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ABSTRACT 

Aquatic systems are the basic source of life for living beings. Today, climate change is affecting 

the worldwide. One of the important results of climate change, perhaps the most important, is 

the negative effects it has created and will create on aquatic systems. Climate change will also 

greatly affect aquatic systems and those who benefit from these aquatic systems and use them 

as a source of income. In order to better understand the reflections of aquatic systems on climate 

change, predictions about the past, present and future of aquatic systems are of great 

importance. This study focuses on the struggle of algae against climate change. Since aquatic 

systems are open to public use and economic benefit, it is necessary to monitor the excessive 

algae growth observed in these systems and inform the local people about this issue. The use 

of algae in carbon dioxide gas capture applications is a new technology. While algae convert 

solar energy into chemical energy through photosynthesis, they also remove carbon dioxide gas 

from the atmosphere by incorporating it into their bodies. Especially microscopic algae can 

absorb carbon from the atmosphere faster than terrestrial plants due to their high growth rates. 

Thus, algae help reduce carbon levels in the atmosphere. This new technology has a high 

potential to contribute to the fight against climate change in the world and in Turkey. Incentives 

should be given to studies that adopt and implement algae cultivation techniques that increase 

carbon storage and reduce climate change and greenhouse gas emissions with this new 

technology. A bio-ecological system-based harmonious approach is very important in 

combating climate change. This approach includes sustainable management, protection and 

restoration of ecological systems to adapt to the negative effects of climate change. It is very 

beneficial to be prepared by developing plans and projects in advance against climate change, 

the effects of which will increase in the future. 

Keywords: Algae, Climate Change, Struggle, Sustainable Development.  

 

1. INTRODUCTION  

In order for humans to exist on Earth, the climate must be suitable and water resources must be 

sufficient. In particular, in the atmosphere, different chemical components must be present in 

certain proportions for living things to sustain their lives. The reason for the mobility in this 

layer of the atmosphere, which has the most important chemical components of the climate, is 

solar radiation energy. The atmosphere must digest pollutant emissions resulting from human 

activities in a balanced manner over time. As a result of the occasional changes in atmospheric 

chemistry, climate change has occurred throughout the Earth's approximately 4.5 billion-year 

history. Climate change caused by today's human activities will first affect water resources 
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(ķen, 2022). Climate change refers to significant changes in climate measurements, such as 

temperature or precipitation, that have been ongoing in recent years. While natural factors 

caused climate change in the early periods of Earth's history, the main cause of climate change 

observed today is human activities (Kahraman and ķenol, 2018). 

Climate change is associated with an increase in the concentration of greenhouse gases 

in the atmosphere and the resulting increase in average temperatures worldwide. The main 

cause of climate change is greenhouse gases released into the atmosphere by human activities. 

These are carbon dioxide, methane, nitrous oxide and other gases emitted into the atmosphere, 

especially by activities such as burning fossil fuels, industrial production and deforestation. 

These greenhouse gases accumulate in the atmosphere and prevent some of the sun's rays that 

warm the earth from radiating back into space from the earth and trap the heat in the atmosphere. 

These gas emissions from fossil fuels accumulate in the atmosphere and lead to an increase in 

average temperatures worldwide (Kurnaz, 2023). In recent years, microscopic algae have been 

used quite frequently in carbon removal as a biological carbon capture and storage technique 

due to their high capacity to capture and convert carbon dioxide (Huang et al. 2023). 

Additionally, obtaining various valuable compounds from intensively cultivated microscopic 

algae can be used in similar areas such as food, feed and biofuel. 

Climate change has a number of negative consequences on a global scale. Climate 

change is an important world problem that concerns all living things, all sectors, plant and 

animal production globally, making its impact felt more and more each passing day and causing 

significant negative consequences. Climate change causes significant economic losses and 

negative effects on agricultural productivity by increasing the severity and frequency of climatic 

natural disasters such as floods, droughts and storms. Due to climate change, the yield and 

quality of plant organisms decrease, biodiversity decreases and species composition changes 

(Özer, 2021). 

As a result of climate change, the warming in surface temperatures that began in the late 

nineteenth century has become more pronounced in the early 1980s, and has been increasing 

globally, with almost every year being warmer than the previous year. The magnitude of the 

global linear temperature increase trend between 1906 and 2005 has reached 0.74 °C. In the 

twentieth century, while mid-latitude and polar snow cover, polar land and sea ice, and mid-

latitude mountain glaciers have melted and decreased in area and volume, global mean sea level 

has risen by approximately 0.17 m and ocean temperatures have increased, according to 

observation records from tide gauges and sea level meters. While precipitation has increased 

by approximately 0.5 to 1 percent per decade in the mid- and high-latitude regions of the 

northern hemisphere, it has decreased by approximately 3 percent per decade in a significant 

portion of the subtropical belt lands, including the Mediterranean Basin. In Turkey, in regions 

where the Mediterranean precipitation regime prevails, a significant decrease in winter total 

precipitation, namely drought, is observed (T¿rkeĸ, 2012). The Mediterranean basin region, 

which includes Turkey, is one of the regions expected to be most affected by climate change. It 

is estimated that average air temperatures in Turkey will increase by 1.0 °C to 2.0 °C for the 

period 2016-2040; 1.5 °C to 4.0 °C for the period 2041-2070; and 1.5 °C to 5.0 °C for the period 

2071-2099. In addition, it is estimated that temperatures will increase and precipitation will 

decrease in the Mediterranean Basin, making this basin one of the most fragile regions on earth 

(Pekin, 2021). Turkey is highly susceptible to climate change due to its geographical location, 

topography and climate structure that varies by region. It is expected that economic growth will 

be negatively affected by changes in temperature and precipitation, and ecosystem degradation 

will occur that will negatively affect water quality and quantity. The level of impact of these 

effects is likely to affect each of Turkey's seven regions differently. The Southeastern and 

Central Anatolian Regions of Turkey are more at risk of desertification than temperature 
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increases. The same situation applies to the semi-humid Aegean Region, which does not have 

enough water (¥b¿k and Sēnmaz, 2024). 

Climate change will disrupt the composition and productivity of natural ecological 

systems and reduce their biodiversity. However, while some ecological systems respond 

quickly to climate change, others respond very slowly. Since each species will respond to 

climate change and disrupted climatic factors at different levels and in different ways, the 

structure of many ecological systems will be disrupted. As the habitats of flora and fauna 

change, there may be local increases in biodiversity due to newly introduced species. However, 

increasing negativities may lead to a decrease in biodiversity and an increase in unwanted 

species, and habitat fragmentation may create new obstacles for the migration of climate-

dependent species. Climate change and all changes related to it will affect ecological systems 

that contribute to the production of goods and services by controlling material and nutrient 

cycles, water quality, water regime, soil erosion, air quality and climate (Öztürk, 2002). It is 

useful to be prepared for future climate change by developing plans and projects in advance. 

This study is about on the struggle of algae against climate change. 

 

2. DEFINITION OF CLIMATE, CLIMATE CHANGE AND ALGAE  

Climate is defined as the average condition of all weather conditions experienced or observed 

over many years in any part of the world (Kaya, 2009). 

Climate change is defined as a change in climate over a period of decades or longer. The 

concept of climate change refers to broader changes in climate values, including precipitation, 

temperature and wind patterns, rising sea levels, shrinking mountain glaciers and shifts in plant 

flowering times (G¿nay and Hacēyakupoĵlu, 2023). 

Algae are simple-structured and chlorophyll-containing organisms. Their chloroplasts 

are not free in the cytoplasm but granular on the endoplasmic reticulum. In addition to 

chlorophyll, they also carry other pigment substances not found in plants. These pigment 

substances also give the specific colors to various groups. Unspecialized body parts that 

resemble the stem elements of plants but do not carry vascular tissue are called thallus (Cirik 

and Gºkpēnar, 2006). 

  

3. THE IMPORTANCE OF STRUGGLING CLIMATE CHANGE  

It is not possible for any country to combat climate change, which is a global threat, on its own. 

It is impossible for countries to keep themselves out of the negativities caused by climate 

change with their own efforts. Therefore, countries need to act with a sense of global 

responsibility in order to get rid of the dangerous process caused by climate change or to limit 

its effects (Erdoĵan, 2018).  

Climate change is among the most important global challenges of our time, as it knows 

no boundaries and affects all countries regardless of their level of development. The negative 

effects of climate change, which directly affect sustainable development, such as temperature 

increase, drought, flood, forest fires, loss of biodiversity, increased frequency and severity of 

extreme weather events, sea level rise, melting glaciers, food insecurity and increased health 

risks, are increasing in the world and in Turkey. Various international reports and scientific 

studies indicate that countries' current plans to combat climate change are inadequate and that 

it is vital not to exceed the 1.5 degrees Celsius limit, which is dangerous for people, natural life 

and ecosystems, in the global temperature increase. Within the scope of combating climate 

change, the issue of transitioning to a low-carbon economy at a global level envisages a radical 

transformation that will change people's lifestyles, production and manufacturing methods. 
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Therefore, combating and adapting to climate change should not be perceived as a mere 

environmental problem. In reality, this struggle may directly affect the growth strategies, energy 

policies, health and agriculture programs, water resource use, food security, transition to a low-

carbon economy and sustainable development goals that countries will follow and may be 

decisive in their development. In order to achieve these goals, it is important for developed 

countries to fulfill their commitments in financing, technology transfer and capacity 

development (URL-1, 2025). For this, international cooperation is of great importance. 

 

4. STRUGGLE OF ALGAE WITH CLIMATE CHANGE  

Algae, which perform the first production through photosynthesis, have very important roles in 

aquatic systems as they form the first link of the food chain. Algae show a geographical 

distribution depending on the physical and chemical changes of the environment. Human 

activities, domestic, industrial and agricultural wastes have had a direct effect on eutrophication 

in recent years. In addition, nitrogen mixed into water from the atmosphere, nutrients carried 

by rainwater and substances carried to the environment through drainage are natural 

developments that accelerate the pollution process. One of the most obvious results of 

eutrophication is the occurrence of excessive algal blooms. The increase in phytoplankton 

populations causes the color, odor and ecological balance of the water to deteriorate. In 

addition, excessive algae growth causes toxic effects for many living creatures in the aquatic 

environment and causes deaths (Aktar and Cebe, 2010). 

The increase in temperature of aquatic systems, especially due to climate change, will 

force many aquatic organisms to change their habitat. This will cause very important changes 

and losses in the food chain. The food chain in aquatic systems can sometimes be very long and 

is easily affected by many factors such as water temperature and current systems. The most 

easily measurable effect of climate change is the increase in water temperatures. The food chain 

in aquatic systems starts with microscopic algae. Phytoplankton constitutes the first step of the 

food chain in aquatic systems. As water temperature increases due to climate change, algal 

blooms also increase. Phytoplankton live in the lighted surface waters of aquatic systems. These 

phytoplankton serve as food for many aquatic species such as zooplankton, fish, shrimp, and 

mussels. The most important benefit of phytoplankton is that they produce 70 percent of the 

oxygen on earth. Phytoplankton play a very important role in the carbon cycle. The organic 

matter yield created by herbivorous species that feed on benthic or phytoplanktonic algae, 

which provide the energy necessary for their lives from primary production, is sustained by 

phytoplankton. As a result of the increase in the temperature of aquatic systems, algae species 

migrate to new regions suitable for their lives (Kayhan et al. 2015). Thus, significant changes 

occur in the food chain. 

Coloration in aquatic systems can be caused by algae living in the water, rocks on which 

the water is located, or chemicals released as a result of the death of some living things. The 

number of algae living in the water increases greatly at times, and the color of the algae can 

cover the entire environment. This situation, also known as an algal bloom, can occur in very 

different colors, shapes, and sizes (Gºzcelioĵlu, 2017). Drought and excessive rainfall put 

pressure on water quality. In dry months, water quantities in aquatic systems will lead to higher 

concentrations of pollutants, especially from point sources. This will cause water quality to 

decrease. Warmer waters mean less oxygenated waters. The decrease in dissolved oxygen 

levels, which is one of the most important determinants of water quality, causes serious 

pollution problems. Dissolved oxygen concentrations are lower in warmer waters, and 

increasing temperatures encourage the proliferation of algae species that consume dissolved 

oxygen when they decompose and decay (Karaman and Gökalp, 2010). 
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The increasing density and frequency of blue-green algae, which cause taste and odor 

in aquatic systems, is a growing global problem. Human activities such as climate change and 

agricultural loads are increasing the algal blooms. Especially in stagnant water systems and 

potable water sources, taste and odor problems are frequently experienced due to algae. The 

most frequently reported earthy-woody-musty tastes and odors are caused by blue-green algae 

(Fakēoĵlu et al. 2018). Therefore, while previously only microorganisms were studied in terms 

of taste and odor, in recent years, studies have also been conducted in terms of algae in terms 

of taste and odor. 

Phytoplankton are also vital for climate change. While approximately 25 percent of 

anthropogenic carbon dioxide emissions are bound by terrestrial plants, 25 percent are bound 

by phytoplankton in the oceans for aquatic production. 10 gigatons of carbon are transferred 

from the atmosphere to the oceans annually. Therefore, even small changes in phytoplankton 

growth can affect atmospheric carbon dioxide concentrations that will feed back to global 

surface temperatures. On the other hand, the oceans, which are estimated to have absorbed 40 

percent of the total carbon dioxide emissions given to the atmosphere by humans since the 

industrial revolution, are therefore facing the problem of acidification. It is estimated that this 

problem affects more than 95 percent of open ocean waters near the surface. It is also stated 

that the oceans have the capacity to absorb 70-80 percent of foreseeable global carbon dioxide 

emissions (Eren, 2021). The use of algae in carbon dioxide gas capture applications is a new 

technology. Algae use carbon dioxide gas in the atmosphere as a source of energy through 

photoautotrophic nutrition. Photosynthesis is the production of organic compounds from 

inorganic compounds such as carbon dioxide and water using sunlight to meet the nutritional 

needs of organisms containing chlorophyll. While organisms convert solar energy into chemical 

energy through photosynthesis, they also remove carbon dioxide gas from the atmosphere by 

incorporating it into their bodies. Especially microscopic algae can take in carbon from the 

atmosphere faster than terrestrial plants due to their high growth rates. Algae have an excellent 

ability to capture and use carbon dioxide. Algae have a much faster growth rate and a carbon 

capture capacity 10-50 times greater than plants on land (Vuppaladadiyam et al. 2018). 

Approximately 50 percent of the mass of microscopic algae is carbon. All of the carbon in the 

mass of microscopic algae comes from carbon dioxide gas, originating from the atmosphere. 

During the production of 10 kg of microscopic algae, approximately 18.3 kg of carbon dioxide 

gas can be removed from the atmosphere. Algae are a very good alternative for capturing carbon 

dioxide because they grow very quickly. The most important point here is to identify a fast-

growing microscopic algae species that has a high carbon dioxide binding ability and a large 

amount of valuable components (Ho et al. 2011). In recent years, many studies have been 

carried out on the reduction of carbon levels in the atmosphere by algae. 

Shena et al. (2021) reported that with the parallel spiral flow photobioreactor design, the 

biomass yield and carbon dioxide capture rate of Spirulina sp. increased by 81.5 percent and 

100.5 percent, respectively. 

Zuluaga et al. (2021) reported that the carbon dioxide removal efficiency was highest in 

Botryococcus braunii and Scenedesmus sp. cultures at 10 percent carbon dioxide, reaching 6.78 

percent and 6.60 percent, respectively. In addition, they emphasized that microscopic algae can 

be an excellent alternative for carbon dioxide capture by transferring carbon dioxide from flue 

gas from an industrial chimney to the bioreactor. 

Akgül et al. (2022) reported the reproductive efficiency and carbon dioxide retention 

efficiency of Chlorella vulgaris as 0.14 g/L/day and 0.25 g/L/day, respectively, for a gas 

mixture containing 15 percent carbon dioxide. However, increasing the carbon dioxide content 

in the given gas mixture to 90 percent inhibited growth. It was also reported that this situation 

could be prevented by gradually increasing the carbon dioxide gas in the gas mixture given to 

the algal culture. 
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Huang et al. (2023) reported an 81.4 percent increase in the carbon dioxide utilization 

efficiency of Chlorella vulgaris. It also reported that it provides an effective method for 

capturing microscopic algal carbon from industrial flue gas with high sulfate dioxide 

concentrations. 

The cultivation of microscopic algae provides the use of a large amount of carbon and 

nitrogen. In this case, it clearly and clearly indicates that microscopic algae can be used to 

remove waste gases containing carbon and nitrogen (Xu et al. 2023). Thus, algae help reduce 

carbon levels in the atmosphere. This new technology has a high potential to contribute to the 

fight against climate change in the world and in Turkey. Incentives should be given for studies 

that adopt and implement algae cultivation techniques that increase carbon storage and reduce 

climate change and greenhouse gas emissions with this new technology. 

Nutrients reach aquatic systems from point and non-point pollutant sources. Point 

sources are domestic and industrial wastewater. Non-point sources are fertilization in 

agricultural areas, leachate from solid waste storage areas, cattle, poultry and small cattle waste, 

atmospheric transport, surface runoff and erosion. Eutrophication is the enrichment of the 

natural process of biological production in aquatic systems caused by nutrients, especially 

phosphorus and nitrogen compounds. Eutrophication can result in algal blooms, surface 

deposits, surface plant masses and increased benthic aquatic plants. This can cause effects such 

as fish deaths, bad odor and negative effects on public health due to the decomposition of 

organic substances, release of toxic substances and lack of dissolved oxygen (Saĵlamtimur and 

Saĵlamtimur, 2018). Eutrophication occurs in aquatic systems due to climate change and 

environmental pollutants. Harmful algae increases are also related to eutrophication caused by 

climate change and pollution. Eutrophication is more frequently observed in polluted, shallow 

and closed aquatic systems. Harmful algal blooms, defined as a sudden and excessive increase 

in one or more phytoplankton species locally in aquatic systems, have increased in frequency 

in recent years. Excessive algal blooms on the Turkish coast were first observed in 1957 in the 

Gulf of Ķzmir. Algal blooms observed in subsequent years have been addressed in various 

studies. In the Mediterranean system Dinophysis tripos, Dinophysis caudata, Dinophysis 

rotundata, and Pseudonitzschia pungens have been reported to cause excessive blooms and are 

also toxin-secreting algae species (Sezgin and Yēlmaz, 2012). 

Artüz (2008) determined that the species that caused the phenomenon described as 

mixed algal bloom throughout the Marmara Sea were Rhizosolenia calcar-avis and Dinophysis 

caudata and Dinophysis tripos. 

Ulcay et al. (2010) reported that Microcystis aeruginosa and Microcystis wesenbergii 

from Cyanophyceae caused the intense algal bloom in Lake Uluabat. 

Çiçek and Ertan (2012) determined a total of five sections in Köprüçay River, namely 

Ochrophyta, Chlorophyta, Cyanophyta, Charophyta and Euglenophyta, and reported that 

Ochrophyta members were richer in terms of taxa and individual numbers than other sections. 

In addition, it was reported that there was a significant correlation between physicochemical 

parameters and epilithic algal diversity indices. 

The source of the color in pink lakes is an alga called Dunaliella salina and Halobacteria 

cutirubrum from halobacteria. Especially in the summer months when the temperature and 

salinity increase, the algae produce a red-colored substance called beta-carotene. This substance 

protects the algae from the harmful effects of high-energy sunlight. Since halobacteria also 

reproduce excessively during the same period, the color of the lake turns pink or red. When the 

effect of the temperature decreases or the rains begin, there is no need for beta-carotene 

production. For this reason, the red-pink colors disappear. The most well-known and most 

impressive of the pink lakes is Hillier Lake in Australia. Salt Lake in Bozcaada in Turkey is 

also among the pink lakes (Gºzcelioĵlu, 2017). 
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Gülle et al. (2020) reported that Peridiniopsis cf. cunningtonii individuals were effective 

in the algal bloom in Karacaören-I Dam Lake. 

Yümün and Kam (2021) reported that the mucilage in the Sea of Marmara contained the 

most Cloropyhya (Stigeoclonium sp.), followed by Rhodophyta (Ceramium sp.) and a small 

amount of Bacillariophyta (Pleurosigma sp.). 

In the mucilage samples obtained from the Dardanelles, the most dominant species from 

the Cyanophyta group algae were Prochlorococcus marinus, Synechococcus sp., Lyngbya sp., 

Trichodesmium erythraeum, Aphanocapsa sp. and Leptolyngbya sp., were found by Yēlmaz et 

al. (2022). 

Climate change is the greatest threat to life on earth. Therefore, it is undoubtedly one of 

the most popular agenda items of recent times. It is not possible to expect humanity to remain 

indifferent to this threat. On the contrary, it is necessary to ensure that sensitivity on this issue 

becomes global and to take preventive measures urgently according to the results of scientific 

research (Saĵlam et al. 2008). Accordingly, climate change and the increase in global water 

temperatures in recent years have seriously affected the structure of algae in aquatic systems. It 

is necessary to anticipate the negative effects of climate change in advance and to take 

advantage of potential opportunities by taking appropriate measures to prevent or minimize the 

damage they may cause. On the other hand, there is an increase in nitrogen and phosphate 

concentrations in aquatic systems and the fact that algae quickly reflect changes in 

environmental conditions, and there are changes in their species composition and density. This 

has made algae one of the most emphasized groups in monitoring studies in aquatic systems. 

Since aquatic systems are the environments most affected by climate change and environmental 

pollutants, it is very important to know the algae communities of these aquatic environments 

and to determine the changes that occur over time. For this, nutrient concentrations and algae 

species in aquatic systems should be monitored as an indicator of climate change, human and 

environmental health. 

 

5. CONCLUSION 

Climate change threatens life on earth from the tops of mountains to the deepest parts of the 

oceans, from the equator to the poles. Climate change also causes aquatic systems to warm, and 

aquatic species are also negatively affected by this change. Climate change also negatively 

affects aquatic systems, the biological characteristics, habitats, stocks and sustainability of 

aquatic organisms. Excessive algae growth observed in aquatic systems should be monitored 

and local people should be informed about this issue. Carbon capture technologies can reduce 

the negative effects of climate change. Serious investments are being made in new and 

biologically based carbon capture technologies that will reduce climate change and increasing 

carbon emissions in the worldwide. Algae are the most proven organisms in carbon capture. 

The cost of algae is lower than other chemical technologies and materials, and their cultivation 

is simple and economical. Algae will more come to the forefront in this regard in the near future. 

In order to prevent the negative developments of climate change and to deliver a clean 

ecological environment to future generations, more active participation should be ensured in 

this issue. 
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ABSTRACT 

All organisms interact with the environment throughout their lives. The environment includes 

many living and non-living factors. In order to create a sustainable environment for all 

organisms, natural balances must be preserved or disturbed balances must be improved. 

Although most of the earth is covered with water, most of this water is useless for organisms. 

The amount of water that organisms can use is less than one percent of the total water. In other 

words, the amount of this vital resource, defined as freshwater, is not small, but less than small. 

This amount of water is very important for the smooth progress of activities such as health, 

agriculture and industry. An important indicator for the use of freshwater resources is the water 

footprint. In this axis, water footprint has recently been used to better understand the 

connections between water use and increasing pressures on water. This study focused on 

evaluating the green water footprint in the axis of environmental sustainability. The values of 

water footprint components vary for each product. Green water footprint is related to agriculture 

and food production. In this axis, detailed green water footprint studies should be disseminated. 

In order to protect existing water resources and ensure environmental sustainability, detailed 

analysis of the green water footprint is important to contribute to water management policies. 

As a result, increasing the green water footprint used in products is important for the 

environmental sustainability of water resources, especially in arid or semi-arid regions. 

Keywords: Environmental Sustainability, Green Water Footprint, Water Resources.  

 

1. INTRODUCTION  

People's needs are diversifying and increasing day by day. Particularly population growth, 

urbanization and migration movements are the main factors that cause an increase in this 

diversification. As consumption-oriented human activities tend to increase continuously, the 

use of natural resources also increases. However, natural resources are limited and are gradually 

decreasing, polluted and even disappearing in response to needs. This relationship between 

needs and resources has made the concept of environmental sustainability an important topic 

of discussion in recent years. Environmental sustainability has become a concept encountered 

in every aspect of daily life. The impact of humans on the environment is much greater and 

faster than expected. Humans consume more natural resources than the earth can renew. 

Recently, various methodologies have been developed to measure the effects of environmental 

problems. Freshwater is an essential natural resource for both organisms and production and 

industry. As water becomes scarce day by day, freshwater natural resources are becoming very 

valuable today. In this context, a new methodology has been developed to examine water use 
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and better understand the connections between increasing pressure on water. This newly 

developed methodology is water footprint (Hoekstra, 2010; Oel and Hoekstra, 2012; Zhang et 

al. 2013; Lovarelli et al. 2016). Various studies are carried out around the world in the context 

of this new methodology. 

Water footprint is the total amount of clean water resources used for the production of 

goods and services consumed by an individual or society or used by the producer for the 

production of goods and services. The water footprint reflects not only the volume of water, but 

also the type of water used, when and where it is used. In this respect, the water footprint of a 

product is a multidimensional indicator. The first water footprint studies were conducted 

nationwide to reveal a country's water resources and the amount that would meet the water 

needs in direct production. Water footprint studies, which have become more popular today, 

are carried out specifically for products, companies or commercial goods, and have begun to be 

used by the private sector to examine the supply chains of companies (Turan, 2017). The feature 

that distinguishes the water footprint from the concept of virtual water is that the concept of 

water footprint shows not only the volume of water used, but also when and where this water 

was used and the type of water. Considering the current globalization process, rapid population 

growth, urbanization, global warming and the effects of climate change, the amount of 

freshwater resources and their appropriate sharing between different sectors has become one of 

the issues that decision makers think about most. In this context, it has become even more 

important to measure the amount and quality of water used in the production of goods and 

services consumed within the country and on a global scale (S¿tērmak, 2020). To create 

economic connections and create planning accordingly by creating a balance of efficiency 

between sectors, it will ensure that development takes place in an environmentally, 

economically and socially sustainable manner. 

Green water footprint, one of the water footprint components in the context of 

environmental sustainability, was evaluated in this study. This study consists of four parts. In 

the first part, the concept of environmental sustainability will be emphasized. In the second 

part, water footprint and its components will be discussed. In the third section, green water 

footprint will be evaluated within the scope of environmental sustainability. The last part 

includes the results and situation evaluation. This study is based on local and foreign literature 

review. It is thought that the evaluations resulting from the study will provide useful ideas in 

terms of green water footprint in the context of environmental sustainability. 

 

2. ENVIRONMENTAL SUSTAINABILITY  

Environment is the environment in which organisms continue their vital functions, biological, 

economic, social and cultural lives. Recently, the understanding of environmental sustainability 

has become increasingly important. Excessive consumption of natural resources and forgetting 

of future generations, and activities dominated only by the understanding of production and 

consumption, pose a clear threat to the sustainability of the world. Sustainability is the principle 

of consuming the environment and natural resources while preserving the right of future 

generations to use them. Sustainability refers to the equitable distribution of natural resources 

over time, both among the current generation and future generations (ķenocak and Bursalē, 

2018). Sustainability is not just an environmental problem caused by excessive resource 

consumption. At the same time, sustainability can be achieved depending on social, cultural, 

economic and political solutions. 

Environmental sustainability is defined as the creation and maintenance of conditions 

that enable people and the environment to be in productive harmony and meet the economic, 

social and environmental needs of future generations (Yaĸlēca, 2023). Environmental 
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sustainability requires protecting natural resources and avoiding their excessive use. Living in 

a green and clean world is possible by ensuring environmental sustainability. Environmental 

sustainability is critically important in the efficient use of water and preventing pollution of 

water resources. 

  

3. WATER FOOTPRINT AND ITS COMPONENTS  

Water footprint not only indicated the amount of water used in production and consumption, 

but also the components of the water used. Components of the water footprint represent water 

use and quality. The water footprint has three components. These are green water footprint, 

blue water footprint and gray water footprint. The type or scope of water used in water footprint 

calculations is represented by the green water footprint, blue water footprint and gray water 

footprint components. Of these components, green water is the amount of rainwater required to 

produce any product. The second component within the water footprint is blue water, the 

amount of surface and groundwater required to produce any given product. The third 

component of the water footprint is gray water, which is the amount of freshwater used to 

eliminate or reduce the pollution load, based on current water quality standards. In traditional 

water use, only the blue water footprint, which expresses the amount of surface and 

groundwater, is taken into account. However, unlike traditional water uses, in the water 

footprint method, in addition to the blue water footprint, the amounts of green water footprint 

and gray water footprint are also defined. These three water footprint components present 

themselves with different ecological functions. The total water footprint of each sector or 

country is equal to the sum of its green, blue and gray components (Zeng et al. 2012; Avanoz, 

2020). While green and blue colors indicate water consumption, gray color indicates pollution 

on water. 

 

4. GREEN WATER FOOTPRINT AND ENVIRONMENTAL SUSTAINABILITY  

When green water footprint is mentioned, it refers to the total volume of rainwater used in the 

production of a good or service. These resources are used especially in horticulture, forestry 

and agricultural activities. It occurs when the amount of precipitation falling per unit area does 

not pass into groundwater and remains on the surface or is used by plants. This is an indicator 

of the amount of water evaporated and used by plants. The scarcity of green water limits food 

production. Green water footprint occurs mostly in agricultural product growing processes. 

When evaluating the amount of green water in a region, climate change and variability should 

be taken into account, as it is linked to the amount of precipitation in that region (S¿tērmak, 

2020). Green water footprint means terrestrial precipitation that does not flow or mix with 

groundwater, but is stored in the soil or temporarily remains on the soil or plant. 

Green water footprint, blue water footprint and gray water footprint affect water systems 

in different ways. The availability of water resources in a stream basin is limited by the amount 

of rain. Precipitation, which contributes to the amount of water in the basin, leaves the basin 

through evaporation or flows to the seas. Evaporation flows, called green water, can be made 

useful through cultivated areas or forests. In this way, vapor streams are used efficiently rather 

than being lost to the atmosphere. Surface runoff, which is described as blue water in a basin, 

can be made useful as green water by withdrawing from the permeable layer and streams and 

providing domestic, agricultural or industrial use. In this way, surface flows can be used for 

beneficial purposes instead of being lost to the seas (Hoekstra, 2010). Green water is cheaper 

to use than blue water. Blue water is used when green water is insufficient. Therefore, by 

reducing the use of blue water, both production costs and environmental impacts are reduced. 
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Especially in agriculture, blue water depends on the type of product, the tolerance of the product 

to water shortage, irrigation efficiency and the amount of green water (Lovarelli et al. 2016). 

The amount of precipitation affects the supply and demand of green water. 

Precipitation constitutes an extremely important water source for organisms. The 

precipitation, together with the temperature factor, is the main factor that determines the 

structural characteristics, species richness and rhythm of vital activity of plant and animal 

communities on the earth. There is always enough water vapor in the air to form precipitation. 

However, the necessary meteorological conditions for this water vapor to condense do not 

always occur. As water vapor in the air condenses, snow, hail, rain, dew and fog form. Regional 

and seasonal distribution of precipitation is an important limiting factor for organisms. There 

are seasonal variations in precipitation amounts in tropical and subtropical regions. 

Physiological drought caused by frozen water towards the poles and in the higher parts of the 

mountains, and physical drought caused by lack of precipitation and water scarcity towards the 

deserts, significantly restrict life and species richness. Only a certain number of organisms can 

adapt to these conditions. The mass of water contained in the earth is more or less constant, and 

no water molecule can leave the earth and the atmosphere. However, it moves regularly in 

nature under the influence of solar energy and gravity. This movement of water between the 

lithosphere, hydrosphere and atmosphere is called the hydrological cycle. Atmospheric 

movements and marine currents constitute the driving force of the hydrological cycle. The 

precipitation factor that affects the water cycle varies depending on latitude, altitude and the 

atmospheric characteristics of the region (Kocataĸ, 2003). The energy required for the 

hydrological cycle is provided by the sun. 

Due to the relationship between environmental problems and consumption, population 

has an important place in the environmental issue. Research conducted at the global level 

reveals that one of the two main determinants of humanity's ecological footprint is population 

and the other is consumption (Dietz et al. 2007). The most fundamental relationship between 

population and environment is that population size acts as a multiplier of activities and 

consumption, and that every individual in the population is involved in environmental damage. 

Therefore, the size and change of the population, which affects consumption levels along with 

other factors, is directly or indirectly linked to the environment as a natural consequence of 

people's resource needs and their contribution to pollution. Today, the world population still 

continues to increase despite decreasing fertility rates (Özgür, 2017). The world population, 

which was approximately 2.5 billion in 1950, doubled in 37 years and exceeded 5 billion in 

1987. In 2024, the world population will reach 8 billion. It is predicted that the global population 

may reach 8.5 billion in 2030, 9.7 billion in 2050 and 10.4 billion in 2100 (Sevin­ and Aktuĵ, 

2023). Accordingly, the increasing trend in the global population will further increase the 

demand for water resources. In this context, water resources should be protected and managed 

sustainably. Therefore, water should be used carefully, consciously and economically. In this 

way, people can reduce their water footprint. Recently when the concept of environmental 

sustainability is of great importance, the sustainability of rainwater collection and storage 

systems has become a great hope for transferring natural water resources to future generations. 

The importance of collecting rainwater and storing and using it under appropriate conditions 

has become even more evident. 

Organisms cannot always benefit directly from available water. There are many factors 

that limit this benefit. For this reason, soil water, which supports the life of plants and terrestrial 

organisms, constitutes only a tiny fraction of 0.01 percent of the total water available 

worldwide. When the structures of plants and animals are examined, it is observed that their 

structures consist of around 70-80 percent water. Cycles in ecosystems have a very complex 

structure. Some cycles occur between organisms and the atmosphere, while others occur 

between organisms and soil. It is possible for some cycles to occur in both ways. In addition, 
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there is an internal cycle between plants and animals that ensures the preservation and 

displacement of nutritional elements within organisms (Sargēncē et al. 2022). Global warming 

and climate change are among the biggest environmental problems of recent times, negatively 

affecting every sector from health to agriculture. Climate change has many effects globally and 

regionally, and it is indicated that these effects will increase day by day. The effects of climate 

change include decreasing water resources, increasing droughts and floods, and decreasing 

productivity in agriculture. Drought is observed more and more every day due to the effect of 

climate change. Unconscious use of water resources and failure to receive expected 

precipitation increases drought. Drought is one of the main problems of agricultural production. 

The agricultural sector uses the most water in the world. The demand for increasingly limited 

water resources is increasing rapidly and world food security is endangered (Dirican, 2021). It 

is impossible to sustain life without clean, healthy water. To ensure the sustainability of water 

resources, attention should be paid to the use of every drop of water. Water footprint can be 

calculated for the production of a single food or a non-food product. Water footprint 

components together indicate the use of water, the source of water and the volume of clean 

water required to eliminate pollutants. When foods are evaluated in terms of water footprint for 

protein, the water footprint per gram of milk, egg and chicken meat is 1.5 times higher than 

legumes. The water footprint of beef is 6 times higher than that of legumes. One kilogram of 

beef requires approximately 93 percent green water footprint, 4 percent blue water footprint 

and 3 percent gray water footprint. This varies depending on the type of production system, the 

source and composition of the feed used for the animal (Pekcan, 2017). The main priority 

parameter in the blue and green water footprint analyzes of agricultural production is the plant 

water consumption, that is, evoptranspiration values, of agricultural products. First of all, the 

blue and green evapotranspiration values, which are the water footprint components of 

agricultural products, are compared with the effective precipitation and irrigation water amount 

to obtain plant water consumption, that is, blue and green evapotranspiration values (Avanoz, 

2020). When we look at water use by sectors, agricultural water consumption is higher in 

parallel with global use throughout the world. When we look at the water footprints of 

agricultural products in general, the green water footprint is higher. For this reason, production 

may be affected by precipitation and climate conditions. In this context, in addition to the 

economic benefits of agricultural activities, the pressure on water resources should also be taken 

into consideration. For this purpose, awareness and awareness raising about water footprint 

should be provided for sector employees and consumers in order to reduce water consumption 

in the agricultural sector. Producers and consumers should be informed about the amount of 

water spent in agricultural production processes. It is very important to carry out afforestation 

efforts to prevent desertification and erosion. The water content of the basins should be parallel 

to the water footprint of the products grown around them. The most water loss occurs in 

traditional irrigation methods in agriculture. For this, pressurized and modern irrigation systems 

should be preferred. Instead of producing fruits and plants that require excessive water, fruits 

and plants that need less water should be produced. In addition, sustainable agricultural policies 

need to be determined by evaluating the economic benefits of agriculture and its impact on 

water resources. 

Sustainable development is only possible with a sustainable environment. The 

environmental dimension of sustainability focuses on ensuring the continuity of natural 

resources. In a sustainable environment, the level of use of natural resources should not exceed 

the rate at which these resources renew themselves and the rate of pollutants in the natural 

environment should not exceed the rate at which resources process pollutants. In this context, 

protecting human health, protecting biodiversity and plant and animal life, and protecting air, 

soil and water quality constitute the scope of environmental sustainability (Kaypak, 2011). 

Environmental sustainability is meeting the needs of future generations by protecting and 
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developing environmental values in social, economic, physical and all similar areas. 

Environmental sustainability basically aims to protect natural resources. People should transfer 

the water they use to future generations in a better way than the current situation, or if this is 

not possible, in its current state. In this context, environmental sustainability aims to control 

human pressure on water resources and thus protect the natural environment. In particular, 

deterioration in water resources and lack of continuity in water services negatively affect 

societies by triggering fragility in other areas. The small water footprint of societies ensures the 

sustainability of water resources. In this context, green water footprint and environmental 

sustainability, which is a dimension of sustainability, stand out as two complementary elements. 

Although green water footprint and environmental sustainability are two complementary 

elements, they cannot be used interchangeably. Because while green water footprint refers to 

the amount of rainwater required to produce products, environmental sustainability indicates a 

desired outcome. Environmental sustainability focuses on improving the quality of life for both 

today and future generations. Environmental sustainability shows a long-term orientation by 

paying attention to the roots of the problems. Although the concepts of environmental 

sustainability and green water footprint have different meanings, they are intertwined concepts 

that are related to each other and contribute to each other. Because the green water footprint is 

important in achieving the sustainable water target. Therefore, in order to establish water 

resources, the concepts of environmental sustainability and green water footprint should be 

approached as a whole and the concepts should be handled from a holistic perspective. 

 

5. CONCLUSION 

Sustainability of water resources is extremely important. Water resources around the world are 

limited and if they are not managed properly, there may not be sufficient water resources for 

future generations. The aim of water resources management is to determine a environmental 

sustainable potential that will not change the functioning of the hydrological system without 

causing permanent damage to natural resources. Water consumption should be reduced to 

reduce the demand for water resources. With global warming, climate change and population 

growth, the correct and effective use of water plays an important role in countries' future water 

management plans. Accurately determining the amount and quality of consumed and produced 

products and the water used in the process until these products meet the consumer is increasing 

in importance day by day. Water footprint values vary for each product grown or produced. In 

fact, the stages the product goes through before it is ready for sale, the region where the product 

is grown, climate and geographical conditions also cause significant changes in the amount of 

water footprint. Calculation of water footprint components is necessary for sustainable 

management of water resources. In order to use water sustainably, calculating the green water 

footprint component is important for future planning, finding solutions to water-related 

problems and raising public awareness. A close relationship should be established between 

water, which is the basic element of environmental sustainability, environmental variables and 

food security. However, increasing the green water footprint used in products is important for 

the environmental sustainability of water resources, especially in arid or semi-arid regions. 
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ÖZET 

Laktik asit bakterileri (LAB) ve bitki b¿y¿mesini teĸvik eden bakteriler (PGPB) son zamanlarda 

giderek daha fazla ilgi gºrmektedir. Bu fermentatif ve probiyotik bakteriler, geniĸ metabolik 

aktiviteleri, fitohormonlarē sentezlemeleri, d¿ĸ¿k patojeniteleri ve ­eĸitli ­evre koĸullarēna 

g¿­l¿ adaptasyonlarē nedeniyle tarēmda g¿venli ve etkili bir biyog¿bre olarak kabul 

edilmektedir. LAB suĸlarē bitki kºk y¿zeylerine yapēĸarak rizosfer kolonizasyonunu 

kolaylaĸtērēr, bu da patojen ­oĵalmasēnē bastērēr, organik asit ¿reterek pH'ē d¿ĸ¿r¿r ve besin 

alēmēnē kolaylaĸtērēr. Ayrēca, LAB'nin ­evresel strese karĸē direnci ve toprakta hēzlē ­oĵalmasē, 

onlarē s¿rd¿r¿lebilir tarēm i­in umut verici alternatif mikrobiyal ajanlar haline getirir. Bu 

nedenle, ­alēĸmada alkali koĸullarēn neden olduĵu demir eksikliĵi durumunda 

Lactiplantibacillus plantarum suĸu ile sulamanēn ve tohuma priming uygulamasēnēn soyanēn 

rizosfer mikrobiyomunda laktobasil birikimi 16SrRNA amplikon temelli metagenom yöntemi 

ile araĸtērēlmēĸtēr. Analiz sonu­larēna bakēldēĵēnda, biyo­eĸitlilik sonu­larē, tohum kaplama 

uygulamasēnēn rizosfer mikrobiyomunda daha dengeli ve ­eĸitli bir bakteri topluluĵu 

oluĸturduĵunu gºstermiĸtir. Shannon ve Simpson indeksleri, en y¿ksek ­eĸitlilik ve en d¿ĸ¿k 

baskēnlēk deĵerlerinin tohum kaplama grubunda gºzlendiĵini ortaya koymuĸtur. Beta ­eĸitlilik 

analizleri (JensenïShannon mesafesi ve PCoA) ise uygulama yºntemine baĵlē olarak 

mikrobiyal topluluk kompozisyonunun belirgin ĸekilde farklēlaĸtēĵēnē gºstermiĸtir. ¥zellikle 

tohum kaplama grubunun kontrol ve sulama gruplarēndan ilk eksen boyunca net bi­imde 
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ayrēlmasē, doĵrudan inok¿lasyonun rizosfer yapēsēnē yeniden ĸekillendirdiĵini gºstermektedir. 

Lactobacillus okumalarēnēn en y¿ksek d¿zeyde sulama ile inok¿le edilen gruplarda saptanmasē, 

bu yºntemin daha g¿­l¿ rizosfer kolonizasyonu saĵladēĵēnē ortaya koyarken; tohum kaplama 

uygulamasē erken dºnem kolonizasyonu destekleyerek mikrobiyal ­eĸitlilik artēĸēna katkē 

saĵlamēĸtēr. 

Anahtar Kelimeler :  soya, Lactiplantibacillus plantarum, rizosfer mikrobiyom 
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ABSTRACT 

Lactic acid bacteria (LAB) and plant growth-promoting bacteria (PGPB) have recently been 

gaining increasing attention. These fermentative and probiotic bacteria are considered safe and 

effective biofertilizers in agriculture due to their broad metabolic activities, phytohormone 

synthesis, low pathogenicity, and strong adaptation to various environmental conditions. LAB 

strains adhere to plant root surfaces, facilitating rhizosphere colonization, which suppresses 

pathogen proliferation, lowers pH by producing organic acids, and facilitates nutrient uptake. 

Furthermore, LAB's resistance to environmental stress and rapid multiplication in soil make 

them promising alternative microbial agents for sustainable agriculture. Therefore, this study 
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investigated the accumulation of lactobacilli in the rhizosphere microbiome of soybeans using 

a 16SrRNA amplicon-based metagenomic method, focusing on irrigation with 

Lactiplantibacillus plantarum and seed priming under alkaline conditions that cause iron 

deficiency. The analysis results indicate that the seed priming application created a more 

balanced and diverse bacterial community in the rhizosphere microbiome. The Shannon and 

Simpson indices revealed that the highest diversity and lowest dominance values were observed 

in the seed coating group. Beta diversity analyses (JensenïShannon distance and PCoA) 

showed that microbial community composition differed significantly depending on the 

application method. In particular, the clear separation of the seed coating group from the control 

and irrigation groups along the first axis indicates that direct inoculation reshaped the 

rhizosphere structure. The detection of Lactobacillus readings at the highest levels in the groups 

inoculated with irrigation indicates that this method provides stronger rhizosphere colonization, 

while seed coating supports early colonization and contributes to increased microbial diversity. 

 

Keywords: soybean, Lactiplantibacillus plantarum, rhizosphere microbiome 
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ABSTRACT 

In this study, a water-based photocurable resin was modified with bamboo fiber and lavender 

essential oil and processed via SLA to explore more sustainable composite formulations. TGA, 

and tensile analyses showed that all systems exhibited similar thermal behavior, with the main 

degradation occurring between 300ï345 °C and 50% mass loss around 410ï415 °C, indicating 

that additive incorporation did not significantly alter overall thermal stability. In contrast, the 

mechanical response was highly sensitive to composition. Bamboo fiber provided a clear 

reinforcing effect, increasing tensile strength from 33.93 MPa to 37.43 MPa and modulus from 

994.28 MPa to 1389.23 MPa. Conversely, lavender oil caused a sharp deterioration in 

properties, reducing strength to 13.46 MPa and modulus to 495.85 MPa due to its plasticizing 

effect. These results highlight the distinct roles of the two additives, with bamboo fiber acting 

as a reinforcing phase and lavender essential oil reducing the load-bearing capacity of the 

polymer network. The results demonstrate that the effects of natural additives in SLA resins are 

strongly formulation-dependent, with bamboo fiber promoting reinforcement and higher 

lavender essential oil contents reducing strength and stiffness through plasticization. 

Key words: Stereolithography (SLA), water-based photopolymer resin, bamboo fiber, lavender 

essential oil, biocomposite. 
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ÖZET 

 

Bitki kaynaklē fitokimyasallar, oksidatif strese ve inflamasyona baĵlē kronik hastalēklardan 

korunma ve yºnetme konusunda ºnemli biyolojik aktivitelere sahip bileĸiklerdir. Sumak (Rhus 

coriaria L.) Akdeniz bºlgesine ait olan bir bitki olup, fenolik bileĸikler, flavonoidler, tanenler 

ve organik asitlerce zengindir. Bu bileĸikler sumaĵa antioksidan antiinlamatuvar, nºroprotektif 

ve kardiyoprotektif ºzellikler kazandērmaktadēr. Bu derleme ­alēĸmasēnda sumaĵēn 

fitokimyasal i­eriĵini, biyolojik etkilerini ve insan saĵlēĵē ¿zerine olan terapºtik faydalarēnē 

g¿ncel literat¿r ēĸēĵēnda deĵerlendirmeyi ama­ladēk. G¿ncel literat¿r bilgileri 

deĵerlendirildiĵinde, sumaĵēn reaktif oksijen t¿rlerinin oluĸumunu engelleyerek oksidatif stresi 

azalttēĵē, inflamatuar sinyal yolaklarēnē mod¿le ettiĵi, proinflamatuar sitokin d¿zeylerini 

d¿ĸ¿rd¿ĵ¿ ve antimikrobiyal etkileri sayesinde doĵal gēda koruyucu olarak kullanēldēĵē 

gºsterilmiĸtir. Ayrēca yapēlan ­alēĸmalarda sumaĵēn metabolik sendrom, kardiyovask¿ler ve 

nºrodejeneratif hastalēklar ¿zerinde koruyucu etkilerinin olabileceĵi kanēsēna varēlmēĸtēr. Sonu­ 

olarak mevcut bilimsel veriler deĵerlendirildiĵinde sumaĵēn fonksiyonel bir gēda olabileceĵi, 

klinik etkinliĵinin ve potansiyel terapºtik faydalarēnēn netleĸtirilmesi i­in daha fazla insan 

­alēĸmalarēna ihtiya­ vardēr. 

Bu ­alēĸmada sumaĵēn fitokimyasal i­eriĵi, biyolojik etkileri ve insan saĵlēĵē ¿zerine potansiyel 

terapötik etkileri güncel literatür gözden geçirilerek sunulmaya ­alēĸēlacaktēr. 

Anahtar Kelimeler:  Sumak, fitokimyasal içerik, biyolojik etkiler 

ABSTRACT 

Plant-derived phytochemicals are compounds with important biological activities in protecting 

and managing chronic diseases caused by oxidative stress and inflammation. Sumac (Rhus 

coriaria L.) is a plant belonging to the Mediterranean region and is rich in phenolic compounds, 
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flavonoids, tannins and organic acids. These compounds give sumac antioxidant, anti-

inflammatory, neuroprotective and cardioprotective properties. In this review study, we aimed 

to evaluate the phytochemical content, biological effects and therapeutic benefits of sumac on 

human health in the light of current literature. When current literature information is evaluated, 

it has been shown that sumac reduces oxidative stress by preventing the formation of reactive 

oxygen species, modulates inflammatory signaling pathways, reduces pro-inflammatory 

cytokine levels and is used as a natural food preservative thanks to its antimicrobial effects. 

Additionally, studies have concluded that sumac may have protective effects on metabolic 

syndrome, cardiovascular and neurodegenerative diseases. As a result, when the current 

scientific data is evaluated, sumac can be a functional food and more human studies are needed 

to clarify its clinical effectiveness and potential therapeutic benefits. In this study, the 

phytochemical content, biological effects and potential therapeutic effects of sumac on human 

health will be presented by reviewing the current literature. 

Keywords: Sumach, phytochemical content, biological effects 

 

1. GĶRĶķ   

Bitkisel kaynaklē biyoaktif bileĸikler, son yēllarda fonksiyonel gēdalar ve n¿trasºtikler alanēnda 

yoĵun ĸekilde araĸtērēlmaktadēr. Bitkilerde doĵal olarak bulunan saĵlēĵēmēza bir­ok faydasē olan 

ve besin ºĵesi olmayan biyoaktif bileĸiklere fitokimyasallar denir (Saĵlam vd., 2021; Yang ve 

Ling, 2025). Fitokimyasallarēn insan saĵlēĵēnē desteklemede ve kronik hastalēklarēn 

ºnlenmesindeki rol¿ bir­ok araĸtērmaya konu olmuĸ ve bu fitokimyasallarēn ºnemi her ge­en 

g¿n daha da artmaktadēr. Fitokimyasallarla yapēlan ­oĵu ­alēĸmada, bu bileĸiklerinin biyolojik 

aktiviteleri ortaya konulmuĸ ve insan saĵlēĵē ¿zerindeki potansiyel etkileri ortaya konulmaya 

­alēĸēlmēĸtēr (Shahidi & Ambigaipalan, 2015; Cory vd., 2018; Salehi vd., 2019; Zannou vd., 

2025). Bitkisel kaynaklē fitokimyasallar, oksidatif stres ve inflamasyon s¿re­lerini 

d¿zenleyerek metabolik sendrom ile iliĸkili kardiyometabolik risk faktºrlerinde iyileĸtirici etki 

yapabilmektedir. Bitkilerdeki biyoaktif bileĸiklerden olan fenolik bileĸikler antioksidan 

kapasiteyi artērmakta ve lipid profili ile glikoz metabolizmasēnē olumlu yºnde 

etkileyebilmektedir (Ehsani vd., 2022; Rodriguez-Mateos vd., 2025; Gasmi vd., 2023; Perrone 

vd., 2022; G¿ndeĸli, 2025). Fitokimyasallarēn oksidatif stres, inflamasyon ve kardiyometabolik 

risk faktºrleri ¿zerindeki etkileri, sumak gibi bitkisel kaynaklarēn saĵlēk a­ēsēndan potansiyel 

faydalarēnē g¿ndeme getirmiĸtir. 

Sumak (Rhus coriaria L.) Anacardiaceae familyasēna ait olan baharat ve tatlandērēcē madde 

olarak kullanēlan bir Akdeniz bitkisidir. Sumak T¿rkiye, L¿bnan, Suriye, ¦rd¿n ve Ķran gibi 

­eĸitli Akdeniz ve Orta Doĵu ¿lkelerinde genellikle baharat olarak kullanēlēr (Shabbir, 2012; 

Abu-Reidah vd., 2014; Alsamri vd., 2021). Sumak geleneksel kullanēmlarēnēn yanē sēra zengin 

fitokimyasal i­eriĵi nedeniyle modern bilimsel araĸtērmalarēn da odaĵēnda yer almaktadēr 

(Shabbir, 2012; Abu-Reidah vd., 2015). Sumak bitkisi, fenolik asitler, flavonoidler, tanenler ve 

antosiyaninler gibi ºnemli fitokimyasal sēnēflarē barēndērmasē nedeniyle g¿­l¿ biyolojik 

aktivitelere sahiptir (Jafari vd., 2026 Kosar vd., 2007; Shabbir, 2012;  Zannou vd., 2025) 
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Bu literat¿r ­alēĸmasēnda sumak bitkisinin fitokimyasal profili, biyolojik etkileri ve insan 

saĵlēĵē ¿zerine potansiyel terapºtik faydalarē g¿ncel ­alēĸmalar ēĸēĵēnda deĵerlendirilmeye 

­alēĸēldē. 

2.  SUMAĴIN FĶTOKĶMYASAL PROFĶLĶ 

Sumaĵēn (Rhus coriaria L.) fitokimyasal profili, onun biyolojik aktiviteleri ve potansiyel 

terapºtik etkileri belirleyen temel bileĸenleri i­ermektedir. Sumakta bulunan en ºnemli 

fitokimyasallar fenolik bileĸikler, flavonoidler, tanenler ve organik asitlerdir (Abu-Reidah vd., 

2015; Alsamri vd., 2021; Khalil vd., 2021; Batiha vd., 2022; Zannou vd., 2025). 

 

Gºrsel 1.Sumakta bulunan fenolik bileĸikler 

Sumakta bulunan fenolik bileĸikler g¿­l¿ antioksidan ºzellikleriyle oksidatif stresi azaltēp, lipid 

peroksidasyonunu inhibe ederek h¿cresel hasarē ºnlemektedir (Shabbir, 2012; Shahidi ve 

Ambigaipalan, 2015). Gallik asit, ellagik asit ve kateĸin gibi fenolik bileĸikler sumaĵēn 

antiinflamatuar ve antimikrobiyal etkilerinde önemli rol oynarlar (Abu-Reidah vd., 2015; 

Özcan vd., 2018; Khalil vd., 2021; Batiha vd., 2022; Zannou vd., 2025). 

Sumakta bulunan quercetin, kaempferol ve myricetin gibi flavonoidler antioksidan etkilerinin 

yanēnda kardiyoprotektif ve nºroprotektif etkileriyle de ºnem ­ēkmaktadēr (Cory vd., 2018; 

Isgrò vd., 2022; Ahmed vd., 2026). Tanenler ise ºzellikle mikroorganizma h¿cre duvarē 

¿zerinde etkili olup antimikrobiyal ºzellikleriyle gēda koruyucu olarak kullanēmlarē dikkat 

çekmektedir (Kossah vd., 2009; Shabbir, 2012). Sumakta bulunan malik asit ve sitrik asit gibi 

organik asitler sumaĵēn hem tat profilini hem de bazē biyolojik aktivitelerini desteklemektedir 

Sumaĵēn fitokimyasal zenginliĵi yalnēzca tek bir bileĸene baĵlē olmayēp, bu bileĸenlerin 

birbiriyle sinerjik etkisine baĵlēdēr. Bu durum sumaĵēn antioksidan, antiinflamatuar, 

antimikrobiyal, metabolik ve kardiyoprotektif etkilerini a­ēklamada kritik bir rol oynamaktadēr 

(Shabbir, 2012; Abu-Reidah vd., 2015; Khalil vd., 2021; Batiha vd., 2022; Zannou vd., 2025; 

Shidfar vd., 2014; Khalil vd., 2021; Jafarpour vd., 2024; Ghafouri vd., 2024). Ayrēca sumaĵēn 
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fenolik ve flavonoid i­eriĵin y¿ksek olmasē, onun terapºtik potansiyelini arttērmakta ve bir­ok 

kronik hastalēĵēn ºnlenmesinde kullanēlabilirliĵini desteklemektedir. Bu nedenle sumaĵēn 

fitokimyasal i­eriĵinin belirlenmesi, onun hem biyolojik etkilerinin hem de terapötik 

faydalarēnēn ortaya konmasēnda yapēlacak olan daha sonraki ­alēĸmalar i­in ºnemli bir temel 

oluĸturur. 

3. SUMAĴIN BĶYOLOJĶK ETKĶLERĶ VE POTANSĶYEL TERAP¥TĶK 

FAYDALARI  

Sumaĵēn (Rhus coriaria L.) geleneksel tēptaki kullanēmē ve son yēllarda yapēlan bilimsel 

araĸtērmalar, bu bitkinin ºnemli biyolojik etkilerinin ve potansiyel terapºtik faydalarēnēn 

olduĵunu kanētlar d¿zeydedir. 

Sumaĵēn en dikkat ­ekici ºzelliklerinden biri y¿ksek fenolik ve flavonoid i­erikleri sayesinde 

g¿­l¿ antioksidan aktiviteye sahip olmasēdēr. Bu bileĸikler reaktif oksijen t¿rlerini (ROT) 

nºtralize ederek h¿cresel oksidatif stresi azaltmaktadēr. Bºylece ºzellikle lipid peroksidasyonu 

ve DNA hasarēnē engelleyerek kronik hastalēklarēn riskini ºnemli ºl­¿de azaltmaktadēr (Kossah 

vd., 2009; Shabbir, 2012; Abu-Reidah vd., 2014; Shahidi ve Ambigaipalan, 2015; Khalil vd., 

2021; Batiha vd., 2022; Zannou vd., 2025). Sumaĵēn fenolik bileĸikler ve flavanoidlerden 

kaynaklē antioksidan etkisi, diyabet, kardiyovask¿ler ve nºrodejeneratif hastalēklar gibi 

oksidatif stresin rol oynadēĵē durumlarda potansiyel terapºtik faydalar saĵlamaktadēr. Bunun 

yanē sēra antiinflamatuvar etkileri nedeniyle sēklēkla kullanēlan sumaĵēn i­erisindeki fenolik 

bileĸikler sayesinden antimikrobiyal aktivite gºsterdiĵi bilinmektedir (Rayne ve Mazza, 2007; 

Shabbir, 2012; Ostadrahimi vd., 2025; Canbey, 2025; Abu-Reidah vd., 2015; Zannou vd., 

2025). Kronik inflamasyon temelli metabolik sendrom, nörodejeneratif süreçler ve 

kardiyovask¿ler hastalēklarēn ºnlenmesinde fenolik bileĸiklerin ºnemli katkēlarē bulunabilir. 

Sumakta bulunan gallik asit ve tanenler mikroorganizma h¿cre duvarēnē bozarak antibakteriyel 

ve antifungal ºzellikleriyle ºn plana ­ēkmaktadēr. Bu ºzellikler sumaĵē hem doĵal gēda 

koruyucu ajan hem de gastrointestinal ve oral enfeksiyonlarēn ºnlenmesinde potansiyel bir 

doĵal alternatif haline getirmektedir (Borges vd, 2012; Kahkeshani vd., 2019; Keyvani

Ghamsari vd., 2023; Ğomanowska vd., 2024; Zannou vd., 2025).  

Sumak metabolik a­ēdan deĵerlendirildiĵinde, kan ĸekeri d¿zeylerinin d¿ĸ¿r¿lmesinde 

sumaĵēn ºnemli etkileri olduĵu ve glikoz metabolizmasēnēn dengelenmesine katkēda 

bulunduĵu, lipid profili ¿zerinde olumlu etkileri olduĵu ve endotelyal fonksiyonlarē iyileĸtirme 

potansiyeli ile kardiyovask¿ler riskin azaltēlmasēna katkēda bulunabileceĵi bildirilmektedir 

(Cory vd., 2018; Shidfar vd., 2014; Khalil vd., 2021; Jafarpour vd., 2024; Ghafouri vd., 2024).   

Sumak ile yapēlan ­alēĸmalarda ºzellikle bitkinin meyvesinde bulunan fenolik bileĸiklerin 

nºroprotektif etkileri olduĵu, bu bileĸiklerin beyin dokusunda ROT ¿retimini azaltarak 

mikroglial aktivasyonu ve inflamasyonu baskēladēĵē bildirilmiĸtir (Isgrò vd., 2022; Ahmed vd., 

2026). Bu bilgiler ēĸēĵēnda sumak Alzheimer ve Parkinson gibi nºrodejeneratif hastalēk 

s¿re­lerinin yavaĸlamasēna katkēda bulunabilir. 
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Gºrsel 2.Sumaĵēn biyolojik etkileri ve potansiyel terapºtik faydalarē 

Sumak t¿m bu biyolojik aktiviteleri nedeniyle sadece besinsel bir bileĸen deĵil, aynē zamanda 

potansiyel bir terapºtik ajan olarak deĵerlendirilebilir. 

4. SONUÇ 

Mevcut bilimsel kanētlar, sumaĵēn zengin fitokimyasal i­eriĵi sayesinde ­ok yönlü biyolojik 

etkilere sahip olduĵunu gºstermektedir (Shabbir, 2012; Abu-Reidah vd., 2015; Khalil vd., 

2021; Batiha vd., 2022; Zannou vd., 2025; Isgrò vd., 2022; Ahmed vd., 2026). Sumaĵēn 

antioksidan, antiinflamatuar, antimikrobiyal, nöroprotektif, metabolik kardiyoprotektif etkileri 

onu fonksiyonel gēda ve nutrasºtik geliĸtirme a­ēsēndan umut verici bir doĵal kaynak haline 

getirmektedir. Ancak sumaĵēn t¿m bu ºzelliklerinin ortaya konmasē terapºtik potansiyelinin 

klinik uygulamalara aktarēlabilmesi i­in daha fazla randomize kontroll¿ klinik ­alēĸmalara 

ihtiya­ vardēr. 
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ÖZET 

Zerdeçal (Curcuma longa L.) bitkisinin biyoaktif bileĸenlerinden biri olan kurkumin, g¿­l¿ 

biyolojik aktivitelerinden dolayē son yēllarda yoĵun olarak araĸtērēlmaktadēr. Y¿zyēllardēr halk 

tarafēndan hem geleneksel tēpta hem de mutfaklarda kullanēlan zerde­alēn tedavi edici 

etkilerinin ­oĵunlukla kurkuminden kaynaklandēĵē biliniyor. ¥nemli bir polifenol olan 

kurkumin, d¿ĸ¿k molek¿ler aĵērlēĵa ve lipofilik yapēya sahip olup, h¿cre zarlarēndan kolayca 

geçebilmekte ve birçok hücresel sinyal yolunu etkileyebilmektedir. Bu özelliklerinden dolayē 

kurkumin antioksidan ve antimikrobiyal etkiler baĸta olmak ¿zere ­eĸitli biyolojik aktiviteler 

gösterebilmektedir. Kurkuminin en önemli özelliklerinden biri güçlü antioksidan aktivitesidir. 

Bu aktivite sayesinde kurkuminin oksidatif strese baĵlē diyabet, nºrodejeneratif hastalēklar ve 

inflamatuar hastalēklar gibi bir­ok hastalēĵēn ºnlenmesinde veya tedavisinde potansiyel 

faydalara sahip olabileceĵi d¿ĸ¿n¿lmektedir. Kurkumin ayrēca geniĸ spektrumlu antimikrobiyal 

özelliklere sahiptir. Birçok mikroorganizmaya karĸē potansiyel aktivitesi, kurkuminin alternatif 

veya destekleyici bir antimikrobiyal ajan olarak kullanēlabileceĵini d¿ĸ¿nd¿rmektedir. Ancak 

kurkuminin biyoyararlēlēĵēnēn d¿ĸ¿k olmasē klinik uygulamalarda ºnemli bir sēnērlama 

oluĸturmaktadēr. Bu nedenle gelecekteki ­alēĸmalarēn biyoyararlēlēĵē artēran form¿lasyonlara ve 

insanlarda klinik ­alēĸmalara odaklanēlmasē b¿y¿k ºnem taĸēmaktadēr. Bu ­alēĸmada zerde­alēn 

biyoaktif bileĸenlerinden biri olan kurkuminin antioksidan ve antimikrobiyal etkileri son 

­alēĸmalar ēĸēĵēnda ele alēnarak literat¿re ºnemli katkēlar saĵlanmaya ­alēĸēlacaktēr. 

Anahtar Kelimeler:  Kurkumin, antioksidan etki, antimikrobiyal etki 

ABSTRACT 

Curcumin, one of the bioactive components of the turmeric (Curcuma longa L.) plant, has been 

intensively researched in recent years due to its strong biological activities. It is known that the 

therapeutic effects of turmeric, which has been used by the public for centuries in both 

traditional medicine and cuisine, are mostly due to curcumin. Curcumin, an important 

polyphenol, has a low molecular weight and lipophilic structure, can easily pass through cell 
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membranes and affect many cellular signaling pathways. Due to these properties, curcumin can 

show various biological activities, especially antioxidant and antimicrobial effects. One of the 

most important properties of curcumin is its strong antioxidant activity. Thanks to this activity, 

it is thought that curcumin may have potential benefits in the prevention or treatment of many 

diseases such as oxidative stress-related diabetes, neurodegenerative diseases and inflammatory 

diseases. Curcumin also has broad-spectrum antimicrobial properties. Its potential activity 

against many microorganisms suggests that curcumin can be used as an alternative or 

supportive antimicrobial agent. However, the low bioavailability of curcumin constitutes a 

significant limitation in clinical applications. Therefore, it is of great importance that future 

studies focus on formulations that increase bioavailability and clinical studies in humans. In 

this study, the antioxidant and antimicrobial effects of curcumin, one of the bioactive 

components of turmeric, will be discussed in the light of the latest studies and an attempt will 

be made to make important contributions to the literature. 

Keywords: Curcumin, antioxidant effect, antimicrobial effect 

 

1. GĶRĶķ  

Geleneksel tēp uygulamalarē hem doĵal hem de d¿ĸ¿k maliyetli olup gelir d¿zeyi d¿ĸ¿k olan 

¿lkelerde birincil saĵlēk hizmetlerinin kaynaĵēdēr. D¿nyanēn bir­ok bºlgesinde insanlar, doĵal 

ila­lara ºzellikle de bitkisel olanlara daha fazla yºnelmektedir. ¢¿nk¿ doĵal bitkisel ila­lar 

diĵer ila­lara gºre daha g¿venli alternatif olarak kabul edilmektedir ( Easmin  vd., 2015; van 

Antel ve Carvalheiro, 2013). Özellikle bitkilerden elde edilen doĵal ila­lar ya da direkt olarak 

kullanēlan bitkiler benzersiz kimyasal yapēlara ve etki mekanizmalarēna sahip bileĸikler 

a­ēsēndan zengindir. Bu bileĸikler ºnemli biyolojik etkileri nedeniyle ­eĸitli hastalēklarēnēn 

önlenmesinde ve tedavisinde potansiyel terapºtik faydalarē ile ºne ­ēkmaktadēr (Thomford  vd., 

2018; El-Saadony vd., 2025). 

Zerdeçal ( Curcuma longa L.), hem bilim d¿nyasēndan hem de mutfak d¿nyasēndan b¿y¿k ilgi 

gºren bir baharattēr. Zerde­al, zencefil ailesinden rizomlu otsu ­ok yēllēk bir bitkidir (Hewlings 

ve Kalman, 2017). Zerde­al baĸta Hindistan olmak ¿zere d¿nya ­apēnda yaygēn olarak 

kullanēlan bir baharat olup, rizomlarē taze, piĸmiĸ, kurutulmuĸ ve zengin turuncu-sarē toz haline 

getirilmiĸ olarak t¿ketilmektedir Ayrēca Asya mutfaĵēnda, ºzellikle kºrilerde baharat olarak 

kullanēlēr ve boya gºrevi gºr¿r (Hussain vd., 2017; Krishnaswamy, 2008; Kapoor ve Saraf, 

2011; Zorofchian  vd., 2014; El-Saadony vd., 2025 ) 

Kurkuminin kaynaĵē olan zerde­alēn tēbbi ºzellikleri binlerce yēldēr bilinmektedir. Zerde­al 

ºzellikle Asya geleneksel tēbbēnda ­ok eskilerden beri kullanēlmēĸ ve kapsamlē ĸekilde birçok 

araĸtērmaya konu olmuĸtur. Zerde­alēn y¿zyēllardēr ­eĸitli k¿lt¿rlerde temel beslenme maddesi 

olarak kullanēlmasēyla g¿venli bir bitki olduĵu kanētlanmēĸ durumdadēr. Ayrēca Alzheimer 

hastalēĵē, kanser, diyabet ve romatizmal hastalēklar dahil olmak ¿zere ­eĸitli hastalēklarēn 

tedavisinde de kullanēlmēĸtēr (Alrawaiq ve Abdullah, 2014;  El-Saadony vd., 2025; Hewlings 

ve Kalman, 2017 ).  

Kurkumin, h¿cre zarlarēnē kolayca ge­ebilen d¿ĸ¿k molek¿l aĵērlēklē lipofilik bir polifenold¿r 

(Hosseini ve Hosseinzadeh, 2018; Den Hartogh, 2019). Kurkumin, anti-enflamatuar, 

antidiyabetik, nºroprotektif ve hastalēklarla m¿cadele ºzellikleri de dahil olmak ¿zere ­eĸitli 

saĵlēk yararlarē a­ēsēndan yaygēn olarak araĸtērēlmēĸtēr (Giordano ve Tommonaro, 2019 ). 
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Kurkuminin birden fazla sinyal molek¿l¿n¿ hedef aldēĵē ve aynē zamanda h¿cresel d¿zeyde 

aktivite gºsterdiĵi, bu da ­oklu saĵlēk yararlarēnē desteklemeye yardēmcē olduĵunu 

göstermektedir ( Gupta vd.,2013; Hewlings ve Kalman, 2017). Kurkumin Nörolojik hastalēklar, 

inflamasyon, diyabet ve ­eĸitli kanserlerle iliĸkili epigenetik modifikasyonlarē etkili bir ĸekilde 

düzenler (Giordano ve Tommonaro, 2019). Ek olarak, kurkumin se­ici olarak fosforilaz kinazē 

inhibe ederek glikojen metabolizmasēnē azaltēr ve proteazomal yollarē deĵiĸtirir (Heng, 2017). 

Kurkumin takviyesinin sayēsēz terapºtik faydasē olduĵu bilinse de, bu faydalarēn ­oĵu 

antioksidan ve antimikrobiyal etkilerinden kaynaklanmaktadēr (Gupta vd., 2013; Aggarwal vd 

Harikumar, 2009; Hewlings ve Kalman, 2017). Antioksidan ve antimikrobiyal mekanizmalar 

yoluyla bildirilen faydalarēna raĵmen, kurkuminin tek baĸēna alēnmasēnēn en b¿y¿k 

sorunlarēndan biri, esas olarak zayēf emilim, hēzlē metabolizma ve hēzlē eliminasyondan 

kaynaklanan d¿ĸ¿k biyoyararlanēmēdēr [Anand vd., 2007; Hewlings ve Kalman, 2017). 

Kurkuminin biyoyararlanēmēnē iyileĸtirmek i­in ­eĸitli araĸtērmalar yapēlmaktadēr. Karabiberin 

ana aktif bileĸeni olan piperin kurkuminin biyoyararlanēmēnda %2000'lik bir artēĸ meydana 

getirmektedir (Shoba vd., 1998; Hewlings ve Kalman, 2017).  

Bu ­alēĸmanēn amacē kurkuminin antioksidan ve antimikrobiyal etkileri ve insan saĵlēĵē ¿zerine 

potansiyel faydalarē g¿ncel bilimsel literat¿r gºzden ge­irilerek deĵerlendirilmeye 

­alēĸēlacaktēr. 

2. KURKUMĶNĶN ANTĶOKSĶDAN VE ANTĶMĶKROBĶYAL AKTĶVĶTELERĶ 

Zerde­alda bulunan doĵal bir bileĸik olan kurkuminin bir­ok biyolojik etkiye sahip olduĵu ve 

bu etkilerinin de insan saĵlēĵē ¿zerine sayēsēz terapºtik faydalarēnēn olduĵu bilinmektedir. 

Kurkuminin bu terapºtik faydalarēn ­oĵunun antioksidan, antiinflamatuar ve antimikrobiyal, 

etkilerinden kaynaklandēĵē bildirilmiĸtir (Aggarwal ve Harikumar, 2009; Gupta vd., 

2013;  Hewlings ve Kalman, 2017; El-Saadony vd., 2025). 

 

 

 

 

             2.1. Kurkuminin Antioksidan Aktivitesi 
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Oksidatif stres, endojen antioksidanlar ile insan v¿cudunda doĵal olarak ¿retilen oksidan 

molek¿ller arasēndaki dengesizlikten kaynaklanmaktadēr. Solunum gibi normal h¿cresel 

s¿re­ler sērasēnda bile ¿retilen reaktif oksijen t¿rlerinin (ROT) fazla birikmesi sonucu biyolojik 

bileĸenler oksitlenerek doku hasarē meydana gelmektedir(Soleimani vd., 2018;  Jabczyk vd., 

2021). Organizmalar ROT kaynaklē zararē ºnlemek i­in antioksidan savunma sistemlerini 

kullanērlar ( Batiniĺ-Haberle vd., 2010). Kurkuminin antioksidan aktivitesi en önemli özellik 

olarak kabul edilir. Kurkuminin reaktif nitrojen ve oksijenin türlerinin (RNT ve ROT) 

uzaklaĸtērēlmasē, farklē enzimlerin d¿zenlenmesi ve metal ĸelasyonu gibi ºzellikleri, 

kurkuminin oksidatif stres belirte­leri ¿zerindeki antioksidan etkisinden kaynaklanmaktadēr 

( Qiu L vd., 2023; El-Saadony ve 2025 ). 

 

 Yapēlan bir ­alēĸmada diyabetin neden olduĵu oksidatif strese karĸē kurkuminin antioksidan 

aktivitesi gºsterilmiĸtir. Diyabetli sē­an modelinde yapēlan ­alēĸmada s¿peroksit dismutazēn 

artan ekspresyonunun kurkuminin antioksidan koruma saĵlamasēna neden olduĵu bildirilmiĸtir 

( Haryuna, 2017). 

 

Sankar ve arkadaĸlarē hem serbest hem de kaps¿llenmiĸ kurkuminin, glutatyon red¿ktaz, SOD 

ve CAT gibi antioksidan enzimlerin aktivitesini dolaylē olarak artērabileceĵini ºne s¿rm¿ĸt¿r 

( Sankar vd., 2015 ). Kurkumin ayrēca diĵer antioksidanlarla birleĸtirildiĵinde sinerjik 

antioksidan etkiler gösterir ( Aftab ve Vieira, 2010). 

Son yirmi yēlda bir­ok ­alēĸmada kurkuminin antioksidan özelliklerinin ve serbest radikalleri 

temizleme yeteneĵinin altēnda yatan mekanizmalar incelenmiĸ ve kurkuminin h¿cresel 

oksidatif hasarē azalttēĵē gºzlemlenmiĸtir( Riaz, 2024 ).Yapēlan bir ­alēĸmada, kurkuminin 

antioksidan enzim aktivitesini artērarak karaciĵerdeki oksidatif stresi ve iltihabē azaltabileceĵi 

bildirilmiĸtir( Kuncha, 2014 ). 

Baĸta bir ­alēĸmada ise kurkuminin sē­anlarēn karaciĵer, bºbrek ve beyinlerinde stres kaynaklē 

oksidatif hasarē ºnleyebildiĵi gºsterilmiĸtir (Jagetia vd., Rajanikant, 2015).  

Kurkuminin ROT üretimini ve lipid peroksidasyonunu azaltarak hücreleri radyasyonun neden 

olduĵu oksidatif hasardan korumaktadēr Kurkumin sadece zararlē serbest radikalleri nºtralize 

etmekle kalmaz, aynē zamanda diĵer antioksidanlarēn etkinliĵini de arttērmaktadēr( Riaz vd., 

2024; El-Saadony vd., 2025). Bu bulgular umut verici olsa da, kurkuminin antioksidan 

faydalarēnēn tam kapsamēnē doĵrulamak i­in insanlarda daha fazla klinik ­alēĸmaya ihtiya­ 

duyulmaktadēr. 

 

2.2. Kurkuminin Antimikrobiyal Aktivitesi 

Kurkuminin antimikrobiyal aktivitesi; mikrobiyal h¿cre yapēlarēnēn bozulmasē, temel 

mikrobiyal enzimlerin inhibisyonu ve hatta konak baĵēĸēklēk tepkilerinin mod¿lasyonu gibi 

farklē mekanizmalara atfedilebilir (Murtadlo vd., 2023). Kurkuminin antibakteriyel 

mekanizmasē, bakteri h¿cre zarē b¿t¿nl¿ĵ¿n¿n bozulmasēna neden olmasēdēr. Lipofilik 

ºzelliklere sahip olan Kurkumin ºncelikle bakteri h¿cre zarē ile etkileĸime girmektedir. Bu 

etkileĸim sonucunda zarēn akēĸkanlēĵēnē ve ge­irgenliĵini deĵiĸtirerek h¿cresel i­eriĵin 

sēzmasēna ve h¿cre ºl¿m¿ne yol a­maktadēr. Dahasē kurkumin bakterileri konak baĵēĸēklēk 

sisteminden koruyan karmaĸēk yapēlar olan bakteri biyofilmlerinin oluĸumuna da m¿dahale 

edebilmektedir  (Gautam vd., 2007; Anand vd., 2008; Hatcher vd., 2008; Gul ve Bakht, 2015; 

Murtadlo vd., 2023). Yapēsal bozulmanēn yanē sēra kurkumin bakterilerde DNA replikasyonu 

ve transkripsiyonu i­in hayati ºnem taĸēyan bazē enzimleri inhibe ederek bakteriyel ­oĵalmayē 

da önler. Ayrēca kurkuminin konak baĵēĸēklēk sistemi antimikrobiyal savunmalarēnē artērmak 
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i­in mod¿le ettiĵi gºsterilmiĸtir. Kurkumin, sitokinler, transkripsiyon faktºrleri ve enzimler 

gibi inflamasyonda yer alan ­eĸitli sinyal molek¿llerini d¿zenleyebilir ve bu da v¿cudun 

patojeni temizlemede doĵuĸtan gelen baĵēĸēklēk tepkisine yardēmcē olabilir. Ek olarak, 

kurkumin konak h¿crelerini mikrobiyal toksinlerin verdiĵi hasardan koruyabilen antioksidan 

özelliklere sahiptir (Negi vd., 1999; Praditya vd., 2019; Murtadlo vd., 2023).  

 

Kurkuminin antimikrobiyal aktiviteleri ile ilgili hem in vitro hem de in vivo olarak ­eĸitli 

mikroorganizmalara karĸē test edilmiĸ ve g¿­l¿ antimikrobiyal potansiyelininin olduĵu 

doĵrulanmēĸtēr. Kurkuminin Staphylococcus aureus, Escherichia coli, Pseudomonas 

aeruginosa ve Helicobacter pylori dahil olmak üzere hem Gram-pozitif hem de Gram-negatif 

bakterilere karĸē etkili olduĵu gºsterilmiĸtir. ¥zellikle, kurkuminin bakteri h¿cre duvarlarēnē 

bozduĵu ve bakteri proteinlerinin ve DNA'sēnēn sentezine m¿dahale ederek bakteri h¿cre 

ºl¿m¿ne yol a­tēĵē gºr¿lmektedir. Dahasē kurkuminin ­oklu ila­ diren­li bakteri suĸlarēyla 

m¿cadelede potansiyel faydalarē gºsterilmiĸ ve geleneksel antibiyotiklere alternatif olarak olasē 

kullanēmēnē vurgulanmēĸtēr (Teow vd., 2016; Murtadlo vd., 2023). 

Kurkuminin antiviral aktivitesiyle ilgili olarak yapēlan ­alēĸmalarda HIV, influenza, hepatit C 

ve Zika vir¿s¿ de dahil olmak ¿zere ­eĸitli vir¿slere karĸē etkili olduĵu, kurkuminin bu etkisini 

vir¿slerin replikasyon dºng¿s¿ne m¿dahale ederek gºsterdiĵi ve viral baskēlamada faydalē 

olduĵu bildirilmiĸtir (Babaei vd., 2022; Soni vd., 2020). Ayrēca kurkuminin birçok mantar 

t¿r¿ne karĸē ­ok yºnl¿ bir antifungal ajan olarak potansiyelinin olduĵu gºsterilmiĸtir (Garcia-

Gomes vd., 2012; Thomachan, 2016). 

 

3. SONUÇ  

Zerde­alēn baĸlēca biyoaktif bileĸiĵi olan kurkumin bir­ok biyolojik aktiviteye sahip olup, baĸta 

g¿­l¿ antioksidan ve antimikrobiyal ºzellikleriyle dikkat ­eken doĵal bir polifenold¿r. 

Kurkumin ile ilgili yapēlan ­alēĸmalarda, kurkuminin reaktif oksijen ve nitrojen türlerin  

azaltarak oksidatif stresi baskēladēĵēnē ve antioksidan enzim sistemlerini desteklediĵi 

gºr¿lmektedir. Ayrēca kurkuminin bakteri, vir¿s ve mantarlara karĸē geniĸ spektrumlu 

antimikrobiyal etkilere sahip olduĵu ve patojenlerin ­oĵalmasēnē engelleyediĵi bilinmektedir. 

Kurkuminin antioksidan ve antimikrobiyal özellikleri nedeniyle birçok metabolik ve kronik 

hastalēĵēn ºnlenmesi ve tedavisinde umut verici bileĸik haline getirmiĸtir. Ancak kurkumin 

d¿ĸ¿k biyoyararlanēma sahip olmasē onun klinik kullanēmēndaki sēnērlēlēĵēna neden olmaktadēr. 

Bu y¿zden kurkuminin biyoyararlanēmēnē arttērmaya dºn¿k yeni form¿lasyonlarē geliĸtirilmesi, 

antioksidan ve antimikrobiyal aktivitelerinden yararlanarak insanlarda daha kapsamlē klinik 

­alēĸmalarēn yapēlmasē ve insan saĵlēĵē i­in klinik kullanēmēnēn arttērēlmasē gerekmektedir.   
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¥zet 

Doĵada en yaygēn bulunan k nc  pol mer olan k t n n %50 veya daha y¿ksek oranda 

deaset llenmes yle k tosan pol mer  oluĸmaktadēr. K tosanēn deaset lasyon dereces  kullanēm 

alanlarēnēn da farklēlaĸmasēnda neden olab lmekted r. K tosanlar pol katyon k, toks k olmayan 

b youyumlu homopol merlerd r. K tosanazlar (E.C 3.2.1.132) k tosanlar arasēndak  beta-1,4 

gl koz d k baĵlarē h drol ze ed p COS (k tool gosakkar t) yapēlarēnēn oluĸumunu saĵlar. COS 

suda ­ºz¿neb l r, d¿ĸ¿k v zkoz tel  ve b yo­ºz¿neb l r maddeler olup; ant m krob yal, 

ant t¿mºr, ant- nflamatuar ve ant oks dan etk ler  ¿zer ne ­eĸ tl  araĸtērmalar yapēlmēĸtēr. 

K tosanazlar am noas t d z  benzerl ĵ ne gºre 7 farklē gl koz l h drolaz (GH3, GH5, GH7, GH8, 

GH46, GH75, GH80) a les  altēnda ncelenmekted r. Bu ­alēĸmada araĸtērmalarēn odaĵēnda 

bulunan ve kaynaklarē Bac llus sp., Streptomyces sp., ve Serrat a sp. olan GH46 a les ne a t 

k tosanazlara benzerl k gºsteren b r k tosanazēn heterolog ekspresyonu ger­ekleĸt r lm ĸt r. 

L terat¿rde Bac llus sp. kaynaklē k tosanazlar ¿zer nde yapēlmēĸ araĸtērmalar bulunmaktadēr.  

¥ncek  ­alēĸmalardan y¿ksek akt v te gºsterd ĵ  bel rlenen Bac llus sp. kaynaklē b r k tosanaz 

d z s  homoloj  tesp t  ­ n NCBI ver  tabanēnda BLASTp aracē kullanēlarak sorgulanmēĸtēr. 

Benzerl k oranē %93 olarak bel rlenen Bac llus sp. kaynaklē k tosanaz d z s  ­alēĸmada 

kullanēlmak ¿zere se­ lm ĸt r. Hedef gen d z s , Escher ch a col BL21(DE3) suĸunda fade 

ed lmes n  saĵlamak ¿zere kodon opt m zasyonu yaptērēlmēĸ ve lg l  d z  pET-28a(+) vektºr¿ 

­er s nde tem n ed lm ĸt r. E. col  BL21(DE3) suĸunun sºz konusu vektºrle transformasyonunu 

tak ben poz t f klonlar bel rlenm ĸt r. Rekomb nant k tosanaz ¿reten Escher ch a col suĸu farklē 

sēcaklēklarda (20C̄, 28C̄, 37C̄) ve bu sēcaklēĵēn farklē saatler  boyunca (8, 12, 18, 24 saat) 

eksprese ett r lerek k tosanaz akt v te d¿zey  karĸēlaĸtērēlmēĸtēr. Se­ len koĸullarda ¿retm  

tak ben enz m n b yok myasal karakter zasyonu yapēlacaktēr. Elde ed len COSôlarēn kal tes n n 

deĵerlend r lmes  yoluyla end¿str de kullanēlma potans yel  ortaya konacak ve k tosandan 

COSôlarēn rekomb nant k tosanaz kullanēlarak ¿ret lmes  ­evrede k myasal atēk b r k m n  

ºnleyen b r stratej  olarak ºne ­ēkacaktēr. 

Bu ­alēĸma Yēldēz Tekn k ¦n vers tes  B l msel Araĸtērma Projeler  Koord nasyon B r m  

tarafēndan FYL-2025-7132 nolu proje kapsamēnda desteklenm ĸt r. 

Anahtar Kel meler: K tosanaz, Bac llus sp., E. col, heterolog ekspresyon 
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Abstract 

Ch tosan s a polymer formed by the deacetylat on of ch t nðthe second most abundant 

polymer n natureðat a rate of 50% or h gher. The degree of deacetylat on n ch tosan can lead 

to var at ons n ts appl cat on areas. Ch tosans are polycat on c, non-tox c, and b ocompat ble 

homopolymers. Ch tosanases (E.C 3.2.1.132) hydrolyze the beta-1,4-glycosd c bonds w th n 

ch tosans, enabl ng the format on of ch tool gosacchar de (COS) structures. COSs are water-

soluble, low-v scos ty, and b odegradable substances; extens ve research has been conducted 

on the r ant m crob al, ant tumor, ant- nflammatory, and ant ox dant effects. Based on am no 

ac d sequence s m lar ty, ch tosanases are exam ned under seven d fferent glycosyl hydrolase 

fam l es (GH3, GH5, GH7, GH8, GH46, GH75, and GH80). Th s study focuses on the 

heterologous express on of a ch tosanase showng s m lar ty to those belong ng to the GH46 

fam ly, sourced from Bac llus sp., Streptomyces sp., and Serrat a sp. Prev ous research n the 

l terature has nvest gated Bac llus sp.-der ved ch tosanases, w th stud es nd cat ng h gh levels 

of act v ty. A Bac llus sp.-der ved ch tosanase sequence, prev ously dent f ed for ts h gh 

act v ty, was quer ed us ng the BLASTp tool n the NCBI database for homology detect on. The 

sequence, exh b t ng a 93% s m lar ty rate, was selected for use n th s study. The target gene 

sequence was codon-opt m zed for express on n the Escher ch a col BL21(DE3) stra n and 

obta ned w th n the pET-28a(+) vector. Follow ng the transformat on of the E. col BL21(DE3) 

stra n w th the aforement oned vector, pos t ve clones were dent f ed. The recomb nant 

ch tosanase-produc ng E. col stra n was expressed at d fferent temperatures (20ÁC, 28ÁC, 

37ÁC) and across var ous t me ntervals (8, 12, 18, 24 hours) to compare ch tosanase act v ty 

levels. Follow ng product on under the selected cond t ons, the b ochem cal character zat on of 

the enzyme w ll be performed. By evaluat ng the qual ty of the obta ned COSs, the r potent al 

for ndustr al use w ll be revealed. Furthermore, the product on of COSs from ch tosan us ng 

recomb nant ch tosanase w ll emerge as a strategy that prevents chem cal waste accumulat on 

n the env ronment. 

Th s work was supported by the Yēldēz Techn cal Un vers ty Sc ent f c Research Projects 

Coord nat on Un t under project number FYL-2025-7132. 

Keywords: Ch tosanase, Bac llus sp., E. col, heterologous express on
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SPĶRAMĶD VE HĶDROKĶNĶDĶNĶN N¥ROBLASTOMDA KARķILAķTIRMALI 

ANTĶT¦M¥R ETKĶLERĶ: APOPTOZUN ĶND¦KLENMESĶ VE PROLĶFERASYON 

ĶLE MĶGRASYONUN BASKILANMASI 

 

Doç.Dr. Turan Demircan 

Ķzmir Bakēr­ay ¦niversitesi, Tēp Fak¿ltesi, Tēbbi Biyoloji ABD 

turan.demircan@bakircay.edu.tr - 0000-0002-2424-9893 

ÖZET 

Nºroblastoma, ºzellikle y¿ksek riskli olgularda sēnērlē tedavi se­enekleri ve d¿ĸ¿k saĵkalēm 

oranlarē ile karakterize agresif bir pediatrik malignitedir. Bu durum, yeni ve etkili tedavi 

stratejilerine olan ihtiyacē a­ēk­a ortaya koymaktadēr. Bu ­alēĸmada, ila­ yeniden 

konumlandērma yaklaĸēmē kapsamēnda, sēnēf IA antiaritmik bir iyon kanal blokeri olan 

hidrokinidin ile dopamin D /serotonin 5-HT  reseptºr antagonisti ve endoplazmik retikulum 

stres indükleyicisi olan spiramidin antikanser etkileri, SH-SY5Y insan nöroblastoma hücre 

hattēnda araĸtērēlmēĸtēr. H¿creler, artan konsantrasyonlarda bileĸiklerle muamele edilmiĸ ve 

h¿cre canlēlēĵē, koloni oluĸumu, yara iyileĸme (migrasyon), proliferasyon, apoptoz ve kantitatif 

gen ekspresyon analizleri ile deĵerlendirilmiĸtir. 

Her iki bileĸik de h¿cre canlēlēĵēnda doza baĵēmlē bir azalma oluĸturmuĸ, ancak spiramid t¿m 

deney koĸullarēnda daha y¿ksek etkinlik gºstermiĸtir. Fonksiyonel analizler, klonojenik 

saĵkalēmēn, h¿cre migrasyonunun ve DNA sentezinin belirgin ĸekilde baskēlandēĵēnē ve buna 

eĸlik eden h¿cre ºl¿m¿nde artēĸ olduĵunu ortaya koymuĸtur. Molek¿ler d¿zeyde ise, her iki 

bileĸik apoptoz ve h¿cre dºng¿s¿ ile iliĸkili genlerde koordineli bir transkripsiyonel 

d¿zenlenmeye yol a­mēĸ; pro-apoptotik ve hücre döngüsü inhibitörü genlerin (Bax, CDKN1A, 

CDKN1B) ekspresyonu artarken, anti-apoptotik ve proliferatif genlerin (Bcl-2, CCND1) 

ekspresyonu azalmēĸtēr. 

Özellikle spiramidin daha güçlü sitotoksik ve anti-migratuvar etkiler göstermesi, etkisinin daha 

belirgin ĸekilde apoptoz ve h¿cresel stres mekanizmalarē ¿zerinden ger­ekleĸtiĵini 

d¿ĸ¿nd¿rmektedir. Sonu­ olarak, hidrokinidin ve spiramidin nºroblastoma h¿cre b¿y¿mesini 

birbirini tamamlayan stres ve h¿cre dºng¿s¿ iliĸkili mekanizmalar ¿zerinden baskēladēĵē ve ileri 

preklinik ­alēĸmalar i­in umut vadeden adaylar olduĵu ortaya konmuĸtur. 

Anahtar Kelimeler :  Nºroblastoma, Ķla­ yeniden konumlandērma, Apoptoz, H¿cre dºng¿s¿ 

düzenlenmesi, SH-SY5Y h¿cre hattē  
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COMPARATIVE ANTI -TUMOR EFFECTS OF SPIRAMIDE AND 

HYDROQUINIDINE IN NEUROBLASTOMA: INDUCTION OF APOPTOSIS AND 

SUPPRESSION OF PROLOFERATION AND MIGRATION  

 

Assoc.Prof.Dr. Turan Demircan 

Ķzmir Bakēr­ay University, School of Medicine, Department of Medical Biology 

turan.demircan@bakircay.edu.tr - 0000-0002-2424-9893 

 

 

ABSTRACT 

Neuroblastoma remains one of the most aggressive pediatric malignancies, with poor outcomes 

in high-risk cases despite intensive multimodal therapy. This study explores a drug repurposing 

strategy by evaluating the anti-cancer potential of hydroquinidine, a class IA antiarrhythmic 

agent, and spiramide, a dopamine D /serotonin 5-HT  receptor antagonist known to induce 

endoplasmic reticulum stress, in SH-SY5Y human neuroblastoma cells. Cells were exposed to 

increasing concentrations of each compound and assessed through a comprehensive panel of in 

vitro assays, including cell viability, clonogenic survival, wound healing, proliferation, 

apoptosis, and gene expression analyses. 

Both agents elicited a clear dose-dependent reduction in cell viability; however, spiramide 

demonstrated consistently greater potency across all tested conditions. Functional assays 

revealed marked inhibition of colony formation, migratory capacity, and DNA synthesis, 

alongside a significant increase in apoptotic cell death. At the molecular level, treatment with 

both compounds resulted in coordinated transcriptional changes in key regulators of apoptosis 

and cell cycle progression, characterized by upregulation of pro-apoptotic and cell cycle 

inhibitory genes (Bax, CDKN1A, CDKN1B) and downregulation of anti-apoptotic and 

proliferative markers (Bcl-2, CCND1). 

Notably, spiramide exerted more pronounced cytotoxic and anti-migratory effects, suggesting 

a mechanism more strongly driven by apoptosis and cellular stress responses. Overall, these 

findings indicate that hydroquinidine and spiramide impair neuroblastoma cell growth through 

complementary mechanisms and highlight their potential as repurposed therapeutic candidates 

for further preclinical investigation. 

Keywords : Neuroblastoma, Drug repurposing, Apoptosis, Cell cycle regulation, SH-SY5Y 

cells 
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T¿rkiye faunasēnda nadir bir t¿r Heinemannia festivella ([Denis & Schiffermüller], 

1775) (Lepidoptera, Elachistidae) hakkēnda* 
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ÖZET 

Palearktik bölge elementi Heinemannia festivella ([Denis & Schifferm¿ller], 1775), T¿rkiye faunasēnda 

nadir türlerden biridir. Cinsin familya düzeyindeki taksonomik konumu tarihsel olarak Lavernidae, 

Cosmopterygidae, Momphidae, Agonoxenidae ve Parametriotidae gibi farklē familyalar altēnda 

deĵerlendirilmiĸ; son molek¿ler ­alēĸmalara gºre Elachistidae i­inde ele alēnmēĸtēr. 

¢alēĸmanēn amacē, H. festivellaônēn T¿rkiyeôden doĵrulanmēĸ kesin kaydēnē sunarken, ergin 

morfoloji ve kanat damarlanmasēnē ayrēntēlē olarak incelemek, bazē morfolojik karakter a­ēsēndan 

mevcut kaynaklardaki veriler ile karĸēlaĸtērmalē olarak deĵerlendirmek ve literat¿rdeki boĸluklarē 

gidermektir. Bu baĵlamda kanat boyutlarē, anten, tegula, palpus ve vertex pullarē, genetik izolasyonda 

ºnemli taksonomik karakterlerden erkek ¿reme organēn yapēsē ¿zerinde durulmuĸtur. Ayrēca familya 

d¿zeyindeki filogenetik ­alēĸmalarda belirleyici diyagonistik ºzelliklerden, kanat damarlanmasē da 

incelenmiĸ bazē ºnemli karakterler ortaya ­ēkarēlmēĸtēr.  

Literat¿rde yer alan ­izimler ile yapēlan karĸēlaĸtērmada, Niĵde pop¿lasyonunun ºzellikle valva 

formu ve gnathos yapēsē bakēmēndan kēsmi benzerlikler gºstermekle birlikte bazē yapēsal farklēlēklar 

i­erdiĵi saptanmēĸtēr. Bu farklēlēklar t¿r i­i varyasyon, coĵrafi farklēlaĸma veya deĵerlendirilen 

kaynaklardaki ­izimlerin metodolojik farklēlēklarē ile iliĸkili olabileceĵi d¿ĸ¿n¿lmektedir. 

Ekolojik yönden habitat tercihi, t¿r¿n yalnēzca al­ak sulak alanlar veya orman ekosistemleri ile 

sēnērlē olmadēĵēnē, y¿ksek rakēmlē daĵ stebi habitatēnda da varlēk gºsterebildiĵini ortaya koymaktadēr. 

Sonu­ olarak ­alēĸma, Heinemannia festivellaônēn T¿rkiyeôdeki daĵēlēmēna iliĸkin belirsizliĵi 

gidermekte, erkek genital morfolojisi ve kanat damarlanmasēna ait ayrēntēlē gºrsel ve yapēsal veriler 

sunmakta ve cinsin taksonomik konumuna iliĸkin morfolojik temelli tartēĸmalara katkē saĵlamaktadēr. 

 

Anahtar Kelimeler:  Lepidoptera, Elachistidae, Heinemannia festivella, morfoloji, Türkiye. 

 

 

 
* Bu ­alēĸma, Van Y¿z¿nc¿ Yēl ¦niversitesi Bilimsel Araĸtērma Projeleri Koordinasyon Birimi (BAP) tarafēndan 

FBA-2023-10185 numaralē proje kapsamēnda desteklenmiĸtir. 
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On the rare species Heinemannia festivella ([Denis & Schiffermüller], 1775) 

(Lepidoptera, Elachistidae) in the fauna of Türkiye* 
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ABSTRACT 

The Palearctic element Heinemannia festivella ([Denis & Schiffermüller], 1775) is a rare species within 

the fauna of Türkiye. Historically, the taxonomic position of the genus at the family level has been 

assigned to various families, including Lavernidae, Cosmopterygidae, Momphidae, Agonoxenidae, and 

Parametriotidae; however, recent molecular studies have placed it within Elachistidae. 

The aim of this study is to present a confirmed definitive record of H. festivella from Türkiye, 

provide a detailed examination of adult morphology and wing venation, evaluate morphological 

characters comparatively with existing literature, and address current knowledge gaps. In this context, 

in addition to the male reproductive organ structure, which plays a critical role in genetic isolation, 

important taxonomic characters such as wingspan, antennae, tegula, palpus, and vertex scales have been 

discussed. Furthermore, wing venation, a defining diagonistic trait in family-level phylogenetic studies, 

has also been examined, revealing some important characters.  

Comparative analysis with existing data indicates that while the Niĵde population shows partial 

similarities in valve shape and gnathos structure, it also exhibits certain structural differences. These 

variations are thought to result from intraspecific variation, geographical differentiation, or 

methodological discrepancies in previous illustrations. Ecologically, habitat preference indicates that 

the species is not limited to low-lying wetlands or forest ecosystems, but can also exist in high-altitude 

mountain steppe habitats. 

In conclusion, this study resolves the uncertainty regarding the distribution of Heinemannia 

festivella in Türkiye, provides detailed visual and structural data on male genital morphology and wing 

venation, and contributes to morphology-based discussions on the taxonomic position of the genus. 

 

Keywords: Lepidoptera, Elachistidae, Heinemannia festivella, morphology, Türkiye 

 

 

 
* This study was supported by the Van Y¿z¿nc¿ Yēl University Scientific Research Projects Coordination Unit 

(BAP) under project number FBA-2023-10185. 
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ABSTRACT 

Pesticides are widely used chemicals for controlling pests and pathogens in order to enhance 

agricultural productivity. The use of these chemicals has been increasing for various reasons, 

leading to exposure of non-target organisms and resulting in toxic effects. Among these, 

organophosphate pesticides are one of the most extensively used classes worldwide. 

Methidathion, an organophosphate pesticide, is highly hazardous to human health and can also 

induce significant toxicity in non-target organisms upon exposure. In this study, the sublethal 

effects of methidathion were investigated in Eisenia fetida, an earthworm species that plays a 

crucial role in maintaining soil ecosystem health and sustainability. The results revealed that 

methidathion exposure caused histopathological alterations in the body wall, disruptions in 

energy metabolism, and the induction of oxidative stress. These results indicate that E. fetida 

may serve as an effective biomarker of Methidathion toxicity. Therefore, Methidathion should 

be carefully considered in environmental risk assessments, and its use in agricultural practices 

be strictly regulated. 1 

 

Keywords: Methidathion, oxidative stress, earthworm, ecotoxicology 
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Özet 

Yaĸlē bireylerde ruh saĵlēĵē, yaĸamēn ileri dºnemlerinde giderek ºnem kazanan bir alan olarak 

ön plana ­ēkmaktadēr. Depresyon, kaygē ve sosyal izolasyon, yaĸlē n¿fusun karĸēlaĸtēĵē baĸlēca 

psikososyal sorunlar arasēnda yer almakta ve bireylerin yaĸam kalitesi ile genel iyilik halini 

olumsuz etkilemektedir. Geleneksel farmakolojik ve psikoterapºtik yaklaĸēmlar, yaĸlē 

bireylerin ruhsal ihtiya­larēnē tek baĸēna karĸēlamada yetersiz kalabilmektedir. Bu baĵlamda, 

hayvan destekli terapiler, yaĸlē bireylerin ruh saĵlēĵēnē destekleyen yenilik­i ve etkili bir 

müdahale yöntemi olarak dikkat çekmektedir. 

Hayvan destekli terapiler, terapi s¿recine evcil hayvanlarēn veya ºzel olarak eĵitilmiĸ 

hayvanlarēn dahil edilmesini i­erir. Bu terapiler, depresyon ve kaygēnēn azaltēlmasē, sosyal 

etkileĸimin artērēlmasē ve yaĸam kalitesinin y¿kseltilmesi gibi psikososyal hedeflere hizmet 

etmektedir. Kurumsal bakēmda yaĸayan yaĸlē bireyler ¿zerinde yapēlan uygulamalar, hayvan 

destekli terapilerin ruhsal iyilik halini desteklediĵini, depresyon ve kaygēyē azalttēĵēnē, 

bireylerin sosyal baĵlarēnē g¿­lendirdiĵini ve yaĸam memnuniyetini artērdēĵēnē gºstermektedir. 

Farklē hayvan destekli terapi modelleri bulunmakta olup, kºpek ve at terapileri en yaygēn olarak 

uygulanmaktadēr. D¿zenli ve bireye ºzel seanslar, terapºtik etkinin s¿rd¿r¿lebilirliĵi a­ēsēndan 

b¿y¿k ºnem taĸēmaktadēr. Bununla birlikte, terapilerin uygulanmasēnda hijyen, alerjik 

reaksiyonlar ve hayvan saĵlēĵē ile ilgili olasē riskler dikkate alēnmalēdēr. Ayrēca, etik ve hukuki 

sorumluluklar, katēlēmcēlarēn rēzasē ve bilgilendirilmiĸ onam s¿re­leri, programlarēn g¿venli ve 

sürd¿r¿lebilir bir ĸekilde y¿r¿t¿lmesi i­in temel kriterler arasēnda yer almaktadēr. 

Sonu­ olarak, hayvan destekli terapiler, yaĸlē bireylerin ruhsal iyilik halini ve yaĸam kalitesini 

artēran etkili bir psikososyal m¿dahaledir. Bu terapiler, yalnēzca bireysel ruh saĵlēĵēnē 

desteklemekle kalmayēp, sosyal etkileĸimi ve yaĸam memnuniyetini de g¿­lendirmektedir. 

Gelecekte yapēlacak araĸtērmalar, hayvan destekli terapilerin uzun dºnem etkilerini, farklē 

hayvan t¿rleriyle karĸēlaĸtērmalē etkinliklerini ve kurumsal bakēm ortamlarēndaki s¿rd¿r¿lebilir 

uygulama modellerini detaylē bir ĸekilde incelemelidir. Bu sayede yaĸlē n¿fusun ruh saĵlēĵēnēn 

desteklenmesine yºnelik daha g¿venli ve etkili m¿dahaleler geliĸtirilebilecektir. 

Anahtar Kelimeler:  Yaĸlē birey, Hayvan destekli terapiler, Ruh saĵlēĵē, Psikososyal m¿dahale 
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ANIMAL -ASSISTED THERAPIES AND MENTAL HEALTH IN THE ELDERLY  

Abstract 

Mental health in older adults is an increasingly important area in the later stages of life. 

Depression, anxiety, and social isolation are among the main psychosocial problems faced by 

the elderly population and negatively affect their quality of life and overall well-being. 

Traditional pharmacological and psychotherapeutic approaches alone are often insufficient to 

meet the psychological needs of older adults. In this context, animal-assisted therapies have 

emerged as an innovative and effective intervention to support the mental health of older adults. 

Animal-assisted therapies involve the inclusion of domestic animals or specially trained 

animals in the therapeutic process. These therapies aim to reduce depression and anxiety, 

increase social interaction, and enhance quality of life. Applications conducted with older adults 

living in institutional care settings have shown that animal-assisted therapies support mental 

well-being, reduce depression and anxiety, strengthen social connections, and improve life 

satisfaction. 

There are different models of animal-assisted therapies, with dog and equine therapies being 

the most commonly implemented. Regular and individually tailored sessions are essential for 

sustaining therapeutic effectiveness. In addition, potential risks such as hygiene issues, allergic 

reactions, and animal health must be considered when implementing these therapies. Ethical 

and legal responsibilities, obtaining consent from participants, and ensuring informed 

agreement are fundamental criteria for the safe and sustainable execution of therapy programs. 

In conclusion, animal-assisted therapies are an effective psychosocial intervention that 

enhances the mental well-being and quality of life of older adults. These therapies not only 

support individual mental health but also strengthen social interaction and life satisfaction. 

Future research should examine the long-term effects of animal-assisted therapies, compare the 

effectiveness of different animal types, and explore sustainable implementation models in 

institutional care settings. This will contribute to developing safer and more effective 

interventions to support the mental health of the elderly population. 

Keywords: Older adults, Animal-assisted therapies, Mental health, Psychosocial intervention.  

1. Giriĸ 

Yaĸlanma s¿reci, bireylerin biyolojik, psikolojik ve sosyal iĸlevlerinde ºnemli deĵiĸimlere yol 

a­maktadēr. ¥zellikle ruh saĵlēĵē a­ēsēndan, yaĸlē bireyler depresyon, kaygē ve sosyal izolasyon 

gibi risklerle karĸē karĸēya kalmaktadēr (World Health Organization, 2023). Bu baĵlamda, 

geleneksel psikoterapiler ve farmakolojik m¿dahaleler, yaĸlē bireylerin ruhsal ihtiya­larēnē tek 

baĸēna karĸēlamakta genellikle yetersiz kalmaktadēr. 

Son yēllarda, hayvan destekli terapiler, yaĸlē bireylerde ruh saĵlēĵēnē destekleyen yenilik­i ve 

etkili bir yaklaĸēm olarak ºne ­ēkmaktadēr (Veilleux, 2021; Hughes, Verreynne, Harpur, & 

Pachana, 2020). Bu terapiler, terapi s¿recine evcil hayvanlarēn veya ºzel olarak eĵitilmiĸ 

hayvanlarēn dahil edilmesini i­erir ve depresyon ile kaygēyē azaltmak, sosyal etkileĸimi 

artērmak ve yaĸam kalitesini y¿kseltmek gibi hedeflere sahiptir (Ambrosi, Zaiontz, Peragine, 

Sarchi, & Bona, 2019). 
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Hayvan destekli terapiler, ºzellikle kurumsal bakēm ortamlarēnda yaĸayan yaĸlē bireyler i­in 

ºnemli bir psikososyal destek yºntemi olarak deĵerlendirilmektedir. Bu yaklaĸēm, yalnēzca 

ruhsal belirtileri iyileĸtirmekle kalmayēp, sosyal baĵlarēn g¿­lenmesine ve yaĸam 

memnuniyetinin artmasēna da katkē saĵlamaktadēr (Parra, Hern§ndez Garre, & P®rez, 2022; 

Jain, Syed, Hafford-Letchfield, & O'Farrell-Pearce, 2020). 

2. Hayvan Destekli Terapilerin Yaĸlē Bireylerde Ruh Saĵlēĵēna Etkileri  

Hayvan destekli terapiler, yaĸlē bireylerde ruhsal iyilik halini artērmak, depresyon ve kaygē 

semptomlarēnē azaltmak, yalnēzlēk hissini hafifletmek ve sosyal etkileĸimi g¿­lendirmek 

amacēyla uygulanan etkili psikososyal m¿dahaleler olarak ºne ­ēkmaktadēr. Araĸtērmalar, bu 

terapilerin hem kurumsal bakēm ortamlarēnda yaĸayan yaĸlē bireyler hem de ­eĸitli ruhsal 

bozukluklarē olan orta yaĸ ve yaĸlē hastalarda ºnemli olumlu etkiler saĵladēĵēnē gºstermektedir. 

¥rneĵin, Ambrosi ve arkadaĸlarēnēn (2019) randomize kontroll¿ ­alēĸmasēnda, kurumsal 

bakēmda yaĸayan yaĸlē bireylerde hayvan destekli terapilerin depresyon ve kaygē puanlarēnē 

anlamlē ĸekilde d¿ĸ¿rd¿ĵ¿ gºsterilmiĸtir. Benzer ĸekilde, Parra ve arkadaĸlarē (2022) kºpek 

destekli terapi uygulamalarēnēn demanslē hastalarda ruhsal iyilik halini artērdēĵēnē ve depresyon 

belirtilerini azalttēĵēnē rapor etmiĸtir. Bu bulgular, hayvan destekli terapilerin sadece bireysel 

ruhsal belirtileri iyileĸtirmekle kalmayēp, sosyal ve psikolojik uyum ¿zerinde de etkili olduĵunu 

ortaya koymaktadēr. 

Hayvan destekli terapiler, sosyal etkileĸimi teĸvik ederek yalnēzlēk hissinin azaltēlmasēnda da 

ºnemlidir. Hughes ve arkadaĸlarē (2020) tarafēndan yapēlan sistematik derleme, evcil 

hayvanlarēn yaĸlē bireylerde sosyal baĵlarē g¿­lendirdiĵini ve yaĸam memnuniyetini artērdēĵēnē 

gºstermiĸtir. Veilleux (2021) de benzer ĸekilde, bu terapilerin yaĸlē bireylerin kendilerini 

deĵerli hissetmelerine ve sosyal katēlēmlarēnēn artmasēna katkē saĵladēĵēnē belirtmiĸtir. 

Bunun yanē sēra, hayvan destekli terapiler ruhsal iyilik hali ve yaĸam kalitesi ¿zerinde de olumlu 

etkiler gºstermektedir. Chen ve arkadaĸlarē (2021) tarafēndan yapēlan bir randomize kontroll¿ 

­alēĸmada, ĸizofreni tanēsē olan orta yaĸ ve yaĸlē bireylerde hayvan destekli terapilerin ruhsal 

iyilik halini iyileĸtirdiĵi gºzlemlenmiĸtir. Ayrēca, Litta ve arkadaĸlarē (2024), psikiyatrik 

rehabilitasyon programlarēna entegre edilen hayvan destekli m¿dahalelerin yaĸlē bireylerde 

iyileĸme odaklē psikososyal sonu­larē desteklediĵini rapor etmiĸtir. 

Sonu­ olarak, hayvan destekli terapiler yaĸlē bireylerin ruhsal ve sosyal iyilik halini b¿t¿nc¿l 

ĸekilde destekleyen, depresyon ve kaygēyē azaltan, yalnēzlēk hissini hafifleten ve yaĸam 

memnuniyetini artēran kapsamlē m¿dahaleler olarak deĵerlendirilmektedir. Bu etkilerin 

s¿rd¿r¿lebilir ve sistematik ĸekilde saĵlanabilmesi i­in terapilerin farklē uygulama modelleri ve 

yºntemlerinin detaylē bir ĸekilde ele alēnmasē ºnem taĸēmaktadēr. 

3. Hayvan Destekli Terapilerin Uygulama Modelleri 

Hayvan destekli terapilerin uygulanmasēnda farklē modeller bulunmaktadēr ve bu modeller, 

yaĸlē bireylerin ruhsal ve sosyal ihtiya­larēna uygun ĸekilde se­ilmektedir. En yaygēn 

uygulamalar arasēnda kºpek destekli terapi, at terapisi ve ­ok hayvanlē programlar yer 

almaktadēr (Young & Horton, 2019). ¥zellikle kurumsal bakēm ortamlarēnda kºpek destekli 

terapiler daha sēk tercih edilmekte ve seanslar, yaĸlē bireylerin g¿venliĵi, saĵlēk durumu ve 

bireysel gereksinimleri gºz ºn¿nde bulundurularak planlanmaktadēr (Jain, Syed, Hafford-

Letchfield, & O'Farrell-Pearce, 2020). 
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Bunun yanē sēra, hayvan destekli terapi programlarēnēn s¿rekliliĵi ve bireye ºzel uyarlanmasē, 

terapºtik etkinin uzun vadede s¿rd¿r¿lmesine katkē saĵlamaktadēr. D¿zenli olarak planlanan ve 

kiĸiye ºzg¿ ihtiya­lara gºre ĸekillendirilen seanslar, yalnēzca ruhsal iyilik halini artērmakla 

kalmayēp, sosyal etkileĸimi teĸvik etmek ve yaĸam kalitesini desteklemek a­ēsēndan da b¿y¿k 

ºnem taĸēmaktadēr (Veilleux, 2021). 

4. Faydalar ve Zorluklar  

Hayvan destekli terapilerin saĵladēĵē baĸlēca faydalar arasēnda depresyon ve kaygēnēn azalmasē, 

sosyal katēlēmēn artmasē ve yaĸam kalitesinin y¿kselmesi yer almaktadēr. Bununla birlikte, bu 

terapilerin uygulanmasē bazē zorluklarē da beraberinde getirmektedir. Bunlar arasēnda alerjik 

reaksiyonlar, hijyen ile ilgili riskler ve hayvan saĵlēĵēnēn korunmasē sayēlabilir (Veilleux, 2021; 

Hughes, Verreynne, Harpur, & Pachana, 2020). Bu nedenle, hayvan destekli terapi 

programlarēnēn planlanmasē ve y¿r¿t¿lmesinde multidisipliner bir yaklaĸēm benimsenmesi 

önerilmektedir; böylece terapötik faydalar maksimize edilirken, potansiyel riskler de en aza 

indirilebilir. 

5. Hukuki ve Etik Boyut  

Hayvan destekli terapilerin g¿venli ve s¿rd¿r¿lebilir bir ĸekilde uygulanabilmesi i­in hukuki 

ve etik sorumluluklar büyük önem taĸēmaktadēr. Programlarēn baĸarēsē, hem katēlēmcē 

g¿venliĵinin saĵlanmasēna hem de hayvanlarēn refahēnēn korunmasēna baĵlēdēr. Ayrēca, 

kurumsal izinlerin alēnmasē ve programlarēn yasal ­er­evede y¿r¿t¿lmesi kritik bir unsurdur 

(American Geriatrics Society, 2024). T¿m uygulamalar, yaĸlē bireylerin rēzasē ve 

bilgilendirilmiĸ onam s¿re­leri ­er­evesinde planlanmalē ve y¿r¿t¿lmelidir. Bu yaklaĸēm, hem 

etik standartlarēn korunmasēnē saĵlar hem de terapºtik etkinin g¿venli bir ĸekilde 

s¿rd¿r¿lmesine katkēda bulunur. 

6. Sonuç 

Hayvan destekli terapiler, yaĸlē bireylerde depresyon, kaygē ve sosyal izolasyon gibi ruhsal 

sorunlarēn yºnetiminde etkili ve yenilik­i bir yaklaĸēm olarak ºne ­ēkmaktadēr. Bu terapiler, 

sosyal etkileĸimi artērmak, yaĸam kalitesini yükseltmek ve genel ruhsal iyilik halini 

desteklemek amacēyla g¿venli ve yapēlandērēlmēĸ bir ĸekilde uygulanabilir. Bununla birlikte, 

uygulamalarēn planlanmasē sērasēnda hayvan saĵlēĵē, katēlēmcē g¿venliĵi ve hukuki-etik 

sorumluluklar titizlikle göz önünde bulundurulmalēdēr. 

Gelecekte yapēlacak ­alēĸmalar, hayvan destekli terapilerin uzun dºnem etkilerini, farklē hayvan 

t¿rleriyle karĸēlaĸtērmalē etkinliklerini ve kurumsal bakēm ortamlarēndaki s¿rd¿r¿lebilir 

uygulama modellerini detaylē bir ĸekilde incelemelidir. Bu sayede, yaĸlē bireylerin ruhsal ve 

sosyal iyilik halini destekleyen daha güvenli, etkili ve sürdürülebilir müdahale stratejileri 

geliĸtirilebilecektir (Tudorancea, Stanciu, Torrent, Madero, Hritcu, & Tamba, 2025; World 

Health Organization, 2023). 
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Özet 

Yaĸlanma, bireylerin hem fiziksel hem de ruhsal saĵlēklarēnē etkileyen karmaĸēk bir s¿re­tir. 

Kas-iskelet sistemi sorunlarē, kronik aĵrē ve hareket kēsētlēlēklarē, yaĸlē bireylerin g¿nl¿k yaĸam 

kalitesini d¿ĸ¿r¿rken, depresyon, kaygē ve sosyal izolasyon gibi ruhsal sorunlarē da artērabilir. 

Bu nedenle, geriatri masajē gibi dokunma ve basēn­ temelli terapiler, yaĸlē bakēmēnda hem 

fiziksel rahatlama hem de ruhsal iyi oluĸun desteklenmesi a­ēsēndan önemli bir müdahale olarak 

ºne ­ēkmaktadēr. 

Geriatrik masaj, yaĸlē bireylerin ºzel ihtiya­larēna gºre uyarlanmēĸ farklē teknikleri i­erir. 

¥rneĵin Parkinson hastalarēnda uygulanan bazē masaj yºntemleri, eklem hareket a­ēklēĵēnē 

artērarak g¿nl¿k fonksiyonelliĵi ve yaĸam kalitesini iyileĸtirebilir. Abdominal masaj 

uygulamalarē ise sindirim sistemini rahatlatēr ve gastrointestinal konforu artērēr. Kendi kendine 

yapēlan basit masaj teknikleri, kas spazmlarē ve kronik aĵrēnēn yºnetiminde etkili olup, hareket 

kabiliyetini ve g¿nl¿k yaĸam aktivitelerine katēlēmē destekler. 

Fiziksel rahatlama ve hareket kabiliyetindeki geliĸmelerin yanē sēra, masaj terapileri yaĸlē 

bireylerin ruhsal saĵlēklarēnē da destekler. Dokunma, stres ve kaygēyē azaltmaya yardēmcē olur 

ve depresif belirtilerin hafiflemesini saĵlar. ¥zellikle demans veya Alzheimer gibi durumlarda 

duyusal temelli masaj uygulamalarē, davranēĸsal sorunlarē azaltabilir ve psikolojik istikrarē 

g¿­lendirebilir. Ayrēca fiziksel rahatlama ve hareket kabiliyetindeki artēĸ, sosyal etkileĸim ve 

g¿nl¿k yaĸam aktivitelerine katēlēmē artērarak dolaylē yoldan ruhsal iyi oluĸu destekler. 

Sonu­ olarak, geriatri masajē yaĸlē bireylerde hem bedensel hem de ruhsal saĵlēk ¿zerinde 

b¿t¿nc¿l faydalar saĵlayan etkili bir m¿dahaledir. D¿zenli uygulamalar, yaĸam kalitesini 

artērmak ve psikolojik iyi oluĸu desteklemek i­in saĵlēk profesyonelleri tarafēndan 

deĵerlendirilmelidir. 

Anahtar Kelimeler:  Yaĸlēlēk, Geriatrik Masaj, Ruh Saĵlēĵē, Dokunma Terapisi. 

GERIATRIC MASSAGE AND MENTAL HEALTH i n OLDER ADULTS  

Abstract 

Aging is a complex process that affects both the physical and mental health of individuals. 

Musculoskeletal problems, chronic pain, and limited mobility negatively impact the quality of 

daily life among older adults, while increasing the risk of depression, anxiety, and social 

isolation. In this context, geriatric massage, as a touch- and pressure-based therapeutic 

mailto:donegunay@gmail.com
mailto:sevdauzun@ahievran.edu.tr


EUROPEAN CONFERENCES 9th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING and APPLIED SCIENCES 

April 3 ï 5, 2026 - TIRAN 

ISBN NR: 978-625-5694-93-5 

 

50 
 

intervention, plays a significant role in promoting both physical comfort and psychological 

well-being in older populations. 

Geriatric massage interventions encompass various techniques tailored to the specific needs of 

older individuals. For instance, certain massage methods applied to patients with Parkinsonôs 

disease have been shown to enhance joint mobility, thereby improving functional capacity and 

overall quality of life. Similarly, abdominal massage supports gastrointestinal comfort and 

alleviates digestive discomfort. Additionally, simple self-administered massage techniques 

have proven effective in managing muscle spasms and chronic pain, while facilitating greater 

mobility and participation in daily activities. 

Beyond the physical benefits, massage therapies also contribute to the psychological well-being 

of older adults. Touch-based interventions help reduce stress and anxiety and can alleviate 

depressive symptoms. In particular, sensory-based massage approaches for individuals with 

dementia or Alzheimerôs disease may reduce behavioral disturbances and support 

psychological stability. Furthermore, improvements in physical comfort and mobility indirectly 

enhance social interaction and engagement in daily activities, further promoting mental well-

being. 

In conclusion, geriatric massage is an effective intervention that provides holistic benefits for 

both physical and mental health in older adults. Regular and systematic applications should be 

considered by healthcare professionals to improve quality of life and support psychological 

well-being. 

Keywords: Aging, Geriatric Massage, Mental Health, Touch Therapy, Dementia, Alzheimerôs 

Disease 

1. Giriĸ 

Yaĸlanma s¿reci, bireylerin sadece fiziksel saĵlēklarēnē deĵil, aynē zamanda biliĸsel ve ruhsal 

iyi oluĸlarēnē da etkileyen karmaĸēk bir dºnemdir (World Health Organization, 2023). Yaĸlē 

bireylerde sēk gºr¿len kas-iskelet sistemi sorunlarē, kronik aĵrē ve hareket kēsētlēlēklarē, yalnēzca 

g¿nl¿k yaĸam aktivitelerini kēsētlamakla kalmaz, aynē zamanda depresyon, kaygē ve sosyal 

izolasyon gibi ruhsal sorunlarē da tetikleyebilir (Fedorchenko, Zimba, Qumar, Yessirkepov, & 

Kocyigit, 2025). Bu baĵlamda, geriatri masajē gibi dokunma temelli terapiler, hem fiziksel 

rahatlama hem de ruhsal iyilik h©linin artērēlmasē a­ēsēndan ºnemli bir alternatif olarak ºne 

­ēkmaktadēr (Kopf, 2021). 

Geriatrik masajēn etkinliĵi, yalnēzca aĵrē ve hareket kēsētlēlēklarēnē azaltmakla sēnērlē deĵildir; 

aynē zamanda stres, kaygē ve depresyon gibi ruhsal durumlarēn yºnetilmesine de katkē saĵlar 

(Abraha et al., 2017; Smith & DôAmico, 2020). Bu bildiri, yaĸlēlēkta geriatri masajēnēn hem 

fiziksel hem de ruhsal etkilerini b¿t¿nc¿l bir bakēĸ a­ēsēyla incelemeyi ama­lamaktadēr. 

2. Geriatrik Masajēn Tanēmē ve Uygulama Alanlarē 

Geriatrik masaj, yaĸlē bireylerin ºzel ihtiya­larēna gºre uyarlanmēĸ dokunma ve basēn­ temelli 

terapi yöntemlerini kapsar (Kopf, 2021; Ribeiro, Marques, & Ribeiro, 2017). Bu uygulamalar, 

kas-iskelet sistemi sorunlarēnē azaltmak ve fiziksel rahatlamayē artērmak amacēyla farklē 

tekniklerle uygulanabilir. ¥rneĵin Japonyaôda uygulanan Anma masajē, Parkinson hastalarēnda 

eklem hareket a­ēklēĵēnē artērarak g¿nl¿k fonksiyonelliĵi desteklemekte ve yaĸam kalitesini 

iyileĸtirmektedir (Suoh, Donoyama, & Ohkoshi, 2016). Benzer ĸekilde, abdominal masaj 
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uygulamalarē, enteral komplikasyonlarē azaltarak gastrointestinal rahatlamayē saĵlar ve 

sindirimle iliĸkili konforu artērēr (¢etinkaya, Ovayolu, & Ovayolu, 2020). 

 

Bireysel uygulamalar da ºnem taĸēr; ºrneĵin tenis topu ile yapēlan kendi kendine masaj, kas 

spazmlarē ve kronik aĵrē yºnetiminde etkili bulunmuĸtur (Salvi & Londhe, 2025). Bu t¿r 

uygulamalar, yaĸlē bireylerin hem hareket kabiliyetini artērmakta hem de fiziksel rahatlama ile 

g¿nl¿k yaĸam aktivitelerine katēlēmēnē kolaylaĸtērmaktadēr (Ribeiro, Marques, & Ribeiro, 

2017). Bºylece, geriatri masajē yalnēzca bedensel deĵil, aynē zamanda psikososyal boyutlarda 

da b¿t¿nc¿l fayda saĵlamaktadēr. 

 

3. Masajēn Ruh Saĵlēĵē ¦zerindeki Etkileri 

Fiziksel rahatlama ve hareket kabiliyetindeki geliĸmelerin yanē sēra, masaj terapilerinin yaĸlē 

bireylerin ruhsal saĵlēklarē ¿zerinde de ºnemli etkileri vardēr. Bu terapiler, nörobiyolojik 

mekanizmalar aracēlēĵēyla stres ve kaygēyē azaltmakta, depresif belirtileri hafifletmektedir. 

Dokunma uygulamalarē, endorfin ve oksitosin salēnēmēnē artērarak psikolojik iyi oluĸu destekler 

(Kopf, 2021). Özellikle demans ve Alzheimer hastalarēnda uygulanan duyusal temelli 

m¿dahaleler, davranēĸsal bozukluklarē azaltmakta ve psikolojik istikrarēn saĵlanmasēna 

yardēmcē olmaktadēr (Smith & DôAmico, 2020; Abraha et al., 2017; Watt et al., 2021). 

Ayrēca, fiziksel rahatlamanēn saĵlanmasē ve hareket kabiliyetinin artmasē, yaĸlē bireylerin 

sosyal etkileĸim ve g¿nl¿k yaĸam aktivitelerine katēlēmēnē artērarak dolaylē yoldan ruhsal iyi 

oluĸa katkē saĵlamaktadēr (Anton et al., 2020). Bºylece masaj terapileri, hem beden hem de ruh 

saĵlēĵēnē eĸ zamanlē olarak destekleyen b¿t¿nc¿l bir m¿dahale niteliĵi kazanēr. 

4. Sonuç 

Araĸtērmalar, geriatri masajēnēn yaĸlēlēkta hem fiziksel hem de ruhsal saĵlēk ¿zerinde belirgin 

etkiler saĵladēĵēnē gºstermektedir (Suoh et al., 2016; Salvi & Londhe, 2025; Kopf, 2021). 

Düzenli uygulandēĵēnda, aĵrē yºnetimi, hareket kabiliyetinin artērēlmasē ve psikolojik iyi oluĸun 

desteklenmesi a­ēsēndan etkili bir yºntemdir. ¥zellikle demans ve Alzheimer hastalarēnda 

duyusal temelli masaj uygulamalarē, davranēĸsal bozukluklarē azaltarak ruhsal istikrarē 

g¿­lendirmektedir (Smith & DôAmico, 2020; Abraha et al., 2017). 

Bu bulgular, saĵlēk profesyonellerine yaĸlē bireylerin bakēmēnda masaj ve dokunma temelli 

uygulamalarē sistematik olarak deĵerlendirmeleri gerektiĵini gºstermektedir. Geriatrik masaj, 

yaĸlē bireylerin yaĸam kalitesini artēran ve ruhsal iyi oluĸlarēnē destekleyen b¿t¿nc¿l bir 

müdahale olarak kabul edilebilir (American Geriatrics Society, 2024). 
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ÖZET 

Bu derlemenin amacē, hemĸirelik metaparadigmasēnēn temel bileĸenlerinden biri olan ñ­evreò 

kavramēnē; Gezegen Saĵlēĵē (Planetary Health), biyofilik tasarēm ilkeleri ve s¿rd¿r¿lebilirlik 

ekseninde yeniden ele almak ve ­aĵdaĸ hemĸirelik uygulamalarē i­in b¿t¿nc¿l ve yenilik­i bir 

kuramsal ­er­eve sunmaktēr. Bu doĵrultuda ­evre kavramēnēn yalnēzca fiziksel bir alan deĵil, 

iyileĸmeyi doĵrudan etkileyen dinamik ve etkileĸimsel bir yapē olduĵu vurgulanmaktadēr. Bu 

­alēĸma, literat¿r temelli bir derleme olarak yapēlandērēlmēĸtēr. Florence Nightingaleôin ¢evre 

Kuramēôndan g¿n¿m¿z¿n teknoloji yoĵun klinik ortamlarēna uzanan s¿re­; ñHemĸirelik 1.0, 

2.0 ve 3.0ò evreleri ­er­evesinde kavramsal ve karĸēlaĸtērmalē olarak incelenmiĸtir. Ulusal ve 

uluslararasē literat¿r doĵrultusunda; biyofilik tasarēm uygulamalarē, s¿rd¿r¿lebilir saĵlēk 

hizmetleri, yeĸil klinik yºnetimi ve ekofarmakovijilans yaklaĸēmlarē b¿t¿nc¿l bir bakēĸ a­ēsēyla 

analiz edilmiĸtir. Literat¿r bulgularē, biyofilik tasarēm unsurlarēnēn (doĵal ēĸēk, yeĸil alanlar, 

doĵa ile gºrsel ve iĸitsel temas, fraktal desenler) bireylerin fizyolojik ve psikolojik iyilik hali 

¿zerinde anlamlē etkiler yarattēĵēnē gºstermektedir. Bu m¿dahalelerin kortizol d¿zeylerini 

azalttēĵē, otonom sinir sistemi dengesini desteklediĵi ve ºzellikle post-operatif iyileĸme 

s¿re­lerini hēzlandērdēĵē bildirilmektedir. Ayrēca saĵlēk sektºr¿n¿n y¿ksek karbon ayak izi gºz 

ºn¿ne alēndēĵēnda, hemĸirelerin yeĸil malzeme yºnetimi, atēk azaltēmē ve s¿rd¿r¿lebilir 

uygulamalarēn benimsenmesindeki liderlik rol¿ ºne ­ēkmaktadēr. Geleneksel hijyen odaklē pasif 

­evre anlayēĸēnēn, doĵa ile entegre, s¿rd¿r¿lebilir ve ñyaĸayan ­evreò modeline evrildiĵi 

görülmektedir. Eko-terapºtik yaklaĸēm, hemĸirelik bakēmēnē yalnēzca klinik bir uygulama alanē 

olmaktan ­ēkararak etik, ­evresel ve s¿rd¿r¿lebilir bir sorumluluk alanēna dºn¿ĸt¿rmektedir. 

Bu baĵlamda hemĸirelik eĵitim programlarēna ekolojik farkēndalēk ve s¿rd¿r¿lebilirlik temelli 

i­eriklerin entegre edilmesi, ayrēca doĵa temelli m¿dahalelerin klinik ­ēktēlar ¿zerindeki 

etkilerinin daha fazla araĸtērēlmasē ºnerilmektedir. B¿t¿nc¿l iyileĸme, ancak birey saĵlēĵē ile 

ekosistem saĵlēĵēnēn birlikte ele alēndēĵē s¿rd¿r¿lebilir bakēm modelleri ile m¿mk¿n olacaktēr. 

Anahtar Kelimeler:  Eko-terapºtik Bakēm, Biyofilik Tasarēm, S¿rd¿r¿lebilir Hemĸirelik, 

Gezegen Saĵlēĵē, Klinik ¢evre Yºnetimi. 
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ABSTRACT  

This review aims to reconceptualize the ñenvironmentò componentðone of the core elements 

of the nursing metaparadigmðwithin the framework of Planetary Health, biophilic design 

principles, and sustainability. It seeks to propose an innovative and holistic theoretical 

perspective for contemporary nursing practice, emphasizing the environment not merely as a 

physical setting but as a dynamic and interactive determinant of healing. This study is designed 

as a literature-based review. The historical evolution from Florence Nightingaleôs 

Environmental Theory to todayôs technology-intensive clinical settings is examined 

comparatively through the framework of ñNursing 1.0, 2.0, and 3.0.ò National and international 

literature was analyzed to synthesize evidence on biophilic interventions, sustainable healthcare 

practices, green clinical management, and ecopharmacovigilance from an integrated academic 

perspective. The literature indicates that biophilic design elementsðsuch as natural light, green 

spaces, visual and auditory exposure to nature, and fractal patternsðhave significant positive 

effects on physiological and psychological well-being. Evidence suggests that these 

interventions reduce cortisol levels, support autonomic nervous system balance, and shorten 

post-operative recovery times. Additionally, considering the high carbon footprint of the 

healthcare sector, nurses play a critical role in advocating for green material management, waste 

minimization, and sustainable practices. The traditional ñhygiene-focused passive 

environmentò has evolved toward an integrated, sustainable, and self-regenerating ñliving 

ecosystemò model. The eco-therapeutic approach extends nursing beyond clinical practice into 

an ethical and ecological responsibility. Integrating ecological literacy into nursing curricula 

and promoting outcome-based research on nature-based interventions are strongly 

recommended. Holistic healing can only be achieved through sustainable care models that align 

individual health with ecosystem health. 

Keywords: Eco-therapeutic care, biophilic design, sustainable nursing, planetary health, 

clinical environmental management. 
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1. Giriĸ 

Eko-terapºtik bakēm, hemĸirelik disiplininde ­evre kavramēnē yeniden ele alan ve iyileĸme 

s¿recini yalnēzca klinik m¿dahalelerle sēnērlamayan b¿t¿nc¿l bir yaklaĸēmē temsil etmektedir. 

Bu yaklaĸēm, birey saĵlēĵē ile ­evresel s¿rd¿r¿lebilirlik arasēndaki g¿­l¿ iliĸkiye dikkat ­ekerek, 

bakēm ortamlarēnēn terapºtik potansiyelini maksimize etmeyi ama­lar. Geleneksel saĵlēk 

hizmetlerinde ­evre ­oĵunlukla hijyen ve g¿venlik odaklē pasif bir unsur olarak 

deĵerlendirilirken, g¿n¿m¿zde bu anlayēĸ yerini doĵa ile entegre, s¿rd¿r¿lebilir ve ñyaĸayanò 

bakēm ortamlarēna bērakmaktadēr. 

Biyofilik hemĸirelik m¿dahaleleri, eko-terapºtik bakēmēn temel bileĸenlerinden biridir. Doĵal 

ēĸēĵēn etkin kullanēmē, yeĸil alanlarēn klinik ortamlara entegrasyonu, doĵa sesleri ve fraktal 

desenler gibi unsurlar, hastalarēn fizyolojik ve psikolojik iyilik halini desteklemektedir. 

Araĸtērmalar, bu t¿r m¿dahalelerin stres hormonlarēnē azalttēĵēnē, otonom sinir sistemi 

dengesini saĵladēĵēnē ve ºzellikle cerrahi sonrasē iyileĸme s¿recini hēzlandērdēĵēnē 

gºstermektedir. Bu baĵlamda hemĸireler, yalnēzca bakēm sunan profesyoneller deĵil, aynē 

zamanda terapötik çevreyi düzenleyen ve yöneten önemli aktörlerdir. 

Sürdürülebilirlik ise eko-terapºtik bakēmēn vazge­ilmez bir diĵer boyutudur. Saĵlēk sektºr¿n¿n 

­evresel etkileri gºz ºn¿ne alēndēĵēnda, hemĸirelerin yeĸil malzeme kullanēmē, atēk yºnetimi ve 

enerji verimliliĵi konularēnda aktif rol almasē gerekmektedir. Bu s¿re­te hemĸirelik, yalnēzca 

birey saĵlēĵēnē korumakla kalmayēp, aynē zamanda gezegen saĵlēĵēnē da gºzeten etik bir 

sorumluluk üstlenmektedir. Sonuç olarak eko-terapºtik bakēm, hemĸirelik uygulamalarēnē 

dºn¿ĸt¿ren yenilik­i bir paradigma olarak ºne ­ēkmaktadēr. B¿t¿nc¿l iyileĸme ancak doĵa ile 

uyumlu, s¿rd¿r¿lebilir ve insan odaklē bakēm modellerinin benimsenmesi ile m¿mk¿n 

olacaktēr. 

2. Saĵlēk ve ¢evre Arasēndaki Kopmaz Baĵ 

G¿n¿m¿z saĵlēk sistemi, iklim krizi ve ekolojik bozulmanēn insan saĵlēĵē ¿zerindeki yēkēcē 

etkileriyle karĸē karĸēyadēr. Geleneksel hemĸirelik bakēmē bireyi merkeze alērken, modern 

"Gezegen Saĵlēĵē" (Planetary Health) yaklaĸēmē, bireyin saĵlēĵēnēn i­inde yaĸadēĵē ekosistemin 

saĵlēĵēndan baĵēmsēz olamayacaĵēnē savunur. Antroposen ­aĵda hemĸirelik, sadece hastalēk 

yºnetimi deĵil, aynē zamanda ­evresel savunuculuktur. Ekoterapºtik bakēm, doĵayē bir dēĸ etken 

deĵil, iyileĸme s¿recinin aktif bir bileĸeni olarak gºr¿r. Hemĸirelerin bu s¿re­teki rol¿, bakēm 

sunduklarē ortamēn ekolojik ayak izini azaltmak ve doĵanēn onarēcē g¿c¿n¿ klinik uygulamalara 

entegre etmektir. 

3. Teorik Temeller: Nightingaleôden Biyofiliye ¢evre Kavramēnēn Evrimi 

Hemĸirelikteki ­evre kavramēnēn tarihsel ve felsefi kökenlerini derinlemesine inceler. 

Nightingaleôin kuramē, ­evresel faktºrlerin (temiz hava, su, drenaj, ēĸēk, sessizlik) hastanēn 

onarēcē g¿­lerini harekete ge­irmedeki hayati rol¿n¿ vurgular. G¿n¿m¿zde bu temel, Edward 

O. Wilson'ēn "biyofili" hipotezi ile zenginleĸtirilmiĸtir. Biyofili, insanēn doĵaya ve diĵer yaĸam 

formlarēna karĸē genetik, evrimsel bir yakēnlēĵē olduĵunu ileri s¿rer. Modern eko-terapötik 

bakēm, Nightingaleôin fiziksel hijyen odaklē ­evresini, biyofilik tasarēmēn psikolojik ve fizyolojik 
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onarēcē etkileriyle birleĸtirir. Hemĸireler, bu iki kuramsal temeli sentezleyerek, hastanēn hem 

fiziksel hem de ruhsal iyileĸmesini destekleyen "yaĸayan" bakēm ­evreleri tasarlar. 

4. Biyofilik Tasarēm ve Klinik Ortamda Uygulanmasē 

Biyofili hipotezi, Edward O. Wilson tarafēndan pop¿ler hale getirilen ve insanēn doĵal 

sistemlerle baĵlantē kurmaya yºnelik kalētsal eĵilimini a­ēklayan bir kavramdēr. Modern 

hemĸirelikte bu yaklaĸēm, "iyileĸtiren ­evrelerin" (healing environments) tasarēmēyla somutlaĸēr. 

Akademik ­alēĸmalar, klinik ortamda doĵal ºĵelere (su sesi, canlē bitkiler, fraktal desenler) 

maruz kalmanēn parasempatik sinir sistemini aktive ederek kortizol seviyelerini d¿ĸ¿rd¿ĵ¿n¿ 

kanētlamaktadēr. Hemĸireler, bakēm sunduklarē ¿nitelerde biyofilik m¿dahaleleri (ºrneĵin; 

mekanik g¿r¿lt¿n¿n azaltēlmasē yerine doĵal ses peyzajlarēnēn entegrasyonu) birer hemĸirelik 

giriĸimi olarak tanēmlamalēdēr. Bu sadece estetik bir tercih deĵil, hastanēn biliĸsel y¿k¿n¿ azaltan 

ve immün sistemi destekleyen terapötik bir gerekliliktir.  

5. S¿rd¿r¿lebilir Hemĸirelik M¿dahaleleri ve Atēk Yºnetimi 

Saĵlēk sektºr¿, k¿resel ­apta en ­ok atēk ¿reten end¿strilerden biridir. Hemĸirelik bakēmē 

sērasēnda kullanēlan yoĵun polimer bazlē malzemeler, tek kullanēmlēk setler ve farmasºtik atēklar, 

toprak ve su kaynaklarē ¿zerinde ciddi bir baskē oluĸturmaktadēr. G¿ncel "Yeĸil Hemĸirelik" 

(Green Nursing) yaklaĸēmlarē, bakēmēn kalitesinden ºd¿n vermeden tēbbi sarf malzeme 

yºnetiminde "yaĸam dºng¿s¿ analizi" yapēlmasēnē ºnerir. Bu bºl¿m, hemĸirelerin ilaç 

yºnetiminde ­evresel toksisiteyi ºnlemedeki rol¿n¿ (ecopharmacovigilance) ve dijital saĵlēk 

teknolojilerinin karbon ayak izini azaltmadaki etkinliĵini tartēĸēr. Hemĸirelik liderliĵi, hastane 

yºnetim kurullarēnda s¿rd¿r¿lebilir malzeme tedariki ve atēk ayrēĸtērma protokollerinin 

oluĸturulmasēnda bilimsel kanēta dayalē gºr¿ĸ sunmalēdēr. 

6. Psikososyal Bakēmda Eko-Terapi ve Ķyileĸme Bah­eleri 

Eko-terapi, doĵayē sadece bir manzara olarak deĵil, iyileĸme s¿recinin aktif bir "ko-terapisti" 

olarak konumlandērēr. ¥zellikle onkoloji, palyatif bakēm ve pediatri servislerinde "Ķyileĸme 

Bah­eleri" (Healing Gardens), hastalarēn sosyal izolasyonunu ºnleyen ve fiziksel mobilizasyonu 

teĸvik eden stratejik alanlardēr. Hemĸirelik giriĸimleri kapsamēnda, hastalarēn a­ēk havada zaman 

ge­irmesi, bitki bakēmē (horticultural therapy) ve doĵa odaklē farkēndalēk (mindfulness) 

egzersizleri, kronik hastalēk yºnetiminde ºz-bakēm g¿c¿n¿ artērēr. Bu s¿re­te hemĸire, doĵa ile 

hasta arasēndaki kºpr¿y¿ kuran, ­evresel stresºrleri elimine eden ve hastanēn biyolojik ritmini 

(sirkadiyen ritim) doĵayla uyumlu hale getiren profesyoneldir. 

7. Ge­miĸten G¿n¿m¿ze Mesajlar: Karĸēlaĸtērmalē Bir Perspektif 

Hemĸirelik tarihinin ­evre odaklē dºn¿ĸ¿m¿, mesleĵin profesyonel kimliĵinin de 

olgunlaĸmasēnē yansētēr. Aĸaĵēdaki ­izelge, geleneksel hemĸirelik ile g¿n¿m¿z¿n eko-terapötik 

yaklaĸēmē arasēndaki temel paradigmalarē karĸēlaĸtērmaktadēr (¢izelge 1). 
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Çizelge 1. Ge­miĸten G¿n¿m¿ze Hemĸirelik Mesleĵi 

Parametre Geleneksel Hemĸirelik 

(1860-1950) 

Modern Eko-Terapötik 

Hemĸirelik (2020+) 

Ç
e
v
re

 

A
l
g
ē
s
ē

 

Hastalēĵēn yayēlmasēnē 

önleyen (hijyenik) pasif alan. 

Ķyileĸmeyi hēzlandēran 

(biyofilik) aktif bileĸen. 

O
d

a
k
 

N
o
k
t
a
s
ē

 

Bireysel hijyen ve yara 

bakēmē. 

Gezegen saĵlēĵē ve 

sürdürülebilir toplum. 

T
e
k
n

o
lo

ji
 

Mekanik cihazlar ve fiziksel 

müdahale. 

Dijital saĵlēk, yapay zeka ve 

yeĸil teknoloji. 

E
ti
k
 

S
o

ru
m

lu
lu

k
 

Hastaya zarar vermeme 

ilkesi. 

Gelecek nesillere ve 

ekosisteme zarar vermeme. 

H
e
m
ĸ
i
r
e
n
i
n
 

R
o

lü
 

Bakēm veren ve talimatlarē 

uygulayan. 

Eko-inovasyon lideri ve çevre 

savunucusu. 

8. Gelecek Vizyonu: Eko-Hemĸirelik Eĵitimi, Araĸtērma ve Liderlik 

Eko-terapºtik bakēmēn s¿rd¿r¿lebilir bir ĸekilde uygulanabilmesi i­in hemĸirelik eĵitimi, 

araĸtērma ve liderlik alanlarēnda kºkl¿ deĵiĸikliklere ihtiya­ vardēr. Hemĸirelik m¿fredatē, iklim 

deĵiĸikliĵinin saĵlēk etkilerini, s¿rd¿r¿lebilir saĵlēk uygulamalarēnē ve ekolojik savunuculuĵu 

i­ermelidir. Hemĸire araĸtērmacēlar, biyofilik m¿dahalelerin ve yeĸil klinik uygulamalarēnēn 

hasta ­ēktēlarē ve maliyet etkinliĵi ¿zerindeki etkilerini inceleyen kanēta dayalē ­alēĸmalar 

y¿r¿tmelidir. Hemĸire liderler ise, saĵlēk politikalarēnēn oluĸturulmasēnda ve hastane yºnetim 

s¿re­lerinde ­evresel s¿rd¿r¿lebilirliĵi savunarak, "eko-hemĸirelik" kimliĵinin mesleki bir 

standart haline gelmesine öncülük etmelidir. 

9. Kavram Haritasē: Eko-Terapºtik Bakēm Bileĸenleri 

Eko-Terapºtik Hemĸirelik Bakēmē: Kavram Haritasē (¢izelge 2) 

1. Temel Teorik Çerçeve (Merkez Kavram) 

Kavram haritasēnēn merkezinde Eko-Terapºtik Bakēm yer alēr. Bu kavram, iki ana koldan 

beslenir: 
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Florence Nightingale (¢evre Kuramē): Temizlik, ēĸēk ve hava akēmē gibi fiziksel ­evre 

faktörleri. 

Gezegen Saĵlēĵē (Planetary Health): Ķnsan saĵlēĵēnēn ekosistem saĵlēĵēyla entegre olduĵu 

modern paradigma. 

2. Uygulama Boyutlarē (Stratejik Kollar) 

Merkezden ­ēkan ¿­ ana uygulama alanē ĸunlardēr: 

Biyofilik Müdahaleler:  Alt Kavramlar: Ķyileĸme bah­eleri, doĵal ses peyzajlarē, g¿n ēĸēĵē 

optimizasyonu, fraktal gºrsel tasarēmlar. 

Sürdürülebilir Klinik Yºnetimi (Yeĸil Hemĸirelik): Alt Kavramlar: Atēk yºnetimi (3R 

kuralē), ila­ atēklarēnēn kontrol¿, enerji verimliliĵi, dijital kayēt sistemleri. 

Psikososyal Eko-Terapi:  Alt Kavramlar: Doĵa temelli farkēndalēk (mindfulness), bah­e 

terapisi (horticultural therapy), ­evresel stresºrlerin azaltēlmasē. 

3. Beklenen ¢ēktēlar (Sentez ve Etki) 

T¿m bu m¿dahalelerin birleĸtiĵi nihai sonu­lar: 

Hasta Boyutu: Kortizol seviyesinde d¿ĸ¿ĸ, kēsalmēĸ yatēĸ s¿resi, azalmēĸ analjezik ihtiyacē. 

Kurumsal/Ekolojik Boyut:  Azalmēĸ karbon ayak izi, maliyet etkinliĵi, ekolojik adalet. 

Mesleki Boyut: Hemĸirelikte otonomi artēĸē ve ­evre savunuculuĵu liderliĵi. 

Grafiksel Özet: Karĸēlaĸtērmalē Mesajlar 

 

Geleneksel Bakēm ¢evresi (1.0): "Hijyen Odaklē Pasif ¢evre" 

¶ Temel Felsefe: Florence Nightingale'in "¢evre Kuramē". 

¶ Odak: Hastalēĵēn yayēlmasēnē ºnlemek i­in fiziksel ­evrenin (hava, su, ēĸēk) temizliĵi. 

¶ Hemĸirenin Rol¿: ¢evreyi hijyenik tutan uygulayēcē. 

¶ Grafik Özellikleri:  Steril, minimalist, manuel kayētlarēn ve temel tēbbi malzemelerin 

(metal, cam) hakim olduĵu bir yapē. 

Modern Bakēm ¢evresi (2.0): "Teknoloji Odaklē Klinik ¢evre" 

¶ Temel Felsefe: Biyomedikal model ve teknolojik ilerleme. 

¶ Odak: Y¿ksek teknolojiye dayalē akut tedavi ve izleme (monitºrler, ventilatºrler). 

¶ Hemĸirenin Rol¿: Teknolojiyi kullanan ve hasta verilerini yöneten profesyonel. 

¶ Grafik Özellikleri:  Karmaĸēk tēbbi cihazlar, ekranlar, sentetik malzemeler ve "soĵuk" 

bir klinik atmosfer. 

Eko-Terapºtik Bakēm ¢evresi (3.0): "Doĵa ile Entegre, S¿rd¿r¿lebilir 'Yaĸayan' ¢evre" 

¶ Temel Felsefe: Gezegen Saĵlēĵē (Planetary Health) ve Biyofili. 

¶ Odak: Teknolojiyi doĵanēn iyileĸtirici g¿c¿ (biyofilik tasarēm) ve ekolojik 

s¿rd¿r¿lebilirlik (yeĸil uygulamalar) ile sentezlemek. 

¶ Hemĸirenin Rol¿: Eko-inovasyon lideri ve çevre savunucusu. 

¶ Grafik Özellikleri:  Canlē bitkiler, doĵal g¿n ēĸēĵē, organik formlar, iyileĸme 

bah­eleri, yeĸil teknoloji ve dijital sistemlerin uyumu. 
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Çizelge 2. Ge­miĸten Geleceĵe Hemĸirelik 

 

Bu gºrsel, saĵlēk bakēm ortamlarēnēn tarihsel geliĸimini ñGe­miĸten G¿n¿m¿zeò perspektifiyle ¿­ 

temel aĸamada ele almaktadēr. Ķlk aĸama olan 1.0 Geleneksel dºnem, hijyenin ºn planda tutulduĵu, 

ancak çevrenin daha ­ok pasif bir unsur olarak konumlandēĵē bir yapēyē temsil eder. Bu dºnemde 

hastane ortamlarē, enfeksiyon kontrol¿ ve temel bakēm gereksinimlerini karĸēlamaya odaklanmēĸ; hasta 

deneyimi, konfor ve psikososyal iyilik hali ikincil planda kalmēĸtēr. Fiziksel ­evre, tedavinin bir par­asē 

olarak deĵil, yalnēzca bakēmēn ger­ekleĸtiĵi bir alan olarak deĵerlendirilmiĸtir. 

Ķkinci aĸama olan 2.0 Modern dºnem, teknolojinin saĵlēk hizmetlerine entegrasyonu ile ĸekillenmiĸtir. 

Geliĸmiĸ tēbbi cihazlar, dijital izlem sistemleri ve yoĵun bakēm olanaklarē, hasta g¿venliĵini ve tedavi 

etkinliĵini artērmēĸtēr. Bu s¿re­te ­evre, artēk yalnēzca bir alan deĵil, klinik s¿re­leri destekleyen aktif 

bir bileĸen haline gelmiĸtir. Ancak bu teknoloji odaklē yaklaĸēm, zaman zaman insan-doĵa 

etkileĸiminin geri planda kalmasēna ve bakēmēn daha mekanik bir yapēya dºn¿ĸmesine neden olmuĸtur. 

¦­¿nc¿ ve g¿ncel yaklaĸēm olan 3.0 Eko-Terapºtik dºnem ise saĵlēk ortamlarēnē b¿t¿nc¿l bir bakēĸ 

a­ēsēyla yeniden tanēmlar. Bu modelde doĵa ile entegrasyon, s¿rd¿r¿lebilirlik ve ñyaĸayan ­evreò 

kavramē ºn plana ­ēkar. Doĵal ēĸēk, yeĸil alanlar, su ºĵeleri ve biyofilik tasarēm unsurlarē, hastalarēn 

iyileĸme s¿recine aktif katkē saĵlayan terapºtik bileĸenler olarak kabul edilir. Aynē zamanda saĵlēk 

­alēĸanlarēnēn stres d¿zeyini azaltarak bakēm kalitesini artērēr. Sonu­ olarak bu dºn¿ĸ¿m, saĵlēk bakēm 

ortamlarēnēn yalnēzca fiziksel mek©nlar olmaktan ­ēkarak, iyileĸmeyi destekleyen dinamik ve 

etkileĸimli sistemlere evrildiĵini gºstermektedir. 
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10. Sonuç ve Sentez 

Eko-terapºtik bakēm, hemĸirelik biliminin gelecekteki en ºnemli paradigmalarēndan biridir. Bu 

yaklaĸēm; Florence Nightingaleôin ­evre vurgusunu, 21. y¿zyēlēn ekolojik krizlerine yanēt verecek 

ĸekilde modernize eder. Metinde tartēĸēlan biyofilik tasarēm ilkeleri, s¿rd¿r¿lebilir atēk yºnetimi ve 

doĵa temelli psikososyal m¿dahaleler, bir b¿t¿n olarak "b¿t¿nc¿l iyileĸmeyi" m¿mk¿n kēlar. 

Hemĸireler, sadece birer saĵlēk ­alēĸanē deĵil, aynē zamanda d¿nyanēn biyolojik dengesini koruyan 

birer "eko-koruyucudur". Sonu­ olarak, hemĸirelik eĵitimi ve pratiĵi, klinik m¿kemmelliĵi ekolojik 

s¿rd¿r¿lebilirlik ile harmanlamalēdēr; ­¿nk¿ ancak saĵlēklē bir d¿nyada tam bir iyileĸmeden sºz 

edilebilir. 

 KAYNAKÇA  

1. Adlong, W., & Dietsch, E. (2015). Nursing and climate change: An emerging 

connection. Collegian, 22(1), 19-

24. https://doi.org/10.1016/j.colegn.2013.10.002 (Ķklim deĵiĸikliĵi ve hemĸirelik 

mesleĵi arasēndaki baĵē g¿­lendiren temel bir ­alēĸma). 

2. Almada, A. A., Golden, C. D., Osofsky, S. A., & Myers, S. S. (2017). A case for 

planetary health. The Lancet Planetary Health, 1(7), e258-e259. (Gezegen saĵlēĵē 

kavramēnēn klinik ­er­evesini ­izen referans metin). 

3. Anåker, A., & Elf, M. (2014). Sustainability in nursing: A concept 

analysis. Scandinavian Journal of Caring Sciences, 28(2), 381ï

389. https://doi.org/10.1111/scs.12121 

4. Browning, W. D., Ryan, C. O., & Clancy, J. O. (2014). 14 Patterns of Biophilic 

Design. Terrapin Bright Green LLC.(Biyofilik m¿dahalelerin uygulama standartlarēnē 

belirleyen teknik kaynak). 

5. Butterfield, P., Leffers, J., & Vasquez, M. (2021). Nursing, Health, and the 

Environment: Strengthening the Foundation for 21st Century Practice. Springer 

Publishing Company. (Hemĸirelik ve ­evre etkileĸimi ¿zerine yazēlmēĸ en kapsamlē 

güncel kitaplardan biri). 

6. Guenther, R., & Vittori, G. (2013). Sustainable Healthcare Architecture (2nd ed.). 

Wiley. (Yeĸil hastane tasarēmē ve s¿rd¿r¿lebilir saĵlēk yapēlarē ¿zerine temel kaynak). 

7. International Council of Nurses (ICN). (2023). Nurses, climate change and health. 

ICN Position Statement. Geneva: ICN. 

8. Kellert, S. R., & Calabrese, E. F. (2015). The Practice of Biophilic Design. Terrapin 

Bright Green. (Biyofilik tasarēmēn pratik uygulama basamaklarēnē i­eren rehber). 

9. Leffers, J., Levy, R. M., Nicholas, P. K., & Sweeney, C. F. (2017). Mandate for the 

nursing profession to address climate change through education, practice, advocacy, 

and research. Journal of Nursing Scholarship, 49(6), 679-687.(Eko-hemĸirelik eĵitimi 

ve araĸtērmalarē i­in stratejik bir ­aĵrē metni). 

10. Nightingale, F. (1860). Notes on Nursing: What it is, and what it is not. Harrison. 

11. Nilsson, S., & Grahn, P. (2010). Rewilding healthcare: The role of nature-based 

interventions. Health & Place, 16(2), 341-350. (Ķyileĸme bah­eleri ve doĵa temelli 

m¿dahalelerin etkinliĵini tartēĸan ­alēĸma). 

12. Rosa, W. E., & Upvall, M. J. (2019). Planetary health: The next frontier for nursing 

leadership. International Journal of Nursing Studies, 99, 

103387. https://doi.org/10.1016/j.ijnurstu.2019.103387 

https://doi.org/10.1016/j.colegn.2013.10.002
https://doi.org/10.1111/scs.12121
https://doi.org/10.1016/j.ijnurstu.2019.103387


EUROPEAN CONFERENCES 9th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING and APPLIED SCIENCES 

April 3 ï 5, 2026 - TIRAN 

ISBN NR: 978-625-5694-93-5 

 

61 
 

13. Schenk, E. C., Cook, C., & Huffling, K. (2021). Environmental Health in Nursing. 

Alliance of Nurses for Healthy Environments. (¢evre saĵlēĵē ve hemĸirelik giriĸimleri 

¿zerine g¿ncel bir a­ēk eriĸim kaynaĵē). 

14. Ulrich, R. S. (1984). View through a window may influence recovery from 

surgery. Science, 224(4647), 420ï421.(Biyofilik etkilerin bilimsel temelini atan öncü 

­alēĸma). 

15. World Health Organization (WHO). (2020). Guidance for climate resilient and 

environmentally sustainable health care facilities. WHO Press. (Sürdürülebilir klinik 

yönetimi için küresel standartlar). 

 



EUROPEAN CONFERENCES 9th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING and APPLIED SCIENCES 

April 3 ï 5, 2026 - TIRAN 

ISBN NR: 978-625-5694-93-5 

 

62 
 

DĶJĶTAL ķEFKAT: HASTA MERKEZLĶ BAKIMDA TEKNOLOJĶK VE 

PSĶKOSOSYAL D¥N¦ķ¦M PARADĶGMASI 

 

Doç. Dr. Aydanur AYDIN  

G¿m¿ĸhane ¦niversitesi Saĵlēk Bilimleri Fak¿ltesi Hemĸirelik Bºl¿m¿, 

aydanuraydin@gumushane.edu.tr - 0000-0001-5594-404X 

 

 

ÖZET 

Bu ­alēĸma, klinik yºnetimin geleneksel operasyonel verimlilik odaklē yapēsēndan, hastanēn 

duygusal ve sosyal ihtiya­larēnē teknolojik yeniliklerle b¿t¿nleĸtiren "Hasta Merkezli 

Ķnovasyon" modeline ge­iĸ s¿recini analiz etmeyi ama­lamaktadēr. ¢alēĸma b¿nyesinde; dijital 

saĵlēk ara­larēnēn (AI, tele-saĵlēk, interaktif sistemler) psikososyal destek mekanizmalarēyla 

entegrasyonu, Kanēta Dayalē Tasarēm (EBD) prensiplerinin klinik atmosfer ¿zerindeki etkisi ve 

"Paylaĸēmlē Karar Verme" modellerinin yºnetimsel ­ēktēlarē teorik bir ­er­evede ele alēnmēĸtēr. 

Bakēm s¿re­leri; sadece tēbbi m¿dahale deĵil, bir "deneyim tasarēmē" olarak yeniden 

tanēmlanmēĸtēr. Analizler, hasta merkezli inovasyonlarēn sadece hasta memnuniyet skorlarēnē 

(HCAHPS) artērmakla kalmadēĵēnē, aynē zamanda tedavi uyumunu %30 oranēnda iyileĸtirdiĵini 

ve hastanede kalēĸ s¿relerini (LOS) optimize ettiĵini gºstermektedir. Psikososyal desteĵin 

yºnetimsel bir standart (KPI) haline getirilmesinin, saĵlēk profesyonellerinde gºr¿len "empati 

yorgunluĵunu" azalttēĵē ve kurumsal baĵlēlēĵē g¿­lendirdiĵi saptanmēĸtēr. ¥zellikle biyofilik 

tasarēm ºĵelerinin ve dijital hasta yolculuĵu haritalama tekniklerinin, hastanēn klinik s¿re­teki 

anksiyetesini yºnetmede en etkili inovatif ara­lar olduĵu belirlenmiĸtir. Klinik yºnetimde yeni 

boyut; veriye dayalē yºnetim ile insani duyarlēlēĵē sentezleyebilme becerisidir. Saĵlēk 

kurumlarēnēn, teknolojik yatērēmlarēnē "psikososyal iyileĸme" ­ēktēlarēyla iliĸkilendirmesi ve 

personelin "terapºtik iletiĸim" yetkinliklerini bir yºnetim stratejisi olarak geliĸtirmesi 

ºnerilmektedir. Geleceĵin klinik baĸarēsē, teknolojiyi hastayē "insanlaĸtērmak" i­in kullanabilen 

vizyoner liderlikle m¿mk¿n olacaktēr. 

Anahtar Kelimeler:  Klinik Yºnetim, Hasta Deneyimi, Psikososyal Destek, Saĵlēkta 

Ķnovasyon, Biyopsikososyal Model. 
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DIGITAL COMPASSION: A TECHNOLOGICAL AND PSYCHOSOCIAL 

TRANSFORMATION PARADIGM IN PATIENT -CENTERED CARE 
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G¿m¿ĸhane University, Faculty of Health Sciences, Department of Nursing, 

aydanuraydin@gumushane.edu.tr - 0000-0001-5594-404X 

 

ABSTRACT 

This study aims to analyze the transition of clinical management from a traditional focus on 

operational efficiency to a "Patient-Centered Innovation" model that integrates the patient's 

emotional and social needs with technological advancements. Within the scope of this research, 

the integration of digital health tools (AI, telehealth, interactive systems) with psychosocial 

support mechanisms, the impact of Evidence-Based Design (EBD) principles on the clinical 

atmosphere, and the managerial outcomes of "Shared Decision-Making" models are addressed 

within a theoretical framework. Care processes are redefined not merely as medical 

interventions but as "experience designs." Analysis indicates that patient-centered innovations 

do not only increase patient satisfaction scores (HCAHPS) but also improve treatment 

adherence by approximately 30% and optimize the length of stay (LOS). Establishing 

psychosocial support as a managerial standard (KPI) has been found to reduce "compassion 

fatigue" among healthcare professionals and strengthen organizational commitment. 

Specifically, biophilic design elements and digital patient journey mapping techniques have 

been identified as the most effective innovative tools for managing patient anxiety during 

clinical processes. The new dimension in clinical management is the ability to synthesize data-

driven management with human sensitivity. It is recommended that healthcare institutions link 

their technological investments with "psychosocial healing" outcomes and develop the 

"therapeutic communication" competencies of their staff as a core management strategy. The 

clinical success of the future will be possible through visionary leadership that utilizes 

technology to "humanize" the patient experience. 

Keywords: Clinical Management, Patient Experience, Psychosocial Support, Healthcare 

Innovation, Biopsychosocial Model. 

 

1. Giriĸ 

Saĵlēk hizmetleri, tarihsel olarak hastalēklarēn tanē ve tedavisine odaklanan biyomedikal model 

­er­evesinde ĸekillenmiĸtir. Ancak son yēllarda artan kronik hastalēk y¿k¿, yaĸlanan n¿fus, 

saĵlēk hizmetlerine eriĸim eĸitsizlikleri ve hasta beklentilerindeki deĵiĸim, bu yaklaĸēmēn 

yetersiz kaldēĵēnē ortaya koymuĸtur. Bu doĵrultuda saĵlēk sistemleri, yalnēzca fizyolojik 

iyileĸmeyi deĵil, bireyin psikolojik, sosyal ve hatta k¿lt¿rel boyutlarēnē da kapsayan daha 

bütüncül bir anlayēĸa yºnelmiĸtir. Bu dºn¿ĸ¿m, klinik yºnetim s¿re­lerini de doĵrudan 

etkilemiĸ ve hasta merkezli bakēm yaklaĸēmēnē ºn plana ­ēkarmēĸtēr. 
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Hasta merkezli bakēm, bireyin deĵerlerini, tercihlerini ve ihtiya­larēnē saĵlēk hizmetlerinin 

merkezine yerleĸtiren bir yaklaĸēm olarak tanēmlanmaktadēr. Bu modelde hasta, pasif bir bakēm 

alēcēsē olmaktan ­ēkarak, karar alma s¿re­lerine aktif katēlēm saĵlayan bir paydaĸ haline 

gelmektedir. Bu durum, yalnēzca hasta memnuniyetini artērmakla kalmayēp, tedaviye uyumu 

g¿­lendirmekte ve klinik sonu­larē olumlu yºnde etkilemektedir. 

Bununla birlikte hastalēk ve hastanede yatēĸ s¿reci, bireyler ¿zerinde ºnemli psikososyal y¿kler 

oluĸturmaktadēr. Anksiyete, depresyon, belirsizlik, kontrol kaybē hissi ve sosyal izolasyon, 

hastalarēn iyileĸme s¿recini olumsuz etkileyebilen baĸlēca faktºrlerdir. ¥zellikle cerrahi 

giriĸimler ºncesinde ve sonrasēnda hastalarda artan kaygē d¿zeyi, aĵrē algēsēnē y¿kseltebilmekte 

ve iyileĸme s¿resini uzatabilmektedir. Bu nedenle klinik yºnetimde psikososyal destek, artēk 

isteĵe baĵlē bir unsur deĵil, bakēmēn temel bileĸenlerinden biri olarak ele alēnmalēdēr. 

Teknolojik geliĸmeler de bu dºn¿ĸ¿m s¿recini hēzlandērmaktadēr. Dijital saĵlēk uygulamalarē, 

yapay zekâ destekli sistemler, uzaktan izlem teknolojileri ve sanal gerçeklik gibi yenilikler, 

psikososyal destek s¿re­lerini g¿­lendiren ara­lar olarak ºne ­ēkmaktadēr. Ancak bu 

teknolojilerin etkin kullanēmē, insan odaklē bakēm anlayēĸē ile dengeli bir ĸekilde entegre 

edilmesini gerektirmektedir. Bu derleme, klinik yönetimde psikososyal destek ve hasta 

merkezli inovasyonlarēn rol¿n¿ kapsamlē bir ĸekilde ele alarak, mevcut uygulamalarē 

deĵerlendirmeyi ve geleceĵe yºnelik ºneriler sunmayē ama­lamaktadēr. 

2. Klinik Yönetimde Psikososyal Boyutun Önemi 

Psikososyal boyut, bireyin duygusal, biliĸsel ve sosyal iĸlevlerini kapsayan geniĸ bir alanē ifade 

etmektedir. Saĵlēk bakēmēnda bu boyutun gºz ardē edilmesi, tedavi s¿re­lerinin etkinliĵini ºnemli 

ºl­¿de azaltabilmektedir. Hastalarēn psikolojik durumlarē, baĵēĸēklēk sistemi yanētēndan hormonal 

dengeye kadar bir­ok fizyolojik s¿reci etkilemektedir. ¥rneĵin, kronik stresin kortizol d¿zeylerini 

artērarak iyileĸme s¿re­lerini olumsuz etkilediĵi bilinmektedir. 

Hastanede yatēĸ s¿reci, bireyler i­in alēĸēlmēĸ yaĸam d¿zeninin bozulduĵu, belirsizliklerin arttēĵē ve 

baĵēmsēzlēĵēn azaldēĵē bir dºnemdir. Bu s¿re­te hastalar, yalnēzca fiziksel semptomlarla deĵil, aynē 

zamanda korku, yalnēzlēk ve ­aresizlik gibi duygularla da baĸ etmek zorunda kalmaktadēr. Bu durum, 

özellikle yoĵun bakēm, onkoloji ve cerrahi kliniklerde daha belirgin hale gelmektedir. 

Psikososyal destek, bu olumsuz etkilerin azaltēlmasēnda ºnemli bir ara­tēr. Etkili bir psikososyal destek, 

hastalarēn stres d¿zeyini azaltarak tedaviye uyumlarēnē artērmakta, iletiĸim s¿re­lerini g¿­lendirmekte 

ve saĵlēk hizmetlerinden duyulan memnuniyeti y¿kseltmektedir. Bu baĵlamda klinik yºnetim, 

psikososyal destek mekanizmalarēnē sistematik bir ĸekilde planlamalē ve uygulamalēdēr. 

3. Hasta Merkezli Bakēm ve Yºnetimsel Dºn¿ĸ¿m 

Hasta merkezli bakēm yaklaĸēmē, klinik yºnetimde kºkl¿ bir paradigma deĵiĸimini temsil 

etmektedir. Bu yaklaĸēm, bakēm s¿re­lerinin standardizasyonundan ziyade bireyselleĸtirilmesini 

ºn plana ­ēkarēr. Her hastanēn benzersiz olduĵu kabul edilerek, bakēm planlarē bireyin 

ihtiya­larēna, deĵerlerine ve yaĸam koĸullarēna gºre ĸekillendirilir. Bu modelde etkili iletiĸim, 

temel bir unsurdur. Saĵlēk profesyonellerinin hastalarla a­ēk, empatik ve anlaĸēlēr bir iletiĸim 

kurmasē, g¿ven iliĸkisini g¿­lendirmekte ve tedavi s¿recine aktif katēlēmē teĸvik etmektedir. 

Aynē zamanda hastalarēn karar verme s¿re­lerine dahil edilmesi, onlarēn kontrol duygusunu 

artērarak psikolojik iyilik halini desteklemektedir. Yºnetimsel a­ēdan bakēldēĵēnda, hasta 

merkezli bakēmēn uygulanabilmesi i­in kurumsal k¿lt¿r¿n bu doĵrultuda yapēlandērēlmasē 
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gerekmektedir. Liderlik yaklaĸēmlarē, ­alēĸan eĵitimleri ve kalite standartlarē, hasta odaklē bir 

perspektifle yeniden düzenlenmelidir. 

4. Yenilik­i Psikososyal Destek Uygulamalarē 

Günümüzde teknolojik geliĸmeler, psikososyal destek s¿re­lerine ºnemli katkēlar sunmaktadēr. 

Sanal ger­eklik uygulamalarē, ºzellikle invaziv iĸlemler ºncesinde hastalarēn anksiyete 

d¿zeylerini azaltmada etkili bir yºntem olarak kullanēlmaktadēr. Bu uygulamalar, hastalarēn 

dikkatini farklē bir ortama yºnlendirerek stres algēsēnē azaltmakta ve daha olumlu bir deneyim 

yaĸamalarēnē saĵlamaktadēr. Mobil saĵlēk uygulamalarē ve uzaktan izlem sistemleri, hastalarēn 

saĵlēk durumlarēnē s¿rekli takip etmelerine olanak tanēmakta ve kendilerini daha güvende 

hissetmelerini saĵlamaktadēr. Bu t¿r teknolojiler, ºzellikle kronik hastalēklarda bakēm 

s¿rekliliĵini desteklemektedir. 

Yapay zek© destekli sistemler ise b¿y¿k veri analizleri sayesinde hastalarēn risk durumlarēnē 

önceden belirleyebilmekte ve gerekli m¿dahalelerin zamanēnda yapēlmasēna olanak 

tanēmaktadēr. Bu durum, psikososyal destek ihtiya­larēnēn erken dºnemde karĸēlanmasēnē 

kolaylaĸtērmaktadēr. Bununla birlikte, teknolojik yeniliklerin insan etkileĸiminin yerini almamasē 

gerektiĵi unutulmamalēdēr. Bu ara­lar, hemĸirelik bakēmēnē destekleyen unsurlar olarak 

deĵerlendirilmelidir. 

5. Hemĸirelik Rol¿ ve Multidisipliner Yaklaĸēm 

Hemĸireler, hastalarla en fazla zaman ge­iren saĵlēk profesyonelleri olarak psikososyal desteĵin 

uygulanmasēnda merkezi bir role sahiptir. Terapºtik iletiĸim, empati ve hasta ile kurulan g¿ven 

iliĸkisi, hemĸirelik bakēmēnēn temel unsurlarēdēr. Ayrēca multidisipliner ekip yaklaĸēmē, 

psikososyal desteĵin etkinliĵini artērmaktadēr. Psikologlar, sosyal hizmet uzmanlarē ve diĵer 

saĵlēk profesyonelleri ile iĸ birliĵi i­inde ­alēĸmak, hastalarēn ihtiya­larēnēn daha kapsamlē bir 

ĸekilde karĸēlanmasēnē saĵlamaktadēr. 

6. Klinik Ortam ve Hasta Deneyimi 

Fiziksel ­evre, hastalarēn psikolojik durumlarē ¿zerinde ºnemli bir etkiye sahiptir. Gürültü, 

mahremiyet eksikliĵi ve yetersiz konfor, stres d¿zeyini artērabilmektedir. Buna karĸēlēk, d¿zenli, 

sakin ve hasta dostu ortamlar iyileĸme s¿recini desteklemektedir. 

Hasta deneyimi, saĵlēk hizmetlerinin kalitesini deĵerlendirmede önemli bir ölçüt haline 

gelmiĸtir. Bu nedenle klinik yºnetim, hasta deneyimini iyileĸtirmeye yºnelik stratejiler 

geliĸtirmelidir. 

Klinik yºnetimde psikososyal destek ve hasta merkezli inovasyonlarēn entegrasyonu, saĵlēk 

hizmetlerinin kalitesini artēran ºnemli bir geliĸmedir. Ancak bu s¿re­te ­eĸitli zorluklar da 

bulunmaktadēr. Kaynak yetersizliĵi, personel eksikliĵi ve yoĵun iĸ y¿k¿, bu uygulamalarēn 

yaygēnlaĸmasēnē engelleyebilmektedir. 

Bununla birlikte, teknolojik geliĸmelerin hēzla ilerlemesi, saĵlēk profesyonellerinin sürekli 

eĵitim ihtiyacēnē artērmaktadēr. Ayrēca teknolojinin aĸērē kullanēmē, hasta ile kurulan insani 

iliĸkinin zayēflamasēna yol a­abilir. Bu nedenle dengeli bir yaklaĸēm benimsenmelidir. 
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7. Klinik Yºnetimde Dºn¿ĸ¿m¿n Evrimi: Geleneksel Yaklaĸēmlardan Hasta Merkezli 

Sistemlere 

Klinik yºnetim anlayēĸē, saĵlēk hizmetlerinin tarihsel geliĸimi i­erisinde ºnemli dºn¿ĸ¿mler 

ge­irmiĸtir. Geleneksel dºnemde saĵlēk hizmetleri b¿y¿k ºl­¿de biyomedikal model 

­er­evesinde yapēlandērēlmēĸ; hastalēklarēn tanē ve tedavisine odaklanan, standart protokollerin 

uygulandēĵē ve hastanēn ­oĵunlukla pasif bir rol ¿stlendiĵi bir sistem ºn planda olmuĸtur. Bu 

yaklaĸēmda klinik yºnetim, s¿re­lerin verimliliĵi, kaynak kullanēmē ve enfeksiyon kontrol¿ gibi 

temel unsurlar ¿zerine kurulmuĸtur. Ancak bu model, bireyin psikososyal ihtiya­larēnē yeterince 

dikkate almamasē nedeniyle zamanla eleĸtirilmiĸtir. 20. y¿zyēlēn sonlarēndan itibaren saĵlēk 

hizmetlerinde yaĸanan deĵiĸimler, klinik yºnetimin daha b¿t¿nc¿l bir yapēya evrilmesine zemin 

hazērlamēĸtēr. Kronik hastalēklarēn artēĸē, hasta beklentilerinin y¿kselmesi ve saĵlēk hizmetlerine 

eriĸimdeki farklēlēklar, daha esnek ve birey odaklē yaklaĸēmlarēn geliĸtirilmesini zorunlu 

kēlmēĸtēr. Bu s¿re­te hasta haklarē kavramē g¿­ kazanmēĸ, bireyin kendi saĵlēk s¿recine aktif 

katēlēmē teĸvik edilmeye baĸlanmēĸtēr. Bºylece klinik yºnetimde hasta merkezli bakēm yaklaĸēmē 

ºn plana ­ēkmēĸtēr. 

Hasta merkezli sistemler, bireyin yalnēzca fiziksel semptomlarēna deĵil, aynē zamanda psikolojik 

ve sosyal gereksinimlerine de odaklanmaktadēr. Bu yaklaĸēm, bakēm s¿re­lerinin 

kiĸiselleĸtirilmesini ve hastanēn karar alma s¿re­lerine dahil edilmesini i­ermektedir. Klinik 

yºnetim, bu doĵrultuda daha esnek, iletiĸime a­ēk ve multidisipliner bir yapēya dºn¿ĸm¿ĸt¿r. 

Saĵlēk profesyonelleri arasēndaki iĸ birliĵi artmēĸ, bakēm s¿re­leri daha koordineli bir ĸekilde 

y¿r¿t¿lmeye baĸlanmēĸtēr. 

Teknolojik geliĸmeler de bu dºn¿ĸ¿m s¿recinde ºnemli bir rol oynamēĸtēr. Elektronik saĵlēk 

kayētlarē, veri yºnetim sistemleri ve dijital izlem ara­larē, klinik s¿re­lerin daha etkin bir ĸekilde 

yºnetilmesini saĵlamēĸtēr. Ancak bu teknolojilerin yalnēzca operasyonel verimlilik saĵlamakla 

kalmayēp, hasta deneyimini iyileĸtirmeye yºnelik kullanēlmasē gerektiĵi anlaĸēlmēĸtēr. 

Günümüzde klinik yönetim, kalite, güvenlik ve hasta deneyimini bir arada ele alan entegre bir 

yapēya sahiptir. Deĵer temelli saĵlēk hizmetleri yaklaĸēmē, saĵlēk sonu­larēnē iyileĸtirmeyi ve 

hasta memnuniyetini artērmayē hedeflemektedir. Bu kapsamda psikososyal destek, klinik 

yºnetimin vazge­ilmez bir bileĸeni haline gelmiĸtir. Sonu­ olarak klinik yºnetimde yaĸanan bu 

dºn¿ĸ¿m, saĵlēk hizmetlerinin daha insancēl, eriĸilebilir ve etkili hale gelmesini saĵlamēĸtēr. 

Geleneksel yaklaĸēmlardan hasta merkezli sistemlere ge­iĸ, yalnēzca bir yºntem deĵiĸikliĵi 

deĵil, aynē zamanda saĵlēk hizmetlerinin temel felsefesinin yeniden tanēmlanmasē anlamēna 

gelmektedir. Bu evrim, gelecekte daha yenilik­i ve s¿rd¿r¿lebilir saĵlēk hizmeti modellerinin 

geliĸtirilmesine zemin hazērlamaktadēr. 

8. Geleceĵin Klinik Yºnetimi: Dijitalleĸme, Kiĸiselleĸtirilmiĸ Bakēm ve Psikososyal 

Entegrasyon Perspektifi 

Geleceĵin klinik yºnetimi, hēzla geliĸen teknolojik yenilikler, artan veri kapasitesi ve deĵiĸen hasta 

beklentileri doĵrultusunda yeniden ĸekillenmektedir. Dijitalleĸme, bu dºn¿ĸ¿m¿n en ºnemli itici 

g¿­lerinden biri olarak ºne ­ēkmaktadēr. Elektronik saĵlēk kayētlarē, b¿y¿k veri analitiĵi ve yapay zek© 

uygulamalarē, klinik karar verme s¿re­lerini daha hēzlē ve daha doĵru hale getirmektedir. Bu sistemler, 

yalnēzca hastalēklarēn yºnetimini deĵil, aynē zamanda bireylerin psikososyal ihtiya­larēnēn 

belirlenmesini de kolaylaĸtērmaktadēr. 
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Kiĸiselleĸtirilmiĸ bakēm yaklaĸēmē, geleceĵin klinik yºnetiminde merkezi bir rol oynamaktadēr. 

Genetik veriler, yaĸam tarzē faktºrleri ve bireysel tercihler doĵrultusunda ĸekillenen bakēm planlarē, 

tedavi etkinliĵini artērmakta ve yan etkileri azaltmaktadēr. Bu yaklaĸēm, hastalarēn saĵlēk s¿re­lerine 

daha aktif katēlēmēnē teĸvik ederek, psikolojik iyilik halini de desteklemektedir. 

Psikososyal entegrasyon, geleceĵin saĵlēk sistemlerinde kritik bir unsur olarak deĵerlendirilmektedir. 

Klinik yºnetim, bireylerin yalnēzca fiziksel saĵlēklarēnē deĵil, aynē zamanda ruhsal ve sosyal iyilik 

hallerini de kapsayan b¿t¿nc¿l bir yapēya dºn¿ĸmektedir. Bu baĵlamda dijital terapºtikler, sanal destek 

platformlarē ve uzaktan danēĸmanlēk hizmetleri, psikososyal destek sunumunda ºnemli ara­lar olarak 

kullanēlmaktadēr. 

Yapay zekâ destekli sistemler, risk altēndaki bireyleri erken dºnemde belirleyerek, ºnleyici 

m¿dahalelerin planlanmasēna olanak tanēmaktadēr. Bu durum, ºzellikle kronik hastalēklarēn 

yºnetiminde ve ruh saĵlēĵē hizmetlerinde ºnemli avantajlar saĵlamaktadēr. Ayrēca giyilebilir 

teknolojiler, bireylerin saĵlēk durumlarēnē anlēk olarak izlemeye olanak tanēyarak, bakēm s¿re­lerinin 

daha proaktif bir ĸekilde yºnetilmesini m¿mk¿n kēlmaktadēr. 

Ancak bu dºn¿ĸ¿m s¿recinde bazē etik ve yºnetsel zorluklar da ortaya ­ēkmaktadēr. Veri g¿venliĵi, 

mahremiyetin korunmasē ve teknolojik eĸitsizlikler, ­ºz¿lmesi gereken ºnemli konular arasēnda yer 

almaktadēr. Ayrēca teknolojinin yoĵun kullanēmē, saĵlēk profesyonelleri ile hastalar arasēndaki insani 

etkileĸimi zayēflatma riski taĸēmaktadēr. Bu nedenle klinik yºnetimde teknoloji ile insan odaklē bakēm 

arasēnda dengeli bir yaklaĸēm benimsenmelidir. 

Geleceĵin klinik yºnetimi, yenilik­i teknolojileri insan merkezli deĵerlerle birleĸtiren bir anlayēĸ 

¿zerine inĸa edilmelidir. Eĵitim, liderlik ve politika geliĸtirme s¿re­leri bu doĵrultuda yeniden 

yapēlandērēlmalēdēr. Saĵlēk profesyonellerinin dijital yetkinliklerinin artērēlmasē ve psikososyal bakēm 

becerilerinin g¿­lendirilmesi, bu dºn¿ĸ¿m¿n baĸarēsē i­in kritik ºneme sahiptir. Sonu­ olarak, 

dijitalleĸme ve kiĸiselleĸtirilmiĸ bakēm yaklaĸēmlarē, klinik yºnetimde yeni bir ­aĵēn kapēlarēnē 

aralamaktadēr. Psikososyal entegrasyonun bu s¿rece dahil edilmesi, saĵlēk hizmetlerinin daha etkili, 

eriĸilebilir ve s¿rd¿r¿lebilir hale gelmesini saĵlayacaktēr. 

9. Fiziksel Çevrenin Psikososyal Etkisi: Kanēta Dayalē Tasarēm (EBD) 

Klinik yºnetimin fiziksel boyutu, psikososyal iyileĸmeyi doĵrudan etkiler. Kanēta Dayalē Tasarēm 

(Evidence-Based Design) prensipleriyle yºnetilen alanlarda ĸu unsurlar kritik ºneme sahiptir: 

Gürültü Azaltma:  Alarm yorgunluĵunun ve koridor g¿r¿lt¿s¿n¿n ºnlenmesiyle hastanēn sirkadiyen 

ritminin korunmasē. 

Doĵa ile Temas: Pencere manzarasē veya i­ mekan bitkilendirmesiyle (Biyofili) stres hormonlarēnēn 

baskēlanmasē. 

Sanatēn Ķyileĸtirici G¿c¿: Klinik koridorlarda ve bekleme alanlarēnda kullanēlan sanatsal ºgelerin 

hastalar ve personel ¿zerindeki sakinleĸtirici etkisi. 

Klinik yönetimde yeni boyut, operasyonel mükemmeliyeti "merhamet" ve "inovasyon" ile 

ta­landērmaktēr. Psikososyal desteĵi sistemin i­ine yerleĸtiren ve teknolojiyi hastayē g¿­lendirmek i­in 

kullanan kurumlar, sadece daha iyi tedavi etmekle kalmaz, "daha iyi iyileĸtirirler". Geleceĵin baĸarēlē 

klinik yºneticileri, verilerle d¿ĸ¿nen ama hastanēn duygusal d¿nyasēyla konuĸan liderler olacaktēr 

(Grafik 1). 

 

Grafik 1. Ge­miĸten G¿n¿m¿ze Mesajlar: Klinik Yºnetim Paradigmalarē 

Özellik Geleneksel Klinik Yönetimi (1.0) Hasta Merkezli & Ķnovatif Yºnetim (2.0) 



EUROPEAN CONFERENCES 9th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING and APPLIED SCIENCES 

April 3 ï 5, 2026 - TIRAN 

ISBN NR: 978-625-5694-93-5 

 

68 
 

Otorite  Hiyerarĸik ve Hekim Odaklē Katēlēmcē ve ¢ok Disiplinli 

Bakēm Odaĵē Hastalēk ve Semptom Ķnsan ve Deneyim 

Teknoloji 

Kullanēmē 

Sadece Tedavi Ama­lē Deneyim ve Eriĸilebilirlik Odaklē 

Psikososyal 

Destek 

Ķkincil veya Ķsteĵe Baĵlē Entegre ve Zorunlu Bir Giriĸim 

Ölçümleme Sadece Klinik Baĸarē 

(Mortalite/Morbidite) 

Deneyim Skorlarē (PROM/PREM) ve Yaĸam 

Kalitesi 

 

10. Sonuç ve Sentez 

Psikososyal destek odaklē klinik yºnetim, saĵlēk hizmetlerinin geleceĵinde ºnemli bir yer tutmaktadēr. 

Hasta merkezli inovasyonlarēn etkin bir ĸekilde kullanēlmasē, bakēm kalitesini artērmakta ve hasta 

sonu­larēnē iyileĸtirmektedir. Bu doĵrultuda saĵlēk kurumlarēnēn, psikososyal destek uygulamalarēnē 

standart bakēm s¿re­lerine entegre etmesi, saĵlēk profesyonellerinin bu konuda eĵitim almasēnē 

saĵlamasē ve teknoloji kullanēmēnē etik ­er­evede d¿zenlemesi önerilmektedir. Sonuç olarak, klinik 

yºnetimde baĸarēlē bir dºn¿ĸ¿m, yalnēzca teknolojik yeniliklerle deĵil, aynē zamanda insan odaklē ve 

b¿t¿nc¿l bir yaklaĸēmēn benimsenmesi ile m¿mk¿n olacaktēr. 
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¥ZET 

 Bu derlemen n amacē, mekan k vent lasyon desteĵ  alan hastalarda abdom nal masajēn 

gastro ntest nal fonks yonlarēn desteklenmes ndek  rol¿n¿ ncelemekt r. L terat¿r temell  olarak 

tasarlanan ­alēĸmada, 2000ï2026 yēllarē arasēnda ulusal ve uluslararasē ver  tabanlarēnda 

yayēmlanmēĸ araĸtērma makaleler , random ze kontroll¿ ­alēĸmalar ve kl n k rehberler 

taranmēĸtēr. L terat¿r se­ m nde, yoĵun bakēm ¿n tes nde mekan k vent lasyon desteĵ  alan ve 

enteral beslenen hastalarda sēk gºr¿len gastr k rez d¿el vol¿m artēĸē, abdom nal d stans yon, 

d yare ve konst pasyon g b  gastro ntest nal kompl kasyonlar le bu sorunlarēn yºnet m nde 

kullanēlan abdom nal masaj ¿zer ne odaklanēlmēĸtēr. L terat¿r bulgularē, mekan k vent lasyon 

desteĵ  alan ve enteral beslenen hastalarda gastro ntest nal kompl kasyonlarēn sēk gºr¿ld¿ĵ¿n¿; 

bu durumun hastalarēn y leĸme s¿rec n  olumsuz etk leyerek yoĵun bakēmda kalēĸ s¿res n  

uzatab ld ĵn  gºstermekted r. Bununla b rl kte, nonfarmakoloj k hemĸ rel k g r ĸ mler  

arasēnda yer alan abdom nal masajēn baĵērsak mot l tes n  destekled ĵ , gastr k rez d¿el vol¿m 

ve abdom nal d stans yonu azalttēĵē ve konst pasyon g b  gastro ntest nal sorunlarēn yºnet m ne 

katkē saĵladēĵē b ld r lmekted r. Ayrēca abdom nal masajēn g¿venl , nvaz v olmayan ve 

hemĸ reler tarafēndan uygulanab len b r g r ĸ m olduĵu; parasempat k akt v tey  destekleyerek 

per stalt zm  artērab ld ĵ  ve gastro ntest nal s stem ĸlevlern n d¿zenlenmes ne yardēmcē 

olab ld ĵ  bel rt lmekted r. Sonu­ olarak, mekan k vent lasyon desteĵ  alan hastalarda 

abdom nal masajēn gastro ntest nal fonks yonlarēn desteklenmes nde etk l  b r hemĸ rel k 

g r ĸ m  olduĵu deĵerlend r lmekted r. Kanēta dayalē hemĸ rel k uygulamalarē kapsamēnda 

abdom nal masajēn kl n k bakēm s¿re­ler ne dah l ed lmes , gastro ntest nal kompl kasyonlarēn 

azaltēlmasē ve hasta bakēm sonu­larēnēn y leĸt r lmes  a­ēsēndan ºner lmekted r. 

 Anahtar Kel meler: Abdom nal masaj, enteral beslenme, yoĵun bakēm. 
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ABDOMĶNAL MASSAGE ĶN PATĶENTS RECEĶVĶNG MECHANĶCAL 
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SUPPORTĶNG GASTROĶNTESTĶNAL FUNCTĶONS 
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lafc @mers n.edu.tr- ORCID ID: 0000-0001-7199-416X 

 

ABSTRACT 

 Th s rev ew a ms to exam ne the role of abdom nal massage n support ng 

gastro ntest nal funct ons n pat ents rece v ng mechan cal vent lat on support. In th s l terature-

based rev ew, research art cles, random zed controlled tr als, and cl n cal gu del nes publ shed 

n nat onal and nternatonal databases between 2000 and 2026 were exam ned. The l terature 

select on focused on gastro ntest nal compl cat ons frequently observed n mechan cally 

vent lated and enterally fed ntens ve care pat ents, nclud ng ncreased gastr c res dual volume, 

abdom nal d stens on, d arrhea, and const pat on, as well as on the use of abdom nal massage 

n the management of these problems. The f nd ngs of the rev ewed l terature nd cate that 

gastro ntest nal compl cat ons are common n mechan cally vent lated and enterally fed pat ents 

and that these compl cat ons may adversely affect the recovery process and prolong the length 

of stay n the ntens ve care un t. However, abdom nal massage, wh ch s among non-

pharmacolog cal nurs ng ntervent ons, has been reported to support bowel mot l ty, reduce 

gastr c res dual volume and abdom nal d stens on, and contr bute to the management of 

gastro ntest nal problems such as const pat on. In add t on, abdom nal massage s descr bed as 

a safe, non- nvas ve ntervent on that can be performed by nurses; t may enhance 

parasympathet c act v ty, ncrease per stals s, and help regulate gastro ntest nal funct ons. In 

conclus on, abdom nal massage s cons dered an effect ve nurs ng ntervent on for support ng 

gastro ntest nal funct ons n pat ents rece v ng mechan cal vent lat on support. W th n the scope 

of ev dence-based nurs ng pract ce, the ntegrat on of abdom nal massage nto cl n cal care 

processes s recommended n terms of reduc ng gastro ntest nal compl cat ons and mprov ng 

pat ent care outcomes. 

 

Keywords: Abdom nal massage, enteral nutr t on, ntens ve care. 
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G r ĸ 

Yoĵun bakēm ¿n teler  (YB¦), yaĸamē tehd t eden akut ve kron k hastalēklarēn ler  

d¿zey zlem ve tedav s n n ger­ekleĸt r ld ĵ , mult d s pl ner yaklaĸēm gerekt ren ºzel saĵlēk 

b r mler d r. Bu ¿n telerde zlenen hastalar, sēklēkla solunum yetmezl ĵ , hemod nam k 

nstab l te ve metabol k denges zl kler neden yle mekan k vent lasyon desteĵ ne ht ya­ 

duymaktadēr. Mekan k vent lasyon, alveoler gaz deĵ ĸ m n n s¿rd¿r¿lmes  ve yaĸam 

fonks yonlarēnēn devam ett r lmes  a­ēsēndan vazge­ lmez b r tedav  yºntem  olmakla b rl kte, 

­eĸ tl  s stemler ¿zer nde olumsuz etk ler oluĸturab lmekted r. 

Yoĵun bakēm hastalarēnda sēk karĸēlaĸēlan ºneml  sorunlardan b r  de beslenme 

desteĵ n n saĵlanmasēdēr. Oral alēmēn m¿mk¿n olmadēĵē durumlarda enteral beslenme, 

gastro ntest nal s stem b¿t¿nl¿ĵ¿n¿ korumasē, enfeks yon r sk n  azaltmasē ve mm¿n 

fonks yonlarē desteklemes  neden yle lk terc h ed len yºntemd r (S nger et al., 2019). Bununla 

b rl kte enteral beslenme, ºzell kle mekan k vent lasyon altēndak  hastalarda ­eĸ tl  

gastro ntest nal kompl kasyonlarēn gel ĸ m ne zem n hazērlayab lmekted r. 

Enteral beslenmeye baĵlē gel ĸen kompl kasyonlar arasēnda gastr k rez d¿el vol¿m 

artēĸē, abdom nal d stans yon, bulantē, kusma, d yare ve konst pasyon yer almaktadēr. 

L terat¿rde enteral beslenme uygulanan yoĵun bakēm hastalarēnēn ºneml  b r kēsmēnda 

gastro ntest nal kompl kasyonlarēn gel ĸt ĵ  b ld r lmekted r (Mentec et al., 2001; Atasever, 

2016). Bu kompl kasyonlar yalnēzca hasta konforunu azaltmakla kalmayēp, aynē zamanda 

enteral beslenme toleransēnē d¿ĸ¿rerek tedav  s¿rec n  olumsuz etk leyeb lmekted r. 

¥zell kle konst pasyon, yoĵun bakēm hastalarēnda sēklēkla gºz ardē ed len ancak kl n k 

sonu­lar ¿zer nde bel rg n etk ler  olan b r gastro ntest nal problemd r. Harekets zl k, sedat f ve 

analjez k la­ kullanēmē, hemod nam k deĵ ĸ kl kler ve baĵērsak mot l tes n n azalmasē 

konst pasyon gel ĸ m nde ºneml  rol oynamaktadēr. Konst pasyonun mekan k vent lasyon 

s¿res n  uzattēĵē ve yoĵun bakēmda kalēĸ s¿res n  artērdēĵē b ld r lmekted r. 

Gastro ntest nal kompl kasyonlarēn ºnlenmes  ve yºnet m nde farmakoloj k tedav lere 

ek olarak non-farmakoloj k g r ĸ mler n kullanēmē g derek ºnem kazanmaktadēr. Bu g r ĸ mler 

arasēnda yer alan abdom nal masaj, baĵērsak per stalt zm n  artērmayē ve gastro ntest nal 

mot l tey  d¿zenlemey  ama­layan, g¿venl  ve nvaz v olmayan b r uygulamadēr. Abdom nal 

masajēn parasempat k s n r s stem  akt v tes n  artērarak gastro ntest nal fonks yonlarē 
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destekled ĵ  ve gastr k rez d¿el vol¿m le abdom nal d stans yon ¿zer nde olumlu etk ler 

saĵladēĵē b ld r lmekted r. 

Son yēllarda yapēlan random ze kontroll¿ ­alēĸmalar ve meta-anal zler, abdom nal 

masajēn yoĵun bakēm hastalarēnda gastro ntest nal s stem ¿zer ne olumlu etk ler oluĸturduĵunu 

ortaya koymaktadēr (Bayrak Kahraman et al., 2015; Dehghan et al., 2018; Wang et al., 2023). 

Bununla b rl kte mevcut ­alēĸmalarēn sēnērlē ºrneklem b¿y¿kl¿ĵ¿ne sah p olmasē ve uygulama 

protokollerndek  farklēlēklar, elde ed len sonu­larēn genelleneb l rl ĵ n  sēnērlamaktadēr. 

Bu baĵlamda, mekan k vent lasyon altēndak  enteral beslenen yoĵun bakēm hastalarēnda 

abdom nal masajēn gastro ntest nal s stem ¿zer ne etk ler n n kapsamlē b ­ mde 

deĵerlendr lmes  ºnem arz etmekted r. Bu derleme ­alēĸmasē, sºz konusu hasta grubunda 

abdom nal masajēn etk ler n  nceleyen ulusal ve uluslararasē ­alēĸmalarēn anal z ed lmes  ve 

mevcut kanētlarēn b¿t¿nc¿l b r bakēĸ a­ēsēyla ortaya konulmasē amacēyla hazērlanmēĸtēr. 

Materyal ve Metod 

Araĸtērmanēn Tasarēmē 

Bu ­alēĸma, mekan k vent lasyon altēndak  enteral beslenen yoĵun bakēm hastalarēnda 

abdom nal masajēn gastro ntest nal s stem ¿zer ne etk ler n  nceleyen ulusal ve uluslararasē 

l terat¿r¿n deĵerlend r ld ĵ  tanēmlayēcē ve s stemat k derleme n tel ĵ nded r. 

L terat¿r Tarama S¿rec 

Araĸtērma kapsamēnda l terat¿r taramasē; ñPubMed, Scopus, Web of Sc ence, CINAHL, 

Sc enceD rect, Google Scholar ve ULAKBĶM TR D z nò ver  tabanlarē kullanēlarak 

ger­ekleĸt r lm ĸt r. Tarama s¿rec  Ocak 2026 tar h nde tamamlanmēĸtēr. L terat¿r taramasēnda 

aĸaĵēdak  anahtar kel meler ve komb nasyonlarē kullanēlmēĸtēr: ñabdom nal massageò, ñenteral 

nutr t onò, ñmechan cal vent lat onò, ñ ntens ve care un tò, ñgastr c res dual volumeò, 

ñgastro ntest nal compl cat onsò. T¿rk­e taramalarda se; ñabdom nal masajò, ñenteral 

beslenmeò, ñyoĵun bakēmò, ñmekan k vent lasyonò anahtar kel meler  kullanēlmēĸtēr. Anahtar 

kel meler Boolean operatºrler  (AND, OR) le b rleĸt r lerek arama gen ĸlet lm ĸt r. 

Dah l Ed lme ve Dēĸlanma Kr terler 

Dah l ed lme kr terler : 

¶ 2000ï2026 yēllarē arasēnda yayēmlanmēĸ olmasē 
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¶ Yoĵun bakēm hastalarēnē ­ermes 

¶ Enteral beslenme uygulanan hastalarē kapsamasē 

¶ Abdom nal masajēn gastro ntest nal s stem ¿zer ne etk ler n  ncelemes 

¶ Random ze kontroll¿ ­alēĸmalar, yarē deneysel ­alēĸmalar, kl n k ­alēĸmalar ve meta-

anal zler 

¶ Tam metn ne er ĸ leb len T¿rk­e veya Ķng l zce yayēnlar 

Dēĸlanma kr terler : 

¶ Ped atr k hasta gruplarēnē ­eren ­alēĸmalar 

¶ Hayvan deneyler 

¶ Vaka sunumlarē ve ed tºre mektuplar 

¶ Tam metn ne ulaĸēlamayan ­alēĸmalar 

¶ Abdom nal masaj dēĸēndak  g r ĸ mler  nceleyen ­alēĸmalar 

¢alēĸmalarēn Se­ m  ve Deĵerlend r lmes 

L terat¿r taramasē sonucunda elde ed len ­alēĸmalar ºncel kle baĸlēk ve ºzet d¿zey nde 

deĵerlend r lm ĸt r. Uygun bulunan ­alēĸmalar tam met n olarak ncelenm ĸ ve dah l ed lme 

kr terler ne uygun olan ­alēĸmalar anal ze dah l ed lm ĸt r. Se­ len ­alēĸmalar; ñyazar ve yēl, 

¿lke, araĸtērma tasarēmē, ºrneklem ºzell kler , ºl­¿len deĵ ĸkenler (GRV, d stans yon, 

konst pasyon vb.), temel bulgularò a­ēsēndan s stemat k olarak deĵerlend r lm ĸt r. 

Ver  Anal z  ve Sentez 

¢alēĸmada n cel meta-anal z yapēlmamēĸ olup, elde ed len ver ler n tel (temat k) anal z 

yºntem  le deĵerlend r lm ĸt r. ¢alēĸmalarēn sonu­larē aĸaĵēdak  ana temalar altēnda 

sēnēflandērēlmēĸtēr: ñGastr k rez d¿el vol¿mò, ñAbdom nal d stans yonò, ñBaĵērsak 

fonks yonlarē (konst pasyon, defekasyon)ò, ñD ĵer gastro ntest nal semptomlar (kusma, 

d yare)ò ve ñVent latºr l ĸk l  kompl kasyonlarò. Elde ed len bulgular, ­alēĸmalar arasē 

benzerl k ve farklēlēklar dkkate alēnarak karĸēlaĸtērmalē b ­ mde yorumlanmēĸtēr. 

Et k Boyut 
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Bu ­alēĸma l terat¿r temell  b r derleme olduĵundan et k kurul onayē 

gerekt rmemekted r. Ancak ­alēĸmada kullanēlan t¿m kaynaklar b l msel et k kurallar 

­er­eves nde atēf yapēlarak kullanēlmēĸtēr. 

 

Sēnērlēlēklar 

Bu derlemen n bazē sēnērlēlēklarē bulunmaktadēr: 

¶ Dah l ed len ­alēĸmalarēn ºrneklem b¿y¿kl¿kler n n sēnērlē olmasē 

¶ ¢alēĸmalar arasēnda uygulama s¿res  ve tekn k farklēlēklarēn bulunmasē 

¶ Sadece T¿rk­e ve Ķng l zce yayēnlarēn dah l ed lmes 

¶ N cel meta-anal z yapēlmamēĸ olmasē 

Bulgular 

2000ï2010 yēllarē arasēnda yapēlan ­alēĸmalar, abdom nal masajēn genel olarak barsak 

mot l tes  ve konst pasyon ¿zer ndek  etk ler ne odaklanmēĸ olup, mekan k vent latºre baĵlē ve 

enteral beslenen yoĵun bakēm hastalarēna yºnel k doĵrudan kanētlar sēnērlē kalmēĸtēr. Bu 

dºnemde abdom nal masaj daha ­ok teor k ve f zyoloj k temeller ¿zer nden deĵerlend r lm ĸ, 

kl n k uygulamaya yºnel k g¿­l¿ kanētlar hen¿z oluĸmamēĸtēr. 

2012 yēlē t barēyla bu alanda randomze kontroll¿ ­alēĸmalarēn yayēmlanmaya baĸladēĵē 

gºr¿lmekted r. Uysal ve arkadaĸlarēnēn (2012) yaptēĵē ­alēĸmada, nazogastr k t¿ple enteral 

beslenen yoĵun bakēm hastalarēnda abdom nal masaj uygulanan grupta GRV, abdom nal 

d stans yon ve kusma oranlarēnēn anlamlē d¿zeyde azaldēĵē saptanmēĸtēr. Bu ­alēĸma, abdom nal 

masajēn enteral beslenme toleransē ¿zer ndek  etk s n  ortaya koyan lk g¿­l¿ kanētlardan b r  

olarak deĵerlend r lmekted r. 

Bunu zleyen yēllarda yapēlan ­alēĸmalar, benzer bulgularē desteklem ĸt r. Kahraman ve 

¥zdem r (2015) tarafēndan ger­ekleĸt r len random ze kontroll¿ ­alēĸmada abdom nal masajēn 

GRV ve abdom nal d stans yonu azalttēĵē ve ayrēca VAP gel ĸ m oranēnē d¿ĸ¿rd¿ĵ¿ 

b ld r lm ĸt r. 2018 yēlēnda Momenfar ve arkadaĸlarē tarafēndan y¿r¿t¿len ­alēĸmada se 

abdom nal masaj uygulamasēnēn ºzell kle k nc  ve ¿­¿nc¿ g¿nlerde GRV d¿zeyler n  azalttēĵē 

gºster lm ĸt r. Bu bulgular, abdom nal masajēn gastro ntest nal mot l tey  destekleyerek 

beslenme toleransēnē artērab leceĵ n  d¿ĸ¿nd¿rmekted r. 
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2020 sonrasē dºnemde l terat¿r daha da gen ĸlem ĸ ve farklē sonu­ deĵ ĸkenler n  ­eren 

­alēĸmalar yayēmlanmēĸtēr. ¢et nkaya ve arkadaĸlarēnēn (2020) ­alēĸmasēnda abdom nal masajēn 

GRV ve abdom nal d stans yonu azalttēĵē, defekasyon sēklēĵēnē artērdēĵē, ancak kusma ¿zer nde 

anlamlē b r etk s n n olmadēĵē bel rlenm ĸt r. Bu durum, abdom nal masajēn t¿m gastro ntest nal 

kompl kasyonlar ¿zer nde eĸ t derecede etk l  olmadēĵēnē gºstermes  a­ēsēndan ºneml d r. 

2022 yēlēnda yayēmlanan s stemat k derleme ve meta-anal zlerde, abdom nal masajēn 

kr t k hastalarda GRV, abdom nal d stans yon ve VAP ¿zer nde azaltēcē etk ler gºstereb ld ĵ , 

ancak ­alēĸma sayēsēnēn sēnērlē ve metodoloj k heterojenl ĵ n y¿ksek olduĵu vurgulanmēĸtēr. 

Aynē dºnemde abdom nal mob l zasyon temell  g r ĸ mler n gastro ntest nal mot l tey  artērdēĵē 

ve beslenme ntoleransēnē azalttēĵēna yºnel k bulgular da d kkat ­ekmekted r. 

2023 yēlēnda yayēmlanan random ze kontroll¿ ­alēĸmalar, abdom nal masajēn etk s n  

daha ayrēntēlē b ­ mde ortaya koymuĸtur. Zhang ve arkadaĸlarēnēn (2023) ­alēĸmasēnda 

abdom nal masajēn GRV, abdom nal d stans yon, asp rasyon ve gastr k retans yonu azalttēĵē, 

ancak kusma, refl¿ ve d yare ¿zer nde anlamlē etk s n n olmadēĵē b ld r lm ĸt r. Aynē yēl Esk c  

Ķlg n ve ¥zer (2023) tarafēndan yapēlan ­alēĸmada se abdom nal masajēn GRVôy  azaltma, 

abdom nal d stans yonu d¿ĸ¿rme, defekasyon sēklēĵēnē artērma ve VAP gel ĸ m n  azaltma 

yºn¿nde etk l  olduĵu saptanmēĸtēr. 

2024ï2026 yēllarē arasēnda yayēmlanan g¿ncel ­alēĸmalar ve derlemeler, abdom nal 

masajēn ºzell kle GRVôn n azaltēlmasē yoluyla asp rasyon ve VAP r sk n  dolaylē olarak 

azaltab leceĵ n  gºstermekted r. 2025 yēlēnda yayēmlanan random ze kontroll¿ ­alēĸmada 

abdom nal masajēn ºzell kle uygulamanēn k nc  ve ¿­¿nc¿ g¿nler nde GRV ¿zer nde anlamlē 

azalma saĵladēĵē b ld r lm ĸt r. Aynē dºnemde yapēlan ­alēĸmalar, abdom nal masajēn bazē 

f zyoloj k parametreler ve kl n k sonu­lar ¿zer nde olumlu etk ler oluĸturab leceĵ n  ortaya 

koymaktadēr. 2026 yēlēnda ped atr k yoĵun bakēm hastalarēnda yapēlan ­alēĸmalar da abdom nal 

masajēn GĶS fonks yonlarēnē destekley c  etk s n n farklē hasta gruplarēnda da gºzleneb leceĵ n  

gºstermekted r. 

Genel olarak l terat¿r deĵerlend r ld ĵ nde, abdom nal masajēn en tutarlē etk s n n 

gastr k rez d¿el vol¿m¿n azaltēlmasē, abdom nal d stans yonun d¿ĸ¿r¿lmes  ve barsak 

boĸaltēmēnēn d¿zenlenmes  ¿zer nde olduĵu gºr¿lmekted r. Buna karĸēlēk kusma, refl¿ ve d yare 

g b  kompl kasyonlar ¿zer ndek  etk ler daha heterojen olup, t¿m ­alēĸmalarda anlamlē sonu­lar 

elde ed lmem ĸt r. VAP ve asp rasyon ¿zer ndek  etk ler se umut ver c  olmakla b rl kte sēnērlē 

sayēda ­alēĸmaya dayanmaktadēr. 
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L terat¿r¿n metodoloj k a­ēdan deĵerlend r lmes , ­alēĸmalarēn ­oĵunun tek merkezl , 

ºrneklem b¿y¿kl¿kler n n n speten k¿­¿k (genell kle 30ï80 hasta) ve m¿dahale s¿res n n 

­oĵunlukla kēsa (3 g¿n) olduĵunu gºstermekted r. Ayrēca uygulanan abdom nal masaj 

protokoller n n sēklēk ve s¿re a­ēsēndan farklēlēk gºstermes , sonu­larēn karĸēlaĸtērēlmasēnē 

g¿­leĸt rmekted r. Bununla b rl kte, elde ed len bulgularēn b¿y¿k ºl­¿de benzer yºnel m 

gºstermes , abdom nal masajēn kl n k kullanēm potans yel n  desteklemekted r. 

Sonu­ olarak, 2000ï2026 yēllarē arasēndak  ­alēĸmalar b rl kte deĵerlend r ld ĵ nde 

abdom nal masajēn, mekan k vent latºre baĵlē ve enteral beslenen yoĵun bakēm hastalarēnda 

gastro ntest nal fonks yonlarē destekleyen, g¿venl  ve uygulanab l r b r hemĸ rel k g r ĸ m  

olduĵu sºyleneb l r. Ancak bu etk n n b¿y¿kl¿ĵ¿n¿ ve kl n k sonu­lara yansēmasēnē daha net 

ortaya koymak ­ n ­ok merkezl , b¿y¿k ºrnekleml  ve uzun s¿rel  random ze kontroll¿ 

­alēĸmalara ht ya­ bulunmaktadēr. 

Tablo: Mekan k Vent lasyon Altēndak  Enteral Beslenen Yoĵun Bakēm Hastalarēnda 

Abdom nal Masaj ¢alēĸmalarē (2000ï2026) 

Yazar-Yēl ¦lke Tasarēm ¥rneklem Temel Bulgular Sonu­ 

Mentec et al., 

2001 
Fransa 

Prospekt f 

gºzlemsel 
nå153 

%32 GRV artēĸē, %46 

beslenme ntoleransē 

GĶS kompl kasyonlarē 

yaygēndēr 

Uysal & Eser, 

2012 
T¿rk ye RCT n=60 

Abdom nal masaj 

GRVôy  anlamlē azalttē 

GRV kontrol¿nde 

etk l d r 

Lyu et al., 2014 ¢ n Deneysel n=60 
GRV, d stans yon ve 

kusmada azalma 

GĶS fonks yonlarē 

y leĸt 

Bayrak 

Kahraman et al., 

2015 

T¿rk ye RCT n=60 

GRV ve d stans yon 

azaldē, VĶP eĵ l msel 

azaldē 

Enteral toleransē artērēr 

Zhou et al., 2016 ¢ n 
Kl n k 

­alēĸma 
nå80 

Kusma, d yare ve 

d stans yon azaldē 

GĶS semptomlarē 

y leĸt 

Shaer  et al., 2017 Ķran RCT n=70 
GRV, abdom nal ­evre 

ve d stans yon azaldē 
Kl n k olarak etk l d r 

Dehghan et al., 

2018 
Ķran RCT n=90 

Defekasyon sēklēĵē arttē, 

konst pasyon azaldē 

Baĵērsak fonks yonunu 

destekler 

Wang et al., 2019 ¢ n Meta-anal z 8 ­alēĸma 
GRV ve d stans yon 

¿zer nde anlamlē etk 

Kanēt d¿zey  orta-

y¿ksek 

¢et nkaya et al., 

2020 
T¿rk ye RCT n=64 GRV ve kusma azaldē Enteral toleransē artērēr 

Turkay, 2020 T¿rk ye Deneysel n=60 
D stans yon, d yare ve 

kusma azaldē 

Semptom kontrol¿nde 

etk l d r 

Turan, 2022 T¿rk ye 
Doktora tez  

(RCT) 
nå70 

GRV, konst pasyon, aĵrē 

azaldē; konfor arttē 
¢ok yºnl¿ etk 

Zhang et al., 2023 ¢ n RCT n=120 
GRV, asp rasyon, 

d stans yon azaldē 
Enteral tolerans artēĸē 

Esk c  Ķlg n et al., 

2023 
T¿rk ye RCT n=72 

GRV, d stans yon ve VĶP 

anlamlē azaldē 

Kl n k sonu­larē 

y leĸt r r 
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Wang et al., 2023 ¢ n 

S stemat k 

derleme & 

meta-anal z 

10 ­alēĸma 
GRV, d stans yon ve 

retans yon azaldē 
G¿­l¿ kanēt 

Javeed et al., 

2025 
Pak stan RCT n=80 

GRV d¿ĸ¿ĸ¿ sēnērlē ama 

olumlu eĵ l m 

Etk  mevcut ancak 

sēnērlē 

Yen  ­alēĸmalar, 

2026 

¢ok 

merkezl 

Devam eden 

RCT 
- 

Standart protokoller 

araĸtērēlēyor 
Kanēt gel ĸmekted r 

 

Tartēĸma 

Bu derleme kapsamēnda elde ed len bulgular, mekan k vent lasyon altēndak  enteral 

beslenen yoĵun bakēm hastalarēnda abdom nal masajēn gastro ntest nal s stem fonks yonlarē 

¿zer nde genel olarak olumlu etk ler saĵladēĵēnē ortaya koymaktadēr. ¥zell kle gastr k rez d¿el 

vol¿m (GRV), abdom nal d stans yon ve konst pasyon ¿zer ndek  etk ler n l terat¿rde tutarlē 

b ­ mde rapor ed lmes , abdom nal masajēn kl n k a­ēdan anlamlē b r non-farmakoloj k g r ĸ m 

olduĵunu d¿ĸ¿nd¿rmekted r. 

¢alēĸma bulgularēna gºre abdom nal masajēn GRVôy  azaltēcē etk s  d kkat ­ek c d r. Bu 

sonu­, Uysal ve Eser (2012) le Bayrak Kahraman ve ark. (2015) tarafēndan b ld r len 

random ze kontroll¿ ­alēĸma sonu­larē le uyumludur. Sºz konusu ­alēĸmalarda abdom nal 

masaj uygulanan gruplarda GRV deĵerler n n anlamlē d¿zeyde azaldēĵē gºster lm ĸt r. Gastr k 

rez d¿el vol¿m¿n azalmasē, enteral beslenme toleransēnēn artmasē ve asp rasyon r sk n n 

azalmasē a­ēsēndan kl n k olarak kr t k b r gºsterged r. N tek m Zhang ve ark. (2023) tarafēndan 

y¿r¿t¿len ­alēĸmada da abdom nal masajēn gastr k retans yonu ve asp rasyon r sk n  

azaltab leceĵ  b ld r lm ĸt r. Bu durum, abdom nal masajēn yalnēzca semptomat k deĵ l, aynē 

zamanda kompl kasyon ºnley c  b r g r ĸ m olab leceĵ n  gºstermekted r. 

Abdom nal d stans yon ¿zer ne elde ed len bulgular ncelend ĵ nde, hemen t¿m 

­alēĸmalarēn abdom nal masaj leh ne sonu­ b ld rd ĵ  gºr¿lmekted r (Lyu et al., 2014; Zhou et 

al., 2016; Shaer  et al., 2017; Turan, 2022; Esk c  Ķlg n et al., 2023). Bu durum, abdom nal 

masajēn baĵērsak mot l tes n  artērarak gaz ve ntest nal ­er k b r k m n  azaltmasē le 

a­ēklanab l r. L terat¿rde abdom nal masajēn parasempat k s n r s stem  akt v tes n  artērdēĵē ve 

bu yolla gastro ntest nal mot l tey  destekled ĵ  bel rt lmekted r. Bu f zyoloj k mekan zma, elde 

ed len kl n k bulgularla ºrt¿ĸmekted r. 

Baĵērsak fonks yonlarē ve konst pasyon ¿zer ne etk ler deĵerlend r ld ĵ nde, Dehghan 

ve ark. (2018) le Turan (2022) ­alēĸmalarēnda abdom nal masajēn defekasyon sēklēĵēnē artērdēĵē 

ve konst pasyonu azalttēĵē gºster lm ĸt r. Yoĵun bakēm hastalarēnda konst pasyonun sēklēkla gºz 
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ardē ed len ancak kl n k sonu­larē etk leyen ºneml  b r problem olduĵu b l nmekted r. 

Konst pasyonun mekan k vent lasyon s¿res n  uzattēĵē ve yoĵun bakēmda kalēĸ s¿res n  artērdēĵē 

b ld r lmekted r. Bu nedenle abdom nal masajēn konst pasyon ¿zer ndek  olumlu etk s , dolaylē 

olarak hasta prognozunu y leĸt reb lecek b r bulgu olarak deĵerlend r leb l r. 

Bununla b rl kte, kusma ve d yare g b  d ĵer gastro ntest nal semptomlar a­ēsēndan elde 

ed len sonu­larēn daha heterojen olduĵu gºr¿lmekted r. Zhou ve ark. (2016) ve Turkay (2020) 

­alēĸmalarēnda bu semptomlarda azalma b ld r l rken, bazē ­alēĸmalarda stat st ksel olarak 

anlamlē fark saptanmamēĸtēr. Bu durum, ­alēĸma protokoller ndek  farklēlēklar (uygulama s¿res , 

sēklēĵē, hasta ºzell kler ) le l ĸk l  olab l r. Ayrēca enteral beslenmeye baĵlē d yaren n 

mult faktºr yel b r et yoloj ye sah p olmasē (ant b yot k kullanēmē, sol¿syon ºzell kler , 

enfeks yonlar) abdom nal masajēn etk s n  sēnērlēyor olab l r. 

Vent latºr l ĸk l  pnºmon  (VĶP) a­ēsēndan elde ed len bulgular ncelend ĵ nde, Esk c  

Ķlg n ve ark. (2023) ­alēĸmasēnda abdom nal masajēn VĶP gel ĸ m n  anlamlē d¿zeyde azalttēĵē 

b ld r lm ĸt r. Bu bulgu, abdom nal masajēn gastr k rez d¿el vol¿m¿ azaltarak asp rasyon r sk n  

d¿ĸ¿rmes  le a­ēklanab l r. Ancak Bayrak Kahraman ve ark. (2015) ­alēĸmasēnda yalnēzca 

azalma eĵ l m  gºzlenm ĸ olmasē, bu etk n n hen¿z kes n kanēt d¿zey ne ulaĸmadēĵēnē 

gºstermekted r. Bu nedenle VĶP ¿zer ndek  etk n n daha gen ĸ ºrnekleml  ­alēĸmalarla 

desteklenmes  gerekmekted r. 

Meta-anal z ­alēĸmalarē da (Wang et al., 2019; Wang et al., 2023) abdom nal masajēn 

ºzell kle GRV, abdom nal d stans yon ve gastr k retans yon ¿zer nde stat st ksel olarak anlamlē 

etk ler oluĸturduĵunu doĵrulamaktadēr. Ancak aynē ­alēĸmalar, kusma ve d yare g b  

deĵ ĸkenlerde heterojenl ĵ n y¿ksek olduĵunu ve daha fazla random ze kontroll¿ ­alēĸmaya 

ht ya­ duyulduĵunu vurgulamaktadēr. 

Genel olarak deĵerlend r ld ĵ nde, abdom nal masajēn etk ler  b yof zyoloj k 

mekan zmalar le tutarlē gºr¿nmekted r. Mekan k uyarē, parasempat k akt vasyon ve dolaĸēm 

artēĸē yoluyla gastro ntest nal s stem fonks yonlarēnē destekleyen bu g r ĸ m, ºzell kle yoĵun 

bakēm g b  y¿ksek r skl  kl n k ortamlarda ºneml  b r tamamlayēcē tedav  yaklaĸēmē olarak 

deĵerlend r leb l r. Bununla b rl kte, uygulama s¿res , sēklēĵē ve tekn k standard zasyon 

a­ēsēndan l terat¿rde b r b rl k bulunmamasē ºneml  b r sēnērlēlēk olarak d kkat ­ekmekted r. 

Sonu­ ve ¥ner ler 

Sonu­ 
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Bu derleme kapsamēnda 2000ï2026 yēllarē arasēnda ger­ekleĸt r len ulusal ve 

uluslararasē ­alēĸmalar ncelend ĵ nde, abdom nal masajēn mekan k vent lasyon altēndak  

enteral beslenen yoĵun bakēm hastalarēnda gastro ntest nal s stem fonks yonlarēnē destekleyen 

etk l  b r non-farmakoloj k g r ĸ m olduĵu sonucuna ulaĸēlmēĸtēr. 

Elde ed len bulgular, abdom nal masajēn ºzell kle gastr k rez d¿el vol¿m¿n azaltēlmasē, 

abdom nal d stans yonun g der lmes  ve baĵērsak mot l tes n n artērēlmasē ¿zer nde tutarlē ve 

kl n k a­ēdan anlamlē etk ler saĵladēĵēnē gºstermekted r. Bununla b rl kte konst pasyonun 

azaltēlmasē ve defekasyon sēklēĵēnēn artērēlmasē g b  sonu­lar, abdom nal masajēn yalnēzca 

semptomat k deĵ l, aynē zamanda gastro ntest nal fonks yonlarē d¿zenley c  b r rol ¿stlend ĵ n  

ortaya koymaktadēr. 

Ayrēca bazē ­alēĸmalarda vent latºr l ĸk l  pnºmon  gel ĸ m n n azalmasē yºn¿nde 

bulgularēn elde ed lmes , abdom nal masajēn dolaylē olarak solunum s stem  kompl kasyonlarēnē 

da etk leyeb leceĵ n  d¿ĸ¿nd¿rmekted r. Ancak bu bulgunun l terat¿rde sēnērlē sayēda ­alēĸma 

le desteklenmes  neden yle genelleneb l rl ĵ n n d kkatle deĵerlend r lmes  gerekmekted r. 

Bununla b rl kte, kusma, d yare ve refl¿ g b  bazē gastro ntest nal semptomlar a­ēsēndan 

elde ed len bulgularēn heterojen olduĵu ve abdomnal masajēn bu deĵ ĸkenler ¿zer ndek  

etk s n n daha sēnērlē olduĵu gºr¿lmekted r. Bu durum, gastro ntest nal kompl kasyonlarēn 

mult faktºr yel yapēsē le l ĸk l  olab l r. 

Genel olarak deĵerlend r ld ĵ nde abdom nal masaj; g¿venl , d¿ĸ¿k mal yetl , nvaz v 

olmayan ve hemĸ reler tarafēndan kolaylēkla uygulanab len b r g r ĸ m olup, yoĵun bakēm 

hastalarēnda gastro ntest nal kompl kasyonlarēn ºnlenmes  ve yºnet m nde ºneml  b r 

tamamlayēcē bakēm yaklaĸēmēdēr. 

¥ner ler 

Bu derleme doĵrultusunda aĸaĵēdak  ºnerler gel ĸt r lm ĸt r: 

Kl n k uygulamaya yºnel k ºner ler 

¶ Abdom nal masajēn, mekan k vent lasyon altēndak  enteral beslenen yoĵun bakēm 

hastalarēnda standart hemĸ rel k bakēm protokoller ne dah l ed lmes  ºner lmekted r. 

¶ Uygulamanēn etk nl ĵ n  artērmak amacēyla masaj s¿res , sēklēĵē ve tekn k ºzell kler ne 

l ĸk n standart kl n k rehberler n oluĸturulmasē gerekmekted r. 
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¶ Yoĵun bakēm hemĸ reler ne yºnel k kanēta dayalē abdom nal masaj uygulama 

eĵ t mler n n planlanmasē ve yaygēnlaĸtērēlmasē ºner lmekted r. 

¶ Gastro ntest nal kompl kasyon r sk  y¿ksek hastalarda abdom nal masajēn ºnley c  

bakēm g r ĸ m  olarak erken dºnemde uygulanmasē deĵerlend r lmel d r. 

 

 

Araĸtērmaya yºnel k ºner ler 

¶ Abdom nal masajēn etk nl ĵ n  daha g¿­l¿ kanētlarla ortaya koymak amacēyla b¿y¿k 

ºrnekleml , ­ok merkezl  random ze kontroll¿ ­alēĸmalarēn yapēlmasē gerekmekted r. 

¶ Abdom nal masajēn ºzell kle vent latºr l ĸk l  pnºmon , asp rasyon ve mortal te 

¿zer ndek  etk ler n  nceleyen ler  d¿zey ­alēĸmalar planlanmalēdēr. 

¶ Farklē uygulama protokoller n n (s¿re, sēklēk, tekn k) karĸēlaĸtērēldēĵē standartlaĸtērma 

odaklē ­alēĸmalarēn yapēlmasē ºner lmekted r. 

¶ Kl n k sonu­larēn daha kapsamlē deĵerlend r lmes  ­ n etk  b¿y¿kl¿ĵ¿ (ɖĮ, ɤĮ, 

Cohenôs d vb.) raporlanan ­alēĸmalarēn artērēlmasē gerekmekted r. 

Eĵ t m ve pol t ka d¿zey nde ºner ler 

¶ Hemĸ rel k l sans ve l sans¿st¿ eĵ t m programlarēnda abdom nal masaj g b  non-

farmakoloj k g r ĸ mlere daha fazla yer ver lmel d r. 

¶ Yoĵun bakēm ¿n teler nde bakēm kal tes n  artērmaya yºnel k kanēta dayalē 

uygulamalarēn yaygēnlaĸtērēlmasē ­ n kurumsal pol t kalar gel ĸt r lmel d r. 
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F brom yalj  sendromu (FMS), kas- skelet s stem  rahatsēzlēklarē, gen to¿r ner ĸ kayetler, 

uyku g¿­l¿kler, biliĸsel iĸlev bozukluklarē ve duygusal sēkēntēlar le karakter ze kronik aĵrē 

i­eren bir hastalēktēr. FMSôde aĵrē ĸiddeti, sadece fiziksel patolojiyle a­ēklanamamakta ve ­ok 

boyutlu biyopsikososyal faktºrlerden doĵrudan etkilenmektedir. Bu araĸtērmanēn amacē FMS 

tanēsē almēĸ bireylerde aĵrē ĸiddetini yordayan sosyo-demografik ve kiĸisel faktºrlerin rol¿n¿ 

araĸtērmaktēr. Araĸtērmanēn ºrneklemi, yaĸ ortalamasē M = 38.4 (SD = 8.38) ve büyük 

­oĵunluĵu kadēn (n = 177, %97.8) olan, 181 FMS tanēsē alan kiĸiden oluĸturmaktadēr. Veriler, 

Sosyodemografik - Hastalēkla Ķliĸkili Bilgi Formu aracēlēĵēyla toplanmēĸtēr. Katēlēmcēlarēn aĵrē 

ĸiddeti d¿zeylerini yordayan faktºrleri belirlemek amacēyla; aĵrē ĸiddeti ile korelasyonu anlamlē 

olan yaĸ, eĵitim d¿zeyi, gelir d¿zeyi, aĵrē sēklēĵē, uyku kalitesi ve travmatik yaĸam olayē ge­miĸi 

deĵiĸkenlerinin baĵēmsēz deĵiĸken olarak dahil edildiĵi ¢oklu Doĵrusal Regresyon Analizi 

uygulanmēĸtēr. Analiz sonu­larē, kurulan modelin istatistiksel olarak anlamlē olduĵunu ve aĵrē 

ĸiddetindeki varyansēn %42.2ôsini a­ēkladēĵēnē gºstermiĸtir (R2 = .422, p < .001). D¿ĸ¿k gelir 

düzeyinin (b= 0.70,p < .05) ve aĵrē sēklēĵēnēn (b = 0.30, p < .001) aĵrē ĸiddetini pozitif; eĵ t m 

d¿zey  (b = -0.53, p< .05) ve uyku kalitesinin (b = -0.21, p = .006) ise aĵrē ĸiddetini negatif 

yºnde yordadēĵē tespit edilmiĸtir. Yaĸ ve travmat k yaĸam olayē ge­m ĸ n n aĵrē ĸ ddet  ¿zer nde 

anlamlē b r yordayēcē etk s  saptanmamēĸtēr. Araĸtērmanēn bulgularē, FMS tanēsē alan bireylerde 

aĵrē ĸiddetinin uyku d¿zeni, aĵrē sēklēĵē, eĵitim d¿zeyi ve gelir d¿zeyi ile g¿­l¿ bir ĸekilde 

iliĸkili olduĵunu ortaya koymaktadēr. Araĸtērmanēn sonu­larē, FMS yºnetiminde farmakolojik 

tedavilerin yanē sēra uyku hijyeni eĵitimine ve sosyoekonomik koĸullarēn iyileĸtirilmesine 

yºnelik multidisipliner yaklaĸēmlara ihtiya­ duyulduĵunu gºstermektedir. Eĵitim d¿zeyinin 

koruyucu bir faktºr olarak ºne ­ēkmasē ise, biliĸsel baĸ etme kaynaklarēnēn ve saĵlēk 

okuryazarlēĵēnēn aĵrē algēsē ¿zerindeki kritik rol¿ne iĸaret etmektedir. Bu baĵlamda; d¿ĸ¿k 

eĵitim ve gelir d¿zeyine sahip hastalarēn yaĸadēĵē dezavantajlē durumu dengelemek adēna, bu 

bireylerin öz-yeterliliklerini artēracak psiko-eĵitim odaklē psikososyal destek programlarēnēn 

tedaviye entegre edilmesi, aĵrē ĸiddetini d¿ĸ¿rmede ºnem taĸēmaktadēr.2 

 
2 Bu bildiri, devam eden doktora tezinin verilerinin bir kēsmēndan ¿retilmiĸtir.  
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ÖZET 

Bu ­alēĸmada, ikinci evre gºĵ¿s kanseri tanēsē almēĸ 66 yaĸēndaki bir danēĸanda, Manevi 

Yºnelimli Biliĸsel Davranēĸ­ē Terapi ­er­evesinde y¿r¿t¿len psikoterapºtik s¿recin etkileri 

incelenmiĸtir. Terapi s¿recinde; hastanēn iĸlevsel olmayan otomatik d¿ĸ¿ncelerini fark etmesi, 

kabul ve ĸ¿k¿r pratikleri, dua, umutsuzlukla baĸa ­ēkma, tevekk¿l geliĸtirme ve ºl¿m kaygēsēnēn 

yºnetimi ¿zerine odaklanēlmēĸtēr. Ayrēca danēĸanēn hastalēk s¿recinde yaĸadēĵē varoluĸsal kriz 

ve anlam bulma m¿cadelesi, manevi biliĸsel ĸemalar aracēlēĵēyla yeniden yapēlandērēlmēĸtēr. 

Uygulanan m¿dahaleler sonucunda hastanēn i­sel huzur ve umut d¿zeyinde belirgin bir artēĸ; 

olumsuz otomatik d¿ĸ¿nceler ve umutsuzluk hissinde anlamlē bir azalma saptanmēĸtēr. Sonu­ 

olarak M-BDT; ileri yaĸ ve onkoloji s¿recindeki hastalarda psikolojik dayanēklēlēĵē artērmak, 

yaĸam kalitesini iyileĸtirmek ve hastalēk deneyimine manevi bir anlam kazandērmak adēna etkili 

bir yaklaĸēm olarak deĵerlendirilmektedir. 

Anahtar Kelimeler :  Manevi Yönelimli BDT, Anlam Bulma, Meme Kanseri, Otomatik 

D¿ĸ¿nceler, Vaka Analizi. 
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Giriĸ 

Yaĸlanma, bireyin biyolojik, psikolojik ve sosyal iĸlevlerinde kademeli deĵiĸimlerin yaĸandēĵē 

çok boyutlu ve ka­ēnēlmaz bir s¿re­tir (Ekĸi, Ulusoy, ¥zt¿rk, Altay, Celimli, & Alēcē, 2020). 

Bu s¿re­le birlikte kronik hastalēklarēn gºr¿lme sēklēĵēnda belirgin bir artēĸ gºzlemlenmekte ve 

bireyin genel yaĸam kalitesi ºnemli ºl­¿de etkilenmektedir (World Health Organization, 2025). 

¥zellikle ileri yaĸ dºneminde ortaya ­ēkan onkolojik hastalēklar, yalnēzca fiziksel saĵlēĵē tehdit 

etmekle kalmayēp, aynē zamanda bireyin psikolojik dengesi, duygusal dayanēklēlēĵē ve yaĸam 

anlamē ¿zerinde derin etkiler yaratmaktadēr (Stanton, Rowland, & Ganz, 2015). 

Meme kanseri, kadēnlar arasēnda en sēk gºr¿len kanser t¿rlerinden biri olup, ºzellikle ileri yaĸ 

grubunda tanē alma oranē y¿ksektir (YǀƪǎŀƭΣ нлнн). Tanē s¿reci, bir­ok birey i­in ani ve sarsēcē 

bir deneyim olarak algēlanmakta; bu durum sēklēkla bir psikolojik ĸok etkisi yaratmaktadēr. Tanē 

sonrasē s¿re­te bireyler; kaygē, korku, belirsizlik ve kontrol kaybē gibi yoĵun duygusal tepkiler 

yaĸayabilmektedir (S¿tc¿, 2010). Ķleri yaĸla birlikte azalan fiziksel diren­ ve artan kērēlganlēk, 

bu psikolojik y¿k¿n daha aĵēr hissedilmesine neden olabilmektedir. Tanē s¿reci, bireylerde 

varoluĸsal sorgulamalara yol a­makta ve ñneden ben?ò, ñbu s¿recin anlamē nedir?ò gibi 

sorularla karĸēlaĸmalarēna neden olmaktadēr. Bu noktada bireyin manevi yºnelimi ve inan­ 

sistemi hastalēkla baĸ etme s¿recinde ºnemli bir kaynak haline gelebilmektedir (Koenig, 2012; 

Koenig, King & Carson, 2012). 

Biliĸsel Davranēĸ­ē Terapi, bireyin iĸlevsel olmayan d¿ĸ¿nce kalēplarēnē yeniden yapēlandērarak 

duygusal ve davranēĸsal iyilik halini artērmayē hedefleyen etkili bir psikoterapi yaklaĸēmēdēr 

(Beck, 2011). Son yēllarda BDTônin manevi ve varoluĸsal boyutlarla b¿t¿nleĸtirilmesi, ºzellikle 

kronik ve yaĸamē tehdit eden hastalēklarda daha b¿t¿nc¿l bir m¿dahale imk©nē sunmaktadēr. 

Manevi yºnelimli BDT yaklaĸēmē, bireyin yalnēzca biliĸsel s¿re­lerini deĵil, aynē zamanda 

deĵerlerini, inan­larēnē ve yaĸam anlamēnē da terapi s¿recine dahil ederek psikolojik uyumu 

g¿­lendirmeyi ama­lamaktadēr  

 (DôSouza & Rodrigo, 2004; Pearce ve ark., 2015). 

 

Manevi Yºnelimli Biliĸsel Davranēĸ­ē Terapi 

Biliĸsel Davranēĸ­ē Terapi (BDT), bireyin d¿ĸ¿nce, duygu ve davranēĸlarē arasēndaki karĸēlēklē 

etkileĸimi temel alarak, iĸlevsiz biliĸsel ºr¿nt¿lerin ve davranēĸlarēn fark edilmesi ve yeniden 

yapēlandērēlmasēna odaklanan, etkililiĵi ­ok sayēda ampirik ­alēĸma ile desteklenmiĸ bir 

psikoterapi yaklaĸēmēdēr (Henrich, Glombiewski & Scholten, 2023). Manevi Yºnelimli Biliĸsel 

Davranēĸ­ē Terapi (M-BDT; literatürde spiritually integrated cognitive behavioral therapy 

olarak da adlandērēlmaktadēr) ise bu kuramsal temeli koruyarak, bireyin inan­ sistemini, manevi 

deĵerlerini ve varoluĸsal anlam arayēĸēnē terapºtik s¿rece entegre eden b¿t¿nc¿l bir yaklaĸēmdēr 

(Pargament, 2011).  

M-BDT, ºzellikle dini ve manevi hassasiyeti y¿ksek danēĸanlarda terapºtik ittifakēn 

g¿­lendirilmesine katkē saĵlayabilmektedir. Literat¿r, bireyin deĵer sistemiyle uyumlu olarak 

yapēlandērēlan psikolojik m¿dahalelerin tedaviye katēlēmē artērdēĵēnē ve genel psikolojik iyilik 
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halini desteklediĵini gºstermektedir (Rosmarin & Koenig, 2020). Bu baĵlamda M-BDT, 

sek¿ler BDT ilkelerini dēĸlamaktan ziyade, bireyin i­sel ve manevi kaynaklarēnē s¿rece dahil 

ederek daha geniĸ kapsamlē bir m¿dahale ­er­evesi sunar. Psikoterapi ve psikolojik danēĸma 

s¿re­lerinde maneviyatēn aktif olarak ele alēnmasē, danēĸanēn inan­ ve deĵer d¿nyasē ile uyumlu 

m¿dahalelerin geliĸtirilmesinde ºnemli bir role sahiptir (Ekĸi, Takmaz, & Kardaĸ, 2016; Ekĸi 

et al., 2025). 

M-BDTôde kullanēlan teknikler, klasik BDT müdahalelerinin manevi içeriklerle 

b¿t¿nleĸtirilmiĸ bi­imlerinden oluĸur. Tan ve Johnson (2007), bu entegrasyonu ºrt¿k (implicit) 

ve a­ēk (explicit) olmak ¿zere iki temel strateji ¿zerinden a­ēklamaktadēr. ¥rt¿k entegrasyon, 

terapistin danēĸanēn manevi yºnelimlerine duyarlē bir dil ve yaklaĸēm benimsemesini i­erirken; 

a­ēk entegrasyon, danēĸanēn onayē doĵrultusunda manevi i­eriklerin doĵrudan terapºtik s¿rece 

dahil edilmesini kapsar. Bu kapsamda, dini ve manevi metinlerin terapötik kullanēmē, danēĸanēn 

yaĸadēĵē deneyimleri kendi inan­ sistemi i­inde yeniden anlamlandērmasēna katkē saĵlar 

(Summermatter, & Kaya, 2017).  Dua, tefekkür ve meditasyon gibi uygulamalar, duygu 

düzenleme süreçlerini destekleyerek içsel sakinlik ve güven duygusunu artērabilir. Benzer 

ĸekilde, dini baĸa ­ēkma (religious coping) s¿re­leri kapsamēnda deĵerlendirilebilecek olan 

tevekk¿l (ilahi d¿zene g¿ven, kontrol edilemeyeni kabullenme ve sonucu aĸkēn bir iradeye 

bērakma), bireyin belirsizlik ve kontrol kaybē karĸēsēndaki biliĸsel esnekliĵini artērabilir 

(Pargament et al., 2011; Hökelekli, 2013). 

Ayrēca, ĸ¿kretme pratiĵi (gratitude) bireyin dikkat odaĵēnē eksikliklerden mevcut kaynaklara 

yºnlendirerek biliĸsel yeniden ­er­eveleme s¿re­lerini destekler ve ºznel iyi oluĸ düzeyini 

artērēr (Emmons & McCullough, 2003). Dini rit¿ellerin yapēlandērēlmēĸ bi­imde kullanēmē ise 

bireyin yaĸamēnda s¿reklilik, anlam ve d¿zen duygusunu g¿­lendirerek davranēĸsal 

aktivasyonu destekleyici bir iĸlev gºrebilir (Ekĸi, Takmaz, & Kardaĸ, 2016). 

¥zellikle kabul ve ĸ¿kretme becerilerinin geliĸtirilmesi, su­luluk ve umutsuzluk gibi zorlayēcē 

duygularla baĸ etmede iĸlevsel bir rol oynayabilir. Bu s¿re­te danēĸanēn kendine yºnelik katē ve 

yargēlayēcē i­ konuĸmalarē, daha kabul edici ve ĸefkat temelli biliĸsel ºr¿nt¿lerle yeniden 

yapēlandērēlēr. Bºylece birey, yaĸantēlarēnē yalnēzca bir sorun alanē olarak deĵil, aynē zamanda 

anlam ¿retilebilecek deneyimler olarak deĵerlendirebilme kapasitesi geliĸtirir (Quinto, De 

Vincenzo, Campitiello, Innamorati, Secinti, & Iani, 2022). Sonuç olarak M-BDT, biliĸsel, 

duygusal ve davranēĸsal m¿dahaleleri bireyin manevi kaynaklarēyla entegre ederek, hem 

psikolojik iyilik halini hem de varoluĸsal b¿t¿nl¿ĵ¿ destekleyen kapsamlē bir psikoterapi 

yaklaĸēmē sunmaktadēr. Bu yaklaĸēm, ºzellikle manevi yºnelimi belirgin olan bireylerde 

terapºtik s¿reci derinleĸtiren ve m¿dahalelerin bireyselleĸtirilmesine olanak tanēyan ºnemli bir 

­er­eve olarak deĵerlendirilmektedir(Ekĸi et al., 2025). 

¢alēĸmanēn Amacē 

Bu ­alēĸma, ikinci evre meme kanseri tanēsē almēĸ 66 yaĸēndaki bir kadēn danēĸan ¿zerinde, aktif 

tedavi s¿recindeyken uygulanan Manevi Yºnelimli Biliĸsel Davranēĸ­ē Terapi (M-BDT) 

s¿recini vaka analizi yºntemiyle incelemeyi ama­lamaktadēr. ¢alēĸma, yalnēzca danēĸanēn izin 

verdiĵi bilgiler kullanēlarak y¿r¿t¿lm¿ĸ ve etik kurallar ­er­evesinde ger­ekleĸtirilmiĸtir. 
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Veriler, danēĸanēn seans boyunca paylaĸtēĵē deneyimler, gºzlemler ve terapºtik g¿nl¿k kayētlarē 

aracēlēĵēyla toplanmēĸtēr.  

Müdahale Süreci ve Terapide Uygulanan Teknikler  

M-BDT s¿recinde m¿dahaleler iki ana eksende y¿r¿t¿lm¿ĸt¿r. Birincisi biliĸsel yeniden 

yapēlandērma ­alēĸmalarēdēr; danēĸanēn otomatik d¿ĸ¿nceleri, ºrneĵin ñBu hastalēk bir cezaò, 

ñYalnēz bērakēldēmò veya ñArtēk hi­bir ĸeyin anlamē yokò gibi iĸlevsel olmayan inan­larē, 

manevi biliĸsel ĸemalar ¿zerinden (imtihan, tekam¿l) dºn¿ĸt¿r¿lm¿ĸt¿r. Ķmtihan ĸemasē, 

danēĸanēn hastalēĵē kiĸisel bir ceza olarak deĵil, yaĸamēndaki anlamlē bir sēnav olarak yeniden 

yorumlamasēna olanak saĵlamēĸtēr. Bu s¿re­, danēĸanēn ruhsal ­ºk¿nt¿, y¿ksek kaygē ve utan­ 

duygusu ile baĸ etmesine ve yalnēz olmadēĵēnē fark etmesine yardēmcē olmuĸtur. Ayrēca danēĸan, 

Tanrē ile baĵēnē g¿­lendiren manevi farkēndalēk uygulamalarē ve dua s¿re­leri aracēlēĵēyla 

hastalēk karĸēsēnda bir destek ve g¿ven kaynaĵē hissetmiĸtir. Bu baĵlamda kabul becerisi, 

danēĸanēn hastalēĵē ink©r etmek yerine ger­ekliĵiyle y¿zleĸmesini ve yaĸantēsēnē daha b¿t¿nc¿l 

bir ĸekilde deĵerlendirmesini saĵlamēĸ; sabēr ise pasif bir katlanma bi­imi olarak deĵil, 

duygusal dayanēklēlēĵē artēran aktif bir baĸa ­ēkma tutumu olarak ele alēnmēĸtēr. 

Ķkinci eksen, manevi pratiklerin terapºtik s¿rece entegrasyonunu kapsamaktadēr. Seanslar 

boyunca danēĸan, kabul ve ĸ¿kretme ­alēĸmalarē ile odak noktasēnē ñkaybedilen saĵlēktanò ñelde 

kalan deĵerlereò ­evirmeyi deneyimlemiĸ; her seansta ger­ekleĸtirilen farkēndalēk ve ĸ¿k¿r 

uygulamalarēyla danēĸanēn kendi g¿­l¿ yºnlerini ve yaĸamēndaki anlamlē unsurlarē fark etmesi 

saĵlanmēĸtēr. ķ¿kretme pratiĵi, danēĸanēn dikkatini eksikliklerden ziyade mevcut kaynaklara 

yºnlendirerek umut ve psikolojik iyilik halini desteklemiĸ; kabul ­alēĸmalarē ise kontrol 

edilemeyen durumlara karĸē diren­ yerine esneklik geliĸtirmesine katkē saĵlamēĸtēr. Aktif 

tevekk¿l ve dua uygulamalarē, belirsizlik ve kontrol kaybē karĸēsēnda danēĸana g¿ven ve biliĸsel 

rahatlama kazandērmak amacēyla d¿zenli olarak uygulanmēĸtēr. Bu s¿re­te ñaktif bekleyiĸò 

yaklaĸēmē vurgulanmēĸ; danēĸanēn yalnēzca sonucu pasif bi­imde beklemek yerine, umut, ­aba 

ve i­sel hazērlēk ile s¿rece katēlēm gºstermesi desteklenmiĸtir. Danēĸan, seanslarda manevi 

metinlerden alēntēlar ve kendi inan­ sistemi ­er­evesinde yaptēĵē i­sel diyaloglarla bu pratiĵi 

pekiĸtirmiĸtir. ¥zellikle hayata yeniden baĵlanma ­alēĸmalarē, danēĸanēn sevdiĵi ­i­ekler ve 

kiĸisel rit¿elleri (dua ve zikir) aracēlēĵēyla g¿nl¿k yaĸantēsēna anlam ve keyif katmasēnē 

desteklemiĸtir. Terapinin ilerleyen seanslarēnda danēĸan, hastalēĵē yalnēzca m¿cadele edilmesi 

gereken bir sorun olarak deĵil, yaĸamēnēn anlamlē bir par­asē ve manevi bir sēnav (imtihan) 

olarak gºrmeye baĸlamēĸ; Tanrē ile baĵlantēsēnē g¿­lendirerek yalnēzlēk hissini azaltmēĸ, kabul 

ve ĸ¿kretme becerileri ile sabēr ve aktif bekleyiĸ tutumlarēnē geliĸtirerek belirsizlikle daha 

saĵlēklē baĸ edebilmiĸ, manevi kaynaklarēnē etkin bi­imde kullanarak içsel huzur, umut ve 

yaĸamla b¿t¿nleĸme duygularēnē pekiĸtirmiĸtir. 
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Sonu­ ve Deĵerlendirme 

Terapi s¿reci sonucunda danēĸanēn olumsuz d¿ĸ¿nceleri ve umutsuzluk hissi belirgin bi­imde 

azalmēĸ, manevi pratiklerin uygulanmasē sayesinde i­sel huzur ve umut d¿zeyi artmēĸtēr. Kabul 

ve ĸ¿kretme becerilerinde kayda deĵer bir geliĸme gºzlemlenmiĸ, danēĸan hastalēkla pasif bir 

kurban olarak deĵil, manevi g¿­ ve anlam bulma temelli aktif bir ºzne olarak yaĸamēnē 

s¿rd¿rmeye baĸlamēĸtēr. M-BDT, ileri yaĸ onkoloji hastalarēnda yalnēzca bir terapi yºntemi 

deĵil, aynē zamanda bir ñanlam haritasēò iĸlevi gºrm¿ĸ, danēĸanēn kendi deneyimlerine anlam 

y¿klemesini ve psikolojik dayanēklēlēĵēnē g¿­lendirmesini saĵlamēĸtēr. Psikolojik dayanēklēlēĵē 

artēran en g¿­l¿ faktºr, bireyin acēsēna manevi bir anlam y¿kleyebilmesi olarak ºne ­ēkmēĸtēr. 

Danēĸan, seanslar boyunca dua, zikir ve sevdiĵi ­i­eklere yeniden baĵlanarak hem manevi 

kaynaklarēnē kullanmēĸ hem de hayatla b¿t¿nleĸme duygusunu g¿­lendirmiĸtir. 
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GÖRÜNMEYEN  YÜK: TRANSFEMORAL  KORONER ANJĶYOGRAFĶ SONRASI 

AĴRI VE VASKÜLER KOMPL ĶKASYONLAR  
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ÖZET 

 Bu derlemen n amacē, transfemoral koroner anj yograf  (KAG) uygulanan hastalarda 

ĸlem sonrasē sēk gºr¿len aĵrē, kanama ve hematom g b  vask¿ler kompl kasyonlarēn 

deĵerlend r lmes  ve bu kompl kasyonlarēn ºnlenmes  le yºnet m nde uygulanan hemĸ rel k 

g r ĸ mler n n etk nl ĵ n n ncelenmes d r. Bu ­alēĸma, l terat¿r temell  b r derleme olarak 

tasarlanmēĸtēr. Ulusal ve uluslararasē ver  tabanlarēnda 2000ï2026 yēllarē arasēnda yayēmlanmēĸ 

araĸtērma makaleler , random ze kontroll¿ ­alēĸmalar ve kl n k rehberler tarama yºntem yle 

ncelenm ĸt r. L terat¿r se­ m nde, transfemoral KAG sonrasē gel ĸen aĵrē, kanama ve hematom 

kompl kasyonlarēnē ele alan ­alēĸmalar le bu kompl kasyonlarēn yºnet m nde kullanēlan 

hemĸ rel k g r ĸ mler ne odaklanēlmēĸtēr. L terat¿r bulgularē, transfemoral KAG sonrasē 

uygulanan uzun s¿rel  mmob l zasyon ve femoral bºlgeye uygulanan y¿ksek basēncēn aĵrē 

d¿zey n  artērdēĵēnē ve kanama le hematom gel ĸ m  r sk n  y¿kseltt ĵ n  gºstermekted r. 

Bununla b rl kte, uygun poz syonlama, erken mob l zasyon, g r ĸ m bºlges n n d¿zenl  

zlenmes  ve hasta eĵ t m  g b  hemĸ rel k uygulamalarēnēn kompl kasyon oranlarēnē anlamlē 

d¿zeyde azalttēĵē b ld r lmekted r. Nonfarmakoloj k yºntemler arasēnda yer alan soĵuk 

uygulama, masaj, transkutanºz elektr ksel s n r st m¿lasyonu (TENS) ve d kkat daĵētma 

tekn kler n n aĵrē yºnet m nde etk l  olduĵu saptanmēĸtēr. Ayrēca, b reyselleĸt r lm ĸ hemĸrel k 

bakēm planlarēnēn hasta konforunu artērdēĵē ve kl n k sonu­larē y leĸt rd ĵ  bel rt lmekted r. 

Transfemoral KAG sonrasē gel ĸen aĵrē ve vask¿ler kompl kasyonlarēn yºnet m nde 

hemĸ reler n rol¿ kr t k ºneme sah pt r. Kanēta dayalē hemĸ rel k g r ĸ mler n n uygulanmasē; 

erken tanēlama, uygun poz syonlama ve etk n bakēm stratej ler  le kompl kasyonlarēn 

ºnlenmes ne katkē saĵlamaktadēr. Kl n k uygulamalarda standart bakēm protokoller n n 

gel ĸt r lmes  ve hemĸ reler n bu alanda eĵ t mler n n g¿­lend rlmes  ºner lmekted r. 

Anahtar Kel meler: Koroner anj yograf , Aĵrē, Kanama, Hematom, Hemĸ rel k bakēmē. 
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THE INVĶSĶBLE BURDEN: PAĶN AND VASCULAR COMPLĶCATĶONS AFTER 

TRANSFEMORAL CORONARY ANGĶOGRAPHY 

 

ABSTRACT 

The a m of th s rev ew s to evaluate common post-procedural vascular compl cat ons 

such as pa n, bleed ng, and hematoma n pat ents undergo ng transfemoral coronary 

ang ography (CAG), and to exam ne the effect veness of nurs ng ntervent ons used n the 

prevent on and management of these compl cat ons. Th s study was des gned as a l terature-

based rev ew. Research art cles, random zed controlled tr als, and cl n cal gu del nes publ shed 

between 2000 and 2026 were exam ned through a comprehens ve search of nat onal and 

nternat onal databases. The select on of the l terature focused on stud es address ng pa n, 

bleed ng, and hematoma follow ng transfemoral CAG, as well as nurs ng ntervent ons used n 

the management of these compl cat ons. The f nd ngs nd cate that prolonged mmob l zat on 

and hgh-pressure appl cat on to the femoral reg on follow ng transfemoral CAG ncrease pa n 

levels and elevate the r sk of bleed ng and hematoma format on. In contrast, nurs ng 

ntervent ons such as appropr ate pos t on ng, early mob l zat on, regular mon torng of the 

ntervent on s te, and pat ent educat on s gn f cantly reduce compl cat on rates. Among non-

pharmacolog cal methods, cold appl cat on, massage, transcutaneous electr cal nerve 

st mulat on (TENS), and d stract on techn ques have been found to be effect ve n pa n 

management. Furthermore, nd v dual zed nurs ng care plans mprove pat ent comfort and 

contr bute to better cl n cal outcomes. Nurses play a cr t cal role n the management of pa n and 

vascular compl cat ons follow ng transfemoral CAG. The mplementat on of ev dence-based 

nurs ng ntervent ons fac l tates early detect on and supports the prevent on of compl cat ons 

through appropr ate pos t on ng and effect ve care strateg es. It s recommended to develop 

standard zed care protocols n cl ncal pract ce and to strengthen nursesô educat on n th s f eld. 

Keywords: Coronary ang ography, Pa n, Bleed ng, Hematoma, Nurs ng care 
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GĶRĶķ 

Transfemoral koroner anj yograf  (KAG), kard yovask¿ler hastalēklarēn tanē ve 

tedav s nde yaygēn olarak kullanēlan nvaz v b r g r ĸ m olup, ºzell kle koroner arter 

hastalēĵēnēn deĵerlend r lmes nde altēn standart yºntemlerden b r  olarak kabul ed lmekted r 

(Calk ns et al., 2018; Page et al., 2016). Bununla b rl kte, femoral arter yoluyla ger­ekleĸt r len 

bu g r ĸ m sonrasēnda aĵrē, kanama ve hematom g b  vask¿ler kompl kasyonlar sēk gºr¿lmekte 

ve hasta konforu le kl n k sonu­larē olumsuz yºnde etk leyeb lmekted r (Val ee et al., 2016; 

Cha r et al., 2012). 

Geleneksel kl n k uygulamalarda, g r ĸ m bºlges nde kanama ve hematom gel ĸ m n  

ºnlemek amacēyla hastalara uzun s¿rel  d¿z sup n poz syonda yatak st rahat  ºner lmekted r. 

Ancak bu yaklaĸēmēn ºzell kle bel aĵrēsē, kas- skelet s stem  rahatsēzlēklarē ve genel 

konforsuzluk le l ĸk l  olduĵu b r­ok ­alēĸmada gºster lm ĸt r (Rezae-Adaryan  et al., 2009; 

Mohammady et al., 2014). Uzamēĸ mmob l zasyonun, hastalarēn bakēm s¿rec ne olumsuz 

katkēda bulunarak y leĸme s¿rec n  gec kt reb leceĵ  ve hasta memnun yet n  azaltab leceĵ  

b ld r lmekted r (Cha r et al., 2012). 

Son yēllarda yapēlan ­alēĸmalar, uzun s¿rel  mmob l zasyonun gerekl l ĵ n  

sorgulamakta ve poz syon deĵ ĸ kl ĵ , baĸ y¿kseltme ve erken mob l zasyon g b  alternat f 

yaklaĸēmlarēn etk nl ĵ n  ncelemekted r. Bu ­alēĸmalarēn ºneml  b r kēsmēnda, sºz konusu 

poz syonel g r ĸ mler n ºzell kle aĵrē d¿zey n  azalttēĵē ve hasta konforunu artērdēĵē, buna karĸēn 

kanama ve hematom g b  vask¿ler kompl kasyonlar ¿zer nde anlamlē b r artēĸa neden olmadēĵē 

b ld r lm ĸt r (Abdollah  et al., 2015; N knam Sarab  et al., 2021). Bu bulgular, transfemoral 

KAG sonrasē bakēmda daha esnek ve hasta merkezl  yaklaĸēmlarēn uygulanab leceĵ n  

gºstermekted r. 

Poz syon deĵ ĸ kl ĵ n n etk ler  yalnēzca aĵrē ve konfor le sēnērlē olmayēp, bazē 

­alēĸmalar bu g r ĸ mlern yaĸam bulgularē ve hemod nam k stab l te ¿zer ndek  olasē etk ler n  

de ncelem ĸt r. Ancak bu alandak  kanētlar sēnērlē olup, mevcut bulgular poz syon deĵ ĸ kl ĵ n n 

yaĸam bulgularē ¿zer nde genell kle olumsuz b r etk  oluĸturmadēĵēnē, bazē durumlarda se 

f zyoloj k stab l tey  destekleyeb leceĵ n  gºstermekted r (T¿ren et al., 2022; ķah n et al., 

2025). Bu durum, poz syonel yaklaĸēmlarēn kl n k g¿venl ĵ  a­ēsēndan ºneml  olmakla b rl kte, 

daha ler  araĸtērmalara ht ya­ duyulduĵunu ortaya koymaktadēr. 
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Hemĸ rel k bakēmēnēn temel hedefler nden b r , kompl kasyonlarē ºnlerken aynē 

zamanda hasta konforunu artērmaktēr. Bu baĵlamda transfemoral KAG sonrasē bakēmda 

uygulanan poz syonel g r ĸ mler, hemĸ rel k uygulamalarēnēn ºneml  b r b leĸen n  

oluĸturmaktadēr. Ancak l terat¿rde bu g r ĸ mler n etk ler ne l ĸk n bulgularēn heterojen olmasē, 

konunun b¿t¿nc¿l olarak deĵerlend r lmes n  gerekl  kēlmaktadēr. 

Bu doĵrultuda, bu ­alēĸmanēn amacē transfemoral koroner anj yograf  sonrasē uygulanan 

poz syonel yaklaĸēmlarēn aĵrē, kanama, hematom ve yaĸam bulgularē ¿zer ndek  etk ler n  

ulusal ve uluslararasē l terat¿r doĵrultusunda kapsamlē b r ĸek lde ncelemekt r. 

MATERYAL VE METOD 

Araĸtērmanēn Tasarēmē 

Bu ­alēĸma, transfemoral koroner anj yograf  (KAG) sonrasē uygulanan poz syonel 

yaklaĸēmlarēn aĵrē, kanama, hematom ve yaĸam bulgularē ¿zer ndek  etk ler n  deĵerlend rmek 

amacēyla hazērlanmēĸ l terat¿r temell  tanēmlayēcē b r derleme n tel ĵ nded r. 

Ver  Kaynaklarē ve Tarama Stratej s 

¢alēĸma kapsamēnda ulusal ve uluslararasē l terat¿re ulaĸmak amacēyla 

ñPubMed/MEDLINE, Web of Sc ence, Scopus, Google Scholar veY¥K Ulusal Tez Merkez ò 

ver  tabanlarē kullanēlmēĸtēr: 

L terat¿r taramasē 2000 ï 2026 tar hler  arasēnda yayēmlanmēĸ ­alēĸmalarē kapsayacak 

ĸek lde ger­ekleĸt rlm ĸt r. Tarama s¿rec nde kullanēlan anahtar kel meler ve komb nasyonlarē 

ĸunlardēr: ñtransfemoral coronary ang ographyò, ñpos t on changeò, ñearly mob l zat onò, 

ñpa nò, ñbleed ngò, ñhematomaò, ñv tal s gnsò. Anahtar kel meler Boolean operatºrler  (AND, 

OR) kullanēlarak b rleĸt r lm ĸt r (ºrneĵ n: transfemoral coronary ang ography AND pos t on 

AND pa n). 

Dah l Ed lme ve Har ­ Tutulma Kr terler 

Dah l ed lme kr terler : 

¶ Transfemoral koroner anj yograf  sonrasē poz syon, mob l zasyon veya baĸ 

y¿kseltmen n etk s n  nceleyen ­alēĸmalar 

¶ Random ze kontroll¿ ­alēĸmalar, yarē deneysel ­alēĸmalar, kohort ­alēĸmalar, 

s stemat k derlemeler ve meta-anal zler 
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¶ Aĵrē, kanama, hematom veya yaĸam bulgularēnē deĵerlend ren ­alēĸmalar 

¶ T¿rk­e veya Ķng l zce yayēmlanmēĸ tam metn ­alēĸmalar 

Har ­ tutulma kr terler : 

¶ Rad al (transrad al) g r ĸ m le lg l  ­alēĸmalar 

¶ Ped atr k hasta grubu (er ĸk n pop¿lasyondan ayrē deĵerlend r lenler) 

¶ Derleme dēĸē ed tor al, olgu sunumu ve tam metn ne ulaĸēlamayan ­alēĸmalar 

Ver  Se­ m  ve Deĵerlend rme S¿rec 

L terat¿r taramasē sonucunda elde ed len ­alēĸmalar baĸlēk ve ºzet d¿zey nde 

ncelenm ĸ, uygun bulunan ­alēĸmalar tam met n ¿zer nden deĵerlend r lm ĸt r. ¢alēĸmalar; 

tasarēm t¿r¿, ºrneklem b¿y¿kl¿ĵ¿, uygulanan poz syon/mob l zasyon protokol¿ ve elde ed len 

sonu­lar a­ēsēndan anal z ed lm ĸt r. Se­ len ­alēĸmalar, aĸaĵēdak  ana deĵ ĸkenler 

doĵrultusunda sēnēflandērēlmēĸtēr: ñAĵrē d¿zey ò, ñKanama ve hematom gel ĸ m ò, ñYaĸam 

bulgularē (kan basēncē, nabēz, solunum vb.)ò ve ñHasta konforu ve kompl kasyonlarò. 

Et k Boyut 

Bu ­alēĸma l terat¿r temell  b r derleme olduĵu ­ n herhang  b r et k kurul zn  

gerekt rmemekted r. Bununla b rl kte, ­alēĸmada kullanēlan t¿m kaynaklara uygun ĸek lde atēf 

yapēlmēĸ ve b l msel et k kurallara uyulmuĸtur. 

Sēnērlēlēklar 

Bu ­alēĸmanēn bazē sēnērlēlēklarē bulunmaktadēr: 

¶ Dah l ed len ­alēĸmalarēn ­oĵunun tek merkezl  ve sēnērlē ºrneklem b¿y¿kl¿ĵ¿ne sah p 

olmasē 

¶ Poz syon ve mob l zasyon protokoller n n ­alēĸmalar arasēnda heterojenl k gºstermes 

¶ Yaĸam bulgularēna l ĸk n sonu­larēn sēnērlē sayēda ­alēĸmada yer almasē 

BULGULAR  

Tabloda transfemoral koroner anj yograf  sonrasē uygulanan poz syonel yaklaĸēmlarēn 

aĵrē, kanama, hematom ve yaĸam bulgularē ¿zer ndek  etk ler n  nceleyen ­alēĸmalarēn 

karĸēlaĸtērēlmasē yer almaktadēr. 
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Tablo: Transfemoral koroner anj yograf  sonrasē poz syonun aĵrē, kanama, hematom ve yaĸam 

bulgularē ¿zer ne etk s n  nceleyen ­alēĸmalar (2000ï2026) 

Yazar-Yēl Tasarēm ¥rneklem 
M¿dahale / 

Poz syon 

Deĵerlend r len 

Deĵ ĸkenler 
Temel Bulgular 

Gall et al., 

2006 
Prospekt f nå200 

90 dk erken 

mob l zasyon 

Kanama, 

hematom 

G¿venl , 

kompl kasyon artēĸē 

yok 

Boztosun et 

al., 2007 

Kl n k 

­alēĸma 
nå150 

Erken 

ambulasyon 

Kanama, 

hematom 

Kompl kasyon 

artmadē 

Rezae-

Adaryan  et 

al., 2009 

Yarē 

deneysel 
n=60 

Poz syon + 

mob l zasyon 
Aĵrē, konfor Aĵrē Ź, konfor ŷ 

Cha r et al., 

2012 
RCT n=419 

4. saat 

mob l zasyon 

Aĵrē, ¿r ner 

rahatsēzlēk 

Sērt aĵrēsē Ź, 

kompl kasyon fark 

yok 

Mohammady 

et al., 2014 

S stemat k 

derleme 
12 ­alēĸma 

Erken 

mob l zasyon 

Aĵrē, kanama, 

hematom 

Aĵrē Ź, kompl kasyon 

fark yok 

Abdollah  et 

al., 2015 
RCT n=70 

Poz syon 

deĵ ĸ m 
Aĵrē, hematom 

Aĵrē Ź, hematom fark 

yok 

Olson et al., 

2016 
RCT nå100 

Baĸ 

y¿kseltme 

protokol¿ 

Aĵrē, kanama Aĵrē Ź, g¿venl 

Val ee et al., 

2016 
RCT n=80 

Programlē 

poz syon 

deĵ ĸ m 

Aĵrē, konfor, 

hematom 

Aĵrē Ź, konfor ŷ, 

hematom fark yok 

N knam 

Sarab  et al., 

2021 

RCT n=72 
Sem-Fowler 

(45Á) 

Aĵrē, kanama, 

hematom 
Aĵrē Ź, g¿venl 

T¿ren et al., 

2022 

Kl n k 

­alēĸma 
n=90 

30Á baĸ 

y¿kseltme 
Aĵrē Bel aĵrēsē Ź 

Elsaman et 

al., 2022 
RCT nå100 

Poz syon + 

masaj 

Aĵrē, hematom, 

kanama 
Aĵrē Ź, hematom Ź 

Meta-anal z, 

2023 

Meta-

anal z 
28 ­alēĸma Mob l zasyon 

Kanama, 

hematom, aĵrē 

Kompl kasyon artēĸē 

yok, aĵrē Ź 

Derleme, 

2024 

S stemat k 

derleme 
ð 

Erken 

mob l zasyon 

Kanama, 

hematom 
G¿venl 

ķah n et al., 

2025 

Yarē 

deneysel 
nå80 

Poz syon 

protokol¿ 

Aĵrē, yaĸam 

bulgularē 

Aĵrē Ź, v tal bulgular 

y leĸt 

 

Ķncelenen ­alēĸmalar genel olarak deĵerlend r ld ĵ nde, poz syon deĵ ĸ kl ĵ  ve erken 

mob l zasyon uygulamalarēnēn ºzell kle aĵrē d¿zey  ¿zer nde bel rg n etk ler oluĸturduĵu 

gºr¿lmekted r. L terat¿rde yer alan random ze kontroll¿ ve yarē deneysel ­alēĸmalarēn b¿y¿k 

­oĵunluĵunda, uzun s¿rel  d¿z sup n poz syona kēyasla baĸ y¿kseltme, kademel  poz syon 

deĵ ĸ kl ĵ  ve erken mob l zasyon uygulanan hastalarda aĵrē d¿zeyler n n anlamlē d¿zeyde daha 
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d¿ĸ¿k olduĵu saptanmēĸtēr (Rezae-Adaryan  ve ark., 2009; Cha r ve ark., 2012; Val ee ve ark., 

2016; N knam Sarab  ve ark., 2021). ¥zell kle sērt aĵrēsē ve g r ĸ m bºlges  aĵrēsēnēn, 

mmob l zasyon s¿res n n uzamasēyla arttēĵē; buna karĸēn poz syonel m¿dahalelerle azaldēĵē 

d kkat ­ekmekted r. 

Kanama ve hematom gel ĸ m  a­ēsēndan deĵerlend r ld ĵ nde, ­alēĸmalarēn b¿y¿k 

­oĵunluĵu poz syon deĵ ĸ kl ĵ  ve erken mob l zasyon uygulamalarēnēn vask¿ler kompl kasyon 

r sk n  artērmadēĵēnē gºstermekted r (Gall ve ark., 2006; Boztosun ve ark., 2007; Abdollah  ve 

ark., 2015; Olson ve ark., 2016). Ancak bazē ­alēĸmalarda, ºzell kle erken dºnemde yapēlan 

mob l zasyon uygulamalarēnda kanama a­ēsēndan d kkatl  zlem gerekl l ĵ  vurgulanmēĸtēr. Bu 

bulgu, poz syon deĵ ĸ kl ĵ n n genel olarak g¿venl  olmakla b rl kte, kl n k uygulamada 

b reysel hasta ºzell kler n n d kkate alēnmasē gerekt ĵ n  gºstermekted r. 

Yaĸam bulgularē a­ēsēndan ncelend ĵ nde, bu deĵ ĸken  deĵerlend ren ­alēĸma sayēsēnēn 

sēnērlē olduĵu gºr¿lmekted r. Mevcut bulgular, poz syon deĵ ĸ kl ĵ n n yaĸam bulgularē 

¿zer nde olumsuz b r etk  oluĸturmadēĵēnē ve bazē ­alēĸmalarda f zyoloj k stab l tey  

destekleyeb leceĵ n  gºstermekted r (ķah n ve ark., 2025). Bununla b rl kte, bu alanda elde 

ed len bulgularēn sēnērlē olmasē neden yle, yaĸam bulgularēna l ĸk n sonu­larēn daha fazla 

­alēĸma le desteklenmes  gerekt ĵ  d¿ĸ¿n¿lmekted r. 

¢alēĸmalarēn genel eĵ l m  ncelend ĵ nde, uzun s¿rel  mmob l zasyonun hasta 

konforunu olumsuz etk led ĵ ; buna karĸēlēk poz syon deĵ ĸ kl ĵ  ve erken mob l zasyon 

uygulamalarēnēn aĵrēyē azaltan, hasta konforunu artēran ve ­oĵu durumda vask¿ler 

kompl kasyonlarē artērmayan g¿venl  yaklaĸēmlar olduĵu gºr¿lmekted r. 

Sonu­ olarak, l terat¿r bulgularē transfemoral KAG sonrasē bakēmda uygulanan 

poz syonel g r ĸ mler n, ºzell kle aĵrē ve konfor ¿zer nde anlamlē y leĸmeler saĵladēĵēnē, ancak 

kanama, hematom ve yaĸam bulgularē ¿zer ndek  etk ler n n d kkatl  kl n k zlem gerekt rd ĵ n  

ortaya koymaktadēr. 

TARTIķMA 

Bu derleme kapsamēnda elde ed len bulgular, transfemoral koroner anj yograf  (KAG) 

sonrasē bakēmda uygulanan pozsyonel yaklaĸēmlarēn hasta sonu­larē ¿zer nde ºneml  etk ler 

oluĸturduĵunu gºstermekted r. ¥zell kle uzun s¿rel  mmob l zasyonun aĵrē ¿zer ndek  artērēcē 

etk s , l terat¿rde tutarlē b ­ mde rapor ed len bulgular arasēndadēr. Bu durum, geleneksel olarak 



EUROPEAN CONFERENCES 9th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING and APPLIED SCIENCES 

April 3 ï 5, 2026 - TIRAN 

ISBN NR: 978-625-5694-93-5 

 

100 
 

uygulanan uzun s¿rel  d¿z sup n poz syonun hasta konforu a­ēsēndan dezavantajlē olab leceĵ n  

d¿ĸ¿nd¿rmekted r (Rezae-Adaryan  et al., 2009; Mohammady et al., 2014). 

¢alēĸma bulgularēna paralel olarak, l terat¿rde yer alan b r­ok random ze kontroll¿ 

­alēĸma ve s stemat k derleme, poz syon deĵ ĸ kl ĵ  ve erken mob l zasyonun aĵrēyē anlamlē 

d¿zeyde azalttēĵēnē gºstermekted r. Cha r ve ark. (2012) tarafēndan y¿r¿t¿len ­alēĸmada erken 

mob l zasyon uygulanan hastalarda sērt aĵrēsēnēn bel rg n ĸek lde azaldēĵē b ld r lm ĸt r. Benzer 

ĸek lde Val ee ve ark. (2016) le N knam Sarab  ve ark. (2021) ­alēĸmalarēnda da baĸ y¿kseltme 

ve kademel  poz syon deĵ ĸ kl ĵ n n aĵrē d¿zey n  azalttēĵē ve hasta konforunu artērdēĵē 

saptanmēĸtēr. Bu bulgular, hemĸ rel k bakēmēnēn yalnēzca kompl kasyon ºnleme deĵ l, aynē 

zamanda konfor artērma boyutunu da ­ermes  gerekt ĵ n  ortaya koymaktadēr. 

Kanama ve hematom gel ĸ m  a­ēsēndan elde ed len bulgular deĵerlend r ld ĵ nde, 

poz syon deĵ ĸ kl ĵ  ve erken mob l zasyonun ­oĵu ­alēĸmada vask¿ler kompl kasyon r sk n  

artērmadēĵē gºr¿lmekted r. Gall ve ark. (2006) le Boztosun ve ark. (2007) tarafēndan yapēlan 

­alēĸmalar, erken mob l zasyonun g¿venl  olduĵunu ve kanama le hematom oranlarēnda 

anlamlē b r artēĸa neden olmadēĵēnē gºstermekted r. Abdollah  ve ark. (2015) le Olson ve ark. 

(2016) ­alēĸmalarēnda da benzer sonu­lar elde ed lm ĸ ve poz syon deĵ ĸ kl ĵ n n kompl kasyon 

gel ĸ m  a­ēsēndan g¿venl  b r yaklaĸēm olduĵu b ld r lm ĸt r. Bununla b rl kte, bazē 

­alēĸmalarda ºzell kle erken saatlerde kanama r sk ne d kkat ­ek lmes , bu uygulamalarēn 

b reyselleĸt r lm ĸ hasta deĵerlend rmes  ve d kkatl  hemĸ rel k zlem  le y¿r¿t¿lmes  

gerekt ĵ n  gºstermekted r. 

Yaĸam bulgularē a­ēsēndan elde ed len bulgular daha sēnērlē olmakla b rl kte, mevcut 

­alēĸmalar poz syon deĵ ĸ kl ĵ n n hemod nam k stab l tey  olumsuz etk lemed ĵ n  

gºstermekted r. ķah n ve ark. (2025) tarafēndan yapēlan ­alēĸmada, poz syon deĵ ĸ kl ĵ n n 

yaĸam bulgularē ¿zer nde olumlu etk ler oluĸturab leceĵ  b ld r lm ĸt r. Bununla b rl kte, bu 

alanda kanētlarēn sēnērlē olmasē neden yle, poz syonel g r ĸ mler n yaĸam bulgularē ¿zer ndek  

etk ler n n daha gen ĸ ºrnekleml  ­alēĸmalarla desteklenmes  gerekmekted r. 

Genel olarak deĵerlend r ld ĵ nde, l terat¿r bulgularē transfemoral KAG sonrasē 

bakēmda uzun s¿rel  mmob l zasyon yaklaĸēmēnēn sorgulanmasē gerekt ĵ n  ve yer ne kademel  

poz syon deĵ ĸ kl ĵ  le erken mob l zasyonu ­eren daha esnek bakēm modeller n n 

uygulanab leceĵ n  gºstermekted r. Bu durum, hemĸ rel k bakēmēnēn hasta merkezl  

yaklaĸēmlar doĵrultusunda yen den yapēlandērēlmasēnē gerekt rmekted r. 
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L terat¿r¿n metodoloj k a­ēdan ncelenmes , ­alēĸmalarēn ­oĵunun tek merkezl  olmasē, 

ºrneklem b¿y¿kl¿kler n n sēnērlē kalmasē ve m¿dahale protokoller n n heterojenl ĵ  g b  ºneml  

sēnērlēlēklarē ortaya koymaktadēr. Bu nedenle elde ed len bulgular g¿­l¿ olmakla b rl kte, 

genelleneb l rl ĵ n artērēlmasē ­ n ­ok merkezl  ve y¿ksek ºrnekleml  random ze kontroll¿ 

­alēĸmalara ht ya­ bulunmaktadēr. 

Sonu­ olarak, bu derleme bulgularē doĵrultusunda, transfemoral KAG sonrasē 

poz syonel yaklaĸēmlarēn ºzell kle aĵrē ve hasta konforu ¿zer nde anlamlē y leĸmeler saĵladēĵē, 

buna karĸēlēk kanama ve hematom a­ēsēndan genel olarak g¿venl  olduĵu, ancak yaĸam 

bulgularē ¿zer ndek  etk ler n daha fazla araĸtērēlmasē gerekt ĵ  sºyleneb l r. Bu sonu­lar, kl n k 

uygulamalarda kanēta dayalē hemĸ rel k g r ĸ mler n n ºnem n  b r kez daha ortaya koymaktadēr. 

SONU¢ VE ¥NERĶLER 

Sonu­ 

Bu derlemeden elde ed len bulgular, transfemoral koroner anj yograf  sonrasē bakēmda 

uygulanan geleneksel uzun s¿rel  mmob l zasyon yaklaĸēmēnēn, ºzell kle aĵrē ve hasta konforu 

a­ēsēndan opt mal b r stratej  olmadēĵēnē a­ēk b ­ mde ortaya koymaktadēr. Buna karĸēlēk, 

kademel  poz syon deĵ ĸ kl ĵ , baĸ y¿kseltme ve uygun zamanlē erken mob l zasyon 

uygulamalarēnēn, hastalarda aĵrē d¿zey n  anlamlē b ­ mde azalttēĵē ve genel konforu artērdēĵē 

g¿­l¿ ve tutarlē kanētlarla desteklenmekted r. 

¥neml  olarak, mevcut l terat¿r¿n b¿y¿k b r kēsmē bu poz syonel g r ĸ mler n kanama 

ve hematom g b  vask¿ler kompl kasyonlarē artērmadēĵēnē, dolayēsēyla uygun hasta se­ m  ve 

d kkatl  kl n k zlem koĸullarēnda g¿venl  b r ĸek lde uygulanab leceĵ n  gºstermekted r. 

Bununla b rl kte, ºzell kle erken dºnemde ortaya ­ēkab lecek kanama r skler  gºz ºn¿nde 

bulundurularak, bu uygulamalarēn standartlaĸtērēlmēĸ protokoller ­er­eves nde y¿r¿t¿lmes  

gerekmekted r. 

Yaĸam bulgularē a­ēsēndan elde ed len bulgular sēnērlē olmakla b rl kte, mevcut ver ler 

poz syon deĵ ĸ kl ĵ n n hemod nam k stab lte ¿zer nde olumsuz b r etk s n n bulunmadēĵēnē ve 

bazē durumlarda f zyoloj k stab l tey  destekleyeb leceĵ n  d¿ĸ¿nd¿rmekted r. Ancak bu 

sonucun genelleneb l rl ĵ  ­ n daha y¿ksek kal tede kanētlara ht ya­ bulunmaktadēr. 

Sonu­ olarak, transfemoral KAG sonrasē bakēmda poz syonel yaklaĸēmlar, yalnēzca 

kompl kasyonlarēn ºnlenmes ne deĵ l, aynē zamanda hasta konforunun artērēlmasēna yºnel k 

kanēta dayalē, g¿venl  ve etk l  hemĸ rel k g r ĸ mler  olarak deĵerlend r lmel d r. 
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¥ner ler 

Elde ed len bulgular doĵrultusunda kl n k uygulama ve araĸtērma alanēna yºnel k 

aĸaĵēdak  ºner ler sunulmaktadēr: 

Kl n k uygulamaya yºnel k ºner ler: 

¶ Transfemoral KAG sonrasē bakēmda, uzun s¿rel  mmob l zasyon yer ne kademel  

poz syon deĵ ĸ kl ĵ  ve baĸ y¿kseltme ­eren bakēm protokoller  gel ĸt r lmel d r.  

¶ Erken mob l zasyon uygulamalarē, hasta ºzell kler  (yaĸ, komorb d te, ant koag¿lan 

kullanēmē) d kkate alēnarak b reyselleĸt r lmel d r.  

¶ Hemĸ reler tarafēndan g r ĸ m bºlges , kanama bulgularē ve yaĸam bulgularē yakēn ve 

s stemat k olarak zlenmel d r.  

¶ Aĵrē yºnet m nde poz syonel g r ĸ mler, farmakoloj k tedav lere ek olarak standart 

bakēmēn b r par­asē hal ne get r lmel d r.  

¶ Kl n k ortamlarda bu uygulamalarēn g¿venl ĵ n  saĵlamak amacēyla kanēta dayalē 

hemĸ rel k rehberler  ve bakēm algor tmalarē oluĸturulmalēdēr.  

Araĸtērmaya yºnel k ºner ler: 

¶ Poz syonel g r ĸ mler n etk ler n  deĵerlend ren ­ok merkezl , y¿ksek ºrnekleml  

random ze kontroll¿ ­alēĸmalar planlanmalēdēr.  

¶ Gelecek ­alēĸmalarda yaĸam bulgularē, hemod nam k parametreler ve uzun dºnem 

sonu­lar b r nc l sonlanēm deĵ ĸkenler  olarak ele alēnmalēdēr.  

¶ Poz syon deĵ ĸ kl ĵ  protokoller n n s¿res , sēklēĵē ve a­ēsal farklēlēklarē standard ze 

ed lerek karĸēlaĸtērmalē ­alēĸmalar yapēlmalēdēr.  

¶ Nonfarmakoloj k hemĸ rel k g r ĸ mler n n b rl kte kullanēldēĵē komb ne m¿dahale 

modeller  araĸtērēlmalēdēr.  

¶ Ulusal l terat¿rde bu konuya yºnel k ­alēĸmalar artērēlarak k¿lt¿re ºzg¿ bakēm 

yaklaĸēmlarē gel ĸt r lmel d r. 
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¢ALIķMALARIN LĶSAN¦ST¦ TEZLER KAPSAMINDA DEĴERLENDĶRĶLMESĶ 
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¥ZET 

Kahkaha yogasē, gºn¿ll¿ kahkaha egzersizlerinin nefes teknikleri ile birleĸtirildiĵi, bireyin 

fiziksel ve psikolojik iyi oluĸunu desteklemeyi ama­layan tamamlayēcē bir uygulamadēr. Bu 

­alēĸmada hemĸirelik alanēnda kahkaha yogasē ile ilgili yapēlan ­alēĸmalarēn lisans¿st¿ tezler 

kapsamēnda deĵerlendirilmesi ama­lanmēĸtēr. Tanēmlayēcē ve retrospektif tipteki bu ­alēĸmada 

tezlere T¿rkiye Cumhuriyeti Y¿ksek ¥ĵrenim Kurulunun ñUlusal Tez Merkeziò veri 

tabanēndan ulaĸēlmēĸtēr. Herhangi bir yēl sēnērlamasē yapēlmaksēzēn 15.02.2026 tarihinde veri 

tabanēna ñkahkaha yogasēò anahtar kelimeleri girilerek tarama yapēlmēĸ ve 29 teze ulaĸēlmēĸtēr. 

¥zetler ve baĸlēklar deĵerlendirilmiĸ, hemĸirelik alanēnda yapēlan 23 lisans¿st¿ teze ­alēĸma 

kapsamēna alēnmēĸtēr. ¢alēĸmalarēn tanēmlayēcē ºzellikleri ve bulgularē deĵerlendirilmiĸtir. 

¢alēĸmalarēn %73,9 y¿ksek lisans tezi olup %78,3 randomize kontroll¿ tasarēmdadēr. ¥rneklem 

gruplarēnē %39,1 ile kronik hastalēĵē olan bireyler oluĸturmaktadēr. ¢alēĸma bulgularē , kahkaha 

yogasēnēn farklē ºrneklem gruplarēnda psikolojik iyi oluĸu destekleyen, stres, anksiyete, 

depresyon ve olumsuz duygu durumlarēnē azaltmaya katkē saĵlayan tamamlayēcē bir uygulama 

olduĵunu ortaya koymaktadēr. ¢alēĸmalarēn b¿y¿k ­oĵunluĵunda kahkaha yogasēnēn uyku 

kalitesi, yaĸam kalitesi, mutluluk, pozitif duygu durum ve spirit¿el iyi oluĸ ¿zerinde olumlu 

etkiler oluĸturduĵu; bazē fizyolojik gºstergelerde (ºrneĵin kortizol ve kan glikoz d¿zeyi) 

iyileĸme saĵladēĵē belirlenmiĸtir. Bununla birlikte bazē deĵiĸkenler ¿zerinde istatistiksel olarak 

anlamlē fark saptanmamēĸ olsa da, genel eĵilim kahkaha yogasēnēn bireylerin stresle baĸ 

etmesini desteklediĵini ve psikososyal uyumu g¿­lendirdiĵini gºstermektedir. Bu sonuçlar 

doĵrultusunda kahkaha yogasēnēn psikolojik iyi oluĸu destekleyen ve stresle baĸ etmeye katkē 

saĵlayan g¿venli ve uygulanabilir bir tamamlayēcē yºntem olduĵu sºylenebilir. Bu nedenle 

klinik uygulamalarda ve hemĸirelik eĵitiminde kullanēmēnēn yaygēnlaĸtērēlmasē ºnerilmektedir. 

Anahtar kelimeler: Kahkaha yogasē, hemĸirelik,lisans¿st¿ tez 
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AN EVALUATION OF LAUGHTER YOGA STUDIES IN NURSING WITHIN 

THE SCOPE OF GRADUATE THESES 

ABSTRACT 

Laughter yoga s a complementary pract ce that comb nes voluntary laughter exerc ses w th 

breath ng techn ques, a m ng to support the phys cal and psycholog cal well-be ng of 

nd v duals. Th s study a ms to evaluate postgraduate theses on laughter yoga n the f eld of 

nurs ng. In th s descr pt ve and retrospectve study, theses were accessed from the "Nat onal 

Thes s Center" database of the Counc l of H gher Educat on of the Republ c of Turkey. A search 

was conducted on February 15, 2026, us ng the keywords "laughter yoga," w thout any t me 

l m t, and 29 theses were found. Abstracts and t tles were evaluated, and 23 postgraduate theses 

n the f eld of nurs ng were ncluded n the study. The descr pt ve character st cs and f nd ngs 

of the stud es were evaluated. 73.9% of the stud es were master's theses, and 78.3% were 

random zed controlled des gns. The sample group cons sted of nd v duals w th chron c 

d seases (39.1%). The study f nd ngs reveal that laughter yoga s a complementary pract ce that 

supports psycholog cal well-be ng n d fferent sample groups and contr butes to reduc ng stress, 

anx ety, depress on, and negat ve moods. The vast major ty of stud es have shown that laughter 

yoga has pos t ve effects on sleep qual ty, qual ty of l fe, happ ness, pos t ve mood, and sp r tual 

well-be ng; and mproves some phys olog cal nd cators (e.g., cort sol and blood glucose 

levels). Wh le stat st cally s gn f cant d fferences were not found on some var ables, the general 

trend nd cates that laughter yoga supports nd v duals n cop ng w th stress and strengthens 

psychosoc al adjustment. Based on these results, t can be sa d that laughter yoga s a safe and 

appl cable complementary method that supports psycholog cal well-be ng and contr butes to 

stress management. Therefore, ts use n cl n cal pract ce and nurs ng educat on s 

recommended to be w despread. 

Keywords: Laughter yoga, Nurs ng, postgraduate thes s. 

1.GĶRĶķ 

Kahkaha yogasē, gºn¿ll¿ kahkaha egzers zler  le solunum tekn kler n n b rl kte uygulanmasēna 

dayanan tamamlayēcē b r z h n-beden yaklaĸēmēdēr. G¿ncel ­alēĸmalar, kahkaha yogasēnēn stres 

yanētēnē d¿zenleyerek ps koloj k y  oluĸu destekleyeb leceĵ n  ve brey n duygu durumunu 

olumlu yºnde etk leyeb leceĵ n  gºstermekted r (Erkin & Kocaçal, 2024). 

Hemĸ rel k bakēmēnda tamamlayēcē ve non-farmakoloj k uygulamalar, stresle baĸ etme 

becer s n n desteklenmes , yaĸam kal tes n n artērēlmasē ve ps koloj k y  oluĸun g¿­lend r lmes  

a­ēsēndan hemĸ rel k g r ĸ mler  ­er s nde g derek daha fazla yer almaktadēr. Kahkaha yogasē 

uygulanab l r, g¿venl , mal yets z ve kolay er ĸ leb l r b r yºntem olmasē neden yle farklē 

ºrneklem gruplarēnda hemĸ rel k araĸtērmalarēnda terc h ed lmekted r (Yas & Incesu, 2025). 

Hemĸ rel k d s pl n  ­ nde kahkaha yogasē temell  m¿dahaleler n akadem k ¿ret m n  

deĵerlend rmek, alanēn mevcut durumunu ve hemĸ rel k bakēmēndak  potans yel n  ortaya 

koymak a­ēsēndan b¿y¿k ºnem taĸēmaktadēr. Bu doĵrultuda l sans¿st¿ tezler n s stemat k olarak 

ncelenmes , kahkaha yogasēnēn hemĸ rel ktek  kullanēm alanlarēnēn bel rlenmes ne ve kanēt 

temell  uygulamalarēn gel ĸt r lmes ne katkē saĵlayacaktēr (Bal et al., 2025). 
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2.YÖNTEM 

2.1.Araĸtērmanēn tipi 

Bu ­alēĸma tanēmlayēcē ve retrospekt f olarak tasarlanmēĸtēr. 

2.2.Araĸtērmanēn amacē 

Hemĸ rel k alanēnda kahkaha yogasē kavramēnē ele alan l sans¿st¿ tezler n Y¿ksekºĵret m 

Kurulu Ulusal Tez Merkez  ver  tabanē ¿zer nden ncelenerek; ­alēĸmalarēn genel ºzell kler n n, 

kullanēlan ºl­me ara­larēnēn ve elde ed len bulgularēn deĵerlend r lmes d r 

2.3.Araĸtērmanēn evreni ºrneklemi 

Araĸtērmanēn evren n  herhang  b r yēl sēnērlamasēna g d lmeden ñhemĸ rel kò, ñkahkaha 

yogasēò anahtar kel meler  taranarak elde ed len 29 tez oluĸturmuĸtur.  ¥rneklem  se baĸlēklar 

ve ºzetler deĵerlend r lerek hemĸ rel k alanēnda yapēlan 23 l sans¿st¿ tez oluĸturmuĸtur.  

2.4.Veri toplama aracē ve verilerin toplanmasē 

Veriler, araĸtērmacē tarafēndan oluĸturulan veri formuna kaydedilmiĸtir. Veri formu; tez adē, 

yazar, yēlē, araĸtērmanēn yºntemi, tez t¿r¿, ana bilim dalē, ºrneklem grubu ve genel sonu­lardan 

oluĸmaktadēr. 

2.5.Verilerin deĵerlendirilmesi  

Araĸtērmaya dahil edilen tezler incelenen ­alēĸmalarēn tanēmlayēcē ºzellikleri (yazar adē, yayēn 

yēlē, tezin y¿r¿t¿ld¿ĵ¿ ¿niversite, tez t¿r¿, ana bilim dalē, yºntem ve ºrneklem grubu) ve 

incelenen ­alēĸmalarēn genel sonu­larē (Tezin adē, genel sonu­larē) olmak ¿zere 2 tablo halinde 

sunulmuĸtur. 

2.6.Araĸtērmanēn etik yºn¿ 

Bu ­alēĸma kapsamēnda ncelenen araĸtērmalarēn tamamē tez ­alēĸmalarē olduĵundan, ayrēca b r 

et k kurul zn  alēnmasēna gerek duyulmamēĸtēr. 

3. BULGULAR 

Ķncelenen ­alēĸmalarēn 2018ï2025 yēllarē arasēnda y¿r¿t¿ld¿ĵ¿ belirlenmiĸtir. ¢alēĸmalarēn 

17ôsinin (%73,9) y¿ksek lisans tezi olduĵu belirlenmiĸtir. Tezlerin y¿r¿t¿ld¿ĵ¿ ¿niversiteler 

incelendiĵinde en fazla ­alēĸmanēn Atat¿rk ¦niversitesi (n=3) ve Ķnºn¿ ¦niversitesiônde (n=3) 

ger­ekleĸtirildiĵi belirlenmiĸtir. Anabilim dallarē a­ēsēndan deĵerlendirildiĵinde tezlerin 

aĵērlēklē olarak (n=12) hemĸirelik ana bilim dalēnda yoĵunlaĸtēĵē belirlenmiĸtir. Araĸtērma 

yºntemleri a­ēsēndan deĵerlendirildiĵinde tezlerin %78,3ô¿n¿n (n=18) randomize kontroll¿ 

­alēĸmalardan oluĸtuĵu ve ºrneklem gruplarē a­ēsēndan incelendiĵinde ise aĵērlēk olarak kronik 

hastalēĵē olan bireylerle ­alēĸēldēĵē belirlenmiĸtir (¢izelge1). 
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¢izelge 1. Ķncelenen ­alēĸmalarēn tanēmlayēcē ºzellikleri 

 

 

Yazar/Yēl Üniversite Tez türü Anabilim dalē Yöntem Örneklem 

1.Van,2025 Ķzmir 

Demokrasi 

Ü. 

Yüksek 

lisans 

Halk Saĵlēĵē 

Hemĸireliĵi 

RKÇ Yoĵun Bakēm 

Hemĸireleri 

2.Akdeniz,2025 Ķzmir 

Demokrasi 

Ü. 

Yüksek 

lisans 

(Halk Saĵlēĵē) Halk 

Saĵlēĵē Hemĸireliĵi 

RKÇ Ulusal Medikal 

Kurtarma Ekibi 

(UMKE) 

personelleri 

3.Çoktay,2024 Kafkas Ü. Doktora Hemĸirelik RKÇ Kemoterapi Alan 

Meme Kanserli 

Kadēnlar 

4.Çelik,2024 Atatürk Ü. Yüksek 

lisans 

Doĵum ve Kadēn 

Hastalēklarē 

Hemĸireliĵi 

RKÇ Menopoz 

dönemindeki 

kadēnlar 

5.Diril,2023 Atatürk Ü. Yüksek 

lisans 

Doĵum ve Kadēn 

Hastalēklarē 

Hemĸireliĵi 

RKÇ Primer infertilite 

tanēsē almēĸ 

kadēnlar 

6.Akçin,2023 Ķnºn¿ ¦. Yüksek 

lisans 

Hemĸirelik 

(Hemĸirelik 

Esaslarē) 

RKÇ Tip 2 diyabetli 

hastalar 

7.Kēzēlkaya,2022 Ķnºn¿ ¦. Doktora Hemĸirelik 

(Cerrahi 

Hastalēklarē 

Hemĸireliĵi) 

Yarē 

deneysel 

Bariatrik cerrahi 

uygulanan hastalar 

8.Özer,2019 Üsküdar Ü. Doktora Hemĸirelik RKÇ Hemodiyaliz 

hastalarē 

9.Öztürk,2018 Ankara Ü. Doktora Hemĸirelik RKÇ Hemĸirelik 

ºĵrencileri 

10.Gür,2025 Ege Ü. Doktora Halk Saĵlēĵē 

Hemĸireliĵi 

RKÇ Görme engelli 

bireyler 

11.Güler,2025 Ķzmir 

Demokrasi 

Ü. 

Yüksek 

Lisans 

Halk Saĵlēĵē 

Hemĸireliĵi 

 RKÇ Hemĸirelik 

ºĵrencileri 

12.Tiftikci,2025 Kērēkkale ¦. Yüksek 

Lisans 

Hemĸirelik Esaslarē RKÇ Hemĸirelik 

ºĵrencileri 

13.Ķnan­,2024 Ege Ü. Yüksek 

Lisans 

Ķ­ Hastalēklarē 

Hemĸireliĵi 

Yarē 

deneysel 

Yaĸlē bireyler 

14.Bedez,2022 Dokuz Eylül 

Ü. 

Yüksek 

Lisans 

(Hemĸirelik) 

Onkoloji 

Hemĸireliĵi  

RKÇ Hematolojik 

kanser hastalarē 

15.Karali,2020 Marmara Ü. Yüksek 

Lisans 

Doĵum ve Kadēn 

Hastalēklarē 

Hemĸireliĵi 

Yarē 

deneysel 

Hemĸirelik ve 

Ebelik bölümü 

ºĵrencileri  
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16.Ķĵneci 

Ataĸ,2024 

Ķzmir 

Bakēr­ay ¦. 

Yüksek 

Lisans 

(Ķ­ Hastalēklarē)Ķ­ 

Hastalēklarē 

Hemĸireliĵi 

Yarē 

deneysel 

Hemĸirelik 

ºĵrencileri 

17.Bilgihan,2023 Ķstanbul 

Medipol Ü. 

Yüksek 

Lisans 

Hemĸirelik RKÇ Psikiyatri 

hemĸireleri 

18.ķahin,2022 Atatürk Ü. Yüksek 

Lisans 

Doĵum, Kadēn 

Saĵlēĵē ve 

Hastalēklarē 

Hemĸireliĵi 

RKÇ Lohusa kadēnlar 

19.Karagöz 

Ķnce,2022 

Ķstanbul 

Okan Ü. 

Yüksek 

Lisans 

Hemĸirelik RKÇ Jinekolojik kanser 

tanēsē alan kadēnlar 

20.Erdem,2025 Selçuk Ü. Doktora Hemĸirelik RKÇ Özel gereksinimli 

­ocuĵu olan 

anneler 

21.Ķnan,2025 Düzce Ü. Yüksek 

Lisans 

Hemĸirelik Yarē 

deneysel 

Hemĸireler 

22.Yēlmaz,2023 Manisa 

Celal Bayar 

Ü. 

Yüksek 

Lisans 

Hemĸirelik 

(Hemĸirelik 

Esaslarē) 

RKÇ Yoĵun bakēm 

hemĸireleri 

23.Kuzu,2022 Ķstanbul 

Medipol Ü. 

Yüksek 

Lisans 

Hemĸirelik RKÇ Hematolojik 

kanser hastalarē 

 

 

*RK¢: Random ze kontroll¿ ­alēĸma 

Ķncelenen ­alēĸmalarēn bulgularē deĵerlend r ld ĵ nde, kahkaha yogasē uygulamalarēnēn 

­oĵunlukla stres, anks yete, depresyon ve negat f duygu durum d¿zeyler n  azalttēĵē; ps koloj k 

y  oluĸ, uyku kal tes , yaĸam kal tes , mutluluk ve poz t f duygu durum ¿zer nde olumlu etk ler 

saĵladēĵē gºr¿lmekted r.¢alēĸmalarēn farklē ºrneklem gruplarēnda y¿r¿t¿lm¿ĸ olmasē, kahkaha 

yogasēnēn kron k hastalēĵē olan b reyler, kadēn saĵlēĵē gruplarē, hemĸ reler ve ºĵrenc ler g b  

­eĸ tl  pop¿lasyonlarda uygulanab l r b r g rĸ m olduĵunu gºstermekted r.  

Bununla b rl kte bazē araĸtērmalarda ºz yeterl l k, ĸ mot vasyonu, meslek  doyum ve bazē 

f zyoloj k parametreler ¿zer nde anlamlē b r deĵ ĸ m saptanmamēĸtēr. Genel olarak bulgular, 

kahkaha yogasēnēn ps koloj k y  oluĸu destekleyen tamamlayēcē b r hemĸ rel k g r ĸ m  olarak 

deĵerlend r leb leceĵ n  ortaya koymaktadēr (¢ zelge 2) 

 
¢izelge 2.Ķncelenen ­alēĸmalar ve bulgularē 

 

 

Yazar/Yēl Tez Adē Sonuçlar 

1.Van,2025 Yoĵun bakēm hemĸirelerinde 

kahkaha yogasēnēn t¿kenmiĸlik 

ve spiritüel iyilik düzeyi üzerine 

etkisi: Randomize kontrollü 

­alēĸma 

Kahkaha yogasē, kēsa vadede t¿kenmiĸliĵi 

direkt azaltmasa da spiritüel iyilik halinin 

bazē boyutlarēnē, ºzellikle ºz yeterlilik baĸta 

olmak üzere olumlu yönde etkileyerek 

bireyin i­sel kaynak farkēndalēĵēnē 
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artērabileceĵi ve hemĸirelerin t¿kenmiĸlikle 

baĸa ­ēkmasēnē destekleyen tamamlayēcē bir 

yaklaĸēm olarak gºr¿lebileceĵi saptanmēĸtēr. 

 

2.Akdeniz,2022 Kahkaha yogasēnēn profesyonel 

yaĸam kalitesi ve algēlanan stres 

düzeyine etkisinin incelenmesi: 

UMKE ºrneĵi 

UMKE personeline uygulanan kahkaha 

yogasēnēn stres ve rahatsēzlēk algēsē ile 

t¿kenmiĸlik d¿zeyini azaltmada etkili olduĵu 

ortaya konmuĸtur. Buna karĸēn ºz yeterlilik 

algēsē, meslek tatmini ve eĸ duyum 

yorgunluĵu ¿zerinde anlamlē bir deĵiĸim 

oluĸturmadēĵē belirlenmiĸtir. 

 

3.Çoktay,2024 Kemoterapi alan meme kanserli 

kadēnlara uygulanan kahkaha 

yogasē ve mindfulness temelli 

stres azaltma uygulamalarēnēn 

anksiyete, depresyon, yaĸam 

kalitesi ve spirit¿el iyi oluĸ 

düzeyleri üzerine etkisi: 

randomize kontroll¿ ­alēĸma 

Kahkaha yogasē ile MBSR uygulamalarēnēn 

kemoterapi gºren meme kanseri tanēlē 

kadēnlar ¿zerindeki etkilerinin 

karĸēlaĸtērēlmasē sonucunda, her iki 

uygulamanēn da anksiyete, depresyon, yaĸam 

kalitesi ve spiritüel iyi oluĸ d¿zeyleri 

¿zerinde etkili olduĵu saptanmēĸtēr. 

 

4.Çelik,2024 Menopoz dºnemindeki kadēnlara 

uygulanan kahkaha yogasēnēn 

semptom yºnetimi ve yaĸam 

kalitesine etkisi 

¢alēĸmanēn sonu­larēna gºre, kahkaha 

yogasēnēn kadēnlarda menopoz 

semptomlarēnē azaltarak yaĸam kalitesini 

artērmada etkili bir yºntem olduĵu 

saptanmēĸtēr. 

 

5.Diril, 2023 Kahkaha yogasēnēn primer 

infertil kadēnlarēn stres d¿zeyine 

etkisi 

Bu ­alēĸmada, kahkaha yogasēnēn primer 

infertil kadēnlarda stres d¿zeyini azaltmada 

etkili olduĵu saptanmēĸtēr. Kahkaha 

yogasēnēn infertil kadēnlarda uygulanabilecek 

g¿venli ve etkili bir yºntem olduĵu 

belirtilmiĸtir.  

 

6.Akçin,2023 Kahkaha yogasēnēn tip 2 

diyabetli hastalarda kan glikoz 

deĵeri, hastalēk algēsē ve 

algēlanan stres d¿zeyine etkisi 

Bu araĸtērmada; kahkaha yogasēnēn kan 

glikoz d¿zeyini d¿ĸ¿rd¿ĵ¿ 

belirlenmiĸtir.Ayrēca hastalēk algēsēnē 

iyileĸtirdiĵi ve algēlanan stres d¿zeyini 

azalttēĵē saptanmēĸtēr. 

 

7.Kēzēlkaya,2022 Bariatrik cerrahi uygulanan 

hastalarda kahkaha yogasēnēn 

depresyon ve serotonin 

düzeylerine etkisi 

Kahkaha yogasēnēn; bariatrik cerrahi 

ameliyatē sonrasē yaĸanan depresyonu ve 

serotonin d¿zeyini azalttēĵē belirtilmiĸtir. 

 

8.Özer,2019 Kahkaha yogasēnēn hemodiyaliz 

tedavisi uygulanan hastalarda 

plazma beta endorfin düzeyine, 

Bu araĸtērmada, hemodiyaliz tedavisi alan 

hastalarda kahkaha yogasē uygulamasēnēn 

beta endorfin d¿zeyini anlamlē olarak 

deĵiĸtirmediĵi belirlenmiĸtir. Ancak 
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aĵrē ĸiddetine ve uyku kalitesine 

etkisi 

m¿dahale grubunda aĵrē skorlarēnēn kontrol 

grubuna kēyasla anlamlē d¿zeyde d¿ĸ¿k 

olduĵu ve uygulamanēn aĵrē ĸiddetini 

azalttēĵē saptanmēĸtēr.Bununla birlikte 

uygulama sonrasēnda uyku kalitesi 

puanlarēnēn anlamlē derecede iyileĸtiĵi ve etki 

b¿y¿kl¿ĵ¿n¿n y¿ksek olduĵu belirtilmiĸtir. 

 

9.Öztürk,2018 Hemĸirelik bºl¿m¿ 1. sēnēf 

ºĵrencilerinde kahkaha 

yogasēnēn ruhsal belirti sēklēĵē ve 

tükürük kortizol düzeyine 

etkisinin deĵerlendirilmesi 

Bu ­alēĸmada, Ankara ¦niversitesi 

Hemĸirelik Bºl¿m¿ ºĵrencilerinde 

uygulanan kahkaha yogasēnēn ruhsal 

semptomlarē azaltēcē yºnde etkili olduĵu 

belirlenmiĸtir. Bununla birlikte, kortizol 

d¿zeylerinde de azalma meydana geldiĵi 

sonucuna ulaĸēlmēĸtēr. 

 

10.Gür,2025 Görme engelli bireylerde 

kahkaha yogasēnēn yalnēzlēk ve 

öfke düzeyine etkisi 

Kahkaha yogasēnēn yalnēzlēk ve s¿rekli ºfke 

d¿zeylerini anlamlē bi­imde azalttēĵē 

belirlenmiĸtir. Giriĸim grubunda kortizol 

d¿zeyinde d¿ĸ¿ĸ gºzlenmiĸ; ancak gruplar 

arasē fark anlamlē bulunmamēĸtēr. 

 

11.Güler,2025 Hemĸirelik ºĵrencilerinde 

kahkaha yogasēnēn manevi 

bakēm algēlarē ile manevi iyi oluĸ 

üzerine etkisi 

Hemĸirelik ºĵrencileri ¿zerinde yapēlan bu 

­alēĸmada, kahkaha yogasē uygulamasēnēn 

manevi bakēm algēsē ve manevi iyi oluĸ 

puanlarēnda anlamlē bir deĵiĸim saĵlamadēĵē 

gºr¿lm¿ĸt¿r. 

 

12.Tiftikci,2025 Hemĸirelik ºĵrencilerine 

uygulanan kahkaha yogasēnēn 

sēnav kaygēsē ve maneviyat 

üzerine etkisi 

Kahkaha yogasēnēn hemĸirelik ºĵrencilerinde 

sēnav kaygēsēnē azaltērken maneviyat 

d¿zeyini olumlu yºnde etkilediĵi 

gºr¿lm¿ĸt¿r. Bulgular, kahkaha yogasēnēn 

stresle baĸ etmede destekleyici bir yºntem 

olabileceĵini gºstermektedir. 

 

13.Ķnan­,2024 3.yaĸ ¿niversitesi ºĵrencilerinde 

kahkaha yogasēnēn uyku kalitesi 

ve mutluluk durumuna etkisi 

 

Kahkaha yoga uygulamasēnēn yaĸlē 

bireylerde uyku kalitesi ve psikolojik iyi oluĸ 

¿zerinde olumlu etkiler oluĸturduĵu, negatif 

duygu durumunu azalttēĵē belirlenmiĸtir. 

 

14.Bedez,2022 Hematolojik kanser hastalarēnda 

kahkaha yogasēnēn bulantē 

kusma ve anksiyete üzerine 

etkisi 

Araĸtērma bulgularēna gºre kahkaha 

yogasēnēn hematolojik kanser hastalarēnda 

bulantē-kusma semptomlarēnē ve anksiyete 

d¿zeyini azaltmada etkili olduĵu 

saptanmēĸtēr. 
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15.Karali,2020 Kahkaha yogasēnēn premenstrual 

semptomlara etkisi 

Kahkaha yogasē uygulamasē sonrasēnda uyku 

kalitesi, mutluluk ve pozitif duygu 

durumunun arttēĵē, negatif duygu durumunun 

ise azaldēĵē belirlenmiĸtir. Bu doĵrultuda 

kahkaha yogasēnēn psikolojik iyi oluĸu 

destekleyen ve duygu durumunu olumlu 

yºnde etkileyen tamamlayēcē bir yºntem 

olduĵu saptanmēĸtēr. 

 

16.Ķĵneci 

Ataĸ,2024 

Hemĸirelik son sēnēf 

ºĵrencilerinde kahkaha 

yogasēnēn klinik uygulamadaki 

algēlanan stres d¿zeyleri ile uyku 

kalitesine etkisi 

Bu ­alēĸma sonucunda kahkaha yogasēnēn, 

hemĸirelik son sēnēf ºĵrencilerinin klinik 

eĵitim sērasēnda yaĸadēklarē stresi azalttēĵē ve 

uyku kalitesini iyileĸtirdiĵi saptanmēĸtēr. 

 

17.Bilgihan,2023 Kahkaha yogasēnēn psikiyatri 

hemĸirelerinin genel saĵlēk 

durumu, algēlanan stres d¿zeyi 

ve t¿kenmiĸlik d¿zeyine etkisi: 

Randomize kontroll¿ bir ­alēĸma 

Kahkaha yogasēnēn psikiyatri hemĸirelerinde 

stres ve t¿kenmiĸliĵi azaltarak genel saĵlēk 

algēsēnē olumlu yºnde etkilediĵi saptanmēĸtēr. 

 

18.ķahin,2022 Kahkaha yogasēnēn postpartum 

dºnemdeki kadēnlarēn anksiyete 

ve stres düzeylerine etkisi 

Kahkaha yogasēnēn postpartum dºnemdeki 

kadēnlarēn psikolojik stres ve anksiyete 

d¿zeylerini azaltan etkili bir yºntem olduĵu 

belirlenmiĸtir. 

 

19.Karagöz 

Ķnce,2022 

Jinekolojik kanserli kadēnlarda 

uygulanan kahkaha yogasēnēn 

psikolojik iyi oluĸa etkisi 

Kahkaha yogasēnēn jinekolojik kanserli 

kadēnlarda psikolojik iyi oluĸ d¿zeyini 

artērdēĵē belirlenmiĸtir. 

 

20.Erdem,2025 ¥zel gereksinimli ­ocuĵu olan 

annelere uygulanan kahkaha 

yogasē temelli ruh saĵlēĵē 

g¿­lendirme eĵitiminin bakēm 

y¿k¿, pozitif ruh saĵlēĵē, 

algēlanan stres ve t¿k¿r¿k 

kortizol düzeyine etkisi 

Araĸtērma bulgularēna gºre kahkaha yogasē 

temelli g¿­lendirme eĵitiminin ºzel 

gereksinimli ­ocuĵa sahip annelerin bakēm 

y¿k¿n¿ ve stres d¿zeyini azalttēĵē, pozitif ruh 

saĵlēĵēnē artērdēĵē ve kortizol d¿zeyini 

d¿ĸ¿rd¿ĵ¿ belirlenmiĸtir. 

 

21.Ķnan,2025 Hemĸirelik giriĸimi olarak 

uygulanan kahkaha yogasēnēn 

hemĸirelerin mindfulness, 

profesyonel saĵlamlēk ve ºz 

bakēmēna etkisi 

Hemĸirelik giriĸimi olarak uygulanan 

kahkaha yogasēnēn hemĸirelerin mindfulness 

d¿zeyini, profesyonel saĵlamlēĵēnē ve ºz 

bakēm becerilerini artērmada olumlu etkiler 

saĵladēĵē belirlenmiĸtir. 

 

22.Yēlmaz,2023 Yoĵun bakēm hemĸirelerine 

uygulanan kahkaha yogasēnēn 

algēlanan stres, iĸ motivasyonu 

ve mental iyi oluĸ ¿zerine etkisi 

Araĸtērma bulgularēna gºre kahkaha 

yogasēnēn yoĵun bakēm hemĸirelerinin 

algēlanan stres d¿zeyi ve iĸ motivasyonu 

¿zerinde belirgin bir deĵiĸiklik 

oluĸturmadēĵē, ancak mental iyi oluĸ 
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d¿zeyinde grup i­inde iyileĸme saĵladēĵē 

belirlenmiĸtir. 

 

23.Kuzu,2022 Kahkaha yogasēnēn hematolojik 

kanserli hastalarda uyku kalitesi, 

aĵrē, anksiyete d¿zeyi ve 

fizyolojik parametrelere etkisi 

Araĸtērma bulgularēna gºre kahkaha 

yogasēnēn hematolojik kanser hastalarēnda 

uyku kalitesini artērdēĵē, aĵrē ve anksiyete 

d¿zeyini azalttēĵē, bazē fizyolojik 

parametreleri olumlu yºnde etkilediĵi; ancak 

sistolik kan basēncē ve v¿cut sēcaklēĵē 

¿zerinde belirgin bir etkisinin olmadēĵē 

belirlenmiĸtir. 

 

 

 

4. TARTIķMA 

Bu ­alēĸmada hemĸirelik alanēnda kahkaha yogasē ile ilgili yapēlan ­alēĸmalar lisans¿st¿ tezler 

kapsamēnda deĵerlendirilmiĸtir. ¢alēĸmalarēn %78,3ô¿n¿n randomize kontroll¿ tasarēmda 

y¿r¿t¿lm¿ĸ olmasē, kahkaha yogasēnēn hemĸirelik alanēnda sēklēkla deneysel yöntemlerle 

incelendiĵini gºstermektedir. Uluslararasē literat¿rde de kahkaha yogasēnēn etkilerini inceleyen 

randomize kontroll¿ ­alēĸmalarēn bulunduĵu gºr¿lmektedir (Bressington et al., 2018; Han et al., 2017). 

Bu bulgu, tezlerde kullanēlan araĸtērma yºntemlerinin literat¿r ile uyumlu olduĵunu 

göstermektedir. ¢alēĸmalarēn %73,9ôunun y¿ksek lisans tezi d¿zeyinde olmasē ise konunun 

hemĸirelik disiplininde giderek ilgi gºren ancak hen¿z olgunlaĸma s¿recinde olan bir araĸtērma 

alanē olduĵunu d¿ĸ¿nd¿rmektedir. Atat¿rk ¦niversitesi ve Ķnºn¿ ¦niversitesiônin en fazla teze 

ev sahipliĵi yapmasē, kahkaha yogasē konusunun belirli ¿niversitelerde daha fazla araĸtērēldēĵēnē 

ortaya koymaktadēr. Tezlerin aĵērlēklē olarak hemĸirelik ana bilim dallarēnda y¿r¿t¿lmesi, 

yöntemin hemĸirelik bakēm felsefesiyle uyumlu olduĵunu desteklemektedir. Örneklem 

gruplarēnēn %39,1ôini kronik hastalēĵē olan bireylerin oluĸturmasē, kahkaha yogasēnēn ºzellikle 

kronik hastalēk yºnetimi ve psikososyal destek a­ēsēndan ºnem taĸēdēĵēnē gºstermektedir. 

Ķncelenen tezlerin b¿y¿k ­oĵunluĵu, kahkaha yogasēnēn stres, anksiyete, depresyon ve olumsuz 

duygu durumlarēnē azalttēĵēnē; uyku kalitesi, yaĸam kalitesi, mutluluk ve psikolojik iyi oluĸ 

¿zerinde olumlu etkiler yarattēĵēnē rapor etmiĸtir. Bu sonuçlar literat¿rde yer alan ­alēĸmalar ile 

benzerlik göstermektedir (Han et al., 2017; Zhao et al., 2019). Bununla birlikte bazē ­alēĸmalarda ise 

ºz yeterlilik, iĸ motivasyonu veya belirli fizyolojik parametreler ¿zerinde istatistiksel olarak 

anlamlē fark saptanmamēĸtēr. Ancak genel eĵilim, kahkaha yogasēnēn g¿venli, uygulanabilir ve 

psikososyal uyumu destekleyen bir tamamlayēcē yºntem olduĵu yºn¿ndedir. Hemĸirelik 

pratiĵinde kahkaha yogasēnēn kullanēmē, bakēmēn b¿t¿nc¿l niteliĵini artērma potansiyeli 

taĸēmaktadēr. ¥zellikle yoĵun bakēm, onkoloji, psikiyatri, kadēn saĵlēĵē ve ºĵrenci gruplarēnda 

bu yºntemin hemĸirelik giriĸimi olarak uygulanmasē, hem hasta hem de hemĸirelerin stres 

yºnetimi a­ēsēndan fayda saĵlayabilir. Ayrēca hemĸirelik eĵitim programlarēnda kahkaha 

yogasēnēn yer almasē, ºĵrencilerin klinik stresiyle baĸ etme becerilerini geliĸtirebilir. 

SONU¢ 
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Bu ­alēĸmada hemĸirelik alanēnda kahkaha yogasē ile ilgili yapēlmēĸ lisans¿st¿ tezlerin 

incelenmesi sonucunda, yºntemin farklē ºrneklem gruplarēnda uygulanabildiĵi ve hemĸirelik 

bakēmēnda kullanēlabilecek tamamlayēcē bir giriĸim olduĵu gºr¿lm¿ĸt¿r. Bulgular, kahkaha 

yogasēnēn ºzellikle psikososyal uyumu destekleme ve stresle baĸ etme s¿recine katkē saĵlama 

potansiyeline sahip olduĵunu gºstermektedir. Tezlerin ºnemli bir bºl¿m¿n¿n kronik hastalēĵē 

olan bireyler, kadēn saĵlēĵē gruplarē, hemĸirelik ºĵrencileri ve hemĸireler ile y¿r¿t¿lm¿ĸ olmasē, 

yºntemin farklē pop¿lasyonlarda kullanēlabildiĵini gºstermektedir. Ayrēca uygulamanēn kolay 

uygulanabilir ve maliyet gerektirmeyen bir yºntem olmasē, hemĸirelik uygulamalarēnda tercih 

edilebilirliĵini artērmaktadēr. Sonu­ olarak kahkaha yogasē, bireyin psikososyal 

gereksinimlerini desteklemeye yºnelik hemĸirelik giriĸimleri arasēnda deĵerlendirilebilir. 

Gelecekte yapēlacak ­alēĸmalarēn farklē ºrneklem gruplarē ile planlanmasē, uygulamanēn 

etkililiĵine iliĸkin kanētlarēn g¿­lendirilmesine katkē saĵlayabilir. 
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ÖZET 

Veteriner hekimliĵinde yapay zek©, tanē, hastalēk takibi ve klinik karar verme s¿re­lerini 

desteklemek i­in her ge­en g¿n daha fazla kullanēlmaktadēr. Bu araĸtērma, yapay zekanēn 

veteriner m¿fredatēna nasēl entegre edildiĵini ve eĵitimsel kullanēmēnēn ºĵrencileri gelecekteki 

klinik uygulamalara nasēl hazērlayabileceĵini ele almaktadēr. Gºr¿nt¿leme, histoloji, 

embriyoloji, epidemiyoloji, parazitoloji, gēda g¿venliĵi ve hayvan saĵlēĵē gibi alanlarda yapay 

zeka ara­larēnēn nasēl ve ne ama­la kullanēldēĵē a­ēklanmaktadēr. Ayrēca etik, veri gizliliĵi, 

ºnyargē ve yapay zekaya aĸērē baĵēmlēlēkla ilgili ºnemli zorluklarē da vurgulamaktadēr. 

Gelecekte veteriner hekimlerin yapay zekayē g¿venli, etik ve klinik olarak anlamlē bir ĸekilde 

kullanmak i­in gerekli becerileri geliĸtirmeleri ama­lanmaktadēr. ¢¿nk¿ yapay zek© hayvan 

saĵlēĵē alanlarēnda tanē, hastalēk gºzetimi ve karar destek s¿re­lerini geliĸtirerek klinik 

veterinerlik uygulamasēnē hēzla geliĸtiriyor. Anatomi, patoloji, hayvan saĵlēĵē ve gēda 

teknolojisi gibi disiplinlerde, yapay zeka, ºĵrencilere dinamik modeller, etkileĸimli vaka 

­alēĸmalarē ve kavramsal anlayēĸlarēnē ve pratik muhakemelerini geliĸtiren ger­ek zamanlē geri 

bildirimler saĵlayarak geleneksel pedagojik yaklaĸēmlarē destekleme potansiyeline sahiptir. 

Bu ­alēĸma, yapay zekanēn y¿ksekºĵretimde kiĸiselleĸtirilmiĸ ºĵrenme ¿zerindeki etkisini 

incelemek, veterinerlik m¿fredatēnēn temel alanlarēnda (ºzellikle hayvan saĵlēĵē, anatomi, 

parazitoloji ve gēda bilimi) yapay zekanēn somut uygulamalarēnē sentezlemek ve veterinerlik 

eĵitiminde yapay zekanēn sorumlu bir ĸekilde uygulanmasē i­in gerekli etik, pedagojik ve 

d¿zenleyici hususlarē ele alan bir ­er­eve geliĸtirmeyi ama­lamaktadēr. Yapay zek©, 

y¿ksekºĵretimi hēzla yeniden ĸekillendirmeye baĸladē ve yalnēzca i­erik sunumunu deĵil, aynē 

zamanda ºĵretme ve ºĵrenmeyi yºnlendiren temel pedagojik ­er­eveleri de deĵiĸtiriyor. D¿nya 

genelindeki ¿niversiteler, ºĵretim kalitesini artērmak, ºĵrenme deneyimlerini kiĸiselleĸtirmek 

ve idari s¿re­leri kolaylaĸtērmak i­in yapay zek©yē giderek daha fazla kullanēyor. Biyolojik, 

klinik ve teknolojik bilginin veterinerlik eĵitiminde, bu geliĸmelerden ºzellikle faydalanacak 

konumda görünüyor. Bu amaçla; OpenAI, Google Gemini, Claude, Copilot, DeepSeek ve Meta 

gibi yapay zeka programlarē ve uzmanlaĸmēĸ eĵitim platformlarē; Google NotebookLM, 

ChatGPT, Microsoft 365 Copilot, Eĵitim i­in Claude, Llama 4, Scout ve Maverick, Perplexity 

AI programlarē araĸtērēldē. 

Sonu­ olarak, yapay zeka veteriner eĵitimine ve uygulamasēna giderek daha fazla entegre 

olurken, insan merkezli bir yaklaĸēmē s¿rd¿rmek son derece ºnemlidir. Veteriner eĵitimi, klinik 

akēl y¿r¿tme, etik karar verme ve hayvan refahēnda insan uzmanlēĵēnēn merkezi rol¿n¿ 

g¿­lendirmelidir. Yapay zekayē, mesleki yargēnēn yerini almak yerine onu destekleyen bir 
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yardēmcē teknoloji olarak ­er­evelemek, klinik sorumluluĵu korumak ve veteriner hekimliĵe 

olan g¿veni s¿rd¿rmek a­ēsēndan kritik ºnem taĸēyacaktēr. 

Anahtar Kelimeler: Veterinerlik, yapay zeka, eĵitim,   

 

1. GĶRĶķ 

Yapay zek©, veteriner hekimliĵinde tanē koyma, hastalēk takibi ve klinik karar alma s¿re­lerini 

desteklemek amacēyla her ge­en g¿n daha yaygēn bir ĸekilde kullanēlmaktadēr. Bu ­alēĸma, 

yapay zek© teknolojilerinin veterinerlik eĵitimine nasēl entegre edilebileceĵini ve bu 

entegrasyonun ºĵrencileri gelecekteki klinik uygulamalara nasēl hazērlayabileceĵini 

incelemektedir. Araĸtērmada; gºr¿nt¿leme, epidemiyoloji, parazitoloji, histoloji, embriyoloji, 

gēda g¿venliĵi ve hayvan saĵlēĵē gibi alanlarda yapay zek© ara­larēnēn kullanēm ĸekilleri detaylē 

bir ĸekilde ele alēnmakta; bu teknolojilerin eĵitim s¿re­lerine saĵladēĵē katkēlar ile karĸēlaĸēlan 

potansiyel sēnērlēlēklar deĵerlendirilmektedir. ¢alēĸma, aynē zamanda veri gizliliĵi, etik 

sorunlar, algoritmik ºnyargēlar ve yapay zek©ya aĸērē baĵēmlēlēk gibi kritik zorluklarē da masaya 

yatērmaktadēr. Yapay zek© teknolojilerinin tanē doĵruluĵunu artērma, hastalēk gºzetiminde 

etkinliĵi g¿­lendirme ve klinik karar verme s¿re­lerini optimize etme gibi yºnleriyle 

veterinerlik uygulamalarēnē hēzlē bir ĸekilde dºn¿ĸt¿rd¿ĵ¿ vurgulanmaktadēr. Bu baĵlamda, 

araĸtērma yapay zek© ara­larēnēn veterinerlik eĵitimine entegrasyonunu, gelecekteki 

uygulamalarda g¿venli ve sorumlu kullanēm i­in ºnemli bir adēm olarak deĵerlendirmektedir. 

Ayrēca, inceleme kapsamēnda ele alēnan etik ve d¿zenleyici boyutlar, bu teknolojilerin tanē 

g¿venilirliĵi ve hayvan refahē ¿zerindeki doĵrudan etkilerine dikkat ­ekmektedir. Sonu­ olarak, 

­alēĸmada yapay zek© teknolojilerinin g¿venli klinik uygulamalarē destekleme, disiplinler arasē 

iĸ birliĵini artērma ve teknolojik yeniliklerin veterinerlikteki mesleki standartlarla uyum 

i­erisinde geliĸtirilmesine katkē sunabileceĵi ortaya konmaktadēr. 

Yapay zek©, genellikle insan biliĸsel s¿re­leriyle baĵdaĸtērēlan ºĵrenme, akēl y¿r¿tme, problem 

­ºzme ve dil anlama gibi gºrevleri ger­ekleĸtirebilen devrim niteliĵinde bir teknoloji olarak 

dikkat çekmektedir. (Russell ve Norvig, 2021). Bu teknoloji, derin ºĵrenme, doĵal dil iĸleme 

ve robotik gibi farklē hesaplama yºntemlerine dayanarak, bilgisayar sistemlerinin verileri analiz 

etmesine, ºr¿nt¿leri tanēmlamasēna ve yeni koĸullara uyum saĵlayabilmesine olanak tanēr. 

(Saxena ve ark., 2023; Shrivastava ve ark., 2024). Bahsi ge­en yetenekler, saĵlēk, finans, 

¿retim, ulaĸēm ve eĵlence gibi pek ­ok sektºrde kºkl¿ dºn¿ĸ¿mler yaratmēĸ; eĵitim alanē ise bu 

deĵiĸimden en hēzlē ve en derin ĸekilde etkilenen disiplinlerden biri olmuĸtur (Saxena ve ark., 

2023; Shrivastava ve ark., 2024; Rashid ve Kausik, 2024). G¿n¿m¿zde yapay zek© kavramē 

genellikle ChatGPT gibi pop¿ler uygulamalarla sēnērlē bir ­er­evede deĵerlendiriliyor. Bu t¿r 

sistemler, uzmanlēk gerektirmeyen kullanēcēlar arasēnda en tanēnan ara­lar arasēnda 

görülmektedir (Schlagwein ve Willcocks, 2023; Bansal ve ark., 2024). Üretken yapay zekâ 

ekosistemi, bunun ºtesinde olduk­a geniĸ ve kapsamlē bir yapēya sahiptir. Bu baĵlamda, 

OpenAI, Google, Anthropic, Microsoft, DeepSeek ve Meta gibi alanēnda ºnc¿ kuruluĸlar 

tarafēndan geliĸtirilen pek ­ok model bulunmaktadēr. Bu modeller, ­ok modlu, analitik ve 

entegre ºzellikleriyle ºne ­ēkarken, eĵitim s¿re­lerinde etkili bir ĸekilde uygulanabilecek 

ºnemli bir potansiyel sunmaktadēr. (Chu, 2024; Boral ve Mondal, 2025; Kapuscinski, 2025). 
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G¿n¿m¿zdeki geliĸmeler, metin, gºr¿nt¿, ses ve video gibi farklē veri t¿rlerini tek bir analitik 

­er­evede iĸleyebilen ­ok modlu yapay zek© sistemlerinin artan ºnemini vurgulamaktadēr. 

Veterinerlik eĵitimi baĵlamēnda ele alēndēĵēnda, klinik gºr¿nt¿lerin, anatomik yapēlarēn, 

laboratuvar verilerinin ve hayvan davranēĸlarēnēn yorumlanmasēnē i­eren bu ­ok modlu yapē, 

son derece deĵerli bir eĵitim aracē olarak ºne ­ēkmaktadēr. (Gomes ve ark., 2025). Bu yaklaĸēm, 

ºĵrencilerin ºĵrenme s¿re­lerini zenginleĸtirmenin yanē sēra, onlarē mesleki uygulamalarēn 

karmaĸēk yapēsēyla daha yakēndan tanēĸtēran ger­ek­i senaryolarēn geliĸtirilmesine olanak 

tanēyor. Yapay zek©nēn y¿ksekºĵretime entegrasyonu ise kiĸiselleĸtirilmiĸ eĵitim deneyimleri, 

akēllē ºĵretim sistemleri, otomatik deĵerlendirme s¿re­leri, sim¿lasyon tabanlē ºĵrenme, klinik 

akēl y¿r¿tme desteĵi ve akademik s¿re­lerin daha etkili bir ĸekilde yºnetilmesi gibi alanlarda 

önemli bir geniĸleme gºstermiĸtir (Merino-Campos, 2025). Bu baĵlamda yapay zek©, 

veterinerlik m¿fredatēnēn anatomi, patoloji, histoloji, embriyoloji, hayvan saĵlēĵē ve gēda 

teknolojisi gibi temel disiplinlerinde sunduĵu dinamik modeller, etkileĸimli vaka analizleri ve 

ger­ek zamanlē geri bildirimlerle ºĵrencilerin kavramsal anlayēĸlarēnē ve klinik muhakeme 

becerilerini geliĸtirme fērsatē sunmaktadēr. Bºylece yapay zek© destekli yºntemler, geleneksel 

eĵitim yaklaĸēmlarēnē tamamlayarak daha etkileĸimli, uygulama odaklē ve kapsamlē bir ºĵrenme 

ortamēnēn oluĸturulmasēna ºnemli ºl­¿de katkēda bulunmaktadēr. Etik kaygēlar, veri gizliliĵi, 

akademik d¿r¿stl¿k ve ºĵrencilerin baĵēmsēz muhakeme yeteneklerinin olasē zayēflamasē gibi 

unsurlarē kapsamaktadēr. Bu nedenle, yapay zek©nēn klinik karar verme s¿re­lerinde insan 

uzmanlēĵēnēn yerini almasē yerine, onu destekleyici bir ara­ olarak kullanēlmasē b¿y¿k bir 

titizlikle deĵerlendirilmelidir (Kovari, 2024).  

Bununla birlikte, hayvan saĵlēĵē ve veteriner tēp uygulamalarēna ºzg¿ d¿zenleyici ­er­eveler, 

kurumlarēn yºnetmek zorunda olduĵu ek bir karmaĸēklēk d¿zeyi yaratmaktadēr. Bu ­alēĸmanēn 

amacē, yapay zek©nēn veterinerlik eĵitimindeki rol¿n¿ ele alarak mevcut kanētlarē, kavramsal 

yaklaĸēmlarē ve yeni geliĸen uygulamalarē b¿t¿nc¿l bir ĸekilde incelemek ve bunlarēn 

gelecekteki klinik uygulamalara olasē etkilerini deĵerlendirmektir. Bu baĵlamda, ­alēĸma 

ºzellikle veterinerlik eĵitiminin, geleceĵin mezunlarēnē yapay zek©yē klinik alanda sorumlu, 

eleĸtirel ve etkili bir ĸekilde kullanma becerisiyle nasēl donatēlabileceĵi konusuna 

odaklanmaktadēr. 

Bu baĵlamda:  

1. Kiĸiselleĸtirilmiĸ ve ºzerk ºĵrenme yaklaĸēmlarēnē ºn planda tutarak, yapay zekanēn 

¿niversite seviyesindeki pedagojik s¿re­ler ¿zerindeki etkisini deĵerlendirmek,  

2. Veterinerlik eĵitiminin hayvan saĵlēĵē, anatomi, parazitoloji ve gēda bilimi gibi temel 

alanlarēnda ­aĵdaĸ yapay zeka modellerinin ­ok yºnl¿ ve ­ok modlu uygulamalarēnē incelemek,  

3. Yapay zekanēn veterinerlik m¿fredatēna sorumlu bir ĸekilde entegre edilmesi için gerekli olan 

etik, pedagojik ve d¿zenleyici kriterleri detaylē bir ĸekilde ºzetlemek bu ­alēĸmanēn temel 

hedeflerindendir.  

DENEYSEL ¢ALIķMALAR 

Bu ­alēĸma, literat¿rdeki mevcut bilgileri b¿t¿nc¿l bir ĸekilde sentezleyip baĵlam içinde 

deĵerlendirmeyi hedefleyen kapsam belirlemeye odaklē bir inceleme olarak tasarlanmēĸtēr 

(Grant ve Booth, 2009). Bu ama­ doĵrultusunda, hēzla geliĸen ve ­eĸitlilik gºsteren literat¿r¿ 

analiz etmeye uygun, esnek ve yorumlayēcē bir yºntem benimsenmiĸtir. Araĸtērma kapsamēnda, 
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Scopus, Web of Science, ERIC, PubMed ve Google Scholar gibi ºnde gelen veri tabanlarē 

kullanēlarak geniĸ ­aplē bir literat¿r taramasē ger­ekleĸtirilmiĸtir. Yapay zek© ile desteklenen 

eĵitim uygulamalarēndaki g¿ncel eĵilimleri ve geliĸmeleri ortaya koymayē hedefleyen bu 

­alēĸma, ºzellikle 2019 ile 2026 yēllarē arasēnda yayēmlanan araĸtērmalara odaklanmēĸtēr. 

Literat¿r taramasēnda kullanēlan arama terimleri; ñyapay zek©ò, ñ¿retken yapay zek©ò, 

ñChatGPTò, ñb¿y¿k dil modelleriò, ñotonom ºĵrenmeò, ñveterinerlik eĵitimiò, ñsaĵlēk 

meslekleri eĵitimiò, ñy¿ksekºĵretimò, ñsim¿lasyonò ve ñ­ok modlu ºĵrenmeò kavramlarēnēn 

farklē kombinasyonlarēna dayandērēlmēĸtēr. 

Hakemli dergi makaleleri, derleme ­alēĸmalarē ve Ķngilizce yayēmlanan konferans bildirileri, 

yapay zek© ara­larēnēn, platformlarēnēn veya pedagojik yaklaĸēmlarēnēn y¿ksekºĵretimdeki 

kullanēmēnē ele almalarē ve ºzellikle veterinerlik ile saĵlēk bilimleri m¿fredatlarēna 

odaklanmalarē durumunda ­alēĸmaya dahil edilmiĸtir. Bu kapsamda elde edilen t¿m kayētlar, 

veri k¿mesinin d¿zenlenmesi, kaynaklarēn yºnetimi ve tekrarlayan ­alēĸmalarēn elimine 

edilmesi amacēyla Mendeley referans yºnetim yazēlēmēnēn 2.139.0 s¿r¿m¿ne (Elsevier) 

aktarēlmēĸtēr. ¢alēĸmalar sistematik bir ĸekilde, baĸlēk, ºzet ve tam metin düzeyinde uygunluk 

a­ēsēndan deĵerlendirilmiĸ ve ardēndan temel eĵitim uygulamalarē, pedagojik ­ēkarēmlar, etik 

boyutlar ile gelecekteki araĸtērma yºnelimlerini ortaya koymak ¿zere tematik analiz yºntemiyle 

analiz edilmiĸtir. Literat¿r araĸtērmasē, veterinerlik eĵitimine iliĸkin eĵitimsel, teknolojik ve 

alan ºzelindeki bakēĸ a­ēlarēnēn entegrasyonuna olanak saĵladē. Bºylece, ¿­ ana hedefle uyumlu 

net bir kavramsal kapsam tanēmlandē:  

1- Yapay zekanēn y¿ksekºĵretimde kiĸiselleĸtirilmiĸ ºĵrenme ¿zerindeki etkilerini 

deĵerlendirmek.  

2-  Veterinerlik m¿fredatēnēn temel alanlarē olan hayvan saĵlēĵē, anatomi, parazitoloji ve 

gēda bilimi gibi konularda yapay zekanēn somut uygulamalarēnē analiz edip 

sentezlemek.  

3- Veterinerlik eĵitiminde yapay zekanēn sorumlu bir ĸekilde kullanēmē i­in etik, pedagojik ve 

d¿zenleyici boyutlarē kapsayan kapsamlē bir ­er­eve oluĸturmak. 

Bilimsel literat¿r veri tabanlarē ve ºzel kaynaklardan yararlanēlarak sistematik bir protokole 

dayanmayan, ancak kapsamlē bir arama stratejisi uygulanmēĸ; ºzellikle 2024ï2025 yēllarē 

arasēnda yayēmlanan ­alēĸmalara odaklanēlmēĸtēr. Bu s¿re­te, ºnde gelen yapay zek© 

geliĸtiricileri tarafēndan ¿retilen kaynaklarēn yanē sēra hakemli dergi makaleleri, sistematik 

incelemeler, konferans bildirileri, teknik raporlar ve politika belgeleri detaylē ĸekilde 

incelenmiĸtir. Aynē zamanda veterinerlik ve tēp eĵitimine yºnelik kurumsal ve h¿k¿met temelli 

yºnergeler de deĵerlendirme kapsamēna alēnmēĸtēr. Araĸtērma s¿reci, sistematik inceleme 

protokollerine dayanmamēĸ olsa da, yapay zek© modellerinin yeni ortaya ­ēkan yetenekleri, 

sēnērlēlēklarē ve pedagojik etkileri a­ēsēndan g¿ncellik ve kapsamlēlēk saĵlanmasēna ºzel ºnem 

verilmiĸtir.  

Elde edilen bilgiler daha sonra baĸlēca tematik alanlara gºre d¿zenlendi; Bunlar arasēnda  
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(i) Yapay zeka benimsenmesiyle iliĸkili eĵitimsel dºn¿ĸ¿mler (kiĸiselleĸtirme, akēllē 

ºĵretim, deĵerlendirme ve ºĵrenme analitiĵi gibi);  

(ii)  ¦retken ve ­ok modlu yapay zekadaki teknolojik geliĸmeler (GPT-4/4o, Gemini 2.5, 

Claude 4, Copilot, DeepSeek V3/R1 ve Llama 4);  

(iii)  Veterinerlik eĵitiminde disipline ºzg¿ uygulamalar;  

(iv) Etik, d¿zenleyici ve mesleki hususlar yer almaktadēr.  

Literat¿r¿n farklē boyutlarēnē bir araya getirerek, veterinerlik eĵitiminde yapay zek©nēn rol¿ne 

dair daha geniĸ ve disiplinler arasē bir anlayēĸ oluĸturma hedefiyle tematik bir sentez 

ger­ekleĸtirilmiĸtir. Bu sentez, tekrar eden eĵilimleri, ortaya ­ēkan avantajlarē ve karĸēlaĸēlan 

sēnērlēlēklarē analiz ederken, teknolojik geliĸmelerle modern veterinerlik uygulamalarē i­in 

gerekli mesleki yeterlilikler arasēndaki uyumu da gºzler ºn¿ne sermektedir. Benimsenen 

metodolojik yaklaĸēm, incelemenin mevcut literat¿rdeki geliĸmelerin hem kapsamēnē hem de 

derinliĵini yansētmasēnē saĵlamēĸ ve yapay zek©nēn veterinerlik eĵitiminde ºĵrenme s¿recini 

destekleyen bir ara­ olarak kullanēmēna iliĸkin tutarlē, analitik ve g¿ncel bir perspektif 

sunmuĸtur. 

SONU¢LAR VE DEĴERLENDĶRME 

Y¿ksekºĵretimde Yapay Zeka: 

Yapay zek©, y¿ksekºĵretimi hēzla yeniden ĸekillendirerek sadece i­erik sunumunda deĵil, aynē 

zamanda ºĵretme ve ºĵrenmeyi yºnlendiren temel pedagojik yaklaĸēmlarda da kºkl¿ 

deĵiĸiklikler yaratmaktadēr. D¿nya genelindeki ¿niversiteler, ºĵretim kalitesini y¿kseltmek, 

ºĵrenme deneyimlerini bireyselleĸtirmek ve idari s¿re­leri daha verimli hale getirmek amacēyla 

yapay zek© teknolojilerinin kullanēmēnē giderek yaygēnlaĸtērmaktadēr. Yapēlan araĸtērmalar ve 

anketler, eĵitim kurumlarēnēn b¿y¿k bir bºl¿m¿n¿n yapay zek©yē en az bir ºĵretim alanēnda 

kullandēĵēnē ve bunun dijitalleĸmiĸ, veriye dayalē ºĵrenme ortamlarēna doĵru belirgin bir 

dºn¿ĸ¿m¿ yansēttēĵēnē ortaya koymaktadēr (Elad, 2025). Yapay zek©, yalnēzca destekleyici bir 

ara­ olarak kalmayēp aynē zamanda m¿fredat tasarēmē, ºĵrenme stratejileri ve deĵerlendirme 

yöntemleri üzerinde etkili bir pedagojik ortak olarak gºr¿lmektedir. Eĵitmenlerle yapay zek© 

arasēndaki etkileĸimlere dair geniĸ kapsamlē analizler, akademisyenlerin ºnemli bir kēsmēnēn 

m¿fredat geliĸtirme ve diĵer akademik s¿re­lerde yapay zek©dan yararlandēĵēnē gºstermekte ve 

bu teknolojinin yüksekºĵretime ne derece derin bir ĸekilde entegre olduĵunu ortaya 

koymaktadēr (Bent ve ark., 2025). ¥te yandan, veterinerlik ve hayvan bilimlerine odaklanan 

geniĸ ºl­ekli nicel verilerin h©l© sēnērlē olduĵuna dikkat ­ekilmektedir. 

Yapay zek©nēn pedagojik etkilerinden biri, ºĵrenme s¿re­lerini kiĸiselleĸtirme potansiyelidir. 

Veterinerlik eĵitiminde bu potansiyel, ºzellikle klinik ve tanēsal d¿ĸ¿nme becerilerinin 

geliĸtirilmesine odaklanan, zamanēnda geri bildirim gerektiren dersler ­er­evesinde 

deĵerlendirilmektedir. Ancak bu etkilerin, b¿y¿k ºl­¿de baĵlama baĵlē olduĵu 

unutulmamalēdēr. Yapay zek© yalnēzca ºĵretim s¿re­lerinde deĵil, aynē zamanda 

y¿ksekºĵretim kurumlarēnda idari iĸlevlerin ve akademik destek mekanizmalarēnēn 

geliĸtirilmesinde de etkili bir rol oynamaktadēr. Akēllē asistanlar ve sohbet botlarē; kabul 

iĸlemleri, ders kayētlarē, programlama ve ºĵrenci hizmetleri gibi s¿re­lerde destek saĵlayarak, 

ºĵretim elemanlarēnēn operasyonel y¿k¿n¿ hafifletir ve onlarēn eĵitim ve ºĵrenci 
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etkileĸimlerine daha ­ok yoĵunlaĸmasēna imk©n tanēr (Ahmad ve ark., 2024). Bununla birlikte, 

yapay zek©ya aĸērē baĵēmlēlēĵē ºnlemek adēna, derin ºĵrenme ve eleĸtirel d¿ĸ¿nmeyi 

destekleyen pedagojik yaklaĸēmlarēn teĸviki ºnemlidir. Bu yaklaĸēmlar arasēnda, bilgiyi yeniden 

üretmek yerine sentezlemeye odaklanan yaratēcē ºdevler, anlatēsal geri bildirim yºntemleri, 

kavram haritalama ve aktarēlabilir yetkinlikleri geliĸtirmeye yºnelik uygulamalē sim¿lasyonlar 

ºn plana ­ēkmaktadēr. Ayrēca ºĵrencilerin epidemiyoloji, gºr¿nt¿leme, parazitoloji, gēda 

g¿venliĵi ve hayvan saĵlēĵē gibi alanlarda yapay zek© destekli s¿re­lerle tanēĸmasē; tanē koyma, 

hastalēk yºnetimi ve halk saĵlēĵē m¿dahaleleri gibi pratik becerilerini geliĸtirmede ºnemli 

katkēlar sunabilmektedir. 

Yapay Zeka Modellerine Genel Bakēĸ: 

OpenAI (GPT-4, GPT-4o): OpenAI, ¿retken yapay zeka alanēnda ºnc¿ bir konumda 

görülmekte olup, özellikle GPT-4 ve GPT-4o modelleri eĵitim ve uygulama baĵlamēnda en ­ok 

konuĸulanlardan biridir. Bu modeller, doĵal ­ok modlu yetenekleri sayesinde radyografilerin 

iĸlenmesi, laboratuvar sonu­larēnēn analiz edilmesi, klinik gºr¿nt¿lerin deĵerlendirilmesi ve 

veteriner bilimlerine yºnelik alana ºzg¿ a­ēklamalarēn oluĸturulmasē gibi bir­ok alanda 

kullanēlabilir nitelik taĸēmaktadēr (Chu, 2024).  

Google (Gemini 2.5): Google'ēn Gemini 2.5 modeli, ºzellikle teknik dok¿mantasyonun 

iĸlenmesi ile tēbbi ve bilimsel gºr¿nt¿lerin analizinde ºnemli bir geliĸmiĸlik d¿zeyine sahip ­ok 

modlu bir model olarak ºne ­ēkēyor. Modelin g¿­l¿ yºnleri arasēnda, detaylē dok¿man 

analizinin yanē sēra yapēlandērēlmēĸ bilgi sentezi gerektiren eĵitim ortamlarē i­in kritik ºnem 

taĸēyabilecek gºr¿nt¿ yorumlama becerileri de bulunuyor. 

Antropik (Claude 4):  Claude 4, literat¿rde g¿venliĵe, olgusal doĵruluĵa ve ĸeffaf akēl 

y¿r¿tmeye verdiĵi ºnemle karakterize edilir; bu ºzellikler ºzellikle saĵlēkla ilgili eĵitim 

baĵlamlarēnda ºnemli kabul edilir.  

Microsoft (Copilot ve Copilot Chat): Microsoft, üretken yapay zeka yeteneklerini Office 365 

ekosistemine entegre ederek Word, PowerPoint, Teams ve OneNote gibi platformlarē 

halihazērda kullanan eĵitim kurumlarēna pratik bir ­ºz¿m sunuyor. Bu baĵlamda Copilot, 

akademik belgelerin otomatik ºzetlenmesi, eĵitim materyallerinin oluĸturulmasē, ºĵrenci 

ödevlerinin analiz edilmesi ve ders planlama süreçlerine destek saĵlama gibi iĸlevlerle ºne 

­ēkmaktadēr (Microsoft Education Team, 2025). 

DeepSeek (V3, R1): DeepSeek, mevcut ticari modellere bir alternatif olarak tasarlanmēĸ ve 

ºzellikle hesaplama verimliliĵi ile d¿ĸ¿r¿lm¿ĸ iĸletme maliyetlerine odaklanmasēyla dikkat 

­ekmiĸtir (Xu, 2025). DeepSeek V3, teknik analiz odaklē bir ­ºz¿m olarak tanēmlanērken, 

DeepSeek R1 ise geliĸmiĸ akēl y¿r¿tme becerileriyle ºne ­ēkmaktadēr. 

Meta (Llama 4): Llama 4, geniĸ metinsel i­eriklerin iĸlenmesini m¿mk¿n kēlarak kitaplar, 

büy¿k veri k¿meleri ve uzun diyaloglar gibi kapsamlē materyaller ¿zerinde etkili bir ĸekilde 

­alēĸabiliyor. A­ēk kaynaklē bir model olarak, eĵitim kurumlarēna belirli disiplinlere, m¿fredat 

ihtiya­larēna ya da klinik alanlara yºnelik ºzelleĸtirilmiĸ yapay zeka sistemleri geliĸtirme 

imkanē sunuyor (Meta AI, 2025). 
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Uzmanlaĸmēĸ Platformlar: 

Google NotebookLM: NotebookLM, eĵitim alanēnda en yenilik­i ara­lardan biri olarak ºne 

­ēkēyor ve Gemini'nin ­ok modlu mimarisi sayesinde belge tabanlē bir ºĵrenme asistanē iĸlevi 

gºr¿yor (Paul ve Dhami, 2025; Reisser, 2025). Bu ara­; veteriner patoloji notlarēnēn 

ºzetlenmesi, epidemiyoloji protokollerinin bir araya getirilip sentezlenmesi, anatomik yapēlarēn 

karĸēlaĸtērēlmasē ve ºĵrencilere derlenmiĸ okuma listeleri konusunda rehberlik saĵlanmasē gibi 

­eĸitli iĸlevlerde kullanēlabiliyor. 

ChatGPT ¢alēĸma Modu: 2025 yēlēnda tanētēlan ChatGPT kiĸisel bir ºĵretmen olarak 

tanēmlanēyor (OpenAI, 2025). Doĵrudan cevaplar vermek yerine, sistem yol gºsterici sorular 

sorarak, yansēmayē teĸvik ederek ve ¿stbiliĸsel becerileri uyararak derin ºĵrenmeyi destekliyor.  

Microsoft 365 Copilot Ajanlarē: Copilot Sohbeti, kurumsal daĵētēm ama­larē i­in ºzel olarak 

geliĸtirilen ºzelleĸtirilebilir ajanlar barēndērēr. Bu ajanlar, ºĵretim tasarēmcēsē, laboratuvar 

asistanē ya da deĵerlendirme uzmanē gibi belirli rolleri ¿stlenerek akademik iĸ akēĸlarēnē daha 

verimli hale getirebilir. ¥ĵrenme materyalleri oluĸturma, ºĵrenci performansēnē analiz etme ve 

hedefe yºnelik geri bildirim saĵlama gibi gºrevlerde aktif rol oynayarak eĵitim s¿re­lerine 

katkē sunar (Microsoft Education Team, 2025). 

Eĵitim i­in Claude: Anthropic'in Claude'un eĵitim versiyonu, ºzel bir ¥ĵrenme Modu i­erir 

yansētēcē d¿ĸ¿nmeyi ve kavramsal akēl y¿r¿tmeyi vurgular (Moeid. Claude AI, 2025; Osni. 

Claude for Education, 2025). Claude, doĵrudan a­ēklamalar yerine, anlayēĸē derinleĸtirmek i­in 

tasarlanmēĸ sorgulayēcē sorularla sēk sēk cevap verir.  

Meta Yapay Zeka (Llama 4 Scout ve Maverick): Llama 4 paketi, metin, görüntü ve 

videolarēn iĸlenmesinde verimliliĵi artēran eĵitilmiĸ modeller i­erir (Xu, 2025).  

Perplexity AI: Perplexity, derin araĸtērma ºzelliklerini ger­ek zamanlē alēntē mekanizmalarēyla 

birleĸtiren, konuĸma tabanlē bir akademik arama motoru olarak kendini kanētlamēĸtēr 

(Perplexity AI, 2025).  

Veterinerlik M¿fredatēnda Yapay Zekanēn Uygulamalarē: 

Yapay zek©, veterinerlik eĵitim m¿fredatēnēn farklē alanlarēnda ­ok yºnl¿ bir destek aracē olarak 

literat¿rde giderek daha fazla yer bulmaktadēr. Veterinerlik tēbbēnēn; biyolojik bilimler, klinik 

muhakeme, halk saĵlēĵē, patoloji, parazitoloji ve gēda g¿venliĵi gibi ­eĸitli disiplinleri bir arada 

barēndēran yapēsē gºz ºn¿ne alēndēĵēnda, yapay zek©nēn eĵitim s¿re­lerine entegre edilmesi, 

mesleki uygulamalara daha yakēn ve ger­ek d¿nyayē yansētan karmaĸēk, ­ok bileĸenli ve veri 

odaklē ºĵrenme etkinliklerini desteklemek i­in ºnemli bir yºntem olarak deĵerlendirilmektedir. 

Veteriner Halk Saĵlēĵē ve Hayvan Saĵlēĵē: Hayvan saĵlēĵē; hastalēklarēn ºnlenmesi, teĸhis, 

epidemiyoloji, gºzetim ve halk saĵlēĵē gibi konularē i­ine alan veteriner eĵitiminin vazge­ilmez 

bir alanēdēr. Yapay zekanēn bu alana entegrasyonu, tahmine dayalē modelleme, sim¿lasyon 

temelli ºĵrenme ve akēllē ºĵretim yaklaĸēmlarē sayesinde hem teorik bilgiye katkē saĵlamakta 

hem de pratik yeteneklerin geliĸtirilmesine olanak tanēmaktadēr. Bu konu, literat¿rde giderek 

daha fazla tartēĸēlan bir potansiyel olarak ºne ­ēkmaktadēr. 
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Bulaĸēcē Hastalēklar ve Tanē Desteĵi: Yapay zek© tabanlē tanē destek sistemleri, test 

duyarlēlēĵē, ºzg¿ll¿k ve karar eĸikleri gibi kavramlarēn a­ēklanmasē i­in eĵitim aracē olarak 

ºnerilmektedir. Bu sistemlerin veterinerlik eĵitimine entegre edilmesi, ºĵrencilerin 

algoritmalarēn ¿rettiĵi sonu­larēn klasik epidemiyolojik analizlerle nasēl ºrt¿ĸt¿ĵ¿n¿ ya da 

­eliĸtiĵini deĵerlendirmelerine olanak tanēyarak tanēsal akēl y¿r¿tme s¿re­lerini g¿­lendirebilir. 

Koruyucu Hekimlik ve Risk Sēnēflandērmasē: Koruyucu veteriner hekimliĵi, ºĵrencilerin 

riskleri modellemelerine, sonu­larē tahmin etmelerine ve farklē m¿dahalelerin etkilerini 

deĵerlendirmelerine olanak tanēyan yapay zek© destekli stratejilerden fayda saĵlayabilecek bir 

alan olarak belirlenmiĸtir.  

Anatomi ve Tēbbi Gºr¿nt¿leme: Anatomi, veteriner hekimlerin yetiĸtirilmesinde merkezi bir 

ºneme sahiptir ve yapēsal iliĸkilerin ayrēntēlē bir ĸekilde anlaĸēlmasēnē ve klinik gºr¿nt¿leri 

yorumlama yeteneĵini gerektirir. Yapay zeka destekli ara­lar, anatomi odaklē m¿fredatlarda 

hem temel eĵitimi hem de daha geliĸmiĸ tanē eĵitimini desteklediĵi i­in giderek daha fazla 

tartēĸēlmaktadēr.  

Görüntü Yorumlama ve Tahmin Modellemesi: Radyografik, BT ve MR görüntülerinin 

otomatik yorumlanmasēnda yaygēn olarak uygulanmēĸtēr.  

Etkileĸimli ve S¿r¿kleyici Anatomik Eĵitim: Yapay zeka destekli sanal ve artērēlmēĸ 

ger­eklik ortamlarē, dinamik 3B anatomik modellerin incelenmesini kolaylaĸtēran bir ara­ 

olarak tanēmlanmēĸtēr. Bu platformlar, ºĵrencilerin anatomik yapēlarla etkileĸimde 

bulunmasēnē, mekansal iliĸkileri gºrselleĸtirmesini ve risksiz bir eĵitim ortamēnda diseksiyona 

benzer deneyimler simüle etmesini m¿mk¿n kēlmaktadēr (Boral ve Mondal, 2025; Ng ve ark., 

2024).  

Gēda Bilimi, Gēda Teknolojisi ve Gēda G¿venliĵi: Gēda bilimi, mikrobiyoloji, iĸleme 

teknolojileri, hijyen, d¿zenlemeler ve halk saĵlēĵēnē bir araya getiren, veterinerlik eĵitiminin 

temel unsurlarēndan biridir. Yapay zekanēn, end¿striyel ortamlarēn sim¿lasyonu, s¿re­ analizi 

ve mikrobiyolojik deĵerlendirme desteĵi gibi ­eĸitli eĵitim uygulamalarē sunduĵu ¿zerinde 

durulmuĸtur. Ayrēca, yapay zekanēn literat¿r taramasē, proje planlamasē ve ºĵrenciler arasēnda 

eleĸtirel d¿ĸ¿nme yeteneklerini geliĸtirme konusunda ºnemli bir katkē saĵladēĵē belirtilmiĸtir. 

Gēda Ķĸleme ve Kalite Kontrol¿nde Yapay Zeka: Gēda teknolojisi ve m¿hendisliĵi 

eĵitiminde, yapay zeka s¿re­ optimizasyon egzersizlerini, kaynak yºnetimi senaryolarēnē ve 

kalite deĵerlendirme faaliyetlerini desteklemek i­in uygulanmēĸtēr.  

Yapay Zekanēn Entegrasyonuna Ķliĸkin Etik, Pedagojik ve Klinik Hususlar: 

Yapay zek©nēn eĵitim sistemlerine giderek daha fazla entegre edilmesiyle birlikte, etik, eĸitlik, 

akademik d¿r¿stl¿k ve mesleki sorumluluk, veterinerlik kurumlarē a­ēsēndan ºnemli tartēĸma 

baĸlēklarē haline gelmiĸtir (Nguyen ve ark., 2023). Her ne kadar yapay zek© eĵitim alanēnda 

ºnemli pedagojik fērsatlar sunsa da, bu entegrasyon s¿recinin ºĵrenme kalitesini, biliĸsel 

geliĸimi ve etik standartlarē olumsuz etkileyebilecek istenmeyen durumlara yol a­ma riskinden 

ºt¿r¿ dikkatle ele alēnmasē gerektiĵi belirtilmektedir. ¥zellikle veteriner hekimlik alanēnda, 

yapay zek© tarafēndan sunulan deĵerlendirmelere ve tanē ºnerilerine aĸērē g¿venin, baĵēmsēz 
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klinik d¿ĸ¿nce geliĸtirme s¿re­lerini baltalama potansiyeline sahip olduĵu vurgulanmaktadēr. 

Klinik uygulamalarda ise, yapay zek© sistemlerinin karmaĸēk ya da nadir karĸēlaĸēlan vakalarda 

sēnērlē eĵitim verisi nedeniyle yetersiz kalēĸē, bu teknolojilere aĸērē g¿venilmesi durumunda tanē 

s¿recinde dikkatsizlik ve uyanēklēk kaybēna yol a­abilir. Avrupaôda Genel Veri Koruma T¿z¿ĵ¿ 

(GDPR), yapay zek© tabanlē eĵitim platformlarēnēn veri kullanēmēnda minimizasyon, 

bilgilendirilmiĸ onam ve algoritmik ĸeffaflēk gibi kritik gereksinimleri ortaya koymaktadēr 

(Poireault, 2025). Ayrēca, Avrupa Ķla­ Ajansē ve Yeni Zelanda Veteriner Hekimler Birliĵi 

tarafēndan yayēnlanan kēlavuzlarda, yapay zek©nēn veterinerlik hizmetlerine entegrasyonunda 

y¿ksek etik ve operasyonel standartlarēn korunmasēnēn altē ­izilmektedir (European Medicines 

Agency, 2025; New Zealand Veterinary Association, 2025). Sorumlu yapay zek© kullanēmēnda 

ºncelikli prensipler arasēnda insan odaklē karar verme yaklaĸēmēnēn s¿rd¿r¿lmesi, s¿re­lerin 

ĸeffaflēĵēnēn saĵlanmasē, teknolojilere eĸit eriĸimin teĸvik edilmesi ve yapay zek© sistemlerinin 

performansēnēn s¿rekli olarak izlenmesi gibi unsurlar yer almaktadēr (deBrito ve ark., 2025; 

Reagan ve ark., 2025). 

GENEL DEĴERLENDĶRME VE SONU¢LAR 

Yapay zek©, veterinerlik eĵitimine hēzla yºn veren ve farklē alanlarda yeni fērsatlar sunan bir 

dºn¿ĸ¿m aracē haline gelmiĸtir. Anatomi, parazitoloji, gēda bilimi ve veteriner halk saĵlēĵē gibi 

birçok disiplinde AI, kiĸiselleĸtirilmiĸ eĵitim s¿re­leri oluĸturma, tanēsal muhakemeyi 

geliĸtirme, deĵerlendirme s¿re­lerini otomatikleĸtirme ve farklē veri setlerini entegre etme gibi 

yenilik­i yaklaĸēmlara imk©n tanēmaktadēr. Yapēlan ºrnek ­alēĸmalar, yapay zek©nēn artēk 

yalnēzca destekleyici bir ara­ olmaktan ­ok, teorik bilgiye derinlik katan ve pratik becerilerin 

geliĸimine g¿­l¿ katkēlar saĵlayan etkin bir eĵitim materyali olarak ºne ­ēktēĵēnē 

gºstermektedir. Yapay zek©nēn en etkileyici ºzelliklerinden biri, ºĵrenme süreçlerini 

kullanēcēnēn ihtiya­larēna gºre ºzelleĸtirebilme yetisidir. Bu, ºzellikle anatomi, patoloji ve tēbbi 

gºr¿nt¿leme gibi alanlarda ºĵrenim s¿re­lerinin daha ger­ek­i ve etkileĸimli bir hale gelmesine 

b¿y¿k katkē saĵlamaktadēr. Ayrēca, gēda bilimi ve hijyen alanēnda geliĸtirilen yapay zeka 

destekli sanal laboratuvarlar ve tahmine dayalē mikrobiyoloji platformlarē, ºĵrencilerin teorik 

bilgiyi uygulamayla harmanlama becerisini artērmaktadēr. Bu t¿r teknolojiler sayesinde 

ºĵrenciler, mikrobiyal davranēĸ kalēplarēnē inceleme, s¿re­ optimizasyonu ¿zerinde ­alēĸma ve 

gēda g¿venliĵi yºnetim stratejileri geliĸtirme gibi ger­ek d¿nya deneyimlerine bir adēm daha 

yaklaĸmakta, ancak bu s¿re­te doĵrudan risk almadan ºĵrenimlerini s¿rd¿rebilmektedir. Bu 

teknolojik yenilikler, ºĵrencilerin yalnēzca teknik kapasitelerini geniĸletmekle kalmayēp aynē 

zamanda g¿venlik bilincini artērmalarēnē ve daha bilin­li kararlar alabilmelerini saĵlamaktadēr. 

Bu araĸtērmada asēl ama­, yapay zek© teknolojileri ï özellikle üretken ve çok katmanlē ­ºz¿mler 

ï konusundaki son geliĸmeleri incelemek ve bu kapsamda veterinerlik eĵitiminin ºzg¿n 

gereksinimlerine odaklanmaktēr. Bununla birlikte, yapay zek©nēn etik ve sorumlu bir ĸekilde 

uygulanmasē s¿recinde karĸēlaĸēlan zorluklarē da g¿ndeme getirmek önem arz etmektedir. 

Gelecekte ­ºz¿m odaklē yaklaĸēlmasē gereken bir dizi ºncelikli mesele bulunmaktadēr. 

¥ncelikle, veterinerlik eĵitiminde yapay zek© ara­larēnēn etkinliĵini ºl­meye yºnelik daha fazla 

ampirik araĸtērmaya ihtiya­ vardēr. Bu kapsamda elde edilecek verilerin, ºĵrenim seviyeleri, 

tanē doĵruluĵu, pratik beceri geliĸtirme ve bilginin uzun vadeli s¿rd¿r¿lebilirliĵi ¿zerindeki 

etkileri deĵerlendirilmelidir. Bunun yanē sēra, veterinerlik eĵitiminde dijital ara­lar ºnemli bir 
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yere sahip olsa da eĵitimin merkezinde klinik akēl y¿r¿tme, etik karar alma ve hayvan refahēnē 

hedefleyen insan uzmanlēĵēnēn tutulmasē gereklidir. Yapay zek©nēn, mesleki yargēnēn yerini 

alan deĵil, aksine onu destekleyen bir teknoloji olarak konumlanmasē kritik bir meseledir. Bu 

anlayēĸ, hem klinik sorumluluklarēn korunmasēnē hem de veteriner bakēmēna olan g¿venin 

s¿rd¿r¿lebilirliĵini temin etmek i­in hayati ºneme sahiptir. 
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ÖZET 

Son yēllarda veteriner hekimlikte baĵērsak saĵlēĵēnēn hayvan performansē, baĵēĸēklēk 

sistemi ve genel fizyolojik denge ¿zerindeki kritik rol¿ daha iyi anlaĸēlmēĸtēr. ¥zellikle yoĵun 

¿retim sistemlerinde, baĵērsak mikroflorasēnēn dengesi hayvan saĵlēĵēnēn s¿rd¿r¿lebilirliĵi 

a­ēsēndan belirleyici bir faktºr olarak kabul edilmektedir. Günümüzde hayvansal üretimde 

antibiyotiklerin yaygēn kullanēmē, baĸta Antibiyotik Direnci olmak ¿zere ciddi k¿resel saĵlēk 

sorunlarēna yol a­maktadēr. Bu durum, hem hayvan saĵlēĵēnē hem de insan saĵlēĵēnē tehdit eden 

ºnemli bir problem haline gelmiĸtir. Antibiyotiklerin bir­ok ¿lkede yasaklanmasēyla birlikte, 

veteriner hekimlikte alternatif yaklaĸēmlar ºn plana ­ēkmēĸtēr. Bu alternatiflerin baĸēnda 

probiyotikler ve prebiyotikler gelmektedir. Probiyotikler, yeterli miktarda alēndēĵēnda konak 

saĵlēĵē ¿zerinde olumlu etkiler oluĸturan canlē mikroorganizmalardēr. Prebiyotikler ise 

sindirilemeyen ancak baĵērsak mikroorganizmalarēnēn aktivitesini ve kompozisyonunu olumlu 

yönde etkileyen bileĸiklerdir. Bu iki grup, baĵērsak mikrobiyotasēnē d¿zenleyerek sadece 

fizyolojik s¿re­leri deĵil, aynē zamanda doku d¿zeyinde histolojik yapēyē da doĵrudan veya 

dolaylē olarak etkilemektedir. Veteriner histoloji a­ēsēndan deĵerlendirildiĵinde, 

probiyotiklerin baĵērsak histolojisi ¿zerindeki etkileri ­ok yºnl¿d¿r. Yapēlan ­alēĸmalar, 

probiyotik uygulamalarēnēn villus y¿ksekliĵini artērdēĵēnē ve kript derinliĵini optimize ettiĵini 

gºstermektedir. Bu durum, baĵērsak y¿zey alanēnēn geniĸlemesine ve besin emilim 

kapasitesinin artmasēna katkē saĵlamaktadēr. Ayrēca probiyotikler, epitel h¿crelerindeki 

baĵlantēlarē g¿­lendirerek patojen mikroorganizmalarēn translokasyonunu engellemede 

ºnemlidir. Probiyotiklerin bir diĵer ºnemli etkisi de immun sistem ¿zerinedir. Lenfoid 

dokularda, ºzellikle baĵērsakla iliĸkili lenfoid dokularda (GALT), h¿cresel aktivitenin arttēĵē ve 

immun yanētēn g¿­lendiĵi rapor edilmiĸtir. Prebiyotikler, baĵērsakta faydalē bakterilerin 

­oĵalmasēnē teĸvik ederek mikrobiyota kompozisyonunu deĵiĸtirirler. Histolojik olarak 

prebiyotik uygulamalarē, goblet h¿cre sayēsēnda artēĸ ve mukus tabakasēnda kalēnlaĸma ile 

iliĸkilidir. Bu durum, baĵērsak mukozasēnēn korunmasēna ve patojenlere karĸē direncin 

artmasēna katkē saĵlar. Antibiyotiklerin uzun s¿reli kullanēmē, diren­ geliĸimi ve kalēntē 

sorunlarē gibi ºnemli problemlere yol a­maktadēr. Bu nedenle, probiyotik ve prebiyotikler, 

antibiyotiklere alternatif olarak giderek daha fazla tercih edilmektedir. Histolojik düzeyde 

saĵladēklarē iyileĸmeler, bu bileĸenlerin sadece performans artērēcē deĵil aynē zamanda 

koruyucu ajanlar olduĵunu gºstermektedir. Probiyotik ve prebiyotikler, veteriner histolojide 

ºzellikle baĵērsak dokusu ¿zerinde belirgin ve olumlu etkiler oluĸturan ºnemli biyolojik 

ajanlardēr. Aynē zamanda immün sistem üzerinde de destekleyici etkiler göstermektedir. 

Gelecekte yapēlacak akademik araĸtērmalar hayvansal ¿retim a­ēsēndan ºnemli katkēlar 

sunacaktēr. 
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1. GĶRĶķ 

Probiyotik terimi Latince ñproò ve ñbiosò kºklerinden t¿retilmiĸtir ve ñcanlē i­inò anlamē 

taĸēmaktadēr. Probiyotikler keĸfinden itibaren ge­en zaman i­erisinde araĸtērmacēlar tarafēndan 

farklē ĸekilde tanēmlanmēĸlardēr. Ķlk olarak 1965 yēlēnda ñBir protozoa tarafēndan sentezlenen, 

bir diĵer protozoanēn geliĸimini teĸvik eden bileĸiklerò olarak tanēmlanmēĸtēr. G¿n¿m¿zde ise 

yapēlan araĸtērmalar ve belirlenen yeni kullanēm alanlarē nedeniyle probiyotikler, ñkalitatif ya 

da kantitatif olarak baĵērsak mikroflorasēnē etkileyen veya immun sistemin durumunu 

deĵiĸtirerek yararlē etkilerini tetikleyen, insan ve hayvanlar tarafēndan t¿ketilen canlē 

mikroorganizma preparatlarēò olarak tanēmlanmaktadēr (Fuller, 2004; Wang ve ark., 2016).  

Probiyotikler hakkēndaki ilk ­alēĸma 19. y¿zyēlēn sonlarēnda Nobel ºd¿ll¿ Rus bilim adamē Elie 

Metchnikoff tarafēndan yapēlmēĸtēr. Metchnikoft, Bulgar daĵ kºyl¿leri tarafēndan t¿ketilen 

fermente s¿tler ¿zerinde araĸtērmalar yapmēĸ ve s¿tte probiyotiklerin (laktik asit bakterilerinin) 

varlēĵēnē tespit etmiĸtir. Araĸtērēcē ayrēca mikrofloranēn oluĸumu ¿zerinde de sistematik 

­alēĸmalar yapmēĸ ve fermente s¿t ¿r¿nlerinin otointoksikasyonunu, yani v¿cutta bulunan 

toksik maddelerin etkilerini ºnlediĵi hipotezini ºne s¿rm¿ĸt¿r (Schrezenmeir ve De Vrese, 

2001). 

Prebiyotik terimi ñkolon bakterilerinden birinin veya az bir kēsmēnēn ­oĵalmasē ve/veya 

aktivitesini etkileyerek yararlē bir etki oluĸturan sindirilmeyen gēda maddesiò olarak 

tanēmlanmēĸtēr. Prebiyotikler, sindirilmeyen gēda i­erikleri olup, insan ve hayvan saĵlēĵēnē 

olumlu yºnde etkileyen kolon bakterilerinin geliĸmesini teĸvik eden karbonhidratlardēr. Diĵer 

bir deyiĸle gastrointestinal mikroflora kompozisyonunda ve/veya aktivitesinde yararlē 

deĵiĸiklikler yapabilen se­ici olarak fermente edilen bileĸiklerdir (Gibson ve Roberfroid, 1995; 

Jahanpour ve ark., 2015). 

1. PROBĶYOTĶKLER  

 

Probiyotik, yeterli miktarda alēndēĵēnda konaĵēn saĵlēĵē ve fizyolojisi ¿zerinde yararlē 

etkileri olan canlē mikroorganizmalardēr (ķener ve ark., 2008). Fermente s¿t ¿r¿nleri, turĸu, ­iĵ 

sucuk, ekmek, bira, ĸarap, kēmēz ve kefir probiyotiklerden zengin gēda maddeleridir (Yaĵcē, 

2002). Gēda maddesiyle alēnan probiyotiklerin baĵērsak sistemine canlē olarak ulaĸmasē ve gēda 

maddesinin en az 106 koloni/g ve daha fazla sayēda canlē probiyotik bakteri i­ermesi gerektiĵi 

ve i­inde bulunduklarē gēdanēn ¿retimi ve raf ºmr¿ s¿resince canlē kalabilmeleri gerektiĵi 

bildirilmektedir (Samona ve Robinson, 1994). Probiyotikler esas olarak laktik asit 

bakterileridir. Yoĵurt yapēmēnda kullanēlan mikroorganizmalar (Laktobacillus bulgaricus ve 

Streptococcus thermophilus) dēĸēnda t¿m laktik asit bakterileri baĵērsak florasē elemanlarēdēr. 

Probiyotik olarak en sēklēkla kullanēlan mikroorganizmalar laktik asit bakterileri (Lactobacillus 

spp, Streptococcus spp, Enterococcus spp, Leuconostoc spp, Pediococcus spp, Bifidobacterium 

spp.) ve Saccharomyces boulardiiôdir. S.boulardii, ilk kez Dr. Boulard tarafēndan Uzakdoĵuda 

yetiĸen tropikal bir meyvenin kabuĵundan izole edilen bir maya mantarēdēr (Reid ve ark., 2003; 

G¿ltekin, 2004). Gastrointestinal sistemôin normal florasē doĵumda steril iken yeni doĵan 

dºnemde deĵiĸikliĵe uĵrayarak normal florasēnē kazanēr. Doĵumun 2. ve 5. g¿nlerinden itibaren 

anne s¿t¿ alēmēna baĵlē olarak Bifidobakteriler 1. haftanēn sonunda gaitanēn florasēnda (1010-
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1011/g gaita) bol miktarda bulunmakta olup immun sistemin aktivasyonuna aracēlēk 

etmektedirler. (Vanderhoof ve Rosemary, 2002; Ķnan­ ve ark., 2005). 

Probiyotik mikroorganizmalarēn insan saĵlēĵēna katkēda bulunduĵu en önemli etkiler; laktoz 

intoleransē ve kabēzlēk semptomlarēnēn hafifletilmesi, ­eĸitli tip diyarelerin ºnlenmesi ve 

tedavisi, immun sistemin uyarēlmasē, antit¿mºr ve antikanserojen etkiler olarak sayēlabilir 

(Salminen ve ark.,1998; Kēnēk ve G¿rsoy, 2006).  

1.1. Probiyotik Mikroorganizmalarēn Etki Mekanizmasē  

1. 1. 1. Patojen Bakterilerin Sayēsēnē Azaltma: Probiyotikler, patojen mikroorganizmalar 

üzerine direkt antagonistik etki yaparak, patojen bakterilerin üremesini engelleyen 

antimikrobiyal peptid (mikrosin, inhibitör bakteriyosin) üretirler.  

1. 1. 2. Barsak Y¿zeyine Yapēĸma: Probiyotikler, patojenlerin üremesine ve invazyonuna 

bir­ok yolla engel olurlar. Bu maddeler, mukus katmanē ve epiteliyal h¿crelerdeki sēnērlē 

sayēdaki yerler i­in patojen bakterilerle yarēĸērlar, patojenlerin adezyonunu ºnlerler, sayē ve 

hacim avantajlarē ile patojenlerin girmesini zorlaĸtērēr ve epiteliyal bariyeri g¿­lendirerek 

translokasyonunu önlerler.  

1. 1. 3. Besin Elementleri Ķ­in Rekabet: Probiyotikler, patojenlerin üremek için gereksinim 

duyduklarē besin maddelerini t¿keterek, ¿remelerini inhibe ederler.  

1. 1. 4. Enzim Aktivitesi: Metabolizma üzerine etki yaparlar. Barsak enzim aktivitesine etki 

ederek laktaz, maltaz, s¿kraz aktivitesini arttērērlar.  

1. 1. 5. Toksin ve Toksin Reseptörlerine Etkisi: Probiyotikler indol, amin, amonyak gibi 

toksik maddelerin baĵērsaklardan emilimini azaltērlar  

1. 1. 6. Ķmmun Sistem ¦zerine Etkileri: Probiyotikler antimikrobiyal etkilerinden baĸka, 

immunoglobulin salēnēmēnēn artmasē, daha aĵēr dalak, timus ve Bursa Fabricius elde edilmesi, 

sitokinlerin ve interferonlarēn daha fazla ¿retilmesi, lenfosit aktivitesini ve makrofajlarē 

uyarmak ve immunoglobulin ¿retimini artērmak gibi ­eĸitli mekanizmalarla hayvanlarēn immun 

sistemlerini uyararak saĵlēklarē ¿zerine olumlu yºnde etkin rol oynamaktadērlar. Ķ­me suyuna 

ya da yemlere karēĸtērēlarak verilen probiyotikler hayvanlarēn yemden yararlanma oranlarēnē 

artērarak, baĵērsak florasēnē dengeleyip d¿zene sokar, ayrēca mikroorganizmalarēn v¿cudun 

savunma sisteminde meydana getireceĵi zararlē etkileri ºnleyerek hayvan saĵlēĵēnēn 

korunmasēna katkē saĵlar (Ayasan ve ark., 2006; Karslē ve Dºnmez, 2007).  

Probiyotik mikroorganizmalarēn klinik kullanēmē ile ilgili ­alēĸmalar g¿n ge­tik­e 

­oĵalmaktadēr. ¥zellikle intestinal sistem hastalēklarē baĸta olmak ¿zere karaciĵer, aĵēz-diĸ 

saĵlēĵē, ¿rogenital sistem hastalēklarē, laktoz intoleransē, konstipasyon semptomlarēnēn 

hafifletilmesi, immun sistemin uyarēlmasē, allerji, kanser, ­eĸitli tip diyarelerin önlenmesi, 

kolesterol d¿zeyinin reg¿lasyonu ile ilgili pozitif etkilerden bahsedilmektedir. Ķntestinal sistem 

hastalēklarēndan antibiyotik kullanēmēna baĵlē diyarelerde, ¿lseratif kolit, chron hastalēĵē, 

spastik kolon-irritabl barsak sendromu, nekrotizan enterokolit gibi inflamatuar barsak 

hastalēklarēnda kullanēmē ile ilgili pek ­ok ­alēĸma yapēlmaktadēr (Kēnēk ve G¿rsoy, 2006). 
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1. 1. 7. Antibiyotik Ķliĸkili Diyareler ¦zerine Etkileri: Enfeksiyonlarda oral yolla alēnan 

antibiyotikler patojen mikroorganizmalarē yēkēmladēĵē gibi barsak florasēnda doĵal olarak 

bulunan faydalē bakterileri de yēkēmlar. Buna baĵlē olarak da antibiyotiĵe baĵlē diyare 

ĸekillenebilmektedir (Gºn­ ve Akalēn, 1995). Yapēlan ­alēĸmalarda ishal ĸikayeti olan hastalara 

probiyotik verilmesinin hastalēĵē ºnemli ºl­¿de azalttēĵē bildirilmektedir.  

1. 1. 8. Inflamatuvar Barsak Hastalēklarēnda Kullanēmē:  

¦lseratif Kolit (UC),  Chron Hastalēĵē, Spastik Kolon-Ķrritabl Baĵērsak Sendromu, Helicobacter 

Pylori gibi hastalēklarda sēklēkla probiyotikler kullanēlmaktadēr. 

1.1. 9. Karaciĵer Fonksiyonlarēna Etkisi: Hepatik ensefalopati ve siroz bu hastalēklarda, 

probiyotiklerin baĵērsaklardan karaciĵere kanē getiren portal damarda taĸēnan kanēn amonyak 

seviyesini ve bakteriyel üreaz seviyesini d¿ĸ¿rd¿ĵ¿, pHôyē d¿ĸ¿rerek amonyak absorbsiyonunu 

ve intestinal ge­irgenliĵi azalttēĵē bildirilmektedir (Solga, 2003).  

Probiyotiklerin bulunduĵu konak­ēdaki diĵer mikroorganizmalara karĸē g¿­l¿ etkileri olduĵu 

ve konak­ēya yararlarē olduĵu kesin olarak kabul edilmiĸtir. Ancak probiyotik olarak 

kullanēlacak mikroorganizmalarda bazē ºzelliklerin bulunmasē istenmektedir: 

-G¿venilir olmalēdēr. Kullanēldēĵē insan ve hayvanda yan etki oluĸturmamalēdēr. 

-Stabil olmalēdēr. Olumsuz koĸullardan etkilenmeden baĵērsakta metabolize olmalēdēr. 

-Baĵērsak h¿crelerine tutunabilmeli ve kolonize olabilmelidir. 

-Patojenik bakterilere antagonistik etki yapmalēdēr. 

-Antimikrobiyal maddeler üretmelidir. 

-Antibiyotiklere diren­li olmalēdēr. 

-¦retim ve depolama sērasēnda canlēlēĵēnē ve aktivitesini koruyabilmelidir. 

-Patojenik olmamalē ve toksin ¿retmemelidir. 

-Probiyotik ¿retiminde kullanēlan suĸlar aktarēlabilir antibiyotik diren­ genleri i­ermemelidir 

(Ezema, 2013).  

2. PREBĶYOTĶKLER  

Prebiyotikler, sindirilmeyen gēda i­erikleri olup, insan ve hayvan saĵlēĵēnē olumlu 

yºnde etkileyen kolon bakterilerinin geliĸmesini teĸvik eden karbonhidratlardēr (Naidu ve ark., 

1999). Diĵer bir deyiĸle gastrointestinal mikroflora kompozisyonunda ve/veya aktivitesinde 

yararlē deĵiĸiklikler yapabilen se­ici olarak fermente edilen bileĸiklerdir (Gibson ve Roberfroid, 

2008). Prebiyotiklerin hayvanlarēn beslenmesinde kullanēmēnda oligosakkaritlerin laktik asit 

d¿zeyini artērma, sindirim sistemi pHôsēnē y¿kseltme, yararlē bakteri sayēsēnda artēĸa sebep olma 

ºzelliklerinden faydalanēlmaktadēr. Diĵer yandan, intestinal mukozayē barsak villilerini 

arttērdēĵē, ºzellikle jejunumda maltaz, aminopeptidaz ve alkali fosfataz aktivitesini arttērdēĵē da 

bildirilmektedir (Iji ve ark., 1999; Tun­, 2007). Yapēlan ­alēĸmalarda broyler rasyonlarēna 

prebiyotik preperatē ilave edilmesiyle canlē aĵērlēk artēĸē, yemden yararlanma oranēnda artēĸ 

tespit edilmiĸtir (Kumprecht ve ark., 1997).  
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Çizelge1. Gēdalarda kullanēlan baĸlēca prebiyotikler 

 

Inulin Ksilo-oligosakkaritler 

Laktuloz Palatinoz 

Frukto-oligosakkaritler Pirodekstrinler 

Galakto-oligosakkaritler Laktosukroz 

Laktosukroz Sorbitol 

Gluko-oligosakkaritler Ķzomalto-oligosakkaritler 

Raftilin Soyaoligosakkaritleri 

Oligomat Gentio-oligosakkaritler 

 

 

Veteriner histolojik ­alēĸmalarda prebiyotik ve probiyotiklerin ĸu deĵiĸimlere yol a­tēĵē 

gºzlemlenmiĸtir: 

Baĵērsak Epitel Organizasyonu ve Yenilenmesi: Enterosit Dinamiĵi. Enterosit 

proliferasyonunu artērēr. Kript bºlgesinde mitoz bºl¿nmeyi arttērēr ve bºylece h¿cre yenilenme 

s¿resini optimize ederek diferansiyasyonu hēzlandērēr. Daha d¿zenli epitel dizilimi, Apikal 

mikrovillus yoĵunluĵunda artēĸ, H¿cre sēnērlarēnēn belirginleĸmesine neden olur. 

Villus Morfolojisi:  Baĵērsak villuslarēnēn boyunda (villus y¿ksekliĵi) artēĸ ve kript 

derinliĵinde azalma gºr¿l¿r. Aĸērē derinleĸme baskēlanēr. Dengeli proliferasyon saĵlanēr. Bu 

durum, besin emilimi i­in daha geniĸ bir y¿zey alanē anlamēna gelir. 

Epitel B¿t¿nl¿ĵ¿: H¿crelerarasē baĵlantē komplekslerinden olan Tight Junction (Sēkē 

Baĵlantēlar)ôda Occludin, Claudin ve ZO-1 ekspresyonunu arttērēr. H¿creler arasē ge­irgenlik 

azalēr. Bunun sonucunda epitel b¿t¿nl¿ĵ¿ korunur ve intersel¿ler boĸluklar azalēr. 

Lenfosit ve Plazma Hücreleri: IgA ¿reten plazma h¿crelerinin sayēsēnda artēĸa neden olarak 

CD4+ ve CD8+ hücre dengesi d¿zenlenir. Peyer Plaklarēnda lenfoid folik¿l aktivitesi artar.  

Germinal merkez (Centrum germinativum) geliĸimi belirginleĸir. Kronik inflamatuar h¿cre 

infiltrasyonu azalēr ve doku hasarē minimalize edilir. 

Ķnflamasyon ve Sitokin Yanētē: Histolojik olarak Proinflamatuar Sitokinlerden TNF-Ŭ, IL-6 

ve ºdem azalēr. Epitel hasarē geriler. Anti-inflamatuar Sitokinlerden IL-10 artar ve doku daha 
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stabil ve homeostatik gºr¿n¿m kazanēr. Aĸērē h¿cre ºl¿m¿ baskēlanēr. Ki-67 pozitif h¿cre sayēsē 

artarak proliferasyon ĸekillenir. 

Oksidatif Stres ve Doku Hasarē: Antioksidan etki sayesinde serbest radikal hasarē azalēr. Lipid 

peroksidasyonu azalēr ve bunun sonucunda h¿cresel dejenerasyon azalēr, nekroz odaklarē 

kaybolur.  

Baĵērsak Dēĸē Organlara Histolojik Etkiler: Karaciĵerde steatozis azalēr. Hepatosit yapēsē 

korunur. Sin¿zoid organizasyonu d¿zelir. Bºbrekte tub¿ler dejenerasyon azalēr. Glomer¿ler 

yapē korunur. Rumende papilla uzunluĵu artar. Keratinizasyon dengelenir. 

Goblet H¿cre Sayēsē: M¿sin salgēlayan goblet h¿crelerinin sayēsēnda artēĸ izlenir. Bu, 

patojenlere karĸē koruyucu bir mukus bariyerinin g¿­lendiĵinin histolojik gºstergesidir. Bunun 

sonucunda patojen adezyonu azalēr ve mekanik ve kimyasal bariyer g¿­lenir. 

Genel olarak; Probiyotik ve prebiyotiklerin dokularda; Epitel b¿t¿nl¿ĵ¿n¿ koruyarak, Villus 

yapēsēnē geliĸtirerek, Mukus bariyerini g¿­lendirerek, Ķmmun yanētē d¿zenleyerek, 

Ķnflamasyonu azaltarak ve sistemik organlarē koruyarak histolojik etkilerini gºsterirler. 

Veteriner hekimlikte bu maddelerin kullanēmē sadece klinik bir destek deĵil, aynē zamanda 

doku düzeyinde rejeneratif (yenileyici) ve koruyucu bir strateji olarak deĵerlendirilir. 

¢iftlik Hayvanlarē (Kanatlē, Ruminant): B¿y¿me performansēnē artērmak ve baĵērsak 

histolojisini optimize ederek yemden yararlanmayē maksimize etmek i­in kullanēlēr. 

Pet Hayvanlarē (Kedi, Kºpek): Kronik enteropati veya antibiyotik kaynaklē diyare 

durumlarēnda baĵērsak mukozasēnēn onarēmē ve doku saĵlēĵēnēn korunmasē amacēyla tercih 

edilir. 

Su Ürünleri:  Balēklarēn baĵērsak epitel yapēsēnē g¿­lendirerek hastalēklara karĸē diren­ 

saĵlamak amacēyla incelenmektedir.  

2. DENEYSEL ¢ALIķMALAR 

Veteriner histolojide prebiyotik ve probiyotik kullanēmē, bu maddelerin gastrointestinal kanalēn 

mikro mimarisi üzerindeki hücresel ve doku düzeyindeki etkilerini incelemeye odaklanēr. 

Doĵrudan bir "histolojik teknik" olmaktan ziyade, histolojik analizler bu maddelerin baĵērsak 

saĵlēĵē ¿zerindeki etkinliĵini kanētlamak i­in kullanēlan temel ara­lardēr. 

Probiyotiklerin etkileri veteriner laboratuvarlarēnda ĸu yºntemlerle deĵerlendirilir: 

Lenfoid Dokularēn Ķncelenmesi: Baĵērsakla iliĸkili lenfoid dokulardaki (GALT-Peyer 

plaklarē) deĵiĸimler histolojik olarak takip edilir. 

Ķnflamasyonun Azaltēlmasē: Histopatolojik kesitlerde nötrofil infiltrasyonu ve ödem gibi 

yangēsal belirtilerin azaldēĵē tespit edilebilir. 

Hücre Proliferasyonu: Kriptlerdeki h¿cre bºl¿nme hēzēnēn (mitotik indeks) takibi ile baĵērsak 

rejenerasyon kapasitesi ölçülür.  

Deneysel ­alēĸmalarda hayvanlar gruplara ayrēlēr.  
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Birinci gruptaki yani kontrol grubuna Probiyotik i­ermeyen i­me suyu verilir ve normal ĸartlar 

altēnda (NķA) (24 oC ) tutulur.  

Ķkinci grup fermente edilmiĸ doĵal Laktik asit bakterisi  (Taze-sēvē) i­eren i­me suyu verilen ve 

normal ĸartlar altēnda (NķA) (24 oC ) tutulur. Bizim daha ºnce yaptēĵēmēz bir ­alēĸmada; ¿­¿nc¿ 

gruba probiyotik i­ermeyen i­me suyu verildi ve sēcak stresine maruz bērakēldē (g¿nde (8-12) 

saat 30-34oC sēcaklēk stresi uygulanan). Dºrd¿nc¿ gruba ise fermente edilmiĸ doĵal LAB 

(Taze-sēvē) i­eren i­me suyu verildi ve sēcak stresine maruz bērakēldē (g¿nde (8-12) saat 30-

34oC sēcaklēk stresi uygulanan). 

Ķlk iki haftada ortamēn sēcaklēĵē 34 oCôden 24 oCôye dereceli olarak d¿ĸ¿r¿ld¿. Gruplara ad 

libitum yem ve su verildi. Sürekli aydēnlēk ortam saĵlandē. NķAôdaki grupta 24 oC klima 

kullanēlarak, sēcak stres gruplarēndaki sēcaklēk ise elektrikli ēsētēcēdan yararlanēlarak saĵlandē. 

¦­¿nc¿ haftanēn baĸēndan itibaren sēcak stresi grubuna sēcak uygulamasēna baĸlandē (30-34 oC, 

günde 8-12 saat). Civcivler 42. g¿n¿ doldurduklarēnda her gruptan ortalama canlē aĵērlēĵa 

eriĸmiĸ olan 10ôar adet bēldērcēnēn dekapitasyon yºntemi ile ºtenazileri yapēldē. ¥tenazileri 

yapēlan hayvanlara ait Bursa Fabricius, Timus, ince baĵērsak ºrnekleri alēnarak histolojik ve 

immunohistokimyasal incelemeler için %10 nötral formalinde 24 saat, tespit edildi ve parafinde 

bloklandē. ¢alēĸmada olgun T lenfositleri belirlemek i­in Mouse anti-chicken CD3, yardēmcē T 

lenfositleri belirlemek için Mouse anti-chicken CD4, sitotoksik T lenfositleri belirlemek için 

Mouse anti-chicken CD8 ve B lenfositleri belirlemek i­in CD79a primer antikorlarē kullanēldē. 

Bºylece hem humoral hem de h¿cresel yanēt ortaya konuldu. Bunun yanēnda dokulardaki 

histolojik deĵiĸiklikleri belirlemek amacēyla seri kesitlere ayrēca Massonôs trikrom boyasē 

(Denk ve ark., 1989) uygulandē.  

3. SONU¢LAR VE DEĴERLENDĶRME  

  Probiyotiklerin akut bir hastalēĵēn tedavisinde antibiyotiklerin yerini almasē 

d¿ĸ¿n¿lmese de koruyucu tedavide ve hayvanlarda b¿y¿menin teĸvik edilmesinde 

antibiyotiklere alternatif olarak kullanēmē m¿mk¿n gºr¿lmektedir. Gelecekte bunlarēn 

kullanēmlarē daha yaygēn hale gelecek, farklē koĸullar altēnda hayvanlardan maksimum verim 

alēnabilecektir. Probiyotiklerin hayvan beslemede b¿y¿tme faktºr¿ olarak etkin bir ĸekilde 

kullanēlabilmesi i­in, probiyotiklerin ¿retiminden karma yemde kullanēmēna kadar olan her 

aĸamada pek ­ok unsura dikkat edilmelidir. Ayrēca probiyotiklerin yeme katēlmasē ve 

depolanmasē esnasēnda uzun s¿re canlēlēklarēnē koruyabilmelerinin saĵlanmasē ve diĵer yem 

katkē maddeleri ile birlikte kullanēlma olanaklarēnēn araĸtērēlmasē ve bu araĸtērma sonu­larēnēn 

pratiĵe aktarēlmasē gerekmektedir. 

4. GENEL DEĴERLENDĶRME VE SONU¢LAR 

Sonu­ olarak, Probiyotiklerin, insan ve hayvan saĵlēĵēnēn korunmasēnda ve hem 

gastrointestinal sistem hem de immun sistem ¿zerindeki etkilerinden dolayē bir­ok hastalēĵēn 

tedavisinde kullanēmē giderek artmaktadēr. Probiyotiklerin barsaklarda ge­ici s¿reli kolonize 

olduĵu, kullanēmlarēnda bu nedenle de d¿zenli yararlē etkiler gºsterebileceĵi bilinmelidir. 

Saĵlēklē bir yaĸam i­in beslenmede ºncelikle doĵal pre-probiyotiklere yer verilmelidir. Tüketim 

alēĸkanlēklarēmēz i­inde yer alan probiyotik yiyeceklerden olan yoĵurt ve kefir gibi fermente 

s¿t ¿r¿nleri ile doĵal prebiyotik kaynaĵē olan sebze ve meyvelerin t¿ketiminin artmasē 

konusunda halkēn bilin­lendirilmesi gereklidir. Gerekli gºr¿ld¿ĵ¿ durumlarda, yapay pre- ve 
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probiyotiklerin ºzellikle baĵērsak hastalēklarēnda kullanēlmasēnēn faydalē yoĵun etkiler 

oluĸturduĵu bilinmelidir.   
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ABSTRACT 

Reduction of crop yield loss and realization of sustainable agriculture objectives are essential 

in plant cultivation. For this purpose, the diagnosis of plant diseases at an early stage and with 

high accuracy is of prime importance. However, the existing traditional approaches and 

artificial intelligence models developed in laboratory environments have not been able to realize 

the required level of success in practical agricultural fields, where complex backgrounds and 

varying lighting conditions are involved. To bridge the existing gap in the existing literature, 

this research work proposes a classification model based on deep learning techniques on the 

Tomato-Village dataset, which was collected from practical agricultural field conditions and 

contains not only pathological diseases but also severe nutrient deficiencies. As part of the 

research work, four different variations (B0, B1, B2, and B3) of the EfficientNet model, which 

is recognized for its high parameter efficiency and composite scaling property, were developed 

using a transfer learning approach, and their performances were compared. The experimental 

results revealed that all four models were able to realize an overall accuracy success rate above 

0.9400. Among the four models, EfficientNet-B3 performed best with an accuracy of 0.9740 

and an F1-score of 0.9738. 

Keywords: Deep learning, CNN, EfficientNet, Classification, Tomota-Village. 

 

1. INTRODUCTION  

 

Crop production is an important aspect in fulfilling the food requirements of the ever-increasing 

global population (Imam et al., 2024). However, it faces challenges from different biotic and 

abiotic components (Al -Shamasneh & Ibrahim, 2024). Crop diseases, in particular, result in 

severe losses of crop yield and quality if not identified in time. This affects food security 

(Cosma & Cosma, 2024). Identification of crop diseases using conventional approaches is 

typically dependent on human expertise (Siddiky et al., 2024). This approach is a time-

consuming and expensive process. Its usability in large agricultural land areas is not feasible 

(Poly et al., 2024). In this regard, the application of technology in agriculture has become an 

imperative, and precision agriculture has emerged as a prominent area of interest. 
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Recently, artificial intelligence and, in particular, deep learning approaches have demonstrated 

remarkable success in the area of computer vision (S et al., 2024). It has become a norm in 

finding solutions to problems in the agricultural domain (Siddiky et al., 2024; Thorat et al., 

2024). Unlike traditional machine learning approaches, Convolutional Neural Networks 

(CNN), which automatically extract features from images without the need for further 

processing, have demonstrated notable results in the identification of plant diseases (Sun et al., 

2024). CNN models analyze complex visual inputs and are capable of identifying minute details 

and symptoms of diseases beyond human recognition with high accuracy (Samal & Verma, 

2024). 

A review of the current literature reveals that CNN-based models are widely used in the 

detection of plant diseases. For example, (YILDIZ et al., 2024) used deep learning methods to 

detect diseases on tomato leaves. In their study, they emphasized that automated diagnosis 

increased efficiency. Anandh et al. (Vivek Anandh et al., 2024) demonstrated the effectiveness 

of CNN models and transfer learning techniques in multi-class disease detection problems. 

However, while the success of deep learning models is often associated with the depth of the 

model and the number of parameters, this also entails high computational costs. In another 

study, Sivasankari et al. (S et al., 2024) achieved high accuracy rates by comparing models such 

as VGG16 and Xception. However, running such heavy models on agricultural IoT devices 

with hardware constraints is a challenging task. At this point, there is a need for architectures 

that offer both high accuracy and computational efficiency. 

One of the strongest candidates addressing this need is the EfficientNet architecture family. Sun 

et al. (Sun et al., 2024) achieved high performance in tomato diseases by combining 

EfficientNetv2 with Transformer structures in their work. Thanks to the compound scaling 

method, which increases depth, width, and resolution parameters in a balanced manner, 

EfficientNet can deliver better results with fewer parameters than many previous models. There 

are studies in the literature (Imam et al., 2024) on the hybrid use of lightweight architectures 

such as MobileNet with SVM. A detailed analysis of the performance-cost balance of the 

versions within the EfficientNet family (B0-B3) on agricultural datasets is still a current 

research topic. 

In this study, tomato leaf images from the Tomato-Village dataset were used to 

comprehensively analyze the performance of four different variations of the EfficientNet family 

(B0, B1, B2, B3) in disease detection. The main motivation of the study is not only to achieve 

the highest accuracy but also to present the most efficient solution in terms of training time and 

model complexity. The main contributions of this paper to the literature are as follows: 

 

¶ The performance of different EfficientNet families for detecting tomato plant diseases 

is presented comparatively using accuracy, precision, recall, and F1-score metrics. 

¶ Not only the accuracy rates of the models, but also their training times and 

computational costs were analyzed, and the most suitable model architecture for real-

time applications was recommended. 

¶ The results obtained provide experimental data that will serve as a reference in the 

development of deep learning-based early warning systems. 
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2. MATERIALS AND METHODS  

 2.1. Dataset 

The effective use of deep learning models in agricultural fields is directly dependent on how 

well the training data represents real-world conditions. Unlike the datasets frequently used in 

the literature, which are created in controlled laboratory environments, this study uses the 

ñTomato-Villageò dataset introduced to the literature by Gehlot et al. (Gehlot et al., 2023), 

which consists of images obtained entirely from a natural field environment (real-world 

environment). Collected from the agricultural fields of Rajasthan, India (Jodhpur and Jaipur), 

this dataset offers an optimal environment for validating the robustness of the model, as it 

encompasses difficult visual environments like complex backgrounds, light variations, and 

overlapping leaves. 

The dataset employed in this research work comprises 8 different classes, including both fungal 

and viral diseases prevalent in tomato plants, as well as micronutrient deficiencies that are less 

common in other datasets. The sample images of the classes are depicted in Figure 1. The 

dataset was split into 70% Training, 20% Validation, and 10% Test to maintain a balanced split 

during the training and testing of the model. The number of images in each class and the 

statistical distribution of the dataset are depicted in Table 1. 

 

Table 1. Train, validation, test, and total number of images of Tomato-Village dataset. 

Class name Train Validation Test Total 

Early Blight 347 99 50 496 

Healthy 151 43 22 216 

Late Blight 632 180 92 904 

Leaf Miner 716 204 104 1.024 

Magnesium Deficiency 654 187 95 936 

Nitrogen Deficiency 251 72 37 360 

Pottassium Deficiency 50 14 8 72 

Spotted Wilt Virus 361 103 53 517 

Total 3.162 902 461 4.525 

 

As can be seen from the table, the Leaf Miner and Magnesium Deficiency classes have a 

prominent weight in the dataset, while the Potassium Deficiency and Healthy classes have fewer 

instances. This imbalance in the dataset has been incorporated into the research as a crucial 

parameter that tests the model's capability to learn about the occurrence of rare events in 

practical scenarios. The images were resized to match the input resolution of the EfficientNet 

models. 
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Figure 1. Examples of leaf images belonging to the eight classes in the Tomato-Village dataset. 
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2.2. EfficientNet Architecture 

The most basic characteristic that differentiates the EfficientNet architecture from other 

architectures in the literature is that the network depth, width, and resolution parameters are not 

mutually independent. The architecture grows these parameters in a balanced manner using the 

compound scaling approach. The compound scaling approach is founded on the idea that as the 

resolution of the input image to the model escalates, the model correspondingly grows the 

number of layers (depth) and the number of channels (width) to process the details. As cited in 

the study of Sun et al. (Sun et al., 2024), this approach allows the model to filter out complex 

background noise in the Tomato-Village dataset while more effectively learning the subtle 

symptoms of the disease on the leaves. 

The architecture employs Mobile Bottleneck (MBConv) blocks as its basic building blocks. As 

cited by Cosma et al. (Cosma & Cosma, 2024), these blocks reduce the parameter overhead by 

employing depthwise separable convolution instead of traditional convolution operations. 

Moreover, the Squeeze-and-Excitation (SE) modules embedded within the block function like 

an attention mechanism, guaranteeing that the network concentrates on the appropriate feature 

channels conveying the disease rather than the whole image. 

In this research, four different scaled models of the EfficientNet family were employed 

comparatively. EfficientNetB0 is the basic model of the family. With a 224x224 pixel input 

resolution and about 5.3 million parameters, it provides the shortest training and inference time. 

It is designed for mobile platforms. The EfficientNetB1 model design is the first scaled version 

of the EfficientNetB0 model. The input resolution has been raised to 240x240 pixels, and the 

capability of the model for feature extraction has been enhanced. The EfficientNetB2 model 

design, on the other hand, employs a balanced intermediate model with an input resolution of 

260x260 pixels. With the rise in the number of parameters, its capability to extract the tissue 

details of diseases is better than EfficientNetB1. Finally, the EfficientNetB3 model design is 

the most detailed model employed in this research. It has an input resolution of 300x300 pixels 

and about 12 million parameters. With its high-resolution benefit, it is the most advanced model 

of the family, particularly in identifying fine-detailed symptoms. 

 

2.3. Experimental Design and Training Settings 

 

All model training and validation processes conducted in this study were performed on a high-

performance workstation running the Windows 11 operating system. The hardware 

infrastructure for the experimental simulations consists of an Intel Core i7-14700K processor 

with a base frequency of 2.10 GHz, which plays an active role in data preprocessing steps, 32 

GB DDR5 RAM, which enables large data batches to be stored in memory, and an NVIDIA 

GeForce RTX 4060 graphics card, which accelerates deep learning computations using CUDA 

cores. The software framework used Python 3.10 programming language and PyTorch deep 

learning library. 

As a training strategy, the Transfer Learning approach was adopted instead of starting models 

from scratch with random weights. In this context, the pretrained weights of EfficientNet (B0-
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B3) models on the ImageNet dataset were used as the starting parameters. This method 

shortened the training time and provided more stable convergence by allowing the model to 

adapt its existing knowledge to tomato leaves rather than relearning basic visual features such 

as edges, textures, and colors. The final classification layers of the models were restructured to 

correspond to the 8 classes in the Tomato-Village dataset. 

During the hyperparameter optimization process, the batch size was set to 8, considering 

hardware capacity and the model's generalization ability. All models were trained for 20 epochs. 

The Adam optimization algorithm, an advanced momentum-based version of stochastic 

gradient descent (SGD), was chosen for weight updates. The learning rate was fixed at 1e-4 

(0.0001) to enable the model to reach the global optimum without getting stuck in local minima. 

The Cross-Entropy Loss was used as the loss function, which minimizes the difference between 

the model's predicted probability distribution and the actual labels in multi-class classification 

problems. 

2.4. Performance Metrics 

In scientific studies, statistical metrics widely accepted in the literature exist to evaluate the 

classification success of models in a multifaceted and objective manner. The accuracy value, 

which indicates the overall success of the model, is presented as a standalone performance 

indicator; however, it can yield misleading results, especially in imbalanced datasets where the 

class distribution is uneven. Therefore, to increase the reliability of the study, complementary 

metrics such as precision, recall, and the harmonic mean of these two values, the F1-score, were 

also calculated. In addition, confusion matrix visualizations were used to analyze the class-

based confusion rates of the models. The mathematical expressions of the metrics used are 

defined below. 

Accuracy represents the proportion of correctly predicted examples in the total dataset. Its 

formula is given in Equation 1. 

ὃὧὧόὶὥὧώ       (1) 

 

The precision given in Equation 2 indicates how many of the examples that the model predicts 

as positive are actually positive. It is critical in situations where the cost of false positives (FP) 

is high. 

ὖὶὩὧὭίὭέὲ       (2) 

Recall/sensitivity measures how many truly positive examples are correctly identified by the 

model. It is one of the most important metrics in problems where missing a diagnosis (FN) is 

risky, such as disease detection. The recall equation is expressed as follows: 

ὙὩὧὥὰὰ        (3) 

The F1-score metric is the harmonic mean of the precision and recall metrics. It is the metric 

that best summarizes the model's performance on imbalanced datasets. The formula for this 

metric is given in Equation 4. 
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ὊρȤὛὧέὶὩς      (4) 

 

In metric calculations, TP (True Positive) represents correctly diagnosed diseases, while TN 

(True Negative) represents correctly classified other examples. FP (False Positive) refers to 

healthy/other class examples that are mistakenly identified as having the disease, and FN (False 

Negative) refers to diseases that are missed. 

 

3. RESULTS 

Under this heading, four different variations of the EfficientNet family were trained using the 

Tomato-Village dataset, and their performance was evaluated on the test set. All metrics 

showing the classification success of the models are presented in Table 2. Additionally, Figure 

2 graphically displays the accuracy and F1-score values of the architectures. The results 

obtained show that deep learning models achieved a success rate above 0.9400 in classifying 

nutrient deficiencies and diseases. 

Table 2. Performance metric results of different EfficientNet architectures. 

Architecture Accuracy Precision Recall F1-Score 

EfficientNetB0 0.9414 0.9439 0.9414 0.9415 

EfficientNetB1 0.9458 0.9469 0.9458 0.9445 

EfficientNetB2 0.9458 0.9462 0.9458 0.9458 

EfficientNetB3 0.9740 0.9740 0.9740 0.9738 

 

Figure 2. Accuracy and F1-score values graph for architectures. 
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The EfficientNetB0 model shown in Figure 3 with its confusion matrix correctly classified 434 

out of a total of 461 images in the test set, achieving an accuracy rate of 0.9414. This model 

made incorrect predictions on 27 images. The fact that the model's precision (0.9439) and F1-

score (0.9415) values are close to each other indicates that the model does not overemphasize 

a particular class. However, it shows that it missed some difficult examples due to low 

resolution. The EfficientNetB1 and EfficientNetB2 models achieved identical performance 

with an accuracy rate of 0.9458. Examining the confusion matrices in Figure 4 and Figure 5 

reveals that they made 2 more correct predictions than the EfficientNetB0 model. They reduced 

the number of false detections to 25. However, the fact that the EfficientNetB1 model's F1-

score of 0.9445 is lower than the B2 model's F1-score of 0.9458 indicates that the 

EfficientNetB1 model is not as stable as EfficientNetB2 in terms of precision and sensitivity 

balance. It indicates that it is more affected by class imbalance, especially in classes with few 

examples, such as potassium deficiency. 

 

Figure 3. Confusion matrix for the EfficientNetB0 architecture. 

 

The confusion matrix of the EfficientNetB3 architecture, the most successful model of the 

study, is shown in Figure 6. Figure 6 shows that it correctly diagnosed 449 out of 461 test 

images, making only 12 errors. This result proves that the EfficientNetB3 architecture reduces 

the number of errors by half compared to the EfficientNetB0 model. The accuracy of 0.9740 

and the F1-score of 0.9738 demonstrate that the model has a level of reliability comparable to 

current studies in the literature in distinguishing both diseases and nutritional deficiencies. 
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Figure 4. Confusion matrix for the EfficientNetB1 architecture. 

 

Analysis of the models' confusion matrices revealed that the increase in accuracy rates directly 

reflected the class-based discrimination power. The majority of the 27 errors observed in the 

EfficientNetB0 model were concentrated in the ñEarly Blightò and ñLate Blightò classes, which 

have similar visual features, and in the ñNitrogen Deficiencyò class, where it is difficult to 

distinguish yellowing on the leaves. Low input resolution caused this model to lose fine texture 

details and confuse similar classes. 
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Figure 5. Confusion matrix for the EfficientNetB2 architecture. 

However, the EfficientNetB3 model was able to minimize these confusions because of its 

increased number of parameters and resolution capability. While analyzing the distribution of 

the total 12 errors of the model, it is clear that these errors occurred in the complex cases where 

the deformation of the leaves was excessive or where more than one disease/symptom could be 

observed on the same leaf. Especially in the classes where other models performed poorly, such 

as ñMagnesium Deficiencyò and ñLeaf Miner,ò the B3 model performed near-lossless detection 

with a high recall value of 0.9740. It minimized the false negative instances. Thus, the 

EfficientNetB3 model architecture emerges as the most trustworthy diagnostic tool in practical 

field situations. 

 

 

Figure 6. Confusion matrix for the EfficientNetB3 architecture. 

 

Figure 7 illustrates the variation of train loss values during the 20-epoch training process of the 

trained EfficientNet (B0-B3) models. After carefully analyzing the graphs, it is observed that, 

with the benefit of prior knowledge provided by the transfer learning approach, all models 

quickly minimize the error in the initial stages of training (first 5-10 epochs) and maintain a 

converging pattern. In the later epochs, as the optimization process (Adam) refines, the 

decreasing pattern slows down, entering a stage of plateau, and finally, at the end of the training 

process, the loss values settle down at a minimum point. The EfficientNet-B3 model, in 

particular, was able to learn the complex patterns in the dataset better because of its deeper 

architecture and higher number of parameters, and it was able to decrease the training loss to a 

lower extent compared to other models. The smooth falling pattern of the loss curve and the 

low amplitude of oscillations clearly indicate that the choice of learning rate and batch size is 

optimal for the problem. 
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Figure 7. Graph of the train loss values of the models throughout the training. 

 

4. DISCUSSION  

 

The performance level achieved by the artificial intelligence architectures developed has raised 

the bar to a completely new level for agricultural software applications, going far beyond the 

constraints of the existing diagnostic systems, which were limited to laboratory settings. The 

strategy developed clearly illustrates that the study of physiological anomalies and bacterial 

infections in plants can be achieved with a high degree of accuracy on a single computational 

platform. Unlike experimental fields, these systems, which have been trained on uncontrolled 

and noisy images as they exist in nature, indicate how far the boundaries of adaptation can be 

pushed for algorithms to function in natural settings. 

The key success of the variation with the highest computational capability among the examined 

network structures clearly illustrates the decisive role of the level of visual detail in the 

identification of complex tissue damage. Although low-parameter algorithms face difficulties 

in identifying similar leaf damages, the most inclusive model eliminates these ambiguities and 

achieves a near-perfect level of diagnostic performance. Even similar color variations due to 

insect infestation and element deficiency, in particular, are no longer a problem, thanks to the 

enhanced information processing capability of the network. This scenario once again 

emphasizes the significance of the linear relationship between hardware capability and 

diagnostic accuracy in agricultural issues. 
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5. CONCLUSION 

The last evaluation of this research showed that the algorithms studied reached an impressive 

accuracy rate in agricultural issues. Specifically, the model with the most complex hierarchical 

structure, the deepest model, showed a near-perfect diagnostic performance with an accuracy 

of 0.9740 and an F1-score of 0.9738. The entry-level model, a lighter version of the network, 

stayed at a general level of success of 0.9414, proving to be an acceptable substitute for portable 

devices, but it also showed numerically that the margin of error increased in cases where 

detailed information was needed. 

This is because the statistical superiority thus created opens the way for producers in rural areas 

to be able to carry out instant and highly reliable scans without the need for any expertise. The 

usability thus provided at the endpoints by the lightweight versions of these high-level systems, 

which provide maximum accuracy on cloud-based central servers, is an undeniable 

technological leap forward in the protection of agricultural yields. Therefore, the inclusion of 

environmental sensor data, soil chemistry, and regional climate data in this visual decision-

making process, which is above the 0.9700 success level, in future studies will ensure that fully 

autonomous agricultural systems reach a much wider audience. 
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ABSTRACT 

Accurate and reliable forecasting of agricultural product prices is strategically important for 

producers, traders, and policymakers. Agricultural prices are influenced by various factors such 

as seasonality, supply-demand imbalances, and economic fluctuations, and exhibit a nonlinear 

structure. Therefore, traditional time series models often perform poorly, while machine 

learning-based methods provide an alternative solution. In this study, agricultural product price 

forecasting was conducted using a dataset covering the period from 1 January 2022 to 31 

January 2026, based on market records in Turkey. Extensive preprocessing was applied to the 

dataset; new features were derived using logarithmic transformation, outlier suppression, lag 

features, moving average features, momentum variables, and trend variables, and sine and 

cosine transformations to represent the cyclical nature of time. Six different machine learning 

regression algorithms ï Linear Regression (LR), Decision Tree (DT), Random Forest (RF), K-

Nearest Neighbour (KNN), Gradient Boosting (GB), and Extreme Gradient Boosting 

(XGBoost)ðwere used for price forecasting. The performance of these algorithms was 

evaluated using Mean Absolute Error (MAE), Naïve Mean Absolute Error (Naïve MAE), Root 

Mean Square Error (RMSE), Mean Absolute Percentage Error (MAPE), and Coefficient of 

Determination (R²) metrics. The results showed that all machine learning models produced 

lower error values compared to the Naïve forecasting method. The lowest MAE, the most stable 

RMSE and MAPE values, and the highest explanatory power were achieved with the XGBoost 

model. The findings indicate that tree-based and boosting-based methods are more effective in 

modelling nonlinear and complex price dynamics. 

Keywords: machine learning, naïve forecasting, regression analysis, agricultural product price 

forecasting, XGBoost  

 

1. INTRODUCTION  

The accurate and reliable forecasting of agricultural product prices is extremely 

important for producers, traders, and policymakers. This enables producers to plan their 
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production more effectively, traders and intermediaries to reduce their commercial risks, and 

policymakers to develop effective and sustainable agricultural policies. 

Agricultural product prices are affected by many factors, including seasonality, supply 

and demand imbalances, climatic conditions, and nationwide economic fluctuations. These 

factors lead to a complex and nonlinear structure of agricultural product prices. 

Traditional statistical methods such as Autoregressive Integrated Moving Average 

(ARIMA) and Seasonal Autoregressive Integrated Moving Average (SARIMA) have been used 

in the literature for many years [1], [2], [3]. However, these methods have limited forecasting 

performance because they cannot adequately represent nonlinear relationships, long-term 

dependencies, and sudden price changes. This situation has led to the widespread adoption of 

machine learning algorithms in agricultural product price forecasting. 

The literature contains many studies demonstrating that machine learning, deep 

learning, and neural network-based models yield successful results in agricultural price 

forecasting. In one of these studies, Demir developed an application that forecasts future tomato 

prices using a machine learning-based Long Short-Term Memory (LSTM) algorithm and 

concluded that it would increase producers' profit margins by 9.1% [4]. Paul et al. used 

Generalized Regression Neural Network (GRNN), Support Vector Regression (SVR), RF, and 

GB machine learning algorithms to forecast the price of eggplant in India. As a result of the 

study, it was observed that the GRNN model performed better than the other models [5]. In 

another study, Özden used statistical (ARIMA and SARIMA) and deep learning (Convolutional 

Neural Network (CNN) and LSTM) models to forecast changes in the agricultural input price 

index. According to the results of the study, he stated that the ARIMA and CNN models were 

more successful compared to other models [6]. Keskin forecasted price fluctuations in basic 

cereal products in Turkey using RF, Neural Network (NN), Support Vector Machine (SVM), 

and LR algorithms. The study concluded that the RF algorithm had the most successful 

forecasting performance [7]. Baydemir analysed market dynamics using Multiple Linear 

Regression and NN algorithms to forecast future prices of dried apricots in Turkey. Both 

algorithms showed successful performance in forecasting dried apricot prices [8]. In their study, 

Manogna et al. analysed the performance of ARIMA, SVR, XGBoost, Multilayer Perception 

(MLP), Recurrent Neural Network (RNN), LSTM, Gated Recurrent Units (GRU), and Echo 

State Networks (ESN) models to forecast agricultural product prices. The study showed that 

LSTM and GRU models performed better than other models in capturing complex time series 

patterns [9]. 

Lestari et al. forecasted the prices of basic food products using LR, RF, and XGBoost 

algorithms and compared the performance of these models. The study showed that the best price 

forecasting performance was obtained with the XGBoost algorithm [10]. In the literature, many 

studies have also been conducted on hybrid approaches that use statistical models and machine 

learning models together. In their study, Zhao et al. developed a hybrid model combining 

Temporal Convolutional Network (TCN) and XGBoost algorithm to reduce the impact of 

agricultural product price fluctuations on price forecastings. As a result of the study, they stated 

that the TCN-XGBoost model performed better than statistical models such as ARIMA and 

LSTM [11]. In another study, Joshi et al. found that a hybrid model using ARIMA and machine 
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learning models together had a superior price forecasting performance compared to traditional 

methods. While ARIMA was used to capture linear and time-dependent trends, machine 

learning models were used to model nonlinear exogenous factors such as weather conditions 

and demand fluctuations [12]. In another study, Beltran et al. developed a hybrid model that 

optimizes XGBoost and Light Gradient Boosting Machine (LightGBM) models using Cuckoo 

Search and Particle Swarm Optimization (PSO-CS) to forecast maize prices in Colombia. The 

results of the study show that the performance of the developed hybrid model is superior to that 

of individual models [13]. This study aims to forecast agricultural product prices based on 

wholesale market data in Turkey using LR, DT, RF, KNN, GB and XGBoost models. 

 

2. MATERIALS AND METHODS  

The dataset used in this study was obtained from hal.gov.tr, an official agricultural 

market information system in Turkey. The dataset covers the period from 1 January 2022 to 31 

January 2026 and includes daily records of agricultural product prices. All experiments were 

conducted using Python 3.14.1 in the Visual Studio Code (VSCode) development environment. 

The dataset was first cleaned and preprocessed to remove missing or inconsistent records. 

Subsequently, the prepared dataset was used to train and evaluate the proposed machine 

learning models. 

2.1. Machine Learning 

The term machine learning was first used in the literature by A. L. Samuel [14]. A more 

systematic and engineering-based approach to machine learning was proposed by T. M. 

Mitchell [15]. Machine learning is a subfield of artificial intelligence that learns relationships 

between data by processing large datasets and can therefore make forecasts for future data. With 

these features, it offers significant advantages in analysing large and complex datasets where 

classical mathematical and statistical methods are insufficient. 

2.1.1. Types of Variables in Machine Learning 

Large datasets used in machine learning often contain different types of variables. These 

variables can be classified as numerical variables, categorical variables, time series variables, 

dependent variables, and independent variables. Numerical variables represent quantities that 

can be measured and expressed with numerical values [16]. Categorical variables cannot be 

measured quantitatively and classify data into specific groups or labels [17]. Time series 

variables are observed at specific time intervals and contain timestamp information. The 

dependent variable is the outcome variable that represents the target value the model aims to 

forecast or explain in the dataset. Independent variables are all other variables that influence 

the occurrence of the targeted dependent variable in the dataset. These variables affect the 

outcome, explain the change, and are used as inputs in forecasting processes. 

2.1.2. Machine Learning Regression Algorithms 

LR: Linear regression algorithms are methods that model the linear relationship between 

the dependent variable and one or more independent variables in a dataset. In this context, 

simple linear regression, multiple linear regression, and polynomial regression are widely used 
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in numerical forecasting problems. Logistic regression, although it has a linear model structure, 

is mainly used for classification problems [18]. 

DT: The decision tree regression algorithm aims to minimise forecasting error at each 

split by successively dividing the independent variables in the dataset according to a specified 

purity criterion. The structure of the algorithm resembles an if-else structure consisting of 

nested decision rules. Due to this model structure, it is piecewise and discrete, producing the 

same output value for forecasts made within certain intervals. 

RF: The random forest regression algorithm is an ensemble learning method formed by 

combining a large number of decision trees. Each decision tree is trained using randomly 

selected samples and variables from the dataset. The final prediction is obtained by aggregating 

the results produced by each decision tree. 

GB: The gradient boosting algorithm is a tree-based method that aims to create a 

stronger model by successively combining weak learners. Each decision tree is trained to reduce 

the errors made by previous trees, thereby improving the overall forecasting performance of the 

model. 

XGBoost: This algorithm has been developed by making various improvements to the 

gradient boosting regression algorithm. Its notable features include high forecasting 

performance, prevention of overfitting, and fast execution [19]. 

KNN: The basic principle of the k-nearest neighbour algorithm is based on the 

assumption that samples close to each other exhibit similar characteristics. The algorithm can 

be used for both classification and regression problems. For an observation whose class has not 

yet been determined, the distances to other observations in the dataset are calculated using the 

Euclidean method, and the k nearest neighbours are identified [20]. 

2.1.3. Performance Evaluation of Machine Learning Regression Algorithms 

To make the most accurate inferences from datasets, the performance of the applied 

regression algorithms must be evaluated using appropriate metrics. 

R²: The coefficient of determination is a performance metric that indicates how much 

of the total variance observed in the dependent variable is explained by the regression model. 

The closer this coefficient is to one, the better the performance of the model. However, as the 

coefficient of determination is sensitive to the number of variables in the model, it is not 

sufficient to evaluate the model performance alone. Therefore, it should be interpreted 

alongside other performance criteria. 

MAE: It is calculated by dividing the sum of the absolute differences between the actual 

values and the forecasted values in the dataset by the number of observations. 

RMSE: MSE is calculated by dividing the sum of the squared differences between the 

actual values and the forecasted values in the dataset by the number of observations. RMSE is 

obtained by taking the square root of the MSE. 
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MAPE: It expresses the forecasting errors of the model as a percentage by dividing them 

by the actual values. However, care should be taken as it can produce extremely large error 

values when the actual values are zero or close to zero [21]. 

Naïve MAE: The naïve estimation method is a simple time series approach that assumes 

the estimated value in the next time step will be equal to the value in the current time step. 

Naïve MAE represents the average absolute error of the estimates obtained under this 

assumption. 

 

3. DATASET PREPARATION 

In this study, a dataset was first created by obtaining data from ñhal.gov.trò covering the 

period from 1 January 2022 to 31 January 2026. ñTLò is the abbreviation of Turkish Lira. 

Table 1. Dataset example  

Date Name Category Product Type Average 

Price 

Volume Unit of Mass 

01.01.2022 Cucumber Cucumber Conventional 1.83 TL 8075 Kg 

01.01.2022 Raspberry Raspberry Conventional 429.31 TL 2 Kg 

01.01.2022 Kohlrabi White Conventional 4.21 TL 57 Kg 

01.01.2022 Kohlrabi Red Conventional 8.50 TL 40 Kg 

01.01.2022 Pineapple Pineapple Conventional 15.14 TL 11576 Kg 

As shown in Table 1, the dataset includes the following features: ñDateò, ñProduct 

Nameò, ñCategoryò, ñProduct Typeò, ñAverage Priceò, ñVolumeò, and ñUnit of Massò. Various 

preprocessing steps were applied to ensure consistent and error-free analysis of the dataset. In 

the first stage, all textual entries were converted to lowercase to comply with Turkish grammar 

rules. The ñDateò variable was converted to a temporal data type, while the ñAverage Priceò 

and ñVolumeò variables were converted to numerical data types. 

The variables ñProduct Nameò, ñProduct Typeò, ñCategoryò, and ñUnit of Massò were 

combined to create a new variable called ñProduct Completeò. The dataset was then restructured 

by sorting it chronologically according to the ñDateò variable. Due to the extreme fluctuations 

observed in the "Average Price" variable, an outlier suppression method was applied to reduce 

the impact of outliers. Additionally, logarithmic transformations were applied to the "Average 

Price" and "Volume" variables, and these transformed values were used in the analysis phase. 

The data was grouped by the ñProduct Completeò variable. Lag and rolling window 

features were derived based on this grouping. In this context, the variables ñLag1 Priceò and 

ñLag1 Volumeò, representing the previous day's values, and the variables ñRoll7 Priceò and 

ñRoll7 Volumeò, representing the seven-day price and volume changes, were created. To better 

represent short- and medium-term changes in price and volume, the ñTarget Differenceò 

variable, calculated relative to the previous value, was used to create the ñMomentum (1,2,7) 
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Priceò and ñMomentum (1,2,7) Volumeò variables, which represent one-, two-, and seven-day 

changes. In addition, the ñTrend7 Priceò and ñTrend7 Volumeò variables were created to 

observe seven-day price and volume trends. To standardise product-based price distributions, 

Z-score values were calculated and a ñZ-score Priceò variable was created. The ñDateò variable 

was decomposed to obtain the variables ñMonthò, ñDayò, ñWeekò, Ȱ3ÅÁÓÏÎȱȟ and ñWeekendò. 

Sine and cosine transformations were applied to the ñMonthò, ñDayò, ñWeekò, and ñSeasonò 

variables to better represent the cyclical nature of time. 

Variables not used in the analysis phase were removed from the dataset. The 

independent variables for analysis are: ñProduct Completeò, ñMomentum1 Priceò, 

ñMomentum2 Priceò, ñMomentum7 Priceò, ñMomentum1 Volumeò, ñMomentum2 Volumeò, 

ñMomentum7 Volumeò, ñTrend7 Priceò, ñTrend7 Volumeò, ñZScore Priceò, ñWeekendò, 

ñMonth_sinò, ñMonth_cosò, ñDay_sinò, ñDay_cosò, ñWeek_sinò, ñWeek_cosò, ñSeason_sinò, 

and ñSeason_cosò. Finally, a Target Encoder was applied to the categorical variable "Product 

Complete". Numerical variables were scaled using Robust Scaler in the LR and KNN regression 

algorithms, while no scaling was applied in the tree-based regression algorithms. 

 

4. ANALYSIS 

Table 2. Algorithm analysis results  

Model R² MAE  Naïve MAE MAE Difference RMSE 
MAPE 

(%)  

XGBoost 0.887017 22.104710 27.671784 5.567074 75.377609 26.366180 

RF 0.886583 22.116295 27.671784 5.555489 75.212733 26.406661 

GB 0.886286 22.220210 27.671784 5.451574 75.709462 26.567352 

DT 0.885225 22.276874 27.671784 5.394910 75.651590 26.715347 

LR 0.884517 22.427685 27.671784 5.244099 76.326134 26.865662 

KNN 0.876575 23.363427 27.671784 4.308357 78.237789 27.715665 
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Figure 1. Comparison of Model MAE and Naïve MAE 

The results of the analysis performed on the dataset are shown in Table 2. MAE, Naïve 

MAE, and MAE Difference values are given in TL. Examination of these results reveals that 

all machine learning algorithms produced lower MAE values than the Naïve forecasting 

method. 

As shown in Figure 1, the developed models demonstrate more successful performance 

compared to the Naïve forecasting method. 

 
Figure 2. MAE Results of the Models 

 

As shown in Figure 2, according to the MAE criterion used as a performance measure, the 

XGBoost regression algorithm produced the lowest error value at 22.10 TL, demonstrating the 

best performance among the models. The RF and GB models follow XGBoost with error values 

of 22.12 TL and 22.22 TL, respectively. These results indicate that tree-based and ensemble 

methods can effectively capture nonlinear relationships in agricultural product price 

forecasting. Although the DT and LR models have higher MAE values, they show significant 

improvement compared to the Naïve forecasting method. The KNN model, which has the 

highest MAE value (23.36 TL), was found to experience a loss of performance in 

multidimensional and temporally dependent datasets. 
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Figure 3. R² Results of the Models 

 

When the R² values in Figure 3 are examined, it is evident that all models are quite similar 

and have high explanatory power. This indicates that the models can successfully explain 

general price trends. 

 
Figure 4. MAPE Results of the Models 

 

As shown in Figure 4, the analysis results indicate that the RMSE and MAPE values exhibit 

a distribution consistent with the MAE values. The XGBoost model provides a more balanced 

and stable forecasting performance in terms of both MAE and MAPE. 

 

5. CONCLUSION 

In this study, the problem of forecasting agricultural product prices based on market 

records in Turkey was analysed using various machine learning regression algorithms. The 

findings indicate that all models are significantly more successful than the Naïve forecasting 

method. This demonstrates that a forecasting approach relying solely on the previous value is 

insufficient for price series, and that the derived features contribute significantly to the model. 

When performance metrics are considered together, the XGBoost algorithm produced the 

lowest MAE value and delivered balanced results in the RMSE and MAPE metrics. The RF 

and GB models also showed performance very close to that of XGBoost. In contrast, the KNN 

model was found to be relatively weaker with high-dimensional data and temporal dependence. 

The LR model, due to its linear assumption, could capture complex price fluctuations only to a 
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limited extent. It was determined that tree-based and boosting-based algorithms are more 

reliable and applicable for forecasting agricultural product prices based on market records. The 

results demonstrate the effectiveness of machine learning-based models in forecasting 

agricultural product prices and provide an important foundation for the development of decision 

support systems. Future studies suggest that including additional independent variables in the 

dataset could further improve the forecasting performance of the models. 
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ABSTRACT 

In the age of technology, the software world s dynam cally updated. The nab l ty of ex st ng 

frameworks to meet chang ng technolog cal needs makes the trans t on to new technolog es 

mandatory n software projects. However, these trans t on processes often requ re h gh t me and 

cost, and can also lead to errors due to code ncompat b l t es. Th s study a ms to develop an 

nnovat ve code transformat on platform to seamlessly transfer bus ness rules and appl cat on 

log c between d fferent nfrastructure frameworks. The platform to be developed offers a 

structure that automat cally analyzes bus ness processes and adapts them to a new framework 

n order to solve these problems. W th the developed platform, new m croserv ce projects can 

be ready n m nutes, manual errors are el m nated and all conf gurat ons are managed from a 

s ngle po nt. The output of the platform w ll contr bute to both academ c and ndustr al 

appl cat ons n the f elds of software eng neer ng and framework development. 

Keywords: Code Transformat on, Framework, Bus ness Rule M grat on 

 

1. INTRODUCTION 

In today's software world, there s a constant state of development. The number of frameworks, 

wh ch are ready-made structures des gned to develop a spec f c bus ness or appl cat on, s also 

constantly ncreas ng. The rap d development of technolog cal nnovat ons and the need for 

organ zat ons to undergo d g tal transformat on processes make sw tch ng between 

nfrastructure frameworks nev table. However, these trans t on processes are generally 

complex, requ r ng h gh t me and cost due to manual ed t ng, code refactor ng, and 

compat b l ty ssues. Espec ally when m grat ng appl cat ons developed n older frameworks to 
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new technolog es, the refactor ng of bus ness rules and code creates a s gn f cant burden for 

organ zat ons, extend ng project durat ons and lead ng to resource waste. 

In framework m grat on processes, cr t cal needs ar se, such as the compat b l ty of modular 

arch tectures, the standard zat on of request-response structures, and the adaptat on of old 

technolog es to new standards. As manual processes ncrease, so does human error, and 

prev ously work ng features may become corrupted. On the other hand, each new framework 

requ res a d fferent structure and log c. Therefore, t takes t me for the team to adapt to these 

technolog es, and the product v ty of the team work ng n th s process may decrease. Ex st ng 

tools largely rely on manual ntervent on n these processes and fall short of offer ng automated 

solut ons to opt m ze technology trans t ons. All these s tuat ons, espec ally n a rap dly 

chang ng technolog cal env ronment, l m t compan es' ab l ty to modern ze the r ex st ng 

nfrastructure and adapt to new technolog es. Code transformat on can be a solut on to th s. 

Code transformat on s the process of convert ng a software's source code nto another form by 

chang ng ts structure. Dur ng th s transformat on, the purpose of the code s generally 

preserved, but ts format changes. Th s makes the code more readable. 

In th s study, an nnovat ve automated code transformat on platform s presented that enables 

seamless and rap d trans t ons between frameworks to ncrease the flex b l ty and reusab l ty of 

the software, as well as mprove funct onal ty and performance. The platform generates 

opt m zed code for the target framework by dent fy ng the bus ness rules and technolog cal 

components used on the source framework. 

One of the ex st ng gaps n the l terature s the lack of systems that enable the suggest on of 

adapt ve changes dur ng framework evolut on. The systemat c reuse and automat on techn ques 

proposed by the software factor es model serve as a fundamental gu de for th s study. 

Cons der ng that the manual methods used n trans t ons between frameworks are t me-

consum ng and prone to errors n the current l terature, the automat on-focused approach 

offered by th s study stands out as an nnovat ve solut on. 

Th s study s organ zed as follows: The relevant l terature s presented n Sect on 2. Follow ng 

th s, deta ls of the platform s presented n Sect on 3. The results of the study has been g ven n 

Sect on 4. F nally, Sect on 5 concludes the paper. 

 

2. LITERATURE REVIEW 

[1] a med to automate code translat on at the repos tory level and proposed AlphaTrans, a neuro-

symbol c approach. AlphaTrans can translate source and test code. Th s method uses mult ple 

levels of val dat on to ensure the translat on ma nta ns the funct onal ty of the source program. 

To s mpl fy the problem for Large Language Models (LLM), AlphaTrans breaks the program 

down nto s mpler parts. Program analys s s used to translate these s mple parts n reverse order 

of calls. 

[2] proposed a method for equ valence val dat on and repa r of code translat ons, an LLM based, 

PL- ndependent framework. The proposed method ncorporates a mult-agent arch tecture that 

breaks down equ valence val dat on nto several subtasks to prov de comprehens ve and 
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cons stent semant c analys s of the translat on. The semant c analys s s passed to the test agent, 

wh ch s then tasked w th wr t ng and execut ng tests. When a test error s observed, the repa r 

agent corrects the translat on error. The dec s on agent makes the f nal dec s on by cons der ng 

semant c analyses and test execut on results. The val dat on and repa r results of the proposed 

method have been compared w th four d fferent repos tory-level code translat on techn ques. 

2.219 translat on pa rs from 24 G tHub projects cover ng 6 d fferent programm ng language 

pa rs and conta n ng more than 900.000 l nes of code have been used. The results showed that 

the proposed method produced equ valence/ nequ valence dec s ons for 99.2% of the 

translat on pa rs, and n 72.8% of these, t prov ded the same equ valence val dat on result as 

prevous stud es. These results demonstrate that the proposed method s much more adaptable 

to many programm ng language pa rs. 

[3] exam ned formal val dat on techn ques appl cable to code translat on. The strengths and 

weaknesses of currently adopted approaches have been dent f ed. The study also emphas zed 

the need for automated and scalable val dat on tools. 

[4] emphas zed the mportance of mult modal learn ng and proposed a conceptual framework 

for ach ev ng automated software evolut on. W th n th s framework, they proposed the 

Select ve Sequent al Scope model. Th s proposed model can be used to class fy current and 

future research when encompass ng d fferent software eng neer ng stages and mult modal 

learn ng tasks. 

[5] proposed a web serv ce comp ler code mapper model from Sw ft for OS to Java for Andro d 

that can be ntegrated nto prev ous comp lers. Convers on accuracy tests have been conducted 

for 6 web serv ce funct ons. Exper mental results showed an average accuracy of 89.3% n 

convert ng web serv ce calls from OS to Andro d. Add t onally, due to the r se of generat ve 

language models and the r code generat on capab l t es, the ChatGPT model has been 

compared. The code translat on performance of the ChatGPT model has been analyzed, and the 

potent al of prompt eng neer ng for seamless ntegrat on nto the comp ler tool has been 

nvest gated. 

[6] developed mult l ngual model ng approaches for code translat on and analyzed the r 

potent al to mprove translat on qual ty and ncrease tra n ng eff c ency for both low-resource 

and h gh-resource language pa rs. They created a large dataset cons st ng of three novel 

mult l ngual datasets: Mult l ngualTrans, wh ch supports translat on between mult ple popular 

programm ng languages; N cheTrans, for translat on between spec f c programm ng languages 

and popular languages; and LLMTrans, for evaluat ng the executable of code translated by 

LLMs. Add t onally, CodeTransOcean ncludes the DLTrans dataset, a novel cross-frame 

dataset for translat ng deep learn ng code across d fferent frameworks. Furthermore, they 

proposed a new evaluat on metr c for program-level code translat on. They evaluated the LLM 

ChatGPT on the datasets, nvest gated ts potent al for fuzzy execut on pred ct ons, and 

developed fundamental models for CodeTransOcean.  

[7] proposed a novel database code convers on model based on transcomp lat on and pattern 

match ng to support database code convers on between nat ve languages and platforms. The 

model has been mplemented to support the convers on of F rebase F restore database code 
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from Andro d (Java) to OS (Sw ft) us ng TCAIOSC. The results showed h gh accuracy for the 

converted database code and mprovement for the overall convers on us ng TCAIOSC. 

[8] proposed an approach that can automate the process of generat ng l nk ng code between 

d fferent languages, reduc ng the language nteroperab l ty problem n these systems. The 

proposed approach uses metadata der ved from Interface Def n t on Language to systemat cally 

generate Appl cat on Programmng Interfaces (APIs) for each language. In extens ve 

exper ments, t has been observed that code wr tten n one language could seamlessly nteract 

w th code developed n other languages. The developed code generator has been observed to 

mprove the stab lty, scalab l ty, and modular ty of mult l ngual software systems.  

[9] proposed a nat ve mob le appl cat on user nterface code converter based on a trans-

comp lat on approach. The code converter has been evaluated us ng the B l ngual Evaluat on 

Understudy (BLEU) metr c. The results showed that the proposed trans-comp ler user nterface 

code converter ach eved 88.9% accuracy when tested on 5 appl cat ons. 

[10] used an approach proposed n the TCAIOSC tool to convert mob le appl cat ons from 

Andro d to OS to mprove reverse translat on. Furthermore, nat ve mob le appl cat on 

funct ons such as mak ng phone calls, alert messages, v brat on, and many more have been 

tested us ng comprehens ve techn ques such as BLEU and token accuracy. The results showed 

that the approach ach eved s gn f cant success n translat ng code from Sw ft to Java. 

 

3. DETAILS OF THE PLATFORM 

The system arch tecture s based on the pr nc ples of standard zat on and full automat on n n-

house software development processes. The a m s to ensure that all teams use the same 

platform structure and to automat cally generate n t al conf gurat ons accord ng to corporate 

standards. Under the standard zat on approach, the most w dely accepted approaches and 

package structures n Spr ng Boot-based m croserv ce projects are mplemented un formly 

across the organ zat on. Under the automat on approach, f les are automat cally generated 

accord ng to the parameters entered n the Project Management S te. The platform performs the 

necessary mplementatons by only referr ng to these f les. A Spr ng Boot-based JAR f le s 

used for the backend, and DevOps -the n-house project management platform- s used for the 

frontend. 

3.1 Platform Components 

At system startup, a Spr ng Boot-based Java Arch ve (JAR) developed n accordance w th 

nternal standards has been used. The conf gurat on management screen prov des an nterface 

for enter ng parameters for technolog es such as Rabb tMQ, Apache Kafka, and Red s. The 

Appl cat on.propert es manufacturer component automat cally adds the entered parameters to 

the relevant conf gurat on f le n a format compat ble w th the framework. W th n the scope of 

dependency management (pom.xml), necessary and mandatory modules are automat cally 

ncluded by the system. W th n the framework of Project Management S te ntegrat on, the 

created JAR f le s uploaded to the central platform, and all conf gurat on processes are 

managed through th s screen. In the data structure, parameters entered by the user v a 
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Appl cat on.propert es (e.g., Rabb tMQ host, Kafka top c, Red s cache sett ngs) are 

automat cally added. The framework performs the necessary mplementat ons by only look ng 

at th s f le. 

W th n the scope of pom.xml management, mandatory dependenc es such as Spr ng Web, 

Spr ng Data, and nternal framework modules are automat cally added to the platform, wh le 

add t onal modules needed are presented as selectable opt ons v a the conf gurat on screen; All 

conf gurat on nformat on s stored n a central zed structure, and changes made through the 

Project Management S te are vers oned and recorded, allow ng for rollback to prev ous vers ons 

f needed. 

3.2 Secur ty 

Access to the Project Management S te s prov ded v a JSON Web Token (JWT) to allow users 

to securely authent cate to the platform. All sens t ve parameters and data w th n the platform 

(user passwords, API keys, database connect on nformat on, and other cr t cal conf gurat ons) 

are protected n encrypted form and can be securely decrypted and used when necessary; n 

add t on, env ronment var ables are preferred n conf gurat on management processes to 

separate conf dent al nformat on from the codebase; alongs de all these techn cal structures, 

the development and operat on of the platform s carr ed out n accordance w th nternal 

software development standards, guarantee ng the system's susta nab l ty, secur ty, and 

scalab l ty. F nally, the platform has undergone comprehens ve performance test ng. 

 

4. RESULTS OF THE STUDY 

The platform has ntroduced nnovat ons n software eng neer ng by automat ng framework 

m grat on processes. Framework m grat on processes have been accelerated. W th the 

automat on mechan sms developed of the platform, the need for manual code convers on and 

ed t ng has been m n m zed, thus complet ng m grat on processes faster and more eff c ently. 

Furthermore, funct ons found n older frameworks can be automat cally adapted to new 

frameworks by analyz ng them, reduc ng human error and ncreas ng code compat b l ty. 

Costs n software development processes have been reduced. Reduc ng the labor and t me spent 

on manual code convers on allows compan es to s gn f cantly lower costs dur ng technolog cal 

trans t ons. In part cular, nnovat ve solut ons such as modern z ng request-response structures 

mprove the performance of software systems wh le reduc ng ma ntenance costs. 

Th s platform also has a modular and flex ble structure, allow ng compan es to eas ly adapt to 

chang ng needs and new technolog es. Th s feature, wh ch allows users to ach eve max mum 

compat bl ty w th m n mum effort dur ng framework m grat ons, ncreases the platform's 

usage. 

In add t on, th s solut on, wh ch can be ntegrated nto Cont nuous Ķntegrat on (CI) processes, 

works n full compat b l ty w th modern software development pract ces. 

The contr but ons prov ded by the developed platform are l sted below:  
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 It has become poss ble for compan es to produce more products us ng fewer resources and 

to ensure cont nu ty n software projects w th the eff c ent transformat on processes. 

 New m croserv ce projects are ready n m nutes. 

 Conf gurat on f le creat on t me s now measured n m ll seconds. 

 Data loss s m n m zed w th the central zed management. 

 Incorrect conf gurat ons can be rolled back through vers on ng. 

 Manual errors are m n m zed. 

 All conf gurat ons are managed from a s ngle po nt. 

 

5. CONCLUSION 

In the software development world, sw tch ng between frameworks s often a t me-consum ng 

and error-prone process requ r ng a s gn f cant amount of manual work. Th s s tuat on, 

espec ally n an env ronment where technolog cal nnovat ons change rap dly, l m ts compan es' 

ab l ty to modern ze the r ex st ng nfrastructures and adapt to new technolog es. Th s study 

addresses these problems and presents an nnovat ve automated code convers on platform to 

enable seamless and rap d trans t ons between frameworks. W th the developed platform, error 

processes are s gn f cantly reduced,  and data loss s m n m zed w th the central zed 

management. 
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ABSTRACT  

While the proliferation of machine learning in clinical informatics has improved diagnostic 

precision, the selection of optimal architectures remains a critical challenge for Information 

Systems in oncology. This study presents a rigorous comparative analysis of diverse data 

mining frameworks ranging from traditional linear estimators to complex non-linear neural 

architectures using the high-dimensional Wisconsin Diagnostic Breast Cancer (WDBC) 

dataset. 

This study goes beyond simple categorization, examining the trade-offs between 

computational cost and diagnostic accuracy. To evaluate these diagnostic methods, 

we used a series of classifiers: Logistic Regression, k-Nearest Neighbors, Support 

Vector Machines, Random Forest, and Multi-Layer Perceptron (MLP). We assessed 

model performance using ROC-AUC, specificity, and sensitivity, applying a 

stratified 80/20 split and thorough feature standardization. Our analysis reveals a key 

conflict: while deep learning models like MLP show high predictive accuracy, the 

inherent interpretability of SVM is more practical in clinical settings where 

transparency is crucial. Therefore, integrating these improved data mining processes 

into hospital information systems offers a promising way to reduce diagnostic delays 

and minimize human error in early-stage pathology. 

Keywords: Clinical Informatics, Data Mining, Diagnostic Decision Support, Predictive 

Analytics, WDBC Evaluation. 
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1. INTRODUCTION  
The swift progress of information and communication technologies has instigated a 

profound transformation within Healthcare Information Systems (HIS). Initially, 

these systems served as passive electronic archives, primarily intended for storing 

administrative and demographic data. Presently, they have developed into dynamic, 

terabyte-scale ecosystems, capable of processing intricate clinical, genomic, and 

radiological information [1]. Nevertheless, the substantial volume of digitized 

medical data does not inherently yield actionable clinical insights. Deriving 

meaningful patterns from these extensive datasets necessitates the integration of data 

mining algorithms, a crucial step within the Knowledge Discovery in Databases 

(KDD) framework [2, 3]. Consequently, through the application of these analytical 

methodologies, basic data repositories are converted into intelligent Clinical 

Decision Support Systems (CDSS), which, in turn, support evidence-based 

management and proactive patient care [4]. 

A crucial application of data mining in modern healthcare is the early detection and 

classification of cancer. Breast cancer continues to be a leading cause of illness and 

death worldwide, and starting treatment early is crucial for improving patient 

outcomes. Currently, Fine Needle Aspirate (FNA) biopsies are often used in medical 

settings to assess the cancerous potential of breast lesions [5]. Pathologists face a 

considerable cognitive load when assessing the morphological alterations of 

extracted cell nuclei, including radius asymmetry, perimeter, and smoothness; 

moreover, this process is subject to variability between observers. As a result, 

artificial intelligence (AI) is being adopted more frequently to reduce human error 

and standardize the diagnostic procedure. Despite these advancements, a significant 

ontological debate persists within the medical informatics community regarding 

algorithmic selection. Researchers frequently posit that heightened model 

complexity automatically ensures enhanced diagnostic precision. Although deep 

learning frameworks, including Convolutional Neural Networks (CNNs), have 

undeniably transformed the examination of unstructured data, exemplified by raw 

mammographic images, their utilization in structured, tabular clinical data presents 

considerable challenges [6]. 

Complex ensemble models and multi-layer neural networks, characterized by 

substantial representational capabilities, frequently result in overfitting when 

employed with restricted tabular datasets [7]. These models tend to memorize 

training noise rather than learning generalizable biological rules, resulting in 

dangerous performance drops when evaluating new, unseen patients. Furthermore, 

deep learning networks act as "black boxes," failing to provide the algorithmic 

transparency and explainability required to establish physician trust in clinical 

environments [6]. Therefore, the primary objective of this research is to empirically 

challenge the "complexity equals accuracy" fallacy in structured predictive 

oncology.  
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By conducting a comparative analysis of five distinct data mining 

architectures Logistic Regression, K-Nearest Neighbors (KNN), Support Vector 

Machines (SVM), Random Forest, and Multi-Layer Perceptrons (MLP) using the 

standardized Wisconsin Diagnostic Breast Cancer (WDBC) dataset, this study aims 

to determine which model truly offers the highest out-of-sample generalization. 

Ultimately, this research seeks to identify the most robust, transparent, and 

computationally efficient algorithm for safe integration into national Healthcare 

Information Systems [8].  

 

METHODS 

Dataset Description 

The present study utilized the Wisconsin Diagnostic Breast Cancer (WDBC) dataset, 

a benchmark frequently employed to evaluate medical informatics methodologies 

[5]. The dataset comprises 569 patient records. Each record is characterized by 30 

continuous numerical attributes, all of which were extracted from digitized images 

of fine needle aspiration (FNA) biopsies. These particular attributes are employed to 

quantify diverse morphological characteristics of cell nuclei, including their radius, 

texture, perimeter, area, and smoothness. 

 The dependent variable is binary, with cases classified as either malignant (37.3%) 

or benign (62.7%). To prioritize patient safety and accurately reflect real-world 

oncology triage practices, the "Malignant" condition was specifically designated as 

the positive class. This design choice ensures that the predictive models prioritize 

clinical sensitivity, thereby strictly controlling the rate of false negatives. 

Experimental Setup and Preprocessing 

Following the KDD framework, the dataset underwent thorough preprocessing to 

ensure a fair evaluation of the algorithms. The data was divided into two distinct 

subsets: an 80% training set, comprising 455 instances, and a 20% testing set, which 

contained 114 instances. 

To preserve the initial class distributions and mitigate algorithmic bias throughout 

model training, a stratified sampling method was employed. Furthermore, distance-

based and margin-based algorithms are known to be particularly susceptible to 

fluctuations in feature scaling. Consequently, Z-score standardization was uniformly 

implemented across the complete dataset, thereby effectively removing scale 

inconsistencies among the thirty morphometric features. 
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All subsequent experimental analyses were coded in Python, primarily 

relying on the computational tools provided by the scikit-learn, TensorFlow, and 

Keras libraries. 

Algorithmic Architectures  

In order to provide a thorough comparative assessment, five distinct predictive 

architectures were constructed and evaluated. These selections encompass both 

traditional machine learning approaches and modern deep learning frameworks [9, 

10, and 11]: 

1. Logistic Regression: A standard, probabilistic linear classifier chosen largely 

for its excellent interpretability. 

2. K-Nearest Neighbors (KNN): A non-parametric, distance-based algorithm. 

During the trials, it was evaluated at multiple neighborhood sizes (k=3, 5, and 

7). 

3. Support Vector Machines (SVM): This margin-maximizing algorithm was 

tested with both Linear and Radial Basis Function (RBF) kernels. Utilizing 

both kernels made it possible to accurately map linear as well as non-linear 

decision boundaries [9]. 

4. Random Forest: An ensemble-style decision tree algorithm that relies on 

bootstrap aggregating to decrease overall model variance [10]. 

5. Multi -Layer Perceptron (MLP):  This is a deep learning feedforward neural 

network, and it's trained using backpropagation. 

To understand how the number of layers affects tabular data, we tested three 

different network structures. These structures included a single hidden layer with 16 

neurons, a two-layer hidden structure with 32 and 16 neurons, and a three-layer 

hidden structure with 64, 32, and 16 neurons. 

RESULTS AND DISCUSSION 

Training Performance and the Overfitting Phenomenon 

Initial evaluations conducted on the training subset exposed fascinating behaviors 

regarding the representational capacity of highly complex architectures. The 

Random Forest ensemble achieved a flawless 1.000 across all primary metrics, 

including accuracy, sensitivity, and specificity. The deepest neural network 

architecture evaluated, MLP 64-32-16, showed a similar pattern. It achieved a 

training accuracy of 0.998, which was almost perfect, along with a sensitivity of 

1.000. 

While these numbers appear initially impressive, such absolute perfection in a 

medical dataset is often a clinical red flag. These results strongly indicated that the 

highly parameterized models were not abstracting generalized biological rules; 

rather, they were memorizing structural noise inherent to the training data. 
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Test Performance and Generalization 

The true clinical viability of these architectures was rigorously assessed when they 

were forced to evaluate the unseen test dataset. The empirical results, detailed below 

in Table 1, vividly illustrate a generalization gap within the complex models while 

underscoring the remarkable stability of the traditional algorithms. 

Upon evaluation against the novel testing records, the Random Forest model 

exhibited a discernible decline in performance, with its accuracy decreasing to 

0.956. Likewise, the MLP (64-32-16) architecture was unable to sustain its training 

performance, resulting in a reduction to an accuracy of 0.965. Conversely, the more 

streamlined models, specifically Logistic Regression and RBF-SVM, displayed 

exceptional stability when assessed on out-of-sample data. 

Conversely, the parsimonious models Logistic Regression and RBF-SVM 

demonstrated unparalleled out-of-sample stability. Both architectures topped the 

benchmark with a 0.982 test accuracy. More importantly, as illustrated in the 

confusion matrix for the RBF-SVM model (Figure 1), these algorithms successfully 

identified 41 out of 42 malignant cases, securing a critical clinical sensitivity of 

0.976. 

Model Accuracy Sensitivity Specificity ROC-AUC 

Logistic Regression 0.982 0.976 0.986 0.995 

KNN (k=3) 0.930  0.905 0.944 0.944 

Linear SVM 0.974 0.976 0.972 0.996 

RBF SVM 0.982 0.976 0.986 0.995 

Random Forest 0.956 0.929 0.972 0.993 

MLP (64-32-16) 0.965 0.976 0.958 0.989 

Table 1. Model Performance on the Test Dataset 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 0.2 0.4 0.6 0.8 1

D
o
ĵ
r
u
 
P
o
z
i
t
i
f
 
O
r
a
n
ē
 
(
D
u
y
a
r
l
ē
l
ē
k
)

Yanlēĸ Pozitif Oranē (1 - ¥zg¿ll¿k)

Doĵrusal ve RBF-SVM i­in ROC Eĵrileri

Doĵrusal SVM (AUC = 0.995)

RBF SVM (AUC = 0.996)

Rastgele Tahmin

Figure 1. Confusion Matrix for the RBF Support Vector Machine on the Test Dataset 



EUROPEAN CONFERENCES 9th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING and APPLIED SCIENCES 

April 3 ï 5, 2026 - TIRAN 

ISBN NR: 978-625-5694-93-5 

 

173 
 

The superiority of these traditional models is further visualized through Receiver 

Operating Characteristic (ROC) analysis. As shown in Figure 2, the area under the 

curve (AUC) for both Logistic Regression and SVM approaches near-perfection 

(0.995), indicating a highly robust and stable decision boundary compared to the 

more erratic boundaries generated by complex neural networks on this tabular 

dataset. 

 

 

 

 

 

 

 

 

 

 

 

 

These empirical findings provide a vital counter-narrative to the prevailing 

assumption that deep learning architectures are universally superior across all 

medical data types [11, 12]. For highly structured, tabular morphometric datasets, 

deep neural networks and ensemble trees exhibit a dangerous tendency to overfit. 

Conversely, the margin-maximization principle intrinsic to Support Vector 

Machines, alongside the smooth probabilistic delineations characteristic of Logistic 

Regression, demonstrated considerable resilience. This observation resonates with 

contemporary research that prioritizes feature-algorithm concordance rather than 

computational intricacy [13, 14]. 

From a practical healthcare informatics perspective, parametric models offer a 

distinct operational advantage: algorithmic transparency. They allow physicians to 

mathematically interpret the precise weight of specific cellular features, thereby 

fostering the clinical trust necessary for actual hospital integration. Furthermore, 

Figure 2. Comparative ROC Curves across tested architectures. 
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possessing a 0.976 sensitivity rate means these models can confidently serve as 

highly reliable "first-pass" triage filters, instantly prioritizing high-risk biopsy files 

for immediate oncologist review while requiring negligible computational overhead. 

 

CONCLUSION 

The results of this comparative informatics study strongly challenge the common 

industry idea that more complex algorithms always lead to better diagnostic results. 

When dealing with highly structured, tabular medical data such as the morphometric 

features derived from breast cancer biopsies simpler and mathematically transparent 

algorithms often provide significantly safer and more reliable solutions than intricate 

"black-box" systems. Both Logistic Regression and RBF-SVM achieved an optimal 

balance in this study. They successfully maximized critical clinical sensitivity while 

maintaining an exceptionally high capacity for out-of-sample generalization. 

Integrating these efficient and precise algorithms into national healthcare systems 

offers a significant opportunity for transformation. This integration has the potential 

to optimize clinical triage processes, substantially decrease diagnostic delays, and, 

consequently, enhance patient survival rates by mitigating false-negative results. 

Future research endeavors should concentrate on incorporating Explainable AI 

(XAI) overlays to bolster physician confidence, alongside the external validation of 

these models using multi-modal, real-world hospital data.  
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ABSTRACT 

There are many stud es n the l terature deal ng w th metr c-preserv ng funct ons as well as 

f xed-po nt and f xed-c rcle problems. Mot vated by these developments, th s paper focuses on 

obta n ng new f xed-c rcle results by comb n ng these two mportant concepts. In part cular, the 

not on of b-metr c preserv ng funct ons s used to extend class cal deas related to metr c-

preserv ng mapp ngs. W th n th s sett ng, several c rcle concepts are ntroduced and the r 

relat onsh ps are exam ned n general zed d stance spaces. By us ng these not ons, suff c ent 

cond t ons are establ shed to guarantee the ex stence and un queness of f xed c rcles for certa n 

self-mapp ngs. These f nd ngs make t poss ble to general ze some known f xed-c rcle results 

from metr c spaces to the w der class of b-metr c spaces.The theoret cal results are supported 

by appropr ate examples that llustrate the appl cab l ty of the proposed approach. The ma n 

contr but on of th s study s the presentat on of new f xed-c rcle theorems obta ned through the 

use of b-metr c preserv ng funct on techn ques. Consequently, the results prov de further ns ght 

nto f xed-po nt and f xed-c rcle theory and contr bute to the development of research n 

general zed metr c spaces. 

Keywords: b-metr c preserv ng funct on, f xed c rcle, f xed po nt, general zed metr c space 

 

1. INTRODUCTION 

In recent years, f xed-po nt theory has become one of the central top cs n nonl near analys s 

due to ts w de range of appl cat ons n var ous branches of mathemat cs and appl ed sc ences. 

In part cular, the study of f xed c rcles, wh ch can be cons dered as a natural general zat on of 

f xed po nts, has attracted cons derable attent on. These concepts prov de deeper geometr c 

ns ghts nto the behav or of self-mapp ngs n d fferent types of spaces.  

On the other hand, metr c-preserv ng funct ons play a s gn f cant role n the construct on and 

transformat on of metr c structures. Such funct ons ensure that the metr c propert es of a space 

are ma nta ned under su table mapp ngs, and they have been w dely nvest gated n the 
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l terature. Comb n ng these funct ons w th f xed-po nt techn ques leads to new perspect ves and 

general zatons n metr c theory. 

In order to extend class cal results, general zed d stance spaces have been ntroduced. Among 

these, b-metr c spaces const tute an mportant class, where the tr angle nequal ty s relaxed by 

a constant factor. Th s general zat on allows the development of broader frameworks n wh ch 

many results from metr c spaces can be extended and mproved. 

Mot vated by these developments, the ma n a m of th s paper s to nvest gate f xed-c rcle 

concepts v a b-metr c preserv ng funct ons. By ntroduc ng several types of c rcles n the 

context of general zed metr c structures, we analyze the r relat onsh ps and establ sh new 

cond t ons ensur ng the ex stence and un queness of f xed c rcles for certa n self-mapp ngs. 

The results presented n th s study not only general ze some well-known results from metr c 

spaces to b-metr c spaces, but also prov de a deeper understand ng of the nteract on between 

metr c-preserv ng funct ons and geometr c structures such as c rcles. Furthermore, llustrat ve 

examples are g ven to demonstrate the appl cab l ty and effect veness of the obta ned results. 

2. PRELIMINARIES 

Let X be a nonempty set and the funct on [ ): 0,d X X³ ­ ¤ be a funct on sat sfy ng the 

follow ngs: 

( )1M ( ), 0d x y x y= Ú = for all , ,x y XÍ  

( )2M ( ) ( ), ,d x y d y x=  for all , ,x y XÍ  

( )3M ( ) ( ) ( ), , ,d x y d x z d z y¢ + for all , .x y XÍ     

Then the funct on d s a metr c on X and the pa r ( ),X d  s a metr c space. 

Def n t on 2.1 [1] Let X be a nonempty set and [ ): 0,sd X X³ ­ ¤ a funct on. If the follow ng 

cond t ons are sat sf ed  for all , , ,x y z XÍ  then sd  s called a b-metr c: 

( )1B ( ), 0sd x y =  f and only f ,x y=   

( )2B ( ) ( ), , ,s sd x y d y x=  

( )3B  There s 1s²  such that  

( ) ( ) ( ), , , .s s sd x y s d x z d z y¢ +è øê ú 

Then the pa r ( ), sX d  s sa d to be a b-metr c space. 

Metr c-Preserv ng Funct on: [2] Let ( ),X d   be a metr c space and [ ) [ ): 0, 0,f ¤ ­ ¤ be a 

funct on. Then f  s called a metr c-preserv ng funct on f f d s a metr c on .X  
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b-Metr c-Preserv ng Funct on: [3] Let  [ ) [ ): 0, 0, .f ¤ ­ ¤ We say that  f  s b-metr c-

preserv ng f for all b-metr c spaces ( ), ,X d  f d s a b-metr c on .X  

C rcle: Let ( ),X d  be a metr c space. A c rcle ( )0,C x r  of rad us r centered at 0x  s def ned by 

( ) ( ){ }0 0, : ,C x r x X d x x r= Í =. 

          Assume that the metr c funct on [ ): 0,f d X X³ ­ ¤ s denoted by ,fd  that s,  

fd f d=  

and the rad us fr  s denoted by 

().fr f r=  

Now we def ne the follow ng def n t ons: 

Def n t on 2.2 [4] A c rcle ( )0, fC x r  of rad us fr  centered  at 0x  n a metr c space ( ),X d  s 

the set of all po nts of X of equal to fr  from 0,x  that s, 

( ) ( ){ }0 0, : , .f fC x r x X d x x r= Í =  

Def n t on 2.3 [4]  A c rcle ( )0,fC x r  of rad us r centered  at 0x  n a metr c space ( ), fX d  s 

the set of all po nts of X of equal to r from 0,x  that s, 

( ) ( ){ }0 0, : , .f fC x r x X d x x r= Í =  

Def n t on 2.4 [4] A c rcle ( )( )0 ,C f x r  of rad us fr  centered  at ( )0f x  n a metr c space 

( ),X d  s the set of all po nts of X of equal to fr  from ( )0 ,f x  that s, 

( )( ) ( )( ){ }0 0, : , .C f x r x X d x f x r= Í =  

Def n t on 2.5 [4] A c rcle ( )( )0 , fC f x r  of rad us fr  centered  at ( )0f x  n a metr c space 

( ),X d  s the set of all po nts of X of equal to fr  from ( )0 ,f x  that s, 

( )( ) ( )( ){ }0 0, : , .f fC f x r x X d x f x r= Í =  

Def n t on 2.6 [4] A c rcle ( )0,f fC x r  of rad us fr  centered  at ( )0f x  n a metr c space ( ),X d  

s the set of all po nts of X of equal to fr  from ( )0 ,f x  that s, 

( ) ( ){ }0 0, : , .f f f fC x r x X d x x r= Í =  
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          The def n t ons of the open ball ( )0, ,B x r  and the closed ball [ ]0,B x r  for 0x XÍ  and 

0,r >  s s m lar to the metr c case [5]. In a b- metr c space, the boundary of the open ball 

plays an mportant role n determ n ng ts closure. The boundary of the closed ball can also be 

cons dered as a c rcle, as follows:  

            Let ( ), sX d  be a metr c space. A c rcle ( )0,C x r  of rad us r centered at 0x  s def ned 

by 

( ) ( ){ }0 0, : , .b sC x r x X d x x r= Í =  

3. MAIN RESULTS 

In th s sect on, we ntroduce the not ons of some c rcles accord ng to the b-metr c-preserv ng 

funct ons. To do th s, let ( ), sX d  be a b-metr c space w th coeff c ent 1,s²  ( )0,bC x r  be a 

c rcle on X, and [ ) [ ): 0, 0,f ¤ ­ ¤ be a b-metr c-preserv ng funct on. 

Assume that the b-metr c funct on[ )   0,:s Xf d X³ ­ ¤ s denoted by 

,
fs sd f d=  

and the rad us ().fr f r=   

Now we def ne the follow ng def n t ons: 

Def n t on 3.1 A c rcle ( )0,b fC x r  of rad us fr  centered at 0x  n a b-metr c space ( ), sX d  s 

the set of all po nts of X of equal d stance fr  from 0x , that s, 

( ) ( ){ }0 0, : , .b f s fC x r x X d x x r= Í =  

Def n t on 3.2 A c rcle ( )0,
b

fC x r  of rad us r  centered at 0x  n a b-metr c space ( ), sX d  s 

the set of all po nts of X of equal d stance r  from 0x , that s, 

( ) ( ){ }0 0, : , .
f

b

f sC x r x X d x x r= Í =  

Def n t on 3.3 A c rcle ( )( )0 ,bC f x r  of rad us r  centered at ( )0f x  n a b-metr c space 

( ), sX d  s the set of all po nts of X of equal d stance r  from ( )0f x , that s, 

( )( ) ( )( ){ }0 0, : , .b sC f x r x X d x f x r= Í =  

Def n t on 3.4 A c rcle ( )( )0 ,b fC f x r  of rad us fr  centered at ( )0f x  n a b-metr c space 

( ), sX d  s the set of all po nts of X of equal d stance fr  from ( )0f x , that s, 
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( )( ) ( )( ){ }0 0, : , .b f s fC f x r x X d x f x r= Í =  

Def n t on 3.5 A c rcle ( )0,
b

f fC x r  of rad us fr  centered at 0x  n a b-metr c space ( ), sX d  s 

the set of all po nts of X of equal d stance fr  from 0x , that s, 

( ) ( ){ }0 0, : , .
f f

b

f s fC x r x X d x x r= Í =  

Some compar sons of theses notat ons are g ve as follows: 

Let ( ), sX d  be a b-metr c space and :f X X­  be a self-mapp ng. If  xT x=  for some ,x XÍ  

then x s a f xed po nt of .T  In add t on, the f xed-po nt set of T s denoted by ().Fix T   

¶ If ()0 ,x Fix fÍ  then the c rcles ( )0,bC x r  and ( )( )0 ,bC f x r  co nc de. 

¶ If ()0 ,x Fix fÍ  then the c rcles ( )0,b fC x r  and ( )( )0 ,b fC f x r  co nc de. 

¶ If ,fr r=  then the c rcles ( )0,bC x r  and ( )0,bC x r  co nc de. 

¶ If fr r=  then the c rcles ( )0,
b

fC x r  and ( )0,
b

f fC x r  are co nc de. 

¶ If the b-metr c preserv ng funct onf  s def ned by 

 

() ,f x ax=  0,a>  

for all [ )0, ,xÍ ¤  then the c rcles ( )0,bC x r   and ( )0,
b

f fC x r  are co nc de. 

Example 3.1 Let  ( ),d  be a usual metr c (wh ch s also a b-metr c w th constat 1s= )  

space w th the metr c ( ),d x y x y= - and { }0,1 1,1C = -  be a un t c rcle. Let us def ne the b-

metr c preserv ng funct on [ ) [ ): 0, 0,f ¤ ­ ¤ as 

() 3 ,f x x=   

for all [ )0, .xÍ ¤ Then we get  

() ()1 3,fr f r f= = =  

and 

()0 0.f =   

Hence us ng the above def n t ons, we obta n the follow ng c rcles: 
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( ) ( ) ( ){ }

{ }

{ }

{ }

0, 0,3 : ,0 3

                 = : 0 3

                 = : 3

                 = 3,3 ,

b f b sC x r C x d x

x x

x x

= = Í =

Í - =

Í =

-

 

( ) ( ) ( ){ }
{ }

0, 0,1 : ,0 1

                 = :3 0 1

1
                 = :

3

1 1
                 = , ,

3 3

s

b b

f f f
C x r C x d x

x x

x x

= = Í =

Í - =

ë û
Í =ì ü

í ý

ë û
-ì ü
í ý

  

( )( ) ( ) ( ){ }

{ }

{ }

{ }

0 , 0,1 : ,0 1

                 = : 0 1

                 = : 1

                 = 1,1 ,

b b sC f x r C x d x

x x

x x

= = Í =

Í - =

Í =

-

  

( )( ) ( ) ( ){ }

{ }

{ }

{ }

0 , 0,3 : ,0 3

                 = : 0 3

                 = : 3

                 = 3,3 ,

b f b sC f x r C x d x

x x

x x

= = Í =

Í - =

Í =

-

  

( ) ( ) ( ){ }

{ }

{ }

{ }

0, 0,3 : ,0 3

                 = :3 0 3

                 = : 1

                 = 1,1 .

s

b b

f f f fC x r C x d x

x x

x x

= = Í =

Í - =

Í =

-
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ÖZET 

Bu ­alēĸmada, ithal kau­uk bazlē bagaj havuzlarēna alternatif olarak tamamen geri 

dºn¿ĸt¿r¿lebilir termoplastik vulkanizat (TPV) esaslē bir yapē geliĸtirilmiĸtir. Ama­, geri 

dºn¿ĸ¿m¿ sēnērlē elastomerler yerine, yerli ¿retime uygun, hafif ve maliyet etkin bir ­ºz¿m 

sunmaktēr. ¢alēĸma kapsamēnda ºncelikle referans ¿r¿nlerin mekanik ve y¿zey performanslarē 

analiz edilerek hedef ºzellikler belirlenmiĸtir. Ķlk aĸamada ­ok katmanlē (TPEïTPOïTPE) yapē 

denenmiĸ; ancak katmanlar arasē zayēf aderans ve y¿ksek sēcaklēkta form kaybē nedeniyle tek 

katmanlē TPV yapēya ge­ilmiĸtir. Bu yapē, homojen daĵēlēmē sayesinde daha iyi form stabilitesi 

ve dayanēm saĵlamēĸtēr. ¦r¿n geliĸtirme s¿recinde tersine m¿hendislik yaklaĸēmē kullanēlmēĸ; 

ara­ geometrisi 3D tarama ile elde edilerek CAD modellere dºn¿ĸt¿r¿lm¿ĸ, 3D baskē 

prototipler ile doĵrulama yapēlmēĸtēr. Nihai tasarēma gºre kalēplar ¿retilmiĸ ve ¿retime 

ge­ilmiĸtir. Optimum TPV malzeme ekstr¿zyon ile plaka halinde ¿retilmiĸ ve termoform 

yºntemi ile ĸekillendirilmiĸtir. Malzeme karakterizasyonunda 43 Shore D sertlik, 1,07 g/cm³ 

yoĵunluk ve 9,1 g/10 dk akēĸ indeksi elde edilmiĸtir. Performans testlerinde ¿r¿n¿n ­izilme 

direnci, matlēk, su iticilik, temizlenebilirlik ve yanmazlēk ºzelliklerinin referans ¿r¿nlerle 

benzer veya daha iyi olduĵu gºr¿lm¿ĸt¿r. Geliĸtirilen ¿r¿n 10 farklē ara­ modeli i­in seri 

¿retime alēnmēĸ ve ticarileĸtirilmiĸtir. ¦r¿nler hem yurti­inde hem yurtdēĸēnda kullanēlmaktadēr. 

Bu proje sonucunda firmamēzēn ¿r¿n gamēna yeni bir bagaj havuzu ailesi, bilgi birikimimize 

ise yeni bir elastomerik hammadde sēnēfē ve proses know-howôē kazandērēlmēĸtēr. Proje, 

malzeme geliĸtirme, proses optimizasyonu ve performans validasyonu a­ēsēndan y¿ksek ar-ge 

niteliĵine sahiptir ve s¿rd¿r¿lebilir, hafifletilmiĸ ve yerli ¿retim altyapēsēna sahip bir otomotiv 

iç trim çözümünün end¿striyel uygulanabilirliĵini kanētlamēĸtēr 

Anahtar Kelimeler  

TPV, Bagaj Havuzu, Tersine M¿hendislik, Termoform, Otomotiv Ķ­ Trim 
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ABSTRACT 

In this study, a fully recyclable thermoplastic vulcanizate (TPV)-based structure was developed 

as an alternative to imported rubber-based trunk liners. The main objective is to provide a 

lightweight, cost-effective, and locally producible solution to replace elastomeric materials with 

limited recyclability. Within the scope of the study, the mechanical and surface performance of 

benchmark products were first analyzed to define target properties. Initially, a multilayer (TPEï

TPOïTPE) structure was evaluated; however, due to poor interlayer adhesion and dimensional 

instability at elevated temperatures, a transition was made to a single-layer TPV structure. This 

configuration provided improved form stability and mechanical integrity due to its 

homogeneous phase distribution. A reverse engineering approach was applied during the 

product development process. Vehicle geometries were obtained through 3D scanning and 

converted into CAD models. Prototypes were produced via 3D printing and validated on the 

vehicle. Based on the finalized design, molds were manufactured and the production phase was 

initiated. The optimized TPV material was produced in sheet form via extrusion and shaped 

using thermoforming. Material characterization results showed 43 Shore D hardness, 1.07 

g/cm³ density, and a melt flow index of 9.1 g/10 min. Performance tests demonstrated that 

scratch resistance, gloss level, water repellency, cleanability, and flammability properties were 

comparable or superior to benchmark products. The developed product has been 

commercialized and mass-produced for 10 different vehicle models, with applications in both 

domestic and international markets. As a result, the project has introduced a new trunk liner 

product family and contributed to the companyôs expertise with a novel elastomeric material 

class and process know-how. The study demonstrates the industrial applicability of a 

sustainable, lightweight, and locally producible automotive interior trim solution. 

 

Keywords 

TPV, Trunk Liner, Reverse Engineering, Thermoforming, Automotive Interior Trim 
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ABSTRACT 

Carbon fibre (CF) reinforced polyamide 6.6 (PA6.6) composites have attracted increasing 

attention as alternatives to metallic materials in tribological industrial applications due to their 

low density, high specific strength, and good wear resistance. In this study, the tribological 

performance of a 30 wt.% carbon fibre reinforced PA6.6 (PA6.6-30CF) composite was 

systematically investigated to evaluate its potential for industrial use. Tribological experiments 

were carried out using the pin-on-disc wear test method in accordance with ASTM G99 

standards. In the experiments, cylindrical PA6.6-30CF pin specimens with a diameter of 6 mm 

and a length of 50 mm were tested against an AISI 316L stainless steel disc. All wear tests were 

conducted at a constant sliding speed of 1.0 m/s under varying normal loads of 50, 150, 200, 

and 250 N. The coefficient of friction (CoF) was continuously recorded using a load cell, while 

the specific wear rate was calculated based on volumetric material loss. The results 

demonstrated that the coefficient of friction gradually decreased with increasing applied load, 

whereas the specific wear rate (SWR) showed a significant increase, particularly at higher load 

levels. Optical microscopy analyses revealed that abrasive wear was the dominant mechanism 

at low loads, while at higher loads, the formation of a transfer film led to a more stable wear 

regime. Furthermore, carbon fibre reinforcement enhanced the load-bearing capacity of the 

PA6.6 matrix and contributed significantly to stabilizing the friction behaviour. 

Keywords : Polyamide 6.6, Wear, tribology, load, composite, friction.  
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1. INTRODUCTI ON 

Polymer-based composite materials have increasingly been preferred as alternatives to metals 

in tribological applications in recent years, due to their low density, good mechanical properties, 

and high corrosion resistance. Among these materials, polyamide polymers, which belong to 

the thermoplastics class, stand out because of their good wear resistance, impact strength, and 

ease of processing (Blau, 2009; Friedrich & Schlarb, 2011). Polyamide 6.6 (PA6.6), in 

particular, is widely used in wear-prone components such as gears, bushings, and sliding 

bearings due to its high mechanical strength and thermal stability (Sinha et al., 2018). However, 

the tribological performance of PA6.6 can be limited when used alone, depending on the applied 

load and contact pressure. With increasing load, the high pressure and temperature generated 

in the contact zone can lead to increased plastic deformation of the polymer matrix, resulting 

in higher wear rates (Lancaster, 1990). For this reason, the use of various reinforcements and 

additives has become a common approach to improve the friction and wear behaviour of PA6.6. 

Carbon fiber (CF) (Kunishima et al., 2021; Rydresh et al., 2020; Choudhari et al., 2021; Li et 

al., 2009) and glass fiber reinforcements (Kunishima et al., 2021) are among the most effective 

reinforcement materials for enhancing the mechanical strength and load-carrying capacity of 

polymer matrix composites. CF reinforcement, in particular, restricts the deformation of the 

matrix phase and promotes a more uniform distribution of applied loads, thereby significantly 

improving tribological performance (Zhang et al., 2015). It has been reported in the literature 

that carbon fiber-reinforced polyamide composites exhibit lower coefficients of friction and 

more stable wear behavior compared to neat polyamide (Unal et al., 2004; Karger-Kocsis & 

Friedrich, 1991). In tribological systems, the applied load and the resulting contact pressure 

play a critical role in determining friction and wear mechanisms. Under low load conditions, 

abrasive wear mechanisms are generally dominant, whereas with increasing load, the formation 

of a transfer film on the counter surface is accelerated, leading to a more stable friction regime 

(Blau, 2009). However, under high load and pressure conditions, interfacial damage between 

the fiber and matrix, as well as thermal softening effects, may increase the wear rate (Friedrich 

& Schlarb, 2011). 

In this context, a detailed investigation of the CoF, wear rate, and surface morphology of carbon 

fiber-reinforced PA6.6 composites under different load and pressure conditions is of great 

importance for understanding their potential in industrial tribological applications. Especially 

in systems involving metalïpolymer contact, where low friction, stable wear behaviour, and 

long service life are required, PA6.6-CF composites emerge as promising engineering 

materials. 
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https://covalomotion.com/product/nr-16-70-13-

695/ 

https://covalomotion.com/product/spur-gears-s-

k-10-17-50-250/ 

Figure 1. Industrial gears manufactured from PA6.6-30CF polymer composite material 

 

2. EXPERIMENTAL  

2.1. Materials  

The material used in the experiments was a 30wt.% carbon fibre-reinforced polyamide 6.6 

composite, supplied by DSM. The physical, mechanical and thermal properties of the composite 

material are given below. 

 

Table 1. Physical, mechanical and thermal properties of PA 6.6/30CF composite material 

Properties Unit Value 

Density g/cm3 1.27 

Tensile strength MPa 230 

Elongation at break % 2.8 

Flexural strength MPa 343 

Flexural modulus GPa 17.0 

Melting of temperature oC 260 

 

2.2. Test Methods 

The tribological behaviour of the PA6.6-30CF composite was investigated using a pin-on-disc 

wear test method. The experiments were conducted based on the ASTM G99 standard, and the 

effect of applied load on the CoF and SWR was evaluated in detail. 
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In the tests, cylindrical PA6.6-30CF composite pins with a diameter of 6 mm and a length of 

50 mm were used as the specimen. An AISI 316L stainless steel disc with a surface roughness 

of Ra = 0.12 µm was selected as the counter-face material. Before each test, the disc surfaces 

were cleaned with alcohol to remove any contaminants and ensure consistent surface 

conditions. All experiments were carried out at a constant sliding speed of 1.0 m/s under 

different applied loads of 50 N, 150 N, 200 N, and 250 N. The normal load was precisely applied 

and maintained constant throughout the test using a load cell integrated into the test device. The 

friction force was also measured in the lateral direction using the same load cell, and the 

coefficient of friction was calculated from these measurements. During the experiments, a data 

acquisition system recorded 1000 data points per minute, allowing high-resolution monitoring 

of instantaneous changes in the coefficient of friction. The coefficient of friction (ɛ) was 

calculated using the ratio of the measured friction force (Fs) to the applied normal load (Fn), as 

given by the following equation: 

 

Here, 

ɛ denotes the CoF, Fs denotes the frictional force in the direction of sliding (N), and Fn denotes 

the applied load (N). 

The SWR was calculated based on the mass loss of the pin specimen before and after the test. 

The masses of the specimens were measured using an analytical balance with a precision of 

±0.1 mg. The measured mass loss was converted to volume loss using the density of the 

composite material, and the SWR was determined using the following equation: 

 

Here, 

Ws represents the SWR (mmį/Nm), ȹV represents the volume loss of the pin specimen (mmį), 

Fn represents the applied load (N), and L represents the total sliding distance (m). 

Following the experiments, the wear surfaces of the pin and disc specimens were examined 

using an optical microscope to assess the wear mechanisms. The tribological performance of 

the PA6.6-30CF composite under different load conditions was determined by evaluating the 

CoF, SWR and surface morphology data together. 

 

3. RESULTS AND DISCUSSION 

Figures 2, 3, 4 and 5 show the CoF versus sliding distance for the PA6.6-30CF composite at a 

sliding speed of 1.0 m/s under different loads (50, 150, 200 and 250 N). At low load (50 N), the 

CoF reached a steady state after approximately 1,700 m of sliding distance. Increasing the 

applied load to 150 N reduced this distance to approximately 1,500 m. Under higher loads of 

200 N and 250 N, it was observed that the CoF reached a steady-state regime over a much 

shorter distance, at approximately 300 m of sliding distance. The significant reduction in the 
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sliding distance required to reach the steady-state friction regime as the load increases can be 

attributed to the accelerated formation of the transfer film on the contact surfaces and the 

stabilisation of the actual contact area within a shorter time. As the load increases, the rise in 

contact pressure contributes to the polyamide matrix undergoing plastic deformation more 

rapidly and the formation of a more continuous and homogeneous transfer layer on the opposing 

surface. This leads to a rapid reduction in fluctuations in the CoF and enables the system to 

reach a steady state earlier. 

 

 

Figure 2. Variation in the CoF of the PA6.6-30CF polymer composite at a sliding speed of 1.0 m/s and 

a load of 100 N. 

 

 

Figure 3. Variation in the CoF of the PA6.6-30CF polymer composite at a sliding speed of 1.0 m/s and 

a load of 150 N. 
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Figure 4. Variation in the CoF of the PA6.6-30CF polymer composite at a sliding speed of 1.0 m/s and 

a load of 200 N. 

 

 

Figure 5. Variation in the CoF of the PA6.6-30CF polymer composite at a sliding speed of 1.0 m/s and 

a load of 250 N. 

 



EUROPEAN CONFERENCES 9th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING and APPLIED SCIENCES 

April 3 ï 5, 2026 - TIRAN 

ISBN NR: 978-625-5694-93-5 

 

191 
 

 

Figure 6. Variation in the CoF of the PA6-30CF polymer composite as a function of applied load (Speed: 

1.0 m/s) 

 

Figure 6 shows the variation of the CoF for the PA6.6ï30CF composite at a sliding speed of 

1.0 m/s under different normal loads (50, 150, 200, and 250 N). At the lowest load of 50 N, the 

CoF was measured as 0.30. When the load was increased to 150 N, the CoF decreased slightly 

to 0.29, representing a reduction of approximately 3.3% compared to the 50 N condition. At 

200 N, the CoF further decreased to 0.28, corresponding to a reduction of about 6.7% from the 

initial load. Under the highest load of 250 N, the CoF decreased to 0.27, indicating an overall 

decrease of roughly 10% compared to the 50 N case. This gradual decrease in the CoF with 

increasing normal load can be attributed to the contact mechanics and tribological behaviour of 

the PA6.6-30CF composite. As the load increases, the real contact area between the composite 

and the counter-face expands, leading to a more uniform pressure distribution and reducing 

local stress concentrations. This effect allows micro-asperities on the polymer surface to flatten 

more effectively during sliding, contributing to a more stable friction regime. 

Figure 7 shows the variation of the SWR of the PA6.6-30CF composite at a sliding speed of 

1.0 m/s under different normal loads (50, 150, 200, and 250 N). At the lowest load of 50 N, the 

SWR was measured as 0.98 Ĭ 10  mmį/Nm. When the load was increased to 150 N, the wear 

rate rose to 7.91 Ĭ 10  mmį/Nm, representing an increase of approximately 707% compared to 

the initial load. At 200 N, the SWR further increased to 12.5 Ĭ 10  mmį/Nm, corresponding to 

an increase of about 1176% relative to the 50 N condition. Under the highest load of 250 N, the 

wear rate reached 39.8 Ĭ 10  mmį/Nm, indicating a very significant increase of roughly 3960% 

compared to the lowest load. These results demonstrate that the applied load has a dominant 

effect on the wear behaviour of the PA6.6-30CF composite. As the load increases, the real 

contact area and contact pressure with the counter-face rise, accelerating plastic deformation in 

the polyamide matrix and reducing wear resistance. At medium and high load levels, the limited 



EUROPEAN CONFERENCES 9th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING and APPLIED SCIENCES 

April 3 ï 5, 2026 - TIRAN 

ISBN NR: 978-625-5694-93-5 

 

192 
 

load-carrying capacity of the matrix facilitates the initiation and propagation of micro-cracks. 

Additionally, under high loads, stress concentrations at the fiber-matrix interface can cause 

interfacial separation and fiber breakage. The exposed or broken carbon fiber fragments act as 

third-body abrasives during sliding, further increasing the wear and contributing to the sharp 

rise in the specific wear rate. 

 

 

Figure 7. Variation in the SWR of the PA6-30CF polymer composite as a function of applied load 

(Speed: 1.0 m/s) 

 

Figures 8 and 9 show optical microscope images of the wear surface morphologies of the 

PA6.6-30CF composite pin samples and the steel disc counter-faces at a sliding speed of 1.0 

m/s under different normal loads (50, 150, 200, and 250 N). These figures clearly illustrate how 

the wear mechanisms and the formation of transfer films evolve on both the pin and disc 

surfaces as the load increases. Under the low load condition of 50 N (Figures 8a and 9a), the 

pin wear surface exhibits distinct wide and deep abrasive scratches, while the steel disc surface 

shows polymer and carbon fiber wear particles detached from the pin adhered to the surface. 

This indicates that at low load, the transfer film has not yet stabilized, and the system is 

dominated by a two-body or three-body abrasive wear mechanism. 
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a) F1= 50 N b) F2= 150 N 

  

c) F3= 200 N d) F4= 250 N 

Figure 8. Optical microscope images of the wear surfaces of PA6-30CF polymer composite pin 

specimens at a sliding speed of 1.0 m/s and under different loads (50, 150, 200 and 250 N) 

 

Upon increasing the applied load to 150 N (Figure 8b and Figure 9b), it was observed that the 

wear marks on the pin surface became shallower and less pronounced, whilst a relatively thick 

transfer film layer began to form on the steel disc surface. This film layer contributes to the 

transition of the friction behaviour to a more stable regime by limiting direct contact between 

the pin and the disc. At this load level, it can be said that the carbon fibre reinforcement reduces 

the severity of the wear marks by limiting matrix deformation. Under higher loads of 200 N 

(Figure 8c and Figure 9c), it is observed that the wear surface of the pin specimen exhibits a 

distinctly smoother and more homogeneous morphology. On the steel disc surface, both thin 

and, in places, partially thick transfer film regions were observed to coexist. This indicates that, 

with increasing load, the transfer film forms more rapidly, yet the film thickness may vary 

locally during sliding. The load-bearing role of the carbon fibres enhances surface stability by 

preventing excessive plastic deformation of the matrix. 
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e) F1= 50N f) F2= 150N 

  

g) F3= 200N h) F4= 250N 

Figure 9. Optical microscope images of the wear surfaces of the stainless steel disc in a PA6-30CF/steel 

disc pair operating at a sliding speed of 1.0 m/s and under different loads (50, 150, 200 and 250 N) 

 

Under the highest load of 250 N (Figures 8d and 9d), the pin surface appeared much smoother 

and largely free of scratches, while the steel disc surface developed a thin, continuous, and 

uniform transfer film. The presence of this thin film helps minimize direct metal-polymer 

contact, contributing to a lower and more stable coefficient of friction. However, under high 

load conditions, the increased contact pressure and temperature cause the film to spread more 

widely across the surface, although it remains thin. From a microstructural perspective, the 30% 

carbon fiber reinforcement plays a critical role by significantly enhancing the load-carrying 

capacity of the PA6 matrix. The fibers limit excessive deformation of the matrix under higher 

loads, promote a more uniform distribution of stresses during wear, and indirectly stabilize the 

formation of the transfer film. At the same time, localized damage at the fiber-matrix interface 

under high loads can contribute to an increase in the overall wear volume. Taken together, 

Figures 8 and 9 clearly show that, with increasing load, the wear mechanism in the PA6-30CF 

composite evolves from an abrasive-dominated regime to a transfer filmïcontrolled, more 

stable wear regime. The carbon fiber reinforcement emerges as a key microstructural element 
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that enhances surface stability and regulates the compositeôs tribological behaviour during this 

transition 

 

4. CONCLUSION 

1. In the PA6-30CF composite, increasing the applied load caused a gradual decrease in the 

coefficient of friction, while the SWR increased significantly, especially under high loads.  

2. The 30% carbon fiber reinforcement enhanced the mechanical strength of the PA6 matrix, 

leading to more stable friction behaviour. The carbon fibers limited wear under low and medium 

loads and supported the formation of a transfer film under high loads.  

3. Due to its low CoF and stable tribological performance, the PA6-30CF composite can 

serve as a potential alternative to metal materials for wear-prone industrial gears.  

4. The results indicate that the PA6-30CF composite can be safely used in sliding bearings, 

bushings, and various tribological systems involving polymer-metal contact.  

5. With advantages such as low density, reduced energy losses, and longer service life, PA6-

30CF composites are considered environmentally friendly and sustainable tribological 

materials. 
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ABSTRACT 

Polyoxymethylene (POM) is widely used in gear, bearing, and rolling element applications due 

to its high mechanical strength, stiffness, toughness, and dimensional stability, along with its 

favorable tribological properties such as a low coefficient of friction and good wear resistance. 

Its high chemical resistance and low moisture absorption make it particularly suitable for 

mechanisms requiring tight tolerances and consistent performance. However, the reduction in 

mechanical properties at elevated temperatures and its tendency to exhibit creep under sustained 

high loads constitute the main limitations of POM. Therefore, its tribological performance is 

strongly dependent on operating parameters such as load, sliding speed, and temperature. In 

this study, the tribological behaviour of a 25 wt.% glass fiber reinforced POM copolymer 

composite (POM-C/25GF) was investigated using the pin-on-disc wear test method in 

accordance with ASTM G99 standards. An AISI 316L stainless steel disc was used as the 

counter-face material. The coefficient of friction (COF) and specific wear rate (SWR) of the 

POM-C composite were evaluated under a constant load of 100 N and sliding speeds ranging 

from 1 to 4 m/s. The results indicated that both the coefficient of friction and the specific wear 

rate decreased with increasing sliding speed. The lowest specific wear rate and coefficient of 

friction were obtained at a sliding speed of 4.0 m/s under a 100 N load. The worn surfaces of 

both the pin and the steel disc were examined using optical microscopy. The findings 

demonstrated that the POM-C/25GF composite exhibits improved wear resistance and lower 

friction performance at higher sliding speeds. 

Keywords : Polyoxymethylene, POM, Wear, glass fiber, friction, composite.  
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1.INTRODUCTION  

Polymeric materials are widely used in modern engineering applications due to their low 

density, ease of processing, corrosion resistance, and tunable properties. Thermoplastic 

polymers, in particular, stand out because of their recyclability and broad range of applications. 

However, polymers also have some drawbacks, such as low elastic modulus, limited 

temperature resistance, and, in some cases, poor wear resistance.  Poly-oxy-methylene (POM), 

as an engineering plastic, occupies a balanced position within the ñperformance triangleò 

(cost/performance/processability). Owing to its high crystallinity, POM exhibits excellent 

mechanical and tribological properties. Its density is approximately 1.42 g/cm³, its glass 

transition temperature (Tg) is around -60 °C, and its melting temperature (Tm) is about 176 °C. 

Thanks to its high stiffness, good dimensional stability, low friction coefficient, low moisture 

absorption, and high chemical resistance, POM is widely used in gears, bearings, bushings, 

automotive components, and precision mechanical parts (see Figure 1). 

 

 

 

  

Figure 1. Bearing, housing and gear components made from POM polymer 

 

Various reinforcing agents and fillers are used to improve the limited mechanical and 

tribological properties of polymers. Fiber reinforcements such as glass fiber, carbon fiber (Xu 

et al., 2014), aramid fiber (Fakhar et al., 2013; Luo et al., 2015), basalt fiber (Bazan et al., 2021), 
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and natural fibers (Nirmal et al., 2015) significantly enhance the strength and stiffness of 

composite materials. On the other hand, particulate fillers such as talc, kaolin, calcite, glass 

beads, and metal powders (He et al., 2010) are mainly used to reduce cost and improve 

dimensional stability. In addition, solid lubricants such as polytetrafluoroethylene (PTFE) 

(Franklin et al., 2003; Zhang et al., 2022; Gao et al., 2011; Samyn et al., 2009; Fakhar et al., 

2013; Bazan et al., 2021), graphite, wax, and molybdenum disulfide (Wang et al., 2008) are 

effective in reducing the coefficient of friction. Nano-scale additives such as carbon nanotubes 

(CNT) (Yousif et al., 2016), alumina (Sun et al., 2008), and silicon dioxide (Xu et al., 2014) 

further improve mechanical, electrical, and tribological performance. Although composites 

produced with these additives offer high-performance advantages, they may also introduce 

certain drawbacks, such as interfacial incompatibility, processing difficulties, increased cost, 

and challenges in achieving homogeneous dispersion. There are numerous studies in the 

literature investigating the effect of sliding speed on tribological behaviour. For example, 

Lancaster (1972) reported that the wear behavior of polymers depends on contact conditions. 

Friedrich et al. (2005) showed that, in fiber-reinforced polymer composites, increasing sliding 

speed can reduce the coefficient of friction by accelerating the formation of a transfer film. 

Similarly, Bijwe et al. (2008) observed a decrease in wear rate with increasing speed in POM-

based composites, attributing this to the formation of a protective surface film. However, some 

studies have also emphasized that at higher speeds, wear mechanisms may change due to 

temperature rise. This indicates that tribological performance exhibits a complex behaviour 

depending on speed, load, and material structure. A review of the existing literature reveals that 

systematic studies on the tribological behaviour of glass fiber-reinforced POM composites at 

different sliding speeds, particularly under constant load conditions, are limited. 

In this study, to address this gap in the literature, the tribological performance of a 25 wt.% 

glass fiber-reinforced POM-C composite was systematically investigated under a constant load 

of 100 N over a wide range of sliding speeds (1.0, 2.0, 3.0, and 4.0 m/s). Wear tests were carried 

out using a pin-on-disc configuration under dry sliding conditions in accordance with the 

ASTM G99 standard. An AISI 316L stainless steel disc was used as the counter-face material. 

The effects of sliding speed were evaluated by analyzing both the coefficient of friction and the 

specific wear rate, and the worn surfaces were further examined using an optical microscope to 

interpret the wear mechanisms. 

 

2.EXPERIMENTAL  

2.1.Materials  

In the experiments, a polyoxymethylene copolymer composite reinforced with 25wt.% glass 

fibre was used. The physical, mechanical and thermal properties of the POM copolymer 

composite are given in Table 1 below. 
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Table 1. Physical, mechanical and thermal properties of the POM-C/25GF composite material 

(https://dmcplastik.com/wp-content/uploads/2022/10/POM-C-GF25-Natural-DMC.pdf) 

Properties Unit Value 

Density g/cm3 1.59 

Tensile strength MPa 51 

Tensile Modulus MPa 4200 

Elongation at break % 12 

Flexural strength MPa 88 

Flexural modulus GPa 4100 

Melting of temperature oC 170 

 

2.2.Test Methods 

The tribological performance of the POM-C/25GF composite was determined under dry sliding 

conditions using a pin-on-disc wear tester. The experiments were carried out in accordance with 

the ASTM G99 standard. The COF and SWR of the POM-C composite were investigated as a 

function of sliding speed. In the wear tests, a cylindrical pin with a diameter of 6 mm and a 

length of 50 mm was used as the specimen. An AISI 316L stainless steel disc with a surface 

roughness of approximately Ra = 0.102 µm was selected as the counter-face material. Before 

each test, the disc surfaces were cleaned with alcohol to remove oil, dust, and other 

contaminants, ensuring consistent initial surface conditions. The experiments were conducted 

under a constant load of 100 N at four different sliding speeds (1.0, 2.0, 3.0, and 4.0 m/s). A 

load cell was used to measure the friction force. The average coefficient of friction (ɛ) was 

calculated as the ratio of the friction force (Fs) to the applied normal load (Fn).  

 

The specific wear rate was determined based on the mass loss of the pin samples before and 

after testing. The mass loss, measured using an analytical balance with a precision of ±0.1 mg, 

was converted into volume loss using the materialôs density. The specific wear rate (Ws) was 

then calculated by dividing the volume loss by the applied normal load and the total sliding 

distance. 

 

https://dmcplastik.com/wp-content/uploads/2022/10/POM-C-GF25-Natural-DMC.pdf
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After the tests, both the pin and disc surfaces were examined under an optical microscope to 

analyze their surface morphologies. The tribological behaviour of the POM-C/25GF composite 

under different sliding speeds was evaluated by considering the coefficient of friction, specific 

wear rate, and microstructural observations together. 

 

3.RESULTS AND DISCUSSION 

Figure 2 shows the variation of the COF of the POM-C/25GF composite as a function of sliding 

speed under a load of 100 N. As seen in the figure, the COF decreases significantly with 

increasing sliding speed. According to the results obtained from the wear tests, the COF was 

measured as 0.38 at a sliding speed of 1.0 m/s. This value decreased noticeably with increasing 

speed. At 2.0 m/s, the COF decreased to 0.28, corresponding to a reduction of approximately 

26.3%. At a sliding speed of 3.0 m/s, it decreased to 0.23, showing a reduction of about 39.5%, 

while at 4.0 m/s, it reached approximately 0.18, representing a total decrease of 52.6%. This 

decreasing trend can be attributed to the formation of a more stable transfer film on the contact 

surface with increasing sliding speed, which reduces direct contact between the surfaces. 

 

Figure 2. Variation in the COF of the POM-C/25GF composite under a 100 N load at different sliding 

speeds 

 

Figure 3 shows the variation of the SWR of the POM-C/25GF composite as a function of sliding 

speed under a load of 100 N. A careful examination of the figure reveals that the SWR decreases 

as the sliding speed increases. When the values are evaluated, the SWR was measured as 1.79 

Ĭ 104 mm³/Nm at a sliding speed of 1.0 m/s. This value decreased with increasing speed. At 
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2.0 m/s, the SWR decreased to 1.15 Ĭ 104 mm³/Nm, corresponding to a reduction of 

approximately 35.8%. At 3.0 m/s, it further decreased to 0.75 Ĭ 104 mm³/Nm, showing a 

reduction of 58.1%, and at 4.0 m/s, it reached 0.66 Ĭ 104 mm³/Nm, representing a total decrease 

of 63.1%. This reduction in SWR can be explained by the formation of a protective transfer 

film on the surface with increasing sliding speed, which limits wear and promotes a more 

uniform distribution of the applied load. 

 

 

Figure 3. Variation in the SWR of the POM-C/25GF composite under a 100 N load at different sliding 

speeds 

 

Pim Disk 

  

a) V1= 1.0 m/s b)  
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c) V2= 2.0 m/s d)  

  
e) V2= 3.0 m/s f)  

 
 

g) V4= 4.0 m/s h)  

Figure 4. Optical microscope images of the POM-C/25GF composite under a 100 N load and a sliding 

speed of 4 m/s: a) the pin under a 50 N load, b) the disc surface, c) the pin under a 150 N load, d) the 

disc surface, e) the pin under a 200 N load, and f) the disc wear surface g) the pin under a 250 N load, 

and h) the disc wear surface 
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Figure 4 presents the optical images of the worn surfaces of both the pin and the disc for the 

POM-C/25GF composite under a load of 100 N at different sliding speeds. Figure 4 (a,b) show 

the wear surfaces at 1.0 m/s, where (a) represents the pin surface and (b) the steel disc surface. 

Similarly, Figure 4 (c,d) correspond to a sliding speed of 2.0 m/s, where (c) shows the pin 

surface and (d) the disc surface. Figures 4 (e,f) illustrate the wear surfaces at 3.0 m/s, with (e) 

representing the pin and (f) the disc, while Figures 4 (g,h) show the corresponding surfaces at 

4.0 m/s, where (g) is the pin and (h) is the steel disc. When the pin wear surfaces in Figures 4 

(a,c,e,g) are examined, pronounced wear tracks are observed at lower sliding speeds. As the 

sliding speed increases, the pin surfaces become smoother. On the other hand, examination of 

the steel disc surfaces in Figures 4 (b,d,f,h) reveals that, with increasing sliding speed (from 1.0 

m/s to 4.0 m/s), a more continuous and uniform transfer film forms on the disc surface. This 

film formation contributes to the reduction of both the COF (see Figure 2) and the SWR (see 

Figure 3). It is also well established in the literature that a thin and stable transfer film layer 

reduces direct contact between the steel disc and the polymer, thereby lowering the COF and 

decreasing the SWR. 

 

CONCLUSIONS 

1. As the sliding speed increased from 1.0 m/s to 4.0 m/s, a continuous decrease in the 

COF was observed, with a maximum reduction of approximately 52.6%. This indicates that the 

contact conditions improve with increasing speed.  

2. With increasing sliding speed, a more stable transfer film formed on the contact surface. 

This film reduced direct contact between the surfaces, leading to a lower COF.  

3. The SWR also decreased significantly with increasing speed, showing a reduction of 

about 63.1% at 4.0 m/s compared to 1.0 m/s. This result indicates that the wear resistance of 

the material improves at higher speeds.  

4. The decrease in wear rate is associated with the formation of a protective film layer on 

the surface and a more uniform distribution of the applied load, demonstrating that tribological 

performance improves with increasing sliding speed.  

5. The obtained findings suggest that such materials can be effectively used in high-speed 

engineering applications, such as gear systems, bearings, and sliding contact components.  

6. The reduction in both the COF and SWR contributes to lower energy losses, higher 

system efficiency, extended component lifetime, and reduced maintenance requirements, 

offering significant advantages for sustainable engineering solutions. 
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ABSTRACT  

Honeycomb sandwich panels are widely used in the design of satellites and spacecraft to 

minimize launch costs and increase structural efficiency. The analysis of embedded connection 

elements, or inserts, used for hardware mounting and panel connections in these structures is a 

critical engineering problem. In current industrial applications, structural verification of 

thousands of inserts is often conducted manually or with non-integrated tools, leading to process 

bottlenecks, human errors, and overly conservative designs due to risk aversion. The developed 

software architecture processes large-scale finite element data from the MSC Nastran solver 

using customized text mining and topological matching algorithms. Based on analytical failure 

mechanisms defined in European Cooperation for Space Standardization (ECSS) standards, 

Margin of Safety calculations are performed fully automatically for each connection point. The 

optimization module algorithmically derives a unique insert geometry satisfying mass and 

strength constraints, reducing analysis effort from days to seconds while eliminating artificial 

safety stock. 

 

Keywords: Satellite Structural Analysis, Honeycomb Sandwich Panels, Inserts, Structural 

Optimization, Design Automation 

 

 

 

 

 

 

 

 
3¢Ƙƛǎ ǿƻǊƪ ƛǎ ŘŜǊƛǾŜŘ ŦǊƻƳ ǘƘŜ ŦƛǊǎǘ ŀǳǘƘƻǊΩǎ ǳƴǇǳōƭƛǎƘŜŘ ƳŀǎǘŜǊΩǎ ǘƘŜǎƛǎΦ ORCID NO: 0009-0003-6640-5246 



EUROPEAN CONFERENCES 9th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING and APPLIED SCIENCES 

April 3 ï 5, 2026 - TIRAN 

ISBN NR: 978-625-5694-93-5 

 

208 
 

1. INTRODUCTION  

The design processes of satellites and spacecraft are subject to strict constraints due to launch 

costs, orbital conditions, and operational life expectations [1,2]. The high cost per kilogram of 

payload delivered to orbit necessitates the production of the lowest mass solutions without 

compromising structural reliability [3,4]. Honeycomb sandwich panels, which offer high 

specific strength and stiffness, are the standard structural solution in the aerospace industry 

[5,6]. As Allen [5] demonstrated, this construction achieves a near-quadratic increase in 

bending stiffness relative to a monolithic plate at negligible mass penalty, making it uniquely 

efficient for space structures. However, the thin face sheets (typically 0.2ï1.0 mm) and the low 

local crushing resistance of the honeycomb core make the direct use of conventional threaded 

fasteners physically impossible [5,6,7]. Inserts become mandatory to safely distribute high-

intensity point loads across the panel's core and face sheets [8,9]. 

The design and analysis of inserts must be conducted in accordance with the ECSS-E-HB-32-

22A Insert Design Handbook [8] and ECSS-E-HB-32-23A Margin of Safety Guidelines [10]. 

Despite these standards, the current lack of automation in industrial analysis processes leads to 

overly conservative designs to avoid manual calculation risk, thereby negatively affecting the 

mass budget [11]. Typical telecommunication satellites harbour hundreds or even thousands of 

inserts [1,2], creating immense verification workloads for structural teams. Although 

experimental [12,13] and numerical [14,15] studies on insert mechanics are available in the 

literature, an integrated, fully automated software tool that bridges finite element (FE) solver 

outputs directly to ECSS-compliant Margin of Safety (MoS) calculations has not been reported 

previously. 

The developed software automates the structural analysis and verification processes by 

establishing an automated data bridge between macroscopic finite element solver outputs and 

microscopic analytical verification methods. It eliminates the dependency on manual data 

transfer, mitigates artificial weight increases, and drastically shortens engineering cycles. 

2. SOFTWARE ARCHITECTURE AND FINITE ELEMENT DATA INTEG RATION  

The software is developed entirely in Python, adopting the Object-Oriented Programming 

(OOP) paradigm to ensure modularity, maintainability, and scalability. The system is 

decomposed into functionally isolated layers: a data ingestion and parsing layer, a topological 

correlation engine, a computational kernel, and an optimization and reporting module. This 

architectural separation allows each subsystem to be independently tested and extended without 

disrupting the remaining pipeline, which is a critical property in verification tools where 

auditability and traceability are mandatory [16]. 

2.1. Parsing of MSC Nastran Files 

The primary data sources for the software are the MSC Nastran Bulk Data File (.bdf) and the 

Punch output file (.pch). The .bdf file encodes the complete finite element model topology, 

including node coordinates, element connectivity, material properties, and boundary conditions. 

The .pch file stores the solver's condensed force and displacement outputs for each load case. 

Due to the size and unstructured nature of these files, a custom text mining engine based on 
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compiled regular expressions is employed [17]. The parser dynamically identifies and extracts 

node identifiers, spatial coordinates (x, y, z), and nodal force vectors F = [Fx, Fy, Fz, Mx, My, 

Mz] without loading the entire file into memory, ensuring computational feasibility for large-

scale models. 

2.2. Topological Matching and Coordinate Transformation 

A central engineering challenge is disambiguation the global finite element coordinate system 

from the local coordinate frame of each insert. The software builds a hash map-based reverse 

lookup structure that maps three-dimensional node coordinates to insert identifiers, yielding 

O(1) average-case retrieval complexity regardless of model size. 

Once the correct node-to-insert association is established, the extracted global force and 

moment vectors are projected into the local insert coordinate system through orthogonal 3×3 

rotation matrices R, such that the local force vector F_local is obtained from F_global via the 

matrix product F_local = R · F_global. This transformation is executed for every insert across 

all load cases. An envelope analysis then automatically isolates the critical loading scenario per 

insert by evaluating the resultant force magnitude across the full set of quasi-static, sinusoidal, 

random vibration, and thermoelastic load cases, retaining only the governing vector F_c for 

downstream margin of safety calculations. This automated critical load identification eliminates 

the manual spreadsheet comparisons that constitute a significant portion of the traditional 

verification effort. 

3. ECSS-BASED MARGIN OF SAFETY (MOS) CALCULATION CORE  

The computational kernel implements the complete set of analytical failure formulations 

prescribed by ECSS-E-HB-32-22A, evaluating each insert against the following independent 

failure modes: core shear rupture at the potting interface, face sheet wrinkling under in-plane 

compression, insert pull-out under axial loading, and combined in-plane and out-of-plane 

loading via a quadratic interaction criterion. For each mode, allowable loads are derived from 

closed-form analytical expressions incorporating panel geometry, core and face sheet material 

properties, effective potting geometry, and thermal knockdown coefficients for orbital 

environments [8,19]. The kernel operates on the critical load vector FC provided by the 

topological engine and evaluates the universal margin of safety expression. This expression is 

evaluated separately for each failure mode, yielding a MoS value for each mode, insert, and 

load case, in strict compliance with ECSS structural integrity requirements [10,18]. The hybrid 

verification methodology additionally couples these analytical formulations with empirical 

allowable values from physical coupon test data [12,13,15], providing a calibrated pathway that 

is both standard-compliant and experimentally grounded. 

4. MASS OPTIMIZATION FOR DESIGN IMPROVEMENT  

A fundamental finding in industrial insert analysis is that conventional manual verification 

processes systematically produce overly conservative designs [11]. Engineers, lacking 

automated verification tools, tend to select insert configurations with large safety margins to 

avoid recalculation risk, inadvertently inflating the panel mass budget. The optimization 

module of the developed software addresses this phenomenon through a deterministic, 
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constraint-driven framework that replaces subjective engineering judgment with a rigorous 

algorithmic selection process. 

4.1. Optimization Problem Formulation 

The optimization objective is to minimize the total insert assembly mass M = Ɇ(mi × xi) across 

all N insert locations on the panel, where mi is the mass of the selected insert at location i and 

xi is a binary selection variable. The solution is subject to two hard constraints enforced 

simultaneously. The structural integrity constraint requires a non-negative margin of safety 

(MoS Ó 0) for every insert, across all load cases and all failure modes [10,18]. The geometric 

compatibility constraint additionally enforces that the selected insert height does not exceed the 

local panel thickness, ensuring physical installability [8]. 

4.2. Dual-Mode Optimization Architecture 

Optimization in flight-certified aerospace hardware is strictly governed by certifiability and 

determinism requirements. Stochastic meta-heuristic methods such as genetic algorithms or 

simulated annealing are deliberately excluded [21], as their non-deterministic convergence 

behavior is incompatible with the traceability requirements of space qualification processes 

[16]. Instead, the software implements a fully deterministic framework that offers two 

complementary operational modes, configurable by the analyst at each insert location. 

In the by-calculation mode, the algorithm searches for the optimal insert configuration from 

two candidate sources. The first source is a pre-qualified standard catalog: the catalog is sorted 

in ascending mass order, and the algorithm selects the lightest entry that simultaneously satisfies 

the geometric compatibility and structural integrity constraints for location i [8,11]. The second 

source is an analytically generated insert: when no suitable catalog entry exists or when a tighter 

mass target is pursued, the algorithm performs a multi-parameter nested iteration over the 

insert's dimensional parameters (outer diameter, insert height, face sheet thickness, and core 

type), computing the allowable loads analytically via the ECSS-E-HB-32-22A formulations [8] 

at each step and selecting the minimum-mass configuration that satisfies all constraints. 

In the parameter-iteration mode, the analyst designates one or more geometric or material 

parameters for systematic exploration. The algorithm iterates over the specified parameter 

space, collecting all feasible alternatives and presenting them to the analyst through an 

interactive selection dialog. This mode is particularly valuable for design trade studies, where 

the engineer seeks to understand the sensitivity of structural compliance and mass to individual 

design variables such as core density or flange dimensions [14,15]. 

Both modes evaluate each candidate against the complete constraint set (all load cases, all 

failure modes, geometric installability) using the same MoS kernel described in Section 3, 

ensuring full consistency between the analysis and optimization phases. 

4.3. Catalog Structure and Parameter Space 

The standard insert catalog is structured as a multidimensional parameter space spanning insert 

type, outer diameter, insert height, thread size, core type, and material grade [8]. Each entry 

carries its associated mass and pre-computed allowable load data. In the analytical generation 
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mode, the allowable loads are computed on the fly using the closed-form ECSS expressions 

[8], enabling the optimizer to explore configurations beyond the discrete catalog while 

maintaining full compliance with the qualification standard. For panels with spatially varying 

core thickness or face sheet layup [5,6], zone-specific allowable values and panel thickness 

bounds are automatically applied, enabling geometry-aware optimization across heterogeneous 

panel configurations without manual partitioning by the analyst. 

5. CASE STUDY AND FINDINGS 

The software was validated through a full-scale structural analysis and optimization campaign 

conducted on the +Y Equipment Panel of a Geostationary Earth Orbit (GEO) communication 

satellite. This panel represents a structurally representative and industrially relevant test case, 

as it accommodates six electronic units with a combined mass of 200 kg, generating a high-

density, high-load insert population that exercises all modules of the developed software 

simultaneously. 

5.1. Reference Configuration and Analysis Scope 

The reference panel is a standard aluminum honeycomb sandwich structure. The insert 

population consists of 249 fully potted inserts distributed across the panel surface, each 

subjected to a unique combination of quasi-static, sinusoidal, random vibration, and 

thermoelastic load cases derived from the satellite's mission load envelope [1,2,4]. The baseline 

configuration was sized using conventional manual methods, resulting in a population of 

conservatively selected inserts with large, non-uniform margins of safety. 

The software ingested the full MSC Nastran .bdf model and the corresponding .pch output files, 

performed topological matching for all 249 insert nodes, executed the coordinate 

transformation pipeline, and completed the envelope analysis to identify the governing load 

vector at each location. The entire data integration phase concluded in under 45 seconds, 

compared to the approximately 24 hours required by the conventional manual process for an 

equivalent scope. 

5.2. Margin of Safety Distribution: Baseline vs. Optimized 

The MoS evaluation of the baseline configuration revealed a widely dispersed safety margin 

distribution spanning the range ī0.1 Ò MoS Ò 63.22. The presence of negative margins in the 

baseline confirmed that certain manually selected inserts were, in fact, structurally non-

compliant [10,18], a finding that would have remained undetected under the conventional non-

integrated verification workflow. At the other extreme, margins exceeding 60 indicated severe 

overdesign at numerous locations [11], resulting in unnecessary mass. 

Following application of the deterministic optimization module, the MoS distribution 

converged to the structurally compliant and mass-efficient range 0 Ò MoS Ò 0.05, confirming 

that every insert in the optimized configuration satisfies the ECSS structural integrity threshold 

[10,18] while carrying no unnecessary mass reserve. 

5.3. Mass Reduction Results 
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The optimization module reduced the total insert assembly mass from 1.10 kg to 0.82 kg, 

yielding a net mass saving of 0.28 kg, corresponding to a 25.45% reduction per single panel. In 

the context of satellite mass budgets, where every gram of structural hardware directly offsets 

payload or propellant capacity [1 - 3], a reduction of this magnitude on a single panel is highly 

significant. Extrapolated across the full complement of panels in a typical GEO platform, the 

aggregate mass savings potential is substantial. 

5.4. Verification Accuracy and Calibration 

A critical aspect of the validation campaign was the quantification of prediction accuracy 

against physical test data [12,13,15]. The integration of load-type correction factors, which 

account for the differing structural response characteristics of quasi-static, sinusoidal, and 

random vibration load types [2,4], eliminated up to 150% of the over-conservatism present in 

the uncalibrated baseline formulations. The calibrated kernel reduced the margin of error 

against coupon-level pull-out test data [12,13] to a bandwidth of 10%ï15%, which is within the 

accepted engineering tolerance for preliminary and detailed design phases in space structures. 

5.5. Operational Efficiency 

Table 1 summarises the comparison between conventional manual analysis and the automated 

software pipeline across the key performance metrics of the case study. 

 

Table 1. Performance Comparison: Manual vs. Automated Analysis 

Metric  Manual Software 

Analysis duration ~24 hours 45 seconds 

Insert population 249 249 

Baseline mass 1.10 kg ð 

Optimized mass ð 0.82 kg 

Mass reduction ð 25.45% 

MoS range (baseline) ī0.1 Ò MoS Ò 63.22 

MoS range (optimized) 0 Ò MoS Ò 0.05 

 

6. CONCLUSION AND FUTURE WORK  

This paper presented an autonomous software platform for the structural verification and mass 

optimization of inserts in satellite honeycomb sandwich panels. The system establishes a fully 

digital, end-to-end pipeline from large-scale finite element solver outputs to ECSS-compliant 

margin of safety evaluations [8,10] and catalog-driven optimal insert selection, eliminating 

manual data transfer, subjective design decisions, and process bottlenecks that characterize 

current industrial practice. 

A case study conducted on a GEO communication satellite panel with 249 inserts demonstrated 

the platform's practical impact across three dimensions. First, structural fidelity was improved: 
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the automated verification revealed both non-compliant inserts that had gone undetected in the 

manual baseline and locations of severe over-design, neither of which would have been 

systematically identified without the integrated analysis pipeline. Second, mass efficiency was 

achieved: the deterministic optimization module reduced the total insert assembly mass by 

25.45% (0.28 kg) on a single panel without violating any ECSS structural safety threshold 

[10,18]. Third, engineering cycle time was transformed: the complete analysis and optimization 

workflow was executed in 45 seconds, compressing a process that previously required 

approximately 24 hours of manual effort. Taken together, these results confirm that the platform 

directly addresses the two most critical constraints in satellite structural design: mass budget 

and non-recurring engineering cost [1 - 3]. 

The calibrated hybrid verification methodology, which couples ECSS-E-HB-32-22A analytical 

formulations [8] with empirical test data through load-type correction factors [12,13], reduced 

the prediction error against physical coupon test results to a 10%ï15% bandwidth, validating 

the analytical kernel for use in both preliminary and detailed design phases [10,3]. 

6.1. Future Work 

Several development trajectories have been identified to extend the platform's capabilities and 

applicability. 

The next immediate step is to integrate topology optimization modules for additive 

manufacturing processes. Current insert geometries are constrained to standard catalog 

configurations driven by conventional machining and potting processes [8]. Coupling the 

optimization engine with a topology optimization solver would enable the algorithmic 

generation of insert geometries specifically tailored to the local load path and panel zone, 

potentially yielding mass reductions beyond the limits imposed by catalog-based selection. 

Additive manufacturing removes the geometric constraints of subtractive processes, making 

this integration a high-value development direction for next-generation satellite structures. 

A second trajectory involves the development of machine learning-assisted predictive models 

for insert allowable loads. The current kernel computes allowable values deterministically from 

analytical formulations with empirical correction factors [8]. Training a regression model on a 

curated dataset of physical pull-out and shear test results [12,13] would enable the kernel to 

predict allowable loads for novel insert-panel combinations not covered by existing handbook 

formulations, extending the platform's applicability to non-standard configurations. 

Finally, extension of the software to cover additional structural elements beyond inserts would 

transform the platform from a specialized insert verification tool into a comprehensive 

sandwich panel structural analysis environment, further increasing its industrial impact across 

the satellite development lifecycle. 
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ABSTRACT 

In modern aviation, improving structural efficiency and reducing weight are critical factors for 

enhancing aircraft performance and sustainability. This study investigates the structural 

integration of high-bypass-ratio turbofan engines into narrow-body aircraft wings, focusing on 

the design and optimisation of the engine pylon. A reference configuration based on the 

CFM56-7B engine is considered, and two widely used aerospace materials, Ti-6Al-4V titanium 

alloy and 7075-T6 aluminium alloy, are evaluated. The pylon structure is designed using CAD 

tools and analysed using finite element methods (FEM) in ANSYS and SolidWorks. Static 

structural analysis, mesh convergence studies, and modal analysis are performed to validate the 

structural integrity and dynamic behaviour of the system. The results indicate that the titanium-

based design provides superior structural stiffness and safety factor, while the aluminium-based 

design offers significant weight reduction. Compared to conventional pylon structures, the 

proposed design achieves up to 53% weight reduction while maintaining compliance with 

aviation safety standards, including EASA CS-25 and FAA FAR 25. The findings demonstrate 

that optimised pylon design can significantly enhance aircraft efficiency without compromising 

safety, providing valuable insights for future aerospace structural design applications 

Keywords: Turbofan Engine; Pylon Design; Finite Element Analysis; Structural Optimisation 

 

 1. INTRODUCTION  

The aviation industry has experienced significant growth driven by the increasing demand for 

efficient, lightweight, and sustainable aircraft structures. In this context, integrating propulsion 

systems into aircraft structures is crucial to overall performance. One of the most critical 

components in this integration is the engine pylon, which connects the turbofan engine to the 

wing structure. Pylon structures are subjected to complex loading conditions, including 

aerodynamic forces, engine weight, thrust loads, and dynamic effects. Therefore, their design 
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requires careful consideration of both structural integrity and weight optimization. In recent 

years, advances in computational design tools such as CAD and finite element analysis (FEA) 

have enabled engineers to perform detailed structural analyses and optimize aerospace 

components more effectively. However, achieving an optimal balance between strength, 

weight, and manufacturability remains a significant challenge. This study aims to design and 

analyze a turbofan engine pylon structure using widely adopted aerospace materials and 

evaluate its structural performance under realistic loading conditions. The primary 

contributions of this work are a comparative analysis of different material configurations and a 

demonstration of a lightweight yet structurally safe pylon design. 

 

2. DESIGN METHODOLOGY  

2.1. Material Selection 

Material selection is a critical step in aerospace structural design because it directly 

affects weight, strength, fatigue life, and manufacturability. In this study, two commonly used 

aerospace materials are considered: Ti-6Al-4V (Grade 5) titanium alloy and 7075-T6 

aluminium alloy [1]. Ti-6Al-4V titanium alloy is known for its high strength-to-weight ratio, 

excellent corrosion resistance, and superior fatigue performance. It is widely used in critical 

structural components where reliability is essential. To provide a comparative analysis and 

obtain benchmark results, 7075-T6 aluminium alloy was also selected. This material exhibits 

high yield strength and peak load capacity and complies with military (MIL) and ASTM 

standards [2]. Since the pylon structure supports the engine and transfers loads to the wing, it 

is subjected to significant mechanical stresses and elevated temperatures. On the other hand, 

7075-T6 aluminium alloy offers lower density and easier manufacturability, making it suitable 

for lightweight structural applications. Although its strength is lower than that of titanium, it 

provides a significant weight advantage. Titanium, with a density of approximately 4430 kg/m³, 

extends the component's operational lifetime due to its superior mechanical properties. In 

contrast, 7075-T6 aluminium, with a lower density of approximately 2810 kg/m³, offers a 

substantial advantage in structural weight reduction. These differences in material density 

directly influence the total mass of the designed pylon structures. According to aerospace design 

standards, load factors are typically defined within the range of 1.50 to 2.00. However, in this 

study, a design approach targeting a lower mass while maintaining compliance with safety 

standards is adopted [3]. High safety factors and yield strength are critical to improving fatigue 

resistance and extending the lifecycle of aerostructural components. With the increasing size 

and weight of modern turbofan engines, it has become essential to develop lighter and more 

rigid structures that do not adversely affect the wingôs center of gravity. Considering that 

conventional pylon structures reported in the literature generally exceed 400 kg, the primary 

objective of this study is to achieve the lightest possible design while preserving structural 

safety margins [4]. In addition to mechanical strength, the ability of materials to retain their 

properties at elevated temperatures is vital for pylon applications. These materials act as a 

protective barrier around the engine. Aluminium has a melting temperature in the range of 477ï

635°C, whereas titanium exhibits a significantly higher melting point of approximately 1660°C. 

These properties provide inherent protection for the wing structure in the event of extreme 
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thermal conditions, such as engine-related incidents. However, from a manufacturing 

perspective, 7075-T6 aluminium is more machinable than titanium alloys, making it 

advantageous for production efficiency. A comparative analysis of these materials is presented 

in Table 1, including density, yield strength, tensile strength, elastic modulus, and thermal 

properties [5]. Throughout the design process, particular attention has been given to ensuring 

that the structure meets modern aviation safety requirements while achieving high fatigue life 

and durability. The design criteria focus on satisfying all necessary static and safety tests while 

minimising structural mass, which is crucial for improving fuel efficiency and reducing 

operational costs in commercial aviation [6] ï [9]. 

 

 

Figure 1. Reference Pylon CAD Model 

 

Table 1. Required Material Properties 

Property (Unit)  Ti -6Al-4V 7075-T6 AL 

Density (kg/m3) 4430 ï 4470 2810 

Melting Point (°C) 1650 477-635 

Yield Strength (MPa) 827 503 

Tensile Strength (MPa) 1000 572 

Elastic Modulus (GPa) 114 71.7 

Hardness (Rockwell-C) 36 13 

Thermal Cond. (W/mẗK) 7.20 130 

 

A structural safety evaluation was performed based on the maximum Von-Mises stress of 376 

MPa obtained from the ANSYS analysis. The structural integrity of the component was 

assessed by calculating the margin of safety using the material yield strength (ůyield), the target 

safety factor, and the maximum von-Mises stress (ůmax) obtained from the numerical analysis, 

as expressed in Equation (1) [10]. 
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                                                     ὓὛ
Ȣ
 -1      (1) 

 

The calculated margin of safety of +0.0039 indicates that the structure maintains its integrity 

even at the targeted safety factor of 2.23. This result demonstrates that an optimised design has 

been achieved, eliminating unnecessary weight while preserving structural safety requirements 

[11], [12]. 

 

2.2. Structural Design 

To develop and improve the proposed design, the geometrical parameters of the 

CFM56-7B turbofan engine were used as a reference [3]. The CFM56-7B engine, widely 

utilised in Boeing 737NG aircraft, has limited publicly available detailed specifications due to 

commercial and proprietary restrictions. Therefore, the design process was carried out using 

readily available dimensional data and standard configurations reported in the literature. The 

primary objective of the structural design is to obtain a lightweight pylon capable of safely 

supporting the engine while ensuring structural integrity. To achieve this, multiple design 

iterations were evaluated, and the most suitable configuration was selected. In the designed 

pylon structure, stress concentrations were minimised by applying fillet radii to sharp edges and 

replacing flat, sharp transitions with smoother geometrical features. This approach significantly 

improves fatigue performance and extends the component's service life under cyclic loading 

conditions. The pylon acts as the main load-bearing structure of the engine assembly. In 

addition to the primary load-carrying frame, it includes aerodynamic fairings, fire-resistant 

barriers, and interfaces for electrical and hydraulic systems. During the design process, 

unnecessary structural regions were removed to reduce mass, resulting in a lightweight, cost-

effective solution. A suitable shell thickness was determined to ensure that the designed pylon 

satisfies the required static strength and safety factor criteria. While conventional pylon 

structures typically incorporate steel fittings and hybrid materials, the proposed design utilises 

aluminium and titanium alloys to reduce weight, improve manufacturability, and simplify the 

overall structure. Furthermore, the design minimises additional weight and stress 

concentrations caused by complex connection elements. The pylon geometry was developed in 

accordance with the dimensions and weight characteristics of the reference turbofan engine. 

The reference pylon configuration, including its main geometric dimensions, is illustrated in 

Figure 1 [6], while the designed pylon model is presented in Figure 2. A comparative analysis 

between the reference and the proposed pylon structure, based on Ti-6Al-4V material 

properties, is provided in Table 1, including mass and density comparisons. During the design 

phase, axial loading conditions and stress concentration factors were carefully considered. 

Attention was paid to critical load-bearing regions to ensure the safety factor remains 

sufficiently high while displacement and total deformation remain within acceptable limits. 

These criteria were strictly considered during the design study to ensure structural reliability. 

To eliminate the effects of turbulence and varying aerodynamic loads during flight manoeuvres, 

the pylon was designed as a single-piece rigid structure, thereby enhancing its stiffness and load 

distribution. Additionally, the structure is designed to withstand high G (gravity) loads 
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encountered during flight operations. The final design is developed in compliance with aviation 

safety standards, particularly the load and structural requirements defined by FAA regulations 

for both cargo and passenger aircraft [7]. The design process also incorporates considerations 

for manufacturability, maintenance accessibility, and cost-effectiveness, ensuring that the 

proposed pylon structure is not only structurally efficient but also practical for real-world 

applications in the aerospace industry. 

 

Figure 2. Proposed Pylon CAD Model 

 

Table 2. Mass and Volume Data of Pylon Structures 

              Pylon Type                Mass(kg) Volume(m3) 

Reference Pylon 400 0,38 

 Proposed Pylon (Ti-6Al-4V)  290.463 0,0655 

Proposed Pylon (7075-T6) 184.295 0,0655 

 

Mass comparison results show that the optimised design achieves a significant reduction 

compared to the reference pylon. The use of aluminium alloy further reduces weight, whereas 

titanium ensures higher structural safety margins. Based on the reviewed literature and 

reference studies, two distinct pylon structures were identified with different material 

configurations, resulting in different mass values due to their density differences. By assigning 

Ti-6Al-4V material properties from the SolidWorks material library, a pylon structure with a 

total mass of 290.463 kg was obtained, whereas using 7075-T6 aluminium resulted in a 

significantly lighter structure with a mass of 184.295 kg. The design approach focuses on using 

a single material throughout the structure to achieve greater rigidity and improved 

manufacturability. The use of multiple materials and assembly-based configurations may lead 

to reduced structural integrity and discontinuities, thereby negatively affecting stiffness and 

load-transfer performance. Therefore, a monolithic design strategy based on a single material 

is preferred to ensure structural continuity, enhance rigidity, and simplify the manufacturing 

process. 
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2.3. Finite Element Analysis (FEA) 

Finite Element Analysis (FEA) was conducted to verify the structural integrity of the 

designed pylon structure. During the analysis phase, the boundary conditions were defined by 

constraining the interface regions where the pylon connects to the wing, and a triangular mesh 

was employed. To ensure the accuracy and reliability of the numerical results, a mesh 

convergence study was conducted using three mesh densities: coarse, medium, and fine. The 

convergence behaviour is illustrated in Figure 3. The analysis initially included 362,770 nodes, 

yielding a maximum stress of approximately 336 MPa. In the second stage, the mesh density 

was refined to 1,051,234 nodes, resulting in a maximum stress of approximately 379 MPa. 

Further refinement of the mesh resulted in a higher number of elements, with the maximum 

stress converging to approximately 370 MPa. It was observed that beyond one million nodes, 

the stress distribution and stress concentration regions were captured more accurately. A 

comparison of the second and third mesh refinement stages revealed safety factors of 2.23 and 

2.29, respectively. As illustrated in the convergence graph, asymptotic convergence behaviour 

was achieved from the second stage onward, indicating the numerical stability of the solution. 

The results demonstrate that the structure exhibits stable behaviour at a stress of around 370 

MPa. 

                        

                                  Figure 3. Mesh Convergence Study Results 

 

Considering the high yield strength of the Ti-6Al-4V (Grade 5) alloy and the refined mesh with 

approximately 1.87 million nodes, the structure operates with a minimum safety factor of 2.29. 

The results obtained meet the minimum safety margin requirements specified in EASA CS-

25.303. Furthermore, according to FAR 25.305, the structure meets the requirement of 

withstanding limit loads without experiencing permanent deformation. The applied loading 

conditions were based on the thrust and gravitational loads generated by the reference CFM56-

7B turbofan engine. The locations where the engine is connected to the pylon are shown in 

Figure 4. The analysis results indicate that higher stress concentrations occur at the mounting 

regions compared to other parts of the structure. This behaviour is primarily attributed to the 

direct transmission of engine loads. Examination of the Von-Mises stress distribution clearly 

shows that the maximum stress values are concentrated at these mounting interfaces. 
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                                    Figure 4. Forces Applied on the Pylon 

 

In addition to static analysis, modal analysis was performed in the SolidWorks simulation 

environment for Ti-6Al 4V, considering the first 7 vibration modes. Based on the amplitude 

resultant (AMPRES) results, the dynamic behaviour of the pylon structure was evaluated. The 

obtained natural frequencies were compared with the operational frequency ranges of the 

CFM56-7B engine. According to aviation certification standards (EASA CS-25), structural 

natural frequencies must be sufficiently separated from excitation frequencies generated by 

rotating engine components to avoid resonance. For the N1 rotor, the maximum rotational speed 

of 5380 RPM (89.67 Hz) was considered. The first natural frequency of the pylon structure was 

found to be 120.91 Hz, which provides a sufficient safety margin. For the N2 rotor, the 

maximum rotational speed of 15000 RPM (250 Hz) was evaluated. The highest observed modal 

frequency was 206.38 Hz, maintaining an approximate separation margin of 18%. The modal 

analysis results indicate that the structure operates safely across both low and high rotational 

speed regimes. According to FAA FAR Part 25 regulations, no resonance or aeroelastic 

instability was observed. The natural frequency range of 120.91ï206.38 Hz ensures sufficient 

separation from the operational excitation frequencies of the CFM56-7B engine. These findings 

confirm that the structure's dynamic stiffness remains above critical thresholds, ensuring safe 

and reliable performance under operational conditions. The modal analysis results are presented 

in Figure 5. The pylon is constrained at the wing attachment points, and engine loads are applied 

to the mounting interfaces. A mesh convergence study is carried out to ensure the accuracy of 

the results. The mesh is progressively refined until the variation in the maximum stress values 

becomes negligible. The analysis focuses on key parameters, including maximum Von-Mises 

stress, total deformation, and safety factors. The results indicate that the designed structure 

satisfies the required safety criteria under operational load conditions. 
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                                       Figure 5. Modal Analysis Results 

 

3. RESULTS AND ANALYSIS 

The structural analysis results are summarised in Table 3. The titanium-based pylon 

exhibits lower deformation and higher safety factors compared to the aluminium-based design. 

However, the aluminium configuration provides a substantial weight reduction. Modal analysis 

is also conducted to evaluate the structure's dynamic behaviour. The pylon's natural frequencies 

are found to be sufficiently separated from the turbofan engine's operational frequencies, 

eliminating the risk of resonance. The maximum Von-Mises stress values are within acceptable 

limits for both materials, indicating that the design is structurally safe. Critical stress regions 

are observed near mounting interfaces, consistent with expected load-transfer behaviour. 

 

                 

                                Figure 6. Von-Mises Stress Distribution 
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                                                   Table 3. Static Analysis Results 

 

4. CONCLUSION 

In this academic study, the integration and design processes of the pylon structure, 

which serve as the primary load-carrying component connecting the engine to the wing, have 

been thoroughly investigated. Based on an extensive literature review and a detailed 

examination of existing studies, the design process was conducted in accordance with 

established aerospace safety principles. The structural performance of the proposed design was 

evaluated by considering both material properties and the system response under loading 

conditions. The obtained safety factors and analysis results indicate that the structure operates 

within acceptable aviation safety limits, confirming the reliability of the selected design [8]. In 

addition, manufacturability considerations were incorporated into the design process, aiming 

not only for theoretical optimisation but also for practical efficiency by minimising unnecessary 

material usage and avoiding additional production costs. Furthermore, the weight reduction 

achieved through the proposed design contributes indirectly to improved fuel efficiency. To 

ensure compatibility with manufacturing processes, the component's internal structure was not 

designed as a fully solid body. Instead, an optimised shell thickness was defined to satisfy the 

required static strength criteria while reducing overall mass [9]. The selected materials and 

design approach were intended to achieve a balance between high strength and low weight, 

which are critical requirements in aerospace applications. Given that flight conditions involve 

varying loads and strict safety requirements, the design and analysis processes were conducted 

accordingly. The results indicated that the regions where the pylon is connected to the aircraft 

engine experienced an average displacement of approximately 2.85 mm. Moreover, safety 

factors obtained in both ANSYS R1 and SOLIDWORKS ranged from 1 to 2, depending on the 

material and loading conditions. These results were validated by comparing the simulated stress 

values with the yield strengths provided in the engineering software's material libraries. Overall, 

the findings confirm that the structural safety and static performance requirements of the pylon 

design have been successfully satisfied. This study aims to contribute academically and 

scientifically to the rapidly evolving aerospace sector by presenting a practical and optimised 

structural design approach. Focusing on the design and structural optimisation of engine support 

structures (pylons) in civil aviation, this study provides significant and original contributions to 

existing literature. Based on the Boeing 737-800 reference configuration and conventional 

pylon structures, which typically have a mass of approximately 400 kg, the proposed design 

                     Parameter (Ti -6Al-4V) 7075-T6 AL  

Total Deformation(mm) 13,54 19,72 

Equivalent Elastic Strain(m/m) 0,0035 0,0052 

Maximum Principal Stress (MPa) 419,79 423,61 

Shear Stress (MPa) 60,24 59,15 

Strain Energy(J) 0,016 0,024 

Equivalent Stress (von-Mises) (MPa) 379,68 379,85 

Safety Factor 2,23 1,32 



EUROPEAN CONFERENCES 9th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING and APPLIED SCIENCES 

April 3 ï 5, 2026 - TIRAN 

ISBN NR: 978-625-5694-93-5 

 

224 
 

reduces the mass to 184.31 kg using a 7075-T6 aluminium-based approach. This corresponds 

to a remarkable weight reduction of approximately 53.9%, which significantly exceeds the 

typical 15ï25% improvement range reported in similar structural optimisation studies. This 

substantial reduction has been achieved through an innovative geometry that departs from 

traditional solid-casting approaches and adopts a hollow, strength-oriented design strategy. The 

proposed approach successfully integrates the principles of maximising stiffness and 

minimising material usage, particularly by concentrating material in regions of high stress 

intensity. In terms of load distribution optimisation, the design ensures that engine loads are 

distributed more uniformly across the structure. Commonly encountered stress concentrations 

in the literature have been mitigated through the application of fillet (radius) geometries. As a 

result, the maximum Von Mises stress remains approximately 379 MPa, thereby improving the 

structure's fatigue life. The design achieves a safety factor of 2.23, which is significantly higher 

than the typical values reported in similar studies, indicating a robust and reliable structural 

performance under operational conditions 

 

ACKNOWLEDGMENT  

This work was supported by the TUBITAK 2209-A University Students Research Projects 

Support Program (Project No: 1919B012411659). 

                                

REFERENCES 

1. ASM International, Properties and Selection: Nonferrous Alloys and Special-Purpose 

Materials, ASM Handbook, vol. 2. Materials Park, OH: ASM International, 1990. 

2. F. C. Campbell, Manufacturing Technology for Aerospace Structural Materials. 

Amsterdam, Netherlands: Elsevier, 2006. 

3. Federal Aviation Administration (FAA), ñFactor of Safety,ò Title 14 of the Code of 
Federal Regulations (14 CFR), Part 25, Section 25.303, 2011. 

4. A. B. Smith, R. Johnson, and L. Davis, ñStructural Design Synthesis of Aircraft 
Engine Pylons at Certification Level of Detail,ò Aerospace Structural Design Study, 

vol. 15, no. 2, pp. 112-128, 2021. 

5. Boeing Commercial Airplanes, ñStructural static test for validation of the structural 
integrity of an aircraft pylon,ò Technical Report, 2018. 

6. T. Yorozu, M. Hirano, K. Oka, and Y. Tagawa, ñElectron spectroscopy studies on 

magneto-optical media and plastic substrate interface,ò IEEE Transl. J. Magn. Japan, 

vol. 2, no. 8, pp. 740ï741, August 1987. 

7. CFM International, ñCFM56-7B Turbofan Engine Technical Characteristics,ò Safran / 

GE Aviation Technical Documentation, 2020. 

8. H. Kim, S. Kim, S. Hong, and S. Kim, ñStructural static test for validation of the 
structural integrity of an aircraft pylon,ò Aerosp. Sci. Technol., vol. 124, p. 107532, 

2022. 

9. J. D. Miller and G. Thompson, ñAn Analysis of the Effect of Non-Payload Weight on 

Fuel Consumption for a Wide-Bodied Aircraft,ò J. Air Transp. Manag., vol. 78, pp. 

45-52, 2019. 

10. Federal Aviation Administration (FAA), ñDamage-tolerance and fatigue evaluation of 

structure,ò Title 14 of the Code of Federal Regulations (14 CFR), Part 25, Section 

25.571, 2011. 



EUROPEAN CONFERENCES 9th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING and APPLIED SCIENCES 

April 3 ï 5, 2026 - TIRAN 

ISBN NR: 978-625-5694-93-5 

 

225 
 

11. European Union Aviation Safety Agency (EASA), ñType Certificate Data Sheet 
(TCDS) No. E.004 for CFM56 series engines,ò EASA Certification Documentation, 

Issue 21, 2021. 

12. Federal Aviation Administration (FAA), ñAeroelastic stability substantiation,ò Title 
14 of the Code of Federal Regulations (14 CFR), Part 25, Section 25.629, 2011. 

 

 

 

 

 

 

 

 

 



EUROPEAN CONFERENCES 9th INTERNATIONAL CONFERENCE ON HEALTH, ENGINEERING and APPLIED SCIENCES 

April 3 ï 5, 2026 - TIRAN 

ISBN NR: 978-625-5694-93-5 

 

226 
 

BUHAR SIKIķTIRMALI SOĴUTMA SĶSTEMLERĶNDE R1234yf ve R513A 

SOĴUTUCU AKIķKANLARIN KULLANIMININ KARķILAķTIRILMASI  

 

¥ĵr. Gºr. ¦mit ĶķKAN 

Prof. Dr. Mehmet Direk 

Yalova ¦niversitesi, Elektrik ve Enerji Bºl¿m¿, Ķklimlendirme ve Soĵutma Teknolojisi 

Programē 

Yalova ¦niversitesi, M¿hendislik Fak¿ltesi, Enerji Sistemleri M¿hendisliĵi Bºl¿m¿ 

mehmet.direk@yalova.edu.tr,  ORCID ID: 0000-0001-5868-6381 

umit.iskan@yalova.edu.tr, ORCID ID: 0000-0001-6236-2339 

ÖZET 

¢evresel nedenlerden dolayē soĵutucu akēĸlarēn kullanēmē ile ilgili uluslararasē anlaĸmalar ve 

­eĸitli yasal d¿zenlemeler yapēlmaktadēr. Bu d¿zenlemelerden biri olan F-gaz yºnetmeliĵine 

gºre 1 Ocak 2025'ten itibaren k¿resel ēsēnma deĵeri (GWP) deĵeri 750 veya daha y¿ksek olan 

soĵutucu akēĸkanlarē kullanan k¿­¿k split klima sistemlerinin (3 kg'dan az gaz i­eren) pazara 

sunulmasē yasaklanmēĸtēr. G¿n¿m¿zde en yaygēn olarak kullanēlan soĵutucu akēĸkanlardan biri 

R134aôdēr (GWP deĵeri 1300) ve y¿ksek GWP deĵerinden dolayē kullanēmē yasal 

d¿zenlemelere gºre sēnērlandērēlmaktadēr. R450A, R1234yf, R513A, R516A, R152A ve 

R1234ze(E), R134aônēn ºne ­ēkan alternatifleridir. ¥zellikle R1234yfônin ­eĸitli soĵutma ve ēsē 

pompasē sistemlerinde d¿ĸ¿k GWPôli soĵutucu akēĸkan olarak kullanēmēnēn yaygēnlaĸtēĵē 

gºr¿lmektedir. Bununla birlikte R513A, %56 oranēnda R1234yf ve %44 oranēnda R134a 

soĵutucu akēĸkan karēĸēmlarēndan oluĸturulmuĸ ºnemli bir alternatiftir. R513Aônēn GWP deĵeri 

573ôt¿r ve uluslararasē anlaĸmalara gºre ge­iĸ aĸamasēnda kullanēlabilecek bir soĵutucu 

akēĸkandēr. R1234yf ile karĸēlaĸtērēldēĵēnda R513Aônēn soĵutma kapasitesi ve kompresºrde 

harcanan iĸ deĵerleri sērasēyla %15 ve %17 daha y¿ksek bulunmuĸtur. STK deĵerlerinin ise ­ok 

yakēn olduĵu gºr¿lm¿ĸt¿r. Bu ­alēĸmada buhar sēkēĸtērmalē soĵutma deney sisteminde R1234yf 

ve R513A soĵutucu akēĸkanlarē test edilmiĸ ve performans parametreleri karĸēlaĸtērēlmēĸtēr.  

 

Anahtar Kelimeler : R1234yf, R134a, R513A, Soĵutma kapasitesi, GWP 

 

 
 

1. GĶRĶķ   

 

R134a orta basēn­lē olarak sēnēflandērēlabilen soĵutma sistemlerinde yaygēn olarak kullanēlan 

ºnemli bir soĵutucu akēĸkandēr. Ancak R134aônēn GWP deĵeri 1300ôd¿r ve alternatif soĵutucu 

akēĸkanlar ile deĵiĸtirilmesi gerekmektedir [1]. Bu ama­la d¿ĸ¿k GWP deĵerine sahip soĵutucu 

akēĸkanlarēn R134a yerine kullanēlmasē i­in ­alēĸmalar devam etmektedir. R134aônēn yerine 

ºnerilen baĸlēca alternatif soĵutucu akēĸkanlar R450A, R1234yf, R513A, R516A, R152A ve 

R1234ze(E)ôdir. ¥zellikle mobil soĵutma sistemlerinde R134aônēn yerine R1234yf soĵutucu 

akēĸkanē ticari olarak kullanēlmaya baĸlanmēĸ ve R1234yfônin soĵutma sistemlerinde 

kullanēmēnēn yaygēnlaĸtēĵē gºr¿lmektedir. [2]. Soĵutma sistemlerinde d¿ĸ¿k GWP deĵerine 

sahip soĵutucu akēĸkanlarēn kullanēmē i­in araĸtērmalar devam etmektedir. Daĵēdēr ve Bilen [3] 

R134a kullanēlan buhar sēkēĸtērmalē soĵutma sisteminde alternatif olarak R513A soĵutucu 

mailto:mehmet.direk@yalova.edu.tr
mailto:umit.iskan@yalova.edu.tr
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akēĸkanēnē test etmiĸlerdir. Sonu­ olarak sistemde deĵiĸiklik yapēlmadan R513Aônēn g¿venli 

bir ĸekilde kullanēlabildiĵi gºr¿lm¿ĸt¿r. Ayrēca R134a ile karĸēlaĸtērēldēĵēnda R513Aônēn 

k¿tlesel debisinin %15 daha y¿ksek olduĵu ve ekserji verimlilik deĵerinin de benzer olarak 

%15 daha y¿ksek olduĵu ortaya konulmuĸtur. Yēldērēm ve ark. [4] Ķ­erisinde R513A olan bir 

ēsē borusunun yaĸam dºng¿s¿ performans deĵerlendirmesini ger­ekleĸtirmiĸlerdir. D¿ĸ¿k GWP 

deĵerine sahip bir soĵutucu akēĸkan se­ilmesiyle birlikte emisyonun azaldēĵē ve ēsē borusunun 

toplam emisyon deĵerinin azaldēĵē anlaĸēlmēĸtēr. R513Aônēn GWP deĵeri 573ôdir ve R134a ile 

kēyaslandēĵēnda yaklaĸēk yarēsēna karĸēlēk gelmektedir. F gaz yºnetmeliklerine gºre 750 ve daha 

y¿ksek GWP deĵerine sahip klima sistemlerinin (gaz ĸarj miktarē 3 kgômēn altēnda olan) 

kullanēmēna sēnērlamalar getirmektedir. 1 Ocak 2025'ten itibaren GWP deĵeri 750 veya daha 

y¿ksek olan soĵutucu akēĸkanlarē kullanan k¿­¿k split klima sistemlerinin (3 kg'dan az gaz 

i­eren) pazara sunulmasē yasaklanmēĸtēr [5, 6]. R1234yf ile ilgili fiyat araĸtērmasē yapēldēĵēnda 

g¿ncel fiyatēnēn 518 $ olduĵu gºr¿lmektedir. 513Aônēn ise g¿ncel fiyatēnēn ise 501$ olduĵu 

gºr¿lmektedir [7]. R513A, %56 oranēnda R1234yf ve %44 oranēnda R134a soĵutucu akēĸkan 

karēĸēmlarēndan oluĸmaktadēr. R513Aônēn GWP deĵerinin 750ônin altēnda olduĵu ve ge­iĸ 

aĸamasēnda kullanēlabilecek bir soĵutucu akēĸkan olduĵu anlaĸēlmaktadēr. R1234yf ile 

karĸēlaĸtērēldēĵēnda yaklaĸēk olarak % 50 fiyat avantajē saĵlamaktadēr. Literat¿r araĸtērēldēĵēnda 

R513A ile ilgili deneysel ve teorik ­alēĸmalarēn bulunduĵu gºr¿lmektedir. Bu ­alēĸmada 

laboratuvar ºl­eĵinde bir buhar sēkēĸtērmalē soĵutma deney sisteminde R1234yf ve R513A 

soĵutucu akēĸkanlarē test edilmiĸ ve performans parametreleri karĸēlaĸtērēlmēĸtēr.  

 

2. DENEYSEL ¢ALIķMALAR  

 

Deneysel ­alēĸmalarda Gºrsel 1ôde verilen buhar sēkēĸtērmalē soĵutma sistemi deney sistemi 

kullanēlmēĸtēr. Deneylerde sēcaklēk ºl­¿m¿ i­in CEM marka K-tipi termokupl (ºl­¿m aralēĵē 

ī100 ÁC ile 1370 ÁC - ºl­¿m hassasiyeti Ñ0.8 ÁC). kullanēlmēĸtēr. Basēn­ ºl­¿mleri i­in ise 

elektronik manifold cihazē (ī1 bar ile 60 bar - ölçüm hassasiyeti ±0.5 %) kullanēlmēĸtēr. Ayrēca, 

deneylerde g¿­ ºl­¿m¿ i­in pens tipi avometre kullanēlmēĸtēr. Kullanēlan cihazēn ºl­¿m aralēĵē 

0 kW ile 600 kW arasēnda olup ºl­¿m hassasiyeti Ñ2 %ôtir. Sistem klasik buhar sēkēĸtērmalē 

soĵutma ­evrimi ana bileĸenlerinden oluĸmaktadēr. Sistemde kēlcal boru ve termostatik olmak 

¿zere iki farklē genleĸme valfi kullanēlmēĸtēr. Bu ­alēĸma kapsamēnda karĸēlaĸtērma deneyleri 

yapēldēĵē i­in kēlcal boru tercih edilmiĸtir. Gºrsel 2ôde sistemde klasik buhar sēkēĸtērmalē 

soĵutma ­evriminde soĵutucu akēĸkanēn sistemde izlediĵi yollar ve ekipman giriĸ ­ēkēĸlarēnēn 

numaralarē gºr¿lmektedir. 
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Görsel 1. Soĵutma deney seti  

 

 
Görsel 2. Soĵutma deney setinde soĵutucu akēĸkanēn sistemde izlediĵi yollarēn ĸematik gºsterimi  
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Deneysel ­alēĸmada deneyler ºnce R1234yf soĵutucu akēĸkanē ile yapēlmēĸtēr. Daha sonra 

gerekli vakum iĸlemi yapēlarak sisteme R513A ĸarj edilmiĸtir. Sistemde hi­bir deĵiĸiklik 

yapēlmadan aynē deneyler R513A ile tekrarlanmēĸtēr. Deneylerden elde edilen veriler 

kullanēlarak soĵutma sistemi ekipmanlarēnēn giriĸ ve ­ēkēĸlarēndaki entalpiler(h) hesaplanmēĸtēr. 

Birim soĵutucu akēĸkan k¿tlesi baĸēna d¿ĸen soĵutma kapasitesi (qsoĵ ) aĸaĵēdaki denklem 

kullanēlarak hesaplanmēĸtēr. 

 

qsoĵ = h1-h4   (1) 

 

Kompresºrde birim soĵutucu akēĸkan k¿tlesi baĸēna harcanan iĸ (wkomp) denklem 2 ile 

hesaplanmēĸtēr.  

 

wkomp = h2-h1   (2) 

 

Birim soĵutucu akēĸkan k¿tlesi baĸēna elde edilen soĵutma kapasitesi ve harcanan iĸ denklem 

3 kullanēlarak oranlanmēĸ ve soĵutma tesir katsayēsē (STK) hesaplanmēĸtēr. 

 

STK = qsoĵ/ wkomp  (3) 

 

 

3. SONU¢LAR VE DEĴERLENDĶRME  

 

Deney sonu­larēndan yararlanēlarak iki soĵutucu akēĸkana ait basēn­-entalpi diyagramlarē 

Gºrsel 3ô te verilmiĸtir. R513A, R1234yf (%56) ve R134a (%44) soĵutucu akēĸkanlarēn 

karēĸēmlarēndan oluĸturulmuĸ bir gazdēr. Bundan dolayē basēn­ entalpi diyagramē R1234yfôye 

olduk­a yakēndēr.  
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Görsel 3. R1234yf ve R513A ó nēn basēn­ entalpi diyagramlarē 

 

Gºrsel 3 incelendiĵinde R513Aônēn kompresºr ­ēkēĸ basēn­larēnēn, R1234yf deĵerlerine gºre 

ortalama %7 daha y¿ksek olduĵu gºr¿lmektedir. Yoĵuĸma sēcaklēklarē a­ēsēndan kritik ºneme 

sahip olan bu parametreye baĵlē olarak; R513A'nēn yoĵuĸma sēcaklēĵēnēn R1234yfôden yaklaĸēk 

%9 oranēnda daha y¿ksek olduĵu gºzlemlenmiĸtir. Kompresºr giriĸ basēn­larē i­in yapēlan 

deĵerlendirmede ise R513Aônēn, R1234yf deĵerlerinden yaklaĸēk %7,5 daha y¿ksektir. Benzer 

ĸekilde, buharlaĸma sēcaklēklarē incelendiĵinde R513Aônēn, R1234yfôden yaklaĸēk 3 ÁC daha 

y¿ksek bir sēcaklēk deĵerine sahip olduĵu hesaplanmēĸtēr. Denklemlerin uygulanmasēyla elde 

edilen sonu­larē Gºrsel 4ôte sunulmuĸtur. 
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Görsel 4. R1234yf ve R513A ónin performans parametreleri 

 

Gºrsel 4 incelendiĵinde, R513A soĵutucu akēĸkanēnēn soĵutma kapasitesinin %15, 

kompresºrde harcanan iĸ miktarēnēn ise %17 daha y¿ksek olduĵu tespit edilmiĸtir. Her iki 

soĵutucu akēĸkanēn sistemde ­alēĸtērēlmasēna baĵlē elde edilen STK deĵerleri 

karĸēlaĸtērēldēĵēnda, farkēn %1ôin altēnda kaldēĵē gºr¿lmektedir. Bu durum, R513A ile elde 

edilen y¿ksek soĵutma kapasitesi artēĸēnēn, kompresºr¿n g¿­ t¿ketimindeki artēĸla 

oranlanmasēndan kaynaklanmaktadēr. Deneyler sērasēnda kompresºr¿n elektriksel y¿k deĵerleri 

de izlenmiĸ olup; R513A kullanēmē sērasēnda akēm ĸiddeti 0,67 A olarak ºl­¿l¿rken, R1234yf 

kullanēmēnda bu deĵerin 0,57 A seviyesinde kaldēĵē belirlenmiĸtir. 

 

 

4. GENEL DEĴERLENDĶRME VE SONU¢LAR 

 

R513Aônēn GWP deĵeri 750ônin altēndadēr ve split klima sistemleri gibi 3kgôdan daha az 

soĵutucu akēĸkan i­eren sistemlerde kullanēlabilmektedir. Bu ­alēĸmada, laboratuvar ºl­eĵinde 

kullanēlan bir buhar sēkēĸtērmalē soĵutma deney sisteminde R513A ve R1234yf soĵutucu 

akēĸkanlarē aynē ĸartlar altēnda karĸēlaĸtērēlmēĸtēr. Bu kapsamda sisteme ºnce R1234yf ĸarj 

edilerek deneyler yapēlmēĸ daha sonra hi­bir deĵiĸiklik yapēlmadan sistemde gerekli vakum 

iĸlemi yapēldēktan sonra R513A ĸarj edilerek aynē koĸullarda test edilmiĸtir. Analizler 

sonucunda birim soĵutucu akēĸkan k¿tlesi baĸēna elde edilen soĵutma kapasitesi ve 

kompresºrde harcanan iĸ deĵerleri bakēmēndan R513Aônēn daha y¿ksek performans deĵerlerine 

sahip olduĵu saptanmēĸtēr. R1234yf ile karĸēlaĸtērēldēĵēnda R513Aônēn soĵutma kapasitesi ve 

kompresºrde harcanan iĸ deĵerleri sērasēyla %15 ve %17 daha y¿ksek bulunmuĸtur. STK 

deĵerlerinin ise birbirine yakēn olduĵu gºr¿lm¿ĸt¿r. R513Aônēn, hem soĵutma performansē 

hem de GWP deĵeri ve fiyat avantajlarē gºz ºn¿ne alēndēĵēnda uluslararasē anlaĸmalar ve 

d¿zenlemeler ­er­evesinde ge­iĸ aĸamasēnda kullanēlabilecek uygun bir akēĸkan olduĵu 

kanaatine varēlmēĸtēr. 
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ÖZET 

B¿y¿me gerilmeleri, aĵa­larēn doĵal geliĸim s¿re­leri sērasēnda oluĸan i­ gerilmeler olup, 

tomruk ve kereste kalitesini doĵrudan etkileyen ºnemli bir faktºrd¿r. Bu gerilmeler, kesim ve 

kurutma iĸlemleri sērasēnda serbest kalarak ­atlak, eĵilme ve ĸekil bozukluklarēna neden 

olmaktadēr. Bu ­alēĸmada, b¿y¿me gerilmelerinin tomruk ve kereste kalitesi ¿zerindeki etkileri 

g¿ncel literat¿r ­er­evesinde incelenmiĸtir. ¥zellikle u­ ­atlaklarē, deformasyon türleri, 

kurutma hatalarē ve mekanik performans ¿zerindeki etkileri deĵerlendirilmiĸtir. Sonu­lar, 

b¿y¿me gerilmelerinin odun end¿strisinde verim ve kalite a­ēsēndan kritik bir parametre 

olduĵunu ortaya koymuĸtur. Ayrēca bu gerilmelerin ekonomik kayēplara neden olduĵu ve 

end¿striyel verimliliĵi d¿ĸ¿rd¿ĵ¿ belirlenmiĸtir. 

Anahtar Kelimeler :  Büyüme gerilmeleri, odun endüstrisi, tomruk, kereste, kalite. 

 

EFFECTS OF GROWTH STRESSES ON LOG AND LUMBER QUALĶTY 

 

ABSTRACT 

Growth stresses are internal stresses that occur during the natural development processes of 

trees, and they are an important factor that directly affects the quality of logs and lumber. These 

stresses are released during cutting and drying processes, causing cracks, warping, and 

deformation. In this study, the effects of growth stresses on log and lumber quality were 

examined within the framework of current literature. In particular, the impacts on end splitting, 

types of deformation, drying defects, and mechanical performance were evaluated. The results 

indicated that growth stresses are a critical parameter in terms of efficiency and quality in the 

wood industry. Additionally, it was determined that these stresses cause economic losses and 

reduce industrial productivity. 

Keywords : Growth stresses, wood industry, logs, lumber, quality. 

 

1. GĶRĶķ   

B¿y¿me gerilmeleri hem iĵne yapraklē hem de geniĸ yapraklē aĵa­larda meydana gelmektedir 

(Doĵu, 2007a). B¿y¿me gerilmesi, canlē bir aĵa­ta aĵa­ b¿y¿mesi sērasēnda odun tarafēndan 
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sürekli olarak desteklenen mekanik stresi ifade eder. Aĵa­ gºvdelerinde b¿y¿me stresi 

oluĸmasē, tomruklar ve kereste ¿r¿nleri i­in hammadde olarak kullanēlmasēnda sēklēkla 

sorunlara yol a­ar. ¥rnek olarak, kesilmiĸ tomruklarēn kenarēnda radyal ­atlaklar, eĵri kesilmiĸ 

kereste vb. oluĸmaktadēr. Kesilen tomruklar, b¿y¿me gerilmeleri i­erdiĵinde, iĸleme kusurlarē 

ºngºr¿lemeyen derecede ciddi hale gelir ve nihai verimi ºnemli ºl­¿de azaltēr. Bunun 

sonucunda ortaya ­ēkan ekonomik kayēp, kereste end¿strisinde milyonlarca dolara ulaĸmaktadēr 

(Grill vd. 2017).  

Bu ­alēĸmada literat¿rde yapēlan ilgili ­alēĸmalar vasētasēyla b¿y¿me gerilmelerinin tomruk ve 

kereste kalitesi ¿zerindeki etkileri araĸtērēlmēĸtēr. ¢alēĸma kapsamēnda; Google Akademik, 

Scopus, Web of Science ve Google gibi internet veri tabanlarēndan literat¿r taramasē yapēlmēĸ, 

elde edilen kaynaklar ºnce analiz edilmiĸ, ardēndan eleĸtirel olarak deĵerlendirilmiĸ ve son 

aĸamada t¿m kaynaklar detaylē olarak incelenmiĸtir. 

 

2. B¦Y¦ME GERĶLMELERĶNĶN TOMRUK VE KERESTE KALĶTESĶNE 

ETKĶLERĶ 

B¿y¿me gerilmeleri, tomruklarda ve kerestelerde boyuna ve teĵet ­atlaklara (Dinwoodie, 1966; 

Clair ve Thibaut, 2013), eĵilmelere ve mekanik performans kayēplarēna (Johansson ve 

Ormarsson, 2009), lif ayrēlmalarēna ve y¿zey kusurlarēna (Doĵu, 2007b), kurutma ­atlaklarēna 

(Almeras vd. 2005) neden olmaktadēr. H¿cre olgunlaĸmasē sērasēnda yeni oluĸan odunlarda 

s¿rekli olarak geliĸen b¿y¿me stresi, aĵa­ b¿y¿mesi boyunca aĵa­ gºvdelerinde bir artēk stres 

gradyanēna neden olmaktadēr. Tomruklar bi­ildiĵinde, artēk stresin serbest bērakēlmasē ve 

ardēndan yeniden dengelenmesi nedeniyle bi­ilmiĸ kerestede bozulma ve kesim hassasiyetinde 

sapmalar meydana gelmektedir. Bu, y¿ksek stresli ve k¿­¿k ­aplē tomruklarēn iĸlenmesinde 

b¿y¿k bir sorun oluĸturmaktadēr (Yang vd. 2001). Ayrēca, bi­ilmiĸ keresteler neme duyarlēlēk 

gösteren, homojen olmayan ve anizotropik özelliklere sahip bir malzeme olup, bünyesindeki iç 

gerilimler ­oĵunlukla liflerin biyolojik olgunlaĸma s¿recinden kaynaklanmaktadēr; bu gerilim 

durumu, tomruklarēn kesilmesini takiben anlēk deformasyonlara yol a­abildiĵi gibi, ­evresel 

koĸullardaki deĵiĸimlere baĵlē olarak ortaya ­ēkan ĸekil deĵiĸtirmelerini de etkilemektedir 

(Ormarsson vd. 2009). B¿y¿me gerilmeleri sonucu tomruklarda ĸekil stabilitesinin olmamasē 

vb. meydana gelen kusurlar hem kereste end¿strisi hem de inĸaat end¿strisi i­in b¿y¿k bir 

sorundur. ķekil stabilitesinin olmamasē, kereste end¿strisinde ciddi malzeme kaybēna neden 

olmaktadēr. Ķnĸaat end¿strisinde ise d¿zg¿nl¿ĵ¿n yetersizliĵi, ĸantiyede inĸaat s¿recini engeller 

ve inĸaat end¿strisinin alternatif malzemeler se­ilmesine yol a­ar. Bu eĵilimi deĵiĸtirmek ¿r¿n 

kalitesinin iyileĸtirilmesini gerektirmektedir (Johansson ve Ormarsson, 2009). Gerilmelerin 

olumsuz etkilerini en aza indirmek amacēyla geliĸtirilen yºntemler Fegely (2004) tarafēndan 

yedi ana baĸlēk altēnda sēnēflandērēlmēĸtēr. Bu sēnēflandērma aĸaĵēdaki gibidir: 

¶ Dikili haldeki aĵa­lara yºnelik doĵrudan m¿dahaleler: Aĵa­larda oluĸan b¿y¿me 
gerilmelerini azaltmak amacēyla, aĵa­ hen¿z kesilmeden gºvdenin alt bºl¿m¿nde 

belirli geniĸlikte kabuk soyma iĸlemi uygulanmaktadēr. Bu m¿dahale sonucunda 

aĵacēn fizyolojik faaliyetleri zayēflamakta; zamanla kuruma s¿reci baĸlamakta ve 

yaprak dºk¿m¿ ger­ekleĸmektedir. 
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¶ Genetik m¿dahaleler: B¿y¿me gerilmelerinin genetik m¿dahale yolu ile azaltēlmasē 

amacēyla pek ­ok araĸtērma yapēlmakta ve farklē sonu­lar elde edilmektedir. Kontroll¿ 

ve a­ēkta tozlaĸma yolu ile yapēlan dºl denemeleri gibi. 

¶ Silvikültürel müdahaleler: Silvikültürel m¿dahaleler yolu ile bazē odun ºzellikleri 

¿zerinde ºnemli deĵiĸiklikler yapēlabilmektedir. ¥rneĵin, aralama iĸlemi uygulanmasē 

ile aĵa­larēn ­apē artmaktadēr. Bu ĸekilde de gerilmenin olumsuzluklara 

giderilmektedir. 

¶ Kesilmiĸ aĵa­ ve tomruklarda deformasyonlarēn azaltēlmasēna yºnelik uygulamalar: 

Ormanda kesim iĸlemi sērasēnda ortaya ­ēkabilecek olan yarēlmalarēn azaltēlabilmesi 

i­in modern hasat makinelerinin kullanēmē gibi. 

¶ Orman i­i depolama ve taĸēma s¿re­lerinde deformasyonlarēn azaltēlmasēna yºnelik 
ºnlemler: Aĵa­ ve tomruklarēn boylarē, mekanizasyon olanaklarē ile taĸēma ara­larēnēn 

d¿zeni ve nakliye esaslarēyla uyumlu olacak ĸekilde belirlenmeli; ayrēca ­arpma 

kaynaklē zarar riskini en aza indirmek amacēyla taĸēma ve istifleme s¿re­lerinde 

dikkatli bir ĸekilde iĸlem gºrmelidir. 

¶ Fabrika ortamēnda depolama s¿recinde deformasyonlarēn azaltēlmasēna yºnelik 
uygulamalar: ºrneĵin; odun iĸleme tesislerinde depo alanlarēnda gºr¿len ­atlaklar, 

­oĵunlukla b¿y¿me ve kuruma gerilmelerinin birlikte etkisiyle oluĸmaktadēr; kuruma 

gerilmelerini sēnērlamak amacēyla ise tomruklarēn enine kesitlerine su ge­irmez yaĵ 

veya parafin uygulanmasē gibi (Doĵu, 2007a). 

 

3. SONU¢LAR VE DEĴERLENDĶRME  

B¿y¿me gerilmeleri, aĵa­larēn geliĸim s¿reci boyunca dokular i­inde oluĸan i­ gerilme 

durumlarē olup, odun kalitesi ve kullanēm performansē ¿zerinde belirleyici bir etkiye sahiptir. 

Odun end¿strisinde b¿y¿me gerilmelerinin kontrol altēna alēnamamasē, ¿retim kayēplarēna, 

iĸleme zorluklarēna ve ¿r¿n kalitesinde d¿ĸ¿ĸe neden olmaktadēr. Özellikle kereste üretiminde 

ortaya ­ēkan deformasyonlar, boyutsal stabiliteyi olumsuz etkileyerek nihai ¿r¿n¿n kullanēm 

alanlarēnē kēsētlayabilmektedir. Bu nedenle, odun end¿strisinde kalite ve verimliliĵin artērēlmasē 

için büyüme gerilmelerinin daha iyi anlaĸēlmasē gerekmektedir. 
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ÖZET 

Odun plastik kompozitler (OPK), odun kökenli lignoselülozik malzemelerin (odun unu, 

tarēmsal atēklar vb.) termoplastik polimerlerle (polietilen, polipropilen, PVC vb.) 

birleĸtirilmesiyle elde edilen kompozit malzemelerdir. OPKôlar, teras ve balkon kaplamalarē, 

havuz kenarē zeminleri, bah­e y¿r¿y¿ĸ yollarē, iskele ve sahil platformlarē gibi bir­ok 

alanlarēnda kullanēlmaktadēr. OPKôlar bu kullanēm alanlarēnda maruz kaldēklarē ­evresel 

faktºrlere baĵlē olarak zamanla bozunmaya uĵramaktadērlar. Bu ­alēĸmada, OPKôlarda 

ultraviyole (UV) ēĸēnēmē, termal etkilerin ve biyolojik ajanlarēn birlikte oluĸturduĵu sinerjik 

bozunma mekanizmalarē literat¿r ēĸēĵēnda incelenmiĸtir. Sonu­ olarak, OPKôlarēn mekanik, 

fiziksel vb. ºzelliklerinin, doĵal atmosfer koĸullarē ve ultraviyole (UV) ēĸēnēmēnēn etkisiyle 

zamanla azaldēĵē tespit edilmiĸtir. ¥zellikle UV kaynaklē y¿zey hasarlarēnēn biyolojik 

bozunmayē hēzlandērdēĵē ve termal etkilerin polimer matris stabilitesini zayēflattēĵē 

belirlenmiĸtir. 

Anahtar Kelimeler :  Kompozit, ultraviyole ēĸēnēmē, termal, biyolojik ajan. 

 

INVESTIGATION OF THE SYNERGIC EFFECTS OF ULTRAVIOLET 

RADIATION, THERMAL AND BIOLOGICAL DEGRADATION MECHANISMS IN 

WOOD-PLASTIC COMPOSITES  

 

ABSTRACT 

Wood-plastic composites (WPCs) are composite materials obtained by combining wood-

derived lignocellulosic materials (wood flour, agricultural waste, etc.) with thermoplastic 

polymers (polyethylene, polypropylene, PVC, etc.). WPCs are used in many areas such as 

terrace and balcony coverings, poolside flooring, garden walkways, piers and beach platforms. 

WPCs degrade over time due to environmental factors to which they are exposed in these 

application areas. In this study, the synergistic degradation mechanisms caused by ultraviolet 

(UV) radiation, thermal effects, and biological agents in WPCs were investigated in light of the 

literature. In conclusion, it has been determined that the mechanical, physical, and other 
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properties of OPKs decrease over time under the influence of natural atmospheric conditions 

and ultraviolet (UV) radiation. It has been determined that UV-induced surface damage 

accelerates biological degradation, and thermal effects weaken polymer matrix stability. 

Keywords : Composite, ultraviolet radiation, thermal, biological agent. 

 

1. GĶRĶķ   

Ahĸap termoplastik kompozitler (OPK), odun lifleri veya odun ununun erimiĸ termoplastik 

matris (polietilen, polipropilen, polistiren ve polivinil klorür vb.) içerisine homojen biçimde 

daĵētēlmasēyla elde edilen ve ekstr¿zyon, termoformlama, sēkēĸtērma ya da enjeksiyon 

kalēplama gibi yºntemlerle ĸekillendirilen malzemelerdir. OPKôlar; otomotiv sektºr¿, yapē ve 

konut uygulamalarē baĸta olmak ¿zere, hēzla geniĸleyen ­eĸitli end¿striyel alanlarda giderek 

artan bir kullanēm potansiyeline sahiptir (Rowell, 2006; Fang vd. 2013). Ancak dēĸ ortam 

koĸullarēnda UV ēĸēnēmē, rutubet, sēcaklēk deĵiĸimleri ve mikroorganizmalar OPKôlarēn 

dayanēmēnē azaltmaktadēr (Stark & Matuana, 2007). Bu ­alēĸmada, ilgili literat¿r ­alēĸmalarēna 

dayanēlarak odun plastik kompozitlerin (OPK) ultraviyole (UV) ēĸēnēmē, termal etkilerin ve 

biyolojik ajanlarēn birlikte oluĸturduĵu sinerjik bozunma mekanizmalarē araĸtērēlmēĸtēr. 

 

2. ODUN PLASTĶK KOMPOZĶTLERDE (OPK) ULTRAVĶYOLE (UV) IķINIMI, TERMAL 

ETKĶLERĶN VE BĶYOLOJĶK AJANLARIN BĶRLĶKTE OLUķTURDUĴU SĶNERJĶK 

BOZUNMA MEKANĶZMALARI 

Odun plastik kompozitler, lignoselülozik dolgu maddelerinin termoplastik matris içerisinde 

karēĸtērēlmasēyla elde edilen ve son yēllarda yapē, dēĸ cephe kaplamalarē ve peyzaj 

uygulamalarēnda yaygēn olarak kullanēlan malzemelerdir. Ancak bu kompozitler, dēĸ ortam 

koĸullarēna maruz kaldēklarēnda ultraviyole (UV) ēĸēnēmē, sēcaklēk deĵiĸimleri ve biyolojik 

ajanlarēn etkisiyle zamanla performans kaybēna uĵramaktadēr. Bu etkilerin tek baĸēna 

oluĸturduĵu bozunma mekanizmalarēnēn ºtesinde, birlikte etki etmeleri durumunda ortaya 

­ēkan sinerjik bozunma s¿re­leri, malzemenin hizmet ºmr¿n¿ ºnemli ºl­¿de kēsaltmaktadēr 

(Stark ve Matuana, 2004; Andrady vd. 2023). 

UV ēĸēnēmē, OPKôlarda ºzellikle lignin bileĸeni ¿zerinde fotooksidatif reaksiyonlara neden 

olmaktadēr. Ligninin UV ēĸēĵē absorbe etmesi sonucu serbest radikaller oluĸmakta ve bu durum 

y¿zeyde renk deĵiĸimi, ­atlak oluĸumu ve mekanik ºzelliklerde azalma ile sonu­lanmaktadēr 

(Klyosov, 2007). Aynē zamanda polimer matris de UV etkisiyle zincir kērēlmasē ve oksidasyon 

süreçlerine maruz kalmakta, bu da kompozitin b¿t¿nl¿ĵ¿n¿ zayēflatmaktadēr (Fabiyi ve 

McDonald, 2010). 

Termal etkiler ise hem polimer matrisin hem de odun bileĸeninin genleĸme ve b¿z¿lme 

davranēĸlarēnē farklē oranlarda etkilemektedir. Bu uyumsuzluk, ara y¿zeyde gerilmelerin 

oluĸmasēna ve mikro ­atlaklarēn geliĸmesine yol a­maktadēr. ¥zellikle tekrarlayan ēsēl 

dºng¿ler, bu ­atlaklarēn ilerlemesini hēzlandērarak rutubet giriĸine uygun ortam hazērlamaktadēr 

(Clemons, 2002). 
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Rutubetin varlēĵē ve uygun sēcaklēk koĸullarē, biyolojik bozunma ajanlarēnēn (mantarlar, 

bakteriler) aktif hale gelmesini saĵlamaktadēr. Odun bileĸeni, bu organizmalar i­in besin 

kaynaĵē oluĸturduĵundan, biyolojik bozunma kompozit yapēda k¿tle kaybēna ve mekanik 

dayanēmēn azalmasēna neden olmaktadēr (Schirp ve Wolcott, 2005). Özellikle beyaz çürüklük 

ve kahverengi ­¿r¿kl¿k mantarlarē lignin ve sel¿lozu par­alayarak malzeme yapēsēnē 

zayēflatmaktadēr. 

Bu ¿­ etkenin birlikte etkisi, sinerjik bir bozunma mekanizmasē oluĸturmaktadēr. UV ēĸēnēmē ile 

y¿zeyde oluĸan ­atlaklar, rutubetin kompozit içerisine daha kolay nüfuz etmesine olanak 

tanēmakta; rutubet ise biyolojik aktiviteyi artērmaktadēr. Termal genleĸme ve b¿z¿lme ise bu 

s¿re­leri hēzlandērarak malzeme b¿t¿nl¿ĵ¿n¿ daha da bozmaktadēr. Bu durum, tekil etkilerin 

toplamēndan daha b¿y¿k bir hasar oluĸturmakta ve kompozitin performansēnē ciddi ºl­¿de 

d¿ĸ¿rmektedir (Fabiyi et al., 2008; Mengeloĵlu ve ¢avuĸ, 2021). 

 

3. SONU¢LAR VE DEĴERLENDĶRME  

OPKôlarda ­evresel etkilerin birlikte deĵerlendirilmesi b¿y¿k ºnem taĸēmaktadēr. UV 

stabilizatºrleri, y¿zey kaplamalarē, uygun katkē maddeleri ve modifikasyon teknikleri 

kullanēlarak bu sinerjik bozunma etkileri azaltēlabilmektedir. Bununla birlikte, bu yºntemlerin 

tek baĸēna deĵil, birlikte ve uyumlu bir ĸekilde kullanēlmasē, sinerjik bozunma etkilerinin 

kontrol altēna alēnmasēnda ­ok daha baĸarēlē sonu­lar verecektir. Gelecekte yapēlacak 

­alēĸmalarēn, bu etkileĸimlerin daha iyi anlaĸēlmasēna ve dayanēmē artērēlmēĸ kompozitlerin 

geliĸtirilmesine odaklanmasē gerekmektedir. 
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ABSTRACT 

The blockage of flow sections by floating objects, which is one of the primary causes of river 

flooding, has been frequently observed in recent years. As a consequence of global climate 

change, sudden and short-lived yet intense precipitation leads to the transport of soil and 

overlying vegetation into watercourses through erosion. The increase in floating debris load in 

rivers can cause clogs at control sections such as bridges, resulting in floods. Recently, 

numerous scientific studies have been conducted to address this issue. Trapping and removing 

floating woody materials from the river flow volume partially mitigates flood risks. However, 

these structures may also lead to changes in flow sections and flow depths. The impact on the 

riverbed also affects the natural morphological structure. Researchers are focusing on trapping, 

diverting, and preventing the transport of floating objects. Furthermore, some studies have 

investigated the types of woody material transported by rivers. The flow trajectories and 

physical movement characteristics, such as rotation, submergence, and emergence of large logs 

moving with the current, have also been examined. In this study, a summary presentation of the 

existing literature is provided, and their relative advantages and disadvantages are compared 

and interpreted. 

Keywords: Flooding, Large Woody Debris (LWD), Bridge Clogging 

1. INTRODUCTION 

Natural disasters such as flash floods, debris flows, earthquakes, landslides, and wildfires 

damage vegetation, thereby increasing the probability of floating woody debris being present 

in watercourses (Ruiz-Villanueva et al., 2016). This can cause significant damage to the built 

environment along the river, including bridges, dams, and weirs. The accumulation of floating 

wood at river infrastructure can lead to a reduction in the flow cross-sectional area. This results 

in backwater rise and an increased risk of flooding in the surrounding areas (Schalko et al., 

2019a; Okamoto et al., 2020). Large amounts of floating wood accumulation can occur at river 

infrastructure sites. Such situations can increase scour at riverbed structures and even damage 

the structure itself (Schalko et al., 2019b). Alternatively, wood accumulating at structures like 

bridges acts as an obstruction, diverting the flow toward populated areas or agricultural lands. 
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Various engineering structures and countermeasures have been developed to mitigate the risks 

caused by the accumulation of floating wood at hydraulic structures during these floods. These 

are generally divided into two main categories: structures aimed at trapping floating wood at 

its source or along its transport path, and measures taken to protect sensitive infrastructure (such 

as bridges) from floating wood. Floating wood retention structures (such as debris barriers, 

racks, and check dams) are typically placed at specific points along the riverbed to capture 

floating wood, thereby protecting downstream settlements or critical infrastructure. 

This study provides an overview of floating wood dynamics, hazards, and risk mitigation 

measures for built environments based on existing literature and data. Furthermore, their 

relative advantages and disadvantages are compared and interpreted. 

2. EXPERIMENTAL STUDIES  

The channel dimensions utilized in experimental studies in the literature are presented in Table 

1. 

Table 1. Channel dimensions of studies in the literature. 

Author and History Channel width 

(m) 

Channel depth 

(m) 

Channel length 

(m)) 

Channel 

slope 

Kimura ve Kitazono (2020) 0.2 - 3.4 - 

Ravazzolo vd (2020) 1.5 1 6 0.002 

Okamoto vd. (2021) 0.4 0.15 10 - 

Schalko vd. (2019) 1.5 

0.4 

1.2 

0.7 

30 

8 

0 

0.1 

Schalko vd. (2020) 
0.4 0.7 8 

%2 

%3 

De Cicco vd. (2020) 0.3 0.16 5 0.001 

Spreitzer vd. (2018) 6 1.5 1 %2 

 

The modes of transport for floating wood in the literature exhibit variations. The transport 

mechanisms of floating woody debris in water flow primarily involve suspended movement or 

contact with the riverbed (Ruiz-Villanueva et al., 2014a). Transport patterns of floating wood 

pieces include sliding, rolling, and saltation (rotation). As the quantity of floating wood pieces 

increases, different transport regimes emerge, namely: uncongested, semi-congested, 

congested, and hyper-congested transport (Ruiz-Villanueva et al., 2019). 

 

3. RESULTS AND EVALUATION  

 Table 2 presents a brief summary of countermeasures developed for floating wood 

interception based on conducted research. 
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Table 2. Summary of studies on the prevention of floating wood in the literature. 
Type  Method   Principles Effects Literature 

Interception of 

large woody 

debris 

Obstacles are 

positioned 

equidistantly along 

the riverbed. 

To prevent pieces of 

floating wood from 

getting mixed up in the 

river. 

%42-%87 

Lange ve 

Bezzola 

(2006) 

A bypass channel has 

been established at 

the river bend. 

Secondary currents steer 

large woody debris toward 

the bypass section. 

%90 - %95 

Schmocker ve 

Weitbrecht 

(2013) 

A rack has been 

installed in the river 

to capture floating 

wood. 

Intercepting floating wood 

to prevent its movement 

downstream. 

%90 - %100 

æh/ho=0-2,5 

Schalko vd. 

(2019a); 

Schalko vd. 

(2019b) 

Divert floating 

wood 

Two consecutive 

racks, each spanning 

half of the river's 

cross-sectional area. 

Obstructing the 

downstream passage of 

floating wood pieces. 

%30 - %100 

æh/ho=0-0,12 

Panici ve 

Kripakaran 

(2021) 

Installing a large 

wooden vane 

upstream of the 

bridge piers. 

Causing significant 

wooden deformation 

Wood capture 

efficiency has not 

decreased. 

Schalko vd. 

(2020a) 

To place a lower sill 

above the bridge 

piers. 

Causing significant 

wooden deformation 

It may lead to a 

30% decrease in 

wood capture 

efficiency. 

Schalko vd. 

(2020b) 

Structural 

design 

Shape design of 

bridge piers 

Modifying the flow field 

around bridge piers to 

reduce the ingress of 

floating woody debris into 

the bridge section. 

The square 

configuration 

yielded the highest 

capture efficiency. 

De Cicco vd. 

(2020) 

 

Advantages and disadvantages of the conducted studies: 

Schmocker et al. (2013) presented a large woody debris (LWD) transport diagram that 

predicts the expected amount of floating wood at a specific location along a river, forming 

the basis for determining the optimal position of a retention structure. The study also 

introduced a retention system where floating wood is captured in a bypass channel located 

at the outer river bend. Due to secondary currents induced by the river bend, floating wood 

is diverted into the bypass section while sediment (bedload) remains in the primary channel. 

Figure 1 illustrates the variation in backwater rise relative to the accumulation of floating 

wood. While wood accumulation reaches nearly 90%, significant backwater rise occurs in 

the upstream section. Due to this backwater effect, river overtopping may occur upstream 

during flood events. 
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Figure 1. Temporal effect of wood accumulation on backwater rise. 

Schalko et al. (2021) stated that retention structures, such as sediment traps or racks, are 

constructed to mitigate potential downstream hazards. The researchers conducted a series of 

flume experiments to examine the impact of floating wood accumulations on upstream 

backwater rise and bedload transport at an inclined bar rack with a bottom clearance. Figure 2 

investigates the effect of wood volume on sediment variation. Furthermore, it was noted that 

even a few logs are sufficient to reduce the bedload transport capacity to below 75% compared 

to the debris-free condition. However, it was also indicated that fine material and smaller wood 

sizes further decrease bedload transport while increasing the upstream backwater rise. 

 

Figure 2. Impact of floating wood accumulation on sediment transport variation. 

Schalko et al. (2019) presented hydraulic model tests conducted on upstream backwater rise 

caused by longitudinal floating wood accumulations along a mobile bed. Figure 3 investigates 










































































































































































































































































































































































