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SYNOPSIS

Objective. This article estimates the financial impact of a ban on amalgam 
restorations for selected population groups: the entire population, children, 
and children and women of childbearing age. 

Methods. Using claim and enrollment data from Delta Dental of Michigan, 
Ohio, and Indiana and the American Dental Association Survey of Dental Ser-
vices Rendered, we estimated the per capita use and annual rate of change in 
amalgam restorations for each age, gender, and socioeconomic subgroup. We 
used population projections to obtain national estimates of amalgam use, and 
the dental component of the Consumer Price Index to estimate the annual rate 
of change in fees. We then calculated the number of dental amalgams affected 
by the regulation, and the fees for each of the years 2005 to 2020. 

Results. If amalgam restorations are banned for the entire population, the 
average price of restorations before 2005 and after the ban would increase $52 
from $278 to $330, and total expenditures for restorations would increase from 
$46.2 billion to $49.7 billion. As the price of restorations increases, there would 
be 15,444,021 fewer restorations inserted per year. The estimated first-year 
impact of banning dental amalgams in the entire population is an increase in 
expenditures of $8.2 billion.

Conclusions. An amalgam ban would have a substantial short- and long-term 
impact on increasing expenditures for dental care, decreasing utilization, and 
increasing untreated disease. Based on the available evidence, we believe that 
state legislatures should seriously consider these effects when contemplating 
possible restrictions on the use of amalgam restorations.
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Caries is the most prevalent oral disease, and the pri-
mary treatment for caries is the removal of diseased 
tissue and replacement with a restorative material. 
Amalgam—used for more than 150 years and the pre-
dominant and clinically preferred material for restoring 
most posterior teeth (i.e., molars and premolars)—is 
composed of a mixture of silver, other metals, and 
mercury (50% by weight).1 

There is growing concern about urinary mercury 
levels in the population, because levels above 50 µg/L 
for extended periods of time in adults are associated 
with neurological, renal, and immunological impair-
ments.2 It is known that amalgam restorations release 
a mercury vapor during mastication, and that chil-
dren and adults with multiple amalgam restorations 
have slightly elevated urine mercury levels.3 However, 
numerous observational studies in adults and two 
recent randomized control trials in children reported 
no adverse health effects from the mercury exposure 
related to amalgams.4–7

Another concern is possible environmental contami-
nation from the residual mercury (amalgam scrap and 
waste) used in the preparation of amalgams.8 Several 
studies found no, or minimal, free mercury going into 
the environment from dentists’ offices.9

Although published studies in national refereed 
journals have not indicated an association between 
mercury in dental amalgams and the adverse health 
of dental patients, dental providers,10 or the general 
population, several countries, including Germany, Swe-
den, and Denmark, have limited the use of amalgam 
restorations to adults and nonpregnant women.11 In 
the United States, bills have been introduced in federal 
and state legislatures to restrict the use of amalgam 
restorations.12 To date, these bills have not passed, 
but efforts to regulate the use of amalgams are likely 
to continue.

For state legislatures to make informed decisions, 
it is important for them to understand the impact 
of an amalgam restoration ban on expenditures and 
access to dental care. A ban on amalgams will increase 
the use of two other classes of restorative materials. 
Tooth-colored resin composites are preferred for 
anterior teeth, where esthetics are essential. However, 
they can and are used to restore posterior teeth. Resin 
composite restorations are more expensive and do not 
last as long as amalgam restorations.13 Teeth that are 
more severely impaired by caries or trauma are often 
restored with cast restorations, such as gold crowns and 
onlays, which are much more expensive than amalgam 
or composite restorations.

The purpose of this article is to estimate the finan-
cial impact that would result if amalgam restorations 

are banned in select population subgroups, including 
children; children and women of childbearing age; or 
the entire population. 

METHODS

Conceptual framework
A partial or total ban on amalgams is equivalent to an 
increase in the price and a decrease in the number of 
restorations. The decrease is equivalent to the expected 
increase in the number of untreated teeth with caries 
and/or extractions. To determine the decrease in 
restorations, an estimate of their price elasticity (per-
cent decrease in the number of restorations over the 
percent increase in their price) is required, but there 
are no available estimates in the literature, and price 
elasticity cannot be derived from the available data. 
There is a national estimate of the price elasticity of 
all dental services.14

We used this estimate, 0.5, as a reasonable value 
for the price elasticity of dental restorations because: 
(1) the estimated elasticity is based on national data 
and includes people with and without dental insurance; 
(2) there are no good substitutes for restorations; and 
(3) expenditures for restorations constitute a large 
share of total dental expenditures. We performed 
sensitivity analysis using different price elasticity values 
(plus/minus 40%) and found that elasticity affected 
estimates of the number of untreated teeth but not 
costs. Using this price elasticity estimate, we determined 
the percent decrease in the quantity of dental restora-
tions, which is the product of the percent increase in 
price times the elasticity.

The annual economic impact (Ci) of imposing a 
ban on amalgam restorations is defined as:

Ci 5 Q1 3 (P1  P0)  (Q0  Q1) 3 (P1  P0) / 2 

where Q0 and Q1 stand for the total number of dental 
restorations before and after the ban, and P0 and P1 
stand for the weighted mean price of a dental restora-
tion before and after the ban, respectively. The first 
right-hand side term measures the added costs of 
replacing amalgams with nonamalgam restorations, 
while the second term captures the loss of consumer 
surplus.

As a first approximation, the annual economic 
impact of a ban will be equal to the number of res-
torations used (Q0) times their price increase (P1  
P0). The economic impact will recur annually for as 
long as amalgam placement would have continued in 
the absence of regulation. For practical purposes, we 
assumed that the regulation continued for the period 
2005–2020.
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Data sources 
We used two data sources in the analysis. First, we 
calculated the current rate of amalgam use based 
on claims and enrollment data from Delta Dental of 
Michigan, Ohio, and Indiana. This insurer has a large 
market share, the claims cover a long time period 
(1992–2004), and the per capita income of Michigan 
is close to the national mean. 

This approach assumes that those with dental insur-
ance represent those without dental insurance. While 
only about 50% of the U.S. population has some form 
of dental insurance, more than 60% of the care con-
sumed is provided to people with insurance.15 Insured 
individuals visit dentists more often and consume 
more care at each visit. Further, people who do not 
have dental insurance, all else equal, consume less 
dental care per person. Because they are paying full 
price out of pocket, they are likely to receive the least 
expensive restorative treatment, which is an amalgam 
or an extraction. Therefore, while those without insur-
ance go to the dentist less often, when they do go and 
need a restoration, they are more likely to receive an 
amalgam than a composite or crown. 

Because of possible limitations in claim-based esti-
mates of national amalgam utilization rates, we used a 
second dataset to assess the validity of the first. In the 
American Dental Association (ADA) surveys (Survey of 
Dental Services Rendered), a random group of dentists 
determined the mix and volume of services provided to 
all patients, insured and noninsured.16 We determined 
the concordance between the estimates based on these 
two independent data sources. 

We used the same ADA Survey of Dental Services 
Rendered to estimate the direct cost of amalgam and 
nonamalgam restorations.16 The fee differences do not 
capture the total difference in expenditures, because 
composites have a higher failure and replacement rate 
than amalgams.4 

ANALYSIS

Using claims and enrollment data from 1992 through 
2004, we estimated the annual rate of change in amal-
gam restorations. We used the number of people 
insured for all 12 months, in each calendar year from 
1992 through 2004, as the denominator and the num-
ber of amalgam restorations placed in these individuals 
each year as the numerator. This was done for each 
age, gender, socioeconomic, and geographic subgroup. 
We estimated the per capita use of dental amalgams 
and then used population projections to get national 
estimates of annual amalgam use as of January 1, 2005, 
and beyond. 

Similarly, we used the dental component of the Con-
sumer Price Index for the same period (1992–2004) 
to estimate the annual rate of change in dental fees. 
These two estimates enabled us to calculate the number 
of dental amalgams affected by the regulation, and 
the fees for each of the years 2005 through 2020. We 
applied the following exponential functional form on 
the historical data:

Yt 5 AeBt or in logarithmic terms: lnYt 5 lnA  Bt

where Yt can represent the number of amalgam resto-
rations used in year t or the dental component of the 
consumer price index at year t. A is a constant, and B 
represents the annual rate of change in the number 
of amalgam restorations used or the annual rate of 
change in the dental component of the consumer 
price index. 

Based on the estimated rates of annual change in 
dental fees and dental amalgam use, we calculated the 
annual direct impact of an amalgam ban for each of the 
years 2005 through 2020. The present value of these 
annual estimates for the period 2005–2020 constitutes 
the direct cost of banning amalgam restorations. The 
formula to calculate the present value is:

Present value 5 ∑t Ct / (1r)t

where ∑t is the sum of the terms, Ct is the annual direct 
cost for each of the years 2005 through 2020, and r is 
the discount rate. We used two different discount rates 
to arrive at the present value of these costs.

A more detailed report on the study methods and 
results is available from the ADA or the California 
Dental Association.17

RESULTS

Current use of amalgams
Based on dental insurance claim data, Table 1 presents 
the estimated total number of amalgams, composites, 
crowns, and per capita amalgams by age group inserted 
in 2005. Of the total 166 million restorations, 52.5 mil-
lion (31.6%) were amalgams, 77.3 million (46.6%) were 
composites, and 36.2 million (21.8%) were crowns. Per 
capita, amalgam restorations were highest in children 
and young adults and lower in older age groups. 

Regression analysis indicated that the mean percent 
of decline in the number of amalgams inserted per year 
for the past 12 years was 3.7% (data not shown). This rate 
of decline did not vary by age group or year. As the use of 
amalgams declined, the substitute restorative materials 
used were 81% composites and 19% crowns. The mean 
rate of increase in restoration fees over this same time 
period was 4.5% per year (data not shown).
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Impact of ban 
Table 2 shows that the mean price of restorations 
before 2005 and after a ban on amalgam restorations 
would increase $52 (18.6%) from $278 to $330, and 
total expenditures for restorations would increase 
from $46.2 billion to $49.7 billion. As the price of 
restorations increases because of the ban, there would 
be 15,444,021 fewer restorations inserted per year, a 
9.3% decline. The direct first-year economic impact of 
banning dental amalgams in the entire population is 
estimated to be $8,200,549,077 (change in price per 
restoration times the number of restorations and the 
consumer surplus loss of $400,100,250 [value of services 
to consumers above price paid]). 

Table 3 gives the estimated financial impact of 

Table 1. Number of restorations by type of restoration and  
per capita number of amalgams placed in the U.S. population, 2005

	 	 	 	 	 Amalgams	
Age	group	 Amalgams	 Composites	 Crowns	 Total	 per	capita

 0–4  1,404,708 1,608,289  325,730  3,338,727 0.069
 5–9  6,381,095 3,683,666  448,277 10,513,038 0.326
 10–14  4,368,106 5,032,760  104,849  9,505,716 0.207
 15–19  5,334,704 6,784,736  378,097 12,497,537 0.256
 20–24  5,320,090 6,172,136 2,576,919 14,069,145 0.256
 25–29  4,256,656 5,389,161 2,440,743 12,086,559 0.217
 30–34  3,751,188 5,235,615 2,507,479 11,494,281 0.186
 35–39  3,511,680 5,246,617 2,654,663 11,412,959 0.167
 40–44  3,677,428 5,618,927 3,380,493 12,676,848 0.160
 45–49  3,430,560 6,192,829 4,366,167 13,989,557 0.154
 50–59  2,880,833 5,801,129 4,439,640 13,121,602 0.145
 55–59  2,318,827 5,179,279 3,943,699 11,441,806 0.136
 60–64  1,665,493 4,099,674 2,921,018  8,686,185 0.129
 65–69  1,163,946 3,050,342 1,996,770  6,211,058 0.116
 70–74   977,787 2,601,764 1,487,937  5,067,488 0.114
 75–79   864,157 2,356,122 1,159,596  4,379,875 0.117
 80–84   653,080 1,726,788  702,891  3,082,759 0.118
 85–89   349,958  948,986  305,819  1,604,763 0.110
 90–94   130,057  492,258  81,111  703,425 0.092
 95–100   24,193  75,370  11,166  110,728 0.052

Total  52,464,547 77,296,447 36,233,062 165,994,057 0.178

Table 2. Estimated annual mean fees, number,  
and expenditures for restorations before/after  
a ban on amalgams for the entire population 

	 	 Number	of	 Expenditures	
Restorations	 Mean	fee	 restorations	 in	millions

Before ban $278.45 165,994,056 $46,220
After ban $330.26 150,550,035 $49,720
Difference $51.81 15,444,021 $3,502

banning amalgams for the entire population by year 
from 2005 through 2020. Because the total number 
of amalgam restorations is expected to decline sig-
nificantly during this period even with no regulation, 
and dental fees are expected to rise, the first-year 
economic impact will stay approximately the same for 
each of the next 15 years. Using 5% and 6% discount 
rates, the estimated economic impact of a total ban 
on amalgam restorations is $98.2 billion and $92.3 
billion, respectively.

Using the same methodology, Table 4 presents the 
direct costs of the three regulatory options for banning 
the use of amalgam restorations. The estimated direct 
costs of a ban on the use of amalgam restorations varies 
greatly by the option selected. A ban on just children 
aged 0 to 19 years will increase dental expenditures 
about $1.1 billion per year and $13 billion from 2005 
through 2020 and would result in more than four mil-
lion fewer restorations. At the other extreme, banning 
amalgams in the entire population will increase dental 
expenditures about $8.2 billion in the first year and 
$98.1 billion from 2015 through 2020 and would result 
in 15.4 million fewer needed restorations.

Table 5 compares the estimates of the number of 
per capita and total amalgam restorations placed in 
children, children and women of childbearing age, 
and the entire population, based on dental insurance 
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claims and the 2005 ADA Survey of Dental Services 
Rendered. For both per capita and total amalgam 
restorations, the differences between data sources were 
not significant.

DISCUSSION

The primary limitation of this study is the lack of a 
national database on restorative services provided by 
dentists annually by type of restoration, age, gender, 
and family income. However, we believe that the Delta 
Dental insurance claims from Michigan provide a 
reasonable approximation, and this conclusion is sup-
ported by the high concordance of estimates based on 
claim and ADA survey data.

Another limitation is the lack of a price elasticity 
estimate for different dental restorations. This limita-
tion impacts primarily the estimate of the number of 

Table 3. Projected number of amalgam restorations, annual costs of banning  
amalgams for the entire population, and their present value, 2005 through 2020

	 Number	of	
Year	 amalgam	restorations	 Annual	cost	of	ban	 Present	value,	5%	 Present	value,	6%

2005 52,464,547 $8,200,549,077 $8,211,193,973 $8,211,193,973
2006 50,523,359 $8,265,613,272 $7,872,004,768 $7,797,779,561
2007 48,653,994 $8,330,799,569 $7,556,285,133 $7,414,411,616
2008 46,853,797 $8,396,111,854 $7,252,897,264 $7,049,543,435
2009 45,120,206 $8,461,553,365 $6,961,319,953 $6,702,311,805
2010 43,450,759 $8,527,128,466 $6,681,260,967 $6,371,982,017
2011 41,843,081 $8,592,840,982 $6,412,149,798 $6,057,609,179
2012 40,294,887 $8,658,695,320 $6,153,561,590 $5,758,551,909
2013 38,803,976 $8,724,695,955 $5,905,223,210 $5,473,961,489
2014 37,368,229 $8,790,847,654 $5,666,668,306 $5,203,302,726
2015 35,985,604 $8,857,155,009 $5,437,496,032 $4,945,746,786
2016 34,654,137 $8,923,623,333 $5,217,464,090 $4,700,875,536
2017 33,371,934 $8,990,257,418 $5,006,134,941 $4,467,888,229
2018 32,137,172 $9,057,062,381 $4,803,141,322 $4,246,313,127
2019 30,948,097 $9,124,043,877 $4,608,280,841 $4,035,564,607
2020 29,803,017 $9,191,206,839 $4,421,154,314 $3,835,122,966

Total   $98,166,236,501 $92,272,158,960

Table 4. The first year, compounded annual (2005 through 2020), and annual  
value of service loss impact of banning amalgams by target population

	 	 Compounded	annual	impact	
Target	population	 First	year	impact	 to	2020	(5%	discount)	 Annual	loss	of	service

Children $1,086,400,377 $12,997,289,026 $4,031,767
Children and women  
 of childbearing age $ 2,951,216,309 $35,309,510,335 $7,387,598
Entire population $ 8,200,549,077  $98,166,236,501 $15,444,021

untreated teeth. The sensitivity analysis showed that 
different price elasticities had little effect on the esti-
mates of expenses, suggesting that the price elasticity 
figure used is adequate.

This research indicates that a ban on amalgams 
will have a substantial short- and long-term financial 
impact on expenditures for dental care. Even if lim-
ited to children, we estimate that expenditures will 
increase $1.1 billion the first year of the ban and $13 
billion over a 15-year period. Considering that in 2005 
national expenditures for dental care were about $85 
billion, this is a 1.3% increase.18 Further, with higher 
expenditures for dental care, utilization will decrease, 
resulting in more untreated disease.

There are two reasons for the increase in aggregate 
expenditures. First, the materials that substitute for 
amalgams—composite resins and cast restorations—are 
more expensive per restoration (e.g., mean fees for 
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composite restorations are 46% higher than amalgam 
restorations). Second, composites do not last as long 
as amalgams and require more frequent replacement. 
Also, studies indicate that replacement restorations are 
often more complex and expensive.19 In addition to 
direct expenditures, there will be a significant increase 
in indirect expenditures associated with patient time 
and travel costs for more dental visits.

Predictably, lower-income families will have the most 
difficulty adjusting to the increased cost of dental care 
and will experience reductions in access to dental care. 
This is unfortunate because lower-income families have 
the higher prevalence of dental disease and lower util-
ization rates. Thus, the ban on amalgams will widen 
access and oral health disparities.20

Another likely impact of a ban on amalgam restora-
tions is known as the “announcement effect.” That is, 
a ban on amalgams is certain to affect the treatment 
decisions of some patients and dentists who are not 
subject to the ban. Thus, more patients are likely to 
refuse amalgam restorations, and some will even have 
amalgam restorations replaced. Likewise, more dentists 
are likely to encourage patients to have resin composite 
and crown restorations on their molar teeth instead 
of amalgams. The magnitude of the announcement 
impact is unknown but could be substantial.

A ban on amalgams will increase the incomes of 
general dentists, as they generate more net revenues 
per unit time, providing more expensive and profitable 
restorations. Also, if there is a large announcement 
effect, the demand for dental care may increase for 
some period of time, and this may lead to greater 
inflation in dental fees. 

Finally, it is important to stress that even without a 
ban on amalgams, the continuing discussion on the 
need for a ban is likely to accelerate the current 3.7% 
annual decline in the use of amalgam restorations. 

Table 5. Comparison of per capita and total amalgam restorations inserted in 2005,  
based on dental insurance claims and the ADA Survey of Dental Services Rendered

	 Per	capita	 Total

Target	group	 Claims	 ADA	survey	 Claims	 ADA	survey

Children 0.213 0.231 17,488,614 18,931,425 
Children and women of childbearing age 0.202 0.219 29,393,758 31,818,758
Entire population 0.178 0.197 52,464,547 56,792,892

ADA 5 American Dental Association

CONCLUSIONS

State legislators need to balance the evidence of any 
adverse effects of amalgams on patients and the envi-
ronment and the impact of the ban on access to dental 
care and oral health. Based on several well-done studies, 
there is no evidence that the use of amalgam restora-
tions leads to any adverse neurological impairments 
for children or that dentists and dental assistants who 
handle amalgams every day and have done so for more 
than 150 years have any adverse health outcomes as a 
result of their continuous exposure to this material.10 
Likewise, the disposal of residual mercury used in the 
preparation of amalgams is not a significant source of 
environmental mercury.

In contrast, a ban on amalgams will lead to a signifi-
cant increase in dental care expenditures and a reduc-
tion in utilization that will mainly impact children and 
adults from lower-income families. The more people 
included in the ban, the greater the adverse impact 
on access to dental care and oral health. Indeed, if 
amalgams are banned for the entire population, the 
first-year direct costs will be more than $8 billion, 
which is almost 10% of the current national dental 
expenditures. 

Based on the available evidence, we believe that 
state legislatures should seriously consider these effects 
when contemplating possible restrictions on the use of 
amalgam restorations. There is no evidence that this 
restorative material is having an adverse impact on 
health, and there is substantial evidence that a ban will 
increase access and oral health disparities. Finally, the 
use of amalgam restorations is slowly declining, so that 
in 25 years relatively few carious teeth will be restored 
with this material, even in the absence of a ban.

This research project was funded by the American Dental 
Association (ADA) and the California Dental Association (CDA). 
Any opinions and conclusions contained in this report are those 
of the author(s) and not necessarily those of, nor endorsed by, 
the ADA or the CDA.
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