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Age-Adjusted Analysis of Middle Ear Resonance Frequency
Characteristics in Individuals with Temporomandibular Disorders

Serdar Gozler, Beyza Eksi
Abstract

Objective: This study aimed to evaluate middle ear resonance frequency characteris-
tics in individuals with temporomandibular disorders (TMD) using wideband tympanometry,

with particular emphasis on age-adjusted analysis.

Materials and Methods: A total of 40 participants were included, comprising 24 pati-
ents diagnosed with unilateral, chronic TMD and 16 healthy controls. All participants un-
derwent comprehensive audiological assessment, including pure-tone audiometry, acoustic
immittance, and wideband tympanometry. Middle ear resonance frequency outcomes were
first compared using unadjusted analyses. Due to a significant age difference between groups,

age-adjusted analyses were subsequently performed using analysis of covariance (ANCOVA).

Results: Unadjusted analyses suggested higher ipsilateral middle ear resonance frequ-
ency values in the TMD group compared with controls. However, after adjustment for age
using ANCOVA, no statistically significant group differences were observed for the averaged

resonance frequency outcomes.

Conclusion: Although unadjusted analyses suggested higher ipsilateral resonance
frequency values in individuals with TMD, age-adjusted analyses demonstrated that these dif-
ferences were not statistically significant, indicating that age may play an important role in the

observed findings.

Keywords: Age-adjusted analysis, Analysis of covariance (ANCOVA), Middle ear re-

sonance frequency, Temporomandibular disorders, Wideband tympanometry.
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Introduction

Temporomandibular disorders (TMD) comprise a heterogeneous group of conditions
affecting the temporomandibular joint, masticatory muscles, and associated structures and
represent a common source of orofacial pain and functional limitation. In addition to classical
musculoskeletal symptoms, patients with TMD frequently report otological complaints such
as ear fullness, tinnitus, subjective hearing changes, and dizziness, even in the absence of iden-

tifiable middle or inner ear pathology (1,2).

The anatomical and functional proximity between the temporomandibular joint and
the auditory system has long been proposed as a possible explanation for these symptom:s.
Costen first suggested that dysfunction of the temporomandibular joint could give rise to oto-
logical symptoms through mechanical or functional interactions (1). Subsequent studies pro-
posed that altered mandibular biomechanics, abnormal reflex activity of the tensor tympani
and stapedius muscles, or shared neural pathways may contribute to auditory manifestations
in patients with TMD (3,4).

Wideband tympanometry has emerged as a valuable tool for the objective assessment
of middle ear mechanics across a broad frequency range. Unlike conventional tympanometry,
it enables evaluation of resonance frequency-related parameters that reflect stiffness and mass

characteristics of the middle ear system (5-8).

Previous studies investigating middle ear resonance in individuals with TMD have re-
ported inconsistent findings. Importantly, many studies did not adequately control for age,
which is known to influence middle ear mechanics. Therefore, the present study aimed to eva-
luate middle ear resonance frequency characteristics in individuals with TMD using wideband
tympanometry, with particular emphasis on age-adjusted analysis.

Materials and Methods

Study Population

This cross-sectional study was conducted at the Faculty of Dentistry, Istanbul Aydin
University. Ethical approval was obtained from the Istanbul Aydin University Local Ethics
Committee (2021/578), and all procedures were performed in accordance with the principles
of the Declaration of Helsinki. Written informed consent was obtained from all participants

prior to enrollment.
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A total of 40 individuals were included in the study, comprising 24 patients diagnosed
with temporomandibular disorders (TMD) and 16 healthy control subjects. All participants
were aged 18 years or older. Patients in the TMD group were referred from the Oral Diagnosis
Department and had a documented history of unilateral TMD symptoms lasting longer than

one year, and were therefore classified as having chronic TMD.

Inclusion criteria for the TMD group were as follows: (i) diagnosis of unilateral tempo-
romandibular disorder, (ii) symptom duration exceeding 12 months, and (iii) absence of
known middle or inner ear pathology based on otorhinolaryngological examination. Exclusion
criteria included a history of otologic surgery, acute or chronic otitis media, sensorineural he-
aring loss, systemic diseases affecting the musculoskeletal system, or use of medications that

could influence neuromuscular function.

The control group consisted of 16 individuals without temporomandibular complaints,
otological symptoms, or a history of dental or otologic treatment. All control participants un-
derwent routine dental and otorhinolaryngological examinations and were confirmed to have

no middle or inner ear pathology.
Temporomandibular Disorder Assessment

Temporomandibular disorder diagnosis was established by an experienced specialist
dentist using the Diagnostic Criteria for Temporomandibular Disorders (DC/TMD). Clinical
assessment included a detailed medical and dental history, evaluation of mandibular range of

motion, joint sounds, muscle palpation, and pain localization.

The affected (ipsilateral) side was defined based on the side of dominant temporoman-
dibular joint pain as reported by the patient and confirmed by clinical examination. In cases
where pain was unilateral, the corresponding ear was considered the ipsilateral ear for sub-

sequent analyses.

To support clinical diagnosis, digital occlusal analysis using the T-Scan system (Teks-
can Inc., Boston, MA, USA) and electromyographic (EMG) evaluation of the masticatory musc-
les were performed. Occlusal force distribution, timing of occlusal contacts, and muscle acti-
vity patterns were assessed and used as adjunctive tools in the comprehensive evaluation of

temporomandibular function.
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Audiological Evaluation

All participants underwent a comprehensive audiological evaluation performed by an
experienced audiologist prior to wideband tympanometric measurements. Pure-tone audio-
metry was conducted in a sound-treated booth using a calibrated clinical audiometer. Air-
conduction thresholds were obtained at octave and inter-octave frequencies between 250 Hz
and 8000 Hz. Bone-conduction thresholds were measured when indicated to exclude sensori-

neural or conductive hearing loss.

Only participants with hearing thresholds < 20 dB HL at all tested frequencies were
included in the study. Acoustic immittance testing was performed to assess middle ear status,
and individuals showing abnormal tympanometric findings suggestive of middle ear patho-
logy were excluded. These procedures ensured that all participants had normal peripheral

auditory function and intact middle ear systems at the time of testing.
Wideband Tympanometry Protocol

Wideband tympanometry measurements were performed using a commercially avai-
lable wideband acoustic immittance system calibrated according to the manufacturer’s speci-
fications. Measurements were conducted with the participant seated comfortably in an upright
position, and the probe was carefully inserted into the external auditory canal to ensure an

airtight seal.

Wideband tympanometry data were obtained across a broad frequency range under
ambient pressure conditions. Middle ear resonance-related outcomes were derived from the
wideband measurements. For analysis purposes, two averaged outcome measures were cal-
culated: the mean of measurements obtained from frequency bands y13—y16 and the mean of
measurements obtained from frequency bands y17-y20. These averaged values were used as

representative resonance frequency-related parameters for subsequent statistical analyses.

In the TMD group, measurements from the ipsilateral ear (corresponding to the clini-
cally affected temporomandibular joint side) were used for primary analysis. In the control
group, measurements from both ears were included to reflect normative variability, ack-

nowledging the potential limitation related to statistical independence.

All measurements were performed under identical testing conditions, and care was

taken to minimize movement artifacts and environmental noise during data acquisition.
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Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics software (Version XX.X;
IBM Corp., Armonk, NY, USA). Descriptive statistics were calculated for all variables and are
presented as mean + standard deviation (SD) for continuous variables and as frequencies and

percentages for categorical variables.

Normality of continuous data was assessed using the Shapiro-Wilk test. Between-
group comparisons of demographic variables were performed using the independent samples
t-test with Welch correction for age and the chi-square test for sex distribution. A p-value of <

0.05 was considered statistically significant.

Initial group comparisons of middle ear resonance frequency-related outcomes were
conducted using unadjusted analyses. Given the presence of a statistically significant age dif-
ference between the TMD and control groups, analysis of covariance (ANCOVA) was sub-
sequently performed to evaluate group differences while controlling for age as a covariate. In
the ANCOVA models, group (TMD vs. control) was entered as a fixed factor and age as a

continuous covariate.

Two separate ANCOVA models were constructed for the averaged resonance-related
outcome measures: (i) the mean of measurements derived from frequency bands y13-y16 and
(ii) the mean of measurements derived from frequency bands y17-y20. Adjusted means, F va-
lues, p-values, and partial eta squared (n?) were calculated to assess the magnitude of group

effects after age adjustment.

All statistical analyses were conducted using two-tailed tests, and results were interp-

reted cautiously, particularly for borderline or non-significant findings.
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Results
Demographic and Clinical Characteristics

A total of 40 participants were included in the study, consisting of 24 individuals with
temporomandibular disorders (TMD) and 16 healthy controls. The demographic and clinical

characteristics of the study population are summarized in Table 1.

Table 1. Demographic and Clinical Characteristics of the Study and Control Groups

Variable TMD Group (n =24) |[Control Group (n = 16)||p-value

Age (years), mean + SD |[33.3 +10.8 26.6+2.2 0.008+

Sex, n (%)

Female 17 (70.8%) 10 (62.5%) 0.836%

Male 7 (29.2%) 6 (37.5%)

TMD symptom duration|> 12 months (chronic)||— —

t Welch independent samples t-test
1 Chi-square test

The TMD group comprised 17 females (70.8%) and 7 males (29.2%), with a mean age
of 333 = 10.8 years. All individuals in the TMD group had a chronic history of
temporomandibular disorder symptoms lasting longer than one year. The control group
included 10 females (62.5%) and 6 males (37.5%), with a mean age of 26.6 + 2.2 years. A
statistically significant difference in age was observed between the TMD and control groups

(p =0.008). In contrast, sex distribution did not differ significantly between groups (p = 0.836).
Unadjusted Resonance Frequency Comparisons

Initial unadjusted comparisons of middle ear resonance frequency-related outcomes
demonstrated higher ipsilateral values in the TMD group compared with the control group.
However, these differences did not consistently reach statistical significance across all outcome
measures. Borderline results were interpreted cautiously and were considered suggestive

rather than definitive.
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Age-Adjusted Analysis of Resonance Frequency Outcomes

Given the significant age difference between the study groups, age-adjusted analyses
were performed using analysis of covariance (ANCOVA), with group as a fixed factor and age
entered as a covariate.

Averaged Outcome Derived from y13-y16

ANCOVA revealed no statistically significant group effect for the averaged resonance-
related outcome derived from frequency bands y13-y16 after adjustment for age (F =1.60, p =

0.215). The partial eta squared value indicated a small effect size (1)? = 0.046). Adjusted mean

values for each group are presented in Table 2.

Table 2. Age-Adjusted Comparison of Resonance Frequency Outcome (Mean of y13-y16)

Statistical analysis: ANCOVA (Group as fixed factor, Age as covariate)

Source F ||p-value||Partial n2

Group (TMD vs Control) 1.60/0.215 ||0.046

Age (covariate) 2.96/|0.093 {|0.082

Il Y

Error

Estimated Marginal Means (Age-adjusted)

Group |(|[Adjusted Mean||Standard Error
Control||15.37 0.54
TMD |[14.01 0.58

Model notes:

N =36 (TMD = 20, Control = 16); age centered at overall mean (31 years)

Averaged Outcome Derived from y17-y20

Similarly, no statistically significant group effect was observed for the averaged reso-
nance-related outcome derived from frequency bands y17-y20 following age adjustment (F =
2.32, p =0.137). The corresponding effect size was small to moderate ()2 = 0.066). Age-adjusted

group means are summarized in Table 3.
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Table 3. Age-Adjusted Comparison of Resonance Frequency Outcome (Mean of y17-y20)

Statistical analysis: ANCOVA (Group as fixed factor, Age as covariate)

Source F ||p-value||Partial n2

Group (TMD vs Control) 2.32||0.137 ||0.066

Age (covariate) 0.29||0.591 {|0.009

o Il Y

Error

Estimated Marginal Means (Age-adjusted)

Group |(|Adjusted Mean||Standard Error
Control||13.44 0.62
TMD [|15.23 0.66

Model notes:

N =36 (TMD = 20, Control = 16); age centered at overall mean (31 years)

Summary of Findings

Overall, while unadjusted analyses suggested higher ipsilateral resonance frequency—
related values in individuals with temporomandibular disorders, age-adjusted analyses did

not demonstrate statistically significant differences between the TMD and control groups.
Discussion
Interpretation of the Findings

The present study evaluated middle ear resonance frequency characteristics in indivi-
duals with temporomandibular disorders using wideband tympanometry, with particular
emphasis on controlling for age as a potential confounding factor. The primary finding of this
study is that, although unadjusted analyses suggested higher ipsilateral resonance frequency-
related values in the TMD group compared with healthy controls, these differences were no

longer statistically significant after adjustment for age.
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These findings highlight the importance of accounting for age-related effects when in-
terpreting middle ear resonance characteristics. Previous studies investigating the relationship
between temporomandibular disorders and middle ear function have reported inconsistent
results. Some authors have reported higher ipsilateral resonance frequencies in patients with
unilateral TMD, suggesting increased stiffness of the middle ear system, whereas others failed
to demonstrate clear differences between affected and unaffected ears or control groups. The
present results suggest that at least part of the variability observed in earlier studies may be
attributable to differences in age distribution rather than to temporomandibular disorder—re-

lated mechanisms alone.

Age-related changes in middle ear mechanics have been well documented, even in in-
dividuals with normal hearing. Structural and biomechanical alterations affecting the tympa-
nic membrane, ossicular chain, and supporting ligaments may influence resonance characte-
ristics over time. In the current study, the TMD group was significantly older than the control
group, and age-adjusted analyses demonstrated that the observed unadjusted differences
were attenuated when age was included as a covariate. This finding underscores the need for
cautious interpretation of resonance frequency differences in cross-sectional TMD studies that

do not adequately control for age.

Importantly, the absence of statistically significant age-adjusted group differences does
not exclude a potential interaction between temporomandibular disorders and middle ear
mechanics. Rather, the findings suggest that any such relationship is likely to be subtle, mul-
tifactorial, and influenced by individual characteristics such as age, chronicity of symptoms,
and neuromuscular adaptation. The small-to-moderate effect sizes observed in the present
analyses further support the notion that TMD-related changes in middle ear resonance, if pre-
sent, are modest and may not be readily detectable without larger and more homogeneous

study populations.
Limitations

Several limitations of this study should be acknowledged. First, the sample size was
relatively small, which may have limited the statistical power to detect subtle differences in
middle ear resonance frequency between groups. Consequently, the present findings should

be interpreted as hypothesis-generating rather than definitive.

10
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Second, the study employed a cross-sectional design, which precludes conclusions re-
garding causality or temporal relationships between temporomandibular disorders and
middle ear resonance characteristics. Longitudinal studies assessing changes in resonance
frequency before and after TMD treatment would provide more robust evidence regarding

potential causal mechanisms.

Third, although age was statistically controlled using ANCOVA, other potential con-
founding factors such as symptom severity, specific TMD subtypes, and psychosocial variab-
les were not fully quantified. In particular, pain intensity scores were not consistently available
due to the retrospective nature of clinical records, and subgroup analyses according to TMD

subtype could not be performed.

Finally, in the control group, measurements from both ears were included to reflect
normative variability. While this approach increases the representativeness of control data, it
may partially violate assumptions of statistical independence. This methodological choice was

acknowledged and addressed cautiously in the interpretation of results.
Clinical Implications and Future Directions

From a clinical perspective, the findings of this study suggest that middle ear resonance
frequency alterations observed in individuals with temporomandibular disorders should be
interpreted with caution, particularly in the absence of age-matched control groups. Wideband
tympanometry may provide useful complementary information in the evaluation of patients
with TMD and otological complaints; however, resonance frequency measures alone should

not be considered diagnostic of TMD-related auditory involvement.

Future studies should aim to include larger, age-matched cohorts and standardized
assessments of TMD severity and subtype. Longitudinal designs evaluating resonance frequ-
ency changes following conservative or interventional TMD treatment may help clarify whet-
her observed alterations represent reversible functional changes or long-term biomechanical
adaptations. Additionally, integration of wideband tympanometry with neuromuscular as-
sessments, such as electromyography and digital occlusal analysis, may provide a more comp-
rehensive understanding of the complex interactions between temporomandibular disorders

and middle ear function.

11
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75 Yas ve Ustii Hastalarda Dental implantlarin Radyografik Olarak
Degerlendirilmesi

Tuna Sumer, Ayse Pinar Sumer
Ozet

Problemin Ac¢iklamast: Tip alanindaki gelismeler ve saglikli yasam bigimlerinin be-
nimsenmesiyle birlikte insan 6mrii uzamakta; dolayisiyla yash niifusun sayisi da artmaktadar.
Dental implant uygulamalari, yas arttikga dissizligin artmasina paralel olarak daha ¢ok yaslh
hasta gruplarinda ihtiya¢ duyulan bir tedavi segenegidir. Bununla beraber yaslanmayla bir-
likte goriilme siklig1 artan sistemik hastaliklar nedeniyle hem dis hekimleri hem de bu grup-
taki hastalar implant uygulamasina mesafeli yaklasabilmektedir. Bu retrospektif calismanin
amaci, 75 yas ve tlizerindeki bireylerde uygulanan dental implantlar1 panoramik radyograflar

iizerinden degerlendirmektir.

Malzeme ve Yontemler: Agiz Dis ve Cene Radyolojisi klinigine basvurmus yetmis bes
yas ve Uistli hastalara ait sistemde kayitli olan toplam 716 panoramik radyograf incelenmistir.
Radyografta dental implant: tespit edilen 207 hastada uygulanan implant sayilar1 ve lokalizas-

yonlar1 degerlendirilmis ve cinsiyete gore dagilimlar: analiz edilmistir.

Bulgular: Panoramik radyografi degerlendirilen 207 hastada (113 erkek, 94 kadin) top-
lam 935 dental implant tespit edilmistir. Ust genede 435, alt genede ise 500 adet implant uygu-
land1g1, bunlarin 333’iiniin 6n bolgede konumlandig: goriilmiistiir. Ayrica 48 hastada, alt ce-
nede 33-43 numarali disler bolgesinde iki implant uygulamasi oldugu belirlenmistir. Cinsiyet-
ler arasinda toplam implant sayis1 acisindan istatistiksel olarak anlamli fark bulunmamustur.

Sonug: Bu calisma, 75 yas ve iizeri bireylerde dental implant uygulamalarinin tercih
edilebildigini ve yagh bireylerin tedavi planlamasinda implant uygulamalarinin, uygun klinik
ve radyografik degerlendirme sonras: 6nerilebilecek giivenli ve etkili bir secenek olarak goz

oniinde bulundurulmasi gerektigini gostermektedir.

Anahtar Kelimeler: Dental implant, Panoramik radyograf, Yaslilik.
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Panoramic radiographic assessment of dental implants in patients
aged 75 years and older

Tuna Sumer, Ayse Pinar Sumer
Abstract

Objective: Advancements in medical technology and improvement in healthy lifesty-
les have led to an increase in human life expectancy; therefore, the number of elderly people
is also increas-ing. Dental implant therapy has become an important treatment option in older
individuals, parallel to the higher prevalence of edentulism with advancing age. However,
due to the increased incidence of systemic diseases associated with aging, both dentists and
patients in this age group may approach implant therapy with caution. The aim of this retros-
pective study was to evaluate dental implants in individuals aged 75 years and older using

panoramic radiographs.

Materials and Methods: A total of 716 panoramic radiographs of patients aged 75 ye-
ars and older, who presented to the Department of Dentomaxillofacial Radiology and were
recorded in the system database, were assessed. In 207 patients with dental implants on the
radiographs, the number and localization of the implants were evaluated and their distribu-

tion by gender was analyzed.

Results: A total of 935 dental implants were identified in the panoramic radiographs
of 207 patients (113 male, 94 female). Of these, 435 implants were placed in the maxilla and 500
in the mandible, with 333 implants located in the anterior region. Additionally, 48 patients had
two implants placed in the mandibular canine region on teeth 33—43. No statistically signifi-
cant difference was found between genders in terms of total implant count.

Conclusion: This study demonstrates that dental implant placement can be preferred
as a treatment option in individuals aged 75 years and older. Implant therapy could be consi-
dered a safe and effective treatment alternative for elderly patients when supported by app-

ropriate clinical and radiographic evaluation during treatment planning.

Keywords: Dental implants, Elderly, Panoramic radiograph.
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Giris

Teknolojinin ilerlemesi, tibbin ve saglik hizmetlerinin daha ulagilabilir hale gelmesi ve
saglikli yasam bigimlerinin benimsenmesi, insan dmriiniin uzamasina ve dolayisiyla yaslh nii-
fusun sayisinin artmasina yol agmaktadir (1). Diinya Saglik Orgiitii (DSO), yash bireyleri ta-
nimlamak i¢gin 65 yas ve tizerindeki yas grubunu esas almakta; yashlik donemi ise 65-74 yas
aras1 “geng yasl”, 75-85 yas aras1 “orta yash” ve 85 yas ve tizeri “ileri yash” olarak smiflandi-
rilmaktadir (1,2). Bu siniflandirma, yaslanma siirecinde ortaya ¢ikan fizyolojik ve sistemik de-
gisikliklerin yani sira, saglik hizmetlerine duyulan gereksinimin belirlenmesinde de 6nemli

bir referans olusturmaktadir (1).

Saglikli bir yaslanma siireci i¢in genel fiziksel ve bilissel yetilerin korunmasimnin yani
sira, saglikli ve fonksiyonel dentisyonun siirdiiriilmesi de kritik 6neme sahiptir (3). Dis kaybz,
¢igneme fonksiyonunun azalmasi ve buna bagh psikososyal sorunlar, ileri yas gruplarinda sik
karsilasilan baslica problemler arasindadir. Artan yash niifusun agiz ve dis sagligina yonelik
0zel gereksinimlerinin karsilanabilmesi i¢in dis hekimligi pratiginde ve egitiminde bu alana
0zgii yaklasimlarin gelistirilmesi ve uygulanmasi giderek daha biiyiik 6nem kazanmaktadir
(4). Dis kaybs, yasla birlikte artan ve yasam kalitesini dogrudan etkileyen en yaygin agiz sag-
lig1 sorunlarindan biridir (5). Yash hastalarda dis kaybinin rehabilitasyonu icin dental implant

uygulamalari, 6ngoriilebilir ve giivenli bir tedavi yontemi olarak karsimiza ¢tkmaktadir (6,7)

Yaslilik tek basia implant tedavisi igin bir risk faktorii olmasa da, yaslanmayla birlikte
goriilme siklig1 artan sistemik hastaliklar, implant bolgesindeki kemik miktar1 ve kalitesi, te-
davi basarisini etkileyen temel unsurlardir (6,8) Bu nedenle yash hastalarda implant planla-
masinda kronolojik yastan ¢ok, sistemik saglik durumu ile kemik hacmi ve kalitesi belirleyici
rol oynamaktadir (6).

Bu retrospektif calisma, panoramik radyograflar tizerinden 75 yas ve {izerindeki birey-
lere uygulanan dental implantlarin sayisi, ¢ene lokalizasyonu ve cinsiyete gore demografik
dagilimini degerlendirmeyi amaglamaktadr.

Materyal ve metot

Bu calisma, 1 Ocak 2024 ile 31 Agustos 2025 tarihleri arasinda Ag1z Dis ve Cene Rad-
yolojisi klinigine bagvuran ve bu tarih araliginda panoramik radyograflar1 ¢ekilen 75 yas ve

tizerindeki hastalar1 kapsamaktadir. Belirtilen donemde bagvuran toplam 716 hastanin pano-
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ramik radyograflar1 incelenmistir. Panoramik radyograflarda dental implant bulunan hastala-
rin yas ve cinsiyet bilgileri kaydedilmis, panoramik goriintiiler izerinden yerlestirilen dental

implantlarin toplam sayisi ile alt ve iist ¢ene lokalizasyonlar1 degerlendirilmistir.

Istatistiksel analizlerde tanimlayici istatistikler frekans (f) ve yiizde (%) olarak belirtil-
mistir. Arastirmada hastalarin cinsiyetine gore dental implant sayilar1 ve ¢enelere gore lokali-
zasyon dagilimlart Mann-Whitney U testi ile karsilagtirilmistir. Istatistiksel anlamhilik p<0,05
diizeyinde degerlendirilmistir.

Bulgular

716 hastanin incelenen panoramik radyograflarinda 207 hastada implant yerlestirildigi
goriildii. Hastalarm 113’1 erkek, 94’1 kadindir. Tiim hastalarin yas ortalamasi 78.4 olarak be-
lirlendi. Erkek hastalarda ortalama yas 78.7, kadin hastalarda ise 78.2 olarak bulundu (Tablo
1).

Table 1. Hastalarin demografik 6zellikleri

Degisken n (%) veya ortalama (min/maks)
Toplam hasta sayisi 207

Erkek 113 (54.6%)

Kadin 94 (45.4%)

Yas ortalamasi (y1l) 78.4 (75-94)

Erkek yas ortalamasi (y1l) 78.7 (75-94)

Kadin yas ortalamasi (y1l) 78.2 (75-93)

Yapilan panoramik radyografik degerlendirmede, 207 hastada iist cenede 435, alt ge-
nede 500 olmak iizere toplam 935 dental implant oldugu belirlendi. Ust genede yerlestirilen
dental implant sayisien az 1, en ¢ok 9 olup ortalama 3.8 olarak bulundu. Alt ¢enede ise implant
sayisien az 1, en ¢cok 10 olup ortalama 3 olarak belirlendi. Her iki ¢genede toplam implant say1s1

ise en az 1, en ¢ok 18 olup ortalama 4.5 olarak hesaplandi (Tablo 2).
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Tablo 2. Cenelere ve bolgelere gore dental implant dagilimi

Bolge Toplam implant Sayisi Ortalama (min/maks)
Ust gene 6n bolge 130 2.1 (1-4)

Ust cene 435 3.8 (1-9)

Alt ¢ene 6n bolge 203 2.1(1-4)

Alt gene 500 3.0 (1-10)
Her iki ¢ene toplam 935 4.5 (1-18)

Bolgesel dagilima bakildiginda, iist cene 6n bolgede implant sayis1 130, alt gene 6n bol-
gede implant sayis1 ise 203 olarak gozlendi. Sekil 1'de, hem alt hem {ist ¢eneye implant yerles-
tirilmis bir olguya ait 6rnek goriintii verilmistir. Ust cenede n bolgede en az 1, en ¢ok 4 olmak
tizere ortalama 2 implant; alt cene 6n bolgede ise en az 1, en ¢ok 4, ortalama 2 implant uygu-
land1g tespit edildi. Ayrica 48 hastada, alt cenede 33-43 numarali disler bolgesinde 2 implant
uygulamasi oldugu belirlendi (Sekil 2).

1

Sekil 1. Panoramik radyografta, 77 yagindaki $Sekil 2. Panoramik radyografta, 77 yagindaki

kadin hastada 14,16, 36 ve 37 nolu disler bol-  kadin hastada alt total dissiz ¢genede 33 ve 43

gesinde dental implant izlenmektedir. nolu disler bolgesinde dental implant izlen-
mektedir.

Toplam 7 hastada, alt ve {ist cenede sa-
bit protetik rehabilitasyon icin tam ark imp-
lant uygulamasi, 13 hastada yalnizca iist ce-
nede tam ark implant uygulamasi ve 8 has-
tada yalnizca alt ¢enede tam ark implant uy-

gulamast yapildig1 belirlendi (Sekil 3). Sekil 3. Panoramik radyografta, 84 yasindaki

erkek hastada iist cenede 6 adet, alt cenede 7
adet dental implant izlenmektedir.
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Cinsiyetler aras1 karsilastirmada, erkek hastalarda toplam implant sayis1 ortalamasi
4.7, kadin hastalarda ise 4.3 olarak belirlendi. Erkek ve kadin hastalar arasinda toplam implant
sayis1 agisindan istatistiksel olarak anlamli bir fark bulunmadi. (U=5903.5, p=0.16) Ayrica, iist
gene, alt gene, iist gene 6n bolge ve alt cene 6n bolge implant sayilar1 agisindan da cinsiyetler
arasinda belirgin bir fark gozlenmedi. Ortalama degerler birbirine oldukga yakin olup, tist ve

alt cene ile 6n bolgelerdeki implant dagilimlar cinsiyet agisindan benzer bulundu.
Tartisma

Bu calismada, panoramik radyograflar1 degerlendirilen 716 hastanin 207’sinde dental
implant varlig1 tespit edilmis ve 75 yas ve lizerindeki yaklasik her 3-4 hastadan birinde imp-
lant uygulandig1 belirlenmistir. Bu bulgu, ileri yas grubunda implant tedavisinin klinik olarak
uygulanabilir oldugunu gostermektedir. Literatiirde yash bireylerde implant prevalansini
dogrudan degerlendiren ¢alismalar sinirli olmakla birlikte, mevcut veriler implant uygulama-
larmin artis egiliminde oldugunu ve ileri yasin tek basmna bir kontrendikasyon olarak kabul
edilmedigini ortaya koymaktadir. 2014 yilinda implant hastalarmin %21’inin 70 yasin {ize-
rinde oldugu, ayrica implant prevalansindaki en biiyiik mutlak artisin 65-74 yas grubunda
gerceklestigi ve ileri yastaki bireylerde implant kullaniminin geng yetiskinlere kiyasla yaklasik
13 kat daha ytiksek oldugu bildirilmistir (9,10).

Zarb&Schmitt (11), yash bireylerde implant uygulamalarinda osseointegrasyonun
basarili oldugunu ve digsiz hastalarda uygulamanin yasam kalitesini artirdigin bildirmisler-
dir. Grant ve Kraut (12) yaptiklar1 ¢calismada, 79 yas ve tizeri olan toplam 47 geriatri hastasina
160 dental implant uygulamislar ve sadece bir implantta basarisizlik gozlemlemislerdir. Ca-
lismada, geriatri hastalarinda dental implantlarin sabit veya hareketli implant destekli protez-
lerle bagaril1 bir sekilde uygulanabilecegini ve dental implant uygulamalarmin hizla artan
yasli niifus i¢in 6ngoriilebilir ve giivenli bir yontem oldugunu, agiz fonksiyonlarmni, konforu
ve yasam kalitesini 6nemli 6lgtide artirdigini rapor etmislerdir (12). Calismamizda ise yaklasik
1.5 yllik periyotta, panoramik radyografi bulunan 207 hastada toplam 935 adet dental implant
uygulandig1 belirlenmistir. Kanat ve ark (13)'in ¢alismasina benzer olarak, implantlarin ¢o-
gunlugu mandibulaya yerlestirilmistir. Elde edilen veriler, ileri yas grubundaki bireylerde de
implant tedavilerinin yaygin bicimde uygulandigin1 ve bu hasta grubunun implant rehabili-

tasyonuna artan bir oranda yoneldigini gostermektedir.
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Calismamizda, erkek ve kadin hastalar arasinda toplam implant say1s1 agisindan ista-
tistiksel olarak anlamli bir fark bulunmamaistir. Bu bulgu, cinsiyetin ileri yas grubunda implant
sayisini veya tedavi planlamasini belirleyen temel bir faktor olmadiginmi gostermektedir. Bu-
nunla birlikte yapilan bir calismada, dental implantlarin, erkek hastalara kadin hastalara gore
daha fazla uygulandig: bildirilmistir (13). Negri ve ark (14) yaptiklar: klinik arastirmada, dis
eksikligi olan hastalarda yerlestirilen kemik i¢i implantlarin ¢evresindeki kemik degisimlerini
degerlendirmisler ve implant yerlesim bdlgesinin, hasta yasmin ve cinsiyetin, marjinal kemik
kaybini etkiledigini rapor etmislerdir. Bu nedenle, implant uygulamalarinda, implantin yer-
lestirilecegi bolgenin, implant 6zelliklerinin ve hasta faktorlerinin dikkatle degerlendirilmesi

gerekmektedir (14).

Dislerin kaybedilmesiyle birlikte alveoler kemik rezorpsiyonu kaginilmazdir, ancak bu
rezorpsiyonun siddeti; bireyler arasinda, hatta aym bireyin farkli ¢eneleri arasinda ve zaman
icinde degiskenlik gostermektedir (7). Eltas ve ark (15) yaptiklar1 ¢calismada, 65 yas tizeri bi-
reylerde, 50-65 yas grubuna gore mevcut dis sayisinin anlamli derecede daha az oldugunu ve
periodontal hastaliklara bagli kemik rezorpsiyonu goriilen birey sayisinin daha yiiksek oldu-
gunu bildirmislerdir. Ayrica, sistemik hastaliklarin ve cinsiyetin mevcut dis sayisi ile kemik
rezorpsiyonu goriilme siklig1 tizerinde anlaml bir etkisinin bulunmadigini rapor etmislerdir.
Yash bireylerde, osteoporoz gibi sistemik hastaliklar, metabolik aktivitenin azalmasi ve dis
kayiplari gibi faktorlere baglh olarak cene kemiklerinde rezorpsiyon artis1 gozlenmektedir (16).
Bu rezorpsiyon mandibulada maksillaya kiyasla daha belirgindir. Rezorpsiyonun ileri diizey-
lere ulasmas1 durumunda, mandibuladaki alveoler kret belirgin bicimde incelmekte ve bu du-
rum, konvansiyonel tam protezlerin stabilitesini ve tutuculugunu olumsuz yonde etkilemek-
tedir (16). Bu calismada, implant destekli overdenture icin 33-43 numaral dis bolgesinde imp-
lant uygulamasi yapilan hasta sayisinin yiiksek bulunmasi, mandibuladaki rezorbsiyona bagh
hastalarin tam protez kullanimindaki sikintisin1 gosteren literatiirle uyumlu bir sonuctur. Bu-
ral ve ark (17) yaptiklari calismada, 60-69 yas ve 70-79 yas gruplari i¢in, implant yerlestirilme-
sine yonelik en yaygin endikasyonun total digsizlik oldugunu ve genellikle iki implant destekli
overdenture tedavi seceneginin tercih edilmesine bagh olarak, mandibular kanin bolgelerine

istatistiksel olarak anlamli diizeyde daha fazla implant yerlestirildigini rapor etmislerdir.
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Yaslanma siireci ile birlikte olusan ileri derecede alveoler kret rezorpsiyonu, 6zellikle
tam protez kullanimini zorlastirabilir. Artan ag1z kurulugu, protezin tutuculugunu engelleye-
bilir ve yumusak dokuda agr1 ve rahatsizliga neden olabilir (18). Bunun yani sira, yash hasta-
larin yeterli bilince sahip olmamas;, yas ilerledikge azalan motor beceriler ve alginin azalmas:
sebebiyle de hareketli proteze uyum saglama stirecinde ciddi zorluklar yasanabilir (19). Motor
kontrolde zayiflik ve gesitli eklem hastaliklar1 nedeniyle protezi diistirtip kirma riski yaninda,
ileri yaslarda ciddi ve yasami tehdit eden bir komplikasyon olarak protezin aspire edilmesine
de rastlanabilir (6,20). Calismamizda, tam protez yerine sabit protetik rehabilitasyon amaciyla
alt ve/veya iist genede tam ark implant uygulamasi yapilan hastalar mevcuttur; bu sayede
hastalarin protez kullanimi ve fonksiyonel konfor agisindan daha iyi uyum sagladiklar: diisii-
niilmektedir. Ayrica, sabit restorasyonlar, yasl bireylerin agiz ve yiiz estetigini iyilestirerek
0zsayginin artmasina katki saglayabilir ve iletisim ve sosyal etkilesim gibi sosyal yonlerden
de genel yasam kalitesi tizerinde 6nemli bir etkiye sahip olabilir.18 Miiller ve ark (21), iyi plan-
lanmis ve dogru sekilde tasarlanmis protezlerin, hastalarin agiz sagligina bagh yasam kalite-
sini artirdigini ve oral fonksiyonlarin daha etkin bir sekilde stirdiiriilmesini sagladigini bildir-
mistir. Ayrica bu protezlerin, morbiditenin azaltilmasina ve saglikli/basarili yaslanma siireci-

nin desteklenmesine katki saglayabilecegini vurgulamiglardir.

Klinik g6zlemler, farkli yas gruplarindaki hastalarin 6nemli bir kisminin hareketli pro-
tezlerinden memnuniyetsizlik bildirdigini gostermektedir. Bu durum 6zellikle yash bireylerde
sindirim ve beslenme acgisindan 6énemlidir. Yasam siiresinin uzamasi, protezlere uyum giig-
liigli ve memnuniyetsizlik riskini, ayn1 zamanda buna bagli fonksiyonel yetersizlikleri artir-
maktadir. Ayrica, yumusak dokularin uzun siireli hareketli protez kullanim1 sonucunda du-
yarhiliginin artmasi klinik bir sorun olarak ortaya ¢itkmaktadir (11). Yen ve ark (22), yas ortala-
mas1 76 olan ve hareketli protez kullanan hastalar1 degerlendirdikleri calismalarinda, protez
memnuniyetinin, a1z saghgina bagh yasam kalitesini belirleyen en etkili degisken oldugunu
bildirmiglerdir. Implant destekli protezlerdeki teknolojik gelismeler, dental implant uygula-
malarinin yaglh bireylerde giderek daha yaygin ve etkili bir tedavi secenegi haline gelmesine
neden olmustur. Ancak bu hasta grubunda, mevcut sistemik hastaliklarin ve kronik rahatsiz-
liklarin dikkatle degerlendirilmesi, olas1 komplikasyon risklerinin éngoriilmesi ve buna uy-
gun kisiye 6zel tedavi planlamasinin yapilmasi elbette biiyiik onem tagimaktadir. Ayrica, imp-

lant tedavisinin maliyetli olmasi, hastalarin sosyoekonomik diizeyi, cerrahi islemlere yonelik
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kaygilar: ve bilgi eksikligi gibi faktorler de yash bireylerin bu tedaviye erisimini kisitlayabil-

mektedir (23).

Bu ¢alismada, 75 yas ve iizeri bireylerde gerceklestirilen implant uygulamalarinn de-

mografik Ozellikleri incelenmis fakat hastalarin klinik muayenesi ve takibi yapilmadig: icin

implant basaris1 ve uzun dénem klinik sonuglar1 degerlendirilememistir. Gelecekte, uzun do-

nem takip verilerini igeren ve sistemik hastaliklar ile implant basaris1 arasindaki iliskiyi de-

gerlendiren daha kapsamli klinik ¢alismalarin, yaslh bireylerde implant tedavisinin basarisini

daha net ortaya koyacag1 ve bu alandaki tedavi protokollerinin gelistirilmesine katk: saglaya-

cag1 diisiintilmektedir.

10.
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Effects of Whitening Toothpastes on the Surface Roughness of
Contemporary Restorative Materials: A Profilometric Study

Cansu Yikict Col
Abstract

Objectives: This in-vitro study aimed to evaluate the effects of four commercially ava-
ilable whitening and conventional toothpastes on the surface roughness of contemporary res-
torative materials, including an alkasite, a nano-hybrid composite, a nano-hybrid flowable

composite, an ormocer-based flowable material, and a zirconia-reinforced glass ionomer.

Materials and Methods: A total of 225 specimens were prepared and subjected to stan-
dardized simulated tooth-brushing equivalent to one month of clinical use. Surface roughness
(Ra) values were measured before and after brushing using a contact profilometer. Non-para-
metric statistical tests (Wilcoxon, Kruskal-Wallis, Dunn with Bonferroni correction) were used

to analyze changes within and between material-toothpaste combinations.

Results: Significant differences in surface roughness were found among most material—
toothpaste combinations (p < 0.05). Ormocer, flowable composites (NFO, NF2), and Zircono-
mer (Z2, Z3) showed the greatest susceptibility to abrasion, while NF3-NF4, A3-A4, and se-
veral nanohybrid subgroups (N1-N3-N4) demonstrated similar resistance with no significant
changes.

Conclusion: These findings indicate that the abrasivity of toothpastes influences resto-

rative materials in a highly material-dependent manner. Clinical toothpaste selection should

therefore consider the type of restorative material present.

Keywords: Restorative material, Surface roughness, Toothbrushing, Whitening to-

othpaste.
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Introduction

Dental restorative materials are continuously exposed to mechanical and chemical
challenges in the oral environment, with tooth-brushing being one of the most frequent actions
affecting their surface integrity (1). Surface roughness (Ra) of restorative materials is a critical
property, because increased roughness can promote plaque accumulation, staining, and comp-

romise both esthetic appearance and longevity of restorations (2).

Whitening toothpastes are widely used by patients to improve tooth appearance.
However, these dentifrices often contain more abrasive particles (e.g. hydrated silica, activated
charcoal, or peroxide-based agents) compared to conventional toothpastes, which may en-
hance their cleaning/whitening effect but also increase the risk of surface wear when used on

restorative materials (3).

In-vitro studies investigating the effect of whitening toothpastes on composite resins
have reported mixed but concerning findings. Some studies observed significant increases in
surface roughness after simulated tooth-brushing with whitening dentifrices compared to
non-whitening controls (2, 4, 5). On the other hand, other investigations found no statistically
significant difference in roughness increase between whitening and non-whitening dentifrices
for certain nanohybrid composite materials after short-term brushing simulation (1, 6, 7). Thus,
the effect may depend on variables such as toothpaste abrasive content, resin composition,

filler type/size, brushing protocol (cycles, force), and polymer matrix characteristics.

Given the increasing use of novel restorative materials including resin-based composi-
tes, ormocer-based materials, glass-ionomer hybrids or alkasites and the widespread patient
use of whitening toothpastes, it is of practical importance to systematically evaluate how dif-
ferent dentifrices affect surface properties (especially roughness) of various restorative mate-

rials.

Therefore, the present study aims to assess under standardized simulated tooth-brus-
hing conditions the effect of several commercially available whitening and conventional to-
othpastes on the surface roughness of a diverse range of contemporary restorative materials
(including alkasite, nano-hybrid composite, nano-hybrid flowable composite, ormocer-based

flowable restorative material and zirconia-reinforced glass ionomer).

The null hypotheses of the study were as follows:
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1. Whitening toothpastes would have no effect on the surface roughness of restorative materi-

als.
2. The type of toothpaste does not affect the surface roughness of the restorative materials.

3. There is no statistically significant difference in surface roughness changes between white-
ning and non-whitening toothpastes.
Materials and Methods

Study Design

This in-vitro study evaluated the effect of commercially available whitening and non-
whitening toothpastes on the surface roughness of contemporary restorative materials under
standardized simulated tooth-brushing conditions. Surface roughness (Ra) was quantified ini-

tial and after brushing simulation using a profilometric measurement system.
Specimen Preparation

The required sample size was determined using the G*Power software (version 3.1.9.4,
Diisseldorf, Germany). Assuming a 95% confidence level, 80% statistical power, and an effect
size of 0.50, the analysis indicated that a total of 225 specimens would be sufficient. Accor-

dingly, the minimum number of samples per group was calculated as nine.

Five different restorative materials were selected: An alkasite (Cention-N), a nano-hyb-
rid composite (Grandio SO, VOCO), a nano-hybrid flowable composite (Grandio SO Light
Flow), an ormocer-based flowable restorative material (Admira Fusion Flow), and a zirconia-
reinforced glass ionomer (Zirconomer P). Their compositions and manufacturers are presen-

ted in Table 1.

For each material, cylindrical specimens (n =9 per group) were prepared using a plastic
mold (8 mm diameter x 2 mm thickness). Materials were inserted in a single increment and
covered with Mylar strips and glass slides to obtain a standardized surface. Light-curable ma-
terials were polymerized for 20 seconds using an LED curing unit (Woodpecker,Guilin Wood-
pecker Medical Instrument Co., China) at an intensity of ~1200 mW/cm?. Self-curing materials

were allowed to set according to manufacturer instructions.

To standardize the surfaces, specimens were polished using silicon carbide abrasive

papers (600, 800, and 1200 grit) under continuous water irrigation. Samples were ultrasonically
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cleaned for 10 minutes to remove residual debris and then stored in distilled water at 37°C for

24 hours until initial roughness measurements.

Table 1. Composition and manufacturing details of the materials

Material Ab Polymerizati Trade name
Contents
type br on (Manufacturers)
Dimethacrylates, initiators, stabilizers,
Cention-N
additives and mint flavour. Calcium fluoro- ]
Self or light . . ) ) (Ivoclar Vivadent,
Alkasite A silicate glass, barium glass, calcium-barium-
(20 sec) . . . Schaan,
aluminium fluoro-silicate glass, iso-fillers, ] )
) . o ) Liechtenstein)
ytterbium trifluoride, initiators and pigments
Barium aluminum borosilicate glass, silicon ]
Universal, o ) Grandio SO
Light (20sec) dioxide, HEDMA, BisGMA, TCDDMA,
nano-hybrid N . ) o (VOCO, Cuxhaven,
Fumed silica, TEGDMA, BisEMA, initiator,
composite » ) Germany)
stabilizer, pigment
) ) . . Grandio SO Light
Nano-hybrid ] Barium aluminum borosilicate glass, silicon
Light (20 o _ flow (VOCO,
flowable dioxide, HEDMA, BisGMA, TCDDMA,
NF sec) Cuxhaven,
restorative Fumed silica, TEGDMA, BisEMA, initiator,
o ) Germany)
material stabilizer, pigment
Ormocer- Admira fusion
based light- Light (20 Barium aluminum borosilicate glass, ormocer flow (VOCO,
cured flowable OR sec) resin, silicon dioxide, initiator, stabilizer, Cuxhaven,
restorative pigment Germany)
material
Zirconia- Fluoroaluminosilicate glass, Zirconium Zirconomer P
reinforced Z Self oxide, pigments and others (Shofu, Kyoto,
glass ionomers Polyacrylic acid solution and Tartaric acid Japan)
Toothpaste Groups

Four commercially available toothpastes were tested:

*Sensodyne Pronamel (non-whitening)

*R.0.C.S UNO (whitening)

e Oral-B PRO-3D WHITE CLINICAL (whitening)

*Opalescence (whitening)

Their compositions and manufacturers are listed in Table 2.
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The assignment of the study groups was performed by combining the material abbre-
viations and the toothpaste codes provided in Tables 1 and 2. In this coding system, each res-
torative material (A, N, NF, O, and Z) was paired with five brushing conditions, represented
by the toothpaste numbers 0 through 4, where ‘0" corresponded to the control group brushed
solely with distilled water. Consequently, every material was allocated to one control and four
dentifrice conditions, yielding a total of 25 experimental groups. For instance, the code ‘A1’
denotes the alkasite material brushed with toothpaste 1, whereas *Z0" refers to the zirconia-
reinforced glass ionomer assigned to the control condition. The coding system of the material—
toothpaste combinations is presented in Table 3 to facilitate interpretation of the experimental
groups.

Table 2. Composition and manufacturing details of the toothpastes (Abrasive compo-

nents are indicated in bold, whereas remineralizing or auxiliary ingredients are underli-

ned)used.
Group Manufacture
Toothpastes Compositions
code rs
Control Group 0 Distilled Water -
Aqua, Sorbitol, Hydrated Silica, Glycerin,
. . . Haleon
Potassium  Nitrate, PEG-6, Cocamidopropyl )
(Weybridge,

Betaine, Sodium Lactate, Glaxosmithkline Aroma,
Sensodyne Pronamel 1 United
Xanthan Gum, Sodium Fliioride (1450ppm),

Kingdom)
Sodium Saccharin, Titanium Dioxide, PVM/MA
Copolymer, Sodium Hydroxide, Limonene.
Aqua, Silica, Glycerin, Xylitol (%2.2), Xanthan
Gum, Aroma (Flavor), Sodium Glycerophosphate, R.O.CS.
Magnesium Chloride, Calcium Glycerophosphate, Laboratories
R.O.C.S UNO 2 ] ) )
Sodium Lauryl Sulfate (SLS), Sodium Saccharin, AG
Sodium Silicate, Methylparaben, Propylparaben | (Switzerland)
And Limonene.
GmbH,
Oral-B PRO-3D 3 Active Ingredient Sodyum Monoflorofosfat Procter
WHITE CLINICAL (1450ppm) &Gamble,
Germany
Aqua, Silica, Glycerin, Sorbitol, Xylitol, Aroma
) Opalescence
(Flavor), Poloxamer 407, Sodium Lauryl Sulfate,
(Ultradent

Carbomer, Sodium Benzoat, Sodium Flioride
Opalescence 4 ) ) Products, South
(1100 Ppm), Sodium Hydroxide, Sucralose, Xantan

Jordan USA)
Gum, FD&C, Blue No.1(CI42090), FD&C Yellow

No.5(CI 19140)
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Table 3. Matrix of material-toothpaste combinations and coding system used in the

studyused.
Control (0) | Sensodyne (1) | R.O.C.S (2) | Oral-B (3) Opalescence (4)
Alkasite (A) A0 Al A2 A3 A4
Nanohybrid (N) NO N1 N2 N3 N4
Flowable (NF) NFO0 NF1 NF2 NF3 NF4
Ormocer (OR) ORO ORI1 OR2 OR3 OR4
Zirconomer (Z) Z0 Z1 72 73 74
Table 4. Descriptive statistics of the study
Initial (Median After (Median A Final-Initial
p Effect Size (r)
[IQR]) [IQR]) [IQR])
A0 0.42 [0.035] 0.33[0.018] -0.093[0.021] 0.0039 r>0.70, very large effect
Al 0.44 [0.003] 0.48 [0.075] 0.038 [0.068] 0.054 r=0.64, large effect
A2 0.26 [0.003] 0.24[0.011] -0.013[0.010] 0.0039 r>0.70, very large effect
A3 0.30[0.011] 0.23 [0.008] -0.073 [0.020] 0.0039 r>0.70, very large effect
A4 0.79 [0.083] 0.71 [0.068] -0.056 [0.048] 0.0078 r>0.70, very large effect
NO 0.26 [0.016] 0.20 [0.006] -0.066 [0.020] 0.0039 r>0.70, very large effect
N1 0.24 [0.015] 0.24 [0.011] -0.001 [0.018] 0.734 < 0.20, small effect
N2 0.21 [0.008] 0.17 [0.003] -0.040 [0.015] 0.0039 r>0.70, very large effect
N3 0.23 [0.013] 0.24 [0.003] 0.010 [0.016] 0.496 0.20<r<0.49, medium efect
N4 0.24 [0.018] 0.25 [0.045] 0.001 [0.036] 0.208 0.20<r<0.49, medium efect
NFO | 0.28[0.015] 0.17 [0.008] -0.105 [0.008] | 0.0039 | r>0.70, very large effect
NF1 0.23 10.006] 0.24 [0.013] 0.003 [0.018] 0.570 0.20<r<0.49, medium efect
NF2 | 0.28[0.025] 0.18 [0.013] -0.118 [0.045] | 0.0039 | r>0.70, very large effect
NF3 0.36 [0.036] 0.32[0.010] -0.035 [0.033] 0.074 r=0.59, large effect
NF4 0.21 [0.016] 0.20 [0.011] -0.021 [0.025] 0.0078 r>0.70, very large effect
ORO 0.31 [0.041] 0.19 [0.008] -0.128 [0.036] 0.0039 r>0.70, very large effect
ORI 0.24 [0.010] 0.18 [0.006] -0.061 [0.018] 0.0039 r>0.70, very large effect
OR2 0.24 [0.008] 0.17 [0.008] -0.068 [0.018] 0.0039 r>0.70, very large effect
OR3 0.26 [0.013] 0.22[0.018] -0.035[0.016] 0.0039 r>0.70, very large effect
OR4 0.21 [0.013] 0.19 [0.005] -0.013 [0.010] 0.0039 r>0.70, very large effect
Z0 0.31[0.041] 0.32 [0.125] 0.021 [0.108] 0.128 r=0.50, large effect
Z1 0.44 [0.040] 0.42 [0.076] -0.081 [0.138] 0.074 r=0.59, large effect
Z2 0.57 [0.051] 0.40 [0.009] -0.013 [0.081] 0.0039 r>0.70, very large effect
Z3 0.32[0.031] 0.52 [0.143] 0.183 [0.146] 0.0039 r>0.70, very large effect
Z4 0.64 [0.016] 0.62 [0.170] -0.031 [0.286] 0.652 0.20<r<0.49, medium efect
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Brushing Simulation

Each sample was brushed manually using an electric toothbrush (Oral-B iO, Braun,
Germany) with slurry of the toothpastes prepared at a 1:1 ratio with distilled water. In the
control group, specimens were brushed with distilled water only, for an equivalent duration.
Considering that individuals typically brush their teeth twice a day for approximately two
minutes (approximately eight seconds of brushing time per tooth for a person with thirty-two
teeth), as described by Gomleksiz and Okumus (2024) (2), the samples were brushed for a total
of four minutes to simulate one month of toothbrushing time. After the toothbrushing the
samples were washed using tap water and stored again for 24 hours at 37°C before the final

surface roughness.
Surface Roughness Measurement

Surface roughness (Ra, um) was measured before and after brushing using a contact
profilometer (Perthometer; Mahr Gmbh, Ingolstadt, Germany), as commonly used in previous
studies (2, 8). Each specimen was scanned in three different locations. The mean Ra value was
used for statistical analysis. Initial and after brushing Ra values were recorded to calculate

change in surface roughness.
Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics software (version 26, IBM
Corp., Armonk, NY, USA). Descriptive data were summarized as mean * standard deviation,
median (interquartile range, IQR), and minimum-maximum values. The Shapiro-Wilk test
was used to evaluate the normality of the data distribution, while Levene’s test assessed the
homogeneity of variances. As the assumptions of normality and homogeneity were not met (p
<0.05), non-parametric statistical methods were applied. Within-group comparisons between
before and after brushing measurements were conducted using the Wilcoxon Signed-Rank
test. Intergroup comparisons were performed using the Kruskal-Wallis H test, and when sig-
nificant differences were observed, pairwise post-hoc analyses were carried out using the
Dunn test with Bonferroni adjustment to control for type I error. Effect sizes (r) were calculated
for Wilcoxon outcomes and interpreted according to the following criteria: 0.10-0.29 = small,
0.30-0.49 = medium, 0.50-0.69 = large, and >0.70 = very large effect. A significance level of p <

0.05 was adopted for all statistical evaluations.
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Results

All analyses were performed on the original assigned groups, with 9 specimens inclu-
ded in each group. Table 4 presents descriptive statistics including the initial and after brus-
hing median surface roughness (Ra, um [interquartile range (IQR)]) values of the test groups,

AFinal-Initial [IQR]), within-group statistical comparisons and the effect size (r).

The Kruskal-Wallis H test was conducted to compare the surface roughness values
among all material-toothpaste combinations at three levels: Initial (H statistic=214.46, p <
0.001), After brushing (H statistic=214.06, p < 0.001), and Delta (the difference between initial
and after) (H statistic=165.97, p <0.001). The analysis revealed statistically significant differen-

ces across groups for all variables (p < 0.05).

Post-hoc pairwise comparisons performed using the Dunn test with Bonferroni adjust-
ment revealed that the majority of material-toothpaste combinations differed significantly in
terms of brushing-induced changes in surface roughness. Several groups, particularly those
involving Ormocer (OR series), flowable composite (NFO and NF2), and Zirkonomer (Z2 and
Z3), showed highly significant differences from a wide range of other groups, indicating a
pronounced sensitivity to abrasive effects. In contrast, some combinations exhibited compa-
rable surface responses,
with non-significant dif-
ferences observed
between NF3-NF4, A3-
A4, and among several
nano-hybrid composite
subgroups (N1-N3-
N4), suggesting similar
levels of resistance to
brushing-induced alte-
rations. Dunn post-hoc

test heat map (p values)

is shown in Figure 1.

Figure 1. Dunn post-hoc test heat map (p values)
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Discussion

The aim of this study was to evaluate the surface roughness of contemporary restora-
tive materials with several commercially available whitening and conventional toothpastes
under standardized simulated toothbrushing. The first null hypothesis was partially rejected,
as whitening toothpastes caused significant changes in surface roughness in several material
groups; however, no statistically significant differences were observed in certain subgroups
(N3, N4, NF3, Z4), indicating that the effect was material-dependent.The second null hypot-
hesis was also partially rejected. Although some nanohybrid composite subgroups (N1, N3,
N4) showed similar surface roughness changes regardless of toothpaste type, other material
groups demonstrated significant differences, suggesting that toothpaste composition influen-
ced surface roughness depending on the material. The third null hypothesis was rejected, as
significant differences in surface roughness changes were observed between whitening and
non-whitening toothpastes in several material groups (A1-A3, A1-A4, NF1-NF2, OR1-OR4,
Z1-72, 71-73).

Alkasite is a resin-based restorative material containing alkaline glass fillers capable of
releasing calcium, fluoride, and hydroxide ions, thereby providing acid-neutralizing and anti-
cariogenic benefits (9). Universal nanohybrid composites, composed of a combination of nano-
and micro-sized fillers within monomer systems such as UDMA, Bis-GMA, and Bis-EMA, of-
fer high mechanical strength and excellent polishability for both anterior and posterior resto-
rations (10). Flowable nanohybrid composites represent a lower-viscosity variant with redu-
ced filler content, resulting in enhanced adaptability to cavity walls but slightly lower mecha-
nical resistance, making them suitable for small restorations, liners, and cervical lesions (11).
Ormocer-based materials, formulated with organically modified ceramic networks instead of
traditional methacrylate monomers, exhibit low polymerization shrinkage, improved biocom-
patibility, and superior wear resistance (12). Zirconomer, a zirconia-reinforced glass ionomer
cement, combines the fluoride-releasing capability of conventional glass ionomers with signi-
ficantly enhanced strength and durability attributed to the incorporation of zirconia particles
(13).

When combined, the abrasive effects of toothpastes and the mechanical effects of to-

othbrushes can cause abrasions (14). To prevent abrasion with abrasive concentration, all
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samples had the same toothbrush used by the same operator with similar force applied. Nu-
merous in-vitro investigations have relied on simulated tooth brushing to assess the long-term
effects of dentifrices, often extending their experimental periods to six months or longer. In
contrast, the present study employed a shorter brushing interval of one month (1). This deci-
sion was based on evidence showing that dentifrices with effective whitening properties typi-
cally demonstrate noticeable benefits within the first two weeks of use, with these effects re-
maining consistent for up to twelve weeks (15). In the present study, the observed variations
in surface roughness among different toothpaste groups may be attributed to differences in
abrasive composition, supporting the role of dentifrice formulation in influencing material

surface properties.

The Kruskal-Wallis H test revealed statistically significant differences between the gro-
ups for each variable when examining surface roughness at initial, after brushing, and delta
levels (p < 0.05). These results indicate that the initial surface roughness values differed signi-
ficantly among the groups, Similarly, after brushing surface roughness values also varied sig-
nificantly, demonstrating that the brushing procedures produced markedly different effects
on the materials tested. Importantly, the delta values showed a strong and significant diffe-
rence across groups, indicating that each material toothpaste combination responded diffe-
rently to brushing and that the magnitude of change in surface roughness was not homogene-

ous among the groups.

Post-hoc Dunn analysis with Bonferroni correction showed that ormocer series,
flowable composites (NFO, NF2), and zirconomer (Z2, Z3) were particularly sensitive to abra-
sive effects. In contrast, combinations such as NF3-NF4, A3-A4, and various nanohybrid
subgroups (N1-N3-N4) showed no significant difference, exhibiting similar resistance to brus-
hing-induced alterations. The overall Dunn test pattern demonstrates substantial heterogene-
ity among the groups, confirming that the magnitude of surface roughness change is strongly

dependent on the specific restorative material and toothpaste combination.

From a clinical perspective, surface roughness values exceeding the commonly accep-
ted threshold of Ra=0.2 um are considered critical, as they may promote plaque accumulation
and increase the risk of staining and secondary caries (16). In the present study, both increases
and decreases in surface roughness were observed depending on the material toothpaste com-

bination. While certain group exhibited an increase in Ra values after brushing, other groups
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demonstrated a reduction in surface roughness, which may be attributed to a polishing effect
of the abrasive particles present in the dentifrices. This finding highlights that the interaction
between restorative materials and toothpastes is not unidirectional but rather material-depen-
dent. Importantly, even in cases where surface roughness decreased, the final Ra values should
be interpreted in relation to the clinical threshold. Some groups remained above the Ra = 0.2
um limit despite a reduction (A0, A4, Z2), suggesting that the clinical risk associated with
plaque retention may still persist. Based on these findings, clinicians should consider both the
restorative material and the abrasivity of the toothpaste when making clinical recommendati-

ons.

Numerous investigations have examined the impact of whitening toothpastes on the
surface roughness of restorative materials. Yilmaz et al. (2021) (7) reported that the whitening
effect is primarily associated with effective tooth brushing rather than the toothpaste formu-
lation itself. Similarly, the study conducted by da Rosa et al. (2016) (1) demonstrated that whi-
tening dentifrices did not significantly increase the surface roughness of nanohybrid compo-
site resin following a one-month tooth-brushing simulation. These findings are partially con-
sistent with the present study, in which certain nanohybrid composite groups (N3, N4) also
showed no statistically significant change in surface roughness after brushing. In contrast,
several studies have indicated that oral hygiene practices particularly tooth brushing may ac-
tually contribute to increased surface roughness in composite resins (8, 17), suggesting the
need for repeated polishing procedures for restorations (17). Consistent with the present fin-
dings, de Moraes et al. (18) observed that brushing with whitening toothpastes resulted in
material-dependent alterations in surface roughness. In this study, significant changes were
observed in certain material groups; this indicates that the effect of toothpaste can vary depen-

ding on the material composition.

Whitening dentifrices commonly contain silica-based abrasives, which have been
shown to increase surface roughness on enamel and resin composites due to their mechanical
cleaning action (18, 19). In addition, xylitol is often included as a non-cariogenic sweetener that
reduces Streptococcus mutans levels and lowers caries risk, although it does not directly cont-
ribute to enamel remineralization (20, 21). Among the active remineralizing agents, fluoride
remains the primary component responsible for promoting mineral deposition and reversing

early enamel subsurface lesions (22). Fluoride toothpastes further protect tooth structure by
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stabilizing hydroxyapatite crystals and reducing demineralization during acidic challenges,

thereby enhancing overall surface resistance (23, 24).

Relative Dentin Abrasivity (RDA) is a standardized measure used to quantify the ab-
rasive potential of dentifrices during brushing. Values within the range of 0-70 indicate low
abrasivity and are generally considered safe for routine use. An RDA of 71-100 reflects me-
dium abrasivity, while values between 101-150 are classified as highly abrasive. RDA levels

exceeding 151-250 are regarded as entering a harmful range (25).

Sensodyne ProNamel is one of the few commercially available dentifrices with a clearly
disclosed Relative Dentin Abrasivity (RDA) value, reported to be approximately 37 (26), which
falls within the ‘low-abrasivity” category. For most other whitening toothpastes, manufactu-
rers do not publicly provide RDA values, making direct product-to-product comparisons dif-
ficult. However, the scientific literature consistently shows that silica-based whitening dentif-
rices depending on the amount, hardness, and particle size of hydrated/amorphous silica tend
to exhibit moderate abrasivity, with reported RDA or RDA-PE values typically ranging
between 80 and 110 (27). These findings have been demonstrated in controlled laboratory stu-
dies evaluating dentin wear and abrasivity of silica-containing whitening formulations. The-
refore, while silica-based whitening toothpastes may enhance stain removal effectiveness,
their abrasivity levels can vary significantly based on formulation, necessitating careful interp-

retation of their mechanical cleaning effects (28).

Hydrated silica, silica and titanium dioxide are the corrosive agents used in the study.
It is known that the abrasiveness of hydrated silica is higher than that of silica (18). Hydrated
silica consists of mineral compounds with diverse physicochemical characteristics and is re-
garded as an effective cleaning agent due to its high abrasive capacity, while remaining com-
patible with most fluoride-containing substances. Additionally, it functions as a thickening
and stabilizing ingredient in dentifrices. Titanium dioxide, on the other hand, can temporarily
alter the enamel shade by penetrating surface irregularities. As a result, users may perceive
their teeth as whiter; However, both dental tissues and restorative materials may experience
increased surface roughness, making them more susceptible to future staining (16, 29). In the
present study, the variability in surface roughness changes observed among different to-

othpaste groups may be associated with differences in the type and abrasivity of these agents.
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Toothpastes containing more aggressive abrasive components may have contributed to incre-
ased surface roughness in certain material groups, whereas less abrasive formulations may

have resulted in minimal changes or even a reduction in roughness due to a polishing effect.

This in-vitro investigation has several limitations that should be considered when in-
terpreting the results. First, all specimens were finished using a single standardized polishing
procedure, which does not reflect the variability of clinical finishing and polishing systems;
therefore, future studies should compare different surface finishing protocols to better simu-
late clinical practice. Second, the brushing simulation was limited to a one-month equivalent
duration, and longer or variable brushing intervals are needed to determine the cumulative
effects of dentifrices on restorative materials. Third, only one type of electric toothbrush was
used, despite the fact that bristle stiffness, brush head design, and brushing kinematics may
significantly influence abrasion patterns; thus, further research should evaluate different to-
othbrush types. Additionally, this study did not incorporate intraoral variables such as ther-
mal fluctuations (hot—cold cycles), acidic or erosive challenges, or the lubricating and protec-
tive properties of saliva. Incorporating these dynamic oral conditions into future experimental
designs would provide a more clinically relevant understanding of how whitening and con-
ventional toothpastes affect the long-term surface integrity of contemporary restorative mate-

rials.

Within the limitations of this in-vitro study, brushing with whitening and conventional
toothpastes produced material-dependent changes in the surface roughness of contemporary
restorative materials. These findings indicate that the impact of dentifrices cannot be genera-
lized across restorative materials, as their response is strongly influenced by filler composition,
resin matrix characteristics, and the abrasive profile of the toothpaste. Clinically, the selection
of toothpaste should consider the restorative material present in the oral cavity, especially in
patients with extensive aesthetic or restorative treatments. Further studies incorporating lon-
ger brushing periods, varied polishing protocols, and more realistic intraoral conditions are
warranted to better understand the long-term effects of whitening dentifrices on restorative

surfaces.
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Mukogingival Cerrahi Uygulanan Hastalarda Gorsel veya Sozel
Bilgilendirmenin Dental Anksiyete ve Agr1 Diizeylerine Etkisinin
Degerlendirilmesi

Emre Durmus, Varol Canak¢i, Yunus Emre Giiner, Oguzcan Kaplan
Ozet

Amag: Bu ¢alismanin amaci, mukogingival cerrahi gegiren hastalarda cerrahi dncesi
uygulanan gorsel ve sozlii bilgilendirme yontemlerinin dental anksiyete ve postoperatif agr1

diizeyleri tizerindeki etkilerini karsilastirmaktir.

Gere¢ ve Yontem: Mukogingival cerrahi endikasyonu bulunan toplam 80 birey rast-
gele olarak iki gruba ayrilmistir: sozlii bilgilendirme grubu (n=40) ve gorsel bilgilendirme
grubu (n=40). Gorsel bilgilendirme grubundaki hastalara, cerrahi islemin tiim asamalarini gos-
teren on adet yiiksek ¢oziiniirliiklii fotograf cerrahi 6ncesinde standart kosullarda gosterilmis-
tir. Anksiyete ve agr1 diizeyleri, Modifiye Dental Anksiyete Skalas1 (MDAS), Durumluk-Sii-
rekli Kayg: Envanteri (STAI-S, STAI-T) ve Viziiel Analog Skala (VAS) kullanilarak cerrahi 6n-
cesinde, hemen sonrasinda ve postoperatif 10. giinde degerlendirilmistir. Veriler istatistiksel
olarak Paired t-testi, Independent t-testi, Repeated Measures ANOVA ve Bonferroni diizelt-
mesi ile analiz edilmistir (p<0,05).

Bulgular: Gorsel bilgilendirme yapilan grupta postoperatif MDAS ve VAS skorlar1
sOzlii bilgilendirilen gruba kiyasla anlamli diizeyde daha diisiik bulunmustur (p<0,05). Stirekli
kayg1 skorlar1 (STAI-T) da gorsel bilgilendirme grubunda anlamli olarak daha diisiiktiir
(34,048,62 vs. 39,6+9,98; p=0,009). Ayrica tedavi sonrasi oksijen satiirasyonu degerleri gorsel
bilgilendirme yapilan hastalarda daha yiiksek saptanmigtir (p=0,010). Agr1 diizeyleri ile nabiz

degerleri arasinda tedavi 6ncesi ve sonras1 donemde pozitif korelasyon gozlenmistir (p<0,05).

Sonug: Gorsel bilgilendirme, mukogingival cerrahi geciren hastalarda dental anksiyete
ve postoperatif agr1 diizeylerini azaltmada etkili bulunmustur. Cerrahi 6ncesi bilgilendirme
stirecine fotograf, video veya animasyon gibi gorsel materyallerin eklenmesi; hastalarin psi-
kolojik rahath@mi artirarak tedaviye uyumunu gii¢lendirebilir ve periodontal cerrahilerde
hasta memnuniyetini ytiikseltebilir.

Anahtar kelimeler: Agri algisi, Dis kaygisi, Gorsel bilgiler, Hasta egitimi, Mukogingi-

val cerrahi.
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Abstract

Objective: Dental anxiety is a prevalent psychosocial issue that can negatively affect
patient cooperation and clinical outcomes during periodontal surgery. Visual educational met-
hods have been proposed to enhance patient understanding and reduce anxiety levels before
dental procedures. However, limited data exist regarding their influence on anxiety and pain
perception in mucogingival surgeries. This study aimed to evaluate the effects of visual versus
verbal preoperative information on dental anxiety and postoperative pain in patients under-
going mucogingival surgery.

Materials and Methods: Eighty patients requiring mucogingival surgery were ran-
domly assigned to two groups: the verbal information group (n=40) and the visual information
group (n=40). In the visual group, ten high-resolution photographs illustrating each step of the
surgical procedure were shown prior to surgery. Anxiety and pain were assessed using the
Modified Dental Anxiety Scale (MDAS), State-Trait Anxiety Inventory (STAI-S and STAI-T),
and Visual Analog Scale (VAS) at baseline, immediately after surgery, and on postoperative
day 10. Statistical analyses included paired and independent sample t-tests, repeated measures

ANOVA, and Bonferroni correction (p<0.05).

Results: Postoperative MDAS and VAS scores were significantly lower in the visual
information group compared with the verbal group (p<0.05). Trait anxiety scores (STAI-T)
were also significantly lower in the visual group (34.0+8.62 vs. 39.6+9.98; p=0.009). Moreover,
oxygen saturation levels measured after treatment were higher in patients receiving visual
information (p=0.010). Positive correlations were found between pain intensity and heart rate

values before and after surgery (p<0.05).

Conclusion: Visual preoperative information effectively reduced dental anxiety and
postoperative pain in patients undergoing mucogingival surgery. Incorporating visual mate-
rials such as photographs, videos, or animations into routine patient education protocols may
improve psychological comfort, enhance treatment compliance, and contribute to better ove-

rall clinical outcomes in periodontal surgery.

Keywords: Dental anxiety, Mucogingival surgery, Pain perception, Patient education,

Visual information.
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Giris

Periodontal tedavi, yalnizca periodontal patojenlerin neden oldugu kronik hastalikla-
rin kontrol altina alinmasini degil, ayn1 zamanda yumusak doku deformitelerinin diizeltilme-
sini ve estetik kay1plarin giderilmesini de amaglamaktadir. Mukogingival cerrahinin temel he-
defi, keratinize diseti dokusunun biitiinliigiinti korumak, kaybolan dokuyu yeniden olustur-
mak ve ilerleyen dénemlerde ortaya ¢ikabilecek sert ve yumusak doku kayiplarimi 6nlemektir.
Bu yaklasimla hem periodontal saghigin siirdiiriilmesi hem de estetik beklentilerin karsilan-

masi saglanmaktadir (1,2).

Glintimiizde disler veya implantlar etrafindaki marjinal yumusak doku ¢ekilmeleri,
yalnizca periodontal ve peri-implant saghg: agisindan degil, estetik sonuglarin iyilestirilmesi
bakimindan da kritik 6neme sahiptir. Bu nedenle otojen, allojen veya sentetik greftlerle ger-
¢eklestirilen yumusak doku ogmentasyonlary; doku hacmini artirmak, keratinize diseti mikta-
rin1 yiikseltmek ve estetik sonuclar1 gelistirmek amaciyla yaygin olarak tercih edilmektedir
(3,4). Bununla birlikte mukogingival cerrahi islemler sirasinda ve sonrasinda hastalarin sik-
likla agri hissettikleri, ayrica dental korku ve anksiyetenin bu deneyimi olumsuz yonde etki-

leyerek agri algisini artirdig bildirilmektedir (5-7).

Dental anksiyete, bireylerin tedaviyi ertelemelerine veya tamamen iptal etmelerine yol
acabilen, tiim diinyada yaygin goriilen 6nemli bir psikososyal sorundur. Uluslararas: arastir-
malarda hastalarin %5,5-15,5’inin dental anksiyete nedeniyle tedavilerini aksattig1 rapor edi-
lirken (6), tilkemizde bu oran %21-23,5 gibi daha ytiksek seviyelerdedir (8,9). Yiiksek anksi-
yete diizeyine sahip bireylerde tedavi sirasinda daha yogun ve uzun siireli agr1 hissedildigi,
oral saglik durumlarinin daha kétii oldugu ve yasam kalitelerinin olumsuz etkilendigi goste-
rilmistir (10-14).

Anksiyetenin degerlendirilmesinde 6znel yontemler (anksiyete 6lgekleri, yar1 yapilan-
dirilmis goriismeler) ve nesnel dlctimler (kalp atim hizi, kan basinc gibi fizyolojik parametre-
ler) kullanilmaktadir (15). Son yillarda hastalarin bilgi diizeyini artirmay1 ve kontrol duygu-
sunu gelistirmeyi hedefleyen gorsel bilgilendirme yontemleri (video, animasyon, modeller)
one ctkmustir. Bu teknikler, bireylerin tedavi siirecini daha iyi anlamalarina, kaygilarini azalt-

malarima ve is birliklerini artirmalarina katki saglamaktadir (16,17).

46



Acta Stomatologica Cappadocia (ASC) 2026, vol. 6, no. 1

Bununla birlikte literatiirde, mukogingival cerrahi oncesi ve sonrasinda gorsel bilgi-
lendirmenin dental anksiyete ve agr1 diizeyleri tizerindeki etkilerini degerlendiren smirh sa-
yida ¢alisma bulunmaktadir. Bu arastirma, gorsel bilgilendirmenin bu cerrahi islemlerde hasta

deneyimine olan etkilerini inceleyerek literatiire katki sunmay1 amaglamaktadir.

Son yillarda yapilan ¢alismalar, periodontal cerrahi 6ncesi uygulanan farkl bilgilen-
dirme yontemlerinin ve hastalarin psikolojik durumlarinin, postoperatif agri ve anksiyete dii-
zeyleri tizerinde 6nemli etkileri oldugunu gostermektedir (32-34).

Gerec ve Yontem

Bu calisma, Ordu Universitesi Dis Hekimligi Fakiiltesi Periodontoloji Anabilim Dali'na
basvuran ve mukogingival sorunlar1 bulunan toplam 80 birey {izerinde gerceklestirildi. Aras-
tirma protokolii, Ordu Universitesi Klinik Aragtirmalar Etik Kurulu tarafindan onaylandi (Ka-
rar no: 2020/203; tarih: 01.10.2020). Tiim katilimcilara ¢alisma hakkinda ayrintili bilgi verildi

ve yazili onamlar1 alindi.

Calismaya dahil edilen hastalara, klinik endikasyonlarina gore vestibiiloplasti, serbest
dis eti grefti, koronale pozisyone flep, diseti ogmentasyonu, kuron boyu uzatma, implant ¢ev-
resi mukozal defektlerin diizeltilmesi ve frenektomi gibi mukogingival cerrahi islemler uygu-

land.

Dahil edilme kriterleri arasinda 18-65 yas arasi, ASA I-II simiflamasina uygun, okur-
yazar olan ve calismanin anket formlarini anlayip doldurabilecek bireyler yer aldi. Ha-
mile/emziren kadinlar, ciddi sistemik hastaligi bulunanlar (ASA >III), psikiyatrik tedavi go-

renler, gorme problemi olanlar ve kotii dental deneyim 6ykiisii bulunanlar disland.

Katilimcilar kapali zarf yontemi ile rastgele iki gruba ayrildi. Birinci grupta (n=40) has-
talara yapilacak cerrahi islem sdzlii olarak aktarildi. Ikinci grupta (n=40) ise cerrahi siirecin
lokal anesteziden siitur atimina kadar olan asamalarin igeren 10 adet fotograf kullanilarak
gorsel bilgilendirme yapildi. Fotograflar Nikon D7500 dijital kamera ile ¢ekilmis olup, bilgisa-
yar ekraninda yiiksek ¢oziiniirliikte ve standart kosullarda gosterildi. Tiim cerrahi islemler ve
anket uygulamalar1 ayni klinisyen tarafindan gerceklestirildi.

Anksiyete degerlendirmesi icin Durumluk-Siirekli Kaygi Envanteri (STAIL-S, STAI-T)
[18], Modifiye Dental Anksiyete Skalas1 (MDAS) [19,20] ve Viziiel Analog Skala (VAS) kulla-
nildi. STAI 6lgegi 20 maddelik iki alt formdan olugmakta olup 20-80 arasinda degisen puanlar
yiiksek kaygiy1 yansitmaktadir [18]. MDAS toplam 5 sorudan olugsmakta ve 5-25 aras1 skor
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vermektedir; 19 ve lizeri degerler siddetli anksiyeteyi gostermektedir [19,20]. VAS ise 10 cm’lik

cizgi tizerinde 0="hi¢ agr1 yok” ve 10="dayanilmaz agr1” ifadeleri ile 6l¢iim saglamaktadur.
Tiim oOlgekler ti¢ zaman diliminde uygulandi: cerrahi 6ncesi (T0), cerrahi sonras1 (T1)

ve postoperatif 10. giin (T2). Ek olarak T0’da STAI-T formu da dolduruldu. Demografik bilgi-

ler, vital parametreler (nabiz, kan basinci, oksijen satiirasyonu) standart cihazlarla kaydedildi.
Istatistiksel Analiz

Orneklem biiyiikliigii, G*Power (v3.1) programi kullanilarak, a=0,05, gii¢ (1-B)=0,80 ve
orta diizey etki biiyiikliigii (d=0,5) varsayilarak hesaplanmis ve her grup i¢in en az 34 birey

gerekli bulundu.

Veriler SPSS 24.0 yazilimi ile analiz edildi. Tanimlayici istatistiklerin yani sira, ikili kar-
silastirmalarda Paired Sample t testi, coklu l¢limlerde Repeated Measures testi ve Bonferroni
diizeltmesi kullanild1. Gruplar arasi karsilastirmalarda Independent Samples t testi ve Pearson

Ki-kare testi uygulandi. Anlamlilik diizeyi p<0,05 olarak kabul edildi.
Bulgular

Calismaya toplam 80 birey (24 erkek, %30; 56 kadn, %70) dahil edilmistir. Katilimcila-
rin yaglar1 18 ile 65 arasinda degismekte olup ortalama yas 39,51+13,78 y1l olarak saptanmaistir.
Katilmailarin %25’i sigara, %12,5’1 alkol kullanmakta; %21,2’si sistemik hastalik Oykiisii,
%23,8'1 ise siirekli ila¢ kullanimi1 bildirmistir. En son dis hekimi ziyaret nedeni olarak en sik
kontrol (%42,5) ve kanama (%21,3) bildirilmistir. Hastalarin %53,8’ine son islem olarak dis tas1
temizligi uygulanmais, %12,5"ine cerrahi girisim yapilmustir.

Ag1z saghg1 6z degerlendirme skorlari incelendiginde, katihmcilarin kendi sagliklarina
verdikleri ortalama skor 6,41+1,48 olarak belirlenmistir. Gruplar arasinda bu degerler agisin-

dan istatistiksel olarak anlamli farklilik bulunmamuistir (p>0,05).

Vital bulgular degerlendirildiginde, her iki grupta da tedavi 6ncesi ve sonras: sisto-
lik/diyastolik kan basinglari, nabiz ve satiirasyon degerlerinde anlamli degisim izlenmemistir
(p>0,05). Ancak tedavi sonras satiirasyon olgiimleri gorsel bilgilendirme yapilan grupta an-

laml olarak daha yiiksek bulunmustur (p=0,010).
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Table 1.
Gorsel Bilgilendirme Sozlii Bilgilendirme
Yapilan Grup (n=40) Yapilan Grup (n=40)
Min-Max Min-Max b,
MeanSD MeanSD
(Median) (Median)
Tedavi 0,055
Oncesi 8,58+3,37  5-19(7) 10,08+3,52  5-16 (9)
MDAS
Tedavi
Sonrasi 7,38+2,38  5-18(7) 8,78+2,92 5-16 (9) 0,021*
MDAS
10.Giin
6,9+2,05 5-13 (6) 8,5+2,85 5-16 (8) 0,005**

MDAS
Tedavi
Oncesi 34,1+7,92 26-51 (31) 37,5£9,52 20-55 (38,5) 0,086
STAI-S
Tedavi
Sonrasi 32,2+7,17 21-53 (31) 35+8,88 20-54 (34) 0,124
STAI-S
10.Giin

31,03+6,05  20-52 (30) 33,7£9,96 20-54 (33,5) 0,151
STAI-S

STALT 34,0048,62  23-58 (30,5)  39,6+9,98 24-70 (36,5) 0,009%*

*Indepedent Sample T Testi *p<0,05 **p<0,01

Anksiyete Olgekleri incelendiginde, gorsel bilgilendirme yapilan grupta MDAS deger-
leri tedavi sonrasinda (7,38+2,38) ve 10. giinde (6,9+2,05) anlaml olarak daha diisiik bulun-
mustur (p=0,021 ve p=0,005). Benzer sekilde STAI-T skorlar1 sozlii bilgilendirilen grupta daha
yliksek saptanmistir (39,6+9,98 vs. 34,0+8,62; p=0,009). STAI-S degerlerinde ise gruplar ara-

sinda anlamli farklilik gézlenmemistir (p>0,05).
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Table 2.

1.Giin 3.Giin 10. Giin

Mean Min-Max Mean Min-Max Mean Min-Max
+SD (Median) +SD (Median) +SD (Median) %

Gorsel

Bilgilen-

dirme 0-9 0-2
4+1,66 0-9 (4) 1,73+1,47 0,18+0,45 0,001**

Yapilan (D) (0)

Grup

VAS

Sozlii
Bilgilen- 0-9 0-5
42,72 0-9 (4) 2,63+2.36 0,65+1,19 0,001**
dirme (2,5) (0)
Yapilan
Grup

VAS

dRepetead Measure Test **p<0,01

Agr diizeyleri degerlendirildiginde, baslangicta VAS skorlar1 benzer bulunmustur
(p>0,05). Ugiincii giin agr1 takibinde s6zlii bilgilendirme yapilan grupta VAS degerleri anlamlt
derecede yiiksek saptanmustir (2,63+2,36 vs. 1,73+1,47; p=0,044). Onuncu giinde de sozlii bilgi-
lendirilen grupta agri skorlar1 daha yiiksektir (0,65+1,19 vs. 0,18+0,45; p=0,020).

Korelasyon analizlerinde, tedavi oncesi VAS skorlar ile nabiz degerleri arasinda
(r=0,336; p<0,01) ve tedavi sonras1 VAS skorlar1 ile nabiz degerleri arasinda (r=0,236; p<0,05)
pozitif iligki saptanmigtir. Ayrica tedavi oncesi VAS skorlari ile 1., 3. ve 10. giin agr1 skorlari

arasinda anlaml pozitif korelasyon bulunmustur.
Tartisma

Bu calismada mukogingival cerrahi oncesi farkl bilgilendirme yontemlerinin hastala-
rin anksiyete ve agr1 diizeyleri tizerindeki etkileri degerlendirildi. Giincel literatiirde de peri-

odontal cerrahi 6ncesi anksiyete diizeyinin postoperatif agri ve hasta deneyimi ile yakindan
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iligkili oldugu ve farkl bilgilendirme yaklagimlarinin bu stireci anlamli sekilde etkileyebile-
cegi bildirilmistir (34,35). Elde edilen bulgular, gorsel bilgilendirme yapilan grupta hem dental
anksiyetenin hem de postoperatif agr1 skorlarmin belirgin sekilde daha diisiik oldugunu or-
taya koymustur. Ozellikle MDAS degerlerinin tedavi sonrasi ve 10. giinde anlamli olarak azal-
masi, gorsel bilgilendirmenin hastalarin anksiyete yonetiminde onemli bir arag olabilecegini

gostermektedir.

Literatiirde dental anksiyetenin tedavi siirecine olumsuz etkileri iyi bilinmektedir.
Yiiksek anksiyeteye sahip hastalarin tedavi uyumlarmin diisiik, agr1 algilarinin ise daha ytik-
sek oldugu pek ¢ok arastirmada vurgulanmistir [21-23]. Bizim ¢alismamizda da benzer se-
kilde, sozlii bilgilendirme yapilan grupta hem STAI-T hem de postoperatif VAS degerleri daha
yliksek bulunmustur. Bu sonug, anksiyetesi yiiksek bireylerin cerrahi siirecte daha fazla agri

hissettikleri yoniindeki verilerle uyumludur [24,25].

Bilgilendirme yontemlerinin hasta psikolojisi izerindeki rolii gesitli ¢calismalarda tarti-
silmistir. Kent [26], hastalara verilen bilgilendirmenin belirsizlik duygusunu azalttigini ve 6n-
goriilebilirligi artirarak kaygiy:r diistirdligiinti belirtmistir. Krouse [27] ve Gagliano [28] ise
gorsel bilgilendirmenin, 6zellikle video ve fotograf materyallerinin, hastalarin bilgi diizeyini
artirmada ve kaygiy1 azaltmada etkili oldugunu gostermistir. Bizim bulgularimiz da bu so-
nuglar: destekler niteliktedir; zira gorsel bilgilendirme yapilan grupta hem kisa vadede hem
de 10. giin takibinde anksiyete degerlerinin diisiik kalmas1 bu yontemin kalic bir etki sagla-

yabilecegini diisiindiirmektedir.

Calismamizda ayrica, vital bulgular agisindan gruplar arasinda anlamli bir fark bulun-
mamakla birlikte, tedavi sonrasi satiirasyon diizeylerinin gorsel bilgilendirme yapilan grupta
daha yiiksek olmas: dikkat gekicidir. Bu durum, anksiyetenin fizyolojik parametreler {izerin-
deki etkisini desteklemektedir. Onceki calismalar, dental anksiyetenin kalp atim hiz1 ve oksi-

jen satlirasyonu gibi parametrelerde dalgalanmalara yol agabilecegini bildirmistir [29,30].

Bulgularimiz, bilgilendirme yontemlerinin yalnizca psikolojik degil, ayn1 zamanda fiz-
yolojik iyilesme siirecine de katki saglayabilecegini gostermektedir. Ozellikle 3. ve 10. giin
VAS skorlarmin gorsel bilgilendirme yapilan grupta anlamli sekilde diisiik olmasi, hastalarin
postoperatif donemde daha konforlu bir iyilesme siireci yasadiklarini ortaya koymaktadir. Bu
sonug, Appukuttan [31] tarafindan da vurgulandig gibi, anksiyete kontroliiniin postoperatif

agr1 yonetiminde kritik rol oynadigini gostermektedir.
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Calismamizin giiglii yonleri arasinda randomizasyon yontemi ile hasta dagilimmin
saglanmasi ve gegerliligi kanitlanmis 6lgeklerin (MDAS, STAI, VAS) kullanilmasi sayilabilir.
Bununla birlikte bazi sinirhhiklar da bulunmaktadir. Oncelikle rneklem sayisi nispeten sinir-
Iidir ve tek merkezde ytritiilmiistiir. Ayrica yalnizca fotograf tabanli gorsel bilgilendirme
yontemi kullanilmis, video veya animasyon gibi alternatif gorsellerin etkisi degerlendirilme-
mistir. Ileride yapilacak daha genis 6rneklemli ve farkli gdrsel yontemleri karsilagtiran ok

merkezli ¢alismalar, bu alanda daha kapsamli sonuglar ortaya koyacaktir.

Sonug olarak, bu ¢alisma gorsel bilgilendirmenin mukogingival cerrahi gegiren hasta-
larda hem anksiyete hem de postoperatif agr1 diizeylerini azaltmada etkili oldugunu goster-
mektedir. Bu bulgular, klinik uygulamalarda hasta bilgilendirme protokollerine gorsel mater-
yallerin eklenmesinin hasta konforunu artirabilecegini ve tedaviye uyumu gii¢lendirebilece-

gini diistindiirmektedir.
Sonug

Bu ¢alisma, mukogingival cerrahi gegiren hastalarda farkl bilgilendirme yontemleri-
nin anksiyete ve agr1 diizeyleri lizerindeki etkilerini degerlendirmistir. Bulgular, gorsel bilgi-
lendirme yonteminin sozlii bilgilendirmeye kiyasla dental anksiyete skorlarin1 anlamli bi-
cimde azalttigini ve postoperatif dénemde agr1 algisimi diisiirdiigiinii gostermektedir. Ozel-
likle MDAS skorlarinin tedavi sonrasi ve 10. giinde daha diisiik olmasi ile 3. ve 10. giin VAS
degerlerindeki azalma, gorsel bilgilendirmenin hasta konforu ve tedaviye uyum acisindan

onemli katkilar sagladigini ortaya koymustur.

Bununla birlikte, vital bulgular acisindan anlamli farklilik gozlenmemistir. Ancak te-
davi sonrasi oksijen satiirasyonu degerlerinin gorsel bilgilendirme grubunda daha yiiksek bu-
lunmasi, bu yontemin fizyolojik yanitlar iizerinde de dolayl bir etki yaratabilecegini diisiin-

diurmektedir.

Sonug olarak, mukogingival cerrahi 6ncesi bilgilendirme siirecinde gorsel materyalle-
rin (fotograf, video, animasyon) kullanilmasi, hastalarin kaygilarini azaltarak daha konforlu
bir cerrahi deneyim yasamalarma katkida bulunabilir. Klinik uygulamalarda rutin hasta bil-
gilendirme protokollerine gorsel materyallerin eklenmesi, periodontal cerrahi tedavilerde

hem hasta memnuniyetini hem de tedavi basarismi artirabilecek degerli bir yaklasimdr.
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Information on the Internet About Dental Implants

Ipek Alazcioglu, Figen Ongoz Dede, Siileyman Kutalnus Biiyiik, Varol Canakct

Abstract

Objective: The aim of this study was to evaluate the quality, reliability and readability

of the information and content about dental implants on the Internet.

Material and Methods: The most searched terms on the internet were determined as
"dental implant" and "tooth implant" using the Google Trends application. A total of 220 web-
sites were scanned according to search terms using Google and Yahoo search engines, and 45
websites matching the criteria were included in the study. These websites were evaluated ac-
cording to the DISCERN questionnaire, JAMA criteria, and the FRES and FKGL readability
formula. ANOVA, Kruskal Wallis, Mann-Whitney U and Fischer's exact tests were used for

comparisons between data. P<0.05 was considered to be statistically significant.

Results: It was determined that 47%(n=21) by private dental clinics, 33%(n=15) by he-
alth sites, and 20%(n=9) by dentists of the 45 websites were shared. Health websites had signi-
ficantly higher DISCERN scores than other websites(P<0.05). When evaluated according to
JAMA criteria, it was determined that the freshness criteria of the websites were the least (42%,
n=19) and the patent rights criteria were the most(82%, n=37). Only seven websites had the
HONcode seal detected. The average FRES and FKGL were 55.94 and 10.09, respectively,
There was no statistically significant difference related to FRES and FKGL scores between gro-
ups (P>0.05).

Conclusions: The quality and readability of web-based information about dental imp-
lants were poor and insufficient. There is a need for websites that offer high-quality data with

better readability for dental implant patients.

Keywords: Content, Dental implant, Information quality, Internet, Readability.
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Ozet

Amag: Bu ¢alismanin amaci internetteki dis implantlar ile ilgili bilgi ve igeriklerin ka-
litesini, giivenilirligini ve okunabilirligini degerlendirmektir.

Gereg ve Yontemler: Internette en ¢ok aranan terimler Google Trends uygulamasi kul-
lanilarak "dental implant1" ve "tooth implant1” olarak belirlendi. Google ve Yahoo arama mo-
torlar1 kullanilarak toplam 220 web sitesi arama terimlerine gore tarandi ve kriterlere uyan 45
web sitesi ¢alismaya dahil edildi. Bu web siteleri DISCERN anketi, JAMA kriterleri ve FRES
ve FKGL okunabilirlik formiiliine gore degerlendirildi. Veriler arasindaki karsilastirmalarda
ANOVA, Kruskal Wallis, Mann-Whitney U ve Fischer'in kesin testleri kullanildi. P<0.05 ista-
tistiksel olarak anlamli kabul edildi.

Bulgular: 45 sitenin %47'sinin (n=21) 6zel dis klinikleri, %33'liniin (n=15) saglik siteleri
ve %20'sinin (n=9) dis hekimleri tarafindan paylasildig1 belirlendi. Saglik web sitelerinin
DISCERN puanlar1 diger web sitelerine gore anlamli derecede yiiksekti (P<0.05). JAMA kri-
terlerine gore degerlendirildiginde web sitelerinin giincellik kriterlerinin en az (%42, n=19), en
fazla ise patent haklar1 kriterlerinin (%82, n=37) oldugu belirlendi. Yalnizca yedi web sitesinde
HONCcode miihrii tespit edildi. Ortalama FRES ve FKGL sirasiyla 55.94 ve 10.09 idi. Gruplar

arasinda FRES ve FKGL skorlar1 agisindan istatistiksel olarak anlamli fark yoktu (P>0.05).

Sonug: Dental implantlara iliskin web tabanl bilgilerin kalitesi ve okunabilirligi zayif
ve yetersizdi. Dis implant1 hastalari i¢in daha iyi okunabilir, yiiksek kaliteli veriler sunan web

sitelerine ihtiyag vardir.

Anahtar Kelimeler: igerik, Dis implanty, Bilgi kalitesi, Internet, Okunabilirlik.

Introduction

With the increasing access opportunities in today's global world, the internet has be-
come one of the most important and frequently used information sources about health (1,2).
In the USA, internet-based health information has become the source where patients get infor-
mation about treatments after receiving doctor's recommendations (2). When patients search
for information about dental health or treatment on the Internet, they primarily use websites
and see the Internet as a reliable source for patient information about dental practices, treat-

ment procedures, risks, benefits, and alternatives (3). Due to the uncontrollable nature of the
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Internet, the accuracy of the data available on the Internet is still debated (4). In addition, the
accuracy and quality of health information on the internet also affects patients' compliance
with treatment and their communication with their doctors (5). Several methods have been
developed to objectively evaluate the quality of health information to minimize the possible
disadvantages of the use of the Internet for informational purposes (6). A study evaluating
the readability of internet-based health information noted that poor readability can limit the

usability of websites (7).

Tooth loss is one of the most important problems with a high incidence in many count-
ries, and it also, partial or complete tooth loss affects the quality of life by negatively affecting
the physiological, biological and social status of the person (8,9). Today, dental implants with
clinically proven long-term success are seen as the most popular treatment option preferred to
replace lost teeth (10-12). Moreover, Chestnutt and Reynolds (13) determined that dental imp-

lants were the third most common topic in dentistry on the Internet.

The Internet is seen as a reliable source for informing patients about dental practices,
treatment procedures, risks, benefits and alternatives (3). However, despite the increasing on
the Internet, clear information about the reliability, readability and quality of information
about dental implants is not available on websites. Therefore, this study aimed to evaluate the
quality, reliability and readability of the information and content available about dental imp-

lants on the Internet.

Materials and Methods

Since our study consists of publicly available data that does not contain any personal
data, as in similar studies, ethics committee approval and informed consent form are not requ-
ired. This study was conducted in full compliance with the World Medical Association Decla-

ration of Helsinki.

The search terms for this study were determined using Google Trends (14). Google
Trends was used to define the most popular terms about dental implants during the past 12
months (July 2021 to July 2022). The top two search terms related to the dental implant (“Den-
tal implant”, and “Tooth implant” were further analyzed. The related terms were searched in
two widely used search engines: Google (Google LLC, Mountain View, CA, USA), and Yahoo
(Yahoo, Sunnyvale, CA, USA). The search was performed in July 2022 by the virtual private

network (VPN) in the USA by a single researcher (IA). VPN extends a private network across
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a public network, allowing users to send and receive data over shared or public networks as
if their devices were directly connected to the private network. Since this data is not based in
the US, the search was performed using a suitable VPN to simulate the virtual environment of

US citizens. The top 50 websites for each keyword from each search engine were evaluated.

The links to scientific articles, video links, book links, social media posts, advertisement
links, and irrelevant website links were excluded from the study. Only websites in English

were analyzed.
Quality Evaluation

Websites were evaluated using the DISCERN tool, Journal of the American Medical

Association (JAMA), and Health on the Net code (HONcode) criteria.

The DISCERN instrument is the first standard index to evaluate the quality and relia-
bility of written health information 15. The instrument consists of 16 questions each of which
is rated on a five-point scale from 1 (low quality) to 5 (absolute agreement). The first eight
questions are designed to evaluate reliability, the next seven questions assess treatment opti-
ons, and the last question is designed to evaluate the overall quality of the website based on
the answers to the first 15 questions (Table 1). The total DISCERN scores are classified as 16—

26 very poor, 27-38 poor, 39-50 fair, 51-62 good, and >63 excellent (16).

JAMA benchmark criteria are used to evaluate the reliability and accuracy of informa-
tion on the Internet. The benchmark consists of four parts, of which the first is Authorship; the
identification of the information of the contributors and authors, second is Attribution; the
existence of all reference sources cited, third is Disclosure; website ownership, financing, ad-
vertising, and conflicts of interest, and the fourth is Currency; the existence and timeliness of
the websites (17). The scoring system ranges from 0 to 4. Evaluations are made by giving 1

point to each item that meets the criteria.

HONCcode is the most commonly used trust seal signifying quality health information
on the Internet. This organization evaluates health-related websites against appropriate and
transparent information standards using eight criteria. If the website meets these standards, it

is eligible to receive HONcode certification for one year (18).

60



Acta Stomatologica Cappadocia (ASC) 2026, vol. 6, no. 1

Table 1. DISCERN instrument questions with the mean (standard deviation [SD]) score
of each question

Each question is rated accordingly Private dental clinics Health sites Dentists Total
1 2 3 4 5 (n=21) (n=15) (n=9) (n=45)
No Partially Yes

Section 1 (questions 1-8): The reliability of the publication

1. Are the aims clear? 4.02(0.93) 4.02(0.93) 3.97(0.95) 4.02(0.91)
2. Does it achieve its aims? 3.91(0.98) 3.91(0.98) 3.83(1.01) 3.91(0.97)
3. Is it relevant? 4.00(0.91) 4.00(0.91) 3.94(0.94) 4.00(0.90)
4. Is it clear what sources of information were used to compile the 2.64(1.66) 2.73(1.68) 2.57(1.67) 2.68(1.67)
publication (other than author/producer)?

5. Is it clear when the information used or reported in the publication was 2.66(1.72) 2.75(1.74) 2.63(1.73) 2.71(1.74)
produced?

6. Is it balanced or unbiased? 2.68(1.00) 2.70(1.02) 2.63(1.00) 2.71(1.01)
7. Does it provide details of additional sources of support and information? ~ 2.20(1.44) 2.25(1.43) 2.08(1.38) 2.22(1.42)
8. Does it refer to areas of uncertainty? 2.25(1.10) 2.22(1.10) 2.23(1.11) 2.24(1.09)

Section 2 (questions 9-15): The quality of the information on treatment

choices

9. Does it describe how each treatment works? 3.86(1.15) 3.86(1.15) 3.74(1.22) 3.88(1.15)
10. Does it describe the benefits of each treatment? 3.98(1.15) 3.98(1.15) 3.89(1.20) 4.00(1.14)
11. Does it describe the risks of each treatment? 3.41(1.45) 3.38(1.43) 3.37(1.46) 3.42(1.43)
12. Does it describe what would happen if no treatment is used? 3.16(1.18) 3.11(1.19) 3.11(1.16) 3.13(1.17)
13. Does it describe how treatment choices affect the overall quality of life?  3.36(1.08) 3.30(1.07) 3.26(1.07) 3.33(1.08)
14. Is it clear that there may be more than one possible choice of treatment?  2.98(1.32) 2.93(1.32) 2.97(1.34) 2.95(1.31)
15. Does it provide support for shared decision-making? 3.25(1.01) 3.23(1.00) 3.23(1.09) 3.24(1.00)

Section 3 (question 16): Overall quality rating of the publication

16. This question is rated accordingly:

1 2 3 4 5 3.02(1.19) 3.00(1.18) 2.97(1.25) 3.02(1.17)
Low Moderate High
Serious or extensive Potentially important but Minimals
shortcomings shortcomings

no serious shortcomings

Data are expressed as the mean + standard deviation.

Evaluation of Readability Level

The readability levels of the websites were evaluated with Flesch Reading Ease Score
(FRES) and Flesch-Kincaid Grade Level (FKGL) scores (19). A 200-500 word summary taken
from a text is transferred to an online FRES calculator (www.readabilityformulas.com). The
maximum score achievable is 100. Scores between 90 and 100 reflect data that people aged 10-
11 can easily understand. Score scales range from 80 to 89 for easy, 70 to 79 for medium, 60 to
69 for standard, 50 to 59 for quite difficult, 30 to 49 for difficult, and 0 to 29 for very confusing
19. The FGKL scores have been determined using the same application calculator. FKGL rep-
resents the years of education required to understand text context and reflects a readability

score corresponding to the US education grade level (20).
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Statistical Analysis

Statistical analysis program (SPSS Inc., version 20 for Windows; Chicago, IL, USA) was
used to analyze all data. All data are expressed as mean + standard deviation (SD), median
(minimum-maximum) and frequencies (percentages). Intergroup comparisons analysing the
effect of authorship were performed by one-way analysis of variance (ANOVA) for normally
distributed data, and by the Kruskal-Wallis test for non-normally distributed data. Fischer’s

exact test was used to compare JAMA benchmarks between the groups.

Table 2. Comparison of DISCERN, FRES, FKGL scores among the groups.

Parameters Private dental Health Dentists Post-hoc

clinics sites (n=9) test

(n=21) (n=15) p

1 2 3

DISCERN
Scores
Section 1 20.76+5.74 31.00+7.16 22.4449.19 0.003*" 0.000"" 0.073f 0.928"
Section 2 23.14+7.25 26.13+5.38 22.347.48 0.312% 0.196% 0.188" 0.764%
Total Mean 43.90+1.10 57.13£11.52 44.78+16.21 0.010%+* 0.004*$8 0.027*8 0.865%
(Section1& 2)
Section 3 2.81+1.25 3.40+0.91 2.89+1.36 0.316% 0.144% 0.307¢ 0.866"
(Q16)
FRES 54.08+10.38 57.16+11.22 58.28+6.19 0.494% 0.368% 0.793% 0.299%
FKGL 10.30+2.41 10.01£2.72 9.72+1.60 0.821% 0.720% 0.774% 0.544%

Data are expressed as the mean + standard deviation. *P<0.05 was considered to be statistically significant.
FRES, Flesch Reading Ease Score; FKGL, Flesch—Kincaid Grade Level.

fMann-Whitney U test; ¥ ANOVA test; $ LSD test;" Kruskal Wallis test.

1; Comparison of Health Websites and Private Dental Clinics

2; Comparison of Health Webites and Dental Professionals

3; Comparison of Dental Professionals and Private Dental Clinics

Table 3. Comparison of JAMA benchmark scores among the groups

JAMA Private Health sites Dentists
benchmarks  dental clinics (n=15) (n=9) ¥4
(n=21)
Authorship
Yes 8 7 6 NS
No 13 8 3
Attribution
Yes 10 7 4 NS
No 11 8 5
Disclosure
Yes 19 10 8 NS
No 2 5 1
Currency
Yes 11 3 5 NS
No 10 12 4

Abbreviations: NS, not significant; p, p-value (Fisher exact test)
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Results

After applying exclusion and inclusion criteria, a total of 45 websites were eventually
identified (Figure 1). According to the distribution of sources of the websites included in the
study, 45 websites were divided into 3 groups; 21 from private dental clinics (47%), 15 from
health sites (33%), and 9 from dentists (20%). Among all websites, only seven had the
HONCcode seal (15.5%).

Regardless of authorship and ownership, 44.3% (n=20) of the websites had very poor
or poor quality, whereas only 13.3% (n=6) were excellent according to DISCERN criteria
(Figure 2).

The overall scores of each instrument are shown in Table 2. The health websites
(57.13+£11.52) had significantly higher DISCERN scores than those of private dental clinics
(43.90+1.10) and dental professionals (44.78+16.21) (P < 0.05). Among the scores for each
DISCERN item, professional organization websites obtained the highest scores in all
questions. Health websites had significantly higher DISCERN (section 1) and total mean
DISCERN (section 1 + section 2) scores (P<0.05).

When we examined the pairwise comparisons of DISCERN (section 1), it was found
that health websites were statistically significantly higher than private dental clinics (P<0.05).
When we analyzed the total DISCERN (section 1+ section 2) pairwise comparisons, it was
determined that health websites were statistically significantly higher than private dental

clinics and dental professionals (P<0.05).

While the average FRES and FKGL scores of all websites were 55.94 and 10.09,
respectively, the websites were found to be at the standard and very difficult readability level
according to the FRES score (Figures 3,4). There was no statistically significant difference in

FRES and FKGL scores between groups (P>0.05) (Table 2).

Table 3 shows the JAMA benchmark scores between the groups. There was no
statistically significant difference between various Authorships, Attribution, Disclosure, and
Currency categories between all groups (P<0.05). It was determined that the internet sites
evaluated according to JAMA criteria had the least up-to-dateness criteria (n=19; 42%) and the

highest number of patent rights criteria (n=37; 82%) (Figure 5).

63



Acta Stomatologica Cappadocia (ASC) 2026, vol. 6, no. 1

DISCERN

Google ] v b 26.6% 26.6%
Top 60 Websites . ~ R 2500
. 45 Websites
Total 220 Websit —*
2 Letme ” o et Analyzed 200
“Dental Implant - . y 17.7%
“Tooth Tmplant® —L P
b BN 13.3%
Yahoo | | | %
Top 50 Websites e B [ Fxcluded \ 109%
——— Websites: 175
30 Advertisement S0
27 Iivelevant
80 Duplicate W’
Good

4 Science Articles

23 Blogs Very poor Poor Fair Excellent
1 Forum
Figure 1. Flowchart diagram of Internet search Figure 2: Distribution of DISCERN scores of
analyzed websites
- The Flesch Reading fase Score The Flesch—Kincaid Grade Level
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Figure 3: Flesch Reading Ease Score (FRES) of Figure 4: Flesch—Kincaid Grade Level (FKGL) of
analyzed websites analyzed websites
JAMA Benchmark
90% 82.2%
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20%
10%
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Authorship Attribution Disclosure Currency

Figure 5: JAMA benchmark scores of analyzed websites
Discussion

Missing teeth can affect the quality of life of the individual and cause functional dete-
rioration related to chewing and aesthetics (21). Nowadays, the treatment of missing teeth with
implant-supported restorations is becoming a widely accepted treatment approach (22). The

fact that a large part of the world's population now has internet access and with the developing
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technology, the Internet is becoming the primary source of information that patients com-
monly use to learn more about health (23). However, despite the increasing data on the Inter-
net, no study has been found that researches the accuracy, reliability, readability and general
quality of the information on the websites that provide information about dental implants.
This is the first study to evaluate the reliability, quality, and readability of websites describing

dental implants.

The Internet is an easy-to-access information platform that people use to access infor-
mation. It has been observed that search engines such as Yahoo and Bing are used together
with Google in studies conducted to evaluate the quality of Internet information (24,26). As of
2022, it has been determined that the most used search engine in the United States and the
world is Google in the 1st place and Yahoo in the 9th place (Similarweb, 2022). Based on these
data, we used Google and Yahoo search engines in our study. Two search terms were defined
with the help of Google Trends, which shows the most used keywords in online searches re-
lated to dental implants. For each keyword, Google (60) and Yahoo (50) websites were evalu-
ated for each search engine. Our search strategy including exclusion criteria, was applied si-

milarly to previous studies (14,16).

Tools such as DISCERN and JAMA, which measure the reliability and quality of inter-
net information, have been developed to distinguish between sites that offer quality and reli-
able content and sites that provide low-quality and false information (28,30). The DISCERN
questionnaire is one of the most commonly used tools whose validity and reliability have been

accepted nowadays (15).

Health websites performed best in DISCERN scores. While there was a difference in
quality between DISCERN scores and resource groups, it was seen that health sites received
significantly higher scores (57.13) than private dental clinics and dentists, especially according
to the results of the total DISCERN questions. Similarly, Meade and Dreyer reported in a recent
study that health sites get the highest DISCERN scores (16). This may be due to the fact that

these websites are probably less biased and receive professional support.

Displaying the HONcode seal on a medical website means it provides clear, accessible

and reliable information. However, it does not give clear information about the accuracy of
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the information (24). In our study, only 7 of the 45 websites showed the HONcode seal. Li-
kewise, in their study of Riordain and Hodgson evaluating the content and quality of website
information on the treatment of oral ulcers, they found that only 4 of 54 websites contained
the HONCcode seal 31. A lack of widespread display of the HONcode seal may be due to the
license renewal fee for the HONcode certificate since 2014 and the lack of awareness of the

health-related website designers about the application process (24).

Only ten websites met all four JAMA criteria. The highest-rated JAMA criterion is disc-
losure (82.2%), while the lowest JAMA criterion is currency (42.2%). Similarly, in a recent study
by Haque et al. on rheumatic disease, it was stated that the patent right criterion was high with
88% points. On the other hand, McMorrow and Millett, in their study on adult orthodontics,
found that the patent right criterion got the lowest score with 31% points 24. The fact that the
JAMA criteria got different scores in the studies may be due to the variability of the quality of

the websites that share information on various subjects.

Text readability is an important criterion when assessing the quality of health informa-
tion. In our study, the mean FRES score of all websites was found to be 55.94. The results of
this study show that the readability of the content is 'fairly difficult'. The online information
about the dental implant is beyond the recommended reading level for understanding. Also,
the average FKGL score of all websites was 10.09. While our study showed that approximately
10 years of USA school education is required to properly understand the information provi-
ded, most patient-focused studies have emphasized the need for a grade 6 reading level

(32,33).

The Internet is an important means of obtaining information that can strengthen com-
munication between patients and physicians 34. A well-informed patient is more likely to
comply with treatment (35). Chestnutt and Reynolds (2006) found that healthcare professio-
nals are unsure of where to direct people for high-quality and reliable information. Fox and
Duggan (2013) also found that people use a health-specific websites such as WebMD, as well
as search engines such as Google, to obtain information. These data show that health professi-
onals should be made aware of directing people to quality websites, and the number of health-

specific websites should also be increased (36).
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This study has several limitations. The limitations of this study are that the results are
only valid for a limited population due to the evaluation of websites in English-only websites
in the USA and that websites are evaluated by one researcher at a time. With the changes in
the ranking and content of websites over time, the evaluation of quality and readability tools
may also differ. As in other studies evaluating the reliability of the information on the Internet,
this study also deals with current conditions at a time. But since the nature of the internet is

dynamic, the level of data and information is constantly changing.
Conclusions

Our study shows that internet-based information in English about the dental implant
is of poor quality and difficult to read. Dental professionals can prevent this negative situation
by directing patients to websites shared by experts in the field, consisting of clear, short and
clear words and sentences that comply with international quality standards. We also believe
that it would be beneficial for healthcare professionals to create websites that contain clear,
reliable and high-quality information about dental implants that are both independent of com-

mercial interests and easy to understand by a patient.
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