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Purpose: This study assessed the cost-effectiveness from a societal perspective of a dental implant compared
with a three-unit tooth-supported fixed partial denture (FPD) for the replacement of a single tooth in 2010.
Materials and Methods: A decision tree was developed to estimate cost-effectiveness over a 10-year period.
The survival rates of single-tooth implants and FPDs were extracted from a meta-analysis of single-arm
studies. Medical costs included initial treatment costs, maintenance costs, and costs to treat complications.
Patient surveys were used to obtain the costs of the initial single-tooth implant or FPD. Maintenance costs
and costs to treat complications were based on surveys of seven clinical experts at dental clinics or hospitals.
Transportation costs were calculated based on the number of visits for implant or FPD treatment. Patient
time costs were estimated using the number of visits and time required, hourly wage, and employment rate.
Future costs were discounted by 5% to convert to present values. Results: The results of a 10-year period
model showed that a single dental implant cost US $261 (clinic) to $342 (hospital) more than an FPD and had
an average survival rate that was 10.4% higher. The incremental cost-effectiveness ratio was $2,514 in a
clinic and $3,290 in a hospital for a prosthesis in situ for 10 years. The sensitivity analysis showed that initial
treatment costs and survival rate influenced the cost-effectiveness. If the cost of an implant were reduced
to 80% of the current cost, the implant would become the dominant intervention. Conclusion: Although
the level of evidence for effectiveness is low, and some aspects of single-tooth implants or FPDs, such as
satisfaction, were not considered, this study will help patients requiring single-tooth replacement to choose
the best treatment option. INT J ORAL MAXILLOFAC IMPLANTS 2014;29:600-607. doi: 10.11607/jomi.3413
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he need to efficiently allocate health care resources
is increasing as a result of limited resources and
rapidly increasing expenditures, and dentistry is no
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exception. Health technology assessment (HTA) helps
to efficiently allocate resources; however, HTA is still at
an early stage in dentistry.

South Korea has a national health insurance (NHI)
system with universal coverage for the Korean popu-
lation."? However, NHI coverage of dental services is
relatively poor. Therefore, the economic burden for
dental services on Korean patients is high. In addi-
tion, most prosthetic treatments other than dentures
for aging patients are not covered by the NHI in Ko-
rea, although prosthetic treatment is common: 27.2%
of Koreans have received at least one prosthetic treat-
ment. Of these, 2.7% received implants and 12.9%
needed further prosthetic treatment, mainly because
prosthetic treatment was a financial burden.? This high
economic burden for prosthetic treatment requires ef-
ficient choices.

Following the loss of a single tooth, the gap can
be restored with a dental implant or a fixed partial
denture (FPD). A dental implant can treat the missing
tooth without damaging the adjacent teeth, regardless
of the condition of the surrounding teeth. However,
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implant treatment is expensive, complicated, lengthy,
and affected by the bone condition. In addition, there
can be mechanical or technical problems, such as frac-
ture of the prosthesis, screw, or artificial root. There
are also biologic risks, such as peri-implantitis and
mandibular nerve damage.* An FPD replaces a miss-
ing tooth by permanently joining the artificial unit to
adjacent natural teeth. FPD treatment takes only about
2 weeks at most. Because it uses a patient’s own teeth,
an FPD may feel more comfortable than an implant.
An FPD is also useful when implant surgery is impos-
sible because of health problems. However, the adja-
cent natural teeth (abutment teeth) must be in good
condition, and preparation of the teeth to serve as
abutments may expose pulp and increase sensitivity.
In addition, there are differences between an implant
crown and an FPD in prosthetic survival rate, compli-
cations, satisfaction, quality of life, cost, and manage-
ment.*7 Therefore, evaluation and comparison of the
health outcomes and costs associated with implant
and FPD treatment can help consumers, clinicians, and
policy makers to reach informed decisions.® However,
few studies have evaluated the cost-effectiveness of
single-tooth replacement.’

This study assessed the cost-effectiveness from a so-
cietal perspective of a dental implant compared with a
three-unit FPD in patients who required replacement
of a single tooth in 2010.

MATERIALS AND METHODS

Economic Analysis Method

Economic evaluation is a method of evaluating and
comparing the outcomes and costs of interventions.’
Thus, it includes the tasks of identifying, measuring,
valuing, and comparing the health outcomes and costs
of interventions being considered. Decision analytic
modeling provides a framework to consider the pos-
sible events that the study population may experience
and identifies how the intervention may influence the
events. The prevalent models used in economic evalu-
ation of health care are the decision tree and the Mar-
kov model.’® In the current study, a decision tree was
used to determine the possible prognosis by a series of
pathways following treatment with a dental implant or
a three-unit FPD.

Economic evaluations in health care are mostly
cost-effectiveness or cost-utility analyses, in which
the results are presented as the incremental cost ef-
fectiveness ratio (ICER).'9 ICER indicates the difference
in cost (net cost) per the difference in outcomes (net
effectiveness).?

Effectiveness, — Effectivenessg Net effectiveness

ICER = =

Cost, — Costg

Net cost

An economic evaluation based on ICER needs a
threshold to judge its worth. If the unit of effective-
ness is life years gained (LYG) or quality-adjusted life
years (QALYs), an explicit or implicit threshold (eg,
US$50,000 or £20,000 to £30,000 for one additional
QALY) can be used to determine whether an interven-
tion is cost effective.’ There is no universal standard
for cost-effectiveness ratios because of the different
health care systems and economic environments of
different countries. However, when an intervention is
both more effective and less costly than an alternative,
the result of the economic evaluation is definitive—
that is, the intervention is the dominant strategy.

This study was conducted by considering the
checklist for economic evaluations in health care.'
The checklist was also used to assess the quality of
economic studies in a previous study that reviewed
the economic aspects of dental implant treatment.’3

Model Overview

The study population consisted of patients who had
lost a single tooth. Patients who could receive either a
dental implant or a three-unit FPD and could choose
between these treatment options were included. Only
patients who had natural teeth on both sides of the
missing tooth were considered. Patients who received
prosthetic treatments on more than two adjacent teeth
were not included. Participants were not limited by age,
gender, or condition of the tooth that had been lost.

A decision tree over a 10-year period was devel-
oped to estimate cost-effectiveness (Fig 1). Patients
who have lost a single tooth can be treated with a
dental implant or with a three-unit FPD. After a pros-
thetic treatment fails, there are three choices: restora-
tion with an implant, restoration with an FPD, or no
reconstruction. Future costs were discounted at 5%
to convert present values in the base case analysis ac-
cording to Korean economic evaluation guidelines.
The treatment periods were assumed to be 6 months
for an implant and 10 days for three-unit FPDs and
were included in the study period. The costs were all
converted into US dollars.

Outcome Measure

The outcome was measured by survival rate, which
was defined as an implant or FPD in situ 10 years af-
ter treatment, irrespective of its condition. The survival
rates of single-tooth implants and FPDs were extracted
from a meta-analysis of single-arm studies.'#3'

Cost Data and Assumptions

The economic evaluation was conducted from a so-
cietal perspective and included the following (Table
1). Medical costs, transportation costs, and patient
time were considered as costs of implant and FPD
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Survival

Dental implant Reconstruction (implant) 4
Failure /Reconstruction (FPD)
O <
Single-tooth loss No reconstruction <]
Survival <]
Three-unit FPD Reconstruction (implant) <]
Failure Reconstruction (FPD) <]

|\
No reconstruction

Fig 4 Model structure: decision tree.

Table 1 Cost Categories and Definitions

Cost categories Definition
Medical costs
(formal)

complication

Medical costs
(informal)

Costs for over-the-counter drugs, medical

resulting from loss of a single tooth

Patient time costs for treatment and
management of implant or FPD

Patient time costs

Transportation costs Transportation costs for dental clinic or

hospital visit for treatment and management of

implant or FPD

Caregiver costs
tooth

Productivity loss
costs

Productivity loss as a result of morbidity or
premature death from a complication of an
implant or FPD

Initial treatment cost, cost of re-treatment after
failure, maintenance costs, costs of treating

device, health supplements, and health food

Caregiver costs for patients who lost a single

Inclusion in
this study Note

Included The proportion of patients requiring
outpatient drugs is not significant, so
prescription costs are not considered

Not included The informal medical costs in patients
who lose a single tooth are considered
insignificant

Included Time costs for the treatment of
complications are excluded (no data)

Included Transportation costs to visit a
medical institution for treatment of a
complication are excluded (no data)

Not included Rare

Not included There were no deaths caused by

complications of prosthetic treatments

treatment. Productivity lost because of morbidity or
premature death was assumed to be the same. Medi-
cal costs included initial treatment, maintenance, and
treatment of complications. Patient surveys were used
to determine the cost of the initial treatment of single-
tooth implants or FPDs.

Cost and medical utilization differ depending on
the size of medical institution. Therefore, the analysis
was conducted and the results are presented in both
clinic and hospital settings (Table 2). The medical cost,
transportation costs, and patient time costs for dental
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implants and three-unit FPDs were expected to differ
in clinic and hospital settings.

Maintenance costs and the costs to treat complica-
tions were based on surveys of seven clinical experts
from dental clinics or hospitals. These surveys indi-
cated that 80% of implants were restored with an-
other implant, but only 50% of three-unit FPDs were
restored with another three-unit FPD. Based on these
rates, the expected cost of re-treatment after failure of
each prosthetic treatment was calculated. If a three-
unit FPD fails, the abutment teeth on both sides are
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Table 2 Input Data in the Economic Model

Parameter Clinic

Survival rate (effectiveness)

Implant (%) 91.7 [97.4, 85.9]
FPD (%) 81.3 [89.7, 71]
Initial treatment costs
Implant ($) 1,616
FPD ($) 1,308
Re-treatment costs after implant failure
Implant ($) 1,616
FPD ($) 1,038
Re-treatment costs after FPD failure
Implant ($) 3,574
FPD ($) 2,076
Visit schedule (for treatment)
Implant (no. of visits) 8 [5]
FPD (no. of visits) 3[2]
Visit schedule (for maintenance)
Implant (no. of visits) 13
FPD (no. of visits) 12
Maintenance unit costs ($) 14
Transportation unit costs ($)
Weighted average wage ($)
Complication treatment costs
Prosthetic fracture
Implant
Proportion (%) 0.4
Treatment costs ($) 36
FPD
Proportion (%) 2.1
Treatment costs ($) 903
Peri-gingivitis
Implant
Proportion (%) 9.7
Treatment costs ($) 18
FPD
Proportion (%) 0.5
Treatment costs ($) 18
Bone loss
Implant
Proportion (%) 6.3
Treatment costs ($) 1,108
Secondary caries
FPD
Proportion (%) 9.5
Treatment costs ($) 72

Hospital Source
Meta-analysis
Meta-analysis
2,708 Patient survey
1,805 Patient survey
2,708 Patient survey, clinical expert opinion
1,805 Patient survey, clinical expert opinion
6,020 Patient survey, clinical expert opinion
3,610 Patient survey, clinical expert opinion
Clinical experts survey
Clinical experts survey
Clinical experts survey
Clinical experts survey
Clinical experts survey
2 Korea Health Panel

Korean Ministry of Employment and Labor

Clinical experts survey
Clinical experts survey

Clinical experts survey
Clinical experts survey

Clinical experts survey
Clinical experts survey

Clinical experts survey
Clinical experts survey

Clinical experts survey
Clinical experts survey

Clinical experts survey
Clinical experts survey

Values in brackets were derived from the sensitivity analysis. Exchange rate: US $1 = 1,108 KRW (2010).

often removed; therefore, the cost to replace a three-
unit FPD with a larger FPD was assumed to be twice
the cost of the original FPD. The cost to replace a
three-unit FPD with dental implants was assumed to
be one-third of the cost of the original FPD plus the
cost to replace the abutment teeth, which is twice the
cost of a dental implant. The main complications of a

dental implant were considered to be loss of surround-
ing bone, prosthesis fracture, and peri-gingivitis. Pros-
thesis fractures, peri-gingivitis, and dental caries were
considered to be complications of three-unit FPDs.
Although the number of visits and unit cost per visit
varied among clinics, the cost of regular maintenance
was determined by using the mean values.
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Transportation costs were calculated based on the
number of visits for an implant or an FPD. The 2010
inflation-adjusted one-way fare for dental clinics and
dental hospitals reported in the 2008 Korea Health
Panel were used as unit costs.

Patient time costs were estimated according to the
number of visits and time required, hourly wage, and
employment rate.

Sensitivity Analysis

In economic evaluations, uncertainty exists. To exam-
ine the sensitivity, the parameters of survival rate, visit
schedules, initial treatment costs, and the discount rate
were varied and then considered in sensitivity analysis.
In addition, the initial treatment cost at which a dental
implant becomes the dominant strategy (more effec-
tive and less costly) was calculated.

RESULTS

Survival Rates of Implants and FPDs

No head-to-head trials have compared single-tooth
implants and three-unit FPDs. Therefore, a meta-
analysis of single-arm studies of each prosthetic treat-
ment was used in this study. The estimated 10-year
survival rates after treatment were 91.7% (95% con-
fidence interval, 85.9% to 97.4%) for an implant and
81.3% (95% confidence interval, 71% to 89.1%) for a
three-unit FPD in the random-effect model.?

Cost Estimates

The mean cost of a dental implant was $1,616 in a clin-
ic and $2,708 in a hospital, and the mean cost of an
FPD was $1,308 in a clinic and $1,805 in a hospital. An
analysis of the incidence and cost of treating complica-
tions from the clinical expert survey showed that bone
loss was more costly than otherimplant complications,
whereas porcelain veneer fracture and secondary car-
ies accounted for most of the cost of treating compli-
cations with three-unit FPDs.

The medical cost that accounts for re-treatment
costs resulting from failure, maintenance, and treat-
ment of complications as well as the procedure cost
ranged from $2,064 in a clinic to $3,298 in a hospital for
adental implantand from $1,802 in a clinicto $2,965 in
a hospital for a three-unit FPD (Table 3). Because visits
to a medical institution for dental implant procedures
and implant maintenance were more frequent, the pa-
tient time cost and the transportation costs for a dental
implant were higher than those for a three-unit FPD.

Incremental Cost-Effectiveness Ratio

Dental implants cost $261 (clinic) to $342 (hospital)
more than three-unit FPDs, and implant survival rates
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were 10.4% higher. The incremental cost-effectiveness
ratio was therefore $2,514 in a clinic and $3,290 in a
hospital for a prosthesis preserved for 10 years.

Sensitivity Analysis

The sensitivity analysis showed that the visit schedule
and discount rate did not affect the incremental cost-ef-
fectiveness ratio (less than 2%), but the initial treatment
costsand the survival rate did (Fig 2). In a sensitivity anal-
ysis in which the cost of a dental implant was reduced
to 80% of the current cost, the difference in the cost of
a dental implant and a three-unit FPD was reduced to
$255 in a clinic and $361 in a hospital. These changes
would make dental implants the dominant treatment
option, with their higher survival rate and lower cost. At
less than 84% of the current cost of a dental implant, a
single-tooth implant becomes the dominant strategy.
At an implant cost of $1,357 in a clinic and $2,356 in
a hospital, the differences in costs of a dental implant
and FPD would be $319 and $551, respectively, which
would make a dental implant less costly and more ef-
fective as a solution for single-tooth loss.

DISCUSSION

There are few economic evaluations of interventions
for single-tooth loss.'® Previous studies>® stated that
dental implants are more effective than three-unit
FPDs and cost less, unlike the current findings in Korea.
Bouchard et al developed a decision tree with a 20-year
analysis period to conduct the economic evaluation of
a dental implant and a three-unit FPD in patients miss-
ing a single tooth.” When looking at effectiveness as a
success rate, the medical costs of successfully complet-
ing prosthetic treatment were compared. Although
the authors did not conduct an incremental analysis,
the dental implant was the dominant strategy, with
higher effectiveness and lower additional cost. Brag-
ger et al analyzed the costs of a single-tooth implant
and FPD, taking into account physician costs, mate-
rial costs, test costs, complication costs, and opportu-
nity costs, using retrospective patient data.® When the
costs of each treatment were compared, the total costs
and opportunity costs of an FPD were higher.

These differences in the results are attributable to
the smaller differences in cost of a dental implant and
three-unit FPD in Europe than in Korea. In the Boucha-
rd et al study, the absolute treatment costs of implants
and FPDs were high, but the difference was less than
10%, whereas the difference in the treatment cost of a
dental implant and three-unit FPD found in this study
was more than 50%. In the present study, the sensitiv-
ity analysis showed that the total cost of a dental im-
plant, including re-treatment cost, was less than the
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Table 3 Base Case Analysis Results of the Comparison of Implant and FPD

in Patients with Single-Tooth Loss

Incremental cost-

Implant FPD Difference effectiveness ratio

Clinic

Effectiveness (survival rate, %) 91.70% 81.30% 10.40%

Total costs ($) 2,064 1,802 261 2,514

Medical costs ($) 1,888 1,673 215

Time costs ($) 162 120 42

Transportation costs ($) 14 10 4
Hospital

Effectiveness (survival rate, %) 91.70% 81.30% 10.40%

Total costs ($) 3,298 2,956 342 3,290

Medical costs ($) 3,014 2,746 268

Time costs ($) 240 178 62

Transportation costs ($) 44 32 12

Exchange rate: US $1 = 1,108 KRW (2010).
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Fig 2 Sensitivity analyses comparing dental implant and three-unit FPDs in patient with single-tooth loss (a) in a clinic and (b) in a
hospital. Change of effectiveness = survival rate of implant and FPD, respectively; initial treatment costs = percentage change of
costs of implant and FPD, respectively. Exchange rate: US $1 = 1,108 KRW (2010).
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total cost of an FPD if the treatment cost of an implant
is reduced to 80% of the current cost, which would de-
crease the difference between the cost of an implant
and FPD to within 20%. In other words, a dental im-
plant would become more effective with a lower cost.
This result is consistent with previous studies done
elsewhere. The cost of dental implants has recently
decreased as a result of technological advances and
the introduction of new materials. This would make a
dental implant more efficient from an economic point
of view.

A dental implant has more factors that affect the
survival rate than a three-unit FPD, such as the quanti-
ty and quality of residual bone, anatomical limitations,
and the patient’s current health status; therefore, it is
difficult to apply an average survival rate to all patients.
This difficulty limits comparison of the cost-effective-
ness of implants and FPDs among patients in different
clinical situations. For this reason, target patients in
this study were limited to ensure patient homogene-
ity; care should be taken in interpreting the result.

Partially edentulous patients, who account for
most prosthodontic patients, were not considered in
this study. Because implant prosthetic treatments and
FPDs are also placed in partially edentulous patients,
these treatments should be compared in partially
edentulous patients.

The level of evidence for effectiveness is low be-
cause no head-to-head trials have compared single-
tooth implants and three-unit FPDs. Therefore, this
study is limited in its evaluation of the clinical superi-
ority of implants versus FPDs.

This economic evaluation was performed with a 10-
year analysis period. However, the survival rate after
re-treatment of a failed prosthesis was not considered
because of limited data.

The economic evaluation in this study did not con-
sider all aspects of a single-tooth implant or FPD, such
as satisfaction. The ability to treat regardless of the
condition of surrounding teeth and without damaging
adjacent teeth is the main advantage of implant treat-
ment, and the esthetic advantages are not reflected in
the economic evaluation. Therefore, sufficient infor-
mation has to be provided to patients in the clinical
setting so that they can make an informed choice.

The cost data derived here may not be represen-
tative of all situations. In addition, the patient survey
could have been influenced by recall bias. This study
tried to overcome these limitations by validating actu-
al costs from experts at several clinics or hospitals and
by conducing sensitivity analyses.

There are some challenges to conducting an eco-
nomic evaluation in dentistry. First, generally, the final
outcome, such as LYG or QALYs, is the recommended
effectiveness in an economic evaluation of health care.

606 Volume 29, Number 3, 2014

© 2014 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.

In dentistry, however, it is difficult to present outcomes
as LYG or QALYs.’? In this study, effectiveness was de-
fined as prosthesis survival for 10 years. Prosthesis
survival for 10 years is difficult to compare to health
outcomes of other economic evaluations. In addi-
tion, it is difficult to estimate the incremental cost for
a prosthesis preserved for 10 years. More importantly,
no formal rule has been used to determine whether an
intervention is cost-effective. This analysis offers the
additional costs for prostheses preserved for 10 years,
and patients must compare the result and their will-
ingness to pay for a prosthesis preserved for 10 years. If
a strategy is dominant (more effective and less costly),
however, the results are easy to interpret. In a previ-
ous study, the single-tooth implant was the dominant
intervention.” In the current study, if the cost of an
implant were reduced to 80% of the current cost, the
implant would become the dominant intervention in
single-tooth loss. Quality-adjusted tooth years (QATYs)
and quality-adjusted prosthesis years (QAPYs) were
developed to consider both prosthesis survival and
quality of life.3233 However, QATYs or QAPYs have been
used in very few economic evaluations of prosthetic
dentistry.3* In addition, no studies have yet examined
the decision rules using QATYs or QAPYs, and no stud-
ies have yet mapped these indicators to generic mea-
surements, such as the EQ-5D or Health Utilities Index
3 (HUI3), which are commonly used in an economic
evaluation of health care.’®

Few high-quality studies have compared the effec-
tiveness of dental services. Head-to-head, randomized,
controlled trials that provide unbiased effectiveness
and safety data are rare in dentistry. Therefore, the
level of evidence for effectiveness is likely to be low.

In addition, epidemiologic studies are insufficient
for economic evaluations. Because transition prob-
ability is often extracted from epidemiologic studies in
economic evaluations, more assumptions are required
without sufficient data, and more uncertainty is there-
fore inherent in the result.

Finally, cost data are difficult to obtain because most
dental services are not reimbursed. Although cost data
could be collected from medical institutions, the gaps
between costs at different medical institutions are
high. Therefore, additional efforts are required to set
representative costs for dental services.

This study conducted an economic evaluation with
these limitations. However, this study considered the
costs from a societal perspective, including medical
costs caused by complications, time costs, and trans-
portation costs, through conducting clinician and
patient surveys and presented extensive sensitiv-
ity analyses to reflect the uncertainty of the variables.
Therefore, this study is expected to promote HTA in
dentistry.
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CONCLUSIONS

The economic evaluation in this study showed that
dental implants cost from $251 to $325 more than
three-unit fixed partial dentures, depending on treat-
ment location, and also had survival rates that were
10.4% higher. Patients want more effective interven-
tion but have limited budgets; this knowledge of
the incremental cost for the additional effectiveness
should help patients make an informed choice. This
study should be helpful in helping patients with sin-
gle-tooth loss in South Korea choose the best treat-
ment option, where the coverage rate of the national
health service is low and the economic burden on con-
sumers is high, although the level of evidence for ef-
fectiveness is low and some aspects of single-tooth
implants or fixed partial dentures, such as satisfaction,
were not considered.
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