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Abstract

Background People with disabilities face difficulties in oral health management and gaining access to dental care.
The availability of a regular source of dental care (RSDC) is an important factor that influences the access to health
services and care management. The purpose of this study was to determine the effect of the availability of RSDC on
the number of annual dental visits and dental expenses per visit among people with disabilities.

Methods Data of 7,896,251 patients with dental problems in South Korea were analyzed using the 2002-2018
National Health Insurance claims data. A generalized estimating equation was applied to analyze the repeated-meas-
urement data, and the interaction effect between RSDC and the disability severity was evaluated.

Results The number of annual dental visits was higher among people with (2.62) than among those without (2.23)
disabilities. Despite their increased dental needs, both annual dental visits and dental expenses per visit were low
among older individuals (p <0.001). The proportion and frequency of annual dental visits was lower among women
than among men with disabilities. RSDC had differential effects on the severity of disability. Compared to people
without disabilities, RSDC increased the number of annual dental visits (o =0.067) and the dental expenses per visit
(p<0.05) among those with severe disabilities, but the effect on the number of annual dental visits was not significant
among those with mild disabilities (p =0.698).

Conclusions Our results suggest a need for a special dental care system for people with disabilities, to ensure an
RSDC, particularly for women and for older people with disabilities.

Keywords Dental expenses, Dental utilization, Disability, Healthcare inequality, Regular source of care

Introduction reported that people with intellectual disabilities used

People with disabilities have more difficulty accessing
healthcare services than do those without disabilities,
because of mobility restrictions, social discrimination,
and lower income due to disability [1]. Maltais et al. [2]
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optometry, physiotherapy, and Pap tests significantly
less often than did people without disabilities. Rouleau
et al. [3] also reported that 16.6% of the patients experi-
enced difficulties in receiving dental treatment after they
became disabled. In addition, previous studies on the oral
health status of disabled people found that the prevalence
of edentulous tooth loss and dental caries was higher
among people with disabilities than in those without dis-
abilities [4, 5]. Furthermore, the more severely disabled
the patient, the greater the number of missing teeth and
the lower the number of restored teeth [6]. The primary
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purpose of dental care use among people with disabilities
was related to pain management, rather than oral disease
prevention or regular checkups [7]. Income, education
level, place of residence, demographic characteristics of
caregivers, type of disability, and severity of disability
affected the use of dental care by people with disabilities
3, 8].

A regular source of dental care (RSDC) is a factor that
influences an individual’s use of health services [9]. RSDC
are related to receiving oral health services and have a
positive effect on the oral health management of not only
themselves but also their children [10, 11]. According to
previous studies, there was a difference in having RSDC
according to social disadvantages, such as income, educa-
tion, occupation, medical insurance, age, marital status,
and subjective health status [12-15]. However, despite
many studies reporting a positive relationship between
RSDC and medical use, there are few studies examin-
ing the effect of RSDC on healthcare use of people with
disabilities. In addition, research focusing on RSDC was
conducted before 2010 in dentistry, but recent research
often approaches it in terms of regular visits.

The findings of previous studies on dental care use of
disabled people were slightly different. A Korean study
reported that disabled people use dental care 0.97 times
less than non-disabled people [16]. However, other stud-
ies found that the dental service use rates of non-disabled
and disabled people were similar or that people with
disabilities used more dental services [17, 18]. To date,
no studies have reported whether RSDC affects the fre-
quency or cost of dental care over a long period. This
study aimed to investigate the effect of RSDC on the use
of dental care by people with disabilities using repeated
measured claim data.

Methods

Research materials and participants

This retrospective study was approved by the Insti-
tutional Review Board of the Ethics and Scientific
Review Committee of Wonkwang University (WKIRB-
201911-SB-082) and performed in accordance with the
Declaration of Helsinki. The Ethics committee waived
the requirement of informed consent due to the retro-
spective study design and anonymity of the NHI claims
data. Data management was conducted after receiv-
ing approval to use the database of the NHI Service and
performed using a computer installed at a location with
restricted external access The NHS DBs are relational
databases, and variables were extracted by merging three
DBs using the primary key; DB containing the informa-
tion of the insured, the DB summarizing the treatments,
and the DB containing the detailed treatment details.
Data cleaning and management were performed by the
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authors and organized using the R 4.03 version (R Foun-
dation for Statistical Computing, Vienna, Austria).

This study used cohort data (2002-2018) constructed
from claims data of the Korean National Health Insur-
ance (NHI). The NHI claims databases used in this study
included data on healthcare use, detailed treatments,
and sociodemographic information of the individuals.
Sociodemographic data contained information on age,
sex, region, income-based premiums, insurance type,
and the type and grade of disability [19]. For analysis, the
NHI data were organized in a cohort format. For exam-
ple, NHI dental care users in 2002 were followed up
until 2018 in a cohort format. Similarly, new dental users
who did not overlap with previous years were added and
were followed up to 2018. Overall, this study included
7,896,251 dental care users.

The dependent variables were the number of annual
dental care visits and expenditure per visit. Dental
expenses refer to the total expenditures, including the
insurer’s contribution and the insured’s out-of-pocket
expenses.

The Korean Welfare Act for Persons with Disabilities
classifies persons with disabilities into 17 categories, and
the severity of their disability is organized into six levels.
For independent variables, grades 1, 2, and 3 were classi-
fied as severe disability, whereas grades 4, 5, and 6 were
categorized as mild disability. A regular source of den-
tal care was defined as continuous dental use for at least
2 years or more [20]. The age groups were categorized
into children under 20 years, adults aged 20-64 years,
and older individuals aged 65 years or older. Income
levels were estimated based on the NHI premium (high,
middle, and low), and residential areas were categorized
into large cities, small cities, and rural areas. In addition,
other variables, including medical aid and sex, were used
as independent variables.

Statistical analysis

Descriptive statistics were performed on the number of
annual dental visits and dental expenses per visit using
the chi-square test and one-way analysis of variance. The
Scheffe post-hoc test was performed for multiple pairwise
comparisons. The association between the dependent
variable (the number of annual dental visits and dental
expenses per visit) and availability of a regular source of
care in each disability group were analyzed using gener-
alized estimating equations (GEEs). GEEs are commonly
used for analysis that considers intra-individual correla-
tion due to repeated measures, not only in medicine and
life sciences [21], but also in dentistry [22]. Notably, the
GEE method calculates the population-averaged estima-
tion on the premise that the independence assumption is
violated because of the existence of a correlation between
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Variables categories Total (N=7,896,251)  Severity of Disability
No disabilities Mild disabilities Severe disabilities x? (P)?
(N=7,514,703) (N=232,062) (N=149,486)
% % % %
Total 100 95.2 29 1.9
Sex Male 49.8 49.1 65.0 64.2 <0.001
Female 50.1 509 350 358
Age <20 154 16.2 04 4.1 <0.001
20-64 74.7 74.6 79.8 774
>65 9.7 9.3 19.8 185
Residential areas Large cities 60.1 60.5 54.1 536 <0.001
Rural areas 1.8 116 155 155
Small cities 279 279 304 309
A regular source of dental care No 81.6 819 79.2 76.6 <0.001
Yes 18.3 18.1 208 234
Medical Aid No 97.8 984 93.1 789 <0.001
Yes 2.1 16 6.9 211
Income Low 16.2 156 25.0 353 <0.001
Middle 58 583 56.3 484
High 25.7 26.1 188 16.3
Mean+SD p-value
Number of annual dental visits* 225+1.82 2234179 261+£211° 263 +2.64° <0.001
Dental expenses per visit* ° 341£227 34.14£224° 36.2429.0° 322426.0° 0.000
 Chi-squared test
* Analysis of variance (a<b<¢)
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Fig. 1 Annual number of dental visits and dental expenses for people with disabilities. Women with disabilities had fewer dental care visits than
men with disabilities; however, they spent more on dental care per visit. Women with severe disabilities had the highest dental expenses per visit
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the residuals in linear regression analysis [23]. In our
GEE analysis, male individuals, aged > 65 years, living in
large cities, with no regular source of dental care, non-
medical aid, a low income, without disabilities were used
as the reference group for analysis. Additionally, interac-
tion effects were considered to determine the difference
between the number of annual dental visits and dental
expenses per visit based on a regular source of dental
care and the severity of the disability. All analyses were
performed using the R 4.03 version (R Foundation for
Statistical Computing, Vienna, Austria) [24].

Results

Sample characteristics

The number of annual dental visits were in the follow-
ing order: severely disability, mild disability, and no dis-
ability, whereas the dental expenses per visit were in the
order of mild disability, no disability, and severe disabil-
ity. Among people with disabilities, the proportion of
men using dental services was approximately twice as
high as that of females. More people with disabilities
had an RSDC than did those with no disability. In the
no-disability group, those with an RSDC was approxi-
mately 22% of those without a regular source of dental
care, whereas the ratio was approximately 28% in the
people with disabilities group. The proportion of medi-
cal aid users was highest among people with severe dis-
abilities, which was approximately 13 times higher than
that among people with no disability, and three times
higher than that among people with mild disability. The
income level distribution was similar to the medical aid
distribution, and the lowest income group accounted
for the largest portion of the people with severe disabil-
ity group (Table 1).

Number of annual dental visits and expenses per visit
The average annual number of dental visits was higher
among males with disability and tended to decrease
with increasing age in all three groups. An RSDC had
a greater impact on dental use than did other variables,
such as sex and age. Participants with an RSDC had
1.64 times more dental visits than did those without an
RSDC. This trend was similar for both people with and
those without disabilities. For example, in the absence
of an RSDC, the average number of annual dental vis-
its of people with severe disability was 2.27, which was
about 15% higher than that among those without disa-
bilities, but increased by 1.73 times when an RSDC was
available.

Women had fewer dental visits than men; however,
they spent more on dental care per visit. Women with
severe disabilities had the highest dental expenses per
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visit (Fig. 1). As age increased, dental expenses per visit
tended to decrease, and the number of dental visits in
the group without an RSDC was low. However, group
without a RSDC dental care expenses per visit were
higher than those of their counterparts.

Effect of a regular source of dental care on the annual
number of dental visits and expenses

According to the GEE analysis, there was no differ-
ence in the average dental care use between men and
women regardless of the statistical significance (the
annual number of dental visits in males was only 4%
higher than that in females.) Individuals 65 years and
older had the lowest dental care use, whereas the group
under 20 years old and the 20-64-year-old group had
51% and 26% higher dental care use, respectively, than
the older group. In the no-disability group, the simple
effect of an RSDC was 13.2%. In other words, when
individuals had an RSDC, they would have more than
a quarter (=0.132*2.25 [average dental visits]) of the
number of dental visits than those without an RSDC.
The income and medical aid trends were similar. The
higher the income level, the lower was the annual
dental care use of individuals with no medical aid
(Table 2).

The effects of an RSDC varied according to the
severity of disability (Fig. 2). The interaction term
for individuals with mild disability was not statisti-
cally significant; however, it was a marginally signifi-
cant for those with severe disability. Considering the
interaction effect between the severity of disability
and availability of an RSDC, the simple effect of RSDC
was approximately 21.5% (=exp [0.124 4 0.072]) for
individuals with severe disability. This was greater
than the simple effects among those with mild disabil-
ity or with no disability, which were 12.3% and 13.2%,
respectively.

In terms of dental expenses per visit (Table 3), older
individuals spent the least, but those aged <20 years
spent more and had more dental visits than did those
in other age groups. Individuals aged < 20 years tended
to spend 95% more than did the older individuals.

Results using an interaction term are presented as
a plot (Fig. 3) to examine whether the availability of an
RSDC made a difference to the dental expenses per visit
according to the severity of the disability. Each point
shown in the plot is a predicted value. The slope of the
line between the two points represents a simple effect. In
Fig. 3, the slopes for those with mild and severe disability
were significantly larger than that for those with no dis-
ability, implying that using an RSDC would significantly
reduce the dental expenses per visit for people with
disabilities.
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Table 2 Factors affecting the annual number of dental care visits by people with disabilities
Variables Category Coefficient (coef) Exp (coef) 95% Cl p value
Lower Upper
Sex (Ref: Female) Male 0.041 1.040 0.032 0.049 <0.001
Age (Ref: > 65 years) <20 years 0414 1.510 0401 0426 <0.001
20-64 years 0.233 1.262 0.221 0.245 <0.001
Residential areas (Ref: Large cities) Small cities 0.020 1.010 0.004 0.033 0.004
Rural areas -0.020 0.980 -0.035 -0.006 0.007
RSDC @ (Ref: No) Yes 0.124 1.132 0112 0.136 <0.001
Medical aid (Ref: No) Yes 0.054 1.056 0.028 0.079 <0.001
Income (Ref: Low) Middle -0.009 0.991 -0.020 -0.002 0.104
High -0.014 0.986 -0.026- -0.002 0.023
Disabilities (Ref: No disabilities) Mild 0.059 1.061 0.040 0.078 <0.001
Severe 0.025 1.028 -0.006 0.056 0.121
Interaction Term RSDC ?: Disabilities RSDC (Yes): Mild -0.008 0.992 -0.050 0.0334 0.708
RSDC (Yes): Severe 0.071 1.071 -0.001 0.144 0.055

2 RSDC Regular source of dental care, C/ Confidence interval, coef Coefficient

Discussion

This study analyzed the number of dental visits and
expenses of people with disabilities using the 2002—-2018
NHI claim data from South Korea and investigated their
relationship with a regular source of care. We found that
those with an RSDC visited dentists more often and that
the effects of having an RSDC varied according to the
severity of disability. Women and older individuals with
disability used dental care less and spent more per dental
visit than did their counterparts.

Physical barriers, care costs, and dental fear are
common obstacles to dental care among people with
disabilities [25]. People with disabilities had more
decayed—missing—filled teeth, decayed teeth, and missing
teeth than did those with no disabilities, resulting in poor
oral health [4]. Lin et al. [26] reported that the dental ser-
vice access rate was lower in people with disabilities than
in the general population, but people with disabilities
also had a higher dental filling rate, and periodontal treat-
ment rate. A Brazilian study found that the proportion of
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Fig. 2 Interaction effect between a regular source of dental care and disability level. The effects of a regular source of dental care varied according
to the disability severity. There was a marginally significant difference between individuals with severe disabilities and those with no disabilities.
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Table 3 Factors affecting dental expenses per visit (generalized estimating equations)
Variables Categories Coefficient (coef) Exp (coef) 95% ClI p-value
Lower Upper
Sex (Ref: Female) Male -0.0005 1.000 -0.010 0.009 0.921
Age (Ref:> 65 years) <20 years 0.667 1.948 0.654 0.679 <0.001
20-64 years  0.137 1.146 0.127 0.146 <0.001
Residential areas (Ref: Large cities) ~ Small cities -0.015 0.985 -0.032 0.003 0.103
Rural areas -0.003 0.997 -0.022 0.016 0.759
RSDC @ (Ref: No) Yes -0.096 0.908 -0.109 -0.084 <0.001
Medical aid (Ref: No) Yes 0.105 1.110 0.068 0.141 <0.001
Income (Ref: Low) Middle -0.005 0.995 -0.019 0.009 0479
High 0.052 1.054 0.037 0.068 <0.001
Disabled (Ref: No disabilities) Mild 0.063 1.065 0.036 0.091 <0.001
Severe -0.006 0.994 -0.048 0.036 0.790
Interaction Term RSDC *: Dis- RSDC (Yes): -0.082 0.921 -0.137 -0.027 0.003
abilities Mild
RSDC (Yes): -0.134 0.875 -0.222 -0.046 0.003
Severe

@ RSDC Regular source of dental care, Cl: Confidence interval

disabled people using dental care was lower than that of
people with no disability [27].

Park et al. [16] reported that the number of dental
care users with disabilities was lower than that that of
individuals with no disability, but the frequency was
higher in those with disabilities than in those with-
out disabilities. The annual number of dental visits in

this study was 2.61 and 2.63 for people with mild dis-
abilities and with severe disabilities, respectively, which
was more than the 2.23 visits of people with no disa-
bility (Table 1). For people with disabilities, a retreat-
ment visit might be necessary because the treated
teeth could not be maintained in a healthy state due to
the lack of preventive care [20] and difficulties in oral

10.4 e

Linear prediction
/

10.24

Disabled
Non-disabled
—#- Severe-disabled
#- Mild-disabled

No

Yes

A regular source of dental care

Fig. 3 Interactions between the regular source of dental care and expenses per visit. The slope of the curve for people with mild and severe
disabilities was steeper than that for people with no disabilities, implying that using a regular dental source of care would significantly reduce

dental care costs per visit for people with disabilities.
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hygiene management. Furthermore, people with disa-
bilities might need additional visits because of difficulty
in giving cooperation during the dental visit [25]. In
South Korea, access to most dental services, other than
orthodontic and prosthodontic services, is less limited
because the Korean NHI is available to all citizens,
and out-of-pocket costs are lower for people with dis-
abilities and for low income groups [22]. Based on the
above-mentioned evidence, it was presumed that the
frequency of dental care use of people with disabilities
was higher than that of those with no disability.

The present study confirmed the inequality in dental
care use between the sexes in people with disabilities.
Among the NHI beneficiaries, the proportion of men
with disabilities was approximately 10% higher than
that of women with disabilities (data not presented),
whereas the proportion of dental care users among
men with disabilities was approximately twice that of
women with disabilities. The average annual number
of dental visits was higher among men with disabilities
(Fig. 1). Gender inequality for people with disabilities
has often been reported in terms of use of healthcare
services [27]. In this study, women with disabilities
visited dentists less frequently than did men with dis-
abilities. Women with disabilities have been reported to
have a lower level of education, a tendency to be poorer
and to have lower employment prospects than men
with disabilities [28]. The economic status of people
with disabilities is related to the ability to pay for dental
expenses and might act as one of major factors deter-
mining the number of dental visits as compared to that
of individuals with no disability. A previous study [29]
reported that approximately 60%—80% of people with
disabilities had economic reasons for unmet dental
needs. This proportion was higher than that of people
without disabilities. In this study, people with disabili-
ties with a high-income level had a higher annual num-
ber of dental visits. The difference in the annual number
of dental visits according to the income level of people
with disabilities was slightly larger than the difference
in the no disability group. We speculate that women
with disabilities might have a greater burden of dental
visits due to paying for dental treatment than men with
disabilities.

People with disabilities need a guardian or caregiver
because of difficulties in mobility and appropriate com-
munication when accessing dental care [25]. In South
Korea, women with disabilities are reported to receive less
obtaining care support than men with disabilities. A pre-
vious study [30] found that the average number of days of
care per month was greater for men than for women with
disabilities. In a study in the United States [31], women
with disabilities received less home-care support than did
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men with disabilities. This suggests that gender inequality
exists in the social support of people with disabilities.

Among people with disabilities, the average annual
number of dental visits was decreased significantly in
those aged 65 years and over, and the cost of dental treat-
ments also tended to decrease by age groups (Fig. 1),
which was consistent with the findings of previous study
[32]. However, as age increases, the need for oral treat-
ment tends to increase, due to chewing [33] and swal-
lowing difficulties [34], and dry mouth [35], among other
causes. In addition, activity restrictions [36] and economic
factors [37] hinder the use of dental care. In a previous
study, older people with restrictions in daily activities
used dental care less often than those with restrictions in
instrumental activities of daily living [36]. The oral health
of older individuals is influenced by physical function and
cognitive impairment [38, 39]. For older individuals in
South Korea, health insurance benefits include dentures
and implants services, as well as conventional oral treat-
ments, including oral surgery [22]. Nonetheless, our study
results showed that these Korean NHI benefit package
was still not sufficient to reduce inequality in dental care
among older people with disabilities.

In this study, an RSDC had a greater effect on dental
treatment use than other factors, including sex and age.
Considering the interaction effect between the severity of
disability and RSDC in this study, the number of annual
dental visits for people with severe disabilities with an
RSDC was increased by 22%, i.e., it was 1.83 times higher
than that of people without disabilities. However, the
dental costs per visit of people with disabilities with an
RSDC were reduced, and the effect was more marked
in those with severe disabilities. Regular dental visits
positively affects active oral health behaviors, including
repeated dental visits, periodic preventive measures, and
participation in oral health education [40, 41]. In a pre-
vious study, regular dental visits were beneficial for the
early detection and treatment of oral diseases [42] and
were associated with reducing the incidence of periodon-
titis [43]. A study of people aged > 65 years reported that
regular dental visits reduced the risk of severe disability
[44]. In this regard, an RSDC will greatly contribute to
regular dental visits of people with disabilities who are
more vulnerable to poor oral health due to difficulties in
communication and limited physical movement.

In terms of the availability of RSDC among people with
disabilities, caregivers’ awareness of the importance of
RSDC, caregivers’ active attitude toward oral health care,
and policies that encourage dentists to actively perform
dental treatment for people with disabilities seem to be
necessary (e.g., dental care facility expansion, care incen-
tives for providers, and improving awareness of health
disparities among people with disabilities) [45, 46].
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According to a previous study [47] that investigated the
barriers to oral health among people with disabilities,
54% of dentists reported they would not treat people with
cognitive impairment and a poor ability to collaborate
during treatment, and 50% of dentists who treated peo-
ple with cognitive impairment reported that they did not
include such patients in follow-up. As the importance of
regular dental care for people with disabilities has been
established, the need for active use of teledentistry has
been emphasized [48]. In particular, during the COVID-
19 pandemic, teledentistry reduced the risk of cross-con-
tamination, enabled regular examinations, and helped
reduce the occurrence of emergencies [49.50]. Thus, tel-
edentistry has been proposed as an efficient and effective
way for people with mobility restrictions or social barri-
ers, such as people with disabilities, to regularly evaluate
their oral health without visiting the dentist [49, 50].

This study had some limitations. This study analyzed
data of people who had used dental care services; thus,
caution is needed in interpreting the results. In this
study, the number of annual dental visits was higher in
people with disabilities than in those with no disability,
but the analysis was based only on people with disabili-
ties who used dental care. Therefore, our finding does not
reflect the difference in dental care use among the entire
population. In future studies, it is necessary to exam-
ine the effects of an RSDC and inequality in dental care
among all people with disabilities, including those who
do not use dental care. Additionally, caregivers signifi-
cantly affected the dental visits of people with disabilities;
however, the study did not investigate caregivers’ factors
because of the limitations of the NHI data. Nevertheless,
this study was significant in that it analyzed the den-
tal care use of people with disabilities using repeatedly
measured, long-term Korean NHI data and confirmed
the positive effect of an RSDC.

Conclusion

This study showed that patients with an RSCD had more
annual dental visits and lower dental expenses. For older
individuals, despite the increased dental needs associ-
ated with age, the number of dental visits and associated
expenses were low. A similar trend was also observed in
women with disability. For those with severe disability, an
RSDC was effective in increasing the number of dental
visits and reducing dental expenses. Based on this study’s
findings, policies that can help to provide an RSDC for
people with disabilities and to resolve inequality in dental
services for women and older individuals with disabili-
ties would result in significant improvement in the use of
dental care.

Page 8 of 10

Acknowledgements

Since the data used were NHI claims data containing private personal informa-
tion, the National Health Insurance Cooperation (NHIC) had a policy that all
analyses were performed using a computer installed on a restricted site. The
authors thank the NHIC for allowing the use of publicly restricted data and
providing the analysis site.

Authors’ contributions

Bo-Young Park, Han-A Cho and Hosung Shin conceived and designed the
study. Han-A Cho and Hosung Shin analyzed the data. Bo-Young Park and
Hosung Shin wrote the manuscript. Han-A Cho provided input for the manu-
script. All authors read and approved the final manuscript.

Funding

This research was supported by a grant from the Korea Health Technology
R&D Project through the Korea Health Industry Development Institute (KHIDI),
funded by the Ministry of Health & Welfare, Republic of Korea (grant number:
HI19C1218), and by a National Research Foundation of Korea grant funded by
the Korean Government (NRF-2021R1F1A1051049).

Availability of data and materials

The data that support the findings of this study are available from database of
National Health Insurance https://nhiss.nhis.orkr/ but restrictions apply to the
availability of these data, which were used under license for the current study,
and so are not publicly available. Data are, however, available from the cor-
responding authors upon reasonable request and with permission of Korean
National Health Insurance.

Declarations

Ethics approval and consent to participate

This retrospective study was approved by the Institutional Review Board of
the Ethics and Scientific Review Committee of Wonkwang University (WKIRB-
201911-SB-082) and performed in accordance with the Declaration of Helsinki.
Patients informed consent was waived by the Institutional Review Board of
the Ethics and Scientific Review Committee of Wonkwang University due to
the retrospective design and anonymity of the Korean National Health Insur-
ance (NHI) claims data.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 4 November 2022 Accepted: 6 April 2023
Published online: 14 April 2023

References

1. Hansen C, Curl C, Geddis-Regan A. Barriers to the provision of oral health
care for people with disabilities. BDJ In Pract. 2021;34:30-4. https://doi.
0rg/10.1038/541404-021-0675-x.

2. Maltais J, Morin D, Tassé MJ. Healthcare services utilization among people
with intellectual disability and comparison with the general population.
J Appl Res Intellect Disabil. 2020;33:552-64. https://doi.org/10.1111/jar.
12698.

3. RouleauT, Harrington A, Brennan M, Hammond F, Hirsch M, Nussbaum
M, et al. Receipt of dental care and barriers encountered by persons with
disabilities. Spec Care Dentist. 2011;31:63-7. https://doi.org/10.1111/j.
1754-4505.2011.00178.x.

4. Lee JY, Lim KC, Kim SY, Paik HR, Kim YJ, Jin BH. Oral health status of the
disabled compared with that of the non-disabled in Korea: a propensity
score matching analysis. PLoS One. 2019;14:€0208246. https://doi.org/10.
1371/journal.pone.0208246.


https://nhiss.nhis.or.kr/
https://doi.org/10.1038/s41404-021-0675-x
https://doi.org/10.1038/s41404-021-0675-x
https://doi.org/10.1111/jar.12698
https://doi.org/10.1111/jar.12698
https://doi.org/10.1111/j.1754-4505.2011.00178.x
https://doi.org/10.1111/j.1754-4505.2011.00178.x
https://doi.org/10.1371/journal.pone.0208246
https://doi.org/10.1371/journal.pone.0208246

Park et al. BMC Oral Health

20.

21

22.

23.

24,

25.

26.

(2023) 23:213

Health Promotion Administration, Huang ST. National survey of oral
health status for people with disabilities and oral hygiene education
promotion in Taiwan. HPA Website. 2006. http://www.hpa.gov.tw/BHP-
Net/Web/HealthTopic/TopicArticle.aspx?No=200811210006&parentid=
200811100002. Accessed 2 Aug 2022.

Petrovic BB, Peric TO, Markovic DLJ, Bajkin BB, Petrovic D, Blagojevic DB,

et al. Unmet oral health needs among persons with intellectual disability.
Res Dev Disabil. 2016;59:370-7. https://doi.org/10.1016/j.ridd.2016.09.020.
Costa IM, Maciel SM, Cavalcanti AL. Access to dental services and reasons
of demand for service for elderly patients in Campina Grande - PB. Odon-
tol Clin-Cient. 2008;7:331-3.

Gambhir RS, Brar P, Singh G, Sofat A, Kakar H. Utilization of dental care: an
Indian outlook. J Nat Sci Biol Med. 2013;4:292-7. https://doi.org/10.4103/
0976-9668.116972.

Aday LA, Andersen R. A framework for the study of access to medical
care. Health Serv Res. 1974;9:208-20.

. Grembowski D, Spiekerman C, Milgrom P. Racial and ethnic differ-

ences in a regular source of dental care and the oral health, behaviors,
beliefs and services of low-income mothers. Community Dent Health.
2009;26:69-76.

. Skaret E, Milgrom P, Raadal M, Grembowski D. Factors influencing

whether low-income mothers have a usual source of dental care. ASDC J
Dent Child. 2001;68(136-9):142.

. Patrick DL, Lee RS, Nucci M, Grembowski D, Jolles CZ, Milgrom P. Reduc-

ing oral health disparities: a focus on social and cultural determinants.
BMC Oral Health. 2006;6 Suppl 1(Suppl 1):4. https://doi.org/10.1186/
1472-6831-6-51-54.

. Mofidi M, Rozier RG, King RS. Problems with access to dental care for

Medicaid-insured children: what caregivers think. Am J Public Health.
2002;92:53-8. https://doi.org/10.2105/ajph.92.1.53.

. Grembowski D, Spiekerman C, Milgrom P. Disparities in regular source of

dental care among mothers of medicaid-enrolled preschool children. J
Health Care Poor Underserved. 2007;18:789-813. https://doi.org/10.1353/
hpu.2007.0096.

. Kim JH, Cho HJ. Effects of having regular source of care on preventive

services and disease control. Korean J Fam Med. 2007;28:278-85.

. Park SH, Kim HJ, Jeong JY, Hong MJ, Kim NY. Comparative analysis of

accessibility for dental care utilization of people with disabilities. Korean
Public Heal Res. 2021,47:33-45.

. MacarevichCondessa A, Pilotto LM, Celeste RK, Hilgert JB. Use of dental

services by disability status in Brazil in 2013. Community Dent Oral Epide-
miol. 2021,49:471-7. https://doi.org/10.1111/cdoe.12623.

. Havercamp SM, Scott HM. National health surveillance of adults with

disabilities, adults with intellectual and developmental disabilities, and
adults with no disabilities. Disabil Health J. 2015;8:165-72. https://doi.org/
10.1016/j.dhjo.2014.11.002.

. CheolSeong S, Kim YY, Khang YH, Heon Park J, Kang HJ, Lee H, et al. Data

resource profile: the National Health Information database of the National
Health Insurance Service in South Korea. Int J Epidemiol. 2017,46:799-
800. https://doi.org/10.1093/ije/dyw253.

Lopez Silva CP, Singh A, Calache H, Derbi HA, Borromeo GL. Associa-

tion between disability status and dental attendance in Australia-A
population-based study. Community Dent Oral Epidemiol. 2021;49:33-9.
https://doi.org/10.1111/cdoe.12571.

Ballinger GA. Using generalized estimating equations for longitudinal
data analysis. Organ Res Methods. 2004;7:127-50. https://doi.org/10.
1177/1094428104263672.

Shin HS, Cho HA. Spatial barriers and the bypassing of nearby dental
clinics for dental services: A secondary data analysis in Korea. BMJ Open.
2019,9:024116. https://doi.org/10.1136/bmjopen-2018-024116.

Zeger SL, Liang KY, Albert PS. Models for longitudinal data: A generalized
estimating equation approach. Biometrics. 1988;44:1049-60.

Bunn AG. A dendrochronology program library in R (dpIR). Dendrochro-
nologia. 2008;26:115-24. https://doi.org/10.1016/j.dendro.2008.01.002.
Ishaque MY, Rahim S, Hussain MH. Factors that limit access to dental care
for person with disabilities. Pak Armed Forces Med J. 2016;66:230-4.

Lin PY, Wang KW, Tu YK, Chen HM, Chi LY, Lin CP. Dental service use
among patients with specific disabilities: A nationwide population-based
study. J Formos Med Assoc. 2016;115:867-75. https://doi.org/10.1016/j.
jfma.2015.09.007.

28.

29.

30.

31.

32.

33

34.

35.

36.

37.

38.

39.

40.

42.

43.

44,

45.

Page 9 of 10

. Sakellariou D, Rotarou ES. Access to healthcare for men and women with

disabilities in the UK: Secondary analysis of cross-sectional data. BMJ
Open. 2017;7:€016614. https://doi.org/10.1136/bmjopen-2017-016614.
Moodley J, Graham L. The importance of intersectionality in disability and
gender studies. Agenda. 2015;29:24-33. https://doi.org/10.1080/10130
950.2015.1041802.

Choi KH, Kim M, Choi YJ, Cho YM, Kim MS, Jeong EH, et al. Current status
of unmet health care needs in the disabled in Korea. Korea Open Access
J.2021,41:160-76.

Jang SN, Kawachi |. Care inequality: Care received according to gender,
marital status, and socioeconomic status among Korean older adults
with disability. Int J Equity Health. 2019;18:105. https://doi.org/10.1186/
$12939-019-1008-0.

Katz SJ, Kabeto M, Langa KM. Gender disparities in the receipt of home
care for elderly people with disability in the United States. JAMA.
2000;284:3022-7. https://doi.org/10.1001/jama.284.23.3022.

Manski RJ, Hyde JS, Chen H, Moeller JF. Differences among older adults

in the types of dental services used in the United States. Inquiry.
2016;53:0046958016652523. https://doi.org/10.1177/0046958016652523.
Kang HK. A study on the relationship between physical activity, mental
health, oral health and quality of life according to chewing difficulty.
Korean Soc Oral Health Sci. 2019;7:1-8.

Liu HY, Chen JH, Hsu KJ, Yao CT, Chen PH, Hsiao SY, et al. Decreased
tongue pressure associated with aging, chewing and swallowing
difficulties of community-dwelling older adults in Taiwan. J Pers Med.
2021;11:1-15. https://doi.org/10.3390/jpm11070653.

Johansson AK, Johansson A, Unell L, Ekback G, Ordell S, Carlsson GE. Self-
reported dry mouth in 50- to 80-year-old swedes: Longitudinal and cross-
sectional population studies. J Oral Rehabil. 2020;47:246-54. https://doi.
org/10.1111/joor.12878.

Cho HA, Shin HS. Dental care utilization patterns by the status of ADL and
IADL in the elderly. J Korean Acad Oral Health. 2015;39:102-9. https://doi.
0rg/10.11149/jkaoh.2015.39.2.102.

Jung ES, Ahn GS. Relationship between demographic and socioeco-
nomic characteristics of the Korean elderly and unmet dental care needs.
Korean Society of Dental Hygiene. 2018;18:911-31. https://doi.org/10.
13065/jksdh.20180078.

Kaye EK, Valencia A, Baba N, Spiro A 3rd, Dietrich T, Garcia RI. Tooth loss
and periodontal disease predict poor cognitive function in older men. J
Am Geriatr Soc. 2010;58:713-8. https://doi.org/10.1111/}.1532-5415.2010.
02788.x.

Shin HS, Shin MS, Ahn YB, Choi BY, Nam JH, Kim HD. Periodontitis is
associated with cognitive impairment in elderly Koreans: Results from the
Yangpyeong cohort study. J Am Geriatr Soc. 2016;64:162-7. https://doi.
org/10.1111/jgs.13781.

Taniguchi-Tabata A, Ekuni D, Mizutani S, Yamane-Takeuchi M, Kataoka K,
AzumaT, et al. Associations between dental knowledge, source of dental
knowledge and Oral Health behavior in Japanese university students: A
cross-sectional study. PLOS ONE. 2017;12:e0179298. https://doi.org/10.
1371/journal.pone.0179298.

. Langevin SM, Michaud DS, Eliot M, Peters ES, McClean MD, Kelsey KT.

Regular dental visits are associated with earlier stage at diagnosis for oral
and pharyngeal cancer. Cancer Causes Control. 2012;23:1821-9. https://
doi.org/10.1007/510552-012-0061-4.

Spalthoff S, Holtmann H, Kriskemper G, Zimmerer R, Handschel J,
Gellrich NC, et al. Regular dental visits: Influence on health-related quality
of life in 1,607 patients with oral squamous cell carcinoma. Int J Dent.
2017;2017:9638345. https://doi.org/10.1155/2017/9638345.

Iwasaki M, Usui M, Ariyoshi W, Nakashima K, Nagai-Yoshioka Y, Inoue M,
et al. Interruption of regular dental visits during the COVID-19 pandemic
due to concerns regarding dental visits was associated with periodontitis
in Japanese office workers. J Periodont Res. 2021;56:1091-8. https://doi.
org/10.1111/jre.12923.

Tomioka K, Kurumatani N, Saeki K. Regular dental visits may prevent
severe functional disability: A community-based prospective study. Arch
Gerontol Geriatr. 2020;88:104019. https://doi.org/10.1016/j.archger.2020.
104019.

AL-Shehri SA. Access to dental care for persons with disabilities in Saudi
Arabia (Caregivers' perspective). J Disabil Oral Health. 2012;13:51. https://
doi.org/10.4483/JDOH_006AL-shehri11.


http://www.hpa.gov.tw/BHPNet/Web/HealthTopic/TopicArticle.aspx?No=200811210006&parentid=200811100002
http://www.hpa.gov.tw/BHPNet/Web/HealthTopic/TopicArticle.aspx?No=200811210006&parentid=200811100002
http://www.hpa.gov.tw/BHPNet/Web/HealthTopic/TopicArticle.aspx?No=200811210006&parentid=200811100002
https://doi.org/10.1016/j.ridd.2016.09.020
https://doi.org/10.4103/0976-9668.116972
https://doi.org/10.4103/0976-9668.116972
https://doi.org/10.1186/1472-6831-6-S1-S4
https://doi.org/10.1186/1472-6831-6-S1-S4
https://doi.org/10.2105/ajph.92.1.53
https://doi.org/10.1353/hpu.2007.0096
https://doi.org/10.1353/hpu.2007.0096
https://doi.org/10.1111/cdoe.12623
https://doi.org/10.1016/j.dhjo.2014.11.002
https://doi.org/10.1016/j.dhjo.2014.11.002
https://doi.org/10.1093/ije/dyw253
https://doi.org/10.1111/cdoe.12571
https://doi.org/10.1177/1094428104263672
https://doi.org/10.1177/1094428104263672
https://doi.org/10.1136/bmjopen-2018-024116
https://doi.org/10.1016/j.dendro.2008.01.002
https://doi.org/10.1016/j.jfma.2015.09.007
https://doi.org/10.1016/j.jfma.2015.09.007
https://doi.org/10.1136/bmjopen-2017-016614
https://doi.org/10.1080/10130950.2015.1041802
https://doi.org/10.1080/10130950.2015.1041802
https://doi.org/10.1186/s12939-019-1008-0
https://doi.org/10.1186/s12939-019-1008-0
https://doi.org/10.1001/jama.284.23.3022
https://doi.org/10.1177/0046958016652523
https://doi.org/10.3390/jpm11070653
https://doi.org/10.1111/joor.12878
https://doi.org/10.1111/joor.12878
https://doi.org/10.11149/jkaoh.2015.39.2.102
https://doi.org/10.11149/jkaoh.2015.39.2.102
https://doi.org/10.13065/jksdh.20180078
https://doi.org/10.13065/jksdh.20180078
https://doi.org/10.1111/j.1532-5415.2010.02788.x
https://doi.org/10.1111/j.1532-5415.2010.02788.x
https://doi.org/10.1111/jgs.13781
https://doi.org/10.1111/jgs.13781
https://doi.org/10.1371/journal.pone.0179298
https://doi.org/10.1371/journal.pone.0179298
https://doi.org/10.1007/s10552-012-0061-4
https://doi.org/10.1007/s10552-012-0061-4
https://doi.org/10.1155/2017/9638345
https://doi.org/10.1111/jre.12923
https://doi.org/10.1111/jre.12923
https://doi.org/10.1016/j.archger.2020.104019
https://doi.org/10.1016/j.archger.2020.104019
https://doi.org/10.4483/JDOH_006AL-shehri11
https://doi.org/10.4483/JDOH_006AL-shehri11

Park et al. BMC Oral Health

46.

47.

48.

49.

50.

(2023) 23:213

Edwards DM, Merry AJ. Disability part 2: access to dental services for disa-
bled people. A questionnaire survey of dental practices in Merseyside. Br
Dent J. 2002;193:253-5. https://doi.org/10.1038/5j.bdj4801538.
D'Addazio G, Santilli M, Sinjari B, Xhajanka E, Rexhepi |, Mangifesta R, et al.
Access to dental care- a survey from dentists, people with disabilities and
caregivers. Int J Environ Res Public Health. 2021;18:1556. https://doi.org/
10.3390/ijerph18041556.

Olivier R, Thibault D, Stéphane V, Aline D, Camille |, Jean V, et al. Oral care
in facilities for disabled people: interest of teledentistry. Dent Oral Maxil-
lofac Res. 2019;5:1-4. https://doi.org/10.15761/DOMR.1000303.

Sinjari B, Rexhepi |, Santilli M, D’Addazio G, Chiacchiaretta P, Di Carlo

P, et al. The impact of COVID-19 related lockdown on dental practice

in central Italy- outcomes of a survey. Int J Environ Res Public Health.
2020;17:5780. https://doi.org/10.3390/ijerph17165780.

Aquilanti L, Santarelli A, Mascitti M, Procaccini M, Rappelli G. Dental care
access and the elderly: what is the role of teledentistry? A systematic
review. Int J Environ Res Public Health. 2020;17:9053. https://doi.org/10.
3390/ijerph17239053.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1038/sj.bdj.4801538
https://doi.org/10.3390/ijerph18041556
https://doi.org/10.3390/ijerph18041556
https://doi.org/10.15761/DOMR.1000303
https://doi.org/10.3390/ijerph17165780
https://doi.org/10.3390/ijerph17239053
https://doi.org/10.3390/ijerph17239053

	Disparity in access for people with disabilities to outpatient dental care services: a retrospective cohort study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Research materials and participants
	Statistical analysis

	Results
	Sample characteristics
	Number of annual dental visits and expenses per visit
	Effect of a regular source of dental care on the annual number of dental visits and expenses

	Discussion
	Conclusion
	Acknowledgements
	References


