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ABSTRACT

Objective: To evaluate the cost-effectiveness of single-tooth rehabilitation options with dental implants
associated with a prosthetic crown (I+C) compared to a fixed partial denture (FPD). Material and Methods:
A rapid review was carried out to identify the costs (expressed in US$) and effectiveness (expressed through
success rate). Bibliographic searches retrieved 1,447 records, of which 19 studies of type randomized clinical
trials were selected to collect cost and effectiveness data. Markov economic models were used to simulate
hypothetical 15-year cohorts with 2000 patients using cost and effectiveness data from the rapid review under
the perspective of private practice. Results: The average costs of [+C and FPD treatments were US$ 3,432.23
and US$ 38,322.52, respectively. The average effectiveness of [+C was 88.33%, with a mean follow-up time of
9.88 years, and FPD had an average yearly success rate of 82.14%, with a mean follow-up time of 11.89 years.
The I+C treatment has an incremental cost-effectiveness ratio (RCEI) of US$ 170.88 compared to FPD.
Conclusion: Both I+C and FPD rehabilitation options are cost-effective; I+C rehabilitation has a higher cost
and greater effectiveness, being the recommended option if the patient with no contraindication.
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Introduction

Tooth loss may restrict masticatory, psychological and social functions and, thereby, impact the quality
of life and overall health of affected individuals [17]. While some individuals do not perceive tooth loss as a health
issue [27], rehabilitation with three-unit fixed partial denture (FPD) and single-crown implant are often
recommended [37].

Prior to the emergence of osseointegrated implants, FPD was the rehabilitation choice for single tooth
loss for providing esthetic and predictable outcomes. However, the wear on abutment teeth required for FPD
installation can compromise the pulp tissue to the extent that endodontic treatment and an intra-radicular
retainer are needed. Therefore, teeth with a poor prognosis should be extracted and not incorporated into the
FPD [47]. Moreover, supporting teeth are exposed to biological and technical risks, which include endodontic
complications, secondary carious lesions, poor biofilm control, periodontal issues, loss of bone support, and teeth
and denture fractures [5-7]].

Single-tooth rehabilitation can be performed by installing an implant associated with a tooth crown.
Implant-supported fixed dentures (ISFD) overcome the limitations of removable conventional dentures due to
functional and psychological advantages for users [87]. Nonetheless, ISFD is regarded as the primary treatment
choice for a healthy patient, and their associated biological risks (e.g., biofilm accumulation, peri-implant
infection, etc.) remain recurrent [97].

The major advantage of implant-supported rehabilitation is the possibility of replacing the missing tooth
without the need to wear teeth adjacent to the prosthetic space [107. The patients' preference for implant-
supported denture is significantly influenced by their socioeconomic condition. Patients with lower educational
level and lower salaries are less likely to choose this rehabilitation option [117]. Although a high success rate and
longevity of implant-supported denture has been reported [12-147, a comprehensive economic assessment is still
needed to justify its indication from a cost-effectiveness standpoint.

Single-tooth replacement options remain a frequent source of uncertainty among practitioners and
patients. In many cases, the choice for a given treatment is not based on scientific evidence or clear guidelines
that can properly estimate the cost-effectiveness of the procedure [157. The decision-making process should be
based on parameters such as access to technology, professional expertise, patient preferences, as well as on the
most current scientific evidence available from the literature [167].

Comprehensive economic assessments are critical to define the clinical protocol options and therapeutic
guidelines as well as are issues related to patient satisfaction, treatment length, number of consultations, patient
comfort, and preoperative and postoperative complications [5].

Previously, a systematic review of the literature examined some single-tooth rehabilitation alternatives
[17]. The study demonstrated that implant-supported rehabilitation has greater longevity than FPD, so it is
firmly established. However, the cost-effectiveness of both interventions remains unknown. Thus, the aim of our

study was to compare the cost-effectiveness of ISFD and three-unit FPD for single-tooth replacement.

Material and Methods
Cost-Effectiveness Parameters — Systematic Search of the Literature

This rapid review of the literature was carried out in PubMed, Scopus and Web of Science databases
using the descriptors “implant-supported dental prosthesis” and “fixed partial denture”, and their synonyms.
Table 1 present the search strategy and syntax used in each database. The PICO strategy (Population,

Intervention, Comparator and Outcome) was adopted to compare the two rehabilitation approaches (I and C).
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No search terms were defined for population (P) and outcome (O) to broaden the search records and retrieve

potentially relevant studies.

Table 1. Search strategy for selection of studies in this scoping review.

Database Descriptor and Boolean Operator

Pubmed (((((((Dental  Prosthesis,  Implant-SupportedflMeSH  Terms]) OR  Impant-supported dental
prosthesis[ Title/Abstract]) OR Implant Supported Dental Prosthesis[ Title/Abstract]) OR Implant-
Supported Dental Prostheses[Title/Abstract]) OR Implant-Supported Denture[Title/Abstract]) OR
Implant Supported Denture[ Title/Abstract]) OR Implant-Supported Dentures[ Title/Abstract])) AND
((((((Denture, Partial, Fixed(MeSH Terms]) OR Fixed Bridge[Title/Abstract]) OR Fixed
Bridges[Title/Abstract]) OR  Fixed Partial Denture[Title/Abstract]) OR Fixed Partial
Dentures[ Title/Abstract]) OR Pontic[Title/Abstract]) OR Pontics[ Title/Abstract])

Scopus TITLE-ABS-KEY (“Impant-supported dental prosthesis” OR “Implant Supported Dental Prosthesis” OR

“Implant-Supported Dental Prostheses” OR “Implant-Supported Denture” OR “Implant Supported Denture”
OR “Implant-Supported Dentures”) AND TITLE-ABS-KEY (“Fixed Bridge” OR “Fixed Bridges” OR “Fixed
Partial Denture” OR “Fixed Partial Dentures” OR “Pontic” OR “Pontics”)

Web of Science  TS=(“Impant-supported dental prosthesis” OR “Implant Supported Dental Prosthesis” OR “Implant-
Supported Dental Prostheses” OR “Implant-Supported Denture” OR “Implant Supported Denture” OR
“Implant-Supported Dentures”) AND TS=(“Fixed Bridge” OR “Fixed Bridges” OR “Fixed Partial Denture”
OR “Fixed Partial Dentures” OR “Pontic” OR “Pontics”)

The search results were exported to a reference manager software (Mendeley Desktop, v.1.19.4) for the
removal of duplicate records and to systematize the reading of titles and abstracts. Inclusion criteria consisted
of Randomized Clinical Trials that compared ISFD against three-unit FPD by reporting costs of treatments and
success rate. Upon preliminary screening, eligible studies were analyzed in full for data extraction and synthesis.
The cost data extracted from the articles were used for the economic assessment of the interventions. Descriptors
related to study outcomes were not included. Studies addressing the costs and effectiveness parameters were

screening for eligibility based on the reading of the title and abstract and, later, full-text analysis.

Economic Assessment

A comprehensive cost-effective economic assessment was performed based on mathematical modeling,
in accordance with the guidelines of the Consolidated Health Economic Evaluation Reporting Standards
(CHEERS) and the Brazilian Health Technology Assessment Network (REBRATS). This analysis considered
the perspective of private professional practice based on international market values (expressed in US dollars).
The model population used for the analysis consisted of a hypothetical cohort of 2000 patients with a single tooth
missing in the anterior or posterior region. The number of patients was arbitrarily defined for model constitution
purposes.

Two interventions were proposed, namely: (1) Rehabilitation with FPD, in which there is a need to wear
teeth adjacent to the prosthetic space and to install a three-unit denture; (ii) Rehabilitation with a dental implant
and a single crown (I+C), in which a dental implant is installed, and a total single crown is placed thereon.

A Markov model was developed to obtain long-term clinical and economic outcomes of the proposed
interventions. The model was designed based on the comparison of both interventions, each consisting of two
mutually exclusive health states: rehabilitated without complications - success (state A) and rehabilitated with
complications - failure (state B). According to the assigned probabilities, patients may move between health states
(A and B) or remain in the same health state at the end of the yearly cycle. A sensitivity analysis was performed
from a hypothetical cohort simulation with 2000 patients, to which a yearly discount rate of 5% for costs, a 20%
variation in parameters, and a 15-year time horizon were applied. The time horizon was intentionally

overestimated due to the average longevity of the treatments. The yearly discount rate and the variation of the
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parameters were based on other economic assessment studies [18,197]. The economic assessment model used in
this study, considering the costs and effectiveness of both interventions, is available in Figure 1.

Information on treatment costs were extracted from the international scientific literature. Cost data
reported in different countries were expressed in US dollars using the 2019 exchange rate. The treatment costs
correspond only to out-of-pocket expenses, which include direct costs with treatment, materials, equipment and
professional fees.

Effectiveness was defined in the model based on a literature search for intervention failure and success
rates and years of success. The pyramid of scientific evidence on health was followed in order to choose the

studies with the highest degree of evidence, which correspond to systematic reviews and meta-analyses.
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Figure 1. Economic evaluation model used for Monte Carlo micro-simulation, considering Markov's
transient conditions, cost and effectiveness of two treatments over a 15-year time horizon.

The analysis was carried out using TreeAgePro Software (TreeAge Software, Version 2019 R1.2). The
models were analyzed according to Monte Carlo microsimulation, and it was possible to generate dynamic tests
and acceptability curves from the dynamic transitional Markov model. At the end of the analysis, it was possible
to estimate the differences in the costs and effectiveness of the proposed interventions as well as the incremental
cost-effectiveness ratios (ICER). The model was simulated considering a 20% variation of the distributions. The
cost-effectiveness of the interventions was compared using the ICER parameter. Willingness to Pay (WTP) was
set at the lowest cost under investigation. WTP consists of how much money the payer is willing to invest to
access such technology. In this study, the lowest cost between FDP and I+C was set as WTP. Net monetary
benefit (NMB) was calculated using the following formula: NMB = (Effectiveness * WTP) — Cost. The

percentage of NMB gain was used to estimate the cost-benefit of adopting one of the two technologies.

Results

A total of 1,566 studies were retrieved, of which 119 were duplicate records and 1,417 did not meet the
inclusion criteria. Thirty full-text articles were analyzed, of which eight were used to identify costs [5,10,20-257]
and eleven to estimate the effectiveness of the treatments [3,10,17,20,21,26-317. The effectiveness of the

interventions was estimated based on success rates [10,17,20,21,26-29,317].
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The average cost of single-tooth replacement with a dental implant and a prosthetic crown was US$
3,432.23 as compared to US$ 3,322.52 with a three-unit FPD. Hence, both rehabilitation options are similar from
a monetary point of view. Therefore, the cost of treatment should not be decisive for the patient's preference
since the difference between the two technologies was only US$ 109.71 (relative to the means) or US$ 131.025
(relative to the medians) (Table 2).

Table 2. Costs (in US$) of single-tooth replacement with dental implant and prosthetic crown or three-
unit fixed denture, according to eight selected studies.
Cost (in US$) of Dental Implant Cost (in US$) of Three-Unit Fixed

Study with a Prosthetic Crown Denture
Brigger et al. [5] 3,192.46 3,908.13
Kim et al. [10] 2,162.00 1,556.50
Christensen [207] 3,289.00 2,614.00
Bouchard et al. [21] 3,978.68 4,960.62
Kim et al. [22] 4,170.60 3,605.41
Augusti et al. [287] 3,110.81 1,866.49
Zitzmann et al. [24] 5,797.11 6,379.41
Antonarakis et al. [257] 1,757.15 1,689.56
Mean US$ 3,432.23 US$ 3,322.52
Median US$ 3,240.73 US$ 3,109.705

The average yearly success rate of dental implant/prosthetic crown intervention was 88.33%, with a
mean follow-up time of 9.83 years. The three-unit FPD intervention had an average yearly success rate of
82.14%, with a mean follow-up time of 11.89 years. The yearly success rates of dental implant/prosthetic crown
and three-unit FPD were 0.2825 and 0.1984, respectively. These findings demonstrate that implant-supported

rehabilitation has a success rate and a yearly success rate higher than those of the three-unit FPD (Table 3).

Table 3. Success rates and yearly survival of single-tooth rehabilitation options (dental implant and
prosthetic crown or three-unit fixed denture).

Study Effectiveness of Dental Implant with a Effectiveness of Three-Unit Fixed
Prosthetic Crown Denture

Success  Follow-up Time Yearly Success  Follow-up Time Yearly

Rate (in years) Success Rate Rate (in years) Success Rate
Kim et al. [10] 91.7% 10 0.2203 81.3% 10 0.1543
Torabinejad et al. [17] 95% 6 0.3930 81% 6 0.2417
Christensen [207] 95% 5 0.4507 84% 20 0.0875
Bouchard et al. [21] 92% 20 0.1186 69% 20 0.0568
Pjetursson et al. [267] 89.4% 10 0.2010 89.2% 10 0.1995
Salinas and Eckert [27] 95.1% 5 0.4529 94% 5 0.4303
Fugazzotto [287] 95.1% 5 0.4529 94% 5 0.4303
Incici et al. [297] 47% 8 0.0762 59% 16 0.0542
Walton [31] 94.64% 15 0.1772 87.79% 15 0.1808
Mean 88.33% 9.33 0.2825 82.14% 11.89 0.1984
Median 94.64% 8 0.2203 84% 10 0.1543

The rapid review data were used for cost-effectiveness analysis based on hypothetical Markov cohort
modeling. The analysis showed that both rehabilitation options are somewhat equivalent. Implant-supported
rehabilitation presented higher costs associated with greater effectiveness, considering the parameters of success
rate. For greater success, one should opt for implant-supported rehabilitation, with an investment of US$ 170.88
required for each yearly increment of success (Table 4). The percentage of NMB gain (Table 4) shows that an

implant-retained crown presents 9,45% more benefit compared to a three-unit fixed denture.
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Table 4. Cost-effectiveness analysis of single-tooth rehabilitation. Cost and effectiveness values for
rehabilitation options were applied to hypothetical cohorts with 2000 individuals, considering a 15-year
time frame and 5% parameter variation. The Incremental Cost-Effectiveness Ratio (ICER) corresponds
to the investment required to achieve the highest effectiveness value. Net monetary benefit (NMB)
estimate the cost-benefit of adopting the alternative technology (dental implant and prosthetic crown).

Rehabilitation Cost Incremental Effectiveness Incremental Incremental Cost- Net Monetary

Option (in US$) Cost (Yearly Effectiveness Effectiveness Benefit

(in US$)  Success Rate) (Yearly Success Rate) Ratio (ICER) (NMB)

Three-unit 4,080.13 9.92 - 36,394.76
fixed denture (reference)
Dental implant ~ 4,230.14 150.01 10.80 0.88 US$ 170.88 / 39,835,26
and prosthetic yearly success (9,45% of
crown rate NMB gain)

While implant-supported rehabilitation is more costly, it has been shown to be more effective. The
investment required to achieve greater effectiveness is not considered high and may result in a greater overall
benefit to the patient. Thus, if the patient can invest a little more in a more effective treatment, their overall
benefit will be greater.

Figure 2 illustrate the cost-effectiveness analysis of the technologies used for single-tooth rehabilitation.
The hypothetical cohorts generated random distribution data of cost and effectiveness measures for the two

treatment options under analysis.
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Figure 2. Cost-effectiveness analysis of implant-supported crown and three-unit fixed denture,
considering the yearly success rate of the treatments as an outcome of effectiveness. Figure 2A illustrates
the relationship between net monetary benefit (NMB) and willingness to pay. Figure 2B illustrates the
acceptability curve according to willingness to pay. Figure 2C shows the random distribution of cost and
effectiveness values for both technologies. Figure 2D illustrates the dispersion of incremental cost and
effectiveness values of the implant-supported crown compared to the three-unit fixed denture. The ICER
obtained for this analysis was US$ 170.88 per yearly success rate, which represents the average of the
values obtained for Figure 2D and coincides with the intersection points viewed in Figures 2A and 2B.
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Discussion

This study demonstrates that the costs of single-tooth rehabilitation with dental implant and three-unit
fixed denture are similar. Our hypothetical cohort data showed that implant-supported rehabilitation is more
costly and more effective than that with FPD. Based on the highest ICER identified in this study, an additional
investment of 5.14% over the costs of rehabilitation with three-unit FPD may provide greater effectiveness for
affording implant-supported rehabilitation. However, the latest cost data used in this study is from 2014
therefore, changes may have occurred over this time.

The parameters assigned in this study are based on data from the international scientific literature and
consider the perspective of private professional practice. Only direct treatment costs reported within the included
studies were considered. In the case of rehabilitation options, additional costs associated with endodontic therapy,
bone graft surgery, or reconstruction of the abutment teeth were not considered. The present study analyzed a
well-defined scenario in which a dentist and patient may decide between an FDP or an I+C treatment, regardless
of any specific complementary treatment. Costs of treatments varied along the included studies and such values
may have considered slight differences regarding treatments. Additional variations within the clinical protocol
were not reported in the literature.

Rehabilitation with a three-unit FPD results in additional wear of teeth adjacent to the prosthetic space.
The preparation of abutment teeth can be considered unnecessary when they do not present defective fillings or
previous caries experience. In the present study, unnecessary wear of healthy dental tissue was not considered
from a “biological cost” viewpoint. Although rehabilitation with FPD has possible additional costs and requires
tooth preparation, a significant number of patients are concerned about surgical procedures and assume that
implant-supported rehabilitation is more costly [217].

Overall, individuals with lower educational level and lower salaries tend not to opt for implant-
supported fixed rehabilitation [117]. This aspect should be deliberated with the patient when making a clinical
decision. According to the results, implant-supported rehabilitation has a slightly higher cost, but it also has
greater effectiveness in terms of success rate, which should be pondered by the patient. The tooth to be
rehabilitated and the patient's previous caries experience are also relevant factors for clinical decision making
and willingness to pay [327].

In the clinical routine, the practitioner often has several single-tooth replacement options to offer.
Commonly, the patient seeks a permanent and stable prosthetic solution. However, the practitioner is not always
aware of the best option to choose from in terms of cost-effectiveness. Our findings indicate that both treatment
options are acceptable and effective; however, implant-supported rehabilitation has greater cost-effectiveness.
The patient’s willingness to pay will determine the best effectiveness measures for implant-supported
rehabilitation. Other aspects should also be considered, which include patient's health condition and willingness
to undergo implant surgery. Although high survival rates of dental implants have been demonstrated in high-
risk patients [127], implant placement in smoking patients with decompensated diabetes, poor hygiene and
exposure to radiation therapy is not often recommended [337. Therefore, cost-effectiveness analysis should not
be the only parameter to be considered in treatment decision making. Moreover, the likely need for endodontic
treatment and severe wear of the abutment teeth of a fixed denture should be weighted out according to the
patient’s health status, individual preferences and affordability to pay.

This study has some limitations to consider, since the theoretical analysis was based on other studies
carried out in different countries with diverse socioeconomic, technological and cultural backgrounds.

Nevertheless, the secondary source of cost and effectiveness information aimed to overcome the limitations
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related to the external validity of the economic health assessments. The results of this study may vary in each
country due to direct costs of rehabilitation, including professional fees, materials, inputs and taxes. Another
possible source of variation consists of potential conflicts of interest of included studies. Potential selective
reporting or evident conflict of interest were not detected within the included studies. However, this aspect
should be recognized as a source of variation that would influence the results of the present study.

Further studies should be designed to consider the variations in rehabilitation strategies. The findings
of our study may be influenced by different types of materials (e.g., metal-ceramic or metal-free crowns), implant
installation techniques (e.g., immediate or late) and prosthetic crowns (e.g., screwed or cemented, over
intermediates or straight over the implant platform), or need for endodontic treatment and preparation of an
intra-radicular retainer for the prosthetic abutments. Our results are valid for an overall comparison of three-
unit FPD and implant-supported crown, according to the international literature. Future clinical evaluations
should include cost-effectiveness information, rather than just effectiveness data, to enable comparisons between

different types of rehabilitation.

Conclusion
Single-tooth replacement with a dental implant and a prosthetic crown is more costly and more effective
than that with a three-unit fixed denture. The choice for implant-supported rehabilitation is dependent on the

patient’s willingness to pay.
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