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EDITORIAL

Dear Readers;

We are with you again in the 3 issue of 2024 with interesting studies from different branches.

In this issue, we chose the cover image from ilkgelen and iriboz’s study titled “Investigation of the Effect of Sodium Hypochlorite,
EDTA, Propolis, Boric Acid and Citric Acid Irrigation Solutions on Push-out Bond Strengths of Root Canal Sealers”. In this study, the
authors investigated the effect of different canalirrigation solutions, including propolis and boric acid (BA), on the bond strengths of
epoxy-resin-based AH Plus and bioceramics-based Bioserra canal sealers on root dentin. After 100 single-root-single-canal extracted
human teeth were shaped with a rotary tool, they were divided into 2 groups according to the canal filling material (AH Plus and
Bioserra) and each group was divided into 5 subgroups containing 10 samples according to washing solutions (5.25% NaOCl, 17%
EDTA, 10% citric acid, 10% BA, 10% propolis). The teeth, of which canals were filled, were incubated at 37 °C for a week and then
embedded in acrylic resin. Horizontal sections of 2 mm thickness were taken from the midline of the root of each tooth, and vertical
compression force was applied until the connection broke, and bond strength values were calculated. Additionally, the samples were
examined with a binocular microscope (the picture reflects this). You can find the details of this study, which we found interesting, in
our journal.

Other articles selected by our editorial board are:

1-In the article of Basar et al. titled “Factors Affecting the Attitude of Medical Doctors in Tlrkiye towards Using Artificial Intelligence
Applications in Healthcare Services”, the impact of artificial intelligence (Al), which enters our lives every day, on healthcare services,
medical doctors’ acceptance of Al applications and the factors that determine their intention to use are examined. This research is
based on the evaluation of 275 medical doctors in Tlrkiye. It reveals that trust, perceived usefulness, and perceived ease of use are
the main positive factors in the acceptance and use of Al by medical doctors. Ultimately, more knowledge and experience about
artificial intelligence will lead to greater trust and ease of use.

2- The article of Yilmaz et al. titled “Comparison of Free Gingival Graft and Modified Apical Repositioned Flap Techniques to Create
Attached Gingiva: Long-Term (2 Years) Retrospective Study” compares two methods to protect gum health.

3-Inthe article of Comba et al. titled "Comparison of the Results of Conventional and Laparoscopic Methods of Lymph Node Dissection
Performed in Endometrial Cancer Surgery”, it was aimed to determine a current approach to 3-en bloc paraaortic lymphadenectomy
and to compare the results of this new approach performed by laparotomy and endoscopically.

4-1n the article of Altunova et al. titled “Investigating the Frequency of Stent Fracture and Its Impact on In-Stent Restenosis in Patients
Undergoing Coronary Artery Stenting”, it was aimed to evaluate the incidence and predictors of carotid artery Xact stent fractures
and theirimpact on in-stent restenosis during long-term follow-up.

The most important problem experienced in peer-reviewed journals today is the difficulty in finding referees to evaluate. We have
updated the list and contact information of our referees to reduce these difficulties experienced by our editors. Here, | recommend
you, our valued readers, to be on the referee list of our journal. Let's work together to take our Bezmialem Science journal to better
places.

I am sure you will find an article related to your own branch in this issue. | would like to thank my assistant editors, our referees, our
publishing house for their efforts and our valued readers who constantly support us.

May everything be as you wish,

Kind regards,

Prof. Dr. Adem AKCAKAYA
Chief Editor
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Original Article

Determination of Factors Affecting Lactating Women'’s
Perceptions of Insufficient Milk and the Foods They Use to
Increase Breast Milk

Laktasyon Donemindeki Kadinlarin Yetersiz Siit Algilarini Etkileyen Faktorler
ve Anne Sitldni Artirmak icin Kullandiklari Besinlerin Belirlenmesi

® Emine KOC, ® Sebnem RUZGAR, ® Serap OZTURK ALTINAYAK

Ondokuz Mayis University Faculty of Health Sciences, Department of Midwifery, Samsun, Tiirkiye

ABSTRACT

Objective: Many factors affect breastfeeding rates. One of these
factors is the mother’s perception of insufficient milk. This study
was conducted to determine the factors affecting lactating women’s
perceptions of having insufficient milk and the foods they used to
increase the breast milk.

Methods: This descriptive study was conducted with 356 women.
The data were collected using the “sociodemographic information
form”, the “form for determining the foods used by women to
increase breast milk”, and “perceived insufficient milk supply
(PIMS)" scale. One-way analysis of variance, the independent
samples t-test, the Bonferroni test, and Pearson correlation analysis
were applied in the evaluation of the data.

Results: The mean PIMS score was 42.39+7.48, and 80.3% of the
women perceived their milk to be sufficient. A significant relationship
was found between the mean PIMS score of the participants and
employment status (p<0.000), time of first breastfeeding (p<0.000),
milk being produced immediately after birth (p<0.000), and having
enough milk to meet the needs of the baby (p<0.000). It was found
that women consumed it and found it beneficial for increasing
breast milk by consuming herbs: 30.6% used fennel, 12.6% linden;
beverages: 71.3% used water, 50.6% compote, and 28.7% soups;
foods: 31.2% used bulgur wheat, 24.2% fruit.

(074

Amag: Emzirme oranlarini birgok fakedr etkilemektedir. Bu
fakedrlerden biri de annenin yetersiz siit algisidir. Bu caligma
laktasyon donemindeki kadinlarin yetersiz siit algilarini etkileyen
faktorler ve anne siitiinii artirmak icin kullandiklart besinlerin
belirlenmesi amaciyla yiiriitilmistiir.

Yontemler: Bu tanimlayict calisma 356 kadin ile yiiriitiilmiistiir.
Aragtirma verileri, “sosyodemografik bilgi formu”, “kadinlarin
anne siitiinii artirmak icin kullandiklar: besinleri belirleme formu”
ve “yetersiz siit algist Slgegi (PIMS)” ile toplanmistir. Verilerin
degerlendirilmesinde tek yonlii varyans analizi, bagimsiz 6rneklem
t-testi, Bonferroni testi, Pearson korelayon analizi uygulanmustir.

Bulgular: Kadinlarin PIMS puan ortalamasinin 42,39+7,48 olup,
%80,3’iniin  siitiinii yeterli algiladigs belirlendi. Kaulimeilarin
PIMS puan ortalamast ile ¢alisma durumu (p<0,000), ilk emzirme
zamant  (p<0,000), dogumdan hemen sonra siitiin gelmesi
(p<0,000), bebegin ihtiyacini kargilayacak kadar siitiin olmast
(p<0,000) arasinda anlaml: iliski bulunmustur. Kadinlarin anne
siitiinii artirmak icin; bitkilerden %30,6 rezene, %12,6 thlamur,
%6,2 maydanoz; iceceklerden %71,3 su, %50,6 komposto,
%28,7 corbalar; yiyeceklerden %31,2 bulgur pilavi, %24,2 meyve
tiikettikleri ve anne siitiinii artirmada faydali bulduklart saptandi.

Received: 16.09.2023
Accepted: 01.02.2024

Address for Correspondence: Emine Kog, Ondokuz Mayis University Faculty of Health Sciences,
Department of Midwifery, Samsun, Tirkiye
E-mail: emine_koc555@hotmail.com ORCID ID: orcid.org/0000-0003-4333-6797
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ABSTRACT

Conclusion: It was observed that most mothers perceived their
milk supply as sufficient. It was determined that PIMS score was
affected by working status, time of milk coming in after birth, and
breastfeeding status immediately after birth. It was determined that
mothers consumed the most fennel, linden, parsley, water, compote,
soup, fruit juice, bulgur pilaf, fruit, raisins, green vegetables and
molasses to increase their milk supply.

Keywords: Breast milk, breastfeeding, galactogogues, lactation

Introduction

Breast milk is the most important source of nutrients for
maintaining neonatal health. In addition to providing the
nutrients the newborn needs, it has many benefits for both
mother and baby, such as protecting the newborn from various
infections, reducing the risk of allergies, accelerating the
mother’s involution process, protecting against breast cancer,
and aiding mother-child bondin (1). The United Nations
Children’s Fund and the World Health Organization (WHO)
recommend that every infant should be exclusively breastfed for
the first six months of life and then continue breastfeeding with
supplementary food until the age of 2 (2,3). According to WHO,
worldwide between 2015 and 2022 only approximately 44% of
babies aged 0-6 months reported exclusive breastfeeding (3). It
is worth mentioning that this rate is similar in Ttirkiye (40.7%)
(4). Despite the numerous benefits of breast milk and the
constant emphasis on its importance, one of the most prevalent
reasons breastfeeding rates are not at the desired level is the
perception that the mother’s milk is insufficient (5). This stems
from mothers’ concerns that the quality and quantity of their
milk is not adequate for their baby and that their baby is not fully
fed (6,7). Results show that during the lactation period, many
women immediately start formula or early supplementary food
with the thought that their milk is insufficient, and some women
terminate breastfeeding early (8,9). Therefore, it is crucial to
identify the factors that cause this perception (5). However, the
prevalence of the perception of producing insufficient milk has
not been sufficiently addressed in the literature, and most studies
have been conducted in Western countries (7).

In many societies throughout history, women have traditionally
used herbs and nutrients to increase their milk (10,11). Although
the foods used vary geographically, it is known that malt beverages,
herbs such as fenugreek, goat psoriasis, bull thistle, anise, basil,
and fennel seeds, and sweets such as confectionery similar to
Turkish delight are generally used (10,12,13). Although the
mechanisms of many foods that are thought to increase breast
milk during the lactation period are unknown, they are widely
used (14). Therefore, it has been recommended to increase the
number of studies determining the nutrients used to increase
breast milk in the literature (14).

Midwives, who spend the most time with women during
pregnancy and after birth, should continue to support and
maintain breastfeeding from the antenatal period until the

0z

Sonug: Annelerin cogunun siitiinii yeterli algiladigs goriildii. PIMS
puanini ¢alisma durumu, dogumdan sonra siitiin gelme zamant ve
dogumdan sonra hemen emzirme durumunun etkiledigi saptandi.
Annelerin siitiinii artirmak icin en fazla rezene, thlamur, maydanoz,
su, komposto, corba, meyve suyu, bulgur pilavi, meyve, kuru tiziim,
yesil sebzeler, pekmez tiikettikleri belirlendi.

Anahtar Sézciikler: Anne siitii, emzirme, galaktogog, laktasyon

point at which the baby is weaned. They should also take into
consideration the perception of having insufficient milk, the foods
that mothers consume to increase breast milk, and their attitudes
towards, and knowledge and experiences of breastfeeding while
developing women’s breastfeeding behaviors (11,14).

The literature shows that studies on the perception of having
insufficient milk and the nutrients used for increasing breast
milk are quite limited (15,16). For this reason, this study was
conducted to determine the factors affecting the perception of
insufficient milk and the nutrients used by lactating women to
increase breast milk.

Methods
Study Design

This study had a descriptive design. The population of the study
consisted of mothers with infants aged 0-24 months who came
to the Obstetrics and Gynecology and Pediatric Outpatient
Clinics of a Maternity Hospital in the north of Tirkiye for
follow-up. The research was conducted between April 10, 2022,
and April 10, 2023. The sample size was calculated using the Epi
Info StatCalc program and data from the previous year (2021)
(n=4656). The sample size was determined as 355 with a 95%
confidence interval, 5% type-1 error level, 50% prevalence,
“design effect”, and “cluster” 1. The study was completed with
356 women using the random sampling method.

This study was conducted in compliance with the Helsinki
Declaration.And informed consent was obtained from all
participants before starting the study.

Ciriteria for inclusion in the study;
- 18 years and over,

- Not having any problems that prevent breastfeeding (such
as neurological disease, medication use, psychological illness,
mastitis),

- Not having any problem that would affect breastfeeding
(anatomical, physiological and neurological disorders, etc.),

- Having a baby aged 0-24 months,

- No problems with vision or hearing,
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- Breastfeeding and volunteer mothers were included in the
study.

Exclusion criteria from the study;
- Under 18 years old,

- Having any problems that prevent breastfeeding (such as
neurological disease, medication use, psychological illness,
mastitis),

- Having a problem that affects breastfeeding (anatomical,
physiological and neurological disorders, etc.),

- Having a baby over 24 months,
- Having problems with vision or hearing,

- Mothers who did not breastfeed and did not volunteer were
excluded from the study.

Procedure

The research data were obtained by the researchers through face-
to-face interviews with the women. Before the data collection,
each woman participating in the research was given the necessary
information about the purpose of the study and the research
method of the research, and the data collection then started and
lasted an average of 10-15 minutes.

Data Collection

The research data were collected with the sociodemographic
information form prepared by the researchers in line with the
literature, the form for determining the foods women use to
increase breast milk, which is a checklist of foods that increase
breast milk, and the perceived insufficient milk supply (PIMS)
scale (9-11,13,17).

Sociodemographic Information Form: This form consisted of
16 questions inquiring about socio-demographic (age, education
level, income level, etc.), obstetric (number of living children,
mode of delivery, etc.), and breastfeeding characteristics
(breastfeeding time, breastfeeding education, etc.).

Form for Determining the Foods Women Use to Increase
Breast Milk: Herbs, liquid foods, and solid foods consumed by
women to increase breast milk were listed. This form contained
information about the mothers’ use of these and the benefits
from them.

Perceived Insufficient Milk Supply Scale: This scale, which
was developed by McCarter-Spaulding in 2001 to determine
perceptions of having insufficient breast milk, is a form consisting
of six questions. The first question asks whether the mother
perceives her milk to be sufficient. The mother answers this
question as “yes” or “no”. The other questions aim to measure
the degree of perception of having insufficient milk. The mother
is asked to score these questions between 0-10. Zero indicates
that milk is perceived as completely insufficient, and 10 indicates
that the milk is perceived as completely adequate. A minimum
score of 0 and a maximum score of 50 can be obtained from the
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scale. A higher total score indicates the milk is perceived to be
more sufficient. In the original scale, the Cronbach’s ot value was
determined as 0.81 (18). The Turkish validity and reliability study
of the scale was conducted by Gokgeoglu (19) and Kiigiikoglu
and the Cronbach’s o value was found to be 0.82. In the current
study, the Cronbach’s o value was determined as 0.80.

Ethical Principles of the Research: Ethical permission for the
research was obtained from the Social and Human Sciences
Research Ethics Committee of Ondokuz Mayis University
(decision no: 2021-803, date: 22.10.2021). The data collection
process was initiated after the ethics committee and institutional
permission was obtained.

Statistical Analysis

The data were analyzed with the SPSS 25.0 (IBM SPSS Statistics
for Windows, Version 25.0) program after the researchers
had checked for errors. In the evaluation of the data, number,
percentage, mean, and standard deviation were used as
descriptive statistical analyses, and their distribution was tested
by the Kolmogorov-Smirnov test. One-way analysis of variance
and the independent samples t-test were used for intergroup
comparisons. Bonferroni test was used for within-group
comparisons. Pearson correlation analysis was used to determine
the relationship between numerical data and the scale scores.
The statistical significance level was accepted as p<0.05 in the
evaluation of the results.

Results

In Table 1, the minimum and maximum scores obtainable
from the PIMS scale and the mean scores for the scale are
given. The results showed that women had a minimum score
of 16 and a maximum score of 50, and the mean score of
the scale was 42.39+7.48, indicating that they had a strong
perception that their milk was sufficient. It was determined
that 80.3% of the participants perceived their milk to be
sufficient (Table 1).

Table 2 shows that there was a significant correlation between
the mean total score for the PIMS scale and employment status
(p<0.000), whereas no significant correlation was found between
maternal age (p=0.865), birth week (p=0.435), the number of
living children (p=0.297), educational level (p=0.268), income
level (p=0.459), planned pregnancy status (p=0.129), and mode
of delivery (p=0.806) (Table 2).

As seen in Table 3, there was a significant relationship between
the mothers’ total mean score for the PIMS scale and the time
of first breastfeeding (p<0.000), milk coming immediately after
birth (p<0.000) and having enough milk to meet the baby’s
needs (p<0.000), while breastfeeding experience (p<0.000),
the first food given to the baby (p=0.303) and the status of
receiving breastfeeding education (p=0.05) were not found to be

significant (Table 3).

As seen in Table 4, the women found it beneficial to increase
breast milk by consuming herbs: fennel was used by 30.6%,
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linden by 12.6%, and parsley by 6.2%; beverages: water was
used by 71.3%, compote by 50.6%, soups by 28.7%, and fruit
juice by 21.1%; foods: bulgur wheat was used by 31.2%, fruit
by 24.2%, raisins by 23.3%, green vegetables by 20.5%, and
molasses by 19.9% (Table 4).

Discussion

The findings of this study, which examined the factors affecting
lactating women’s perceptions of having insufficient milk and
the foods they used to increase breast milk, were discussed here
in relation to the relevant literature. In this study, more than
three-quarters of the participants perceived their milk to be
sufficient, which is the highest value in the literature in terms of
similar studies. When other studies conducted in the literature
using the same scale (PIMS) were examined, these rates were

73.1% in Japan (20), 60.2% in Pakistan (21), 50-55.7% in
Australia (22), 41.1% in China (23), 37.3% in Singapore (24),
18.4% in the USA (25), 14.9-23.6% in Mexico (26), and 7.5-
18% in Canada (27). The fact that the value in this study is
higher than in other studies suggests that studies conducted to
increase breast milk have started to yield results, and women
have started to see their milk as sufficient since the data are
recent.

According to a comprehensive systematic review of 27 studies
on mothers’ perceptions of insufficient milk between 2000 and
2021, factors such as birth week, educational status, income
level, sex of the newborn, breastfeeding experience, parity, mode
of delivery, planned pregnancy, the psychological status of the
mother, breastfeeding education, skin-to-skin contact, and the
crying of the newborn all affect PIMS (5). In addition, in a

Table 1. Minimum and maximum scores obtainable from the PIMS scale and the mean scores for the scale (n=356)

Scale Min-max score obtainable Min Max Mean = SD
PIMS scale 0-50 16 50 42.39+7.48
Perception of milk as sufficient Yes No

286 (80.3%) 70 (19.7%)

PIMS: Perceived insufficient milk supply, SD: Standard deviation, Min: Minimum, Max: Maximum

Table 2. Comparison of sociodemographic and obstetric characteristics of the mothers with the mean total scores for the PIMS
scale (n=356)

Variables Average
Age 28.67+5.12
Birth week 38.16+2.13
Number of living children 1.84+0.87

Variables n (%)

Educational level

Primary education 123 (34.5)
High school 119 (33.4)
University and above 114 (32)
Income status

Income lower than expenditure 108 (30.3)
Income equal to expenditure 216 (60.7)
Income higher than expenditure 32 (9)
Employment status

Employed 34 (9.6)
Unemployed 261 (73.3)
Not working due to childbirth 61(17.1)
Planned pregnancy status

Planned 245 (68.8)
Unplanned 111 (31.2)
Mode of delivery

Normal birth 116 (32.6)
Cesarean section 240 (67.4)

X + SD: Mean + standard deviation

Min-max Applied test, p-value
18-43 r=-0.009, p=0.865
26-42 r=0.42, p=0.435

1-5 r=0.55, p=0.297

PIMS scale mean score

F=1.322, p=0.268
41.78+7.83
42.20+8.29
43.3246.05

F=0.907, p=0.459
41.62+7.77
42.80£7.17
42.28+8.54

F=3.757 p<0.000
40.50£7.90°
42.14+7.74°
44,52+5.51°

t=1.520 p=0.129
42.80£6.99
41.50£8.42

t=-0.246 p=0.806
42.25+7.41
42.46+7.50

r: Pearson correlation analysis, **: Letters indicating statistically significant differences between groups according to the Bonferroni test. There is no statistically
significant difference between groups with the same letter. F: One-way analysis of variance, t:Independent samples t-test, min-max: Minimum-maximum
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recent study conducted with 370 mothers in the USA, it was
found that age and planned breastfeeding duration affected
PIMS (28). In the current study, in addition to the studies
in the literature, it was determined that employment status,
breastfeeding immediately after birth, and breastfeeding the
baby as much as the baby needed negatively affected PIMS. That
is, these women believed that their milk was more sufficient.
This suggests that the factors that may affect the perception
of having insufficient milk may vary from woman to woman,

which may be due to the difference in the selected samples and
the number of participants. Therefore, it is very important for
health professionals to take a detailed history from the mothers
to whom they provide care and counseling and to identify these
factors to maintain breastfeeding.

Maternal nutrition is considered by breastfeeding mothers to be
an important factor affecting the amount of breast milk (29,30).
Mothers therefore consume various foods to increase their milk

Table 3. Comparison of the breastfeeding characteristics of the mothers and the mean total scores for the PIMS scale (n=356)

Variable n (%)
Breastfeeding experience

Yes 210 (32.6)
No 146 (67.4)
Time of first breastfeeding

Immediately after birth 188 (52.5)
1-2 hours after birth 105 (29.5)
3 or more hours after birth 63 (17.7)
First food given to the baby

Breast milk 276 (77.5)
Baby food 79 (22.5)
Did you produce milk immediately after giving birth?

Milk had come 190 (53.4)
Milk didn’t come 56 (15.7)
Had very little milk 110 (30.9)
Breastfeeding education status

Yes 88 (24.7)
No 268 (75.3)
Did you have enough milk to meet your baby’s needs?

Yes 273 (76.7)
No 83 (23.4)
Who helped you increase your milk supply?”

Older family members 159 (44.7)
Health personnel 87 (24.4)
My friends 61(17.1)
Internet sources 124 (34.8)
What increases your milk?*

Herbs and teas 253 (71.1)
Desserts and similar foods 170 (47.8)
Sleep 239 (67.1)
Shower 245 (68.8)
Rest 198 (55.6)
Medicines 19 (5.3)
Social support 87 (24.4)
Exercise 38 (10.7)
Midwife/nurse support 76 (21.3)

X + SD: Mean + standard deviation

PIMS scale mean score Test, p-value
t=1.794, p=0.74
42.99+7.24
41.54+7.76

F=4.432, p<0.000
43.1446.70°
40.59+8.46°
43.19+7.56°

t=1.031 p=0.303
42.61+£7.16
41.63£8.51

F=13.753, p<0.000
44.16+5.87°2
38.96+8.87°
41.10£7.48°

t=2.821, p=0.05
44.17+6.45
41.81+£7.71

44.39+5.65
35.83+9.03

t=10.274, p<0.000

ab: | etters indicating statistically significant differences between groups according to the Bonferroni test. There is no statistically significant difference between

groups with the same letter.

F: One-way analysis of variance, t:Independent samples t-test.”: Participants chose more than one option
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(14). In this study, it was found that the mothers benefited the
most by consuming herbs such as fennel, linden, and parsley;
beverages such as water, compote, soups, and fruit juice; and
foods such as bulgur wheat, fruit, raisins, green vegetables, and
molasses. Other studies conducted in Tiirkiye also showed that
mothers consumed similar herbs (fennel, linden, and parsley
etc.), foods (bulgur wheat, fruit, raisins, green vegetables,
molasses, etc.) and beverages water, compote, soups, fruit
juice, etc.) (31-34). However, it has been determined that
different foods are consumed in different countries to increase
breast milk (15-17). In a scoping review of clinical studies on
plant galactagogues worldwide 13 studies were found, and it
was determined that mothers consumed fenugreek, goat’s rue,

milk thistle, carduus, stinging nettles, melissa, caraway, anise,
fennel, lemongrass, banana flower, ginger, malunggay and
Asparagus racemosus (17). A study conducted in New Zealand
found that mothers consumed commercially-available lactation
cookies, lactation teas, and lactation blends to increase milk
(15). Australian mothers consumed lactation cookies, brewer’s
yeast, fenugreek, and domperidone (16). In a study conducted
in Malaysia, lactogenic biscuits made of banana flower extract
of Musa x paradisiaca were used (35). Considering that each
country has different eating habits, it is normal that the foods
consumed by mothers vary from country to country. This may
be the reason why the results of different studies conducted in
our country are similar. This shows that there are differences

Table 4. Foods consumed/not consumed by mothers to increase milk (n=356)

Plants consumed/not consumed by mothers*

% (n)
Fennel 16.3 (58)
Linden 9.6 (34)
Parsley 5.9 (21)
Aniseed 1.7 (6)
Nettle 2 (7)
Beverages consumed/not consumed by mothers*
Water 11.8 (42)
Compote 14.6 (52)
Soups 14.6 (52)
Fruit juice 8.1 (29)
Puerperium sherbet 9.6 (34)
Buttermilk 6.2 (22)
Tea 7.6 (27)
Milk-forming instant teas 2 (7)
Sugar water 4.5 (16)
Cow's milk 6.7 (24)
Zamzam water 1.7 (6)
Foods consumed/not consumed by mothers*
Bulgur wheat 12.9 (46)
Fruit 12.4 (44)
Raisins 8.1 (29)
Green vegetables 12.1 (43)
Molasses 12.9 (46)
Tahini halva 8.7 (31)
Meat/chicken/fish 12.1 (43)
Salad 11.5 (41)
Hazelnuts/pistachios 11 (39)
Desserts 8.7 (31)
Figs 7 (25)
Onions 5.6 (20)
Dried beans/chickpeas 2.5(9)
Potatoes 5.3(19)

*: Participants chose more than one option

Consumed with no benefit

Consumed and Not consumed

benefited % (n) % (n)
30.6 (109) 53.1(189)
12.6 (45) 77.8 (277)
6.2 (22) 87.9 (313)
4.5 (16) 93.8 (334)
2(7) 96.1 (342)
71.3 (254) 16.9 (60)
50.6 (180) 34.8 (124)
28.7 (102) 56.7 (202)
21.1(75) 70.8 (252)
17.7 (63) 72.8 (259)
14 (50) 79.8 (284)
12.6 (45) 79.8 (284)
12.1 (43) 86 (306)
9.8 (35) 85.7 (305)
3.9 (14) 89.3 (318)
3.9 (14) 94.4 (336)
31.2 (111) 55.9 (199)
24.2 (86) 63.5 (226)
23.3(83) 68.5 (244)
20.5 (73) 67.4 (240)
19.9 (71) 67.1 (239)
16.9 (60) 74.4 (265)
14.6 (52) 73.3(261)
13.5 (48) 75 (267)
18 (64) 71.1 (253)
16.3 (58) 75 (267)
13.5 (48) 79.5 (283)
8.4 (30) 86 (306)
5.1(18) 92.4 (329)
4.2 (15) 90.4 (322)
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in the foods consumed due to the cultural and geographical
differences between countries. The lack of studies on the side
effects of the plants used in the literature is also noteworthy (17).
For midwives who provide breastfeeding counseling to mothers
to be better informed about the side effects of the herbs used,
studies with adequate levels of evidence are required.

Study Limitations

The study data were collected based on self-reporting by
participants, and the information they provided was assumed to
be correct. At the same time, since the study sample consisted
only of women admitted to the abovementioned hospital, the
fact that the results obtained cannot be generalized to all women
in Tiirkiye is a limitation of the study.

Conclusions

The results showed that most of the mothers included in the
study perceived their milk to be sufficient. The hope is that this
will contribute to the literature in terms of being the study in
which the rates of having the perception of producing sufficient
milk are at their highest. Factors affecting the perception of
insufficient milk were found to include employment status, the
time that milk was first produced after birth, and breastfeeding
immediately after birth. It was concluded that mothers benefited
the most by consuming herbs such as fennel, linden, and parsley,
beverages such as water, compote, soups, and fruit juice, and
foods such as bulgur wheat, fruit, raisins, green vegetables, and
molasses to increase their milk. When all the results were taken
into consideration, it was seen that there were, nevertheless,
mothers who perceived their milk to be insufficient, and that the
mothers consumed different plants and foods to increase their
milk. However, the mechanism of action of these nutrients is not
well known. Therefore, it is recommended to conduct randomized
controlled studies to understand the benefits and harms of the
foods, herbs, and beverages consumed by mothers. In addition,
midwives can contribute to preventing the mother’s perception
of inadequacy after birth by providing breastfeeding training to
expectant mothers before birth. At the same time, midwives can
use their care and consultancy role to identify factors that may
cause mothers to perceive insufficient milk and be effective in
eliminating the problems.
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Toplum Eczanelerinde Yaslilarda Uygun Olmayan Recete Kaliplarinin
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ABSTRACT

Objective: This study aimed to design and evaluate a clinical
decision support system (CDSS) identifying inappropriate
prescription patterns in the elderly to be used at community
pharmacies.

Methods: The study was carried out in 20 community pharmacies
during a 6-month period on patients >65 years. A CDSS was
developed and integrated into the pharmacy automation systems to
automatically check the medications of the patients for the presence
of any potentially inappropriate medications (PIMs). Depending
on the preference of the pharmacist the recommendations were
communicated with the prescriber or not. The number and
characteristics of the PIMs, prescribers’ acceptance status of the
recommendations, and usability of the CDSS were recorded.

Results: During the 6-month period 1250 prescriptions each from
an individual patient were evaluated. The median (interquartile
range) age of the patients was 73 (63-81) years. The total
number of PIMs was 1359 and 59% of the patients had at least
one PIM. The most frequently identified PIMs involved proton
pump inhibitors (16%) and selective beta-blockers (11.9%). The
pharmacists communicated with the prescribers regarding 24.4%
of the PIM-involving prescriptions and 85.8% of the prescribers
accepted the recommendations. The usability of the CDSS was
found to be good.

(074

Amag: Bu calismada toplum eczanelerinde yaslilarda uygunsuz
recete kaliplarinin belirlenmesine olanak saglayan bir klinik
karar destek sistemi (KKDS) tasarlanmasi ve degerlendirilmesi
amaglanmustir.

Yontemler: Calisma, 6 aylik bir siire boyunca 20 toplum
eczanesinde 65 yas ve Ustii hastalarda yiiriitiilmistir. Yasl
hastalarin regetelerinin potansiyel uygunsuz ilaglar (PUI) varligs
agisindan otomatik olarak kontrol edilmesine olanak saglayan
bir KKDS gelistirilmis ve eczane otomasyon sistemlerine entegre
edilmigtir. Eczacinin tercihine bagli olarak éneriler regeteyi yazan
dokrora iletilmis ya da iletilmemistir. PUT lerin say1si ve ozellikleri,
regete yazan doktorlarin énerileri kabul etme durumu ve KKDS nin
kullanilabilirligi kaydedilmistir.

Bulgular: Alt aylik dénem boyunca her biri ayri bir hastaya ait
1250 regete degerlendirilmistir. Hastalarin medyan (geyrekler aras
aralik) yast 73 (63-81) idi. Hastalarin %59 unun en az bir PUT’ye
sahip oldugu ve toplam PUI sayisinin 1359 oldugu tespit edilmistir.
En sik karsilasilan PUT’ler proton pompast inhibitorleri (%16) ve
selektif beta-blokerlerdir (%11,9). Eczacilar, PUI igeren recetelerin
%24,4'1i ile ilgili olarak receteyi yazan doktorla iletisim kurmus ve
onerilerin %85,8’i doktorlar tarafindan kabul etmistir. KKDS nin
kullanilabilirligi iyi olarak bulunmustur.
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ABSTRACT

Conclusion: It is anticipated that the widespread use of this product
would prevent drug-related adverse events, hospitalizations,
morbidities, and mortalities; thus, would improve patients’ health
and quality of life, as well as lead to better clinical, humanistic, and
economic outcomes.

Keywords: Clinical decision support system, community

pharmacy, elderly, geriatric, potentially inappropriate medication

Introduction

The number of elderly people is increasing worldwide. In
Europe, the rate of elderly people over 65 years old, which was
17.4% in 2010 is expected to increase to 29.5% in 2060 (1).
Tirkiye’s population is aging, too. In Tiirkiye, the rate of the
elderly population, which was 9.9% in 2022, is expected to be
12.9% in 2030, 16.3% in 2040, 22.6% in 2060, and 25.6% in
2080 (2).

Increasing life expectancy brings new challenges for effective
patient care. Factors such as multimorbidity, polypharmacy,
and frailty challenge the provision of safe and effective drug
therapy for older adults. Multimorbidity, which is the presence
of at least two chronic health conditions (3), results in
polypharmacy, which is often defined as the routine use of at
least five medications. The prevalence of prescription drug use
increases with age; 36% of older adults regularly take at least
five prescription drugs (4).

Polypharmacy increases the medication error rate as reported by
Avery et al. (5), who found that the medication error rate was
30.1% in patients taking five or more medications and 47% in
patients receiving 10 or more medications.

Polypharmacy is also associated with a higher risk of “potentially
inappropriate prescribing (PIP)” (6). PIP is defined as prescribing
medication therapies that do not comply with accepted medical
standards and, therefore, may cause significant harm to
elderly patients. PIP can either be in the form of “potentially
inappropriate medications (PIMs)”, which is prescribing a
medication that may not produce benefit relative to its harm,
or “potential prescription omissions”, which is, not prescribing
recommended medications.

Inappropriate prescribing can cause adverse drug events in
the elderly (7). With a prevalence ranging from 22.6% for
community-dwelling older persons (8) to 43.2% for nursing
home residents (9), PIPs were associated with lower quality of
life as well as increased adverse drug events, hospitalizations, and
healthcare costs (7).

PIMs are classified as a category of drug-related problems (DRPs),
and elderly patients have a high risk of DRPs (10). While clinical
medication review, including patient interviews, is an important
tool in identifying and resolving DRPs (10), this process seems
to be quite time-consuming for the elderly due to polypharmacy.
Therefore, it is necessary to standardize and facilitate the clinical

oz

Sonug: Bu iiriiniin yaygin kullaniminin ilaca bagli advers olaylari,
hastaneye yatglar;, morbiditeleri ve mortaliteleri 6nleyecegi;
boylece hem hastalarin saglik ve yasam kalitesinde, hem de saglik
cikularinin klinik, insani ve ekonomik diizeylerinde iyilesmelere
yol acacagi 6ngoriilmektedir.

Anahtar Sézciikler: Klinik karar destek sistemi, toplum eczanesi,
yasli, geriatrik, potansiyel uygunsuz ilag

medication review process to use the limited workforce, time,
and other resources in the most effective way (10).

Various tools such as the medication appropriateness index, the
American Geriatrics Society (AGS) Beers Criteria (AGS Beers
Criteria’) for PIM Use in Older Adults, Screening Tool of Older
People’s Prescriptions (STOPP) and Screening Tool to Alert
to Right Treatment (START) Ciriteria for PIP in older people
(STOPP/START criteria), and Turkish Inappropriate Medication
Use in the Elderly (TIME) Criteria to Improve Prescribing in
Older Adults: TIME-to-STOP and TIME-to-START have been
developed to make the identification of DRPs easier during the
medication review process. These tools can be integrated into
clinical decision support systems (CDSSs) which are computer
programs that generate alerts aimed at helping healthcare
professionals improve the quality and safety the of medication
therapy they provide (11-14). CDSSs can provide automated,
near-real-time monitoring, alerting, analysis, and reporting
(15). PIPs can be prevented by the use of CDSSs at the time of
prescribing.

CDSSs are generally designed to support physicians when
prescribing (16). Only a small number of studies evaluated the
use of CDSSs in pharmacy practice (17-21), helping to increase
the DRP identification rate during the medication evaluation

process (17).

Currently, there isnt any CDSS developed particularly to be
used for elderly patients in the community pharmacy setting in
Tiirkiye. Community pharmacists’ knowledge of medications,
including over-the-counter medications, combined with the
availability of electronic medication registration systems puts
pharmacists in an ideal position to identify PIDs.

This study aimed to design a CDSSs to identify inappropriate
prescription patterns in the elderly and to evaluate the use of this
digital system at community pharmacies.

Methods

This study was granted ethical approval by the Ethics Committee
of Marmara University (approval no: 115, date: 15.04.2019).

Development of the CDSS

A CDSS to be used in community pharmacies aiming to detect
inappropriate medication prescriptions in elderly patients and
provide relevant solutions was developed by the authors who
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were clinical pharmacy scholars ($.A., B.T.) in collaboration with
a software developer.

While establishing CDSS algorithms, three criterion sets were
taken into consideration: the 2019 Updated AGS Beers Criteria®,
the STOPP/START Version 2 Criteria, and the TIME Criteria.
Among these criterion sets the most appropriate criteria that
could be used in the community pharmacy setting was chosen by

the authors and included in the CDSS.

The CDSS consisted of 78 criteria. Fortythree from the 2019
Updated AGS Beers Criteria, 43 from the STOPP/START
Version 2 Criteria, and 56 from the TIME Criteria. Similar

criteria from these three criterion sets were merged accordingly.
This CDSS was structured to work as follows:

First, the CDSS was integrated into the pharmacy automation
systems of pharmacies that volunteered to participate in the
study.

The “pharmacy automation system” prompts the CDSS
whenever the pharmacist attempts to process a prescription of an
elderly (265 years) patient.

The CDSS processes not only the medications listed in the
most recent prescription to be filled but also all of the recorded
medications the patient seems to be currently using and checks
for the presence of any inappropriate prescription pattern.

If any inappropriate prescription pattern is encountered,
the CDSS generates an “alert”
An “alert” contains at least one item of warning regarding
inappropriate prescription pattern(s) identified for that specific
patient. Multiple warnings are generated when more than one
inappropriate prescription pattern (hereafter referred to as
“PIM”) is encountered.

through a pop-up screen.

The warning also includes detailed information about the
rationale for the inappropriateness and/or recommendations for
appropriate approaches (Figure 1).
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DIYABET HASTALARINDA DIKKAT! Tip 1 veya tip 2 divabet hastalanndan sik hipoglisemi atag gegirenlerde hipogisemik semptomian
Baskiama risks bulundugundan beta bloker (1) klanim onerimes, O7el b endkasyon buunmadd halde ESANSIVEL HIPERTANSIYON
TEDAVIST ICIN ILK beta blokorl dediidir (kalp halsizik yorgunkk ve ansel difonksivon

H| | durumiannda artis yapabiir; inmeye kars: koruyucu etkisi dusukti; yas arttikca f-adrenenik reseptor fonksiyonunda azaima olur).
Yukandaki durumlardan herhangi birinin vaidnda receteyi yazan doktoru uyarmaniz oneniir (REF2, REF3).

ATTENTION IN DIABETIC PATIENTS! The use of beta-blockers (1) is not r in
patients with type 1 or type 2 diabetes who have frequent episodes of hypoglycemia, as there is a
risk of supp: g hypoglycemic sy . The use of beta-blockers as FIRST-LINE
TREATMENT FOR ESSENTIAL HYPERTENSION is not appropriate in the absence of a
specific indication (may increase the risk of heart block, weakness-fatigue and sexual
dysfunction; low protective effect against stroke; decrease in B-adrenergic receptor function with
increasing age). It is reccommended to alert the prescribing physician in the presence of any of the
above conditions (REF2, REF3).

REF2: OMahony D, 0'Suban D, Byne , O'Connar M, Ryan G, Gatagher P, STOPP/START rter for potental napproprae prescrbng  ode people:
2. Age and Ageng 2014;0:1-6. J

REF3: Bahat G, Than B, Erdogan T et al Turksh inappropriate medication use i the elderly (TIME) criteri to improve prescrbing in older aduts: TIME-to-
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Figure 1. Example of an alert pop-up screen
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- At the bottom of the pop-up screen two decision buttons are
located, guiding the pharmacist on whether or not to inform the
prescriber about the recommendations.

Pharmacists are considered to decide between two choices:
“to inform” or “not to inform” the prescriber. This decision was
entirely at the discretion of the pharmacist.

Implementation

The study was conducted in 20 community pharmacies run
by qualified pharmacists who had received clinical pharmacy
training through MSc studies or certified courses. Patients aged
65 and over who visited the study pharmacies to have their
prescriptions filled throughout the study period (1* March-
1* September 2021) were invited to the study. The study was
conducted on patients who agreed to participate.

First, the CDSS was installed on the computers of the pharmacies
and integrated with the pharmacy automation systems.
Pharmacists were authorized to sign in to the system using their
confidential passwords. Entering the social security ID number
of the patient in the system allowed the pharmacist access to the
list of currently registered medications of that individual patient.

The pharmacy automation system prompted the CDSS if
the patient’s age was 265 years, and the CDSS checked the
medications of the patient for any inappropriate prescription
patterns.

Depending on the preference of the pharmacist the
recommendations were communicated with the prescriber or
not. While communicating with the prescriber, pharmacists
explained the rationale for and recommendations about the
identified PIM. No information about the presence and/or
structure of any inappropriate prescription pattern was shared
with the patient.

Usability of the CDSS
The usability of the CDSS was assessed by the system usability

scale (SUS), which is a ten-item scale reflecting a global view of
subjective assessment of usability. SUS is scored using a 5-point
Likert scale (from 1 to 5) ranging from “strongly disagree” to
SUS scores are calculated as described in the
work of Brooke (22). The overall SUS score ranges from 0 to
100. The SUS score of 68 represents the 50 percentile (median)
corresponding to the center of the range for an average grade
(C), while a SUS score between 77.2-78.8 represents the 80%-
84™ percentile corresponding to a grade of B+, and a SUS
score between 84.1-100 represents the 96%-100" percentile
corresponding to a grade of A+. A SUS score above 68 indicates
average performance, while a score below 68 is considered below
average (23).

« »
strongly agree”.

Other Data

Data regarding the pharmacies (location, number of prescriptions
filled per month), the pharmacists (age, gender, experience),
patients (age, gender, number of medications, number of chronic
diseases, number of PIMs, presence of polypharmacy, i.ec.,
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simultaneous use of =5 medications), and the alerts (number of
alerts communicated with the prescribers, the prescribers’ reply)
were also collected.

The main outcome measures were as follows:

- Descriptive features of inappropriate prescription patterns
detected by the CDSS,

- Descriptive features of prescribers’ acceptance status of the
CDSS-generated recommendations communicated with them,

- Opinions and attitudes of pharmacists regarding CDSS use.
Statistical Analysis
The SPSS 11.5 (SPSS Inc., Chicago, IL) was used for the statistical

analysis. Kolmogorov-Smirnov and Shapiro-Wilk normality tests
were used to determine the distribution characteristics of the
data. Frequency data was expressed as n (%), while data with
non-normal distribution were expressed as the median and

interquartile range (IQR). Statistical significance was considered
as p<0.05.

Results

The characteristics of the study pharmacies and the pharmacists
(n=20) who participated in the study are presented in Table 1.
The typical study pharmacist was a 35-year-old woman with

Table 1. Characteristics of the study pharmacies and
pharmacists (n=20)

Pharmacist n (%)
Age (year); median (IQR) 35.00 (30.00-52.75)
Experience (year); median (IQR) 9.50 (5.25-29.00)

Female/male 14 (70)/6 (30)
Location of the pharmacy

Near a local GP office 10 (50)
Pharmacy in a residential area 6 (30)
Near hospital 3(15)
On a shopping street 1(5)
Number of monthly prescriptions

301-600 4 (20)
601-900 2 (10)
901-1200 4(20)
1201-1500 4 (20)
>1500 6 (30)
Number of monthly geriatric prescriptions

0-100 3(15)
101-200 4(20)
201-300 6 (30)
301-400 2 (10)
401-500 3(15)
>500 2 (10)

GP: General practitioner, IQR: Interquartile range

9.5 years of professional experience. The most common (50%)
pharmacy location was “near a local general practitioner (GP)

office”.

From 20 pharmacies, 1250 patients participated in the study.
The median (IQR) age of the patients was 73 (68-81) years, and
60.2% of them were female; 660 (52.8%) lived with their spouses
and 24.2% with their children. The median (IQR) number
of chronic diseases and number of medications for individual
patients were 3 (2-4) and 5 (3-8), respectively. Polypharmacy was
present in 56.6% of the patients. Detailed patient characteristics
are presented in Table 2.

The prescriptions of more than half of the patients (59.04%;
n=738/1250) resulted in inappropriate prescription pattern
alerts containing a total of 1359 PIMs. The most frequently
encountered PIMs involved medications listed in Table 3.

The pharmacists decided "not to inform the prescriber" for 75.6%
of the 738 alert-generated prescriptions. Pharmacists’ reasons
for not communicating the warnings and recommendations
with the prescriber are shown in Table 4. Only 10% (n=2/20)
of the pharmacists made referrals to the prescribers. These two
pharmacists communicated with the prescribers regarding 317
PIMs in 180 prescriptions, while no recommendation was made
to the prescriber regarding 1042 PIMs. Prescribers’ acceptance
status of the recommendations made to them (n=317) was as

shown in Table 5.

As the patient’s age increased, the number of diseases (r=0.116,
p<0.01), the number of medications used (r=0.079, p<0.01), and
the number of PIMs (r=0.155, p<0.01) increased significantly.

The number of PIMs increased significantly as the number
of chronic diseases (r=0.401, p<0.01) and the number of
medications used (r=0.612, p<0.01) increased.

The number of medications used increased as the number of
chronic diseases increased (r=0.564, p<0.01); patients with
polypharmacy were older (p=0.025), had a higher number of
chronic diseases (p<0.001) and had a higher number of PIMs in
their prescriptions (p<0.001).

The overall median SUS score of the study CDSS was 77.25.
SUS item scores are shown in Table 6.

Discussion

Twenty pharmacists who received clinical pharmacy training
through MSc studies or certified courses participated in this
study. The typical pharmacist in the study was a 35-year-old
woman with 9.5 years of professional experience. The most
common location (50%) of pharmacies was “near a local GP

office”.

The study included 1250 patients from 20 pharmacies. The
patients’ median age was 73 years, and 60.2% were female.
Studies on geriatric patients in the literature included patients of
similar age, with a median age ranging from 73.3 to 78.7 years
(10,20,24-26).
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The median number of chronic diseases and medications per
patient was 3 and 5, respectively, in accordance with those
reported from similar other studies where patients median
number of diseases and medications ranged from 2 to 11
(10,20,24-27), and from 3 to 10 (10,24-27), respectively.

The most prevalent chronic condition in our study was
cardiovascular diseases, followed by diabetes. The pattern of
chronic diseases aligned with the local data reported in the study
of Zoghi et al. (28) which was conducted on more than 5,000
geriatric patients in Tiirkiye and with the global data indicating
that cardiovascular conditions, arthritis, and diabetes were the
most prevalent long-term conditions among geriatric patients

(20,29).

More than half (56.6%) of our patients had polypharmacy as
anticipated from the geriatric population, where polypharmacy
prevalence was reported to range from 4% to 96.5% (30).

The CDSS used in this study was developed based on the 2019
Updated AGS Beers Criteria’, STOPP/START Version 2 Criteria,
and TIME Criteria. Only the most appropriate criteria to be

Table 2. Characteristics of the patients (n=1250)
Patients n (%)
Age; median (IQR) 73.00 (68.00-81.00)
Female/male 753 (60.2)/497 (39.8)

Chronic diseases

Hypertension 955 (76.4)
Diabetes 486 (38.9)
Coronary artery disease 357 (28.6)
Dyslipidemia 414 (33.1)
Arrhythmia 151 (12.1)
With whom does the patient live?

At a nursing home 145 (11.6)
Alone 129 (10.3)
Spouse 660 (52.8)
Children 302 (24.2)
Caretaker 7 (0.6)
Other 7 (0.6)
Number of medications; median (IQR) 5.00 (3.00-8.00)
Polypharmacy 707 (56.6)

IQR: Interquartile range

Table 3. The most frequently encountered potentially
inappropriate medications

PIMs n (%)
Proton pump inhibitors 217 (16.0)
Selective beta-blockers 162 (11.9)
Betahistine, trimetazidine, dimenhydrinate 75 (5.5)
Non-steroidal anti-inflammatory drugs 72 (5.3)
Acetylcholinesterase inhibitors 70 (5.2)

PIM: Potentially inappropriate medication
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used in the community pharmacy setting were chosen; therefore,
the START criteria, which are to be used by the prescribers, were
not included in the study. The studies in the literature commonly
used different versions of Beers criteria (10,20,24,31), STOPP/
START criteria (10,20,31-33), and PRISCUS list (20) to detect
PIMs in older patients. In addition to these criterion sets, we also
used a local criterion set (TIME Criteria) to include the local
expert opinion.

In this study, at least one PIM at more than half (59%,
n=738/1250) of the prescriptions was identified by the CDSS.
The mean number of PIMs per patient was 1.09 (n=1359/1250).
Different PIM prevalence rates were reported from both local
and international studies depending on the study design, sample
size, setting, the criterion sets used, and patient characteristics.
Studies on elderly patients in Tiirkiye revealed a prevalence of
PIM ranging from 10.9% to 80.6% (34-41), while similar rates
ranging from 7.87% to 57.6% (24,26,42,43) and even higher
rates up to 81% for patients residing at residential care facilities
(44,45) were recorded in international studies.

Alocal study using the TIME, Beers 2019, and STOPPv2 criteria
revealed a PIM prevalence rate of 46.1%, 30.6%, and 26.2%,
respectively, while a higher (46.9%) PIM rate was reported

Table 4. Pharmacists’ reasons for not communicating the
recommendations with the prescriber (n=20)

Comments n (%)
The pharmacist thought that the prescriber would 10 (50.0)
not care

The pharmacist thought that the prescriber would 11 (55.0)
not trust the information provided by the pharmacist ’
The pharmacist hesitated to contact the prescriber as 15 (75.0)
he/she did not know him/her in person ’
Communication issues 18 (90.0)
Lack of time 19 (95.0)

The question might have more than one answer

Table 5. Acceptance status of the recommendations

(n=317)

n (%)
The recommendation was accepted
The recommendation was accepted and 158 (49.8)
implemented
The recommendation was accepted but not 77 24.3)
implemented
The recommendation was accepted, not 37 (11.7)
implemented, but followed up ’
The recommendation was not accepted
The recommendation was not accepted; no

3(0.9)
agreement was reached
The recommendation was not accepted; reason is 24 (7.6)
unknown
Other
Recommendation made, acceptance status unknown 18 (5.7)
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when all three criterion sets were considered (36). In another
study, number of patients with at least one PIM identified by the
TIME-to-STOP criteria and Beers 2019 was 33% and 10.9%,
respectively (34). Different rates were also reported from another
study depending on the criteria set used: as 80.6% (Beers 2019),
59.7% (STOPPv2), and 48.2% [EU(7)-PIM] (35). The PIM
rate according to TIME-to-STOP criteria among the elderly
attending geriatric outpatient clinics was between 21.5-38%,
whereas this rate was 11.7% for those receiving palliative care
(34,39-41), and 48.2% for intensive care patients (35). Other
studies from Tiirkiye reported similar rates of patients who had

at least one PIM as 45.1% (37) and 41.4% (38).

In the systematic review and meta-analysis of 132 studies,
including more than 370 million geriatric patients from 17
countries, conducted by Tian et al. (46), PIM prevalence was
reported to be 36.7%. Sub-group analysis of that study showed
that PIM prevalence in Tiirkiye was 39.6% depending on the six
studies included and 56.3% in low-income countries (according
to the World Bank classification) (46).

OPERAM (OPtimising thERapy to prevent Avoidable hospital
admissions in the Multimorbid elderly) study, aiming to optimize
the existing therapy among the elderly population aged 275 years
by the use of a CDSS reported a rate of inappropriate prescribing
for 86.1% of the participants (33).

The rate (59%) of patients with at least one PIM in our study
was higher than many of those reported in the literature. The
reasons for that might be that unlike the other studies we used
a combination of three criterion sets instead of one, and as the
intervention we used a CDSS instead of medication review; both
approaches together might have prevented missing PIMs and
helped identify a higher rate of PIMs.

In this study, PIM alerts were mostly generated for PPIs. Similarly,
in the systematic review and meta-analysis of Tian et al. (46),

benzodiazepines, non-steroidal anti-inflammatory drugs, and
proton pump inhibitors were the first three medication classes
that generated PIM alerts. The high prevalence of PPI-related
PIMs may be due to several factors. As PPIs are known to be
gastroprotective agents, most patients tend to continue these
medications infinitely, and they might put pressure on their GPs
to prescribe a PPL. Also, in elderly patients, bleeding problems may
be more prevalent due to the increased number of medications
and be more detrimental due to the existing comorbidities.
Therefore, prescribers might have preferred a defensive approach
and continued PPIs beyond the indicated period. Another factor
might be the prescribers lack of knowledge regarding the adverse
effects of PPIs on the elderly.

The pharmacists in our study communicated with the prescribers
regarding 24.4% of the prescriptions. The majority (85.8%) of
the prescribers accepted the recommendations generated through
the CDSS and communicated by the pharmacist. The prescriber
acceptance rate of the pharmacist’s interventions was similar to
the higher rates reported in the literature, which ranged from
61.8% to 93.2% (47-50). The acceptance rate was high because
only the pharmacists who felt comfortable communicating
with the specific prescriber with whom they already had strong
professional communication proposed interventions to the
prescribers. Therefore, due to the mutual professional trust,
the acceptance rate was high. The rate of pharmacists who
felt comfortable communicating with the prescribers was very
low (10%). Lack of time and communication issues were the
major reasons for almost all of the pharmacists who did not
communicate with the prescribers. A professional relationship
between a pharmacist and a physician is crucial for the success
of a CDSS (18) as demonstrated in our study, where only the
pharmacists with a good relationship with the prescribers
communicated with them and this communication yielded a
high pharmacist intervention acceptance rate.

Table 6. System usability scale item scores (n=20)

System usability scale items Strongly

I think that | would like to use this system frequently 0(0)
| found the system unnecessarily complex 5 (25)
| thought the system was easy to use 0 (0)

| think that | would need the support of a technical
person tobe able to use this system

| found the various functions in this system were well

integrated 0O

| thought there was too much inconsistency in this 3(15)
system

I would imagine that most people would learn to use this 0(0)
systemvery quickly

| fFound the system very cumbersome to use 8 (40)
| felt very confident using the system 0 (0)

I needed to learn a lot of things before I could get going 0(0)

with this system

disagree, n (%) (%)

Disagree, n Neither agree nor Agree, n Strongly
disagree, n (%) (%) agree, n (%)

0 (0) 3 (15) 9 (45) 8 (40)

14 (70) 0 (0) 1(5) 0 (0)

0 (0) 2 (10) 8 (40) 10 (50)

14 (70) 3(15) 0(0) 2(10)

0 (0) 8 (40) 9 (45) 3(15)

15 (75) 2 (10) 0(0) 0 (0)

0 (0) 2(10) 14 (70) 4 (20)

12 (60) 0 (0) 0(0) 0 (0)

0 (0) 1(5) 11 (55) 8 (40)

17 (85) 3 (15) 0 (0) 0 (0)
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The CDSS used in this study had a SUS score corresponding to a
grade of B+ (23) indicating the good usability of the system. Poor
usability may increase workload and cause alert fatigue while
decreasing the system’s acceptability and effectiveness.

Study Limitations

While being a novel research on the use of a CDSS in the
community pharmacy setting, our study has several limitations.
One of the limitations was that only pharmacists with an
established good relationship with individual prescribers
communicated with them regarding the PIMs. Therefore, this
raised a bias resulting in a high recommendation acceptance rate,
which might not be the case in daily practice. Another limitation
was that although the calculated SUS score indicated good
usability of the system, due to the small sample size, it is hard to
anticipate the real usability in daily practice.

Conclusion

This study showed that inappropriate medication prescription
patterns in the elderly can be identified comprehensively in the
community pharmacy setting by the use of a diligently developed
clinical decision support system. It is anticipated that the
widespread use of this product would prevent medication-related
adverse events and related hospitalizations, morbidities, and
mortalities, thus help improving patients’ health and quality of
life as well as leading to better clinical, humanistic, and economic
outcomes.

Ethics

Ethics Committee Approval: This study was granted ethical
approval by the Ethics Committee of Marmara University
(approval no: 115, date: 15.04.2019).

Informed Consent: The patients included in this study were
those who granted their consent after being informed about and
invited to the study.

Authorship Contributions

Concept: $.A., Design: B.T., $.A., Data Collection or Processing:
B.T., Analysis or Interpretation: B.T., S.A., Literature Search:
B.T., S.A., Writing: B.T,, $.A.

Conflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: Beyza Torun - 100/2000 YOK doctoral
scholarship.

References

1. Eurofound. Active ageing. [cited 2023 Aug 13]. Available from:
https://www.eurofound.europa.eu/en/european-industrial-relations-
dictionary/active-ageing.

2. Turkish Statistical Institute. Elderly Statistics, 2022. [cited 2023 Aug
13]. Available from: https://data.tuik.gov.tr/Bulten/Index?p=Elderly-
Statistics-2022-49667 &dil=2.

3. Barnett K, Mercer SW, Norbury M, Watt G, Wyke S, Guthrie B.
Epidemiology of multimorbidity and implications for health care,

294

10.

11.

12.

13.

14.

15.

16.

17.

research, and medical education: a cross-sectional study. Lancet.
2012;380:37-43.

Qato DM, Wilder J, Schumm LP, Gillet V, Alexander GC. Changes
in Prescription and Over-the-Counter Medication and Dietary
Supplement Use Among Older Adults in the United States, 2005 vs
2011. JAMA Intern Med. 2016;176:473-82.

Avery T, Barber N, Ghaleb M, Franklin BD, Armstrong S, Crowe S,
et al. Investigating the prevalence and causes of prescribing errors in
general practice: the PRACtICe study. Gen Med Counc 2012. [cited
2023 Aug 15]. Available from: https://www.gmc-uk.org/about/what-
we-do-and-why/data-and-research/research-and-insight-archive/
investigating-the-prevalence-and-causes-of-prescribing-errors-in-

general-practice.

Steinman MA, Miao Y, Boscardin W], Komaiko KD, Schwartz JB.
Prescribing quality in older veterans: a multifocal approach. J Gen

Intern Med. 2014;29:1379-86.
Hyttinen V, Jyrkki J, Valtonen H. A systematic review of the impact

of potentially inappropriate medication on health care utilization and

costs among older adults. Med Care. 2016;54:950-64.
Tommelein E, Mehuys E, Petrovic M, Somers A, Colin B, Boussery

K. Potentially inappropriate prescribing in community-dwelling
older people across Europe: a systematic literature review. Eur J Clin
Pharmacol. 2015;71:1415-27.

Morin L, Laroche ML, Texier G, Johnell K. Prevalence of Potentially
Inappropriate Medication Use in Older Adults Living in Nursing
Homes: A Systematic Review. ] Am Med Dir Assoc. 2016;17:862.

Verdoorn S, Kwint HE Hoogland P, Gussekloo J, Bouvy ML. Drug-
related problems identified during medication review before and after
the introduction of a clinical decision support system. J Clin Pharm
Ther. 2018;43:224-31.

By the 2019 American Geriatrics Society Beers Criteria® Update
Expert Panel. American Geriatrics Society 2019 Updated AGS Beers
Criteria® for Potentially Inappropriate Medication Use in Older
Adults. ] Am Geriatr Soc. 2019;67:674-94.

O’Mahony D, O’Sullivan D, Byrne S, O’Connor MN, Ryan C,
Gallagher . STOPP/START criteria for potentially inappropriate
prescribing in older people: version 2. Age Ageing. 2014;44:213-8.

Bahat G, Ilhan B, Erdogan T, Halil M, Savas S, Ulger Z, et al.
Turkish inappropriate medication use in the elderly (TIME) criteria
to improve prescribing in older adults: TIME-to-STOP/TIME-to-
START. Eur Geriatr Med. 2020;11:491-8.

Curtain C, Peterson GM. Review of computerized clinical decision

support in community pharmacy. J Clin Pharm Ther. 2014;39:343-8.
Kaushal R, Shojania KG, Bates DW. Effects of computerized physician

order entry and clinical decision support systems on medication
safety: a systematic review. Arch Intern Med. 2003;163:1409-16.

Jaspers MW, Smeulers M, Vermeulen H, Peute LW. Effects of clinical
decision—support systems on practitioner performance and patient
outcomes: a synthesis of high-quality systematic review findings. ]

Am Med Inform Assoc. 2011;18:327-34.

Curtain C, Bindoff I, Westbury J, Peterson G. An investigation into
drug-related problems identifiable by commercial medication review
software. Australas Med J. 2013;6:183-8.



Bezmialem Science 2024;12(3):288-96

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Robertson ], Walkom E, Pearson SA, Hains I, Williamsone M,
Newby D. The impact of pharmacy computerised clinical decision
support on prescribing, clinical and patient outcomes: a systematic
review of the literature. Int J Pharm Pract. 2010;18:69-87.
Meulendijk MC, Spruit MR, Drenth-van Maanen AC, Numans
ME, Brinkkemper S, Jansen PA, et al. Computerized decision
support improves medication review effectiveness: an experiment
evaluating the STRIP
2015;32:495-503.
O’Sullivan D, O’Mahony D, O’Connor MN, Gallagher B, Gallagher

J, Cullinan S, et al. Prevention of Adverse Drug Reactions in

assistant’s usability. Drugs Aging.

Hospitalised Older Patients Using a Software-Supported Structured
Pharmacist Intervention: A Cluster Randomised Controlled Trial.
Drugs Aging. 2016;33:63-73.

Bindoff IK, Tenni PC, Peterson GM, Kang BH, Jackson SL.
Development of an intelligent decision support system for medication
review. ] Clin Pharm Ther. 2007;32:81-8.

Brooke J. SUS: a” quick and dirty” usability scale. In: Jordan PW;,
Thomas B, McClelland IL, Weerdmeester B, editors. Usability
evaluation in industry. London, UK: CRC Press; 1996:189-204.

Lewis JR, Sauro J. Item benchmarks for the system usability scale.

Journal of Usability Studies. 2018;13:158-67.

Hu Q, Tian E Jin Z, Lin G, Teng E Xu T. Developing a Warning
Model of Potentially Inappropriate Medications in Older Chinese
Outpatients in Tertiary Hospitals: A Machine-Learning Study. J Clin
Med. 2023;12:2619.

Sallevelt BTGM, Huibers CJA, Heij JMJO, Egberts TCG, van
Puijenbroek EP, Shen Z, et al. Frequency and acceptance of clinical
decision support system-generated STOPP/START signals for
hospitalised older patients with polypharmacy and multimorbidity.
Drugs Aging. 2022;39:59-73.

Chen Q, Zhang L. Analysis of potentially inappropriate medications
(PIM) used in elderly outpatients in departments of internal
medicine by using the Screening Tool of Older Persons” Potentially
Inappropriate Prescriptions (STOPP) criteria. Ann Palliat Med.
2021;10:4678-86.

Prasert V, Shono A, Chanjaruporn F, Ploylearmsang C, Boonnan
K, Khampetdee A, et al. Effect of a computerized decision support
system on potentially inappropriate medication prescriptions for
elderly patients in Thailand. J Eval Clin Pract. 2019;25:514-20.

Zoghi M, Ozyﬁnci’x N, Ozal E, Cakmak HA, Yayla C, 1<;li A, et al.
Frequency of cardiovascular diseases and drug use in Turkish elderly
population followed up at cardiology clinics: The Elderturk study.
Turkish Journal of Geriatrics. 2017;20:73-81.

Chiaranai C, Chularee S, Srithongluang S. Older people living with
chronic illness. Geriatr Nurs. 2018;39:513-20.

Pazan F, Wehling M. Polypharmacy in older adults: a narrative review
of definitions, epidemiology and consequences. Eur Geriatr Med.
2021;12:443-52.

Mulder-Wildemors LGM, Heringa M, Floor-Schreudering A, Jansen
PAE Bouvy ML. Reducing Inappropriate Drug Use in Older Patients

by Use of Clinical Decision Support in Community Pharmacy: A
Mixed-Methods Evaluation. Drugs Aging. 2020;37:115-23.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Niehoff KM, Rajeevan N, Charpentier PA, Miller PL, Goldstein
MK, Fried TR. Development of the Tool to Reduce Inappropriate
Medications (TRIM): A Clinical Decision Support System to
Improve Medication Prescribing for Older Adults. Pharmacotherapy.
2016;36:694-701.

Blum MR, Sallevelt BTGM, Spinewine A, O’Mahony D, Moutzouri
E, Feller M, et al. Optimizing therapy to prevent avoidable hospital
admissions in multimorbid older adults (OPERAM):
randomised controlled trial. BM]J. 2021;374:n1585.

cluster

Berker E, Pasali Kilit T, Ozyigit E Comparative evaluation of
potential inappropriate drug use in elderly outpatients using
the Beers 2019 and TIME criteria. Turkish Journal of Geriatrics.
2022;25:22-31.

Oncu S, Yakar NM, Aydemir FD, Gokmen N, Gelal A. Potentially
Inappropriate Medication Use in Older Adults Intensive Care
Patients According to TIME-to-STOP Criteria. Eur ] Geriatric
Gerontol. 2023;5:66-77.

Sentiirk Durmus N, Akin S, Géksiilitk D. Prevalence of Potentially
Inappropriate Medication and Frailty: A Comparison of Three
Criteria in Older Turkish Adults. Erciyes Med J. 2023;45:55-61.

Kelleci Cakir B, Kizilarslanoglu MC, Kiligc MK, Tuna Dogrul R,
Kuyumcu ME, Bayraktar Ekincioglu A, et al. Assessment of the
appropriateness of prescriptions in a geriatric outpatient clinic. Turk
J Pharm Sci. 2022;19:54-62.

Pala E, Ersoy S, Engin VS, Benli AR. Effectiveness of STOPP/START
criteria in primary prevention of polypharmacy and under-treatment
in older patients. Therapie. 2022;77:361-9.

Ozsiirekci C, Ceylan S, Halil MG. Polypharmacy and potentially
inappropriate medication use in older adults with dementia: Check
with TIME criteria. Eur ] Geriatric Gerontol. 2021;4:5.

Cakmak G, Oztiitk ZA. Comparison of malnutrition assessment
tools in terms of revealing the relationship between polypharmacy
and inappropriate drug use and malnutrition. Progress in Nutrition.
2021;23:2021210.

Celikei S. Palyatif Bakim Servisindeki Yasli Hastalarda Polifarmasi ve
Uygunsuz Ilag Kullaniminin Beers ve TIME-to-STOP Kriterlerine
Gore Degerlendirilmesi. Uludag Universitesi Tip Fakiiltesi Dergisi.
2021;47:405-9.

Alhawassi TM, Alatawi W, Alwhaibi M. Prevalence of potentially
inappropriate medications use among older adults and risk factors
using the 2015 American Geriatrics Society Beers criteria. BMC
Geriatr. 2019;19:154.

LiY, Hu], Gao YZ, Zhou E Zhu ZH, Zhang BE, et al. Prevalence and
determinants of potentially inappropriate medications prescribing
in elderly patients in Chinese communities. Ann Palliat Med.
2021;10:2072-9.

Harrison SL, Kouladjian O’Donnell L, Milte R, Dyer SM,
Gnanamanickam ES, Bradley C, et al. Costs of potentially
inappropriate medication use in residential aged care facilities. BMC
Geriatr. 2018;18:9.

Caucat M, Zacarin A, Rousseau V, Montastruc JL, Bagheri H. The
Cost of Potentially Inappropriate Medications in Nursing Homes in
West Occitanie. Pharmacy (Basel). 2020;8:39.

295



Torun and Apikoglu. Evaluation of a CDSS in Elderly

46.

47.

48.

Tian F, Chen Z, Zeng Y, Feng Q, Chen X. Prevalence of Use
of Potentially Inappropriate Medications Among Older Adults
Worldwide: A Systematic Review and Meta-Analysis. JAMA Netw
Open. 2023;6:¢2326910.

Najjar ME, Sulaiman SAS, Al Jeraisy M, Balubaid H. The impact
of a combined intervention program: an educational and clinical
pharmacist’s intervention to improve prescribing pattern in
hospitalized geriatric patients at King Abdulaziz Medical City in
Riyadh, Saudi Arabia. Ther Clin Risk Manag. 2018;14:557-64.

Hailu BY, Berhe DE Gudina EK, Gidey K, Getachew M. Drug
related problems in admitted geriatric patients: the impact of clinical
pharmacist interventions. BMC Geriatr. 2020;20:13.

296

49.

50.

Ertuna E, Arun MZ, Ay S, Kogak FOK, Gokdemir B, Ispirli
G. Evaluation of pharmacist interventions and commonly used
medications in the geriatric ward of a teaching hospital in Turkey: a
retrospective study. Clin Interv Aging. 2019;21:587-600.

Lombardi N, Wei L, Ghaleb M, Pasut E, Leschiutta S, Rossi B, et
al. Evaluation of the implementation of a clinical pharmacy service

on an acute internal medicine ward in Iraly. BMC Health Serv Res.
2018;18:259.



DOI: 10.14235/bas.galenos.2024.26879
Bezmialem Science 2024;12(3):297-308

Original Article

Factors Affecting the Attitude of Medical Doctors in
Tirkiye towards Using Artificial Intelligence Applications in
Healthcare Services

Tlrkiye'de Tip Doktorlarinin Saglik Hizmetlerinde Yapay Zeka Uygulamalarini
Kullanmaya Yonelik Tutumlarini Etkileyen Faktorler
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ABSTRACT

Objective: Artificial intelligence (AI) is transforming various
sectors, including healthcare. The aim of this research was to
examine the factors that determined acceptance of and intention to
use Al applications by medical doctors.

Methods: This research was based on an online survey conducted
with 275 medical doctors in Tiirkiye. The survey was prepared in
English and was later translated into Turkish by the researchers.
The study employed a convenience sampling technique. The
partial least squares-structural equation modeling was employed
to ascertain causal relationships for theory confirmation. The data
analysis utilized SmartPLS 3. Descriptive statistics were calculated
with the SPSS 25 software.

Results: According to the findings, trust ($=0.651; t=25.876;
p<0.01) was the strongest positive factor for increased intention
to use Al applications. Perceived usefulness ($=0.613; t=22.851;
p<0.01) and perceived ease of use (PEOU) ($=0.644; t=14.577;
p<0.01), significantly predicted intension to use. Technological
anxiety was not a significant predictor for intension to use
(B=0.067; t=1.014; p=0.093) as well as facilitating conditions
(B=0.071; t=1.041; p=0.102).

Conclusion: This research reveals that trust, perceived usefulness,
and PEOU are the major positive factors for Al to be accepted
and used by medical doctors. The greater trust and ease of use that

oz

Amag: Yapay zeka (Al), saglik hizmetleri de dahil olmak iizere
cesitli sektdrleri doniistiirmektedir. Bu aragtirmanin amaci, tip
doktorlarinin AT uygulamalarina yénelik kabullerini ve kullanim
niyetlerini belirleyen faktdrlerin incelenmesidir.

Yontemler: Bu aragtirma, Tiirkiyedeki 275 tup doktoru ile yapilan
cevrimici ankete dayanmaktadir. Anket Ingilizce olarak hazirlanmis
ve daha sonra aragurmacilar tarafindan Tiirkceye cevrilmistir.
Aragtirmada kolayda &rnekleme teknigi kullanilmistur. Kismi en
kiiciik kareler-yapisal denklem modellemesi, teorinin dogrulanmas:
amactyla nedensel iliskileri tespit etmek icin kullanilmistir. Veri
analizinde SmartPLS 3 kullanilmistir. Betimleyici istatistikler SPSS
25 yazilimiyla hesaplanmustir.

Bulgular: Bulgulara gére, giiven (=0,651; t=25,876; p<0,01),
Al uygulamalarini kullanma niyetinin artmasinda en giiclii
pozitif faktordiir. Algilanan fayda (=0,613; t=22,851; p<0,01)
ve algilanan kullanim kolayligr (B=0,644; t=14,577; p<0,01),
kullanma niyetini anlamli sekilde 6ngdrmekeedir. Teknolojik kaygt
($=0,067; t=1,014; p=0,093) ve kolaylastirict kosullar (=0,071;
t=1,041; p=0,102) kullanim niyeti i¢in anlamli bir yordayici
degildir.

Sonug: Bu arasurma, Al'min tp doktorlart tarafindan kabul
edilmesi ve kullanilmasinda giiven, algilanan fayda ve algilanan
kullanim kolayliginin baglica olumlu faktérler oldugunu ortaya
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ABSTRACT

comes with more knowledge and experience about Al may lead to
more action to be taken to benefit from Al in the healthcare sector.

Keywords: Al in healthcare service, extended TAM, Al acceptance,
PLS-SEM

Introduction

Artificial intelligence (AI) is undoubtedly the most debated
technological development of today. Aside from the technical
improvements in Al, the expansion of Al implementations is
the major reason for this debate in business world, media, and
science community. Al which entered our lives with automation,
production systems and sales/marketing applications is now
being used in essential sectors such as education and health.
It is frequently suggested that in a global scale, Al is affecting
individual as well as industrial activities (1). Therefore, it became
a transforming element for the society as a whole.

It can be said that there is a clear relationship between a series of
developments in recent years and the widening use of Al The
most important of these is the increasing volume of recorded data
due to digitalization. These digital records, known as big data,
constitute an almost endless resource that can be processed by
Al algorithms through machine learning. Today, all transactions
occurring in the digital environment, such as sounds, images,
numbers and those that can be referred to as behaviors, have
become data that can be used by Al. Another feature of big
data that can be accessed, stored, and processed is that it can be
collected in real time, too. This offers exceptional opportunities
for the development of Al

On the other hand, the coronavirus disease-2019 pandemic
has accelerated digitalization in all areas of life. In line with the
increasing digitalization, developments in Al gained momentum.
The spread of Al in different sectors and its new functions also
followed these developments. Al technology provides a base for
continued innovation in various sectors (2). In recent years, as one
of the sectors where digitalization and datafication are advancing
most rapidly, medicine and health sector have become one of the
prominent areas in terms of the use of AL It is also predicted that
the opportunities provided by these technologies will create new
industries and roles (3). While Al offers great opportunities, it
will also pose a threat, especially to manufacturing and process-
oriented sectors; and health sector is among them (3).

Apparently, there is an increasing interest in technology to solve
problems of today’s society such as global warming, sustainable
use of resources and public health. Among these, the most
pressing societal issues regarding health are increasing workload
of the health sector, high costs, and the scarcity of trained
personnel due to the increasing and aging population (4). Recent
developments in machine learning and Al accelerated efforts to
mitigate these problems using technological solutions. Policy

298

oz

koymaktadir. Al hakkinda daha fazla bilgi ve deneyimin getirdigi
daha fazla giiven ve kullanim kolaylig1, saglik sektériinde Al'dan
yararlanmak icin daha fazla adim atilmasini saglayabilir.

Anahtar Sézciikler: Saglik hizmetlerinde yapay zeka, E-TAM,
yapay zeka kabulii, PLS-SEM

makers and politicians are also eager to introduce more state-
of-the-art tools to the health system (5). In this context, it is
also possible to talk about the digitalization of health data which
paved the way to applications that adopt a data-driven approach
started to be implemented (6,7). In this context, the healthcare
sector has become one of the areas where Al is rapidly developing
from managerial, clinical, and patient perspectives. Most
importantly, Al is already being applied to clinical tasks normally
performed by doctors which draws attention to the positions of
them in an Al supported health system (8). Thus, it is possible to
suggest that the circumstances for both doctors and patients have
been transformed by the introduction of Al (9). In the future,
if/when Al becomes a routine part of clinical practice, the self-
image of doctors will also be affected (10). From the vantage
point of patients, on the other hand, receiving health services
is also likely to be converted into a completely new experience.
It is also important to note the fact that use of Al should be
considered different from the use of Al in other sectors, given
the highly sensitive nature of health data and vulnerability of the
consumers (2).

The current literature on Al in health sector covers various aspects
of the subject, however it does not sufficiently explain the factors
shaping the attitudes and willingness of medical doctors (MDs)
to use Al applications. Therefore, this research aims to examine
the attitudes of MDs towards Al applications and the factors that
determine their intention to use. In this context, it is believed
that the extended technology acceptance model (E-TAM) will
provide a distinctive perspective in explaining doctors’ intentions
to use Al tools.

Methods

This study was approved by the Anadolu University Social and
Human Sciences Scientific Research and Publication Ethics
Board (approval number: 70/78, date: 28.12.2023).

Artificial Intelligence in Health

Al is basically composed of machine learning, algorithms, and
(big) data. In the context of these components, Al can be described
as a smart machine-based system that recognizes patterns in data
which can also apply these patterns to new data for particular
tasks and purposes (11,12). Al has the ability to replace many
human tasks and activities in various industries which is likely
to have impact in terms of productivity and performance (2).
Since health has become one of the major fields which produces
big data, the utilization of Al has been foreseeable; especially
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through machine learning and deep learning (13,14). It can be
suggested that Al has already started to cause a paradigm change
in the field of healthcare (15).

It is possible to consider the use of Al in the field of healthcare
in three different dimensions. The first of these is public health
applications, while the other two are in the field of medicine, that
is, clinical applications for doctors and applications for the use
of patients and/or for doctor- patient communication (16,17).
Al can be used for diagnosis, treatment, and patient monitoring,
as well as image processing and analysis (14,18). In this context,
when we look at the Al applications developed for the use of
doctors, it can be said that the developments are shaped in line with
the promises of data and technology. Different fields of medical
research and practice are aimed at by tech companies in terms of
helping doctors find all the information and accurate data at once
to make precise diagnosis and establish better plans for treatment
(19,20). For example, thanks to the developments in Al and
image processing technology, Al applications in radiology stand
out among other specializations (13,14,17,21). This distinction
between areas of expertise is also seen in various studies on the
relationship between health and Al in the literature. However, it
is possible to suggest that other specialties are catching up quite
rapidly. Moreover, Al is becoming increasingly capable at clinical
tasks aside from diagnosis and early detection (15).

Risks and Concerns Regarding Al in Health

It is unclear if the doctors will adopt Al technology in clinical
practice at some point in the future (15). This is very much
related to the perception of risks and concerns as well as the
potential benefits that are comprehended by the doctors. Like
every technological innovation, there are risks and benefits
associated with the use of Al. The concerns and arguments
regarding potential risks and drawbacks of the use of Al in
health sector are various. Data privacy and security, bias, black-
box effect, the question of liability, accountability, and doctors
lack of Al knowledge are among the most significant concerns
(8,10,13,22). It is clear that some of these problematic areas
are related to the technology itself, while others arise from the
utilization and the approach of the users.

Data privacy and security are among major topics of debate when
it comes to proliferating digital technologies that utilize data. For
machine learning and Al, digital health records of all kinds are
essential to achieve desired results. The data used for machine
learning is assumed to be flawless by the developers. However,
personal health records may be destroyed, stolen, or altered, if
there is a security problem with the system. On the other hand,
the data is recorded by humans, and they can make mistakes
when collecting, classifying, and categorizing the gathered data
(22). In these stages implemented by humans (not machines)
mostly, it is vital to establish appropriate guidelines and apply
them correctly.

Al and machine learning are criticized for giving biased outcomes
that may lead to imperfect decisions. The bias may be resulting
from bias in training data and/or flawed algorithms. In this sense,
the decisions relying on Al supported systems that have social

impact are mostly accused of reproducing social inequalities,
which also exist in public health. For example, the training data
may only represent a certain ethnic or geographical population,
while excluding other groups, or some of the critical data about
the patients can be in a format that cannot be entered into the
system (10). In such cases, the data may not be comprehensive
and inclusive enough to give accurate results.

Black-box effect refers to the opacity of algorithms used in Al
systems. If the Al system is too complex for any one or more of
the stakeholders, then it is considered problematic (23). Some
models may lack transparency in terms of interpretable processes
including parameters and criteria on which “deep learning” is
mostly based on (22). This “black-box” type of Al systems may
not be trustworthy both for doctors and patients, since the
outcome/diagnosis cannot be explained (22). This issue also
raises debates regarding accountability. In an opaque Al system,
it is impossible to reduce the risks through verification (23), since
the doctor cannot follow the process of decision making. In that
context, the allocation of responsibility or liability also becomes
an issue in case of unexpected/unwanted effects of decisions
made by Al systems and applied by the doctors who have
followed these decisions. The question of whether Al systems
can be hold responsible for their decisions is beyond the scope of
this article. However, it is widely suggested that the doctors who
make the final decisions should be hold responsible (23). From
the viewpoint of doctors, this may be an obstacle in terms of
building trust and willingness to use Al support.

Level of knowledge about Al is another concern from the
standpoint of doctors and medical students alike. The efficient
and accurate use of Al tools requires knowledge of Al processes
starting with data collection and including deep learning. Only
with a certain level of knowledge doctors can adopt Al systems
to their routines with confidence. On the other hand, if they
know the Al processes well, they can support the developers to
optimize the system (10).

Questions such as whether Al will replace doctors, whether it will
remain only as a decision support technology, and whether the
role of doctors (and other healthcare professionals) will change
have begun to be asked frequently in recent years and have
become one of the popular research topics in the field of Al (8).
Aside from the answers to these questions, it is already possible to
argue that required skillsets and attitudes for being a good doctor
will be redefined in the new era of Al (20). The speed and the
extent to which Al will affect the professional practices of doctors
is largely related to the answers to the questions above.

Previous Research on Perception and Acceptance of Al among
MDs

In recent years, with the increase in the use of tools and
applications with Al technology in health sector, various studies
have been conducted to examine the knowledge, opinions or
atticudes of various professional groups working in this sector.
These studies mainly focus on Al in general and on the way in
which members of the sector are approaching the use of Al in
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the field of health and medicine. The results of such research,
which analyze the subject in different contexts and for various
research purposes, are noteworthy. Despite the fact that most Al
tools for clinical use are still at the research or pilot study phase,
the members of health sector are already more or less aware of the
imminent change. Therefore, the evolution of the perception and
attitude of doctors is an important input for the penetration of
Al into the healthcare sector. The effective human (doctor) - Al
collaboration is especially very vital for successful applications,
so recent research also aims at finding out the relevant factors
(24). The literature suggests that the factors such as trust in Al
and hesitancy to accept the use of Al tools are slowing down the

adoption (7,25).

Doctors™ attitudes and perceptions towards Al are related to
several variables.

However, when the relevant literature is examined, it is
understood that the relationship between healthcare and Al is
questioned by both doctors and researchers in certain areas of
discussion.

For example, a study conducted with doctors in the Netherlands,
Portugal and the United States focused on ethics. This research
revealed that MDs did not have enough insight into Al issues such
as bias and social inequalities in health, but they had concerns
about the involvement of the private sector and large companies
in the process since they were believed to be profit-oriented and
unaware of the core values of healthcare. Additionally, in this
research doctors expressed their interest in learning Al technology
in order to be able to explain the outcomes (6).

Another research on the perceptions of trainee doctors in
London found that 58% believed Al would have a positive
impact on their training, mainly in terms of research and quality
as well as time - effectiveness for allocating more time for other
educational activities. The findings showed that trainee doctors
were optimistic about clinical Al to keep them updated about
latest literature and latest evidence to improve their practice. On
the other hand, as for the negative opinions about clinical Al,
the respondents were concerned about the development of their
practical skills and clinical judgement because of the reduced
opportunities to train, which in turn could harm accountability

(8).

According to a survey on the opinions of Pakistani medical
students and doctors more than one-third of the respondents
agreed and strongly agreed the statement that Al would reduce
errors in diagnosis, which showed a partial trust in this technology.
Plus, despite limited trust in Al, they did not consider it as a
threat to their occupation (13).

Another research in which data was collected via an online
questionnaire revealed contradicting results about knowledge of
Al among MDs. The level of knowledge of Al elements such
as deep learning and neural networks were more familiar for
the respondents who had a clear understanding of Al, whereas
they did not have much idea about supervised and unsupervised
learning. However, they were concerned about the safe use of
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Al in health, even though they had little awareness about the
lack of transparency. Other results of this study showed that
both medical students and doctors feared deskilling as well as
doctors becoming redundant (18). This may be because the
knowledge about Al is related to personal interest in technology
and innovation.

The findings of another survey conducted in UK revealed that
half of the 411 radiographers did not feel confident about
understanding Al terminology and 64% told they did not develop
any skills regarding use of Al in their field. The overall results of
the survey indicated a willingness among the radiographers to
receive training about Al applications in their field of expertise

(26).
Of 297 participants from England 13.8% who responded to

another online questionnaire about Al use in clinical practice
indicated that they were aware of the use of Al technology. When
they were asked to rate their level of knowledge about Al use in
healthcare specifically, the mean rating was 3.68 out of 10, which
showed an insufficient level of knowledge (27).

According to the findings of a survey conducted in Italy among
1032 radiologist members of The Italian Society of Medical
and Interventional Radiology, most radiologists expected Al to
improve their workflow. Even though they had a positive attitude
towards use of Al, they were concerned about their possibly
reduced reputation (28).

As understood from a bird’s eye view of previous research on
the topic, the subject of Al acceptance and use by MDs is a
multifaceted issue. These are several factors from the perspective
of doctors that determine their level of acceptance and most of
these factors are based on their perceptions, rather than lived
experience.

Extended Technology Acceptance Model

Technology acceptance can be expressed as the choice of
individuals to voluntarily accept new technologies. The primary
aim of the TAM is to prognosticate the adoption of novel
technologies among end-users and illuminate challenges prior to
their ubiquitous integration within the general populace (29).
In recent decades, researchers have formulated diverse models
aimed at comprehending the dynamics of user acceptance
toward technology. However, Daviss TAM represents the
most fundamental and significant foundation for technology
acceptance to date. TAM consists of two primary constructs
commonly employed technological
perceived usefulness and perceived ease of use (PEOU) (30).
However, some researchers have expressed concerns about the
inadequacy of the original frameworks of the TAM in elucidating
users’ intentions towards the adoption of healthcare technologies

in various contexts:

(29). In specific user contexts, such as the acceptance of Al
tools, participants’ intentions to use are contingent upon many
social and behavioral factors that remain unaddressed within
the confines of the TAM model. Therefore, the current research
has focused on incorporating additional social and behavioral
variables into the TAM model and how these variables may affect
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perception of users. Accordingly, variables such as “facilitating
conditions (FC)”, “trust”, “perceived risk”, “technological
anxiety”, and “resistance to use (RC)” were included in the scope
of the research in order to better understand the user’s perception.

Research Methodology

The objective of this study is to scrutinize and elucidate the
determinants that mold and impact the attitudes of MDs towards
Al applications. The research model, with “Al intention to use
(IU)” identified as the dependent variable, is shown in Figure
1. The targeted population for this research comprises doctors
working in hospitals and clinics in Tiirkiye. To ensure the validity
of the measurements, the details of the identified determinant
structures were adopted from previous studies, as outlined in

Appendix A. Proposed hypotheses are shown in Table 1.
Data Collection Method and Measurements

This research was based on an online survey. The survey was
conducted with 275 MDs in Tiirkiye. The study employed
a convenience sampling technique. The survey created using
Google Forms and participants were contacted via email. All
participants were briefed on the research and their explicit
consent was obtained. Initial survey for this study was developed
in English and was later translated into Turkish by the researchers.
Both surveys were carefully crafted to convey the same meaning
in terms of perception. The survey was pilot tested for clarity on
ten MDs. Data collection was carried out between September 1,
2023, and October 28, 2023.

The survey was divided into two parts. In the first part, there
was a brief introduction and five questions related to the

Perceived
ease of use

H2

H4

H5

Technological
Anxiety

Resistance
to use

H3

Intention to
Use

profile of participants such as gender, age, institution, clinical
Second  part
consisted of 21 questions for various constructs shown in Figure
1. The five-point Likert-type scale with a range from 1 (strongly
disagree) to 5 (strongly agree) was employed was used to measures
for responses.

specialization, and professional experience.

The survey instruments for each of the constructs were designed
to gather exhaustive details and adapted from the literature,
including IU -three items (31); PU -two items (32,33); PEOU
-three items (34,35); RC - three items (36); T -two items (37);
TA -two items (31); FC -three items (38) and PR -three items
(37,39).

Statistical Analysis

In this study, the partial least squares-structural equation modeling
(PLS-SEM) was employed to ascertain causal relationships for
theory confirmation. The data analysis utilized SmartPLS 3.
Descriptive statistics were calculated with the SPSS 25 software.
The PLS-SEM analysis is divided into two sections for analysis.
Part one is based on an evaluation of the outer model’s reliability
and validity. The second part is based on a model evaluation
within which hypotheses were evaluated.

Results
Demographics

A total of 275 MDs responded to the survey. The sample
was slightly skewed toward females (52%). The mean age for
the entire sample was 48,3 (standard deviation =12.7). The
participants were distributed among different clinical specialties

Perceived
usefulness

H1

Perceived Risk

H6

Facilitating
Conditions

Figure 1. Research Model: extension TAM with social and behavioral factors
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as follows: internal medicine (n=82, 30%), pediatrics: (n=55,
20%, general surgery (n=41, %15), obstetrics and gynecology
(n=41, 15%), orthopedics: (n=28, 10%), psychiatry (n=14, 5%),
other specialties (n=14, 5%). The survey revealed that 31% of
the participants had 15-20 years of work experience and 28%
had less than 10 years of work experience.

Measurement Model

The measurement model encompasses assessment procedures for
testing the reliability and validity of the measures. The current
study followed three measurements suggested by Hair et al.
(40); 1) indicator loadings and internal consistency reliability, 2)
convergent validity, and 3) discriminant validity.

In this study, the item loads for each construct were obtained
through PLS-SEM analysis. Table 2 shows the detail of loadings.
All items achieved the recommended loading values of >0.700
(40). Internal consistency reliability refers to the evaluation
findings for the statistical consistency across indicators and
it was assessed using Cronbach’s alpha (CA) and composite
reliability (CR). The values of CA and CR in this study adhered
to the threshold set by Hair et al. (40); CA and CR >0.700. It
can be seen from the Table 2 that both CA and CR values for
all construct shave good internal consistencies. The reliability
ranging from 0.732 to 0.816 for the CA and 0.813 to 0.880 for
the CR (Table 2).

Table 1. Proposed hypotheses

Factors Hypothesis
Perceived usefulness
Perceived ease of use
Resistance to use
Trust

Technological anxiety
Facilitating conditions
Perceived risk

Al: Artificial intelligence

H1. Perceived usefulness positively effects the intention to use Al applications
H2. Perceived ease of use positively effects the intention to use Al applications
H3. Resistance to use negatively effects the intention to use Al applications

H4. Trust positively effects the intention to use Al applications.

H5. Technological anxiety negatively effects the intention to use Al applications
H6. Facilitating conditions positively effects the intention to use Al applications

H7. Perceived risk negatively effects the intention to use Al applications

Table 2. Measurement model, construct reliability and validity values

Items Loadings
U1 0.832
Intention to use 1U2 0.855
U3 0.815
Perceived usefulness PUT 0.748
PU2 0.972
PEOU1 0.876
Perceived ease of use PEOU2 0.888
PEOU3 0.870
RC1 0.814
Resistance to use RC2 0.832
RC3 0.840
- T1 0.891
T2 0.900
Technological anxiety Al 0946
TA2 0.905
FC1 0.840
Facilitating conditions FC2 0.832
FC3 0.813
PR1 0.826
Perceived risk PR2 0.935
PR3 0.973

CA: Cronbach’s alpha, CR: Composite reliability, AVE: Average variance extracted
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CA CR AVE

0.801 0.871 0.696
0.730 0.855 0.751
0.799 0.878 0.710
0.781 0.840 0.637
0.754 0.880 0.803
0.816 0.813 0.843
0.732 0.873 0.778
0.752 0.850 0.728
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Convergent validity is a statistical concern associated with the
concept of construct validity. The average variance extracted
(AVE) is an attempt to determine convergent validity. If the AVE
is greater than 0.500; it explains 50% or more of the variance
(40). In this research, it is known that all constructs have an AVE
score that is greater than 0.500 that explains more than 50% of
the variance (Table 2).

According to Hair et al. (40), discriminant validity refers to
the degree to which a construct differs from other constructs.
Through the implementation of the Fornell-Larcker criterion,
it is expected that the square root of the AVEs of all constructs
should be greater than the highest correlation value for other
constructs in the measurement model. Based on the study
findings, the square root of the AVEs for each construct are
greater than that it’s shared variance. Thus, discriminant validity
is confirmed through the assessment of the Fornell-Larcker

criterion (Table 3).

On the one hand, heterotrait-monotrait ratio (HTMT) values
exceeding 0.900 appear discriminant validity problems. It is

observed that all HTMT values are below 0.900 (Table 4).

Further, discriminant validity can be assessed by examining
cross-loadings. Discriminant validity is demonstrated when the
loading value on a construct bigger than all of its cross-loading
values on other constructs (Table 5).

It has been determined that the values of all indicators for each
construct’s outer loading exceed all cross-loading values on
other constructs (Table 5). In this context, it can be said that
discriminant validity has been emerged.

Following the evaluation of the measurement model, it is evident
that the construct is deemed suitable for use. This is evidenced
by meeting the criteria for loading indicators, internal consistency
reliability, convergent validity, and discriminant validity. Thus, the
model can proceed to undergo inspection in the structural model.

Structural Model

The structural model assessment process began with the
determination of whether there was collinearity problem.
Reporting variance inflation factor (VIF) values is a good
indicator of collinearity. The VIF value of each indicator >3.000
indicates the existing of collinearity problem. PU (VIF=1.233),
PEOU (VIF=1.890), RC (VIF=1.567), T (VIF=1.241),
Technological anxiety (TA) (VIF=1.712), FC (VIF=1.213) and
PR (VIF=1.663) are the predictor of IU (VIF=1.000). As seen all
values of VIF were below three. Therefore, collinearity problem
did not exist in the current research.

Structural model evaluation is also known as an inner model
evaluation, as it examines the relationship between latent variables
(41). In reflective models, recent studies suggest conducting
an evaluation that includes determination coefficients, path

Table 3. The Fornell-Larcker criterion (latent variable correlation and square root of AVE)

1Y) PU PEOU
U 0.834
PU 0.467 0.866
PEOU 0.453 0.611 0.842
RC 0.391 0.569 0.386
T 0.601 0.346 0.512
TA 0.513 0.430 0.647
FC 0.431 0.444 0.543
PR 0.348 0.565 0.465

RC T TA FC PR
0.798

0.465 0.896

0.342 0.421 0.918

0.431 0.545 0.567 0.882

0.673 0.341 0.603 0.564 0.853

AVE: Average variance extracted, IU: Intention to use, PU: Perceived usefulness, PEOU: Perceived ease of use, RC: Resistance to use, T: Trust, TA: Technological anxiety,

FC: Facilitating conditions, PR: Perceived risk

Table 4. Heterotrait-monotrait ratio values

U PU PEOU
U
PU 0.677
PEOU 0.832 0.669
RC 0.476 0.693 0.728
T 0.601 0.510 0.721
TA 0.527 0.765 0.480
FC 0.398 0.428 0.635
PR 0.803 0.586 0.482

RC T TA FC PR
0.712

0.526 0.632

0.469 0.564 0.784

0.657 0.498 0.414 0.593

1U: Intention to use, PU: Perceived usefulness, PEOU: Perceived ease of use, RC: Resistance to use, T: Trust, TA: Technological anxiety, FC: Facilitating conditions, PR:

Perceived risk
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coefficients, and predictability (40,42). For this purpose, the
sample was performed a complete bootstrap analysis with 5000
subsample parameters. At a 5% significance level, the majority of
hypotheses were supported, except for H5 and H6.

The TA was not a significant predictor for IU ($=0.067; t=1.014;
p=0.093). FC was also reported to have not a significant effect
on IU (B=0.071; t=1.041; p=0.102). PU ($=0.613; t=22.851;
p<0.01), PEOU (B=0.644; t=14.577; p<0.01), RC (B=-0.416;
t=7.150; p<0.01), T (B=0.651; t=25.876; p<0.01), PR (B=-
0.530; t=14.771; p<0.01) significantly predicted I'U. Final results
are shown in Table 6.

The explanatory power of the model was determined by
measuring R? value. The R?* value represents the proportion of
variance in the endogenous variable explained by the exogenous

variable. From the results of the PLS-SEM analysis, R*IU was
0.615, implying that PU, PEOU, RC, T, TA, FC, and PR could
explain 61.5% of the variance in IU. Hair et al. (40) categorized
R? into the following groups: 0.25 falls into the weak category,
0.50 into the moderate category, and 0.75 into the substantial
category. Based on the analysis results, the R? value could be
classified within the moderate category.

Next, £ is reported to assess the effect sizes of endogenous
structures. This involves assessing the change in R* between a
full model and iterations where each time a distinct exogenous
construct is excluded (40,43). According to Hair et al. (40),
the f* value of 0.02 is considered a small effect, 0.15 indicates
a medium effect, and 0.35 is characterized as a large effect. The
effect sizes of endogenous structures are shown in Table 7.

Table 5. The item loadings and cross-loadings

U PU PEOU
U1 0.832 0.365 0.365
U2 0.855 0.454 0.552
U3 0.815 0.288 0.288
PU1 0.489 0.748 0.417
PU2 0.374 0.972 0.469
PEOU1 0.312 0.417 0.876
PEOU2 0.363 0.469 0.888
PEOU3 0.398 0.335 0.870
RC1 0.577 0.249 0.335
RC2 0.392 0.218 0.249
RC3 0.468 0.385 0.218
T 0.401 0.292 0.385
T2 0.385 0.197 0.292
TA1 0.596 0.468 0.197
TA2 0.578 0.298 0.468
FC1 0.567 0.176 0.298
FC2 0.494 0.369 0.176
FC3 0.389 0.422 0.369
PR1 0.401 0.316 0.422
PR2 0.396 0.417 0.316
PR3 0.482 0.469 0.245

RC T TA FC PR

0.324 0.367 0.287 0.498 0.389
0.378 0.228 0.443 0.563 0.413
0.437 0.415 0.369 0.317 0.515
0.269 0.294 0.414 0.489 0.446
0.412 0.487 0.352 0.431 0.362
0.321 0.311 0.318 0.365 0.243
0.245 0.253 0.498 0.578 0.405
0.198 0.192 0.265 0.422 0.297
0.814 0.425 0.497 0.399 0.474
0.832 0.459 0.432 0.687 0.421
0.840 0.315 0.375 0.347 0.388
0.387 0.891 0.246 0.418 0.374
0.473 0.900 0.589 0.254 0.298
0.292 0.402 0.946 0.572 0.435
0.421 0.356 0.905 0.433 0.192
0.356 0.267 0.411 0.840 0.359
0.298 0.183 0.337 0.832 0.389
0.175 0.391 0.298 0.813 0.313
0.389 0.475 0.461 0.675 0.826
0.469 0.402 0.281 0.541 0.935
0.377 0.336 0.376 0.438 0.973

1U: Intention to use, PU: Perceived usefulness, PEOU: Perceived ease of use, RC: Resistance to use, T: Trust, TA: Technological anxiety, FC: Facilitating conditions, PR:

Perceived risk

Table 6. Final results

Hypothesis Path coefficient (B)
H1 0.613
H2 0.644
H3 -0.416
H4 0.651
H5 0.067
H6 0.071
H7 -0.530
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t Conclusion
22.851 Supported
14.577 Supported
7.150 Supported
25.876 Supported
1.014 Rejected

1.041 Rejected

14.771 Supported
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PR (f?=0.345) gained the smallest effect while Trust (T) (f*=0.648)
obtained the largest £ while TA and T had no effect size.

Finally, we calculated Stone-Geisser's Q? value to assess the
predictive relevance of the model for each endogenous variable
(given that our model included only one endogenous variable, the
assessment of predictive relevance focused on the model’s ability
to predict IU). When the model undergoes predictive relevance,
it demonstrates the accuracy of predicting data points for items
in the study (40). The obtained Q? value for this variable was
0.41, indicating substantial predictive relevance.

Discussion

According to the findings of our research which aims to reveal
the factors determining the IU the AI applications among
MDs in Tiirkiye, T is the strongest determinant. As the trust
to Al technology increases, the MDs are more likely to use its
applications. Same strong relation between trust and (behavioral)
intention wasalso found ina previousstudy in China (25). Another
research in China found direct and indirect positive effects of
trust on Al acceptance among doctors, indicating that increased
trust escalated likelihood of acceptance by positively effecting
the performance expectancy (44). PEOU was the second most
effective factor. PEOU was also found to be a strong factor that
led to positive attitude to use Al in research undertaken in UEA
(45). Additionally, the more the MDs perceive Al technology
and Al applications as useful for healthcare purposes (PU), their
intentions to use them also increase. In a previous survey by Pan
et al. (46) PU was found the most effective factor in determining
attitudes of doctors towards smart healthcare services in Japan.
The results of an online survey with 669 Korean MDs and
medical students also found that %83.4 of the respondents
considered Al useful for medical field and this contributed to the
positive attitude of medical community in Korea (47).

Technological anxiety is not a factor in determining the IU Al in
healthcare practices for MDs in Tiirkiye, according to the results
of our research. FC were also found to be not affecting IU Al
When it comes to factors that negatively impact the intention of
use, perceived risk comes first, which may explain the strength of
trust as the main positive factor that is the opposite of risk. This
result supports the findings of a previous qualitative study on
doctors’ resistance of Al in Tunisia. In this study, performance

Table 7. Effect sizes

i Effect size

PU 0.621 Large
PEOU 0.642 Large

RC 0.398 Large

T 0.648 Large

TA 0.011 No effect
FC 0.009 No effect
PR 0.345 Medium

PU: Perceived usefulness, PEOU: Perceived ease of use, RC: Resistance to use,
T: Trust, TA: Technological anxiety, FC: Facilitating conditions, PR: Perceived
risk

risk of Al applications was found to be one of the barriers in
terms of acceptance in healthcare, even though it was perceived
beneficial to the medical field (48). RC, also negatively impacts
IU AI applications among MDs in Tiirkiye. As the individual is
more resistant towards using new technology the IU Al declines.
It can be suggested that the general attitude towards using new
technology and/or tools determines the attitude towards Al
applications in healthcare as well.

Study Limitations

It should be noted that there will be large variations within the
population of MDs working in hospitals and clinics; therefore,
the results cannot be considered generalizable. Additionally,
the possible support of Al in the treatment of one patient may
differ significantly from others. The attitude towards specific Al
applications may vary.

Conclusion

Artificial intelligence continues to develop at an astonishing speed
and touches our entire lives, including healthcare. In the context
of this major transformation, the position of doctors becomes very
crucial in terms of applying the opportunities of Al technology
to medical practice, while eliminating the risks and side effects.
The perceptions and attitudes of them will define the trajectory
for acceptance and adoption of Al applications in various aspects
medical field. This research reveals the fact that trust, perceived
usefulness, and perceived ease of use are the major positive factors for
Al to be accepted and adopted by MDs. Although it requires further
research, this result can be related to the increasing knowledge and
experience of doctors regarding artificial intelligence. Providing
more trust and ease of use in this way can enable more action to be
taken to benefit from Al in the healthcare sector.
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Appendix A.
Constructs Definitions
Perceived usefulness PU1: Using Al applications would improve the quality of my treats.
PU1: Using Al applications would improve the quality of my treats.
PEOU1: | would find learning to use Al applications would not be very difficult for me.
Perceived ease of use PEOU2: | would find it easy for myself to use Al applications.
PEOUS3: Using Al applications would be clear and understandable for me.
RC1: 1 wouldn’t want Al applications to alter my traditional way of treatments.
Resistance to use RC2: 1 wouldn't want Al applications to interfere or change the way my treatments routine.
RC3: 1 don't want Al applications to change the way | deal with treatment problems and choices.
T1: Al applications would be trustworthy for improving my treatment routine.
Trust T2: | feel satisfied and confident that | will be able to rely on the benefits of Al applications.
TA1: Using Al applications would make me feel nervous.
Technology anxiety
TA2: Using Al applications would make me confused and uncomfortable.
FC1:1would be able to have all the necessary resources for using Al applications.
Facilitating conditions FC2: 1 would acquire sufficient knowledge for using Al applications.
FC3: Al applications will suite well with my treatment routine.
PR1: Learning how to use Al applications and adapting it would be a loss of my time.
Perceived risk PR2: Using Al applications would be a loss of money and resources.
PR3: Using Al applications wouldn’t be compatible with my moral values and image.
IU1: Assuming that | was given the chance to Al applications, | intend to use Al applications.
Intention to use 1U2: | would gladly use Al applications.
1U3: I intend on informing my colleagues and friends about Al applications.

The five-point Likert-type scale with a range from 1 (strongly disagree) to 5 (strongly agree) was employed
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ABSTRACT

Objective: This study aimed to investigate the effects of orthosis,
and additional nerve and tendon gliding exercises (NTGE) on
median nerve morphology and functional status in patients with
mild-to-moderate carpal tunnel syndrome (CTS) and to compare
the effectiveness of proposed treatments.

Methods: Twenty-seven wrists of 19 patients with mild-to-moderate
CTS were included in the study. They were randomized into three
groups: neutral wrist orthosis alone (n=8), the combination of
the orthosis with nerve gliding exercises (NGE) (n=10), and the
combination of the orthosis with nerve/tendon gliding exercises
(n=9). The cross-sectional area (CSA) of the median nerve
(ultrasonography) and functional status (Boston carpal tunnel
syndrome questionnaire and patient-specific functional scale) were
evaluated at baseline and after six weeks of treatment.

Results: While the functional status of all groups improved
significantly (p<0.05), the CSA of the median nerve significantly
decreased in the combination of the orthosis with NGE group
(p<0.05). However, there were no significant differences between
the treatment groups in relation to the improvement in the
intraneural edema and the functional status (p<0.05).

0z

Amag: Bu calismanin amaci, hafif-orta siddette karpal tiinel
sendromlu (KTS) hastalarda ortez ile orteze ek sinir ve tendon
kayma egzersizlerinin  (STKE) medyan sinir morfolojisi ve
fonksiyonel durum iizerindeki etkilerini arastirmak ve &nerilen
tedavilerin etkinligini kargilastirmakuir.

Yontemler: Hafif-orta derecede KTSli 19 hastanin 27 el bilegi
calismaya dahil edildi. Hastalar ii¢ gruba ayrildi: nétral el bilegi
ortezi grubu (n=8), ortez ile SKE grubu (n=10) ve ortez ile
STKE (n=9). Medyan sinirin enine kesit alant (ultrasonografi) ve
hastalarin fonksiyonel durumu (Boston karpal tiinel sendromu
anketi ve hastaya dzgii fonksiyonel 8lcek) tedavi éncesinde ve alt

haftalik tedavi sonunda degerlendirildi.

Bulgular: Tiim gruplarin fonksiyonel durumu anlamli gekilde
iyilesirken (p<0,05), medyan sinirin kesit alani ortez ile NGE
kombinasyonu grubunda anlamli sekilde azaldi (p<0,05). Ancak,
intranéral 6dem ve fonksiyonel durumdaki iyilesme acisindan
tedavi gruplari arasinda anlamli bir fark yoktu (p>0,05).

Sonug: Alu haftalik ortez tedavisine ek olarak verilen STKE KTS'li
hastalarin semptomlarini ve fonksiyonel durumunu iyilestirmede
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ABSTRACT

Conclusion: The 6-week orthotic treatment and additional
NTGE could be effective in improving the patient’s symptoms and
functional status. However, the combination of a 6-week orthotic
treatment and NGE could be effective in reducing intraneural
edema.

Keywords: Carpal tunnel syndrome, diagnostic imaging, exercise
therapy, ultrasonography, splints

Introduction

Carpal tunnel syndrome (CTYS) is the most common entrapment
neuropathy in the upper extremity (1). Compression and/or
irritation of the median nerve at the carpal tunnel level causes
CTS. Elevated carpal tunnel pressure is responsible for the nerve’s
compression and/or irritation. High pressure inside the tunnel
causes ischemia by affecting intraneural blood circulation (2).
Prolonged ischemia leads to intraneural edema and ultimately
causes intra/extra-neural fibrotic changes (3). Therefore, the
median nerve can adhere to surrounding tissues, and the
excursion of the nerve can reduce (4). Long-lasting ischemia also
results in focal demyelination and axonal degeneration in the
later stages of the disease. These pathophysiological processes are
accepted as possible mechanisms for developing CTS symptoms

3).

The goals of CTS treatment are decreasing symptoms and
improving hand function. Surgical treatment is superior to
non-surgical treatments in improving function and reducing
symptoms in six months. However, no strong evidence is
found for the 12-month results (5). Surgery costs are high, and
non-surgical treatments’ side effects are low. Therefore, non-
surgical treatments stand out as the first treatment option (6).
Non-surgical treatments include patient education, orthosis
(customized volar or dorsal thermoplastic orthoses, prefabricated
off-the-shelf orthoses), therapeutic exercise, biophysical agents,
and manual therapy techniques (7). Nocturnal orthosis is the
most frequently used intervention for CTS by hand therapists.
Besides, hand therapists often prefer tendon gliding exercises
and nerve mobilization (8). These exercises can help reduce
tenosynovial edema, improve venous return, and relieve pressure
inside the carpal tunnel (9). Generally, combinations of these
interventions can be prescribed in clinical practice. However, a
limited number of studies have investigated the effects of these
treatments on median nerve morphology (10-12). Most of the
studies focused on the effects of orthosis and exercises on the
function and symptoms of CTS patients (13-15). Moreover, the
results are controversial. Because of these controversies and the
lack of studies investigating changes in the intraneural edema
of the median nerve in patients with CTS, further studies seem
necessary. Therefore, this randomized study examined the short-
term effects of orthosis when used alone or along with nerve
gliding exercises (NGE) or nerve and tendon gliding exercises
(NTGE) on the morphology of the median nerve and the
functional status of CTS patients.
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etkili olabilecegi bulunmustur. Bununla birlikte, 6 haftalik ortez
tedavisi ve SKE kombinasyonu intranéral 6demi azaltmada
olabilecegi tespit edilmistir.

Anahtar Sézciikler: Karpal tiinel sendromu, tanisal goriintiileme,
egzersiz tedavisi, ultrasonografi, splintler

Methods

A pilot randomized trial was conducted in the electrodiagnostic
medicine laboratory of Kiitahya Health Sciences University
from May 2017 to December 2018. The clinical research Ethics
Committee of Kiitahya Dumlupinar University approved the
study (decision no: 2017-4/2, date: 22.03.2017).

Randomization was performed using an online computer
program accessed:  April 23,
2017). Participants were randomly allocated into either orthosis
(control) or orthosis + NGE, or orthosis + NTGE groups at
a 1:1 allocation ratio. Both hands were included in the same
treatment group for those with bilateral symptoms. Participants
and the physiotherapist who delivered the treatment couldn’t be
blinded to the intervention. When the study was conducted, no
previous study provided data on the cross-sectional area (CSA)
of the median nerve after exercise and orthotic device. Therefore,
a convenient sample was used. Participants signed written

(htep://www.randomizer.org

informed consent before their inclusion. All measurements were
performed at baseline and after six weeks of intervention.

Inclusion criteria were as follows; being between the ages of
18-65 years; having clinical diagnosis (electrophysiologically
confirmed) of mild-to-moderate CTS with a minimum of 2
months duration of symptoms and referred to physical therapy.
Exclusion criteria were as follows; severe electrodiagnostic
findings; pregnant women; comorbidities associated with CTS
(theumaroid arthritis, thyroid disease, renal insufficiency, and
diabetes); diagnosis of cervical radiculopathy or osteoarthritis of
the wrist or hand; history of any trauma to wrist or hand; previous
surgery or injection to affected hand for CTS; prior conservative
therapy for CTS in the past three months (splints or exercises or
any electrophysical modalities); clinical diagnostic test score <12
(CTS-6) (16); the CSA of the median nerve at carpal tunnel inlet
<10 mm? (17); unable to understand and speak Turkish.

Outcome Measurement

A technician (specialized in electrophysiologic study) performed
NCS with the Nicolet Viking Select system device (Nicolet
Biomedical Inc. Madison, USA). All hands below a temperature
of 32 °C were warmed before electrodiagnostic testing. Sensory
and motor NCS of the median and ulnar nerves were performed.
The severity of CTS was graded as mild, moderate, and severe,
according to NCS. Prolonged sensory latencies (<50 m/s) with
normal motor studies were considered mild CTS. Abnormal
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median sensory latencies and prolongation of median motor
distal latency (4.2 ms) were considered moderate CTS. Severe
CTS was defined as an absent or low-amplitude sensory nerve
action potential and a low-amplitude or absent thenar compound
muscle action potential (18). The same technician performed all

NCS.

After NCS, a radiologist with over ten years of experience in
musculoskeletal ultrasound measured the CSA of the median
nerve with a 7-12 MHz linear-array probe (Aplio 500, Toshiba,
Otawara, Japan). The patients sat in a chair with their forearms on
the table and facing the radiologist during the ultrasonographic
measurements. The forearm of the patient was in supination
position while the wrist was in neutral position, and the
fingers were in the resting position (metacarpophalangeal and
interphalangeal joints in semi-flexion). The probe was placed at
the distal palmar wrist crease just proximal to the level of the
pisiform to obtain the cross-sectional images of the median nerve.
To collect reliable images, a single radiologist took a single image
at the pisiform level and analyzed this image once (19). The same
radiologist performed all ultrasonographic measurements.

Then, a physiotherapist with ten years of experience in
musculoskeletal physiotherapy performed a clinical evaluation
with the CTS-6 diagnostic instrument. CTS-6 is a diagnostic
tool that helps make a clinical diagnosis by combining history
and physical examination findings. A total score of 212 points is
considered positive-CTS (16).

The patient’s functional status and symptoms were assessed
using the Boston carpal tunnel syndrome questionnaire
(BCTSQ), a self-reported questionnaire (20), and validated
for the Turkish language (21). It consists of symptom severity
scale (SSS) and functional status scale (FSS). The SSS, which
includes 11 questions, evaluates symptoms. The FSS, which
contains eight items, assesses difficulties in the activities of
daily living. Each scale uses a 5-point Likert scale to generate a
final score in the range of 1-5 (the sum of the individual scores
divided by the number of items). The higher the score, the
greater the disability.

The patient-specific functional scale (PSES) was developed
to evaluate the patient’s functional limitations with activities
determined by them (22). It allows the patients to identify their
difficulty performing activities and rate their difficulty on a
numerical scale. PSFES is valid and reliable in upper extremity
nerve injuries (23).

All participants included in the study took part in a brief patient
education session lasting ~20 minutes after clinical evaluation.
The physiotherapist gave this educational session, which included
the pathophysiology of CTS, symptoms, causes, diagnosis of
CTS, treatment options (surgery and conservative management),
and activity modification principles during daily living.

After the education session, all participants were provided a
custom-made orthosis with volar support that holds the wrist in
a neutral position. Patients were educated to wear the orthosis at
night for six weeks. Patients were asked to log their orthotic use

to assess their adherence to the prescribed treatment plan. They
marked the daily hours when the splint was inserted and removed
for six weeks. Patients performed NTGE in the exercise groups as
a home program besides the orthosis. The physiotherapist taught
the patients how to do the exercises correctly and asked them
to do them five times daily, ten repetitions separated by at least
2 hours. The patients were informed that exercises should not
worsen their symptoms and were instructed to keep a log of their
exercise routine to monitor their progress. Patients performed
NGE that provided maximum excursion and did not create
tension in the median nerve (24). Patients completed NGE
approximately 10 min/day. Elbow flexion and wrist extension
alternated with elbow extension and wrist flexion as a first nerve
gliding exercise. After completion of this movement, finger
flexion and wrist extension alternated with finger extension and
wrist flexion as a second nerve gliding exercise. Tendon gliding
exercises were taught to the patients as suggested by Wehbé (25).
Patients completed tendon gliding exercises approximately 20
min/day.

Statistical Analysis

Data were analyzed using IBM SPSS Statistics for Windows,
version 25 (IBM Corp, Armonk, NY). Mean (%), standard
deviation, number (n), and percentage (%) values were
calculated for descriptive variables. Kolmogorov-Smirnov and
Shapiro-Wilk’s tests were used to assess the distribution of data.
The groups were compared with the Kruskal-Wallis test because
the data didn’t show a normal distribution. The Wilcoxon test
was used to compare the change in variables between baseline
and week 6. The Kruskal-Wallis H and z values were used
to calculate Cohen’s d (d), which was used to estimate effect
sizes. These are interpreted as follows: “negligible” <0.19,
“small” 0.2<d<0.49, “medium” 0.5<d<0.79, and “large” 20.8
(26). A p-value of less than 0.05 was considered a statistically
significant result.

Results

Forty individuals diagnosed with mild-to-moderate CTS were
included in the study. However, data from 19 patients (27 hands;
8 bilateral, 11 unilateral) were included in the data analysis. This
study is reported according to the Consolidated Standards of
Reporting Trials guidelines (27), and the flowchart is reported in
Figure 1. In the baseline characteristics, there was no statistically
significant difference between groups (Table 1).

The measurement of the CSA of the median nerve, SSS and FSS
scores of BCTSQ, and PSFS scores at baseline were homogeneous
for the three groups (Table 2). There were no significant
differences between groups for the measurement of the CSA of
the median nerve (p=0.238, d=0.388), SSS (p=0.758, d=0.506),
and FSS scores (p=0.867, d=0.555) of BCTSQ and PSES scores
(p=0.737, d=0.4906) after six weeks of treatment (Table 2).

The reduction in median CSA of the median nerve in the NGE
group was statistically significant at week 6, and the effect size of
this difference was large (p=0.006, d=1.101) (Table 2). However,
within-group changes in the CSA of the median nerve in control
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(p=0.096, d=0.917) and NTGE groups (p=0.140, d=0.743)
were not statistically significant at week 6 (Table 2). The effect
sizes of these differences for the groups were large and medium,
respectively.

After six weeks of treatment, a statistically significant
improvement was observed in SSS scores in the control (p=0.012,
d=1.630) and NGE groups (p=0.005, d=1.611), with large effect
sizes. The reduction in median SSS score in the NTGE group
was not statistically significant, with a large effect size (p=0.097,
d=0.851) (Table 2). There was a statistically significant difference
in the FSS scores in all groups in the within-group comparisons
(control: p=0.012, d=1.630; NGE group: p=0.012, d=1.352;
NTGE group: p=0.021, d=1.303) (Table 2). All the effect sizes

of these differences were large.

At week 6, within-group changes in the PSFS scores were
statistically significant for the NGE (p=0.008, d=1.128) and
NTGE groups (p=0.028, d=1.620) (Table 2). The effect sizes
of these differences were large. However, the improvement in
the median PSES score in the control group was not statistically
significant, with a large effect size (p=0.069, d=1.022) (Table 2).

All patients completed the orthosis log. There was no significant
difference between groups in wearing time from baseline to post-
intervention, with a medium effect size (p=0.757, d=0.506).
Patients in the exercise groups also completed the exercise log.
Exercise adherence was similar between NGE and NTGE groups
at week 6, with a large effect size (p=0.604, d=3.001) (Table 3).

Patients in all groups reported no adverse events during or after
the treatment. Additionally, the patients stated they did not use
any medication during the treatment period.

Discussion

After six weeks of treatment, we found that orthosis and exercises
improved symptoms and function in patients with CTS. There
were no significant differences between all groups. However,
education, orthosis, and NGE significantly reduced the CSA of

the median nerve at week 6.

The plausible target of the treatment in patients with mild-to-
moderate CTS is to prevent the transition of the median nerve
to the fibrotic stage by reducing edema (28). It was shown that
either orthosis or NTGE exercises reduced signal intensity of the
median in patients with CTS (28). Ultrasound, which is widely
used in diagnosing CTS, is another tool used to investigate
the effectiveness of treatments. Twelve-week volar-supported
neutral wrist splint treatment decreased the CSA of the median
nerve at the pisiform level (29,30). In our study, the CSA of the
median nerve at the pisiform level decreased by 3.7% after six
weeks of volar-supported neutral wrist orthosis treatment. This
magnitude of change in the intraneural edema did not exceed

minimal detectable change (MDC) thresholds (3.8-6.2%) (31).

Hand therapists often prescribe a combination of exercise and
orthosis (9). Yildirim et al. (32) stated that the combination of
the orthosis with the NTGE did not significantly affect the CSA
of the median nerve. This result is consistent with our findings.

Education, orthosis, nerve

[ Enrollment ] Assessed for eligibility (n=61; 40)
Excluded (n=34; 21)
0 Not meeting inclusion criteria (n=13; 8)
—»| O Declined to participate (n=10; 7)
[ Other reasons (n=11; 6)
Randomized (n=27; 19)
y
[ Allocation J
v $ A
Education and orthosis Education, orthosis and
(n=8; 6) nerve gliding exercises

U Received allocated
intervention (n=8; 6)

A 4

n=10; 7)
0 Received allocated
intervention (n=10; 7)

and tendon gliding

exercises (n=9; 6)

0 Received allocated
intervention (n=9; 6)

Analysed (n=8; 6)

[ Analysis

A 4

Figure 1. Flow chart of the study

n: Number of hands; the number of patients
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The way the patients do the tendon gliding exercises may have
led to this result. Strong fist movement performed during tendon
gliding exercises causes migration of lumbrical muscles into the
tunnel. This movement could have aggravated nerve compression
and neutralized the effects of NGE (27). We taught them that if
their symptoms worsened during these movements, they should
reduce their range of motion. The patients did the exercises
independently, so whether they followed the instructions during
the sessions was unclear.

Polat et al. (12) reported that a combination of orthosis and NGE
did not affect intraneural edema after six weeks of treatment.
They didnt report which nerve gliding exercise was used in the
study. However, the combination of NGE with orthosis reduced
the median CSA of the median nerve by 13.6% in our study. This
magnitude of change in the intraneural edema exceeded (MDC)
thresholds (31). This may be due to our study’s different NGE.

A significant improvement of 1.41 for SSS and 1.50 for FSS was
achieved in the orthosis group in our study. This improvement
was better than Gatheridge et al. (33), whose treatment protocol
included a 4-week neutral wrist orthosis. The differences in
orthotic designs, wearing regimes, treatment, and follow-up
times used in the studies make it difficult to conclude. However,
our results supported that the custom-made neutral wrist splint,
worn only at night for six weeks, as suggested in the guideline
(34), reduced the symptoms and improved the patients’ function.

After six weeks of treatment, a significant improvement of 1.36 for
SSS and 1.24 for FSS was achieved in the NGE group. Orthosis
and NGE could facilitate venous return and reduce intraneural
edema. This contributes to symptom resolution and improvement
in function in patients with mild-to-moderate CTS.

Compared to the baseline, a significant improvement of 1.37
for FSS was achieved in the NTGE group. This improvement
is better than the improvements in the studies of Figueiredo et
al. (13) and Schmid et al. (28). An improvement of 1.09 for SSS
in the NTGE group was also achieved, lower than the finding
of the study by Figueiredo et al. (13). However, this was not
a statistically significant improvement. Although the number
of repetitions, treatment duration, and application method of
the NTGE used in these studies differed, we had similar results
to previous studies. It can be concluded that a combination of
orthosis and NTGE could decrease the symptoms and improve
the functions of mild-to-moderate CTS patients. However,
we don’t know whether these differences exceed the MCD of
SSS and ESS. The MCD of SSS and FESS is only calculated for
surgical treatment (35). Moreover, it is impossible to interpret
these findings in terms of MCD.

The patients PSES scores improved in all groups, and the
activities they rated were similar to those on the FSS of BCTSQ.
However, there were some activities not included in BCTSQ,
like “using hand and power tools as an occupational activity”,
“sewing stitches as a free time activity”, and “using makeup
tools as a personal care”, where they faced difficulties. Hence, to
evaluate the functional status of CTS patients in more detail, we

recommend using PSES along with BCTSQ.

Monitoring a patient’s adherence to treatment is crucial,
particularly in studies that involve exercise and orthosis. In
our research, we had patients fill out logs for both orthosis and
exercise to monitor and enhance their motivation and adherence.
We found that patients complied well with the treatment, and
this should be closely monitored in future studies involving
exercise and orthosis.

Table 1. Baseline characteristics of patients

Orthosis group

Orthosis, and nerve gliding
exercises group

Orthosis, nerve, and
tendon gliding exercises

sipatients =) (@owRD (Group 3 preatee
' (n=9; patients =6)
Age (y), mean (SD) 40.83 (13.61) 44.00 (9.87) 43.00 (6.48) 0.828
Body mass index, mean (SD) 29.56 (4.85) 26.28 (2.51) 28.30 (5.61) 0.513
Gender, n (%)
Female 6 (100) 4 (57.1) 6 (100)
Male - 3(42.9) -
Affected side, n (%)
Dominant 4 (66.70) 4 (57.10) 2 (33.30)
Non-dominant - - 1(16.70)
Bilateral 2 (33.30) 3(42.90) 3(50.00)
Electrodiagnostic test grade
Mild 3 4 4
Moderate 5 6 5
CTS-6 score (points) 17.94 (3.74) 17.55 (1.96) 19.38 (5.17) 0.813
Duration of symptoms (m) 44.25 (29.90) 24.25 (21.83) 24.55 (21.67) 0.119

y: Years, SD: Standard deviation, BMI: Body mass index, m: Months
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Non-surgical treatments are recommended before considering and exercise could improve mild-to-moderate CTS patients
surgery for patients with mild-to-moderate CTS. This study’s functionality and intraneural edema in the median nerve.

findings can help healthcare professionals formulate treatment

. . . . The study’s major strengths are the objective measurement of
plans and reduce intraneural edema in the median nerve in

patients with mild-to-moderate CTS. Education, night splinting, intraneural edema, the randomized design, and the use of valid

Table 2. Comparison of median values of outcome measures for all groups and between-group and within-group differences

Baseline Week 6 Between-grou Within-grou
Outcome measures Grou Median Median differenceg P differer?ce P
P (25t percentile-75% (25 percentile-75t%
. . p-value p-value
percentile) percentile)
G . 13.50 13.00 l 0.096"
rou Baseli !
P (10.25-16.50) (9.25-14.75) aseline
0.3522
) ) 11.50 10.00
Median nerve cross-sectional area (mm?) Group 2 0.006b*
(10.00-14.00) (9.00-10.25)
0.00 0.00 Weelk 6
10. 10.
Group 3 0.2382 0.140°
(10.00-13.00) (9.00-10.50)
= . 2.99 1.58 l s e
rou i K
P (2.90-3.18) (1.20-1.63) Baseline
0.8672
Sympt: ity scale (points) G 2 285 1.49 0.005b*
mptom severity scale (points rou !
yme yscaietp P (2.40-3.63) (1.00-2.20)
Week 6
2.54 1.45
Group 3 0.7582 0.097°
(1.90-4.31) (1.45-3.17)
G . 3.25 1.75 e
rou i !
P (2.65-3.50) (1.37-2.43) Baseline
l l c > 2.81 1.57 0.508 o012t
i i rou K
Functional status scale (points) p (1.42-3.15) (1.28-2.40)
28 0 Week 6
.87 1.5
Group 3 0.867° 0.021b*
(1.62-3.84) (1.25-2.78)
G : 3.80 6.00 Baseli 0.065"
rou :
P (1.60-5.15) (5.00-7.95) aseline
0.0522
) » ) ) 4.50 6.80
Patient specific functional scale (points) Group 2 0.028b*
(2.47-5.00) (5.60-8.42)
Week 6
4.80 8.10
Group 3 0.737° 0.008b*
(2.75-5.10) (7.05-8.80)

mm?: Square millimetres, ®: P-values determined using the Kruskal-Wallis test. : P-values determined using the Wilcoxon test. *: p<0.05

Table 3. Comparison of orthosis wearing times and exercise sessions between groups

Median

Outcome measures Group Mean (SD) (25* percentile-75% percentile) p-value
6.86
Group 1 7.26 (1.14)
(6.40-8.49)
) o 6.83
Orthosis wearing time (hours) Group 2 6.63 (1.38) 0.757¢
(5.58-7.78)
7.00
Group 3 6.87 (0.83)
(5.94-7.50)
4.59
Group 2 4.58 (0.35)
. o (4.30-5.00)
Number of exercise sessions in a day e 0.6044
Group 3 4.22 (0.84) )
(3.28-4.94)

SD: Standard deviation, < P-value determined using Kruskal-Wallis test. 9: P-value determined using Mann-Whitney U test
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and reliable measurements. Additionally, our data can be used to
calculate the sample size for confirmatory studies.

Study Limitations

The major limitation of this study was the need for a follow-
up evaluation. We did not perform follow-up assessments.
Therefore, it is still being determined whether the effects of
these proposed treatments last longer. The long-term effects
of orthosis and exercise on intraneural edema and function
need further investigation. Although the sample size in each
group was small, most of the calculated effect sizes were
medium-to-large. So, we could argue that the current sample
size was sufficient to test the research hypothesis. We did not
perform the classification of patients according to the severity
of CTS. Further studies can also assess the effectiveness of
orthosis, nerve, and tendon gliding exercises on median nerve
morphology and function of CTS patients with varying degrees
of CTS severity. Finally, exercise and orthosis adherence were
monitored by self-reporting, which could overestimate the
actual adherence rate.

Conclusion

Custom-made nocturnal wrist orthosis and a 6-week home-based
nerve gliding exercise program are safe and feasible in patients
with mild-to-moderate CTS. Participating in and completing
the proposed CTS treatment program substantially benefits
patients” intraneural edema, symptoms, and functions.
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ABSTRACT

Objective: Edible scaweeds, valued for their rich content of bioactive
compounds, have gained recognition in complementary medicine
beyond their traditional role in the food and pharmaceutical sectors.
Notable examples include Ulva rigida C.Agardh and Grateloupia
turutury Yamada. These seaweeds offer a promising avenue for
exploring their bioactive potential in medical and dietary contexts.

Methods: Hexane extracts were prepared to elucidate the fatty
acid composition of seaweeds via Gas Chromatography-Mass
Spectrometry analyses. Subsequently, investigations were conducted
to assess the cytotoxicity on human breast cancer cell lines (MCEF-
7 and MDA-MB-231), as well as examine the antimicrobial and
anti-cholinesterase activities of extracts obtained using hexane,
dichloromethane:methanol  (CH,ClL:MeOH, 1:1), methanol
(MeOH), and water solvents.

Results: The most abundant substances for the U. rigida and G.
turuturu species were hexadecanoic acid, octadecenoic acid, and

erucic acid compounds. The CH,CI:MeOH (1:1) extract of G.

(074

Amag: Zengin biyoaktif bilesik icerigi nedeniyle deger verilen
yenilebilir deniz yosunlari, gida ve ilag sektoriindeki geleneksel
rollerinin Stesinde tamamlayici tipta da taninmaktadir. Dikkate
deger ornekler arasinda Ulva rigida C.Agardh ve Grateloupia
turuturn Yamada bulunmaktadir. Bu deniz yosunlari, ubbi ve
diyetsel baglamlarda biyoaktif potansiyellerini kesfetmek icin umut
verici bir yol sunmaktadir.

Yontemler: Deniz yosunlarinin yag asidi kompozisyonunu
Gaz Kromatografisi-Kiitle ~Spektrometrisi analizleri yoluyla
aydinlatmak icin hekzan ekstreleri hazirlandi. Daha sonra,
insan meme kanseri hiicre dizileri (MCF-7 ve MDA-MB-231)
tizerindeki = sitotoksisiteyi degerlendirmek ve ayrica hekzan,
diklorometan:metanol (CH,Cl:MeOH, 1:1), metanol (MeOH)
ve su ¢oziiciileri kullanilarak elde edilen ekstrelerin antimikrobiyal
ve antikolinesteraz aktivitelerini incelemek icin aragtirmalar yapildi.

Bulgular: U. rigida ve G. turuturu tiirleri i¢in en bol bulunan
maddeler hekzadekanoik asit, oktadekenoik asit ve erusik asit

Received: 31.01.2024
Accepted: 26.03.2024

Address for Correspondence: Halil Senol, Bezmialem Vakif University Faculty of Pharmacy, Department
of Pharmaceutical Chemistry, istanbul, Tirkiye
E-mail: halilsenol25@gmail.com ORCID ID: orcid.org/0000-0002-8333-035X

Cite this article as: Zengin B, Alim Toraman GO, Yanikoglu RS, Géc F, Ding HO, Okudan ES, Topcu G,
Senol H. Chemical Contents and Bioactivities of Green Algae Ulva rigida C.Agardh Red Algae Grateloupia
turuturu Yamada Extracts. Bezmialem Science. 2024;12(3):317-26

©Copyright 2024 by Bezmidlem Vakif University published by Galenos Publishing House.
T Licenced by Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND 4.0)

317


https://orcid.org/0000-0001-6853-5122
https://orcid.org/0000-0002-7816-7551
https://orcid.org/0000-0003-4619-0957
https://orcid.org/0000-0003-2775-8033
https://orcid.org/0000-0003-3628-7392
https://orcid.org/0000-0001-5309-7238
https://orcid.org/0000-0002-7946-6545
https://orcid.org/0000-0002-8333-035X

Zengin et al. Bioactivities and Chemistry U. rigida and G. turuturu

ABSTRACT

turuturu was found as the highest toxicity on MCF-7 and MDA-
MB-231 breast cancer cells (IC,: 28.7 pg/mL). G. turuturu extracts
showed inhibition on E. coli and C. albicans. The hexane extracts
of U. rigida and G. turuturu inhibited AChE enzyme in both algae
species.

Conclusion: The results highlight seaweeds’ bioactive potential
for therapeutic and dietary products. Further research can explore
medical and nutritional applications.

chemical

Keywords: Ulva  rigida, Grateloupia

composition, bioactivity studies

turutur,

Introduction

Edible seaweeds are recognized for their significant content of
bioactive antioxidants, soluble dietary fibers, proteins, minerals,
vitamins, phytochemicals, and polyunsaturated fatty acids.
While traditionally utilized as gelling and concentrating agents
in the food and pharmaceutical sectors, contemporary scientific
inquiries have disclosed their auspicious prospects in the realm
of complementary medicine (1,2). Two noteworthy examples
are Ulva rigida, C.Agardh, a green macroalgae commonly
referred to as “Sea lettuce”, and Grateloupia turuturu, Yamada,
a red macroalgae known colloquially as “Devil’s Tongue Grass”,
“Jinuari” (Korean), and “Ratanho” (Portuguese), originating
from Asia.

Marine macroalgae are known to produce a diverse array of
volatile organic compounds, including hydrocarbons, terpenes,
phenols, alcohols, aldehydes, ketones, esters, fatty acids, and
halogen or sulfur-containing compounds. Macroalgae serve as
valuable sources of antimicrobial compounds, omega-3 fatty
acids, antioxidants, and other bioactive constituents, thus
garnering increasing interest for integration into functional
foods and nutraceutical products. Notably, polyphenols,
flavonoids, and polysaccharides have been identified for their
antioxidant and antimicrobial activities within brown, red, and
green algae (3).

The use of macroalgae has an extensive history, with indigenous
South Americans employing macroalgae for sustenance and
medicinal purposes as far back as 12,000 years ago. The earliest
recorded use of algae in medicinal contexts can be traced to
Shen Nungs “Materia Medica” from 2700 BCE, although
the systematic scientific investigation of algae-based products
primarily emerged in the last century (4).

Despite approximately ten thousand identified algae species,
only around 5% of them find use in human or animal diets.
Nevertheless, over a hundred seaweed types are udilized
worldwide, particularly in Asian nations where they serve as
sea vegetables (5,6). Seaweed consumption is associated with
various health benefits, including immunity enhancement,
cholesterol reduction, blood sugar level regulation, antioxidant
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bilesikleridir. G. Turuturw’nun CH,CL:MeOH (1:1) ekstresinin,
MCF-7 ve MDA-MB-231 meme kanseri hiicreleri iizerinde en
yiiksek toksisiteye sahip oldugu bulundu (IC: 28,7 pg/mL).
G. turuturu ekstreleri E. coli ve C. albicans tizerinde inhibisyon
gosterdi. Her iki alg tiiriiniin hekzan ekstreleri AChE enzimini
inhibe etti.

Sonug: Deniz yosunlarinin tedavi edici ve diyetsel triinler i¢in
biyoaktif potansiyelini vurgulamaktadir. Daha fazla aragtirma tbbi
ve beslenme uygulamalarini kesfedebilir.

Anahtar Sézciikler: Ulva rigida, Grateloupia turuturu, kimyasal
icerik, biyoaktivite calismalari

activity, memory enhancement, blood pressure control, fatigue
alleviation, weight management, growth and development
support, anemia prevention, liver protection, acne reduction,
skin moisture improvement, intestinal flora regulation, digestion
promotion, fecal excretion facilitation, and gastric mucosal
injury prevention (7).

In previous studies conducted on U. rigida and G. turuturu
species, antioxidant, antimicrobial, anti-inflammatory and
anticancer activities of these algae were detected and secondary
metabolites such as terpenic compounds, polysaccharides and
fatty acids were revealed (8-17).

The primary objective of this study was to investigate the
cholinesterase inhibitory activities, antimicrobial activities, and
cytotoxic effects of U. rigida and G. turuturu species on MCF-7
and MDA-MB231 human breast cancer cells.

Methods
Algae Collection and Extraction

Ulva rigida and Grateloupia turuturu (Figure 1) were harvested
from the coastal regions bordering the Mediterranean and
the Aegean Sea. The algae specimens (E105 and E137) were
deposited at the Faculty of Aquatic Sciences and Fisheries,
Akdeniz University, Antalya, Tiirkiye, and their identification
was verified by Dr. Emine Sitkran Okudan.

Figure 1. Ulva rigida (left) and Grateloupia turuturu (right)
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The dried and pulverized algaec Ulva rigida (10 g) and Grateloupia
turuturu (10 g) were extracted with Hexane, MeOH, water (200
mL x 5 days) respectively, and Ulva rigida (280 g) and Grateloupia
turuturu (370 g) were percolated with dichloromethane:methanol
(CH,Cl,:MeOH 1:1, 200 mL x 5 days) at room temperature. The
water extract underwent lyophilization and drying, whereas the
remaining extracts were concentrated using a rotary evaporator
under low pressure and at 45 °C.

Gas Chromatography - Mass Spectrometry (GC-MS) Analysis
Thermo Scientific TSQ GC-MS/MS. TG-5MS 0.25 mm silica

column was used. The GC oven temperature was kept at 80 °C
and programmed to increase 300 °C. Using scan mode, a mass
range from 50 to 950 m/z. The identification of components
was conducted using commercial libraries such as Wiley and
Nist, along with referencing literature data. Relative percentage
amounts of the separated compounds were determined from
Total Ion Chromatograms.

Cytotoxic Activity

Human breast cancer cell lines (MCF-7 and MDA-MB-231) and
a healthy skin fibroblast cell line (CCD-1079Sk) were obtained
from the American Tissue Culture Collection. The cells were
cultured in T75 cell culture flasks in a controlled humidified
incubator with a 5% carbon dioxide (CO,) atmosphere at 37 °C,
utilizing DMEM/F12 medium supplemented with 10% fetal
bovine serum and 100 units per milliliter (U/mL) of penicillin/
streptomycin. Upon reaching an appropriate confluency of 80%,
the cells underwent PBS washing and were detached through
trypsin/EDTA treatment. Prior to treatments, 5x10° cells were
seeded into 96-well plates for 24 and 48 hours. The plant extracts
were introduced into the cell cultures at final concentrations of
1000 pg/mL, 500 pg/mL, 250 pg/mL, 125 pg/mL, 62.5 pg/
mL, 31.25 pg/mL, and 15.60 pg/mL. After 24 and 48 hours of
incubation, MTT solution (5 mg/mL in PBS) was added to each
well and further incubated at 37 °C with 5% CO, for 4 hours
in the dark. Subsequently, the cell culture media was aspirated,
and 100 pL of DMSO was added to each well to dissolve the
formed formazan crystals. Absorbance values were measured at
540 nm using an Elisa microplate reader. The experiments were
conducted in triplicate, and the results were presented as the
mean + standard deviation (SD).

Determination of Selectivity Index

Selectivity index (SI) is an equation calculated to evaluate the
cytotoxic potential in cancer cells relative to toxicity in normal
cells; high SI value indicates high potency and low cell toxicity.
An SI value higher than 3 serves as a marker for the selection of
extracts (18,19).

Anticholinesterase Activity Assay
Acetylcholinesterase (AChE) and butyrylcholinesterase (BChE)

inhibitory activity were measured using a spectrophotometric
method described by Ellman (20). This procedure involved
mixing 10 pL of the sample solution, 20 uL of AChE or BChE
solution, and 130 pL of 0.1 M sodium phosphate buffer (pH 8.0).

The mixture was incubated for 10 minutes at 25 °C. Then, 20
pL of DTNB was added to the combination. Acetylthiocholine
iodide or butyrylthiocholine iodide (20 pL) was added to start
the reaction, which resulted in the enzymatic hydrolysis of the
aforementioned iodides and the release of thiocholine. At a
wavelength of 412 nm, the yellow-colored 5-thio-2-nitrobenzoic
acid anion that resulted from the reaction of thiocholine with
DTNB was detected using spectrophotometry. Three parallel
studies were conducted for each sample and the following
equation was used to compute the results:

% Inhibition = (A control - A sample) / A control x 100

Antimicrobial Activity Assay
Material

Gram (+) bacteria Staphylococcus aureus (ATCC 25923), Gram
(-) bacteria Escherichia coli (ATCC 25922) and Candida albicans
(ATCC 90028) yeast were used. Vancomycin and ciprofloxacin
were used as antibiotics and amphotericin B was used as
antifungals for the control (21).

Resazurin Microplate Test

The Resazurin microplate method was employed to assess the
antibacterial and antifungal properties as well as the minimum
inhibitory concentrations (MIC) of the compounds. Two
replicates were conducted for the activity determination.
The tested compounds were prepared as stock solutions at
a concentration of 1000 pg/mL, which were then sterilized
through a 0.22 pm diameter membrane filter. In each well of a
96-well microplate, 50 pL of Mueller Hinton Broth medium was
initially added. The first well received diluted samples at 1000
pg/mL, while the control antibiotic and antifungal compound
were added to the first well and further diluted in a series. One
column of the plate was designated for DMSO as the negative
control, and another column was assigned for 50 pL of standard
bacteria and yeast as the positive control, also diluted in a series.
A McFarland suspension with a turbidity value of 0.5 was
prepared from microorganism colonies and diluted at a 1:100
ratio. Subsequently, 10 pL of the final suspension was added
to the plate wells. The plates were covered with parafilm and
subjected to incubation at 37 °C for 24 hours for bacteria and 48
hours for yeast. After incubation, 10 pL of a solution containing
33.75 mg of resazurin dissolved in 5 mL of distilled water and 10
uL of 20% Tween 80 were added to all wells. Visual evaluation
of the results was performed after allowing the plates to incubate
for an additional 2 to 4 hours. The MIC value was determined as
the lowest concentration preventing a color change from purple

to pink.
Statistical Analysis

IC, values were obtained with the equation y=50 and statistical
analyses were calculated with Graphpad Prism 10 (San Diego,
USA). In the equation, log-transformations of the concentration
values of the extracts were plotted on the X-axis and fluorescence
absorbance values were plotted on the Y-axis to obtain a sigmodial
curve. IC, values had + 95% confidence interval.
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The results were represented as mean = SD, 'p<0.05 (p-values
were obtained paired t-test).

Results

The non-polar hexane extract of the edible seaweed U. rigida
was subjected to GC-MS analysis to examine its fatty acid
composition and other compounds. The analysis results revealed
that among the fatty acids, hexadecanoic acid and octadecenoic
acid were identified as major compounds (Table 1). Similarly, in
the hexane extract of G. ruruturu, fatty acids such as hexadecanoic
acid was observed as major constituent (Table 2).

As shown in Table 3, U.rigida methanol extract (1) and U.
rigida CH,CL:MeOH (1:1) extract (2) were the most toxic
against MCF-7 and MDA-MB-231 cell lines. The most active
extract from the U. rigida plant was extract 1, with IC, | values
of 11.1 g/mL and 20.3 g/mL after 24 and 48 hours of exposure,
respectively. In all cell lines, the most cytotoxic effect of the
extracts obtained from G. turuturu plant was obtained by extract
(4) on MCEF-7 line. U. rigida water extract (5) and G. turuturu
MeOH extract (3) had the least cytotoxic effect against a healthy
cell line CCD-1079Sk. When the viability data of the extracts at

2 time slots in each cell line were compared with the pared t-test,

significant differences were obtained in extracts 1, 2 and 3 (Figure
2). Since the plants from which the extracts were obtained could
be consumed as food, high IC, | values were an expected result.
Extracts 5 and 3 had the least cytotoxic effect on the healthy cell
line CCD-1079Sk. Similarly, these extracts had the maximum
IC, values obtained after 48 hours of exposure in two cancer
cell lines. In the graphs in (Figure 3), the percent viability data
of the extracts according to time and concentration increased
depending on the decrease in concentration. It was revealed that
the percentage of time-dependent viability in healthy cell line
and two cancer cell lines was increased. These findings indicated
that the extracts showed their effects within twenty-four hours.

When the SI results were evaluated, it was determined that
extracts 3, and 5 had the S>3 value, indicating that they had a
specific effect on cancer cells; the S<3 value corresponds to the
general toxicity of the other extracts. In 48 hours, the SI values of
all extracts decreased relative to the 24 hour data. The SI values
for extract 3, which had a significant effect on two cancer lines
based on 24 hour treatment data, were 9.9 and 4.7, as shown in
Table 4. The IC and SI values of extract 3 were consistent, and
extract 3 demonstrated high selectivity against two cancer cell
lines.

Table 1. Compounds detected in hexane extract of Ulva rigida by GC-MS

RT (min) Name of the compound

3.90 Benzaldehyde

4.08 Sabinene

5.39 a-Terpinene

6.06 Benzoic acid, methyl ester

6.33 Benzaldehyde dimethyl acetal

7.69 Terpinen-4-ol

9.61 Nonanal dimethyl acetal

11.85 Geranyl acetate

14.71 Dodecanoic acid, methyl ester

15.18 Nonanedioic acid, dimethyl ester
18.48 Tetradecanoic acid, methyl ester
20.24 Pentadecanoic acid, methyl ester
21.58 9-Hexadecenoic acid, methyl ester
21.92 Hexadecanoic acid, methyl ester
23.52 Hexadecanoic acid, 14-methyl-, methyl ester
24.59 9,12-Octadecadienoic acid (Z,Z)-, methyl ester
24.68 6-Octadecenoic acid (Z)-, methyl ester
24.76 9-Octadecenoic acid (Z)-, methyl ester
25.06 Octadecenoic acid, methyl ester
27.94 Eicosanoic acid, methyl ester

30.29 Erucic acid

30.60 Docosanoic acid, methyl ester

30.89 Mono(2-ethylhexyl) phthalate

GC-MS: Gas chromatography - Mass spectrometry
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Molecular formula %
CHO 0.65
CoHye 1.23
C,oH,e 0.16
CH,0, 0.43
CH,,0, 2.43
C,oH,:0 0.54
C,H,,0, 0.4
C,,H,,0, 6.3
C,.H,.0, 0.44
C,H,.0, 0.39
C,:H,,0, 1.43
C,H,,0, 0.51
C,,H,,0, 0.53
C,,H,,0, 34.16
C,H.,0, 0.6
C,H,.0, 0.8
C,,H,,0, 2.19
C,,H,0, 2.46
C,,H,.0, 24.21
G, H,,0, 0.75
C,H,,0, 2.93
C,.H,.0, 1.12
C,H,,0, 3.98
Total 88.64
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Table 2. Compounds detected in hexane extract of Grateloupia turuturu by GC-MS

RT (min) Name of the compound

4.09 Sabinene

6.34 Benzaldehyde dimethyl acetal

11.86 Geranyl acetate

18.48 Tetradecanoic acid, methyl ester
20.24 Pentadecanoic acid, methyl ester
21.58 9-Hexadecenoic acid, methyl ester
21.66 7-Hexadecenoic acid, methyl ester
21.92 Hexadecanoic acid, methyl ester
23.53 Hexadecanoic acid, 14-methyl-, methyl ester
24.68 6-Octadecenoic acid (Z)-, methyl ester
24.77 9-Octadecenoic acid (Z)-, methyl ester
25.06 Octadecenoic acid, methyl ester
30.29 Erucic acid

30.88 Docosanoic acid, methyl ester

GC-MS: Gas chromatography - Mass spectrometry

Molecular formula %
C,oHye 1.73
CH,,0, 4.73
C,,H,,0, 3.15
C,H,,0, 4.93
C,H,,0, 3.08
C,H,,0, 2.84
C,H,,0, 0.78
C,.H,,0, 37.95
C,H,.0, 1.64
C,H,,0, 4.28
C,H,0, 4.28
C,,H,.0, 4.43
C,,H,,0, 1.53
C,.H,0, 5.86
Total 81.21

Table 3. IC, values of the cytotoxicity of synthesized molecules at MCF-7, MDA-MB-231 and CCD-1079Sk cell line

IC,, value (ng/mL)

Extracts Codes CCD-1079Sk MCF-7 MDA-MB-231
24h 48h 24h 48h 24h 48h

U. rigida MeOH 1 32.7+0.05 42.6+0.11 11.1£0.07 20.3+0.05 13.5£0.06 58.3+0.02
U. rigida CH,CL,:MeOH (1:1) 2 27.1+0.06 36.5+0.09 12.8+0.12 14.1+0.1 10.1+0.15 31.243.81
G. turuturu MeOH 3 107.0+0.04 140.5+0.09 10.8+0.35 135.3+0.06 22.8+0.07 118.7+0.08
G. turuturu CH,CL,:MeOH (1:1) 4 36.7+0.09 15.7+0.11 24.5+0.11 28.8+0.09 89.0+0.06 24.2+0.13
U. rigida water 5 86.8+0.06 25.8+0.09 384.7+0.05 166.6+0.02 10.7£0.77 221.5£0.1
G. turuturu water 6 15.1+0.19 9.1+0.18 79.2+0.05 69.7+0.06 54.1+0.13 17.3+0.15

According to the data obtained in this study, although
antibacterial and antifungal activity was higher in methanol
extracts for Ulva rigida, lower inhibition was observed for S.
aureus. The MIC values for the inhibition of the methanol extract
of Ulva rigida on E. coli and C. albicans were 125 pg/mL for
both. There was also inhibition for hexane and CH,Cl,:MeOH
(1:1) extracts of Ulva rigida. All of the Grateloupia turuturu
extracts showed inhibition on E. coli at a concentration of 125
pg/mL, but lower on S. aureus. The highest antifungal activity
was found in the methanol extract of Ulva rigida and G. turuturu
at a concentration of 125 pg/mL (Table 5).

Hexane, CH,CL:MeOH (1:1), and MeOH extracts were
investigated for the detection of AChE and BChE enzymes
inhibitor activity. Due to their inability to penetrate the blood-
brain barrier and their notably low AChE activities, water extracts
were not included in this study of cholinesterase inhibitor
activity (21). According to the results of cholinesterase enzyme
inhibition experiments, 63-84% inhibition of AChE inhibition
was observed in the range of 50-200 pg/mL on hexane extracts
for both species. Inhibition values of control Galantamine
under the same conditions were in the range of 75-84%. The

results may be promising for future studies when compared with
galantamine. BChE inhibition results were moderate to good
only for the methanol extract of Grateloupia turturu (Table 6).

Discussion

The GC-MS is highly sensitive, allowing for the detection of
trace amounts of compounds present in herbal extracts. This
is important for identifying minor constituents that may
contribute to the overall therapeutic effects or serve as markers
for quality control. In prior chemical investigations, the chemical
constituents of these algae were predominantly identified through
GC-MS analysis of essential oils obtained via hydrodistillation.
Notably, there is a dearth of literature on GC-MS analysis of
hexane extracts. To address this gap, the chemical composition of
hexane extracts, prepared using the maceration technique from
both algae species, was determined through GC-MS analysis
(12,17,18). Both hexadecanoic acid and octadecanoic acid
act as energy sources for the body, as they are metabolized to
produce energy needed for physical activities. Furthermore, these
fatty acids are commonly incorporated into cosmetic product
formulations, serving as moisturizing agents in skincare products
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Figure 2. /n vitro cytotoxicity of CCD-1079Sk, MCF-7 and MDA-MB-231 cells treated with extracts from U. rigida and G. turuturu. The
cell viability was assessed by a MTT assay

MTT: 3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide
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and as foaming agents in soaps (8). The fact that U. rigida and
G. turtury algae are rich in fatty acid composition and the major
presence of hexadecanoic acid and octadecanoic acid in their
composition gives importance to these algae.

The MCE-7 and MDA-MB-231 represent two distinct subtypes
of breast cancer, each with unique characteristics. MCF-7 cells
are estrogen receptor-positive (ER+) and typically respond
to hormonal therapies, while MDA-MB-231 cells are triple-
negative (ER-, PR-, HER2-) and tend to be more aggressive.
Studying cytotoxic effects on both cell lines helps address the
heterogeneity of breast cancer, allowing for a more comprehensive
understanding of potential treatment options. Studying cytotoxic
effects on breast cancer cell lines (MCF-7, MDA-MB-231) and
a normal cell line (CCD-1079Sk) is important to observe any
differential responses between cancerous and non-cancerous
cells. This information is crucial for identifying compounds/
extracts that selectively target cancer cells while sparing healthy
ones.

U. rigida methanol extract (1) and U. rigida CH,Cl,:MeOH
extract (2) were most toxic to cancer cells, with extract (1)
showing significant cytotoxicity after 24 and 48 hours. Extracts
(5) and (3) from U. rigida water and G. turuturu MeOH extracts,
respectively, had minimal impact on healthy cells and the highest
IC,, values in cancer cells after 48 hours. Statistical analysis
revealed concentration-dependent effects, with significant
differences in viability for extracts 1, 2, and 3 over time.
Extract (3) demonstrated high selectivity against cancer cells
(S8I>3), maintaining consistency in efficacy at 48 hours. These
findings suggest extract 3 as a promising candidate for further
investigation in cancer treatment, highlighting the potential of
natural compounds in therapeutic applications.

Table 4. Table of selectivity index for the two cell types

Selectivity index

MCF-7 MDA-MB-231
Extracts Codes

24h 48h 24h 48h
U. rigida MeOH 1 2.9 2.1 2.4 0.7
U. rigida
CH,Cl:MeOH (1:1) 2 2.1 2.6 2.7 1.2
G. turuturu MeOH 3 9.9 1.0 4.7 1.2
G. turuturu
CH,CL:MeOH (1:1) 4 1.5 0.5 0.4 0.6
U. rigida water 5 0.2 0.2 8.1 0.1
G. turuturu water 6 0.2 0.1 0.3 0.5
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Figure 3. Cell viability by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide assay. Viability data obtained
at two time points of extracts in each cell line. *p<0.05

(p-values were obtained paired t-test)

Table 5. Antibacterial and antifungal activities of Ulva rigida and Grateloupia turuturu extracts

Ulva rigida

MIC value (pg/pL)

Hexane CH,CL,:MeOH (1:1) MeOH Water
E. coli 125 250 125 NA
S. aureus 250 250 250 NA
C. albicans 250 125 125 NA

Grateloupia turuturu
MIC value (pg/pL)

Hexane CH,CL,:MeOH (1:1) MeOH
125 125 125
250 250 250
250 250 125

Water
NA
NA
NA
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Table 6. Acetylcholinesterase and butyrylcholinesterase inhibiton activities of Grateloupia turuturu and Ulva rigida extracts

Inhibiton (%)
Acetylcholinesterase

Extracts
200 pg/mL

G. turuturu Hexane 80
U. rigida Hexane 84
G. turuturu CH,CL,:MeOH (1:1) 67
U. rigida CH,CL:MeOH (1:1) 55
G. turuturu MeOH NA
U. rigida MeOH NA
Galantamine 84

The search for balanced foods and nutraceuticals is fueled by
the growing evidence that dietary patterns can either increase
or decrease the risk of developing certain cancers. Research
has supported the protective effects of seaweeds against various
neoplastic illnesses, including colorectal, breast, and pancreatic
cancer (22). No previous research has explored the cytotoxic
activities of either the Grateloupia species or the Ulva species on
breast cancer. This study marks the first investigation into the
cytotoxicity of both species on breast cancer cells.

In studies on the antimicrobial activity of algae, different
results have been reported depending on various factors (23).
According to a study investigating the effectiveness of extraction
methods, it was found that methanol extraction provided higher
antimicrobial activity than hexane and ethyl acetate. However,
another study reported that chloroform was better than
methanol and benzene (24,25). In general, it has been observed
that Gram-positive bacterial strains are more sensitive to seaweed
extracts than Gram-negative ones (26). This may be due to the
presence of a more accessible web-like peptidoglycan layer in
Gram-positive bacteria for the extracts to penetrate. Conversely,
Gram-negative bacteria have a resistant barrier consisting of a
thin lipopolysaccharide outer membrane that can restrict contact
with the extract (27).

Methanol extracts of Ulva rigida exhibited higher antibacterial
and antifungal activity, with notable inhibition against E. coli
and C. albicans at a concentration of 125 pg/mL. However, S.
aureus showed lower inhibition, indicating selectivity in the
antibacterial effects. Interestingly, hexane and CH,Cl,:MeOH
(1:1) extracts of Ulva rigida also demonstrated inhibitory
effects, emphasizing the diverse bioactive compounds present
in different extracts. Grateloupia turuturu extracts, on the other
hand, exhibited inhibition on E. cofi at 125 pg/mL, while
demonstrating lower activity against S. aureus. Notably, the
methanol extracts of both Ulva rigida and Grateloupia turuturu
displayed the highest antifungal activity at a concentration of 125
pg/mL. This suggests the potential of these extracts in inhibiting
fungal growth, particularly against C. albicans.

The observed variations in antibacterial and antifungal activities
among different extracts and microbial strains highlight the
complexity of the bioactive compounds present in these seaweeds.
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Inhibiton (%)
Butyrylcholinesterase

100 pyg/mL 50 pyg/mL 200 yg/mL 100 pg/mL 50 pg/mL
77 69 29 21 19

68 63 34 28 27

56 52 15 5 NA

45 40 24 12 8

NA NA NA NA NA

NA NA NA NA NA

80 75 79 78 68

The consistent antifungal activity at a specific concentration
indicates a potential therapeutic value against fungal infections.
Further research is warranted to identify and isolate the specific
bioactive compounds responsible for these activities and explore
their potential applications in the development of antimicrobial
agents. Additionally, understanding the selectivity of these
extracts against different microbial strains is crucial for their
targeted use in combating specific infections.

AChE and BChE play essential roles in regulating cholinergic
neurotransmission by breaking down acetylcholine, ensuring
proper neuronal signaling. Their balanced activity is critical for
cognitive function, and alterations in AChE and BChE levels
have implications in neurodegenerative diseases, emphasizing
their importance in maintaining neurological health and
cognitive integrity.

The investigation into AChE and BChE inhibitor activities of
hexane, CHZCIZ—MCOH (1:1), and MeOH extracts revealed
notable findings. Water extracts were excluded due to their

limited ability to penetrate the blood-brain barrier and low
AChE activities.

In the cholinesterase inhibition experiments, the hexane extracts
of both species demonstrated substantial inhibition, ranging
from 63% to 84% at concentrations between 50 and 200 pg/
mL. The inhibition values for the control galantamine, under
comparable conditions, fell within the range of 75% to 84%.
These results suggest that the hexane extracts exhibit promising
AChE inhibitory activity, comparable to the positive control
galantamine. This raises the prospect of further investigations
into the potential therapeutic use of these extracts in conditions
associated with cholinesterase dysfunction. However, BChE
inhibition results were only moderately to good for the methanol
extract of Grateloupia turutury. While not as pronounced as the
AChE inhibition, these findings still indicate potential for the
methanol extract in modulating cholinesterase activities.

The observed inhibitory effects, particularly with the hexane
extracts, provide a foundation for future studies exploring the
specific compounds responsible for cholinesterase inhibition
and their potential neuroprotective effects. Understanding the
molecular mechanisms underlying these inhibitory activities can
contribute to the development of novel therapeutic agents for
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conditions involving cholinergic dysfunction, such as Alzheimer’s
disease. Further investigations should focus on isolating and
characterizing the bioactive compounds responsible for these
inhibitory effects to advance the potential application of these
extracts in neurodegenerative disorders.

Study Limitations

The isolation study for the master’s thesis could not be conducted
due to insufficient project support.

Conclusion

In this investigation, distinct from previous studies, the chemical
composition of hexane extracts from U. rigida and G. turuturu
was elucidated using GC-MS analysis, identifying hexadecanoic
acid and octadecanoic acid as predominant metabolites. The
study assessed the cytotoxic effects on previously unexplored
MCEF-7 and MDA-MB-231 breast cancer cell lines and examined
their potential implications for Alzheimer’s disease through the
analysis of cholinesterase inhibitory activities. Additionally,
antimicrobial activity was investigated. These results highlight
the bioactive potential of the studied seaweed species, suggesting
their prospective application in the development of therapeutic
and dietary products. Further research could explore their
applications in diverse medical and nutritional contexts,
leveraging their diverse bioactive profiles. The varied compounds
identified in these extracts present opportunities for future
investigations and innovations in the realm of complementary
medicine and beyond.
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Comparison of Free Gingival Graft and Modified Apical
Repositioned Flap Techniques to Create Attached Gingiva:
Long-Term (2 Years) Retrospective Study

Yapisik Dis Eti Olusturmak icin Uygulanan Serbest Dis Eti Grefti ve Modifiye
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ABSTRACT

Objective: An ideal anatomical component for maintaining
gingival health is the attached gingiva. Increasing the width of the
attached gingiva can be achieved using the predictable surgical
methods of the modified apically repositioned flap (MARF) and
the free gingival graft (FGG).

Methods: Fifteen (female) systemically and periodontally healthy
patients were enrolled for this study. The treatment of a total of 21
teeth with recession in the lower jaw, absence of bone dehiscence,
and attached gingiva ranging from a minimum of 0.5 mm to a
maximum of 1.5 mm was conducted through FGG and modified
apical positioned flap techniques. These procedures were randomly
selected. Pocket depth on probing, gingival recession (GR), clinical
attachment loss, bleeding index on probing, attached gingival
width (AGW), keratinized tissue width and plaque index values
were recorded before the surgical procedure and repeated at the 3™
month, 1 and 2™ years.

Results: The changes in GR levels at baseline, 3 months, first and
second year in both the FGG and MARF groups were statistically
significant (p=0.001; p<0.05). The changes observed in AGW
levels at baseline, 3 months, first and second year in both MARF
and FGG groups were statistically significant (p=0.001; p<0.05).

(074

Amag: Dis eti sagligini korumak icin ideal bir anatomik bilesen
yapisik dis etidir. Yapisik dis eti bolgesinin artirilmasi, modifiye
apikale repozisyone flep (MARF) ve serbest dis eti grefti (SDG)
gibi dngoriilebilir cerrahi yontemler kullanilarak elde edilebilir.

Yontemler: Bu caligmaya sistemik ve periodontal agidan sagliklt
15 (kadin) hasta dahil edildi. Alt cenede dis eti ¢ekilmesi bulunan,
kemik dehisensi olmayan, yapisik dis eti minimum 0,5 mm ile
maksimum 1,5 mm arasinda degisen toplam 21 disin tedavisi
SDG ve MARF teknikleri ile gerceklestirildi. Bu prosediirler
rastgele secilmigtir. Sondalamada cep derinligi, dis eti ¢ekilmesi,
klinik atagman kayb1, sondalamada kanama indeksi, yapisik dis eti
genisligi (YDG), keratinize doku genisligi ve plak indeksi degerleri
cerrahi islem éncesinde kaydedilerek 3. ay, 1. ve 2. yilda tekrarlandi.

Bulgular: Hem SDG hem de MARF gruplarinda baglangicta,
3. ayda, birinci ve ikinci yilda dis eti ¢ekilme seviyelerindeki
degisiklikler istatistiksel olarak anlamliydi (p=0,001; p<0,05). Hem
MARF hem de SDG gruplarinda baglangicta, 3 ayda, birinci ve
ikinci yilda YDG diizeylerinde gozlenen degisiklikler istatistiksel
olarak anlamliyd: (p=0,001; p<0,05).
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ABSTRACT

Conclusion: Both techniques have been shown to result in a
statistically significant increase in the width of keratinized tissue
and the amount of attached gingiva in the long term.

Keywords: Free gingival graft, apically repositioned flap, attached
gingiva

Clinical Trial Registration: The study was registered at
ClinicalTrials.gov (NCT06253910).

Introduction

The attached gingiva serves to defend the periodontium from
external harm, contributes to the stabilization of the gingival
margin and prevents gingival recession (GR). It forms a strong
barrier against physiological and friction forces with the thick
collagen fibers attached to the bone (1). The dimensions of the
attached gingiva differ based on the specific area within the oral
cavity. In the consensus report published in 2015, it was reported
that the width of the attached gingiva around the teeth should
be at least 1 mm to maintain periodontal health (2). Adequate
presence of attached gingiva facilitates enhanced efficacy in
oral hygiene practices, thereby reducing the risk of periodontal
inflammation (3).

The most widely accepted and implemented technique for
addressing the deficiency of attached keratinized tissue is the
free gingival graft (FGG). The FGG offers distinct advantages
such as ample donor tissue availability and the capacity to
address multiple teeth simultaneously (4). However, drawbacks
postoperative
discomfort, unpredictability in color matching of tissues, and the

associated with this technique encompass

necessity for an additional surgical procedure to obtain donor
tissue (4). Carnio and Miller (5) described the modified apically
repositioned flap (MARF) technique in 1999 as a method to
increase the attached gingiva on multiple adjacent teeth. This
surgical intervention employs a single horizontal incision at
the designated site. The recognized advantages of employing
the MARF technique include its surgical simplicity, ease of
application, elimination of the requirement for a palatal donor
site, reduced surgical duration, and a heightened predictability
in achieving a harmonious color match of the tissues (5). Taking
into consideration the advantages of the MARF technique, the
authors suggest that it needs to be more widely implemented.

The aim of this study is to apply the frequently preferred FGG
technique and the alternative MARF technique to areas with
insufficientattached gingiva in order to establish attached gingiva.
Furthermore, the objective is to assess changes in attached gingiva
over the long-term period (baseline, 3" month, 1* and 2™ year)
resulting from the application of these techniques.

Methods

The present study was approved by the Istanbul Medipol
Universitesi Non-Invasive Clinical Research Ethics Committee
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Sonug: Her iki teknigin de uzun vadede keratinize doku
genisliginde ve yapigsik dis eti miktarinda istatistiksel olarak anlamli
bir artisa neden oldugu gésterilmistir.

Anahtar Sézciikler: Serbest dis eti grefti, apikale repozisyone flep,
yapisik dis eti

Klinik Arastirma Kaydi: Bu ¢alisma, "ClinicalTrials.gov"
adresine kaydedilmistir (NCT06253910).

(decision no: 79, date: 18.01.2024) for the use and access of
human subjects in research and was conducted in accordance
with the Helsinki Declaration of 1975, as revised in 2013.
Fifteen (female) systemically and periodontally healthy patients
were enrolled for this study. The general exclusion criteria were as
follows: use of antibiotics and/or anti-inflammatory, non-steroidal
anti-inflammatory drugs, steroids, immunosuppressants, beta-
blockers, calcium channel blockers, anticoagulants, and hormonal
contraceptives within 3 months preceding the study, smokers,
surgical periodontal treatment (previous 12 mo.), having less
than 15 natural teeth excluding third molar, diabetes, having
systemic diseases such as rheumatoid arthritis and cardiovascular
disorders. All participants gave oral informed consent.

The treatment of the total of 21 teeth with recession in the lower
jaw, absence of bone dehiscence, and attached gingiva ranging
from a minimum of 0.5 mm to a maximum of 1.5 mm, was
conducted through FGG (FGG group, n=10; mean age of
39.5+5.85) and modified apical positioned flap (MARF group,
n=11; mean age of 49.4+9.14) techniques. These procedures were
randomly selected (coin toss) and applied by a single researcher.

Surgical methods were performed on a maximum of 2 teeth in
the treated areas. At least 2 months before surgical procedures,
patients received non-surgical periodontal treatment and oral
hygiene practices were demonstrated. After applying surgical
treatment to all patients, a simple numerical rating scale was used
to assess postoperative comfort and pain approximately 10 days
later. Patients were asked to provide a score between 0 (no pain)
and 10 (unbearable pain) for the 10 days following the procedure.

Clinical Periodontal Parameters

To determine the periodontal status of the teeth to be treated,
pocket depth on probing (PPD) (mm), GR (mm), clinical
attachment loss (CAL) (mm), bleeding index on probing (BOP)
(%), attached gingival width (AGW) (mm), keratinized tissue
width (KTW) (mm) and plaque index (PI) values were recorded
by 2 calibrated researchers. AGW was calculated by subtracting
the PPD value from the KTW measurement value. Clinical
periodontal parameters were recorded before surgical treatment
(baseline) and repeated at third months, first and second years
after treatment was completed.

Free Gingival Graft Technique

For the FGG surgery, a half-thickness flap was raised and expanded
from approximately 0.5 mm coronal to the mucogingival border,
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with a horizontal incision in the attached gingiva and two
vertical incisions at the mesial and distal ends of the horizontal
incision (6). Subsequently, donor tissue (10 mm x 5 mm) was
harvested from the palatal region through a rectangular incision
of 1-1.5 mm thickness (7). The wound bed that formed on the
palate was promptly treated using local hemostatic measures.
The tissue obtained from the palate was secured to the recipient
site using 5-0 silk sutures, and a periodontal dressing was placed
in the wound area. Immediately after the surgery, patients were
instructed to avoid hot/acidic foods and beverages.

Modified Apically Repositioned Flap Technique

The MARF technique was implemented according to the
previously established protocol by Carnio etal. (6). Following the
administration of local anesthesia to the surgical area, a horizontal
bevel incision was made from the mucogingival junction towards
the attached gingiva, maintaining a distance of 0.5 mm with a
no. 15 Bard-Parker scalpel. To avoid vertical relaxing incisions,
a horizontal incision was extended mesiodistally to the buccal
aspect of adjacent teeth parallel to the mucogingival attachment.
The prepared half-thickness flap was secured apically to the
periosteum using 5-0 silk sutures. To prevent dead space between
the flap and the periosteal bed, gentle finger pressure was applied,
and a periodontal dressing was placed in the wound area.

Statistical Analysis

The IBM SPSS Statistics 22 software was used for statistical
analyses. The normal distribution of parameters was assessed
using the Shapiro-Wilk test. For intergroup comparisons of
parameters, the Mann-Whitney U test was utilized. Meanwhile,
intragroup comparisons of parameters were conducted using
the Friedman test and post hoc Wilcoxon signed-rank test.
Significance was evaluated at the p<0.05 level.

Results

The study was conducted with a total of 21 cases, ranging in age
from 31 to 70. The mean age was 44.45+9.03 years.

Evaluation of periodontal parameters within and between groups
is shown in Table 1 and Figure 1. Briefly, there was no statistically
significant difference between the treatment groups in terms of
PI, PPD, BOD, CAL, GR at baseline, 3 months, first and second
years (p>0.05). The changes in GR levels at baseline, 3 months,
first and second years in both the FGG and MARF groups were
statistically significant (p=0.001; p<0.05). The 3 month, 1
year and 2™ year AGW level of the FGG group was statistically
significantly higher than the MARF group (respectively:
p=0.006; p=0.015; p=0.007; p<0.05). The changes observed in
AGW levels at baseline, 3 months, first and second years in both
MAREF and FGG groups were statistically significant (p=0.001;
p<0.05). The 3" month and 2" year KTW levels of the FGG
group were statistically significantly higher than the MARF
group (respectively: p=0.006; p=0.004; p<0.05). The changes in
KTW levels at baseline, 3 months, 12 months, and 24 months
in both the FGG and MARF groups were statistically significant
(Table 1).

Table 1. Evaluation of periodontal parameters within and
between groups

FGG MARF
Mean * SD (median) Mean +SD (median) 'p-value

Pl

. 0.68+0.65 (0.5) 1.03+0.7 (1.1) 0.192
Baseline
39month  1%0.55 (1) 1.35+0.78 (1.6) 0.192
1styear 1.08+0.51 (1) 1.35+0.77 (1.5) 0.208
2" year 0.78+0.72 (0.5) 1.1340.6 (1.3) 0.220
p 0.174 0.340
PPD

) 1.30.4 (1.1) 1.23+0.32 (1.1) 0.806
Baseline
39month  1.28+0.4 (1.1) 1.15+0.32 (1) 0.324
1styear 1.23%0.3 (1) 1.170.26 (1) 0.306
2" year 1.26+0.4 (1.1) 1.1540.3 (1) 0.320
p 0.102 0.381
BOP

X 12.5£17.68 (0) 7.5+£16.87 (0) 0.399
Baseline
39month  15+17.48 (12.5) 15+24.15 (0) 0.734
1styear 1.28+0.4 (1.1) 1.25+0.41 (1) 0.677
2" year 1.35+0.52 (1) 1.4+0.43 (1.3) 0.425
p 0.903 0.089
GR

X 1.2540.65 (1.1) 2.05+1.3 (1.5) 0.118
Baseline
39month  1.200.66 (1) 1.83+0.95 (1.5) 0.102
1styear 1.08+0.61 (1) 1.70£0.95 (1.5) 0.099
2" year 1.0+0.59 (1) 1.55+0.9 (1.5) 0.104
Ep 0.001* 0.001*
CAL

. 2.55+0.65 (2.5) 3.28+1.4 (2.6) 0.322
Baseline
39month  2.48+0.66 (2.4) 2.98+0.82 (2.8) 0.148
1styear 2.3510.63 (2.4) 2.95+0.79 (2.9) 0.072
2" year 2.35+0.56 (2.3) 2.95+0.88 (2.9) 0.102
’p 0.141 0.314
AGW

; 0.5+0.47 (0.5) 0.6+0.46 (0.8) 0.625
Baseline
39month  4.3%£1.16 (4) 2.8+0.79 (3) 0.006*
1styear 4.3+1.25 (5.5) 2.9+0.99 (4) 0.015*
2" year 4.4+1.65 (5) 2.4+1.17 (3) 0.007*
’p 0.001* 0.001*
KTW

) 1.7£0.63 (1.8) 1.6+0.46 (1.8) 0.840
Baseline
3" month 5.4+1.35 (5) 3.8+0.79 (4) 0.006*
1styear 5.38+1.72 (6) 3.76+1.15 (5) 0.005*
2" year 5.27+1.57 (6) 3.06+1.17 (5) 0.004*
’p 0.001* 0.001*

"Mann-Whitney U test, ?Friedman test, *p<0.05

PPD: Pocket depth on probing, GR: Gingival recession, CAL: Clinical attachment
loss, BOP: Bleeding index on probing, AGW: Attached gingival width, KTW:
Keratinized tissue width, PI: Plaque index, FGG: Free gingival graft, MARF:
Modified apically repositioned flap, KTW: Keratinized tissue width
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The comparison of changes in the PI, PPD, BOR, GR, CAL,
AGW, and KT'W parameters of the treatment groups at baseline,
3 month, 1% year, and 2™ year is presented in Table 2. Briefly,
there was a statistically significant difference between the
treatment groups in terms of the changes in BOP levels in the
24™ month compared to the 12" month (p=0.045; p<0.05).
The increase in AGW levels at 3 months, first and second years
compared to baseline was statistically significantly higher in the
FGG group than in the MARF group (respectively; p=0.004,
p=0.012, p=0.004; p<0.05). The increase in KTW levels at
3 months, first and second years compared to baseline was
statistically significantly higher in the FGG group than in the
MARE group (p=0.006, p=0.005, p=0.004; p<0.05).

Patients reported a higher comfort score within the first 10 days
after the FGG procedure compared to the MARF group, and this
difference was statistically significant (p=0.011; p<0.05) (Table
3). The changes in representative cases for the FGG and MARF
groups at baseline, 3 month, 1* year, and 2" year are showed in
Figures 2 and 3.

Discussion

The main aim of this study is to evaluate the long-term changes
in the formation of attached gingiva and keratinized tissue using
the FGG and MARF methods. The width of attached gingiva
and the amount of keratinized tissue increased significantly more
with the FGG method compared to MARE both techniques
demonstrated a significant increase compared to the baseline.

Insufficient or lacking width of attached gingiva is a significant
factor that increases susceptibility to periodontal disease and
contributes to GR (1). For this purpose, various surgical
techniques are being explored, and the FGG method is often
preferred due to its successful outcomes (8-10). However, it has

disadvantages such as the need for a donor site, the possibility of
postoperative bleeding at the donor site, and color incompatibility
at the recipient site (6). In order to eliminate the disadvantages
of this technique, the MARF method was described in 1999 (5).
With this technique, the need for a second surgical site and the
problem of color incompatibility are eliminated.

To the best of our knowledge, there is only one study in the
literature comparing MARF and FGG techniques in the long
term (1 year) (6). Authors reported that, after 1 year, the FGG
technique resulted in a greater amount of keratinized tissue and
attached gingiva compared to the MARF technique. However,
both methods resulted in a significant increase in AGW and
KTW within their respective groups (6). In our results, similar to
this study, the amounts of AGW and KT'W at all time intervals
(3 month, 1% year, and 2™ year) were greater in the FGG
technique compared to MARE However, the increases in AGW
and KT'W amounts in both groups were statistically significant.
The reason for this difference can be explained by the fact that in
the FGG method, the recipient site is prepared more extensively
compared to the MARF technique. In the FGG technique, the
recipient site is prepared to be wider than the palatal tissue,
considering postoperative shrinkage. In the MARF technique,
it has been suggested that preparing the recipient site with a
width of 4 mm in the apico-coronal direction is sufficient for
the formation of an adequate width of attached gingiva after the
procedure. Furthermore, Carnio et al. (6) reported that there was
no difference between and within the groups in terms of PPD
and GR after surgical procedures. In our study, in addition to
PPD and GR, we also evaluated PI, BOP, and CAL levels. Similar
to the previous study, while there was no statistically significant
difference between groups and within groups in PD levels, GR
levels showed a significant decrease within both groups (Table 1).
The fact that clinical periodontal parameters (PI, BOR, PPD, GR,

BOP (%) GR
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Figure 1. Evaluation of periodontal parameters within and between groups
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Table 2. The comparison of changes in the PI, PPD, BOP, GR,
CAL, AGW, and KTW parameters of the treatment groups at
baseline, 3 months, 1 year, and 2 years

PI0-3
PI0-12
PI0-24
PI3-12
PI3-24

Pl 12-24
PPD 0-3
PPD 0-12
PPD 0-24
PPD 3-12
PPD 3-24
PPD 12-24
BOP 0-3
BOP 0-12
BOP 0-24
BOP 3-12
BOP 3-24
BOP 12-24
GRO-3
GR0-12
GR0-24
GR3-12
GR3-24
GR 12-24
CAL0-3
CAL0-12
CAL0-24
CAL3-12
CAL3-24
CAL 12-24
AGW 0-3
AGW 0-12
AGW 0-24
AGW 3-12
AGW 3-24
AGW 12-24
KTW 0-3
KTW 0-12
KTW 0-24
KTW 3-12
KTW 3-24
KTW 12-24

FGG

Mean +SD
(median)

0.33+0.46 (0.1)
0.4£0.49 (0.3)
0.1+0.52 (0)
0.08+0.17 (0)
-0.23+0.64 (-0.1)
-0.30.67 (-0.3)
-0.03+0.28 (0)
-0.03+0.28 (0)
0.05+0.39 (0)
0+0 (0)
0.08+0.47 (0)
0.08+0.47 (0)
2.5£18.45 (0)
5+19.72 (0)
12.5£21.25 (12.5)
2.5£7.91(0)
10+12.91 (0)
7.5£12.08 (0)
-0.05£0.16 (0)
-0.18+0.21 (-0.1)
-0.2540.2 (-0.3)
-0.130.18 (0)
-0.2+0.2 (-0.3)
-0.08+0.17 (0)
-0.08+0.43 (0)
-0.2+0.4 (-0.1)
-0.2+0.47 (-0.3)
-0.13+0.18 (0)
-0.13+0.57 (-0.1)
0+0.54 (0)
3.841.06 (3.8)
4.1£1.21 (5.3)
4.241.47 (4.8)
1£0.47 (1)
1.10.88 (1)
0.1£0.88 (0)
3.4%1.09 (3.3)
4.3+1.6 (4.8)
4.741.31 (4.8)
1.1+0.74 (1)
1.3+0.95 (1)
0.240.92 (0.5)

Mann-Whitney U test, *p<0.05

PPD: Pocket depth on probing, GR: Gingival recession, CAL: Clinical
attachment loss, BOP: Bleeding index on probing, AGW: Attached gingival

MARF

Mean +SD
(median)

0.33%0.58 (0.4)
0.33+0.66 (0.4)
0.1+0.39 (0)
0+0.12 (0)
-0.2340.65 (-0.4)
-0.23+0.7 (-0.4)
-0.080.17 (0)
0.03%0.38 (0)
0.18+0.43 (0)
0.1+0.32 (0)
0.25+0.42 (0.1)
0.15£0.24 (0.1)
7.5£12.08 (0)
2.5421.89 (0)
0+23.57 (0)
-5+25.82 (0)
-7.5+26.48 (0)
-2.5£7.91 (0)
-0.23+0.43 (0)
-0.35£0.41 (-0.3)
-0.5+0.5 (-0.4)
-0.13+0.18 (0)
-0.28+0.32 (-0.3)
-0.15+0.24 (0)
-0.30.69 (0)
-0.3340.77 (-0.1)
-0.3340.76 (-0.3)
-0.03+0.32 (0)
-0.03+0.42 (-0.1)
0+0.17 (0)
2.2+0.89 (2.5)
3.1£1.03 (3.5)
2.841.16 (3)
1.10.57 (1)
0.6£0.97 (0,5)
-0.5+0.53 (-0,5)
2.240.89 (2.5)
3.2+1.24 (3.8)
3+1.22 (3)
1.2+0.79 (1)
0.8+1.03 (1)
-0.4+0.52 (0)

width, KTW: Keratinized tissue width, PI: Plaque index

p-value

0.939
0.819
1.000
0.304
0.819
0.939
0.233
0.544
0.442
0.317
0.258
0.331
0.543
0.868
0.273
0.584
0.060
0.045*
0.486
0.444
0.311
1.000
0.748
0.516
0.549
0.875
0.908
0.518
0.641
0.679
0.004*
0.012*
0.004*
0.654
0.249
0.104
0.006*
0.072
0.005*
0.744
0.324
0.107

Table 3. Discomfort score within the First 10 days after
surgical procedures

Discomfort score
Mean + SD (median)

FGG 7.0+0.82 (7)
MARF 5.2+1.55 (5)
p-value 0.011*

Mann-Whitney U test, FGG: Free gingival graft, MARF: Modified apically
repositioned flap, SD: Standard deviation, *p<0.05

Figure 2. The changes in representative cases for the FGG:
at baseline (a), after FGG procedure (b), at 3" month (c), at
1styear (d), at 2" year (e)

FGG: Free gingival graft
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CAL) did not differ between the two groups at all time intervals
showed that the MARF technique supported periodontal health
at least as much as the FGG technique (Tables 1, 2).

Carnio et al. (11) reported an average increase of 3.6 mm
in keratinized tissue and 2.21 mm in attached gingiva after
following 21 teeth treated with the MARF technique for 1 to
11 years. In another study by Carnio et al. (12), where they
evaluated the MARF technique over a period of 4 to 16 years,
an average gain of 2.06 mm in keratinized tissue and an increase
of 2.15 mm in attached gingiva width were reported. Moreover,
both studies reported no significant differences in GR and
PPD levels after the procedures (11,12). In a study with a 13-

Figure 3. The changes in representative cases for the
MARF: at baseline (a), after FGG procedure (b), at 3 month
(), at 1=t year (d), at 2" year (e)

FGG: Free gingival graft, MARF: Modified apically repositioned
flap
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year case follow-up, it was reported that there was an average
increase of 2.5 mm in attached gingiva and a 3 mm increase
in keratinized gingival width compared to the baseline (13). In
our study, an average increase of 2.2 mm in attached gingiva
width was observed at the end of the third month compared
to the baseline, 2.3 mm at the end of the first year and 1.8
mm at the end of the second year. The width of keratinized
tissue increased by an average of 2.2 mm at the end of the third
month compared to the baseline, 2.1 mm at the end of the first
year, and 1.46 mm at the end of the second year. The results of
our study are compatible with other clinical studies and case
reports aiming to increase the amount of attached gingiva with

the MARF technique (6,11-14).

In our study, post-op comfort was also evaluated and scored by
the patients with a simple numerical scale (0-10). As a result,
patients stated that MARF technique was more comfortable and
caused less postoperative pain (Table 3). Parallel to our study, a
study evaluating post-procedure comfort as more or less found
the MARF method to be more comfortable.® These results
suggest that the MARF method will be a more preferred method
by patients in the future.

Study Limitations

The main limitation of this clinical study comparing MARF
and FGG methods in the long term is the small sample size.
Additionally, the measurement of keratinized and AGW using
only a visual method can be identified as another limitation. In
future studies, it is considered essential to increase the sample
size, record the procedure duration and the correlation between
duration and patient comfort should not be overlooked.

Conclusion

Both techniques have been shown to result in a statistically
significant increase in the width of keratinized tissue and the
amount of attached gingiva in the long term. However, MARF
technique has many advantages, including not requiring a
second surgical site, being technically simpler, providing more
postoperative comfort for patients and achieving better tissue
color match. Although it is not applicable for root coverage
like FGG, the advantages of the MARF technique lead to the

consideration of it as an alternative to FGG.
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Investigation of the Effect of Sodium Hypochlorite, EDTA,
Propolis, Boric Acid and Citric Acid Irrigation Solutions on
Push-out Bond Strengths of Root Canal Sealers

Sodyum Hipoklorit, EDTA, Propolis, Borik Asit ve Sitrik Asit Y|k§ma
Solisyonlarinin Kok Kanal Patlarindaki Baglanma Dayanimlari Uzerine
Etkisinin incelenmesi

® Damla ILKGELEN, ® Emre IRIBOZ

Marmara University Faculty of Dentistry, Department of Endodontics, Istanbul, Tiirkiye

ABSTRACT

Objective: The aim of this study is to investigate the effect of
different root canal irrigation solutions, including propolis and
boric acid (BA), on the bonding strengths of epoxy-resin-based
AH Plus and bioceramic-based Bioserra root canal sealers on root
dentin.

Methods: One hundred extracted teeth with single root-single
canal were shaped and divided into 2 groups according to filling
material (AH Plus and Bioserra) and each group was divided into
5 subgroups according to irrigation solution (5.25% NaOCI, 17%
EDTA, 10% citric acid, 10% BA, 10% propolis). The teeth of
which canals were filled were incubated at 37 °C for one week,
then embedded in acrylic resin. Horizontal sections with thickness
of 2 mm were taken from the middle level of the root of each
tooth and pressing force was applied in vertical direction until a
break occurred in the connection, POBS (push-out bond strength)
values were calculated. Statistical analysis was performed using
Kruskal-Wallis H and Mann-Whitney U tests. Finally samples were

examined with binocular microscope.

Results: Regardless of the sealer used, mean POBS values of 5.25%
NaOCl solution groups were found significantly higher than others
(p<0.05). Also regardless of the irrigation solution used, mean
POBS values of AH Plus groups were significantly higher than
Bioserra groups (p<0.05). Among the experimental groups that

(074

Amag: Bu calismanin amaci, propolis ve borik asit (BA) dahil
olmak iizere farkli kanal yitkama soliisyonlarinin epoksi-rezin bazli
AH Plus ve biyoseramik bazli Bioserra kanal patlarinin kék dentini
tizerindeki baglanma dayanimlarina etkisini arastirmakur.

Yéntemler: Tek kok-tek kanalli 100 adet gekilmis insan disi doner
aletle sekillendirildikten sonra kanal dolum malzemesine (AH Plus
ve Bioserra) gore 2 gruba ayrilmis ve her grup yikama soliisyonuna
(%5,25 NaOCl, %17 EDTA, %10 sitrik asit, %10 BA, %10
propolis) gdre 10 érnek iceren 5 alt gruba ayrilmisur. Kanallari
doldurulan disler bir hafta 37 °C'de etiivlendikten sonra akrilik
recineye gdmiilmiistiir. Her bir disin kékiiniin orta hizasindan 2
mm kalinliginda horizontal kesitler alinmis ve baglanuda kopma
olusana kadar dikey yonde basma kuvveti uygulanmustir, baglanma
dayanim degerleri hesaplanmugtir. Ayrica numuneler binokiiler
mikroskopla incelenmistir. Degerlerin istatistiksel ~analizleri
Kruskal-Wallis H ve Mann-Whitney U testleri kullanilarak
yapilmustir.

Bulgular: Kullanilan kanal patindan bagimsiz olarak, %5,25
NaOCl yikama soliisyonu gruplarinin ortalama baglanma dayanim
degerleri digerlerine gére anlamli derecede yiiksek bulunmustur
(p<0,05). Ayrica kullanilan yikama soliisyonundan bagimsiz olarak,
AH Plus kullanilan gruplarin baglanma dayanimlarinin ortalamas,
Bioserra kullanilan gruplardan anlamli derecede yiiksektir (p<0,05).
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ABSTRACT

used Bioserra, 5.25% NaOCI irrigation group had significantly
higher POBS value than other solution groups. Meanwhile, there
was no difference between POBS values of irrigation solution
groups when AH Plus was used. In addition, in 17% EDTA and
10% citric acid groups, the mean POBS values of the samples using
AH Plus were found significantly higher according to Bioserra
samples (p<0.05). When mode of failures were examined; cohesive
failure was mostly observed in NaOCI-AH Plus group, adhesive
failure was mostly in BA-AH Plus group, mixed failure was mostly
in Propolis-Bioserra group.

Conclusion: The bonding strength is significantly affected by
the sealer used and the sealer/irrigation solution interaction. The
bonding strength of AH Plus is superior to Bioserra. If 17% EDTA
or 10% citric acid is to be used as irrigation solution, then AH Plus
should be preferred instead of Bioserra sealer.

Keywords: Push-out bond strength test, propolis, boric acid, root
canal sealer, root canal irrigation

Introduction

The aim of a successful root canal treatment is to clean and
shape the root canals and then fill them in a three-dimensional
hermetic way (1). Gutta percha, which is a root canal filling
material, should be used together with a sealer because it does
not have the ability to bind to the root canal walls alone (2). The
task of the sealer is to ensure the adhesion of the gutta percha to
the root canal walls and also to fill the gaps between the master
apical file and the other gutta percha points during the lateral
condensation technique (3). An effective irrigation can ensure
that even the lateral canals, isthmus, apical deltas that cannot be
reached by the gutta percha are filled with root canal sealer.

There are some agents such as Sodium hypochlorite (NaOCI),
EDTA, citric acid, which have been used for a long time as an
irrigation solution in endodontic treatments and have proven
many benefits. NaOCI exhibits strong antibacterial properties,
dissolves organic substances and removes necrotic tissue. Some
clinicians work by filling the pulp chamber with NaOCI
during the entire root canal preparation process to maximize
the lubrication, antibiofilm and proteolytic effects (4). EDTA
is a chelating agent used to dissolve inorganic components. It
acts on calcium ions in the content of hydroxyapatite, the main
inorganic compound of dentin, and accelerates the removal of
smear layer by demineralizing its’ inorganic components (5).
Qian et al. (6) concluded in a study that EDTA and citric acid
led to negative features such as intertubular and peritubular
dentin erosion. Although there are studies like these in the
literature, these two solutions are the most commonly used
irrigation solutions for complete removal of the smear layer; it is
recommended to use citric acid at a concentration of 10% and
EDTA at a concentration of 17% (7). The use of boric acid (BA),

oz

Bioserra'yt kanal dolum patt olarak kullanan deney gruplart
arasinda %5,25 NaOCl ile irrigasyon yapilan grup, diger yitkama
soliisyon gruplarina gére anlamli derecede daha yiiksek baglanma
dayanimi degerine sahiptir. Bu arada kok kanal pati olarak AH Plus
kullanildiginda yikama soliisyon gruplarinin baglanma dayanim
degerleri arasinda fark gériilmemistir. Ayrica %17 EDTA ve %10
sitrik asit ytkama soliisyonu gruplarinda, kanal pati olarak AH
Plus kullanilan numunelerin baglanma dayanimlarinin ortalamast,
Bioserra kullanilan numunelerin ortalamasina gore anlamli olarak
daha yiiksek bulunmugstur (p<0,05). Baglanti basarisizliklart
incelendiginde; koheziv kopma en stk NaOCI-AH Plus grubunda,
adeziv kopma en sik BA-AH Plus grubunda, karistk kopma en sik
Propolis-Bioserra grubunda goriilmiistiir.

Sonug: Baglanma dayanim giicii; kullanilan kék kanal patindan
ve kanal pati/ytkama soliisyonu etkilesiminden 6nemli ol¢iide
etkilenmektedir. AH Plus'in baglanma dayanimi, Bioserradan
tistiindiir. [rrigasyon soliisyonu olarak %17’lik EDTA veya %10’luk
sitrik asit kullanilacak ise ardindan dolumda Bioserra yerine AH
Plus pati tercih edilmelidir.

Anahtar Sézciikler: Basma dayanim testi, propolis, borik asit, kok
kanal pati, kok kanal irrigasyonu

which has antifungal, antiseptic, strong antibacterial properties
and has proven biocompatibility with tissue, as an endodontic
irrigation agent is also on the agenda and represents an ideal
irrigant (8,9). A limited number of studies have been conducted
on the use of BA in dentistry (10). Apart from these, when we
examine the literature, we see that propolis, which is a natural
and easy-to-obtain material that is already used in different areas
of daily life and has many different biological properties, is also
used in dentistry and researches on it are increasing (11).

AH Plus (Dentsply Sirona, Germany), one of the root canal sealers
to be used, is an epoxy-resin based root canal filling material
whose superior physical properties have been demonstrated many
times (12). The other root canal sealer Bioserra (Meta Biomed
Co. Ltd., Korea) is one of the calcium-silicate-based materials
of which use has increased especially in recent years due to its
superior biocompatibility and sealing properties.

The interaction of all these irrigation solutions with the root
canal filling materials is inevitable. Irrigation solutions should
not negatively affect the bonding properties of the root canal
sealer to the root dentin. For this purpose, it is important to
know the effect of irrigation solutions on the push-out bond
strengths of root canal sealers. “Push-out bond strength”, also
called dislodgement resistance, is considered as the determining
factor in evaluating the connection of a root canal sealer to
the root canal dentin and core material (13). Instead of shear
and tensile tests, push-out test has been advocated as a more
appropriate test to evaluate the bonding resistance of intra-canal
filling materials (14).

In our research, we aim to make useful contributions to the
endodontic literature by keeping the diversity range of the
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materials wide. In this study, it was aimed to investigate the
effects of some root canal irrigaiton solutions, including propolis
and BA, on the bond strength of epoxy resin-based AH Plus and

bioceramic-based Bioserra sealers on root dentin.

Methods

In our study, 100 human teeth with single root-single canal
extracted for caries, orthodontic or periodontal reasons and did
not have any cracks/fractures on the root surface and also did not
have any anomalies in the root canal morphologies were used.
Because of human tissues were utilized for this iz vitro study, the
ethics committee approval of this study was obtained from the
Clinical Research Ethics Committee of the Faculty of Dentistry
of Marmara University under decision number 2022/91, dated
September 29, 2022. All procedures of the study were carried
out by the same operator. Organic and inorganic tissue residues
on the root surfaces of the teeth that complied with the criteria
and were included in the study were cleaned with the help of
periodontal curettes and cavitron. Then, all the teeth were kept
in 10% NaOClI for 1 and a half hours and disinfected; at the
end of this time, the teeth were washed under running water and
kept in 10% formalin solution until the experiment started. The
crowns of the teeth were removed with a diamond fissure burr.
The working length was determined with a 15 K-file to be 1 mm
behind the root canal length and the root canals were shaped with
a Protaper Next X3 (Dentsply Maillefer, Ballaigues, Switzerland)
rotary file. One hundred teeth with shaped root canals were
randomly distributed to 10 experimental groups containing 10
samples each. A total of 5 mL of irrigation solution was applied
to cach tooth in the experimental groups with an endodontic
irrigation needle for 4 minutes. Then, the root canals were dried
with paper-points and root canals were filled. According to this:

- Group 1A: irrigation with 5.25% NaOCI, cold lateral
condensation with AH Plus sealer (n=10).

- Group 1B: irrigation with 5.25% NaOCI, single cone
technique with Bioserra sealer (n=10).

- Group 2A: irrigation with 17% EDTA, cold lateral

condensation with AH Plus sealer (n=10).

- Group 2B: irrigation with 17% EDTA, single cone technique
with Bioserra sealer (n=10).

- Group 3A: irrigation with 10% citric acid, cold lateral
condensation with AH Plus sealer (n=10).

- Group 3B: irrigation with 10% citric acid, single cone
technique with Bioserra sealer (n=10).

- Group 4A: irrigation with 10% BA, cold lateral condensation
with AH Plus sealer (n=10).

- Group 4B: irrigation with 10% BA, single cone technique with
Bioserra sealer (n=10).

- Group 5A: irrigation with 10% propolis, cold lateral
condensation with AH Plus sealer (n=10).
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- Group 5B: irrigation with 10% propolis, single cone technique
with Bioserra sealer (n=10).

After the root canal fillings completed, the orifices of the root
canals were filled with temporary filling material. The specimens
were kept at 37 °C temperature in the incubator for 1 week for
the sealer to set completely. Then teeth were embedded in cold
acrylic resin blocks vertically. Horizontal sections with thickness
of 2 mm were taken from the middle level of the each tooth’s

root under water cooling with a low-speed-saw (IsoMet 1000,
Buehler, Illinois, USA).

Specimens were placed on a metal plate with a hole in the middle.
A universal testing machine (Shimadzu Corporation, Kyoto,
Japan) was used in the push-out bond strength (POBS) test to
provide a break in the connection (debonding) of the samples.
In order to apply this test to root canals of different diameters,
metal pins with diameters of 0.5, 0.7 and 1 mm were designed.
The diameters were measured and checked with a digital caliper.

Vertical load was applied in apico-coronal direction with the
universal testing machine until the bond failure occured. The
maximum force measured at the moment of bond failure was
recorded in Newtons (N) for each sample in the Trapezium X
software (Shimadzu Corporation, Kyoto, Japan) on the computer
connected to the universal testing machine. After it, the bond
strength value in Megapascal of each sample was calculated.

The bond strength value was calculated according to the
following formula:

F
Push — out Bond Strength = m
F: the maximum force measured at the moment of bond failure
(N); m: The number of Pi = 3,14; r: the apical radius of the
root canal section (mm); r,: the coronal radius of the root canal
section (mm); h: thickness of sample =2 mm.

After the POBS test, the root canals of the specimens were
examined and photographed with a binocular microscope (Leica,
Danaher Corporation, Germany) at 4x magnification and the
types of failures in each sample were detected and recorded. The
mode of failures were classified into three groups as adhesive
failure (no material left on the canal wall), mixed failure (partial
material left on the canal wall) and cohesive failure (material left
along the entire canal wall) (Figure 1).

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics
23.0 software (IBM Corporation, Armonk, New York, USA)
and the conformity of the data to normal distribution was
checked by Kolmogorov-Smirnov test. At the irrigation solution
groups without normal distribution, the Kruskal-Wallis test was
used to compare the mean of the groups and in the root canal
sealer groups without normal distribution, the Mann-Whitney
U test was used to compare the mean. When the p-value was
below 0.05, it was accepted that there was statistically significant
difference.
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Results

All specimens had measurable adhesion to the root dentin and
no premature failure occurred. The mean + standard deviation,
median, minimum and maximum push-out bond strength values
of all experimental groups are shown in Table 1. It was accepted
that there was a statistically significant difference if the results
were p<0.05. In the 17% EDTA and 10% citric acid irrigation
solution groups; the samples using AH Plus as root canal sealer
produced significantly higher POBS values than the samples
using Bioserra (p<0.05). There was no significant difference in
the push-out bond strength values of other root canal irrigation
solution groups in terms of any sealer.

There was no statistically significant difference between the
mean POBS values compared to the irrigation solution groups
using AH Plus root canal sealer (p>0.05). Besides that; in the
groups using Bioserra root canal sealer, when it was compared
according to the irrigation solutions, the group irrigated with
5.25% NaOCI revealed significantly the highest dislodgement
resistance (p<0.05) (Table 2).

Figure 1. Images obtained by binocular microscope at 4x
magnification for observation of the mode of failure types
in samples; a: Cohesive failure, b: Mixed failure, c: Adhesive
failur

When the groups were compared according to just the irrigation
solutions regardless of the root canal sealer used, the mean
push-out bond strength values were found to be statistically
significantly higher in the groups where 5.25% NaOCI was
used as irrigation solution compared to other solution groups
(p<0.05) (Table 3). Also, when it was compared according to the
root canal sealer regardless of the irrigation solution, AH Plus
groups produced significantly higher POBS values than those of
the groups using Bioserra sealer (p<0.05) (Table 4).

According to the samples examined by binocular microscope,
the results of the rates of mode of failures in the experimental
groups are shown in Figure 2. Cohesive failure type was most
often observed in NaOCI-AH Plus group, adhesive failure was
most often observed in BA-AH Plus group and in the Propolis-
Bioserra group, it was most often observed mixed failure type
(Figure 2).

Table 1. Mean + standard deviation, median, minimum
and maximum push-out bond strength values of all
experimental groups in MPa

Mean +SD  Median (minimum-maximum)
Groups

(MPa)

5.25% NaOCl

1A (AH Plus) 10.4%5.5 9.7 (5.0-21.9)

1B (Bioserra) 10.5+4.9 10.7 (4.7-20.6)
17% EDTA

2A (AH Plus) 7.2%12.6* 6.6 (4.2-12.6)

2B (Bioserra) 3.9+2.6 3.5(1.6-10.8)
10% citric acid

3A (AH Plus) 7.9£3.6* 8.9 (1.9-12.2)

3B (Bioserra) 4.5%+2.6 4.2 (1.6-10.8)
10% boric acid

4A (AH Plus) 7.343.6 6.7 (3.0-12.9)

4B (Bioserra) 6.913.5 6.9 (2.1-2.8)
10% propolis

SA (AH Plus) 6.8£1.9 6.9 (3.6-9.4)

5B (Bioserra) 5.3#3.3 3.9 (2.4-12.6)

SD: Standard deviation, MPa: Megapascal, *p<0.05

Table 2. The mean POBS values of the experimental groups
filled with Bioserra according to the irrigation solutions

Irrigation solution-Bioserra ?:Ae::) +sD
Naocl (n=10) 10.5+4.9%
EDTA (n=10) 3.9£2.6
Citric acid (n=10) 4.5+2.6
Boric acid (n=10) 6.9+3.5
Propolis (n=10) 5.3+3.3
Total (n=50) 6.2+4.1

SD: Standard deviation, POBS: Push-out bond strength, *p<0.05
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Table 3. The mean POBS values according to the root canal
irrigation solution, regardless of the sealer

Irrigation solution Mean + 5D
(MPa)

NaOCl (n=20) 10.445.1*
EDTA (n=20) 5.6%3.1
Citric acid (n=20) 6.243.6
Boric acid (n=20) 7.1+£3.4
Propolis (n=20) 6.1+2.7
Total (n=100) 7.1£4.0

SD: Standard deviation, POBS: Push-out bond strength, NaOCl: Sodium
hypochlorite, EDTA: Ethylenediamine tetraacetic acid, *p<0.05

Table 4. The mean POBS values according to the root canal
sealer, regardless of the irrigation solution

Root canal sealer I(\::::) +sD
AH Plus (n=50) 7.9£3.7*
Bioserra (n=50) 6.2+4.1
Total (n=100) 7.1+£4.0

SD: Standard deviation, POBS: Push-out bond strength, MPa: Megapascal
*p<0.05

Discussion

In an ideal endodontic treatment, it is very important to fill
the root canals three-dimensionally and hermetically to prevent
reinfection after they are completely cleared and cleaned of
pathogens, vital or necrotic tissues (15). In a review, root canals
prepared with both current nickel-titanium rotary tool systems
and traditional stainless steel hand files were examined as two
separate groups and it was found that about half of the root
canal walls in both groups were left unprepared (16). Due to
this condition, microorganisms in the canal system may not be
completely cleaned and a growth medium for bacterias may form
on them. In order to completely clean the root canals, irrigation
protocol is very important and various irrigation solutions are
used to support the mechanical preparation and to open the
dentin tubules on root surface. However, it has also been shown
that the use of antimicrobial irrigation solutions significantly
reduces bacteria, but cannot completely eliminate them and
achieve a sterile root canal system (17).

A study has been conducted showing that interfacial stress
distributions and POBS value measurements are mostly
unaffected when the ratio of the tip diameter to the diameter of
the sample is less than 0.85 and the ratio of the section thickness
of the sample to the diameter of the sample is greater than
0.6 (18). We have prepared sample groups and experimental
materials by paying attention to these criteria in our own study.

We have done research on which root canal obturation technique
we should choose for root canal filling of sample groups and
decided that we should use cold obturation techniques and stay
away from warm gutta percha obturation techniques when using
bioceramic-based sealer Bioserra. Because studies have shown
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that heat can alter the physical properties of bioceramic-based
sealers, especially their viscosity and hardening time (19,20).
This may affect the quality of the root canal filling.

Donnermeyer etal. (21) found that AH Plus revealed significantly
higher POBS values than other root canal sealers used, and also
found that EDTA irrigation solution positively affected POBS
values of AH Plus root canal sealer. These results are parallel to
the results we have indicated in our study. In addition, it was
found that EDTA had a negative effect on the POBS values of
the bioceramic-based root canal sealer used in the study (21).
Similar to this; in our study, when we used EDTA solution and
bioceramic-based sealer Bioserra together, we found the lowest
POBS values.

They conducted another similar study in which they compared
the bond strength resistance of 3 different calcium-silicate-based
sealer with that of epoxy resin-based AH Plus, and as a result,
AH DPlus sealer had higher POBS values than all other calcium-
silicate-based root canal sealer groups (22). Our study also found
that the mean POBS values of the groups using AH Plus root
canal sealer were significantly higher than the groups using
calcium-silicate-based Bioserra sealer, regardless of the irrigation
solution used. These findings correlate with their results. This
result also confirms the findings of Donnermeyer et al. (23)
in another study conducted in 2018 that the retreatment of
the root canal fillings using calcium-silicate-based sealer led to
more effective and efficient clinical results than the fillings using
epoxy-resin-based sealer. On the contrary, in a study, the effect of
warm gutta-percha obturation techniques on the bond strength
of bioceramic-based sealer was investigated and, contrary to our
results, they found significantly higher POBS values in calcium-
silicate-based bioceramic root canal sealer than epoxy-resin-
based AH Plus (24). In this research, Dewi et al. (24) defined a
control group in which AH Plus, which had a lot of research on
it and almost all of its’ properties were known today, was applied
by warm gutta-percha obturation techniques, and compared the
bond strength values of the relevant sealers. The reason for this
result, which contradicts our study, may be that heat application
accelerates the chemical reaction of epoxy-resin-based sealer AH
Plus and therefore the sealer cannot flow into complex anatomies
such as the dentin tubules of the root canal system and cannot
fill the gaps adequately, ultimately leading to lower bonding
strength (25).
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In a study conducted with a calcium-silicate-containing sealer
known as “BioRoot RCS”, the POBS values of this sealer were
compared with those of AH Plus. As a result, the bonding
strength of BioRoot RCS was found to be higher than AH Plus
(26). Also in a study conducted by Ballal et al. (27); among the
samples obturated with AH Plus and gutta-percha, the 5.25%
NaOCl irrigation group had the lowest POBS values. The results
of these two aforementioned studies contradicted the results of
our study, in which we observed higher POBS values in the AH
Plus sealer compared to the bioceramic-based one. The reasons
for these differences may be factors such as different volumes of
NaOClI solution used, the taper angle created as a result of the
mechanical preparation of the root canal, and whether or not
core material is used together with the root canal sealer during
the endodontic obturation procedure.

When determining root canal irrigation solution groups, we
also included citric acid, which is one of the demineralization
agents, in our study. When we conducted a literature research
about what percentage of citric acid we would use; we saw study
results showing that 10% citric acid was a sufficient and effective
material for removing the smear layer on the dentin tubules and
surface (28), and a 10% concentration of citric acid could provide
demineralization more effectively than a 1% concentration (29).
For these reasons, we determined the concentration of citric acid
to be used as irrigation solution in our study as 10%.

In our study, when evaluated regardless of the root canal sealer,
the mean POBS values of the group which was irrigated with
NaOClI solution were found to be significantly higher compared
to other solution groups. At one study, the POBS values of
bioceramic-based root canal sealers after irrigation with 2.5-
3% NaOCl and 17% EDTA were compared in an experiment
(30). As a result of this study, it was concluded that the NaOCl
group, which is an alkaline solution, showed higher POBS values
compared to the acidic EDTA solution group. One reason for
this may be the composition of bioceramic-based root canal
sealers containing calcium silicate, which are sensitive to low pH
and the mechanism of hardening in an acidic environment can

be adversely affected (30).

After chemomechanical preparation in the root canal system, the
residual EDTA remaining in the root canal continues to chelate
calcium ions released during hydration of bioceramic-based root
canal sealers and affects the precipitation process, so reduces the
adhesion of the root canal sealer to the root dentin walls (31).
According to the findings we obtained from our study, in the
study groups using 17% EDTA irrigation solution, average of
POBS values was found to be significantly higher when AH Plus
was used as root canal sealer compared to using bioceramic-based
Bioserra sealer. This result can be explained by the result found
by Lee et al. (31) in their study.

During the use of NaOCl in root canal treatment, many mishaps
and accidents may occur, such as overflow from the apical
foramen due to large apical foramen structure, root resorption
and incorrect placement of the needle and as a result, periapical

irritation and inflammation; injection instead of anesthesia by
accident; occurence of allergic reaction in the patient to the
solution; splashing into the patient’s or dentist’s eye, bleaching
of the clothes when dripping on the patient and physician (32-
34). For these reasons, the search for a different solution that
can replace NaOCl with the same properties and with less risk
of complications should be one of the main research topics of
today’s scientists. But it is an easy fact to predict that NaOCl
has been a cornerstone among root canal irrigation solutions
throughout the history of endodontics and will be for quite a
while longer. If we compare the numerous advantages of NaOCl
proven in studies conducted from the past to the present with
its disadvantages, it is preferable to continue using NaOCI
in root canal treatment by taking the necessary precautions
(for example; the use of endodontic irrigation needle tips in
irrigation procedure, the use of protective glasses in the patient
and the physician, the use of protective clothes by the physician)
(35). Already in our study, NaOCI supports this preference
by proving its’ superiority once again with the superior POBS
values in terms of bonding strength with root canal sealers in
different groups. The application of the gel form of NaOCI
instead of the solution form is an alternative that can reduce the
risk of overflow from the apical of the root and thus reduce the
occurrence of postoperative pain (36-38). But at this point, it is
also a matter of debate whether the gel form of NaOCI, which
has a more solid consistency than the solution, can penetrate
into the dentin tubules at a sufficient depth during root canal
irrigation (39).

Herbal ingredients have advantages such as having minimal side
effects compared to routine irrigation materials in endodontics
in general, being better tolerated by patients and being able to
be renewed naturally (40). Propolis, which is rich in flavonoids
and its’ ethanolic extract has different biological properties
such as antibacterial, antiviral, antifungal, anti-inflammarory,
antioxidant, local anesthetic, is applied as an intracanal
medicament and can be considered as a preferred material in
the irrigation solution group, as Castaldo and Capasso (11) also
suggested in their study on propolis. When we examined the 10%
propolis solution as a root canal irrigation solution option, in the
average POBS values that we found in our study, there was no
significant difference that would provide an advantage between
the other groups, and there was also no aspect that negatively
affected the bonding of root dentin with the sealer. Accordingly,
10% propolis can also be considered as a material that can be
used in root canal irrigation procedures in endodontics, just like
other more commonly used irrigation solutions in our study.

Study Limitations

This study was prepared with in vitro design. In vivo conditions
such as sudden intraoral temperature changes could not be
provided, and the effects of these conditions on the properties of
root canal sealers were not included. However, this study is first
in which the effect of propolis on POBS was compared with this
combination of irrigation solutions and sealer groups.
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Conclusion

The bonding strength of AH Plus root canal sealer is superior to
bioceramic-based Bioserra sealer. The POBS values of the NaOCl
irrigation solution groups, regardless of the root canal sealer used;
and the AH Plus root canal sealer groups, regardless of the irrigation
solution, are high compared to other groups. If 17% EDTA or
10% citric acid is to be used as the irrigation solution during the
root canal treatment procedures, then choosing AH Plus sealer for
root canal filling will be a factor that increases the bonding strength
values compared to choosing Bioserra sealer. When we examined
the 10% propolis solution as an option for root canal irrigation
procedure, there was no significant difference in the mean POBS
values that would provide an advantage between the other groups,
nor was there a difference that negatively affected the binding to
the root canal dentin. Nevertheless, more researches need to be
done on propolis as an irrigation solution option in endodontics,
especially in iz vivo conditions.

Ethics

Ethics Committee Approval: The ethics committee approval
of this study was obtained from the Clinical Research Ethics
Committee of the Faculty of Dentistry of Marmara University
under decision number 2022/91, dated September 29, 2022.

Informed Consent: Informed consent is not required.

Authorship Contributions

Concept: D.., Ei, Design: D.i.,, E.I., Data Collection or
Processing: D.i, Analysis or Interpretation: D.1., Literature
Search: D.I., Writing: D.1., E.IL

Conlflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: The authors declared that this study
received no financial support.

References

1. Schilder H. Filling root canal in three dimensions. Dent Clin North
Am. 1967;11:723-44.

2. Skinner RL, Himel VT. The sealing ability of injection-molded
thermoplasticized gutta-percha with and without the use of sealers.
J Endod. 1987;13:315-7.

3. Kaur A, Shah N, Logani A, Mishra N. Biotoxicity of commonly used
root canal sealers: A meta-analysis. ] Conserv Dent. 2015;18:83-8.

4. Zhang K, Kim YK, Cadenaro M, Bryan TE, Sidow SJ, Loushine R],
etal. Effects of different exposure times and concentrations of sodium
hypochlorite/ethylenediaminetetraacetic acid on the structural

integrity of mineralized dentin. ] Endod. 2010;36:105-9.

5. Lima Nogueira BM, da Costa Pereira T1, Pedrinha VE de Almeida
Rodrigues P. Effects of Different Irrigation Solutions and Protocols
on Mineral Content and Ultrastructure of Root Canal Dentine. Iran
Endod J. 2018;13:209-15.

6. Qian W, Shen Y, Haapasalo M. Quantitative analysis of the

effect of irrigant solution sequences on dentin erosion. ] Endod.

2011;37:1437-41.

340

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Attur K, Joy MT, Karim R, Anil Kumar V], Deepika C, Ahmed H.
Comparative analysis of endodontic smear layer removal efficacy
of 17% ethylenediaminetetraacetic acid, 7% maleic acid, and 2%
chlorhexidine using scanning electron microscope: An in vitro study.
J Int Soc Prev Community Dent. 2016;6(Suppl 2):160-5.

Meers PD, Chow CK. Bacteriostatic and bactericidal actions of boric
acid against bacteria and fungi commonly found in urine. J Clin

Pathol. 1990;43:484-7.

Soriano-Ursta MA, Farfin-Garcia ED, Lépez-Cabrera Y, Querejeta

E, Trujillo-Ferrara JG. Boron-containing acids: preliminary
evaluation of acute toxicity and access to the brain determined by

Raman scattering spectroscopy. Neurotoxicology. 2014;40:8-15.
Culhaoglu AK, Ozcan E, Kilicarslan MA, Seker E. Effect of Boric

Acid Versus Conventional Irrigation Solutions on the Bond Strength
Between Fiber Post and Root Dentin. ] Adhes Dent. 2017;19:137-
46.

Castaldo S, Capasso F. Propolis, an old remedy used in modern
medicine. Fitoterapia. 2002;73(Suppl 1):1-6.

Duarte MA, Ordinola-Zapata R, Bernardes RA, Bramante CM,
Bernardineli N, Garcia RB, et al. Influence of calcium hydroxide
association on the physical properties of AH Plus. J Endod.
2010;36:1048-51.

Pane ES, Palamara JE, Messer HH. Critical evaluation of the push-
out test for root canal filling materials. ] Endod. 2013;39:669-73.

Goracci C, Tavares AU, Fabianelli A, Monticelli F Raffaelli O,
Cardoso PC, et al. The adhesion between fiber posts and root canal
walls: comparison between microtensile and push-out bond strength
measurements. Eur ] Oral Sci. 2004;112:353-61.

Whitworth J. Methods of filling root canals: principles and practices.
Endodontic Topics. 2005;12:2-24.

Peters OA. Current challenges and concepts in the preparation of
root canal systems: a review. ] Endod. 2004;30:559-67.

Card §J, Sigurdsson A, Orstavik D, Trope M. The effectiveness
of increased apical enlargement in reducing intracanal bacteria. ]
Endod. 2002;28:779-83.

Chen WP, Chen YY, Huang SH, Lin CP. Limitations of push-out test
in bond strength measurement. ] Endod. 2013;39:283-7.

Qu W, Bai W, Liang YH, Gao X]J. Influence of Warm Vertical
Compaction Technique on Physical Properties of Root Canal Sealers.

J Endod. 2016;42:1829-33._

Chen B, Haapasalo M, Mobuchon C, Li X, Ma ], Shen Y. Cytotoxicity
and the Effect of Temperature on Physical Properties and Chemical
Composition of a New Calcium Silicate-based Root Canal Sealer. ]
Endod. 2020;46:531-8.

Donnermeyer D, Vahdat-Pajouh N, Schifer E, Dammaschke
T. Influence of the final irrigation solution on the push-out bond
strength of calcium silicate-based, epoxy resin-based and silicone-
based endodontic sealers. Odontology. 2019;107:231-6.
Donnermeyer D, Dornseifer P, Schifer E, Dammaschke T. The push-

out bond strength of calcium silicate-based endodontic sealers. Head
Face Med. 2018;14:13.

. Donnermeyer D, Bunne C, Schifer E, Dammaschke T. Retreatability

of three calcium silicate-containing sealers and one epoxy resin-based



Bezmialem Science 2024;12(3):334-41

24.

25.

26.

27.

28.

29.

30.

31.

root canal sealer with four different root canal instruments. Clin Oral
Investig. 2018;22:811-7.

Dewi A, Upara C, Sastraruji T, Louwakul P. Effect of a heat-based root
canal obturation technique on push-out bond strength of the classical
bioceramic and new HiFlow sealer. Aust Endod J. 2022;48:116-20.

Atmeh AR, AlShwaimi E. The Effect of Heating Time and
Temperature on Epoxy Resin and Calcium Silicate-based Endodontic
Sealers. ] Endod. 2017;43:2112-8.

Srivastava A, Yadav DS, Rao M, Rao HM, Arun A, Siddique R.
Evaluation of push-out bond strength of BioRoot RCS and AH Plus
after using different irrigants: An in vitro study. ] Conserv Dent.
2020;23:26-31.

Ballal NV, Roy A, Ze¢hnder M. Effect of Sodium Hypochlorite
Concentration in Continuous Chelation on Dislodgement Resistance
of an Epoxy Resin and Hydraulic Calcium Silicate Sealer. Polymers
(Basel). 2021;13:3482.

Mankeliya S, Singhal RK, Gupta A, Jaiswal N, Pathak VK, Kushwah
A. A Comparative Evaluation of Smear Layer Removal by Using
Four Different Irrigation Solutions like Root Canal Irrigants: An /n
Vitro SEM Study. ] Contemp Dent Pract. 2021;22:527-31.
Machado-Silveiro LF, Gonzdlez-Lépez S, Gonzalez-Rodriguez MP.
Decalcification of root canal dentine by citric acid, EDTA and
sodium citrate. Int Endod J. 2004;37:365-9.

Neelakantan B Berger T, Primus C, Shemesh H, Wesselink PR.
Acidic and alkaline chemicals’ influence on a tricalcium silicate-
based dental biomaterial. ] Biomed Mater Res B Appl Biomater.
2019;107:377-87.

Lee YL, Lin FH, Wang WH, Ritchie HH, Lan WH, Lin CP. Effects

of EDTA on the hydration mechanism of mineral trioxide aggregate.
J Dent Res. 2007;86:534-8.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Valera MC, de Moraes Rego ], Jorge AO. Effect of sodium
hypochlorite and five intracanal medications on Candida albicans in
root canals. ] Endod. 2001;27:401-3.

Motta MV, Chaves-Mendonca MA, Stirton CG, Cardozo HE
Accidental injection with sodium hypochlorite: report of a case. Int

Endod J. 2009;42:175-82.

Kanagasingam S, Blum IR. Sodium Hypochlorite Extrusion
Accidents: Management and Medico-Legal Considerations. Prim

Dent J. 2020;9:59-63.

Slaughter RJ, Watts M, Vale JA, Grieve JR, Schep LJ. The clinical
toxicology of sodium hypochlorite. Clin Toxicol (Phila). 2019;57:303-
11.

Nesser SFA, Bshara NG. Evaluation of the apical extrusion of sodium
hypochlorite gel in immature permanent teeth: An in vitro study.

Dent Med Probl. 2019;56:149-53.
Ozlek E, Neelakantan P Khan K, Cheung GSP, Rossi-Fedele G.

Debris extrusion during root canal preparation with nickel-titanium
instruments using liquid and gel formulations of sodium hypochlorite
in vitro. Aust Endod J. 2021;47:130-6.

Karatas E, Ozsu Kirici D, Arslan H. Postoperative Pain After the use
of Sodium Hypochlorite gel and Solution Forms: A Randomized
Clinical Study. Eur Endod J. 2021;6:34-7.

Cai C, Chen X, Li Y, Jiang Q. Advances in the Role of Sodium
Hypochlorite Irrigant in Chemical Preparation of Root Canal
Treatment. Biomed Res Int. 2023:8858283.

Saxena D, Saha SG, Saha MK, Dubey S, Khatri M. An in vitro
evaluation of antimicrobial activity of five herbal extracts and

comparison of their activity with 2.5% sodium hypochlorite against
Enterococcus faecalis. Indian J Dent Res. 2015;26:524-7.

341



DOI: 10.14235/bas.galenos.2024.94758

Original Article
Bezmialem Science 2024;12(3):342-9

Comparison of the Results of Conventional and Laparoscopic
Methods of Lymph Node Dissection Performed in
Endometrial Cancer Surgery

Endometriyum Kanser Cerrahisinde Yapilan Lenf Nodu Diseksiyonunun
Konvansiyonel ve Laparoskopik Yontem Sonuclarinin Karsilastirilmasi

® Cihan COMBAL, ® Gokhan DEMIRAYAK?2, i Sema KARAKAS3, ® Sakir Volkan ERDOGAN4, ® Omer DEMIRS,
® Giines Ozlem YILDIZS, ® Ayse Biisra ONDERS3, ® Aliye ERDOGANY, ® Selim AFSARS, ® [sa Aykut OZDEMIR?

Ustanbul Aydin University VM Medical Park Hospital, Clinic of Gynecologic Oncology, Istanbul, Tiirkiye
2Memorial Sigli Hospital, Clinic of Gynecologic Oncology, Istanbul, Tiirkiye
3University of Health Sciences Tiirkiye, Bakirkéy Dr. Sadi Konuk Training and Research Hospital, Clinic of Gynecologic Oncology, Istanbul,

Tiirkiye

“4Bayrampasa Kolan Hospital, Clinic of Obstetrics and Gynecology, Istanbul, Tiirkiye

5Karadeniz Technical University Faculty of Medicine, Department of Obstetrics and Gynecology, Trabzon, Tiirkiye

6University of Health Sciences Tiirkiye, Bakirkéy Dr. Sadi Konuk Training and Research Hospital, Clinic of Anesthesiology, Istanbul, Tiirkiye
7 University of Health Sciences Tiirkiye, Bagcilar Training and Research Hospital, Clinic of Obstetrics and Gynecology, Istanbul, Tiirkiye
8Balikesir City Hospital, Clinic of Gynecologic Oncology, Balikesir, Tiirkiye

9Medipol University Hospital, Clinic of Gynecologic Oncology, Istanbul, Tiirkiye

ABSTRACT

Objective: The aim of this study was to determine a current
approach to en bloc para-aortic lymphadenectomy and to compare
the results of this new approach performed by way of laparotomy

(074

Amag: Calismada; en blok paraaortik lenfadenektomiye giincel bir
yaklasim belirlemek ve laparotomi ile endoskopik olarak yapilan bu
yeni yaklagimin sonuglarinin kargilastirilmast amaglanmistir.

seeneocopicl Yontemler: Calisma, Ocak 2015 ile Eyliil 2019 tarihleri arasinda

giincel yontemle (en blok paraaortik lenfadenektomi; alt mezenterik
arteri ve siiperior hipogastrik pleksusu koruyarak) para-aortik lenf
nodu (PaLN) diseksiyonu yapilan 191 endometriyum kanserli
(EC) hasta iizerinde gergeklestirildi. Makalede uygulanan teknik
anlatildi. Alinan lenf nodu sayilari, operasyon bilgileri, patolojik
ozellikler, postoperatif komplikasyonlar ve niiks oranlart belirtildi.

Bulgular: Toplam 191 EC tanili hasta cerrahi yaklasim agisindan
iki ayri grupta incelendi. Laparotomi grubu ve minimal invaziv
cerrahi grubu sirasiyla 141 ve 50 hastadan olusuyordu. Gruplar
arasinda yas, viicut kitle indeksi, menopoz durumu, anestezi siiresi,

Methods: This study was conducted on 191 patients with
endometrial cancer (EC) who had undergone para-aortic lymph
node (PaLN) dissection with the current method (en. bloc paraaortic
lymphadenectomy; protect inferior mesenteric artery and superior
hypogastric plexus) between January 2015 and September 2019.
A description of the paraaortic lymphadenectomy technique was
made in this study. Harvested lymph node counts, operational
information, pathological features, postoperative complications,
recurrence were presented.

Results: A total of 191 EC patients were analyzed in two separate
groups with regard to surgical approach. Open and minimally
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ABSTRACT

invasive surgery was composed of 141 and 50 patients, respectively.
There was no difference between the groups in respect of age,
body mass index, menopausal status, anesthesia time, chylous
ascites, the presence of recurrence. We found in open surgery
group that pre-operative CA125 level, amount of intraoperative
bleeding, erythrocyte suspension transfusion, number of PaLNs,
metastatic PaLN counts, and early postoperative complications
were significantly higher than the other group.

Conclusion: The current method has some advantages such as
protecting normal body structures, resulting in the same lymph
node counts with published articles by other authors previously,
and having lower recurrence rates. Two approaches of the current
technique are feasible, easy to perform and effective.

Keywords: Paraaortic lymphadenectomy, method, endometrial
cancer, minimally invasive surgery

Introduction

Para-aortic lymph nodes (PaLNs) involvement in tumor cells is
important in the stages of gynecologic malignancies including
cervical, endometrial, ovarian, and vulvar cancers. Endometrial
cancer (EC) is the most common gynecological cancer in the
world. Although the sentinel lymph node concept has become
widespread in EC surgery in recent times, PaLN dissection is an
important part of the surgical procedure (1-3).

The superior hypogastric plexus (SHP) is a preaortic nervous
plexus formed by two laterals which originate mainly from the
lowest lumbar splanchnic nerves and include a sympathetic
component; one median rootaround the level of aortic bifurcation
(4-6). The median root, or a continuation of the abdominal
aortic plexus from the inferior mesenteric plexus (4,7), includes
both sympathetic and parasympathetic components (8). The
SHP is divided into paired hypogastric nerves either at the same
level or below the sacral promontory (4,5,7).

The inferior mesenteric artery (IMA) supplies blood to the left
side of the colon through the bifurcate left colic artery (LCA) and
the sigmoid artery. The frequencies of the bifurcation patterns of
the IMA were determined by Murono et al. (9) in 2015 using
three-dimensional computed tomography angiography. The
anatomy of the artery and the sparing of it are very important for
surgeons and patients who suffer from gynecological cancers or
cancers in the left colon segments (9).

The aim of this study was to determine a current approach to
en bloc para-aortic lymphadenectomy which would protect the
IMA and hypogastric nervous plexus and to compare the results
of this new approach performed by way of laparotomy and
endoscopically.

Methods

This study was conducted on patients with EC who had
undergone PaLN dissection with current methods between

0z

5iléz asit, niiks varligr acisindan fark yoktu. Laparotomi grubunda
ameliyat ncesi CA125 diizeyi, intraoperatif kanama miktari,
eritrosit siispansiyon transfiizyonu, PaLNs sayisi, metastatik PaLNs
sayist ve erken postoperatif komplikasyonlarin diger gruba gore

anlamli derecede yiiksek oldugu tespit edildi.

Sonug: Mevcut yontemin, normal viicut yapilarint korumast, lenf
nodu sayilarinin daha 6énce baska yazarlar tarafindan yayinlanan
makalelerle benzer olmast ve niiks oranlarinin daha diisiik olmast
gibi bazi avantajlart vardir. Mevecut teknigin iki yaklasimi da
uygulanabilir, gerceklestirilmesi kolay ve etkilidir.

Anahtar  Sézciikler: lenfadenektomi,

endometriyum kanseri, minimal invaziv cerrahi

Paraaortik metod,

January 2015 and September 2019 with the approval of the
University of Health Sciences Tiirkiye, Bakirkéy Dr. Sadi Konuk
Training and Research Hospital Ethics Board (approval Number:
2019/434, date: 30.09.2019). Bakirkdy Dr. Sadi Konuk Training
and Research Hospital is a center accredited by the European
Society of Gynecological Oncology.

Patients who had been diagnosed as having EC and who had
undergone a para-aortic lymphadenectomy were included in this
study due to the modified Mayo criteria (10).

The study participants were divided into two groups as
laparotomy patients (minimally invasive surgery conversion to
laparotomy), and those who had undergone minimally invasive
surgery (laparoscopy or robotics) according to surgeon’s decision.
In the groups the same surgical techniques were performed by
the same surgical teams.

Informed consent was obtained from patients before the
procedure. A statistical program (G*Power version 3 [Heinrich
Heine University, Diisseldorf, Germany]) was used to estimate the
sample size via a 1-tailed hypothesis using an independent sample
t-test with an o error of 0.05 and a power of 0.90. For a moderate
effect size (d=0.50), a total sample size of 176 was calculated to
be required. In the present study, there were 50 women in the
minimally invasive group and 141 women in the laparotomy
group. Post-hoc analysis for moderate effect size indicated that
the power of the test was increased to 0.95. The inclusion criteria
for the study were patients who suffered EC and who underwent
comprehensive surgical staging with PaLN dissection.

The study exclusion criteria were patients who suffered from

another gynecological cancer, synchronous gynecological
(ovarian, cervical) or non-gynecological tumors (breast or
gastrointestinal tumors), patients who underwent sentinel lymph
node dissection without a para-aortic lymphadenectomy, or in
whom a pelvic lymphadenectomy only was performed, and those

who had undergone a fertility sparing procedure.
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Statistical Analysis

SPSS 20 program designed for Windows was used for statistical
analysis. All continuous variables were expressed as mean and
standard deviation values and categorical variables were expressed
as number (n) and percentage of the total group (%). All statistical
tests were performed by comparing two groups. Mann-Whitney
U test was used for comparative analysis of independent variables
and chi-square test was used for categorical variables. A value of
p<0.05 was considered statistically significant.

Description of the Surgical Technique

After pelvic lymph node dissection, PaLN dissection begins with
an incision to the right pelvic side parietal peritoneum up to the
ileocecal region. The right ureter is separated laterally up to the
same level. The peritoneum is incised from the medial of the right
infundibulopelvic ligament to the inferior mesenteric vein in the
open procedure. However, in the minimally invasive procedure,
the incision is finished up to 4 cm further from the vessel to tent
the peritoneum and to restrain the bowels. The foamy tissues are
dissected though the lateral and medial sides up to the ileopsoas
muscle and are visible on the right side of the vena cava. The
right ureter and right infundibulopelvic ligament are dissected
from the medial side up to the level of the right ovarian vein’s
entrance to the vena cava and the right ovarian vein is then
ligated and cut. In general the left renal vein which crosses over
the aorta and flows into the vena cava can be visible by dissecting
porous tissue and lymphatic veins around the vena cava. Thus
the right side is prepared for the lymphadenectomy. Afterwards
the incision is enlarged to the pelvic floor from the lateral side of
the sigmoid colon to the peritoneum and the ureter is lateralized
by way of left ureter dissection. The lymph nodes are dissected
through this level with a dissection above the right common iliac
artery to isolate the IMA which is located approximately 4 or
5 centimeters above the aorta bifurcation and rises up slightly
to the left side. By preserving the superior hypogastric nerves, a
passage is carved out between the iliac veins and nerves, ensuring
that these nerves remain on the anterior side. The left ureter and
left ovarian vein are dissected to the level of the IMA. From that
point the lymph nodes are located on the lateral side of the right
common iliac artery and the superior and right lateral side of the
vena cava are then carefully dissected. It is important to ensure

that the associated veins which are at the level of the iliac artery
dissection point and between the vena cava and the lymphatic
vessel are intact. Unitil the level of the IMA para aortocaval lymph
nodes is dissected, as the first dissection on the side of the aorta in
order to reach the level of the left renal vein, the cranial part is left
undissected. Starting from the lateral side of the left common iliac
artery, on the medial side the common iliac and the aorta and on
the lateral side the psoas muscle are dissected. By preserving the
chain, the Pal.Ns are dissected through the track of the vertebrae
to the level of the IMA. Afterwards, in the minimal invasive
procedure, the camera is replaced in the suprapubic trocar and the
operation is performed from the pelvis to the thorax. First the para
aorto-caval lymph nodes, which are left without dissection of its
cranial parts, are dissected to the level of the left renal vein and the
cranial parts are occulted by using endoclips or suture materials.
The PaLLNs which are left as a chain to the level of the IMA are
dissected a further 1-2 cms and are retracted by crossing over the
IMA in order to maintain easier traction on the right side. The
superior Pal.Ns between the aorta and the IMA are harvested as a
chain up to the left renal vein cranially and between the aorta and
the left ovarian vein. The cranial part is occulted by endoclip or
sutures as are the aorto-caval lymph nodes. Afterwards to control
hemorrhaging, BLOODCARE powder is applied to the cranial
side of the lymph node dissection area. A dissection of presacral
lymph nodes is performed with precision starting from the medial
side of the right common iliac artery to the left common iliac vein
and the middle sacral artery and veins. Thus the PaLN dissection
is completed.

Results

A total of 191 patients in accordance with the inclusion criteria
of the study were identified in the specified date range and the
results were analyzed retrospectively.

These patients were divided into two groups for examination.
While the first group was the PaLN dissection using the
laparotomy method, the second group was the group undergoing
PalLN dissection using minimally invasive surgery (laparoscopy/
robotic surgery). The bridge technique described above was used
in both groups. The demographic characteristics of the entire
population and the groups are shown in Table 1.

Table 1. Demographic characteristics of the all population and individual groups

Age
BMI

Menopausal Status

Pre-operative CA125
Pre-operative CA19-9
BMI: Body mass index

344

All population
n=191

61+8.9 (30-82)
35.5+7.7 (20-68)
24-premenopause
(12.6 %)

167-postmenopause
(87.4 %)

38.3+90.4 (3-757)
17.9+38.7 (1-293)

Group 1 Group 2

Open surgery Minimal invasive surgery p-value
n=141 n=50

62.8+8.4 58.69.7 0.247
36.6%7.4 (20-59) 33.3+7.9 (23-68) 0.578
14- premenopause 10- premenopause

9.9 % 20 %

(5.5%) (20%) 0.059
127- postmenopause 40- postmenopause

(90.1 %) (80 %)

45.8+105.8 (4-757) 19.84£18.3 (3-111) 0.012
21.8+45.8 (1-293) 9.5+8.7 (3-40) 0.009
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Table 2. Operation-specific features of the all population and individual groups

Type of operation

Omentectomy

Operation time (min)
Anesthesia time (min)

Amount of Intraoperative
Bleeding (mL)

Pre-operative hemoglobin
Post-operative hemoglobin

Erythrocyte suspension
transfusion

Fresh frozen plasma transfusion

Intraoperative complication

Early postoperative complication

Type of early postoperative
complication

Chylous ascites

Treatment of chylous ascites

All population
n=191

141- open surgery

50- minimal invasive

surgery (laparoscopic /

robotic)

141 (73.8%) - Present
50 (26.2%) - None
278+71.6 (100-500)
29.4+9.9 (15-60)

320.1£265.9 (50-2000)

12.3+1 (8.3-14.9)
11.4+0.9 (8.8-14.4)
48 (25.1%) - Present
143 (74.9%) - None
47 (24.6%) - Present
144 (75.4%) - None
6 (3.1%) - Present
185 (96.9%) None
27 (14.1%) - Present
164 (85.9%) - None

24 - open surgery

(24/141)-17 %

3 - minimal invasive
surgery

(3/50) - 6%

17 (8.9%) - Present
174 (91.1%) - None

Group 1
Open surgery
n=141

137- total abdominal
hysterectomy + pelvic +
paraaortic lymphadenectomy

4- re-staging surgery (open)

121 (85.8%) - Present
20 (14.2%) - None
262.9+68.4 (100-470)
28.5+8.8 (15-50)

372.3+282.7 (50-2000)

12.3£0.9 (8.3-14.9)
11.3+0.9 (8.8-14.4)
44 (31.2%) - Present
97 (68.8%) - None
43 (30.5%) - Present
98 (69.5%) - None

5 (3.5 %) - Present
136 (96.5%) - None
24 (17%) - Present
117 (83%) - None

9 - wound infection
3 - dehiscence

3 - subileus

2 - atelectasis

2 - embolism + wound
infection

2 - atelectasis+ wound
infection

2 - acute kidney failure
1- obturator nerve injury

15 (10.6%) - Present
126 (89.4%) - None
5 (33.4%) - Diet

10 (66.6%) - Diet + Total
parenteral nutrition

Group 2
Minimal invasive surgery
n=50

33- laparoscopic
hysterectomy + pelvic +
paraaortic lymphadenectomy

10- robotic hysterectomy
+ pelvic + paraaortic
lymphadenectomy

5- type B hysterectomy
+ pelvic + paraaortic
lymphadenectomy

2-re-staging surgery
(laparoscopic)

20 (40%) - Present
30 (60%) - None
320.8+63.1 (180-500)
32.2+12.3 (15-60)

172.6+125.3 (50-500)

12.3+1.2 (9.2-14.4)
11.6+1.1 (9-13.2)
4 (8 %) - Present
46 (92 %) - None
4 (8%) - Present
46 (92%) - None

1 (2%) - Present
49 (98%) -None

3 (6%) - Present
47 (94%) - None

2 - wound infection
1 - intraabdominal abscess

2 (4%) - Present
48 (96%) - None

2 (100%) - Diet

p-value

0.000

0.000
0.022

0.000

0.877
0.079

0.001

0.001

0.504

0.039

0.127
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The operations performed in both groups and their features
are shown in Table 2. The duration of anesthesia and the
duration of the operation were statistically significantly longer
in the group that underwent the minimally invasive surgery
(p=0.000; p=0.022, respectively). In addition, the amount
of intraoperative bleeding was statistically significantly
lower in the group undergoing minimally invasive surgery
compared to the group undergoing open surgery (p=0.000).
The need for erythrocyte suspensions and fresh frozen plasma
transfusions was found to be less common in the laparoscopy
group (p=0.001, 0.001, respectively). While there was no
significant difference between the two groups in terms of
intraoperative complication rates, the early postoperative
complication rate was statistically significantly higher in the

laparotomy group (p=0.039).

Among the groups, the number of pelvic and PalLNs and
metastatic lymph node numbers collected were statistically
significantly higher in favor of open surgery. While the presence
of lymphovascular area invasions was more common in the open
surgery group (p=0.045), there was no difference between the
groups in terms of intraabdominal fluid cytology positivity and
uterine lower segment involvement (p=0.973; p=0.316). There
was no statistically significant difference between the groups in
terms of recurrence rates (p=0.072). Pathological outcomes of
the cases and their comparisons are summarized in Table 3.

The preoperative and postoperative histological diagnoses,
grades and stages of the cases examined are as shown in Figure
1 and Figure 2 (histological grade information of 182 patients

preoperatively was obtained). Having regard to the distribution
by stages, the first three rankings in both groups were Stage 1a,
Stage 1b and Stage 3¢2, respectively.

Discussion

The results of the study which compared two methods for the same
operation indicated that the same survival rate, complication-free
period, and the recurrence. However, there were some differences
including operation times and extent of peroperative blood loss.
The both techniques were more practical, successful, effective,
and straightforward when compared to conventional techniques.

Systemic para aortic lymphadenectomy is defined as the entire
dissection and removal of fat and nodal tissues around the aorta,
inferior vena cava, and renal vessels. The dissection level includes
the left renal vein cranially and the midpoint of the common iliac
vessels caudally (11).

Herd et al. (12) developed a technique based on 100 cases with
patients who had undergone a transperitoneal or extraperitoneal
approach for PaLN dissection. Dargent et al. (13) described
extraperitoneal laparoscopic total PaLN dissection as a two sided
approach up to the renal vein in 2000. Lymph node dissection
was commenced below the left renal vein. This dissection was
performed bluntly, scissors and monopolar and bipolar devices
were not commonly used and the lymph nodes were harvested,
which placed the left side of the aorta into two separate chains,
one of which was the left and ventral surface part, the other was
the dorsal part of the aorta (13). However, we demonstrated en

Table 3. Comparative analysis of pathological data of cases

All population
n=191
3.7+1.8(0,5-12)
20.5£7.7 (10-70)
18+7.7 (4-46)
38.6+12.8 (16-93)
0.6%1.5 (0-10)
Metastatic paraaortic lymph node count 1+3.1 (0-20)

Tumor size

Number of pelvic lymph nodes
Number of paraaortic lymph nodes
Total number of lymph nodes

Metastatic pelvic lymph node count

Total number of metastatic lymph
nodes

1.6+4.5 (0-29)

7 (3.7%) - positive

184 (96.3%) - negative
45 (23.6%) - present
146 (76.4%) - none

41 (21.5%) - present
150 (78.5%) - none

14 (7.3%) - present
177 (92.7%) - none

Intraabdominal fluid cytology

Lymphovascular space invasion

Uterine lower segment involvement

The presence of recurrence

Recurrence area

346

Group 1 Group 2

Open surgery Minimal invasive surgery  p-value
n=141 n=50

3.9£1.9 (0.5-12) 3.4%1.3 (1-8) 0.062
21.4£7.9 (10-70) 18+6.1 (10-42) 0.002
19.3+7.8 (7-46) 14.36.1 (4-29) 0.000
40.8+12.9 (21-93) 32.3+9.8 (16-67) 0.000
0.7+1.7 (0-10) 0.2+0.6 (0-3) 0.005
1.243.5 (0-20) 0.5+1.6 (0-8) 0.044
1.9+5 (0-29) 0.7+2.2 (0-10) 0.018
6 (4.3%) - positive 1 (2%) - positive AETE
135 (95.7%) - negative 49 (98%) - negative

38 (27%) - present 7 (14%) - present N
103 (73%) - none 43 (86%) - none

32 (22.7%) - present 9 (18 %) - present e
109 (77.3%) - none 41 (82 %) - none

13 (9.2%) - present 1 (2 %) - present N

128 (90.8%) - none
7 - vaginal cuff

3 - pelvis
1-abdomen

2 - multiple

49 (98 %) - none

1 -vaginal cuff
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bloc removal of the left PaLNs dissection from under the superior
hypogastric nerves and upper IMA with contralateral traction in
the current study. In the English literature, the effective numbers
of PaLN removals have not yet been described. Some researchers
have established the removal of more than ten PaLNs in their

Preoperative histological diagnosis and grades of cases
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with contralateral traction of the lymphatic chain, allowing
enhanced vision. Some studies reached the same PaLLN counts as
our study by way of extraperitoneal PaLN dissection (17).

The current concept of lymph node assessment follows a risk-
based algorithm. It suggests a systematic LND in patients with EC
and uterine high risk factors. In these patients, the incidence of
lymph node involvement is high. Furthermore, in these patients,
lymph node metastasis of EC is found to be associated with
lymphovascular space involvement (LVSI), non-endometrioid
histology, and stage IB (16). In our study, the non-endometrioid
histology of EC was higher at 56 (29.32%), LVSI 45 (23.6%),
and at higher stages than stage 1A 117 (61.25%). Nevertheless,
the recurrence rate was significantly lower, it occurred in only 14
patients in total. Approximately 15% of patients with stage I and
II EC will suffer a recurrence, this rate in advanced stages and all
stages EC is higher than 15% (18,19).

IMA supplies blood to the left part of the colon and divides the
sigmoidal (SA) and LCA. The division can occur in four patterns:
1) the LCA arises independently from the SA; 2) the LCA and SA
arise from the IMA at the same poing; 3) the LCA and SA have a
common trunk; 4) there is a deficit of the LCA (20). The level of
the IMA at its aortic origin can cause some complications such
as bowel anastomosis leakage in patients with colorectal cancer
(21). These issues indicate that protection of the IMA during
PalLN dissection is very critical to prevent blockage of the blood
supply to the left colon segments. Using the current technique,
we were able to protect them and to harvest lymph nodes which
were placed above the IMA with contra traction of them.

Study Limitations

The hypogastric nerve plays a role in terms of bowel, internal
genital organs, and bladder functions. Damage to the fibers may
lead to male impotence additionally problems of micturition and
defecation were unable to be identified in the female population
(4,8). As we were able to protect these structures, we avoided
postoperative complications related to these organs and we were
able to discharge our patients sooner.

Conclusion

Our particular approach has been evolving since 2015. The
authors believe that en bloc lymphadenectomies have increased
survival rates and have reduced the recurrence of EC. The
protection of the IMA and hypogastric nerve fibers can help to
avoid certain postoperative complications.

Ethics

Ethics Committee Approval: This study was conducted on
patients with EC who had undergone PaLN dissection with
current methods between January 2015 and September 2019
with the approval of the University of Health Sciences Tiirkiye,
Bakirkdy Dr. Sadi Konuk Training and Research Hospital Ethics
Board (approval Number: 2019/434, date: 30.09.2019).

Informed Consent: Informed consent was obtained from
patients before the procedure.
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Original Article

Who Predicts Mainly Anxiety and Depression Severity in
The Community Sample: Metacognitions or Intolerance of
Uncertainty?

Toplum Ornekleminde Anksiyete ve Depresyonu Kim Yordar: Ustbilisler mi?
Belirsizlige Tahammiilsizlik ma?

i Kiibra SEZER KATAR], ® Ayse Gokcen GUNDOGMUS2

University of Health Sciences Tiirkiye, Ankara Training and Research Hospital, Department of Psychiatry, Ankara, Tiirkiye
2Ministry of Health, Etlik City Hospital, Department of Psychiatry, Tiirkiye

ABSTRACT

Objective: Our study aims to find the predictors of anxiety and
depression in a community sample.

Methods: Beck depression inventory (BDI), Beck anxiety inventory
(BAI), Intolerance of Uncertainty Scale (IUS), and Metacognition
Questionnaire-30 (MCQ-30) were rated by 172 individuals who
were without ongoing psychiatric disorders and treatment.

Results: There were significant relationships between BAI and
cognitive confidence and the total score of MCQ (r=0.175 and
r=0.157, respectively; p<0.05). BDI had significant relationships
with all subscales and total scores of MCQ-30 and TUS (r=0.234-
0.520, p<0.05). There was a significant relationship between the
total score of MCQ-30 and IUS (r=0.707, p<0.05). MCQ-30 and
IUS did not predict anxiety symptoms. However, “need to control
thoughts” ($=0.49, p<0.05) and “cognitive self-consciousness”
(B=-0.27, p<0.05) predicted levels of depression and explained
34% of the variance in depression.

Conclusion: In conclusion, our study showed depression had
a more close relationship with metacognitions than anxiety did.
Despite the limitations, our findings highlight the possible
relationship between two important cognitive models and anxiety
and depression.

Keywords: Anxiety, depression, intolerance of uncertainty, meta-
cognition

(074

Amag: Calismamiz bir toplum &rnekleminde anksiyete ve
depresyon yordayicilarini bulmay: amaglamakeadir.

Yontemler: Halihazirda psikiyatrik bir tanist ve devam eden bir
tedavisi olmayan 172 bireyde Beck depresyon envanteri (BDE),
Beck anksiyete envanteri (BAE), Belirsizlige Tahammiilsiizliik
Olgegi (BTO) ve Ustbilis Oleegi-30 (UO-30) puanlanmustir.
Bulgular: BAE ile UO-30 toplam puani ve biligsel giiven alt boyutu
arasinda anlamli iliskiler saptanmusur (strastyla r=0,175 ve r=0,157,
p<0,05). BDE ile UO-30 ve BTO 6l¢eginin tiim alt boyutlari ve
toplam puanlari arasinda anlamli iligkiler saptanmustir (r=0,234-
0,520, p<0,05). Ayrica UO-30 ve BTO oleeklerinin  toplam
puanlari arasinda anlamli bir iliski saptanmustir (r=0,707, p<0,05).
U0-30 ve BTO anksiyete skorunu predikte etmezken diisiinceleri
UO-30’un kontrol ihtiyact ($=0,49, p<0,05) ve bilissel farkindalik
(B=-0,27, p<0,05) alt boyutlar: depresyon skorunu predikte etmis
ve %34’ tinii agiklamistir.

Sonug: Sonug olarak, calismamiz depresyon skorunun anskiyete
skoruna gore iistbiligler ile daha yakin bir iliskide oldugunu
gostermigtir.  Kisithliklarina  ragmen  bulgularimiz  anksiyete,
depresyon ve iki 6nemli biligsel model arasindaki iliskiye stk
tutmakradir.

Anahtar  Sézciikler:  Anksiyete,  depresyon,  belirsizlige
tahammiilsiizliik, istbilis
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Introduction

Depression is a common and severe psychiatric disorder related
to morbidity, mortality, and decreased quality of life and
functioning (1). Specifically, in Western countries, around 16-
20% of people face depression in their lifetimes (2). Anxiety is
also a very common psychiatric problem. Literature shows that
the current prevalence of all anxiety disorders ranges between
0.9% and 28.3% (3). Depression and anxiety disorders are
common comorbid psychiatric disorders (4). The Netherlands
Study of Depression and Anxiety (NESDA) study showed that
the lifetime comorbidity rate of anxiety disorder was 75% in
individuals with depression (5). Although comorbidity rates of
anxiety and depressive symptoms in community samples were
relatively lower, studies proved that comorbidity rates aligned
with NESDA rates (6). Identifying the key factors that may affect
depression and anxiety symptoms is important; if clinicians could
find these factors, they could find the factors playing role in the
onset, maintenance, and potential treatment target of depression

™).

The metacognitive model explains psychological disorders such
as depression and anxiety disorders with the self-regulatory
executive function model (8). According to the metacognitive
model of emotional disorders, “rumination, worry, fixated
attention, and unhelpful self-regulatory strategies or coping
behaviors” called cognitive attentional syndrome (CAS) is
the core of the model (8). Mostly, this type of thinking style
is temporary. However, CAS could impact people by forcing
them into perseverative, toxic, and persistent thinking styles.
CAS results from incorrect metacognitive beliefs (MBs) and is
controlled by these positive and negative MBs. Positive MBs
about rumination and unhelpful coping and negative MBs
such as uncontrollability and harmfulness of this process lead to
depression and anxiety (9). Empirical studies have demonstrated
that MBs play an important role in depression (9). Several studies
examined the relationship between MBs and depression in healthy
participants and found further evidence for the metacognitive
model of depression (10,11). The metacognitive model is also
one of the most esteemed cognitive models of anxiety disorders,
and literature has proved that significantly negative MBs play
an important role in worry, generalized anxiety disorder, panic

disorder (PD), and social anxiety disorder (12,13).

The other most prominent cognitive factor underlying depression
and anxiety disorders is intolerance of uncertainty (IoU). IoU
could be defined as a vast and possibly transdiagnostic construct
characterized by emotional, cognitive, and behavioral reactions
to uncertainty in life (14). First, IoU was initially developed
from worry, a distinctive feature of generalized anxiety disorder
(14). However, studies suggest that IoU could also be related to
depression (15,16). There are contrary results in the literature
about the relationship between IoU, depression, and anxiety.
Some studies put forward that IoU is associated with anxiety
more than depression (15,17), and others put forward a unique
relationship between IoU and depression (16).

Some researchers recognized maladaptive beliefs as a modulator of
IoU (18). IoU might be related to metacognitions (19). Studies in
clinical and non-clinical samples showed that IloU and MBs had a
significant positive relationship (20,21). Furthermore, Einstein’s
IoU model underlines the “need for predictability” beliefs at the
center of IoU (18). “Need for predictability” beliefs could cause
undesired feelings and coping behaviors such as rumination,
worry, and avoidant behaviors (22). Although Einstein’s model
and previous data reported a more critical relationship between
anxiety and MBs than IoU, there is still a need to investigate these
important cognitive factors (MBs, IoU) and their relationship
between anxiety and depression in different samples.

The current study aims to investigate the effects of metacognitions
and IoU on depressive symptoms and anxiety symptoms in
individuals without ongoing psychiatric disorders and treatment
processes. Based on the literature, our hypotheses are: (i) There
is a significant positive correlation between MBs and depression
and anxiety severity. (ii) There is a significant positive correlation
between IoU and depression and anxiety severity. (iii) MBs could
predict depression and anxiety severity better than IoU.

Methods
Sample

We conducted an a priori power analysis using G*Power version
3.1.9.7 for sample estimation. The minimum sample size was
n=68 with a significance criterion of alpha=0.05 and beta=0.20
for detecting a medium effect. According to the study’s aim,
we collected data from 177 individuals. Five individuals were
excluded from the study due to missing values.

One hundred seventy-two nonclinical participants aged between
18-65 and literate were included in the study. The participants
were informed about the study, and written informed consent
was obtained. Participants who were not diagnosed as having any
psychiatric disease during the psychiatric interview were included
in the study. Individuals with previous psychiatric treatment
history were included in the study if their treatment had been
concluded. Exclusion criteria included ongoing psychiatric
disorder, organic mental diseases, such as delirium, mental
disability, medical illnesses with significant cognitive sequelae,
epilepsy, dementia, and active alcohol or substance use disorders.
The participants were not paid for their contribution to the
study. The Ethics Committee of Ankara Training and Research
Hospital approved the procedures and the purposes of the study
(decision number: E-23-1197, date: 08.03.2023).

Sociodemographic Data Form, Beck Depression Inventory
(BDI), Beck Anxiety Inventory (BAI), Intolerance of Uncertainty
Scale (IUS), and Metacognition Questionnaire-30 (MCQ-30)
were filled out by individuals.

Measurements

The Sociodemographic Data Form, was used to collect personal
information such as age, sex, level of education, and information
about the history of applying to a psychiatric unit.
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Beck Anxiety Inventory, was used to measure anxiety scores.
This 21-item and 4-point Likert-type scale was developed by
Beck et al. (23). The Cronbach o of BAI was 0.88 in the current
study.

Beck Depression Inventory, was developed to measure
depression levels (24). This test includes 21 items in six subscales
answered using a 4-point Likert-type scale. The Cronbach o of
BDI was 0.89 in the current study.

Intolerance of Uncertainty Scale, is a 12-item scale that
measures loU (25). IUS has two subscales (inhibitory and
prospective). IUS is a 5-point Likert scale ranging from 1 (not
at all characteristic of me) to 5 (entirely characteristic of me).
Higher scores indicate higher IoU. IUS’s Cronbach o was 0.95
in the current study.

Metacognition Questionnaire-30 (MCQ-30), was developed
by Cartwright-Hatton and Wells (26). It is a 30-item 4-point
Likert-type scale ranging from 1 (do not agree) to 4 (agree very
much). Higher scores obtained from the scale indicate more
dysfunctional MBs. MCQ-30 provides information on five
subscales. These subscales are cognitive confidence, positive
beliefs about worry, cognitive self-consciousness, negative beliefs
about uncontrollability and danger of worry, and the need to
control thoughts. The Cronbach o of MCQ-30 was 0.94 in the
current study.

Statistical Analysis

The IBM SPSS Statistics for Windows v.25.0 was used to analyze
the data (IBM Corp., Armonk, NY). Initially, we performed
descriptive statistics to describe the study group. The Pearson
correlation coefficient was used to examine the relationship
between measurement tools. Finally, multiple linear regression
analysis was performed to examine the predictors for depression
and anxiety. In the models, BAI and BDI were entered as the
dependent variables, and subscales of MCQ-30 and IUS were
entered as the regressors. The significance level was considered
as 0.05.

Before performing multiple linear regression analysis, the
assumptions that should be met were tested. First, the ZPRED-
ZRESID graph was examined to determine the normal
distribution of the differences between the estimated values and
the observed values, and it was determined that this graph was
in the form of an ellipse, that is, the residual values showed a
normal distribution. When the graphs were drawn to determine
whether the relationship between the predictor and the predicted
variable was linear, which is the second assumption, it was found
that this assumption was met. For the third assumption, the
multicollinearity problem, variance inflation factor (VIF), and
tolerance values were examined, and it was observed that VIF
values ranged from 4.26 to 1.60, and tolerance values ranged
from 0.24 to 0.63, and it was determined that there was no
multicollinearity problem among the predictive variables.
Skewness and kurtosis values were examined to determine
whether the predicted variable, which is the last assumption, had
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a normal distribution. It was seen that the predicted variables
had a normal distribution. After testing all assumptions, multiple
regression analysis was performed.

Results

The sociodemographic data of the sample are shown in Table
1. The mean age of the participants was 36.45+9.36 years, and
56.4% of the sample (n=97) was female. The mean education
level was 14.80+6.21 years, and 69.8% of the participants
(n=120) was employee/officer.

Descriptive statistics of the scales and the subscales are given in

Table 1. The sociodemographic data of the sample

Variables f %
Female 97 56.4
Sex
Male 75 43.6
Single 65 37.8
Marital status Married 100 58.1
Divorced 7 4.1
Unemployed 13 7.6
Self-employment 21 12.2
Occupational status Employee/officer 120 69.8
Student 10 5.8
Retired 8 4.6
History of psychiatric Yes 28 16.3
treatment No 144 83.7
Total 58 100
Minimum- =
. X S
maximum
Age (years) 19-59 36.45 9.36

Level of education (years) 2-27 14.80 6.21

Table 2. Descriptive statistics of the scales and the

subscales
Min-Max X SD
BAI 0.00-33.00 9.05 7.76
BDI 0.00-36.00 10.58 8.52
PBW 6.00-24.00 11.10 4.48
NBC and DW 6.00-24.00 11.26 4.70
cC 6.00-22.00 11.60 4.22
NCT 6.00-22.00 11.63 4.24
Csc 6.00-23.00 13.14 4.16
MCQ-30 (Total) 30.00-108.00  58.73 18.05
Prospective anxiety 7.00-35.00 19.41 7.05
Inhibitory anxiety 5.00-25.00 12.35 5.76
IUS (Total) 12.00-60.00 31.76 12.03

BAI: Beck Anxiety Inventory, BDI: Beck Depression Inventory, PBW: Positive
beliefs about worry, NBC and DW: Negative beliefs about uncontrollability
and danger of worry, CC: Cognitive confidence, NCT: Need to control thoughts,
CSC: Cognitive self-consciousness, MCQ-30: Metacognition Questionnaire-30,
IUS: Intolerance of Uncertainty Scale, SD: Standard deviation, Min:Minimum,
Max: Maximum
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Table 2.

Correlational analyses of the variables were summarized in Table
3. There was no significant relationship between the BAI and
the subscales of MCQ-30 except cognitive confidence and the
total score of MCQ (r=0.175 and r=0.157, respectively). Also,
there was no relationship between the BAI and the total score
and subscales of TUS. The BDI had significant and positive
relationships with all subscales and total scores of MCQ-30 and
IUS (r=0.234-0.520, p<0.05). There was a significant positive
relationship between the total score of MCQ-30 and IUS
(r=0.707, p<0.05).

After the correlational analyses between the variables were
examined, multiple linear regression analyses were conducted to
predict anxiety and depression in the study sample. The results

were given in Table 4 for anxiety and Table 5 for depression. In
the first model, BAI was entered as the dependent variable, and
subscales of MCQ-30 and IUS were entered as regressors. The
first model showed that neither MCQ-30 nor IUS significantly
predicted anxiety symptoms (p>0.05). Also, this model did
not show good fitness, F(7-164)=0.97, p=0.455, and adjusted
R2=0.04 for the anxiety model.

In the second model, BDI was entered as the dependent variable,
and subscales of MCQ-30 and IUS were entered as regressors.
This model showed a good fitness with F(7-164)=11.85, p=0.00,
and adjusted R?=0.34. According to the model, a higher “need
to control thoughts” ($=0.49, p<0.05) and lower “cognitive
self-consciousness” ($=-0.27, p<0.05) predicted higher levels
of depression. The need to control thoughts and cognitive
self-consciousness together explained 34% of the variance in

Table 3. Correlations between variables

Variables 1 2 3

1. BAI =

2.BDI 0.233* =

3. PBW 0.147 0.234* —
4.NBC and DW 0.095 0.445* 0.646*
5.CC 0.175* 0.258* 0.406*
6.NCT 0.110 0.520* 0.588*
7.CSC 0.126 0.256* 0.702*
8. MCQ-30 (Total) 0.157* 0.415* 0.811*
9. Prospective anxiety 0.105 0.373* 0.615*
10. Inhibitory anxiety 0.118 0.434* 0.586*
11. IUS (Total) 0.118 0.426* 0.641*

5 6 7 8 9 10
0.397* =
0.838* 0.497* =
0.712* 0.578* 0.702* =
0.874* 0.687* 0.877* 0.890*  --
0.614* 0.337* 0.576* 0.564*  0.656* =
0.647* 0.363* 0.629* 0.544*  0.672* 0.760* =
0.670* 0.372* 0.639* 0.591*  0.707* 0.950* 0.924*

*p<0.05; BAI: Beck Anxiety Inventory, BDI: Beck Depression Inventory, PBW: Positive beliefs about worry, NBC and DW: Negative beliefs about uncontrollability
and danger of worry, CC: Cognitive confidence, NCT: Need to control thoughts, CSC: Cognitive self-consciousness, MCQ-30: Metacognition Questionnaire-30, IUS:

Intolerance of Uncertainty Scale

Table 4. Multiple linear regression with anxiety as the
dependent, and subscales of MCQ-30 and subscales of 1US
as predictors

Standard

Variables b deviation b B t-test
Constant 4.60 2.23 = 2.07
PBW 0.20 0.21 0.1 0.95
NBC and DW -0.07 0.26 -0.04 -0.27
cc 0.27 0.18 0.15 1.54
NCT 0.01 0.28 0.00 0.02
CSsC -0.06 0.25 -0.03 -0.24
:;Zis:t‘;cuve -0.01 0.14 001 -0.06
Inhibitory anxiety 0.06 0.17 0.05 0.36
R=0.20 R?=0.04

F, ,6,=0.97 p=0.455

p<0.05; BAI: Beck Anxiety Inventory, BDI: Beck Depression Inventory,
PBW: Positive beliefs about worry, NBC and DW: Negative beliefs about
uncontrollability and danger of worry, CC: Cognitive confidence, NCT: Need to
control thoughts, CSC: Cognitive self-consciousness, MCQ-30: Metacognition
Questionnaire-30, IUS: Intolerance of Uncertainty Scale

Table 5. Multiple linear regression with depression as the
dependent, and subscales of MCQ-30 and subscales of IUS
as predictors

Variables b 32’?:;:;?‘ b B t-test
Constant -0.45 2.03 - -0.22
PBW 024 019 013 -1.28
NBC and DW 0.18 0.24 0.10 0.75
cc 017 0.16 0.08 1.05
NCT 0.99 0.25 0.49 3.89*
csc -0.55 0.23 027 -2.39%
:;if:’;cuve 0.11 0.13 0.09 0.89
'a"nr:(iib;f;ry 0.26 0.16 0.18 1.68
R=0.58 R2=0.34

F,..=11.85 p=0.000

*p<0.05; BAI: Beck Anxiety Inventory, BDI: Beck Depression Inventory,
PBW: Positive beliefs about worry, NBC and DW: Negative beliefs about
uncontrollability and danger of worry, CC: Cognitive confidence, NCT: Need to
control thoughts, CSC: Cognitive self-consciousness, MCQ-30: Metacognition
Questionnaire-30, IUS: Intolerance of Uncertainty Scale
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depression.

Discussion

The primary aim of the current study was to investigate the MBs
and IoU as potential predictors of anxiety and depression in a
sample of community individuals. Also, we aimed to examine
the relationship between MBs, loU, and depression and anxiety.
We found that while depression correlated with IoU and all MBs,
anxiety only correlated with the “cognitive confidence” subscale
of MCQ and total score of MCQ. Multiple linear regression
analyses revealed that “cognitive self-consciousness” and “need
to control thoughts” predicted depression severity. However,
unexpectedly, there were no variables predicting anxiety severity.

In the present study, we observed significant correlations
between variables. While depression correlated with all MB and
IoU subscales, anxiety just correlated with cognitive confidence
and total score of MCQ-30. The cognitive confidence subscale
of MCQ-30 can be defined as “concerns with efficacy of ones’
cognitive skills, distrust in memory.” Nordahl et al. (27) found
that trait anxiety had significant correlations with all subscales
of MCQ. Although they obtained similar results between trait
anxiety and MBs in their evaluations with an interval of 8 weeks,
they could not find a relationship between cognitive confidence
and anxiety in their first evaluation, but they did in their second
evaluation (27). Some studies showed that “cognitive confidence”
and negative beliefs about the “uncontrollability and danger of
worry” were significantly associated with anxiety (28). Aydin
et al. (13) studied individuals with PD and generalized anxiety
disorder (GAD). They found a significant relationship between
the “need to control thoughts” and GAD severity, while they did
not find any relationships between MBs and PD severity (13).

On the other hand, another study showed a relationship between
“self-consciousness” and PD severity (13). These findings suggest
that the relationship between different anxiety disorders and MBs
can vary, and evaluations made at different times can affect these
results. Lastly, anxiety had a weak correlation with the MCQ-
30 total score in our study. We found that our study’s MCQ
total and subscales’ mean scores were lower than previous studies
conducted in healthy controls (13). We could suggest that these
results could explain the absence of correlations between anxiety
and the subscales of MCQ-30, except for cognitive confidence
and the weak relationship between anxiety and the total score
of MCQ-30. Also, the total score of MCQ-30 was considered a
more durable construct than its subscales, so our findings could
be interpreted in line with the previous data (13). Consequently,
we could suggest that the participants in our study had success
avoiding negative MBs and anxiety.

Surprisingly, we found that the anxiety severity in healthy
individuals did not correlate with IoU. Previous literature
indicated a relationship between IoU and different anxiety
disorders such as social anxiety disorder, generalized anxiety
disorder, and PD, and the level of IoU is usually higher in
clinical samples compared to control groups (19,29,30). Worry,
a construct highly associated with anxiety, is related to IoU in
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the literature (29). In this study, we did not examine the relation
of worry with IoU or focus on the difference between worry and
anxiety. We conducted our study with a non-clinical sample.
The absence of a correlation between anxiety and IoU in our
sample could be related to the study design and sample above
characteristics.

In the present study, all subscales of MCQ-30 and total score
of MCQ significantly correlated with depression severity. Our
findings are consistent with the previous literature suggesting that
depression levels have significant correlations with positive and
negative MBs in clinical and non-clinical samples (10,22,27).
According to the metacognitive theory of depression, positive
MBs such as the “need to control thoughts” about rumination
could be considered as a solution to analyze the depressive
thoughts to get over depression. However, this method’s
negative consequences could lead to negative MBs such as
“uncontrollability and danger of worry” (8). Our findings agree
with the theoretical background of the metacognitive model for
the relations between positive and negative MBs and depression.

We found positive correlations between depression severity and
inhibitory anxiety, prospective anxiety, and total score of IUS.
Previous data suggest mixed results regarding the relationship
between depression and IoU (17). Some studies suggest that
depression is related to IoU (16,29), and some studies suggest that
depression is less associated with IoU than anxiety (15,17); even
some studies indicate that depression is not related to IoU (20).
On the other hand, in studies that found a relationship between
depression and IoU, when factors such as rumination and worry
were searched for a mediator effect between these two concepts,
it was determined that rumination had a mediator role between
the two (29). In our study, depression was correlated with ToU
moderately, consistent with the previous data (7). However, we
needed to examine further analyses to understand the diverse
nature of this relationship. Multiple regression analyses were
performed to find predictors of depression severity in our study.

Unexpectedly, multiple linear regression analyses revealed that
the anxiety model did not show good fitness. We found that
neither IoU nor MBs predicted the anxiety severity in our
sample. In many studies, previous data confirmed the association
between anxiety and cognitive factors such as IoU and MBs
(27,31). As mentioned in the introduction, IoU had some
dimensions, and we examined “the desire for predictability” and
the “tendency to become paralyzed in the face of uncertainty”
as predictors in our study. Researchers have suggested that “the
desire for predictability” could directly affect worry and that
the “tendency to become paralyzed in the face of uncertainty”
could be associated with avoidance behavior (32). Even though
previous studies found a relationship between IoU and anxiety,
our results could be related to different variables not investigated
in the study, such as cultural differences.

Researchers showed that MBs were specific predictors of anxiety
in nonclinical samples (27). MBs are accepted as a central factor
in trait and state emotions and could be the main construct
of anxiety (8). However, we used BAI to assess anxiety in our
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sample, and BAI measures mostly the somatic component of
anxiety. Essential components of anxiety as rumination and
worry were not assessed in this study. This could be the reason
for the results of the anxiety model.

Our regression model of depression showed that the “need to
control thoughts” positively and “cognitive self-consciousness”
negatively predicted depression severity. IoU subscales did
not predict depression severity, and our third hypothesis was
confirmed by multiple linear regression. Some studies found
that negative beliefs about the uncontrollability and danger of
worry and lack of cognitive confidence predicted depression but
cognitive self-consciousness was not a predictor of depression
(27). Yilmaz et al. (33) showed that negative MBs explained
the additional variance in depression followed by positive MBs.
Also, Huntley and Fisher (10) found that negative MBs about
uncontrollability and harm contributed more to depression
severity than positive MBs in a healthy sample. Contrary to our
study, Solem et al. (34) showed that while cognitive confidence,
positive beliefs about worry, and negative beliefs about worry
were predicting depression, the need to control and cognitive
self-consciousness were not predicting depression.

In the depression model, IoU total score and subscales did
not predict depression. Prior studies argued that there was an
uncertain relationship between IoU and depression (17). Many
studies suggested that depression had a relationship with ToU
via rumination or MBs (7,22). Some studies suggested that
depression and IoU had a specific relationship after controlling
other measures (16). Our results aligned with the previous
literature suggesting that depression did not have a direct
relationship with IoU. Further studies should focus on the
mediational role of anxiety and conduct further analyses in
different samples.

Study Limitations

Several limitations of the study should be mentioned. The
first limitation was the cross-sectional design of our study. We
examined our hypothesis in a nonclinical sample, and we could
not generalize the findings to a clinical sample. We also excluded
the individuals who had a psychiatric diagnosis with psychiatric
interview; however, we did not use a structured clinical
measurement. Another limitation of the study was that the
participants fulfilled the measurement tools that could cause a
bias. In addition, we did not examine the role of anxiety between
depression and IoU with further analyses. Finally, although we
examined the anxiety and depression severity, we did not control
the contribution of rumination and worry in our study.

Conclusion

In conclusion, our study showed essential relations between the
IoU, MBs, depression, and anxiety in a non-clinical sample.
There was a significant positive relationship between MBs,
IoU, and depression; however, anxiety correlated with cognitive
confidence and total score of MCQ-30. Also, we found that
cognitive self-consciousness and the need to control thoughts

predicted the depression level, and IoU and MBs did not predict

the anxiety level, while previous data addressed contradictory
findings. Our findings showed that in our sample, depression had
a more close relationship with MBs than anxiety did. Despite the
limitations, our study expands the literature and enlightens the
possible relationship between two critical cognitive models and
anxiety and depression. Future research should focus on the role
of rumination and worry in this relationship to extend our results
and repeat our study in clinical samples for the generalizability

of the findings.
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Investigation of the Relationship Between Disc
Degeneration and Cross-Sectional Area of Deep Extensor
Muscles in Patients with Chronic Non-specific Neck Pain

Kronik Non-spesifik Boyun Agrisi Olan Hastalarda Disk Dejenerasyonu ile
Derin Ekstansor Kaslarin Kesit Alani Arasindaki Iliskinin Incelenmesi

i Ayla TEKIN1, ® Giiliizar GULL, ® Tuncay COLAK!, ® Ozgiir CAKIR?

1Kocaeli University Faculty of Medicine, Department of Anatomy, Kocaeli, Tiirkiye
2Kocaeli University Faculty of Medicine, Department of Radiology, Kocaeli, Tiirkiye

ABSTRACT

Objective: The objective of our research is to analyze the impact
of the degree of C4-C5 disc degeneration on the relative cross-
sectional area of the deep extensor muscles (R-CSA ).

Methods: A total of 162 patients, 98 (60.5%) females and 64
(39.5%) males, who presented to our hospital between 2020 and
2022 with chronic non-specific neck pain, were included in our
study. Retrospectively, the degrees of C4-C5 disc degeneration

were determined through magnetic resonance imaging, and the
R-CSA,, was measured.

Results: The average age of 162 patients was found to be 42.30+8.8,
and the average relative CSA of the deep cervical extensor muscles
(R-CSA_,) was found to be 1.96+0.45. C4-C5 disc degeneration
was found in 41 (25.3%) patients at grade 0, in 99 (61.1%)
patients at grade 1, and in 22 (13.6%) patients at grade 2. The
mean R-CSA_, of male were higher than those of female, and this
elevation was statistically significant (p<0.05). It was observed that
both female (p<0.001) and male patients (p<0.01) had an increased
age as the degeneration grade increased. There was a significant
difference in R-CSA |, between the degrees of disc degeneration
in female (p<0.001).

Conclusion: In patients with chronic neck pain, especially in
female, there is a significant decrease in the R—CSADES as the degree
of disc degeneration increases.

Keywords: Intervertebral disc degeneration, MRI, neck muscles

oz

Amag: Calismamizin amact C4-C5 disk dejenerasyonu derecesinin
derin ekstansér kaslarin alani tizerindeki etkisinin incelenmesidir.

Yontemler: Arastirmamiza 2020-2022 yillari arasinda kronik non-
spesifik boyun agrist nedeni ile hastanemize bagvuran 98’i (%60,5)
kadin, 64’ (%39,5) erkek olmak iizere toplam 162 hasta dahil
edildi. Retrospektif olarak manyetik rezonans goriintiilemeleri
tizerinden C4-C5 disk dejenerasyonu dereceleri belirlenip derin
ekstansor kaslarin alanlari 6l¢iildii.

Bulgular: Yiiz altmug iki hastanin yas ortalamas: 42,30+8,8 ve derin
servikal ekstansor kaslarin goreceli kesit alani (R-CSA ), ) ortalamast
1,96+0,45 bulundu. C4-C5 disk dejenerasyonu 41 (%25,3) hastada
derece 0,99 (%61,1) hastada derece 1,22 (%13,6) hastada derece
2 olarak bulundu. Erkeklerin R-CSA  ortalamalari kadinlardan
daha yiiksekei ve bu yiikseklik istatistiksel olarak anlamliydi
(p<0,05). Hem kadin (p<0,001) hem de erkek hastalarda (p<0,01)
yas arttikca dejenerasyon derecesinin artuigi saptandi. Kadinlarda
disk dejenerasyon dereceleri arasinda R-CSA |, degerinde anlamli
fark bulundu (p<0,001).

Sonug: Kronik boyun agrili hastalarda ézellikle kadinlarda disk
dejenerasyonunun  derecesi arttikca derin  ekstansér  kaslarin
alaninda anlamli bir azalma gerceklesir.

Anahtar Sézciikler: Intervertebral disk dejenerasyonu, MRG,
boyun kaslart
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Introduction

Neck pain is the most common musculoskeletal problem
worldwide (1,2) and it can be classified based on its severity,
type, ctiology, and duration. Among different classification
methods, duration is the best indicator and pain lasting beyond
twelve weeks is considered chronic (3). In most cases of chronic
neck pain, the pain is classified as non-specific because it cannot
be attributed to a specific pathological condition (4).

Intervertebral discs are believed to be a major source of neck pain
when they undergo degeneration due to their crucial role in the
mobility and stabilization of the spine (5,6). Disc degeneration
in the cervical region mostly occurs after middle age (7). As disc
degeneration progresses, it can lead to herniation and spinal
canal stenosis, resulting in costly interventions such as surgical
treatment (8). The deep cervical extensor muscles, due to their
direct connection of vertebrae to one another, hold a significance
in the stabilization of the cervical spine and postural control,
comparable to the importance of discs (9,10). Furthermore, it
has been noted that there is a negative impact of neck pain on the
cross-sectional area (CSA) of the deep cervical extensor muscles
(11). Measurements of the CSA of the muscles are significant
indicators of fundamental changes in muscle structure,
particularly in terms of muscle strength and atrophy (12-14).

It is indeed crucial to diagnose and prevent the progression of
disc degeneration and changes in muscle area in individuals with
neck pain and those above middle age, to provide treatment
without the need for surgical intervention. Therefore, our study
aims to analyze the relationship among relative CSA of the deep
extensor muscles (R-CSA ) and disc degeneration, which we
observed to be lacking in the literature, using cervical magnetic
resonance imaging (MRI) (15), which are considered the gold
standard for chronic neck pain patients.

Methods

Study Group

Between December 2020 and September 2022, a total of 1140
patients who presented to our clinic with complaints of chronic
neck pain and underwent cervical MRI were retrospectively
evaluated. Patients with masses in the cervical region, vertebral
fracture or operation, spondylolysis or spondylolisthesis,
congenital malformations, a history of cancer, symptoms related
to sensory or motor impairments, and any disorders affecting
the cervical region other than chronic neck pain were excluded
from the study. Additionally, only three patients were found to
have grade III disc degeneration and they were excluded from the
research to prevent statistical bias. Finally, a total of 162 patients
between the ages of 18 and 65 who met the inclusion criteria
were investigated within the scope of the study. This research
received approval from Kocaeli University Non-Interventional
Clinical Research Ethics Committee (decision number: KU
GOKAEK-2023/12.02 date: 13.07.2023).

obtained from the patients participating in our study.

Consent was
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Evaluation of Disc Degeneration

T2-weighted MRI is widely used for the evaluation of disc
degeneration (16). Cervical MRIs were obtained using a
protocol designed for the evaluation of the cervical region from
the hospital’s Picture Archiving and Communications System
radiographic system. MR images were acquired using a 1.5T
MRI scanner (GE Healthcare), producing sagittal and axial

views.

A comprehensive grading system and algorithm were developed
based on previously used grading systems and literature reviews
to determine cervical disc degeneration. In our study, we utilized
this comprehensive grading system. Cervical disc degeneration
was divided into four grades: Grade 0 indicating no degenerative
changes, grade 1 (slight degeneration) representing low-density
changes in the nucleus pulposus, grade 2 (moderate degeneration)
involving annulus fibrosus degeneration along with disc bulging
or herniation and finally grade 3 (severe degeneration) indicating
more significant degeneration with a reduction in disc height by
more than % (17-18).

Calculating Cervical Muscle Area

Calculating muscle CSA based on MR scans, which is considered
the top reference for muscle scanning, is an objective and non-
invasive assessment method (19). The muscle CSA was measured
on axial T2-weighted and T1-weighted scans at the level of the
C4-C5 intervertebral disc. The imaging parameters included:
Slice thickness=4 mm, field of view=160x160 mm, repetition
time/echo time=4438/116 ms, and matrix=160x256, acquired
from 16 slices. To minimize the influence of segmental levels, all
muscles were examined at the same level (C4-C5 intervertebral
disc level) (20). The reason for selecting the C4-C5 level was that
the angle between the axial image passing through this level and
the plane of the floor was minimal compared to other levels.

The CSAs of the bilateral multifidus cervicis and semispinalis
cervicis muscles, which together form the deep cervical extensors,
were measured by following the boundaries of the fascia and
recorded in square millimeters (mm?) by using the Sectra software
program (Sectra workstation IDS7, Linképing, Sweden). Since
the semispinalis cervicis and multifidus muscles could not be
clearly distinguished, the measurements were combined (4). To
control alterations in the muscle areas caused by changing body
mass index, the relative muscle CSA/vertebral body area (VBA)
ratios were preferred instead of exact muscle CSA values. The
relative CSAs (R-CSAs), defined as the ratios of muscle CSA/
VBA, were calculated by measuring the C5 VBAs on axial images
(21). At the level of the C4-C5 intervertebral disc, the CSAs of
the deep extensors on the right and left sides were individually
summed and divided by the C5 VBAs to calculate the relative
CSAs of the deep extensors (R-CSA ) (Figure 1). All MRI
evaluations, degeneration grades and R-CSA , measurements
were performed under the supervision of two experienced
radiologists in the field.
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Statistical Analysis

The statistical analysis was conducted utilizing IBM SPSS 20.0
(IBM Corp., Armonk) software package. The normal distribution
assumption was assessed utilizing the Kolmogorov-Smirnov and
Shapiro-Wilk tests. Numerical variables were presented as mean
+ standard deviation or median (25%-75% percentile), while
categorical variables were presented as frequency (percentage).
Differences among groups were identified through independent
samples t-test, Mann-Whitney U test, one-way analysis of
variance (ANOVA), and Kruskal-Wallis test. Tukey and Dunn
tests were utilized for multiple comparisons. The relationships
among numerical variables were examined utilizing Pearson
and Spearman correlation analysis. The relationships among
categorical variables were defined utilizing the chi-square test.
A p-value less than 0.05 was evaluated statistically significant for
hypothesis testing.

Figure 1. Measurements of the deep extensor muscles
areas on axial T2-weighted passing through the C4-C5 disc
level

DEs: Deep extensors, VBA: Vertebral body area

Results

One hundred sixty-two patients were included in the research,
composed of 98 (60.5%) females and 64 (39.5%) males. The
average age of the 162 patients was 42.30+8.8 and the average
R-CSA . was 1.96+0.45. The degree of disc degeneration at
the C4-C5 level was grade 0 in 41 (25.3%) patients, grade 1 in
99 (61.1%) patients and grade 2 in 22 (13.6%) patients. There
was no significant difference in age among females and males
(p=0.93). But a significant difference was found in the degree of
degeneration between genders (p=0.049). The grade 0 degree was
statistically significantly more detected in females comparison
to males (p=0.022), while the grade 1 degree was statistically
significantly more detectedin males than females (p=0.023). No
significant difference was detected among genders regarding the
grade 2 degeneration. A notable distinction was detected in the
mean R-CSA_ among genders (p=0.038), with males having

DEs

higher mean R-CSA, | than females (Table 1).

When examined both in all patients (p<0.001) and separately in
female patients (p<0.001) and male patients (p=0.004), it was
observed that age increased with the increase in degeneration
grade. Significant differences in age were found between grade
0 and grade 1, grade 0 and grade 2, and grade 1 and grade 2
in both total patients and female patients. However, in male
patients, significant differences in age were only observed
between grade 0 and grade 2, and grade 1 and grade 2. It was

observed that there was a decrease in R-CSA_ value with an

increase in degeneration grade in both all patihesnts and female
and male patients. In both total patients and female patients,
significant differences in R-CSA . value were found between
grade 0 and grade 2, and grade 1 and grade 2 (p<0.001). But,
in male patients, no significant difference in R-CSA |

found among all grades (p=0.130) (Table 2).

value was
Es

There was no correlation found between age and R-CSA , value
in the total population, as well as when analyzed separately for

females and males (Table 3).

Discussion

Neck pain complaints are most common in middle-aged people
and female (22,23), has a prevalence rate of 37.2% in the adult
population and is increasing gradually (24). Non-specific neck
pain diminishes patients’ quality of life by negatively impacting

Table 1. Characteristics, disc degeneration and cervical muscle area of study groups

Total (n=162) Female (n=98) Male (n=64) p-value
Age (year) 42.30+8.83* 43 (35-49.25)** 43 (36.25-47.75)** 0.93
Grade, n (%)
0 41 (25.3) 31(31.6) 10 (15.6)
1 99 (61.1) 53 (54.1) 46 (71.9) 0.049
2 22 (13.6) 14 (14.3) 8 (12.5)
R-CSA, .. 1.96+0.45* 1.90+0.45* 2.05+£0.43* 0.038

*:mean * standard deviation, **: Median (interquartile range)
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Table 2. Relationships between cervical muscle area and age with disc degeneration

Grade 0 Grade 1 Grade 2 p-value
Total, mean £ SD
Age (year) 36.29+7.49 42.48+7.63 52.64+6.09 0.001
R-CSA,,, (2.12%0.38)° (1.97+0.45) (1.65£0.40)¢ 0.001
Female, median (interquartile range)
Age (year) 37 (31-42) 43 (38-49) 52 (49.75-56.75) 0.001
R-CSA_ .. 2.09 (1.85-2.21)? 1.87 (1.52-2.26)° 1.35(1.22-1.75)° 0.001
Male, median (interquartile range)
Age (year) 42.50 (32.75-43.25) 42 (35-47) 54 (48.25-58.75) 0.004
R-CSA_ .. 2.22 (1.99-2.60) 1.94 (1.72-2.37) 1.93 (1.70-2.06) 0.130

SD: Standard deviation, R-CSA__: Relative cross-sectional area of the deep extensor muscles

Different letters indicate statistically significant differences

Table 3. Correlation of cervical muscle area and age

Total R-CSA
Age (year) r-0.088
ge (year
p 0.266

R-CSA,..: Relative cross-sectional area of the deep extensor muscles

their social interactions and participation in daily life activities
(25). There are very few studies in the literature that compare
the degrees of cervical disc degeneration in male and female with
neck pain. In a study comparing 31 females and 31 males with
neck pain, it was found that females had statistically lower disc
narrowing, and protrusion compared to males (26). In the group
without severe neck pain, females showed statistically lower disc
height narrowing and C4-C5 degeneration degree compared to
males (27). Like our study, despite females having a lower degree
of disc degeneration compared to males, one of the reasons for
their higher clinical presentation might be attributed to females
having lower pain perception thresholds than males (28). A study
conducted on full-body MRI of 468 individuals indicated that
females had less skeletal muscle mass compared to males (29).
In accordance with the literature, we can suggest that the greater
R-CSA_, in males compared to females may arise from gender-
related differences in total muscle mass (Table 1) (30,31).

As age advances, biochemical changes such as a reduction in
proteoglycan contentand water within the disc, particularly in the
nucleus pulposus, contribute to the progression of degeneration
in intervertebral discs (32). Furthermore, genetic, traumatic,
biomechanical, and nutritional factors can also contribute to
degeneration in the intervertebral discs (33). Numerous studies
investigating the relationship between degenerative changes
in the cervical region and age have consistently indicated that
as age increases, the degree of disc degeneration also increases
(18,19,34). In a study conducted on 143 female patients, a
significant decrease in R-CSA_, specifically the multifidus
muscle, was observed with an increase in the degree of
degeneration after grade 2 (34).

We confirmed an increase in the degree of disc degeneration with
age in both female and male. Based on our results, we can say that
aging, along with multifactorial effects, is the main pathogenesis
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of degeneration (35). As one of the first studies examining the
relationship between R-CSA , value and the degree of C4-C5
disc degeneration, we detected a statistically significant decrease
in the R-CSA ), value as the degree of disc degeneration increased
in female patients. However, in male patients, we found that the
decrease in R-CSA ), value with an increase in disc degeneration
was not statistically significant (Table 2).

Indeed, as the degree of degeneration in the disc increases, we
can say that there is atrophy of the cervical deep extensor muscles
(DEs) area in females. The decrease in the R-CSA, has been
reported to reduce stabilization in the cervical spine and increase
the severity of pain and the neck disability index (36). As a result,
we can say that disc degeneration affects the R-CSA_, in males
to a lesser extent than in females, and the decrease in R-CSA
in females leads to experiencing more pain and consequently
seeking medical attention more frequently than males.

Age-related reduction in muscle volume has been observed,
particularly after the age of fifty or sixty (32,37). Additionally,
it has been noted that the CSA of cervical extensor muscles also
decreases after the age of fifty (30). In our study, the average age
was 43, and since we had only 29 patients who were over 50 years
old, we believe that we could not find any relationship between

age and the R-CSA | value (Table 3).
Study Limitations

Our study had a few limitations. Firstly, we were unable to inquire
about the history of chronic illnesses for example diabetes that
could be related to smoking, alcohol use, occupation, and disc
degeneration. Secondly, we believe that comparing our data with
healthy individuals without chronic neck pain would provide
more comprehensive information on this subject.

Conclusion

According to our study, as age advances, the degree of disc
degeneration increases, and as the degree of disc degeneration
increases, the R-CSA | decreases. As a result, there is a weakening
tendency in DEs, especially in females with chronic neck pain
and intervertebral disc degeneration. Therefore, we believe that
strengthening exercises for DEs should be added to rehabilitation
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programs, especially for female patients with chronic neck pain,
to reduce pain intensity and prevent further disability problems.
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Triglyceride-Glucose Index is a Reliable Predictor of
Metabolic Disorder in Gallstones

Trigliserit-Glikoz indeksi Safra Taslarinda Metabolik Bozuklugun Giivenilir Bir
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ABSTRACT

Objective: The risk of gallstones is increased in fatty liver,
overweight, and metabolic syndrome. The hyperinsulinemic-
euglycemic clamp method is considered the best method for
insulin resistance (IR); but it is a time consuming and expensive
procedure. As an alternative strategy, in this study, we would like to
demonstrate the triglyceride-glucose (TyG) index as the predictor
of the development of gallstone disease associated with metabolic
disorders.

Methods: The TyG was investigated in our study with 1484
patients between the ages of 18-75 who underwent follow-up and/
or cholecystectomy due to gallstones. The serum fasting blood
glucose and triglyceride levels of the patients were measured in
the biochemistry laboratory of our hospital. The bile ducts and
gallstones of all patients were evaluated with the Philips Affiniti
50 (The Philips Affiniti 50 Ultrasound; Philips North America
Corporation 3000 Minuteman Road M/S 109 Andover, MA
01810, USA) ultrasonography device used by radiologists in the
radiology clinic of our hospital. The data obtained were evaluated
in SPSS, and p<0.05 was considered significant.

Results: Our study includes 1484 (980 female, 504 male) patients.
The plasma glucose (124.6+24.5 mg/dL), triglyceride (198.3+36.8
mg/dL), insulin (16.5+5.6 ulU/mL), and Homeostasis Model
Assessment of IR 4 level (8+1.2), were at statistically and
significantly higher levels in the patients than in the control group
(p=0.001). It was found that the basal TyG was associated with the
primary endpoint incidence of gallstones at significant levels. The

0z

Amag: Yagli karaciger, obezite ve metabolik hastaliklarda safra kesesi
tagt goriilme riski artmustir. Hiperinsiilinemik-glisemik klemp
yontemi insiilin direnci (IR) iin “altin standart” bir ydntem olarak
kabul edilmektedir, ancak zor ve maliyetlidir. Alternatif bir yontem
olarak daha hizli ve daha diisiik maliyetli biyokimyasal él¢iim
olan trigliseride-glukoz (TyG) indeksi, metabolik bozukluklarla
iligkili olan safra kesesi tagt hastalifi tanisinda yararli olabilir.
Bu calismanin amact safra kesesi tast tanisinda TyG indeksinin
etkinligini degerlendirmektir.

Yontemler: Calismada, safra kesesi tagt ile takip ve/veya
kolesistektomi yapilan 18-75 yas araliginda olan 1484 olgularda
TyG indeksi arasurildi. Hastalarin serum aclik kan glukoz ve
trigliserid ~ diizeyleri hastanemiz biyokimya laboratuvarinda
oleiildii. Tim hastalarin safra yollari ve safra taglart hastanemiz
radyoloji kliniginde radyologlar tarafindan kullanilan Philips
Affiniti 50 (The Philips Affiniti 50 Ultrasound; Philips North
America Corporation 3000 Minuteman Road M/S 109 Andover,
MA 01810, USA) ultrasonografi cihazi ile degerlendirildi. Elde
dilen veriler SPSS'de degerlendirildi, p<0,05 anlamli kabul edildi.

Bulgular: Aragtirmaya toplam 1484 (980 kadin ve 504 erkek) hasta
alindi. Calismamizdaki biyokimyasal parametrelerden aglik safra
kesinde tas saptanan olgularda plazma glukoz 124,6+24,5 mg/dL,
trigliserid 198,3+36,8 mg/dL, insiilin 16,5+5,6 ulU/mL, IR'nin
Homeostatik Modeli Degerlendirmesi 4,8+1,2 seviyesi kontrol
grubuna gore hepsi istatistiksel olarak anlamli yiiksekti (p=0,001).
Bazal TyG indeksi, primer sonlanim noktasi safra kesesi tas:
insidansi ile 6nemli &l¢iide iliskili oldugu saptandi. Tek degiskenli
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ABSTRACT

TyG was related with hazard ratio 1.65 as a continuous variable in
univariate analysis (95% confidence interval 1.15-1.98; p<0.001).

Conclusion: High TyG scores were associated with gallstone
disease, and it can be used as an identifying marker for screening
people who have gallstone disease and as an indication for
therapeutic precautions.

Keywords: Triglyceride-glucose index, metabolic disorder,
gallstones
Introduction

Gallstones are common in the world. The prevalence of
gallstones has a frequency of 10-15% in developed countries (1).
If we identify the chain of events that result in the formation of
gallstones, many studies were conducted in the past to elucidate
the factors and mechanisms responsible for the nucleation of
crystals (2). There are some theories about gallstone formation.
But the most accepted theories are the changes in bile composition
(oversaturation of calcium bilirubinate, pigment and cholesterol
stones), increased crystal nucleation in the presence of mucin
and similar factors, and slowing of bile flow (3).

The risk of especially gallstones is increased in fatty liver, obesity
and metabolic diseases (4). It has been reported in recent years
that metabolic disorders are associated with diseases such as fatty
liver, type 2 diabetes mellitus (DM), metabolic syndrome, and
hypetlipidemia (5,6). Insulin resistance (IR) is the predictor of
the onset of these diseases, and is a widely used marker (7). It
is already known that IR is a key factor in the pathogenesis of
metabolic abnormalities (8). The hyperinsulinemic-euglycemic
clamp (HEC) method is considered as the best method for IR;
however, itisadifficult processand costly. Asan alternative strategy,
we would like to investigate the triglyceride-glucose (TyG) index
which is a faster and low-cost biochemical measurement tool, as
the predictor of the development of gallstone disease associated
with metabolic disorders for the first time.

Methods

The TyG index was investigated in our study with 1484
patients, who were between the ages of 18-75, who underwent
follow-up and/or cholecystectomy due to gallstones in our
general surgery clinic between 2010-2021. Patients who were
pregnant, who had acute inflammation, alcohol use, history of
cancer, renal or infectious hepatitis (anti-HCV positive), and
liver cirrhosis were excluded from the study. Those who had
a history of DM or newly diagnosed diabetic patients, those
who used triglyceride-reducing medication (statins, fibrates,
omega-3, thiazolidinedione, or insulin) were also excluded from
the study.

The demographic characteristics of the patients, their biochemical
data, ultrasonographic examination reports of the bile ducts
were collected from the patient files and electronic records. The
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analizde, siirekli bir degisken olarak TyG indeksi, risk orant 1,65
(%95 giiven araligr 1,15-1,98; p<0,001) ile iliskilendirildi.

Sonug: Yiiksek TyG skorlari safra tagi hastaligiyla iliskilendirilmistir
ve safra tagt hastaligi olan kisileri taramak icin tanimlayict bir
belirteg ve terapotik 6nlemler icin bir gosterge olarak kullanilabilir.

Anahtar Sozciikler: indeksi,
hastaliklar, safra tast

Trigliserid-glukoz metabolik

serum fasting blood glucose and triglyceride levels of the patients
were measured in the biochemistry laboratory of our hospital.
Plasma glucose (cut-off level 70-100 mg/dL) was determined
with the glucose oxidase method. The triglyceride (cut-off level
0-150 mg/dL) level was determined with the enzymatic method.
Fasting plasma was calculated by using glucose and insulin (cut-
off level 0-25 ulU/mL) and Homeostasis Model Assessment for
IR (HOMA-IR) [HOMA-IR: fasting insulin (ulU/mL) x fasting
glucose (mg/dL)/405] (9). The TyG index was calculated with the
formula in [fasting TGs (mg/dL) x fasting glucose (mg/dL)/2] and
using fasting triglyceride and glucose (10). The biliary tract and
gallstones of all patients were evaluated with the Philips Affiniti
50 (The Philips Affiniti 50 Ultrasound; Philips North America
Corporation 3000 Minuteman Road M/S 109 Andover, MA
01810, USA) ultrasonography (US) device used by radiologists
in our hospital’s radiology clinic. Philips Affiniti 50 brand US
device is a well-equipped device that provides radiologists with
new levels of clinical knowledge by providing easy examination
with advanced organ modeling, image sectioning and proven
quantification.

This study was conducted in accordance with the ethical rules
with the approval of Medicana International Samsun Hospital
Clinical Research Ethics Committee (decision no: 7136, date:
20.05.2021). All participants were informed before the study
and were included in the study after their consent was obtained.
The study was conducted in accordance with the principles of
the Declaration of Helsinki.

Statistical Analysis

The data was transferred to IBM SPSS Statistics 22 (IBM,
Armonk, NY, USA) and processed. Frequency distribution
(number, percentage) for categorical variables and descriptive
statistics (mean, standard deviation) for numerical variables
were provided while assessing the study data. The Kolmogorov-
Smirnov test was used to determine if numerical variables
followed a normal distribution. For normal distribution variables,
independent sample t-test was employed to see if there was a
difference between the two groups. For variables that did not fit
a normal distribution, the Mann-Whitney U test was utilized.
To assess the association between two category variables, the
chi-square test was performed. In addition, the cut-offs for the
variables were determined using receiver operating characteristic
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(ROC) analysis. The statistically significant two tailed p-value
was considered as <0.05.

Results

A total of 1484 (980 female, 504 male) patients were included in
the present study. The mean age of the patients was 54+12.5 (18-
75). The biochemical parameters used in our study, the plasma
glucose (124.6+24.5 mg/dL), triglyceride (198.3+36.8 mg/dL),
insulin (16.5+5.6 ulU/mL), and HOMA-IR 4 level (8+1.2) were
at statistically and significantly higher levels in the patients than
in the control group (p=0.001). The clinical data, demographic
characteristics, and biochemical data of the cases are shown in

Table 1.

The fasting plasma glucose and triglyceride levels were found
to be higher at statistically significant levels in the group with
gallstones when compared to the group without gallstones in
our study (p=0.001). It was found that the basal TyG index was
associated with the primary endpoint incidence of gallstones at
significant levels. The TyG index was associated with hazard ratio
(HR) 1.65 as a continuous variable in univariate analysis [95%
confidence interval (CI) 1.15-1.98; p<0.001]. The cut-off value
of the TyG index was 4.82 for gallstone disease. Area under the
ROC curve (AUROC)=0.789 (95% C10.783-0.795). The 24.82
TyG Index value identified gallstone disease with a sensitivity of
74.2% and a specificity of 72.5% (Figure 1). The TyG index
value was accepted as 4.49; the intersection point with IR with a
sensitivity of 82.6% and specificity of 82.1% in previous studies
(AUC=0.889, 95% CI: 0.854-0.924) (11).

Discussion

Among the pathogenic factors for gallstones, genetic
predisposition, hepatic oversecretion of cholesterol, oversaturated
bile, oversaturation and inflamation in the gallbladder, and
altered bowel microbiota are mentioned in previous studies
(12). The pathophysiology of this disease are associated with IR,
overweight, metabolic diseases, and DM (13,14). Gallstones are
among the consequences of metabolic disorders. In this respect,
using tests and markers to predict metabolic diseases may be
predictive for gallstones from the consequences of metabolic

diseases.

IR was used as an important tool for metabolic disorders for
many years (15). The HEC is the best test for IR measurement.
However, it cannot be used commonly in clinical settings
because of the complexity of the test process (16). Metabolic
disorders are related with the chronic increases in plasma glucose
and triglycerides. It was reported in recent studies that the TyG
index is associated with IR that is measured with the HEC test
at significant levels. It was shown that it performs better than
the HOMA-IR evaluation (17,18). In the present study, it was
found that the HOMA-IR level was higher in gallbladder stone
disease. We can speculate that some gallstones are the result of
metabolic diseases.

The pathogenesis of gallstones has not yet been fully understood.
New risk factors continue to be identified in addition to previous
risk factors (19). In this respect, one of the most important risk
factors is IR. Many previous studies showed that non-insulin-
dependent diabetic patients have a risk factor in this regard (20).
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Figure 1. The ROC curves of the triglyceride-glucose index,
as a marker for predicting gall stone disease. The AUC of
ROC curves of the triglyceride-glucose index to predict gall
stone disease (AUC) 0.789 (%95 CI 0.783-0.795; p=0.001).

ROC: Receiver operating characteristic, AUC: Area under the
curve, Cl: Confidence interval

Table 1. The relation between clinical, demographic, biochemical characteristics and TyG index values of the participants of

both groups
Parameters Gallstones (n=1484) Non-gallstones (n=256) p-value
Age 58.5£12.4 59.1%£11.5 0.592
Female, sex (%) 980 (66.03%) 175 (68.35%) 0.494
Fasting plasma glucose (mg/dL) 124.6+£24.5 102.5£18.3 0.001
Triglycerides (mg/dL) 198.3+36.8 156.9+24.7 0.001
Insulin (ulU/mL) 16.5£5.6 9.5+1.1 0.001
TyG index 5.06+£0.04 4.81+0.03 0.001
HOMA-IR 4.8+1.2 2.310.7 0.001

Data are expressed as mean = SD, median or number (%). TyG index: Triglyceride-glucose index, HOMA-IR: Homeostasis model assessment of insulin resistance
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In these studies, it was reported that the most important risk was
that IR might be the primary factor playing roles in the formation
of gallstones (21,22). The relation between gallstones and
metabolic syndrome and/or IR syndrome is the subject of recent
reports (22,23). However, there are very few data on the relation
with IR. It was found in our study that the fasting plasma glucose
and insulin values, which are among the metabolic parameters,
were statistically higher in the patients compared to the control
group. We also detected IR in the group with gallstones.

It was reported in previous studies that the risk factors for cholesterol
gallstones were increased waist circumference and central fat
deposition. It was shown that these two factors are frequently
related with hyperlipidemia (especially hypertriglyceridemia and
low-high-density lipoprotein concentrations) (24,25). These
increased bile cholesterol concentrations and gallbladder mucin
secretion caused by hypertriglyceridemia may constitute the
basic steps in the pathogenesis of gallstones (26-28). We showed
in our study that the triglyceride level is significantly higher. It
might be the preliminary finding of metabolic gallstones.

It was shown in recent studies that the TyG index can predict
the incidence of fatty liver disease (29). It was shown that it is
the definition and predictor of metabolic syndrome (30). It was
also shown to be a risk determinant and predictor in prediabetes,
diabetes, coronary syndrome, hypertension, macrovascular
complications and obesity, which are the reflections of IR
and/or metabolic diseases, and these diseases are strongly
associated with the TyG index (31-34). Some gallstones are
detected in patients with metabolic syndrome associated with
hyperinsulinemia, hypertriglyceridemia, and high glucose levels.
IR, metabolic syndrome, and gallstones were investigated very
little in previous studies, and the data are very inadequate in
this respect. The relation between the TyG index and gallstones
was not investigated until now. Our study is the first one in
this regard. It was determined in our study that the incidence
of gallstone disease, which is the primary endpoint and the TyG
index were significantly associated. As a continuous variable, the
TyG index was associated with HR 1.65 in univariate analysis
(95% CI 1.15-1.98; p<0.001). The cut-off value of the TyG
index was 4.82 for gallstone disease. AUROC=0.789 (95% CI
0.783-0.795). The TyG index 24.82 identified gallstone disease
with a sensitivity of 74.2% and a specificity of 72.5%. We
showed that there is a strong relation between gallstone disease

and the TyG index.

Conclusion

When the findings of this study were evaluated, it was found
that high TyG index scores were associated with gallstone disease.
We showed that the TyG index is a definition and predictor of
gallstone disease. For this reason, it can be used as an identifying
marker for screening people who have gallstone disease and as an
indication for therapeutic precautions.
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ABSTRACT

Objective: The aim of this study was to investigate the effect on
coronavirus disease-2019 (COVID-19) of glyoxal (GO), which is a
precursor of advanced glycation end-products, in diabetic and non-
diabetic patients, treated in hospital for COVID-19 who were of

similar age and disease severity with similar comorbidities.

Methods: The study included 57 patients. Measurement of GO
was made with the high-performance liquid chromatography
method.

Results: The GO values were found to be higher in the diabetic
group than in the non-diabetic group (p=0.001, p<0.01). The
length of stay in hospital was longer in the diabetic group (p=0.017,
p<0.05). The white blood cell, neutrophil, neutrophil/lymphocyte
ratio, procalcitonin, and ferritin values were determined to be
higher in the diabetic group than in the non-diabetic group
(p=0.006; p=0.005, p=0.017, p=0.011, p=0.030). Although the
mortality and intensive care unit admission rates were similar in
the diabetic and non-diabetic patients of similar age with similar
comorbidities and COVID-19 severity, the total length of stay
in hospital was determined to be longer in the diabetic patients.

(074

Amag: Bu calismanin amact, ileri glikasyon son iiriinlerinin énciilii
olan glioksalin (GO), koronaviriis hastaligi-2019 (COVID-19)
nedeniyle hastanede tedavi géren benzer yas ve benzer komorbiditeli
hastalik siddetine sahip diyabeti ve diyabeti olmayan hastalardaki
etkisini aragtirmaktir.

Yontemler: Calismaya 57 hasta dahil edildi. GO él¢iimii yiiksek
performansli stvi kromatografi yontemiyle yapildi.

Bulgular: Glioksal degerleri diyabetik grupta diyabetik olmayan
gruba gore daha yiiksek bulundu (p=0,001, p<0,01). Hastanede
kalis siiresi diyabetik grupta daha uzundu (p=0,017, p<0,05).
Beyaz kan hiicresi, nétrofil, nétrofil/lenfosit orani, prokalsitonin
ve ferritin degerlerinin diyabetik grupta diyabetik olmayan gruba
gore daha yiiksek oldugu belirlendi (p=0,006; p=0,005, p=0,017,
p=0,011, p=0,030). Benzer yastaki, komorbiditeleri ve COVID-19
siddeti benzer olan diyabetik ve diyabetik olmayan hastalarda
mortalite ve yogun bakima yatis oranlari benzer olmasina ragmen,
diyabetik hastalarin hastanede toplam kalis siiresinin daha uzun
oldugu belirlendi. Diger enflamasyon Dbelirtegleriyle birlikte
GO’nun diyabetik grupta daha yiiksek oldugu belirlendi.
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ABSTRACT

Together with other inflammation markers, GO, was determined
to be higher in the diabetic group.

Conclusion: The results of this study showed that elevated GO
could be associated with a prolonged recovery time in COVID-19.

Keywords: Advanced glycation end-products, COVID-19,
diabetes, glyoxal, length of stay in hospital

Introduction

The whole world has been affected by the coronavirus
disease-2019 (COVID-19) pandemic for more than 2 years
and as of December 2021, approximately 696 million people
worldwide have contracted this disease and approximately nearly
6.9 million lives have been lost associated with the disease. In
Tiirkiye, nearly 17.2 million people have caught the infection to
date, and the number of deaths is approximately 102.174 (1).
The morbidity and mortality rates of COVID-19 are known
to be increased by advanced age, and comorbidities such as
hypertension (HT) and diabetes (2). The frequency of type
2 diabetes is currently increasing in direct proportion to the
increasing incidence of obesity and poor nutrition, especially in
developed countries (3).

One of the mechanisms leading to damage in several body
systems in diabetes is an increase in the level of advanced
glycation end-products (AGE) (4). AGEs are a heterogenous
substance group in irreversible form as a result of a non-enzymatic
reaction between reducing sugars such as fructose and glucose,
and proteins, lipids, or nucleic acids (5). In addition to AGE
obtained directly from the diet from foods with a high level,
the consumption of foods containing high amounts of simple
sugars causes endogenous AGE production (6). Glyoxal (GO)
is a precursor of AGE. Although the accumulation of AGEs in
tissue is known to play a role in the pathogenesis of diseases such
as atherosclerosis, neurodegenerative and chronic inflammatory
diseases, the accelerated accumulation of AGE in conditions
such as diabetes and insulin resistance in particular, leads to the
early development of comorbidities (7-9).

The aim of this study was to investigate the effect on COVID-19
of GO, which is a precursor of AGE, in diabetic and non-diabetic
patients, treated in hospital for COVID-19 who were of similar
age and disease severity with similar comorbidities.

Methods

Approval for this prospective study was granted by the University
of Health Sciences Tiirkiye, Bakirkdy Dr. Sadi Konuk Training
and Research Hospital’s Ethics Committee (desicion no: 2020-
12-37, date: 08.06.2020). All the procedures were applied in
compliance with the principles of the Helsinki Declaration.
Prior to enrollment, each patient provided written informed
consent for their participation in the study. The study included
patients diagnosed as having COVID-19 from a positive real-

oz
Sonug: Bu calismanin sonuglari, yitksek GO’nun COVID-19'da
uzun siireli iyilesme siiresiyle iligkili olabilecegini gosterdi.

Anahtar Sézciikler: leri glikasyon son {iriinleri, COVID-19,
diyabet, glioksal, hastanede kalis siiresi

time polymerase chain reaction test of a nasal and pharyngeal
smear sample, who were admitted for treatment to our
hospital between 1 March and 31 May 2021. Patients were
excluded from the study if they were aged <18 years, did not
wish to participate in the research, had body mass index >30,
had received immunosuppressive treatment, had congenital
immunosuppression or had received
treatment within the last 15 days. The treatments of the patients
in the study were not changed and no additional drugs were
administered for the study.

anti-inflammatory

The patients in the study were separated into 2 groups as those
with and without type 2 diabetes according to the American
Diabetes Association criteria (10). Care was taken that the groups
had similar distribution of age, gender, and comorbidities. In
accordance with the hospital rules, patients were only fed from
the hospital canteen and received no food from outside the
hospital.

On first presentation at the hospital, a2 mL venous blood sample
was taken by an experienced nurse, after at least 8 hours fasting,
before the administration of any antiviral or immunosuppressive
treatments, including steriods.

Hemoglobin Alc (HbAlc) was measured with the high-
performance liquid chromatography (HPLC) method in an
Adams Premier Hb 9210 (Trinity Biotech, USA) device.

For the measurement of GO, a system similar to HPLC with
some modifications, as explained by Cengiz et al. (11) was
used. The HPLC system includes a Shimadzu SPD-20A UV/
VIS detector (Shimadzu Corporation, Kyoto, Japan) and a
Shimadzu LC 20AT pump. The mobile phase is formed of
methanol, water, and acetonitryl (42:56:2, v/v/v) and has a
254 nm wavelength. GO was separated with an Inersil ODS-
3, 250x4.6 mm, 5 um column at the rate of 1 mL/min. The
temperature of the column oven was 30 °C. The reference ranges
in the hospital laboratory were as follows; white blood cells
(WBCQO): 3.7-10.1x10%/pL, neutrophils (NEU): 1.63-6.96x10%/
uL, lymphocytes (LYM): 1.09-2.99x10%/uL, and hemoglobin
(HGB): 12.9-15.9 g/dL. The upper limit was defined as 0.5
ng/mL for procalcitonin (PCT) and 5 mg/mL for C-reactive
protein (CRP). Internal quality control and external quality
reliability were applied for the accuracy of the tests applied.
A Beckman Coulter AU5800 clinical chemistry analyzer
(Beckman Coulter, Brea, CA, USA) was used to measure
ferritin levels and an ADVIA 2120 hematology autoanalyzer
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(Siemens Healthcare Diagnostics, Erlangen, Germany) was
used for complete blood count.

Classification of the lung involvement of the patients was
performed using a semi-quantitative scoring system on computed
tomography images. Each of the 5 lobes of the lungs were scored
from 0-5 as follows; 0: no involvement, 1 <5% involvement, 2:
25%, 3: 26-49%, 4: 50-74%, and 5: >75% involvement. For
this study, the patients were separated into 3 groups according to
the severity of pneumonia as mild (<25% lung involvement on
CT), moderate (26-74% lung involvement), and severe (>75%
involvement).

In the classification of patients according to clinical condition,
those with mild symptoms and oxygen saturation within normal
limits (>98%) were accepted as mild disease, patients with blood
oxygen saturation of 98-94% in room air as moderate disease,
and the symptoms of severe disease were accepted as evident
tachypnea (respiratory rate >30/min), hypoxemia (oxygen
saturation <93%, inhaled oxygen fraction ratio of partial artery
oxygen pressure <300), and pulmonary leakage (>50% lung
involvement) (12). Patients classified as having mild disease
severity were not included in the study and analysis was only
made of the two groups of patients with moderate and severe
disease severity.

Statistical Analysis

Data obtained in the study were analysed statistically using NCSS
software (Number Cruncher Statistical System). Descriptive
statistical methods were used and data were stated as mean *
standard deviation, median, minimum, and maximum values, or
number (n) and percentage (%). The conformity of quantitative
data to normal distribution was assessed with the Shapiro-Wilk
test and graphic examinations. In the comparisons of two groups
of quantitative variables, the Student’s t-test was used for data
with normal distribution and the Mann-Whitney U test for data
not showing normal distribution. The Pearson's chi-square test

and Fisher’s exact test were used in the comparisons of categorical
data. The level of statistical significance was accepted as p<0.05.

The sample size was calculated from power analysis performed
using G*Power (v3.1.7) software. At the start of the study, taking
10 subjects in each group, power was calculated as 0.928, and
when the pilot study was applied, it was seen to be necessary
to have a total of 40 subjects with 20 in each group to obtain
a=0.05 and 80% power.

Results

The study included 57 patients treated as hospital in-patients for
a diagnosis of COVID-19 pneumonia. The patients comprised
36 (63.2%) males and 21 (36.8%) females with a mean age of
63.5 years (range, 26-90 years). The patients were separated
into 2 groups of diabetic and non-diabetic patients, with no
difference determined between the groups in respect of age and
gender distribution (Table 1).

No statistically significant difference was determined between
the groups in respect of age, gender, World Health Organization
classification of disease severity, admission to ICU, or mortality
rates (p>0.05). The GO levels were determined to be significantly
higher in the diabetic group than in the non-diabetic group
(p=0.001, p<0.01). The length of stay in the hospital was
significantly longer in the diabetic group than in the non-diabetic

group (p=0.017, p<0.05) (Table 1).

No statistically significant difference was determined between the
groups in respect of the rates of HT, CAD, COPD, malignancy,
CRE and cerebrovascular event (CVE), or in the distribution of
pneumonia severity (p>0.05). CVE was seen in 1 patient in each

group (Table 2).

The WBC, NEU, NLR, PCT, and ferritin values were determined
to be statistically significantly higher in the diabetic group than in
the non-diabetic group (p=0.006; p=0.005, p=0.017, p=0.011,

Table 1. Comparisons between the diabetic and non-diabetic groups of the demographic and clinical data and glyoxal levels

Age (y ) Mean = SD
ge (years
Median (min-max)

Mean £ SD
Glyoxal (ng/ml) Median (min-max)

. . Moderate
Clinical disease status
Severe

Mean = SD
Length of stay in hospital (days) . .
Median (min-max)

No
Admission to ICU
Yes
. No
Mortality
Yes

Diabetic Non-diabetic

(n=29) (n=28) p-value
64.86£11.89 62.21£15.19
50.466
64 (43-89) 60 (26-90)
25.37414.99 13.58+7.90
20.001**
20.7 (3.8-64.8) 11.6 (2.1-34.6)
15(51.7) 18 (64.3)
<0.337
14 (48.3) 10 (35.7)
17.03£9.52 12.50£9.87
20.017*
14 (5-39) 8 (4-39)
24 (82.8 24 (85.7
(62.8) (85.7) 41.000
5(17.2) 4(14.3)
26 (89.7) 26 (92.9)
{ { 41.000
3(10.3) 2(7.1)

2Mann-Whitney U test, ®Student's t-test, ‘Pearson's chi-square test, SFisher's exact test, *p<0.05, **p<0.01, ICU: Intensive care unit, SD: Standard

deviation, Min: Minimum, Max: Maximum
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p=0.030, respectively). The HbAlc value was mean 8.1% in the
diabetic group and 5.5% in the non-diabetic group (Table 3).

Discussion

Although the mortality rate is known to be high in COVID-19
patients with diabetes (13), the current study results showed no
statistically significant difference despite the numerically higher
number of diabetic patients who developed mortality (3/29 vs.
2/28). This was attributed to the low number of patients. As
comorbid diseases were known to affect morbidity and mortality

Table 2. Evaluation of additional diseases in the groups

. . Non-
DIE;};UC diabetic
(n=29) (n=28) p-value
n (%) n (%)
Absent 13 (44.8) 15 (53.6)
Hypertension €0.509
Present 16 (55.2) 13 (46.4)
Absent 23(79.3) 26(92.9)
CAD 90.253
Present 6 (20.7) 2 (7.1)
Absent 27 (93.1) 24 (85.7)
COPD 90.423
Present 2 (6.9) 4(14.3)
_ Absent 28(96.9) 27 (96.4)
Malignancy 91.000
Present 1(3.4) 1(3.6)
Absent 23(79.3) 27 (96.4)
CRF 90.102
Present 6 (20.7) 1(3.6)
Mild 12 (44.4) 8(19.6) €0.436
Pneumonia severity Moderate 11 (40.7) 12 (44.4)
Severe 4(14.8) 7 (25.9)

Pearson's chi-square test, Fisher's exact test, CAD: Coronary artery disease,
COPD: Chronic obstructive pulmonary disease, CRF: Chronic renal failure

in COVID-19 patients (1), care was taken to have a balanced
distribution of additional diseases in the diabetic and non-
diabetic groups. Taking into consideration that aging had an
effect on AGE, (14) attention was also paid to ensuring similar
mean ages in both groups. The disease severity was similar in the
patients in both groups as there was a potential effect on the AGE
level of systemic changes caused by disease severity. Throughout
the hospitalization period, the patients received similar oral or
parenteral nutrition, thereby ensuring that the amount of GO,
which is the strongest precursor of AGE, was at the forefront of
the conditions related to intrinsic reasons (type 2 diabetes) in the
patients.

In the clinical table of COVID-19, the role of cytokine storm,
increased cytokines and the levels of inflammatory parameters
have been shown to have an effect on prognosis and mortality
(15). In individuals with diabetes, there is a low-grade chronic
inflammation which can facilitate a cytokine storm, and
this seems to be the cause of severe COVID-19 pneumonia
and ultimately death in many patients (16). Higher levels of
inflammatory markers [fibrinogen, CRP, D-dimer, interleukin-6
(IL-6)] have been determined in COVID-19 patients with
diabetes compared to those without diabetes. Agents targeting
IL-6 have been used in treatment and have provided significant
benefits (17). In the current study, WBC, NEU, PCT, and
ferritin levels were determined to be significantly higher in
diabetic patients, supporting that there was inflammation
present. Many studies have shown that high ferritin levels in
COVID-19 patients are associated with severe illness and poor
prognosis. Ferritin is the primary storage form of iron in the
body and can increase in situations such as inflammation or
tissue damage. Elevated ferritin levels in COVID-19 patients
are generally considered a sign of systemic inflammation and
cytokine storm. This condition can lead to overstimulation of
the immune response and tissue damage. High ferritin levels

WBC

LYM

NEU

NLR

PCT

Ferritin

HbA1c

®Mann-Whitney U test, ®Student's t-test, *p<0.05, **p<0.01, ICU: Intensive care unit, SD: Standard deviation, Min: Minimum, Max: Maximum, WBC: White blood cell,

Table 3. Biochemical analysis results of the groups

Mean + SD
Median (min-max)
Mean + SD
Median (min-max)
Mean + SD
Median (min-max)
Mean + SD
Median (min-max)
Mean + SD
Median (min-max)
Mean + SD
Median (min-max)
Mean + SD

Median (min-max)

Diabetic (n=29) Non-diabetic (n=28) p-value
10863.45+5067.53 7480+3646.44

50.006**
11100 (3450-23700) 6745 (2440-19430)
1812.41£1863.42 1545.03+704.19 e
1320 (180-10200) 1445 (61-2890) ’
8193.45+4668.21 5072.14+3378.21

30.005%*
7910 (1950-18910) 4525 (120-17410)
8.56+10.14 3.89+3.6

30.017*
4.8 (0-48) 2.7 (1-19)
1.06+2.24 0.61+£2.70

20.011*
0.16 (0-10.6) 0.07 (0-14.3)
366.91+£307.72 176.64£169.32

20.030*
281.8 (20.9-1070.4) 143.05 (9-694)
8.90+2.19 5.65+0.36

20.001**
8.1 (6.5-16.5) 5.5 (5.3-6.2)

LYM: Lymphocyte, NEU: Neutrophil, NLR: Neutrophil/lymphocyte ratio, PCT: Procalcitonin, HbA1c: Hemoglobin A1c
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have also been associated with multi-organ dysfunction and
increased mortality risk in COVID-19 patients (18). AGE is
a group of complex and heterogenous components, which
play a role in complications related to diabetes. Just as it may
be the cause of complications observed in diabetes, it may also
be formed as a result of complications (19). The results of the
current study demonstrated a significantly high level of GO,
which is a precursor of AGE, in the diabetic group. The elevated
GO level and elevated parameters related to accompanying
inflammation in the diabetic group of patients diagnosed as
having COVID-19 may be a reason for delayed recovery and
prolonged length of stay in hospital.

Previous in vitro studies have shown that elevated AGE is a
barrier to the formation of a healthy and necessary immune
response. Increasing oxidant stress in particular prevents the
repair and renewal of tissues (20). These views were supported
by the determination of the longer recovery period in the current
study of patients with a high level of GO, which is a precursor of
AGE, although they had similar disease severity.

The metabolic effects of AGEs in patients, particularly in the
context of COVID-19, warrant detailed elucidation. AGEs,
formed through non-enzymatic reactions between reducing
sugars and macromolecules, exert multifaceted effects on cellular
metabolism and signaling pathways. A study by Brownlee et
al. (21) highlighted the role of AGEs in exacerbating insulin
resistance, impairing glucose metabolism, and promoting the
development of diabetic complications. Furthermore, AGEs
contribute to chronic low-grade inflammation and oxidative
stress, which are key drivers of metabolic dysfunction in
diabetes and other metabolic disorders. In COVID-19 patients,
elevated AGE levels may exacerbate systemic inflammation and
endothelial dysfunction, thereby amplifying the severity of the
disease. Understanding the intricate interplay between AGEs and
metabolic pathways is crucial for unraveling the pathophysiology
of COVID-19 and developing targeted therapeutic interventions
(21).

There are endogenous and exogenous sources of AGE in the
body, and thus it was aimed in the current study to equalize
the exogenous sources of AGE intake throughout the period of
hospitalization. The patients were given both oral and parenteral
nutrition in hospital and received no other food. The fact that
all the patients had the same diet suggested a greater effect of
endogenous sources of AGE on the condition.

Study Limitations

There were some limitations to this study, primarily the low
number of patients and that AGEs were only examined during
the period of hospitalization. The low number of patients
prohibited evaluation of the relationship between low GO and
mortality. Further studies of larger numbers of patients may be
able to determine a statistically significant association between

the level of AGE precursors and COVID-19 mortality.
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Conclusion

The findings of this study underscore the complexity of
COVID-19 outcomes in diabetic patients, revealing a disparity
in the length of hospital stay despite comparable mortality and
ICU admission rates between diabetic and non-diabetic patients
with similar demographic and clinical profiles. Elevated serum
AGE levels observed in diabetic COVID-19 patients, along with
inflammatory markers, highlight the potential role of AGEs in
influencing disease severity and recovery trajectory. These results
emphasize the importance of considering metabolic factors,
such as AGEs, in the management and prognosis of COVID-19
patients, particularly those with underlying diabetes. Further
research is warranted to elucidate the mechanistic links between
AGEs and COVID-19 outcomes, paving the way for targeted
therapeutic strategies aimed at mitigating the impact of metabolic
dysregulation on disease progression and recovery.
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ABSTRACT

Objective: This single-center study aimed to assess the incidence
and predictors of carotid artery Xact stent fractures (SF) and their
impact on in-stent restenosis (ISR) during long-term follow-up.

Methods: A cohort of 108 patients (97 males, median age 69.4+8
months) who underwent Xact stent placement for internal carotid
artery stenosis between 2013 and 2021 and were diagnosed with SFs
through fluoroscopy in 2022 were included. SFs were categorized
as types I-V based on fracture characteristics. Follow-up included
duplex ultrasound examinations to assess stent patency.

Results: The average follow-up duration was 49.2+24.3 months,
with ISR observed in 10 patients. Twenty-three SFs (21.3%)
were identified: type I (5 patients), type II (7 patients), type
III (3 patients), type IV (6 patients), and type V (2 patients).
Calcification and stent length significantly predicted SFs
(p<0.001; p<0.028).

Conclusion: Calcification and stent length are associated with
Xact SFs, but SFs do not impact ISR during long-term follow-

up.

0z

Amag: Bu tek merkezli calismanin amaci, uzun siireli izlem
sirasinda karotis arter Xact stent kiriklarinin (SF) goriilme sikligin
ve ongoriiciilerini degerlendirmek ve bunlarin stent ici restenoz

(ISR) iizerindeki etkisini degerlendirmektir.

Yéntemler: 2013-2021 yillart arasinda i¢ karotis arter darlig1 icin
Xact stent yerlestirilen ve 2022'de floroskopi ile SF tanist konan
108 hasta (97 erkek, ortanca yas 69,48 ay) kohortuna dahil edildi.
SFler kirik ozelliklerine gore I-V tiplerine ayrildi. [zlem, stent
gecirgenligini degerlendirmek icin dubleks ultrason muayenelerini
iceriyordu.

Bulgular: Ortalama izlem siiresi 49,2+24,3 aydi ve ISR 10 hastada
gozlemlendi. Yirmi ii¢ stent ki (%21,3) tanimlandi: Tip T (5
hasta), tip II (7 hasta), tip III (3 hasta), tip IV (6 hasta) ve tip V
(2 hasta). Kalsifikasyon ve stent uzunlugu SFleri anlamli olarak
ongordii (p<0,001; p<0,028).

Sonug: Kalsifikasyon ve stent uzunlugu, Xact stent kiriklari
ile iliskilidir, ancak SFler uzun siireli izlem sirasinda ISR’yi
etkilememektedir.
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ABSTRACT

Keywords: Internal carotid artery, Xact stents, stent fracture, in-
stent restenosis

Introduction

In selected patient groups, carotid artery stenting (CAS) is an
increasingly common endovascular treatment method for The
carotid artery stenosis (CAS). Developing techniques for access and
devices in CAS provide patients with better procedural outcomes
through a minimally invasive procedure (1). In cases where surgical
access is challenging, CAS may offer advantages over carotid
endarterectomy (CEA), resulting in fewer cranial nerve injuries and
wound complications (2). Due to repeated motion of the head and
neck, the carotid arteries experience daily movements, including
flexion, extension, and rotation. Following CAS, these carotid
arteries are subjected to constant mechanical stress caused by these
movements, which can lead to stent fractures (SF) occurring at the
rates ranging from 0% to 39% (3,4). It has been previously shown
that SF may be associated with in-stent restenosis (ISR) or other
significant adverse clinical events in coronary and peripheral arteries
(5). However, the relationship between SF and ISR in patients with
carotid stents remains a subject of ongoing debate (6).

The aim of this study is to investigate the frequency of SF in
Xact stents, which are the most commonly used type of stent
in our clinic for the treatment of internal carotid artery (ICA)
stenosis, and to examine their impact on the development of
ISR during long-term follow-up. Additionally, it aims to assess
potential factors associated with the development of SF in ICA
and determine the need for treatment in such cases.

Methods
Study Population

Our research constitutes a retrospective observational cohort
study conducted at a single center. Ethical approval was granted
by the University of Health Sciences Tiirkiye, Mehmet Akif
Ersoy Thoracic and Cardiovascular Surgery Training and
Research Hospital, and the study adhered to the principles
outlined in the Helsinki Declaration (decision no: 2023.08-84,
date: 24.10.2023). Over the period spanning January 2013 to
December 2021, we enrolled a total of 134 consecutive patients
who underwent endovascular intervention using Xact stents
for ICA stenosis at our institution. The inclusion criterion was
as follows: Availability of all medical records for retrospective
analysis and patients who underwent CAS using Xact stents.
The exclusion criterions were as follows: Patients with a history
of systemic inflammation (n=>5), familial hyperlipidemia (n=3),
vasculitis (n=2), Burger’s disease (n=1), and those with inadequate
clinical and preoperative parameters (n=11) were excluded from
the study. Additionally, patients who underwent emergency CEA
after the procedure (n=4) were not included in the study. After
the inclusion and exclusion criteria, a total of 108 patients were
included in the study.

0z

Anahtar Sézciikler: I¢ karotis arter, karotis stentler, stent kirigs,
stent i¢i restenoz

Demographic data, laboratory findings, and outcomes were
collected from hospital records, file reviews, and telephone
interviews. The CAS was routinely evaluated bilaterally
using two-sided carotid duplex ultrasonography (DUS), and
afterward, patients were verified through computed tomography
angiography (CTA) or digital subtraction angiography
(DSA). Our vascular team, consisting of an experienced
interventional cardiologist, a consulting neurologist, and a
cardiovascular surgeon, determined the indication for CAS.
CAS was performed on patients with high surgical risk who
had asymptomatic CAS of 70-99%, with procedure-related
death and stroke rates of less than 3%, and a life expectancy
of more than 5 years. Additionally, CAS was performed on
patients with symptomatic CAS of 50-69% and procedure-
related death and stroke rates of less than 6%. Symptomatic
carotid stenosis was defined as the occurrence of symptoms of
stroke or transient ischemic attack within the last 6 months.
Asymptomatic carotid stenosis was defined as the absence of
previously identified symptoms or symptoms occurring more
than 6 months ago. Coronary artery disease was defined as
having a history of angina pectoris, myocardial infarction, or
coronary revascularization. Diagnosis of chronic heart failure
required a left ventricular ejection fraction of less than 50%
and the presence of one or more of the following: symptoms,
clinical signs, radiographic abnormalities, and hospitalization.
Chronic kidney disease is defined as a glomerular filtration rate
of less than 60 mL/min/1.73 m? that persists for more than
3 months. Peripheral artery disease is defined as the presence
of arterial lesions in the lower extremities detected by imaging
methods along with the presence of claudication, or a history of
peripheral revascularization. Stenosis of the contralateral ICA
was defined as 50 percent or greater. The distal tortuosity index
(TI) was calculated by referencing the course of the ICA from
the carotid bulb, where it enters, to the base of the skull, where
the carotid canal is located (7). The total length of the ICA’s
natural anatomical course, which is curved or angled between
these two reference points, is considered as the “arch length”
when measured. The straight distance measured between the
carotid bulb and the base of the skull is referred to as the “cord
length”. Therefore, the distal TT is expressed with the following
formula: TI = [(arch length/cord length - 1) x 100]. TT was
calculated by two independent observers from DSA images of
patients in the PACS system. Intra-observer and inter-observer
differences for SF were less than 5%.

Grading of Calcification

The assessment of ICA calcification was conducted as follows:
Circularity (continuous and discontinuous) and thickness (thick
>1.5 mm and thin <1.5 mm); none (no calcification), mild (thin
and discontinuous calcification), moderate (thin and continuous

375



Altunova et al. Stent Fractures and in-Stent Restenosis

calcification or thick and discontinuous calcification), and severe
(thick and continuous calcification) (8).

Figure 1 shows calculation of TI. In this example, with a total
arch length of 86.3 mm and a cord length of 74.9 mm, TI for
this patient was calculated as 15.22. TT was calculated with the
following formulation:

TI=1[(86.3/74.9-1) x 100] = [(1.1522 - 1) x 100] = [0.1522
x 100] = 15.22

Procedural Data and The Stenting Method

All procedures were performed by two experienced interventional
cardiologists. All procedures were performed via femoral access.
Prior to obtaining percutaneous femoral artery access, all patients
received local anesthesia. Systemic fractionated heparinization
(70-100 U/kg) was administered to all patients. To assess the
severity of lesions and treatment methods, all patients underwent
preoperative conventional angiography and DSA cerebral
embolism protection devices (Spider FX - Emboshield NAV6 and
Filterwire EZ) were used in all cases, depending on availability.
In this study, Xact stents (Abbott Vascular, Santa Clara, CA) were
used. In general, pre-dilatation was carried out using balloons
ranging from 2 to 5 mm. Post-dilatation was predominantly
conducted using a 5 mm balloon, with a range of 4 to 6 mm.
To assess stent patency and any residual stenosis, intracranial
and extra cranial angiograms were routinely performed at the
end of the procedure. The technical success of the procedure was
defined as achieving a residual stenosis of 30% or less without
any occurrence of dissection or extravasation. All patients were
initiated on acetylsalicylic acid (100 mg/day) and clopidogrel
(75 mg/day) at least 1 week before the procedure, unless the
patient was already using these antiplatelet medications. Patients

2
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Figure 1. The formula for the distal tortuosity index is
indeed as follows: distal tortuosity index = [(arch length/
cord length-1) x 100]
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received dual antiplatelet therapy (DAPT) for 3 months, followed
by lifelong monotherapy unless there was a cardiac indication
for prolonged DAPT. All patients were hospitalized for a
minimum of 24 hours of neurological observation. Patients were
independently examined by a neurologist before and after the
procedure. Patients without any complications were discharged
from the hospital one day after the intervention.

Follow-Up

Follow-up examinations were conducted at intervals of 1, 6, and
12 months following the endovascular procedure, followed by
annual assessments thereafter.

During the follow-up visits, their clinical status, demographic
information, and medical history were re-documented. To
evaluate the carotid flows, ISR or carotid stenosis and presence of
any SE bilateral carotid DUS examinations were conducted. In
addition to ultrasound, some patients underwent anteroposterior
and lateral cervical radiographs to assess SE Information from
these patients’ ultrasounds and radiographs were obtained from
the hospital records system. ISR was defined as the presence of
270% stenosis within the stent. The presence of significant ISR
was confirmed using CTA or DSA. Primary patency was defined
as an open stent without the need for intervention.

Assessment of SFs

After evaluation of symptoms and DUS, patients were taken to
the DSA laboratory to detect SFs, and fluoroscopic images of the
ipsilateral neck area were obtained. The images were recorded
in standard and neurodevice modes. Close-up high-resolution
images were obtained from anterior-posterior, oblique, and
lateral angles to examine the integrity of the stent citrate in
detail. The fluoroscopic image evaluation was carried out by
consensus of two experienced interventional cardiologists.
The detected SFs were classified according to the classification
proposed by Nakazawa et al. (9) This classification consists of a
total of 5 grades: Type I (single strut fracture), type II (multiple
strut fractures without stent deformity), type III (multiple
strut fractures with stent deformity), type IV (complete stent
separation without gap), and type V (stent tearing, complete
SFs) (Figure 2). Patients were classified as SF (+) and SF (-)
based on the presence of SFs. Intra-observer and inter-observer
differences for SF were less than 5%.

Statistical Analysis

The statistical analysis of the study utilized the Statistical Package
for the Social Sciences version 26.0 (SPSS Inc., Chicago, Illinois,
USA). Various methods were employed to assess the distribution
of variables, including visual techniques such as histograms
and probability curves, as well as analytical methods like the
Kolmogorov-Smirnov test. Numerical variables adhering to
a normal distribution were summarized as mean + standard
deviation, whereas non-normally distributed numerical variables
were presented as median (interquartile range). Categorical
variables were expressed as percentages (%). To compare
numerical variables between groups, we employed -either
Student’s t-test or the Mann-Whitney U test, depending on
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Figure 2. A) Type | (single strut fracture), B) Type Il (multiple strut fractures without stent deformity), C) Type Il (multiple strut
fractures with stent deformity), D) Type IV (complete stent separation without gap), and E) Type V (stent tearing, complete stent
fracture)

the distribution of the data. Categorical variables were assessed
using either the chi-square test or Fisher’s exact test. Event-free
survival curves were generated using the Kaplan-Meier method
and compared using the log-rank test. Additionally, a univariate
and multivariate Cox proportional hazards model was utilized to
estimate hazard ratios and 95% confidence intervals (95%) for
clinical endpoints. Throughout the study, a significance level of
less than 0.05 (p<0.05) was considered statistically significant.

Results

The study comprised 108 patients, with a mean age of 69.4+8
years, of whom 97 (74.1%) were male. Patients were categorized
into two groups according to the presence or absence of SE
Table 1 displays the fundamental demographic, clinical,
and laboratory data of the study cohort. The groups with
and without SF exhibited similar demographic, clinical, and
laboratory characteristics. However, the presence of stenosis in
the contralateral carotid artery [12 (52) vs. 24 (28.2), p=0.031]
and the ISR rate [5 (21.7) vs. 5 (5.9), p=0.020] were significantly
higher in the group of patients who developed SE The lesion
characteristics and DUS data of the study group are summarized
in Table 2. The groups with and without SFs showed similarities
in terms of lesion characteristics. However, heavy calcification
was significantly higher in the group with SF [17 (73.9) vs. 14
(16.5), p<0.001], whereas less than heavy calcification grades
were higher in the SF (-) group [0 (0) vs. 6 (7.1), 0 (0) vs. 25

(29.4), 6 (26.1) vs. 40 (47.1), p<0.001] (Figure 3). Furthermore,
based on DUS, ICA/CCA [(1.7+1) vs. (1.120.3), p<0.001], peak
systolic velocity (PSV) [78 (65-138) vs. 68 (58-85.5), p=0.007],
and end-diastolic velocity (EDV) [29 (22-45) vs. 25 (18-30.5),
p=0.013] were significantly higher in the SF (+) group.

The outcomes of procedural variables and stent characteristics
are presented in Table 3. The groups with and without SF
exhibited similarities in relation to these variables. However, the
stent length (37.8+4.2 vs. 35.2+5.3, p=0.028) was found to be
longer in the group of patients who had SE

Univariate and multivariate Cox regression analyses were
conducted to identify long-term predictors of ISR. Among these
parameters, proximal diameter of the stent (p=0.008), post-
dilatation (p=0.041), smoking status (p=0.048), and white blood
cell count (p=0.039) demonstrated significant associations. A
multivariate Cox regression analysis was performed using these
variables. As a result of the multivariate Cox regression analysis,
there was not any independent predictor for long-term ISR
among these variables (Table 4).

The Kaplan-Meier method revealed no significant difference
(log-rank p=0.164 between the groups) (Figure 4), indicating
that the presence of SFs could not be linked to the development
of long-term ISR.
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Table 1. Basic demographic, clinical, and laboratory data of study patients

Variables SF (+) group (n = 23) SF (-) group (n = 85) p-value
Male sex, n (%) 18 (78.3) 62 (72.9) 0.606
Age, year, mean (SD) 69.118.1 69.418 0.871
Diabetes mellitus, n (%) 15 (65.2) 38 (44.7) 0.081
Hypertension, n (%) 14 (60.9) 39 (46.4) 0.220
Dyslipidemia, n (%) 7 (30.4) 23 (27.1) 0.748
Coronary artery disease, n (%) 9 (39.1) 39 (45.9) 0.563
Congestive heart failure, n (%) 2 (8.7) 10 (11.8) 0.678
Chronic kidney disease, n (%) 9 (39.1) 28 (32.9) 0.579
Peripheral artery disease, n (%) 5(21.7) 12 (14.1) 0.373
History of stroke, n (%) 7 (30.4) 37 (43.5) 0.257
History of TIA, n (%) 3(13) 8 (9.4) 0.609
History of CEA, n (%) 3(13) 8 (9.4) 0.609
Current smoking status, n (%) 9 (39.1) 30 (35.3) 0.734
Periprocedural stroke, n (%) 2 (8.7) 11 (12.9) 0.731
Postprocedural stroke, n (%) 2 (8.7) 7 (8.2) 1
SCCA, n (%) 12 (52.2) 24 (28.2) 0.031
Contralateral stroke, n (%) 1(4.5) 5(6.2) 0.773
Symptomatic related to stroke, n (%) 7 (30.4) 34 (40) 0.402
White blood cells, 10¢/L, mean (SD) 8+1.7 8.1£1.9 0.787
Hemoglobin, g/dL, mean (SD) 12.441.5 12.841.8 0.398
Serum creatinine, mg/dL, median (IQR) 0.9 (0.7-1.2) 1(0.8-1.2) 0.615
LDL cholesterol, mg/dL, mean (SD) 92+40.6 92.2+33.8 0.975
CRP, median (IQR) 2.6 (1.3-5.1) 2.6 (1.1-6.3) 0.976
Follow-up time, months 57.3+22.1 47+24.6 0.073
Instent restenosis, n (%) 5(21.7) 5(5.9) 0.020

Data are presented as percentage, mean * standard deviation or median (interquartile range). CEA: Carotid endarterectomy, CT: Computed tomography, SCCA:
Stenosis of the contralateral carotid artery, TIA: Transient ischemic attack, LDL: Low-density lipoprotein, CRP: C-reactive protein, SD: Standard deviation, SF: Stent

fractures, IQR: Interquartile range

Table 2. Lesion characteristics and Doppler ultrasonography

data of the study group

Variables ?:=(2+;)group ?:=(é)5§lr0up p-value
Lesion length, mm 11.1%5 10+4.9 0.324
DLFCB, mm 7.5£4.2 7+£3.7 0.582
Percentage of stenosis, % 83+10.7 80.7+12 0.238
DSFCB, mm 2518.2 24.4+7.2 0.751
Tortuosity index 13 (10-22) 13 (6.5-20) 0.327
ICA/CCA 1.7+1 1.1£0.3 <0.001
Calcification

No 0(0) 6(7.1)

Mild 0 (0) 25 (29.4) <0.001

Moderate 6 (26.1) 40 (47.1)

Heavy 17 (73.9) 14 (16.5)
PSV 78 (65-138) 68 (58-85.5) 0.007
EDV 29 (22-45) 25(18-30.5) 0.013
PSV/EDV 3+0.9 3.2+1.3 0.645

Data are presented as percentage, mean * standard deviation or median
(interquartile range). CCA: Common carotid artery, DLFCB: Distance of the
lesion from the carotid bulb, DSFCB: Distance of the stent from the carotid
bulb, EDV: End diastolic velocity, ICA: Internal carotid artery, PSV: Peak systolic
velocity, SF: Stent fractures
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Figure 3. The degree of calcifications according to stent
fractures

Discussion

In this study, we investigated and analyzed our clinical
experience and results concerning SFs those might be associated
with the development of ISR in long-term follow-ups after the
implantation of Xact stents for CAS. In this study, among 108
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patients who underwent CAS, SFs were detected in 23 (21.9%)
patients during long-term follow-up. When patients were
divided into two groups based on the presence or absence of
SFs, a significantly higher rate of ISR development was found
in the group with SFs (p=0.020). In DUS examination, it was
observed that in patients with SFs, the lesion causing stenosis
in the ICA was more frequently classified as severely calcified
(p<0.001). Additionally, in patients with SFs, at the time of SFs
detection, PSV and EDV were significantly higher compared
to patients without SFs (p=0.007 and p=0.013, respectively).
When examining procedural characteristics, it was observed
that in patients with SFs, stent length was significantly
longer (p=0.028). Regarding the development of ISR, when
investigating risk factors, none of the parameters was identified
as an independent predictor, moreover SFs did not emerge as a
significant factor. Additionally, when Kaplan-Meier analysis was
applied, no significant difference was found in terms of the time
to ISR development between patients with and without SFs.

Table 3. Procedural variables and informational data of the

stent
. SF (+) group SF(-)group

Variables (n =23) (n = 85) p-value
Predilation performed, 8(34.8) 32 (37.6) 0.801
n (%)
Postdilation performed, 16 (69.6) 53 (62.4) 0.523
n (%)
Stent proximal diameter, 8.240.9 8.340.6 0.585
mm
Stent distal diameter, mm 6.5+0.7 6.5+0.6 0.609
Stent length, mm 37.844.2 35.2+5.3 0.028
Side of the stent
implantation

e — 16 (69.6) 41 (48.2) 0.069

Left ICA 7 (30.4) 44 (51.8)
Predilation balloon size, 3.140.9 3.640.8 0.182
mm
Postdilation balloon size, 4.940.6 4.840.5 0376
mm
Predilation balloon length, 17.6+2.5 1943.7 0334
mm
Postdilation balloon length, 19.6+12.3 19.6+1.5 0.925

mm

Data are presented as percentage, mean + standard deviation or median
(interquartile range). ICA: Internal carotid artery, SF: Stent fractures

In various studies, the incidence of SF in patients undergoing CAS
has been reported to range between 0% and 39% (3,4). While
many of these studies employed different stent types, the ACT 1
multicenter randomized trial (8), sponsored by Abbott Vascular,
exclusively used the Xact stent, and the SF rate was determined
to be 5.4%. In our patient cohort, all patients received the same
stent (Xact, Abbott Vascular, Santa Clara, CA). We observed a
proportionate rate of SF development (21.9%), consistent with
the literature, however, our SF rate was higher compared to the

findings of the ACT 1 Multicenter Randomized Trial.

The association between SFs and ISR were studied previously.
Sfyroeras et al. (6) analyzed 13 studies examining SFs that
developed after CAS (10 case reports and 3 clinical studies). A
total of 55 SFs were identified, with the most commonly used
stent associated with SFs being the Xact stent [22 SFs (40%)].
In 55% of cases, SFs were linked to ISR. SFs were frequently
connected to ISR and generally remained asymptomatic. In our
study, similar findings to the study by Sfyroeras et al. (6) were
obtained, where the rate of ISR in patients with SFs was higher
compared to patients without SFs (21.7% vs. 5.9%, p=0.020).
In another study conducted by Weinberg al. (10), they evaluated
1091 CAS procedures, and SFs were identified in 51 patients
(5.4%). Xact stents were used in all patients. Weinberg et al.
(10) did not find a relationship between CAS - related SFs and
adverse events. Additionally, contrary to our study, SFs were
not identified as a risk factor for ISR. Moreover, Garcia-Toca
et al. (11) evaluated 106 CAS procedures and identified SFs in
8 patients (7.5%). Both open and closed-cell stents were used

1.0
MRMRRE S Fracture
No
- 4 MYes
- 0.8 No-censored
E - Yes-censored
z +
= 0.6
w2
o
=
=
= 04
E
S
02 Log-rank, p=0,164
0.0
0 20 40 60 80 100 120

Time(months)

Figure 4. Kaplan-Meier survival curves for stent fractures in
long-term stent restenosis

Table 4. Univariate and multivariate Cox regression analyses to identify long-term predictors of restenosis

Univariate analyses

Multivariate analyses

HR 95%ClI (lower-upper) p-value HR 95%ClI (lower-upper) p-value
Proximal diameter of stent 0.444 0.244-0.807 0.008 0.676 0.339-1.350 0.267
Postdilation 0.242 0.062-0.944 0.041 0.278 0.059-1.302 0.104
Current smoking 3.618 1.012-12.933 0.048 2.700 0.634-11.502 0.179
WBC 1.405 1.017-1.941 0.039 1.399 0.990-1.976 0.057

WBC: White blood cells, CI: Confidence intervals, HR: Hazard ratio; others, see Table 1, Table 2 and, Table 3
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in this study, and similar frequencies of SFs were observed in
both groups [7 (87.5%) vs. 1 (38.5%), p=0.067)]. Garcia-
Toca et al. (11) did not find a relationship between SFs and
the development of adverse events. While the rate of ISR was
higher in patients with SFs, univariate and multivariate analyses
did not identify SFs as a risk factor for ISR. Furthermore, when
evaluating the duration of ISR development in long-term follow-
ups, no significant difference was found between patients with
and without SFs. On the other hand, case reports in the literature
indicate that severe cases with SF (Type 3-5) can lead to adverse
events and symptoms, necessitating treatment (12,13). Based on
these findings, presence of SFs and its association with adverse
events lack clinical significance.

In the literature, it has been observed that as the length of the
stent placed in the carotid artery and the TI (angle of deviation)
between the internal/common carotid arteries increase, the risk
of SF also increases (14). Consistent with the literature, in this
study, patients who developed SFs after CAS were found to
have longer stents (p=0.028). However, there was no significant
difference in TI between the group with SF and the group
without SF (p=0.327). The head and neck region, similar to
the femoropopliteal region, is a highly mobile area. Around the
central axis of the cervical vertebra, it undergoes 3-dimensional
flexion, extension, and rotational movements. Although these
movements are not entirely uniform, they affect the main
carotid artery and ICA, exhibiting similar motion mechanisms
in these vascular structures. However, studies have shown that
the vascular segment undergoing stent placement after CAS loses
some of this mobility, while other vascular segments without
stent intervention maintain partial mobility (14). Consequently,
this lack of alignment results in shear stress and compression on
the stent. As the stent length and tortuosity increase, the stent’s
ability to accommodate this motion mismatch decreases.

The association between the severity of calcification and SF has
been studied previously. The study by Chang et al. (3) examined
the results of 219 CAS procedures and found that the presence
of calcified plaques on direct radiography increased the rate of
SF compared to the absence of calcified plaques (62% vs. 15%,
p=0.001). Particularly severe calcification of the carotid artery
has been identified as a risk factor for complications after CAS.
Calcification affects the complete expansion of the stent in the
artery. Calcified plaque exerts an external force on the stent, and
rigidity increases in calcified vessels. This situation leads to SF
and ISR (3,15). In our study, consistent with the literature, the
rate of SF in severely calcified plaques was found significantly
higher (p<0.001).

Type of SF is another point of view to discuss. In their study,
Garcia-Toca et al. (11) classified patients with SFs based on the
type of SF and found that the most commonly observed type was
Type I-11. As the follow-up duration increases, it is likely that the
proportion of more severe Type III-V might increase. As far as
we are aware, there is currently no existing literature addressing
this particular issue.
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The type of SF is another perspective to discuss. Garcia-Toca
et al. (11) classified patients with SF based on the SF type and
found that the most common type was Type I-1I. In our study,
52.1% of cases were Type I-I1. It’s possible that our longer follow-
up period led to an increase in the prevalence of more severe Type
III-V SE. However, to the best of our knowledge, there is no
study in the literature that addresses this issue.

Study Limitations

This study had several limitations. Firstly, it was retrospective in
nature and involved a relatively small sample size. Secondly, only
a single type of stent was used for the CAS procedure, and the
significance and role of SFs in other open and closed-cell stents
were not investigated. Third, the exact date of SF occurrence
was not known. Forth, approximately half of the patients had
pre-existing computerized tomographic angiography; therefore,
fluoroscopic images were used in half of the patient group to
assess the presence and degree of calcification. Fifth, some
important plaque features, especially those found in vulnerable
plaques, were unknown: the presence of lipid core, parietal
thrombus, ulceration, intraplaque bleeding, etc. Lastly, lesions
with different etiologies resulted in a heterogeneous group of
patients.

Conclusion

SFs is a common complication after CAS and the diagnosis
of SFs requires careful and regular radiological assessment.
SF was found associated with calcification and stent length as
these factors increased the occurrence of SE Additionally, ISR
was found associated with SF however none of the parameters
analyzed in our study was found as independent predictor. While
mild SFs might lack clinical significance, evaluation of larger
patient groups is necessary for advanced SF types.

Ethics

Ethics Committee Approval: Ethical approval was granted by
the University of Health Sciences Tiirkiye, Mehmet Akif Ersoy
Thoracic and Cardiovascular Surgery Training and Research
Hospital, and the study adhered to the principles outlined
in the Helsinki Declaration (decision no: 2023.08-84, date:
24.10.2023).

Informed Consent: Retrospective observational cohort study.

Authorship Contributions

Surgical and Medical Practices: M.A., A.AY., M.E., Concept:
M.A., AAY., AL, Y.D., M.E, Design: M.A., EC.P, A.S., Data
Collection or Processing: M.A., AL, S.A., G.D., Analysis or
Interpretation: M.A., N.U., Literature Search: M.A., AAY,
EC.P, A.S., Writing: M.A.

Conflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: The authors declared that this study
received no financial support.



Bezmialem Science 2024;12(3):374-81

References

1.

Nikas DN, Makos X, Umemoto T, Liappas G, Pacchioni A, Zakarian
N, et al. Update on new stents and protection devices for carotid
artery stenting: what we know, what we learnt recently and what we
need to know. ] Cardiovasc Surg (Torino). 2017;58:13-24.
Carrafiello G, De Lodovici ML, Piffaretti G, Rivolta N, Ierardi AM,
DPetrillo M, et al. Carotid artery stenting: Influence of experience
and cerebrovascular risk factors on outcome. Diagn Interv Imaging.
2014;95:421-6.

Chang CK, Huded CP, Nolan BW, Powell RJ. Prevalence and clinical
significance of stent fracture and deformation following carotid artery
stenting. ] Vasc Surg. 2011;54:685-90.

Vértes M, Nguyen DT, Székely G, Bérezi A, Désa E. The incidence
and risk factors of stent fracture in patients treated for proximal
common carotid artery stenosis. ] Vasc Surg. 2020;71:824-31.

Adlakha S, Sheikh M, Wu J, Burket MW, Pandya U, Colyer W, et
al. Stent fracture in the coronary and peripheral arteries. J Interv
Cardiol. 2010;23:411-9.

Sfyroeras GS, Koutsiaris A, Karathanos C, Giannakopoulos A,
Giannoukas AD. Clinical relevance and treatment of carotid stent
fractures. ] Vasc Surg. 2010;51:1280-5.

de Vries EE, Pourier VEC, van Laarhoven CJHCM, Vonken EJ,
van Herwaarden JA, de Borst GJ. Comparability of semiautomatic
tortuosity measurements in the carotid artery. Neuroradiology.
2019;61:147-53.

Kockelkoren R, Vos A, Van Hecke W, Vink A, Bleys RL, Verdoorn
D, et al. Computed Tomographic Distinction of Intimal and Medial

10.

11.

12.

13.

14.

15.

Calcification in the Intracranial Internal Carotid Artery. PLoS One.
2017;12:e0168360.

Nakazawa G, Finn AV, Vorpahl M, Ladich E, Kutys R, Balazs I,
et al. Incidence and predictors of drug-eluting stent fracture in
human coronary artery a pathologic analysis. ] Am Coll Cardiol.
2009;54:1924-31.

Weinberg I, Beckman JA, Matsumura JS, Rosenfield K, Ansel GM,
Chaturvedi S, et al. Carotid Stent Fractures Are Not Associated With
Adverse Events: Results From the ACT-1 Multicenter Randomized
Trial (Carotid Angioplasty and Stenting Versus Endarterectomy
in Asymptomatic Subjects Who Are at Standard Risk for Carotid

Endarterectomy With Significant Extracranial Carotid Stenotic
Disease). Circulation. 2018;137:49-56.

Garcia-Toca M, Rodriguez HE, Naughton PA, Keeling A, Phade
SV, Morasch MD, et al. Are Carotid Stent Fractures Clinically
Significant? Cardiovasc Intervent Radiol. 2012;35:263-7.

Valibhoy AR, Mwipatayi BD, Sieunarine K. Fracture of a carotid
stent: an unexpected complication. ] Vasc Surg. 2007;45:603-6.

Hooker JD, Joyner DA, Farley EP, Khan M. Carotid Stent Fracture
from Stylocarotid Syndrome. ] Radiol Case Rep. 2016;10:1-8.
Coppi G, Moratto R, Veronesi ], Nicolosi E, Silingardi R. Carotid

artery stent fracture identification and clinical relevance. J Vasc Surg.

2010;51:1397-405.
Désa E, Nemes B, Bérczi V, Novik PK, Paukovits TM, Sarkadi H, et

al. High frequency of brachiocephalic trunk stent fractures does not
impair clinical outcome. J Vasc Surg. 2014;59:781-5.

381



Case Report

DOI: 10.14235/bas.galenos.2023.30074
Bezmialem Science 2024;12(3):382-3

Unilateral Large Mylohyoid Bridging the Dry Human

Mandible

Mandibula’da Gorilen Unilateral Genis Mylohyoid Kopri
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ABSTRACT

Forty-five mandibles (90 cases) used in education at the Anatomy
Departments of Bezmialem Vakif University, Hitit University
and Marmara University Faculty of Medicine were examined
macroscopically and the incidence of mylohyoid bridge was
investigated. In some cases, the proximal part of the mylohyoid
groove (sulcus mylohyoideus) may appear as a canal through a
bony bridge (mylohyoid arc = mylohyoid bridge). Knowledge the
frequency of mylohyoid bridge variations will contribute to the
literature studies on this subject and will guide the practice of oral
surgery and dentistry. Investigating anatomical variations, as well as
collecting anthropometric data, is important to draw attention to
clinical practices and guide clinicians.

Keywords: Mandible, mylohyoid bridge, sulcus mylohyoideus,
canalis mylohyoideus, mandibular foramen

Introduction

The mandible is a strong and mobile bone that forms the
skeleton of the lower jaw and consists of a corpus and two
rami. On the inner surface of the ramus mandibulae, there is
mandibular foramen, and on the front side, there is a protrusion
called lingula mandibulae, which is formed by the fusion of the
medial and lateral laminae of the compact bone. Under this
protrusion is the sulcus mylohyoideus, which starts from the
mandibular foramen and moves downwards. Mylohyoid branch
of inferior alveolar nerve. courses in sulcus mylohyoideus. This
nerve innervates the venter anterior of the mylohyoid and

(074

Bezmialem Vakif Universitesi, Hitit Universitesi ve Marmara
Universitesi Tip Fakiiltesi Anatomi Anabilim Dallar’'nda egitimde
kullanilan 45 alt ¢ene (90 olgu) makroskobik olarak incelenerek
mylohyoid képrii goriilme sikligr arastirildi. Sulcus mylohyoideus'un
proksimal kismi bazi durumlarda arcus mylohyoideus adi verilen
kemik bir képrii araciligiyla kanal seklinde goziikebilir. Mylohyoid
képrii varyasyonlarinin bulunma sikliginin bilinmesi, bu konudaki
literatiir calismalarina katk: saglayacag: gibi klinik uygulamalardaki
olast komplikasyonlarin énlenmesi icin oral cerrahi ve dis hekimligi
uygulamalarinda yol gsterici olacaktir.

Anahtar Kelimeler: Mandibula, arcus mylohyoideus, sulcus
mylohyoideus, canalis mylohyoidus, foramen mandibulae

anterior belly of the digastric muscles (1). Studies have reported
that the mylohyoid nerve is mainly a motor nerve but also
contains sensory fibers (2). In some cases, the proximal part of
the sulcus mylohyoideus may appear as a canal through a bone

bridge (arcus mylohyoideus = mylohyoid bridge) (3).

The mylohyoid bridge is a hyperostotic derivation that develops
from Meckel’s cartilage on the sulcus mylohyoideus. In cases
where a mylohyoid bridge is observed, the nerves and vessels
running in this canal may remain under pressure and may create a

barrier during anesthetic injection (4,5).
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Investigating anatomical variations, as well as collecting
anthropometric data, is important to draw attention to
clinical practices and guide clinicians. This study aimed to
determine the frequency of mylohyoid bridge variation on the
sulcus mylohyoideus in the mandible and to reveal its clinical
importance.

Case Report

Forty-five mandibles (90 cases) used in education at the Anatomy
Departments of Bezmialem Vakif University, Hitit University
and Marmara University Faculty of Medicine were examined
macroscopically and the frequency of mylohyoid bridge was
investigated. In cases where mylohyoid bridge variation was
detected, the vertical lengths of the sulcus mylohyoideus and
mylohyoid bridge were measured with a digital caliper. During
the examinations, a wide mylohyoid bridge was detected on
the proximal part of the sulcus mylohyoideus on the left side,
extending towards the mandibular foramen, in one of the 90
cases (1.1%). The vertical length of this bridge (between x-y)
was measured as 12.41 mm, and the length of the exposed
sulcus mylohyoideus (between y-z) was measured as 20.21 mm.
In this case, the length of the sulcus mylohyoideus on the right
side (between x-z) was measured as 22.7 mm (Figure 1, 2).

Figure 2. Left ramus mandibulae; a) inner view b) mylohyoid
bridge (red line)

Additionally, the transverse diameter of the mandibular foramen
was measured in this case on both sides; the average diameter on
the left side was 7.04 mm, and the diameter on the right side was
5.57 mm. Informed consent was obtained.

Discussion

It has been reported by many researchers that there is a bone
bridge on the sulcus mylohyoideus. In research, the mylohyoid
bridge is defined as a morphological variation and is referred to
as arcus, ponticulus or canalis mylohyoideus (5).

Bennett and Townsend (3) reported that both lingula and bridge
types are present in a mandible.

Rusu et al. (4) found unilateral mylohyoid bridge variation in
cone beam computed tomography imaging of a patient. They
stated that this variation might prevent the anesthesia of the
lower jaw teeth in dental applications.

In our study, in the examination of 45 mandibles (90 cases), a
unilateral mylohyoid bridge was found in one case, which was
compatible with the results of Rusu et al. (4) and, Bennett and
Townsend (3).

Knowing the frequency of mylohyoid bridge variations will
contribute to literature studies on this subject and will be a
guide in oral surgery and dentistry practices to prevent possible
complications in clinical practices.
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Analysis of the Graduate Theses Related to Palliative Care in
Tirkiye in Terms of Study Method and Nursing Practices
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ABSTRACT

This study was conducted to examine the postgraduate theses
on palliative care in nursing in Tiirkiye and to reveal the nursing
practices used. The population of the retrospective descriptive study
consisted of theses in the field of nursing registered in the National
Thesis Center of the Council of Higher Education, while the
sample consisted of 55 theses between 2010 and 2022 that met the
inclusion criteria among the theses in the field of nursing as a result
of the screening made within the scope of PRISMA rules. It was
seen that the first thesis on palliative care in nursing was published
in 2010. Of the theses obtained, 13 were doctoral (23.6%) and
42 were master’s theses (76.4%), 60% were published between
2019 and 2022, 92.8% were conducted with quantitative research
methods, 76.5% of these theses used at least one of the descriptive
designs and 15.7% were randomized controlled experimental
studies. Additionally, it was determined that 36.4% of the theses
were sampled by healthcare personnel working in palliative care
clinics, and 72.7% did not use a sampling method. Among the
interventions implemented by nurses; the most common ones were
palliative care training, simulation training/practice, and theory-
model based nursing care practice. However, neonatal palliative
education, psychoeducation, application of the case management
model and face-to-face fan practice were rarely included. In
recent years, complementary practices such as ear acupuncture,
aromatherapy massage and relaxation exercise, as well as red-white

0z

Bu caligma, Tiirkiye'de palyatif bakim iizerine hemsirelikte yapilan
lisansiistii tezleri incelemek ve kullanilan hemsirelik uygulamalarini
ortaya koymak amaciyla gerceklestirildi. Retrospektif tanimlayic
tipte gerceklestirilen calismanin evrenini Yiiksekdgretim Kurulu
Ulusal Tez Merkezi'ne kayitli olan, hemsirelik alanindaki tezler
olustururken, 6rneklemini ise, PRISMA kurallar1 kapsaminda
yapilan tarama sonucunda, hemsirelik alanindaki tezler icerisinden
dahil edilme ol¢iitlerine uyan 2010-2022 yillart arasinda 55 tez
olusturdu. Palyatif bakim iizerine hemsirelikteki ilk tezin 2010
yilina ait oldugu goriildii. Elde edilen tezlerden 13'tiniin doktora
(%23,6), 42'sinin yiiksek lisans tezi (%76,4) oldugu, %60’ inin
2019-2022 yillar1 arasinda yayinlandigs, %92,8’inin nicel arastirma
yontemleriyle gerceklestirildigi, bu tezlerin icerisinden %76.5'inde
tanimlayici tasarimlardan en az birinin kullanildigi ve %15,7’sinin
randomize kontrollii deneysel calisma oldugu goriildii. Ayrica
%36,4’tiniin 6rneklemini palyatif bakim kliniklerinde ¢alisan saglik
personellerinin  olusturdugu, %72,7’sinde &rnekleme yéntemi
kullanilmadig belirlendi. Hemgirelerin uyguladigs girisimler
icerisinde; en ¢ok palyatif bakim egitimi, simiilasyon egitimi/
uygulamasi, kuram-model temelli hemsirelik bakim uygulamast
yer almaktadir. Ancak yenidogan palyatif egitimi, psikoegitim,
olgu yénetimi modelinin uygulanmasi, yiize fan uygulamasi,
kirmizi-beyaz 151k uygulamasinin nadiren yer aldigi saptandi.
Son yillarda aurikiiler akupresiir, aromaterapi masaji ve gevseme
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ABSTRACT

light application, were observed. It should be emphasized that thesis
studies in palliative care and nursing have increased in recent years,
but mostly at the master’s level and descriptive type, the number of
doctoral level studies is insufficient, and the need for randomized
controlled intervention studies to provide evidence for palliative
care nursing should be emphasized.

Keywords: Palliative care, nursing, graduate, Tiirkiye

Introduction

World Health Organization (WHO) defined palliative care as
follows; “an approach that improves the quality of life of patients
and their families facing the problems associated with life-
threatening illness, through the prevention and relief of suffering
by means of early identification and impeccable assessment and
treatment of pain and other problems, physical, psychosocial,
and spiritual” (1). Palliative care aims to eliminate or alleviate
the symptoms of the patients, starting with the diagnosis of
life-threatening problems. Considering the biophysiological,
psychological, socio-cultural and economic factors affecting the
lives of patients and their families, it supports improving the
quality of life in the last stages of life (2,3).

In palliative care, the nurse performs not only the role of
caregiver/care provider but also the roles of educator, manager
and coordinator. In this respect, palliative care nurses have also
important roles and responsibilities such as cooperation with
other disciplines in their practices regarding symptom control
and their responses to the disease (4). Palliative care nurses
have important roles for determining the needs of individuals/
families; explaining the concerns of individuals about their
lives; giving care for values and preferences and the planning
of advanced care (5,6). Palliative care nurses have also necessity
for following developments in their fields and performing the
role of investigator in research. In recent years, it is stated that
the importance of palliative care nursing has increased with the
increase in palliative services and the development of practices

in the field of palliative care (7-9).

Graduate education in nursing contributes to the delivery
of quality nursing care ensuring that up-to-date information
is followed and transferred to practices after graduation, the
selection of appropriate scientific methods in solving problems
related to nursing practice, the development of new hypotheses
and the use of evidence-based data obtained as a result of
research (10,11). Postgraduate thesis studies have an important
role in the formation of scientific and professional knowledge,
the dissemination of science and the professional development
of nursing (12). Providing the evidence-based care contributes
to the strengthening of the scientific foundations of the field
and improves nurses’ ability to produce solutions to different
problems and to think critically and systematically and gives
the ability to use qualified maintenance methods (13). The use

oz

egzersizi gibi tamamlayict uygulamalarin oldugu goriildii. Palyatif
bakim konusunda hemsirelikteki tez calismalarinin son yillarda
artgl ancak cogunlukla yiiksek lisans diizeyinde ve tanimlayict
tipte oldugu, doktora diizeyinde sayica yetersiz oldugu, palyatif
bakim hemsireligine yonelik kanit saglamasi amaciyla randomize
kontrollii miidahale ¢alismalarinin yapilmasinin gerekliligi tizerinde
durulmalidir.

Anahtar Sézciikler: Palyatif bakim, hemsirelik, lisansiistii, Tiirkiye

of scientific research data in care not only allows to increase
the quality of care in nursing, but also is important in terms
of professional development and allows the creation of health
policies (14). Accordingly, graduate education and studies
ensure the formation of professional members who produce/
develop knowledge in their field (15). It is stated that the
professional power of nursing can be increased by synthesizing
evidence-based nursing practices and professional knowledge
(11). According to the John Hopkins Evidence-Based Nursing
Practice model, experimental/randomized controlled studies are
considered first-level studies in terms of evidence (16,17). In
this context, it is important to examine studies with a high level
of evidence.

It is known that scientific and academic studies on the subject
are increasing day by day with the increase in chronic diseases
and the increasing importance given to palliative care in Tiirkiye.
Graduate thesis studies are studies in which theoretical knowledge
and the results of this knowledge are transferred into practice.
As a matter of fact, the analysis of scientific theses is important
in providing a perspective on the fieldand revealing the general
appearance of the examined area (18). From this point of view
this study is aimed to guide palliative care nurses and researchers.

It is aimed to examine the graduate thesis studies on palliative
care in the field of nursing in our country and to reveal the
applied nursing practices with this study. Accordingly, answers to
the following research questions were sought in the study:

- What is the distribution of graduate theses in nursing related to
palliative care according to their types?

- What is the distribution of graduate theses in nursing related to
palliative care according to their years?

- Which research types are preferred in graduate theses in nursing
related to palliative care?

- What are the sample groups and sampling methods used in
graduate theses in nursing related to palliative care?

- What are the sampling characteristics in graduate theses in
nursing related to palliative care?

- What are the nursing practices in graduate theses in nursing
related to palliative care?
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Methods

This retrospective descriptive study was conducted by using
the database of the National Thesis Center of the Council of
Higher Education in the field of nursing between 2010 and 2022
(19). During the screening through the Thesis Center, Turkish
language, master’s and doctoral theses and dissertations covering
the field of nursing were screened using the keywords “palliative
care”, “nursing”, “postgraduate”, and “Tiirkiye”. Between August
1 and August 13, 2022, all theses that met the screening criteria
were included in the study. The process of selecting the theses
meeting the inclusion criteria was methodologically arranged
according to the PRISMA flowchart (Figure 1).

Inclusion criteria for the study;

- Access to the full text,

- Theses to be accessible,

- To be done by department(s) of the nursing,
- Between the years of 2010 to 2022.

The limitations of the study, were that only the theses registered
to the National Thesis Center database system were selected,
theses published in full text were included and the low number
of theses in the field of nursing.

Ethical aspect of the study, since theses that were accessible to the
National Thesis Center database were included in the sampling
and it did not involve experimental procedures on humans or
animals ethics committee approval was not required.

Data gathering, seventy four theses were found which met the
inclusion criteria, were registered in the database for the field of
nursing on palliative care. Reviewing the theses 55 theses were
included in the study, which met the inclusion criteria. Of the
theses to be included in the study as a result of reviewing, 42 were
graduate theses and 13 were doctoral theses.

Data analysis, the quality of the study was evaluated using the
Critical Appraisal Skill Program. The program includes a checklist
that systematically evaluates the results of the study. The questions
in the checlist are replied as “Yes” and “No” (https://casp-uk.net/
casptools-checklists/). SPSS for Windows Version 20.00 (SPSS
Inc., Chicago, IL., USA) packaged software was used in the
statistical analysis of the data obrtained at the end of the study.
The data were evaluated by frequency analysis. The form was
developed by the researchers in line with the research questions
and the data were evaluated accordingly. Theses included in the
study in the content of the form are summarized according to
author-advisor, thesis year, the purpose of the study, the type of
study, the intervention applied, the sampling method, the group
and number of sampling, the evaluation instruments used and
the results of the studies in chronological order (Table 6).

Records detected by database reviewing
(Total records detected by reviewing with keywords)
NTC National Thesis Center (n=395)

| |
=
g v Excluded
v Reviewed Sources sources
I (n=395)
E
= *Full text not
available
\ *Non-nursing
Theses including full text evaluated for eligibility ﬁ=e;(211
(n=74) @ )
N 'l Y,
4 ; N\

(n=55)

QZ=TCOZ~

-

Theses to be included in the Study

4

Figure 1. PRISMA flow chart
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Findings

In this retrospective descriptive study, 55 theses registered to the
National Thesis Center, were included between January 2010
and August 2022, 13 (23.6%) of which were doctoral theses and
42 (76.4%) of which were graduate theses (Table 1). According
to the detailed analysis based on years, although the first graduate
thesis study on palliative care in the field of nursing in our
country belonged to 2010. It was determined that 60% (n=33)
of the studies were conducted in 2019 and later (Table 2).

It was determined that 92.8% (n=51) of the thesis studies
evaluated were conducted in quantitative design type; the majority
(37.3%) (n=19) of the quantitative design types were descriptive
and consisted of graduate theses; 8 of the experimental and
quasi-experimental studies conducted were doctoral dissertations

(Table 3).

It was determined that the thesis studies evaluated consisted of
different sampling groups; 36.4% (n=20) of the sampling was
conducted with healthcare personnel working in the palliative
care unit (Table 4); 72.7% (n=40) of them were carried out
without using any method; however, the simplest random
sampling method was used among those which were used
the method (Table 4). It was determined that the most of the
doctoral thesis studies were on patients (n=7) who benefitted
from palliative care services; the graduate thesis studies were
mostly carried out on the healthcare personnel (n=19) working
in the palliative care unit.

Table 1. The types of the theses reviewed (n=55)

n %
PhD 13 23.6
Master 42 76.4
Total 55 100

Table 2. Publication year of the theses reviewed (n=55)

Vear PhD Master
n n %

2010 = 2
2011 1 -
2012 = = 7.3
2013 - 1
2014 - -
2015 =
2016 =
2017
2018
2019
2020
2021
2022 1 =
Total 55 100

32.7

w h~ b

60

It was observed that most of the experimental/quasi-experimental
researches (73.3%) which were evaluated were made as doctoral
thesis; when nursing practices were examined in theses palliative
care education (n=3, 20.0%), simulation (n=2, 13.3%) were
mostly discussed, and Watson’s Nursing Approach Based on the
Human Care Model (n=2, 13.3%) was discussed (Table 5).

Discussion

It was determined that the majority of 55 graduate theses
types (76.4%) were conducted as graduate thesis, the number
of doctoral dissertations was low and the first thesis was made
in 2010 in the context of this study, which was conducted to
evaluate the graduate theses related to palliative care in the field
of nursing in Tirkiye and to determine the nursing practices
used in the theses. It was determined that more than half (60%)

Table 3. Research types of the theses reviewed (n=55)

PhD Master
The types of o
research o
n n Total (quantitative)

Quantitative

Descriptive 19 19 373
Cross-sectional 1 1 2.0
Experimental 7 1 8 15.7
i 92.8
Quasi 103 4 7.8
experimental
Methodological 2 2 3.9
Mixed type* 2 15 17 333
Qualitative 1 1 2 3.6
Quantitative
+ Quialitative 2 - 2 3.6
(mixed)
Total 13 42 55 100 100

It includes at least two types of quantitative research

Table 4. Sampling group and sampling method of the
theses reviewed

. PhD  Master
Sampling group %
n n

Patients receiving palliative care 7 6 23.6
Carers/family members of the patient

. . . 3 16 35
receiving palliative care service
Hea.lth.care perso'nnel working in the 1 19 36.4
palliative care unit
Student 2 1 5.4
Sampling method
Method not used 2 38 72.7
Simple random 4 2 11.0
Stratified 2 - 3.6
Other methods 5 2 12.7

Viewed (n=55)
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Table 5. Nursing practices discussed in the theses reviewed

PhD Master

. . %
Nursing practices n n
Palliative care training 2 1 20
Simulation 2 13.3
Watson's approach to nursing 2 133
care based on HCM :
Case management model 1 6.7
Hand fan 1 6.7
Red-white light 1 6.7
Listening to Turkish music 6.7
accompanied by the tambourine ’
Auricular acupressure 1 6.7
Aromatherapy massage 1 6.7
Psychoeducation 1 6.7
Relaxation exercise 1 6.7

Total (%)

HCM: Human care model

11(73.3%) 4(26.7%) 100

of the theses were carried out in 2019 and afterwards. It was
found that the majority of thesis consisted of graduate theses in
accordance with our study in many systematic review studies in
which the theses on different subjects in the field of nursing are
discussed (20,21). It is believed that it is resulted from the low
number of students in doctoral programs in our country and the
low number of nurses working in this specialty.

Palliative care, which was first defined by WHO in 1986,
includes a philosophy of care that has developed from various
aspects until today. It is based on holistic and humanistic care.
It is known that the emergence of palliative care nursing in the
world dates back to the 1990s, when the concept of palliative care
emerged. In Tiirkiye, the concept of palliative care didn't come
to the fore until 2000s (1,22). The reason why the first thesis on
palliative care in nursing was made in 2010 in our country and
the most important reasons for the increase in number over the
years was thought to be a result of the increase in the number of
clinics providing palliative care services. Especially in the last two
decades; development of palliative care nursing has emphasized
the concept of palliative care more in national and international
studies.

When the research methods used in the theses included in the
study were evaluated, it was determined that most of them
(92.8%) had a quantitative research design and it was determined
that theses were mostly of descriptive type (37.3%), and all of
the descriptive theses were graduate thesis. In a study evaluating
the trends in nursing research in Tiirkiye, it was determined that
the experimental and quasi-experimental studies among the
dissertations were very few (23.5%) and more than half of these
studies (66.7%) were doctoral theses, and that graduate theses
were mostly conducted in the descriptive type of quantitative
research designs (20). In a study conducted in Brazil, it was found
that almost half (45.6%) of doctoral dissertations in nursing were
conducted descriptively (23). On the other hand, in Sweden, it
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was determined that doctoral dissertations in the field of nursing
mostly had experimental and quasi-experimental designs (24).
While in a study evaluating graduate theses in the field of nursing,
39.5% of dissertations were done by non-invasive method, in
another study evaluating doctoral dissertation studies, almost
half of theses (42%) were conducted in experimental or quasi-
experimental type, which was found to be consistent with the
results of our study (21,25). While it is determined that graduate
theses are more often quantitative in nature and mostly included
studies aimed at determining the situation or in relational style,
it is seen that the number of studies with experimental design
in doctoral dissertations is increasing. In many studies in the
literature, it is seen that graduate theses in the field of nursing are
mostly designed in descriptive type and this situation stems from
the effort to increase the knowledge in the disciplines in which
the graduate studies are conducted due to their nature (13,20,26).
In addition, it is thought that the reason why descriptive studies
are preferred in graduate theses is likely to be related to the short
duration of the research. The reasons why randomized controlled
studies are preferred in doctoral dissertation are as follows;
to contribute to the literature of the research subjects, the
necessity of being unique and not studied before, the usability
of evidence-based studies in finding answers to social problems,
and willing to practice and to develop new methods/models.
The fact that experimental designs are at the doctoral level in
graduate programs is an expected situation due to the purpose/
target and program qualifications of graduate programs. The fact
that doctoral dissertations are mostly experimental shows that
evidence-based knowledge and nursing practices have become
widespread. This finding is stated as an indication that the
purposes of graduate doctoral programs conducted in Tiirkiye
have been achieved (20).

In our study, it was determined that the theses conducted in
qualitative design and quantitative + qualitative (mixed) design
were less frequent and both types were frequently used in the
design of doctoral dissertations. It is stated that the mixed
method contributes to a better understanding of the research
problem than using a single method, which focuses on the use of
quantitative methods that support qualitative data or qualitative
data that supports quantitative data (27). Qualitative research
methods try to reveal people's feelings, thoughts, behaviors and
perspectives in a holistic way (28). The use of qualitative studies
in the field of nursing is important in supporting quantitative
data with experience (29).

While the sampling group of the majority (36.4%) of the graduate
theses evaluated within the scope of the study was composed of
healthcare personnel working in the palliative care unit, it was
determined that doctoral dissertations were mostly conducted
on patients benefiting from palliative care services. Researches
including palliative patient groupsare fewer in number in our
country. In our country, the inability of academic nurses to
work in the clinic as clinicians at the same time and concerns
about the fact that nurses’ inability to study with vulnerable
populations leads to more descriptive studies (30). It is difficult
to conduct research as palliative care patients are a vulnerable
group. In addition to the difficulty of obtaining voluntary
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Author
(advisor)
year

phD

Ozcelik (43)

(Fadiloglu)
2011

Uslu Sahan
(36)

(Terzioglu)
2018

Camci (33)
(Oguz)
2018

Seven (38)
(Sert)
2018

Kocatepe
(44)

(Can)
2019

Table 6. Properties of graduate theses containing nursing practices on palliative care in nursing

Research design

types

Quasi-
Experimental

Mixed method

(Randomized
controlled and
qualitative
research)

Experimental

(Randomized
Controlled)

Experimental
(Single-blind
Randomized
Controlled)

Experimental

(Randomized
Controlled)

Intervention (1)
and control (C)
group

I=Case
management

C=Routine care

I=Simulation

(1t group= High
validity, 2"¢group=
Hybrid, 3" group=
High validity and
Hybrid)

C=No intervention

I=Routine care
and palliative care
training
C=Routine care

I=Holistic nursing
care (Watson's
Nursing Approach
Based on the
Human Care
Model)

C=Routine care

I=Hand fan
C=Routine care

Sampling
method

None used

Quantitative=
Stratification method

Qualitative=maximum
variation sampling
method

Minimization method
of covariate-driven
randomization

Simple random sampling
method

Simple random sampling
method

Sample
characteristics
(sample and
size)

Cancer patients in
the palliative care
unit

|=22 patients
C=22 patients

Students
Quantitative
|=15t group=21
students, 2"
group=21
students,

39 group=19
students

C=23 students
Qualitative

Students

Chronic heart
failure patients in
the palliative care

1=42 patients
C=42 patients

Palliative care
patients

1=32 patients
C=32 patients

Lung cancer
patients in the
palliative care unit

|=47 patients
C=49 patients

Instruments

- Characteristics form
- ESAS

- KPSS

- EORT QLQ CA-30

- Patient and family care
satisfaction form

- Patient cost
registration form

- Palliative care variance
registration form

- Characteristics form

- Questionnaire
for determining
competencies in
palliative care

- |[EPS4
- T-TAQS

- Interprofessional
gynecological oncology

palliative care simulation
practice checklist

-Semi-structured
focus group interview
question guide

- Information form
- ESAS

-EQ-5D

-LVD-36

- Information form
-VAS

- MBS

- MRCS dyspnea scale
- SF-36

- BAI

-HADS

- PPHEN

- Identification form

- Pulmonary function
tests

- Blood gas analyses

- ECOG performance
scale

- Vital signs follow-up
form

- MBS

- FACIT-Pal quality of life
scale

Result

Intervention group:

- Symptom control
(better)

- Quality of life (except
for physical and
cognitive functions)
(increased).

- Patients and family’s
satisfaction levels
(higher)

1t group and 2" group:
- Inter professional
education (increased)
- Students’ knowledge
and awareness

of palliative care
(increased)

- The perception

of interdisciplinary
education (increase),

- Understand the
importance of
teamwork (better)

Intervention group:

- Symptom burden at
the first month (better)

- The first, third-
and sixth-month
hospitalization (less)

Intervention group:

- Dyspnea and anxiety
levels (decreased)

- Quality of life
(increased)

- Satisfaction with
nursing (increased)

Intervention group:

- Quality of life
(increased)
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Author
(advisor)
year

phD

Boyraz (35)
(Yildiz)
2019

Celik (47)

(Usta
Yesilbalkan)

2019

Kurtgoz (39)

(Kog)
2019

Diizgiin (50)
(Karadakovan)
2020

Alwawi (37)
(Vardar inkaya)
2022

390

Research design
types

Methodological
+Quasi
Experimental
(Single group
pretest posttest
controlled)

Experimental

(Randomized
controlled)

Mixed method
(Randomized
controlled and
qualitative
research)

Experimental

(Randomized
controlled)

Quasi-
Experimental

(Randomized
controlled)

Intervention (1)
and control (C)
group

|I=Web-based
neonatal palliative
care education

C=No intervention

|=Bright white light
C=Dim red light

I=Watson's Nursing
Approach Based
on the Human Care
Model

C=Routine care

I=Turkish music
makams (hicaz and
rast) listening by a
tambourine
C=Routine
treatment and care

|= Simulation

(1=t group=a
palliative care
nursing theoretical
training and Low-
reality,

2" group=a
palliative care
nursing theoretical
training and a
standard patient
group)

C=No control
group

Table 6. Continued

Sampling
method

None used

Stratified randomization
method

Quantitative=simple
sampling
Qualitative=Homogeneous
sampling

Stratified randomization
method

Simple random sampling
method

Sample
characteristics
(sample and
size)

Neonatal intensive
care nurses

n=143 nurses

Palliative care
patients

1=26 patients
C=26 patients

Palliative care
patients’ relatives
1=30 patients’
relatives

C=30 patients’
relatives

Cancer patients in
the palliative care
unit

1=30 patients
C=30 patients

Second-year
students enrolled
in a palliative care
nursing course

1t group=35
students

2" group=35
students

Instruments

- Information form
- NiPCAS

- Web-based neonatal
palliative care education
pretest and posttest
evaluation form

- Web-based neonatal
palliative care education
satisfaction evaluation
form

- Information form

- BFI

-PSQI

Patient follow-up form

- Information form
- BHS
SWBS

Information form
patient follow-up form

-SE-MPQ
-GCS
-STA
KPSS

- Demographics form

- Palliative care quiz for
Nursing test

- Student satisfaction
and self-confidence in
learning scale

- Skill evaluation forms

Result

NiPCAS (high reliability
and adequate validity
tool)

Intervention group:

- Attitudes towards
palliative care (positive)

- Knowledge level
(increased)

Bright White Light:

- Fatigue levels
(reduced),

- Sleep quality and sleep
duration (increased)

Intervention group:

- Hopelessness levels
(reduced)

Intervention group:

- Pain and anxiety
(decreased)

- Comfort (increased)

- Functional capacity
(increased)

1<t group and 2" group:

- Providing a safe
environment for
students (effective)

- Their knowledge,
satisfaction,

- Confidence and skills
(increased)
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Table 6. Continued

Sample

Author Research design Intervention (I) samplin characteristics
(advisor) types and control (C) pling
ear rou method (sample and
y group size)
Master
|I=Aromatherapy or
massage Oncology patients
Gilrakan (57) 1%t group= in the p.alliative
(vildinim) ERR—— Routine careand  Simple random sampling ~ €are unit
P aromatherapy, 2"  method I=15t group=11,2"
2016 group=Routine group=10 patients
care and massage C=10 patients
C=Routine care
Palliative care
Cetin (59) Quasi I=Psycho education patients’ relatives
) roup (seven = ients’
(Tarkmen) Experimental \?veelfs)( None used Iretlla()ti[?/aet:ents
2018 (Pretest-Posttest) C=Routine care C=20 patients’
relatives
Altay (34) Quasi- I=Palliative care Oncology nurses
Tekka Experimental training (seven 1=23 nurses
( $ N g
one use
Kerman) (Single group weeks) C=23 nurses
2019 pretest-posttest)  C=No intervention
Yaman (61) Quasi- |=Palliative care Palliative
o Experimental training (Four care patients’
(Biyukyilmaz) (single group weeks) None used caregivers
2020 pretest-posttest)  C=No intervention n=60 caregivers

Instruments

- Introduction form
- NRSZS

- ECOG performance
scale

- BFI

- Introduction form
-SF-36
-CSI

- Socio-demographic
form

-PBBT

- Information form
- MBI

- STAI

-VAS

-ZCBS

Result

Intervention group:

- Aromatherapy; pain
(reduced),

- Back massage; the
plasma beta-endorphin
level (increased)

Intervention group:

- Quality of life and
the ability to cope with
stress (increased)

Intervention group:

- Nurse knowledge
and palliative care
knowledge level
(increased)

Intervention group:

- Care burden, burnout
and anxiety levels
(decreased)

ESAS: Edmonton Symptom Assessment Scale, KPSS: Karnovsky Performance Status Scale, EORT QLQ CA-30: European Organization for the Research and Treatment of
Cancer Quality of Life Questionnaire-30, IEPS: Interdisciplinary Education Perception Scale, T-TAQ: TeamSTEPPS Teamwork Attitudes Questionnaire, EQ-5D: EuroQOL-
5D, LVD-36: Left Ventricular Dysfunction-36, VAS: Visual Analog Scale, MBS: Modified Borg Scale, MRCS: Medical research Council dyspnea Scale, SF-36: Short Form-36,
BAI: Beck Anxiety Inventory, HADS: Hospital Anxiety and Depression scale, PPHEN: Patient Perception of Hospital Experience with Nursing, ECOG Performance Scale:
The Eastern Cooperative Oncology Group Performance Scale,FACIT-Pal quality of life scale: Functional Assessment of Chronic Illness Therapy - Palliative Care quality of
life scale, NiPCAS: Neonatal Palliative Care Attitude Scale, BFI: Brief Fatigue Inventory, PSQI: Pittsburgh Sleep Quality Index, BHS: Beck’s Despair Scale, SWBS: Spiritual
Well-Being Scale, SF-MPQ: Short-form McGill Pain Ouestionnaire, GCS: General Comfort Scale, STAI: State-Trait Anxiety Scale, NRS: Numeric Rating Scale, CSI: New Brief

Coping Styles Inventory, PBBT: Palliative Care Knowledge Test, MBI: Maslach Burnout Inventory, ZCBS: Zarit Caregiver Burden Scale

informed consent from this vulnerable group to participate in
the study, possible data loss due to reasons such as wanting to
withdraw from the study in the continuation of the study or
death are stated as the barriers that affect the studies in this field
on patients (8,9).

Nursing practices discussed in the theses within the scope of
this study are detected that the most commonly palliative care
training, simulation training/practice, and Watson’s Nursing
Care Approach Based on Watson’s Nursing Approach Based on
the Human Care Model are achieved. Palliative care training
has been included in basic, secondary and higher education
programs in the last 20 years around the world (31). In addition
to the absence of structured training programs in Tiirkiye, in
recent years, the regarding subject has been mentioned in
programs such as panels, congresses and symposiums (32). In
2022 for the first time in our country the Ist International
Congress on Palliative Care in Nursing was hosted by
Malatya Inénii University. Among the theses covered in this
study, it was observed that palliative care training reduced

the symptom burden and repeated hospitalizations given to
patients with chronic heart failure (33). It has been determined
that palliative care training given to individuals who care for
patients and newborn nurses increases the level of knowledge
(34,35). As a result of the findings of the theses dealing with
the subject of palliative care training, it has been determined
that palliative care training will be appropriate for patients
who need palliative care and for nurses who care for them and
the content of palliative care education will be developed with
current literature.

Palliative care for nursing students with interprofessional
simulation training and different simulation applications have
been shown to increase the knowledge, awareness, satisfaction,
confidence and skills of the teacher by providing an effective
and safe learning environment, and it can be useful to better
understand the importance of teamwork (36,37).

Considering the models or theories used in theses for palliative
care patients in our country, in two doctoral theses Watson’s
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Human Care Model is used. In these theses, it is determined that
nursing care provided in line with the model, it has a positive
effect on the care outcomes of the patients and reduces the
despair level of the relatives of the patients (38,39). In addition,
it was determined that the satisfaction level of patients with
nursing care increased (38). In this study, which evaluates the
theses related to palliative care, finding that there is limited use of
models/theories is supported by many reviews in which nursing
theses are evaluated (40,41). However, theories/models offer the
opportunity to provide holistic and quality care (42). Therefore,
it is important for the development of scientific knowledge that
the conceptual framework of doctoral dissertation studies is
based on theory/model or that researches based on theory/model
are predominantly involved (11). In the process of doctoral
education within the scope of the Turkish Higher Education
Qualifications Framework, it focuses on the development of
students’ doctoral theses “to be able to evaluate and use new
information in the field with a systematic approach and gain the
knowledge and skills to produce scientific solutions to problem”
(http://tyyc.yok.gov.tr, accessed date: 21.01.2023). In this
context, it is important to support the use of theory/model in
palliative care nursing.

Although various models were used in the delivery of nursing
care, when the theses covered in this study were evaluated; it was
determined that the case management model was used in cancer
patients receiving palliative care. It has been determined that this
model provides better symptom control, improves quality of life
and increases the satisfaction levels of patients and their families,
and it is stated that it can be used in palliative care patients (43).

In other theses on palliative care in Tiirkiye, it was seen that face-
fan application, red-white light application, listening to Turkish
music accompanied by a tambourine, auricular acupressure
application, aromatherapy massage, psychoeducation and
relaxation exercise were used. It was determined that face-fan
application increased the quality of life of patients for palliative
care patients receiving lung cancer treatment in a doctoral thesis
conducted to evaluate its effect in the management of dyspnea
(44). As a matter of fact, it is emphasized that face-fan application
on various patient groups reduces the level of dyspnea, improves
exercise performance, increases the duration of exercise, has no
side effects and can increase the quality of life of the patient
because it is easy to apply (45,46). Another nursing practice in
the dissertations discussed is red-white light application. At the
end of the application, it was concluded that the application of
bright white light reduced the fatigue levels of cancer patients
receiving palliative care and had positive results on sleep (46).
Many studies on the application of bright white light also showed
parallelism with this doctoral thesis on palliative care patients, in
which the fatigue level of the patients decreased and their sleep

quality improved (48,49).

In another nursing practice, it was determined that Turkish
music played with the tambourine reduced pain and anxiety
for cancer patients hospitalized in the palliative care service,
increased comfort and functional capacity, and were effective in
controlling vital signs (50). In the reviewed literature, similar to
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this study, the benefits of music therapy such as reducing pain
levels of individuals, feeling more comfortable, lowering heart
rate, reducing anxiety are emphasized (51-53).

Among the theses within the scope of this study, in a doctoral
thesis, it was determined that application of auricular acupressure
was beneficial in the management of constipation in palliative
care patients and increased the quality of life (54). It is possible
to encounter similar studies in the current literature (55,56). In
this respect, it is thought that auricular acupressure may be also
appropriate for palliative care patients.

Another nursing practice is aromatherapy massage. With the help
of this application a decrease in pain intensity and an increase in
plasma beta-endorphin levels were found in cancer patients (57).
In studies evaluating aromatherapy massage, it is emphasized
that it has a positive effect on reducing the pain of patients and
reduces the level of anxiety, stress and depression (58).

In addition to the applications in experimental studies in the
theses evaluated, quasi-experimental psycho education was
shown to increase caregivers quality of life and their ability to
cope with stress (59). In the literature, it is seen that psychosocial
and spiritual support and symptom control trainings such as
psychoeducation are effective on the health status, quality of life
and ability to cope with stress of caregivers in different patient
groups (60). In another quasi-experimental type thesis; it was
concluded that applying relaxation exercises to caregivers reduced
the burden of caregiving, burnout and anxiety levels (61).
However, no similar study was found specific to the relaxation
exercise intervention applied to caregivers of patients receiving
palliative care.

Results and Recommendations

As a result of the information obtained from this study; it
has been determined that the number of theses conducted
in the field of palliative care has increased since 2019. It was
determined that the theses discussed were mostly descriptive
in nature with a quantitative design type to determine the
current situation, and experimental and quasi-experimental
studies were mostly doctoral theses. When nursing practices
were reviewed, it was seen that palliative care education,
training/application for simulation, and Watson’s Nursing
Approach Based on Watson’s Nursing Approach Based on the
Human Care Model were mostly discussed. It was determined
that nursing practices, which were handled according to the
results of all graduate thesis included in this study, positively
affected the parameters and variables reviewed in the samples of
patients, patient relatives and nursing students. It was observed
that theories/models were used limitedly in the theses reviewed,
and studies based on theory/models were frequently preferred
at the doctoral level.

Accordingly, it is recommended to increase the number of
experimental randomized controlled studies with high evidence
value, with follow-up appropriate to the graduate education
period, in which a cause-effect relationship between variables
can be established in studies in the field of palliative care
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nursing in Tiirkiye. At the same time, it is important for the
development of nursing science to plan the researches that are
planned to be conducted on palliative care based on nursing
theories. Increasing research funds for graduate students in
order to conduct high-evidence research on palliative care
nursing will provide encouragement and support for students
to do research.
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ABSTRACT

Gastrointestinal disorders include various disorders affecting organs
such as the stomach, intestines, and liver, and while they have an
important place in human health, their treatment processes are also
complex. These disorders constitute an increasing health problem
today and pose a significant burden on both health services and
individuals. In the treatment of these disorders, phytotherapy
(herbal treatment) is considered an important alternative in
addition to traditional medicine. The use of phytotherapy has
become preferred because it offers more natural options for
patients with fewer side effects. Phytotherapy provides positive
effects on the digestive system with its many properties such as
anti-inflammatory, antioxidant, and antimicrobial features. In this
article, various phytotherapeutic agents (e.g., aloe vera, turmeric,
bitter melon, pomegranate, St. John’s wort, mint, black cumin,
berberine, garlic, olive leaf, cinnamon, tea, ginger, carnation and
nettle) used in gastrointestinal disorders such as gastroesophageal
reflux, peptic ulcer, inflammatory bowel disease, irritable bowel
syndrome, colon polyps, colorectal and stomach cancer are
discussed and their effects on the digestive system and potential
properties in managing symptoms are discussed.

Keywords: Gastrointestinal system, digestive system disorders,
phytotherapy, herbal treatment

oz

Gastrointestinal sistem  hastaliklar;; mide, barsaklar, karaciger
gibi organlari etkileyen cesitli rahatsizliklar icermektedir ve
insan sagliginda énemli bir yer tutmakla birlikte tedavi siirecleri
de karmagikur. Bu hastaliklar giiniimiizde giderek artan bir
saglik sorununu teskil etmekte ve hem saglik hizmetleri hem de
bireyler tizerinde 6nemli bir yiik olusturmakeadir. Bu hastaliklarin
tedavisinde geleneksel tbbin yani sira fitoterapi (bitkisel tedavi),
onemli bir alternatif olarak degerlendirilmektedir. Fitoterapinin
kullanimi, hastalar icin daha dogal ve yan etkileri daha az olan
secenekler sunmasi nedeniyle tercih edilir hale gelmistir. Fitoterapi;
anti-enflamatuvar, antioksidan ve antimikrobiyal gibi pek ¢ok
ozelligi ile sindirim sistemi {izerinde olumlu etkiler saglamaktadir.
Bu yazida, gastrointestinal sistem hastaliklari olan gastroézofageal
reflii, peptik iilser, enflamatuvar barsak hastaligy, irratable barsak
sendromu, kolon polipleri, kolorektal ve mide kanserinde kullanilan
gesitli fitoterapétik ajanlara (6rn; aloe vera, zerdecal, kudret nari,
nar, sart kantaron, nane, ¢orek otu, berberin, sarimsak, zeytin
yapragy, tarcin, cay, zencefil, karenfil ve isirgan otu) yer verilmis
sindirim sistemi {izerindeki etkileri ve semptomlart yonetmedeki
potansiyel 6zellikleri ele alinmustir.

Anahtar Soézciikler: Gastrointestinal sistem, sindirim sistemi
hastaliklari, fitoterapi, bitkisel tedavi

Introduction recognized the healing power of plants and referred to the
) ) ) ) holistic approach for sustainable health by saying, “All meadows,
Phytotherapy in Gastrointestinal Disorders all mountains and hills are pharmacies” (1). The concept of

Phytotherapy (the use of medicinal plants for therapeutic —phytotherapy generally refers to the use of medicinal plants or

purposes) is one of the oldest treatment methods used worldwide.  herbal medicines to prevent, treat diseases or improve health
Herodotus documented the first herbal medicine reports dating  conditions. Most phytotherapies have been developed from

back to 3000 BC, and physician and philosopher Paracelsus traditional medicinal plants. This concept summarizes an
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evidence-based healing system that is widely practiced worldwide.
Compared to nutritional therapy, phytotherapy is more complex
due to the use of many products with diverse chemical structures
and biological activities. Phytotherapy has an ancient history and
is widely used worldwide. Some phytotherapy strategies are well
known, having been extensively studied in the fields of chemistry
and pharmacology and partially proven by clinical trials.

Epidemiological studies have shown that plant-based diets
can have protective effects on diseases such as cardiovascular,
gastrointestinal disorders and cancers, and can also be effective
on broad health problems such as obesity and diabetes.

In this article, we will examine the plants used in the main
gastrointestinal disorders and their methods of action in the light
of the literature. The use of phytotherapy in these system diseases
has become preferred because it offers more natural options for
patients with fewer side effects. Phytotherapy provides positive
effects on the digestive system with many properties such as
anti-inflammatory, antioxidant, antimicrobial and anticancer
features. The diseases discussed and the plants used are explained
specifically for the disease.

Phytotherapy in Gastroesophageal Reflux Disease and Peptic
Ulcer

Aloe vera is an effective plant used in the treatment of
gastroesophageal reflux disease (GERD). GERD is a condition
that occurs when stomach acid leaks back into the esophagus (2).
Symptoms include heartburn, difficulty swallowing, irritation
in the esophagus, a burning sensation in the throat and cough.
Aloe vera is a jelly-like substance obtained from the leaves of a
cactus-like plant. However, recent studies have shown that aloe
vera may also have positive effects on digestive system disorders.
The polysaccharides and antioxidants found in aloe vera have the
potential to neutralize stomach acid. This feature helps relieve
GERD symptoms. The anti-inflammatory properties of aloe vera
help reduce irritation and inflammation that may occur in the
esophagus. This feature may contribute to the improvement of
symptoms such as difficulty swallowing that occur due to GERD.
It is thought that aloe vera may have a regulatory effect on the
digestive system. It can regulate bowel movements and improve
digestive processes. This may be effective in reducing GERD
symptoms caused by digestive problems (3). The effectiveness
of aloe vera has been demonstrated in various pharmacological
and clinical studies. Thus, the potential benefits of aloe vera on
GERD and the points to be considered are emphasized. Peptic
ulcer disease is a condition characterized by lesions on the inner
surface of the stomach or duodenum. These wounds are usually
affected by digestive juices such as stomach acid and pepsin, and
symptoms can include heartburn, abdominal pain, indigestion,
and even bleeding. Peptic ulcers are often associated with factors
such as Helicobacter pylori infection, long-term use of non-steroidal
anti-inflammatory drugs, or excessive alcohol consumption (4).

Turmeric (Curcuma longa) is a plant of which roots grow
underground and is a spice widely used in Asian cuisine. The
active ingredient of turmeric is curcumin, which has ant-
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inflammatory, antioxidant, and antiseptic properties (5). These
properties suggest that it may be potentially useful in the treatment
of peptic ulcer disease. Turmeric can speed up the healing process
of ulcers by reducing the inflammatory responses that play a role
in the formation of peptic ulcers and the inflammation in the
lining of the stomach and intestines. The antioxidants in it can
prevent damage to stomach and intestinal cells by combating
free radicals. This can slow down the formation and progression
of peptic ulcers. Various studies on the potential benefits of
turmeric in the treatment of peptic ulcer disease have attempted
to prove this effectiveness (6,7).

Bitter melon is one of the herbal treatment methods that may
be potentially useful in the treatment of peptic ulcer disease.
Bitter melon has anti-inflammatory and antioxidant properties
thanks to the various biologically active components it contains.
Bitter melon has protective effects on the stomach and intestinal
mucosa and can accelerate the healing process of ulcers thanks
to these properties. Studies have shown that bitter melon can
be effective in the treatment of peptic ulcers by neutralizing
stomach acid and protecting the mucosa (8,9).

Inflammatory Bowel Disease

Inflammatory bowel disease (IBD) is a disorder that includes
chronic IBD such as Crohn’s disease and ulcerative colitis.
These diseases are characterized by chronic inflammation and
damage to the intestines. Symptoms may include abdominal
pain, diarrhea, bloody stools, weight loss and fatigue (10,11). In
addition to pharmaceutical drugs, natural and herbal supports
are also being investigated in the treatment of patients with IBD.

Pomegranate (Punica granatum L.) is a fruit rich in antioxidants
and phytochemicals. Pomegranate peel and seeds, in particular,
contain compounds with many health benefits, such as
polyphenols (e.g., ellagic acid), anthocyanins, flavonoids,
and vitamin C. It is suggested that the anti-inflammatory,
antioxidant, and immunomodulatory properties of these
compounds may be beneficial in the management of IBD. Ellagic
acid, which contains anti-inflammatory and antioxidant effects,
can reduce the severity and frequency of IBD symptoms by
reducing inflammation in the intestinal wall and can help protect
intestinal cells against oxidative stress by fighting free radicals
(12,13). Pomegranate, which is among the natural supports in
the management of IBD, is considered a potential alternative or
supportive treatment option thanks to its anti-inflammatory and
antioxidant properties.

Irritable Bowel Syndrome

Irritable bowel syndrome (IBS) is a common digestive system
disorder and its symptoms include abdominal pain, bloating,
gas, diarrhea, and constipation. Although the exact cause of IBS
is unknown, factors such as stress, eating habits, and changes in
intestinal microbiota are thought to play a role (14). There is an
increasing search for non-pharmaceutical, natural supports for
managing IBS symptoms.

St. John’s Wort (Hypericum perforatum) is a plant that has been
used in the treatment of various health problems since ancient



Bezmialem Science 2024;12(3):395-400

times. It is known especially for treating mental health problems
such as depression and anxiety, but in recent years its effects on
digestive system disorders have also been investigated (15). The
compounds in St. Johns Wort help relieve muscle spasms and
pain in the intestines, and it is thought that these properties will
provide potential benefits in the management of IBS symptoms.

Peppermint oil (Mentha piperita) is another herbal treatment
known to be effective in relieving IBS symptoms. The menthol
in peppermint oil can reduce muscle spasms in the intestines
and relieve symptoms such as abdominal pain, bloating, and gas.
Studies have shown that peppermint oil is effective in managing
IBS symptoms and improves the quality of life of patients (16).

Black seed oil (Nigella sativa) is another herbal oil that has anti-
inflammatory and antispasmodic properties and can relieve IBS
symptoms. The thymoquinone content of black seed oil may
help manage IBS symptoms by reducing inflammation in the
intestines and relieving spasms. Studies investigating the effects
of black seed oil on IBS suggest that this oil may be beneficial in
reducing symptoms and improving the quality of life of patients

(17).
Colon Polyps and Colorectal Cancer

Colon polyps are small, abnormal tissue growths found in the
large intestine, and in some cases, they can turn into cancer.
Colorectal cancer is cancer of the large intestine or rectum and is
a major health problem worldwide (18). The potential benefits
of naturally derived compounds are being investigated in the
treatment of both colon polyps and colorectal cancer.

Berberine (Berberis Vulgaris) is a natural alkaloid found in many
plants. Curcumin is a compound obtained from the turmeric
root that has anti-inflammatory, antioxidant, and anticancer
properties. These two compounds have properties that may
provide potential benefits for conditions such as colon polyps
and colorectal cancer.

Berberine is noted for its abilitcy to reduce intestinal
inflammation, regulate cell turnover, and stop the growth of
cancer cells. Berberine has been shown to have anticancer effects
in several studies. Curcumin stands out as an effective tool in
preventing colon polyps and cancer development by suppressing
inflammation and promoting apoptosis (programmed cell death)
processes (19,20).

Pomegranate peel extract may play an important role in
preventing colon polyps and colorectal cancer through the high
amount of antioxidant compounds it contains. Pomegranate peel
contains various antioxidants such as polyphenols, flavonoids,
and tannins. These compounds may reduce the risk of cancer
by preventing cell damage caused by free radicals. The anti-
inflammatory properties of pomegranate peel may also help
reduce intestinal inflammation, which may contribute to
preventing the development of polyps and cancer (21).

e antioxidant properties of pomegranate peel extract can
The antioxidant propert f pomegranate peel extract
prevent DNA damage by reducing oxidative stress in cells,

thus providing a protective effect against cancer. Studies have
shown that pomegranate peel can prevent the growth of cancer
cells and promote the apoptosis process. These properties make
pomegranate peel extract a potential phytotherapeutic agent in
preventing colon polyps and colorectal cancer (22).

Stomach Cancer and Phytotherapy

Stomach cancer is a major health problem worldwide and
its treatment processes are complex. Stomach cancer is a type
of cancer that occurs as a result of abnormal growth and
proliferation in stomach cells. It usually starts in the lining of
the stomach and can spread to other tissues over time. Stomach
cancer symptoms are often not obvious in the early stages, so
the disease is usually diagnosed in advanced stages. Risk factors
include Helicobacter pylori infection, excessive consumption of
salty or smoked foods, obesity, smoking, and family history.
Early diagnosis and treatment are important because stomach
cancer can be difficult to treat in advanced stages (23). However,
research on the positive effects of natural foods and plants on
health shows that some foods can reduce the risk of cancer or
Support treatment processes.

Garlic (Allium sativum) is a plant that has been used for
medicinal purposes for thousands of years and is known to have
various positive effects on health with the bioactive compounds
it contains. Allicin, the main active ingredient of garlic, has
antioxidant and antimicrobial properties. In addition, the sulfur
compounds found in garlic can also have positive effects on
health. Studies on stomach cancer show that garlic consumption
can reduce the risk of cancer. Garlic can prevent cell damage and
reduce the effects of carcinogenic substances in the body through
the antioxidants it contains. In addition, some laboratory studies
have shown that garlic can prevent the growth of cancer cells
and trigger the apoptosis (programmed cell death) mechanism
(24,25). However, more clinical research is needed on the exact
effects of these effects on humans.

Resveratrol is a natural polyphenol found in grape skins, red
wine, Japanese knotweed (Polygonum cuspidatum) and some
other plants. It is known to have antioxidant, anti-inflammatory
and anticancer properties. Studies on stomach cancer show that
resveratrol can prevent the growth of cancer cells and trigger the
apoptosis process. Resveratrol may reduce the risk of stomach
cancer by preventing cell damage caused by free radicals and
repairing DNA damage (26,27).

The protective and therapeutic effects of resveratrol on
stomach cancer involve mechanisms at the cellular level. These
mechanisms include suppression of inflammation, reduction of
oxidative stress, and regulation of cellular signaling pathways. It
has also been suggested that resveratrol may increase treatment
efficacy and reduce drug resistance of cancer cells when used in
conjunction with chemotherapy (28).

Fatty Liver and Phytotherapy

Fatty liver is a condition characterized by excessive fat
accumulation in liver cells. This disease can negatively affect liver

397



Akgakaya and Akgakaya Ozer. Phytotherapy in Gastrointestinal Disorders

function and, in advanced cases, can develop into liver cirrhosis
or liver cancer. Phytotherapy contains natural ingredients that
may be potentially beneficial in the treatment of fatty liver.

Oliveleaf (Olea europaea L. Folium) extract has strong antioxidant
properties and is effective in reducing fat accumulation in
liver cells. Oleuropein contained in olive leaf extract has anti-
inflammatory and hepatoprotective properties that support liver

health (29).

Garcinia cambogia (Garcinia gummi-gutta) extract can reduce
fat synthesis and prevent fatty liver through its hydroxycitric acid
content. This plant has properties that support weight loss and
regulate fat metabolism (30).

Cinnamon (Cinnamomum verum) is another herb recommended
for use in the treatment of fatty liver. Cinnamon can support liver
health with its anti-inflammatory and antioxidant properties and
prevent fat accumulation by reducing insulin resistance (31).

Bitter melon extract has anti-inflammatory and antioxidant
properties and may be effective in reducing fat accumulation
in liver cells. The components contained in bitter melon may
protect liver health and prevent the progression of steatosis (32).

Ellagic acid is a natural polyphenol found in various fruits
and vegetables. Ellagic acid, which has antioxidant and anti-
inflammatory properties, may support liver health by reducing
fat accumulation in liver cells (33).

Curcumin is the active ingredient in turmeric and has strong
antioxidant and anti-inflammatory properties. Curcumin may
be potentially beneficial in the treatment of fatty liver and may
improve liver function (34).

Diarrhea

Diarrhea is a condition characterized by increased bowel
movements and increased water content of stool. Some of the
plants used in phytotherapeutic treatments for diarrhea are:

Tea (Camelia Sinensis) is one of the plants commonly used in the
treatment of diarrhea. The tannins in tea can relieve diarrhea by
tightening the intestinal mucosa and reducing bowel movements.
In addition, the antimicrobial properties of tea can help control
intestinal infections (35).

Pomegranate peel is an effective herbal solution for diarrhea
treatment through the tannins it contains. The antimicrobial
and anti-inflammatory properties of pomegranate peel can help
reduce intestinal infections and inflammation. Studies have
shown that pomegranate peel extract is effective in the treatment
of diarrhea (21).

Ginger (Zingiber officinale), as well as being widely used in
the treatment of nausea and vomiting, can also be effective in
the treatment of diarrhea. The antiemetic and antispasmodic
properties of ginger can reduce the severity of diarrhea by
regulating bowel movements (36).

Clove (syzygium aromaticum) is another effective herb in the
treatment of diarrhea. The antimicrobial and anti-inflammatory
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properties of clove relieve diarrthea by reducing intestinal
infections and inflammation. In addition, the eugenol compound
contained in cloves helps control diarrhea by reducing intestinal
muscle spasms (37).

Constipation

Constipation is a condition characterized by decreased bowel
movements and hardening of stools. Phytotherapy offers natural
and effective solutions in the treatment of constipation.

Flaxseed oil is a natural product widely used in the treatment
of constipation. Flaxseed oil can increase bowel movements and
help soften stools through its high fiber content. In addition, the
omega-3 fatty acids contained in flaxseed oil support intestinal
health and reduce inflammation (38).

Senna (Senna alexandrina) is another plant used in the
treatment of constipation. The leaves and fruits of senna contain
anthraquinone glycosides that increase bowel movements. These
compounds can relieve constipation by encouraging contraction
of the intestinal muscles (39).

Nettle (Urtica dioica) has mild laxative properties and can be used
in the treatment of constipation. Nettle can relieve constipation
by increasing bowel movements and helping to soften stools (40).

Conclusion

Gastrointestinal ~ tract disorders are considered
conditions in which herbal medicines can be included alongside
medical treatment and lifestyle changes. Phytotherapy involves
the use of plant-derived compounds, and the effects of these
compounds on gastrointestinal health are increasingly being

investigated. The chemical composition and clinical studies

complex

discussed in my article have shown that some plants may be
potentially useful in the management of digestive tract diseases.
When the chemical compositions of plants are examined, it has
been found that many plants have anti-inflammatory, antioxidant,
antispasmodic or antimicrobial properties. For example, it has
been found that the anti-inflammatory effects of curcumin, the
active ingredient in turmeric, can relieve symptoms of conditions
such as stomach ulcers and IBS. Similarly, ginger has been shown
to help treat nausea and digestive problems with its antiemetic
(anti-vomiting) effects on the digestive system.

The results of clinical studies also support the effectiveness of
phytotherapy. However, more scientific research is needed on the
effectiveness of phytotherapy, and the methodological quality
of such studies and the use of standardized forms of plants
are important. In addition, the interactions and side effects of
phytotherapy with other treatment methods should also be taken
into account.

In conclusion, phytotherapy can be a potendially effective
complementary treatment option in the management of
gastrointestinal disorders. However, patients and healthcare
professionals need to be careful in this regard and create treatment
plans that are appropriate for individual situations. Further
research and clinical studies will help us understand more about
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the effectiveness and safety of herbs, making phytotherapy a

reliable option for patients.
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