. Additional TAUs would be allocated for 
further appointments to rectify a given complication, if 
required. Additional costs in TAUs would also be added 
for associated laboratory fees, component fees, or out-
side specialist fees. Thus, more TAUs are accumulated 
as the time or cost associated with the complication 
increases. Not all complications generated TAUs. For  
example, a complication may be noted during a rou-
tine maintenance appointment and be managed as 
part of that original appointment (TAU = 0). 

Each complication was classified into one of five 
groups: 

• Inconsequential (TAU = 0): Complications that were 
addressed as part of a routine maintenance visit. 
These included procedures such as adjustment of 
the occlusion, addition of composite resin to screw 
access holes, and smoothing of minor material 
chipping that was not a concern to the patient. 

• Minor complication (TAU = 1): Complications that 
involved one nonroutine appointment. These 
included procedures such as smoothing chipped 
material to improve patient comfort, tightening 
of a loose screw, replacement of a fractured screw, 
recementation of a “successful” prosthesis, or 
restoration of a small marginal caries lesion. 

• Moderate complication (TAU = 2): Complications 
that involved two TAUs. Examples include tooth 
adjustment to address reversible pulpitis or in-
creased mobility secondary to hyperocclusion and 
treatment of mucositis associated with an implant-
supported crown; both procedures required initial 
treatment and a follow-up examination to confirm 
that the symptoms had resolved.

• Major complication (TAU ≥ 3): Complications 
that involved three or more TAUs or referral to 
another specialty. The economic burden of major 
complications was also quantified. For example, 
obturation of a root canal by an endodontist that 
involved 2 hours was allocated four TAUs.

• Terminal complication (unrelated to TAUs): 
Complications resulting in partial or total loss 
of the prosthesis or its support were classified 
as terminal complications (failure). Terminal 
complications were considered terminal events for 
survival analysis.

Minor, moderate, and major complications were 
considered the economic complication burden of the 
prostheses.

Statistical Analysis
Demographics of patients who underwent treatment 
to replace a single missing tooth were reported as 

means and standard deviations (SDs). Clinical details 
regarding how single missing teeth were replaced 
were outlined descriptively. The prostheses used to 
replace single missing teeth were grouped into TFDPs 
and ISCs and into those replacing anterior teeth (max-
illary and mandibular canine and incisor teeth) and 
posterior teeth (maxillary and mandibular premolar 
and molar teeth) for analysis. Prostheses allocated an 
unfavorable prognosis a priori were excluded from sta-
tistical analyses.

Complication incidence, severity, and economic 
burden (measured in TAUs) were tallied and compared 
descriptively. 

Estimated cumulative survival (ECS) of the prosthe-
ses was calculated with the life table actuarial method 
in 1-year intervals, and standard errors (SEs) were cal-
culated with the Greenwood formula. The number of 
prostheses at risk within each interval was considered 
to be the number entering the interval minus half the 
number censored during the given interval. Survival 
was expressed as a percentage ± SE. Differences in 
survival between groups were analyzed with the log 
rank test. No patient experienced more than one fail-
ure. Therefore, accounting for statistical clustering was 
not relevant for the survival analysis. Statistical signifi-
cance was set at P < .05.

RESULTS

Demographics
In total, 319 patients underwent treatment to replace 
a single missing tooth, with 145 patients receiving 174 
TFDPs and 174 patients receiving 220 ISCs between 
January 1996 and December 2010 (Fig 1). The teeth re-
placed by the prostheses are shown in Fig 2. The three-
unit TFDPs were in situ for significantly longer (mean 
7.6 years, SD 3.77 years) than the ISCs (mean 4.6 years, 
SD 3.77 years) (P < .001). 

Of the 174 TFDPs in 145 patients, 110 (63.2%) were 
provided for women (mean age 54.9 years, SD 9.77 
years; range: 26 to 80 years) and 64 (36.8%) for men 
(mean age 56.8 years, SD 11.69 years; range: 22 to 81 
years). There was no significant age difference be-
tween the sexes (P = .29). Of the 145 patients, 20 re-
ceived two prostheses, 3 received three prostheses, 
and 1 received four prostheses. The remaining 121 pa-
tients received one prosthesis each. No patient experi-
enced more than one failure. 

Of the 220 ISCs placed in 174 patients, 137 (62.3%) 
were provided for women (mean age 39.5 years, SD 
16.5; range: 15 to 76) and 83 (37.7%) for men (mean 
age 45.1 years, SD 17.1; range: 19 to 79). The female 
patients were significantly younger than the male 
patients (P = .02). Of the 174 ISC patients, 34 had two 
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prostheses, 2 had three prostheses, 1 had four prosthe-
ses, and 1 had six ISCs. The remaining 138 received one 
prosthesis each. No patient experienced more than 
one failure.

Patients with ISCs were significantly younger (mean 
age 41.6 years, SD 16.91; range: 15 to 79) than the 
patients with TFDPs (mean age 55.6 years, SD 10.53; 
range: 22 to 81) (P < .001).

The distribution and connector designs for the 
TFDPs are detailed in Table 1. The distribution and vi-
tality status of the 348 abutments in the 174 TFDPs are 
shown in Fig 3. Of the 174 prostheses, 55 (32%) had 
one nonvital abutment and 24 (14%) had two nonvi-
tal abutments. Of the 348 abutments, 126 were ante-
rior teeth, with 46 (35.7%) of these nonvital, and 222 
were posterior teeth, with 58 (26.1%) of these nonvital.  

Fig 1  Time of insertion of the 174 TFDPs and 220 ISCs provided between January 1996 and December 2010.
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Fig 2  Positions of teeth (FDI numbering system) replaced by the TFDPs (n = 174) and ISCs (n = 220).
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In all, 102 (29.9%) abutments were nonvital. Seventeen 
of the 174 TFDPs had either one abutment (n = 10) or 
two abutments (n = 7) that were allocated an unfavor-
able prognosis. 

For the ISC patients, the implant types, dimensions, 
timing of placement relative to time of tooth loss, 
crown composition, and attachment mode are detailed 
in Table 2. Of the 220 implants placed, 152 (69.1%) had 
an oxidized surface (TiUnite, Nobel Biocare), 60 (27.3%) 
were machined titanium, and 8 (3.6%) had other modi-
fied surfaces. The majority (177, 80.4%) of the implants 
were ≥ 11 mm in length, and no implants shorter 
than 8 mm were used. Diameters varied; 59.5% were 
between 3.75 and 4.5 mm (regular platform). Ten im-
plants (4.5%) were placed at the time of extraction, 120 
(54.5%) involved single-stage surgery, and 215 (97.7%) 
were loaded after 3 months. All but one of the crowns 
were high gold alloy metal-ceramic–based, with 135 
(61.4%) utilizing plastic pattern castable UCLA abut-
ments; 13 (5.9%) were cemented. Platform switching 
was employed in three abutments (1%).

Survival Analysis
The up-to-15-year ECS of the 157 TFDPs was 89.95% 
± 3.05%. The 45 anterior TFDPs had a significantly 
lower ECS (82.82% ± 6.50%) than the 112 posterior 
TFDPs (92.75% ± 3.28%) (P = .03). The ECS of the 314 
abutments was 94.0% ± 1.69%. There was no differ-
ence in the ECS of vital (n = 232, ECS: 94.33% ± 1.97%) 
and nonvital abutments (n = 82, ECS: 92.92% ± 3.45%)  
(P = .68). There was no significant difference in the ECS 
of the 21 cantilever designs (ECS: 89.03% ± 7.23%) and 
the remaining 136 prostheses (ECS: 89.76% ± 3.43%)  
(P = .72). 

The up-to-15-year ECS of the 220 ISCs was 93.29% 
± 5.27%. No implants were lost subsequent to restora-
tion. There was no significant difference in the ECS of 
the 139 anteriorly placed ISCs (ECS: 93.33% ± 6.44%) 
and that of the 81 ISCs placed in posterior regions (ECS: 
95.95% ± 2.92%) (P = .18). 

There was no statistically significant difference in 
the up-to-15-year overall survival rates of the 220 ISCs 
(93.29% ± 5.27%) and the 157 FDPs (ECS: 89.95% ± 

Fig 3  Vitality status of the abutments (n = 348) for the TFDPs (n = 174). FDI tooth numbers used.
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3.05%) (P = .06) (Table 3, Fig 4). There was no statis-
tically significant difference in the survival of 81 ISCs 
(ECS: 95.95% ± 2.92%) and the 112 FDPs (ECS: 92.75% 
± 3.28%) (P = .83) replacing posterior teeth (Table 4, 
Fig 5). Implants replacing anterior teeth (n = 139, ECS: 
93.33% ± 6.44%) had a statistically significantly better 
outcome than the TFDPs (n = 45, ECS: 82.82% ± 6.50%) 
(P = .001) (Table 5, Fig 6). 

Complications
There were 40 economically consequential complica-
tions in 26 (16.6%) of the TFDPs, 11 (7.0%) failed (ter-
minal complication), and 120 (76.4%) did not sustain 
any complications. For the ISCs, there were 36 compli-
cations involving an economic burden in 34 (15.5%) of 
the prostheses, three failed (1.3%), and 183 (83.2%) did 
not require any retreatment (Table 6). 

The complications (excluding terminal events), sub-
sequent treatments, and economic burden of the 157 
TFDPs are presented in Table 7. In total, 40 complica-
tions incurred 76 TAUs. Endodontic therapy of seven 
initially vital abutments (3%) was responsible for the 
majority (32 TAUs, 42%) of the complication burden. 
Porcelain chipping (7 teeth, 4.5%) accounted for seven 
minor complications (7 TAUs, 9.2%). Management of 
pain and discomfort (excluding endodontic compli-
cations) affected 15 prostheses and incurred 24 TAUs 
(31.5%). Three of the prostheses experiencing compli-
cations subsequently failed.

The nonterminal complications, subsequent treat-
ments, and economic complication burden of the 220 
ISCs are presented in Table 8. In total, 36 complications 
incurred 46 TAUs. Thirteen loose abutment screws 

in 13 prostheses incurred 14 TAUs (30.5%). Implant- 
associated infections incurred 23 TAUs (50%), and two 
of these required peri-implant flap surgery (11 TAUs, 
24%). Two of the prostheses with complications sub-
sequently failed.

The economic burden of complications for both 
treatment modalities was low, averaging 0.3 and 0.2 
TAUs per prosthesis for the TFDPs and ISCs, respective-
ly, or 3/100 years of clinical service and 4/100 years of 
clinical service for the TFDPs and ISCs, respectively.

The terminal events are presented in Table 9. Tooth 
fracture accounted for 54.6% of the terminal events for 
the 157 FDPs; 10 (71.4%) were biologically related, 2 

Fig 4  Estimated cumulative survival of the TFDPs (n = 157) 
and ISCs (n = 220). P =.058. 
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Table 3 Survival Data for All 157 TFDPs and 220 ISCs

 3-Unit TFDPs ISCs

Time
No. entering 

interval Censored
Terminal 
events ECS (%) SE (%)

No. entering 
interval Censored

Terminal 
events ECS (%) SE (%)

0 to 1 157 3 2 98.71 0.90 220 9 0 100.00 0.00

1 to 2 152 16 0 98.71 0.90 211 46 1 99.47 0.53

2 to 3 136 11 1 97.96 1.17 164 31 0 99.47 0.53

3 to 4 124 5 2 96.34 1.61 133 29 1 98.63 0.99

4 to 5 117 9 2 94.63 1.99 103 16 0 98.63 0.99

5 to 6 106 8 1 93.70 2.17 87 17 0 98.63 0.99

6 to 7 97 9 0 93.70 2.17 70 10 0 98.63 0.99

7 to 8 88 6 2 91.50 2.62 60 9 0 98.63 0.99

8 to 9 80 9 0 91.50 2.62 51 17 0 98.63 0.99

9 to 10 71 5 0 91.50 2.62 34 9 0 98.63 0.99

10 to 11 66 6 0 91.50 2.62 25 2 0 98.63 0.99

11 to 12 60 9 1 89.85 3.05 23 1 0 98.63 0.99

12 to 13 50 21 0 89.85 3.05 22 7 1 93.30 5.27

13 to 14 29 16 0 89.85 3.05 14 11 0 93.30 5.27

14 to 15 13 13 0 89.85 3.05 3 3 0 93.30 5.27
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(14.3%) were mechanical failures, and 2 (14.3%) were 
caused by patient-related factors. None of the three 
terminal events of the ISCs were biologically related.

DISCUSSION

The decision to use a specific treatment modality to 
replace a single missing tooth is complex and involves 
factors such as access to technology, clinician skill, out-
come evidence, and patient-related factors (health, 
finances, psychology, and opportunity costs).9,10  

Table 4 Survival Data for the Posterior TFDPs and ISCs

 Posterior 3-Unit TFDPs Posterior ISCs

Time
No. entering 

interval Censored
Terminal 
events ECS (%) SE (%)

No. entering 
interval Censored

Terminal 
events ECS (%) SE (%)

0 to 1 112 3 1 99.10 0.90 81 0 0 100.00 0.00

1 to 2 108 9 0 99.10 0.90 81 25 1 98.54 1.45

2 to 3 99 10 0 99.10 0.90 55 12 0 98.54 1.45

3 to 4 89 3 0 99.10 0.90 43 10 1 95.95 2.92

4 to 5 86 5 1 97.91 1.48 32 12 0 95.95 2.92

5 to 6 80 4 0 97.91 1.48 20 7 0 95.95 2.92

6 to 7 76 7 0 97.91 1.48 13 3 0 95.95 2.92

7 to 8 69 4 2 94.99 2.49 10 0 0 95.95 2.92

8 to 9 63 9 0 94.99 2.49 10 2 0 95.95 2.92

9 to 10 54 3 0 94.99 2.49 8 3 0 95.95 2.92

10 to 11 51 5 0 94.99 2.49 5 0 0 95.95 2.92

11 to 12 46 7 1 92.75 3.28 5 0 0 95.95 2.92

12 to 13 38 17 0 92.75 3.28 5 3 0 95.95 2.92

13 to 14 21 14 0 92.75 3.28 2 1 0 95.95 2.92

14 to 15 7 7 0 92.75 3.28 1 1 0 95.95 2.92

Table 5 Survival Data for the Anterior TFDPs and ISCs

 Anterior 3-Unit TFDPs Anterior ISCs

Time
No. entering 

interval Censored
Terminal 
events ECS (%) SE (%)

No. entering 
interval Censored

Terminal 
events ECS (%) SE (%)

0 to 1 45 0 0 100.00 0.00 139 9 0 100.00 0.00

1 to 2 45 8 1 97.56 2.41 130 21 0 100.00 0.00

2 to 3 36 1 0 97.56 2.41 109 19 0 100.00 0.00

3 to 4 35 2 2 91.82 4.54 90 19 0 100.00 0.00

4 to 5 31 4 2 85.49 6.05 71 4 0 100.00 0.00

5 to 6 25 3 1 81.85 6.80 67 10 0 100.00 0.00

6 to 7 21 3 0 81.85 6.80 57 7 0 100.00 0.00

7 to 8 18 2 0 81.85 6.80 50 9 0 100.00 0.00

8 to 9 16 0 0 81.85 6.80 41 15 0 100.00 0.00

9 to 10 16 1 0 81.85 6.80 26 6 0 100.00 0.00

10 to 11 15 1 0 81.85 6.80 20 2 0 100.00 0.00

11 to 12 14 2 0 81.85 6.80 18 1 0 100.00 0.00

12 to 13 12 4 0 81.85 6.80 17 4 1 93.33 6.44

13 to 14 8 2 0 81.85 6.80 12 10 0 93.33 6.44

14 to 15 6 6 0 81.85 6.80 2 2 0 93.33 6.44

Table 6 All Economically Consequential 
Complications of the 157 TFDPs and 
220 ISCs

Complication type
TFDPs

(n = 157)
ISCs

(n = 220)
Total

(n = 377)

Minor 26 33 59

Moderate 5 1 6

Major 9 2 11

Subtotal 40 36 76

Terminal 11 3 14

Overall total 51 39 90
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Fig 5  Estimated cumulative survival of the TFDPs (n = 112) 
and ISCs (n = 81) replacing posterior teeth. P =.827.
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Fig 6  Estimated cumulative survival of the TFDPs (n = 75) and 
ISCs (n = 166) replacing anterior teeth. P =.0011.
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Table 8 Nonterminal Complications, Subsequent Treatments, and Economic Burden for the ISCs

Complication n (%) Treatment performed
TAUs  

(n and %)
Average CST 

(mo)
Range of CST  

(mo)

Abutment screw loosening 12 (33.5) Tightened screw 12 (26) 43 1–140

Abutment screw loosening 1 (2.5) Abutment screw replaced 2 (4.5) 180 NA

Implant-associated infection 12 (33.5) Implant infection control without flap 12 (26) 58 6–133

Implant-associated infection 2 (5.5) Implant infection control with flap 11 (24) 62 NA

Lost screw access seal 3 (8.5) New screw access seal 3 (6.5) 9 1–23

Lost cement retention of 
superstructure

2 (5.5) Recemented 2 (4.5) 54 54–56

Pain 2 (5.5) Adjusted occlusion 2 (4.5) 65 29–100

Chipping of porcelain 1 (2.5) Smoothed porcelain 1 (2) 15 NA

Discomfort 1 (2.5) No treatment 1 (2) 15 NA

Total 36 (100) 46 (100)

CST = clinical service time of the prosthesis before the complication occurred.

Table 7 Nonterminal Complications, Subsequent Treatments, and Economic Burden for the 157 TFDPs

Complication n (%) Treatment performed
TAUs  

(n and %)
Average CST  

(mo)
Range of CST  

(mo)

Chipping of porcelain 4 (10) Smoothed porcelain 4 (5.5) 102 8–175

Chipping of porcelain 3 (7.5) Porcelain repair/composite 3 (4) 23 1–35

Loss of tooth vitality 7 (17.5) Orthograde root canal 32 (42) 44 1–124

Bleeding/sensitivity 3 (7.5) Modified oral hygiene 3 (4) 46 8–152

Pain 6 (15) Adjusted occlusion 10 (13) 54 1–168

Pain 1 (2.5) Occlusal splint 2 (2.5) 2 NA

Discomfort 5 (12.5) Recontoured pontic/retainers 9 (12) 20 1–81

Marginal caries 4 (10) Crown/retainer margin modified 5 (6.5) 44 25–91

Loss of retention of crown/retainer 3 (7.5) Recemented retainer 3 (4) 46 21–59

Increasing mobility 2 (5) Adjusted occlusion 2 (2.5) 19 4–33

Lingual perforation 1 (2.5) Palatal/lingual seal 1 (1.5) 65 NA

Tooth fracture (coronoradicular) 1 (2.5) New post (wrought) + core 2 (2.5) 107 NA

Total 40 (100) 76 (100)

CST = clinical service time of the prosthesis before the complication occurred.
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Clinicians rely on published information, together with 
their own experience, to inform their patients of treat-
ment options. Patients expect to be guided by their clini-
cian in a realistic and unbiased way when presented with 
these options. The information on outcomes and compli-
cation burden of the two treatment modalities over 15 
years presented in this paper should assist this dialogue.

All prostheses used in this study were constructed 
from high gold–based metal-ceramics. The results can-
not be extrapolated to other materials. 

The ISC survival of 93% over 15 years reported in this 
study is markedly higher than that reported in a meta-
analysis of short-term studies (< 5 years), which conclud-
ed that, although implants supporting single crowns 
had an excellent survival rate of 97%, only 83% of the 
crowns survived.11 In this research, the complication 
rate for the ISCs was low, affecting 17% of the prosthe-
ses. In a meta-analysis,12 data gathered from prospec-
tive studies of at least 5 years’ duration showed that, 
on average, 30% of patients with ISCs had experienced 
complications that were associated with implant abut-
ments or screws and 17% had experienced complica-
tions with the crowns. However, the authors cautioned 
that not all studies reported complications, and there-
fore, the incidence was likely to be underestimated. 

Screw loosening was a common occurrence in early 
studies, but changes in screw design have reduced the 
incidence.13 However, screw loosening in 13 prosthe-
ses still accounted for 36% of the complication inci-
dence and 31% of the economic complication burden 
in the current study. Direct access to abutment screws 
minimized the economic burden of retightening or re-
placing them.

Complications relating to implants supporting the 
crowns were few in the current study. Only 6.3% in-
volved implant-related infections, and of these, two 
(1%) were treated surgically. One implant fractured 
postrestoration.

There are few long-term studies (≥ 10 years) doc-
umenting either the outcome or complication inci-
dence of TFDPs. An up-to-20-year retrospective study 
reported an ECS for prostheses of 78% at 15 years.14 
Among those 134 prostheses, reversible complications 
(loss of retention of the prostheses, loss of vitality of 
abutments) were documented in 21%, and 14% subse-
quently failed. However, the prostheses were provided 
in an undergraduate clinic, and thus, the relevance to 
clinical practice is questionable. In the current study, 
the up-to-15-year ECS was 90%, and 17% of the pros-
theses incurred consequential but reversible compli-
cations. Three (2%) subsequently failed.

The 3% of abutments that lost vitality postcementa-
tion accounted for 7 (18%) of the major complications 
and 42% of the economic complication burden in the 
current study. This is comparable with the 3% of teeth 
supporting 2,340 single crowns that lost vitality up to 
25 years in another study.15 The economic burden of 
endodontic treatment of vital teeth supporting single 
crowns is likely to be similar to that of the abutments 
in three-unit TFDPs. 

The method for equating the biologic and technical 
complications to an economic burden and using this 
to compare the two treatment modalities in this study 
proved effective. The economic complication burden 
was higher for three-unit TFDPs than the ISCs. How-
ever, the TFDPs had been in clinical service for a lon-
ger time, on average, than the ISCs (7.6 and 4.6 years, 
respectively). In a clinical context, though, the overall 
economic burden of rectified complications was low, 
averaging 0.3 and 0.2 TAUs per prosthesis for the TFDPs 
and ISCs, respectively, or 3/100 years in clinical service 
and 4/100 years in clinical service for the TFDPs and 
ISCs, respectively. 

A previous study of the economic aspects of single-
tooth replacement reported that the overall costs (pre-
liminary, treatment, laboratory, and maintenance) of 
the ISCs were significantly lower than those of TFDPs.6 
However, selection criteria stipulated that the TFDPs 
were provided when the teeth adjacent to the eden-
tulous space would benefit from being crowned. The 
more realistic comparative treatment cost would have 
been with an ISC and two adjacent teeth restored with 
single crowns.

The decision to replace a single tooth with an im-
plant-supported crown or tooth-supported prosthesis 
is controversial. There is a tendency to consider the ISC 
the standard of care.1 The status of the adjacent teeth, 
though, does require consideration. In the context of 
this study, this consideration is especially important 
when replacing posterior teeth. If adjacent teeth are 
unrestored or minimally restored, then it is hard to 
justify preparing these teeth as abutments, given the 
expected excellent outcome and low complication 

Table 9 Terminal Complications of the 220 
ISCs and 157 TFDPs

Prosthesis type/complication n

TFDP

 Tooth fracture root
 Tooth fracture coronoradicular
 Extensive caries
 Periodontal breakdown
 Unexplained pain
 Patient esthetic preference
 Total

5
1
2
1
1
1

11

ISC

 Implant fracture
 Porcelain fracture
 Patient esthetic preference
 Total

1
1
1
3
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burden of the ISC. However, if the structural integrity 
of adjacent teeth is compromised and could be im-
proved with a full-coverage restoration, a three-unit 
TFDP should be considered the foremost treatment 
option. This applies to vital and nonvital teeth. The 
outcomes of nonvital teeth are improved with full-
coverage restorations.16,17 In addition, a recent study 
showed that, with less reliance on teeth with a poor 
prognosis because of enhanced implant-related treat-
ment options, outcomes of nonvital teeth supporting 
single crowns or TFDPs are equivalent to those of vital 
teeth.18 The aforementioned results were confirmed 
by the current study,

The results of this study would indicate that it 
would be hard to justify the increased costs,19 surgery 
morbidity, and 1% preloading implant loss12 to re-
place a single posterior tooth with an ISC and adjacent 
single-unit crowns rather than a TFDP if the adjacent 
teeth also required consolidation. This is particularly 
pertinent when additional surgical procedures such as 
sinus augmentation or ridge splitting are required to 
enable effective implant placement. However, a differ-
ent clinical situation presents itself if an anterior tooth 
requires replacement. A better case could be made for 
incurring the increased costs of restoring a lost anterior 
tooth with an implant-supported crown and restoring 
the adjacent teeth, if required, with tooth-supported 
crowns. This is especially pertinent if ridge augmenta-
tion is indicated to enhance the esthetic outcome.20 

The results of this study are limited by its cohort 
design. Groups were treated equally, but allocation to 
each group was undertaken based on individual pa-
tient needs rather than a randomized protocol. After 
the first 5 years, the TFDPs were comparatively older 
than the ISCs and therefore had more opportunities to 
sustain complications. This would therefore favor the 
ISCs in terms of survival and complication outcomes. 
The exclusion of the unfavorable TFDPs is balanced by 
the exclusion of implants that failed torque testing pri-
or to restoration. This exclusion was also made in a clini-
cal context. Despite professional advice to the contrary, 
some patients insist on maintaining teeth with a poor 
prognosis, and the inclusion of prostheses supported 
by such teeth in sequential study designs would result 
in inclusion bias. Despite these limitations, the conclu-
sions are strengthened by the low patient attrition, 
standardized techniques, and long-term follow-up.

CONCLUSIONS

The survival of three-unit tooth-supported fixed den-
tal prostheses (TFDPs) and implant-supported single 
crowns (ISCs) over 15 years was not statistically signifi-
cantly different for posterior teeth, but ISCs survived 

significantly better when replacing anterior teeth. The 
complication rates for the TFDPs and ISCs were similar, 
but the economic burden for the TFDPs was greater.
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