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Abstract

Background: Implant-supported overdentures (IODs) have been reported to increase
patients' oral health-related quality of life (OHRQoL) in comparison with conventional
dentures (CDs); however, the conclusiveness of evidence on the clinical effectiveness
and value for money of I0Ds versus CDs remains unclear.

Purpose: To review how the added value of IODs is demonstrated in the literature.
Materials and methods: MEDLINE, EMBASE, and the Cochrane Database were
searched for randomized control trials, controlled clinical trials, and prospective cohort
studies containing evaluations of the economic and health benefits and costs of IODs.
Information about the clinical effectiveness, such as magnitude of bite forces or
chewing efficacy, OHRQoL, costs, and cost-effectiveness of I0Ds, was extracted.
Results: A total of 17 articles were included, reporting 15 economic evaluations:
11 cost-utility analyses (CUASs), 2 of which were combined with a cost-effectiveness
analysis (CEA), and 2 cost-benefit analyses (CBAs). Seven CUAs used the Oral Health
Impact Profile (OHIP) questionnaire while four used satisfaction questionnaires to
assess the OHRQoL. One study applied quality-adjusted prosthesis years (QAPYSs)
for this purpose. The CBAs expressed both the beneficial outcome and the costs of
the IOD in monetary terms. The included studies employed a large variety of eco-
nomic evaluation methods, which limited cross-study comparability.

Conclusions: On the basis of existing economic evaluations, IODs have frequently
been suggested to be a cost-efficient treatment alternative to CDs; however, the
comparability between the various economic evaluation studies was limited due to
the different outcome measures used. In addition, it remains unclear whether the
additional health benefits of I0ODs outweigh the higher costs. This is largely depen-
dent on the decision maker's valuation of oral health outcomes. Future research is
encouraged to further elucidate patient willingness to pay for IODs and the societal

return on investing in IODs more generally.
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What is known

reviewed.

1 | INTRODUCTION

Edentulism (being toothless) can lead to significant functional impair-
ment, as well as unfavorable esthetic and psychological changes in
patients. Reported drawbacks include restrictions in diet and a limited
ability to eat certain foods,! speech impairment, and the loss of sup-
port for facial musculature, which has an aging effect on appearance.?
Edentulism is even classified as a physical handicap by the World
Health Organization.®

Installing dental implants has the potential to mitigate these
drawbacks. Many articles corroborate that implant-supported over-
dentures (IODs) provide significantly higher satisfaction levels,
quality of life, and better mastication than mandibular conventional
dentures (CDs).*"%% As a result of these positive findings, since
2002 it has been recommended that, in case of lack of retention, a
mandibular IOD retained by two interforaminal implants (IOD-2)
should be considered the first treatment choice.!! Because of the
palate as substantial bearing surface, the CD remains the first step
in prosthetic rehabilitation for the edentulous maxilla. Neverthe-
less, the success of I0Ds in terms of stability, function, speech, and
patient satisfaction has also been shown for the upper jaw.**"1% An
extra advantage of the presence of functioning implants is that clin-
ically significant progressive bone loss is prevented.}* Disadvan-
tages, however, are the invasive treatment, need for maintenance,
high costs, and risks for peri-implantitis.

Despite their benefits, IODs also incur higher treatment costs
than CDs, leading to the question of whether IODs provide a reason-
able value for money. An economic evaluation means “ensuring that
the value of what is gained from an activity outweighs the value of
what has to be sacrificed.”*> Such economic calculations can inform
patients, healthcare providers, insurers, and policy makers about 10D
value for money.*78 |n order to determine whether the benefits pro-
duced by a particular program exceed the opportunity costs of provid-
ing that program, a reliable method of measuring and comparing
outcomes is required.2’ After all, the diversity in included cost-catego-
ries, the various types of economic evaluation used and the different

interpretations of it, may complicate the drawing of firm conclusions.

What this study adds
e The existing evidence on the added value of IODs and the methodologies used were

health improvement.

e Implant-supported overdentures (IODs) increase clinical effectiveness: bite forces and
chewing efficacy increase.

o Implant-supported overdentures (IODs) also increase patients' oral health-related quality of
life (OHRQoL) as compared to conventional dentures (CDs).

e Cost-effectiveness analyses (CEAs) and cost-utility analyses (CUAs) are the proper instru-

ments to calculate the incremental costs (IOD versus CD) in relation to the incremental

Beneficial aspects for patients can be expressed in terms of clini-
cal effectiveness, such as the number of prosthetic complications, the
magnitude of bite forces in newtons, or measuring the masticatory
efficacy. In contrast, patient-reported outcome measures (PROMs)
describe patient's perceived health benefits in qualitative terms; for
example, patient satisfaction is often scored with the aid of question-
naires asking about general satisfaction and/or masticatory ability
with different food types. Another way to identify PROMs is to mea-
sure the oral health-related quality of life (OHRQoL). In dentistry for
this purpose the Oral Health Impact Profile (OHIP)-list is often used.?°

Various types of economic evaluation have been presented.?*??
Both cost-effectiveness analyses (CEAs) and cost-utility analyses
(CUAs) calculate the incremental costs of a specific treatment in rela-
tion to the incremental health improvement. CEAs describe clinical
effectiveness, such as number of prosthetic complications or magni-
tude of bite forces in newtons. CUAs are typically expressed in natural
(qualitative) units such as OHRQol, life years gained, or quality-
adjusted life years (QALYs). Both CEAs and CUAs rely on the incre-
mental cost-effectiveness ratio (ICER), which compares the difference
in costs against the health improvement associated with two or more
treatment alternatives.!”2* CEAs and CUAs are especially suitable for
interventions that are more effective than their alternatives but also
cost more. In cost-benefit analyses (CBAs), both health outcomes and
costs are expressed in monetary terms, thus enabling a direct compar-
ison. For example, it has long been recommended to assess patient
preferences in terms of “willingness to pay” (WTP) for different treat-
ments, such as implant placement.?®

Conceptually similar to WTP is the concept of WTA (“willingness
to accept”), in which patients are asked which amount of money they
would accept to go back to their baseline situation, for example, from
their IOD to their CD. For nonpatients, this is the maximum amount
that they are willing to receive to forgo implant therapy. WTP/WTA
are thought to be important in health technology assessments by pro-
viding insight into the impact that the risks and benefits of treatments
have on society.?*

The purpose of this study was to review the existing evidence on

the added value of IODs and the methodologies used. It was
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hypothesized that the information, as available in so far literature, is

too diverse to draw firm conclusions.

2 | MATERIALS AND METHODS

Thomas Van de Winkel and Laura Heijens conducted a search of the
literature written in English and published between January 1995 and
August 2020 that compared health outcomes to the involved costs
with respect to an I0D. Special attention was focused on the relation-
ship between costs and the extent of the increased OHRQoL.

The MEDLINE, EMBASE, and the Cochrane Database were
screened using the following terms: (economic evaluation) and (dental
implant) and overdenture. As the search results were minimal, it was
decided to choose for the more general terms: cost and (dental
implant) and overdenture. As methodology the PICO Principle was
used (Table 1).

Inclusion criteria: for this review, only studies that focused on economic
evaluations while providing information about both benefits in OHRQoL
and costs of I0Ds were included, meaning CEAs, CUAs, and CBAs.

Exclusion criteria: case reports, articles which were written in a
language other than English, or those involving patients who still had
natural teeth were excluded.

Systematic reviews and meta-analyses obtained from the data-
base search were subsequently perused for other papers on this topic
(snowballing). The selected articles were independently evaluated by
two reviewers (Laura Heijens and Thomas Van de Winkel). In case of
disagreements about inclusion, a consensus discussion was con-
ducted. If no consensus could be reached, Gert Meijer took the final
decision. A Cohen's kappa analysis was calculated to determine the
interevaluation reliability of the articles included between the two
evaluators.?®

2.1 | Quality assessment

For each selected article, the 24-item checklist of the Consolidated
Health Economic Evaluation Reporting Standards (CHEERS) was used
to evaluate whether each item was met. As the aim of the CHEERS list
is to optimize the reporting of health economic evaluations, only the
quality of reporting is judged, not the quality of conduct.?%??
The selected randomized controlled trials (RCTs) and clinical con-
trolled trials (CCTs) were evaluated by two independent reviewers
(Laura Heijens and Thomas Van de Winkel). In case of disagreement,
first a discussion took place to come to a mutual agreement. If no
agreement was reached, a final decision was made by Gert Meijer.

To further appraise the risk of bias and the methodological
approach of the selected RCTs and CCTs, the respective studies were
evaluated by two independent reviewers (Laura Heijens and Thomas
Van de Winkel) using Cochrane Risk of Bias Tool.2® Again, in case of
dispute, discussions were held to reach agreement, which, if unsuc-
cessful, was followed by a final decision of Gert Meijer. The articles

were screened for randomization, blinding of randomization, selective

TABLE 1 The PICO (population, intervention, control, and
outcomes) format as strategy for the research question

PICO principle

Population Edentulous patients

Intervention Treatment with IOD

Comparison CD (new or pre-existing)

Outcomes (1) Health benefits, such as satisfaction,

chewing capacity, OHRQoL
(2) Costs, (3) value for money

reporting, blinding of staff and participants, blinding of the results, and
the presence of incomplete data. Studies were judged to have a “high
risk of bias” if one of the items showed a high bias score. If one of the
items had an “uncertain risk of bias,” but no “high risk of bias” on
the other items, the study was considered as an “uncertain risk of
bias.” In cases where all items scored a low risk of bias, the study was
categorized as “low risk of bias.” Cohort studies were qualitatively
assessed using Form Il for assessing a cohort study by the Dutch
Cochrane Center (2003). In addition, the articles were screened for
the following confounding factors: whether the research was funded
by the manufacturer (potential benefit), inclusion or exclusion criteria
related to patient factors (disease, mental state), individual factors
such as age and number of dental implants, and date of publication

with reference to costs.

2.2 | Data extraction

For the selected articles, it was first noted if a CEA, CUA, or CBA was
included. Furthermore, the following items were recorded: authors,
year of publication, inclusion and exclusion criteria regarding the
health of the participants, number and age of the participants, follow-
up period, number and location of the implants, outcome measures,
and the raw data and conclusions about the increase in OHRQoL.
Specifically, information was gathered about the type of costs, such as
for IOD fabrication and costs incurred by loss of working time due to
travel and attending treatment sessions.

For analytical purposes, it was also noted in which year and in
which currency the costs were presented. All raw data were converted
to the same currency (US dollars; USD) using the exact exchange rate
of the year in which the investigation was performed to allow an opti-
mal comparison.?” If the year in which the costs were incurred was not

clear, the relevant author of the article was consulted.

3 | RESULTS

A total of 355 studies were identified based on the search terms.
After the first screening, which consisted of reading titles and
abstracts, 59 and 45 articles were selected, respectively. After
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Identified articles (n = 355)
* via Medline n=188
* via Embase n=121
*  viaCochrane n=40 Excluded based on title (n = 296)
*  via citations n=6
*  Duplicated articles n=131
@ e Case reports, other topics n=165
Abstract evaluation n=59 Excluded based on abstract (n = 14)
*  No costs mentioned n=10
e Casereport n=3
*  Review n=1
Full text evaluated n=45
Further excluded articles (n = 28)
*  No specified costs n=18
*  No OHIP or satisfaction analysis n=9
Suitable for review n=17

*  Same study population n=

FIGURE 1

intensively evaluating the relevant 45 articles, it appeared that some
publications lacked important data, or described the same patient
population. Ultimately, 17 studies remained that were suitable for
analysis (Figure 1). With respect to the inclusion of the selected arti-
cles, between the two reviewers a substantial agreement (Cohen's

kappa: 0.72) was measured.?’

3.1 | Characteristics of included studies
In Tables 2 and 3, the characteristics of all 17 included studies are
presented, comprising five RCTs, 28732 five CCTs,**"% two cohort

3839 and five economic evaluations.*°=** For a single study

studies,
population in the Netherlands, Timmerman and colleagues reported
the mandibular 10D satisfaction score®? and Stoker and colleagues
the mandibular 10D costs.®! Taking these articles together, this ran-
domized study can be labeled a CUA. The same accounts for the two
studies presented by Wetzels and colleagues; functional benefits were
described in 2016, and costs in 2017. As such, they provided a CEA/-
CUA analysis of the installation of a mandibular IOD-2 in patients

who have been treated for oral cancer.3>3¢

In total, nine CUAs2829:81.33.3437-40 \yare presented, plus two
combinations of CEA/CUA3132353¢ 3nd four CBAs.**~** The scores
of the 24-item CHEERS checklist varied between 10 (42%) and
20 (83%).22

Of the RCTs and CCTs, seven studies presented a “high risk of

»28:3033-37 55 did the two cohort studies.*®3° An “uncertain

bias,
risk of bias” was noted for three studies.??*%%2 In summary, the
quality of all included RCTs, CCTs, and cohort studies was debat-

able or low.

The search strategy used to identify the 17 articles to be reviewed

3.2 | CEA/CUA: Study design
In total, four studies presented a follow-up period varying between
6 month and 1 year and involved real spend costs.28-3%34 Calculated

d39

costs were also reported over a 5-year perio and over

8 years.®>%2 The only long-term study involving real costs followed

patients for a 14-year period.*®

Although Heydecke and colleagues
presented costs over an even longer period (17.9 years), real costs
were not included, but calculated based on the Delphi group opinion
technique, using an annual price increase of 3%-5%.27%> The same
accounts for the study of Zitzmann and colleagues: they collected
financial data over a 3years period and estimated costs for a
10-year period also using an annual price increase of 3%-5%.37 List
and colleagues calculated costs that were based on the German pri-
vate dental insurance fee.*® Within this system, providers' fees can
be adjusted by different factors corresponding to the treatment
complexity (factor 1: low complexity; factor 2.3: average complexity;
factor 3.5: high complexity). One study reported maintenance costs
as a percentage of the initial costs.®®

Most studies compared the 10D to the original CD.28:30-32:35-40
In two studies, patients were divided into groups in which patients
received a new CD or a I0D-2.22%" In two other studies, first a new
CD was manufactured. Subsequently, a few months later implants
were installed and the IOD-2 delivered.333

Most studies focused on IOD's on conventional implants, two
studies concentrated on 10Ds on MDI's.28%0 All but one study
addressed IODs in the lower jaw. Solely, Listl and colleagues calcu-
lated costs for an I0D-4 versus IOD-6 in the upper jaw.

With respect to the aims, two studies compared an I0OD-2 to a

CD,?%%” two studies compared conventional versus immediate
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TABLE 2 Characteristics of the included studies

Type of analysis/
Score of
Author Study type CHEERS list Patients (n)
Alfadda and CCT CUA 75
Attard®® 18 (24)
75%
Attard and CCT CUA 77
colleagues®* 14 (24)
58%
Della Vecchia and RCT CUA 120
colleagues®® 17 (24)
71%
Heydecke and RCT CUA 60
colleagues?®’ 19 (24)
79%
Jawad and RCT CEA/CUA 46
colleagues® 14 (24)
58%
Listl and EE CUA 833
colleagues®® 20 (24)
83%
Matthys and Cohort study CUA 56
colleagues®® 10 (24)
42%
Matthys and Cohort study CUA 116
colleagues®’ 17 (24)
71%
Stoker and RCT CUA 110
colleagues®! and RCT 15 (24)
Timmerman and 63% 110
colleagues®?
Wetzels and CCT CEA/CUA 193
colleagues®® and CCT 16 (24)
Wetzels and 67%
colleagues>®
Zitzmann and CCT CUA 60
colleagues®” 18 (24)
75%

Follow-up
period Short description
(months) of study Outcome reported
168 Cost analysis for IOD; immediate  Total costs, OHIP-20,
versus conventional loading ICER
12 Clinical costs, PROMS for Total costs, OHIP-20,
immediate-loading protocol ICER
for IOD
6 Cost-effectiveness analysis of Total costs, OHIP-
I0D. MDI versus conventional EDENT, ICER
implants
60 Total costs, OHIP-20,
cost-effectiveness
6 Cost-effectiveness analysis of Total costs, OHIP-20,
10D-2 or IOD-4 MDils versus cost-effectiveness.
conventional implants Chewing capacity
120 Cost-effectiveness analysis of 6 Manufacturing,
and 4 implants in the maintenance cost,
edentulous maxilla CEAC
60 Maintenance cost ratios of Cost ratio OHIP-14
locators
60 Initial and maintenance costs for Cost-effectiveness
Locator versus Dalla Bona ball plane, OHIP-14
implants
96 Cost analysis for three types of Total costs
10D in lower jaw
12 Satisfaction for three types of Satisfaction
10D in lower jaw questionnaire
60 Outcome of two implants Costs, chewing
installed during ablative capacity, satisfaction
surgery (DAS protocol) or questionnaire
postponed (P protocol)
36 Cost-effectiveness analysis of Total costs and ICER

two different I0Ds and CD (QAPYs)

Abbreviations: CCT, controlled clinical trial; CEA, cost-effectiveness analysis; CEAC, cost-effectiveness acceptability curve; CUA, cost-utility analysis; EE,
economic evaluation; ICER, incremental cost-effectiveness ratio; OHIP, Oral Health Impact Profile; PROM, patient-related outcome measure; RCT,

randomized clinical trial; QAPY, quality-adjusted prosthesis years.

loading, 334

and one group compared two surgical protocols in
oncology patients.>>3¢ And the others compared two treatment
modalities, for example, MDIs versus conventional implants,2&3° ball
attachment versus locators,®® and ball attachments versus bar

attachment.31%2

3.3 | CEA/CUA: Total costs
In Table 4, the “total costs” of various CD and IOD types for the
edentulous lower jaw are shown.

Initial costs were low in Canada; $627 for a CD versus $1796 for
an 10D-2.%? In Switzerland initial prices were higher: $1540 for a CD

and $4230 for an I0D-2.%" It became clear that an I0OD-2 is 2-3 times
more expensive than a CD in terms of initial costs.

After 1 year, Heydecke and colleagues12 calculated $1385 of
total costs for a CD, which increased to $3801 after 17.9 years.29
For the 10D-2 costs were $2458 after 1 year, which went up to
$5960 in 17.9 years. Initially, an IOD-2 was almost 3 times more
expensive than a CD; however, after 17.9 years this ratio
decreased to less than 2 times.?? Apparently, an I0D-2 becomes
relatively cheaper in time and, however, continues to be more
expensive than a CD.?? This outcome was corroborated by
Zitzmann and colleagues, who calculated that total costs after
3 years were $2242 and $5413, for a CD and 10D-2, respec-

tively, resulting in a ratio of 2.4.57
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TABLE 3 Characteristics of the economic evaluation (EE) studies describing WTP

Type of analysis/ Follow-up
score of the 24-items period
Author CHEERS list Patients (n) (months) Short description of study Outcome reported
Esfandiari and CBA 36 24 WTP/WTA e Satisfaction score (VAS 0-100)
colleagues** 12 (24) IOD-2 e 61% (n): WTP: $3399 USD?
50% e 89% (n): WTP: $3399 USD®
in case of monthly payments
e 92% (n): WTA: priceless
Sendi and CBA 16 60 WTP/WTA e Satisfaction (VAS 1-10)
colleagues*? 15 (24) IOD-2 o WTP: 4971 USDP
63% e WTA: 26157 USD
Srivastava and CBA 38 N/A (partially) dentate were o WTP: $5481 USD*®
colleagues®® 12 (24) interviewed e WTP: $171 USDF® as one-time
50% WTP/WTA payment, with 20% chance
I0D-2 of becoming edentulous
o WTA: priceless
Srivastava and CBA 317 N/A WTP/WTA (partially) e WTP: $5348 USD¢
colleagues44 12 (24) dentate were interviewed o WTP: $27 USDd, as monthly
50% about IOD-2 payment with a 20% chance of

becoming edentulous
o WTA: priceless

Abbreviations: CBA, cost-benefit analyses; CHEERS, Consolidated Health Economic Evaluation Reporting Standards, WTA, willing to accept; WTP, willing

to pay.

2Esfandiari and colleagues** used 2008 Canadian dollars (CAD) in their article (1 CAD = 0.9441 USD).
bSendi and colleagues*? used 2013 Swiss francs (CHF) in their article (1 CHF = 1.0793 USD).

“Srivastava and colleagues*® used 2011 Canadian dollars (CAD) in their article (1 CAD = 1.0114 USD).
dSrivastava and colleagues** used 2012 Canadian dollars (CAD) in their article (1 CAD = 1.0002 USD).

Although the phrase “total costs” was often used, the definitions
of this term varied. Initial costs were calculated mostly on an individ-
ual basis including, if present, the national dental tariff structure for
the purchase of the implants, costs of surgical treatment such as the
salary of the clinical workers and supporting personnel, the use of
the operating room, and medicines. Costs of the prosthodontic treat-
ment were also included in this category, in addition to laboratory
fees. “Maintenance costs” comprised the ongoing costs of the pros-
thodontic treatment and laboratory fees, such as remakes, relines,
hardware replacement, and professional services provided by the
prosthodontist and/or the surgeon. Sometimes, the costs of annual
recall visits (“recall costs”) were included in the “maintenance costs.”
Only few studies included “patient time costs,” corresponding to the
loss of income from missing work due to treatment or

traveling 333457

3.4 | CEA/CUA: Patient-reported outcome
measures

PROMs can be expressed using satisfaction questionnaires. For
example, the McGill denture satisfaction questionnaire*® was
applied by Della Vecchia and colleagues.?® Using a VAS scale (0-
100 mm), the following variables were assessed: general satisfac-
tion, ability to speak, and esthetics. In addition, the ability to chew
foods was recorded:

five different standard-sized pieces

(3x1x1 cm) of raw apple, bread, raw carrot, cheese, and dry

sausage. An alternative is the Denture Satisfaction Scale (DSS),*” as
executed by Attard and colleagues,®* which comprises 12 questions
and is scored using a 5-point Likert scale with the following catego-
ries: (1) totally satisfied, (2) very satisfied, (3) reasonably satisfied,
(4) not very satisfied, and (5) not at all satisfied. Other authors com-
piled their own questionnaire with different numbers of questions
and scales,32:35-37.40-42

To measure OHRQoL in dentistry, one of the Oral Health Impact
Profile (OHIP)-lists can be used, which focuses solely on toothless
patients, such as OHIP-14, OHIP-EDENT, and OHIP-20, which com-
prise 14, 19, and 20 questions, respectively.*® Similar to the original
OHIP-49, the OHIP-20 and OHIP-14 cover the same seven domains:
functional limitation, pain, psychological discomfort, physical disability,
psychological disability, social disability, and handicap.?’® The
responses are based on a Likert scale ranging from O for “never” to
4 for “very often,” meaning the maximum score for OHIP-20 is 80; the
lower the score, the higher the OHRQoL that is achieved.

The effect of treatment using the OHIP system as PROM is
depicted in Table 5. The OHIP-20 questionnaire was applied in four
studies, 2303334 the OHIP-14 in two studies,*®%? and the OHIP-
EDENT in one study.2® Sometimes different Likert scales were used;
for example, with total scores in the range of 0-802%22 or of 20-
100.3* Others introduced their own OHIP-20 version,*° a 6-point
Likert scale varying between 1 and 6, covering nine items: (1) ease of
cleaning, (2) general satisfaction, (3) ability to speak, (4) comfort,
(5) esthetics, (6) stability, (7) ability to chew, (8) function, and (9) oral
condition.%°
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TABLE 4 Type of construction in relation to total costs

Type of construction Time period

CD in mandible 1 year
17.9 years
3 years
10D on two mandibular implants 14 years
1 year

0.5 year

1 year
17.9 years
0.5 year

5 years

8 years

5 years

3 years
10D on four mandibular implants 8 years
3 years

10D on mandibular MDls 0.5 year

10D-4 in maxilla
10D-6 in maxilla

10 years

Total costs: initial + maintenance + complication + recall + travel time
$1385? Heydecke and colleagues”
$3801°; Heydecke and colleagues29
$2242°; Zitzmann and colleagues®”
$4349°¢; Alfadda and Attard®® (conventional loading)
$4022¢; Alfadda and Attard®® (immediate loading)
$1983% Attard and colleagues®* (immediate loading)
$1779% Attard and colleagues®* (conventional loading)
$566°; Della Vechia and colleagues?®
$24582: Heydecke and colleagues®’
$5960? Heydecke and colleagues”
$1048%; Jawad and colleagues®°
$47168; Matthys®? (ball attachment)
$43028; Matthys®? (locator attachment)
$3683": Stoker and colleagues®! (Dalla Bona ball)
$3849": Stoker and colleagues®! (bar construction)
$3288'; Wetzels and colleagues® (DAS protocol)
$6108'; Wetzels and colleagues®” (P protocol)

; Zitzmann and colleagues
$5413 Zi d coll 3

; Stoker and colleagues ar construction
$4912"; Stoker and coll b ion)
$10881°; Zitzmann and colleagues37

; Della Vechia and colleagues=® (two s
$318°; Della Vechia and coll 28 (two MDls)

; Della Vechia and colleagues=® (four s
$511°; Della Vechia and coll 28 (four MDlIs)
$620%; Jawad and colleagues® (two MDlIs)
$7494); Listl and colleagues® (I0D-4)

I Listl and col eagues -
$8697}; Listl and coll 40 (I0D-6)

Abbreviations: CD, conventional denture; IOD, implant-supported overdenture; MDI, mini dental implants.
Note: Conversion table?”: https://www.ofx.com/en-au/forex-news/historical-exchange-rates/yearly-average-rates/.
?Heydecke and colleagues used 1999-2000 Canadian dollars (CAD) in their article (1 CAD = 0.6733 USD).
bZitzmann and colleagues used 2000 Swiss francs (CHF) in their article (1 CHF = 0.61 USD).

“Alfadda and Attard used 2016 Canadian dollars (CAD) in their article (1 CAD = 0.7551 USD).

dAttard and colleagues used 2002 Canadian dollars (CAD) in their article (1 CAD = 0.6367 USD).

®Della Vecchia and colleagues used 2014 Brazilian reals (BRL) in their article (1 BRL = 0.5720 USD).
fJawad and colleagues used 2017 British pound sterling (GBP) in their article (1 GBP = 1.288 USD).
EMatthys and colleagues used 2020 Euros in their article (1 EUR = 1.1290 USD).

hStoker and colleagues used 2000 Euros (EUR) in their article (1 EUR = 1.0850 USD).

"Wetzels and colleagues used 2008 Euros (EUR) in their article (1 EUR = 1.4713 USD).

iListl and colleagues used 2014 Euros (EUR) in their article (1 EUR = 13 292 USD).

The OHIP-14 comprises 14 questions, each with a score between
0 (very positive) and 4 (very negative), resulting in a maximum score
of 56. This was only used by Matthys and colleagues.®®°

Della Vecchia and colleagues had a preference for the OHIP-
EDENT, which consists of 19 questions with answers on a Likert scale
of 0-2, leading to a maximum score of 38.28 Only four domains were
covered: masticatory discomfort, psychological discomfort, social dis-
ability, and oral pain/discomfort.’

As alternative measure for PROMs, Zitzmann and colleagues used
QAPYs, which corresponds to functioning for 1 year in the best possi-

ble prosthetic state.3”

35 |
ratios

CEA/CUA: Incremental cost-effectiveness

The cost-effectiveness of an IOD on four to six maxillary implants was
calculated in only one study.*® All others addressed an 10D in the
lower jaw.28-37

In a CEA or CUA always an ICER is presented. For a mandibular
IOD-2 versus a new CD, the ICER was $81 per OHIP-20 point after
1 year®® and $152 per OHIP-20 point after 17.9 years.2? Costs went
up as the years passed: $129, $159, and $362 per OHIP-20 point

after 1, 5, and 14 years, respectively.>®
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TABLE 5 Change in OHIP points as a result of a CD, IOD-2, IOD-4, |OD on two MDils, IOD on four MDIs

Article
Alfadda and Attard®®

Attard and colleagues®*

Della Vecchia and colleagues?®

Heydecke and colleagues?’

Jawad and colleagues®®

Matthys and colleagues®®

Matthys and colleagues®®

Mandibular IODs versus CDs: OHRQoL scored in three types of OHIP

questionnaires; OHIP-14, OHIP-20, and OHIP-EDENT

CD “old” (baseline)
CD new

10D-2 “immediate” loading

CD “old” (baseline)
CD new

I0D-2

CD “old” (baseline
I0D-2

I0D-2 on MDls
I0D-2 on MDIs
CD “old” (baseline)
CD new

I0OD-2

I0D-2

I0D-2 on MDls
CD “old”

I0D-2

10D-2 (locators)

10D-2 (ball attachment)

71 OHIP-20
51 OHIP-20

28 OHIP-20 (Likert 0-4; after 1 year)
25 OHIP-20 (Likert 0-4; after 5 years)
34 OHIP-20 (Likert 0-4; after 14 years)

71 OHIP-20 (Likert 1-5)

50 OHIP-20 (Likert 1-5)

24 OHIP-20 (Likert 1-5; after 1 year)

14-18 OHIP-EDENT (Likert 0-2)

6 OHIP-EDENT (Likert 0-2; after 0.5 years)

3 OHIP-EDENT (Likert 0-2; after 0.5 years)

2 OHIP-EDENT (Likert 0-2; after 0.5 years)

56 OHIP-20 (Likert 0-4)

47 OHIP-20 (Likert 0-4; after 1 and 17.9 years)
31 OHIP-20
41 OHIP-20
56 OHIP-20
20 OHIP-14
3 OHIP-14 (Likert 0-4; after 1 and 5 years)
9 OHIP-14 point reduction; after 5 years

Likert 0-4)
Likert 0-4)

Likert 0-4; after 1 and 17.9 years)
Likert 1-6; after 0.5 years)
Likert 1-6; after 0.5 years)

Likert 0-4; during intake)

3 OHIP-14 points reduction; after 5 years

WILEY_L ®t

Effect in QAPYs

Zitzmann and colleagues37 I0D-4 Dental health state preference CD “old” (baseline): 0.37 10D-4: 1.57
I0D-2 VAS0-1 CD “old” (baseline): 0.35  10D-2: 1.46
CD new CD “old” (baseline): 0.52 CD new: 0.68

Abbreviations: CD, conventional denture; IOD, implant-supported overdenture; MDI, mini dental implants; OHIP, Oral Health Impact Profile; QAPYs,

quality-adjusted prosthesis years.

Using the OHIP-EDENT questionnaire, two studies proved that a
mandibular I0OD-2 on two MDIs resulted in a lower ICER score than
an 10D on conventional implants: $28 versus $472% or $17 versus
$39.3° Even an IOD-4 on MDIs was cheaper than an I0D-2 on con-
ventional implants (ICER $38 vs. $47).28

Zitzmann and colleagues also calculated an ICER, but formulated
the measured effect in QAPYs.®” The costs per QAPY were $5551 for
an 10D-2 versus $12078 for an I0D-4 after 3 years. These amounts
reduced in a 10-year period to $2318 and $4331 for an IOD-2 versus
an I0D-4, respectively (Table 6).

3.6 | CBA: Willingness to pay

All four included CBA studies (Table 3) focused on the costs of a man-

414344 \while one

dibular IOD-2. Three studies originated from Canada,
was conducted in Switzerland.*2

Esfandiari and colleagues®! interviewed patients who partici-
pated 2 years earlier in a RCT® in which they all received a new
CD in their upper jaw, combined with a new CD or an I0OD-2 in

their mandible. The authors claimed that about 50% of the

participants would pay 3 times more for a mandibular 10D-2
($3399) than for a CD ($1133). If payment in monthly installments
was allowed, even 96% of the respondents stated that they would
pay $3399 for an IOD-2 (Table 3). An average of 5 years after the
mandibular I0D-2 installation, Sendi and colleagues conducted a
telephone interview with the request to answer eight questions.
Retrospectively, satisfaction rate was queried for the time of 10D-2
delivery, after 6 and 24 months, and at the moment of the inter-
view.*? The average WTP price for an 10D-2 was $4971.

Both studies conducted by Srivastava and colleagues addressed
patients who were still dentate. In the first study questionnaires were
used, in the second study WTP data were collected through tele-
phone interviews or internet-based questionnaires. Both studies deliv-
ered the same WTP price (about $5500) in one payment on condition
of a 90% success rate.*>** Patients are willing to prepay $171 as one-
time assurance premium for private dental insurance, meaning that
they will be fully covered for a mandibular IOD-2 if needed in the
future based on a 20% chance of becoming toothless.**® In case of a
20% chance to become edentulous, the WTP was $27 as monthly
payments for private insurance. The WTP was higher when household

income or dental needs were higher.**
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TABLE 6

Type of prosthesis in the lower jaw

10D-2 implants Versus new CD

10D-2 Versus CD “old” (baseline)
10D-2 on MDls

10D-4 on MDls

10D-2 Versus CD “old” (baseline)
I0D-2 MDls

Type of prosthesis in the lower jaw

10D-2 implants Versus new CD

10D-4 implants

Incremental cost-effectiveness ratio (ICER) of a CD, IOD-2, I0OD-4, IOD on two MDIs, IOD on four MDlIs in the lower jaw in USD

Cost-effectiveness presented as ICER
$86° per OHIP-20 point after 1 year; Attard and colleagues®*
$1522 per OHIP-20 point after 17.9 years; Heydecke and colleagues?’

$129¢ per OHIP-20 point after 1 year; Alfadda and Attard>?
$159¢ per OHIP-20 point after 5 years; Alfadda and Attard®®
$362° per OHIP-20 point after 14 years; Alfadda and Attard®®

$479 per OHIP-EDENT point after 0.5 year; Della Vecchia and colleagues®®
$289 per OHIP-EDENT point after 0.5 year; Della Vecchia and colleagues®®
$389 per OHIP-EDENT point after 0.5 year; Della Vecchia and colleagues®®

$39¢ per OHIP-EDENT point after 0.5 year; Jawad and colleagues®
$17° per OHIP-EDENT point after 0.5 year; Jawad and colleagues*

Cost-effectiveness presented QAPYs

$5551 per QAPY after 3 years; Zitzmann and colleagues®”
$2318" per QAPY after 10 years; Zitzmann and colleagues®”

$12 078 per QAPY after 3 years; Zitzmann and colleagues®’
$4331" per QAPY after 10 years; Zitzmann and colleagues®”

Abbreviations: CD, conventional denture; IOD, implant-supported overdenture; MDI, mini dental implants; OHIP, Oral Health Impact Profile; QAPYs,

quality-adjusted prosthesis years.

?Heydecke and colleagues used 1999-2000 Canadian dollars (CAD) in their article (1 CAD = 0.6733 USD).
bAttard and colleagues used 2002 Canadian dollars (CAD) in their article (1 CAD = 0.6367 USD).

“Alfadda and Attard used 2016 Canadian dollars (CAD) in their article (1 CAD = 0.7551 USD).

9Della Vecchia and colleagues used 2014 Brazilian reals (BRL) in their article (1 BRL = 0.5720 USD).
€Jawad and colleagues used 2017 British pound sterling (GBP) in their article (1 GBP = 1.288 USD).
fZitzmann and colleagues used 2000 Swiss francs (CHF) in their article (1CHF = 0.61 USD).

4344 as well as edentulous

41,42

In short, both dentate participants,
patients who have already been treated with implants were asked
about WTP. Patient WTP for an IOD-2 on interforaminal implants var-
ied from $3399* to $4971.%2

The WTA numbers are particularly interesting; when asked for
how much money they would turn in their IOD-2 and go back to their
original CDs, five patients valued the IOD-2 state from $26.157%? to

priceless*1=44 (Table 3).

4 | DISCUSSION
The findings of the present review indicated considerable variation
in the type, reporting, and quality of economic evaluation studies
on IODs in comparison with their baseline situation, which was
always the existing or “old CD.” Different questionnaires, diverse
definitions of costs versus health outcome calculation methods,
and varying timeframes were applied. With respect to 10Ds, varia-
tions in availability and affordability, pricing policies, level of reim-
bursement, and the discount rate made a comparison of the
selected studies difficult.

Checklists such as CHEERS are commonly used in reviews to
standardize the assessment of quality or completeness with respect
to the economic evaluations. There is some discussion about how to

interpret such checklists; with respect to CHEERS, the minimum

reported cutoff for an evaluation to be considered “high quality” was
63%, while the maximum cutoff was 94%.%2
In our analysis, most CEA/CUA studies scored 63% or more, and
thereby are judged at least as “acceptable.”323335-37:39-414344,46
Three studies scored between 42% and 58%; their contribution
was “average” or “low.”30:34.38
Except for one study (Sendi and colleagues*®), scores for CBAs

were 50% illustrating that their contribution was “average.”*14344

41 | CEA/CUA: Total costs
In Table 4, the “total costs” of various CD and IOD types for the
edentulous lower jaw are shown.

Initial costs were low in Canada; $627 for a CD versus $1796 for
an 10D-2.2° In Switzerland initial prices were higher: $1540 for a CD
and $4230 for an I0D-2.%" It became clear that an IOD-2 is 2-3 times
more expensive than a CD in terms of initial costs.

After 1 year, Heydecke and colleagues'? calculated $1385 of
total costs for a CD, which increased to $3801 after 17.9 years.?’
For the IOD-2 costs were $2458 after 1 year, which went up to
$5960 in 17.9 years. Initially, an IOD-2 was almost 3 times more
expensive than a CD; however, after 17.9 years this ratio decreased
to less than 2 times.?? Apparently, an 10D-2 becomes relatively

cheaper in time and, however, continues to be more expensive
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than a CD.%? This outcome was corroborated by Zitzmann and col-
leagues, who calculated that total costs after 3 years were $2242
and $5413, for a CD and I0D-2, respectively, resulting in a ratio
of 2.4.%7

4.2 | Initial costs/total costs

Costs of interventions are not limited to the initial treatment, but also
include costs for follow-up care, maintenance, complications, and
patient time lost due to the performance of the treatment working
and traveling. In addition, total costs need to be assessed over time.
As such, costs should be discounted by an annual set rate.® Taking all
these factors in account, an IOD-2 is initially 2-3 times more expen-
sive than a CD in terms of initial costs. After 17.9 years this ratio
decreased to less than 2 times.2?3”

Costs may differ significantly between patients and between
healthcare systems; therefore, economic evaluations should be inter-
preted in the context of such cost structures. To allow comparison
between studies, costs must at least be specified thoroughly within

the environment in which they have been conducted.

4.3 | Patient-reported outcome measures

In health-related economic evaluations of treatments, QALYs are used
to express the gain both in the quality and length of life. For nonfatal
conditions however, alternatives can be applied, such as satisfaction
scores, OHIP indices, or QAPYs.”%>! However, these differing evalua-
tion methods cannot be compared to QALYs.>?

With respect to satisfaction questionnaires, current score lists
vary in scoring methodologies: some perform a VAS score, usually on
a scale of 0-10 or 0-100, while others use a Likert scale to display
their results. The use of the same questionnaire and the same scoring
method enables the direct comparison of different studies. It is also
crucial to realize that VAS scores are not ratio scale measurements.
This implies that, for example, a difference between satisfaction
scores of 20 and 40 is not comparable to a difference between scores
of 70 and 90.3

A popular method is the use of OHIP question lists; however,
these lists are not mutually comparable, and the scale also differs. To
interpret, for example, an exact OHIP-20 score, it is essential to know
if a scale of 0-80 or 20-100 was used; however, differences calcu-
lated in OHIP-20 points remain scale-independent.

As the OHIP-14 ranges from O to 56, and the OHIP-EDENT from
0 to 38, the results described for the various outcomes are incompara-
ble. To still allow comparison, the concept of a “minimum important
difference” (MID) was introduced, which indicates the number of
OHIP points that reflect a significant improvement. Locker and col-
leagues determined the MID for OHIP-14, which was 5 scale points,
or approximately 10% of the scale range of 56 points.>* For the
OHIP-20, a MID-range was defined between 7 and 10, with a guide
value of 9.%°

When comparing the “old” CD (71 OHIP-20 points) versus a man-
dibular 10D-2 after 1 year (28 OHIP-20 points), an improvement of
43 points was detected, which is more than 4 times the MID
of 9 points.® The same trend was seen in the study by Attard and col-
leagues; an improvement of 47 points was detected for an |IOD-2 ver-
sus the “old” CD.3* In comparison with a new CD, 16-point?’ or
26-point®* differences in OHIP-20 points were detected for the man-
dibular IOD-2, which is about 2-3 times the MID value of 9 points.

Della Vecchia and colleagues reported in OHIP-EDENT points.?®
Although the MID was not established for the OHIP-DENT, it could
be set to four points using the 10% rule. In comparison with the “old”
CD, an improvement of 16 points for the I0OD-2 on implants, of
11 points for the I0OD-2 on MDlIs, and of 13 points for the IOD-4 on
MDls was reported, all of which were about 3-4 times the MID; thus,
similar to the level of change detected when using one of the other
OHIP lists.?8 In OHIP-14 points, Matthys and colleagues presented an
improvement of 16 points, which was more than 3 times the MID
value of 5 points.3®

In short, reported increases in OHRQoL are similar, regardless if
the OHIP-14, OHIP-20, or OHIP-EDENT methodology was used.
Also, in QAPYs, a mandibular IOD-2 yielded a satisfaction score
4 times higher than the “old” CD (0.35 vs. 1.46).5”

44 | Economic evaluations (ICERs)

With respect to CUAs delivering ICERs, four studies delivered an ICER
comparing 10Ds with a new CD.2%333437 Another four studies com-
pared |IODs with an existing CD.28:30-38:3

Heydecke and colleagues compared “between” two groups
receiving either a new CD or a mandibular IOD-2.2° The ICER for the
IOD-2 versus the new CD after 17.9 years was $152.2° Attard and
colleagues measured “within” groups; first new dentures were made,
then immediate-loaded implants were installed and attached to the
CDs to deliver an I0D-2.3% After the first year they produced a lower
ICER ($86), as no maintenance and recall costs were involved.

As the years go by, absolute costs increase over time due to con-
tinuous maintenance costs: $129 per OHIP-20 point after 1 year,
$159 per OHIP-20 point after 5 years, and $362 per OHIP-20 point
after 14 years.*® To illustrate the extra value of an ICER, compared
with a new CD, a maximum of $362 per OHIP-20 point for the man-
dibular 10D-2 was paid over a 14-year period.2® In light of the
reported improvement of 17 OHIP points over the full 14 years, this
represents a total amount of $6154 after 14 years (or $440 per year).

Over the long term, Heydecke and colleagues reported lower
costs.?? After 17.9 years they presented an ICER of $152 per OHIP-
20 point versus the new CD. With respect to the assessed decrease
of 16 OHIP points, this translates to $136 per year for 17.9 years.?’

The higher ICER ($362) and higher annual costs ($440) can be
explained by the fact that Alfadda and Attard included the actual
maintenance costs, while Heydecke and colleagues made an assump-
tion about the long-term costs using the Delphi group opinion

technique.??33
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In the short observation period of 0.5 years, it was concluded that
a mandibular IOD-2 on MDIs ($28 per OHIP-EDENT point) was more
cost-effective than an IOD-2 on conventional implants ($47 per
OHIP-EDENT point).?® This conclusion was corroborated by Jawad
and colleagues, who presented a value of $17 per OHIP-EDENT point
for an IOD-2 on MDIs versus $39 per OHIP-EDENT point for an
I0D-2 on conventional implants.%° In both studies, solely edentulous
individuals who wore clinically acceptable maxillary and mandibular
CDs were included, and only the price of the implants and the attach-
ment system, not the prosthetic costs, were included.

Using the method of calculating QAPYs, “total costs” were calcu-
lated for each QAPY. For a mandibular IOD-2, $5551 per QAPY after
3 years was calculated and $2318 per QAPY after 10 years.®” The lat-
ter is in line with the $2432 calculated by Heydecke and colleagues.?’
Also applying the QAPY methodology, costs are observed to decrease
significantly over time.

WTP values for a mandibular IOD-2 varied between $3399 and
$5481%144  while WTA values from $26157*2 to
priceless,*14344 thereby underlining the beneficial effect of an IOD.

varied

As WTP surveys patient preferences for an 10D in monetary terms,
not only is the appreciation of the 10D itself reflected, but in a way it
also clarifies how a patient may endure discomfort, inconvenience,
and a loss of time.>® Considerable bias can be introduced by mislead-
ing, ambiguous, or inappropriate questions, however.>”

5 | CONCLUSIONS

Total costs for a mandibular IOD-2 were associated with 2-3 times
higher total costs compared to a CD. Regardless of whether QAPYs or
one of the OHIP lists was used, this resulted in a significant improve-
ment in OHRQoL of about 2 times the MID in comparison with a
new CD.

Although ICERs give an improved insight into the relationship
between incremental costs and increases in OHRQoL, the comparabil-
ity of the different economic evaluation studies is still complicated by
the use of different outcome measures.

Using the same strategy to register outcomes and the same
method to present costs would be helpful. However, uncertainty
remains as to whether the additional health benefits of an IOD out-
weigh the higher costs, and this largely depends on the decision
maker's valuation of oral health outcomes. As hypothesized, the infor-
mation available in so far literature seems too diverse to draw firm
conclusions. Future research is encouraged to enhance the compara-

bility of oral health outcomes with overall health and wellbeing.
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