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Abstract

Objective

The primary aim of the study was to determine levels of literacy in both oral health and ortho-
dontics in an adult population. The secondary study aim was to investigate differences in lit-
eracy between males and females.

Methods

Participants included individuals 18 years or older seeking dental treatment at the East
Carolina University (ECU) School of Dental Medicine. To determine levels of oral health liter-
acy (OHL) and orthodontic literacy (OrthoL), validated instruments were administered,
including the Rapid Estimate of Adult Literacy in Medicine and Dentistry, the Oral Health Lit-
eracy Instrument and its separate scales, and a questionnaire on orthodontic literacy. Sum-
mary statistics were computed, and statistical significance was set at 0.05.

Results

One hundred seventy-two individuals participated in the study and had a mean age of 55.03
(range:18-88). Greater than 70% of the sampled population exhibited inadequate or mar-
ginal oral health knowledge. Additionally, greater than 70% of the sample possessed no
more than an 8th grade reading level, with regard to basic medical and dental terms. Higher
education was weakly associated with higher OrthoL and OHL. Higher age was also weakly
associated with lower OrthoL and OHL. Males on average exhibited significantly higher
OHL (p < .05) but there were no OrthoL differences between males and females. Dental visit
frequency was not associated with OrthoL or OHL.

Conclusion

Low levels of OrthoL and OHL were observed in the study. While males demonstrated a
higher level of OHL than females, neither age nor the occurrence of dental appointments
significantly influenced levels of literacy.
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Introduction

Both medicine and dentistry have become increasingly aware that health literacy plays or may
play an important role in patient outcomes [1-3]. Oral health literacy is defined as the degree
to which individuals have the capacity to obtain, process and understand basic oral health
information and access services needed to make appropriate health decision [3, 4]. We concep-
tualize orthodontic literacy similarly, specifically related to orthodontics within this frame-
work. A 2011 systematic review highlighted that there appears to be an inverse relationship
between health literacy and utilization of health care services. For example, those with
decreased health literacy showed increased hospitalizations and “emergency care” utilization
[5]. Additionally, among aged groups in this referenced study, those with low health literacy
exhibited “poorer overall health status and higher mortality.” In pediatric dentistry, it has been
shown that children with “poorer reported oral health status” have caregivers with low literacy
[6]. In adolescents, one study showed that those “with lower levels of oral health literacy had a
larger number of teeth with cavitated carious lesions” [7].

Studies also show that physicians overestimate their patients’ health literacy levels and are
unable to determine at-risk patients for low health literacy [8, 9]. It has also been noted that
low oral health literacy (OHL) is a barrier to optimal patient care with potentially suboptimal
oral health outcomes a result [10]. Thus, the concept of health literacy has emerged as an
approach for enhancing health interventions [11].

Additionally, general oral health and orthodontic literacy, are highly impactful to clinical
practice. Understanding where a practice’s patient pool is in terms of baseline levels of ortho-
dontic and oral health literacy may be critical not only for patient compliance, but also in
terms of providing access to care where it currently does not exist. There is evidence indicating
a practitioner’s focus on increasing patient health literacy will increase patient trust in the
practitioner, referrals to the practice, and augment the practice’s ability to educate patients
about treatment [12]. This adult study is also relevant to clinicians since, according to the 2015
AAO Economics of Orthodontics Survey, “more than one in four orthodontic patients are
now adults.”

Thus, our primary aim was to determine levels of literacy in both orthodontics and oral
health in an adult population in an area that has been described as underserved [13]. The den-
tal school, where the study participants were recruited, is situated in the 11"™ most urban
county in North Carolina and we anticipate the obtained results would be consistent with
other similar places throughout the United States. The secondary study aim was to investigate
differences in literacy between males and females within the sampled population, since previ-
ous research has reported differences between males and females [14].

Materials and methods

This study was reviewed and approved by the East Carolina University (ECU) & Medical Cen-
ter Institutional Review Board (IRB#14000398). The established inclusion criteria included
adults (18 years or older), seeking treatment at the ECU School of Dental Medicine, who did
not have a cognitive, visual, or hearing impairment. Eligible individuals needed to have at least
a limited understanding of English and be able to verbally communicate. To our knowledge,
no one in our study spoke English as a second language. Those excluded from the study
included children and any adult that had a self-reported cognitive, visual, or hearing
impairment, or who had no understanding of English. After providing written consent, partic-
ipants were given a short screening form to ascertain basic demographic data. One hundred
and seventy-two individuals participated in the study. They were also asked to complete multi-
ple validated instruments, including the Oral Health Literacy Instrument (OHLI) and its

PLOS ONE | https://doi.org/10.1371/journal.pone.0273328  August 18, 2022 2/10


https://doi.org/10.1371/journal.pone.0273328

PLOS ONE

Oral health literacy in adults

separate scales (knowledge, comprehension, numeracy, total) [15], the Rapid Estimate of
Adult Literacy in Medicine and Dentistry (REALMD-20) [16], and a questionnaire designed
to test knowledge related to orthodontic literacy [17]. The range of scores possible in this study
for each separate scale was 0 to 100 (OHLI knowledge, OHLI total, and Ortho literacy), 0 to 50
(OHLI comprehension and OHLI numeracy), or 0 to 20 (REALMD-20).

The OHLI knowledge scale (17 questions) required participants to identify an oral structure,
treatment device, or home care oral hygiene product that matches a label on a picture. The com-
prehension scale (29 questions) required the participants to read a passage that included a missing
word and fill in the blank from four options. The numeracy scale (5 prescription questions) pre-
sented various prescription labels with questions that the participant must accurately describe or
calculate. An example of this would be: How many times can you refill this medication? The total
OHLI scale involved a combination of these three components. The REALMD-20 is a list of 20
medical and dental terms that the participant must read and pronounce aloud. The questionnaire
relating to orthodontic literacy (Orthol) is a series of 12 basic orthodontic questions the partici-
pants respond to, either choosing a given option or filling in the blank. All OHLI scales and the
REALMD-20 constituted the OHL scales for this study. The OrthoL questionnaire was the only
instrument utilized to investigate patient literacy regarding orthodontics.

Descriptive statistics were computed for OHL and OrthoL scales. The association of gender
with OHL and OrthoL scales was evaluated using a Kruskal-Wallis test. The associations of
age, education, and dental visit frequency with the OHL and OrthoL scales were evaluated
using Spearman correlation coefficients. Neither race nor ethnicity was collected from the
patients and these parameters were not included in the statistical analysis. Multiple-variable
linear regression analyses were used to examine the effects of the factors simultaneously on the
OHL and OrthoL scales. The associations among the literacy scales were evaluated using Pear-
son correlation coefficients. The study was designed a priori to have at least 80% power to
detect an OHLI difference of 5 between males and females, assuming at least 64 subjects in
each gender, a 5% significance level, and standard deviation of 10.

Results

Table 1 shows the demographic distribution of the study subjects. The mean age was 55 years
old and 63% were female. The mean scores for the OHL and OrthoL scales are presented in

Table 1. Sample descriptive statistics.

Parameter n (%)
Gender F 108 (63%)
M 64 (37%)
Education Less than high school 5(3%)
High school 36 (21%)
Some college 61 (36%)
College 69 (40%)
Dental Frequency Every 3-6 mo 63 (37%)
Every year 39 (23%)
Every 2-3 yr 30 (18%)
Only when pain 35 (21%)
Never 2 (1%)
Age Mean (SD?) 55.03 (15.73)
Minimum, Maximum 18, 88

SD indicates standard deviation.

https://doi.org/10.1371/journal.pone.0273328.t001
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Table 2. In general, the standard deviations were relatively high for the scales that measured
OHLI knowledge and OrthoL, indicating more variability in the responses.

The analyses first explored each of the demographic variables against the literacy scales.
These are represented in Tables 3-6. Higher age was weakly associated with lower literacy,
higher education was weakly associated with higher literacy, and dental visit frequency was
not associated with literacy (Tables 4-6). Males had higher OHLI numeracy, OHLI total, and
REALMD-20 than females (Table 3). Table 5 suggests some patterns by education level and
the main analyses treated education level as a continuous variable. This was also true for edu-
cation in the multivariable analyses (Table 7), in order to make full use of the data and provide
for ordering of levels in the analysis. Both the correlation analysis (Table 4) and the multivari-
able analysis (Table 7) treated the dental frequency variable as a continuous variable for the
same reasons.

Tables 3 and 4 present the key statistical comparisons for each demographic variable against
the literacy scales. The findings suggest that dental visits are not likely learning experiences for
this population and that patients are generally not becoming more oral health literate, or
orthodontically literate, with regular visits to the dentist. Though generally low, we also found
that males had higher OHL than females (Table 3). However, in terms of OrthoL, males and
females did not exhibit significant differences (p = .936) and both demonstrated deficiency in
OHL.

As expected, high correlations were observed for OHLI comprehension and OHLI numer-
acy with OHLI total. Moderate correlations were observed among the other OHL and OrthoL
scales.

Table 7 depicts the outcomes of the multiple-variable analyses (Table 7), with the signifi-
cance of each factor being evaluated, while accounting for the other factors. Being female was
associated with significantly lower OHLI numeracy (p = 0.040). Older age was significantly,
and negatively, associated with OHLI knowledge and Ortho Literacy (p<0.001 and p = 0.001,
respectively). Higher education was significantly, and positively, associated with OHLI knowl-
edge (p = 0.005), OHLI comprehension (p<0.001), OHLI numeracy (p<0.001), Ortho Liter-
acy (p = 0.029), OHLI total (p<0.001), and REALMD-20 (p = 0.002). Dental visit frequency
was not significantly associated with any of the OHL or OrthoL scales (p>0.05) after account-
ing for gender, age, and education.

Discussion

One of the most critical findings of this study was that regular adult dental visits were not
related to higher levels of either OHL or OrthoL (Tables 4, 6 and 7), which is generally consis-
tent with findings from a recent study in adolescents where researchers found that levels of
oral health literacy were independent from the “history of visiting a dentist” [7]. This strongly

Table 2. Oral health and orthodontic literacy scales.

Literacy Instrument n Mean SD*
OHLI Knowledge 168 57.00 26.12
Comprehension 167 41.79 8.05
Numeracy 172 39.89 7.53
Total 166 81.60 13.59
REALMD-20 172 16.43 3.44
Ortho Literacy 159 54.32 25.32

#SD indicates standard deviation.

https://doi.org/10.1371/journal.pone.0273328.t1002
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Table 3. Oral health and orthodontic literacy scales by gender.

OHLI Knowledge
Comprehension
Numeracy
Total

REALMD-20

Ortho Literacy

*SE indicates standard error.

https://doi.org/10.1371/journal.pone.0273328.1003

Female Male

n Mean (SE?) n Mean (SE?) p-value
105 54.90 (2.66) 61 60.75 (3.10) 0.2766
105 41.27 (0.84) 60 42.59 (0.91) 0.3410
105 38.61 (0.71) 63 41.88 (0.95) 0.0026
104 79.77 (1.36) 60 84.64 (1.64) 0.0051
105 16.08 (0.35) 63 16.92 (0.41) 0.0423
100 54.09 (2.59) 58 54.86 (3.26) 0.9362

suggests that patients are not having “learning experiences” when they visit the dental office,
similar to a situation where hospital patients “often are unable to recall their discharge diagno-
ses or treatment plan or to articulate how they are to take their prescribed medication” [18].
Coleman et al. indicated these patients do “not comprehend their instructions in the first
place, and this may be explained, in part, by unrecognized low health literacy.”

The fact that the majority of this sample exhibited either inadequate or marginal oral health
knowledge and no more than an 8" grade reading level with regard to basic medical and den-
tal terms provides evidence of significant barriers to optimal OrthoL and OHL. This is consis-
tent with research evaluating “patient and parent understanding of the child’s orthodontic
treatment in a dental school population,” where it was determined that “the vocabulary levels
of the children and their parents were low; parents’ vocabulary and educational levels were
correlated with their comprehension” [19].

Our study showed males and females differed significantly on two distinct measures of
OHL (OHLI and REALMD-20). In contrast, there were no differences between males and
females regarding OrthoL. These mixed results are consistent with the contrasting results
found in other research investigating the relationship between health literacy and gender. In a
review conducted by Aldin et al. it was observed that some studies have indicated that “women
typically have slightly better health literacy than men,” while others do not find “significant dif-
ferences between the genders” [20]. Conversely, Lee and Son found that, under particular con-
ditions, older women with heart failure had higher cognitive impairment (15%) and
inadequate health literacy (56.7%) compared to men [21]. Likewise, Waldrop-Valverde et al.
completed work which showed that females scored lower on a medication management test,
which the authors attributed to low numeracy [14]. Still, these relationships remain unclear
and no general consensus can be made based on the current body of available literature.

Specialists may not be surprised that OrthoL appeared to be substantially low in this sample.
Previous research indicated that participants poorly answered questions about risks for decay,

Table 4. Oral health and orthodontic literacy scales correlated with age, education, and dental visit frequency.

Age p-value Education p-value Dental Visit Frequency p-value
OHLI Knowledge -0.31 < 0.001 0.26 < 0.001 -0.13 0.1070
Comprehension -0.26 < 0.001 0.24 0.0016 -0.07 0.4064
Numeracy -0.13 0.1012 0.32 < 0.001 -0.09 0.2650
Total -0.22 0.0052 0.34 < 0.001 -0.09 0.2691
REALMD-20 -0.20 0.0115 0.31 < 0.001 -0.11 0.1572
Ortho Literacy -0.28 < 0.001 0.20 0.0135 -0.05 0.5069

https://doi.org/10.1371/journal.pone.0273328.t1004
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Table 5. Oral health and orthodontic literacy scales by education level.

Less than high school High school Some college College
n Mean (SE?) n Mean (SE?) n Mean (SE?) n Mean (SE?)
OHLI Knowledge 4 30.88 (7.74) 34 47.40 (4.39) 60 56.37 (3.52) 68 64.01 (2.89)
Comprehension 4 26.32 (8.44) 35 38.87 (1.79) 59 41.70 (1.01) 67 44.21 (0.45)
Numeracy 4 28.85(7.11) 36 36.65 (1.38) 61 39.72 (0.88) 66 42.48 (0.72)
Total 4 55.16 (14.79) 35 75.36 (2.65) 59 81.34 (1.62) 66 86.62 (1.01)
REALMD-20 4 12.25(2.78) 36 14.97 (0.64) 61 16.66 (0.38) 66 17.21 (0.40)
Ortho Literacy 4 29.55 (16.34) 34 46.79 (3.74) 57 56.14 (3.62) 63 58.44 (2.99)

*SE indicates standard error.

https://doi.org/10.1371/journal.pone.0273328.1005

oral hygiene, and retention [17]. Likewise, the recruited participants also poorly understood
questions related to duration of treatment, frequency of visits, and types of appliances. In the
previous study by Thomson et al., only 3 OrthoL questions were incorrectly answered by up to
60% of the sample. Whereas, in the current study, 7 OrthoL questions were incorrectly
answered by up to 60%.

Furthermore, those involved in the current study did not understand the need to continue
seeing a general dentist during orthodontic therapy. Likewise, participants did not exhibit
understanding as to the consequences of not brushing well and maintaining good oral hygiene
habits during orthodontic therapy. For example, there was no concept that negative conse-
quences such as developing white spot lesions [22] or developing periodontal disease [23, 24]
were the possible effects of poor oral hygiene habits during orthodontic treatment.

Moreover, the sample did not exhibit a knowledge of typical treatment time, which is con-
sistent with recent studies within a University clinical setting in Lagos, Nigeria, examining
patient and parent expectations [25], and one in Rochester, United States [26]. Nine out of ten
participants did not show understanding as to the impact traditional braces might have on
day-to-day living such as in playing instruments [27], speech [28, 29] and sports [30, 31]. This
is generally consistent with distinct but related findings of “the impact of wearing fixed ortho-
dontic appliances on life quality,” or “day-to-day living,” where researchers found that day-to-
day living was impacted though not to the extent expected [32].

Orthodontic literacy as conceptualized in this study is the ability to obtain and understand
orthodontic information in order to make reasonable or informed orthodontic care decisions.
Why should this matter to orthodontists? First, improving patient outcomes or improving
patients’ understanding of orthodontic conditions through increased orthodontic literacy
empowers and provides patients with a higher standard of care. Second, it is likely that those

Table 6. Oral health and orthodontic literacy scales by dental visit frequency.

Every 3-6 months Every year Every 2-3 years Only when pain Never
N Mean (SE?) n Mean (SE?) n Mean (SE?) n Mean (SE?) n Mean (SE?)
OHLI Knowledge 62 59.87 (3.39) 37 61.53 (3.80) 28 54.62 (4.25) 35 50.92 (5.10) 2 61.76 (26.47)
Comprehension 63 42.17 (0.91) 37 42.92 (1.04) 28 41.73 (1.48) 33 39.35 (1.95) 2 46.71 (1.97)
Numeracy 63 40.42 (0.90) 37 40.75 (1.15) 30 40.77 (1.22) 33 36.83 (1.58) 2 46.15 (3.85)
Total 63 82.58 (1.60) 37 83.67 (1.93) 28 82.66 (2.17) 32 75.48 (3.17) 2 92.86 (1.87)
REALMD-20 63 16.63 (0.46) 37 16.62 (0.54) 30 16.73 (0.53) 33 15.33 (0.67) 2 18.50 (0.50)
Ortho Literacy 60 53.03 (3.51) 35 62.60 (3.92) 28 50.32 (4.47) 32 52.27 (4.53) 2 50.00 (13.64)

SE indicates standard error.

https://doi.org/10.1371/journal.pone.0273328.t006
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Table 7. Multiple-variable analyses of oral health and orthodontic literacy scales as outcomes.

Outcome Effect Beta SE* DF® t p-value
OHLI Knowledge Intercept 70.27 12,51 158 5.62 < 0.001
Female -3.55 4.00 158 -0.89 0.377
Age -0.46 0.12 158 -3.80 < 0.001
Education 6.65 2.36 158 2.82 0.005
Dental Frequency -2.76 1.61 158 -1.71 0.088
OHLI Comprehension Intercept 36.59 3.95 157 9.27 < 0.001
Female -0.32 1.27 157 -0.26 0.798
Age -0.07 0.04 157 -1.74 0.084
Education 3.19 0.74 157 4.30 < 0.001
Dental Frequency -0.47 0.51 157 -0.92 0.360
OHLI Numeracy Intercept 35.56 3.66 159 9.71 < 0.001
Female -2.39 1.16 159 -2.07 0.040
Age -0.04 0.04 159 -0.99 0.323
Education 2.81 0.69 159 4.10 < 0.001
Dental Frequency -0.46 0.47 159 -0.97 0.332
OHLI Total Intercept 72.61 6.50 156 11.17 < 0.001
Female -2.73 2.07 156 -1.32 0.190
Age -0.11 0.06 156 -1.70 0.092
Education 5.99 1.22 156 4.92 < 0.001
Dental Frequency -1.06 0.84 156 -1.26 0.211
REALMD-20 Intercept 15.30 1.75 159 8.74 < 0.001
Female -0.50 0.55 159 -0.90 0.368
Age -0.03 0.02 159 -1.52 0.130
Education 1.04 0.33 159 3.17 0.002
Dental Frequency -0.19 0.23 159 -0.85 0.395
Ortho Literacy Intercept 64.09 12.84 151 4.99 < 0.001
Female 1.40 4.11 151 0.34 0.734
Age -0.43 0.13 151 -3.36 0.001
Education 5.25 2.39 151 2.20 0.029
Dental Frequency -1.32 1.66 151 -0.79 0.429

*SE indicates standard error.
"DF indicates degrees of freedom.
‘t indicates t-statistic.

https://doi.org/10.1371/journal.pone.0273328.t007

who spend time to increase literacy are more trusted and receive more referrals than those
who do not. For instance, a doctor that designates someone on his or her team to educate
patients in order to increase their OHL or OrthoL, over a one-year period, is capable of
increasing patients’ trust by 2.5 fold [12]. Additionally, Thom et al. demonstrated within a pri-
mary care model that when a person in the practice focuses on the aforementioned efforts con-
sistently, patients are four times more likely to highly recommend their primary care provider.

The development of educational programs (both outreach, curricular and systematic instru-
ments) focusing on these findings, will play a critical role in addressing patient oral health and
orthodontic illiteracy. We expect that programs will be developed that create a foundation for
protocols within the dental and specialty curriculum, providing a clearer path for patients to
become more literate in orthodontics and oral health. We also anticipate that these findings
and eventual protocols will be highly relevant to practitioners.
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The authors acknowledge that the current study contained a few limitations. First, the con-
ducted study only included data from a single site. However, we anticipate the obtained data
would be consistent with other similar samples throughout the United States. Additionally, we
did not collect information on the participants’ race or ethnicity. Based on the literature, it is
possible that some of our results could be different when compared to individuals with differ-
ent backgrounds. Additionally, there were several participants with missing responses for
some literacy scales. Participants with missing responses were excluded from analyses of that
scale. However, this was unlikely to affect the conclusions of the study because the lowest com-
pletion rate was 92% for OrthoL and 97% or higher for all other scales. We also noted that the
power analysis (sample size calculation) was based on a standard deviation of 10 but some of
the measurements had standard deviations that exceeded this threshold. However, we
recruited nearly three times the number of required subjects, so we are confident that this did
not negatively impact the study findings.

Further studies are needed to assess how OHL and OrthoL relate to orthodontic status and
oral health outcomes. Additionally, similar studies that investigate the impact of race and eth-
nicity on OrthoL are warranted.

Conclusions

An important finding of this study is that regular dental visits do not lead to higher oral health
literacy or orthodontic literacy. Additionally, female oral health literacy was found to be signif-
icantly lower than males, specifically in the area of numeracy. Both male and female orthodon-
tic literacy is also substantially inadequate and orthodontic literacy is generally deficient in this
sample. Finally, orthodontic literacy was lower than a measure of total oral health literacy.
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