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Self-care tendencies and their pain-relieving effects in
patients with endodontic pain: a descriptive survey
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Gazi University, 2Department of Statistics, Middle East
Technical University, Ankara, Turkey

,'Miigem Ash Ekici("),’

ABSTRACT

OBJEcTIVE: This paper aims to search for sociodemographic/
dental models predicting the self-care orientations in
endodontic patients and to explore the effectiveness of
the applied methods in relieving pain.

MATERIALS AND METHOD: Patients with a history of endodontic
pain presenting at the endodontic clinic of Gazi University
were subjected to a survey. Their sociodemographic and
clinical data were obtained. They were asked to select
from a structured list whether they had used any self- or
formal care methods. Pain relief was measured using a
5-point standard Likert scale. Statistical analyses were
done using multivariate logistic regression, Wilcoxon and
Kruskal-Wallis tests, and Benjamini-Hochberg correction.

ResuLts: Among 356 patients, 90% applied self-care
alone or in combination with formal care. Maximum
pain level, age, and pattern of dental clinic attendance
were the variables that predicted orientations to various
subcategories of self-care behaviors, with the first two
variables remaining statistically or marginally significant
in all tested conditions (P < .05 or < .10). Among the
home remedies, drinking or local application of alcohol
and intraoral cold treatment by the patient provided
significantly greater pain relief than the others (P = .001).
Medication under the guidance of a professional was
more effective than self-medication (P < .001; except for
NSAIDs, which were similarly effective in both cases).

ConcLusion: Before applying to the dental school hospital,
most of the patients used various self-care methods for
relieving toothache. Maximum pain and age were the
common covariates of various self-care orientations.
Overall, formal care relieved pain better than self-care.
Home remedies generally displayed little effectiveness.

Keyworbs: Drug misuse; endodontics; home treatment;
public health; toothache; traditional medicine
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INTRODUCTION

Tooth painis a sign that warns the patient that something
is wrong with the tooth and that they should take care
of the situation. The accepted standard of care for
tooth pain is obviously professional dental treatment.
However, patients may tend to apply non-professional
methods (self-care) solely or before eventually
consulting a professional (formal care),'* possibly due
to their socio-cultural backgrounds, the intensity of their
complaint, concerns about dental treatment, access
to healthcare systems, efc., Self-care is a universally
recognized practice that often has beneficial effects
and encompasses interpretation and treatment of
symptoms, as well as disease prevention.5 Practices
such as using home remedies, self-medication,
speaking with a relative/friend (non-professionals),
alternative healthcare, etc., are considered among self-
care behaviors.'36

Among the self-care applications, home remedies
are therapies that can be carried out at home, typically
using everyday products and ingredients to treat
illnesses or enhance health. They are very popular
among people,?® and an online search (e.g., Google,
Yahoo) inquiring “How to relieve tooth pain OR
toothache?” returns predominantly with various home
remedy recommendations (e.g., salt water rinse, clove
oil, garlic, etc.).

Acta Odontol Turc 2025;42(1):1-12
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Self-medication is regarded by many dental
pain sufferers as first-aid, and it can indeed be
useful.-357.10-13 However, inappropriate self-medication
can do more harm than good (e.g., development of
bacterial resistance against antibiotics, gastrointestinal
complications with NSAID use, etc.). However, with
previous experiences or recommendations from
non-professionals, self-medication is often used by
endodontic patients.

Studies have been done concerning self-care
applications in oral or dental problems.!356% However,
there are limited studies that have focused particularly
on endodontic patients.'%'2 Also, there is little knowledge
about how self-care strategies relieve dental pain.'#To
this end, the aims of this study were:

1) to determine whether patients with endodontic pain
refer to any care method before applying to the dental
school hospital (self-care or formal care), determine
the varieties and frequencies of the methods used by
these patients, and search for sociodemographic and
dental models explaining endodontic patients’ self-care
practice behavior (primary aim),

2) to examine the effectiveness of the applied methods
in relieving the pain (secondary aim).

MATERIALS AND METHOD

This is a descriptive study in which endodontic patients’
self- or formal care practice behaviors were recorded
via a survey, and their pain relief was analyzed
exploratively with clinically relevant comparisons. This
study was approved by the Clinical Research Ethics
Committee of Gazi University Faculty of Dentistry
(decision no: GUDHKAEK. 2022.19/2; 06.10.2022) and
was carried out according to the STROBE checklist for
observational studies.'

Establishing the list of self-care applications

Categorized lists of self-care behaviors for dental
pain were taken as templates.?® Following translation
into the Turkish language and cultural adaptation, the
categorized items were presented to 115 endodontic
patients, and the patients were asked whether they
applied any of these items or any other unlisted
application for pain relief. Other applications reported
by the patients were added to the draft list (provided that
an item was reported by at least 2 different patients).
How a new item would be placed in the categorization
was discussed and decided by two investigators (H.B.
and G.K.). Otherwise, existing items that were not
selected by at least two patients were removed from
the draft list. The final version of the applications list is
shown in Figure 1.

The questionnaire

The data were collected standardized for all patients
and were based on patients’ self-reports, dental/
medical charts, and clinical examination findings. The
questionnaire consisted mainly of 3 parts:

© 2025 Bengi et al.
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1) sociodemographic and clinical data,
2) the categorized list of self- and formal care methods,

3) a rating scale for measuring the effectiveness of the
care method: (5-point standard Likert scale containing
the following ordinal gradations: 0 = no pain relief, 1 =
a little pain relief, 2 = moderate pain relief, 3 = a lot of
pain relief, and 4 = complete pain relief)."®

Study design

This study was carried out at the general endodontic
training clinic of the Faculty of Dentistry, Gazi University.
Patients with a history of spontaneous pain requiring
primary endodontic treatment of a tooth (the exposure)
were included in the study between November 2022
and July 2023. The exclusion criteria and the flowchart
of the study are shown in Figure 2. To avoid interviewer
bias toward selecting a patient with a greater intensity
of pain, any patient with a previous pain intensity >1
(0-10; NRS) was included in the study.

Using convenience sampling, the investigators
questioned all scheduled patients successively. An
informed consent was obtained, and the contents of the
form were shown and read aloud to the patient. Some
items like ‘spoke to a relative, friend or neighbor’ (mostly
resulted in recommendations for seeing a dentist) or
‘professional services’ (mostly resulted in prescription
or referral to dental school hospital) could not be rated.
Also, to reduce recall bias, patients were told not to
rate the pain relief if they could not remember. Missing
data that occurred this way or due to improper data
collection by the investigator were neglected, and the
analyses were conducted with the available data.

Diagnostics included routine radiographical and
clinical examination (e.g., inspection, palpation,
percussion, etc.). The patients’ preoperative indefinite
pulpal diagnoses were confirmed upon endodontic
access by observing the bleeding coming from the pulp
chamber. Partially necrotic teeth (pulp necrobiosis)
were considered necrotic.

Statistical analyses
Model search

The factors affecting the self-care practice were
evaluated by constructing multivariate models. The
dependent variable was the self-care use by the patient.
A two-valued dependent variable was formed by coding
a patient applying self-care as 1 and coding others as
0. Below, three tested self-care conditions are shown
(behavioral outcomes):

1) Self-medication (Sa); if applied (code 1), otherwise
(code 0)

2) Home remedies (Sb); if applied (code 1), otherwise
(code 0)

3) Home remedies (Sb) OR spoke with a relative,
friend, or neighbor (Sc) OR alternate healthcare (Sd): if
at least one applied (code 1), otherwise (code 0)

Acta Odontol Turc 2025;42(1):1-12
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(S) SELF-CARE

(a) Self-medication

3- Antibiotic + Analgesic combination

1- Prescription medicine (systemic): antibiotics, corticosteroids, etc.

2- OQver-the-counter medicine (systemic): NSAIDs, acetaminophen, Aspirin, etc.

4- Qver-the-counter medicine (local, topical): Kloroben, Klorhex, Tantum verde, Majezik spray, Geraks
spray, Vemcaine spray, Kenacort A Orabase, Diginol, etc.

(b) Home remedies (home treatment)

5- Massaging the gums

forms of these substances to the tooth
8- Putting olives on the tooth
9- Putting toothpaste on the tooth
10- Brushing the tooth
11- Placing cold/warm compresses on the jaw

1- Over-the-counter dental products: Listerine, Oragel, etc.
2- Rinsing the mouth with combinations of warm water, salt, vinegar, and carbonate
3- Placing ice on the affected area or rinsing the mouth with cold water

4- Placing aspirin or another analgesic on the affected area

6- Drinking alcohol/liquor or applying it to the tooth with a cotton ball (including cologne)
7- Putting spices such as cloves, ginger, garlic, thyme, and mint on the tooth or applying the oil or tea

12- Pressing/massaging the jaw from the outside with the palm of the hand

(c) Speaking with a relative, friend, or neighbor

(d) Alternative healthcare
1- Praying / Meditation

3- Emergency service
4- Pharmacist

(F) FORMAL CARE
(a) Professional services (b) Medication use by prescription or professional advice
1- Dentist 1- Prescription medicine (systemic)
2- Physician 2- Over-the-counter medicine (systemic)

3- Antibiotic + Analgesic combination

4- Over-the-counter medicine (local, topical)

Other (please explain)
Figure 1. The final version of the applications list

For each condition, models were sought in 2
separate contexts: dental and sociodemographic. The
dental context included the independent variables:
sex, age (years), ASA health status,'® tooth type, jaw,
duration of pain (days), AAE pulpal and periapical
status,’” maximum and minimum pain levels (NRS;
0-10, each), whereas the sociodemographic context
included: sex, age, ASA health status, education
level, household income, marital status, residence,
and pattern of dental clinic attendance. Sex, age, and
health status as potential confounders were common
in both contexts and included in statistical analyses for
control. No categorization was done for the numerical
variables, age, duration of pain, and pain levels. These
were analyzed as continuous data.

© 2025 Bengli et al.

First, univariate analyses were performed using
logistic regression and correlation tests (Kendall’s;
between the binary dependent variable and continuous
independent variables), and variable selection was
performed (P < .10, as default). Additional dummy
variables were tested for education level, marital
status, and periapical status. Significant (candidate)
variables were entered into a multivariate analysis,
so a saturated model was obtained. A final reduced
model was established (statistically significant: P
< .05 or marginally significant: .05 < P < .10) with a
backward stepwise regression approach, eliminating
the insignificant variables one by one, and deleting the
one with the greatest p-value each time. A combined
model was also tested. Analyses were done using R
Statistical Software (v4.2.1).'®

Acta Odontol Turc 2025;42(1):1-12
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Pain relief

The pain relief analysis included the data of all patients,
regardless of their pulpal status. Non-parametric
Wilcoxon rank sum test was used for the comparison
of the two groups. Non-parametric Kruskal-Wallis test
was used for the comparison of more than two groups
and post-hoc pairwise comparisons were done using
the Benjamini-Hochberg correction. Relevant statistical
comparisons were made between and among self-care
and formal care applications (comparisons designated
Ne1-8). If the observation number was less than 10, it
was not included in the statistical analysis. Statistical
significance was set at P < .05. An analysis of pain
relief restricted to patients with symptomatic irreversible
pulpitis was also performed.

Sample size calculation

In calculating the sample size for logistic regression
models, Peduzzi's approach was used.'® This approach
calculates the sample size as n=10(k)/p, where k
represents the number of independent variables, and
p represents the smallest probability of dependent
variable levels. The k value was 10 for the dental model
(the model with the greatest number of independent
variables). According to the pilot test findings [p=min
(0.34,0.66)], p was 0.34. Thus, the minimum required
number of patients was n=10(10)/0.34=295.

Self-care and pain relief

RESULTS

From 999 patients examined for eligibility, 643 were
excluded, so the final dataset included 356 patients
(see Figure 2 for exclusions and the flowchart). The
descriptive sociodemographic and dental data are
shown in Table 1. Most patients had applied self-and/
or formal care before presenting to the observation
setting (n=339). Furthermore, 89.9% of the patients
applied self-care alone or in combination with formal
care (Table 1).

Model search

Univariate findings are shown in Table 2 (here, only
of patients who applied at least one of Sb, Sc, or Sd;
data not shown for the other conditions). Among the
tested models, the combination model performed better
than the separate dental or sociodemographic models
(included more statistically significant variables and had
greater accuracy, sensitivity, and specificity values). For
the three models, the Hosmer-Lemeshow goodness-
of-fit test indicated no evidence of poor fit (P > .10).
The coefficients and performances of the multivariate
models are given in Table 3. Note that maximum pain
was the strongest predictor variable, and results in
Table 3 were adjusted for possible confounders of age
and pattern of dental clinic attendance since these were
found to be marginally or statistically significant in the
saturated models (P < .10).

I Has the patient applied to the endodontic clinic? ‘

Yes i

| Examined for eligibility (N = 999) |

.| Excluded (n = 643):
* Age < 18 years (n = 37)

« ASA>3(n=0)

* Non-odontogenic tooth pain (n = 3)

* Unable to give consent {n = 1)

* Unable to understand/respond the questions (n = 21)
Presence of severe periodontitis {n = 3)

* Pain-modifying drug use or disease {n = 24)

* Primary root canal treatment not indicated (n = 72)

No history of spontaneous pain from the tooth (n = 443)
The offending tooth could not be distinguished {n = 39)

—*‘ Confirmed eligible, included in the study (n = 356) ‘

I Has the patient applied self- or formal care? ‘

Yes

(n=339)

Data used in descriptive
analyses and model search

No
{n=17)

Data used in pain relief analyses

Figure 2. The flowchart of the study

© 2025 Bengl et al.
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Table 1. Descriptive sociodemographic and dental variables are presented as n (%), if not mentioned otherwise.
Frequencies of patients who applied self-care, formal care, or none are shown at the end of the table.

Sex and age

male: 134 (mean age + standard deviation: 38.4 + 14.5 years; range: 18-79 years)
female: 222 (mean age + standard deviation: 35.0 + 13.3 years; range: 18-73 years)
total: 356 (mean age + standard deviation: 36.3 + 13.8 years; range: 18-79 years)
Jaw

mandible: 184 (51.8)

maxilla: 171 (48.2)

missing data: 1

Tooth type

posterior: 324 (91.3)

anterior: 31 (8.7)

missing data: 1

ASA

1:121 (34)

2: 228 (64)

3:7(2)

Education level

none: 1 (0.3)

primary school: 47 (13.2)
middle school: 35 (9.8)

high school: 151 (42.4)
associate degree: 24 (6.7)
bachelor’s degree: 86 (24.2)
postgraduate degree: 12 (3.4)
Household income

below minimum wage: 26 (7.3)
minimum wage: 97 (27.2)
above minimum wage: 233 (65.4)
Marital status

married: 211 (59.3)
separated: 0 (0)

divorced: 9 (2.5)

widowed: 4 (1.1)

never married: 132 (37.1)

Residence

urban: 173 (48.6)

suburban: 180 (50.6)

rural: 3 (0.8)

Pattern of dental clinic attendance

goes when has a problem: 301 (84.6)

goes occasionally: 28 (7.9)

goes regularly: 27 (7.6)

Duration of pain: average: 84.4 days (standard deviation: 155.8 days; range: 1-1095 days)
Pulpal status

symptomatic irreversible pulpitis: 224 (62.9)

necrosis: 132 (37.1)

Periapical status

normal apical tissue: 59 (16.6)

symptomatic apical periodontitis: 247 (69.4)
asymptomatic apical periodontitis: 26 (7.3)

chronic apical abscess: 5 (1.4)

acute apical abscess: 19 (5.3)

Maximum pain (NRS; 0-10): mean: 8.1 (standard deviation: 1.9, range: 1-10)
Minimum pain (NRS; 0-10): mean: 2.9 (standard deviation: 1.6, range: 0-10)
missing data: 1

Frequency of patients applying methods (in general)
Self-care only: 151 (42.4)

Formal care only: 19 (5.3)

Both: 169 (47.5)

None: 17 (4.8)

Frequency of patients applying methods (specific)t
Sa: 244 (68.5)

Sb: 230 (64.6)

Sc: 76 (21.3)

Sd: 12 (3.4)

Sb OR Sc OR Sd: 250 (70.2)

Fa: 189 (53.1)

Fb: 144 (40.4)

tBecause a patient may have applied more than 1 method, the sum can exceed 100%. Abbreviations; Sa: self-medication, Sb: home remedies, Sc: Speaking with a
relative, friend, or neighbor, Sd.: alternative healthcare, Fa: professional services, Fb: medication use by prescription or professional advice, ASA: American Society
of Anesthesiologists Physical Status Classification System, NRS: numerical rating scale,

© 2025 Bengl et al. Acta Odontol Turc 2025;42(1):1-12



6 Self-care and pain relief

Table 2. Univariate statistical results using logistic regression tests (dependent variable is the application of ‘home remedies’ (Sb) OR ‘speaking
with a relative, friend, or neighbor’ (Sc) OR application of ‘alternate healthcare’ (Sd); (code 1: if applied, code 0: otherwise)

Variable Code 0; n (%) Code 1; n (%) Odds ratio (90% Cl) P value
Education level

Other (n=273) 75 (27.47) 198 (72.53) 1

Middle school or less (n=83) 31 (32.53) 52 (62.65) 0.635 (0.412-0.986) .086 *
Marital status

Other (n=224) 74 (33.04) 150 (66.96) 1

Never married (n=132) 32 (24.24) 100 (75.76) 1.542 (1.03-2.332) .081*
Household income

Other (n=123) 38 (30.89) 85 (69.11) 1

>Minimum wage (n=233) 68 (29.18) 165 (70.82) 1.085 (0.725-1.613) 737
Residence

Other (n=183) 59 (32.24) 124 (67.76) 1

Urban (n=173) 47 (27.17) 126 (72.83) 1.276 (0.87-1.874) .296
Pattern of dental clinic attendance

Other (n=55) 9 (16.36) 46 (83.64) 1

Goes when has a problem (n=301) 97 (32.23) 204 (67.77) 0.411 (0.21-0.751) .021 **
Sex

Male (n=134) 47 (35.07) 87 (64.93) 1

Female (n=222) 59 (26.58) 163 (73.42) 1.492 (1.011-2.201) .09 *
Age (cont. data) 0.977 (0.964-0.991) .005 **
ASA

Other (n=235) 69 (29.36) 166 (70.64) 1

ASA1 (n=121) 37 (30.58) 84 (69.42) 0.944 (0.636-1.415) .812
Jaw

Mandible (n=184) 51 (27.72) 133 (72.28) 1

Maxilla (n=171) 55 (32.16) 116 (67.84) 0.809 (0.551-1.185) .361
Tooth type

Anterior (n=31) 8 (25.81) 23 (74.19) 1

Posterior (n=324) 98 (30.25) 226 (69.75) 0.802 (0.381-1.577) .606
Duration of pain (cont. data) 1.000 (0.999-1.001) .999
Pulpal status

Necrosis (n=132) 34 (25.76) 98 (74.24) 1

SIP (n=224) 72 (32.14) 152 (67.86) 0.732 (0.487-1.092) 204
Periapical status

Other (n=297) 87 (29.29) 210 (70.71) 1

Normal (n=59) 19 (32.20) 40 (67.80) 0.872 (0.531-1.461) .655
Max pain (cont. data) 1.354 (1.222-1.507) <.001 **
Min pain (cont. data) 1.171 (1.03-1.341) .049 **

Statistically significant variables are marked with asterisk (* P < .10, ** P <.05). Abbreviations; ASA: American Society of Anesthesiologists Physical Status
Classification System, SIP: symptomatic irreversible pulpitis

Table 3. The final (reduced) multivariate combined models for the 3 tested self-care conditions, and their accuracy performances at different
threshold values

Sa Estimate Std. Error zvalue P value Odds ratio (90% CI) (Threshold) accuracy,
H-L test, P = .469 sensitivity, specificity
(Intercept) -0.973 0.605 -1.607 .108 0.378 (0.138, 1.017) (0.6) 0.70, 0.84, 0.38
Age -0.015 0.008 -1.768 .077 0.985 (0.972, 0.999) (0.65) 0.68, 0.77, 0.48
Max pain 0.291 0.063 4.590 <.001 1.338 (1.207, 1.488) (0.685)% 0.63, 0.66, 0.54
Sb

H-L test, P = .374

(Intercept) -0.599 0.656 -0.913 .361 0.549 (0.186, 1.618) (0.5) 0.66, 0.89, 0.25
Age -0.019 0.008 -2.296 .022 0.981 (0.968, 0.995) (0.6), 0.65, 0.77, 0.44
Pattern of dental clinic attendance -0.637 0.350 -1.822 .068 0.529 (0.291, 0.925) (0.65)80.65, 0.68, 0.60
Max pain 0.309 0.064 4.817 <.001 1.362 (1.228, 1.517)

Sb OR Sc OR Sd

H-L test, P = .280

(Intercept) 0.066 0.692 0.095 .924 1.068 (0.344, 3.384) (0.6) 0.71, 0.86, 0.36
Age -0.021 0.009 -2.396 .017 0.979 (0.966, 0.993) (0.65) 0.69, 0.79, 0.46
Pattern of dental clinic attendance -1.004 0.404 -2.486 .013 0.367 (0.181, 0.690) (0.7)8 0.67, 0.70, 0.59
Max pain 0.309 0.066 4.696 <.001 1.362 (1.225, 1.522)

§Mean; Abbreviations; Cl: Confidence Interval, H-L test: Hosmer-Lemeshow test, Sa: self-medication, Sb: home remedies, Sc: speaking with a relative, friend, or

neighbor, Sd: alternative healthcare (i.e., praying/meditation)

© 2025 Bengi et al.
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Pain relief analysis

The descriptive pain relief data and the statistical
comparisons between/among the groups are shown
in Table 4 (data from all patients, regardless of the
pulpal status) and Figure 3, respectively. The statistical
outcomes were mostly similar even when the input
data was restricted to patients with symptomatic
irreversible pulpitis (Figure 3). Differently, in patients

7

with symptomatic irreversible pulpitis, no statistically
significant difference was found between formal use of
prescription medicine (systemic; i.e., antibiotic [Fb1])
and formal use of antibiotic + analgesic combination
([Fb3]; P > .05) [Ne5], and both revealed significantly
greater scores compared to the formal use of over-the-
counter (OTC) medicine (systemic [Fb2], and local/
topical [Fb4]) (P = .026) (Figure 3).

Table 4. Number of patients applying a specific care method, and their descriptive pain relief scores (5-point scale; 0-4). All patients’ data are

presented here regardless of the pulpal status.

n mode median min-max
SELF CARE (TOTAL) 874 [n(available score)=790]% 1 1 0-4
Sa (Self-medication) 320 [n(available score)=315] 2 2 0-4
Sa1 (prescription medicine; systemic) 4 N/At N/A 0-4
Sa1 (antibiotic) 3 N/A N/A 0-4
Sa1 (corticosteroid) 0 - - -
Sal (opiate) 1 3 3 3-3
Sa2 (OTC medicine; systemic) 257 [n(available score)=252] 2 2 0-4
Sa2 (NSAID) 150 [n(available score)=148] 4 8! 0-4
Sa2 (acetaminophen) 100 [n(available score)=97] 1 2 0-4
Sa2 (NSAID + acetaminophen) 2 N/A 25 2-3
Sa2 (Aspirin; API: acetylsalicylic acid) 1 4 4-4
Sa2 (unknown analgesic) 4 3.5 1-4
Sa3 (antibiotic +analgesic combination) 9 1 1 0-4
Sa4 (OTC medicine; local, topical) 50 0 2 0-4
Sa4 (Kloroben, Andorex; API: chlorhexidine gluconate, 18 2 1 0-4
benzydamine HCI)
Sa4 (Klorhex; API: chlorhexidine gluconate) 1 2 2 2-2
Sa4 (Majezik spray/mouthwash; API: flurbiprofen) 8 N/A 2 0-4
Sa4 (Vemcaine spray; API: lidocaine) 4 4 4 0-4
Sa4 (Disinol; API: clove oil, phenol, chlorobutanol) 9 2 2 0-4
Sa4 (unknown spray/mouthwash) 10 0 0.5 0-4
Sb (Home remedies) 466 [n(available score)=463] 0 1 0-4
Sb1 (OTC dental products; Listerine) 19 0 0 0-3
Sb2 (Rinsing the mouth w/ warm water...) 123 [n(available score)=122] 0 1 0-4
Sb2 (salt + vinegar) 11 1 1 0-4
Sb2 (vinegar) 11 0 0 0-4
Sb2 (warm water) 6 1 1.5 1-3
Sb2 (salt + warm water) 82 [n(available score)=81] 0 1 0-4
Sb2 (carbonate + warm water) 7 1 1 0-3
Sb2 (vinegar + carbonate + salt) 1 0 0 0-0
Sb2 (vinegar + carbonate) 1 2 2-2
Sb2 (carbonate + salt + warm water) 4 0 0.5 0-1
Sb3 (Placing ice on the affected area...) 13 2 0-3
Sb4 (Placing Aspirin or...) 4 1 1 0-3
Sb5 (Massaging the gums) 13 0&1 1 0-3
Sbé6 (Drinking/applying alcohol...) 19 4 3 0-4
Sb6 (Drinking alcohol/liquor) 8 N/A 2 0-3
Sb6 (Applying alcohol/liquor/cologne to the tooth...) 16 4 3 0-4

© 2025 Bengli et al.
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Sb7 (Putting spices...) 95 [n(available score)=94] 0 1 0-4
Sb7 (clove) 65 [n(available score)=64] 0 1 0-4
Sb7 (garlic) 16 0 1 0-3
Sb7 (thyme) 9 1 1 0-4
Sb7 (ginger) 3 0 0 0-1
Sb7 (mint oil) 1 2 2 2-2
Sb7 (sage) 1 0 0 0-0
Sb8 (olive) 25 0 0 0-2
Sb9 (toothpaste) 6 2 2 0-4
Sb10 (brushing the tooth) 97 [n(available score)=96] 0 1 0-4
Sb11 (Placing cold/warm compress...) 37 1 1 0-4
Sb11 (cold compress) 32 1 1 0-4
Sb11 (warm compress) 5 2 2 0-3
Sb12 (Pressing/massaging the jaw...) 4 1 1 0-2
Sb.Marginals 11 0 1 0-2
Sc (Speaking with a relative...) 76 [n(available score)=0] - - -
Sd (Alternative healthcare: praying...) 12 1 1 0-3
FORMAL CARE (TOTAL) 373 [n(available score)=177] 4 3 0-4
Fa (Professional services) 200 [n(available score)=6] 28&4 25 0-4
Fa1 (dentist) 149 [n(available score)=5] 2&4 2 0-4
Fa2 (physician) 25 [n(available score)=0] - - -
Fa3 (emergency service) 14 [n(available score)=1] 3 3 3-3
Fa4 (pharmacist) 12[n(available score)=0] - - -
Fb (Medication use by prescription...) 173 [n(available score)=171] 4 3 0-4
Fb1 (Prescription medicine; systemic) 25 [n(available score)=24] 4 4 0-4
Fb1(antibiotic) 25 [n(available score)=24] 4 4 0-4
Fb1 (corticosteroid) 0 - - -
Fb1 (opiate) 0 - - -
Fb2 (OTC medicine; systemic) 40 [n(available score)=39] 3&4 3 0-4
Fb2 (NSAID) 32 4 3 0-4
Fb2 (acetaminophen) 3 2 2 1-2
Fb2 (Aspirin; API: acetylsalicylic acid) 0 - - -
Fb2 (unknown analgesic) 5 [n(available score)=4] 3 3 2-3
Fb3 (antibiotic + analgesic combination) 86 4 3 0-4
Fb4 (OTC medicine; local, topical) 22 1 2 0-4
Fb4 (Kloroben, Andorex; API: chlorhexidine gluconate, 8 1 1 0-3
benzydamine HCI)
Fb4 (Klorhex; API: chlorhexidine gluconate) 3 1 2 1-3
Fb4 (Benzydamine HCI) 1 3 3 3-3
Fb4 (Majezik spray/mouthwash; API: flurbiprofen) 2 N/A 1.5 1-2
Fb4 (Vemcaine spray; API: lidocaine) 2 N/A 2.5 2-3
Fb4 (Disinol; API: clove oil, phenol, chlorobutanol) 1 4 4 4-4
Fb4 (unknown spray/mouthwash) 5 0 2 0-4

TN/A: Not applicable. There were not many observations in a specific score to reliably report these summary statistics. $Scoring was not always possible for various
reasons (e.g., the patient could not remember the pain relief, actions such as referral to a hospital, recommendations to see a dentist, prescription/suggestion of a
drug were not scorable). Abbreviations; S: self-care, F: formal care, Sa: self-medication, Sb: home remedies, Sc: Speaking with a relative, friend, or neighbor, Sd:
alternative healthcare, Fa: professional services, Fb: medication use by prescription or professional advice, Sa1: self-medication with prescription medicine (systemic),
Saz: self-medication with over-the-counter medicine (systemic), Sa3: self-medication with antibiotic + analgesic combination, Sa4: self-medication with over-the-
counter medicine (local, topical), Sb1: over-the-counter dental products (Listerine was the only product used by the patients; active pharmaceutical ingredients:
eucalyptol, menthol, methyl salicylate, thymol), Sb2: rinsing the mouth with combinations of warm water, salt, vinegar and carbonate, Sb3: placing ice on the affected
area or rinsing the mouth with cold water, Sb4: placing aspirin or another analgesic on the affected area, Sb5: massaging the gums, Sbé: drinking alcohol/liquor
or applying it to the tooth with a cotton ball, Sb7: putting spices such as cloves, ginger, garlic, thyme and mint on the tooth or applying the oil or tea forms of these
substances to the tooth, Sb8: putting olives on the tooth, Sb9: putting toothpaste on the tooth, Sb10: brushing the tooth, Sb11: placing cold/warm compresses on the
jaw, Sb12: pressing/massaging the jaw from the outside with the palm of the hand, Fb1: formal use of prescription medicine (systemic), Fb2: formal use of over-the-
counter medicine (systemic), Fb3: formal use of antibiotic + analgesic combination, Fb4: formal use of over-the-counter medicine (local, topical), NSAID: nonsteroidal
anti-inflammatory drug, API: active pharmaceutical ingredient

© 2025 Bengl et al. Acta Odontol Turc 2025;42(1):1-12
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Pain relief statistical comparisons (all patients)

Ne1l. Overall comparison betweenthe S and F blocks

» p < 0.001 (Wilcox. test, 1-sided)

No2. Comparison among the groups within the S and F blocks

»| sa |» e o eaeh
Ne3. Comparison among self-medication (Sa) subgroups

» gazlZf::a[!’xceor::z:ti;nazﬁ:j)since nwas < 10 in each

Ne4. Comparison among home remedies (Sh)

Pain relief statistical comparisons restricted to SIP patients only

Nel. Overall comparison betweenthe S and F blocks

El » p < 0.001 (Wilcox. test, 1-sided)

No2. Comparison among the groups within the S and F blocks

p < 0.001 (K-W test), p < 0.001 (B-H test)
» » Sc, Sd and Fa were not included since n was < 10in each
Ne3. Comparison among self-medication (Sa) subgroups

p=0.112 (Wilcox. test; 1-sided)

Saland Sa3 were not included since n was < 10 in each
Ne4. Comparison among home remedies (Sb)

| b6 |))| b3 |))| b2 || Sb5 || b7 || Sb10 || Sb11 |))| sb1 || sbe |

| Sb6 |))| b2 || b7 || Sb10 || b1l |))| Sb1 |))| b8 |

p =0.001 (K-W test), p=0.001 (B-H test)
Sb4, Sh9 and Sb12 were not included since n was < 10 in each

Ne5. Comparison among professionally prescribed/advised medication

| b1 |»| b2 ” b3 |»| tba | p <0.001 (K-W test), p <0.001 (B-H test)

Ne6. Comparison between self- and formal use of an analgesic alone or in
combination with antibiotic

(| b2 |+| b3 |) » (| 522 |+| a3 |) p < 0.001 (Wilcox. test, 1-sided)

Ne7. Comparison among self- or formal use of NSAIDs or acetaminophen

[ sa2 (nsaiD) || Fb2 (NsaID) | y) [ saz (acetaminophen)

p < 0.001 (K-W test), p <0.001 (B-H test)
Fb2 (acetaminophen) was not included since n was < 10

Ne8. Comparison between systemic use of professionally prescribed/advised
antibiotic and NSAIDs

Fb1 (antibiotic) || Fb2 (NsID) | P=0:071 (Wilcox.test, 1-siced)

p = 0.008 (K-W test), p=0.008 (B-H test)
Sb3, Sh4, Sb5, Sb9 and Sb12 were not included since n was < 10 in each

Ne5. Comparison among professionally prescribed/advised medication

| b1 ” b3 |»| b2 |»| tba | p =0.026 (K-W test), p =0.026 (B-H test)

Ne6. Comparison between self- and formal use of an analgesic alone orin
combination with antibiotic

(| b2 |+| b3 |) » (| Sa2 |+| a3 |) p = 0.0015 (Wilcox. test, 1-sided)

Ne7. Comparison among self- or formal use of NSAIDs or acetaminophen

[ sa2 (nsaiD) | Fb2 (NsaID) | 3y [ sa (acetaminophen)

p <0.001 (K-W test), p <0.001 (B-H test)
Fb2 (acetaminophen) was not included since n was < 10

Ne8. Comparison between systemic use of professionally prescribed/advised
antibiotic and NSAIDs

| Fb1 (antibiotic) | | Fb2 (NSAID) | p = 0.404 (Wilcox. test, 1-sided)

Figure 3. Statistical comparisons of pain relief (left panel: regardless of the pulpal status, right panel: only of the SIP patients). The symbol “»” designates the
presence and direction of the statistical significance (. = 0.05 for all analyses). Abbreviations; S: self-care, F: formal care, Sa: self-medication, Sb: home remedies,
Sc: Speaking with a relative, friend, or neighbor, Sd: alternative healthcare, Fa: professional services, Fb: medication use by prescription or professional advice, Sat:
self-medication with prescription medicine (systemic), Sa2: self-medication with OTC medicine (systemic), Sa3: self-medication with antibiotic + analgesic combination,
Sa4: self-medication with OTC medicine (local, topical), Sb1: OTC dental products (Listerine was the only product used by the patients), Sb2: rinsing the mouth with
combinations of warm water, salt, vinegar and carbonate, Sb3: placing ice on the affected area or rinsing the mouth with cold water, Sb4: placing aspirin or another
analgesic on the affected area, Sb5: massaging the gums, Sbé: drinking alcohol/liquor or applying it to the tooth with a cotton ball, Sb7: putting spices such as cloves,
ginger, garlic, thyme and mint on the tooth or applying the oil or tea forms of these substances to the tooth, Sb8: putting olives on the tooth, Sb9: putting toothpaste on
the tooth, Sb10: brushing the tooth, Sb11: placing cold/warm compresses on the jaw, Sb12: pressing/massaging the jaw from the outside with the palm of the hand,
Fb1: formal use of prescription medicine (systemic; antibiotics were the only medicine prescribed), Fb2: formal use of OTC medicine (systemic), Fb3: formal use of
antibiotic + analgesic combination, Fb4: formal use of OTC medicine (local, topical), NSAID: non-steroidal anti-inflammatory drug, Wilcox. test: Wilcoxon rank sum test
with continuity correction, K-W test: Kruskal-Wallis test, B-H test: Benjamini-Hochberg Correction for post-hoc pairwise comparisons

The younger-aged patients resorted to self-
care more frequently than the older patients. One
explanation may be that younger patients were more
familiar with the internet and could easily obtain self-
care information from there. A previous study reported
that looking for information about home remedies in the
media, including the internet, was a typical behavior
among patients,® and patients even share their dental
problems and seek advice on online social platforms.”
Our finding contrasts with a previous study where the
elderly more often applied self-care methods for dental
pain.® In another study concerning toothache, age had
no significant effect on using a self-care method.® These

DiscussioN

Maximum pain level, age, and pattern of dental clinic
attendance were the variables that predicted the home
remedy use. The statistical significance of these three
variables increased when the dependent variables were
extended to include speaking with a relative, friend, or
neighbor and alternative healthcare in addition to home
remedies. Further, when we looked at variables affecting
self-medication, two of these variables (maximum pain
and age) remained in the models, suggesting maximum
pain and age as the common predictors of self-care.

As expected, the frequency of self-care increased

as the maximum pain score increased. This finding
is similar to the findings of a previous study in which
dental pain sufferers reported increased use of OTC
medication and home remedies parallel to an increase
in their pain intensity.® Also, in line with our findings,
among a variety of oral health problems, oral pain
was associated with greater odds of self-use of OTC
medicine in dentate rural older adults.®

© 2025 Bengli et al.

disparate findings may be due to socio-cultural and
economic differences among the study populations.

Unexpectedly, those who occasionally or regularly
made dental visits more frequently applied at least one
of the following self-care methods: home remedies,
speaking with a relative, friend, or neighbor, and
alternate healthcare. This finding can be explained by
the possible motivation of regular dental attenders to
take a more active interest and role in their health.®

Acta Odontol Turc 2025;42(1):1-12



10

Regarding sex, previous studies have found in
univariate analyses that females more often applied
various forms of self-care strategies.®%'° This trend was
seen in our study, too. However, when controlled with
the other variables, sex was not statistically significant.
In another multivariate modeling study, sex and income,
similar to our study, were not significant variables when
tested for various self-care applications.®

Greater pain relief scores were found with the use
of formally prescribed medicine compared to the self-
use of medicine [Ne2]. When analyzed further in detail,
formally prescribed analgesics alone or in combination
with antibiotics still revealed greater pain relief scores
compared to the self-use of the same [Ne6]. However,
pain relief was comparable between the formal and
self-use of NSAIDs, and greater for these two groups
compared to the self-use of acetaminophen [Ne7]. Thus,
one reason for the significant difference between the
formal- and self-medication groups may be the greater
number of acetaminophen use in the self-medication
group (97 versus 3 observations), which decreases the
group’s median score.

Consistent with the findings of a previous study,®
dentists preferred the prescription of NSAIDs to
acetaminophen. The finding that pain relief with
NSAIDs was greater than with acetaminophen is
consistent with the findings of previous studies in which
acute postoperative pain after third molar surgery or
endodontic treatment was evaluated.?!??

Unexpectedly, among the prescribed medicines,
antibiotics (alone) revealed greater pain relief scores
compared to antibiotic + analgesic combinations when
all patients’ data were analyzed [Ne5]. Interestingly, a
similar finding was reported in another study, where
penicillin alone controlled postoperative endodontic
pain more effectively than penicillin and ibuprofen
combination.?' Incompatibility of the combination may
be the reason for the unexpected finding. Conversely,
when the data was restricted to include only the patients
with symptomatic irreversible pulpitis, no significant
difference existed between the two [Ne5].

Among the home remedies, drinking alcohol or
applying it to the tooth was the most effective pain
relief method [Ned4]. Alcohol, when taken systemically,
elevates the pain threshold and provides analgesia in
a dose-response relationship, probably by anxiolytic
and central NMDA-receptor blocking mechanisms.2®
Locally, ethanol, being a TRPV1 (capsaicin receptor)
agonist, activates the TRPV1 receptors when tested on
isolated neurons of the peripheral nervous system and
potentiates responses to capsaicin and other agonists
(e.g., heat, protons).2* Following the initial excitation,
a so-called ‘capsaicin desensitization’ occurs as the
neuron transitions to a lasting refractory state, other
types of sensory receptors are also cross-desensitized,
and so the neuron becomes reversibly inactivated.

Placing ice on the affected area or rinsing the
mouth with cold water was the second most effective

© 2025 Bengi et al.
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self-applied pain relief method [Ne4]. Cold tests are
often used clinically to identify the diseased tooth
by provoking hypersensitivity; but ironically, here,
intraoral cold applications provided moderate pain
relief. The relief mechanisms can be explained by
the vasoconstriction of pulpal blood vessels or the
outward hydrodynamic movement of the tubular fluid in
response to the cold stimulus, resulting in intrapulpal
pressure decrease.® Patients who reported relief from
intraoral cold application in this study were likely in the
earliest stages of irreversible pulpitis.

The remaining home remedies (except OTC dental
products and putting olives on the tooth, which ranked
as the least effective) ranked after intraoral cold
applications in terms of pain relief, had similar effects
among each other and provided mostly non to minimum
pain relief [Ne4].

The limitations of this study include recall bias
since the obtained pain relief scores relied on the
patient’'s memory. However, this risk is diminished as
it is assumed that dental pain is not quickly forgotten,?
and research reveals that postoperative pain relief (24
hours) correlates highly with recalled relief (6 weeks)
in emergency endodontic patients.?® Another limitation
was the inability to know the actual pulpal/periapical
status of the tooth at the time the patient sought relief.
The possibility of their change over time should be
considered when interpreting the results. Another bias
is that this study was carried out on patients who applied
to our clinic for definitive treatment. Therefore, this
study lacks the information of those who did not seek
such treatment. Speculatively, these non-observed
patients may be quite satisfied with whatever pain-
coping method they are using, and their inclusion could
change, at least, the pain relief findings in this study.

Regarding the generalizability of the findings,
although patients with a wide age range were included
over a relatively long time, the setting in which this
study was conducted was an urban location. Therefore,
the rural population was underrepresented in this
study. Again, generalizability in this study is limited
considering the lack of patients who did not seek or did
not have access to dental care in some way and so
could not be interviewed.

CONCLUSION

Before applying to the dental school hospital, most
patients used various self-care methods to relieve
their toothache. Maximum pain level and age were the
common covariates of various self-care orientations.
Overall, formal care relieved pain better than self-care.
Medication under the guidance of a professional was
more effective than self-use (except for NSAIDs, which
provided relief equally either way). Home remedies
generally provided little relief, while few of them
provided moderate to much relief.

Acta Odontol Turc 2025;42(1):1-12
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Endodontik agrili hastalarda 6z-bakim egilimleri
ve bunlarin agriyi rahatlatma etkinlikleri

Ozer

Amac: Endodontik hastalarda 6z bakim yoénelimlerini
ongoren sosyodemografik/dental modelleri arastirmak
ve uygulanan yontemlerin agriy1 gidermedeki etkinligini
arastirmakti.

GEREC VE YONTEM: Gazi Universitesi endodonti klinigine
basvuran, endodontik agn 6ykiisii olan hastalara anket
uygulandi. Hastalarin sosyodemografik ve klinik verileri
alindi. Oz-bakim veya formal bakim yéntemlerinden
hangisine basvurduklarini yapilandinimis bir listeden
secmeleri istendi. Agn rahatlamasi 5 noktali standart
Likert 6lcegi kullanilarak 6l¢iildil. istatistiksel analizler cok
degiskenli lojistik regresyon, Wilcoxon ve Kruskal-Wallis
testleri ve Benjamini-Hochberg diizeltmesi kullanilarak
yapildi.

BuLGuLAR: Toplam 356 hastanin %901 6z-bakimi tek
basina veya formal bakimla birlikte uyguladi. Maksimum
agn diizeyi, yas ve dis hekimine gitme diizeni, 6z-bakim
yonelimlerini 6ngoéren degiskenlerdi; bunlarin ilk ikisi,
test edilen tiim kosullarda istatistiksel veya marjinal
olarak anlamh bulundu (P < .05 veya < .10). Ev tedavileri
arasinda, alkol icmek veya yerel olarak alkol uygulamak
ve hasta tarafindan yapilan agiz ici soguk tedavisi, agriyi
diger yontemlere gore anlamli olarak daha fazla rahatlatti
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(P = .001). Bir saglik profesyonelinin rehberliginde ila¢
tedavisi, kendi kendine ila¢ tedavisinden daha etkiliydi (P
< .001; her iki durumda da benzer sekilde etkili olan non-
steroidal anti-inflamatuar ilaglar haric).

Sonuc: Hastalarin cogu dis hekimligi fakiiltesi hastanesine
basvurmadan énce dis agrisini hafifletmek icin cesitli 6z-
bakim yéntemlerini kullandilar. Maksimum agri ve yas,

© 2025 Bengi et al.

Self-care and pain relief

cesitli 6z-bakim yonelimlerinin ortak degiskenleriydi.
Genel olarak formal bakim, 6z-bakimdan daha iyi
rahatlama sagladi. Ev tedavileri genellikle cok az ise
yaradi.

ANAHTAR KELIMELER: Dis agrisi; endodonti; ev tedavisi;
geleneksel tip; halk sagligi; uygunsuz ila¢ kullanimi
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ABSTRACT

OsuyecTive: This study aimed to evaluate the reliability,
quality, and readability of websites providing information
on temporomandibular joint pain.

MATERIALS AND METHOD: An internet search was performed
on Google Chrome (Google, Mountain View, California,
USA) on June 9, 2023, with the keywords “jaw pain”
and the links of the first 50 websites were saved. Four
different evaluation tools the DISCERN instrument, The
Ensuring Quality Information for Patients (EQIP), the
Journal of the American Medical Association (JAMA)
benchmark, Readability Index were used to evaluate 37
sites that met the inclusion criteria. SPSS 25 statistical
software was used for the statistical analyses and p<0.05
was considered statistically significant.

ResuLts: Within the scope of the study, the first 50
websites were registered and a total of 37 websites met
the inclusion criteria and were evaluated. The mean
values for DISCERN, EQIP, and the JAMA index were
2.05+0.911, 62.4+11.6 and 0.486+0.692, respectively. In
addition, those with high credibility constituted %5.4
(n=2) of the total number of sites and %50 (n=1) of these
sites were uploaded by private hospitals, and %50 (n=1)
by blogs (web logs).

ConcLusion: Based on the findings of this study, it can
be concluded that the quality, reliability and readability
of websites providing information about jaw pain on the
internet vary but are at a medium-low level. Professional
associations and organizations, such as the Turkish
Orthodontic Society (TOD), may conduct similar research
and publish the results to ensure the quality and reliability
of the information in publicly available online resources.
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INTRODUCTION

In today’s world, the internet is widely used as a source
of information in various fields, including healthcare.
Individuals with treatment needs often conduct research
on health-related issues and treatments on internet
websites before seeking professional help.!? With the
increasing number of treatment options, patients desire
to gain knowledge of the benefits, uncertainties, and
risks associated with these options.®> Well-informed
patients are less anxious and more cooperative when
consulting with healthcare professionals.*® Therefore,
the reliability, quality, and accuracy of information on
these websites are of great importance. There are
numerous sources of information available to patients,
and the number of scientific literature is growing at
an unprecedented rate.® However, professionals
and individuals providing health information are not
controlled and it is not possible to assess the quality of
the information they provide.*

Today, temporomandibular joint pain is the most
common maxillofacial discomfort after toothache and the
most common persistent pain in the maxillofacial region
in terms of chronicity.” Typically, temporomandibular
joint pain is musculoskeletal discomfort located in both
joints and masticatory muscles. This condition, which is
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4 times more common inwomenthaninmen, is observed
in 10-15% of the general population and 22.4% of the
Turkish population. Temporomandibular dysfunction
(TMD) is a musculoskeletal disorder characterized by
pain in the joint region and is seen in 10-15% of the
general population. The occurrence of pain in the jaw
and surrounding tissues during jaw movements in the
temporomandibular joint greatly affects the daily life of
the patient and the 22.4% prevalence of TMD in the
Turkish population emphasizes the treatment needs of
patients.5®

In light of the beforementioned data, this study
aims to evaluate the quality, reliability, and readability
of internet websites providing information on
temporomandibular joint pain using EQIP and JAMA
criteria, DISCERN, and Atesman readability index.

MATERIALS AND METHOD

Since the study did not use samples obtained from
humans or animals and publicly available data
was used, an ethical committee approval was not
required. The Google Trends (Google, Mountain
View, California, USA) application was recruited to
determine the most searched term related to jaw
pain on the internet.® The terms “jaw pain,” “jaw joint
pain,” and “temporomandibular joint pain” were listed,
and it was determined that the most searched term
in the last 5 years was “jaw pain” (Figure 1). Google
Chrome (Google, Mountain View, California, USA)
search tool was decided to be used since it is the most
widely used search engine in Turkey.”® The keyword
“jaw pain” was written in the Google Chrome browser,
and the websites in Turkish language were searched.
Cookies and location services of the computer and
internet provider were disabled to avoid location-
related errors. Studies have shown that internet users
tend to be more interested in the first 50 results, and
their potential for researching beyond this number of
websites is low." Accordingly, the first 50 websites
were decided to be evaluated in the current study. The
links were saved in a Word document, and websites
without Turkish information, with only video recordings
or links, duplications, websites question-answer

® temporomandibu... . ® jaw pain

Temporomandibular joint pain and the internet

forums, scientific publications, and lecture links, as well
as advertising and marketing ones, were excluded from
the study. A total of 37 websites that met the inclusion
criteria were evaluated using four different assessment
methods.

Reliability Index Adapted from Quality Criteria for
Consumer Health Information (DISCERN)

The Quality Criteria for Consumer Health Information,
known as DISCERN, was developed by Oxford
University in 1999 to assess the quality of content. It
consists of 16 questions divided into three sections:
reliability, treatment options, and overall score.™'® In
the current study, the adapted version of the DISCERN
criteria, comprising 5 questions regarding reliability was
used. The websites were rated on a scale of 1t0 5. The
ones receiving a score of 1 or 2 were considered poor,
those with a score of 3 were considered moderate, and
those with a score of 4 or 5 were considered highly
reliable.

Ensuring Quality Information for Patients (EQIP)
Expanded Scale for Assessing the Quality of
Patient Information Documents

EQIP is a contemporary system for evaluating the
quality of health information. This scale consists of
18 questions related to the content of the document,
6 questions related to identification data, and 12
questions regarding document structure. The EQIP
score is calculated using four score values (yes,
partially, no, not applicable), and the overall score
ranges from 0 to 100. The EQIP tool developed by
Moult et al.'> consisted of 20 questions and later an
expanded EQIP of 36 questions was introduced by
Charvet-Berard et al.'® The current study recruited the
expanded version of EQIP, which demonstrated higher
inter-rater reliability compared to the original EQIP tool.

The EQIP score is calculated using the following
formula: Score = [(Yes x 1) + (Partially x 0.5) / (35 - Not
applicable)] x 100

Journal of American Medical Association (JAMA)
Criteria

As another evaluation tool, the study utilized the JAMA

jaw joint pain
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Figure 1. Google Trends results
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criteria published by the American Medical Association
to assess information standards. The evaluation
was based on four measures: currency, copyright,
authorship, and bibliography. In JAMA scoring, 4 is the
highest score, and 0 is the lowest. 78

Atesman Readability Index

The Atesman readability index is a formula suitable for
the Turkish language, considering average word and
sentence lengths. It was used to analyze the readability
of texts found on websites. The text contents were
transferred to an online readability calculation tool. The
obtained data were then recorded in Microsoft Excel
(Microsoft Corporation, Redmond, Washington, USA).
The scores ranged between 0 -100 and the higher
scores indicate easier readability.'0-2

Statistical Analysis

The data were recorded using Microsoft Office Excel.
Descriptive statistics such as minimum, maximum,
mean, standard deviation, and median were used to
describe the characteristics of the websites included in
the evaluation. Additionally, the distribution of websites
according to reliability was presented in percentages.
To examine the correlation among the evaluation
criteria, the Spearman correlation coefficient was used.
The statistical analysis was conducted using SPSS 25
statistical software. A significance level of p<0.05 was
considered statistically significant.

Table 1. Distribution of included and excluded websites

N %

Included Websites 37 74.0
Commercial 7 14.0
Video Content 3 6.0
Duplication 1 2.0
Non-Turkish Language 1 2.0
Other 1 2.0
Total 50 100.0

N: Number of samples

Table 2. The descriptive statistics for all the evaluated websites

RESULTS

As a result of the internet search conducted within the
scope of the study, the links of the first 50 websites
were recorded, and a total of 37 sites were selected
for evaluation according to the inclusion criteria. Of the
50 internet sites, 14% (n=7) were excluded because
they contained advertising and marketing content, 6%
(n=3) had only video content, 2% (n=1) were duplicates
of other sites, 2% (n=1) were not in Turkish, and 2%
(n=1) were excluded for other reasons (Table 1). Table
2 presents the descriptive statistics of all the included
sites. The mean values for the evaluated criteria
were as follows: DISCERN 2.05+0.911, JAMA index
0.486+0.692, EQIP average 62.4+11.6, and readability
average 60.2+10.0 (Table 2). When intra-class
correlation was examined, it was found to be 0.976 for
EQIP, 0.883 for DISCERN, and 1 for JAMA. EQIP and
JAMA were found to have excellent reliability, while
DISCERN showed good reliability.

Of the DISCERN criteria, the items questioning
whether “Are the aims clear and achieved?” and
the items questioning whether “ Is the information
presented balanced and unbiased?” were met the
most. The least met DISCERN criteria on the websites
were “ Are additional sources of information listed for
patient reference?” and no mention of “ Are areas of
uncertainty mentioned? “

According to the JAMA tool, the most unmet item on
the websites was the absence of citations in the texts
and the absence of references in the texts. At the same
time, criteria such as the date the texts were updated
and the date they were added were also found to be
missing. In the texts, the most common criteria are
author information and disclosure.

When examining the distribution of the 37 websites
evaluated based on the inclusion criteria and their
sources, it was found that 48.6% (n=18) of these sites
were uploaded by private dental clinics, 32.4% (n=12)

N Mean+SD Min Max Median

DISCERN (Reliability) 37 2.05+0.911 1.00 4.00 2.00
JAMA 37 0.486+0.692 0.00 3.00 0.00
EQIP 37 62.4+11.6 33.9 86.2 62.9
Readability 37 60.2+10.0 30.1 74.8 62.5
Table 3. Distribution of evaluated websites according to credibility criteria and their sources

Poor Moderate High Total
Source of Site Reliability (n=25) Reliability (n=10) Reliability (n=2) N(%)

N(%) N(%) N(%)
Private Hospitals 6 (24.0) 5 (50.0) 1 (50.0) 12 (32.4)
Private Dental Clinic 14 (56.0) 4 (40.0) 0 (0.0) 18 (48.6)
Blog 0 (0.0) 0 (0.0) 1 (50.0) 1(2.7)
Maxillofacial Surgeon 1(4.0) 1(10.0) 0 (0.0) 2 (5.4)
ENT Specialist 1 (4.0) 0 (0.0) 0 (0.0) 1(2.7)
News Sites 3(12.0) 0 (0.0) 0 (0.0) 3(8.1)
Total 25 (100.0) 10 (100.0) 2 (100.0) 37 (100.0)

N: Number of samples

© 2025 Misir et al.
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Figure 2. Distribution of the evaluated internet sites according to their sources
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Figure 3. Distribution of the websites based on reliability and their sources

by private hospitals, 8.1% (n=3) by news sources,
5.4% (n=2) by maxillofacial surgeons, 2.7% (n=1) by an
Otorhinolaryngologist (ENT) specialist, and 2.7% (n=1)
were blog-style sites (Table 3, Figure 2). The blogger
added text as a patient being treated for TMD.

When examining the distribution of the websites
included in the evaluation based on the reliability criteria
and their sources, it is observed that among the sites
with poor reliability (n=25), 24% (n=6) were uploaded by
private hospitals, 56% (n=14) by private dental clinics,
12% (n=3) by news sources, 4% (n=1) by maxillofacial
surgeons, and 4% (n=1) by an ENT specialist. Among
the sites with moderate reliability (n=10), the majority
50%, (n=5) were created by private hospitals, followed
by 40% (n=4) by private dental clinics, and 10%
(n=1) by maxillofacial surgeons. The websites with
high reliability (n=2) accounted for 5.4% of the total
evaluated sites, and these sites were uploaded by 50%
(n=1) private hospitals and 50% (n=1) blogs (Figure 3).

© 2025 Misir et al.

According to Table 4, which shows the correlation
between the evaluation criteria, a positive correlation
was found between the reliability index and the JAMA
index and between the reliability index and EQIP,
between EQIP and JAMA (p<0.001, p=0.015, and
p=0.008 respectively). No correlation was found
between readability and other evaluation criteria
(p>0.05, Table 4).

Table 4. Correlation data between evaluation criteria

r p

DISCERN (Reliability)- JAMA 0.618 <.001
DISCERN (Reliability)-EQIP 0.398 0.015
DISCERN (Reliability)- Readibility 0.097 0.569
JAMA- Readability 0.049 0.773
EQIP- Readability 0.007 0.969
EQIP- JAMA 0.432 0.008

r: Spearman correlation coefficient, p<0.05.
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DiscussIiON

The purpose of this study was to evaluate the reliability,
quality, and readability of internet websites providing
information on temporomandibular joint pain. As a
result, it was found that websites with a moderate level
of readability exhibited weak reliability. DISCERN-
reliability was calculated as 2.05+0.911, JAMA
0.486+0.692, EQIP 62.4+11.6, and readability as
60.2+10.0.

Olkun and Ari Demirkaya'? conducted a previous
study, and they evaluated the information on the web
pages related to lingual orthodontics and reported
that the quality of information was low. Lena and
Dindaroglu' reported that the content of Youtube™
videos regarding lingual orthodontics was inadequate.
Canigiir Bavbek and Balos Tuncer'® have also
evaluated Turkish websites on orthognathic surgery,
and they found that the quality of the scientific content
on the websites differed between low and medium. In
another study conducted by Kiling and Sayar®, the
reliability and the general quality of the videos were
found to be low and moderate, respectively. Paksoy et
al.?! also evaluated a similar study and they found that
the quality of the social media videos on dental implants
differed between low to medium. Similar to the previous
studies, the results of the current study revealed that
the quality of the texts was low, and the content was
moderately readable.

In the current study, the mean values for the
Atesman readability index were found to be 60.2+10.0.
This result is similar to the study conducted by Akbulut'®
and shows a medium difficulty level of readability in the
current study. Accordingly, it shows that the texts can
be understood by 11-12th grade readers.'® Previously,
it was reported that the readability level should not be
lower than the 6th-grade level.?

The extended version of the EQIP that we used in
the current study showed higher inter-rater reliability
than that of the original EQIP tool." This expanded tool
is in line with the EQIP."® Previously, Melloul et al.?®
conducted a study and they revealed that none of the
32 websites examined in their study met all 36 criteria
of the EQIP tool. Likewise, none of the 37 websites
evaluated in the current study met all the criteria in the
EQIP tool. In the current study, the mean EQIP value
was calculated as 62.9%. Palma et al.?* calculated the
EQIP score as 75 percent in their study. Previously,
Sabaté and Diego® evaluated the EQIP value as 44%
in their study. This difference can be explained with due
to the fact that Sabaté and Diego % used only 3 criteria
in the EQIP formula, partially, yes, or no. They also
used a 20-question unexpanded EQIP tool. According
to the EQIP score, the authors make the following
recommendations. >75% keep the manuscript in
publication, revise in 2 to 3 years; 51-75% keep the
manuscript in publication, revise in 1 to 2 years; 26-
50% keep the manuscript in publication, start editorial
review immediately and change it in 6 months to 1 year;

© 2025 Misir et al.
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and 0-25% remove the manuscript from publication
immediately. A percentage of 0-25% of written texts
should cease to be published.?® In the current study, the
EQIP score was 62.4, which is sustainable, but pages
about jaw pain should be reviewed within 1.2 years in
accordance with the outcomes of the before mentioned
study.?

There are numerous studies and guidelines in
the literature outlining recommendations for the
preparation of eligible patient information.? Although
several studies in the literature have reported the best
ways to communicate information to patients, there
are no standard analyses for information quality.?”2®
Many qualitative assessments were performed and
non-standard questionnaires were applied to specific
groups.'® Sing et al.®® calculated the DISCERN-reliability
index of universities and professional organizations
as 3.9, while medical advertisements and non-profit
companies as 2.5. In the current study, this index was
calculated as 2.05+0.911. Olkun and Olkun® calculated
DISCERN 3.31 in a previous study. Vaira et al®
examined whether YouTube™ videos informing patients
on the temporomandibular joint are useful and reliable
and they calculated the discern score as 2.519+1.267
and evaluated the overall quality as modest.

Similar to the study conducted by Oztiirk', in the
current study, it was determined that a significant rate of
bibliography was not used on the websites according to
the results of the JAMA analysis. As in our study, it was
determined that evidence-based healthcare information
was missing at an alarming rate on websites. In another
timeliness criterion evaluated by the JAMA tool, it was
observed that websites related to history were deficient.
In parallel with the study by Oztiirk', the lack of the date
when the information was written or updated drew
attention. Gokgcen and Gimissuyu®® calculated the
JAMA score as 1.8 in the videos they examined. They
reported that the quality of the videos was low. Kunze
et al.® revealed that the JAMA score was 2.02 and they
found a significant interaction between video source
and JAMA scores. Those added by physicians and
medical sources showed higher JAMA scores. In the
current study, although 48.6% of the documents were
prepared by private dental clinics, a low JAMA score
(0.486) was calculated.

To the best of our knowledge, this is the first study in
which Turkish texts about temporomandibular joint pain
were analyzed with 4 different tools. It is thought that
this study can be useful to be taken into consideration
by specialists when referring patients for online texts
on temporomandibular joint pain. This study also shows
the necessity of improving the quality of public texts with
the help of different tools before they are published.

Limitations

The process of assessing information and
documentation is still a developing area. Therefore,
revisions of the tools may be necessary. Only websites
were evaluated for a certain period. Websites, which
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are a dynamic environment, are being updated and
the information is constantly changing. Furthermore,
subjective measurement may have an impact on the
results of the assessments.

CONCLUSION

Based on the findings of our study, it is possible to say
that the quality, reliability, and readability of the sites
providing information about jaw pain on the internet
are at a medium-low level, although they vary. It is
recommended that professional associations and
organizations in the relevant field, such as the Turkish
Orthodontic Society, conduct such research and
publish the results in order to ensure the quality and
reliability of the information in publicly available online
resources. Based on the results of our study, healthcare
professionals should ensure that patients receive more
accurate and reliable information by directing them to
evidence-based educational materials and up-to-date
information on the internet.
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Temporomandibular eklem agrisina iligkin
web sitelerinin kalite, guvenilirlik ve
okunabilirliginin degerlendirilmesi

Ozer

Awmac: Bu calismanin amaci temporomandibular eklem
agrisi hakkinda bilgi veren web sitelerinin giivenilirligini,
kalitesini ve okunabilirligini degerlendirmektir.

GERe¢ VE YONTEM: Google Chrome (Google, Mountain
View, California, ABD) ilizerinde 9 Haziran 2023 tarihinde
“jaw pain” anahtar kelimeleri ile internet aramasi yapildi
ve ilk 50 web sitesinin linkleri kaydedildi. Dahil edilme
kriterlerini saglayan 37 sitenin degerlendirilmesinde
dort farkh degerlendirme araci DISCERN araci, Hastalar
icin Kaliteli Bilgi Saglanmasi (EQIP) araci, Journal of
the American Medical Association (JAMA) kriterleri,
Readability Index kullanilmistir. istatistiksel analizler icin
SPSS 25 istatistik yazilimi kullanildi ve p<0.05 istatistiksel
olarak anlaml kabul edildi.

© 2025 Misir et al.
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BuLGuLAR: Calisma kapsaminda ilk 50 web sitesi kayit
altina alinmig ve toplam 37 web sitesi dahil edilme
kriterlerine uygunluk gostermis ve degerlendirilmistir.
DISCERN, EQIP ve JAMA indeksi i¢in ortalama degerler
sirasiyla 2.05+0.911, 62.4+11.6 ve 0.486+0.692 idi. Ayrica,
yiiksek giivenilirlige sahip olanlar toplam site sayisinin
%5,4’liinli (n=2) olustururken, bu sitelerin %50’si (n=1)
ozel hastaneler ve %50’si (n=1) bloglar (web giinliikleri)
tarafindan yuklenmistir.

Sonuc: Bu calismanin bulgularina dayanarak, internette
cene agrisi ileilgili bilgi veren sitelerin kalitesi, glivenilirligi
ve okunabilirliginin sonuclari farkhlik goéstermekle
birlikte, orta-diisiik diizeyde oldugu sonucuna varilabilir.
Tirk Ortodonti Dernegi (TOD) gibi mesleki dernek
ve kuruluslar, kamuya acik cevrimici kaynaklardaki
bilgilerin kalitesini ve giivenilirligini saglamak i¢in benzer
arastirmalar yapabilir ve sonuclari yayinlayabilir.

ANAHTAR KELiMELER: Halk saghgi dis hekimligi; internet;
sosyal medya; temporomandibular eklem agrisi
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Ozgiin arastirma makalesi

Ust hava yolu hacmi, maksiller morfoloji ve osteomeatal
kompleks iligkilerinin konik 1sinh bilgisayarl tomografi

ile degerlendirilmesi

Nursel Arpay Gumiis (),"” Ziihre Akarslan(:)"

'Agiz, Dis ve Cene Radyolojisi Anabilim Dali, Dis Hekimligi
Fakdiltesi, Gazi Universitesi, Ankara, Tirkiye

OzeTr

Amac: Ust hava yolu hacminin, maksiller morfolojiye
ve osteomeatal komplekse ait yapilarin birbirleri ile
iliskilerinin degerlendirilmesidir.

GEREC VE YONTEM: 18-35 yaslar arasinda bulunan 83’0 erkek
ve 117’si kadin toplam 200 genc¢ eriskin hastadan alinan
Konik Isinli Bilgisayarl Tomografi (KIBT) goriintileri
retrospektif olarak degerlendirildi. ITK-Snap yazilim
programi kullanilarak dlgiimler yapildi. Ust hava yolu
hacmi, maksiller iskeletsel genislik, maksiller dental
genislik, palatal derinlik, nazal kavite genisligi, nazal
kavite taban genisligi, apertura piriformis acisi ol¢lldi.
Bu parametrelerin yas, cinsiyet, iskeletsel malokliizyon
ile iligkileri degerlendirildi.

BuLGuLAR: Erkeklerde, list hava yolu hacmi, maksiller
iskeletsel genislik, maksiller dental genislik, palatal
derinlik, nazal kavite ve nazal kavite taban genisligi
daha yiiksek iken, apertura piriformisin maksiller acisi
istatistiksel olarak daha dusuk idi. Sinif | iskeletsel
malokliizyona sahip hastalarda, maksiller iskeletsel
genislik, apertura piriformisin maksiller acisi Sinif 1l
iskeletsel malokliizyona sahip hastalara goére daha
yiiksek; palatal derinlik istatistiksel olarak daha duisuk
idi. Hasta yasi ile nazal kavite (p=0.004) ve nazal kavite
taban genisligi (p=0.001) pozitif yonlii, maksiller iskeletsel
ark genisligi (p=0.011) negatif yénlii anlamli korelasyon
gosterdi. Ust hava yolu hacmi ile maksiller iskeletsel
ark genisligi (p<0.001), palatal derinlik (p<0.001) ve
nazal kavite genisligi (p=0.023) arasinda pozitif yonli ve
apertura piriformisin maksiller acisi (p=0.005) arasinda
negatif yonliu istatistiksel olarak anlamh korelasyon
belirlendi.

Sonug: Geng yetiskinlerde, list hava yolu hacmi, maksiller
morfoloji ve osteomeatal komplekse ait yapilarin boyutlari
birbirleri ile iligkili olabilmektedir.

Makale gonderilis tarihi: 7 Mart, 2024; Yayina kabul tarihi: 17 Haziran, 2024
*|letisim: Dr. Nursel Arpay Giimis, Gazi Universitesi, Dis Hekimligi Fakiiltesi
Adiz, Dis ve Cene Radyolojisi Anabilim Dali, Emek, Ankara, Tiirkiye;
E-posta: nurselarpay @ gazi.edu.tr
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[Abstract in English is at the end of the manuscript]

Giris

Solunum sistemi; agiz, burun, farenks, larinks, trakea,
bronglar, bronsioller ve alveollerden olusan dinamik
bir yapidir. Solunum sisteminin énemli bir komponenti
olan Ust hava yolu nazofarengeal, orofarengeal ve
hipofarengeal hava yolu olmak Uzere U¢ bdlimden
olusmaktadir.’

Solunumfonksiyonuile dentofasiyal ve kraniyofasiyal
yapilarin gelisim sureci birbirini etkilemektedir. Bu
yapilarin birbirleri ile yakin komsulukta olmasi sebebiyle
aralarinda bir etkilesim oldugu diistiniimektedir.2 Ust
hava yolu ile ¢gene-yiiz bdlgesindeki yapilar arasindaki
iliski uzun yillardir arastirmacilarin ilgisini ¢eken bir
konudur.

Solunum yolunda olusan patolojiler cenelerin
konumunda, seklinde ve boyutunda degisikliklere sebep
olabilmektedir. Olusan bu farkliliklar sonucunda tist hava
yolunda varyasyonlar meydana gelmektedir. Septum
deviasyonu, adenoid veya tonsiller hipertrofileri gibi
patolojiler nazal obstriiksiyona sebep olmaktadir. Nazal
obstriksiyon sonucunda nazal solunum engellendigi
icin agiz solunumu ortaya ¢ikabilmektedir.® Agiz
solunumu gorulen hastalarda derin damak olusabildigi
gosterilmigtir. Nazal obstriksiyona sebep olan bu
patolojiler iskeletsel ve dental degisikliklere neden

Acta Odontol Turc 2025;42(1):20-8


https://orcid.org/0000-0001-8104-0968
https://orcid.org/0000-0001-9237-412X
https://creativecommons.org/licenses/by/4.0/

N Arpay Glimiis ve Z Akarslan

olmaktadir. Bu durum Ust hava yolu deformasyonuna
sebep olarak problemin derinlesmesine neden olacak
predispozan bir faktérdir.

Hava yolu boyutlarinin yeterli olmadigi hastalarda
blyume ve gelisim olumsuz etkilenmektedir. Buyime ve
gelisimin olumsuz etkilenmesi kraniyofasiyal yapilarda
deformasyonlara sebep olabilmektedir. Hava yolu
degerlendirilmesi icin yapilan Olgiimler, deformitenin
etiyopatolojisi ile ilgili bilgi vermeyi amaclamaktadir.
Bu sayede teshis ve en uygun tedavi yodnteminin
belirlenmesi kolaylagsmaktadir.?

Yapilan bir c¢alismaya gbre hizh maksiller
ekspansiyon tedavisinin etkisi ile midpalatal stturda
genisleme, nazal kavite duvarlarinda ayrilma
olmaktadir. Nazal kavite genisliginde artisa bagh olarak
uzun dénemde Ust hava yolu hacminde artig, nazal
hava yolu direncinde azalma ve toplam nazal akimda
artis gézlenmistir.®

Konik Isinli Bilgisayarli Tomografi (KIBT), Ust hava
yolunda bulunan sert dokularin G¢ boyutlu olarak
degerlendiriimesi ve bu bdélgedeki anatomik yapilarin
Olcimlerinde kullanilir. Bilgisayarlh Tomografi'ye (BT)
kiyasla daha dusuk maliyetli olmasi, daha dusik
radyasyon maruziyeti, daha kisa tarama slresine
sahip olmasi KIBT’nin, hava yolunu degerlendirmek
ve olcimler yapmak icin tercih edilen bir gérintileme
yontemi haline gelmesini saglamistir.’

Ust hava yolu hacminin degerlendiriimesi igin
yapilan calismalarda c¢ogunlukla lateral sefalometrik
radyografi kullaniimaktadir. Bununla birlikte, ¢ boyutlu
dinamik bir yapinin KIBT gibi ¢ boyutlu gérintileme
teknikleri ile incelenmesinin daha dogru ve guvenilir
oldugu dusunilmektedir.”

Uc boyutlu yapilarda hacim élgiimi icin farkl
yazihm programlari kullaniimaktadir. Bu programlarin
guvenilirliginin  degerlendirildigi bir ¢alismada, ITK-
Snap programinin hata payinin %2’den daha az oldugu
ve altin standart olarak kabul edildigi bildirilmistir.

Bu calismanin amaci, lst hava yolu hacminin;
maksiller dental genisligin, maksiller iskeletsel
genisligin, palatal derinligin dahil edildigi maksiller
morfolojinin; nazal kavite genigliginin, nazal kavite
tabani genigliginin, apertura piriformisin maksiller
acisinin dahil edildigi osteomeatal kompleksin birbirleri
ile iliskisinin radyolojik olarak degerlendiriimesidir.

GEREC VE YONTEM

Bu calisma, Helsinki Deklarasyonu’na uygun olarak
Gazi Universitesi Etik Komisyonu 07.12.2021 tarihinde
yapilan toplantida onaylandi (Arastirma Kod No:
2021-1117). G*Power 3.1 programinda, %95 glven
seviyesinde Gug¢ Analizi kullanilarak érneklem boyutlu
hesaplandi. Minimum 196 6rneklem sayisina ulasiimasi
gerektigi tespit edildi.

Calismada; Gazi Universitesi, Dis Hekimligi
Fakultesi, Agiz, Dis ve Cene Radyolojisi Anabilim
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Dalr’na ait argivdeki, 2015- 2018 yillan arasinda
cekilen, 18-35 yas araliindaki kadin ve erkeklere
ait 200 adet KIBT gortntiust kullanildi. Gérintilerin
secilmesi sirasinda; orofarengeal ve nazofarengeal
hava yolunun, &lcim yapilmasi amaglanan maksiller
morfolojiye ve osteomeatal komplekse ait yapilarinin
tamaminin gértntulendigi Field of View (FOV)'a sahip
gérantiler dahil edildi. Bu géruntiler, Planmeca Promax
3D (Planmeca, Helsinki, Finlandiya) cihazi ile 12 mA,
90 kVp, 0,4 mm? voksel boyutu ve 160x92 mm FOV
alanina, 13.5 sn’lik tarama suresine sahip gértntulerdi.
Kraniyofasiyal bdlgede; malformasyonu ve patolojisi
olan, travma ve cerrahi operasyon geciren hastalar
ile artefaktlarin bulundugu goéruntiler calismaya dabhil
edilmedi.

KIBT goruntilerin  degerlendiriimesi, Agiz, Dis
ve Cene Radyolojisi alaninda G¢ yilhk tecribesi
bulunan bir arastirmaci tarafindan gerceklestirildi.
Degerlendirmeler; arastirmaci ile monitér arasinda
yaklasik 50 cm uzaklik bulunan, sakin ve 1sidi
azaltilmis ideal bir ortamda yapildi. Dogrusal, agisal
ve hacimsel 6lgimlerde gézlemci ici uyum saglanmasi
icin, dlciimler tamamlandiktan bir ay sonra, gértntiler
tekrar degerlendirildi. Kappa degeri 0.92 olarak tespit
edildi.

DICOM (Digital Imaging and Communication in
Medicine) formatinda elde edilmis KIBT géruntuleri,
Planmeca Romexis Viewer 4.6.2.R ile gorintulenerek
hacimsel degerlendirme ve Olcim yapilmak Uzere
arastirmacinin kisisel bilgisayarina (MacBook Air, 2017,
Intel Core i5, ABD) aktarilarak ITK-SNAP (Version
3.8.0., June 12, 2019, Penn Image Computing and
Science Laboratory, Philadelphia, ABD) programinda
Slculdu.

Ust Hava Yolu Hacminin Olgiilmesi

Farengeal hava yolunun i¢ boyutlu degerlendirmesinde
orofarengeal ve nazofarengeal hacimlerinin toplami
degerlendirildi. Ust hava yolu hacminin 8lclimiinde;
posteriyor sinir, arka farengeal duvar, anteriyor sinir
Posteriyor Nazal Spina (PNS)'dan gecen Frankfurt
Horizontal Dizlem (FHD)e dik olarak bulunan
dizlem, inferiyor sinir 3. vertebranin en alt ve en 6n
hizasindan gecen ve FHD paralel olan dogru, Ust sinir
ise nazofarengeal hava yolunun tepe noktasi olarak
belirlendi.® Hacmi olgllecek alanin belirlenmesinin
ardindan “Thresholding” modu ile hacim él¢imu istenen
bélgenin sinirlar diizenlendi. ilgili bélgenin sinirlarinin
icerisini doldurarak kontir islemini baglatacak ve ¢izilen
sinirlar icinde kalacak olan baloncuklar, boyutlar ve
lokasyonu ayarlanarak yerlestirildi. Segmentasyonun
son asamasinda, konturl sekillendirecek olan kuvvet
parametreleri ayarlandiktan sonra, iterasyon baslatild.
Kontlrleme islemi, otomatik olarak devam ettirilerek,
tim ilgili alanlar tamamlandiktan sonra eksik veya fazla
olan kisimlar manuel olarak diizeltildi. islem sonunda
U¢ boyutlu Ust hava yolu hacmi rekonstriksiyonu elde
edildi (Resim 1).
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Resim 1. Sinirlar belirlenmis (¢ boyutlu hava yolunun rekonstriiksiyonu

Maksillaya Ait Yapilarin Olciilmesi

Maksillaya ait yapilardan; maksiller dental genislik,
maksiller iskeletsel geniglik, palatal derinlik dlcimleri
yapildi.

Maksiller dental ark genisligi, koronal kesitlerde,
maksiller birinci daimi molarlarin santral fossalarinin en
derin noktalari arasindaki intermaksiller mesafe olarak
Olcildl (Resim 2.A.).1°

Maksiller  iskeletsel  geniglik, koronal KIBT
kesitlerinde, maksillanin zigomatik proges ile kesistigi
alanda, posteriyor maksilla konkavitesinin en derin
noktalari arasindaki genislik olarak Olgildi (Resim
2.B.)."

Maksiller iskeletsel genislik, ilgili bolgede, 1 mm’lik
koronal kesitler edilip bu kesitlerin her birinde &lcim
yapilarak en ylksek olarak bulunan deger kaydedildi.

Palatal derinlik, koronal KIBT kesitinde, maksiller
birinci molarlanin  palatinal krest tepe noktalari
(intermolar genislik) birlestirilerek damagin en tepe
noktasindan intermolar genislik ¢izgisine dik olacak
sekilde 6lculdu (Resim 2.C.)."

Osteomeatal Komplekse Ait Yapilarinin Olgiimii

Osteomeatal komplekste; nazal kavite genisligi, nazal
kavite taban genisligi, apertura piriformisin maksiller
acisi ol¢aldu.

Resim 2. Maksillaya ait yapilarin dl¢ilmesi A. Maksiller dental ark genisligi, B. Maksiller iskeletsel ark genisligi, C. Palatal derinlik

© 2025 Arpay GUmus ve Akarslan
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Resim 3. Osteomeatal komplekse ait yapilarin lgilmesi A. Nazal kavite ve nazal kavite taban genigligi, B. Apertura piriformisin maksiller agisi

Nazal kavite genisligi, koronal kesitte, sag ve sol
lateral piriform rimler arasindaki en genis dogrusal
mesafe Ol¢ilerek hesaplandi (Resim 3.A.)."

Nazal kavite taban genisligi, nazal kavite genigsligi
Olculirken kullanilan kesitte, nazal kavitenin inferiyor
sinirinda kavite sinirlari arasindaki en genis noktalar
transvers olarak Olgllerek en genis olgcllen deger
kullanildi (Resim 3.A.)."2

Apertura piriformisin - maksiller agisi, inferior
nazal konkalarin baglanti gizgilerinin bilateral olarak,
nazopalatin kanalin agilma noktasi ile yaptigi agi
Olculerek elde edildi (Resim 3.B.)."

iskeletsel Malokliizyonlarin Degerlendirilmesi

Steiner siniflandirmasi kullanilarak Sinif | (0O<ANB<4),
Sinif 1l (ANB 4’ten bulydk), Sinif Il (0’den klguk)
seklinde Ug¢ gruba ayirarak siniflandirma yapildi.**

istatistiksel analiz

Verilerin istatistiksel analizleri SPSS (Surim 22.0,
SPSS Inc., Chicago, IL, ABD) programi kullanilarak
gerceklestirildi. Kategorik degiskenlerin  tanimlayici
istatistikleri icin sayr (n) ve yuzde (%) degerleri
kullanildi.  Sayisal verilerin tanimlayici istatistikleri
icin normal dagilan verilerde ortalama =+ standart
sapma (SS) ve normal dagilmayan verilerde ortanca
(minimum-maksimum) ile birlikte ortalama + SS
degerleri kullanildi. Olciimle elde edilen sayisal veriler
icin normal dagilim varsayiminin belirlenmesi amaciyla
Kolmogorov-Smirnov testi, Histogram ve Q-Q grafikleri
birlikte kullanildi. Sayisal veriler icin varyanslarin
homojenligi varsayiminin sinanmasi amaciyla Levene
testi kullanildi. Bagimsiz iki grup arasinda dlgtimle elde
edilen sayisal verilerin karsilastiriimasi igin 6ncelikle
verilerin normal dagilip dagiimadigina bakildi. Normal
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dagilan veriler, bagimsiz gruplarda t-testi (Student’s
t-test); normal dagiimayan veriler, Mann Whitney U
testiile analiz edildi. Sayisal iki veri arasindaki dogrusal
iliski arastirmalari icin Pearson korelasyon katsayisi
kullanildi. Anlamli korelasyon belirlenen iki sayisal
degisken arasindaki iliskiyi modellemek amaciyla
tek degiskenli dogrusal regresyon analizi kullanildi.
istatistiksel anlamli farklilik sinir igin P<0.05 degeri
kabul edildi.

BuLGULAR

Calismada, 18- 35 yas arasindaki (yas ortalamasi
27.17+5.43), 83 erkek (%41.5) ve 117 kadin (%58.5)
hasta olmak Uzere toplam 200 hasta degerlendirildi.
iskeletsel malokliizyon siniflamasina gére hastalarin
158 (%79.0)’inin Sinif | ve 42 (%21.0)'sinin Sinif 11l
kategorisinde oldugu belirlendi.

Erkekler ve kadinlar arasinda ust hava yolu hacmi,
maksiller morfolojive osteomeatal kompleks degerlerinin
karsilastiriimasina yonelik istatistiksel bulgular Tablo
1’de sunuldu. Erkeklerin kadinlara gére Ust hava
yolu hacimleri istatistiksel olarak ylksek idi (p<0.001)
Erkeklerin kadinlara gére maksiller morfoloji degerleri;
maksiller iskeletsel ark genisligi, maksiller dental ark
genigligi ve palatal derinlik de@erleri istatistiksel olarak
yuksek idi (sirasiyla; p=0.006; p<0.001; p<0.001).
Erkeklerin kadinlara gdére osteomeatal kompleks
degerlerinden; nazal kavite genigligi ve nazal kavite
taban genigligi degerleri istatistiksel olarak yuksek
(sirasiyla; p=0.006; p=0.001) ve apertura piriformisin
maksiller agisi duslk idi (p<0.001).

iskeletsel siniflandirmaya gére Sinif | ve Sinif Il
arasinda Ust hava yolu hacmi, maksiller morfoloji ve
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Tablo 1. Erkek ve kadin cinsiyetleri arasinda Ust hava yolu hacmi, maksiller morfoloji ve osteomeatal kompleks

degerlerinin karsilagtirimasina yénelik istatistiksel bulgular

Hava yolu, Maksilla ve Osteomeatal Kompleks

Cinsiyet
Erkek Kadin P degeri
(n=83) (n=117)
.. i 24.6 (12.2-66.9) 21.1 (11 -40.1) <0.001®
Ust hava yolu hacmi (mm x 10°) 25.61+9.83 20.85:+ 5.31 U = 3387
Maksiller iskeletsel ark genisligi (mm) 57.08 + 4.33 55.29 + 4.54 0.006®
t(198) =2.78
Maksiller dental ark genisligi (mm) 47.64 + 3.69 45.45 + 3.88 <0.001°
t(198) = 3.99
- <0.0012
Palatal derinlik (mm) 14.77 + 2.47 13.3 £ 2.66 £(198) = 3.94
Nazal kavite genisligi (mm) 35.3 + 3.36 34.02 + 3.16 0.006®
t(198) = 2.75
Nazal kavite taban genisligi (mm) 18.78 + 2.52 17.49 + 2.94 0.001°
t(198) = 3.24
Apertura piriformisin maksiller acisi1  46.57 + 5.79 52.33 £ 9.68 <0.001°
t(198) = -4.84

2Bagimsiz gruplarda t-test (Ortalama + standart sapma)
®Mann Whitney U test (Medyan (min-max) ve ortalama + standart sapma))

Tablo 2. iskeletsel siniflandirma gruplari arasinda (st hava yolu hacmi, maksiller morfoloji ve osteomeatal kompleks

degerlerinin karsilagtiriimasina ydnelik istatistiksel bulgular

iskeletsel siniflandirma

Sinifl Sinif 1l P degeri
(n=158) (n=42)

_ _ b
vy S5 SEELE 0T
Maksiller iskeletsel ark genisligi (mm) 56.38+4.3 54.73+5.16 0.036¢

t(198) =2.11
Maksiller dental ark genisligi (mm) 46.34+3.7 46.41+4.8 0.921¢
t(198) =-0.1
o <0.001
Palatal derinlik (mm) 13.51+2.32 15.41+3.34 t(198) = -4.25
Nazal kavite genisligi (mm) 34.6+3.33 34.33+3.22 0.637¢
t(198) = 0.47
Nazal kavite taban genisligi (mm) 17.96+2.9 18.26+2.62 0.37¢
t(198) =-0.62
48.76 (29.86 —
Apertura piriformisin maksiller acisi 73.73)( o 2222522323 A 50;02(;;3
50.84+8.66

Bagimsiz gruplarda t-test (Ortalama + standart sapma);
®Mann Whitney U test (Medyan (min-max) ve ortalama =+ standart sapma

osteomeatal kompleks degerlerinin karsilastirilmasina
yonelik istatistiksel bulgular Tablo 2’de sunuldu. Sinif
I ve Sinif Il gruplar arasinda Ust hava yolu hacimleri
istatistiksel olarak farkli degil idi (p=0.173). Sinif I'de
bulunan hastalarin Sinif lII'te bulunan hastalara goére
maksiller morfoloji degerleri; maksiller iskeletsel ark
genisligi istatistiksel olarak yuksek (p=0.036), palatal
derinlik ise duslk idi (p<0.001). Sinif 1 ve Sinif IlI
gruplar arasinda maksiller dental ark genigligi ise farkli
degildi (p=0.921). Sinif I'de bulunan hastalarin Sinif
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[I’'te bulunan hastalara gére osteomeatal kompleks
degerlerinden apertura piriformisin  maksiller acisi
istatistiksel olarak yiksek idi (p<0.001). Sinif | ve
Sinif 1l gruplar arasinda nazal kavite genisligi ve
nazal kavite taban genisligi ise farkl degildi (sirasiyla;
p=0.637; p=0.537).

Hasta yaslari ile Ust hava yolu hacmi, maksiller
morfoloji ve osteomeatal kompleks degerleri arasindaki
iliski aragtirmalarina yénelik korelasyon analizi bulgulari
Tablo 3'te sunuldu. Hasta yaslari ile maksiller iskeletsel
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ark genigligi arasinda negatif yonli, nazal kavite
genisligi ve nazal kavite taban genisligi arasinda pozitif
yonli istatistiksel korelasyon belirlendi (Sirasiyla, r=-
0.180, p=0.011; r=0.205, p=0.004; r=0.233, p=0.001).
Hasta yaglari ile Ust hava yolu hacmi, maksiller dental
ark genigligi, palatal derinlik ve apertura piriformisin
maksiller agisi arasinda istatistiksel korelasyon
bulunamadi (Sirasiyla, p=0.067; p=0.861; p=0.153;
p=0.320).

Ust hava yolu hacmi, maksiller morfoloji ve
osteomeatal kompleks degerleri arasindaki iligki

25

arastirmalarina yonelik korelasyon analizi bulgular
Tablo 4'te sunuldu. Ust hava yolu hacmi ile maksiller
iskeletsel ark genigligi, palatal derinlik ve Nazal kavite
genisligi arasinda pozitif yonli ve apertura piriformisin
maksiller agisi arasinda negatif yonli istatistiksel olarak
korelasyon belirlendi (Sirasiyla, r=0.255, p<0.001;
r=0.323, p<0.001; r=0.161, p=0.023; r=-0.197,
p=0.005). Ust hava yolu hacmi ile maksiller dental
ark genisligi ve nazal kavite taban genisligi arasinda
istatistiksel olarak korelasyon bulunamadi (Sirasiyla,
p=0.342; p=0.326).

Tablo 3. Hasta yaslari ile (st hava yolu hacmi, maksiller morfoloji ve osteomeatal kompleks
degerleri arasindaki iliski arastirmalarina yénelik korelasyon analizi bulgulari (n=200)

Yas
.. r -0.130
Ust hava yolu hacmi (mm)
P 0.067
r -0.180*
Maksiller iskeletsel ark genisligi (mm)
P 0.011
. r -0.013
Maksiller dental ark genisligi (mm)
p 0.861
r -0.101
Palatal derinlik (mm)
p 0.153
Nazal kavit isligi (mm) r 0.205**
azal kavite genisligi (mm
genisli P 0.004
Nazal kavite tab isligi (mm) ' 02337
azal kavite taban genisligi (mm
genisia P 0.001
r 0.071
Apertura piriformisin maksiller acisi
P 0.320

r: Pearson korelasyon katsayisi *p<0.05, **p<0.001

Tablo 4. Ust hava yolu hacmi, maksiller morfoloji ve osteomeatal kompleks degerleri arasindaki iliski arastirmalarina yénelik korelasyon

analizi bulgulari (n=200)

Maksiller Maksiller Palatal Nazal Nazal kavite ~ Apertura
iskeletsel ark  dental ark derinlik kavite taban piriformisin
genisligi genisligi genisligi genisligi maksiller acisi
Ust hava yolu r 0.255** 0.068 0.323** 0.161* 0.070 -0.197**
hacmi (mm) P  <0.001 0.342 <0.001 0.023 0.326 0.005
Maksiller iskeletsel r 0.618** 0.112 0.156* 0.048 0.033
ark genisligi (mm) p <0.001 0.116 0.027 0.498 0.644
Maksiller dental r 0.142* 0.290** 0.148* -0.062
ark genigligi (mm)  p 0.045 <0.001 0.036 0.381
Palatal derinlik r 0 -0.044 -0.128
(mm) P 0.999 0.534 0.071
Nazal kavite r 0.706** 0.086
genisligi (mm) P <0.001 0.226
Nazal kavite taban r -0.008
genisligi P 0.908

r: Pearson korelasyon katsayisi *p<0.05, *p<0.00)
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TARTISMA

iskeletsel varyasyonlari tanimak, hava yolunun
anatomisini, fizyolojisini anlamak, bu bélgenin dogasini
kavramamiza ve iligkilerini anlamamiza yardimci
olmaktadir.

Weissheimer ve ark.? ist hava yolunun G¢ boyutlu
degerlendirilmesinin dogrulugunu karsilastirmak igin 6
adet yazilim programini kiyasladiklari calismalarinda
Dolphin3D, ITK-Snap, Mimics, OsiriX programlarindan
elde edilen verilerdeki %2’den az hata payinin oldugu
ve bu programlarin altin standart kabul edilebilecegini
bildirmiglerdir. Bu sebeple calismamizda ITK-Snap
yazihm programi kullanildi.

Ust hava yolu hacmi ile yas arasinda anlamli bir iligki
bulunamadi. Literattirde, hava yolunu olusturan sert ve
yumusak dokularin farkh dénemlerde farkli blyime
atihmlari gésterdigi, bu nedenle hava yolu boyutlarinin
yas ile korele olmadigi bildirilmigtir.'s

Ust hava yolu hacminin erkeklerde daha yiiksek
oldugu tespit edildi. Elde edilen bu sonug literatur ile
uyumludur.’® Cene, yiz kemikleri ve dislerin gelisimi
genetik ve cevresel faktdrlerden etkilenmektedir.
Kadinlarda, erken cinsel olgunlasmaya bagh olarak
blayime erkeklere gbre erken sonlanmaktadir. Yetigkin
erkek ve kadinlar arasindaki boyut farkinin en biyuk
sebebinin bu oldugu disinulmektedir.'”

Ust hava yolu hacminin Sinif | ve Il iskeletsel
malokluzyon ile iligkili olmadigi tespit edildi. Bu
sonug literatlr ile uyumludur.’® Sinif Il iskeletsel
malokluzyonlar; maksiller retrognati, mandibular
prognati ve bu iki durumun kombinasyonu seklinde
gruplandirirlar. Simif 1 ve Simif Il maloklGzyonlar
arasinda bir iligki bulunamamasinin sebebi bu
siniflandirmanin yapilmamasi olabilir.

Maksiller iskeletsel ark genigligi ile yas arasinda
negatif bir iliski saptandi. Alvaran ve ark.'® 5-17 yaslar
arasindaki bireylerde, maksilla ve mandibulanin
iskeletsel ark genigliklerini kiyasladiklari ¢calismalarinda,
maksiller iskeletsel ark genisliginin yas ile birlikte artis
gosterdigini bildirmislerdir. Bu durum Alvaran ve ark.'®
tarafindan yapilan calisma ile ve bizim calismamiza
dahil edilen bireylerin yas araliklarindaki fark ile iligkili
olabilir.

Maksiller iskeletsel ark genisliginin erkeklerde
kadinlara gére daha genis oldugu tespit edildi. Bu
sonug, Alvaran ve ark.' tarafindan yapilan g¢alisma ile
uyumludur.

Maksiller iskeletsel ark genisliginin Sinif | iskeletsel
malokliizyona sahip bireylerde, Sinif Il iskeletsel
malokliizyona sahip bireylere oranla daha buyik oldugu
sonucuna varildi. Bu durum literatir ile uyumludur.2°

Maksiller dental ark genislidi ile yas arasinda anlaml
bir iliski bulunamadi. Yesilova?', maksiller dental ark
genislik ile yas arasinda anlamli bir fark bulunmadigini
bildirmistir. Bununla birlikte, maksiller dental genisligin
erkeklerde daha ylksek oldugunu tespit edildi. Bu
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Hava yolu, Maksilla ve Osteomeatal Kompleks

bilgiler, literatirdeki calismalar ile uyumludur.?22 Sinif |
ve lll iskeletsel malokliizyona sahip hastalarin maksiller
dental geniglikleri arasinda anlamli bir fark bulunamadi.
Chen ve ark.2 Sinif lll iskeletsel maloklizyona sahip
hastalarin maksiller dental genisliginin Sinif | iskeletsel
maloklizyona sahip hastalara oranla daha dar
oldugunu bulmusladir. Dindaroglu ve Duran? Sinif |
ve Sinif Ill iskeletsel malokliizyona sahip hastalarda
maksiller dental genigligi kiyasladiklar ¢alismalarinda,
gruplar arasinda belirgin bir farklilik bulamamisglardir.

Palatal derinlik ile yas arasinda pozitif korelasyon
tespit edildi. Bu durum literatur ile uyumludur.? Palatal
derinligin erkeklerde daha yuksek oldugu tespit
edildi. Khera ve ark.® erkeklerin daha yiksek palatal
derinlige sahip olduklarini saptamiglardir. Bu durum
literatir ile uyumludur.?” Yaptigimiz calismada, Sinif
Il maloklizyona sahip bireylerin, iskeletsel sinif |
malokllizyona sahip bireylere kiyasla daha ylksek
palatal derinlige sahip oldudu tespit edildi. Staley ve
ark.?® bu durumun maksiller arkin daralmasi sonucu
mandibulanin geride konumlanmasina karsilik gelisen
telafi edici bir mekanizma oldugunu savunmaktadir.

Nazal kavite genisligi ile yas arasinda pozitif iligki
saptandi. Hommerich ve Riegel®® 20 yasindan sonra
apertura piriformisin gelismeye devam ettigini ve nazal
kavite genisliginin yas ile pozitif korelasyon gésterdigini
bildirmiglerdir. Yaptigimiz c¢alismada, nazal kavite
genigliginin erkeklerde daha genis oldugu sonucuna
varildi. Ashgar ve ark.*® yaptiklari calismalarinda irk
fark etmeksizin erkeklerin nazal kavite genisliklerinin
yuksek ciktigini bildirmislerdir. Elde edilen bu sonug ile
literatUr ile benzerlik gdstermektedir.®!

Yaptigimiz calismada, nazal kavite genigligi ve
nazal kavite taban genigliginin iskeletsel maloklizyon
ile iligkili olmadigini, fakat apertura piriformis agisinin
Sinif | maloklizyona sahip hastalarda daha genis
oldugu belirlendi. Cevresel faktorler, bliyliime ve gelisim
sirasindaki kuvvetler yoluyla ytz ve cevresindeki
yapilarinolusmasinda etkili olup DNA dizisinde degisiklik
yapmadan ilgili gen bdlgelerinin aktivasyonunu ve
inaktivasyonunu saglar. Bu sekilde ylz blylUmesinin
ve sekillenmesinin  genetik ve/veya cevresel
faktorler tarafindan  belirlenmesi  6ng0rulebilirligi
zorlastirmaktadir.® Bu ¢alismada oldugu gibi burun
ile iskeletsel malokluzyonlar arasindaki iligkiyi
sadece milimetrik veya agisal dlgiimlerle tam olarak
aciklamak oldukga zordur. Gulsen ve ark.® yiz iskelet
yapilar ve burun profili arasindaki iligkili inceledikleri
calismalarinda, nazal kemigin uzunlugunun ANB agisi
ile yani sagital iskeletsel maloklizyon ve cinsiyet ile
iliskili olmadigini bildirmiglerdir. Bu sonuglar literatir ile
uyumludur.3

Calismamizda, Ust hava yolu hacmi ile maksiller
iskeletsel genisligin, maksiller dental genigligin ve
nazal kavite genisliginin birbirleri ile pozitif iligkili oldugu
tespit edildi. Tespit edilen bu sonug literatiir ile uyum
saglamaktadir.®® Maksiller iskeletsel genislik ile nazal
kavite taban genisligi ile pozitif iliskili oldugu tespit
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edildi. Bu sonug ile uyumlu g¢alismalar bulunmaktadir.®
Maksilleriskeletsel genisligin, maksiller dental genisligin,
nazal kavite genisliginin birbirleri ile pozitif iliskili oldugu
tespit edildi. Chamberland ve Proffit'®, yaptiklari
calismada, ayni sonucu elde etmiglerdir. Yaptigimiz
calismada palatal derinlik ile maksiller iskeletsel
geniglik arasinda anlaml bir iliski bulunamadi. de Gijit
ve ark.*” yaptiklari galismada; nazal kavite genisliginin
maksiller iskeletsel genislik ile birlikte artis gosterirken
palatal derinlik ile maksiller iskeletsel genislik arasinda
bir iliski olmadigini bildirmiglerdir.

Bu calismanin limitasyonlari; iskeletsel malokliizyon
siniflamasinin  dagiliminin  homojen olmamasi, tek
cihaz, tek merkezde, tek irka ait bireylerden elde edilen
gérintilerin kullaniimasidir. ileri calismalarda, daha
buylk 6rneklem ile homojen dagilimin saglandigi g
boyutlu degerlendirmeler kullanilabilir.

Sonu¢

Yetigkin bireylerde, tst hava yolu hacmi, maksiller
morfoloji ve osteomeatal komplekse ait yapilar;
yas, cinsiyet ve iskeletsel maloklizyonlara bagli
olarak degisiklik gdsterebilmektedir. Bu ¢alisma; bu
degisikliklerin farkinda olarak olasi bir fizyopatoloji
durumunda teshise ve tedaviye katki saglamayi,
antropolojik, anatomik ve klinik calismalara isik tutmayi
amaclamaktadir.

TESEKKUR VE ANMA

Bu makale, Nursel Arpay Gimiig’in “Ust hava yolu
hacmi, maksiller morfoloji ve osteomeatal kompleks
iliskilerinin degerlendiriimesi” isimli uzmanlik tezinin bir
bélumadur.
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Evaluation of upper airway volume, maxillary
morphology and osteomeatal complex
relationships with Cone-Beam Computed
Tomography

ABSTRACT

OBUECTIVE: To evaluate the relationships between upper
airway volume, maxillary morphology and structures of
the osteomeatal complex.

© 2025 Arpay GUmus ve Akarslan

Hava yolu, Maksilla ve Osteomeatal Kompleks

MATERIALS AND  METHOD: Cone-Beam Computed
Tomography (CBCT) images taken from a total of 200
young adult patients, 83 male, 117 female, aged between
18-35, were evaluated retrospectively. Measurements
were made using the ITK-Snap software program. Upper
airway volume, maxillary skeletal width, maxillary dental
width, palatal depth, nasal cavity width, nasal cavity floor
width, and apertura piriformis angle were measured. The
relationships of these parameters with age, gender, and
skeletal malocclusion were evaluated.

ResuLTs: In males, the upper airway volume, maxillary
skeletal width, maxillary dental width, palatal depth, nasal
cavity and nasal cavity floor width were higher, while the
maxillary angle of the apertura piriformis was lower. In
patients with Class | skeletal malocclusion, the maxillary
skeletal width and the maxillary angle of the apertura
piriformis were higher than in patients with Class Il
skeletal malocclusion; palatal depth was lower. There was
a significant positive correlation between patient age and
nasal cavity and nasal cavity floor width (p=0.001), while
maxillary skeletal arch width (p=0.011) showed negative
significant correlation. A statistically significant positive
correlation was determined between upper airway volume
and maxillary skeletal arch width(p<0.001), palatal depth
(p<0.001) and nasal cavity width (p=0.023), and negative
correlation was determined between the maxillary angle
of the apertura piriformis (p=0.005).

ConcLusioN: The volume of the upper airway, the
dimensions of the structures of maxilla and osteomeatal
complex may be related to each other in young adults.

Keyworps: Cone-beam computed tomography; maxilla;
nasal cavity; pharynx
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Ozgiin arastirma makalesi

Universal rezin kompozitlerin mikrosertligi, yiizey
purizlaltgi ve renk degisiminin tizerine farkl agiz

gargaralarinin etkileri
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OzeT

Amac: Bu calismanin amaci, uU¢ farkh Universal rezin
kompozitin (Omnichroma, G-aenial A’chord ve Charisma
Diamond One) mikrosertligi, yliizey purizliiligi ve renk
degisimi lizerine farkli agiz gargaralarinin (Andorex ve
Listerine Cool Mint) etkisini aragtirmaktir.

GEREC VE YONTEM: Calismada kullanilan rezin kompozitlerin
her biri icin 30 adet olacak sekilde toplam 90 adet 6rnek
hazirlandi, sonrasinda yapay tiikliriikte 24 saat bekletildi.
Baglangic mikrosertlik élctimleri Vickers sertlik 6lgiim
cihazi, ylizey purizliiliik élctimleri profilometre cihazi ve
renk Olcumleri ise spektrofotometre cihazi kullanilarak
yapildi. Sonrasinda, hazirlanan érnekler rastgele li¢ gruba
aynldi. Grup 1’deki 6rnekler yapay tiikiiriik icinde, Grup
2’deki 6rnekler Andorex agiz gargarasinda, Grup 3’teki
ornekler Listerine Cool Mint agiz gargarasi icerisinde
24 saat bekletildi. Takiben, her 6rnegin mikrosertlik,
ylizey piiriizlaliigii ve renk olcimleri tekrar alindi. Elde
edilen veriler tek yonli varyans analizi ve Tukey coklu
karsilastirma testi ile istatistiksel olarak p<0.05 anlamlilik
diizeyinde analiz edildi.

BuLGuLAR: Tiim liniversal rezin kompozitler agiz gargaralari
icerisinde bekletildikten sonra mikrosertlik degerlerinde
azalma, yiizey puriizlilik degerlerinde ise artis oldugu
goézlendi (p<0.05). En fazla renk degisimi, Andorex agiz
gargarasi icerisinde bekletilen gruptaki 6rneklerden
elde edildi. Andorex agiz gargarasi icerisinde bekletilen
Omnichroma ile hazirlanan érneklerin renk degisimi diger
gruplara goére anlamli derecede daha yiiksek oldugu
gorildi (p<0.05).

Sonug:  Universal rezin kompozitlerin mikrosertligi,
ylizey pirizliliga ve renk degisiminde kullanilan agiz
gargaralarinin icerikleri rol oynayabilir.

ANAHTAR KELIMELER: Dental rezin kompozit; gargaralar;
renk; ylizey 6zellikleri
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GiRis

Glnumizde hem anterior hem de posterior diglerin
restorasyonunda yaygin olarak kullanilan rezin
kompozitlerin su emilimi gdstermesi, asinmasi,
polimerizasyon esnasinda buzllmesi ve buna bagh
olarak restorasyon kenarlarinda mikrosizinti olugsmasi
gibi problemler hala 6nemini korumaktadir.! Nano
teknolojinin dis hekimliginde kullaniimasiyla Uretilen
nano dolduruculu ve nanohibrit rezin kompozitler ile
doldurucu partikullerin boyutu, miktari ve rezin matrikse
ilave edilme sekline midahale edilerek bu problemler
azaltilmaya ¢alisiimistir.2 Ayrica, doldurucu partikillerin
nano boyuta disurilmesi daha iyi polisajlanabilen ve
dolayisiyla da daha estetik restorasyonlarin yapimina
imkan saglamistir.4 Buna ragmen, bu materyallerin
farkli opasite ve translusensiye sahip dis dokularinin
(mine ve dentin) rengi ile uyumu konusunda problemler
hala s6z konusudur.* Bu problemleri azaltmak ve/veya
ortadan kaldirmak icin Vita Classic renk skalasinda
mevcut farkl renk tonlarina sahip rezin kompozitlerin
tabakalama teknigi ile kullanimi énerilmistir.23 Birgok
klinik ve in vitro calismada renk tonunun tabakalama
yontemi ile daha basarih olarak elde edildigi rapor
edilmistir.#*® Ancak tabakalama teknigi ile dogru renk
tonunun elde edilmesi teknik hassasiyet gerektirir. Bu
teknik hassasiyetin azaltiilmasi amaciyla son yillarda
Universal rezin kompozitler piyasaya surilmugtar.
Bu rezin kompozitlerin bazilarinda renk tonu birkag
renk ile elde edilirken, bazilarinda tek bir renk ile elde
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edilmektedir. Ureticilerin bu rezin kompozitleri piyasa
surerken belirttikleri “bukalemun etkisi” sayesinde dig
dokulari ile daha etkin renk uyumunun elde edilebildigi
gbsterilmistir.

Rezin  kompozit teknolojisindeki  gelismelere
ragmen, bu materyaller agiz icerisinde fonksiyon
gbérmeye basladiktan sonra sirekli ve aralikh olarak
tikarik, yiyecek-icecek, sicaklik degisimi ve agiz
bakim drdnlerinin etkilerine maruz kalirlar. Birgok
calismada agiz ortamina maruz kalma sonucunda
rezin kompozitlerin  sertlik ve pdruzltlik gibi
yuzey Ozelliklerinde ve renginde degisim oldugu
gosterilmistir.”® Rezin kompozitlerin yuzey 6zellikleri
ve renk degisimine neden olan fakiorler genelde
intrensek ve ekstrensek olarak iki ana grup altinda
toplanir. intrensek faktérleri rezin kompozitin yapisal
Ozellikleri (icerdigi doldurucu tipi, miktari, fotobaslatici
tipi ve dénustim derecesi) olusturur ve bu faktére bagli
olarak rezin kompozitin su emiliminde artma gézlenir.®
Ekstrensek faktorleri ise gunlik olarak tlketilen yiyecek
ve iceceklerin renklendirici icerigi, asiditesi ve sicakhgi
gibi faktorler olusturur. Bunlarin yani sira bireylerin
gunluk olarak kullandigi agiz bakim Urinleri de rezin
kompozit yuzeyinde ekstrensek olarak bozulma ve renk
degisimine neden olabilir.%10-11

Agiz bakim Urtnlerinden biri olan agiz gargaralari,
periodontal hastaliklarin tedavisinde, agiz kokusunu
azaltmak amaciyla, ortodontik tedavi ve cerrahi
operasyonlarda dis plagi olusumunun énlenmesinde,
kemoterapi ve radyoterapi sonrasi mukozitlerin
iyilesmesinde yaygin olarak kullaniimaktadir. Agiz
gargaralarinin sik kullanimi yumusak dokulari ve agiz
Ozelliklerini olumsuz etkileyebilir.'2'314 Agiz gargaralari,
genellikle klorheksidin glukonat, etanol (alkol), esansiyel
yaglar, nemlendiriciler, tatlandiricilar, renklendiriciler ve
dengeleyiciler icerirler. Bunlara ilaveten, igeriklerine

Universal rezin kompozitlerin mikrosertlik, piirizliilik ve renk degigimi

anti-enflamatuar, anestezik, antibakteriyel, antifungal,
antihistaminik ve remineralize edici ajanlarin da ilave
edildigi agiz gargaralan bulunmaktadir. Gargaralarin
iceriginde bulunan alkolin konsantrasyonu farklilk
gosterebilir, bu nedenle bazi Urinlerde alkol
bulunmamaktadir.’ Nitekim, alkollin dimetakrilat igin
iyi bir ¢oézictu oldugu, rezin kompozitlerin mekanik
6zelliklerini etkiledigi, su emilimi ve ¢6zUnurlGgund
arttirdidi bildirilmektedir.'®

Piyasada farkli icerige sahip olarak kullanima
sunulan agiz gargaralarinin rezin kompozitlerin yiizey
Ozellikleri ve renk degisimi Uzerinde nasil bir etki
go6sterdigi Snemli bir konudur. Bu konuda literatiirde bazi
calismalar bulunmasina ragmen, son yillarda piyasaya
surilen Universal rezin kompozitlerin ytzey 6zellikleri
ve renk degisimi lzerinde adiz gargaralarinin etkisi
hakkinda yeterli bilgi bulunmamaktadir. Bu nedenle
bu calismada U¢ farkli Universal rezin kompozitin
((Omnichroma (Tokuyama, Tokyo, Japonya), G-aenial
A’chord (GC, Tokyo, Japonya) ve Charisma Diamond
One (Kulzer, Hanau, Almanya)) mikrosertligi, yluzey
plrGzIGluglu ve renk degisimi Gzerine farkli agiz
gargaralarinin ((Andorex (Delta Vital, istanbul, Tiirkiye)
ve Listerine Cool Mint (Johnson& Johnson, New Jersey,
ABD)) etkisinin in vitro olarak arastiriimasi amaglandi.

Calismanin sifir hipotezi; test edilen Universal
rezin kompozitlerin mikrosertligi, ylzey purazIiligua ve
renk degisimi Uzerinde kullanilan agiz gargaralarinin
iceriginin herhangi bir etkisi yoktur seklindedir.

GEREG VE YONTEM
Orneklerin hazirlanmasi

Calismada kullanilan rezin kompozitler ve agiz
gargaralarina ait bilgiler Tablo 1’de verilmektedir.

Tablo 1. Calismada kullanilan rezin kompozitler ve agiz gargaralarinin yapisal ézellikleri

Rezin kompozitler Tipi
(Uretici firma)

Doldurucu
icerigi (%owt)

Doldurucu tipi ve
boyutu

Monomer yapisi Lot
Numarasi

Nanodolduruculu tek ~ 79.0
renk Universal rezin
kompozit

Omnichroma
(Tokuyama, Tokyo,
Japonya)

Nanohibrit Gniversal ~ 77.0
rezin kompozit

Charisma Diamond One
(Heraeus Kulzer, Hanau,
Almanya)

Nanohibrit Gniversal  82.0
rezin kompozit

G-aenial Achord
(GC, Tokyo, Japonya)

Kuresel SiO, ve UDMA, TEGDMA 1152

ZrO, (260 nm)

Ba, Al, F cam ve TCD- K010021
kolloidal silika Urethaneacrylate,

(5 nm-20 pm) UDMA

Silikon dioksit, Bis-MEPP, UDMA, 2104202

stronsiyum cam, TEGDMA Bis-EMA

pigment (16 nm)

Calismada kullanilan agiz
gargaralari
(Uretici firma)

Kimyasal yapisi

Ph

Andorex
(Delta Vital, Istanbul,
Tarkiye)

Listerine Cool Mint

Benzidamin HCL (%0.15), klorheksidin glukonat (%0.12), gliserol, etanol, sorbitol, ~ 5.5-7
E102, polisorbat 20, nane aromasi

Okaliptis yagi (%0.092), mentol (%0.042), metil salisilat (%0.060), timol (%0.064), 3.92

(Johnson & Johnson, New su, alkol (%21.6), sorbitol, kivamlandirici, poloksamer 407, benzoik asit, sodyum

Jersey, ABD) sakkarin, sodyum benzoat

Bis-EMA: Etoksillenmis bisfenol-A-dimetakrilat, Bis-GMA: Bisfenol A ve glisidil dimetakrilat, Bis MEPP: 2,2-Bis (4- methacryloxypolyethoxyphenyl) propan, TEGDMA: trietilen

glikol dimetakrilat, UDMA: tretan dimetakrilat

© 2025 Bulut ve ark.
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Her bir rezin kompozit icin 30 adet olmak Uzere
toplam 90 adet érnek hazirlandi (n=10). Orneklerin
hazirlanmasinda, 6 mm ¢apinda ve 2 mm derinliginde
disk seklinde pleksiglass kaliplar kullanildi. Kaliplar
mikroskop cami Uzerine yerlestirilen seffaf bir bandin
Uzerine yerlestirildikten sonra, kaliplarin icine rezin
kompozit plastik bir spatulle yerlestirildi. Takiben, rezin
kompozitin Gzerine ikinci bir seffaf bant ve mikroskop
cami yerlestirildi. Rezin kompozitlerin polimerizasyonu
Light Emited Diode (LED, D-Light Pro, GC, Tokyo,
Japonya) isik cihazi kullanilarak Uretici firma talimatlari
dogrultusunda 20 s sire ile mikroskop caminin
Uzerinden 1sIk uygulanarak gerceklestirildi. LED 1s1k
cihazinin ¢ikis gucu, her on 6rnekte bir dijital radyometre
(Bluephase Meter II, Ivoclar Vivadent, New Jersey,
ABD) kullanilarak kontrol edildi. Polimerizasyonu
tamamlanan 6rneklerin Ust yuzeylerine orta, ince ve
stper ince aliminyum oksit emdirilmis polisaj diskleri
(Sof-Lex, 3M ESPE, Saint Paul, MN, ABD) kullanilarak
yuzey polisaji uygulandi. Polisaj islemi dustk turlu
alet kullanarak, su sogutmasi altinda yapildi. Her bes
Ornekte bir yeni bir disk kullanildi. Hazirlanan dérnekler
birbirlerinden ayri olarak yapay tukurik icinde 24 saat
sure ile bekletildi. Bu strenin sonunda, her bir érnek
yuzeyinin baglangi¢ mikrosertlik, parGzIGlik ve renk
Olciimleri alindi. Daha sonra, her bir rezin kompozit igin
hazirlanan érnekler rastgele tg¢ gruba ayrildi.

Grup 1’dekidrnekleryapaytukurikicinde bekletilerek
kontrol grubu olusturuldu. Grup 2’deki 6rnekler Andorex
agiz gargarasinda, Grup 3'teki érnekler Listerine Cool
Mint agiz gargarasi igerisinde 24 saat bekletildi."
Takiben, 6rnekler agiz gargaralarindan iginden ¢ikarildi
ve 10 s sireyle yapay tukurik ile yikanip, hafifce
kurulandi. Bu uygulamadan sonra, 6rnek yulzeylerinin
mikrosertlik, ptruzltlik ve renk élgcimleri tekrar alindi.
Ayrica kullanilan agiz gargaralarinin pH’lari da pH
metre cihazi (MP 220; Mettler-Toledo, Schwerzenbach,
Almanya) kullanilarak él¢ildi ve kaydedildi.

Mikrosertlik degerlerinin élgiimi

Ormeklerin  baslangic ve adiz gargaralarinda
bekletildikien sonra mikrosertlik degerleri (VHN) Vickers
sertlik 8lcim cihazi (HMV Microhardness Tester, Kyoto,
Japonya) kullanilarak 6l¢ildi. Test esnasinda 15 sn
slre ile 50 gramlik ylk uygulanarak cihaz calistirildi.
Her bir 6rnek ylizeyinden Gg farkh élgim alindi ve bu
degerlerin ortalamasi hesaplandi.

Yiizey purizlaliginiin élctimii

Yizey purtzlulik élgimleri (Ra), profilometre cihazi
(SJ-101  Mitutuyo Surfest, Kanagawa, Japonya)
kullanilarak gerceklestirildi. Cihazin élgiim uzunlugu 0.8
mm, ¢alisma hizi 0.05 mm/s olarak belirlendi. Her bir
6rnek yuzeyinden ug farkli 6lciim alinarak bu degerlerin
ortalamasi hesaplandi.

Renk degisimi (AE )

Hazirlanan rezin kompozit &rneklerin L, a ve b
koordinatlarina gére renk oélgumleri spektrofotometre
cihazi (Vita Easy Shade Compact, Vita Zahnfabrik, Bad

© 2025 Bulut ve ark.
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Sé&ckingen, Almanya) kullanilarak gerceklestirildi. Her
6lcimden 6nce Uretici firma talimatlari dogrultusunda
cihaz kalibre edildi. Renk o6l¢gtimleri her bir érnek igin
U¢ defa tekrarlandi ve renk koordinatlarinin ortalama
degerleri alinarak kaydedildi. Elde edilen degerler
CIEDE2000 renk degisimi formuline yerlestirilerek
Orneklerin renk degisim degerleri hesaplandi.™

AE,, = [ + (222 + (2oy2 4 Re(2y 2]

Formilde AL*, AC* ve AH* sirasi ile parlaklik,
doygunluk ve ton degerlerini vermektedir. Rt ise
doygunluk ve ton degerleri arsindaki etkilesimi veren bir
degerdir. Kl, Kc esik deger AE_ = 1.8 olarak alinmigtir.™

00 —
istatistiksel analiz

Verilerin istatistiksel analizi SPSS yazilim paketi (SPSS
22.0.0.0, IBM Corp, ILL, Chicago, ABD) kullanilarak
gerceklestirildi. Olgiimlerin normal dagilima uygunlugu
Kolmogrov Smirnov ve Shapiro Wilks testleri ile
incelendi, verilerin normal dagilima uygun oldugu
géraldu. Baslangi¢ ve bitis de@erleri arasindaki farklilik
bagimli gruplarda t testi kullanilarak karsilastirildi,
solusyonlar ve rezin kompozitler arasindaki farkin
anlamhliginda tek yo6nli varyans analizi (ANOVA)
kullanildi. Farkliligin hangi gruptan kaynaklandiginin
tespitinde Tukey HDS testi gergeklestirildi. Tim
testlerde 0.05’in altindaki de@erler istatistiksel olarak
anlamli kabul edildi.

BULGULAR
Mirosertlik

Calismada test edilen tim (Universal rezin kompozit
o6rneklerin  agiz gargaralarina maruz birakiimasi
sonrasinda mikrosertlik degerlerinde istatistiksel
olarak anlamli bir azalma gdsterdigi saptandi (p<0.05).
Mikrosertlik de@erlerinde en fazla azalma her iki agiz
gargarasinda da Charisma Diamond One ile hazirlanan
6rneklerde goruldi (p<0.05). En az anlamli azalma
ise Omnichroma ile hazirlanan ve Listerine Cool Mint
agiz gargarasinda bekletilen drneklerden elde edildi
(p<0.05). G-aenial A’chord ile hazirlanan ve Andorex
agiz gargarasi icerisinde bekletilen 6rneklerde ise
mikrosertlik degerlerinin Listerine Cool Mint agiz
gargarasi icerisinde bekletilen érneklere kiyasla daha
yuksek oldugu saptandi (Tablo 2).

Calismada kullanilan Universal rezin kompozitlerin
her birinde kontrol, Andorex ve Listerine Cool Mint
gruplarindan elde edilen mikrosertlik degerleri
karsilastinldiginda; baslangic él¢cimlerinde gruplar
arasinda anlamh farkhhk gbzlenmezken, agiz
gargarasinda  bekletildikten sonra elde edilen
mikrosertlik dlcimlerinde gruplar arasinda anlamli
dlzeyde farklilik oldugu goéruldi (p<0.05) (Tablo 2).

Agiz gargara gruplarinin her birinde Omnichroma,
G-aenial A’chord ve Charisma Diamond One
ile hazirlanan &rneklerin  mikrosertlik  degerleri
karsilastirldiginda; kontrol grubu ve Andorex agiz
gargarasinin kullanildigi grupta G-aenial A’chord ve
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Tablo 2. Calismada test edilen tiim gruplardan elde edilen ortalama mikrosertlik degerleri (VHN) ve gruplar aras istatistiksel iligki

Rezin Kompozitler

Agiz Gargaralari

Mikrosertlik Olciimleri

Baslangi¢

Agiz garagarasinda
bekletildikten sonra

Ortalama VHN =

Ortalama VHN = Standart

Standart sapma sapma
Omnichroma Kontrol 87.80* 3.642 87.92+ 3.372 0.878
Andorex 86.72+ 5.6° 72.41 + 3.30° 0.005
Listerine Cool Mint 88.98 + 6.48° 76.32+ 2.74¢ 0.005

P 0.804 <0.001
G’aenial Achord Kontrol 101.87 + 3.65° 101.78 + 3.35° 0.859
Andorex 101.92 + 8.83¢ 84.94 + 4.91¢ 0.005
Listerine Cool Mint 105.53 + 9.08f 91.39+ 2.70" 0.007

p 0.628 <0.001
Charisma Diamond One  Kontrol 104.25+ 3.15° 103.43+ 2.96° 0.635
Andorex 102.98 + 7.39¢ 85.59 + 3.94¢ 0.005
Listerine Cool Mint 106.23 + 6.42f 87.07+ 3.17¢ 0.005

p 0.442 <0.001

Sdtunlarda Ust simge olarak verilen ayni kigtk harfler test edilen tniversal rezin kompozitlerin mikrosertlik degerleri arasinda anlamli fark olmadigini géstermektedir

(p<0.05).

Charisma Diamond One ile hazirlanan 6rneklerin
mikrosertlik degerlerinin Omnichroma ile hazirlanan
Orneklerin mikrosertlik degerlerinden anlamli derecede
daha ylksek oldugu saptandi (p<0.05). Listerine
Cool Mint agiz gargarasinin kullanildigi  grubun
baslangi¢c mikrosertlik dlgimleri arasinda da benzer
iliski gbzlenirken (p<0.05), Listerine Cool Mint agiz
gargarasinda bekletildikien sonra test edilen G¢ rezin
kompozitin mikrosertlik degerleri arasinda anlamli
farklihgin oldugu saptandi (p<0.05) (Tablo 2).

Yiizey piiriizliligii

Calismada tim Universal rezin kompozitlerin yizey
purGzIGlik degerlerinin hem kontrol grubunda hem
de her iki agiz gargarasinda bekletildikten sonra artis
gosterdigi gérilda (p<0.05) (Tablo 3).

Tum gruplarda baslangi¢ ve adiz gargarasinda
bekletildikten sonra elde edilen ylzey puUrizlalik
degerleri arasindaki iliski incelendiginde; sadece
G-aenial A’chord ile hazirlanan kontrol grubundaki
orneklerin  ylzey purGzIGlik degerleri  arasinda
istatistiksel olarak anlamli bir farkliigin olmadig
goraldu (p<0.05) (Tablo 3).

Tablo 3. Calismada test edilen tiim gruplardan elde edilen ortalama plirizIiilik (Ra) ve gruplar arasi istatistiksel iliski

Yiizey piirizlalugi

Rezin Kompozitler Agiz Gargaralari

Omnichroma

G’aenial Achord

Charizma Diamond One

Kontrol
Andorex
Listerine Cool Mint

p
Kontrol

Andorex

Listerine Cool Mint

p
Kontrol
Andorex

Listerine Cool Mint
p

Baslangi¢ Agiz garagarasinda
bekletildikten sonra
Ortalama Ra + Standart Ortalama Ra * Standart P
sapma sapma
0.064 + 0.009* 0.075 £ 0.0102 0.011
0.074 £ 0.012¢ 0.107 + 0.028° 0.005
0.069 + 0.013¢ 0.086 + 0.015¢ 0.028
0.201 0.004
0.073 £ 0.0142 0.085 + 0.0072 0.052
0.084 + 0.011¢ 0.107c + 0.015¢ 0.009
0.074 + 0.011¢ 0.095 + 0.011¢ 0.008
0.117 0.003
0.136 + 0.013° 0.148 £ 0.015° 0.020
0.135 £ 0.016¢ 0.160 + 0.019¢ 0.008
0.149 + 0.010' 0.164 £ 0.013' 0.037
0.05 0.104

Situnlarda st simge olarak verilen ayni kiicik harfler test edilen rezin kompozitlerin yiizey parizlilik degerleri arasinda anlamii fark olmadigini géstermektedir

(p<0.05).

© 2025 Bulut ve ark.
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Kontrol, Andorex ve Listerine gruplarindan elde
edilen ylzey puruzlilik degerleri karsilastinidiginda;
baslangic  dlcimlerinde agiz gargara gruplarn
arasinda anlamh farkhlik gézlenmezken (p>0.05),
agiz gargaralarinda bekletildikten sonra Omnichroma
ve G-aenial A’chord ile hazirlanan &rneklerden elde
edilen yuzey parizlalik degerlerinin adiz gargara
gruplari arasinda istatistiksel olarak anlamlh farkliligin
oldugu gorildi (p<0.05). Charisma Diamond One ile
hazirlanan &érneklerden elde edilen yuzey purizlilik
degerlerinin ise agiz gargara gruplar arasinda anlamli
farklilik géstermedigi saptandi (Tablo 3).

Agiz gargara gruplarinin her birinde calismada
kullanilan rezin kompozitlerin mikrosertlik degerleri
karsilastirildiginda; tim gruplarda Charisma Diamond
One ile hazirlanan drneklerde hem baglangic hem de
agiz gargaralarinda bekletildikten sonra elde edilen
yluzey purizlilik degerlerinin Omnichroma ve G-aenial
A’chord ile hazirlanan érneklere gére anlamli derecede
daha ylksek oldugu bulundu (p<0.05) (Tablo 3).

33
Renk degisimi
Calismada tim gruplarda en ylksek renk degisimini
gosteren AE  degerleri Omnichroma ile hazirlanan
6rneklerden elde edildi. Test edilen Universal rezin
kompozitlerin herbirinden elde edilen AE  degerleri
karsilastinidiginda; kontrol ve Andorex agiz gargarasi
icinde bekletilen 6rneklerde test edilen Universal rezin
kompozitlerden elde edilen AE,, degerleri arasinda
istatistiksel olarak anlaml bir farklihgin oldugu (p<0.05),
Listerine agiz gargarasi icerisinde bekletilen érneklerde
ise AE,, degerleri agisindan kullanilan Universal rezin
kompozitlerin arasinda istatistiksel olarak farkliligin
olmadig tespit edildi (p>0.05) (Tablo 4).

Her bir Universal rezin kompozitin icinde agiz
gargara gruplarindan elde edilen AE  degerleri
karsilastirildiginda; test edilen Universal rezin
kompozitlerin timiinde de en yliksek AE , dederlerinin
Andorex agiz gargarasinda bekletilen érneklerden elde
edildigi, bunu sirasiyla Listerine agiz gargarasinda
bekletilen érneklerin ve kontrol grubundaki 6érneklerden
elde edilen AE,, degerlerinin izledigi ve aralarinda
istatistiksel olarak anlamli farkliligin oldugu géruldi
(p<0.05) (Tablo 4).

Tablo 4. Calismada test ediilen tiim gruplardan elde edilen ortalama AE0O degerleri ve gruplar arasi istatistiksel iligki

Agiz Gargaralari Renk Degisimi
Omnichroma G-aenial A’chord Charisma Diamond One
Ortalama AE Ortalama AE | = Ortalama AE = p
Standart sapma Standart sapma Standart sapma
Kontrol 2.06 + 0.40 0.86 + 0.61 1.09 £ 0.52 0.001
Andorex 4.55 + 0.56 3.69 + 0.55 3.55 +0.45 0.006
Listerine 2.77 +0.57 2.62+0.17 2.19 £ 0.51 0.059
p <0.001 <0.001 <0.001
TARTISMA gargaralarini Ureten firmalar ise etkin fonksiyon gérmesi

Universal rezin kompozitlerin mikrosertligi, ylzey
purtzliluga ve renk degisimi Uzerine farkl icerige
ve pHya sahip iki farkli agiz gargarasinin etkisinin
incelendigi bu calismada, hazirlanan rezin kompozit
Orneklerin ylzeylerine polisaj uygulandiktan sonra 24
saat yapay tukurik icerisinde bekletildi. Boylece 6rnek
yuzeylerinde agiz ortaminda bulunan tikarigin dogal
etkisinin olusturulmasi amaglandi.

Literatirde agiz gargaralarinin rezin kompozit
restorasyonlarin ylzey 6zellikleri (zerinde etkisinin
oldugunu rapor eden calismalar bulunmaktadir.'*'s In
vitro olarak yapilan calismalarda hazirlanan drnekler
test edilen agiz gargaralarinin icerinde belirli stirelerde
bekletiimektedir. Ancak, rezin kompozit &rneklerin
agiz gargaralan icerisinde bekletiime sureleri farklilik
gbsterdiginden, calismalardan elde edilen bulgular
farkll olabilmektedir. Bununla birlikte, 12 saat slre ile
rezin kompozit érneklerin adiz gargarasi icerisinde
bekletiimesinin bir yiIl boyunca ginde bir kez 2 dk
gargara yapmaya es deger oldugu belirtilmistir.'®> Agiz

© 2025 Bulut ve ark.

icin gargaralarin ginde iki kez 2 ser dk kullanimini
Onermektedir.’® Bu bilgilere dayanarak giinde iki defa
kullanimi taklit edebilmek amaciyla hazirladigimiz rezin
kompozit 6rnekler 24 saat slre'® ile agiz gargaralari
icerisinde bekletildi ve adiz gargaralarinin bir yillik
kullanima es deger etki olusturmasi hedeflendi.

Calismada, test edilen Universal rezin kompozitlerin
mikrosertligi, ylzey puruzliligd ve renk degisiminde
agiz gargaralarinin igeriginin anlaml bir etki gosterdigi
saptandi. Calismanin sifir hipotezi reddedildi.

Test edilen tim Universal rezin kompozitlerin
mikrosertlik degerlerinin agiz gargaralar icerisinde
bekletildikten sonra istatistiksel olarak anlamli bir
sekilde azalma g0sterdigi saptandi. Mikrosertlik
degerlerindeki azalmaya calismada kullanilan agiz
gargaralarinin alkol icermesi neden olabilir. Alkol agiz
gargaralarina ¢dzlcu, tat arttirici ve antiseptik ajan
olarak ilave edilmektedir. Ancak agiz gargaralarina
ilave edilen alkol orani yiiksek oldugunda, alkollin rezin
kompozitin polimer matriksinde plastiklesmeye neden
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oldugu ve bunun sonucunda rezin kompozit ylizeyinde
yumusama gézlendigi belirtiimistir. Alkol oraninin yani
sira, agiz gargarasinin pH’si da yuksek olursa rezin
kompozitin yizey mikrosertlik degerlerinde anlaml
dizeyde azalma ve ylizey 6zelliklerinde bozulmanin
gorulecegi rapor edilmistir.’”'® Bu ¢alismada kullanilan
agiz gargaralarinin oélcilen pH degerleri Andorex
icin 5.5-7, Listerine Cool Mint icin ise 3.92°dir. Her
iki agiz gargarasinin da mikrosertlik degerlerinde en
fazla azalma Charisma Diamond One ile hazirlanan
Orneklerde g6ruldi. Ancak bu azalmanin Listerine
Cool Mint agiz gargarasinda Andorex agiz gargarasina
goére anlamli derecede daha fazla oldugu saptandi.
Buna Listerine Cool Mint agiz gargarasinin disik
pHya sahip olmasi neden olabilir. En az anlamh
azalma ise Omnichroma ile hazirlanan ve Listerine
Cool Mint agiz gargarasinda bekletilen 6rneklerden
elde edildi. G-aenial A’chord ile hazirlanan ve Andorex
agiz gargarasi icerisinde bekletilen Orneklerde ise
mikrosertlik degerlerinin Listerine Cool Mint agiz
gargarasi igerisinde bekletilen érneklere kiyasla daha
ylksek oldugu saptandi. Test edilen Universal rezin
kompozitlerin ylizey mikrosertlik degerlerinin farkh
olmasinda (Universal rezin kompozitlerin kimyasal
farklilhklarinin (doldurucu tipi, miktari, boyutu, monomer
yapisi) roli olabilir.

Charisma Diamond One ve G-aenial Achord ile
hazirlananrezinkompozit drneklerinhembaslangichem
de agiz gargarasinda bekletildikten sonra elde edilen
mikrosertlik degerlerinin Omnichroma ile hazirlanan
Orneklere gbére daha ylksek oldugu goérildi. Elde
ettigimiz bu bulgu literatlr ile benzerlik géstermektedir.®
Cunkd Omnichroma’nin iceriginde  TEGDMA
bulunmaktadir.” Bu monomer diger monomerlere
gbre daha fazla hidrofilik 6zellik gdstermektedir. Buna
bagl olarak da Omnichroma’nin daha fazla hidrolitik
bozunmaya ug@rayacagi beklenebilirdi. Omnichroma
iceriginde bulunan kiresel sekle sahip 260 nm
boyutundaki doldurucularin mikrosertlik degerindeki
farkliiga neden oldugu dusindlebilinir.™®

Calismada ylUzey purGzlGlik degerlerinin  agiz
gargarasinda bekletildikten sonra artis gosterdigi
gorildu. Bu durum agiz gargaralari icerigindeki alkol
oranindan kaynaklanabilir. Alkolin rezin matriks ile
doldurucu ara yuzinde ¢ekme gerilimleri olusturarak
doldurucu partiklllerin uzaklagsmasini kolaylastirdigi ve
dolayisiyla purizltlik degerlerinde artisa neden oldugu
belirtiimistir.'® Penugonda ve ark'® tarafindan yapilan bir
calismada, rezin kompozitlerin ylzey purtzlulugdnin
agiz gargaralarinin icerdigi alkol oraniyla dogrudan
iligkili oldugu bildirilmistir. Bunun nedeninin polimerik
matriksin sismesi ve reaksiyona girmemis monomerlerin
ve oligomerlerin sizmasi oldugu belirtilmistir.

Bu calismada Andorex agiz gargarasi icerisinde
bekletilen  rezin  kompozit Orneklerde  ylzey
purizlaliginde daha fazla artis oldugu tespit edildi.
Bu durum Andorex agiz gargarasi igerisinde yer alan
alkol, klorheksidin glukonat ve benzidamin hidroklorar
iceriginden  kaynaklanabilir. Klorheksidin glukonat
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yuksek iyonik konsantrasyona sahiptir.?® Bu da rezin
kompozitten ¢dzunebilir bilesenlerin salinmasina ve
dolayisiyla ylizey parazlGlaginin artmasina neden
olur. GCalismamizin sonuglarina benzer sekilde Abo
El Naga ve Yousef? tarafindan yapilan bir calismada,
klorheksidin glukonat iceren agiz gargaralarina
maruz birakilan rezin kompozit 6rneklerinin yuzey
purdzlalaginun arttigr bildiriimigtir.

Omnichromaile hazirlanan rezin kompozit drneklerin
Andorex aQiz gargarasi igerisinde bekletiimesi
sonucunda ylzey purizltlik degerlerinde daha anlamli
bir artis oldugu gorildi. Omnichromanin doldurucu
orani diger rezin kompozitlere gére daha azdir ve ana
seyreltici monomer olarak TEGDMA icerir." TEGDMA
diger metakrilat monomerlere kiyasla suda daha
yuksek ¢ézunarlik sergilemektedir. Su emiliminin, rezin
matriksi ve matriks/doldurucu partikil ara ylzeyinde
hidrolitik bozunmaya neden oldugu bilinmektedir. Buna
bagli olarak doldurucu partiklllerin rezin matriksten
ayrilmasinin kolaylastigi ve dolayisiyla rezin kompozitin
ylzey purazlalaginan arttigr belirtilmistir. '

Calismada elde edilen diger bir bulgu ise Universal
rezin kompozitlerden elde edilen AE,, degerlerinin
Andorex agiz gargarasinin kullanildigr grupta Listerine
Cool Mint agiz gargarasina gdre daha ylksek elde
edilmesidir. Diger bir deyisle, test edilen Universal
rezin kompozitlerin renk degisiminde Andorex agiz
gargarasinin daha anlaml etki olusturmustur. Andorex
agiz gargarasi esasen klorheksidin glukonat ile
benzidamin hidroklortr icermektedir. Klorheksidin’in
boyayaci etkisi bilinmektedir.2' Baig ve ark.?? tarafindan
yapilan bir calismada, %0.2 klorheksidin glukonat
iceren iceren agiz gargarasinin nano dolduruculu rezin
kompozitlerde fark edilebilir renk degisikligine neden
oldug@u belirtilmistir. Calismamiz sonuclarn da Baig ve
ark.? sonuglarini destekler niteliktedir. Ayrica listerine
Cool Mint agiz gargarasinda da renk degisiminin
olustugu gdzlendi. Ancak bu degisimde Universal
rezin kompozitin yapisal ézelliklerinin bir rol olmadigi
g6ruldu.

Bu calisma, in vitro olarak gerceklestirilen bir
calisma oldugundan tam olarak agiz ortamini taklit
etmemektedir. Soyle ki, agiz igerisinde fonksiyon géren
¢ogu restorasyonun sadece tek bir ylzeyi agiz ortami
sartlarina maruz kalir. Ancak calismada hazirlanan
Orneklerin tim yuzeyleri agiz gargarasi ile temas
etmigtir. Bu ¢alismanin bir kisittamasidir. Bu nedenle,
glnimuizde popdler olan Universal rezin kompozitlerin
yuzey Ozellikleri ve renk degisimi ile ilgili baska
calismalar yapilmasinin klinik olarak faydali olacagi
kanisindayiz.

Sonuc
Bu calismanin sinirlari dahilinde;

Calismada kullanilan Universal rezin kompozitlerin
timinde de agiz gargarasinda bekletildikten sonra
mikrosertlik degerinde azalma, ylzey puUrizlilik
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degerinde artma gbzlendi. Ayrica renk degisimini
gosteren AE deQerlerinde de artma oldugu tespit
edildi.

Mikrosertlik de@erlerinde en fazla azalma Charisma
Diamond One ile hazirlanan ve Listerine Cool Mint agiz
gargarasinin kullanildigi grupta goéraldu.

Yizey parazIGlik degerlerinde en fazla artma
Omnichroma ile hazirlanan ve Andorex agiz
gargarasinin kullanildigi gruptaki &érneklerden elde
edildi.

En yUksek renk degisimini gbsteren AE, degerleri
Omnichroma ile hazirlanan &rneklerden elde edildi.
Universal rezin kompozitlerin tiimiinde de en yilksek
AE,, degerleri Andorex agdiz gargarasinda bekletilen
Orneklerden elde edildi.
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Effects of different mouthwashes on
microhardness, surface roughness and color
change of universal resin composites

ABSTRACT

OBJeCTIVE: The aim of this study was to investigate the
effect of different mouthwashes (Andorex and Listerine
Cool Mint) on the microhardness, surface roughness
and color change of different universal resin composites
(Omnichroma, G-aenial A’chord and Charisma Diamond
One).

MaTeRIALS AND MEeTHOD: A total of 90 specimens were
prepared, 30 for each of the resin composites used in the
study, the prepared samples were kept in artificial saliva
for 24 hours. Initial microhardness measurements were
measured by using a Vickers hardness measuring device,
surface roughness measurements were made by using a
profilometer device, and color measurements were made
by using a spectrophotometer device. The specimens
were randomly divided into three groups. Each group
was immersed in artificial saliva, in Andorex mouthwash,
and in Listerine Cool Mint mouthwash for 24 hours
respectively. Microhardness, surface roughness, and
color measurements were measured again. The obtained
datas were analyzed with a one-way analysis of variance
and Tukey’s multiple comparison test at a statistical
significance level of p<0.05.

ResuLTs: It was observed that all universal resin composites
showed a decrease in surface microhardness values
and an increase in roughness values after immersed in
mouthwash. The greatest color change was obtained
from the specimes which were immersed in Andorex
mouthwash. The color change of the specimens prepared
with Omnichroma immersed in Andorex mouthwash was
significantly higher than the other groups (p<0.05).

ConcLusion: The ingredients of the mouthwashes used
may play a role in the microhardness, surface roughness,
and color change of universal resin composites.

Keyworps: Composite dental resin; color; mouthwashes;
surface properties
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ABSTRACT

Sialolithiasis, the most common disorder affecting
salivary glands, occurs when calcified formations obstruct
the ducts or glands. Typically, these formations, known
as sialoliths, measure between 5 and 10 mm; however,
those exceeding 15 mm are classified as megaliths.
While sialoliths commonly manifest in the submandibular
glands, they can develop in any salivary gland duct, with
the Wharton’s duct of the submandibular gland being
a frequent site. These stones, formed from calcified
organic material within the secretory system, can lead
to pain, swelling, and disruptions in saliva flow. Chronic
sialolithiasis, the primary contributor to acute and chronic
infections in salivary glands, is closely associated with
stone formation. The precise cause remains unclear, yet
it is linked to chronic sialadenitis and partial obstruction.
On the contrary, megaliths are exceptionally rare and tend
to occur more frequently in male patients. The present
article presents a case involving a 19 mm long megalith
detected at the duct mouth of the left submandibular
gland, which was treated through surgical intervention.
Additionally, a comprehensive literature review on this
specific topic was conducted.
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INTRODUCTION

Sialolithiasis, the primary concern affecting salivary
glands, involves the development of salivary stones
within ducts or glands and is estimated to occur in
approximately 1.2% of adults.”? This condition, also
called salivary calculi, predominantly manifests in the
submandibular gland and its duct, constituting more
than 80% of documented cases.3*

The submandibular gland is particularly susceptible
to sialolithiasis due to the distinctive characteristics
of Wharton’s duct, which include its lengthy and
convoluted path and the specific properties of saliva.?®
Notably, there is a significant gender difference, with
males being twice as likely as females to experience
this condition. It tends to affect individuals in their fourth
to sixth decades of life."*

While most cases exhibit intermittent pain and
swelling, the severity depends on the degree of
obstruction and the resulting pressure in the gland,
particularly noticeable during meals.3* Radiographically,
salivary stones usually appear as visible masses, but
not all are discernible through standard X-rays. The
diagnostic arsenal incorporates cone-beam computed
tomography (CBCT) for assessing the submandibular
duct.®5

Giant sialoliths, commonly known as megaliths,
represent a rare form of sialolithiasis characterized by
salivary stones exceeding 15 mm in any dimension.®’
This distinct subset of sialoliths is primarily found in the
submandibular gland and its duct, presenting diagnostic
challenges due to their infrequency and potential impact
on salivary gland function. A comprehensive literature
review reveals only 29 reported cases of megaliths in
Wharton’s duct in the past 22 years, underscoring their
rarity and emphasizing the importance of heightened
clinical awareness.®

This article presents a case involving a megalith,
a sizable salivary stone measuring 19 mm in length,
detected at the duct mouth of the left submandibular
gland. The case was successfully treated through
surgical intervention. Additionally, a comprehensive
literature review was conducted to provide a detailed
exploration of relevant information and insights from
existing studies and reports.
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CAsEe REPORT

A 54-year-old man sought treatment at Istanbul Aydin
University, Faculty of Dentistry, Department of Oral
and Maxillofacial Surgery, due to persistent and painful
purulent discharge from the unilateral submandibular
ducts. The patient had no significant medical history,
and no underlying conditions contributing to sialolith
formation were identified.

Upon thorough examination, it was revealed that
the issue originated as a minor swelling, evolving
over nine months and eventually rupturing, leaving a
yellowish-white mass on the right floor of the mouth.
The patient underwent discomfort and the release of
pus from the affected area. The enlargement exhibited
a slow initiation, progressively growing in magnitude.
The patient also reported an altered taste sensation for
one year, accompanied by occasional pus discharge.
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The mandible’s orthopantomogram (OPG) showed
a calcified mass resembling an impacted canine
tooth in the left canine region. The OPG displayed a
radioopaque mass in the left body of the mandible,
measuring approximately 2 x 1 cm, extending 1
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No symptoms of dysphagia or tongue elevation
were reported. The patient was conscious, cooperative,
and within normal vital sign limits. Pain, described as
dull and intermittent, was associated with meals, with
the swelling enlarging during and after meals.

Extraoral examination showed a localized swelling
in the left submandibular region, exhibiting tenderness
and softness upon palpation, with normal overlying
skin. Intraoral examination revealed edematous flooring
on the left side of the mouth. Bimanual palpation
detected a hard mass measuring approximately 2 x
1 cm in the left canine region. The overlying mucosa
displayed standard color, except where a break
exposed the underlying yellowish mass. Milking of the
left submandibular gland resulted in minimal saliva but
pus discharge. Notably, the entity has not adhered to
underlying structures (Figure 1).

B

Figure 1. (A) Preoperative intraoral image, (B) Appearance after the sialolith removal, measuring 19 mm in length and 12 mm in diameter.

cm above the apices of teeth 33 and 34 and 4 cm
below the lower border of the mandible. Subsequent
computerized tomographic (CT) scans confirmed the
presence of a cylindrical and elongated sialolith within
the left Wharton’s duct, leading to the diagnosis of the
left submandibular duct sialolith (Figure 2).

Figure 2. Image of the lesion on the (A) OPG and (B) a three-dimensional model created using CBCT.

© 2025 Kugukkurt
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Figure 3. (A) Access to the lesion was achieved with a conservative incision, revealing the expanded duct opening after removing the lesion, (B) Suturing of the
incision line with polypropylene sutures and fixation of the catheter placed to preserve canal integrity with silk stitches.

Figure 4. (A) On the 10th-day post-operation, dimensional almost normalization of the salivary gland duct opening and the region, presumed to be a ranula formed
after surgical trauma, (B) Intraoral view in the first month after the operation.

With informed consent, the giant sialolith was
surgically removed via an intraoral approach under
local anesthesia, using transoral sialolithotomy and
sialodochoplasty for minimal invasiveness. Upward
and medial pressure was applied to stabilize the floor
of the mouth and accurately locate the sialolith. A
longitudinal incision was made over the stone, followed
by meticulous mucosal dissection to expose and
mobilize the sialolith. The wound was closed only at
the mucosal layer. Examination post-removal revealed
a hard, yellow, elongated stone measuring 19 mm in
length and 12 mm in diameter. A drainage catheter was
inserted postoperatively to manage purulent discharge.
On the tenth day post-surgery, a ranula formation

© 2025 Kugukkurt

was noticed in the area, believed to be a result of
surgical trauma. The ranula was addressed through a
straightforward surgical intervention (Figure 3).

Postoperatively, the patient received antibiotics
(amoxicillin + clavulanate, 2000 mg/day) and an
analgesic (Dexketoprofen 25 mg/day) for five days.
The drainage catheter was removed after 48 hours.
Reassessment on the seventh postoperative day
indicated normalcy in the left submandibular gland, with
clear salivary flow from the healed duct (Figure 4). After
a three-year follow-up, it was observed that the patient
showed no symptoms, displaying adequate glandular
function and normal, uninterrupted salivary flow.
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DiscussIiOoN

In the literature review using the PUBMED database, a
total of 59 case reports were found in 51 articles as a
result of the search with the terms “Giant Submandibular
Sialolith,” “Large Submandibular Sialolith” and
“Submandibular Megalith” among the articles published
between 2000 and 2023 (Table 1).

When the dimensions of the sialoliths reported in the
case reports are listed according to the largest value in
the dimensions, the largest sialolith was reported as 72
mm by Rai and Burman® in 2009. The average size of
59 cases was found to be 32.5 mm. When the area
between 15-35 mm was divided into megaliths, and
those over 35 mm were divided into giant sialoliths,
the average size of 35 megalith cases was found to be
25.2 mm, and the average size of 24 giant sialoliths
was found to be 43.1 mm. While the general average
age of the cases is 47.5, it is 46.5 for giant sialoliths and
48.1 for megaliths. Fifty-one of the cases are male, and
only 8 of them are female. This age range and male
dominant gender status appear to be compatible with
the data in the literature.™®

Sialoliths, common in sialadenitis, are calcified
formations in salivary ducts or glands. They consist
of glycoproteins, mucopolysaccharides, and inorganic
substances. These stones form around a central
core, appearing as radiopaque masses mostly in
submandibular glands.®°

Giant sialoliths or megaliths are a rare subset
of salivary gland disorders. In the literature, stones
exceeding 15 mm in any dimensional value are referred
to as megaliths, while those surpassing 35 mm are
classified as giants.'"2

They mainly affect males, with the submandibular
gland being the primary location in 94% of cases."'
The etiology and pathogenesis align with conventional
sialolithiasis theories, involving the deposition of calcium
salts around an initial organic nidus.?2'® Diagnosis
involves various radiographic studies, and treatment
plans vary based on the stone type and location.”'
Options include simple approaches, surgery, or
advanced methods like shock wave treatment and
sialoendoscopy.3'®

Sialolithiasis, a condition characterized by the
formation of salivary gland stones, is prevalent among
individuals between the ages of 30 and 50, and it tends
to affect males more frequently.™® It is notably rare in
children. The submandibular duct or gland (80%) is the
most commonly affected, followed by the parotid gland
(18%), and rarely the sublingual gland (2%).21617

The etiology and pathogenesis of sialoliths are
intricate and not completely comprehended, reflecting
the complex and multifaceted nature of their origin and
development. Sialoliths develop when calcium salts
accumulate around an initial organic core. This core
consists of altered salivary mucins, bacteria, and shed
epithelial cells.'"'5'® Traditional theories propose a

© 2025 Kiglkkurt

39

Table 1. Evaluation of 59 cases included in 51 articles obtained as
a result of scanning between 2000 and 2023 using the PUBMED
database

REFERENCE SIZE (mm) AGE GENDER
Rai and Burman @ 72 60 M
Chaidas et al. 58 72 M
Rauso et al.*! 56 56 M
Shahoon et al.* 55 25 M
Lim et al.*® 50 59 M
Sakthivel et al.** 50 42 M
Bodner*® 45 50 M
Rodrigues et al.?' 45 48 B
Akinyamoju and Adisa*® 44 54 M
Singh et al.” 42 40 M
Fowell and MacBean“® 41 58 M
Ilwai et al.*” 41 58] M
Abraham et al.® 40 45 M
Pandarakalam et al.*® 40 68 M
Mathew et al.*® 39 50 M
Omezli et al? 37 35 M
Ledesma-Montes et al.>® 36 34 M
Arslan et al?* 85) 42 M
Chan and Patel®' 35 27 M
El Gehani et al.*? 35 41 M
Emir et al.%® 35 57 M
Goh et al.> 35 34 M
Igbal et al."® 35 55 M
Raveenthiran et al.®® 35 10 F
Krishnan et al.%® 34 41 M
Alkurt and Peker®” 31 65 M
Bhullar et al.%® 31 45 M
Bodner*® 30 45 M
Bodner*® 30 25 M
Cottrell et al.%® 30 75 M
Demircan and Isler®® 30 62 M
Oliveira et al.?? 30 42 M
Yildirim®! 30 56 M
Alkurt and Peker®” 28 45 M
Al Hussona®? 28 21 M
Gupta et al. 28 48 M
Kumar et al.%® 28 29 M
Mohsin et al.'* 28 47 M
Shetty and Sharma® 27 50 M
Biddle and Arora® 26 48 M
Bodner*® 26 46 M
El Gehani et al.*? 25 32 F
Gadve et al.%® 25 45 M
Krishnan et al.®® 25 32 F
Mao et al. 25 75 F
Soares et al.?” 25 54 F
Thong et al.?° 25 71 M
Rivera-Serrano and Schaitkin®® 23 69 M
Ungari et al.®® 23 70 M
Boffano and Gallesio® 22 48 M
Graziani et al.”® 22 61 M
Arunkumar et al.” 20 10 M
Nilesh et al.” 20 37 M
Oteri et al.™® 20 40 F
Bodner 19 61 M
Brooks et al.” 19 63 M
Bodner 18 61 M
Ben-Shoshan and Lacroix™ 17 16 M
Oteri et al'® 15 51 F
MEAN 32.5 475 51M,8F

mm: Milimeter, M: Male, F: Female
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two-phase process: forming a central core through salt
precipitation and layered deposition. Metabolic factors
and variations in the sphincter-like mechanism of the
duct may contribute. Reduced salivary flow, stagnation,
dehydration, changes in salivary pH, foreign bodies,
and physical trauma further contribute.®' Sialoliths are
not exclusive to systemic issues and can also be linked
to conditions like gout, Sjégren’s syndrome, the use of
anticholinergics and antisialogogues medications, local
trauma, head and neck radiotherapy, advanced age,
and renal impairment, all of which can contribute to the
formation of sialoliths.®'®

Clinical features of sialolithiasis encompass
symptoms such as pain, swelling, and tenderness,
particularly heightened during meals when there is an
increase in salivary flow. Secondary infections may
lead to fever, redness, and pus discharge. Common
indicators include tenderness, trismus, decreased
salivary flow, and purulent discharge at the duct’s
opening. Palpation along the duct may reveal a sialolith.
Some cases may be asymptomatic.'2

The Mealtime Syndrome presents as moderate
to severe pain and swelling in major salivary glands,
particularly the submandibular gland, triggered by
meal-related salivary flow stimulation. Obstruction by
sialoliths leads to saliva accumulation, causing pain
and swelling.'®?® Patients may experience difficulty
swallowing, tenderness, trismus, decreased salivary
flow, and occasionally, purulent discharge. Careful
clinical examination and radiographic imaging are
essential for diagnosis and management.

Radiographic features play a crucial role in the
diagnosis of sialolithiasis, offering essential details
about the size, location, and mineral composition
of the calculi. Submandibular gland sialoliths are
usually visible on conventional radiographs as they
are radiopaque in 80-94% of cases. The elongated or
smooth cylindrical appearance of ductal sialoliths and
the round or oval configuration within the gland help
characterize them.?*?5 However, sialoliths might be too
small or insufficiently mineralized in the early stages
to show up on X-rays. Radiolucent submandibular
sialoliths, which do not appear clearly on X-rays, pose
a diagnostic challenge and are documented in 20% to
43% of cases.'?2?® Various imaging methods, including
sialography, xeroradiography, ultrasonography,
scintigraphy, and advanced techniques like
computerized tomography and magnetic resonance
imaging, complement conventional radiography,
providing a comprehensive diagnostic approach.3%14.25

The diagnosis of sialoliths entails a comprehensive
evaluation, including an analysis of patient history,
clinical examination, and the utilization of imaging
methods. Symptoms include pain, swelling, and
issues during or after meals. Clinical examination
helps identify potential problems. Radiographic
methods like panoramic and occlusal radiographs are
crucial for visualizing calcified sialoliths. Advanced

© 2025 Kiglkkurt
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techniques such as sialography, ultrasound, computed
tomography, and magnetic resonance imaging
provide additional details.'*2%26 Sialography is useful
for radiolucent stones, while ultrasound helps locate
stones within the gland. These tools together provide a
precise understanding of the sialolith’s characteristics,
guiding personalized management plans.8?’

Histopathologic features of sialoliths reveal gross
characteristics such as rigid calcified masses exhibiting
concentric layers and a central core. The stones, mainly
made up of glycoproteins, mucopolysaccharides,
and cellular debris, may exhibit concentric layers
surrounding a central core of amorphous material.282°
Microscopically, the calcified mass reveals a layered
structure, with microcrystalline apatite or whitlockite as
the primary minerals. If the associated duct is removed,
there may be evidence of squamous, oncocytic, or
mucous cell metaplasia. Periductal inflammation is
a common finding, indicating the interaction between
stone formation and the glandular environment.3°3!

The prognosis for individuals with sialoliths is
generally favorable, especially when prompt and
appropriate  management is implemented. Small
stones treated conservatively often lead to complete
resolution.?2%2% |arger stones may require surgical
removal or advanced techniques but are also associated
with favorable outcomes. Surgical removal of the gland
may be necessary in cases of chronic inflammation
or recurrent infections, potentially affecting salivary
function. Early diagnosis and intervention are crucial to
prevent complications.39:14.52:34

The management and treatment of sialoliths are
contingent upon factors such as size, location, and the
presence of multiple stones. For small, single stones,
conservative measures such as applying local heat,
massaging the gland, and using sialogogues may be
employed. Mechanical removal or sialolithectomy
may be attempted for stones located at the periphery.
Sialolithectomy, involving intraoral ductotomy, is an
option for stones in specific ductal regions. Surgical
removal, either intraorally or extraorally under general
anesthesia, becomes necessary for multiple stones,
those near the gland hilum, or when recurrent infections
compromise the gland. 83357

Advanced, non-invasive techniques like
Extracorporeal Shortwave (ESW) and Intracorporeal
Endoscopic lithotripsy  (sialoendoscopy) provide
alternatives for fragmenting stones without major
surgery. ESW lithotripsy uses shock waves externally,
while  sialoendoscopy delivers shock  waves
directly to the stone surface, allowing for precise
intervention.'®33%-40  Tajloring the approach based
on individual sialolith characteristics helps clinicians
select the most appropriate management strategy,
emphasizing a personalized approach for optimal
outcomes.
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Wharton kanali megaliti: Literatiir derlemesi ve
bir olgu sunumu

Ozer

Tukurik bezlerini etkileyen en yaygin hastalik olan
siyalolitiyazis, kalsifiye olusumlarin kanallari veya bezleri
tikamasiyla ortaya cikar. Tipik olarak, sialolit olarak
bilinen bu olusumlar 5 ila 10 mm arasindadir; ancak 15
mm’yi asanlar megalit olarak siniflandirilir. Sialolitler
herhangi bir tiikiirik bezi kanalinda gelisebilirken,
en sik olarak submandibular bezlerde, o6zellikle de
submandibular bezin Wharton kanal agzinda ortaya
cikar. Salgi sistemi i¢indeki kalsifiye organik materyalden
olusan bu taslar agriya, sismeye ve tiikirik akisinda
bozulmalara yol acabilir. Tiikirik bezlerindeki akut ve
kronik enfeksiyonlara birincil katkida bulunan kronik
siyalolitiyazis, tag olusumuyla yakindan iligkilidir. Kesin
nedeni tam olarak bilinmemekle birlikte, kronik siyaladenit
ve kismi tikaniklikla baglantilidir. Aksine, megalitler son
derece nadirdir ve erkek hastalarda daha sik gériilme
egilimindedir. Bu makalede, sol submandibular bezin
kanal agzinda tespit edilen ve cerrahi miidahale ile
tedavi edilen 19 mm uzunlugunda megalit iceren bir olgu
sunulmustur. Ayrica, konuyla ilgili kapsamli bir literattir
taramasi yapilmistir.

ANAHTAR KELIMELER: Siyalolitiyazis; tikurik bezi taslari;
Wharton kanali
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Derleme

Kemik yapimini artiran uygulamalar: derleme

Isil Karapinar (=), Altan Dogan

Gazi Universitesi Dis Hekimligi Fakiiltesi Periodontoloji
Anabilim Dali, Ankara, Tiirkiye

Ozer

Kemik dokusu yasam boyunca yeniden sekillenerek
siirekli olarak kendini onarir ve yeniler. Kemigin yeniden
sekillenmesinde osteoprogenitér hiicreler, osteoblastlar,
osteoklastlar ve osteositler gérev alir. Kemigin yeniden
sekillenme siireci, dolasimdaki cesitli hormonlar ve
diger lokal diizenleyici faktorler tarafindan diizenlenir.
Travma, kalitsal eksiklikler ve patojeniteler kemik kaybina
neden olabilmektedir. Klinik pratikte ise var olan kemik
kaybini onarmak ya da rejenerasyonunu saglamak
oldukg¢a zorlayici bir durumdur. “Doku miihendisligi”
kavraminin ortaya konulmasindan bu yana son 25 yildir
kemik doku rejenerasyonu igin stratejiler siirekli olarak
gelismektedir. Doku miihendisliginde kemik yapimini
desteklemek amaciyla cesitli tasiyici iskele sistemleri,
osteojenik 6zellige sahip mezenkimal kék hiicreler ve
osteoindiiktif 6zellikte olan biiyiime faktorleri, ilaclar ve
hormonlar arastirma konusu olmustur. Nanoteknolojinin
de rejeneratif mihendislik alaninda uygulanmaya
baslanmasi, tasima sistemlerinin doku rejenerasyonu
icin gerekli olan biyouyumluluk, kimyasal ve mekanik
ozelliklerinin  gelismesini saglarken ayni zamanda
osteoindiiktif materyallerin ve osteojenik hiicrelerin
salim konsantrasyonlarinin  kontrol edilebilmesini
saglamistir. Bu derleme; kemik rejenerasyonunun
artinimasinda  osteoindiiktif = materyallerin  giincel
literatiirler dogrultusunda mekanizmalarini, etkinliklerini
ve klinik kullanimdaki vyerlerini ortaya koymak ve
ileride yapilabilecek calismalara isik tutmasi amaciyla
hazirlanmistir.

ANAHTAR KELIMELER: Alendronat; BMP2 protein, insan;
biiyiime farkhlagma faktorleri; doku miihendisligi;
hormonlar; ilaclar; kemik yenilenmesi
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FiNANSAL DESTEK: Bulunmamaktadir.
CIKAR CATISMASI: Bulunmamaktadir.

[Abstract in English is at the end of the manuscript]

GiRis

Kemik, organik ve inorganik bilesenlerden olusan
metabolik olarak aktif denge saglayan bir organdir.
Travma, kalitsal eksiklik ve patojenite gibi durumlar
kemik kaybina neden olabilir. Kemik kaybini yerine
koymak icin otojen kemik grefti, allogreft, ksenogreft
ve alloplastik kemik greftleri kullaniimaktadir." Kemik
rejenerasyonunda kullanilan greft, siinger, membran ve
iskele gibi malzemeler biyouyumluluk, osteoindiksiyon,
osteokondiiksiyon ve osteojenik 06zelliklerine gore
degerlendirilir. Materyalin osteojenik ve osteoinduktif
6zellikte olmasi kemik rejenerasyon mekanizmasinda
direkt rol oynamasi nedeniyle dncelikle tercih sebebi
olmaktadir2 Kemik dokusunun biyomimetik yapisi
ve fonksiyonu g6z 6nlne bulunduruldugunda kemik
rejenerasyonunu artirmaya yoénelik yeni materyaller ve
yontemler arastiriimaktadir. Giincel doku muhendisligi
uygulamalari, kaybolan dokunun yerine konmasi
acisindan énemli bir alandir.

Doku muhendisligi, hicrelerin, iskele yapilarin
ve biyoaktif faktérlerin kullaniimasiyla hasar gérmis
dokularin, organlarin fonksiyon ve morfolojisinin
onarimini  hedefleyen disiplinler arasi bir alandir.®
Doku tamiri veya rejenerasyonunun dogal sureci;
hlcre gécu, proliferasyonu, farklilasmasi ve apoptozu
seklinde devam eder. TUm bu slire¢ esnasinda matriks
bilesenleri, buyime faktorleri ve diger pek ¢cok protein
sentezlenir ve salgilanir. Rejenerasyonda 6énemli bir rol
alan blyulme faktorleri, sinerjistik etki yaratan proteinler
ve ilaglarin birlikte kullaniimasiyla doku miihendisliginde
arastirma konusu olmustur.*

Anjiyogenez, kemik iyilesmesinin ve yeniden
sekillenmenin ilk adimidir. Yeni olugsan damarlar,
konak hicreleri tarafindan gereksinim duyulan besin ve
oksijeni saglar. Yara iyilesmesi sirasinda damarlanma
ve kemik olusumunu indlkleyecek lokal faktorlerin
defekt bolgesine salimi kemik rejenerasyonunda
rol oynar.® Osteojenik 6zellige sahip maddelerden
olusan lokal ilag salim sistemleri 6zellikle bulylk
kemik defektlerinin rekonstriiksiyonunda umut vaat
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edici stratejiler sunmaktadir. Bu lokal ila¢ sistemleri
defekt bolgesine uygun konsantrasyonda uygulanarak
osteojenik etkinin gérilmesini saglarken sistemik
uygulamanin olasi yan etkilerinden kaginiimis olur.®
Dokularin kemik rejenerasyon kapasitesini artirmak igin
greft, membran ve iskelelerle birlikte pek ¢ok indukleyici
materyal lokal olarak kullaniimaktadir. Bu materyalleri
U¢ ana baslk ve alt baslklar halinde 6zetleyebiliriz
(Sekil 1). Literaturdeki kemik yapimini destekleyen
calismalara ait uygulamalar Tablo 1’de verilmigtir.

1. Buylume Faktorleri

Blylime  faktérleri  hucrelerin  proliferasyonunu,
diferansiyasyonunu ve migrasyonunu kontrol eden
polipeptitlerdir.” Blylme faktérlerinin  periodontal
rejenerasyonda rutin kullanimiyla ilgili bilgiler halen
sinirhidir.  Baylme  faktérlerinin - defekt bélgesinde
yeterli konsantrasyona ulasabilmesi i¢cin kontrolli salim
yapabilme 6zelligine sahip ¢ boyutlu yapi iskelelerinin
stabilizasyonu ve biyoaktivitelerinin  korunmasinin
saglanmasi amaciyla calismalar devam etmektedir.®

1.1. insiilin Benzeri Biiyiime Faktorii (IGF)

insillin belirli bir konsantrasyon araliginda glukoz
alimini, alkalen fosfataz (ALP) ve kolajen Uretimini
artirabilir. insiilin reseptérii olmayan osteoblastlarin
osteojenik  diferansiyasyonu azalmis olup ALP,
osteokalsin (OCN), Runt aracili transkripsiyon faktér-2
(RUNX2) ve nikleer faktér kappa-p (NFkappap) ligand
aracili faktér seviyelerinin azalmis oldugu saptanmistir.
NFkappap osteoklast diferansiyasyonu icin dnemli bir
rol oynar. insilin reseptérleri hem osteoblast hem de
osteoklastlarda bulunurken, insllin reseptér substrati
(IRS) sadece osteoblastlarda bulunur. IRS, insdlin
ve IGF'nin sinyal iletiminde ©nemli bir faktordlr.®
IGF, apoptozu baskilayarak mezenkimal hicrelerin

Kemik Yapimini Artiran Uygulamalar

proliferasyonunu  artirir.  Osteoblastlar  tarafindan
uretilen izoformlar kék hucrelerin proliferasyonunu ve
osteoblastlarin farklilasmasini saglarken kemik matriks
birikimini indtkler.>'" IGF-1, kemik rejenerasyonunun
temellerinden birini olusturan anjiyogenezisi artirir.®

1.2. Dénustiricu Buyiime Faktéri g (TGF-B)

TGF-p ailesi Uyeleri, hicrelerin ¢ogalmasi ve
farklilagsmasinin yani sira migrasyon ve hiicre sag
kalmini iceren c¢ok sayida farkli biyolojik etkiyi
dazenler.”” TGF-B, kemik yapiminin erken asamalarinda
kemigi olusturan hucreler ve makrofajlar icin gugli bir
kemotaktik oldugu bilinmektedir. TGF-B; osteoblastlar,
degranule trombositler, enflamatuar hucreler, endotel,
kondrositler ve ekstraselliler matriks tarafindan Uretilir.
Ayrica TGF-B, kolajen, ALP, OCN ve osteopontin
(OPN) gibi hucre digi proteinlerin yani sira kemik
morfolojik protein (BMP) sentezi icin sinyal génderir."
TGF-B molekulleri, reseptorlere baglanamayan inaktif
oncu molekuller olarak salgilanir ve enzimatik ayrisma
ile aktive edilir. TGF-B, epitel ve endotel hiicrelerinin
proliferasyonunu  inhibe  ederken, fibroblastlar,
kondrositler ve osteoblastlar gibi mezenkimal htcreler
ile mezenkimal kék hicrelerin (MSC) proliferasyonunu
tesvik ederler.’® TGF-$ tip Il kolajeni inhibe ederken,
tip | kolajeni aktive eder.? TGF-B, eksojen olarak
uygulandiginda farkli gevresel kosullara veya dozajdaki
degisiklige baglh farkh hicresel yanitlar gosterir.'®'®
TGF-B eksikligi genellikle daha diislik mineralizasyona
ve daha az kemik olusumuna yol agmaktadir.'" Srouiji
ve ark." yaptigi bir caismada, TGF-p ve IGF igceren
hidrojel iskeleler, sicanlarda olusturulan segmental
defektlere uygulanmistir. iki, 4 ve 6 haftalik incelemede
TGF-p’nin uygun bir biyobozunmaya sahip oldugu ve
osteointegrasyona olumlu etkisi oldugu gériimastar.'™

—

insdlin Benzeri Bliyilime Faktdri (IGF) ]

Doénusturiact Bayume Faktora (TGF)

H Kemik Morfojenik Proteinler (BMP) ]

BUOYUME — | [
FAKTORLERI ———%[ wvaskiller Endotelyal BuyUme Faktoria (VEGF) ]

N

Fibroblast Bayuame Faktdéra (FGF) ]

%[ Trombosit Kaynakh BUyldme Faktori (PDGF) ]

[ Alendronat
f [ Zoledronik Asit
[ ILACLAR — [ Risedronat
1 [ Stronsivum Ranelat (SR)

[ Simwvastatin

N A A A

Paratirod Hormon (PTH)

)

Ostroien ve Resveratrol

)

HORMONLAR | [
FITOHORMONLAR

Kalsitonin

)
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Kemik Yapimini  Gruplar Calisma Degerlendirme Kriterleri Calisma Sonucu Referans

Artiran Materyal Siiresi

TGF-B, IGF-1 TGF-B, IGF-1,TGF-B+IGF-1 2.,4.ve 6.  Sican tibiasina Kemik dolumu en fazla
yukli hidrojel iskeleler haftalar olusturulan segmental TGF-B+IGF-1 grubunda

defektlerden radyografik  gértimustir. TGF-p’nin

analiz yapilmistir. biyobozunmaya uygun oldugu 14
ve osseointegrasyona katkisi
oldugu bulunmustur.

BMP-7 Elektrospinning 7.,14.ve MC3T3ET1 hiicre BMP-7’nin fibroblastik hiicre
yoéntemiyle BMP-7 eklenen  21. glinler kaltrinde membranin proliferasyonuyla birlikte OPN
nanohidroksiksiapatit PCL osteoblastik ve OCN ekspresyonunu
iskele diferansiyasyona etkisi artirdigi bulunmustur. 19

degerlendirilmistir.

BMP-2 BMP-2+kolajen stinger, Sican kalvaryasina kritik  En fazla yeni kemik olusumu
BMP-2+B-TCP, B-TCP, boyutta olusturulan BMP-2+B-TCP grubunda
kolajen stinger defektlere, histolojik ve goérulmustur. OPN ekspresyonu

2.ve8. immiinohistokimyasal hem BMP-2+8-TCP hem BMP- 21
haftalar degerlendirmeler 2+kolajen siinger gruplarinda
yapilmistir. gorulirken, OCN higbir grupta
gézlenmemigtir.

BMP-2 BMP-2 yukli heparin 4. hafta Sican kalvaryasina Histolojik ve radyografik
nanopartikdlli fibrin jel, kritik boyutta olarak en fazla kemik dolumu
BMP-2 yuklu fibrin jel, olusturulan defektlere, saglayan grup BMP-2+heparin
heparin nanopartikullt histomorfometrik, nanopartikilli fibrin jel
fibrin jel ve fibrin jel dansitometrik ve grubudur. Ayni zamanda BMP- 20

immuno histokimyasal 2+heparin  nanopartikllli fibrin

degerlendirmeler jel grubu, BMP-2 yUklu fibrin

yapilmisgtir. jel grubuna goére daha fazla
ALP ve OCN ekspresyonu
gbstermistir.

BMP-2 1.25 pg BMP-2 +kolajen 2.,4.ve 8. Sicanlarinkalvaryasina 2.5 pg ve daha yiksek dozlarda
slinger, 2.5 yg BMP- haftalar kritik boyutta olusturulan ylksek kapanma orani
2+kolajen sunger, 5.0 defektler histolojik goralmustar.
pug BMP-2 +kolajen ve radyografik olarak
slinger,10.0 ug BMP-2 incelenmistir. 22
+kolajen stinger, 20.0 pg
BMP-2 +kolajen stinger

BMP-2, FGF-2 BMP-2 ve FGF-2 yuklu 3. hafta Oncelikle in vitro Mikro-BT incelemesinde BMP-
cift kath kalsiyum fosfat- degerlendirmesi 2+FGF-2 grubunun BMP- 2
kolajen-HA iskele, BMP-2 yapilmigtir. Ardindan grubuna goére daha fazla kemik
yukKIu cift katl kalsiyum fare kalvaryasinda olusturdugu géralmastar.
fosfat-kolajen-HA iskele ve acilan kritik boyuttaki BMP-2 ve FGF-2, ALP
kalsiyum fosfat- kolajen- defektler mikro-BT ile ekspresyonunu artirmistir. 4
HA iskele incelenmistir. FGF-2, BMP-2'ye gére daha

az olgun kemik olusturdugu
gorulmustar.

FGF-18 100 ve 500 ng 1,3.,6.ve Oncelikle in vitro 500 ng FGF-18 iceren
konsantrasyonlarda 8. haftalar degerlendirmesi enjekte edilebilen kalsiyum
FGF-18iceren enjekte yapilmistir. Ardindan fare sulfat iceren kitin-PLGA
edilebilen kalsiyum sdlfat kalvaryasina olusturulan hidrojel'in ALP aktivitesini
icerikli kitin- PLGA 3mm’lik defektlere anlamli derecede artirdigi ve 23
hidrojeller mikro-BT incelemesi daha hizli sekilde olgun kemik

yapilmistir. olusturdugu gértlmustar.

Zoledronik Asit Zoledronik 2.ve 8. Tavsan tibiasina agilan IGF’nin zoledronik asitin
asit+PLA-ietilsitrat haftalar kritik boyuttaki defektlere salim hizini azalttigi
+Pluronik F127 iskele, histokimyasal analiz ve nanolGF+Zoledronik
nanolGF ile stimule edilmis yapilmistir. asit+PLA+trietilsitrat +Pluronik
zoledronik asit iskele F127 membraninin lamellar 26

ve nanolGF+Zoledronik
asit+PLA+trietilsitrat
+Pluronik F127 iskeleler

© 2025 Karapinar ve Dogan

kemik olusumunu artirirken
daha hizli kemik olusumu
sagladigi gortlimustar.
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Alendronat

Alendronat

Alendronat

Alendronat

Alendronat

Alendronat

Alendronat

Alendronat, PRF

Alendronat, PRF

Zoledronik Asit

5 mg ve 1mg Alendronat
iceren bifazik kalsiyum
fosfat iskeleler

0.1 ml %1 Alendronat
jel+SRP, SRP

0.1 ml %1 Alendronat
jel+SRP, SRP

%1 Alendronat jel+Cerrahi
tedavi, Cerrahi tedavi

Topikal sodyum-
alendronat+SRP, SRP

0.1 ml %1 Alendronat
jel+SRP, SRP

0.1 ml %1 Alendronat
jel+SRP, SRP

PRF+%1 Alendronat
jel+Cerrahi tedavi,
PRF+Cerrahi tedavi,
Cerrahi tedavi

PRF+%1 Alendronat jel,
PRF

Kontrol, ovariektomize,
ovariektomize+sistemik
zoledronik asit
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4. ve 8.
haftalar

30.gln

2.ve 6. aylar

3. ve 6. aylar

7.,15. ve
30. glnler

2.ve 6. aylar

3., 6.ve12.
aylar

9. ay

3ve 6. aylar

2.ve 8.
haftalar

Sigan tibiasinda
olusturulan segmental
defektlere radyografik,
histolojik ve immuno
histokimyasal analizler
yapilmistir.

Deneysel olarak
olusturulan periodontitisi
olan sicanlarin
periodontal ceplerine
histolojik analiz
yapilmistir.

Kemik ici defekte sahip
periodontitisli hastalara
klinik ve radyolojik
Slctimler yapilmistir.

Klinik olarak periodontitisi
olan hastalara klinik

ve radyolojik élcuimler
yapilmigtir.

Deneysel olarak
olusturulan
periodontitisi olan
sicanlarin periodontal
ceplerine histolojik ve
immUinohistokimyasal
analizler yapilmigtir.
Tip Il diyabeti olan
periodontitis hastalarina
klinik ve radyografik
Slctimler yapilmistir.

Mandibular klas 11
furkasyon defektlerine
sahip hastalara klinik ve
radyografik dlgimler
yapilmisgtir.

3 duvarli SD=5

mm olan kemik ici
defektlere sahip orta
dereceli periodontitis
hastalarinda klinik ve
radyodrafik élcimler
yapilmistir.

Faz | tedavi sonrasinda
SD =5 mm olan ve
CAL=3 mm olan ve
sinif 1l furkasyon defekti
olan hastalara kilinik ve
radyografik Olcimler
yapilistir.

Tavsanlarin bilateral
olarak tibiasina
yerlestirilen otojen kemik
grefti ve hidroksiapatit
kapli titanyum
implantlar, histolojikve
mikro-BT analizi ile
degerlendirilmistir.

Kemik Yapimini Artiran Uygulamalar

5 mg Alendronat igeren bifazik 33
kalsiyum fosfat iskelenin 8.
haftada kemik hacmini artirdigi,
ALP, OCN aktivitesinde

ve kalsiyum iceriginde artis
gorulmustar.

Alendronatin kemik dolumunu,
kolajen Uretimini ve fibroblast
sayisini artirdigi géralmustar.

32

Alendronatin kemik dolumunu 28
uyararak, sondlama
derinliginde azalma ve klinik
atasman kazanci sagladigi
gorulmustar.

Alendronatin sondlama
derinligini azlattigi, daha iyi

bir klinik atasman kazanci
saglamistir. Radyografik olarak
ise kemik onarimini artirdigi
goralmustar.
Sodyum-alendronat’in kemik
dolumu sagladigi gérilmustar.
Yiksek ALP ve OPG
ekspresyonu gdsterirken
distk RANKL ve TRAP pozitif
hiicre gdzlenmistir.

34

35

Alendronatin tip Il diyabeti olan 36
peridontitis hastalarinda kemik
dolumunu uyararak, sondlama
derinliginde azalma ve klinik
atagsman kazanci sagladigi
gorulmustar.

Alendronatin vertikal ve
horizontal olarak kemik
yapimini artirdigi ve sondlama
derinliginde azalma sagladigi
goralmustar.

Alendronatin kemik dolumunu,
PRF’e gére daha fazla
uyararak klinik atasman kazanci
sagladigi goriimustur.

37

38

Alendronatin kemik dolumunu, 39
PRF’e gore daha fazla
uyararak klinik atasman kazanci

sagladigi goriimustur.

Zoledronik asitin mineralize 41
kemik hacmini ve implant-

kemik temas oranini artirdigi
goéralmustar.
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Zoledronik Asit

Zoledronik Asit

Zoledronik Asit

Risedronat

Risedronat

Stronsiyum
Ranelat

Stronsiyum
Ranelat

6.ve 12.
haftalar

Kontrol+Zoledronik

asit, sentetik kemik
grefti+zoledronik asit,
ksenogreft+Zoledronik asit

1 pmol -1 Zoledronik 8. hafta
asit+jelatin nanopartikllu
titanyum iskele, 10 pmol
I-1 Zoledronik asit+jelatin
nanopartikillu titanyum
iskele, 50 pmol I-1
Zoledronik asit+jelatin
nanopartikdlli titanyum
iskele

Jelatin stinger+Zoledronik
asit, jelatin suinger+salin
sollsyonu

2. ay

4. ve 8.
haftalar

Otojen kemik grefti,
otojen kemik grefti+5
mg Risedronat, 5 mg
Risedronat

Risedronat yUklu 12. hafta
kitosan-polivinil

alkol iskele+%10’luk
nanobiyoaktif cam,
Risedronat yuklu
kitosan-polivinil

alkol iskele+%30’luk
nanobiyoaktif
cam,Kitosan-polivinil

alkol iskele+%10’luk
nanobiyoaktif cam,

Kitosan- polivinil

alkol iskele+%30’luk
nanobiyoaktif cam,
Kitosan-polivinil alkol iskele
Sistemik olarak verilen

625 mg/kg/giin (5/7 giin)
Stronsiyum ranelat, plasebo

haftalar

Kolajen siinger, kolajen
stinger+5 mM Stronsiyum  haftalar
ranelat, kolajen stinger+50

mM Stronsiyum ranelat

© 2025 Karapinar ve Dogan

4.,8.ve 12.

2.,4.ve 6.

Siganlara olusturulan
kalvaryal kritik boyuttaki
defektler histolojik olarak
degerlendirilmistir.

Ovariektomize
tavsanlarin femoral
kondilinde olusturulan
defektlerin histolojik ve
mikro-BT incelemesi
yapilmistir.

Randomize klinik
calismada hastalarin
bilateral olarak
cekilen Gguncl molar
diglerin soketlerine

BT degerlendirmesi
yapilmistir.
Tavsanlarda agilan
kalvaryal kritik boyuttaki
defektlere histolojik,
immuino histokimyasal
ve radyografik
degerlendirmeler
yapilmigtir.

iskele yapisiyla ilgili
mekanik dayaniklihk
testi yapiimis ve
porozite testi SEM

ile degerlendirilmistir.
Osteosarkom hiicreleri
Uzerindeki etkisi

ve kodpeklerin kritik
boyuttaki mandibular
defektler histolojik,
immuino histokimyasal
ve radyografik olarak
incelenmistir.

6 aylik disi sicanlarin
tibiasina agilan kritik

boyuttaki defektler; mikro-

BT, nanomekanik test
ve dalga boyu X-isini
dagilim spektroskopisi
ile degerlendirilmistir.
Plazmada IGF-1 varligi

incelenmistir.
Siganlara olusturulan
kalvaryal kritik
boyuttaki defektler
histolojik ve mikro-
BT degerlendiriimesi
yapilmigtir.

Zoledronik asitin, ksenogreftin
rezorpsiyonunu azalttig

ve kemik formasyonunu
sentetik kemik grefti grubuna
gore daha fazla artirdigi
gorulmustar.

50 pmol 1-1 ZA yukli
iskelenin osteogenezi ve
kemik blyumesini daha fazla
destekledigi gérulmustur.

Zoledronik asitin lokal
uygulamasinin radyografik
olarak kemik iyilesmesini
artirdigi gézlemlenmistir.

Risedronatin greft Gizerinde
erken dénemde anti- rezorptif
ozellik gésterdigi, ge¢ dénemde
ise yeni kemik olusumunu
destekledigi gdézlemlenmistir.

Risedronatin hiicreler lizerinde,
proliferasyonu ve ALP
seviyesini artirdigi, mandibuler
defekte ise trabekuler kemik
yapisini artirdigi ve kolajen
Uretimini destekledigi
gbzlemlenmistir.

Stronsiyum ranelatin kemik
defektinin dolmasini énemli
Olclide hizlandirdig, defekt
bélgesindeki kortikal ve
trabekuler mikromimariyi
iyilestirdigini g6zlemlenmistir.

50 mM Stronsiyum ranelatin
kemik rejenerasyonunu
artirdigi ve hizlandirdigi
gbzlemlenmistir.

47

42

43

44

45
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52

53
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Stronsiyum
Ranelat

Stronsiyum
Ranelat

PTH

PTH (1-34)

PTH

PTH

Stronsiyum ranelat ve 15. ve 60.
HA mikrokureleri eklenen gunler
aljinat hidrojel RGD

iskele, Kalsiyum ve HA

mikrokureleri eklenen aljinat

hidrojel RGD iskele

Ovariektomize, kontrol, 4. hafta
ovariektomize+sistemik
stronsiyum ranelat 625 mg/

kg/gun

Poliproplen 3.,7.,21,
fumarat+hidrojel iskele, 56. ve 84.
plasebo, poliproplen glnler

fumarat+hidrojel iskele+1
ug PTH 1- 84, poliproplen
fumarat+hidrojel iskele+3
pg PTH 1-84, poliproplen
fumarat+hidrojel iskele+10
pug PTH 1-84, poliproplen
fumarat+hidrojel iskele+30
pg PTH 1-84

Kontrol, 0.5 mg PTH (1- 12. hafta
34)-TBC, 0.1 mg PTHrP-1-
TBC, 0.5 mg PTHrP-1-TBC

Kontrol, 0.5 mg PTH (1-34)- 3.,6. ve 9.

MBG, iPTH (1-34)- haftalar

MBG (0.04 mg/giin, 50 giin
boyunca aralikla), 0.1 mg
PTHrP-2-MBG, 0.5 mg
PTHrP-2-MBG

Jel-nHAP, jel-nHAP-10 12. hafta
PTH, jel-nHAP-20 PTH, jel-
nHAP-50 PTH
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Siganlarin femuruna
olusturulan

silindirik defektler
histolojik ve mikro-

BT degerlendiriimesi
yapilmistir. Serumda
Stronsiyum ranelat varligi
incelenmistir.

Siganlarin femuruna
olusturulan defektler
mikro-BT, FTIR ve

EDS analizleri ile
degerlendirilmistir.

Sican femuruna
olusturulan kritik boyuttaki
defektler mikro-BT ile
degerlendirilmigtir.

Oncelikle in vitro
degerlendiriimesi
yapilmistir. Ardindan
sicanlarin kalvaryasina
olusturulan kritik boyuttaki
defektlere histolojik,
immunohistokimyasal

ve mikro- BT
degerlendiriimesi
yapilmistir.

Oncelikle in vitro
degerlendiriimesi
yapilmistir. Ardindan
sicanlarin kalvaryasinda
olusturulan kritik
boyuttaki defektlere
histolojik ve mikro-

BT degerlendiriimesi
yapilmistir.

Oncelikle in vitro
degerlendiriimesi
yapilmistir. Ardindan
sicanlarin kalvaryasinda
olusturulan kritik boyuttaki
defektlere histolojik ve
immuno histokimyasal
degerlendirmeler
yapilmstir.

Kemik Yapimini Artiran Uygulamalar

Stronsiyum ranelatin artmis 54
kemik iyilesmesiyle birlikte,

erken kemik olusumu

destekledigi gdzlemlenmistir.

Stronsiyum ranelatin, kemik 55
onarimini destekledigi ve yeni

olusan kemigin mikromimarisini
iyilestirdigi gozlemlenmistir.

3 ve 10 pg PTH'In kemik 61
hacmini ve mineral

yogunlugunu daha fazla

artirdig1 saptanmisgtir.

0.5 mg PTHrP-1-TBC’nin 62
diger gruplara gore daha

fazla OCN, COL-1 RUNX-2
ekspresyonlarini artirdigi ayni

zamanda kontrolli salim
gostererek kemik olusumunu
ve anjiyogenezi artirdigi
goralmustar.

0.5 mg PTHrP-2’nin 59
anjiyogenez icin indiiksiyon

yaptigi ve remodelasyon hizini
artirdigi gérulmustur.

Jel-nHAP-50 PTH’nin OCN ve 60
RUNX2 ekspresyonlarini ve

kemik yapimini dnemli élgtide

artirdigi  gosterilmistir.
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PTH, 15 mg Stronsiyum 4. ve 8. Oncelikle in vitro Stronsiyum ranelatin tek 63
Stronsiyum ranelat+poloksomer haftalar degerlendiriimesi basina anlamli derece kemik
Ranelat tablet, 15 mg Stronsiyum yapilmistir. Ardindan dolumu saglayamadigi ancak

ranelat+kitosan ovariektomize siganlarin PTH’la birlikte sinerjistik etki
mikropartikilllil poloksomer kritik boyuttaki gostererek kemik dolumunu
tablet+2.5 ug PTH, defektlerine histolojik artirdigi géralmastur.

15mg Stronsiyum degerlendirme

ranelat+ poloksomer yapilmistir.

tablet+2.5 uyg PTH, 2.5 pug

PTH+poloksomer tablet,

2.5 yg PTH+ kitosan

mikropartikulli poloksomer

tablet, mikropartikulli

poloksomer tablet

PTH Kontrol, 0.1 mg/ml PTHrP- 3. ve 6. Sicanlarin kuadrisepsinde 0.3 mg/ml PTHrP-1+COL-1 64
1+COL-1, 0.3 mg/ml haftalar olusturulan ceplere blok materyalinin diger
PTHrP-1+COL-1, 0.5 mg/ml radyolojik, histolojik ve konsantrasyonlara gére COL-
PTHrP-1+COL-1 immuno histokimyasal 1, ALP, OCN ve RUNX2'yi

degerlendirmeler artirarak osteojenik aktiviteyi

yapilmistir. artirdigi ve ektopik kemik
olusumuna neden oldugu
saptanmisgtir.

Resveratrol (0:10, 1:10, 2:10, 3:10, 6. hafta Oncelikle in vitro Resveratrol yikli mikrokureler; 71
4:10, 5:10) agirhk degerlendiriimesi TNF-a, IL-1B ve INOS
yiizdelerindeki yapll.m|§t|r..Ardmdan inlll‘la"m?tuar .bglirt(iglerin
TesvEETE A i esET ovariektomize (?I_ugur.ulmesml saglaml?lardlr.
nanopartikii sicanlarin femurunda Ozellikle Resveratrol agirlik

olusturulan defektlere yuzdesi 5:10 olan grubun,
histolojik ve mikro- kemik rejenerasyonunu
BT degerlendirmesi hizlandirdigi gérulmustar.
yapilmistir.

Kalsitonin Kontrol, kalsitonin iligkili 14. giin Siganlarin CGRP’nin distraksiyon 75
peptit (CGRP), CGRP mandibulasinda osteogenezi sirasinda kemik
antagonisti (CGRP8-37) distraksiyon osteogenezi olusumunu hizlandirdigi

uygulamasi yapilmig saptanmistir.
ve calisma gruplari
lokal olarak distraksiyon
kallusuna enjekte
edilmigtir. Ardindan
mandibular dokular
histolojik, immano
histokimyasal ve mikro-
BT degerlendirmesi
yapilmisgtir.
Kemik Morfojenik Proteinler (BMP) arttirmaktadirlar.”®  GUnimulzde Amerika Birlesik

TGF- ailesinin bir tGyesi olan. BMP’ler, transkripsiyon
faktorlerinin fosforilasyonunu duzenleyerek iskelet ve
kemik rekonstriksiyonunu kontrol eder.”'® BMP’nin
sinyal iletiminde Smad proteinleri (Smad 1 ve 5) serin/
tirozin kinaz reseptériine baglanarak hedef genlerin
transkripsiyonunu saglar.’®'" BMP’ler farkhlasmamis
mezenkimal hicrelerden ALP, OCN, RUNX2 gibi
transkripsiyon faktérlerinin ekspresyonunu saglayarak
6ncl hucrelerin  aktif osteoblastlara ddnlsmesini
saglayarak kikirdak ve kemik olusumunu indkler.”015
BMP’ler in vitro olarak, osteoblastlarin ve kemik
mezenkimal stromal hicrelerinin ALP ekspresyonunu

© 2025 Karapinar ve Dogan

Devletleri Gida ve ilag Dairesi (FDA) onayli BMP
aranleri, Infuse (BMP-2), OP-1 (BMP-7), iFaktor (P-
15) gibi ticari Grlnler klinik olarak kemik gelisiminin
desteklenmesinde kullaniimaya baglanmistir.
Bunlardan Infuse’un 2007 yilinda, sinis ogmentasyonu
ve soket koruma gibi maksillofasiyal yetersizliklerde
kullanimi FDA tarafindan onaylanmigstir.'® Mbalaviele
ve ark. nin'” yapti@i1 bir in vivo arastirma sonucunda,
kemik olusumunun artirimasinda BMP-2’nin 3-katenin
ile sinerjistik olarak gérev aldigi gézlenmistir. BMP’ler
vaskillarizasyonda en etkili uyaricilardir.? Ozellikle
BMP-2 olmak Uzere, BMP-4, BMP-5 ve BMP-7, kemik
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olusumu icin osteoprogenitdr hlicrelerin osteoblastlara
farklilasmasini destekler.”® Ancak yari émri kisa olan
BMP-2’nin kisa streli biyoaktivitesini artirmak igin
yapilan asiri doz yuklemesi ektopik kemik olusumuna
yol agmaktadir.” BMP’ler kemik kiriklarini iyilestirmek,
periodontal kemik defektlerini tedavi etmek, kemik
greftlerinin terapétik etkilerini artirmak gibi klinikte
pek cok alanda kullaniimaktadir.”? Gurblz ve ark.
nin'® yaptigi bir galismada polikaprolakton (PCL)
iskeleye kolajen, nanohidroksiapatit c¢ekirdekler ve
BMP-7 elektrospinnig ydntemiyle ytklenerek 3 farkh
katmandan olusan bir membran Uretilmistir. Uretilen bu
membran in vitro olarak osteoblastik aktivite agisindan
incenmistir. Calisma sonucunda BMP-7’nin osteoblastik
farklilasmayi artirdigini gdzlemlemiglerdir. Chung ve
ark. nin'® yaptig bir caismada BMP-2, nanopartikilli
fibrin jel kompleksine yUklenmistir. Bunun sonucunda
BMP-2’nin  kemigin yeniden sekillenmesini 6nemli
6lcide artirdigini ve olusan yeni kemigin daha olgun
ve yuksek oranda mineralize oldugu goértimastur.
Kim ve ark.nin® yaptigi bir ¢alismada, BMP-2 farkli
tastyicilarla subkutan olarak sicana yerlegtiriimigtir.
ikinci ve 8. haftalarda yapilan immiinohistokimyasal
ve histometrik incelemelerde BMP-2 yUkli gruplarin
diger gruplara gore olusan yeni kemik miktarinda artis
oldugu gézlemlenmistir. Pelaez ve ark.nin?' yaptig bir
calismada, BMP-2'nin en etkili dozunu bulmak amaciyla
sicana kritik boyutta defekt modeli olusturulmus ve
kolajen slinger yardimiyla cesitli dozlardaki BMP-2
defekt bdlgesine uygulanmistir. Calisma sonucunda
BMP-2'nin osteoindlktif bir doz esigine geldiginde
lokal kemik olusumunu hizlandirdigr gértimustdr.
Yapilan galisma modelinde bu esige, 1.25/2.5 pg'lik
dozlarda ulasiimigtir. BMP-2'nin 2.5 pg’dan yuksek
konsantrasyonlarda bulundugunda, kemik olusumunda
ya da olgunlasmasinda artis gbzlenmedigi ve artan
dozlarinin yan etkilere neden olabilecedi sonucuna
variimigtir.

1.3. Vaskiiler Endotelyal Biiyiime Faktérii (VEGF)

VEGF, fizyolojik ve patolojik anjiyogenezde cok
6nemli bir faktér olup doku rejenerasyonunda rol
oynamaktadir.”8'° VEGF cogunlukla, Faktér-la (HIF-
la) yoluyla hipoksi ile indiiklenir." interlékin-6’nin (IL-
6) uyariimasiyla makrofajlar ve trombositler tarafindan
uretilir.” VEGF, neovaskularizasyonu kolaylastirarak
endotel hiicrelerin gégunl destekler. VEGF’nin Runx2
transkripsiyonu yoluyla osteoblastogenezi artirabilecegi
gosterilmigtir. VEGF, intramembrandz kemik
olusumunun yani sira endokondral kemik olugsumunu
da arttirmaktadir. VEGF; TGF-B, BMP-2 ve BMP-7
dizenlenmesini yukari yénde artirarak anjiyogenez ve
osteogenez arasinda bir pozitif iliskiye neden olur.''s
VEGF’nin yari dmr( alti ila sekiz saat arasindadir, bu da
surekli aktiviteyi sirdirmek icin kontrol uygulamasinin
gerekli oldugunu gbéstermektedir.”

1.4. Fibroblast Biiyiime Faktorii (FGF)

FGF, tirozin kinaz reseptdrlerine baglanir.” FGF, hem
endotel hucrelerinin hem de MSC’lerin proliferasyonunu
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Kemik Yapimini Artiran Uygulamalar

artirarak anjiyogenezde goérev alir.”'%"" Mezenkimal
kaynakli rejenerasyonda, FGF kikirdak farklilagsmasini
destekler ve kikirdagin vaskularizasyonunu artirarak
endokondral kemiklesmeyi hizlandirir. FGF ailesinin 22
farkli alt grubundan biri olan FGF-2, kronik yaralar ve
iskemik organ durumlari gibi gelismis revaskdlarizasyon
gerektiren durumlarda vyararli bir farmakolojik ajan
olarak kabul edilir.'® FGF/FGF reseptor sinyalizasyonu
dogrudan osteoblast farklilagsmasini  indiklemez
ancak osteoblast farklilasmasini duzenler.® Kemik
dokusunda osteoblastlar tarafindan Uretilen FGF-2,
onarim ve yeniden sekillenme sirasinda salnir ve
kemik matriksi icinde birikir. FGF-2, hlcre sayisini ve
vaskularizasyonu artirarak kemik olugsumunun erken
asamasina katki saglar.’® Ancak yuksek dozlarda FGF-
2 uygulamasi kemik olusumunu inhibe eder.* FGF-
2’nin yani sira FGF-18'de, osteoprogenitdr hiicrelerin
BMP-2 duyarhhgini artinr.*?2 FGF-18 ayni zamanda
ALP ekpresyonunu artirarak kemik dolumu saglar.
Bu nedenle FGF’ler BMP-2'ye olan sinerjistik etkileri
nedeniyle calismalarda cogunlukla birlikte kullanilir.™#422
FGF-18, biyoseramiklerle yaptidi elektrostatik etkilesim
sayesinde kontrolli salim saglar ve bu da kemik
rejenerasyonunu destekler." FGF’ler osteoinduktif
etkiye sahip olmasalar bile uygun kosullar altinda
osteogenezisi hizlandirr.®

1.5. Trombosit Kaynakh Biiyiime Faktérii (PDGF)

Trombositler, icinde ylUksek miktarlarda buyime
faktorleri bulunduran viicudun hiicresel elemanlarindan
biridir. Yara kapanmasini hizlandiran ve doku onarimini
destekleyen cesitli bliylime faktorleri, kolajen liflere
baglandiktan sonra ya da trombin ile temas ettikien
sonra trombositlerin alfa granillerinde depolanir.
Trombositler, bir yaralanma bdlgesinde ortaya cikan
yara iyilesme surecinde rol oynayan ilk elemanlar
arasinda yer alir.’ Otojen kan alimindan elde edilen
trombosit konsantrasyonlari, potansiyel rejeneratif
biyomalzemeler olarak ortaya cikmistir. ilk defa
Choukroun ve ark.?® tarafindan tanitilan trombositten
zenginfibrin (PRF); PDGF, TGF-B, VEGF gibi sitokinlerin
salimini  indukleyen ikinci jenerasyon trombosit
konsantrasyon arinadur. Trombosit konsantrelerinin
hazirlanmasinda  antikoagllan icermeyen tupler
kullanilir. Trombositlerde kesfedilen PDGF’ler otokrin
olarak Uretilen granlil seklindeki polipeptitlerdir.
PDGF’ler  trombositler, fibroblastlar, noéronlar,
makrofajlar, preosteoklastlar ve diz kas hucreleri
tarafindan eksprese edilirler. Biyolojik mekanizmalarini
kullanmak icin genellikle otokrin ve parakrin
mekanizmalari kullanirlar.?* Kemik onariminin veya
yara iyilesmesinin ¢cok erken bir asamasinda salinarak
ve MSC, makrofajlar ve osteoblastlar i¢in mitojenik ve
kemotaktik bir madde olarak gérev yapar.'"" GEM 21S,
rekombinant insan trombosit kaynakli blyime faktorl
B homodimeri (PDGF-BB) ve beta-trikalsiyum fosfattan
olusan kemik greftidir. GEM 21S’in otojen kemik grefti
ile benzer sekilde kaynama goésterdigi ve dusik yan
etkiye sahip oldugu gdsterilmistir. GEM 21S siklikla
ortopedi operasyonlarinda kullanilsa da periodontal
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kemik ici defektlerde, furkasyon defektlerinde ve
periodontal defektin eslik ettigi dis eti cekilmelerinin
tedavisinde kullanimi FDA tarafindan onaylanmistir.?

2. ilaglar
2.1. Bifosfonatlar

Bifosfonatlar, inorganik pirofosfatlara benzer bir yapiya
sahip sentetik molekullerdir. Osteoporoz tedavisinde
klinik olarak kullanilan azot iceren bifosfonatlar,
osteoklastlari inhibe ederler. Fosfonatlarin osteoklast
aracili kemik rezorpsiyonunu inhibe etmesi, yeni olusan
kemik bdlgesindeki dengeyi katabolik yanittan anabolik
yanita degistirerek bagarili  bir kemik iyilesmesi
saglar.?® Pirofosfonatlar kemik mineralizasyonunun
endojen duzenleyicileri olup serumda bulunurlar.
Kalsiyum selasyonu olusturarak kemik mineralizasyon
surecini  dizenlerler. Hidroksiapatit agresyonunun
¢6ziinmesinde ve kristal olusumunun inhibisyonunda
gorev alirlar. Bifosfonatlar osteoklastlarin apoptozisine
neden olmasinin yani sira hiicre digi sinyal dizenleyici
kinazlarin  fosforlanmig  fraksiyonuyla etkileserek
osteoblast ve osteosit apoptozunu engeller. Hicresel
dizeyde ise kolejenaz enzimini inhibe ederek kolajen
biyosententezini artirir.?”

Alendronat

Alendronat (ALN), kemigin rezorpsiyonunu engelleyen
bir aminobisfosfonattir.22 Matriks metalloproteinazlari
inhibe ederek prostoglandin sentezinin inhibisyonuna
neden olur.2” ALN'nin sistemik kullaniminin alveoler
kemik rezorpsiyonunu azalttigi ve yogunlugunu
arttirdigi, hem hayvan hem de insan modellerinde
gosterilmistir.2® ALN, osteoklastlarin hiicre iskeletini
degistirerek farklilasmasini énler ve apoptozuna neden
olur.?® ALN; BMP-2, ALP, kolajenaz-1 (COL-1), IL-
1, IL-6 ve OCN aktivitelerinin artmasini destekler.?”
Onceki raporlar, cene osteonekrozu ile sistemik ALN
kullanimi arasinda bir iligki oldugunu gdstermigtir.®’
Bu nedenle, ALN’nin lokal kullanimi, yan etkilerinden
kacinmak icin bir alternatif olarak &nerilmistir.
Kajimato ve ark. nin® yaptigi bir calismada sicanlarda
deneysel periodontitis olusturulmustur. Kok yuzey
dizlestirmesine ek olarak uygulanan %1 ALN jelin,
furkasyon bélgesinde kemik rejenerasyonunu artirdigi
goralmustir. Park ve ark.®® tarafindan sigcan tibiasinda
defekt olusturuldugu bir calismada, ALN (5 mg/1
mg) ilave edilen bifazik kalsiyum fosfat (BCP) iskele
uygulanmistir. ALN konsantrasyonu 5 mg olan grupta
8 hafta sonunda, kemik hacminde kazang ile birlikte
ALP, OCN aktivitesinde ve kalsiyum iceriginde artis
gbdzlemlenmistir. Carvalho Dutra ve ark.nin® yaptigi bir
randomize klinik ¢alismada, periodontitisli 32 hastanin
cerrahi tedavisi sirasinda kemik igi defektlere %1 ALN
jeli lokal olarak uygulamiglardir. Cerrahi tedaviden
sonraki 3 ve 6 aylik kontrollerde ALN grubunun plesebo
grubuna gore sondlama derinliginde daha fazla azalma
ve daha iyi bir klinik atasman kazanci gézlemlenmigtir.
Dijital radyografi ile yapilan 6lcimlerde ise, ALN
grubunun énemli él¢lide periodontal kemik onariminda
etkili oldugu goérulmustir. De Almeida ve ark.nin®
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yaptigi bir calismada, sicanlara deneysel periodontitis
olusturulmus ve kok ylzey dulzlestiriimesine ilave
olarak sodyum-ALN lokal olarak uygulanmistir.
Yapilan histomorfometrik analizler sonucunda ALN
uygulanan grubun uygulanmayan gruba gdre daha
fazla furkasyon dolumu sagladigi gérilmastir. Yapilan
immunohistokimyasal analizde ise ALN grubunda diger
gruplara gore daha fazla osteoprotegrin (OPG), daha az
reseptdr aktivatoér niikleer kappa B (RANKL) ve Tartarik
asit rezistan asit fosfataz pozitif hiicre gézlemlenmigtir.
Pradeep ve ark.nin® yaptigi bir calismada, kemik ici
defekti olan tip Il diyabetli periodontitis hastalarinda %1
ALN jel kdk ylzey duzlestirmesini takiben kdk ylzeyine
uygulanmistir. ki ve 6 aylik radyografik ve Klinik
degerlendirme sonucu lokal olarak uygulanan %1 ALN
jelin, kemik dolumunu uyararak klinik atasman kazanci
sagladigr gérilmustir. Pradeep ve ark.nin® yaptigi bir
randomize kontrolli klinik ¢alismada, mandibular klas
Il furkasyon defektlerinde kdk ylzey duzlestiriimesini
takiben %1 ALN jel uygulanmistir. Ug, 6 ve 12. aylarda
yapilan klinik ve radyografik degerlendirmede %1
ALN jeli kemik dolumunu uyararak klinik atasman
kazanci sagladigi gorilmustir. Kanoriya ve ark.nin®
yaptigi baska bir randomize klinik calismada, kemik ici
defekte sahip kronik periodontitisli hastalara %1 ALN
jel ve PRF, acik cerrahi ile kok ylzey dizlestiriimesine
ilave olarak kemik ici cebe uygulanmistir. Dokuz aylik
kontrolde %1 ALN jel uygulanan grubun diger gruplara
gbre kemik dolumunu uyararak klinik atagsman kazanci
sagladigi gérulmustir. Sharma ve Pradeep 2 yaptigi
bir randomize kontrolli klinik calismada, kemik igci
defekte sahip kronik periodontitisli hastalara %1 ALN
jel kdk ylizey diizlestiriimesini takiben uygulanmustir. iki
ve 6 aylk radyografik ve klinik degerlendirme sonucu
lokal olarak uygulanan %1 ALN jelin kemik dolumunu
uyararak klinik atasman kazanci sagladigi gérilmustar.
Wanikar ve ark. nin® yaptigi bir klinik calismada,
furkasyon defekti olan hastalara %1 ALN jel ve PRF
kdék ylzey duzlestiriimesine ilave olarak kemik ici
cebe uygulanmistir. Ug ve 6 aylik radyografik ve klinik
muayene sonucu %1 ALN jel uygulanan grubun diger
gruplara gére daha fazla kemik dolumunu uyararak
klinik atasman kazanci sagladigr géralmustur.

Tum bu yapilan calismalar isiginda %1 ALN’nin lokal
uygulamasi, cerrahi periodontal tedavi sirasinda kemik
ici defektlerin tedavisi veya kemik rejenerasyonunda
umut verici ve faydali bir destekleyici ajan olabilecegi
dusunulmas ve bununla ilgili in vitro, in vivo ve klinik
calismalar doku muhendisliginde ©nemli bir yer
almaktadir.

Zoledronik Asit

Zoledronik asit (ZA), uzun etkili bir bifosfonat
olup osteoporozda intravendz infizyon seklinde
uygulanmaktadir. ZA, kallus hacminin artiriimasinda
rol oynar ancak sistemik kullanimda gastrointestinal
tahris, alveol kemik nekrozu, bdbrek fonksiyonlarinin
bozulmasi gibi istenmeyen yan etkilere neden olabilir.*
Li ve ark. nin* yaptigi bir calismada, tavsanlara
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deneysel osteoporoz olusturulmus ve sistemik olarak
verilen ZA’nin, implant uygulamasiyla birlikte otojen
greftlemede iyilesmeye etkisi incelenmistir. ZA’nin
sistemik tedavisinin, mineralize kemik hacmini ve
implant-kemik temas oranini artirdigi  gértimustar.
Koparal ve ark.# tarafindan siganlara olusturulan
kalvaryal defekilere, greft yerlestiriimis ve cerrahi
operasyondan sonra bir hafta boyunca intravenéz ZA
uygulanmistir. Histopatolojik analiz sonucunda ZA’nin
kemik olusumuna katkisi oldugu sonucuna variimigtir.
Yang ve ark.*® tarafindan ovariektomize tavsanlarin
femoral kondiline defekt olusturulmus, bu defektlere
1, 10 ve 50 pmol I-* ZA yUklU iskeleler yerlestiriimigtir.
Histolojik ve mikro-bilgisayarli tomografi (mikro-BT)
analizlerinde, 50 ymol 1-' ZA yiklU iskelenin osteogenezi
ve kemik blyimesini daha fazla destekledigi
gorulmastir. Ahmed ve ark. nin* yaptigi bir randomize
klinik calismada hastalarin bilateral olarak Ugincu
molar digleri ¢ekilmis, ¢cekim soketlerinden birine ZA
emdirilmis stinger yerlestirilmistir. Cekimin hemen
sonrasinda ve 2 ay sonra soketlerden cekilen BT'de
kemik dansite degerlendirmesi yapilmistir. Calisma
sonucunda ZA’nin lokal uygulamasinin radyografik
olarak kemik iyilesmesini artirdigi gézlemlenmistir.

Risedronat

Risedronat, agizdan alindiginda digsik emilime
sahip olmakla birlikte ylksek hidrofilik 06zellikte
bir bifosfonattir. Risedronatin ALN ve ZA’ya gore
kemige daha dusuk bir afinitesi vardir.*® Risedronat,
osteoblastik diferansiyasyonu artirarak kemik gelisimini
destekler. Kolajen liflerin artmasini ve trabekuler
boslugun azalmasini saglar.“¢ Ozer ve ark.*s tarafindan
yapilan bir calismada risedronatin greft lizerinde erken
dénemde anti-rezorptif 6zellik gdsterdigi, ge¢ ddnemde
ise yeni kemik olusumunu destekledigi gdzlemlenmistir.
Mostafa ve ark.*® tarafindan yapilan bir ¢alismada,
risedronat kitosan iskeleye yerlestiriimis, osteosarkom
hicrelerinde ve kdpeklerin kritik boyuttaki mandibular
defektlerindeki etkinligi incelenmistir. Risedronatin
hicreler Gzerinde, proliferasyonu ve ALP seviyesini
artirdigi, mandibuler defekte ise trabekiler kemik
yapisini artirdigi ve kolajen Uretimini destekledigi
g6zlemlenmigtir.

2.2. Stronsiyum Ranelat

Stronsiyum ranelat (SR), aktif ranelik asit organik
molekult ile iki kararh stronsiyum atomundan
(Sr?)  olusur.#”  Osteoporoz  tedavisinde son
dénemde kullanilmaya baslanan bir ilag olan SR,
preosteoblastlarin bélinmesini uyararak kolajen ve
kolajen olmayan proteinlerin sentezini artirir. Ayni
zamanda osteoklast farklilasmasini ve akitivitesini
inhibe ederek kemik rezorpsiyonunu azaltir. Bdylece
kemik olusumunu destekler.®® SR, HA molekdllerindeki
kalsiyum iyonlarinin yerini alarak yeni kemik olusum
alanlarinda birikir.*®  SR’nin aktive ettigi kemik
iligi stromal hicrelerinin osteojenik farklilagsmasi,
siklooksijenaz 2 aracili prostaglandin E2’yi aciga
cikartir. Ek olarak, SR, OPG’yi yukari yénde regule
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Kemik Yapimini Artiran Uygulamalar

ederken osteoblastik hicreler de NFkappap/RANK-
ligand ekspresyonunu azaltir. Bdylece stronsiyum
ranelat RANK/RANK:-ligand/OPG sistemini modile
ederek kemik rezorpsiyonunu azaltir.®® SR’nin hem
hayvan c¢alismalarinda hem de klinik deneylerde
doza bagimli olarak dogrudan kemige dahil oldugu
gosterilmigtir.5! Zacchetti ve ark.®? tarafindan yapilan
bir calismada, ovariektomize kemirgenlerde sistemik
SR (625 mg/kg/giin) uygulamasinin, kemik defektinin
dolmasini  énemli  dlcide hizlandirdigi, defekt
bélgesindeki kortikal ve trabekiler mikromimariyi ve
ayrica yeni olusan kemigin Ozelliklerini iyilestirdigini
godzlemlemiglerdir. Masalskas ve ark.nin® yaptigi bir
calismada, 50 mM SR olusturulan defekt bdlgesine
tasiyici  yardimiyla lokal olarak  uygulanmistir.
Altr haftalik iyilesme periyodu sonunda mikro-BT
kullanilarak yapilan histomorfometrik analiz sonucu
sicanlarin kemik defektlerinde tam bir rejenerasyon
sergiledigi gértlmustir. Henriques Lourenco ve ark.
nin® yaptigi bir calismada; SR ve HA mikrokireleri
eklenen aljinat hidrojel iskele, kritik boyutlu bir metafiz
defektine enjekte edilmis daha sonra histolojik olarak
kemikiyilesmesi gézlemlenmistir. Altmig giin sonrasinda
yapilan incelemelerde artmis kemik iyilesmesiyle
birlikte, erken kemik olusumu gézlemlenmistir. Rosa ve
ark.nin%® yaptigi bir calismada ovariektomize siganlarin
femuruna defekt olusturulmus ve sistemik olarak SR
uygulanmistir. lyilesme periyodunun 30. giiniinde
yapilan enerji dagilim spekitrometresi ve mikro-BT
analizlerinde SR’nin, kemik onarimini destekledigi
ve yeni olusan kemigin mikromimarisini iyilestirdigi
gorulmastar.

2.3. Simvastatin

Simvastatin, statin grubuna ait kic¢ik molekulli bir
ilactir.” Klinik olarak hiperkolesterolemi tedavisinde
serum kolesterol seviyesini dusirmek icin kullanilir.
Ayni  zamanda kemik  hicrelerinde  BMP-2
ekspresyonunu artirir. Yeni kemik olusumu Uzerinde
etkileri gorulen koenzim A redlktaz inhibitéru olarak
da bilinir.'® Simvastatin, preosteklastlarin birlesmesini
engelleyerek  ostoklastogenezisi  azaltr. VEGF
ekspresyonunu artirarak anjiyogenezi stimtle eder. Jin
ve ark.nin® yaptigi bir derlemede lokal simvastatinin
osteojenik diferansiyasyonu artirmasi icin en iyi
konsantrasyonun 1 pM oldugu sonucuna variimigtir.
1 pMden fazla konsantrasyondaki simvastatinin
ise sitotoksik etki gosterdigi sonucuna variimistir.
Ancak simvastatinin tasiyici malzemeye gdére optimal
konsantrasyonu degisebilmektedir. Ornegin kullanilan
taslyiciya goére ylksek dozda hizli salim ya da dusuk
dozda yavas salim saglayarak kemik rejenerasyonunun
kontrol edilmesi hedeflenmistir.5® Simvastatinin kemik
rejenerasyonundaki anabolik etkilerinden yararlanmak
icin sistemik ya da lokal olarak uygulanabilir; ancak
sistemik olarak uygulanan simvastatinin kemik defekt
bélgesindeki  biyoyararlanimi  karaciger  emilimi
sebebiyle dusuktur. Ayrica, simvastatinin lokal
olarak uygulanmasi uygulanacak dozun azalmasini
saglar bdylece karaciger hasari, bdébrek hastaligi ve
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rabdomiyoliz gibi sistemik uygulamadaki yan etkilerden
kacinilabilir.®

3. Hormonlar ve Fitohormonlar

Hormonlar temel olarak uyarici, inhibitér ve kimyasal
haberci olarak goérev yapmaktadirlar.’” Kandaki
kalsiyum seviyelerini ve homeostazini kontrol eden'®
kalsitonin, paratiroid hormonu (PTH), Ostrojenler ve
blytime hormonlari kemik metabolizmasiyla dogrudan
baglantili oldugundan kemik rejenerasyonuna etkileri
arastiriimigtir.5®

3.1. Paratiroid hormonu (PTH)

PTH, serum kalsiyum ve fosfor dengesini korumada
6nemli bir faktérdir. Osteoblastlari ve osteoklastlar
aktive eden pro-anjiyogenik bir hormondur.® PTH’In
kemigin yeniden sekillenmesini uyardigi bilinmektedir.
Ayni zamanda PTH (1-34), FDA tarafindan osteoporoz
tedavisinde kullanimi onaylanmistir.6'2 PTH tedavisi
uygulanan osteoporozu olan kadinlarda, PTH kullanimi
kemik hacminin ve kemik mineral yogunlugunun artisina
neden olur.8" Aralikli PTH uygulamasi, Wnt sinyal yolunu
uyararak osteoblast aktivitesinde artisi saglarken VEGF
ve anjiyopoetin-1 gibi blyime faktorlerinin Gretimi ile
kemik olusumuna destek verir. Ancak slrekli maruz
kalma durumunda osteoklast aktivitesini arttinr.'®
Asir osteoklastogenezise bagh katabolik etkiler PTH
(1-34)’Gn lokal kemik onarimi igin kullanimini sinirlar.
Bu dezavantaji ortadan kaldirmak icin sistemik olarak
PTH’in aralikh verilmesi ya da lokal olarak hazirlanan
iskelelerde PTH'In aralikli salimi calisiimisgtir.2 PTH
ayni zamanda BMP-2, OCN, RUNX2 gibi osteojenik
proteinlerin  ekspresyonunu artirmaktadir.® Onceki
calismalarda peptid modifikasyonu ve kontrollt ilag
salimiyla birlikte yeni bir PTH formu olan PTH (rP-1)
gelistiriimistir. Modifiye edilmis peptid, PTH (1-34)’den
yapisal olarak farkhdir ve PTH (1-34)’den daha etkin
Ozelliklere sahiptir.® PTH (rP-1), proinflamatuar
M1 makrofajlarin  polarizasyonunu kontrol ederek
osteoklast aktivasyonunu azaltir. Bbylece osteojenik
ve anjiyojenik 6zellik saglar. PTH (rP-1)’in bu 6zelligi
doku muhendisliginde lokal kemik rejenerasyonunun
artinlmasini saglamaktadir.t' Wojda ve ark.®' tarafindan
sigan femurunda defekt olusturulmustur. Olusturulan
defektlere rekombinant PTH (1-84) eklenmis polipropilen
fumarat iskele kemik iyilesme yanitini incelemek icin
uygulanmistir. Ug, 7, 21, 56 ve 84. glinlerde sakrifiye
edilen sicanlara uygulanan 1-30 pg konsantrasyon
araligindaki PTH histolojik olarak ve mikro-BT ile
incelenmistir. Bunun sonucunda optimize PTH araligi
3-10 pg olarak bulunmustur. Géker ve ark.5? tarafindan
ovarektomize sicanlara kalvaryal defekt olusturulmus
ve PTH lokal olarak defektlere uygulanmigtir. Dérdinci
ve 8. haftalarda sakrifiye edilen si¢anlar histolojik olarak
incelenmigstir. PTH, 4. haftada maksimum yeni kemik
formasyonu goésterirken 8. haftada etkisinin azaldig
gorulmustir. Zou ve ark.® yaptigi bir calismada
rekombinant PTH (1-34)’G  tasiyici  yardimiyla
sicanlarda olusturulan kraniyal defektlere yerlestirmis
ve kemik rejenerasyonuna etkisini arastirmiglardir.
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On iki hafta sonra sakrifiye edilen sicanlara yapilan
histomorfolojik ve immunohistokimyasal incelemeler
sonucunda PTH’'In kemik rejenerasyonu icin zemin
hazirladigi géralmustir. Wang ve ark® tarafindan sican
kafatasinda defekt olusturulmus, daha sonra defekt
bélgesine yerlestirilien PTH (rP-1) radyolojik, histolojik
ve immunohistokimyasal olarak incelenmigtir. Yapilan
analizlerde PTH (rP-1)’in iyi bir kemik rejenerasyonu ve
anjiyogenez gosterdigi sonucuna varmiglardir.

3.2. Ostrojen ve Resveratrol

Ostrojenler, ozellikle 17p-stradiol (E2), memelilerde
kemik homeostazinin korunmasindan sorumludur.
E2 eksikligi kemik erimesine ve kemik iliginde yag
dokusunun artmasina neden olmaktadir. E2, hicre
zariyla iligkili ostrojen reseptorleri (ER’ler) yoluyla,
mitojenle aktive edilen protein kinaz (MAPK) ve
ekstraselller sinyal reglle kinaz 1/2 (Erk1/2’)yi aktive
ederek adipositler yerine MSC’lerin farklilasmasini
ve osteoblast aktivitelerini artirirken, osteoklastlarin
rezorpsiyon  fonksiyonunu inhibe etmektedir.'®%
BMP-2, TGF-1 ve IGF-1’i indUkleyerek osteogenezi
destekler.” Chen ve ark.nin® yaptigi bir calismada
etilendiamintetraasetik asit nanokompozit tasiyiciya E2
yuklemiglerdir. Strekli E2 salimi si¢can kalvaryasindan
elde edilen osteoblastik kék hucrelerinde (MC3T3-E1)
artmis ALP, OPN, OCN ve kalsiyum birikimine yol
actigr géralmustar.

Resveratrol; Gzim, yer fistigi ve diger bitkilerden
ekstrakte edilen bir fitodstrojendir.’” Fitodstrojenler;
yapisal veya fonksiyonel olarak memeli &strojenleri
gibi davranan, memelilerde &strojenik hareketi
uyaran, E2'ye benzeyen bilesiklerdir.®® Osteoblastik
aktivasyonun artirimasina katkisi olan sentetik olarak
uretilmis veya dogal kaynaklardan izole edilmis klguk
molekilld ilaglar (<1000 Da), maliyet ve etkinlik
acisindan  degerlendirildiginde  kolay  uretilebilir
olmasi, stabil olmasi ve islenebilir olmasiyla doku
mUihendisliginde arastirma konularindan biri olmustur.®®
Resveratrol, uzun sireli kullaniminda bile toksik etki
gbstermeden, kanser tedavisi, anti-oksidasyon, kardiyal
koruma, anti-inflamatuar ve kemik rejenerasyonu gibi
farkli amaclar icin kullaniimaktadir.®” Resveratrol,
osteojenik farklilagsmayi ve matriks mineralizasyonunu
artirirken adipojenik transkripsiyon faktdrlerini azaltir.'®
Alveoler kemik kaybinin dnlenmesi ile ilgili olarak,
resveratrolin IL-17’yi azalttigi, nikleer faktér eritroid 2
baglantili faktér yolunu aktive ettigi, oksidatif stresi ve
proinflamatuar sitokin Uretimini azalttigi bilinmektedir.”
Li ve ark.nin” osteoporotik kemik iyilesmesinin
inceledigi bir calismada, resveratrol mikro kirelerinin,
timor nekroz faktdr alfa (TNF-a), IL-1B, indiklenebilir
nitrik oksit sentaz gibi enflamatuar belirtecleri asagi
yénde regllasyonunu saglayarak anti-enflamatuar
yaniti tetikledigi gérulmastir. Ayni zamanda kemik
MSC'’lerin proliferasyonunu ve farklilasmasini sagladigi
gozlemlenmistir. Sri ve ark.nin”? yapti@i bir in vitro
arastirmada resveratrolin 16 gin boyunca surekli
salimi, iskelet vyapisinin osteojenik potansiyelini
artirmistir.
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3.3. Kalsitonin

Kalsitonin, bulylk cerrahi deformitelerin tedavisinde
kullanilan, terapétik formuna bagl olarak uzun sureli
tlketim gerektiren bir hormon ilacidir. Tiroid bezinin C
hicreleri tarafindan salgilanan kalsitonin osteoklastlara
dogrudan etki ederek kemik rezorpsiyonunu inhibe
eder. Bunun yani sira Kkalsitonin kemik buyime
hizini uyarici etkiye sahiptir.”® Kalsitonin genine bagh
peptit (CGRP) ise kemikte Uretilir ve Uretimi yasla
birlikte azalir. Fizyolojik dizeyde CGRP; osteogenez,
osteoklastogenez, adipogenez ve anjiyogenez gibi
strecleri etkiler. Anobolik bir etki saglayan CGRP’nin
kemik homeostazinda 6nemli bir roli vardir.”* Jia ve
ark.nin” yaptigi bir calismada, sigan mandibulasinda
distraksiyon osteogenezi saglamak amaciyla kesi hatti
olusturulmustur. Distraksiyon suresi boyunca si¢anlara
10® mmol/l ve 10 mmol/l oranlarinda CGRP enjekte
edilmistir. Sicanlarin kemik iligi MSC’ler lizerinde enzim
bagli immunosorbent deneyi ve immunohistokimyasal
incelemeler yapilmistir. Bunun sonucunda CGRP’nin
kemik mineral yogunlugunu anlamh derecede artirdigi,
MSC’lerin  diferansiyasyonunu ve  migrasyonunu
artirarak kemik olusumunu destekledigi g6zlemlenmistir.

SoNu¢

Doku muhendisliginin ~ temelini  olusturan;  kok
hicreler, tasiyici iskeleler ve osteoinduktif materyaller
kemik rejenerasyonunun artirilmasinda 6nemli bir
rol oynamaktadir. Osteoindiktif etkiye sahip olan
materyallerden blylime faktérleri, ilaclar ve hormonlar
son dénemde arastirma konusu olmustur. Cesitli hayvan
ve insan calismalarindan elde edilen sonuglarda;
TGF-B, BMP’ler, FGF, IGF, VEGF, PDGF, ALN, ZA,
simvastatin, risedronat, SR, PTH, &strojen, resveratrol
ve kalsitoninin kemik yapimini destekledigi gérGimastur.
Ticari preparat olarak BMP-2 (Infuse), BMP-7 (OP-
1), PDGF-BB (GEM 21S) ve iFaktdr (P-15) standart
bir kullanim konsantrasyonuna ve tasiyicisina sahip
olmasina ragmen diger materyallerin defekt bélgesine
uygulanmasinda, uygun salim protokollerinin ve uygun
konsantrasyonlarinin belirlenmesinde halen net bir
sonuca varilamamistir. Kemik yapimini destekledigi
gérulen bu materyallerin daha etkin kullanimi igin
uygun tastyicilarin, osteoinduktif materyallerin cesitli
formlarinin ve konsantrasyonlarinin arastirildigi genis
kapsamli ¢cok sayida ¢alismaya ihtiya¢ duyulmaktadir.
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Applications enhancing bone formation:
areview

ABSTRACT

Bone tissue constantly reshapes and regenerates itself
throughout life. Osteoprogenitor cells, osteoblasts,
osteoclasts, and osteocytes play roles in bone reshaping.
The process of bone remodeling is regulated by various
hormones and local regulatory factors circulating in the
body. Trauma, genetic deficiencies, and pathologies can
lead to bone loss. In clinical practice, repairing existing
bone loss or promoting regeneration is a challenging
task. Over the past 25 years since the concept of
“tissue engineering” emerged, strategies for bone
tissue regeneration have been continuously evolving.
Various scaffold systems that support bone formation,
mesenchymal stem cells with osteogenic properties, and
growth factors, drugs, and hormones with osteoinductive
properties have been extensively researched in tissue
engineering to enhance bone regeneration. The
application of nanotechnology in regenerative engineering
has further improved the biocompatibility, chemical, and
mechanical properties of delivery systems required for
tissue regeneration, while also allowing control over the
release concentrations of osteoinductive materials and
osteogenic cells. This review aims to shed light on the
mechanisms, effectiveness, and clinical applications of
osteoinductive materials in enhancing bone regeneration,
based on current literature. The goal is to provide insights
for future research and studies in this field.

Keyworps: Alendronate; BMP2 protein, human; Bone
Regeneration; Drugs; Growth Differentiation Factors;
Hormones; Tissue Engineering
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