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Abstract
Purpose The goal was to evaluate the content, quality, and readability of the information available about clear aligner
treatment on the Internet.
Materials andmethods The search terms “aligner,” “clear aligner,” and “Invisalign” (Align Technology, Tempe, AZ, USA)
were analyzed in three search engines (Google [Google LLC, Mountain View, CA, USA], Bing [Microsoft, Redmond,
WA, USA], and Yahoo [Yahoo, Sunnyvale, CA, USA]). The first 50 websites for each keyword in each search engine
were screened. Duplicate websites, advertisements, links to scientific articles, videos, and other irrelevant websites were
excluded. The quality of the remaining websites was analyzed using the DISCERN and Journal of American Medical
Association (JAMA) benchmark instruments together with the Health on the Net code (HONcode, Health On the Net
Foundation, Geneva, Switzerland). The readability of the websites was evaluated by the Flesch Reading Ease Score
(FRES) and Flesch–Kincaid Grade Level (FKGL). Statistical analyses were performed by one-way analysis of variance,
Kruskal–Wallis and Fischer’s exact tests, with p< 0.05 accepted to be statistically significant.
Results Among 111 evaluated websites, most belonged to multidisciplinary dental clinics (n= 49; 44.2%), followed by
aligner companies (n= 26; 23.4%), orthodontists (n= 26; 23.4%), and professional organizations (n= 10; 9%). The mean
DISCERN score (sections 1 and 2) for all websites was 29.95/75. The average FRES and FKGL were 55.77 and 9.74,
respectively. Professional organization websites had significantly higher DISCERN scores than others (p< 0.001), and
together with multidisciplinary dental clinic websites, they showed better compliance with JAMA benchmark criteria.
Professional organization websites’ FRES and FKGL were also higher than other websites (p> 0.05).
Conclusions Overall, the quality of web-based information about clear aligners was poor and the readability of the data
was insufficient. Websites presenting high-quality data with better readability are needed for potential aligner patients.

Keywords Orthodontic appliances, removable · Clear aligner appliances · Consumer information · Orthodontics · Quality
of information

Informationen im Internet über die Clear-Aligner-Behandlung – eine Bewertung von Inhalt, Qualität
und Lesbarkeit

Zusammenfassung
Zielsetzung Das Anliegen dieser Studie war es, den Inhalt, die Qualität und die Lesbarkeit der im Internet verfügbaren
Informationen über die Clear-Aligner-Behandlung zu bewerten.
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Materialien und Methoden Die Begriffe „Aligner“, „Clear Aligner“ und „Invisalign“ (Align Technology, Tempe, AZ,
USA) wurden in 3 Suchmaschinen (Google [Google LLC, Mountain View/CA, USA], Bing [Microsoft, Redmond, WA,
USA] und Yahoo [Yahoo, Sunnyvale, CA, USA]) analysiert. Die ersten 50 Websites für jeden Suchbegriff in jeder
Suchmaschine wurden gescreent. Doppelte Websites, Werbung, Links zu wissenschaftlichen Artikeln, Videos und andere
irrelevante Websites wurden nicht berücksichtigt. Die Qualität der verbleibenden Websites wurde anhand der DISCERN-
und der JAMA(Journal of American Medical Association)-Benchmark-Instrumente zusammen mit dem HON(Health on
the Net)-Code (Health On the Net Foundation, Genf, Schweiz) analysiert. Die Lesbarkeit der Websites wurde mit dem
FRE(Flesch Reading Ease)-Score und dem FKGL (Flesch-Kincaid Grade Level) bewertet. Statistische Analysen wurden
mittels einseitiger Varianzanalyse, Kruskal-Wallis- und exaktem Fischer-Test vorgenommen, wobei p< 0,05 als statistisch
signifikant akzeptiert wurde.
Ergebnisse Von den 111 bewerteten Websites gehörten die meisten zu multidisziplinären Zahnkliniken (n= 49; 44,2%),
gefolgt von Aligner-Firmen (n= 26; 23,4%), Kieferorthopäden (n= 26; 23,4%) und Berufsorganisationen (n= 10; 9%).
Der mittlere DISCERN-Score (Abschnitte 1 und 2) für alle Websites betrug 29,95/75. Die durchschnittlichen FRES und
FKGL lagen bei 55,77 bzw. 9,74. Websites von Berufsverbänden hatten signifikant höhere DISCERN-Scores als andere
(p< 0,001), und zusammen mit Websites von multidisziplinären Zahnkliniken zeigten sie eine bessere Übereinstimmung
mit den JAMA-Benchmark-Kriterien. Die FRES- und FKGL-Werte von Websites professioneller Organisationen waren
ebenfalls höher als die anderer Websites (p> 0,05).
Schlussfolgerungen Insgesamt war die Qualität der webbasierten Informationen über Clear Aligner schlecht und die
Lesbarkeit der Daten war unzureichend. Für potenzielle Aligner-Patienten werden Websites mit qualitativ hochwertigen
Daten und besserer Lesbarkeit erforderlich.

Schlüsselwörter Herausnehmbare kieferorthopädische Apparaturen · Clear-Aligner-Geräte · Informationen für
Verbraucher · Kieferorthopädie · Qualität von Informationen

Introduction

The Internet has become a popular source of information
for healthcare purposes in recent years [48]. In the USA,
Internet-based healthcare information is the second com-
monest source of information for the patients, after doctors’
recommendations [16]. Likewise, in a survey conducted in
Europe, 71% of Internet users reported that they used the
Internet for healthcare purposes [3]. Regardless of location
and time, individuals can search online for a wide range
of health issues [12]. However, due to its uncontrollable
nature, users should be cautious about the validity of the
available data [13].

Like other areas of healthcare, information about or-
thodontics on the Internet is increasing, and more people
use the Internet for various aspects of orthodontic treat-
ment every day. However, the reliability and quality of the
web-based information is crucial since it may affect pa-
tients’ compliance and adherence to treatment as well as
their communication with and trust towards their doctors
[29]. Concerns related to the nature of healthcare infor-
mation have led to the development of various evaluation
tools, which have been also used to evaluate the written
data on the Internet [21, 28, 34]. The readability of Inter-
net-based healthcare information is also evaluated because
insufficient readability may limit the usability of websites
[20, 42]. According to a National Assessment of Adult Lit-
eracy survey of adults in the USA, most adults (53%) have

intermediate health literacy, and 36% have basic or below
basic health literacy, indicating the skills for only simple
and everyday literacy activities [26]. Universally, literacy
skills and readability levels of texts are measured in terms
of the average reading skill achieved at each year of school-
ing in the American public-school system [18]. With these
in mind, writing healthcare information is recommended
at the fifth- or sixth-grade level to make it more publicly
understandable [18, 45].

Increasing expectations about physical appearance have
also increased the demand for orthodontic treatment. How-
ever, the visibility of orthodontic appliances might some-
times cause esthetic concerns. Among other methods, clear
aligner treatment (CAT) has been gaining more attention
by orthodontic patients since it is esthetic, removable, and
easy to carry and care for [46, 47]. In addition, CAT requires
67% fewer total appointments than conventional fixed appli-
ances and significantly fewer emergency appointments [7].
Particularly during the global coronavirus disease 2019 pan-
demic, these features of CAT may be beneficial for potential
orthodontic patients and increase their information-seeking
tendency on the Internet. CAT is performed by general den-
tists in many countries without legal restrictions, and do-it-
yourself or direct-to-consumer (DTC) orthodontic aligners,
either with or without the consultation of a dental practi-
tioner, have also been introduced [38]. With the growing
attention to CAT from manufacturers, providers, and pa-
tients, this treatment modality has been heavily marketed
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in recent years. In a recent study, 73% of patients were in-
formed about CAT by advertisements on social media and
networks [17]. Despite the increased data on the Internet,
limited information exists about the accuracy, reliability,
readability, and overall quality of the information provided
by websites on CAT [4, 31, 32]. The studies have varied
in how they examined web-based data about CAT, such as
being a part of different orthodontic treatment modalities
[4] or DTC marketing [31]. The only study examining the
quality of online information about CAT, by Meade and
Dryer, [32] reported that websites contained mostly poor-
quality data. However, that research lacked a detailed con-
tent analysis about features of CAT, except for the quality
and readability assessment. Since CAT is a new and popular
mode of orthodontic treatment, and professional websites
are important ways to reach potential patients, additional
data showing how these patients are informed from the In-
ternet about CAT would add to the limited knowledge in
this field.

Therefore, this study aimed to evaluate the quality, reli-
ability, and readability of the information available on the
Internet about CAT provided by different authorships, along
with their contents reflecting how to reach prospective pa-
tients.

Materials andmethods

Search strategy

The search terms for this study were determined using
Google Trends [4]. Google Trends was used to define the
most popular terms about CAT during the past 12 months
(April 2019 to April 2020). The top three search terms re-
lated to CAT (“aligner”, “clear aligner” and “Invisalign”
[Align Technology, Tempe, AZ, USA]) were further an-
alyzed. The related terms were searched in three widely
used search engines: Google (Google LLC, Mountain View,
CA, USA), Yahoo (Yahoo, Sunnyvale, CA, USA), and Bing
(Microsoft, Redmond, WA, USA) [2]. The search was per-
formed in April 2020 by virtual private network (VPN)
in the USA by a single researcher (MTA). A VPN extends
a private network across a public network and enables users
to send and receive data across shared or public networks as
though their devices were directly connected to the private
network. Since the authors of this paper were not based in
the USA, a VPN was used to simulate the virtual environ-
ment of US citizens. The first 50 websites related to each
keyword were recorded from each search engine. Before
evaluation, duplicate websites, advertisements, links to sci-
entific articles, videos, social media profiles, forums, blogs,
discussion groups, and irrelevant websites were excluded.
Only websites in English were analyzed. The websites were

categorized according to authorship or ownership for fur-
ther analysis.

Quality assessment

The websites were evaluated for quality and reliability using
the DISCERN instrument, Journal of the American Medi-
cal Association (JAMA) benchmark criteria, and Health on
the Net code (HONcode, Health On the Net Foundation,
Geneva, Switzerland).

The DISCERN instrument is the first standard index to
evaluate the quality of consumer health information [11].
The instrument consists of three sections and 16 questions
scored from 1 to 5, where 1 indicates total rejection and
5 indicates absolute agreement. Section 1 is composed of
eight questions to evaluate the reliability of the publica-
tion, and seven questions in section 2 analyze the quality
of treatment options. Section 3 includes a separate ques-
tion about the assessment of overall quality of the website
(Table 1). A detailed handbook on the DISCERN web-
site also includes factors to consider while deciding the
score of each question (www.discern.org.uk). The websites
were then classified into one of five categories by the total
DISCERN score, except question 16 (range 15–75; 15–26:
very poor, 27–38: poor, 39–50: average, 51–62: good, and
63–75: excellent) [44].

The JAMA benchmark criteria are used to judge the reli-
ability and reasonability of medical information on the In-
ternet. They assess four basic criteria of the website: author-
ship (authors, contributors, affiliations, credentials), attribu-
tion (references and sources for the content and copyright
information), disclosure (potential conflicts of interest), and
currency (dates of posting and updates), and scores range
from 0 to 4. The criteria have been proposed as a primary
tool to assess the quality of health websites [40].

The websites were also assessed for the presence of the
HONcode seal. HONcode is the oldest and most frequently
used trust seal for quality healthcare information on the
Internet. This corporation evaluates the volunteered appli-
cations of health-related websites based on standards for
high-quality, transparent information, using eight criteria. If
the website meets these standards, it is awarded HONcode
certification for one year, with annual evaluations to keep
it [15].

Content analysis

The form and function of websites were evaluated by a free
online website assessment tool (https://www.bdc.ca/en/
articles-tools/entrepreneur-toolkit/business-assessments/
pages/free-website-evaluation.aspx by BDC, Montreal,
Quebec, Canada). The website calculates an overall score
between 0 and 100 after the URL of each website is en-

K

http://www.discern.org.uk
https://www.bdc.ca/en/articles-tools/entrepreneur-toolkit/business-assessments/pages/free-website-evaluation.aspx
https://www.bdc.ca/en/articles-tools/entrepreneur-toolkit/business-assessments/pages/free-website-evaluation.aspx
https://www.bdc.ca/en/articles-tools/entrepreneur-toolkit/business-assessments/pages/free-website-evaluation.aspx


S4 M. T. Alpaydın et al.

Ta
bl
e
1

D
IS
C
E
R
N
in
st
ru
m
en
tq

ue
st
io
ns

w
it
h
th
e
m
ea
n
(s
ta
nd
ar
d
de
vi
at
io
n
[S
D
])
sc
or
e
of

ea
ch

qu
es
ti
on

Ta
b.
1

Fr
ag
en

de
s
D
IS
C
E
R
N
-I
ns
tr
um

en
ts
m
it
de
m

m
it
tl
er
en

Sc
or
e
(S
ta
nd

ar
da
bw

ei
ch
un
g
[S
D
])
je
de
r
Fr
ag
e

E
ac
h
qu
es
ti
on

is
ra
te
d
ac
co
rd
in
gl
y:

A
li
gn
er

co
m
pa
ni
es

O
rt
ho
do
nt
is
ts

M
ul
ti
di
sc
ip
lin

ar
y

de
nt
al
cl
in
ic
s

Pr
of
es
si
on
al

or
ga
ni
za
ti
on
s

To
ta
l

1
2

3
4

5

N
o

Pa
rt
ia
ll
y

Y
es

M
ea
n
(S
D
)

M
ea
n
(S
D
)

M
ea
n
(S
D
)

M
ea
n
(S
D
)

M
ea
n
(S
D
)

Se
ct
io
n
1
(q
ue
st
io
ns

1–
8)
:
T
he

re
li
ab
il
it
y
of

th
e
pu

bl
ic
at
io
n

1.
A
re

th
e
ai
m
s
cl
ea
r?

2.
88

(0
.9
9)

2.
54

(0
.7
1)

2.
69

(0
.7
1)

3.
70

(1
.0
6)

2.
79

(0
.8
6)

2.
D
oe
s
it
ac
hi
ev
e
it
s
ai
m
s?

2.
73

(1
.0
8)

2.
54

(0
.7
1)

2.
59

(0
.6
7)

3.
70

(1
.0
6)

2.
71

(0
.8
8)

3.
Is
it
re
le
va
nt
?

2.
81

(1
.0
2)

2.
54

(0
.7
1)

2.
63

(0
.6
7)

3.
70

(1
.0
6)

2.
75

(0
.8
6)

4.
Is
it
cl
ea
r
w
ha
ts
ou
rc
es

of
in
fo
rm

at
io
n
w
er
e
us
ed

to
co
m
pi
le
th
e
pu
bl
ic
at
io
n
(o
th
er

th
an

au
th
or
/p
ro
du
ce
r)
?

1.
00

(1
.0
0)

1.
08

(0
.3
9)

1.
16

(0
.5
5)

2.
90

(1
.4
5)

1.
26

(0
.7
8)

5.
Is
it
cl
ea
r
w
he
n
th
e
in
fo
rm

at
io
n
us
ed

or
re
po
rt
ed

in
th
e
pu
bl
ic
at
io
n
w
as

pr
od
uc
ed
?

1.
00

(1
.0
0)

1.
08

(0
.3
9)

1.
37

(0
.7
0)

2.
70

(1
.6
4)

1.
33

(0
.8
2)

6.
Is
it
ba
la
nc
ed

or
un
bi
as
ed
?

1.
03

(0
.2
0)

1.
85

(0
.6
7)

1.
76

(0
.7
2)

3.
50

(1
.2
7)

1.
77

(0
.9
3)

7.
D
oe
s
it
pr
ov
id
e
de
ta
il
s
of

ad
di
ti
on
al
so
ur
ce
s
of

su
pp
or
ta
nd

in
fo
rm

at
io
n?

1.
08

(0
.2
7)

1.
31

(0
.4
7)

1.
37

(0
.7
3)

3.
00

(1
.6
3)

1.
43

(0
.8
8)

8.
D
oe
s
it
re
fe
r
to

ar
ea
s
of

un
ce
rt
ai
nt
y?

1.
00

(0
.0
0)

1.
35

(0
.6
3)

1.
31

(0
.5
5)

2.
90

(1
.4
5)

1.
39

(0
.8
0)

Se
ct
io
n
2
(q
ue
st
io
ns

9–
15
):
T
he

qu
al
it
y
of

th
e
in
fo
rm

at
io
n
on

tr
ea
tm

en
tc
ho
ic
es

9.
D
oe
s
it
de
sc
ri
be

ho
w
ea
ch

tr
ea
tm

en
tw

or
ks
?

3.
00

(0
.9
4)

2.
46

(0
.8
6)

2.
29

(0
.8
9)

3.
30

(1
.1
6)

2.
59

(0
.9
8)

10
.D

oe
s
it
de
sc
ri
be

th
e
be
ne
fit
s
of

ea
ch

tr
ea
tm

en
t?

3.
04

(0
.9
6)

2.
69

(0
.7
9)

2.
57

(0
.8
7)

3.
50

(0
.8
5)

2.
79

(0
.9
1)

11
.D

oe
s
it
de
sc
ri
be

th
e
ri
sk
s
of

ea
ch

tr
ea
tm

en
t?

1.
12

(0
.3
3)

1.
27

(0
.7
2)

1.
27

(0
.5
3)

2.
70

(1
.1
6)

1.
36

(0
.7
5)

12
.D

oe
s
it
de
sc
ri
be

w
ha
tw

ou
ld

ha
pp
en

if
no

tr
ea
tm

en
ti
s
us
ed
?

1.
19

(0
.5
7)

1.
04

(0
.2
0)

1.
14

(0
.5
4)

1.
30

(0
.6
7)

1.
14

(0
.5
0)

13
.D

oe
s
it
de
sc
ri
be

ho
w
tr
ea
tm

en
tc
ho
ic
es

af
fe
ct
th
e
ov
er
al
lq

ua
li
ty

of
li
fe
?

2.
69

(0
.8
8)

2.
38

(0
.8
5)

2.
35

(0
.7
5)

3.
50

(0
.7
1)

2.
54

(0
.8
6)

14
.I
s
it
cl
ea
r
th
at
th
er
e
m
ay

be
m
or
e
th
an

on
e
po
ss
ib
le
ch
oi
ce

of
tr
ea
tm

en
t?

1.
50

(0
.5
8)

1.
96

(1
.0
4)

1.
88

(0
.9
7)

3.
60

(1
.3
5)

1.
96

(1
.0
9)

15
.D

oe
s
it
pr
ov
id
e
su
pp
or
t
fo
r
sh
ar
ed

de
ci
si
on
-m

ak
in
g?

2.
42

(1
.0
6)

2.
08

(0
.8
9)

1.
82

(0
.8
6)

3.
10

(1
.2
9)

2.
14

(1
.0
2)

Se
ct
io
n
3
(q
ue
st
io
n
16
):
O
ve
ra
ll
qu

al
it
y
ra
ti
ng

of
th
e
pu
bl
ic
at
io
n

16
.T

hi
s
qu
es
ti
on

is
ra
te
d
ac
co
rd
in
gl
y:

1
2

3
4

5
1.
88

(0
.5
9)

2.
04

(0
.6
6)

1.
86

(0
.7
4)

3.
20

(0
.9
2)

2.
03

(0
.7
9)

L
ow

M
od
er
at
e

H
ig
h

Se
ri
ou
s
or

ex
te
ns
iv
e

sh
or
tc
om

in
gs

Po
te
nt
ia
ll
y
im

po
r-

ta
nt

bu
tn

o
se
ri
ou
s

sh
or
tc
om

in
gs

M
in
im

al
sh
or
tc
om

in
gs

K



Information on the Internet about clear aligner treatment—an assessment of content, quality, and readability S5

Fig. 1 Flowchart diagram of Internet search
Abb. 1 Flussdiagram zur Internetrecherche

tered. The scoring system is based on aspects such as web-
optimized images, search terms and the amount of other
content, links to social media, mobile speed, and mobile
optimization. Higher scores mean better performance.

Additional information about the content of the data re-
lated to CAT features was also recorded and evaluated.
These were categorized as information about cost, addi-
tional features, details about treatment protocol, case selec-
tion criteria, possible complications of CAT, comparisons
with other orthodontic treatment modalities, and the pres-
ence of an image, video, or both about aligners.

Readability evaluation

The readability of the websites was evaluated by Flesch
Reading Ease Score (FRES) and Flesch–Kincaid Grade
Level (FKGL) scores [6, 22]. The highest score that can
be attained from the FRES is 100 and is directly related
to the readability of the website. Scores between 90 and
100 reflect content very easily understood by people aged
10–11 years and are recommended. Scores 80–89 are cat-
egorized as easy, 70–79 fair, 60–69 standard, 50–59 fairly
difficult, 30–49 difficult, and 0–29 very confusing [22]. The
score was calculated automatically with an online FRES
calculator (www.readabilityformulas.com) using an average
of 300 words from each website [28]. The FKGL scores of
the websites were determined by the same calculator. The
FKGL gives a readability score corresponding to a USA ed-
ucation grade level, which represents the number of years
of education required to understand the text context [25].
A score between 7 and 9 is considered to represent average
readability.

Statistical analysis

All data were analyzed using a statistical analysis program
(SPSS® Inc., version 20 for Windows; IBM, Armonk,
NY, USA). Data were summarized as mean± standard
deviation (SD), median (minimum–maximum), and fre-
quencies (percentiles). The data distribution was evaluated
by the Shapiro–Wilk test. Intergroup comparisons analyz-
ing the effect of authorship were performed by one-way
analysis of variance for normally distributed data and by
Kruskal–Wallis test for data not normally distributed. Fis-
cher’s Exact test was used to compare JAMA benchmarks
between groups.

All included websites were re-evaluated by the same
researcher (MTA) 2 weeks after the initial evaluation for
DISCERN and JAMA scores, and intraexaminer reliabil-
ity was assessed by intraclass correlation coefficient (ICC).
The ICC scores for DISCERN and JAMA were 0.983 and
0.872, respectively, demonstrating excellent intraclass cor-
relation.

Results

A total of 111 websites were analyzed after the exclusion
and inclusion criteria were applied (Fig. 1). When the web-
sites were categorized according to authorship and owner-
ship, almost half (n= 49; 44.2%) belonged to multidisci-
plinary dental clinics, and only three presented the name of
an orthodontist. This group was followed by equal numbers
of websites of orthodontists and aligner companies (each
n= 26; 23.4%). In the category of aligner companies, the
websites belonged to manufacturers that provided aligners
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either via a professional or DTC, except one that compared
all companies and shared some informative content. Only
9% of the websites (n= 10) belonged to professional orga-
nizations including orthodontic societies and online general
health information websites. Among all websites, only four
had the HONcode seal (3.6%).

When the scores for each DISCERN item were evalu-
ated thoroughly, professional organization websites had the
highest scores for all questions. The weakest element of
all websites was the lack of information about what would
happen if no treatment were used (question 12). Orthodon-
tist and multidisciplinary dental clinic websites had simi-
lar scores for all questions. However, orthodontists’ web-
sites presented slightly higher overall quality (question 16).
Websites of aligner companies had the lowest scores, with
some exceptions. For instance, these websites showed better
performance than orthodontist and multidisciplinary dental
clinic websites in presenting their aims (questions 1 and 2),
descriptions of how CAT works (question 9), benefits of
CAT (question 10), and its effect on quality of life (ques-
tion 13; Table 1).

The overall scores of each instrument are shown in
Table 2. Professional organization websites had signifi-
cantly higher DISCERN scores (p< 0.001). The quality
of professional organization websites was categorized as
average, while the rest of the websites had poor informa-
tion quality [46]. Regardless of authorship and ownership,
87.4% (n= 97) of the websites had very poor or poor qual-
ity, whereas only 1.8% (n= 2) were excellent according to
DISCERN criteria (Fig. 2). No difference was found among
groups in the average FRES and FKGL scores (Table 2).
Irrespective of authorship, the readability of the written
information on all websites was fairly difficult, with above-
average FRES and FKGL scores (Fig. 3). Concerning BDC
scores, one website was not suitable for the application of
the tool and excluded from the statistical analysis. Profes-
sional organization websites had significantly higher scores
(p= 0.027).

When the content of the websites was evaluated in more
detail, giving details about the treatment protocol was the
strongest element of all websites, and the weakest was the
presentation of the possible risks. Like orthodontists, most
of the aligner companies provided information related to
treatment protocols but paid more attention to case selection
depending on the severity of malocclusion. Aligner compa-
nies and orthodontists both supported their content with
images or videos more than did multidisciplinary dental
clinics and professional organizations. Orthodontists were
also superior in providing information about possibilities
of aligner treatment for not only adults but also teenagers
(Table 3).

The JAMA benchmark scores of websites are presented
in Table 4. When websites were categorized according to

authorship, statistically significant differences existed be-
tween groups regarding authorship, attribution, and cur-
rency categories (p< 0.001). Professional organization and
multidisciplinary dental clinic websites showed better com-
pliance with JAMA benchmark criteria. The percentage dis-
tribution of all websites according to JAMA is shown in
Fig. 4. Websites showed excellent performance (100%) ac-
cording to JAMA’s disclosure criteria, but with respect to
other principles, compliance was only 7.2–15.3%.

Discussion

The Internet is an easy-to-access information platform. Ac-
cording to the National Health Interview survey in the USA,
74% of adults are Internet users and 61% use the Internet to
search for medical information [14]. However, the quality
of online sources varies. Therefore, orthodontists should be
aware of the content, reliability, and quality of the informa-
tion on the Internet due to the increasing interest of patients
in online health-related information [8].

CAT is an esthetic and comfortable treatment option for
patients and has continued to increase in popularity in recent
years. However, the possible advantages of these systems
attract potential patients to do online research before visit-
ing healthcare providers [7, 46, 47]. Studies have investi-
gated the content of YouTube™ videos (YouTube LLC, San
Bruno, CA, USA) [27, 43] and social media tweets [35] re-
lated to CAT, but since these mostly originate from patients
and reflect their perspectives, they may not show high qual-
ity and educational value [27]. To date, only a few articles
have been related to this issue. Arun et al. [4] qualitatively
assessed websites about orthodontic treatment modalities,
including findings related to CAT. Recently, Meade and
Dreyer [31, 32] conducted two very informative studies on
this topic. One provided a general assessment of websites
from different authorships in Australia, and the other fo-
cused on DTC aligner systems only. Adding to information
from this literature, the present study aimed to analyze the
content of websites with criteria specific to CAT and com-
pare the findings with previous research.

In the worldwide desktop market share of leading search
engines from January 2010 to January 2020, Google
(87.35%) leads the industry, followed by Bing (5.53%)
and Yahoo (2.83%). These three search engines account
for 95.71% of the total market share, which is why they
were selected for this study [41]. Three search terms were
defined with the aid of Google Trends, which showed the
most used keywords during online searches about CAT.
The top 50 websites for each keyword were evaluated
for each search engine. This was comparable to not only
the number of evaluated websites in previous studies but
also the real online search behavior of a potential patient
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Fig. 2 Distribution of DISCERN
scores of analyzed websites
Abb. 2 Verteilung der
DISCERN-Scores der ana-
lysierten Websites

Fig. 3 a Flesch Reading Ease
Score (FRES) of analyzed web-
sites, b Flesch–Kincaid Grade
Level (FKGL) of analyzed web-
sites

Abb. 3 a FRES (Flesch Reading
Ease Score) der analysierten
Websites, b FKGL (Flesch-
Kincaid Grade Level) der analy-
sierten Websites
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Table 3 Detailed evaluation of the content of websites about clear aligner treatment and variations related to different authorships
Tab. 3 Detaillierte Auswertung der Inhalte von Websites über die Clear-Aligner-Behandlung und Abweichungen in Bezug auf verschiedene
Autorenschaften

What does the website content provide to po-
tential patients about aligner treatments?

Aligner com-
panies (n= 26)

Orthodontists
(n= 26)

Multidisciplinary
dental clinics
(n= 49)

Professional
organizations
(n= 10)

Total
(n= 111)

Cost of treatment 14 (53.8%) 8 (30.8%) 12 (24.5%) 8 (80%) 42 (37.8%)

Additional features related to aligners (e.g.,
attachments, chewies, interproximal reduction)

14 (53.8%) 1 (3.8%) 3 (6.1%) 2 (20%) 20 (18.0%)

Treatment protocol (e.g., wear regime, chang-
ing sequences, elastic use, additional mechan-
ics)

25 (96.2%) 24 (92.3%) 36 (73.5%) 9 (90%) 94 (84.7%)

Case selection depending on severity of maloc-
clusion (e.g., skeletal or dental treatment need,
extraction, surgery)

17 (65.4%) 3 (11.5%) 9 (18.4%) 2 (20%) 31 (27.9%)

Possibility of aligner treatment for both adults
and teens

5 (19.2%) 15 (57.7%) 6 (12.2%) 0 (0%) 26 (23.4%)

Possible complications of treatment 0 (0%) 1 (3.8%) 2 (4.1%) 2 (20%) 5 (4.5%)

Comparison with other orthodontic treatment
methods (e.g. braces, lingual orthodontics)

15 (57.7%) 6 (23.1%) 11 (22.4%) 7 (70%) 39 (35.1%)

Images or videos related to aligners 24 (92.3%) 25 (96.2%) 33 (67.3%) 6 (60%) 88 (79.3%)

Table 4 Comparison of JAMA benchmark scores between groups
Tab. 4 Vergleich der JAMA-Benchmark-Scores zwischen den Gruppen

JAMA Benchmarks Aligner companies
(n= 26)

Orthodontists
(n= 26)

Multidisciplinary dental clin-
ics
(n= 49)

Professional organizations
(n= 10)

P Value

Authorship No 26 26 43 4 <0.001a

Yes 0 0 6 6
Attribution No 26 26 47 4 <0.001a

Yes 0 0 2 6
Disclosure No 0 0 0 0 –

Yes 26 26 49 10
Currency No 25 25 40 4 <0.001a

Yes 1 1 9 6
aResults of Fischer’s exact test

[30, 32]. Together with the exclusion criteria, our search
strategy was very similar to previous studies [4, 31, 32].

The display of the HONcode seal on a medical web-
site can be regarded as meaning it presents understandable,
accessible, and reliable information. However, it does not
guarantee the accuracy of the information. For this reason,
it may be more useful to evaluate the results with addi-
tional instruments. In our study, only four websites had
the HONcode seal (4/111; 3.6%), which was more than
in previous studies about adult orthodontics [30] and CAT
[32], but much lower than in a recent study about periodon-
tal diseases [24]. In addition, all websites with HONcode
certification belonged to professional organizations. These
varying numbers may be related to the renewal fee for the
license of HONcode certification since 2014 [23], which
may also explain why only professional organizations in
our study had this.

DISCERN is a reliable quality assessment instrument
available online [10, 11]. Although it was designed to assess
written healthcare information and has not been updated
for online content, it has been used frequently in previous
studies dealing with online written healthcare information
[1, 19, 21, 30–32, 37, 39].

Regardless of authorship, the mean total DISCERN score
(except for question 16, in section 3) was 29.96. This is less
than [4, 32, 33, 37] or similar to [31] the overall scores re-
ported by various studies about the quality of online infor-
mation related to different dental problems and procedures.
These differences may be due to several factors such as
the search terms, date, language or region of interest, and
differences between examiners.

The professional organization websites showed good
performance in DISCERN scores. The websites of these
nonprofit groups had the highest scores almost for all ques-
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Fig. 4 JAMA benchmark scores
of analyzed websites
Abb. 4 JAMA-Benchmark-
Scores der analysierten Websites

tions in all sections (Table 1) and reached a mean total
DISCERN score of 47.10, which was significantly higher
than the other groups (Table 2). In addition, two websites
that had excellent DISCERN scores belonged to profes-
sional organizations (Fig. 2). Likewise, Meade and Dreyer
[32] reported the highest DISCERN scores for a national
orthodontic society, as well as an online encyclopedia and
a health information services website. This may be due
to these websites being possibly less biased and receiving
professional support. Despite this, the mean scores for all
websites were average or substantially below. In addition,
regardless of authorship and ownership, 87.4% (n= 97) had
very poor or poor quality (Fig. 2), meaning that all websites
need improvements.

Orthodontist websites presented similar overall quality
to multidisciplinary dental clinics, of which only three of-
ficially presented an orthodontist on their websites. This
may be because general dentists also provide CAT, and
their numbers have increased dramatically in recent years,
with almost the same number of treated cases as orthodon-
tists [17, 38]. Since healthcare providers use the Internet to
attract potential patients, providing better quality data is ad-
vantageous for all practitioners supplying CAT. Chambers
and Zitterkopf [9] stated that with the aid of increased ad-
vertising, general dentists try to play more of an orthodontic
care provider role rather than only making referrals to or-
thodontists. Together with the greater number of multidis-
ciplinary dental clinic websites, our results may therefore
show the effort of these practices to attract more patients
for CAT.

With some exceptions, websites of aligner companies
had the lowest scores for most of the DISCERN questions.
Although the total mean DISCERN score for aligner com-
panies was lower (28.5) than they reported, our results are in
accordance with those of Meade and Dreyer [31], who also

found lower DISCERN scores for manufacturers providing
aligners via a dental professional (mean score 36.2) or DTC
(mean score 33). Still, these websites showed a similar per-
formance to orthodontists and multidisciplinary dental clin-
ics in how they presented their aims, working principles, the
benefits of CAT, and its possible effects on quality of life.
This positive marketing results in increased recognition of
the appliances before patients plan to pursue CAT. Olson
et al. [38] stated that 45% of respondents had heard about
DTC before, 30.5% of them from social media, internet
advertisements, or search engines [39].

The mean BDC scores of websites of all authorships
were higher than those reported by Oey and Livas for or-
thodontic practice websites in the Netherlands [36], re-
flecting better optimization of the websites evaluated in
our study. Professional organization websites had the high-
est mean BDC score, followed by multidisciplinary den-
tal clinics (Table 2). Website optimization requires profes-
sional assistance, which means increased financial loads.
The financial backup and enhanced office functions of pro-
fessional organizations may therefore explain this result.
Similarly, consolidation of dental care by multidisciplinary
dental clinics and dental practice chains may have enabled
better integration of information technology services for
multidisciplinary dental clinics [36].

The mean FRES score of all websites was 55.77 and
showed no differences when they were grouped accord-
ing to authorship (Table 2). Together with the mean FKGL
scores, this result falls into the “very difficult to read” cat-
egory (50–59 points), similar to the results of other studies
[30, 32]. However, the number of adolescent patients seek-
ing CAT is increasing, and they also go online to research
alternatives for their possible treatment. Therefore, easily
read online information may be more effective to inform
and attract potential patients for CAT.
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When the content of the websites was comprehensively
evaluated with questions specific to CAT, giving details
about the treatment protocol was the strongest element of all
websites, and the weakest was the presentation of the possi-
ble risks (Table 3). Surprisingly, aligner companies were the
ones competing with orthodontists’ websites in explaining
CAT treatment protocols with images and videos. In addi-
tion, these websites provided more information than others
about the cost and additional features of aligners, case se-
lection criteria, and comparison with other treatment modal-
ities. Notably, however, these results may be affected by the
information provided by DTC aligner companies. Support-
ing this idea, Olson et al. [38] reported that DTC aligner
companies attracted consumers by advertising the reduced
costs, shorter treatment time, and greater convenience com-
pared to traditional practitioner-based CAT. The increased
content on aligner company websites about case selection
criteria may also be related to DTC aligners. On the other
hand, orthodontists shared more detailed information re-
lated to treatment protocols. Best et al. [5] reported that
other than using similar interproximal reduction, orthodon-
tists are more likely to use auxiliaries, supplemental tech-
niques, elastics, and refinement stages during management
of CAT when compared to general dentists. Therefore, our
results may reflect the differences in management and per-
spectives of orthodontists and general dentists about CAT.
In addition, orthodontists seemed to be the main source of
information on CAT for adolescents compared to other web-
sites, which reflects their ongoing potential as the primary
care for this age group.

Only six websites met all four JAMA benchmarks. The
highest-rated JAMA criterion was disclosure. This result
was similar to a previous study evaluating the web-based
information quality about lingual orthodontic treatment [37]
but contrary to other studies about CAT and adult orthodon-
tics that reported the authorship for this rank [30, 32]. This
data is also interesting in the sense that all aligner com-
panies presented disclosure, which may be part of positive
marketing strategies for these companies.

This study has some limitations. The web search was
limited to English websites in the USA, so the results are
only valid for a limited population. The other limitation is
that the websites were evaluated by a single researcher at
a single time. To overcome the possible bias related to a sin-
gle examiner, the websites were re-examined after 2 weeks
by the same researcher, and the results showed excellent
intraexaminer reliability. With changes in the ranking and
contents of websites over time, the assessment of quality
and readability instruments may also differ. However, on-
line information sharing is a dynamic process, and such
studies may help the development of current content.

Conclusions

� The results of this study showed that websites in English
about CAT (clear aligner treatment) presented low-qual-
ity information with poor readability.

� Professional organizations showed the best performance
in the quality assessment.

� Orthodontists and multidisciplinary dental clinics pre-
sented very similar data quality.

� Aligner companies used their content as a positive mar-
keting tool to reach and convince more people.

� If clinicians providing CAT are aware of the problems
related to their online written content and improve it, they
can help prospective patients to benefit more from their
websites and ease their decision-making about CAT.
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