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Factors associated with amalgam restorations 
in Taiwan
Suh-Woan Hu1, Li-Chiu Yang2 and Hsing-Yi Chang3

Objective: This study investigated the prevalence of and factors
associated with amalgam restorations of posterior teeth in Taiwan. 
Method: The authors analyzed the dental data regarding direct
restorations of posterior teeth from the National Health Insurance
Research Database of 1997, which was the first nationwide data
available. The chi-square test and analysis of variance was used to
compare the characteristics of the teeth, patients, dentists, and dental
treatment settings between amalgam and composite restorations. The
multivariate analysis was applied to obtain the Generalized Estimating
Equation estimation for associations of multiple factors with amalgam
restorations, taking into account the intra-individual correlation of teeth
restored. 
Results: Amalgam was used in 53.3% of the direct restorations of
posterior teeth. When all the important factors were assessed
simultaneously, characteristics significantly associated with more
amalgam restorations were: dentists aged 43 years and above, patients
aged 1—22 years, primary molars, two- or three-surface cavity, regions
with higher number of population served per dentist, and dental clinic. 
Conclusion: Doctors’ age, patients’ age, type of dental treatment
settings, population served per dentist, type of tooth, and number of
surfaces restored were significantly associated with amalgam
restorations in Taiwan. 

Dental amalgam has been known as a dental filling material for
about 150 years and it has been popularly used for the past 50
years.1 Yet, use of composite restorative materials has being
increasing since 1980s.2 Several studies have been conducted in
different countries to assess the prevalence of amalgam restoration
and factors associated with dentists’ selection of dental restorative
materials. General practitioners in the United Kingdom reported
that amalgam was used in 45% of direct restorations.3 Use of
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amalgam dropped from about 80% to 40% during a 15-year period
among a group of dentists in Florida.4 Mjör5 compared choices of
direct restorative materials in Swedish general dental practitioners
between two surveys done in 1978–79 and in 1993–95, respectively,
ie before and after a ban on amalgam proposed by politicians. Use
of amalgam was found to decline from 65% to 21%.5 A study of
Finnish dentists in 1992-96, ie after a recommendation for reduc-
ing use of amalgam issued by Finnish government, found that
37.3% of respondents did not use amalgam and 83.3% reported an
increase in the use of composite.6 In a study of Norwegian dentists,
amalgam was used in about 32% of all direct restorations in per-
manent teeth.7 Furthermore, patients’ age, patients’ sex, practice
setting, years since graduation, classification of restorations, and
the placement of primary versus replacement restorations were
significantly associated with selection of restorative materials.7 In
summary, these studies conducted in the previous 10 years have
shown that amalgam was used in less than 50% of direct tooth
restorations. Note that some of the studies reviewed either had a
small number of dentists3,4 or low response rates.7 Moreover, mul-
tivariable analysis was not used to simultaneously assess many
factors associated with selection of restorative materials. 

Although prevalence of and factors associated with the use of
amalgam have been extensively studied in many countries, this
issue has not been well investigated in Taiwan. The purpose of this
study was to assess important factors associated with the use of
amalgam as the direct restorative material for posterior teeth in
Taiwan. The authors analyzed dental data from the National
Health Insurance Research Database of 1997, which is the first
nationwide data available and contains information of almost all
direct tooth restorations done in Taiwan.

METHOD

The National Health Insurance Research Database
This study investigated factors associated with posterior amalgam
restorations in Taiwan using the National Health Insurance
Research Database. Taiwan started its National Health Insurance
(NHI) plan (organized and supervised by the Department of Health)
in 1995.8 By the end of 1997, 96.27% of the population had par-
ticipated in this insurance plan.8 The plan covers various medical
and dental treatments, including amalgam/composite/glass
ionomer direct restorations, endodontic treatments, oral surgeries,

● The study examined the usage of amalgam for restoring posterior teeth in an Asian
country using the nationwide health insurance database.

● Amalgam was still chosen as the filling material in half of the direct restorations of
posterior teeth. 

● Amalgam was more likely to be used for primary molars, in younger patients, by older
dentists, and in dental clinics compared to hospital settings. 

● Since teeth from the same individual are correlated in some ways, it is important to use
statistical analysis taking into account the intra-individual correlation.
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periodontal treatments, etc. Prosthetic and orthodontic treatments
are not insured by the plan. The first research database available
from NHI is the medical and dental treatment data of 1997. In this
study, the 1997 dental data was analyzed to evaluate factors asso-
ciated with amalgam restorations. 

The dental database included a representative sample of all
dental visits from January 1, 1997 to December 31, 1997. Sys-
tematic sampling method was used to select 0.2% of all dental vis-
its in each of the 12 months. All dental treatments and prescrip-
tions of the sampled visits were included in the database. This
database contained the following information: (i) dentists’ sex,
birthday, and licensed date; (ii) date of dental visit, types of dental
treatments, treated teeth/areas, prescriptions, co-payment, unit
price, and total expenses; (iii) patients’ birthday and sex; (iv)
whether the hospital was a training facility for dental students (if
yes, called a teaching hospital); and (v) demographic area and
types of dental treatment settings, including dental department in
medical center, dental department in regional hospital, dental
department in area hospital, and dental clinic not in any hospital.
Hospitals in Taiwan were classified by the Taiwan Department of
Health into (in descending order) medical center, regional hospital
and area hospital, mainly based on the services provided, facilities,
faculties/medical personnel, and health administration.8

About 20% of the patients in the database had no information
for the kind of dental treatments received and therefore were
excluded from the analysis. Moreover, the population served per
dentist in each city or county where the dental treatment settings
located was also considered in the analysis. 

In the database, in total 25,293 direct restorations were placed
in 14,318 patients. Forty-two point three per cent, 43.8%, and
13.9% of the teeth had been filled with amalgam, composite resin,
or glass ionomer, respectively (Table 1). Amalgam was used in
53.3% of the direct restorations of posterior teeth. For the purpose
of this study, only composite and amalgam restorations for poste-
rior teeth were included in the analysis. Further exclusion of miss-
ing or inconsistent values left 17,110 posterior teeth (10,492 amal-
gam and 6,618 composite) for the analysis. These restorations were
from 10,274 patients and placed by 4,035 dentists. 

Data analysis
Data analysis was performed using the SAS version 8.0 (SAS Insti-
tute Inc. Cary, NC) software. The analysis had three main parts. The
first part of the analysis was descriptive statistics, including fre-
quency of different restorations and important variables. The second
part was bivariate analysis. The chi-square test was used to compare
dentition/type of tooth, number of surface(s) restored, and arches
between all teeth restored with amalgam and those filled with 
composite. A chi-square test was also applied to compare other 

categorical variables, such as types of hospitals and demographic
areas, among three groups. The three groups were: patients with
only amalgam restoration in one dental visit, patients with only
composite restorations in the visit, and patients having both amal-
gam and composite restorations in the same dental visit. Moreover,
the one-way analysis of variance was applied to compare means of
continuous variables, such as patients’ age, doctors’ age and
licensed years, among these three groups of patients. Note that
50% of patients in this data had more than one posterior tooth
restored. If comparisons of patients’, dentists’, and hospitals’ char-
acteristics were made between all amalgam filled teeth and com-
posite restored teeth, instead of patients with different restora-
tions, the statistical tests would be more likely to reach statistical
significance because of the artificially small standard error caused
by repeated inclusion of the same values from the same patients
with multiple teeth restored in this data. Therefore, the authors
evaluated these important factors among three groups of patients.

The third part used multivariate analysis to simultaneously
assess the association between multiple factors and amalgam
restorations. Since restorations from the same individual patient
could be correlated and it was necessary to take this correlation
into account, the SAS Genmod procedure (using binomial distribu-
tion and repeated statement with exchangeable correlation struc-
ture) was applied to obtain the Generalized Estimating Equation
(GEE) estimation for effects of important factors on amalgam
restoration.9 Factors to be included in the model were demograph-
ic factors and important variables identified in the bivariate analy-
sis. If two or more variables were highly correlated, only one of
them would be put in the multivariate model to avoid colineari-
ties.10 An alpha level of 0.05 was used for determining statistical
significance. 

RESULTS
Characteristics of teeth with amalgam filling and those filled with
composite were statistically significantly different (P < 0.001)
(Table 2). One-surface cavities were more likely to be filled with
composite than were two- or three-surface cavities. Amalgam was
more prevalent in primary molars than was composite, while com-
posite was used more frequently for premolars or teeth in the
mandibular arch. 

Table 3 presents the characteristics of patients, dentists, and the
visited dental treatment settings among the three groups. Means of
patients’ age were not different among three groups, but distribu-
tion of age in quartiles differed significantly (P < 0.001). Dentists’
age and years with dental license was higher in the amalgam only
group (P < 0.01). Both patients’ and doctors’ sex were not signifi-

Table 1 Total numbers and percentages of amalgam, composite, and glass
ionomer restorations in the systematic sample of the database
Type of restorations Number of restored teeth (%)

Amalgam 10762 (42.3)

Anterior teeth 125 (0.005)

Posterior teeth* 10637 (41.8)

Composite 11124 (43.8)

Anterior teeth 4323 (17.0)

Posterior teeth* 6801 (26.8)

Glass Ionomer 3543 (13.9)

Anterior teeth 1052 (4.1)

Posterior teeth 2491 (9.8)

Total 25429

*Included in this study: 17100 posterior amalgam or composite restorations
from 10274 patients and being placed by 4035 dentists.

Table 2 Characteristics of posterior teeth with amalgam or composite
restorations
Characteristics Amalgam Composite 

restorations restorations
(N = 10492) (N = 6618)

Number of surfaces restored, %

One surface 53.0 64.4*

Two surfaces 41.9 31.6

Three surfaces 5.1 4.0

Dentition-tooth types, %

Primary molar 17.7 8.7*

Permanent molar 63.5 56.0

Permanent premolar 18.8 35.3

Position of tooth, %

Maxillary arch 49.7 46.5*

Mandibular arch 50.3 53.6

*P < 0.001, chi-square test
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were not significantly different from that in dental clinics. As for
dentition and type of tooth, decay in primary molars and perma-
nent molars were 4.5 times (OR = 4.51, 95% CI = 3.80–5.36) and
two times (OR = 2.01, 95% CI = 1.85–2.17), respectively, more like-
ly to be filled with amalgam than were those in premolars. Further-
more, one-surface decays were less likely to be filled with amal-
gam than were three-surface decays (OR = 0.70, 95% CI =
0.60–0.81). 

DISCUSSION
Amalgam was used in 53.3% of the direct restorations of poste-
rior teeth in Taiwan. The prevalence was higher than the 21% in
Sweden5 and the 25–32% in Norway,7 but similar to those
reported in the United Kingdom3 a few years ago. This preva-
lence in Taiwan may have been over- or under-estimated,
because (i) the NHI plan did not pay for inlays, (ii) not all people
in Taiwan were insured by the NHI plan, or (iii) not all dentists
had a contract with the NHI. Nonetheless, inlays were rarely used
in Taiwan and 96.27% of the general population were covered by
NHI plan in 1997. Furthermore, dental treatments in the database

cantly different among three groups. Number of population served
per dentists was significantly higher in the amalgam only group
(P < 0.001). 

The results of GEE estimation are shown in Table 4. After simul-
taneously assessing important factors, several of them were signif-
icantly (P < 0.05) associated with amalgam restoration. 
Dentists in the age groups, 24–33, 34–37, and 38–42 were less
likely to place amalgam restorations than those in the 43–80 year-
old group, with an odds ratio of 0.78 (95% confidence interval,
CI = 0.68–0.90), 0.85 (95% CI = 0.75–0.97), and 0.82 (95% CI =
0.72–0.93), respectively. Patients aged 1–13 years were less likely
to have amalgam restorations compared with patients aged 37–84
years (OR = 0.68, 95% CI = 0.59–0.78). Amalgam was less likely to
be used in medical centres than in dental clinics (OR = 0.41, 95% CI
= 0.17–0.98), while the situation in regional and area hospitals

Table 3 Characteristics of patients, dentists, dental treatment settings
regarding amalgam and composite restorations in one dental visit
Characteristics Patients with  Patients with only Patients with  both 

only amalgam composite restoration amalgam and composite
restoration in one visit restorations in
in one visit one visit
(N = 6251) (N = 3819) (N = 203)

Patient’s age, year

Mean (SD) 25.2 (26.4)# 25.8 (15.8) 24.3 (12.8)

Quartiles, %

1–13 28.9† 24.4 21.2**

14–22 21.5 25.6 29.6

23–36 25.7 26.3 33.1

37–84 24.0 23.6 16.3

Patient’s gender, %

Female 56.4† 58.1 61.9

Dentist’s age, year

Mean (SD) 38.1 (7.0)# 37.6 (6.7) 36.5 (7.1)**

Quartiles, %

24-33 26.5† 28.4 38.0**

34-37 27.5 27.7 21.9

38-42 22.3 23.0 24.0

43-80 23.8 21.0 16.2

Dentist’s gender, %

Female 12.3† 11.6 12.9

Duration with dental license, year

Mean (SD) 4.7 (4.2)# 4.5 (4.1) 4.3 (4.4)*

Population per dentist in the city , person

Mean (SD) 3411 (1723)# 3176 (1730) 2926 (1560)**

Quartiles, %

1282-1980 31.8† 35.8 41.9**

1981-3300 22.7 18.1 19.7

3301-4347 22.4 30.4 25.6

4348-10869 23.1 15.7 12.8

Type of settings‡, %

Medical centre 1.2† 1.6 1.5**

Regional hospital 1.8 1.2 1.0

Area hospital 2.3 1.3 0.5

Dental clinic 94.7 95.9 97.0

A teaching hospital, %

Yes 4.3† 3.4 3.0
#Comparisons made by the one-way analysis of variance.
†Comparisons made by the Chi-square test.
‡Types of dental treatment settings: dental department in medical centre, in

regional hospital, or in area hospital, and dental clinics.

*P < 0.05; **P < 0.001

Table 4 Multivariate analysis of factors associated with having amalgam
restorations, results of the Generalized Estimating Equation estimation
Parameter Odds Ratio (95% Confidence Interval)

Intercept 2.68 (1.18, 6.07)

Dentist’s age, year 

24—33 0.78 (0.68, 0.90)*

34—37 0.85 (0.75, 0.97)*

38—42 0.82 (0.72, 0.93)*

43—80 1.0

Years with dental licence 1.01 (1.00,1.02)

Patient’s age, year

1–13 0.68 (0.59, 0.78)*

14–22 0.84 (0.75, 0.95)*

23–36 0.96 (0.85, 1.08)

37–84 1.0

Doctor’s sex (female) 1.14 (1.00, 1.30)

Patient’s sex (female) 0.95 (0.87, 1.03)

A teaching hospital† (yes) 1.25 (0.57, 2.70)

Type of dental treatment settings‡

Medical centre 0.41 (0.17, 0.98)*

Regional hospital 1.11 (0.46, 2.68)

Area hospital 1.55 (0.90, 2.68)

Dental clinic 1.0

Population served per dentist

1282–1980 0.57 (0.50, 0.64)*

1981–3300 0.91 (0.79, 1.04)

3301–4347 0.48 (0.42, 0.55)*

4348–10869 1.0

Type of tooth

Primary molar 4.51 (3.80, 5.36)*

Permanent molar 2.01 (1.85, 2.17)*

Permanent premolar 1.0

Number of surfaces filled

1 0.70 (0.60, 0.81)*

2 0.95 (0.82, 1.10)

3 1.0 
†A hospital provided training for dental students.
‡Types of dental treatment settings: dental department in medical centre, in
regional hospital, or in area
hospital, and dental clinics.
*P < 0.05.
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were performed by each of the 6,671 dentists, which was 88.1%
of all 7,573 licensed dentists in 1997.11 These situations
appeared to have small effects on the estimate. 

The findings for dentists’ age and number of surfaces restored
were consistent with previous reports that older dentists used more
amalgam than did younger dentists and three-surface decays were
more likely to be filled with amalgam.7 Concerning population
served per dentist, cities or counties with more than 4,350 people
served per dentist were related to more amalgam restorations. In
Taiwan, the distribution of dentists varied greatly from area to area,
the average number of the population served by each dentist
ranged from 1,282 in the biggest city to 10,869 in a rural county,
with a mean of 2,871 persons in 1997.11 There were, on average,
34.8 dentists per 100,000 population in Taiwan. The number was far
below those of Iceland, Japan and the United States, with 105.0 (in
1997), 68.6 and 59.8 (in 1996) dentists per 100,000 population,
respectively.12 It was similar to 33.3 in Korea in 1997.12

This study has several limitations. First, the database did not
contain information regarding cavity classification, placement of
primary caries versus replacement restorations, public versus pri-
vate dental practice settings, patients’ opinion, and patients’ social
economic status. Although classification of restorations, place-
ment of primary caries versus replacement restorations were found
to be important determinants in choosing restorative materials,7

these factors could not be evaluated in this study. Second, the kind
of dental treatment was missing for 20% of patients in the data-
base; therefore, these patients were excluded in the analysis. Dis-
tribution of patients’ sex was similar between patients with or
without missing information for treatment. Nonetheless, those
treated in dental clinics had more missing values than did those in
other settings (P < 0.01). Mean patients’ age and mean dentists’
age, respectively, were significantly higher in patients with miss-
ing values (P < 0.01). The estimated association between amalgam
restoration and important factors could be biased, if the distribu-
tion of amalgam/composite restorations differed between patients
excluded and those included in the analysis. Finally, Taiwanese
population’s and dentists’ knowledge of and attitudes towards
dental amalgam could not be evaluated in this investigation.
Results from previous studies did not show significant association
between amalgam fillings and cardiovascular disease, diabetes,
cancer, early death, impairment of renal or immunological func-
tion,13–15 physical or mental health or memory function,16 or
Alzheimer’s’ disease.17 However, dental personnel were found to
have significantly higher number of central nervous symptoms18

or less fertile (females).19 As for the public’s perception of dental
amalgam, 65% of pregnant Finnish women were against dental
amalgam during pregnancy20 and 38% of Australians expressed
concern about mercury in amalgam.21 In Taiwan, both potential
health effects of amalgam and peoples’ or dentists’ attitude
towards amalgam are unclear and need further assessment. 

This study also has several strengths. First, this was the first
study to extensively assess the use of amalgam and the factors

associated with amalgam restoration for posterior teeth in Taiwan.
Second, this study analyzed an existing database from a large pop-
ulation in Taiwan. Although the database has the above-men-
tioned limitations, it also contains important information for this
study. Finally, multivariable analysis accounting for intra-individ-
ual correlation of dental restorations was applied to assess the
associations between multiple factors and amalgam. 

This study was based in part on data from the National Health Insurance Research
Database provided by the Bureau of National Health Insurance, Department of
Health and managed by National Health Research Institutes. The interpretation
and conclusions contained herein do not represent those of Bureau of National
Health Insurance, Department of Health or National Health Research Institutes. 

1 Council on Scientific Affairs, American Dental Association. Dental amalgam: Update
on safety concerns. JADA 1998; 129: 494-503.

2 Christensen G J. Amalgam vs. composite resin: 1998. JADA 1998; 129: 1757-1759.
3 Wilson N H, Burke F J and Mjör I A. Reasons for placement and replacement of

restorations of direct restorative materials by a selected group of practitioners in the
United Kingdom. Quintessence Int 1997; 28: 245-48.

4 Mjör I A, Moorhead J E. Selection of restorative materials, reasons for replacement,
and longevity of restorations in Florida. J Am College Dent 1998; 65: 27-33.

5 Mjör I A. Selection of restorative materials in general dental practice in Sweden. Acta
Odontol Scan 1997; 55: 53-57. 

6 Widstrom E, Forss H. Dental practitioners’ experiences on the usefulness of
restorative materials in Finland 1992-1996. Br Dent J 1998; 185: 540-542.

7 Mjör I A, Moorhead J E, Dahl J E. Selection of restorative materials in permanent teeth
in general dental practice. Acta Odontol Scand 1999; 57: 257-262.  

8 Department of Health, Executive Yuan, the Republic of China. Public Health of the
Republic of China. pp96-118. Taipei, 1998.

9 The GENMOD procedure. In: SAS/STAT software: changes and enhancements through
release 6.12. pp 247-348. Cary, NC: SAS Institute Inc., 1997.

10 Hosmer D W, Lemeshow S. Applied logistic regression. pp82-134. New York: John
Wiley & Sons, 1989.

11 Department of Health, Executive Yuan, the Republic of China. The 1997 health and
vital statistics. pp 132. Taipei, 1998.

12 World Health Organization. WHO estimates of health personnel: Physicians, nurses,
midwives, dentist and pharmacists (around 1998). Available at:  http://www-
nt.who.int /whosis/statistics/health_personnel/health_personnel.
cfm?path=statistics,health_personnel     Accessed December 7, 2000.

13 Eley B M. The future of dental amalgam: a review of the literature. Part 6: Possible
harmful effects of mercury from dental amalgam. Br Dent J 1997; 182: 455-459.

14 Ahlqwist M, Bengtsson C, Lapidus L. Number of amalgam filings in relation to
cardiovascular disease, diabetes, cancer and early death in Swedish women.
Community Dent Oral Epidemiol 1993; 21: 40-44.

15 Ahlqwist M, Bengtsson C, Lapidus L, et al. Concentrations of blood, serum and urine
components in relation to number of amalgam tooth filings in Swedish women.
Community Dent Oral Epidemiol 1995; 23: 217-221.

16 Björkman L, Pedersen N L, Lichtenstein P. Physical and mental health related to dental
amalgam fillings in Swedish twins. Community Dent Oral Epidemiol 1996; 24: 260-
267.

17 Saxe S R, Wekstein M W, Kryscio R J, et al. Alzheimer’s disease, dental amalgam and
mercury. JADA 1999; 130: 191-199.

18 Langworth S, Sallsten G, Barregard L, et al. Exposure to mercury vapor and impact on
health in the dental profession in Sweden. J Dent Res 1997; 76: 1397-1404.

19 Rowland S, Baird D D, Weinberg C R, et al. The effect of occupational exposure to
mercury vapour on the fertility of female dental assistants. Occup Environ Med 1994;
51: 28-34.

20 Murtomaa H, Holttinen T, Meurman J H. Conceptions of dental amalgam and oral
health aspects during pregnancy in Finnish women. Scand J Dent Res 1991; 99: 522-
526.

21 Thomson W M, Stewart J F, Carter K D, et al. The Australian public’s perception of
mercury risk from dental restorations. Community Dent Oral Epidemiol 1997; 25:
391-395.


	Factors associated with amalgam restorations in Taiwan
	Introduction
	Method
	The National Health Insurance Research Database
	Data analysis

	Results
	Discussion
	Acknowledgements
	Note
	References


