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Abstract

Dental implants have become an increasingly popular treatment choice for replacing missing teeth. Yet, little is known about the
prevalence and sociodemographic distribution of dental implant use in the United States. To address this knowledge gap, we analyzed
data from 7 National Health and Nutrition Examination Surveys from 1999 to 2016. We estimated dental implant prevalence among
adults missing any teeth for each survey period overall as stratified by sociodemographic characteristics. We calculated absolute and
relative differences from 1999-2000 to 2015-2016 and fit logistic regression models to estimate changes over time. We also used
multivariable logistic regression to estimate independent associations of sociodemographic covariates with the presence of any implant.
We projected the proportion of patients treated with dental implants into the year 2026 under varying assumptions of how the temporal
trend would continue. There has been a large increase in the prevalence of dental implants, from 0.7% in 1999 to 2000 to 5.7% in 2015
to 2016. The largest absolute increase in prevalence (12.9%) was among individuals 65 to 74 y old, whereas the largest relative increase
was ~1,000% among those 55 to 64 y old. There was an average covariate-adjusted increase in dental implant prevalence of 14% per year
(95% Cl, 11% to 18%). Having private insurance (vs. none or public insurance) or more than a high school education (vs. high school or
less) was each associated with a 2-fold increase in prevalence, with an almost |3-fold (95% ClI, 8 to21) increase for older adults. Dental
implant prevalence projected to 2026 ranged from 5.7% in the most conservative scenario to 23% in the least. This study demonstrates
that dental implant prevalence among US adults with missing teeth has substantially increased since 1999. Yet access overall is still very
low, and prevalence was consistently higher among more advantaged groups.

Keywords: endosseous dental implantation, prevalence, National Health and Nutrition Examination Survey, projection, cross-sectional
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and could also assist in the allocation of health care resources.
Therefore, the primary objective of this study was to describe
trends in the prevalence of dental implants among adults in the
United States from 1999 to 2016 and in the sociodemographic
characteristics of implant recipients over time. The secondary
objective was to project implant prevalence to the years 2021
and 2026 under several simple, realistic scenarios.

Introduction

The concept of osseointegration was introduced nearly 50 y
ago (Branemark et al. 1969). Since then, implant dentistry has
developed from an experimental invention to a successful and
predictable treatment modality for replacing missing teeth
(Buser et al. 2017). Dental implants have gained popularity
because, in contrast to other treatment modalities, they pre-
serve adjacent tooth structure and bone (Jivraj and Chee 2006;

Battle-Siatita et al. 2009). Moreover, implant rehabilitation for
patients who are edentulous and partially edentulous report-
edly enhances masticatory function and quality of life (Tang
et al. 1999; Jofre et al. 2013; Hartlev et al. 2014). Therefore,
dental implants have become an important treatment option for
replacing missing teeth (Tarnow 2014; Buser et al. 2017).
Little is known about the prevalence of dental implant use
among the US population (Alkan et al. 2018). There is a gen-
eral impression that use of implants has been increasing, and
market research indicates that the overall number of implants
used has been increasing. What has not been documented is the
temporal trend in the proportion of patients receiving implants
when they are missing teeth. Evaluating current and future
trends in the prevalence of implants is important for under-
standing potential health disparities in access to this treatment

Materials and Methods

We analyzed data from the National Health and Nutrition
Examination Survey (NHANES), conducted by the National
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Center for Health Statistics (Centers for Disease Control and
Prevention 2017). NHANES is a cross-sectional stratified mul-
tistage probability-sampled survey of the civilian noninstitu-
tionalized population of the United States, conducted annually
beginning in 1999. NHANES surveys include information
about participants’ racial/ethnic background, socioeconomic
position, and health conditions. Participants also undergo clini-
cal examination, including a detailed oral examination of tooth
condition, tooth count, periodontal status, occlusion, dental
treatment needs, and overall oral health status.

We used data from 7 NHANES surveys conducted between
1999 and 2016, excluding participants <18 y old and those
without a dental examination (Centers for Disease Control and
Prevention 2017). Regarding implant prevalence, all individu-
als missing >1 permanent teeth were eligible for analyses (N =
32,758).

The study outcome was the proportion of individuals
receiving at least 1 dental implant—a whole-mouth binary out-
come (any implant present or absent) derived from 32 tooth-
level indicators of condition. We use the term implant
prevalence in this study to indicate the number of individuals
who have at least 1 dental implant among all of those with at
least 1 missing tooth. We also created 2 indicators of implant
location: by dental arch (maxilla or mandible) and by the posi-
tion in the arch (anterior or posterior).

For sociodemographic variables, we categorized education
into high school degree or less versus greater than a high school
education and race into White versus non-White. Because
NHANES assessed educational attainment only for adults aged
220 vy, this was a further age restriction for analyses that
included education. For comparability across surveys, we col-
lapsed health insurance variables into 3 categories: private,
public, and no insurance.

Statistical Analysis

We estimated the survey-weighted proportion of individuals
receiving at least 1 implant for each survey period overall and
stratified by sex, age, education, race, and insurance status,
with 95% Cls. Additionally, we stratified implant prevalence
by dental arch, location in the arch, and tooth position. We esti-
mated changes in prevalence over time by calculating absolute
and relative differences from 1999-2000 to 2015-2016. We
also estimated the independent associations of each character-
istic with the presence of any implant, in a survey-weighted
multivariable logistic regression model that included NHANES
year and participants’ age, sex, education level, race, and insur-
ance type. We evaluated whether the temporal trend in implant
prevalence was different according to these same characteris-
tics by adding multiplicative interaction terms in separate mod-
els (e.g., sex X year or education X year).

Before projecting the proportion of people treated with
implants 5 and 10 y out from the last NHANES data set, we
compared the average annual change in log odds of having an
implant between the unadjusted and covariate-adjusted mod-
els, and the difference was negligible. Because there was little

evidence of confounding by sociodemographic factors, includ-
ing age, we used unadjusted logistic regression models to
regress presence of any implant versus year. After fitting the
model, we added new observations for the years 2021 and
2026 and derived predicted values (and corresponding 95%
prediction interval; StataCorp 2013; Inlow 2018) for all years.
To vary assumptions about how the temporal trend would be
predicted to continue into the years 2021 and 2026, we pro-
posed 4 simple scenarios. Specifically, we assumed that the
increase in implant prevalence would 1) stop, 2) slow, 3) con-
tinue at the same pace, or 4) continue at an increased pace. We
operationalized these assumptions by varying which years
were included in the model fitting. For all 4 scenarios, we used
logistic regression to regress the presence of any implant ver-
sus year. For the first scenario, we assumed that the proportion
of eligible patients with any implant would remain the same as
the fitted value (i.e., average probability estimated by the
regression line for all years) in 2015 to 2016. For the other 3
scenarios, we predicted the future prevalence based on the
slope of the regression line, using all years from 2000 to 2016
for scenario 2, excluding 2015 to 2016 in scenario 3 (in case it
was aberrantly high), and excluding 1999 to 2000 and 2001 to
2002 in scenario 4 (because the proportion with implants did
not really start taking off until 2003 to 2004 or later). We plot-
ted all observed percentages, fitted percentages, and projected
percentages over time (in years). Because we did not adjust
these models for covariates, the projected populations are
assumed to have similar population distributions by age, insur-
ance type, and so on. We know that this assumption may not be
true. However, we picked several otherwise realistic scenarios
that provide a range of rough estimates for implant use through
2026. The least realistic scenario is also the most conservative,
predicting that the increase in prevalence of implants might
abruptly stop.

We used survey weights to account for the complex survey
design in making population inferences. We analyzed the data
with STATA 13 (StataCorp 2013). This study was reviewed by
the institutional review board of the Harvard T.H. Chan School of
Public Health and determined to be ‘“not-human subjects
research” since the data are publicly available and de-identified.

Results

Among US adults aged =18 y in this study, 32,758 had at least
1 missing tooth, and 618 had at least 1 implant (Table 1). The
majority of that sample were women (56%) and had received
greater than a high school education (77%). Twenty-eight per-
cent were in the age category of 65 to 77 y; most were White
(80%); and around 54% had private health insurance.
Compared with these distributions, adults with missing teeth
but without implants had a slightly lower proportion of women
and a much lower proportion of those who had greater than a
high school education (59%), were White (70%), and had
health insurance (public + private: 83% vs. 95%).

There has been a substantial increase in the proportion of
individuals receiving implants in the United States. From 1999
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Table |I. Demographic Characteristics of Adults with Missing Teeth: National Health and Nutrition Examination Survey (1999 to 2016).

Variable

Population-Weighted Proportions (95% CI)

With Implants (n = 618)

Without Implants (n = 32,140)

Sex
Male
Female
Age, y
18 to 34
35 to 44
45 to 54
55 to 64
65 to 74
>75
Education®

High school or less
More than high school

Race
White
Non-White
Health insurance
No insurance
Private insurance
Public insurance

44.1 (39.3 t0 49.0)
55.9 (51.0 to 60.7)

64 (44109.3)
9.1 (6.6,12.5)
21.2 (16.7 to 26.5)
23.8 (19.6 to 28.6)
28.1 (23.9 to 32.6)
114 (9.1 to 14.1)

23.5 (19.3 to 28.4)
76.5 (71.6 to 80.7)

79.6 (75.3 to 83.3)
20.4 (16.7 to 24.7)

52 (3.6 t07.6)
53.9 (48.2 to 59.5)
40.8 (35.5 to 46.3)

477 (47.] t0 4822)
52.3 (51.8 to 52.9)

282 (27.0 to 29.4)
19.5 (18.6 to 20.4)
19.5 (18.7 t0 20.3)
15.1 (14.4,15.8)
10.2 (9.8,10.7)

7.6 (7.1 t0 8.1)

40.9 (39.3 to 42.6)
59.1 (57.4 to 60.7)

69.6 (67.1 to 72.0)
30.4 (28.0 to 32.9)

17.5 (16.6 to 18.5)
56.2 (54.8 to 57.6)
263 (25.3 to 27.3)

*All estimates are based on individuals aged >18 y except for education, which is based on those aged >20 y.

to 2000, the prevalence of implants among adults missing at
least 1 tooth was 0.7% (95% CI = 0.4% to 1.2%). A pro-
nounced increase in prevalence was not seen until 2009 to
2010 (1.9%, 95% CI = 1.4% to 2.5%), and the prevalence was
5.7% (95% CI = 4.1% to 7.7%) from 2015 to 2016. A similar
increasing trend did occur across all sociodemographic vari-
ables examined, including sex, age, education, race, and health
insurance (Table 2). Since 1999, the largest absolute increase
(12.9%) in implant prevalence was among those 65 to 74 y old,
while the largest relative increase was 1,034% among those 55
to 64 y old.

Roughly half the implants were placed in the mandible
(51%, 95% CI = 45% to 57%) and half in the maxilla (49%,
95% CI = 43% to 55%), although the percentage placed in the
mandible was at times slightly higher or lower than 50%
depending on the survey year (Fig. 1). Additionally, most
implants were placed in posterior sites, except for 1999 to
2000, when nearly 54% (95% CI = 32% to 75%) were placed
in anterior sites. When stratified by site, the most common
tooth to be replaced by an implant was number 19 (18%, 95%
CI = 14% to 22%) or number 30 (17%, 95% CI = 13% to
22%; Appendix).

From 1999-2000 to 2015-2016, there was an average
covariate-adjusted 14% increase in implant prevalence per
year (95% CI = 11% to 18%) (Table 3). Independent of the
temporal trend, specific characteristics were associated with
greater implant use, including almost a 13-fold increase in
implant prevalence for older adults (65 to 74 y) as compared
with younger adults (18 to 34 y) (95% CI = 8 to 21). In addi-
tion, having private insurance and greater than a high school
education was each associated with a 2-fold increase in implant

prevalence. No subgroup differences in trend met significance
thresholds of P < 0.05 (not shown). Descriptively, among age
groups, the temporal trend was much stronger for people 65 to
74y, and there was a much slower increase in implant preva-
lence among those with no medical insurance versus those
with public or private insurance, as well as among people with
a high school education or less versus those having greater than
a high school education (Appendix Fig).

In only the most conservative scenario would dental implant
prevalence projected to the year 2026 be <10% (Fig. 2). If the
trend continues at the current pace, a jump from 5.7% to 17%
can be expected by 2026 (95% CI = 11% to 27%). If the trend
steepens, prevalence could reach 23% (95% CI = 13% to
39%).

Discussion

To our knowledge, this is the first report to describe and project
population trends in the prevalence of dental implants in the
United States. We used nationally representative data to
describe the prevalence of dental implants among adults miss-
ing at least 1 tooth, as well as associations with sociodemo-
graphic characteristics. There was a large increase in the
prevalence of dental implants from 1999 to 2016. Although
this trend was generally observed for all sociodemographic
indicators in this study, it was most pronounced among older
adults and was much slower to change among adults without
health insurance or with only a high school education or less.
Across years, adults with higher than a high school educa-
tion and of White race were more likely to have received dental
implants. There was also a wide gap in implant prevalence
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Table 2. Prevalence of Implants among Adults Who Have at Least | Missing Tooth: National Health and Nutrition Examination Survey (1999 to
2016).
Population-Weighted Proportions (95% Cl) Trend®
Total 1999 to 2000 2001 to 2002 2003 to 2004 2009 to 2010 2011 to 2012 2013 to 2014 2015 to 2016
(N=32758) (n=4312) (n=4802) (n=4483) (n=4153) (hn=4790) (n=5,142) (nh=5076) Absolute Relative
Total sample 2.4 0.7 0.9 0.9 1.9 2.3 33 5.7 5.0 7382
(20t028) (04t 12) (05t 15 (05tol5) (I4t025) (1.5t035) (25t045) (4.11t077)
Sex
Male 2.2 0.7 0.8 0.8 2.1 2.0 2.6 55 4.8 7333
(1.8t027) (03tol5) (05tol6) (04tol7) (1.5t029) (l.1t033) (19t037) (3.7t082)
Female 2.5 0.7 0.9 1.0 1.7 2.6 4.0 5.8 5.1 728.6
(21t030) (03tol6) (04tol8) (04to2l) (09t029) (l.6to42) (28to5.6) (42t079)
Age,y
18 to 34 0.5 0.2 0.3 0.4 0.8 0.4 0.6 1.3 1.1 7125
(04t008) (00tol3) (0ltol6) (0.ltolé) (02t039) (0.Itol2) (02t0o18) (0.7t023)
35to 44 1.1 0.8 0.4 0.7 0.9 0.6 1.3 33 2.5 297.6
(08to16) (02t032) (0.ltol8) (02t0o2.1) (04t020) (02tol3) (0.6t029) (I8tob.l)
45 to 54 26 0.8 1.2 1.0 2.8 2.7 2.9 6.1 5.3 643.9
(19t035) (02t028) (05t03.1) (03t034) (16t049) (5048 (13t065) (.Itoll7)
55 to 64 37 0.7 1.7 1.2 1.8 35 5.9 7.6 6.9 1,034.3
(29t047) (0.1to3.l) (08to34) (04t032) (08to4l) (I.7t07.1) (38t090) (50to11.2)
65to 74 6.2 1.3 1.0 25 29 5.7 9.3 14.2 12.9 967.7
(50t077) (05t033) (03t032) (l.1to54) (1.5t058) (28toll2) (72to12.1) (10.1to 19.7)
>75 35 1.5 1.8 0.8 2.4 5.0 4.6 6.6 5.1 352.1
(28t0o44) (06t036) (08to44) (03t024) (I13t044) (27t089) (26t078) (43to 10.0)
Education ®
<High school 1.4 0.8 0.5 0.9 1.3 1.6 1.6 34 2.6 3474
(I.lto18)  (03to1.8) (02to13) (05t0l6) (09t017) (09t02.8  (08to3.1) (2.0to058)
>High school 3.1 0.7 1.2 1.0 24 2.8 4.5 7.0 6.4 976.9
(26t037) (04tol.l) (0.6to21) (05t02l1) (l.6t037) (1.8t045 (35t058) (52t09.3)
Race
White 2.7 0.8 1.0 1.1 1.9 2.6 4.1 6.7 6.0 7933
(22t032) (04tol4) (05t0l18 (07t019) (13t029) (l6to43) (30t056) (47t094)
Non-White 1.6 0.5 0.6 0.2 1.7 1.6 1.6 3.8 33 660.0
(13t020) (0.1t020) (02to15) (00t 10) (13t023) (I12t02]) (l.1t026) (25t057)
Health insurance
No insurance 0.7 0.5 0.5 0 1.2 0.5 1.1 1.3 0.8 160.0
05tol.1) (0.1t022) (0.1 to 1.7) (05t026) (02to1.2) (04t029) (0.5t03.2)
Private 2.3 0.7 1.0 1.1 2.0 22 34 52 45 642.9
(19t027) (02tol7) (05t018) (0.6t02.0) (l.3t03.1) (l4t035 (23t050 (35t077)
Public 3.6 0.8 0.8 1.1 22 39 4.8 85 77 962.5
(30to44) (03t020) (03to2l) (0.6t02.0) (l.6t032) (21t070) (37t06.l) (6.1t0ll.7)

*Absolute and relative increase in the prevalence of implants between 1999 to 2000 and 2015 to 2016.
PAll estimates are based on individuals aged >18 y except for education, which is based on those aged >20 y.

between adults with and without health insurance. A major bar-
rier for receiving dental implants is the high cost (Zimmer et al.
1992; Christensen 2012). In the United States, public insurance
does not cover dental implants, and depending on the dental
plan, private insurance may cover only part of the total cost.
Additionally, the lack of availability of dentists with sufficient
implant training (Christensen 2012) and patients’ knowledge
about this treatment option may be contributing to this dispar-
ity (Deeb et al. 2017).

These results highlight the increased adoption of dental
implants in the current treatment of missing teeth; growth that
has been fueled in part by scientific advances in the field of
implant dentistry (Buser et al. 2017). Very few studies have
been designed to examine trends in the prevalence or use of
dental implants. However, there is a growing body of literature
regarding specific aspects of dental implant use, such as
implant design, material, and clinical behavior, that suggests

an increase in implant utilization (Annibali et al. 2012;
Papaspyridakos et al. 2012; Pieralli et al. 2017). Marketing
research has also indicated that the overall number of implants
sold has been increasing and that market share in North
America is less than that of other regions of the world—as
compared with, for example, Europe, which dominated the
market in 2016 (Grand View Research, Inc. 2018). Our analy-
sis complements the market research in that we examined
trends in the prevalence of the use of implants among US
patients who appear to be eligible to receive them. The results
highlight not only a health disparity but also a gap in market
penetration.

Although, in general, the risk of losing teeth has decreased
over the last few decades (Wu et al. 2014), the US population
is aging. These factors will likely combine such that the
demand for dental implants will continue to rise in the next
decade. If the observed trend continues at an average rate
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implant over time. Thus, we did not adjust
these regression models for underlying
characteristics of the population that have
changed over time and will continue to
change (Muller and MacLehose 2014).
The most obvious expected demographic
trend, as mentioned, is the continued
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aging of the population, and because the
risk of tooth loss increases with age, we
may have underestimated implant preva-
lence projected to 2026. Nevertheless, the
covariate-adjusted (including age adjust-
ment) and unadjusted models differed
only negligibly in the estimated average
rate of change in prevalence per year.
This suggests that, though clearly related
to implant use, age did not confound the

Figure I. Implant distribution among adults with missing teeth and receiving implants per the
National Health and Nutrition Examination Survey (NHANES) from 1999 to 2016.

Table 3. Associations of Sociodemographic Variables with Implant
Prevalence Among Adults with Missing Teeth: National Health and
Nutrition Examination Survey (1999 to 2016).

Odds Ratio 95% CI P Value

Year 1.14 1.1l to 1.18 <0.005
Sex

Male Reference

Female 1.1 09to 1.4 0.439
Age, y

18 to 34 Reference

35 to 44 2.1 I.l to 3.7 0.018

45 to 54 4.5 28t07.3 <0.005

55 to 64 6.0 37t09.7 <0.005

65 to 74 13.4 84to2l.4 <0.005

>75 8.2 50to 3.6 <0.005
Education

<High school Reference

>High school 1.9 1.5t02.6 <0.005
Race

Non-White Reference

White 1.2 09to 1.5 0.154
Health insurance

No insurance Reference

Private insurance 2.0 1.3 to 3.1 0.002

Public insurance 1.4 0.8to23 0.185

Survey-weighted multivariable logistic regression model included survey
year and participant’s age, sex, education level, race, and insurance type.
Survey waves included 1999 to 2000, 2001 to 2002, 2003 to 2004, 2009
t0 2010, 201 | to 2012, 2013 to 2014, and 2015 to 201 6.

similar to that observed since 2003 to 2004, projection models
suggest that among adults missing teeth, the prevalence of den-
tal implant use could reach as high as 23% by the year 2026.
We used a simplified projection approach, and the results
must be interpreted accordingly. The goal of the prediction was
simply to document the average change in prevalence of

temporal trend, supporting the use and
interpretability of the unadjusted regres-
sion approach.

In future work, we will build on this
preliminary evidence by developing more rigorous cost-bene-
fit analyses under different assumptions about demographic
and clinical trends. We will also factor in the number of miss-
ing teeth and number of dental implants rather than using a
simple prevalence estimate, which serves as an indicator of
access. Although one might expect each patient’s probability
of any dental implants to increase with the number of missing
teeth, the distribution of tooth loss itself is highly sociodemo-
graphically skewed.

Another source of possible underestimation of implant
prevalence is that we included adults missing any teeth, includ-
ing third molars. Although third molars are rarely replaced,
initial descriptive analyses indicated that close to 1% of all
dental implants in this study were placed at the third molar
location; thus, we included them in the analysis.

Tooth loss affects about 52% of adults in the United States
(Dye et al. 2015). Despite an overall decrease in its prevalence,
tooth loss remains a prevalent dental condition that is unequally
distributed among the population. Disparities by sociodemo-
graphic status have been documented, and adults from disad-
vantaged groups consistently experience a greater burden of
this condition (Cunha-Cruz et al. 2007; Elani et al. 2012; Peres
et al. 2015; Elani et al. 2017). Tooth loss negatively affects
chewing ability, quality of life, and aesthetics, and the extent of
this impact depends on the number of missing teeth and their
location (Sheiham and Steele 2001; Gerritsen et al. 2010).
Options for dental treatments to replace missing teeth vary
depending on the severity of tooth loss, the condition of remain-
ing teeth, alveolar ridge condition, patients’ financial ability,
and providers’ expertise. Among the various treatment options,
including traditional fixed and removable prostheses, dental
implants have become the most desirable treatment due to their
functional and aesthetic advantages (Tarnow 2014; Buser et al.
2017). However, our findings document similar persistent dis-
parities for receiving implant treatment. Thus, disadvantaged
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Figure 2. Observed, predicted, and projected implant prevalence
among adults with missing teeth in the National Health and Nutrition
Examination Survey (NHANES) from 1999 to 2016 and projected to
2021 and 2026. Estimates are from survey-weighted multivariable logistic
regression models. For projection scenario |) trend stops: implant
prevalence is estimated to be the same average probability estimated by
the regression line in 2015-2016; 2) trend continues at the same pace:
the slope of the regression line included all years 2000-2016; 3) trend
slows: the slope of the regression line included all years excluding 2015-
2016; and 4) trend steepens: the slope of the regression line included

all years excluding 1999-2000 and 2001-2002. Solid lines represent the
estimated prevalence (for 2016 and earlier) and projected prevalence
(after 2016), and dashed lines represent the 95% prediction intervals for
those estimates.

groups are most vulnerable to having missing teeth and also
appear to lack access to this emerging dental treatment option.

According to this study, only 6% of adults benefited from
the advantages of tooth replacement with dental implants as
recently as 2016. Further efforts should be made to better
understand the factors associated with this disparity and to
ensure that a larger portion of the population has access to den-
tal implant treatment.

Conclusion

Based on nationally representative data, this study demon-
strates that dental implant prevalence among US adults has
substantially increased since 1999. This trend was not uniform
across sociodemographic indicators examined; implant preva-
lence was consistently higher among more advantaged groups.
A range of reasonable projection estimates suggest that dental
implant prevalence could be as high as 23% by 2026. These
findings provide valuable information for workforce develop-
ment and for the implant industry to allocate resources for the
anticipated future demand among patients eligible for implant
treatment yet not receiving it.
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